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T CELL RECEPTORS THAT BIND TO MIXED LINEAGE LEUKEMIA (MLL)-
SPECIFIC PHOSPHOPEPTIDES AND METHODS OF USE THEREDY

RELATED APPLICATIONS

0001} This application claims the benefit of US Provisional Application No:

62/553 957, filed September 4, 2017, which is incorporated by reference herein in its entirety.
2 2 p p ~ ~

i. FIELD

100021 The mstant disclosure relates to T ccl receptors (TCRs) that bind to mixed lineage

teukemia (MLL) phosphopeptides and methods of using the same.

2. BACKGROUND

00031 Phosphoproteins  arising from deregulated post-transiational modifications are
critical  determinants  for cancerous cell  transformation, Degradation of these
phosphoproteins can generate phosphopeptides that are presented by MHC molecules and
mediate cancer-specific T cell responses. Mixed lincage leukemia (MLL, also known as
Histone-lysine N-methyitransferase 2A (KMT2A)) 1s a histone-modifyving enzyme regulating
genome accessibility and trasscription. A number of phosphopeptides that are derived from
MELL have been reported, see, ¢.g., Cobbold et al., Sci Transl Med. 2013 Sep 18; 5(203):
20372125, incorporated herein by reference in its entirety. In view of their tumor expression
profiles, MLL phosphopeptides hold great promise as targets for cancer therapies.

[0004] Accordingly, there is a need in the art for novel compositions that can recognize
cancer cells presenting MLL phosphopeptides on their surface and direct an immune response

against these cells.

3. SUMMARY

[0005] The instant disclosure provides TCRs (e.g, TCRs that bind to a MLL
phosphopeptide, e.g., the phosphopeptide MLL-pM EPR[pSIPSHSM (SEQ 1D NG: 45) or
MLL-pP RVR|pSIPTRSP (SEQ ID NO: 47)), cells and pharmaceutical compostiiong
comprising these TCRs, nucleic acids encoding these TCRs, expression vectors and host cells
for making these TCRs, and methods of treating a subject using these TCRs. The TCRs
disclosed herein are particularly useful for directing an immune response against cancer cells

expressing MLL {eg, cancer cells displaying a MLL phosphopeptide, c¢.g., the
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phosphopeptide MLL-pM EPR[pS|PSHSM (SEQ ID NO: 45) or MLL-pP RVR[pS{PTRSP
(SEQ 1D NO: 47)), and hence for treating a ML L-expressing cancer in a subject.

[0006] Accordingly, in one aspect, the mnstant disclosure provides an isolated T cell
receptor (TCR) that binds to a peplide consisting of the amino acid sequence set forth in SEQ
D> NG: 45, the TCR comprising an d chain variable region (Va) comprising complementarity
determining region CDR3a, wherein the CDR3a comprises the amimno acid sequence set forth
i SEQ ID NO: 21 In certain embodiments, the Vo comprises CDRlg and CDR2g
comprising the amino acid sequences set forth m SEQ 1D NOs: 11 and 16, respectively. In
certain embodiments, the Va comprises the amino acid sequence set forth in SEQ 1D NO: 86,
In certain embodiments, the Va comprises the amino acid sequence set forth in SEQ ID NG
1. In certain embodiments, the TCR comprises an o« chain comprising the amine acid
sequence sct forth m SEQ 1D NO: 38, In certain embodiments, the a chain further comprises
the amino acid sequence of GS at the C-terminus.  In certain embodiments, the TCR
comprises an ¢ chain comprising the aming acid sequence set forth in SEQ ID NO: 236,
certain embodiments, the TCR comprises an ¢ chain comprising an aming acid scquence
selected from the group consisting of SEQ 1D NOs: 38, 236, 239, 260, 272, 261, and 249. In
certain embodiments, the TCR comprises a B chain variable region (VB) comprising CDR38,
wherein the CDR3J comprises the amino acid sequence sei forth in SEQ 1D NQO: 36, In
certain embodiments, the VJ comprises CDRIB and CDRIZP comprising the amino acid
sequences set forth m SEQ ID NOs: 26 and 31, reapectively. In certain embodiments, the V§
comprises the aming acid sequence set forth in SEQ 1D NO: R7. In certam embodiments, the
VB comprises the amino acid sequence set forth in SEQ 1D NO: 2. In certain embodiments,
the TCR comprises a B chain comprising the amino acid sequence set forth m SEQ 1D NO:
39, In certain embodiments, the TCR comprises a § chain comprising the amino acid
sequence sct forth m SEQ 1D NO: 60. In certain embodiments, the B chain further comprises
the amino acid sequence of GSGATNFSLLEQAGDVEENFG (SEQ D NO: 93) at the C-
terminus. In certain embodiments, the TCR comprises a B chain comprising the amino acid
sequence set forth m SEQ D NO: 237, In certain embodiments, the TCR comprises a B
chain comprising an amino acid scquence selected from the group consisting of SEQ D NOs:
59,237,262, 263, 264, 273, 60, and 230.

{00071 In anocther aspect, provided herein is an isolated TCR that binds to a peptide
consisting of the amino acid sequence set forth in SEQ 1D NO: 45, the TCR comprising a §
chain variable region (V) comprising complementarity determining region CDR3B, wherein
the CDR3B comprises the amino acid sequence set forth m SEQ ID NO: 36, In certain
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embodiments, the V comprises CDRIB and CDR2B comprising the amino acid sequences
set forth in SEQ ID NOs: 26 and 31, respectively. In certain embodiments, the VB comprises
the amino acid sequence set forth in SEQ ID NO: 87, In certaim embodiments, the VJ
comprises the amino acid sequence set forth in SEQ 1D NO: 2. In certain embodiments, the
TCR comprises a B chain comprising the amino acid sequence set forth 1 SEQ 1D NO: 59
In certain embodiments, the TCR comprises a B chain comprising the amimo acid sequence
set forth in SEQ [ NG: 60. In certain embodiments, the B chain further comprises the amino
acid sequence of GSGATNFSLLKOQAGDVEENPG (SEQ ID NG: 93) at the C-terminus. [n
certain embodiments, the TCR comprises a B chain comprising the amuino acid sequence set
forth in SEQ 1D NO: 237, In certain embodiments, the TCR comprises a f chain comprising
an amino acid sequence selected from the group consisting of SEQ 1D NQOs: 59, 237, 262,
263, 264, 273, 60, and 250,

[0008] in another aspect, provided herein s an isolated TCR that binds fo a peplide
consisting of the amino acid sequence set forth in SEQ 1D NO: 45, the TCR comprising an g
chain variable region (V) comprising an amino acid scquence at least 75%, 80%, 85%, 90%,
93%, 99%, or 100% identical to the amino acid sequence set forth in SEQ ID NG: 73, In
certain embodiments, the Va comprises the amino acid sequence set forth in SEQ 1D NO: 73.
In certain embodiments, the TCR comprises a B chain variable region (V) comprising an
amino acid sequence at least 75%, 80%, 85%, 90%, 95%, 99%, or 100% identical to the
aming actd sequence set forth i SEQ ID NG: 74, In certain embodiments, the VB comprises
the amino acid scquence set forth in SEQ 1D NG: 74,

[0009] In another aspect, provided berein is an isolated TCR that binds to a peptide
consisting of the amino acid sequence sct forth in SEQ 1D NO: 45, the TCR comprising a B
chain variable region (VB) comprising an amino acid sequence at least 75%, 80%, 85%, 90%,
95%., 99%, or 100% identical to the amino acid sequence set forth in SEQ D NG: 74, In
certain embodiments, the V comprises the amino acid sequence set forth in SEQ [D NQ: 74,
[0010] In certain embodiments of the foregoing aspects, the TCR comprises an a chain
variable region (Vo) comprising CDR1g, CDR2g, and CDR3q and a § chain variable region
(VB) comprising CDRI1B, CDRZB, and CDR3B, wherein the CDRla, CDRZa, CDR3a,
CDRIB, CDR2B, and CDR3pP comprise the amino acid sequences set forth m SEQ D NQOs:
11, 16, 21, 26, 31, and 36, respectively.

[0011] In another aspect, disclosed herein is an isolated TCR comprising an a chain
variable region (Va) comprising complementarity detervining regions CDR1a, CDR2a, and
CDR3¢g and & B chain variable region (VP) comprising CBRIB, CDR28, and CDR3B,

193
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wherein the CDR1g, CDR2g, CDR3a. CDRIB, CORZB, and CDR3P comprise the amino
acid sequences set forth m SEQ 1D NQs: 11, 16, 21, 26, 31, and 36, respectively. In certain
embodiments, the Vo and VB comprise the amino acid sequences set forth 1a SEQ ID NQs:
86 and 87, respectively. In certain embodimenis, the Va and VP comprise the amino acid
sequences sct forth in SEQ 1D NOs: 1 and 2, respectively.
[0012] In another aspect, disclosed herein is an 1solated TCR comprising an « chamn and a
B chain, wherein the o chain comprises the amino acid sequence set forth in SEQ ID NO: 38
and/or the B chain comprises the aming acid sequence set forth in SEQ 1D NO: 39, In certain
embodiments, the a chain further comprises the amino acid scquence of GS at the C-
terminus, and/or the B chan further comprises the amino acid sequence of
GSGATNEFSLLKOAGDVEENPG (SEQ ID NO: 93) at the Coerminus.  In certain
embodiments, the o chain comprises the amino acid sequence set forth n SEQ 1D NO: 236
and/or the B chain comprises the ammo acid sequence set forth m SEQ 1D NO: 237 In
certain cmbodiments, the isolated TCR disclosed herein comprises an o chain comprising an
amine acid sequence sclected from the group consisting of SEQ 1D NOs: 58, 236, 239, 260,
272, 261, and 249 and a § chain comprising an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 59, 237, 262, 263, 264, 273, 60, and 250 In certain
embodiments, the TCR comprises an @ chain comprising the amingo acid sequence set forth in
SEQ 1D NO: 249 and a P chain comprising the amino acid sequence set forth in SEQ [P NO:
250.
[0013] In another aspect, disclosed hergin is an isolated TCR comprising an o chain and a
B chain, wherein the « chain comprises the amino acid sequence set forth in SEQ 1D NO: 58
or 236 and/or the B chain comprises the amino acid sequence set forth in SEQ 1D NO: 60, In
certain embodiments, the a cham further comprises the amino acid sequence of GS at the C-
torminus, and the B cham further comprises the amino acid sequence of
GSGATNFSLLKQAGDVEENPG (SEQ 1D NG: 93) at the C-terminus,
[0014] In another aspect, disclosed herein 1s an isoclated TCR that binds to a peplide
consisting of the amino acid sequence set forth in SEQ 1D NO: 45, the TCR comprising an @
chain variable region (Va) comprising complementarity determining region CDR3a, wherein
the CDR3a comprises the amino acid sequence set forth in SEQ ID NO: 22 In certain
embodiments, the Vg comprises CDRIg and CDR2ax comprising the amine acid sequences
set forth in SEQ D NOs: 12 and 17, respectively. In certain embodiments, the Ve compriscs
the ammo acid sequence set forth wm SEQ 1D NO: 88 In certain embodiments, the Va
comprises the anino acid sequence set forth in SEQ ID NO: 3. In certain embodiments, the
4
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TCR comprises an & chain comprising the amino acid sequence set forth in SEQ ID NO: 61.
In certain embodiments, the TCR comprises an o chain comprising the amino acid sequence
set forth in SEQ ID NO: 251, In certain embodiments, the o chain further compnises the
amino acid sequence of G5 at the C-terminus. In certaim embodiments, the TCR comprises a
§ chain vanable region (V) comprising CDR3B, wheremn the CDR3J comprises the ammo
acid sequence set forth in SEQ 1D NO: 37 In certam embodiments, the VP comprises
CDR1B and CDR28 comprising the amino acid sequences set forth in SEQ 1D NOs: 27 and
32, respectively.  In certain embodiments, the V# comprises the amino acid sequence sct
forth in SEQ 1D NO: 89, In certain embodiments, the V comprises the ammo acid sequence
set forth in SECQ ID NO: 4. In certain embodiments, the TCR comprises a B chain comprising
the amino acid sequence set forth in SEQ 1D NO: 62, In certain embodiments, the TCR
comprises a § chain comprising the amino acid sequence set forth i SEQ 1D NO: 63, In
certain embodiments, the TCR comprises a B chain comprising the amino acid sequence set
forth in SEQ 1D NO: 252, In certain embodiments, the § chain further comprises the aming
acid sequence of GSGATNFSLLKQAGDVEENPG (SEQ 1D NG: 93) at the C-terminus.
[0015] In another aspect, provided herein is an isolated TCR that binds {o a peptide
consisting of the amino acid sequence st forth in SEQ 1D NO: 45, the TCR comprising a §
chain variabie region (V) comprising complementarity determining region CDR3J, wherein
the CDR3B comprises the amino acid sequence set forth m SEQ ID NO: 37, In certain
embodiments, the VP comprises CDRIB and CDR2B comprising the amino acid sequences
st forth in SEQ 1D NOs: 27 and 32, respectively. In certain embodiments, the VB comprises
the amino acid sequence sct forth in SEQ 1D NO: 89, In certam embodiments, the VP
comprises the amino acid sequence set forth in SEQ 1D NO: 4. In certain embodiments, the
TCR comprises a B chain comprising the aminge acid sequence set forth in SEQ 1D NQO: 62.
In certain embodiments, the TCR comprises a B chain comprising the amino acid sequence
set forth in SEQ ID NO: 63, In certain embodiments, the TCR comprises a B chain
comprising the amino acid sequence set forth in SEQ ID NO: 252, In certain embodiments,
the B chain further comprises the amino acid sequence of GSGATNFSLLKQAGDVEENPG
(SEQ 1D NO: 93} at the C-terminus.

(00161 In another aspect, provided herein is an isolated TCR that binds {o a peptide
consisting of the amino acid sequence set forth 1o SEQ 1D NO: 45, the TCR comprising an ¢
chain variable region (V) comprising an amino acid sequence at least 753%, 80%, 85%, 90%,
95%, 99%, or 100% identical to the amino acid sequence set torth in SEQ [D NO: 75, In

certain embodiments, the Va comprises the amino acid sequence set forth m SEQ 1D NO: 75.
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In certain embodiments, the TCR comprises a B chain variable region (VP) comprising an
ammo acid sequence at least 75%, 80%, 85%, 90%, 953%, 99%, or 100% identical to the
amino acid sequence set forth in SEQ 1D NO: 76, In certain embodiments, the VB comprises
the amino acid sequence set forth in SEQ ID NG: 76
(00171 In another aspect, provided herein is an isolated TCR that binds to a peptide
consisting of the amino acid sequence set forth in SEQ ID NO: 45, the TCR comprismg a §
chain variable region (VB) comprising an amino acid sequence at least 75%, 80%, 85%, 80%,
93%, 99%, or 100% identical to the amino acid sequence set forth in SEQ 1D NG: 76, In
certain embodiments, the VP comprises the amino acid sequence set forth in SEQ 1D NO: 76.
{0018} In certain embodiments of the foregoing aspects, the TCR comprises an o cham
variable region (Vo) comprising CDR g, CDRZg, and CDR3g and a B chain variable region
(VB) comprising CDRIP, CDBR2B, and CDR3B, wherein the CDRIa, CDR2a, CDR3e,
CDR1B, CDR2B, and CDR3B comprise the amino acid sequences set forth m SEQ ID NQOs:
12, 17,22,27,32, and 37, respectively.
[0019] In another aspect, provided herein is an isolated TCR comprising an & chain
variable region (Va) comprising complementarity determining regions CDR g, CDR2q, and
CDR3g and a B chain vanable region (VB) comprising CDRIB, CDR2B, and CDR3§,
wherein the COR1a, CDRZa. CDR3g, CDRIP, CDR2B, and CDR3P comprise the aming
acid sequences set forth in SEQ 1D NOs: 12, 17, 22, 27, 32, and 37, respectively. In certain
embodiments, the Vg and VB comprise the amino acid sequences set forth in SEQ [D NOs:
88 and 89, respectively. In certain embodiments, the Va and VP comprise the amino acid
sequences set forth in SEQ 1D NQOs: 3 and 4, respectively.
00201 In another aspect, provided herein is an isolated TCR comprising an o chain and a
§ chain, wherein the o chain comprises the aminge acid sequence set forth in SEQ 1D NO: 61
and the § chain comprises the anmuno acid sequence set forth i SEQ 1D NO: 62, In certain
embodiment, the o chain further comprises the amino acid sequence of G5 at the C-terminus,
and the B chain  further comprises the amino  acid  sequence  of
GSGATNFSLLKQAGDVEENPG (SEQ D NO: 93) at the C-terminus.
[0021] In another aspect, provided hercin is an isolated TCR comprising an ¢ chain and a
P chain, wherein the o chain comprises the amino acid sequence set forth in SEQ 1D NO: 61
and the B chain comprises the amine acid sequence set forth in SEQ 1D NO: 63, In certain
embodiment, the « chain further comprises the amino acid sequence of G5 at the C-terminus,
and the [ chamn  further comprises the ammo  acid  sequence  of
GSGATNFSLLEKQAGDVEENPG (SEQ ID NG: 93) at the C-terminus.
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0022} In another aspect, provided herein is an isclated TCR comprising an ¢ chain and a
B chain, wherein the o chain comprises the amino acid sequence set forth in SEQ ID NO: 251
and/or the B chain comprises the anmino acid sequence set forth in SEQ ID NG 252 In
certain embodiment, the o chain further comprises the amine acid sequence of GS at the C-
torminus, and/or the B chain further comprises the amino acid sequence of
GSGATNFSLLKQAGDVEENPG (SEQ 1D NG: 93) at the C-terminus,

[0023] in another aspect, provided herein s an isolated TCR that binds fo a peplide
consisting of the amino acid sequence sct forth in SEQ 13 NO: 45, the TCR comprising an @
chain variable region (Va) comprising complementanity deternuning region CDR3a, wherein
the CDR3a comprises the aming acid sequence set forth wn SEQ ID NO: 23 In certam
embodiments, the Va comprises CDRlg and CDR2a comprising the amine acid sequences
set forth in SEQ 1D NOs: 13 and 109, respectivelv.  In certamn embodiments, the Vo
comprises the amio acid sequence set forth in SEQ D NO: 106, In certain embodiments,
the TCR comprises an o chain compnsing the aming acid sequence set forth in SEQ ID NO:
64. In certain embodiments, the o chain further comprises the amino acid sequence of GS at
the C-terminus. In certam embodiments, the TCR comprises a § cham vanable region (VJ)
comprising COR3B, wherein the CDR3B comprises the amine acid sequence set forth in SEQ
D NO: 38 In certain embodiments, the VP comprises CORIP and CDR2§ comprising the
amino acid sequences set forth in SHEQ D NQOs: 28 and 33, respectively.  In certain
embodiments, the VB comprises the amino acid sequence set forth in SEQ 1D NG: 107, In
certain embodiments, the TCR comprises a B chaio comprising the aming acid sequence s¢t
forth in SEQ 1D NO: 65, In certain embodiments, the TCR comprises a § chain comprising
the amino acid sequence set forth in SEQ ID NO: 66, In certain embodiments, the B chain
further comprises the amino acid sequence of GSGATNFSLLKQAGDVEENPG (SEQ ID
WQO: 93} at the C-terminus.

[0024] In another aspect, provided herein is an isolated TCR that binds to a peptide
consisting of the amino acid sequence set forth m SEQ ID NO: 45, the TCR comprising an o
chain variable region (Vo) comprising complementarity determining region CODR3a, wherein
the CDDR3a comprises the amino acid sequence set forth m SEQ [ NO: 23, In certain
embodiments, the Va comprises CDR1a and CDRZa comprising the amino acid sequences
set forth in SEQ ID NOs: 13 and 18, respectively. In certain embodimenis, the Ve comprises
the ammo acid sequence set forth in SEQ 1D NO: 5. In certain embodiments, the TCR
comprises an ¢ chain comprising the amino acid sequence set forth in SEQ 1D NO: 253, In

certain embodiments, the g chain further comprises the amino acid sequence of GS at the C-

/
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terminus. o certain embodiments, the TCR comprises a § chain variable region (V)
comprising COR3P, wherein the CDR3P comprises the amino acid sequence set forth i SEQ
1D NO: 38, In certain embodiments, the VB comprises COR1B and CDR28 comprising the
amino acid sequences set forth in SEQ ID NOs: 28 and 33, respeciively.  [n certain
embodiments, the Vi comprises the amino acid sequence set forth i SEQ ID NO: 6. In
certain embodiments, the TCR comprises a f chain comprising the amino acid sequence set
forth in SEQ ID NO: 254, In certain embodiments, the B chain further comprises the aming
acid sequence of GSGATNFSLLKQAGDVEENPG (SEQ 1D NG: 93) at the C-terminus.
00251 In another aspect, provided herein is an isolated TCR that binds {o a peptide
consisting of the amino acid sequence sot forth in SEQ 1D NO: 45, the TCR comprising a §
chain variabie region (V) comprising complementarity determining region CDR3§, wherein
the CDR3P comprises the amino acid sequence set forth in SEQ 1D NO: 38 In certain
embodiments, the VB comprises CDRIB and CDR2B comprising the amino acid sequences
set forth in SEQ 1D NOs: 28 and 33, respectively. In certain embodiments, the VB comprises
the anuno acid sequence set forth in SEQ 1D NO: 107, In certaim embodiments, the V§
comprises the amino acid sequence set forth in SEQ 1D NO: 6. In certain embodiments, the
TCR comprises a B chain comprising the amingo acid sequence set forth i SEQ 1D NQO: 65.
In certain embodiments, the TCR comprises a B chain comprising the amine acid sequence
set forth in SEQ 1D NO: 66, In certain embodiments, the TCR comprises a B chain
comprising the amino acid sequence set forth in SEQ ID NO: 254, In certain embodiments,
the § chain further comprises the amino acid sequence of GSGATNFSLLKQAGDVEENPG
(SEQ 1D NO: 93} at the C-terminus.

00261 In another aspect, provided herein is an isolated TCR that binds {o a peptide
consisting of the amine acid sequence set forth in SEQ 1D NQO: 45, the TCR comprising an «
chain variable region (Ve comprising an amino acid sequence at least 73%, 80%, 85%, 90%,
95%, 99%, or 100% identical to the amino acid sequence set torth in SEQ [D NO: 77, In
certain embodiments, the Va comprises the amino acid sequence set forth m SEQ 1D NO: 77,
In certain embodiments, the TCR comprises a B chain variable region (VP) comprising an
amino acid sequence at least 75%, 80%, 85%. 90%. 95%, 99%, or 100% identical to the
amino acid sequence set forth in SEQ 1D NO: 78, In certain embodiments, the VB comprises
the amino acid sequence set forth in SEQ D NG: 78,

(00271 In another aspect, provided herein is an isolated TCR that binds to a peptide
consisting of the amino acid sequence set forth in SEQ ID NO: 45, the TCR comprismg a §
chain variable region (VB) comprising an amino acid sequence at least 75%, 80%, 85%, 80%,

8
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95%, 99%, or 100% tdentical to the amino acid sequence set forth in SEQ 1D NG: 78, In
certain embodiments, the VP comprises the amino acid sequence set forth in SEQ 1D NO: 78,
{0028} In certain embodiments of the foregoing aspects, the TCR comprises an o cham
variable region {(Va) comprising CDRIg, CDRZg, and CDR3g and a B chain variable region
(V@) comprising CDRIB, CBR2B, and CDR3B, wherein the CDRIa, CDR2a, CDR3g,
CDRIB, CDR2B, and CDR3B comprise the amino acid sequences set forth in SEQ ID NOs:
13, 109,23, 28, 33, and 38, respectively.
[0029] In certain embodiments of the forcgoing aspects, the TCR comprises an a chain
variable region (Va) comprising CDR1a, CDR2e, and CDR3g and a § chain variable region
(VB) comprising CDRIB, CDR2B, and CDR3B, whercin the CDRla, CDR2a, CDR3a,
CDR1p, CDR2B. and CDR3pP comprise the amino acid sequences set forth i SEQ 1D NQOs:
13, 18, 23, 28, 33, and 38, respectively.
[0030] In ancther aspect, provided herein is an isolated TCR comprising an @ chain
variable region (Vo) comprising complementarity determining regions CDRla, CDRZa, and
CDR3x and a B chain variable region (VB) comprising CDRIf, CDRIZB, and CDR3H,
wheren the CDRlwa, CDR2Zq, CDR3g, CDRIB, CDR2B, and CDR3 comprise the amino
acid sequences set forth m SEQ 1D NQs: 13, 109, 23, 28, 33, and 38, respectively. In certain
embodiments, the Va and VP comprise the amino acid sequences set forth 10 SEQ [D NQOs:
106 and 107, respectively.
[0031] In ancther aspect, provided herein is an isolated TCR comprising an « chain
variable region (Vo) comprising complementarity determining regions CDR1n, CDRZa, and
CDR3g and a B chain variable region (VP) comprising CDRIf, CDRIZB, and CDR3S,
wherein the CDRlwu, CDRZa, CDR3g, CDRIB, CDR2B, and CDR3 comprise the amino
acid sequences set forth in SEQ ID NOs: 13, 18, 23, 28, 33, and 38, respectively. In certain
embodiments, the Va and VP comprise the amino acid sequences set forth in SEQ 1D NQs: 5
and 6, respectively.
[0032] In another aspect, provided herein 1s an 1solated TCR comprising an ¢ chain and a
B chain, wherein the « chain comprises the amino acid sequence set forth 1o SEQ 1D NG: 64
and the B chain comprises the amino acid sequence set forth in SEQ 1D NG: 65, In certaim
embodiment, the o chain further compnses the amino acid sequence of GS at the C-lerminus,
and the B chain  further comprises the ammo  acid  sequence of
GSGATNFSLLKQAGDVEENPG (SEQ 1D NO: 93) at the C-terminus.
[0033] In another aspect, provided herein is an isolated TCR comprising an ¢ chain and a
B chain, wherein the o chain comprises the amino acid sequence set forth in SEQ ID NG: 64
g
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and the B chain comprises the amino acid sequence set forth in SEQ 1D NG: 66, In certain
embodiment, the g chain further compnses the amino acid sequence of GS at the C-terminus,
and the B chain further comprises the amimo  acid  sequence of
GSGATNEFSLLKOQAGDVEENPG (SEQ 1D NO: 93) at the (-terminas.

[0034] In another aspect, provided herein is an isolated TCR comprising an ¢ chain and a
B chain, whercin the ¢ chain comprises the anmno acid sequence set forth in SEQ TD NO: 233
and the B chain comprises the amino acid sequence set forth in SEQ ID NO: 254, In certain
crabodiment, the a chain further comprises the amino acid sequence of GS at the C-terminus,
and the B chain further comprises the ammo  acid  sequence  of
GSGATNFSLLKQAGDVEENPG (SEQ 1D NO: 93) at the C-termunus.

[0035] In anocther aspect, provided herein is an isolated TCR that binds to a peptide
consisting of the amino acid sequence set forth 1 SEQ 1D NO: 45, the TCR comprising an o
chain vanable region (V) comprising complementarity determining region CDR3a, wherein
the CDR3¢ comprises the amino acid sequence set forth m SEQ 1D NO: 24 In certain
crabodiment, the Ve comprises CDR la and CDR 20 comprising the aming acid scquences set
forth in SEQ 1D NOs: 14 and 19, respectively. In certain embodiments, the Vo comprises the
amino acid sequence set forth in SEQ ID NG: 7. In certain embodiments, the TCR comprises
an o chain comprising the amino acid sequence set forth m SEQ ID NO: 67, In certain
embodiments, the TCR comprises an & chain comprising the ammo acid sequence set forth in
SEQ ID NG: 255 In certain embodiment, the o chain further comprises the amuno acid
sequence of G5 at the C-ierminus. {p certain embodiments, the TCR comprises a B chain
variable region (V) comprising CDR3B, wherein the CDR3B compriscs the amino acid
sequence set forth in SEQ 1D NO: 39, In certam embodiments, the VB comprises CDRIB
and CDR2B comprising the amino acid sequences set forth m SEQ ID NOs: 29 and 34,
respectively. In certain embodiments, the VP comprises the amino acid sequence sct forth in
SEQ ID NG 108, In certam embodiments, the V comprises the amino acid sequence set
forth in SEQ ID NO: 8. In certain embodiments, the TCR comprises a § chain comprising
the amino acid sequence set forth in SEQ 1D NO: 68, In certain embodiments, the TCR
comprises a § chain comprising the anuno acid sequence set forth m SEQ ID NG: 69, In
certain embodiments, the TCR comprises a B chain comprising the amuino acid sequence set
forth in SEQ ID NG: 256, In certain ¢mbodiments, the § chain forther comprises the ammo
acid sequence of GBGATNFSLLKQAGDVEENPG (SEQ 1D NO: 93) at the C-terminus.
[0036] In another aspect, provided herein is an isolated TCR that binds to a peptide
consisting of the amine acid sequence set forth in SEQ ID NO: 45, the TCR comprising a §
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chain variable region (V) comprising complementarity determining region CDR3B, wherein
the CDR3B comprises the amino acid sequence set forth m SEQ 1D NO: 39, In certain
embodiments, the VB comprises CDRIB and CDR2B comprising the amino acid sequences
set forth in SEQ ID NOs: 29 and 34, respectively. In certain embodiments, the VP comprises
the amino acid sequence sct forth in SEQ 1D NO: 108, In certain embodimenis, the V§
comprises the amino acid sequence set forth in SEQ ID NO: 8. In certaimn embodiments, the
TCR comprises 2 B chain comprising the aminoe acid sequence set forth in SEQ ID NO: 68
In certain cmbodiments, the TCR comprises a B chain comprising the amino acid sequence
set forth in SEQ ID NO: 69 In certain embodiments, the TCR comprises a § chain
comprising the amino acid sequence set forth in SEQ 1B NO: 256, In certain embodiments,
the § chain further comprises the amino acid sequence of GSGATNFSLLKOQAGDVEENPG
(SEQ ID NO: 93) at the C-terminus.
{00371 in another aspect, provided herein s an isolated TCR that binds fo a peplide
consisting of the amino acid sequence set forth in SEQ 1D NO: 45, the TCR comprising an g
chain variable region (Vi) comprising an amino acid sequence at least 75%, 80%, 85%, 90%,
93%, 99%, or 100% identical to the amino acid sequence set forth in SEQ ID NG: 79. In
certain embodiments, the Va comprises the amino acid sequence set forth in SEQ 1D NO: 79.
In certain embodiments, the TCR comprises a B chain variable region (V) comprising an
amino acid sequence at least 75%, 80%, 85%, 90%, 95%, 99%, or 100% identical to the
aming actd sequence set forth i SEQ ID NG: 80, In certain embodiments, the VB comprises
the amine acid sequence set forth in SEQ 1D NG 80
[0038] In another aspect, provided berein is an isolated TCR that binds to a peptide
consisting of the amino acid sequence sct forth in SEQ 1D NO: 45, the TCR comprising a B
chain variable region (VB) comprising an amino acid sequence at least 75%, 80%, 85%, 90%,
95%., 99%, or 100% identical to the amino acid sequence set forth in SEQ D NOG: 80, In
certain embodiments, the VP comprises the amino acid sequence set forth in SEQ [D NO: 80,
[0039] In certain embodiments of the foregoing aspects, the TCR comprises an a chain
variable region (Vo) comprising CDR1g, CDR2g, and CDR3q and a § chain variable region
(VB) comprising CDRI1B, CDRZB, and CDR3B, wherein the CDRla, CDRZa, CDR3a,
CDRIB, CDR2B, and CDR3pP comprise the amino acid sequences set forth m SEQ D NQOs:
14, 19, 24, 29, 34, and 39, respectively.
(00401 In another aspect, provided hercin is an isolated TCR comprising an o chain
variable region (Va) comprising complementarity detervining regions CDR1a, CDR2a, and
CDR3¢g and & B chain variable region (VP) comprising CBRIB, CDR28, and CDR3B,
il
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wherein the CDR1g, CDR2g, CDR3a. CDRIB, CORZB, and CDR3P comprise the amino
acid sequences set forth mn SEQ 1D NQOs: 14, 19, 24, 29, 34, and 39, respectively. In certain
embodiments, the Vo and VB comprise the aminoe acid sequences set forth in SEQ ID NOs: 7
and 108, respectively. In cortain embodiments, the Ve and V comprise the amino acid
sequences sct forth in SEQ 1D NOs: 7 and 8, respectively.

(00411 In another aspect, provided herein is an isolated TCR comprising an ¢ chain and a
B chain, wherein the o chain comprises the amino acid sequence set forth in SEQ ID NG: 67
and the B chain comprises the amino acid sequence set forth in SEQ 1D NG: 68, In certain
embodiment, the g chain further compnses the amino acid sequence of GS at the C-lerminus,
and the B chain  further comprises the aminmo  acid  sequence of
GSGATNEFSLLKOQAGDVEENPG (SEQ 1D NO: 93) at the (-terminas.

[0042] In another aspect, provided hercin is an isolated TCR comprising an « chain and a
B chain, wherein the o chain comprises the amino acid sequence set forth in SEQ ID NG: 67
and the B chain comprises the amino acid sequence set forth in SEQ 1D NG: 69, In certaimn
crabodiment, the a chain further comprises the amino acid sequence of GS at the C-terminus,
and the P chain further comprises the ammo  acid  sequence  of
GSGATNFSLLKQAGDVEENPG (SEQ 1D NO: 93) at the C-termunus.

[0043] In another aspect, provided hercin 15 an isolated TCR comprising an « chain and a
f chain, whercein the o chain comprises the anmno acid sequence set forth in SEQ TD NO: 235
and the B chain comprises the amino acid sequence set forth in SEQ ID NO: 256, In certain
embodiment, the g chain further comprises the amino acid sequence of GS at the C-terminus,
and the B chain further comprises the amino  acid  scquence  of
GSGATNFSLLKQAGDVEENPG (SEQ 1D NO: 93) at the C-termunus.

[0044] In another aspect, provided herein is an wsolated TCR that binds (o a peptide
consisting of the amino acid sequence set forth 1 SEQ 1D NO: 47, the TCR comprising an o
chain variable region (V) comprising complementarity determining region CDR3a, wherein
the CDR3g comprises the amino acid sequence set forth im SEQ ID NO: 25 In certain
embodiments, the Vo comprises CDRlg and CDR2g comprising the amino acid sequences
set forth in SEQ 1D NOs: 15 and 20, respectively. In certain embodiments, the Va comprises
the amino acid sequence set forth m SEQ 1D NO: 9. In certain embodiments, the TCR
comprises an ¢ chain comprising the amino acid sequence set forth in SEQ 1D NG: 70, In
certamn embodiments, the TCR comprises an a chain comprising the amuno acid sequence sct
forth in SEQ 1D NO: 257, In certain embodiments, the o chain further comprises the amino
acid sequence of G5 at the C-ermings. In certain embodiments, the TCR comprises a B
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chain variable region (VB) comprising CDR3B, wherein the CDR3H comprises the amino acid
sequence set forth in SEQ 1D NO: 40, In certam embodiments, the VB comprises CDRIB
and CDR2P comprising the amino acid sequences set forth in SEQ ID NGs: 30 and 35,
respectively. In certain embodiments, the VB comprises the amino acid sequence sot forth in
SEG 1D NO: 10, In certain embodiments, the TCR comprises a § chain comprising the
amino acid sequence set forth m SEQ ID NG 71, In certain embodiments, the TCR
comprises a § chain comprising the amino acid sequence set forth m SEQ 1D NG 72, In
certain embodiments, the TCR comprises a B chain comprising the ammo acid sequence sct
forth in SEQ ID NO: 238, In certain embodiments, the B chain further comprises the amino
acid sequence of GSGATNFSLLKQAGDVEENPG (SEQ ID NG: 93) at the C-terminus.
[0045] In anocther aspect, provided herein is an isolated TCR that binds to a peptide
consisting of the amino acid sequence set forth in SEQ 1D NO: 47, the TCR comprising a §
chain vanable region (VB) comprising complementarity determining region CDR3§, wherein
the CDR3P comprises the amino acid sequence set forth m SEQ D NO: 40 In certain
crabodiments, the VB comprises CDRIP and CDR2P comprnising the amino acid sequences
set forth in SEQ ID NOs: 30 and 33, respectively. In certain embodiments, the VB comprises
the amino acid sequence set forth in SEQ ID NG: 10, Ip certain embodiments, the TCR
comprises a § chain comprising the amino acid sequence set forth in SEQ ID NG 71 In
certain embodiments, the TCR comprises a B chain comprising the amino acid sequence set
forth in SEQ 1D NG: 72, In certain embodiments, the TCR comprises a B chain comprising
the amino acid sequence set forth in SEQ D NO: 258, In certain embodiments, the B chain
further comprises the amino acid sequence of GSGATNFSLLKQAGDVEENPG (SEQ 1D
NO: 93} at the C-terminus,

[0046] In another aspect, provided herein is an wsolated TCR that binds (o a peptide
consisting of the amino acid sequence set forth 1 SEQ 1D NO: 47, the TCR comprising an o
chain variable region (Va) comprising an amino acid sequence at least 75%, 80%, 85%, 90%,
85%, 99%, or 100% identical to the aming acid sequence set forth in SEQ D NG: 81, In
certain embodiments, the Va comprises the amine acid sequence set forth in SEQ 1D NO: 81,
In certain embodiments, the TCR comprises a B chain variable region (V) comprising an
ammo acid sequence at least 75%, 80%, 85%, 90%, 95%, 99%, or 100% identical to the
amino acid sequence set forth 1o SEQ 1D NG: 82, In certain embodimenis, the VB comprises
the amino acid sequence set forth i SEQ 1D NO: 82,

[0047] In another aspect, provided herein is an isolated TCR that binds to a peptide
consisting of the amine acid sequence set forth in SEQ ID NO: 47, the TCR comprising a §

-
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chain variable region (V) comprising an aming acid sequence at least 75%, 806%, 85%, 90%,
93%, 99%, or 100% identical to the amino acid sequence set forth in SEQ ID NG: 82, In
certain embodiments, the VB comprises the amino acid sequence set forth in SEQ 1D NQO: 82,
[0048] In certam embodiments of the foregoing aspects, the TCR comprises an @ chain
variable region (Va) comprising CDR g, CDR2e, and CDR3¢ and a B chain variable region
(VB) comprising CDRIB, CDR2B, and CDR3B, wherein the CDRlg, CDR2a, CDR3g,
CDR1B, CDR2B, and CDR38 comprise the amino acid sequences set forth m SEQ ID NQOs:
15, 20, 25, 30, 35, and 40, respectively.
[0049] In another aspect, provided herein is an isolated TCR comprising an e chain
variable region (V) comprising complementarity determining regions CDR1e, CDR2g, and
CDR3¢ and a P chain vanable region (VP) comprising CDRIB, CDR2ZB. and CDR3§,
wherein the CDR1n, CDR2a, CDR3g, CDRIB, CDR2B, and CDR3P comprise the amino
acid sequences set forth m SEQ 1D NQOs: 15, 20, 25, 30, 35, and 40, respectively. In certain
embodiments, the Va and VP comprise the aming acid sequences set forth 1o SEQ 1D NOs: 9
and 10, respectively.
(00501 In another aspect, provided herein is an isolated TCR comprising an o chain and a
B cham, wherein the o chain comprises the amine acid sequence set {orth i SEQ 1D NG: 70
and the P chain comprises the amine acid sequence set forth in SEQ ID NG 71 In certain
embodiment, the o chain further comprises the amino acid sequence of G5 at the C-terminus,
and the B chain  further comprises the amino  acid  sequence  of
GSGATNFSLLKQAGDVEENPG (SEQ D NO: 93) at the C-terminus.
[0051] In another aspect, provided hercin is an isolated TCR comprising an ¢ chain and a
B chain, wherein the « chain comprises the amino acid sequence set forth 1 SEQ ID NO: 70
and the B chain comprises the amino acid sequence set forth m SEQ ID NQG: 72, In certain
embodiment, the o chain further comprises the amino acid sequence of G5 at the C-terminus,
and the P chamn  further comprises the ammo  acid  sequence  of
GSGATNFSLLEKQAGDVEENPG (SEQ ID NG: 93) at the C-terminus.
[0052] In another aspect, provided herein is an isclated TCR comprising an ¢ chain and a
B chain, wherein the @ chain comprises the amino acid sequence set forth in SEQ D NO: 257
and the B cham comprises the amino acid sequence set forth i SEQ 1D NO: 258, In certain
embodiment, the & chain further comprises the amino acid sequence of GS at the C-terminus,
and the B chain  further comprises the amino  acid  sequence  of
GSGATNFSLLKQAGDVEENPG (SEQ 1D NG: 93) at the C-terminus,
[0053] In ancther aspect, provided herein 1s an isolated TCR that binds to the same
i4
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epitope as a TCR diselosed herein,

[0054] In another aspect, provided herein 1s an isolated T cell receptor {TCR) that binds
to: 1) a peptide consisting of the amino acid sequence set forth m SEQ ID NO: 45, i) a
peptide consisting of the amino acid sequence set forth m SEQ ID NO: 51, 41} a peptide
consisting of the amino acid sequeonce set forth in SEQ 1D NO: 36, 1v) a peptide consisting of
the amino acid sequence set forth in SEQ 1D NO: 117, v) a peptide consisting of the amuino
acid sequence setl forth in SEQ ID NQ: 128, vi) a peptide consisting of the amino acid
sequence set forth m SEQ ID NO: 135, vii) a peptide consisting of the amino acid sequence
set forth in SEQ 1D NO: 192, or vits) a peptide consisting of the amino acid sequence sct
forth in SEQ ID NQO: 233, or 1x} any combination thergof

[00355] In another aspect, provided herein 1g an isolated T cell receptor {TCR) that binds
to: 1} a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 45, ity a
peptide consisting of the amino acid sequence set forth 1o SEQ ID NG: 51, 1) a peptide
consisting of the amino acid sequence set forth in SEQ D NO: 56, iv) a peptide consisting of
the amino acid sequence sct forth in SEQ D NO: 117, v) a peptide consisting of the amino
acid sequence set forth mn SEQ ID NO: 128, vi) a peptide consisting of the amino acid
sequence set forth m SEQ ID NG: 135, vir) a peptide consisting of the amino acid sequence
set forth in SEQ ID NG: 192, and viii) a peptide consisting of the amino acid sequence sct
forth in SEQ 1D NO: 233,

[0056] in some embodiments, the 1solated TCR described herein does not bind to, or does
not substantially bind to: 1) a peptide consisting of the aming acid sequence set forth in SEQ
1D NO: 40, i1) a peptide consisting of the amino acid sequence set forth 1o SEQ [ NO: 49,
50, 52, 53, 54, 55, or 57, or 111) a peptide consisting of the amine acid sequence set forth i
SEQ ID NO: 47, or iv) any combination thereof  In some embodiments, the isolated TCR
described herein does not bind to, or docs not substantially bind to: 1) a peptide consisting of
the amino acid sequence set forth m SEQ ID NO: 46, 11} a peptide consisting of the amuino
acid sequence set forth in SEQ ID NO: 49, 50, 52, 53, 54, 55, or 57, and u1) a peptide
consisting of the ammo acid sequence set forth in SEQ D NO: 47

[0057] In another aspect, provided herein 1s an isolated T cell receptor {TCR) that binds
to: 1) a peptide consisting of the amino acid sequence set forth in SEQ ID NG: 45, i) a
peptide consisting of the amino acid sequence set forth m SEQ ID NO: 51, 41} a peptide
consisting of the amino acid sequence set forth in SEQ 1D NO: 36, w) a peptide consisting of
the amino acid sequence set forth in SEQ 1D NO: 117, v) a peptide consisting of the amuino
acid sequence setl forth in SEQ ID NQ: 128, vi) a peptide consisting of the amino acid
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sequence set forth in SEQ D NG 135, vit) a peptide consisting of the amino acid sequence
set forth in SEQ 1D NO: 192, or vits) a peptide consisting of the amino acid sequence sct
forth in SEQ 1D NO: 233, or ix) any combination thereof, wherein the isolated TCR does not
bind fo, or does not substantially bind to: a) a peptide consisting of the aming acid sequence
set forth in SEQ 1D NO: 406, b) a peptide consisting of the amino acid scquence set forth in
SEQ 1D NO: 49, 50, 32, 53, 54, 35, or 57, or ¢} a peptide consisting of the amino acid
sequence set forth tn SEQ D NO: 47, or d) any combination thereof
[0058] In another aspect, provided herein 1s an isolated T cell receptor {TCR) that binds
to: 1) a peptide consisting of the amino acid sequence set forth in SEQ ID NG: 45, i) a
peptide consisting of the amino acid sequence set forth m SEQ ID NO: 31, 111) a peptide
consisting of the amino acid sequenee set forth in SEQ 1D NG 56, 1v) a peptide consisting of
the anmuino acid sequence sct forth in SEQ 1D NOG: 117, v) a pepiide consisting of the amino
acid sequence setl forth in SEQ ID NQ: 128, vi) a peptide consisting of the amino acid
sequence set forth in SEQ D NG 135, vit) a peptide consisting of the amino acid sequence
set forth in SEQ 1D NO: 192, and viti) a peoptide consisting of the amino acid sequence sct
forth 1 SEQ ID NO: 233, wherein the isolated TCR does not bind to, or does not
substantially bind to: a) a peptide consisting of the amino acid sequence set forth in SEQ ID
NQO: 46, b} a peptide consisting of the amino acid sequence set forth in SEQ D NO: 49, 50,
52,53, 54, 55, or 57, and ¢) a pepude consisting of the amino acid sequence set forth in SEQ
D NQG: 47.
[0059] In another aspect, provided herein is an isclated T cell receptor (TCR) that binds
to: 1) a peptide consisting of the amino acid sequence set forth i SEQ 1D NO: 435, 1) a
peptide consisting of the amino acid sequence set forth i SEQ ID NO: 31, 1m1) a peptide
consisting of the amino acid sequence set forth in SEQ 1D NG 56, 1v) a peptide consisting of
the anmuino acid sequence sct forth in SEQ 1D NOG: 117, v) a pepiide consisting of the amino
acid sequence set forth in SEQ 1D NG: 128, vi) a peptide consisting of the amino acid
sequence set forth in SEQ 1D NQO: 135, vii) a peptide consisting of the amino acid sequence
set forth in SEQ 1D NO: 192, viii) a peptide consisting of the amino acid sequence st forth in
SEQ 1D NO: 219, ix) a peptide consisting of the amino acid sequence set forth in SEQ 1D
NO: 220, x) a peptide consisting of the anuno acid sequence set forth m SEQ ID NG: 226, or
xi} 2 peptide consisting of the amino acid sequence set forth 1 SEQ D NG: 233, or xii) any
combination thercof.
(00601 In another aspect, provided herein i3 an isolated T cell receptor {TCR) that binds
to: 1) a peptide consisting of the amino acid sequence set forth wn SEQ D NO: 45, i) a
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peptide consisting of the amino acid sequence set forth in SEQ 1D NGO 51, 1) a peptide
consisting of the amino acid sequence set forth in SEQ ID NGO: 56, 1) a peptide consisting of
the amino acid seguence set forth in SEQ 1D NGO: 117, v} a peplide consisting of the amino
acid sequence set forth in SEQ ID NO: 128, vi) a peptide consisting of the amino acid
sequence set forth m SEQ 1D NO: 135, vi) a peptide consisting of the amino acid sequence
set forth in SEQ 1D NO: 192, vint) a peptide consisting of the amino acid sequence set forth in
SEQ ID NO: 219, ix) a peptide consisting of the amino acid sequence set forth in SEQ 1D
NO: 220, x) a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 226,
and xi) a peptide consisting of the amino acid sequence set forth n SEQ 1D NO; 233

[0061] In another aspect, provided herein 1s an isolated T cell receptor {TCR) that binds
to: i} a peptide consisting of the amino acid sequence set forth in SEQ 1D NGO 45, it} a
peptide consisting of the amino acid sequence set forth m SEQ 1D NO: 51, 6t} a peptide
consisting of the amino acid sequence set forth in SEQ D NO: 36, 1v) a peptide consisting of
the amino acid sequence set forth i SEQ ID NO: 117, v) a peptide consisting of the amino
acid scquence set forth in SEQ 1D NO: 128, vi) a peptide consisting of the amino acid
sequence set forth m SEQ ID NG: 135, vir) a peptide consisting of the amino acid sequence
set forth in SEQ ID NO: 192, viii) a peptide consisting of the amino acid sequence set forth in
SEQ ID NG 219, ix) a peptide consisting of the amino acid sequence set forth in SEQ D
NQO: 220, x) a peptide consisting of the amino acid sequence set forth in SEQ D NO: 226, or
xi} a peptide consisting of the amino acid sequence set forth in SEQ 1D NG 233, or xii) any
combination thereof, wherein the isolated TCR does not bind to, or does not substantially
bind to: 3} a peptide consisting of the amino acid sequence set forth n SEQ 1D NO: 46, b) a
pepiide consisting of the amino acid sequence set forth in SEQ 1D NO: 49, 50, 52, 53, 54, 535,
or 57, or ¢) a peptide consisting of the aming acid sequence set forth in SEQ ID NQG: 47, or d)
any combination thereof.

00621 In another aspect, provided herein i3 an isolated T cell receptor {TCR) that binds
to: 1} a peptide consisting of the amino acid sequence set forth n SEQ 1D NO: 45 11) a
peptide consisting of the amino acid sequence set forth in SEQ 1D NGO 51, 1) a peptide
consisting of the amino acid sequence set forth in SEQ 1D NO: 56, wv) a peptide consisting of
the amino acid sequence set forth in SEQ 1D NO: 117, v) a peptide consisiing of the amino
acid sequence set forth in SEQ ID NO: 128, vi) a peptide consisting of the amino acid
sequence set forth m SEQ 1D NO: 135, vi) a peptide consisting of the amino acid sequence
set forth in SEQ 1D NO: 192, vint) a peptide consisting of the amino acid sequence set forth in
SEQ ID NO: 219, ix) a peptide consisting of the amino acid sequence set forth in SEQ 1D
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NO: 220, x} a peptide consisting of the amino acid sequence set forth i SEQ ID NO: 226,
and x1) a peptide consisting of the amino acid sequence set forth m SEQ [D NO: 233, wherein
the 1aolated TCR does not bind to, or does not substantially bind to: a) a peptide consisting of
the amino acid sequence set forth in SEQ ID NO: 46, b} a peptide consisting of the amino
acid sequence set forth i SEQ ID NO: 49, 50, 532, 53, 54, 535, or 537, and ¢) a peptide
consisting of the amino acid sequence set forth in SEQ 1D NO: 47,

[0063] in another aspect, provided herein i3 an isolated TCR that binds to: 1) a peplide
consisting of the amino acid sequence set forth in SEQ 113 NO: 43, 1) a peptide consisting of
the amino acid sequence set forth in SEQ ID NO: 51, 1) a peptide consisting of the amino
actd sequence set forth i SEQ ID NO: 56, iv) a peplide consisting of the amino acid
sequence set forth i SEQ 1D NGO 117, v) a peptide consisting of the amino acid sequence set
forth i SEQ 1D NO: 128, vi) a peptide consisting of the anino acid sequence set forth in
SEQ 1D NO: 135, vit) a peptide consisting of the aming acid sequence set forth in SEQ ID
NO: 192, or viii) a peptide consisting of the amino acid sequence sei forth in SEQ 1D NO:
233, or ix) any combination thereof. In certain embodiments, the TCR binds to 1) a peptide
consisting of the amino acid sequence set forth in SEQ 1D NO: 45, 1) a peptide consisting of
the amino acid sequence set forth in SEQ 1D NO: 51, 111) a peptide consisting of the amino
acid sequence set forth i SEQ ID NO: 56, 1v) a peplide consisting of the amino acid
sequence set forth m SEQ ID NG: 117, v) a peptide consisting of the amino acid sequence set
forth m SEQ 1D NO: 128, vi) a peptide consisting of the amino acid sequence sct forth in
SEQ 1D NO: 135, vii) a peptide consisting of the amino acid sequence set forth in SEQ ID
NG: 192, and viti) a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
233. In certain embodiments, the TCR does not bind to, or does not substantially bind to: 1) a
peptide consisting of the amino acid sequence set forth m SEQ ID NO: 46, 1) a peptide
consisting of the amino acid sequence set forth i SEQ 1D NGO 49, 50, 52, 53, 54, 55, or 57,
or 1) a peptide consisting of the amino acid sequence set forth i SEQ 1D NO: 47, or 1v) any
combination thereof. In certain embodiments, the TCR does not bind to, or does not
substantially bind to, any oft 1) a peplide consisting of the anmune acid sequence set forth m
SEQ 1D NO: 46, 11) a peptide consisting of the amino acid sequence set forth in SEQ [D NO:
49, 11} a peptide consisting of the amino acid sequence set forth m SEQ 1D NO: 530, iv) a
peptide consisting of the amino acid sequence set forth i SEQ ID NO: 52, v) a2 peptide
consisting of the amino acid sequeonce set forth in SEQ 1D NO: 533, vi) a peptide consisting of
the amino acid sequence sct forth in SEQ 1D NOG: 34, vii) a peptide consisting of the amino
acid sequence set forth in SEQ ID NO: 55, vit) a peptide consisung of the amuno acid
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sequence set forth in SEQ 1D NO: 57, and ix) a peptide consisting of the aming acid sequence
set forth n SEQ 1D NO: 47, In certain embodiments, the bimding between the TCR and a
peptide consisting of the aming acid sequence set forth in SEQ ID NO: 46, 49, 50, 52, 53, 54,
55, 57, or 47 is substantially weakened relative to the binding between the TCR and a peptide
consisting of the amino acid sequence set forth in SEQ ID NO: 45, 531, 56, 117, 128, 135,
192, or 233, In certain embodiments, the binding between the TCR and anv of: 1) a peptide
consisting of the amino acid sequence set forth in SEQ 1D NO: 46, 11) a peptide consisting of
the amino acid sequence sct forth in SEQ 1D NO: 49, 111} a peptide consisting of the amino
acid scquence set forth in SEQ ID NO: 50, wv) a peptide consisting of the anuno acid
sequence set forth in SEQ ID NO: 52, v) a peplide consisting of the aming acid sequence set
forth in SEQ 1D NO: 53, vi) a peptide consisting of the amino acid sequence sct forth m SEQ
D NGO: 54, vit) a peptide consisting of the amino acid sequence set forth o SEQ 1D NO: 35,
viit} a peptide consisting of the amino acid sequence set forth in SEQ ID NO: 57, and 1x} a
pepiide consisting of the aming acid sequence set forth 1n SEQ ID NQO: 47 is substantially
weakened relative to the binding between the TCR and any of: a) a peptide consisting of the
amino acid sequence set forth in SEQ D NO: 45, b) a peptide consisting of the amino acid
sequence set forth in SEQ 1D NGO 51, ¢) a peptide consisting of the amingo acid sequence set
forth i SEG 1D NG: 56, d) a peptide consisting of the amino acid sequence sct forth in SEQ
ID NG: 117, e) a peptide consisting of the amino acid sequence set forth in SEQ ID NO: 128,
) a peptide consisting of the amino acid sequence set forth in SEQ ID NO: 135, g} a peptide
consisting of the amino acid sequence set forth in SEQ ID NG: 192, and h) a peptide
consisting of the amino acid sequence set forth 1o SEQ [D NG: 233
[0064] In another aspect, provided herein 18 an 1solated TCR that binds to at least one of
peptide selected from the group consisting of:

1) a peptide consisting of the amino acid sequence sct forth in SEQ [D NG: 45,

i1} a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 51,

11} a peptide consisting of the amino acid sequence set forth m SEQ ID NQ: 56,

iv} a peptide consisting of the aming acid scquence set forth in SEQ 1D NO: 117,

v} a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 128,

vi) a peptide consisting of the anuno acid sequence set forth in SEQ 1D NG: 135,

vii) a peplide consisting of the amino acid sequence set forth in SEQ D NO: 192, and

viii) a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 233,
wherein the isolated TCR does not bind {0, or does not substantially bind to at least one of
peptide selected from the group consisting of:
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a) a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 46,

b} a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 49, 50, 52,

(U

3,54, 55, or 37, and
¢} a peptide consisting of the amino acid sequence set forth in SEQ D NO: 47

[0065] In another aspect, provided herein is an isolated TCR that:

a) binds to: 1} a peplide consisting of the amuno acid sequence set forth in SEQ ID
NO: 45, 11) a peptide consisting of the amino acid sequence set forth in SEQ IDNO: 51 niYa
peptide consisting of the ammo acid sequence set forth 1 SEQ 1D NO: 56, iv) a peptide
consisting of the amino acid sequence set forth in SEQ 1D NG: 117, v) a peptide consisting of
the amino acid seqaence set forth i SHQ ID NQ: 128, vi) a peptide consisting of the amino
acid sequence set forth i SEQ 1D NO: 135, vii} a peptide consisting of the amino acid
sequence sct forth i SEQ 1D NO: 192, or viit) a peptide consisting of the amino acid
sequence set forth in SEQ 1D NO: 233, or ix) any combination thereof, and

b} comprises an ¢ chain variable region (V) comprising DR3¢, wherein the CDR3g
comprises the amino acid scquence set forth in SEQ ID NO: 21, In certaim embodiments, the
Va comprises CDR1a and CDR2a comprising the amino acid sequences set forth in SEQ ID
NQa: 11 and 16, respectively. In cortain embodiments, the Vo comprises the amine acid
sequence set forth in SEQ 1D NO: 86, In certain embodiments, the Va comprises the ammo
acid sequence set forth m SEQ 1D NO: 1. In certain embodiments, the TCR comprises an o
chain comprising the amine acid sequence set forth in SEQ ID NO: 58 In certam
cmbodiments. the o chain further comprises the amino acid sequence of G5 at the C-termuinus.
In certain embodiments, the TCR comprises an ¢ chain comprising the amino acid sequence
set forth i SEQ 1D NO: 236, In certamn embodiments, the TCR comprises an a chain
comprising the amino acid sequence set forth in SEQ 1D NO: 259, 260, 272, 261, or 249, In
certamn embodiments, the TCR comprises a § chain variable region (VB) comprising CIDR38,
wherein the CDR3J comprises the amino acid sequence set forth m SEQ ID NO: 36, In
certain embodiments, the VB comprises CDRIB and CDR2§ comprising the amino acid
sequences set forth m SEQ 1D NOs: 26 and 31, respectively. In cortain embodiments, the VB
comprises the amine acid sequence set forth in SEQ 1D NO: 87, In certain embodiments, the
VB comprises the amino acid sequence set forth in SEQ 1D NO: 2. In cerfain embodiments,
the TCR comprises a § chain comprising the amino acid sequence sef forth i SEQ 1D NO:
59. In certain cmibodiments, the TCR compriscs a § chain comprising the amino acid
sequence set forth m SEQ 1D NO: 60. In certain embodiments, the B chamn further comprises
the amino acid sequence of GSGATNFSLLKQAGDVEENPG (SEQ 1D NO: 93) at the C-
20
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terminus. o certain embodiments, the TCR comprises a § chain comprising the amino acid
sequence set forth m SEQ ID NO: 237, In certain embodiments, the TCR comprises a B
chain comprising the amino acid sequence set forth in SEQ ID NO: 262, 263, 264, 273, or
250.
[0066] In another aspect, provided herein is an isolated TCR that:

a) binds to: 1) a peptide consisting of the amino acid sequence set forth in SEQ ID
NO: 45, 11) a peptide consisting of the amino acid sequence set forth in SEQ IDNO: 51 niYa
peptide consisting of the ammo acid sequence set forth 1 SEQ 1D NO: 56, iv) a peptide
consisting of the amino acid sequence set forth in SEQ 1D NG: 117, v) a peptide consisting of
the amino acid seqaence set forth i SHQ ID NQ: 128, vi) a peptide consisting of the amino
acid sequence set forth i SEQ 1D NO: 135, vii} a peptide consisting of the amino acid
sequence sct forth i SEQ 1D NO: 192, or viit) a peptide consisting of the amino acid
sequence set forth in SEQ 1D NO: 233, or ix) any combination thereof, and

b} comprises a § chain variabie region (V) comprising CDR35, wherein the CDR3B
comprises the amine acid sequence set forth in SEQ 1D NO: 36, In certain embodiments, the
VB comprises COR1IP and CDRIZP comprising the amino acid sequences sei forth n SEQ 1D
NQa: 26 and 31, respectively. In certain embodiments, the VP comprises the amino acid
sequence set forth in SEQ 1D NG: 87, In certain embodiments, the VP comprises the amino
acid sequence set forth m SEQ 1D NG: 2. In certam embodiments, the TCR comprises a B
chain comprising the amine acid sequence set forth in SEQ ID NO: 59 In certam
embodiments, the TCR comprises a B chain comprising the amino acid sequence set forth 1n
SEQ 1D NO: 60, In certain coibodunents, the § chain further comprises the amino acid
sequence of GSGATNFSLLKQAGDVEENPG (SEQ ID NO: 93) at the C-termunus.  In
certatn embodiments, the TCR comprises a B chain comprising the amino acid sequence set
forth m SEQ 1D NO: 237, In certain embodiments, the TCR comprises a §§ chain comprising
the amino acid sequence sclected from the group consisting of SEQ 11 NQOs: 262, 263, 264,
273, and 250.
0067} In another aspect, provided hersin is an isolated TCR that:

a) binds t0: 1) a peptide consisting of the amino acid sequence set forth in SEQ 1D
NQO: 45, 1) a peptide consisting of the amino acid sequence set forth 1o SEQ ID NG: 51, uiYa
peptide consisting of the amino acid sequence set forth m SEQ IB NO: 56, v} a peptide
consisting of the amino acid sequence set forth in SEQ 1D NO: 117, v) 3 peptide consisting of
the amino acid sequence set forth in SEQ 1D NO: 128, vi) a peptide consisting of the ammo
acid sequence set forth in SEQ ID NG 135, vii} a peptide consisting of the amino acid
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sequence set forth in SEQ ID NO: 192, or vii) a peptide consisting of the amino acid
sequence set forth m SEQ 1D NO: 233, or 1x) any combination thereof; and

b) comprises an ¢ chain variable region (Vo) comprising CDRIg, CDR2a, and
CDR3¢ and a P chain vanable region (VP) comprising CDRIB, CDR2ZB. and CDR3§,
wherein the CDR1o, CDR2e, CDR3a, CDRIB, CDR2B, and CDR3P comprise the amino
acid sequences set forth in SEQ 1D NOs: 11, 16, 21, 26, 31, and 36, respectively. In certain
embodiments, the Vg and VB comprise the amino acid sequences set forth in SEQ [D NOs:
86 and 7, respectivelv. In certain embodiments, the Va and VB comprise the amine acid
sequences set forth in SEQ 1D NOs: 1 and 2, respectively.
[0068] In another aspect, provided hercin is an isclated TCR, wherem when the TCR is
expressed on the swrface of a T cell, the T cell is activated: 1) when co-cultured with a second
cell displaying a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 45
{¢.g., a second cell displaving a peptide consisting of the amino acid sequence set forth in
SEQ ID NO: 45 in the context of HLA-B*0702), i) when co-cultured with a second cell
displaving a peptide consisting of the amino acid sequence set forth in SEQ 1D NG: 51 (g,
a second cell displaving a pepiide consisting of the amino acid sequence set forth m SEQ 1D
NQO: 51 in the context of HLA-B¥0702}; ut) when co-cultured with a second cell displaying a
peptide consisting of the amine acid sequence seif forth i SEQ 1D NO: 36 {e.g., a second cell
displaving a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 56 in the
context of HLA-B*0702), or 1v) when co-cultured with a second cell displaying a peptide
consisting of an amino agid sequence selected from the group consisting of SEQ 1D NOs:
117, 128, 135, 192, and 233 (e.g., a second cell displaying a peptide consisting of an amino
acid sequence selected from the group consisting of SEQ 1D NOs: 117, 128, 135, 192, and
233 in the context of HLA-B*0702}, or v) any combination thereof. In certain embodiments,
when the TCR is cxpressed on the surface of a T cell, the T cell 15 activated: 1) when co-
cultured with a second cell displaymg a peptide consisting of the amino acid sequence set
forth in SEQ ID NO: 45 (e.g., a second cell displaving a peptide consisting of the amino acid
sequence set forth in SEQ ID NO: 45 in the context of HLA-B*0702), 1) when co-cultured
with a second cell displaying a peptide consisting of the amino acid sequence set forth in
SEQ ID NO: 51 (e.g., a second cell displaving a peptide consisting of the anuno acid
sequence set forth m SEQ 1D NG 51 in the context of HLA-B*(702), 111} when co-cultured
with a second cell displaving a peptide consisting of the anmino acid sequence set forth in
SEQ 1D NGO: 56 (e.g., a second cell displaving a peptide consisung of the amino acid
sequence set forth in SEQ ID NO: 36 in the context of HLA-B*0702), and 1v) when co-
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cultured with a second cell displaying a peptide consisting of an aming acid sequence
selected from the group consisting of SEQ ID NQGs: 117, 128, 135, 192, and 233 (cg., a
second cell displaving a peptide consisting of an amino acid sequence selected from the
group consisting of SEQ 1D NQOs: 117, 128 135, 192, and 233 in the confext of HLA-
B*0702). In certain embodiments, when the TCR s expressed on the surface of a T cell, the
T cell 18 not activated, or 1s not substantially activated: 1) when co-cultured with a second cell
displaving a peptide consisting of the amino acid sequence set forth in SEQ ID NQ: 46 (e.g.,
a second coll displaving a peptide consisting of the amino acid sequence set forth in SEQ 1D
NO: 46 in the context of HLA-B*0702), 1) when co-cultured with a second cell displaying a
peptide consisting of the aming acid sequence set forth in SEQ ID NO: 49, 50, 52, 53, 54, 55,
or 57 {e.g., a second cclf displaying a peptide congsisting of the amino acid sequence set forth
in SEQ ID NO: 49, 50, 52, 53, 54, 55, or 57 in the context of HLA-B*0702), or i1t} when co-
cultured with a second cell displaying a peptide consisting of the amino acid sequence set
forth in SEQ ID NO: 47 (e.2., a second cell displaving a peptide consisting of the amino acid
sequence st forth in SEQ 1D NO: 47 in the context of HLA-B*(702), or iv) any combination
thereof. In certain embodiments, when the TCR 1s expressed on the surface of a T cell, the T
cell 13 not activated, or is not substantially activated, when co-cultured with a second cell
displaying any of the following peptides: 1) a peptide consisting of the amino agid sequence
set forth m SEQ ID NO: 46 (e.g., in the context of HLA-B*0702), 11) a peptide consisting of
the amino acid sequence set forth m SEQ ID NO: 49 {¢.g., in the context of HLA-B*0702),
iti) a peptide consisting of the amino acid sequence set forth in SEQ D NO: 50 {e.g., in the
context of HLA-B*(702), iv) a peptide counsisting of the amino acid sequence set forth in
SEQ 1D NO: 52 (e.g., n the context of HLA-B*0702), v) a peptide consisting of the amino
actd sequence sct forth in SEQ ID NG: 33 {e.g., in the context of HLA-B¥(0702), vi) a peptide
consisting of the amino acid sequence set forth in SEQ D NO: 54 (c.g., in the context of
HLA-B*0702), vii) a peptide consisting of the amino acid sequence set forth in SEQ D NO:
55 (e.g., in the context of HLA-B*(702), viii) a peptide consisting of the ammo acid
sequence set forth in SEQ 1D NO: 37 (e g, in the context of HLA-B*0702), and ix} a peptide
consisting of the anino acid sequence set forth in SEQ 1D NO: 47 (¢.g., in the context of
HLA-B*0702). In certain embodiments, when the TCR is expressed on the surface of a T
cell, the activation of the T cell 15 substantially weakened when the T cell is co-cultured with
a second cell displaving a peptide consisting of the amino acid scquence set forth o SEQ D
NO: 46, 49, 50, 52, 53, 54, 55, 57, or 47 (e.g., a second celi displaying a peptide consisting of
the amino acid sequence set forth in SEQ 1D NQO: 46, 49, 50, 52, 53, 54, 55, 57, or 47in the
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context of HLA-B*0702) relative to the activation of the T cell when the T cell is co-culiured
with a third cell displaying a peptide consisting of the amino acid sequence set forth in SEQ
1D NO: 45, 51, 36, 117, 128 135, 192, or 233 {e.g., a third cell displaving a peptide
consisting of the amino acid sequence set forth i SEQ ID NO: 45, 51, 56, 117, 128, 135,
192, or 233 i the context of HLA-B*0702). In certain embodiments, when the TCR 1s
expressed on the surface of a T cell, the activation of the T cell is substantially weakened
when the T cell is co-cultured with a second cell displaying any of the following peptides: 1} a
peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 46 {(e.g., in the context
of HLA-B*(702), 1) a peptide consisting of the amuno acid sequence set forth m SEQ ID
NQO: 49 (e.g., n the context of HLA-B*0702), 11) a peplide consisting of the aming acid
sequence sef forth in SEQ ID NO: 30 {g.g., in the context of HLA-B*0702), iv} a peptide
consisting of the amino acid sequence set forth in SEQ D NO: 52 (¢.g., in the context of
HLA-B*0702), v} a peptide consisting of the amino acid sequence set forth in SEQ ID NO:
53 {e.g., 1n the context of HLA-B*(702), vi) a peptide consisting of the amino acid sequence
set forth in SEQ 1D NO: 54 (e.g., n the context of HLA-B*0702), vit} a peptide consisting of
the amino acid sequence set forth m SEQ 1D NO: 55 (e.g., in the context of HLA-B*0702),
viit) a peptide consisting of the amino acid sequence set forth i SEQ IDNO: 57 (e.g., in the
context of HLA-B*0702), and ix) a peptide consisting of the amine acid sequence set forth in
SEQ 1D NO: 47 (e.g., in the context of HLA-B*0702), relative to the activation of the T cell
when the T cell is co-coltured with a third cell displaving any of the following peptides: a) a
peptide consisting of the amine acid sequence set forth in SEQ ID NG 45 (e 2., in the context
of HLA-B*(702), b) a peptide consisting of the amino acid sequence st forth in SEQ 1D
NGO: 51 (e.g., m the context of HLA-B*0702), ¢} a peptide consisting of the amino acid
seqaence set forth in SEQ ID NO: 56 (e.g., in the contest of HLA-B*(702), and d) a peptide
consisting of an amino acid sequence selected from the group consisting of SEQ 1D NOs:
117, 128, 135,192, and 233 {e.g., in the context of HLA-B*0702).

[0069] In another aspect, provided herein is an isolated TCR, wherein when the TCR 18
expressed on the surface of a T cell, the activation of the T cell is substantially weakened
when the T cell 15 separately co-cultured with cach oft 1) a second cell displaying a pepiide
consisting of the amino acid sequence set forth i SEQ 1D NO: 46, 1) a second cell
displaying a peptide consisting of the amino acid sequence set forth 1n SEQ 1D NGO 49, 4} a
second cell displaving a peptide consisting of the amino acid sequence set forth in SEQ D
NO: 30, 1v) a second cell displaymg a pepiide consisting of the amino acid sequence set forth
i SEQ ID NO: 52 v) a second cell displaving a peptide consisting of the amino acid
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sequence set forth m SEQ D NGO 53, vi) a second cell displaying a peptide consisting of the
amino acid sequence set forth i SEQ ID NO: 54, vii) a second cell displaving a peptide
consisting of the amino acid sequence set forth m SEQ ID NQG: 35, viil) a second cell
displaying a peptide consisting of the ammo acid sequence set forth in SEQ 1D NO: 57, and
%) 2 second cell displaving a peptide consisting of the amino acid sequence set forth in SEQ
1D NO: 47, relative to the activation of the T cell when the T cell is separately co-cultured
with each of: a) a third cell displaying a peptide consisting of the amino acid sequence set
forth in SEQ ID NO: 45, b) a third cell displaying a peptide consisting of the amino acid
sequence set forth i SEQ ID NO: 531, ¢) a third cell displaying a peptide consisting of the
amino acid sequence set forth 1 SEQ 1D NO: 36, d) a third cell displaving a peptide
consisting of the ammo acid sequence set forth in SEQ 1D NGO 117, ¢) a third cell displaying
a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 128, ) a third cell
displayving a peptide consisting of the amino acid sequence set forth i SEQ 1D NO: 135, g3 a
third cell displaving a peptide consisting of the amino acid sequence set forth in SEQ 1B NO:
192, and h) a third ccll displaying a peptide consisting of the amino acid sequence set forth in
SEQ 1D NO: 233 In another aspect, provided herein is an 1solated TCR comprising an o chain
variable region (Vo) comprising CDR30, wherein the CDR3e comprises the ammo acid
sequence set forth in SEQ D NO: 21, wherein when the TCR 1s expressed on the surface of a
T cell, the T cell is activated: 1) when co-cultured with a second cell displaying a peptide
consisting of the amino acid sequence setl forth in SEQ ID NG 45 (e.g., a second cell
displaving a peptide consisting of the amino acid sequence set forth in SEQ 1D NG 45 inthe
condext of HLA-B*0702), 11) when co-cultured with a sccond cell displaving a peptide
consisting of the amino acid sequence set forth i SEQ 1D NO: 51 {e.g., a second cell
displayving a peptide consisting of the amino acid sequence set forth in SEQ ID NG: 51 1n the
context of HLA-B*0707); 1) when co-cultured with a sccond cell displaying a peptide
consisting of the amino acid sequence set forth in SEQ ID NG: 36 (e.g., a second cell
displayving a peptide consisting of the amino acid sequence set forth i SEQ 1D NO: 56 in the
context of HLA-B*0702), or 1v) when co-cultured with a second cell displaying a peptide
consisting of an amino acid sequence selected from the group consisting of SEQ 1D NOs:
137, 128, 135, 192, and 233 (e.g., a second cell displaving a peptide consisting of an amino
acid sequence selecied from the group consisting of SEQ 1D NGs: 117, 128, 133, 192, and
233 in the context of HLA-B*(702), or v) any combination thereof. In certain embodiments,
the Va comprises CDR e and CORZa compnising the amino acid sequences set forth in SEQ
ID NQOs: 11 and 16, respectively. In certain embodiments, the Va comprises the amino acid
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sequence sct forth in SEQ D NO: 86. In ceriain embodiments, the Va comprises the amino
acid sequence set forth in SEQ ID NG: 1. In certam embodimentis, the TCR comprises an o
chain comprising the amino acid scquence set forth m SEQ 1D NO: 38 In certam
embodiments, the @ chain further comprises the amino acid sequence of GS at the C-
terminus. {n certain embodiments, the TCR comprises an o chain comprising the amino acid
sequence set forth in SEQ ID NO: 236, In certain embodiments, the TCR comprises an «
chain comprising an amino acid sequence sclecied from the groap consisting of SEQ 1D NOs:
259, 260, 272, 261, and 249, In certain embodiments, the TCR comprises a B chain variable
region (VB) comprising CDR3B, wherein the CDR3f comprises the ammo acid sequence set
forth in SEQ ID NGO: 36, In certain embodiments, the VP comprises CDRIB and CDR2J
comprising the amino acid sequences set forth in SEQ D NOs: 26 and 31, respectively. In
certamn embodiments, the VB comprises the amuino acid sequence set forth i SEQ 13 NO: 87,
In certain embodiments, the VB comprises the amino acid sequence set forth in SEQ ID NO:
2. In certain embodiments, the TCR comprises a B chain comprising the aming acid sequence
set forth in SEQ 1D NO: 539 In certain embodiments, the TCR comprises a B chain
comprising the amino acid sequence set forth in SEQ ID NO: 60, In certain embodiments,
the B chain further comprises the aming acid sequence of GSGATNFSLLKQAGDVEENPG
(8EQ ID NG: 93) at the C-terminus.  In certain embodimenis, the TCR comprises a B chain
comprising the amino acid sequence set forth in SEQ ID NO: 237, In certain embodiments,
the TCR comprises a § chain comprising an amino acid sequence selected {rom the group
consisting of SEQ ID NOs: 262, 263, 264, 273, and 2350,

[0070] In another aspect, provided hercin is an isolated TCR that comprises a § chain
variable region (VP) comprising CDR3J, wherein the CDR3B comprises the amino acid
sequence set forth i SEQ D NO: 36, wherein when the TCR 15 expressed on the surface of a
T cell, the T cell is activated: 1) when co-cultured with a second cell displaving a peptide
consisting of the amino acid sequence set forth in SEQ ID NG: 45 (e.g., a second cell
displayving a peptide consisting of the amino acid sequence set forth i SEQ 1D NO: 45 in the
context of HLA-B*0702), it} when co-cultured with a sccond cell displaving a peptide
consisting of the amino acid sequence set forth in SEQ 1D NO: 51 (c.g., a sccond cell
displaving a pepuide consisting of the amuno acid sequence set forth m SEQ ID NG: 31 in the
context of HLA-B*0702); 1) when co-cultured with a sccond cell displaving a peptide
consisting of the amino acid sequence set forth in SEQ 1D NO: 3¢ {(c.g, a second cell
displaving a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 56 in the
context of HLA-B*0702). or iv) when co-cultured with a sccond cell displaying a peptide
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consisting of an amino agid sequence selected from the group consisting of SEQ 1D NOs:
137, 128, 135, 192, and 233 (e.g., a second cell displaving a peptide consisting of an amino
acid sequence seleciled from the group consisting of SEQ 1D NOs: 117, 128, 135, 192, and
233 in the context of HLA-B*0702); or v) any combination thereof. In certain embodiments,
the VB comprises COR1B and CDR2P comprising the amino acid scguences set forth m SEQ
ID NOs: 26 and 31, respectively. In certain embodiments, the VB comprises the amino acid
sequence set forth in SEQ ID NO: 87, In certain embodiments, the VB comprises the amino
acid sequence set forth in SEQ ID NO: 2. In certain embodiments, the TCR comprises a B
chain comprising the amino acid sequence set forth in SEQ 1D NO: 5% In certam
embodiments, the TCR comprises a  chain comprising the amino acid sequence set forth m
SEQ 1D NO: 60, In certain embodiments, the B cham further comprises the aming acid
sequence of GSGATNFSLLKQAGDVEENPG (SEQ ID NO: 93) at the C-terminus.  In
certain embodiments, the TCR comprises a B chain comprising the amino acid sequence set
forth 1n SEQ ID NG: 237, In certain embodiments, the TCR comprises a B chain comprising
an amino acid sequence selected from the group consisting of SEQ I3 NOs: 262, 263, 264,
273, and 250,

0071} In another aspect, provided herein 1s an isolated TCR that comprises an ¢ cham
variable region (Vo) comprising CDR g, CDRZg, and CDR3q and a B chain variable region
(VB) comprising CDRIB, CDR2B, and CDR3B, wherein the CDRla, CDR2a, CDR3g,
CDR1B, CDR2§, and CDR38 comprise the amino acid sequences set forth m SEQ ID NQOs:
11,16, 21, 26, 31, and 36, respectively, wherem when the TCR is expressed on the surface of
a T cell, the T cell 1s activated: 1} when co-cultured with a sccond cell displaving a peptide
consisting of the amino acid sequence set forth i SEQ 1D NO: 45 {e.g., a second cell
displayving a peptide consisting of the amino acid sequence set forth in SEQ ID NG: 45 in the
context of HLA-B*(0702), 1) when co-cultured with a second cell displaving a peptide
consisting of the amino acid sequence set forth in SEQ ID NG: 31 (e.g., a second cell
displayving a peptide consisting of the amino acid sequence set forth i SEQ 1D NO: 51 in the
context of HLA-B*0702); 1i) when co-cultured with a second cell displaying a peptide
consisting of the amino acid sequence set forth in SEQ 1D NO: 56 (c.g., a sccond cell
displaving a peptide consisting of the anuno acid sequence set forth m SEQ ID NO: 36 inthe
context of HLA-B*0702), or 1v) when co-cuftured with a second cell displayving a peptide
consisting of an amino acid sequence selected from the group consisting of SEQ ID NOs:
117, 128, 135, 192, and 233 (e.g., a second cell displaymg a peptide consisting of an ammno

acid sequence selected from the group consisting of SEQ 1D NQGs: 117, 128, 135, 192, and
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233 in the context of HLA-B*0702), or v) any combination thereof. In certain embodiments,
the Va and VB compnise the amino acid sequences set forth in SEQ ID NOs: 86 and 87,
respectively. In certain embodiments, the Va and VB comprise the amino acid sequences set
forth in SEQ ID NOs: 1 and 2, respectively.

[0072] In another aspect, provided herein is an isolated TCR that binds to a peptide
consisting of the amino acid sequence set forth m SEQ 1D NO: 47, In certain embodiments,
the TCR does not bind to, or doss not substantially bind o a peptide consisting of an amino
acid sequence selocted from the group consisting of SEQ I NOs: 435, 46, and 49-37. In
certam embodiments, the binding between the TCR and a peptide consisting of an amino acid
sequence sclocted from the group comsisting of SEQ ID NOs: 45, 46, and 49-537 is
substantially weakened relative to the binding between the TCR and a peptide consisting of
the amino acid sequence set forth in SEQ D NO: 47,

[0073] In another aspect, provided herein is an isolated TCR, wherein when the TCR 18
expressed on the surface of a T cell, the T cell is activated when co-cultured with a second
cell displaying a peptide consisting of the amino acid sequence set forth m SEQ 1D NO: 47
{e.g.. a second cell displaying a peptide consisting of the amino acid sequence set forth 1n
SEGQ ID NG: 47 in the context of HLA-B*0702). In certain embodiments, when the TCR 1s
cxpressed on the surface of a T cell, the T cell is not activated, or is not substantially
activated when co-cultured with a second cell displaying a peptide consisting of an amino
acid sequence selected from the group consisting of SEQ 1D NQOas: 45, 46, and 49-57 (¢.2., a
second cell displaying a peptide consisting of an amino acid sequence selected from the
group consisting of SEQ 1D NOs: 45, 46, and 49-57 m the context of HLA-B*0702). In
certain embodiments, when the TCR 1s expressed on the surface of a T cell, the activation of
the T cell 18 substantially weakened when the T cell is co-culiured with a second cell
displayving a peptide consisting of an amino acid sequence sclecied from the group consisting
of SEQ 1D NOs: 45, 46, and 49-537 (c.g., a sccond cell displaving a peptide consisting of an
aming acid sequence selected from the group consisting of SEQ 1D NOs: 45, 46, and 49-57 1n
the context of HLA-B*(702) relative to the activation of the T cell when the T cell is co-
cultured with a third cell displaving a pepiide consisting of the amino acid sequence set forth
i SEQ ID NO: 47 (e.g., a thurd cell displayving a peptide consisting of the amuno acid
sequence set forth m SEQ 1D NG: 47 i the context of HLA-B*(702).

[0074] In certain embodiments of the foregoing aspects, the TCR comprises an ¢ chain
comprising an & chain constant region comprising the amino acid sequence set forth in SEQ
ID NO: 41, In certain embodiments, the o chain constant region comprises the aming acid
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sequence set forth in SEQ 1D NO: 42 In certain embodiments of the foregoing aspects, the
TCR comprises an « chaim comprising an « chain constant region comprising the amino acid
sequence set forth im SEQ ID NQ: 247,
[0075] In certain embodiments of the foregoing aspects, the TCR comprises a B chain
comprising a B chain constant region comprising the amino acid sequence set forth in SEQ D
NO: 43, 44, or 248,
[0076] The following embodiments apply o cach of the foregoing aspects.
{0077 In certain crubodiment, the TCR 1s a human TCR (e.g., a full-length human TCR).
In certain embodiment, the TCR 13 a full-length TCR, a soluble TCR, or a single-chain TCR.
[0078] In certain embodiment, the pepuide is presented in the context of HLA-B¥(702.
In certain embodiment, when the TCR 15 expressed on the surface of a T cell, the T cell is
activated when co-cultured with a sccond cell displaying the peptide (¢.g.. a second cell
displaying the peptide i the context of HLA-B*(702). In certain embodiment, the T cell
exhibits {a) increased CD6Y surface expression, (b) increased CD23 surface expression, {(c)
increased CD107a expression, (d) imcreased T cell proliferation, () increased IFNy secretion,
or (f) increased nuclear factor of activated T cells (NFAT) promoter activation when co-
cultured with the second cell displaying the peptide {¢.g., a second cell displaying the peptide
in the context of HEA-B*0702). 1o certain embodiment, the T cell induces apoptosis or death
of the second cell displaving the peptide (e.g., a second cell displayving the peptide in the
context of HLA-B*0702).
00791 In certain embodiment, the TCR is conjugated o an effector moiety. In cerlain
cmbodiments, the effector moiety 15 a cyiotoxic agent, cyviostatic agent, toxin, radionuclide,
detectable label, or binding moiety. In certain embodiments, the binding moety is an
antibodv. In certaim embodiments, the binding moiety 1s an antibody Fe region.
[0080] In another aspect, the instant disclosure provides an isolated polvnucleotide
encoding a polypeptide comprising an o chain vanable region and/or a § chain variable
region, or an & chain and/or a B cham of a TCR disclosed herein. In certain embodiments, the
polvonucleotide comprises the nucleic acid sequence of SEQ ID NGO 90 In certan
crabodiments, the polynucleotide comprises the nucleic acid sequence of SHQ 1D NO: 238,
In certain embodiments, the polynucieotide encodes a polypeptide comprising an amino acid
sequence selected from the group consisting of SEQ 1D NQOs: 83, 266, 267, 268, 269, 270,
and 271, In certain embodiments, the polvnucleotide encodes a polvpepiide comprising the
amino acid sequence of SEQ ID NG: 91, In certain embodiments, the polvnucleotide
encodes a polypeptide comprising the amino acid sequence of SEQ 1D NO: 265, In certain
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embodiments, the polynucleotide encodes a polypeptide comprising the amino acid sequence
of SEQ ID NG: 92,
[0081] In another aspect, the instant disclosure provides an isolated vector comprising a
polvnucleotide disclosed herein. In certain embodiments, the vector is a viral vector selected
from the group consisting of a lentiviral vector, a retroviral vector, an adenoviral vector, an
adeno-associated viral vector, and a baculoviral vector. In certain embodiments, the vector
comprises an amino acid sequence selected from the group consisting of SEQ 1D NOs: 83,
266, 267, 268, 269,270, and 271.
0082} In another aspect, the instant disclosure provides an engmeered cell comprising a
polynucleotide or veclor disclosed herein.  In certain embodiments, the polynucleodiide or
vector encodes an amino acid sequence selected from the group consisting of SEQ 1D NOs:
83, 266, 267, 268, 269, 270, and 271. In another aspect, the instant disclosure provides a
method of producing a TCR that binds to a peptide consisting of the amino acid sequence set
forth in SEQ ID NO: 45 or 47, the method comprising culturing the engincered cell so that
the polynucleotide is expressed and the TCR is produced. In another aspect, the instant
disclosure provides an isolated TCR produced by such methods.
[0083] In another aspect, the instant discloswre provides a TCR encoded by a
polvnucleotide sequence disclosed herein. In another aspect, the instant disclosure provides a
TCR that results from expression of a polyvnucieotide sequence disclosed herein,
[0084] in another aspect, the instant disclosure provides a method of producing an
enginecred cell expressing a TCR that binds to a peptide consisting of the amino acid
sequence set forth in SEQ 1D NO: 45 or 47, the method comprising contacting a cell with a
polynucleotide (or a vector comprising such polvnucleotide) encoding an o chain variable
region and/or a B cham variable region, or an g chain and/or a § chain of a TCR disclosed
herein {e.g., a polvnucleotide comprising the nucleic acid sequence of SEQ 1D NG: 90 or
238) under conditions that allow ntroduction of the vector into the cell. In certam
embodiments, the polynucleotide i1s miroduced nto the cell using a vector {(e.g., a viral
vector), In certain embodiments, the polynucleotide is introduced into the cell by
clectroporation. fn certain embodiments, the polynuclecotide is mRNA and is iniroduced into
the cell by electroporation.
[0085] In another aspect, the instant disclosure provides an engineered cell presenting a
TCR disclosed herein on the cell surface. In certain embodiments, the cell expresses the
TCR. In certain embodiments, the cell is a human Iymphocyte. In certain embodiments, the
cell is selected from the group consisting of an alpha beta or gamma delta T cell (e.g., a CD8’
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T cell. or a CD4" T cell), a natural killer T (NKT) celi, an invariant nataral killer T (iNKT)
cell, a mucosal-associated mvaniant T (MAIT) cell, and a natural killer (NK) cell. In one
embodiment, the cell 1s an iNKT cell.

[0086] In ancther aspect, the instant disclosure provides a pharmaceutical composition
comprising 3 TCR, polvnucleotide, vector, or ecngincercd cell disclosed berein, and a
pharmaceuticallv acceptable carrier.

[0087] in another aspect, the mstant disclosure provides a method of inducing an immume
response to a cell displaying a peptide consisting of the amino acid sequence set forth in SEQ
ID NO: 45 or 47 in a subject, the method comprising administering to the subject an effective
amount of a TCR, polynucleotide, vector, engingered cell, or pharmaceutical composition
disclosed heremm. In another aspect, the instant disclosure provides a method of treating
cancer in a subject, the method comprising adounistering to the subject an cffective amount
of a TCR, polynucleotide, vector, enginecred cell, or pharmaceutical composition disclosed
herein.  In certain embodiments, the TCR, polynucleotide, vector, engineered cell, or
pharmaceutical composition is adomunistered intravenously.  In certain embodiments, the
methods further comprise admimistering an additional therapeutic agent to the subject. In
certain  embodiments, the additional therapeutic agent 18 a chemotherapeutic, a
radiotherapeutic, or a checkpoint targeting agent.  ln certain embodiments, the checkpoint
targeting agent is selected from the group consisting of an antagonist anti-PD-1 antibody, an
antagonist anti-PD-L1 antibody, an antagonist anti-PD-L2 antibody, an antagonist anti-
CTLA-4 antibody, an antagonist anti-TIM-3 antibody, an antagonist anti-LAG-3 antibody, an
antagonist VISTA antibody, an antagonist CD96 antibody, an antagonist anti-CEACAM1
anfibody, an antagonist anii-TIGIT antibody, an agonist anfi-CD137 antibody, an agonist
anti-GITR antibody, and an agonist anti-OX40 antibody. In certsin embodiments, the
additional therapeutic agent is an anti-PD-1 antibody, optionally wherein the anti-PD-1
antibody 1s pembrolizamab or nivolumab. In certain embodiments, the additional therapeutic
agent is an inhibitor of mdoleamme-2 3-dioxygenase {ID0). In certain embodiments, the
inhubitor is selected from the group consisting of epacadostat, FO01287, indoximod, and
NLGY919. In certain embodiments, the inhibitor is epacadostat. In certain embodiments, the
additional therapeutic agent is a vaccine. In ceriain embodimenis, the vaccine comprises a
heat shock protein peptide complex (HSPPC) comprising a heat shock prolemn complexed
with an antigenic peptide. In certain embodiments, the heat shock protein 1s hsc70 and is
complexed with a fumor-associated antigenic peptide. In certain embodiments, the heat
shock protein is gp%6 and is complexed with a tumor-associaled antigenic peptide, wherein
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the HSPPC 1s derived from a tumor obtained from a subject. In certain embodiments, the
cancer is leukemia (e.g., mixed lincage leukemia, acute lvmphocytic leukemia, acute myeloid
leukemia, chronic lymphocvtic leskemia, or chronmic myeloid leukemia), alveolar
rhabdomyosarcoma, bone cancer, brain cancer (e.g., glioblastoma), breast cancer, canger of
the anus, anal canal, or anorectum, cancer of the eve, cancer of the intrahepatic bile duct (e.g..
intrahepatic cholangiocellular cancer), cancer of the joints, cancer of the neck, gallbladder, or
pleura, cancer of the nose, nasal cavity, or middle ear, cancer of the oral cavity, cancer of the
vubva, mveloma {(e.g., chronic mveloid cancer), colon cancer, csophageal cancer, cervical
cancer, gastrointestinal carcinoid tamor. Hodglin's Ivmphoma, hyvpopharynx cancer, kidney
cancer, larynx cancer, liver cancer {e.g., hepatocellular carcinoma), lung cancer (e.g., non-
small cell lung cancer), malignant mesothelioma, melanoma, multiple mycloma, nasopharynx
cancer, non-Hodgkin’s lymphoma, ovarian cancer, pancreatic cancer, peritoncum, omentum,
and mesentery cancer, pharynx cancer, prostate cancer, rectal cancer, renal cancer {(e.g., renal
cell carcinoma (RCC)), gastric cancer, small intestine cancer, soft tissug cancer, stomach
cancer, carcinoma, sarcoma (e g, synovial sarcoma, rhabdomyosarcoma), testicular cancer,
thyrowd cancer, head and neck cancer, ureter cancer, and urinary bladder cancer. In certain
embodiments, the cancer is melanoma, breast cancer, hung cancer, prostate cancer, thyroid
cancer, ovartan cancer, or svaovial sarcoma ln one embodiment, the cancer is synovial

sarcoma or liposarcoma {e.g., myxoid/round cell iposarcoma).

4. BRIEF DESCRIPTION OF THE BRAWINGS

[0088] FIG. 1 1s a bar graph showing the percentage of TNFa+ cells among the total
CD8+ cells from three HLA-B*0702 healthy donors after their PBMCs were stimulated with
the MLL-pM peptide (EPR{pSIPSHSM, SEQ 1D NO: 45, the MLL-pP peptide
(RVRJpSIPTRSP; SEQ 1D NG: 47), or a nux of peptides selected from viral T cell epitopes.
00891 FiGe. 2 is a pawr of flow cviometry plots showing analysis of memory CDE+ T
cells that were co-cultured with non-pulsed DCs ("No peptide™; or BCs pulsed with the
peptide EPRIpSIPSHSM (SEQ D NO: 435) ("MLL-pM peptide™). After co-culturing, the
cells were stamed with the MLL-pM/HLA-B*0702 pentamers and an anti-CD8 antibody.
(00501 FiG. 3 is a set of flow cviometry plots showing staining of AK-DIOR3 cells
expressing the chimeric TCRs TCROO77, TCRO0G79, TCRO0%1, TCRO083, or TCROOES with
PE-labeled HLA-B*0702 pendamers loaded with the MLL-pM peptide (EPR|{pSIPSHSM;
SEQ ID NO: 45) (5 uLivel or 0.5 pL/well), the non-phosphorylated MLL-M control peptide

(EPRSPSHSM; SEQ ID NO: 46) (5 uL/well) or the MLL-pP peptide (RVR]pS|PTRSP: SEQ
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ID NG 47) (5 pl/well). The percentages of pentamert TCR+ cells are indicated in the upper
right panel of each plot.

[0091] Fifzs. 4A and 4B arc flow cyiometry plots showing the results of an assay testing
activation of AK-D10R3 single cell clones expressing the chimeric TCRs TCROG77,
TCROGO79, TCROO8T, TCRO0R3, or TCROORS after co-culture with T2-B7 cells (i.e., T2 cells
overexpressing HLA-B*0702) pulsed with 50 pg/ml or 5 pg/mb of the MLL-pM peptide
(EPR[pSIPSHSM,; SEQ 1D NGO 45), 50 pg/mL of the MLL-M control peptide
(EPRSPSHSM; SEQ 1D NO: 46), or 30 pg/ml of the MLL-pP peptide (RVR[pSIPTRSP;
SEQ ID NO: 47) at an effector fo target cell ratio of 2:1. TCR-expressing AK-DIOR3 cells
alone or co-cultures containing TCR-expressing AK-D10R3 cells and non-pulsed T2-B7 cells
were included as controls. The percentages of TCR+EGFP+ cells are indicated in the upper
right panel of each plot.

[0052] FiIG. 3 13 a set of histograms showing the results of an assay testing the potential
of TCR-expressing AK-DI10R3 single cell clones o induce apoptosis in T2-B7 target cells
pulsed with 50 pg/ml or 5 pg/ml of the MLL-pM peptide (EPRIpSIPSHSM; SEQ 1D NO:
45}, 50 ug/ml. of the MLL-M control peptide (EPRSPSHSM; SEQ 1D NO: 46), or 530 pg/mL
of the MLL-pP peptide (RVRIpSIPTRSP; SEQ 1D NG: 473, Co-cultures containing non-
pulsed T2-B7 cells or T2-B7 cells mcubated without TCR-expressing AK-DI0R3 cells
served as controls. The percentages of caspase+ T2-B7 cells are indicated m the upper right
panel of cach histogram.

[0093] FiGs. 6A and 6B are bar graphs showing activation of TCRO077-expressing or
TCRO085-cxpressing AK-D10R3 cells afier co-culturing with T2-B7 target cells pulsed with
the MLL-pM peptide (EPR[pSIPSHSM; SEQ 11 NGO: 45), its alanine-modified variants, the
MEL-M peptide, or the MLL-pP peptide. Activation of the AK-D10R3 cells was assessed by
measuring EGFP expression resulting from the activation of an [L-2-(NFAT);-EGFP reporter
construct. Assays were performed in triphcate and the v axis shows the percentage of EGFP-
positive TCR-positive AK-DI0R3 cells.

[0094] FiGs, 7A aad 7B arc heat maps comparing specificities of the indicated TCRs
(FIG. 7A: TCRO077; FIG. 7B TCROO81) to a panel of vananis of the peptide
EPR[pSIPSHSM (SEQ ID NO: 45), where cach amino acid position i each peptide, except
for the anchor positions P2 (P) and P9 (M), of SEQ ID NO: 45 was mdividually substituted
with cach of the 19 other possible naturally occurring amino acids, and position P4 ([p5]) was
additionally substituted with non-phosphorviated serine. Each peptide of the panel was
separately loaded onto T2 target cells, prior to co-culturing with TCR-expressing AK-DI0OR3
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effector cells. Upon binding of the TCR (o a resulting mutant peptide, the AK-D1OR3 cells
were activated to express an EGFP reporter, which was detected by FACS. The results are
shown as heat maps in which each block represents the amino acid residue sabstitution of the
native residue in the MLL-pM peptide EPR[pS{PSHSM (SEQ 1D NO: 45). The native
residues arc shown on the horizontal axis and the substituied residues indicated on the
vertical axis.  FHach block i1s shaded in scale 1o the normalized mean activation (with
normalized valoes cropped to a minimum of 0.0 and to a maximum of 1.0). “X” denotes
untested mutants. Background activation {no pepiide loaded) was subtracted from all peptide-
loaded samples (aliered and native sequences).

[0095] FiGs. 8A and 8B are bar graphs comparing the specificity profiles of the
indicated TCRs (FIG. 8A: TCRO077; FIG. 8B: TCRO081), and show normalized mean
activation values for cach variant MLL-pM peptide (black dot, “altered”) described in Table
8, as well as the values for the peptide EPR[pSIPSHSM (SEQ ID NO: 43) (open square,
“epitope”y.  Normalized mean activation values comresponding io the variant MLL-pM
peptides in Table 8 are displayed, left to right, according to the peptide scquence in Table 8,
ie, SEQID NOs: 49, 110-127, 51, 128-145, 52, 146-159, 46, 160-163, 53, 164-181, 54, 182-
199, 55, 200-217, 56, and 218-235. Brackets were used to designate groups of variant MLL-
pM peptides according to the position of their variant residue in the MLL-pM peptide
sequence. Ervor bars represent the standard ervor of the mean (SEM).

[0056] FiGs. 9A-9D are flow cytometry plots showing the phenotype of control T cells
and TCROO78-transduced T cells. Specifically, stimulated primary T cells, with or without
TCR transduction, were stained with a Zombic NIR™ Live/Dead reagent, anti-CD3-FITC,
anti-CD4-PerCp/Cv3.5 and anti-CD8-PE/Cy7 antibodies, and the PH-comjugated HLA-
B*0702 pentamer loaded with the MLL-pM peptide EPR[pSIPSHSM (SEQ 1D NO:45). FIG.
9A shows the sequence of flow cyiometry gates used to identify intact, hive, singlet cells.
Specifically, the left pancl shows the gate used for the selection of intact cells from the whole
sample; the middle panel shows the gate used for the selection of hive cells from intact cells;
and the right panel shows the gate for used for the selection of singlet cells from live cells.
The data in FIG. 9A are for control T cells.  Similar data was obtained for TCROO78-
transduced T cells using the same flow cyiometry gale parameters. Numbers in each panel
show the percentage of cells passing through each gate, with intact, live, singlet cells used for
the remainder of the experiment. In FIG. 98, anu-CD3-FITC antibody staining was used to
identify T cells and pentamer staining was used to identify cells expressing TCRO078 1n both
control (Ieft) and TCROO78-transduced (righty T cells. FIG. 9C shows the expression of CD4
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and CD8 1n each of three conditions: the left panel shows data from the whole population of
control T cells (from lefl panel, FIG. 9B); the middle panel shows data from the whole
population of TCROO78 transduced cells {from right panel, FIG. 9B); and, the right panel
shows data from the 58.1% of cells identificd as expressing TCRO078 by pentamer staining
(from gated cells  night panel of FIG. 98B). CD4 and CD8 were identified by staining with
anti-CD4-PerCp/Cy3.5 and anti-CD8-PE/Cy7 antibodies respectively. Two cell populations
were identified (CD4-+/CD8- and CD4-/CD8+). The two cell populations were also apparent
with other staining, such as anti-CD3 or anti-CD8 antibodics with pentamer staining (FIG.
9D).
0097} FIG. 19 13 a set of bar graphs showing results from an assay testing the activation
of T cells that were eleciroporated with mock mRBRNA, TCRO086 mRNA, or TCR0O078 mRNA
and co-cultured with KGla-A2 celis expressing MLL or KG1a-B7 cells expressing MLL, at
an effectortarget ratio of 2:1. The left panel shows the percentage of CDB25+ T cella. The
middle pancl shows the percentage of CD107a+ T cells. The nght panel shows the
percentage of proliferating T cells.
{0098} FIG. 11 15 a graph showing the percentage of specific killing of KG1a-B7 target
cells by T cells electroporated with mock mRNA, TCRO08 mRNA, or TCR0O078 mRNA.
The x axis shows the effector;target (E:T) ratios used in this study.
(00991 FiGs. 12A4-12C are a set of bar graphs showing activation of a Jurkat IL-2-NFAT-
tuctferase reporter cell line expressing TCRO078, upon co-culturing with various tumor cell
lines expressing HLA-B*0702. In FIG. 124, the Jurkat cells (Effector) were co-cultured with
KGla cells overexpressing HLA-B*0702 ("KGlia B77), K562 cells overexpressing HLA-
B*0702 (K562 B77), Namalwa cells, or Loucy cells (Target) for 24 hours at various
effector:target ratios (as the x-axis). Activation of the Jurkat cells was assessed by measuring
luciferase activity (represented on the y-axis by arbitrary units (au.)) resulting from the
activation of the IL-2-NFAT-luciferase reporter. FIG. 12B represents a negative control in
which hakat reporter cells not transduced with TCRO078 were co-cultured with the same
tumor cells. As a positive control, the luminescence was measured afier hurkat cells, cither
expressing TCRO078 or not, were stimulated with phorbol 1Z-myvristate 13-acctate (PMA)
and lonomycin {representing maximum NFAT-luciferase expression) (FIG. 12C).  For
“Jurkat control” the non-transduced Jurkat report cells described for FIG. 12B were used.
For “Jurkat expressing TCR,” TCROO78-transduced Jurkat reporter cells originating from one
cell clone (F¢757) with optimal TCR expression were used.
(00100}  FIGs, 13A-13C are a set of bar graphs showing activation of a Jurkat NFAT-
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huciferase reporier cell hine expressing TCROO7E, after co-culturing with various tumor gell
lines. TCROO78-transduced Furkat reporter cells expressing HLA-B*0702 (Effector) were
co-cultured for 24 hours at various ratios with tumor cell lines sach as Loucy, H929, and
KGla overexpressing HLA-B*0702 ("KGla B77) (FIG. 13A); Raji, YT-Indy, JRT3-T3.5,
KGla B7, and Raji overexpressing HLA-B*0702 (FIG. 13B). and THP-1, LCL 721221,
THP-1 overexpressing HLA-B*0702, U266B1, KGla B7, and LCL 721.221 overexpressing
HLA-B*0702 (*721.221 B77y (FIG. 13C). Activation of the Jurkat cells was assessed by
measuring luciferase bioluminescence activity (represcnted on the y-axis by arbitrary units
{a.u.)) resulimg from the activation of the 1L-2-NFAT-Luciferase reporier. KGla-HLA-
B*0702 cell ling was used as a reference for other tumor cell lings in each Figure,
{00101} FIG. 14 15 a panel of graphs showing resulis from an assay testing the activation
of T cells that were clectroporated with mock mRNA or TCRO078-cncoding mRNA and co-
cultured with T2-B7 target cells pulsed with either the MLL-pM phosphopeptide or the non-
phosphorylated MLL-M control peptide. T cells incubated with anti-CD3 and anti-CD28
anitbodies were used as positive controls ("TCRO0O78 mRNA,; CD3/CD28™). The upper two
panels show the percentage of CD25+ T cells. The lower two pancls show the pereentage of
CD107a+ T cells. In all four panels, the x axis shows the concentrations of the peptides used
to pulse the T2-B7 cells.
(00102}  FIG. 15 is a pair of graphs showing the counts of peptide-pulsed T2-B7 cells after
being co-cultured with T cells electroporated with mock mRNA or TCRO078 mRNA. The
T2-B7 cell had been pulsed with the MLL-pM phosphopeptide or the non-phosphorylated
MILL-M control peptide hefore co-culturing.  The x axis shows the concentrations of the
peptides used o pulse the T2-B7 cells.
(00103}  FliGs, 16A-16C are a set of graphs showing an assay testing the activation and
cells”) pulsed with the MLL phosphopeptide EPR[pSISHSM (SEQ 1D NO: 45) or the non-
phosphorvlated control peptide EPRSPSHSM (SEQ ID NO: 46). T2 cells expressing HLA-
B*(702 were labeled with CFSE and then polsed for 2.5 hours with a dose titration of cither
peptide, prior to co-culturing with primary T cells stably expressing TCRO0O78 for 20 hours.
FIG. 16A shows the percentage of killing of T2-HLA-B¥0702 cells {calculated by subiracting
the alive T2-B7 cell number from the total T2-B7 number without co-culturing with the
cffector primary T ccll, then divided by the total T2-B7 number withowt co-culturing) by
TCRO078-transdueed T cells after co-culturing. FIGs. 16B and 16C show the percentage of
CD25 and IFN-y positive primary T cells, respectively, in all primary T cells, detected by
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anti-CD235-PE/Cy7 and anti-IFNy-FITC antibodies and measured by fluorcscence emitted
from the corresponding fluorescent~dye. The x-axis shows the concentration of the peptides
used to pulse the T2-B7 cells. A two-way ANOVA with Bonferroni test was used. “*%%7
significs p = 0.001.

(00104} FIG. 17A and 178 are a pair of bar graphs showing an assay testing the activation
of TCROO7S8-transduced primary T cells co~-cultured with T2 cells expressing HLA*A02.01
or T2-HLA-B*0702 and pulsed with either the phosphopeptide EPR[pSIPSHSM (SEQ 1D
NG: 45) or non-phosphorylated peptide EPRSPSHSM (SEQ 1D NO: 46). CD25 and {FNy
expression by the effector primary T cells were measured as m FIG. 16, FIG. 17A compares
the surface expression of CD2S5 on the T cells (MFI = Mean Floorescent Expression} after co-
cultoring with T2 target celis pulsed with different peptides. FIG. 17B compares the
percentage of [FN-y positive T cells of the total effector primary T cells afler the co-
culturing. A two-wav ANOVA with Bonferroni test was used. “*7 signifies p =0.05. “**7
significs p =0.01. “¥¥¥7 sigmfics p = 0.001. “ns” signifies non-significant.

(00105} FliGs. 18A-18C are a set of bar graphs showing an assay iesting the cyiotoxic
activity and activation of control or TCRO078-transduced primary T cells, co-culivred with
cither KGla-HLA®A02.01 or KG1a-HLA-B*0702. The co-culturing, cell staning, and
number counting methods were the same as those in FIG. 160 FIG. 18A shows the
percentage of killing of KGla tumor cells by primary T cells after co-culturing, representing
the cytotoxic activity of T cells toward KGla tumor cells. FIG. 188 and FIG. 18C show the
percentage of CD25 and IFN-y posttive primary T cells, respectively, afier co-culturing. A
two-way ANOVA with Bonferrom test was used. “#¥*7 signifies p =0.001.

[00106] FiGs., 19A-19E are a set of bar graphs showing assays testing the cytoioxic
activity of control and TCRO078-transduced primary T cells co-cultured with KGla-HLA-
B*0702, K5362-HLA-B*0702, SK-MEL-5, U266B1, or Namalwa tumor cell lings. The co-
culturing, cell staining, and number counting methods were the same as those used in the
experiments set forth in FiGs. 18A-18C. The x-axis indicates the ratio of T cell/Tumor cells

Sl oY

used. A two-way ANOVA with Bonferrom test was used. %7 significs p =0.05.

BY T X

signifies p =0.01. signifies p = 0.00L.

[00107] FiGs. 204 and 268 arc a set of bar graphs showing an in vitro assay of cytotoxic

activity and activation of TCRO078-transduced T cells co-culivred with KGla-HLA-B*0702

before adoptive transfer to NOG mice bearing KGla-HLA-B*0702 tamor. FIG. 20A and

FIG. 20B compare the cytotoxic activity and T cell activation (represented by CD25

expression), respectively, between control and TCRO078-transduced T cells.  The x-axis
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indicates the various T cell/tumor cell ratios.

[00108] FIGs. 21A-21C are a set of graphs and flow cyviometry plots showing the anti-
tamor activity of TCRO078-transduced haman primary T cells after adoptive transfer to NOG
mice bearing a KG1la-HLA-B*0702 tumor. Twenty mice were cach injected with one million
tumor celis (KG1la-HLA-B*0702) subcutancously. One day post-injection ten of the twenty
mice were injected mtravenously with 5 million TCROO78-transduced primary T cells (°T
cells expressing TCROO787) and the other ten mice remained un-injected ("no T cells™). FIG.
21A compares tumor volumes (average +/- SEM) m the two groups (n = 10 cach) of muice
measured every 3-5 days from Dav 7 to Day 42, A two-way ANOVA with Bonferrons test
was used. “FF¥7 aignifies p = 0.001. FIG. 21B compares tumor volumes of the 10 individual
mice mjected with the T cells expressing TCRO073.  After the first measwrement at Day 7,
two of the ten mice were sacrificed to confirm T cells injection and homing; hence, no data
points after Day 7 were available for these two mice. Each hine in FIG. 21B represents the
tumor volumes of one of the cight remaining mice throughout the 42-day period. Except for
two mice with significant tumor growth (white circles), six of the eight mice had munimal
tumor growth {(black circles). FIG. 21C shows a pair of flow cytometry plots identifving
human T-cells and metastatic tumor ccells in the spleen of mice injected with TCRO078
transduced T cells. All mice were sacrificed at dav 41 post tumor implantation and their
spleens were coliected, processed and staimed with anti-CD3 and anti-CD45 antibodies for
subsequent detection by Fluorescence-activated cell sorting (FACS). The left panel of FIG.
21C shows the percentage of T cells (CD3+/CD45+, 0.027% of all celis in the sample) and
tumor cells (CD3-/CD45+, 0.25% of all cells in the sample) in an injected mouse with
significant tumor growth i FIG. 218, The right panel of FIG. 21C shows the percentage of
T cells (72.5%) and tumor cells {0.037%) i the spleen of an mjected mouse with minimal

tumor growth in FIG. 218. The percentage of cells within each gate is indicated.

5. DETAILED DESCRIPTION

{00109}  Provided are TCRs (e.g. TCRs that bind to MLL phosphopeptides), cells and
pharmacentical compositions comprising these TCRs, nucleic acids encoding these TCRs,
expression veciors and host cells for making these TCRs, and methods of treating a subiect
asing these TCRs. The TCRs disclosed herein are particularly useful for directing an
tmmune response against cancer cells displaving MLL phosphopeptides on the cell surface,

and hence for treating a MLL-expressing cancer i a subject.
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51 Definitions
{00110}  As used heroimn, the terms “about” and “approximately,” when used to modify a
numeric value or numeric range, indicate that deviations of 5% to 10% above (e.g., up to 5%
5 io 10% above) and 5% to 10% below (e.g., up 0 5% to 10% below) the value or range
rematn within the intended meaning of the recited value or range.
[00111}]  As used herein, the term “MLL” refers 1o mixed lineage leukemia {also known as
Histone-lvsine N-methyliransferase 2A), that in human 1s encoded by the KAMT24 gene.
[00112]  As used herein, the terms T cell receptor”™ and “TCR” are used mnterchangeably
10 and refer to molecules comprising CDRs or variable regions from B or v8 T cell receptors.
Examples of TCRs include, but arc not himited to, full-length TCRs, antigen-binding
fragments of TCRs, soluble TCRs lacking transmembrane and cyioplasmic regions, single-
chain TCRs containing variable regions of TCRs attached by a flexibie linker, TCR chains
linked by an engineered disulfide bond, single TCR variable domains, single peptide-MHC-
15 apecific TCRs, multi-specific TCRs (including bispecific TCRs), TCR fusions, TCRs
comprising co-stimudatory regions, human TCRs, humanized TCRs, chimeric TCRs,
recombinanily produced TCRs, and synthetic TCRs. In certain embodiments, the TCR is a
full-length TCR comprising a full-length o chain and a full-length B chain.  In certain
embodiments, the TCR is a soluble TCR lacking transmembrane and/or cytoplasmic
20 region{s). In certain embodiments, the TCR is a single-chain TCR (s¢TCR) comprising Vo
and V§ hinked by a peptide linker, such as a scTCR bhaving a structure as desceribed m PCT
Publication No.: WO 2003/020763, WO 2004/033685, or WO 2011/044186, cach of which is
incorporated by reference herein in its entirety. In certain embodiments, the TCR comprises
a transmembrane region.  In certain embodiment, the TCR comprises a co-stimulatory
25 signaling region.
[00113]  As used hergin, the term “full-fength TCR” refers to a TCR comprising a dimer of
a first and a sccond polvpeptide chain, each of which comprises a TCR variable region and a
TCR constant region comprising a TCR transmembrave region and a TCR cvioplasmic
region. In certain embodiments, the full-length TCR comprises one or two unmodificd TCR
30 chains, e g, unmodified ¢, B, v, or 8 TCR chains. In certain embodiments, the full-length
TCR comprises one or two altered TCR chains, such as chumeric TCR chains and/or TCR
chains comprising one or more ammo acid substitutions, insertions, or deletions relative to an
unmodified TCR chain. In certain embodiments, the full-length TCR comprises a mature,

full-length TCR « chain and a mature, fuli-length TCR B chain. In certain embodiments, the
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full-length TCR comprises a mature, full-length TCR v chain and a mature, full-length TCR 8
cham.

(00114}  As used hercin, the term “TCR variable region™ refers o the portion of a mature
TCR polypeptide chain {e.g., a TCR « cham or B chain) which is not envoded by the TRAC
gene for TCR a chains, cither the TRBC1 or TRBCZ genes for TCR B chains, the TRDC gene
for TCR & chains, or either the TRGCI or TRGC2 gene for TCR v chains.  In some
embodiments, the TCR variable region of a TCR ¢ chain encompasses all amino acids of a
mature TCR a chain polypeptide which arc encoded bv a TRAV and/or TRAJ gene, and the
TCR vanable region of a TCR P chain encompasses all amino acids of a mature TCR B chain
polypeptide which are encoded by a TRBV, TRBD, and/or TRBIJ gene {sce, eg, 7 cell
receptor Factshook, (2001) LeFranc and LeFranc, Academic Press, [SBN 0-12-441352-8,
which 1s mcorporated by reference herein m its entirety).  TCR variable regions generally
comprise framework regions (FR) 1, 2, 3 and 4 and complementarily determining regions
(CDR) 1. 2 and 3.

[00115]  As used herein, the terms “o chain varable region” and “Veo are used
wnterchangeably and refer to the variable region of a TCR ¢ chain.

[00116] As used herein, the terms “B chain variable region” and “VB7 are used
interchangeably and refer to the variable region of a TCR B chain.

[00117]  As used herein in the context of a TCR, the term “CDR” or “complementanty
determining region” means the noncontiguous antigen combining sites foand within the
variable regions of a TCR chain {e.g., an ¢ chain or a § chain). These regions have been
described in Lefranc, (1999) The Immunologist 7: 132-136, Lefranc ot al., (1999) Nucleic
Acids Res 27: 209-212, LeFranc (2001} T cell recepior Facisbook, Academic Press, ISBN §-
12-441352-8, Lefranc et al., (2003) Dev Comp Inmunel. 27(13:55-77, and in Kabat et al,
(1991) Sequences of protein of immunological interest, cach of which is herein incorporated
by reference m its entirety.  In certain embodiments, CDRs are determined according to the
IMGT numbering system described in Lefranc (1999) supra. In certain embodiments, CDRs
are defined according to the Kabat numbering svstem described in Kabat supra.  In certain
crabodiments, CDRs are defined empirically, ez, based upon a structural analysis of the
inferaction of a TCR with a cognate antigen (2.2., a pepiide or a peptide-MHC complex). In
certain embodiments, the ¢ chain and B chain CDRs of a TCR are defined according to
different conventions (e.g, according to the Kabat or IMGT numbering svstems, or

empirically based upon structural analysis).
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[00118]  As used herein, the term “framework amino acid residues”™ refers o those amine
acids in the framework region of a TCR chain {(e.g., an o chain or a B chain). The term
“framework region” or “FR” as used herein includes the amino acid residues that are part of
the TCR variable region, but are not part of the CDRg.

(001197 As used herein, the termy “constant region” with respect to a TCR refers to the
portion of a TCR that 18 encoded by the TRAC gene (for TCR ¢ chains), cither the TRBCI or
TRBC2 gene (for TCR B chains), the TRDC gene (for TCR 8 chams), or either the TRGCH or
TRGCZ gene (for TCR vy chains), optionally lacking all or a portion of a transmembranc
region and/or all or a portion of a cytoplasmic region. In certain embodiments, a TCR
constant region lacks a transmembrane region and a cytoplasmic region. A TCR constant
region does not include amino acids encoded by a TRAY, TRAJ TRBY, TRBD, TRBIJ,
TRDV, TRDD, TRDJ, TRGVY, or TRGI gene (see, e.g., 1 cell receptor Factshook, (2001)
LeFranc and LeFranc, Academuc Press, ISBN 0-12-441352-8, which 1s incorporated by
reference herein in ifs entirety ).

[001201  As used heremn, the terms “major histocompatibility complex” and “MHC™ are
used interchangeably and refer to an MHC class [ molecule and/or an MHC class 1 molecule.
[00121]  As used herein, the term “MHC class 17 refers to a dimer of an MHC class T o
chain and a B2 microglobulin chain and the term “MHC class 17 refers to a dimer of an MHC
class I o chain and an MHC class I B chain.

(00122}  As wused herein, the term “peptide-MHC complex”™ refers to an MHC molecule
{MHC class [ or MHC class 1) with a peptide bound in the art-recognized peptide binding
pocket of the MHC. In some embodiments, the MHC molecule 1s a menmbrane-bound protein
expressed on cell surface. In some embodiments, the MHC molecule 1s a soluble protein
tacking transmembrane or cytoplasmic regions.

{00123} As used herein, the terms “{p5]” and “(pS)” arc used interchangeablv and refer to
phosphoserine.

[00124]  As used herein, the term “exiracelludar™ with respect to TCR refers to the portion
or portions of a recombinant transmembrane protein that are located outside of a ceil

[00125]  As used herein, the term “transmembrane” with respect to a TCR chain refers to
the portion or portions of a TCR cham that arc embedded in the plasma membrane of a cell
100126}  As used herein, the term “cyvtoplasmic” with respect to a TCR chain refers to the

portion or portions of a TCR chain that are located 1n the cyioplasm of a cell.
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[00127]  As used herein, the term “co-stimulatory signaling region” refers fo the
wtracellular portion of a co-stimulatory molecule that 1s responsible for mediating
mntracellular signaling events.
(00128} “Binding affinity” generally refers to the strength of the sum total of non-covalent
micractions between a single binding site of a molecule {e.g., a TCR) and its binding partoer
(e.g., a peptide-MHC complex).  Unless indicated otherwise, as used herein, “binding
affinity” refers to inirinsic binding affinity which reflects & 1:1 mteraction between members
of a binding pair {e.g., a TCR and 3 peptide-MHC complex}. The affinity of a molecule X for
its partner Y can generally be represented by the dissociation constant (Kp). Affimity can be
measured and/or expressed in a nomber of ways known in the art, including, but not limited
to, equilibrium dissociation constant (Kp) and equibibrium association constant {K,4). The Kp
is calculated from the quotient of kow/kon whereas Ky is calculated from the guotient of
konbor Kon refers to the assoctation rate constant of, e g, a TCR to a peptide-MHC complex,
and ke refers to the dissociation rate constant of, e.g.. a TCR to a peplide-MHC complex.
The ken and kg can be determined by technigues known to one of ordinary skill in the art,
such as use of BlAcore® or KinExA. As used herein, a “lower affinity” refers to a larger Kop.
[00129]  As used herein, the term “specifically binds to” refers to the ability of a TCR to
preferentially bind to a particular antigen (e.g., a specific peptide or a specific peptide-MHC
complex combmation) as such binding is understood by one skilled 1n the art. For example, a
TCR that specifically binds to an antigen can bind to other antigens, generally with lower
affinity as determined by, e.g., BlAcore”™, or other immunoassays known in the art (see, e.g.,
Savage ot al., Immunity. 1999, 10(4):485-92, which is incorporated by refercnce herein in its
entirety). In a specific embodiment, a TCR that specifically binds to an antigen binds to the
antigen with an association constant (K,) that is at least 2-fold, 5-fold, 10-fold, 50-fold, 100-
fold, 500-fold, 1,000-fold, 5,000-fold, or 10,000-fold greater than the K when the TCR binds
{o another antigen. In certain embodiments, the TCRs disclosed herein specifically bind to a
peptide consisting of the amino acid sequence set forth in SEQ ID NO: 45 In certain
embodiments, the TCRs disclosed hersin specifically bind to a peptide cousisting of the
amino acid sequence set forth in SEQ [0 NO: 47
[00130] In some embodiments, a TCR does not substantiallv bind {o an antigen when the
TCR binds to the antigen with an association constant {K;) that is at least 2-fold, 5-fold, 10-
fold, 50-fold, 100-fold, 500-fold, 1,000-fold, 5,000-fold, or 10,000-fold smaller than the K,
when the TCR binds to another antigen. In some embodiments, a TCR docs not substantially
bind to an antigen when the binding between the TCR and the antigen 15 at least 2-fold, 5-
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fold, 10-fold, 50-fold, 100-fold, 500-fold, 1,000-fold, 5.000-fold, or 10,000-fold weaker than
the binding between the TCR and another antigen.

[00131] As wused herein, the binding between a test TCR and a first antigen 1S
“substantially weakened” relative to the binding between the test TCR and a second antigen f
the binding between the test TCR and the first antigen is reduced by at least 30%, 40%, 50%,
60%, 70%, or 80%, relative 1o the binding between the test TCR and the second antigen, e.g.,
i a given expertment, or using mean values from multiple experiments.

[00132]  In some embodiments, when a TCR is expressed on the surface of a Teell, the T
cell 1s not substantially activated when the T cell is co-cultured with a second cell displaving
a peptide if the activation of the T cell 1s at least 2-fold, 3-fold, 10-fold, 50-fold, 100-fold,
500-fold, 1,000-fold, 5,000-fold, or 10,000-fold weaker than the activation of the T cell when
the T cell is co-cultured with a third cell displaying another peptide.

[00133]  As used herein, when a test TCR 1s expressed on the surface of a T cell, the
activation of the T cell when the T cell s co-cultured with a second cell displaying a first
pepiide 1s “substantially weakened” relative to the activation of the T cell when the T cell is
co-cultured with a third cell displaying a second peptide if the activation of the T cell when
co-cultured with the second cell displayving the {irst peptide is reduced by at least 30%, 40%,
50%, 60%, 70%. or 80%, relative to the activation of the T cell when co-cultured with the
third cell displaying the second peptide, .2, 10 a given expermment, or using mean values
from multiple experiments, as assessed by, ¢.g., an assay comprising the following steps: (a)
expressing the test TCR i a T cell comprising an 1L-2-(NFAT);-EGFP reporter construct; (b}
pulsing a HLA-B*0702 positive T2 ccll (*T2-B7 cell”) with the first peptide or the second
pepiide; (¢} co-culturing the TCR-expressmg T cell with the peptide-pulsed T2-B7 target celi
at a ratic of 1:2 for 16 howrs at 37°C and 10% €O, (d) analyzing the expression of TCR and
EGFP using flow cviometry; () determining the percentage of TCR+ EGFP+ cells; and ()
determining the reduction of T cell activation when co-cultured with a T2-B7 target cell
displayving the first peptide relative to when co-cultured with a T2-B7 target cell displaying
the second peptide based on the respective percentages of TCR+EGFP+ cells.

[00134]  As used herein, an “epitope™ is a term in the art and refers to a localized region of
an antigen (e.g., a peptide or a peptide-MHC complex) to which a TCR can bind. In certain
embodiments, the epitope to which a TCR binds can be determined by, e g, NMR
spectroscopy, X-ray diffraction crvstallography studies, ELISA assays, hydrogen/deuterium
exchange coupled with mass specirometry {(e.g., liguid chromatography electrospray mass
spectrometry), flow cytometry analysis, motagenesis mapping {(e.g., site-directed mutagenesis
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mapping), and/or structural modeling. For Xeray crystallography. crystallization may be
accomplished using any of the known methods in the art (e.g., Giegé R et al, (1994) Acta
Crystallogr D Biol Cryvstallogr 58(Pt 4): 339-350; McPherson A (1990) Eur J Biochem 189:
1-23; Chayen NE (1997) Structure 3; 1269-1274; McPherson A (1976} J Biol Chem 231;
6300-6303, cach of which is heremn mcorporated by reference in its entirety). TCR:antigen
crystals may be studied using well-known X-ray diffraction techniques and may be refined
asing computer software such as X-PLOR (Yale University, 1992, distributed by Molecular
Simulations, Inc.; see, e.g., Meth Enzymol (1985) volumes 114 & 115, eds Wyckoff HW et
al.,. US. 2004/0014194), and BUSTER (Bricogne G (1993) Acta Crystallogr D Biol
Crystallogr 49(Pt 1) 37-60; Bricogne G (1997) Meth Enzymol 276A: 361423, ed Carter
CW: Roversi P et al., (2000) Acta Crystallogr D Biol Crystaliogr 56(Pt 10} 1316-1323), cach
of which is hercin incorporated by reference in its entirety.  Mutagenesis mapping studics
may be accomplished using any method known to one of skill in the art. See, e g, Champe
M et al., (1995) J Biol Chem 270: 1388-1394 and Cunningham BC & Wells JA (1989)
Scicnce 244: 1081-1083, each of which is hercin incorporated by reforence in its entirety, for
a description of mutagencsis techniques, including alanine scanning mutagenesis technigues.
In a spectfic embodiment, the epitope of an antigen is determined using alanine scanning
mutagenesis studies. In a specific embodiment, the epitope of an antigen is determined using
hydrogen/deuterium exchange coupled with mass spectrometry. In certain embodiments, the
anligen is a peptide-MHC complex.  In certain embodiments, the antigen 1s 3 peptide
presented by an MHC molecule.

{00135}  As used herein, the terms “treat,” “treating.” and “treatment” refer to therapeutic
or preventative measures described herein.  In some embodiments, the methods of
“treatment” employ administration of a TCR or a cell expressing a TCR to a subject having a
disease or disorder, or predisposed to having such a disease or disorder, in order to prevent,
cure, delay, reduce the severity of, or ameliorate one or more symptoms of the disease or
disorder or recurring disease or disorder, or in order to prolong the survival of a subiect
beyond that expected in the absence of such treatment.

[00136]  As used herein, the term “effective amount™ in the context of the administration of
a therapy to a subject refers to the amount of a therapy that achieves a desired prophylactic or
therapeutic effect.

(001371 As used herein, the term “subject” includes any human or non-human animal. In
one embodiment, the subject is a human or non-human mammal. In one embodiment, the
subject 15 a human.
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[00138] The determination of “percent identity” between two sequences {e.g., amino acid
sequences or nucleic acid sequences) can be accomplished using a mathematical algorithm.
A specific, non-limiting example of a mathematical algorithm atilized for the comparison of
two sequences 18 the algorithm of Karlin S & Altschal SF (1990) PNAS R7: 2264.2268,
modified as in Karlin S & Altschul SF (1993) PNAS 90: 5873-5877, cach of which is herein
meorporated by reference in its entivety. Such an algorithm is incorporated into the NBLAST
and XBLAST programs of Altschul SF et al., (1990} I Mol Biol 215: 403, which 15 herein
incorporated by reference in its entirety.  BLAST vuclentide searches can be performed with
the NBLAST nucleotide program parameters set, e.g., at score=100, wordlength=12 to obtain
nucleotide sequences homologous o a nucleic acid molecule described herein. BLAST
protein scarches can be performed with the XBLAST program paramelers set, e.g. at
score=50, wordicngth=3 to obtain amino acid sequences homologous to a protein molecule
described herein. To obtlain gapped alignments for comparison purposes, Gapped BLAST
can be utilized as described i Altschul SF et al, (1997) Nuc Acids Res 25 3389-3402,
which is herein incorporated by reference in iis entirety.  Alternatively, PS1 BLAST can be
used to perform an wterated search which detects distant relationships between molecules. 7d
When utilizing BLAST, Gapped BLAST, and PSI Blast programs, the default parameters of
the respective programs (e.g., of XBLAST and NBLAST) can be used {(see, e.g., National
Center for Biotechnology Information (NCBI) on the worldwide web, ncbininunih.gov).
Another specific, non-limiting example of a mathematical algorithm ulihized for the
comparison of sequences is the algorithm of Myers and Miller, 1988 CABIOS 4:11-17,
which is herein mcorporated by reference 1n its entirety. Such an algorithm s incorporated in
the ALIGN program (version 2.0) which is part of the GCG sequence alignment software
package. When utilizing the ALIGN program for comparing amino acid sequences, a
PAMI120 weight residue table, a gap length penalty of 12, and a gap penalty of 4 can be used.
[00139] The percent identity between two sequences can be determined using technigues
similar to those described above, with or without allowing gaps. In calculating percent
identity, typically only exact matches are counted.

[00140]  As used berein, the term “effector moiety” refers to a component or functional
group of a molecule that increases or decreases a natural activity of the molecule, or confers a
novel activity upon the molecule. In certain embodiments, the effector moigty 1s a binding
moicty. In an embodiment, the binding motety binds to a cell surface protein. In certain

embodiments, the binding moiety is an antibody.
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{00141} As wused herein, the torms “antibody™ and “antibodies” mclude fubl-length
antibodies, antigen-binding fragments of full-length antibodies, and molecules comprising
antibodv CBDRs, VH regions or VL regions. Examples of antibodies include monoclonal
antibodies, recombinanily produced antibodics, monospecific antibodies, multi-specific
antibodies {including bhispecific antibodics), human antibodics, humanized antibodies,
chimeric antibodies, immunoglobulins, synthetic antibodies, tetrameric antibodies comprising
two heavy chain and two light chain molecules, an antibody light chain monomer, an
antthodv heavy chain monomer, an antibody light chain dimer, an antibody heavy chain
dimer, an antibody light chain- antibody heavy chain pair, intrabodies, heteroconjugate
antibodies, antibody-drug conjugates, single domain antibodies, monovalent antibodies,
single chain antibodies or single-chain Fyvs (scFv), camelized antibodies, affvbodies, Fab
fragments, F{ab’), fragments, disulfide-hinked Fvs (sdFv), anti-idiotypic (anti-Id) antibodics
(includimg, e.g., anti-anti-Id antibodies), and antigen-binding fragments of any of the above.
In certain embodiments, antibodies described herein refer to polyclonal antibody populations.
Auntibodies can be of any type {e.g., 1gG, Igh, IgM, gD, 1gA or IgY), any class {e.g., 1gG,,
Iy, TeGs;, 1y, IgA or IgAy), or any subclass {e.g., IgGa, or 1gG) of immunogiobulin
molecule. In certain embodiments, antibodies described herein are 1gG antibodies, or a class
{e.g., human Ig(G; or 1gGy) or subclass thereof  In a specific embodiment, the antibody 15 a
humamized monoclonal antibody. In another specific embodiment, the antibody 1s a human
monoclonal antibody.

52 T cell Recepiors

[00142] In one aspect, the mstant disclosure provides TCRs that bind to a peptide
consisting of the amino acid sequence of EPR[pSIPSHSM (SEQ ID NQ: 45). In certamn
embodiments, the TCR specifically binds tc a peptide consisting of the aming acid sequence
of EPR{pS|PSHSM (SEQ 1D NO: 45). In certain embodiments, the TCR binds to a peptide-
MHC complex comprising a peptide consisting of the amimo acid sequence of
EPR{pSIPSHSM (SEQ 1D NG 45}, In certain embodiments, the TCR specifically binds {o
the peptide-MHC complex comprising a peptide consisting of the amino acid sequence set
forth in SEQ ID NO: 45, In one aspect, the mstant disclosure provides TCRs that bind to
EPR[pSIPSHSM (SEQ 1D NO: 45) presented by a major histocompatibility complex (MHC)
molecule. In one aspect, the instant disclosure provides TCRs that bind to a EPR|pS|PSHSM
(SEQ ID NG: 45)-HLA-B*0702 complex. The amino acid sequences of exemplary TCRs are
set forth in Table 1, herein.

(00143} In one aspect, the instant disclosure provides TCRs that bind to a peptide
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consisting of the amine acid sequence of RVR[pSIPTRSP (SEQ D NO: 47y In certain

embodiments, the TCR specifically binds to a peptide consisting of the amino acid sequence

of RVRIpSIPTRSP (SEQ ID N(O: 47). In certain embodiments, the TCR binds 1o a peptide-

MHC complex comprising a pepiide consisting of the amino acid sequence of

RYR[pS|PTRSP (SEQ 1D NG: 47). In certain embodiments, the TCR specifically binds to

the peptide-MHC complex comprising a peptide consisting of the amino acid sequence set

forth i SEQ 1D NOG: 47.

In one aspect, the instant disclosure provides TCRs that bind to

RVR[pSIPTRSP (SEQ 1D NO: 47) presented by a major histocompatibility complex (MHC)

molecule. In one aspect, the instant disclosure provides TCRs that bind 1o a RVR[pS|PTRSP
(SEQ ID NO: 47)-HLA-B*0702 complex. The amino acid sequences of exemplary TCRs are
set forth in Table 1, herein.

Table 1. Amino acid sequences of exemplary TCRs,

SEQ Bescription Amino acid sequence
1D NG

1 TCROO77 Va TOQLLEQSPQFLSIQEGENLTVYCNSSSVESSLOWYRQ
EPGEGPVLLVIVVIGGEVKELKRLTFQEFGDARKDSSL
HITAAQPGDTGLYLCAGYGGGSNYKLT FGAGTRLTVE

2 TCROBT7 VB EAQVT“NDRVLIT”TFKKLT”T’SQNWNHEYWSWVR“
DPGLGLROIYYSMNVEVTDEGDVPEGYKVSRKEKRNE
PLILESPSENQTSLYFCASRLTGRVHGYTFGPGTRLT
VL

3 TCROO79 Vg KNOQVEQSPOSLITILEGKNCTLOCNYTVSPESNLRWYK
ODTCGRGRPVILTIMT HNTKuKuRYTAMADAJTL 0SS
LHITASQLSDSASYICVVRGGAAGNKT GAGTRLTV
KP

4 TCROG79 VB DAGVIQSPRHEVTEMGQEVTLRCKPISGHNSLEWYRO
TMMRGLELLIYEFNNNVPIDDISGMPEDRE SAE\i’[I‘i\ ASF
blmﬁ OPSEPRDSAVYFCASSSGGANTEAFFGPGTRL
TVL

5 TCROO81 Vo AQSVTQLGSHVSVSEGALILLRCNY SSSVPRPY LEWYV

Y PNOGLOLLLEYTTGATLVREKGINGEFEAERFRKS d
FKPSAHMSDAARY FCAVISARYNENKEY E

VIP

G TCROG8T VB DSGVTOTPKHLITATGORVTLRCSPRSGDLSVYWYQO
SLDQGLOFLIQYYNGE RLKGSILERFSAQQFPDLHS
ELNLSSLELGDSATLYFCASSASGGRSYEQYPFPGPGTRL
VYV

7 TCRO023 Vo, TCRO024 EDQVTOSPEALRLOEGESSSLNCSYTV Lgu?wLﬁWXH

Vg ODPGKGPEFLEFTLY SAGEEKEKERLEKATLTKK

ITAPKPEDSATYLCAVRNTGEQKLVEGTGTRLLVER

8 TCROOR3 VB DTGVSODPRARKITKRGONVTEFRCDPISEHNRLYWYROQ

LTYFONEAQLEKSRLLSDRESAERPKGSE

TLGQOGPEE
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SEQ

ib NO:

Bescription

Amino acid sequence

PLEIQRTEQGDSAMYLCASSWRTGREETQYFPGRPGTE

9

TCRO085 Vo, TCROOSG
Vi

KOQEVTOIPAALSVPEG SEFTDSAIYNLOWER
ODPGKGLTSLLLT CTSGRLNASLDKSSGRST
LYIAASQPGDS Tfl@iiﬂﬂg NQGGKLIFGQGTELSV
KP

10

TCROO8S VB; TCROUSG
Vg

KAGVTQTPRYLIKTRGOQVTLICSPISGHRSVSWYQO
TPGOGLOFLEEYES Em“HNf”NﬂPb?. ROEFSNERS

EMNVSTLELGDSALYLCASSLGRGYEQYFGPGTRLTV
86 TCROO78 Vo TOLLEQSPOFLSIOQEGENLTVYCNSSSVESSLOWYRQ
EPGEGPVLLVIVVIGGEVRKKLKRLTEFQOFGDARKDSSL

-

CGRKGTLLTVN

HITAAQPGDTGLYLCAGY GGGSNYKLS
P

87

TCROO78 VB

EAQVITONPRYLITVIGEKRLTVICSQNMNHEYMSWYRQ
DIULCLP IYYSMNVEVTDKGDVPEGYRKVSRKEKRENE

NTONH QT N T QY - ~< I I gl
SPNOTSLYFCASRLTGRVHGYTEFGSGT

TCRO080 Vo

SLIILEGKNCTLOQCNYTVSEFESNLEWYK
SLTIMTESENTKSNGRYTATLDADTKQSS
ASQLEDSASYICVVRGGAAGNKLTFGGGTRVLV

/) tO
in

TCRO020 VB

JAGVIQSPREEVIEMGOEVILRCKPISGHENSLEWYRD
TMMRGLELLIYEFNNNVPIDDSGMPEDRESAKMPNASE
TLEKICPSEPRDSAVYFCASSSGGANTEAFFGOGTRL

VY

106

TCROO82 Vi

NAYs

ADSVTOLGSHEVIVSEGALVLLRCNYSSSVPPY] YV
QYPNOGLOLLLKYTSAATLVKGINGFEAEFKKSETSE
HLTKPSAHMSDAAEYFCAVSARYNEFNKEY FGSGTKLN

VKP

107

TCRO082 VB

DOGVTQTPK”LITATGQRVTJRFQPH GDL3VYWYQQ
HYYNGEERAKGNILEREFSAQQE {
[ZLJ*] SSE[u_;(w’\):{EYT’ CASSASGGREYEQY FGPGT

INT
gk ik

vV

RL

108

TCROOR4 VP

D‘ ONPRHKITKRGONVTERCDPISEHNRLYWYRQO

GVS
LGOGPEFLTYFPONEAQLEKSRLLSDREEFSAERPEGSE
TLE

STLEIQRTEQGDSAMYLCASSWRTGREETQYFGPGTR
LLVL

11 TCRO078 CDR g SVESS

12 TCRO080 CDR1g VSPF3N

13 TCRO082 CDR1g SSVPPY

14 TCRO0%4 CDR 1w VSGLRG

TCRO086 CDR 1w

DSATYN

TCRO078 CDR2a

VVTGGEV

TCRO080 CDR2¢

MTFSENT

TCRO08T CDR2¢

YTTGATLY

109

TCRO082 CDR2g

YTSAATLV

TCRO084 CDR2a

LYSAGEE

K AN g Wi J ATY )
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SEQ Bescription Amino acid sequence
ib NO:
20 TCRO086 CDR2¢ IQSSQRE
2 TCRO078 CDR3a AGYGGGSNYKLT
22 TCRO080 CDR3a VVRGGAAGNKLT
23 TCRO08Z CDR3a AVSARYNENKFY
24 TCRO084 CDR3n AVRNTGFQKLV
25 TCRO086 CDR3g AVMLWNQGGKLI
26 TCRO078 CDRIB MNHEY
27 TCRO080 CDRIB SGHNS
28 TCRO082 CDRIB SGDLS
2¢ TCRO0O84 CDR1B SEHNR
30 TCRO086 CDRI1B SGHRS
3 TCRO07S CDR2B SMNVEV
32 TCRO080 CDR2B FNNNVP
33 TCRO082 CDR2ZB YYNGEE
34 TCRO084 CDR2B F L
35 TCRO086 CDR2B VTSETQ
36 TCRO078 CDR3B SRLTGRVHGYT
37 TCRO080 CDR3B ASSSGGANTEAF
38 TCRO082 CDR3B ASSASGGRSYEQY
39 TCRO084 CDR3p ASSWRTGREETOQY
40 TCRO086 CDR3B ASSLGRGYEQY
41 TCR ¢ chain human XIQONPDRPAVYDLRDSKSSDEKSVCLEFTDEDSQTNVE0OS
constant region consensys | KDSDVYITDKTVLDMRSMDFKSNSAVAWSNKSDFACE
sequence (TRAC*01) NAENNSIIPEDTFEPSPESSCDVRLVEKS E‘ET DINLN
FONLSVIGEFRILLLEVAGENLLMTLRLWSS,
wherein
¥ is N, ¥, H, or D
42 TCR ¢ chain human YIQNPDPAVYQL 9\],\) \SS“‘K”/’&”[ FTDEDSQTNVSQOS
constani region }< DSDVY X ’D}Z’T SMDEKSNSAVAWSNKSDEIACA
! DT EE SSCDVRLVEKSFETDTNLD
E QN Lbu I G“;’M LLI .K\/A GENLIMTLRLWSS
247 TCR ¢ chain mouse YIONPEPAVYQLKDPRSQDSTLCLETDEDSQINVPKT
constant region MESGTEFITDKTVLDMKAMDSKSNGATAWSNQTSETCQ
DIFRETNATYRSSDVEC QA'[‘LT}’JK“ F‘[* TDMNLNEQNL
SVMGLRILLLEVAGENLLMTLRL
43 TCR B chain human EDLNKVEPPEVAVEFEPSEAEISHTQKATLVCLATGEE
constant region variant 1 PDHVELSWWVNGKEVHSGVSTDPQPLKEQPALNDERY
(TRBC1* 01) CLSSRLRVSATIWONEFRNHEFRCOVQIYGLSENDEWTQ
DRAKPVITQIVSAERAWGRADCGETSVSYQOQGVLSATIL
YEILLGKATLYAVLVSALVLMAMVKRKDE
44 TCR B chain human EDLENVEPPEVAVFEPSEARISHTORATLVCLATGEY
constant region variant 2 PDHVELSWWVNGKEVHSGVSTDPOPLKEQPALNDSRY
(TRBC2*01) CLSSRLRVSATFWONPRNHFRCOVOQFYGLEENDEWTO
DRAKPVIQIVSAEAWGRADCGEFTSESYQQGVLSATIL
YEILLGKATLYAVLVSALVILMAMVEREDSRG
248 TCR B chain mouse EDLRNVIPPKVSLFEPSKARIANKOQKATLVCLARGEE

constant region

PDHVELSH
VOV WY

RLRVSATE

DPQAYKESNYSYCLSS

TFRCOVOFHGLSEEDRKWPEGSPR
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SEQ

ib NO:

Bescription

Amino acid sequence

249

TCROG77 full-length «
chain

250

TCRO0T7 full-length B
chain

PVTONISAEAWGRADCGITSASYHQGVLSATILYRIL
LGRATLYAVINVSGLVIMAMVKEKENS
TOQLLEDSPOFLSIQEGENLTVYCNSSSVESSLOWYRO
EPGEGPVLLVTIVVIGGEVKEKLERLTFQEFGDARKDESL
HITAAQPGDTGLYLCAGYGGGSNYKLTEFGAGTRLTVE
PYIQONPEPAVYQLKDPRSQDSTLCLETDEFDSQINVEKR
TMESGTEITDKTVLDMEAMDSKSNGAIAWSNOTSETC
ODIFKETNATYRPSSDVPCDATLTERSFETDMNLNEFON
LSVMGLRILLLEVAGENLLMTLRLWSS
EAQVTONPRYLITVIGKKLTVTCSONMNHEYMSWYRO
DPGLGLROIYYSMNVEVTDKGDVPEGYKVSRKEKRNE
PLILESPSPNOTSLYFCASRLTGRVHGYTEFGPGTRLT
VLEDLRNVITPPEVSLEFEPSKAETIANKOKATLVCLARG
FEPDHVELSWWVNGKEVHSGVSTDPQ S_C
SSRLRVSATEFWHNPRNHERCOVQEHGL APEG
PKPVTQNES“EHWnPADCﬁ]T?ASYHQ ;;ﬁ

LS is <
EFAVYQLKDPRSQDSTLCLETDEDSCT
FITDKTVLDMKAMDSKSNGATAWSNQTSET

NATYPSSDVPCDATLTEKS FETDMNLNE
MGLRT

IGLRILLLEVAGENLLM LWss

ITLLGRKATLYAVLVSGLVLMAMVKKKNS
251 TCROG7Y full-length o ENQVEQSPOSLIILEGKNCTLQCNYTVEPFSNLRWYK
chain ODTGRGPVSLTIMTFSENTKSNGRYTATLDADTKQSS
LHITASQLSDSASYICVVRGGAAGNKLTFGACTRLTV
Y P FDSQINVE
M

N
N2
—
\—y
—
-
]
=~
-
=
F3 o
-
<%
.__{ b

TCROO79 full-length 8
chain

L
AGVIQSPRHEVTEMGOEVTLRCKPISGE (RO
TMMRGLELLIYEFNNNVEPIDDESGMPEDRESARKMPNASE
STLKIQPSEPRESAVYFCASSSGGANTEAFFGPGTRL
VLEDLRNVTPPREVSLEFERPSKAETANKOQKATLVCLAR
FEPDHVELSWWVNGEREVHSGVSTDPOAYKESNY SYC
SRLEVSATE WHYPRN%FRp VOFHGLSEEDKWPEG
AWGRADCGITSASYHOGVLSATILY

G
NV SGLVIMAMVEKEKNS

1
]

[
o

€]
e

=
=
-4

b2
N
[

TCRO081 full-length
chaip

O
]

A L
SHVSVSEGALILLRCNYSSSVPPYLEWYV
I ATLVKGINGFEAEFKKSETSE
AVSARYNENKEFYFGSGTELS
PRSODSTLCLETDEDSQINV
MEAMDSKSNGAIAWSNQTSE
VPCDATLTEKSEFETDMNLNE

QK
"
[

i)
3Gl

oW
=
Fg
£
O G
et
-4
i
.
=
-3
l< = [1'_1

S

3
e

3}]

(€8]

O
B0

SR
<

LK
V

)
=R =

N
o rj p -

=30
s

&0
)]
3 7
i

o O

<
i

e
elIES
S
O
2y

-

=
(]
=

KE
GLRI

r
[
—
=

)

) !

LLLE

N
r

= [¢2]

<

@
O 3
)
ol
h'j

97}

i
]
=
=
[0}

1

VZ

4

TCRO081 full-length §
chain

.—|

""E

e ol

oho =

ENLLMTLRLWSS
) BRVTLRCSPRSGDLSVYWYQO
KGNILERFSAQQEPDLHS
SASGGRSYEQYFGPGTRL
V SKAETANKCKATLVCLAR
FE NGKEVHSGVSTDPQAYKESNYSYC
LSSRLRVEAT VPRNHEFRCOVOFHGLSEEDEKWPEG
SPEPVTONISAEAWGRADCGITSASYHOGVLSATILY
EILLGRKATLYAVLVEGLVLMAMVEKKENS

el
=
jan
=

T
Yh

A

=

RA
AS
EP
VH

[¥p]

A )
O <
0y =
=0

[N
=
[7s)
>
A
"~

O 3

0]

™

[
(i

=0

Loy}

O

ol

= O 1‘51 ‘O ﬂ

mJ
]
t"

o
o] Dj
i

=
<

0

t"

\Y

=
T

= i

7

t

[F2 I IO T s I D I ]
)
=
< !

b
&
=

TCRO083 full-length ¢
chain

LDOVTOSPEALRLOQEGESSSLNCSYTVIEGLRGE
QDPCKCPHTQ'TLYbAbDThEKbRL ATlTKﬁ”
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SEQ Bescription Amino acid sequence
b NO:

\PRPEDSATY LCAVRN .’iw"Ql"[ VEGTGTRLLVSPY
NPEPAVYQLKDPRSQDS FTDEDSQINVEPKTM
IDKTVLDMKAMDS KENGA [hf‘»’bl\?t,)’]“b E"'” QD
K ¥ ". 7‘.;'“‘”}')55 WWPCDA r[‘.[fi']*;[\b CETD

TLRKVAGEFNT L
AV Ao DNk

256 TCROO83 full-length B DT ‘\]SQDI‘E\'H'K i ’]’KPGONV"' RCDPISEHNRLYWYRQ
chain T'*;GOLP}G FLTYFONEAQLEKSRLLSDRESAERPKGSE
STLETIQRTEQGDSA 'VJV] CASSWRTGREETQY [“’3”’”".'?&

LVLEDLRNVITPRPEVSLEEPSKARTANKQKATLVC
RGFEPDHVELSWWVNGKEVHSGY rS’]’T)”OI"\V(E(S'\'V“Y
CLSSRLRVSATEFWHNPRNHEFRCOVOEH
GESPRPVIONISARAWGRADCGITSASYHQGVLS

YEILLGKA NILMAMVERKEKNS

T
i
Aad

257 TCROO8S full-length o EQEVTOIPAALSVPEGENLVLNCSEFTDSATIYNLOWER

chain QDPC&LLT% LLIQSSOREQTSGRINASLDKSSGRST
LYIAASOPGDEATYLCAVMLWNQGGKLIFGOGTELSY

KEYTONPEPAVYQLKDPRSODSTLCLETI V:“{ SQINVE
KTME S GTFITDKTVLDMERAMDSKSNG
ODIFKETNATYPSSDVECDATLTI
CSVMGLRILLLRVAGENLIMY

SNOTSET

258 | TCROO8S fuli-length B KAGVTQTPRYLIKTRGQQVTLSCSPISG

HREVSWYQQ
chain TPGOGLOFLEEY FSETORNEKGNEFPGRESGRQESNERS

EMNVSTLELGDSALYLCASSLGRGYEQY FGPGTRLTV
TEDLRNVITPPRVSLIEPSKAETANKOKAT:
FEPDHVELSWWVNGKEVHSGVSTDPQAYRKESNYSYCLS
SRLRVSATEWHNPRNHEFRCOVOEHGLSEEDKWPEGSP
K}-\”[ NISABAWGRADCGITSASYHOGVLSATILYET
LGKATLYAVLVEGLVLMAMVKKENS

58 TCROO78 full-length « ’ DSPOELSIOEGENLTVYCNSSSVESSLOWYRO
chain EPGEGPVLLVTIVVIGGEVKEKLERLTFQEFGDARKDESL
HITAAQPGDTGLYLCAGYGGGSNYKLTEFGKGTLLTVN
PYIQONPDPAVYQLRDSKSSDKSVCLETDEDSQTNVSQ

SKDSDVY IT D/( (VL DMR ‘_M D K‘%N SAVAWSN f( DFAC

ﬁs'?ﬂ EFNNSI] SSCDVRLVEKSEFETDTNL
NEFONLSVI GI"P] L MIIK" GENLIMTLRLWSS

EDTEF

236 TCRO078 full-length o TOLLEQSPQFLSIQEGENLTVYCNSSSVESS
chain, with a GS EFGEGPVLLVIVVTGGREVEKLKRLTFQFGD
extension 1IT «_Z-&QPGDTCL‘LAC’MC“YCGJ“’\*Y*{L FGK 4T ;

ﬂrp'm
0

i
:
>

PY AVYCLRDSKSSDESVCLETDEDSQOTNVY
SKL }f] IRTVLDMRSMDPEFKSNSAVAWSNESDEA
A IPEDTEFPSPESSCOVELVEKSEFETDTNL
N

FGPRILLLEVAGIFNLILMTLRLWSSGS

-

259 | TCROO78 full-length ¢ LQLLT’“S')Q FLSTIQEGENLTVYCNSSSVFS3SLOWYRY
chain, with Furin residues | EPGEGPVLLVTVVTGGEVKKLKRLTFQFGDARKDSSL
(cleaved), variant 1 IITAAQPGDTGLYLCAGYGGGSNYKLTFGKGTLLTVN
PYIQNPDPAVYQLRDSKSSDKSVCLETDEDSQTNVSY

D\

Xy

MDEFKSNSAVAWSNKSDEAC

SKEDSDVYITDKTVLDMRS
ANAFNNSIIFEDTFEPSPESSCDVKLVEKSFETDTNL
NEFONLSVIGEFRILLLEVAGENLLMTLRLWSSRAKR

¢
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SEQ

ib NO:

Bescription

Amino acid sequence

260

TCROO7E full-length ¢
chain, with Furin residues
{cleaved), variant 2

.
Vi
) I.I. i £ }‘l()‘r‘
PYIQNFED
SKDSDVY

ANAFNNS

NEFQONLSVIG I"P TLLLEVY

PO

GL
PA

fa ¥

las!
A
-+

CT
'.J.

“'L“ IOEGENLTVYCNSSSVESSLOQWYRQ
VTV V’[‘G SEVKEKLKRLTEFQEPGDARKDSSL
TCLYLCAGYGGGSNY KLT FGKGTLLTY
VYQLRDSKSSDKSVCLETDEDSQTN
D TVLDMRSMDEKSNSAVAWSNKSDEFAC
EDTEE SSCDVRLVEKSFETDTIND

)
GENLIMTLRLWSSRA

T €
il g 3 o

272

TCRO0738 full-length &
chain, with Furin residues
{cleaved), variant 3

TOLLEQGS

AAQGPG] )'"L]' YLCAGY GGGSNY KIS

ANAFN N 3

POY

I_IJ

L

L3 }' GED
VTV '".1 GGEVE

NLTVYCNSSSVESSLOWYRQ
L

LERLTEQFGDARKDSS
FGRKGTLLTVN

QLRDSKSSDKSVCLETDEDSOTNVSD

FDRTVLDMRSMDEFKSNSAVAWSNESDEAC

IPEDTEFPSPESSCOVKLVEKSEFETDINL

NLESVIGFRILDLLRKVAGENLIMTLRLWSSRAK

TCRO078 fuil-length ¢
chain, with P2A residues
(cleaved)

Q)

nGE

’[3‘
_, <3

WL
)'
‘(J

K

O
=

ol =3

O
"/
]

3

ANHENI\

RERE

PGD

7 T

L"T'““’JO FLSIQEGENLTVYCNSSEVESSLOWYRQ

ai »,w
}

VIVVIGGEVKKLKRLTEQEFGDARKDSSL

ITGLYLCAGYGGEGSNY KLTFGKGTLLTVN

—

\IPDPAVY JLREDSKSSDKSVCLETDEDSQTNVSQ

SDVY ITDKTVLDMRSMDEKSNSAVAWSNKSDEAC

PEDTEF

SSCDVRLVEKSFETDTIND

”ON LSVIGEFRILLLRKVAGENLIMTLRLWSSGSGATN

7
FSLLEQAG

D

VEENPG

59

TCRO078 full-length 8
chain variant 1

EAQVTONPRYLITVIGREKLTVITCSONMNHEHEYMSWY
5

];PG[ =LRC

TTEaD
ILESP

o)
Y

)

LoD

oT

ol A

Sk

A }* )] NK”“]—P“V’“'
: WWV NGKEVHSGVETDPOPLKEQPA

.«.J'\

RO
YYSMN \',*_.V’_’Z)F\'G] IWPEGYKVER RNE'
NOTSLYPCASRLTGRVHGYTEPGSGTRLT
> S EAERISHTQRKATLVCLATG
LNDS
DEW

VSATEFWONPRNHFRCQVQEYGLS

T )D RAKPVTQ [ VSAEAWGRADCGETSVSYQQGVLSAT

YETTLL

GK

ATLYAVLVSALVIMAMVKREDE

]
2
~3

TCRO078 full-length B
chain vanant 1, with P2A
residues {cleaved)

FAQVTON

DPGLGLRC

DT TTRAD
PLILESE

VVEDLNKVEPPEVAV

FEPDHVELSWWVNGKEVHSGVSTDPQRPLKEQPALN

RYCLSSRE

PR
AT

ol A

Sk

LR

YLITVTGKKLTVTCSQONMNHEYMSWYRQ
1; 7 ﬂ';\J]‘T\}'\;»E-‘»v,:.D;;\le IT]”E("Y K‘/ -\ERKE{ :
NOTSLYPFCASRLTGRVHGYTFPGSGTRIL

>S5 ;'JA}U ISHTQRATLVCLAT

VSATEFWONPRNHEFRCOVOEYGL

TOD Q\AKPV’?’ QIVSAEAWGRADCGETEVIYQQGVL p]\ T

ATLYAVLVSALVLMAMVKRKDFGSGATN

"'\,A \:] WEENPG

TCROO7S full-length B
chain vanant 1, with a GS
extension

EAQVITONPRYLITVIGKRLTVTCS(

DFGLGLRO

).hP

VVEDLNEK
FEEDHVELSWWVNGKE

RYCLSSRI
TODRAKP
L LG

Ly
Lo X

N7

VF

17

VT
KA

LRVSATEFWONPRNHERC

ONMNHEYMSWYRQ
IYYSMNVEVTDKGDVPEGYRKVSRKEKRNE
NQTSLY FCASRLTGRY [- GYTEGSGETRLT
PPEVAVELPSE SHTOKATLVCL /%TG
VHSGVSTD PQT‘ LEKEQPALNDS
COVOEYGLSEND E‘.W
QIVSAEAWGRADCGFTSVSYOQGVLSAT
TLYAVINVSALVLMAMVEKREDEGS

TCROO7S full-length B
chain vanant 1, with Furm

EAQVTONPRYLITVIGKKLTVTCSONMNHEYMSWYRO

od

DPGLGLRO

IYYSMNVEVTDKGDVPEGYRKVSRKEKRENE
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SEQ

ib NO:

Bescription

Amino acid sequence

residues (cleaved), variant
1

DT TT.RADQ \Malehs inlal ‘r e NI QOIS T
PLILE PNOTSLYFCAS TGRVHGYTEGS R

G EO RN AR G P AN

VVEDLNKVFP!
FFPDHVELSWRVNG KhJ.JGVVTJP“D*Bh DPALNDS
KYCLSSRLRVSATEW GLS
“HDhAKD‘“O[”bA&HvH&A]CGFT“V\VH“H'JSAT
GKATLYAVLVSALVLMAMVKRKDFRAKR

PS EA}* ISHTQRATLVCLAT ('r

264

TCROO7E full-length B
chain variant 1, with Furin
residues (eleaved), variant

s
£

¥ /\QV’”“' PRYLITVIGRKKLTVICSONMNHEYMSWYRQ
DPGLGLROIYYSMNVEVTDRGDVPEGY KVSRKEKRNE
I ILESPSPNQTSLYPFCASRLTGRVHGY TGS GTRLT

VVEDLNKVERPPEVAVEEPSEAELISHTQKATLVCLATG
FEPDHVELSWWVNGKE

VHEGVSTDPOPLKEQPALNDS
RYCLSSRLRVSATEFWONPRNHFRCOVOEY GLSEN DF"W
TODRAKPVIQIVSAEAWGRADCGETSVIYQQGVLSAT
ITLYETLLGRKATLYAVLVSALVLMAMVKRKDERA

TCROO78 full-length §
chain vanant 1, with Furin
residues (eleaved), variant
3

EAQVITONPRYLITVTIGRKKLTVTCSONMNHEYMSWYRO
DPGLGLROIYYSMNVEVTDRGDVPEGY KVSRKEK R""[*
PLILESPSPNQTSLYFCASRLTGRVHGYTEFGSGTRLT
VVEDLNK? PSEAEISHTQRKATLVCLATG
FEPDHVELSWWVNGKEVHSGVSTDPQPLKEQPALNDS
RYCLSSRLRVSATFWONPRNHFRCOVQEY GLSENDEW
T )thr’\l“ TQIVSAEAWGRADCGETSVIYQQGVLSAT
ITLYETLLGRKATLYAVLVSALVLMAMVKRKDERAK

r

i

TCRO078 full-length 8
chain variant 2

FAQVTONPRYLITVIGREKLTVICSONMNHEYMSWY RO
DPGLGLROIYYSMNVEVTDRGDVPEGY KVSRKEKRNE
PLILESPSPNQTSLYFCASRLTGRVHGYTFGSGTRLT
VVEDLENVEPPEVAVEFEPSEARISHITQRKATLVCLATG
FYPDHVELSWWVNGKEVHSGVSTDPQPLKEQPALNDS
RYCLSSRLRVSATFWONPRNHFRCQVQ IDEW
",')RAKPV"‘O[ VSAEAWGRADCGETSESYQQGVLSAT
FETLLGRATLYAVLVEALVIMAMVKREDSRG

YGELSE

TCROO8O full-length ¢
chain

)DTGRGPVSLTIMTFSENTEKSNGRYTATLDADTKOSS

PFGGGTRVLV

KNOQVEQSPOSLITILEGKNCTLOQCNYTVSPESNLRWYK
o

LHITASQLSDSASY ICVVRGGAAGNE

KPY. 'WNP]EPI VYQLEDSKSSD \SV LETDEDSQOTNVS
Qs DVYITDRTVLDMRSMDEKSNSAVAWSNESDEA
C INSITPEDTFEPSPESSCDVKLVERS FETDTN

NEONLSVIGFRILLLEVAGEN] JLN]‘TIRL_.WS(“

-4

TCRO080 full-length B
chamn vanant 1

DAGVICSPRHEVTEMGOEVTLRCKPISGHNSLEWYRO
IYFNNNVPIDDSGMPEDRESARKMPNASE
STLKIG 95‘ [“ PRDBAVYFCASSSGEANTEAFFGOGTRL
TVVEDLNKVEPPEVAVIEPSEAELSHTQRKATLVCLAT
GEPPDHVELSWWVNGRKEVHSGVSTDRPQPLKEQPAL
SRYCLSSRLRVSATEFWONPRNHEFRCOQVOEYGLSEN]
WIQDRAKPVTQIVSAEAWGRADCGETSVSYQQG
Y EILLGRATLY AVLVSALVIMAMVKREKDE

j(.

=
=
E
S|
)]
=
=
bt
-4
-i

63

TCRO080 full-length B
chamn vanant 2

DAGVICSPRHEVTEMGOEVTLRCKPISGHNSLEWYRO
TMMRGLELLIYENNNVPIDDSGMPEDRESARKMPNASE

STLKICPSEPRDSAVYPCASSSGGANTEAFFGOGTRL

TVVEDLENVEPPEVAVFEPSEAETI SHTOKATLVCLAT

l‘:j ( s
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SEQ Bescription Amino acid sequence
b NO:

GEYPDHVELSWWVNGKEVHSGVSTDPOPLRKEQPALND
SRYCLSSRLRVSA T'FUD]\IDQT\TH RCQVOFYGLSENDE
WIQDRAKPVTOIVSAEAWGRADCG ]"‘ [SESYQDGVLSA
LLGRATLYAVIVSALVIMAMVEKREKDSERG

64 TCROOR2 full-length ¢ AQSVTOLGSHVSVSEGALVLLRCNYSSSVEPPYLEWYV
chain Y LLLKYTSAATLVKGINGEFEAL
HLTKPSAHMSDAARYFCAVSARYNEFNKEY PGSGTKLN
VREPYIQNPDPAVYQLRDSKSSDRKSVCLETDEDSQTNY
SQSKDSDVY ITDKTVLDMRSMDERKSNSAVAWSNKSDE
ACANAFNNSIIPEDTEFFPSPESSCDVREKLVEKSFETDT

S TE
NLNFONLSV RILLLEVAGENLIMTLRLWSS

KSETSE

T

}
-

}
-~

=
-
e
—

Pl

65 TCRO082 fuii-iength ﬁ DN GVT\J T P QRVTLRCSPRSGDLSVYY
chamn vanant 1 SLDQGLQF =
TLNLSSL
TVTEDLNKVE

GEFPPDHVELSY LKEQPALNI
SRJ_C,.\)(SR“E\VS?J : QEYGLSENDE
WTO J 9\ Y Km FTQIVS /35[ N?RA] l(‘ & F"[‘ SVSYOQGGE 2
LLG KA TLYAVLVSALVIMAMVERKDE

[lj h’
[
)] I-i
n
e
)
1O
r‘!_j
[Be]
=i
[
sl @)
0O

71
I
e

66 TCRO082 full-length B DSFVTO“PKHLITAmGQRVTLRCQPRS GDLSVYWYQQ
chain vanant 2 SLDQGLOFLIHYYNGEERAKGNILERFSAQQFPDLHS
ELNLS LEA’DSBLVFTAQJAO GRIYEQYFGPGTRIL

JE TEPSEAELSHTQRATLVCLAT
G"”PWH Fi% WVﬂ SKEVHSGVSTDPQPLKEQPALND

T
TVTE]

SRYCLSSRLRVSATEWONPRNHEFRCOVOEYGLSENDE
WIQDRAKPVTQIVSAEAWGRADCGETSESYQQGVLSA

TILYETLLGRKATLY AVLVSALVLMAMVERKDSRG

67 TCRO084 full-length o EDQVTQSPEALRLOEGESSSLNCSYTVSGLRGLEWYR

chamn ODPGKGPEFLFTLYSAGEEKEKERLKATLTKKESFLH

ITAPKPEDSATYLCAVRNTGFQKLVFGTGT RLLVSPL
IQJPJUZKXQLQHSKQS“LSVCLFT S FDSQTNVS Q

3 (2
£

DSDV \’,_,L] KIVLEMRSMDERKSNSAVAWSNKSDEA
PE DT FFPSPESSCDVKLVEKSEFETD' ]‘”Eﬂ}}"
FRILLLRKVAGENLLIMTLRLWSS

f\
N2
Fod
;
e
e

68 TCRGO84 full-length § DT GY

JSQ_““ HKITEKRGONVTEFRCDPISEHNRLYWYROQ

chain variant | TLGOGPEFLTYFONEAQLEKSRLLSDRESAERPEGSE
STLEIQRTEQGDSAMYLCASSWRTGREETQYFGPGTR
LLVLEDLNKVEFPPEVAVEFEPSEAETISHTQKATLVCLA
TGEFPPDHVELSWWVNGRKEVHSGVSTDPOQPLKEQCPALN

DERYCLSSRLRVSATEFWONPRNHEFRCQVOEYGLSEND
EWTODRAKPVTQIVSARAWGRADCGETSVSY QO

LV
ITLYEILLGRATLYAVIVSALVLMAMVKRKDE

69 TCRO084 full-length B DTGVSONPREKITERGONVTEFRCDPISEHNRLYWYRQ
chain varant 2 TLGOGPEFLTYFONEAQLEKSRLLSDRESAE F

<
STLEIQRTEQGESAMYLCASSWRTGREETQYFGPC
LLVLEDLENVEFPPEVAVEFEPSEAETISHTQKATLVCLA
TGEYPDHVELSWWVNGRKEVHSGVSTDPQPLKEQCPALN
DSRYCLSSRLRVSATFWONPRNHFRCOQVQEFYGLSEND
EWTQDRAKEVTOIVEARAWGRADCGET SESYOQOGVLS
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SEQ

ib NO:

Bescription

Amino acid sequence

LGKATLYAVLVSALVLMAMVKREDSRG

TCRO086 full-length o
chain

NL7'”CSFTDQAIXNL“WFE
RV”*SGRLN LDKSSGRST
Q el F’T YGCTELSY

DEDSQTNVS
.

T
T

KI
K wEK?VCL
IRSMDEKS N oﬁ

o
m

KEPYION
QSKDSDVY ITDKTVLI
CANAFNNSTIPEL

LNPONLSVIGERIL .LMTL’LWSS

20 EO £
?

{ ’)
!
o
L/
<
/"
<
i
N
7 \
u
byl
=3
£
e
o
v
o
<5

71

TCROO8G full-length §
chain vanant |

KAGVTOTPRYLIKTRGOQVTLSCSPISGHRSV!
TPGOGLOFLEFEYFSETQRNEGNEPGRESG RQ*SN
EMNVSTLELGDSALYLCASSLGRGYEQYFGPG
TEDLNEVEPFEVAVEFEPSEAETI SHTOKATLVCLATG
FEDHV LLVWWVNLBEVLOGVSWDP”VﬂBEOP7LyDSR
YCLSSRLRVSATFWONEFRNHFRCOVOFYGLSENDEWT
QDRK?PVTQTV AEAWGRADCGETSVSYQQGVLSATT
LYETILLGEATLYAVLVSALVLMAMVKRKDE

=~
Z

O

(:)

H

ol

[ O W
w0 O

-3
()]

72 TCRGO86 full-lcngth § KAGVTQTPRYLIKTRGOQVTLSCSPISGHRSVSWYQQ
chain variant 2 TPGOGLQFLFEY FEETQRNKGNFPGREFSGROFSNERS
EMNVSTLELGDSALYLCASSLGRGYEQYFGPGTRLTV
TEDLKNVEPPEVAVFEPSEAEISHTQKATLVCLATGE
YEDHVELSWWVNGKEVHSGVSTDPQPLKEQPALNDSER
YCLSSRLRVSRTFWONPRNHFRCQVQFYGLSENDEWT
ODRAKPVTQIVSAEAWGRADCGE TQWSYQHCVLQs
LYEILLGKATLYAVLVSALVLMAMYVKRKDSRC
73 a chain germline sequence | TOLLEQSPOFLSIQEGENLTVYCNSSSVESSLOWYRQ
TRAV27 EGPVLLVTVVTGGEVKKLKRLTFQFGDARKDESL

EPGEG
HITAAQPGDTGLYLCAG

74

§ chain germline sequence
TRBV27

EAQVTONPRYLITVIGKKLTVICSONMNEEYMSWY RO
DPGLGLROQIYYSMNVEVTDRGDVPEGY KVSRKEKRNE

DT T D QDN QT Y 5 A
PLILESPSPNOTSLYFCAS

-3
W

¢ chain germhine sequence
TRAVIQ

ENOVEQSPOSLITLEGENCTLOCNYTVSPEFSNLRWY K

B chain germline sequence
TRBVI2-3

QLITGRGPVSLTIMTFSENTKSNGRYTATLDADTKOQSS
LHITASQLSDSASYICVV

DAGVIQSPRHEVTEMGOEVTLRCKPISGHNSLEWYRO
TMMRGLELLIYEFNNNVEPIDDESGMPEDRESARKMPNASE

STLKIQOPSEPRDSAVYFCASS

o chain germline sequence
TRAVE-4

ADSVTOLGSHVIVISEGALVLLRCNYSSS
QYPNOGLOLLLKYTSA TPJKGINLPhAthﬁbFT\F
ILTKPSAHMSDAAEYFCAVS

-3
Qe

B chain germline sequence
TRBVS

DEGVITQIPRKHLITATGORVTLRCSPR WL)]YWVHQ
SLDWL]CA“IEYYNGhEIX’GN LERFS]

o TNV TR Y
} i i\. [ ] O A_x J A_l (7 L) ) /.'1..1_1 FCASS

79

o chain germline sequence
TRAV20

EDQVTQSPEALRL“EGESSSLWC S YTVSGLRGL
ODPGKGPEFLEFTLY SAGEEKERKERLKATLTE
ITAPKPEDSATYLCAV

80

B chain germline sequence
TRBV7-

““GVSQNPR“K]TKhb JNVITFRCDPISEENRLYWYRO
QGPEFLTYFONEAQLEKSRLLSDRESAERPKGSE
'TLE CRTEQGDSAMYLCASS

a chain germline sequence

KOEVTQIPAALSVPEGENLVLNCSFTDSATIYNLOWER
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SEQ

ib NO:

Bescription

Amino acid sequence

TRAV2

QDPGKGETSL]L[( SQREQTSGRLNASLDRKSSGRST
L PGDSATYLCAV

B chain germline sequence
TRBV3-1

ASOE
TOTPRYLIKTRGQOVTLECSPISGHRSVSWYQQ
TPGOGLOFLEFEYFSETQRNEGNFPGRE, R

N i

ELGDSALYLCASSL

[’.\

o]
[

Iramature TCROO78 B
chain-P2A cleavage site-
TCROO78 ¢ chain
sequence

MGPOLLGYVVLCLLGAGPLEAQVTONPRYLITVIGKK
LIVTCSONMNHEYMEWYRODPGLGLRQIYYSMNVEVT
DKGDVPEGYRKVSRKEKRNEPLILESPSPNQTSLYECA
SRLTGRWHGVTFCS”rRL VVEDLNKVEPPEVAVEER
SEAEISHTQRATLVCLATGEFEFPDHVELSWHVNGREVH
SGVSTDPQPLKV“PZJN“ S RYCLSSRLEVSATEWONE
ENHERCOVOQEYGLSENDEWTQODRAKPVIQIVSAEAWG

J XO

<
GVLSATILYEILLGEATLYAVIVS
GSGATNFSLLKQAGDVEENPGPMY
7QT”LLEQ°P”FAG*QF7, ‘

N
FYGL:
RADCGET SV SYOO!
ALVILMAMVEKREKDEY

I
ITTO 5
LEFSVSILWIQLAWY

YCNSSSVESSLOWYRQEPGEGEPVLLVIVVT
KRQ[FQFGMA%WFSEI}[PKAQPCUP 3L

SNYRLTE KGT]LLVJPYTQNPDP\VVOURDS’SSDK
SVCLETDEFDSOTNVSQSKDSDVY ITDKTVLDMRSMDE
KSNSAVAWSNKSDFACANAFNNSTIPEDTEFEFPSPRESS

COVEKLVEKSFETDITNLNFONLSVIGFRILLLEVAGEN

LLMTLRLWSSGS

Immmature TCROG78 B
chain-Furin-P2A-
TCROO78 g chain
sequence

MGPOLLGYVVLCLLGAGPLEAQVTONPRYLITVIGKK
LITVTCSONMNHEYMSWYRODPGLGLROIYYSMNVEVT
DKGDVPEGYRVSREKEKRNEPLILESPSEPNQTSLYFCA
SRLTGRV 1CYTECSGTRLTV ‘EDLNKVEFPPEVAVEEP
SHTQRATLVCLATGEFPDHVELSWWVNGKEVH
SGVSTDPOPLRKEQPALNDSRYCLSSRLRVSATEFWONP
RNBFRCOVOEFYGLSENDEWTQODRAKPVTQIVSAEARG

SYQQGVLSATI LLGKATLYAVIVS
ALVLMA %VKRLDPRAKQSCLGATNF“ LKOQAGDVEEN
PGPMVLEEFSVSILWIQLAWVSTQLLEQSPQFLSIQEG
ENLTVYCNSSSVESSLOWYRQEPGEGPVLLVITVVTIGG
EVEKKLKRLTFQFGDARKDSSLHITAAQPGDTGLYLCA
GYGGGSNYKLTEGKGTLLTVNPYIQONPDPAVYQLRDS
KSSDKSVCLETDEFDEQTNVSQSKDSDVYITDKTVLDM
REMDEFEKENSAVAWSNKSDFACANAFNNSIIPEDTEEDR
SPESSCDVELVEKSEFETDTNLNEQNLEVIGEFRILLLE
VAGENLLMTLRLWSS

ol
<N
g

Immature TCROG78 B
chain-Furin-P2A-
TCROO78 ¢ chain
sequence, with a GS
extension

MGP JLLGYVVLCLLGAGPLEAQVTONPRY L
LITVTCSONMNHEYMSWY RQDPGL ]] ROTYYSMNVEY ”[
DKGDVPEGYKVSREKEKRNEFPLILESPEPNQTSLYEC
SRLTGRVHGYTFGEGTRLTVVEDLNE ”'PP"VA”'EF
SEAETISHTQKATLVCLATGEFEPDHVELSWWVNGKEVH
SGVSTDPOPLKECQCPALNDSRYCLSSRLRVSATEWONP
RNHFRCOVOFYGLSENDEWTQCDRARKPVTQIVSAEAWG
Pnng TSVSYQOGVLSATILYETILLGKATLYAVIVS
LVLMAMVERKDEFRAKRSGSGATNESLLKQAGDVEEN
”GPNVL FSVSTLWIQLAWVSTOLLEQSFPQFLSIQEG

JITVITGKK
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SEQ

ib NO:

Bescription

Amino acid sequence

ENLTVYCNSSSVESSLOWY RQEPGE LILVTVV
EVERLERLTFPOFGDARKDSSLHITAAQPC DT GL
GYGGEGSNYKLTEGKGTLLTVNPY IONPDPAVYQL
KSSDEKSVCLETDEFDEQTNVEQSKDSDVYITY 'J/\Tv
RSMDEKSNSAVAWSNE SI)E:&TAN AFNNSIT P'”"i'E 2
SPESSCDVKLVERSEFET] NLSVIGFRILLLK
VAGENLIMTLRLWSSGS

3

268

Immature TCRO0O78 o
chain-Furin-P2A-
TCRO07S B chain
sequence

PSS PP e T

MVLEKEFSVSILWICLAWVSTCLLEQSPOFLSICEGENL

TUYONSSSYE T N T VTUVTGGEV
VYCNSSSVESSLOQWYRQEPGEGPVLLVIVVTGGEVK

KuKnLTWﬁ“GJxKKDSS HITAAQPRG DTGLYLCAGYG
GGSNYKLTPGKGTLLTVNPYILIONPDPAVY QL. DSKSS
DRSVCLETDEDSQINVSQOSKDSDVY ITDKTVLDMRSM
DERKSNSAVAWSNEKS DEACANAEN [IPEDTFEPSPE
SSCDVEKL DENLNEFONLSVIGFRILLLKVAG
¥ ]NTLQLWSSRAKRVCSGLTNELLLKO“CDVERSP
bPMGPQLLGVVvLCmqb AGPLEAQVTONPRYLITVTG
EKKLTVTCSONMNHEYMSWY RODPGLGLRQIYY SMNVE
VIDKGDVPEGYKVSREKEKENFPLILESPSPNQTELYE
ASRLTGRVHGY TEGSGTRLTVVEDLNKVEFPEVAVE
EAEISHTQRATLVCLATGEIFPDHVELSWWVNGKE
SGVSTDPOQPLKEQPALNDSRYCLSSRLRVSATEWQ

od

T

E—.- ST
( [

ST

NERNHFRCOVQEFYGLSENDEWTQDRAKPVTQIVSAEA
WGRADCGETSVSYQQGVLSATILYETILLGKATLYAVL

VSALVLMAMVERKDE

269

Immature TCRO0O78 ¢
chain-Furin-P2A-
TCROO78 B chain
sequence, with a GS
extension

MVLKESVSILWIQLAWVSTOLLEQSPOQFLSIQEGENL
TVYCNSSEVESSLOWYRQEPGEGPVLLVTVVTGGEVK
KLERLTEFQFGDARKDSSLHITAAQPGDTGLYLCAGYG

GGSNYKLTFGKGTLLTVNPYIQNPDPAVYQLRDSKSS
DKSVCLFTDFDSCTNVSOSKDSDVYITDETVLDMRSM
SNSAVAWSNKSDFACANAFNNSIIPEDTFFPSPE
IG

w0 g
w o =)

ETDTNLNFONLSVIGFRILLLKEVAG
SRAKRSGSGATNESLLEKQAGDVEENE
M u(’r“’ \]V[ CL PLEAQVTONPRYLITVT (;
K}"L. '[‘\,\ ONMNHEYMSY i‘f RODPGLGLRQIYYSMNV

VIDRGDVPEGYKVSRRKERKRNE SPNQT :
L\}<\7FP3T”/A VE

N QT IN €
VELSWWVYNGKR

Q=
g
=
7y
=
<!«
N
=
=
1 n
e}
|
3

e

s
./

by2 0’9\[ TG ‘v/'h*'“‘f '[‘T"’TC‘CT R

SN

TN v\rr|-rx7m

LDOORA L LV
[J]’ QFPLKEQFE
) OVQEFYGLS
WGRADCGETSVEYQQOGVL

VSALVIMAMVEREKDEGS

RV S A

PN
ATEWO

Immature TCRO078 ¢
chain-P2A cleavage site-
TCROG78 B chain
sequence

B T BRI aMT T PSR PRy
MYVLEKFSVSILWIOLAWVSTOLLECSPOFLSIOEGENL
"1\Tﬁlf'1 QAT AT N ~ 218 T XYY T ale NV ard

VYCNSSSVESSLOWYRQED( 7]—* TLLVITVVTGGEVE

VAQPGDTGLY LCAGY G

1'—) C“ o
L O

D
MRSM

KLERLTEFQFPGDARKDSSL
LTVNPY T m»\vk

'\"v' SOSKDS]
VAWSNKSDEFACANAEFNNS EDTEEFPSPE
J\/]ﬂ‘ KSEETDINLNEFONLSVIGEFRILLLKVAG

LLMTLRLWSESGSGATNESLLRKQAGDVEENEGPMGP

57




WO 2019/046856

PCT/US2018/049397

SEQ
ib NO:

Bescription

Amino acid sequence

LLGAGPLEAQVTONPRYLITVTGRKLIV
NWNPGYLQWYPQDEuJGLRQIYY SMNVEVTDKG
DVPVSYKVDRK:KR(ﬁPLIIES:SPNQTSLYFpASRL

sRVHGYTEGSGTRLIVVEDLNKVERPPEVAVEEPSEA

VCLATGEEPI

DHVELSWWVNGEKEVHSGY

ST PALNDSRYCLSSRLRVEA 'QN”RW
FRCOVOFYGLSENDEWTODRAKPVITQIVSAEAWGRA
CGFTSVSVQQCVLSArIL EILLGKATLYAVLV u“u\

KREDF

271 Immature TCROO78 o
chain-P2A cleavage site-
TCRO078 B chain
sequence, with GS
extension

MVLE }"“"‘SILN[kuﬁs'/\‘v"',"“m[* QEPOFLESTIQEGENL
TVYCNSSSVESSLOQWYROERC EGPJLu\lV’TCGJVV
KLERLTEPQEGDARKDSS] HMT“AQP SDTGLYLCAGYG

GGSNYKLTPGKGTLLTVNRPYIONPDPAVYQOLRDSKSS
]k\”’[Z‘DFIbQTNVb,bﬁDbD /YTTDKIVLDMRSM
DERKSNSAVAWSNKSDFACANAENNSTIIPEDTEERPSPE
SSCDVKLVEKSFETDTNLNFONLSVIGERILLLKVAG
ENLLMTLRLWSSGEGATNESLLKOQAGDVEENPGPMGP
QLLGYVVLCLLGAGPLEAQVTONPRYLITVTGKKLTV
TCSONMNHEYMSWYRODPGLGLRQIYYSMNVEVTDKG
DVPEGYRKVSRKEKENEFPLILESEPSPNQTSLYEFCASRL

RVHGYTEFGSGTRLTVVEDLNKVEPPEVAVEEPSEA
EISHTOKATLVCLATGEFFPDHVELSWWVNGKEVHSGY
STDPOPLEEQPALNDSRYCLSSRLRVSATEFWCONPRNH
FRC”VQV GLSENDEWTQDRARKEVTQIVSALRAWGRAD
CGETSVSYQQGVLSATILYE ATLYAVLVSALV
LMAMVERKDEGS

JIRE _-J>:_|(’* .

90 Kozak-TCROO7E B cham-
P2A cleavage siie-
TCRO078 o chain nucleic
acid sequence variant |

dccagrabgqgacgtcagctg tggg cgttgtge
ctgcttggagecggacctctggaageceaagt
gacacagaacccecagaltacctgatcaccgtgacocgge
aagaaactgaccgtgacctgeagecagaacatgaacc
acgagtacatgagetggtacagacaggaccectggecot
gggectgagacagatoctactacageatgaacgtggaa
qfqahpvadagggugscgtqcc;qaﬁggctacaagg
tgtceccagaaaagagaagcggaactticeccactgatact
JQdaaU”“Cd,u,CCEFxCC gaccagcectgtacttc
tgcgccagoagactgacaggcagagtgecacggetaca

catttggcagceggcaccagactgactgtggtggaaga
tcoctgaacaaggtgttocctacagagygtggecgtgtto
gagccttctgaggccgagatcagecacacacagaaad
ccacactceghgtgectggeocacocggetttttteccega

tcacgtggaactgtettggtgggtcaacggeaaagag
gtgcacageggegtcageacagatccececagectetga
aagaacagcecgetcetgaacgacagecggtactgect
gtcectecagactgagagtgtecgeccacettectggeag
aaccctcocggaaccacttcagatgecaggtgecagttet
acggecctgagegagaacgatgaghbggaccecaggatag
agccaagectgtgactcagategtgtetgocegasy
tggggcagagecgattgtggettaccagegtgt
at . Lgetgtectgecaccatectygta

¢}
]

[ I (e Bt
¢}
kg) i
(o]
e}
te]

o]
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SEQ

ib NO:

Bescription

Amino acid sequence

.
t

tLgggcaaagcecactotgtacgeecgtgetyg

[te]
Q
¢t
0
Q
-+
O

gtttoetgccecotggtgctgatggecocatgyg agagaa
aggactttq_ctccggcqcvoP acttcagecctget
gaaacaggctggegacgtggaagagaaccecoggacet
stggtgetgaagttectecgtgtecatectgtggatte
agctggettgggtgteccacacagetgetocgaacagag
ccctcagttectgageatecocaagagyggegagaacetyg
acagtygtactgcaacagcagecagegtgttcageagece
tgcagtggtacaggcaagagectggegaaggacctgt
gectgctggtcacagtigtgacaggecggecgaagtgaag
aagctgaagecggetgaccttecagtteggegacgeca
gaaaggatagcteccocetgecacattaccecgetgeteagece
aggcgataccggeoctgtatectgtgtgotggatatgge
ggcggaagcaactacaagetgaccttiggeaagggca
ccctgectgacag! 3& ccctacattcagaaccoccega
{ i

‘-Q&u

C
ragocgtgtat c
qa,aaqajcqtvtvb ctg
agaccaacgt qtc:c*q
gt
ag

0o
o8}
2 Q
Qs

t UI_E
+ o
5
[s)
o
¢
&
Qi
o]
o .Q_;
Lo
¢}
(411
)
(o]
e}

Q’ Q

e

L]

o)

Q)
Q
e}
TolNe
A2}
ot
ot
O o
o)
4]
O
)
o}
O

te]
I\Q
O
U]

catcaccgacaagace
acttvqaanCPq

qqaqrua ttcgectyg
cattatcecccgaggac

() ot
GO
¢}

O O
ot
ts Wt T,
[ €
O
Q QO
q

0
o}

ey

S
@]

J

C

to
9]
Q.
Q
{

)]
0
[5)]
+
@]
ot
0
@]
a
’U ;))
\Q {
¢
9]
Q
ot
T Q
W
te}

jee
1 &

[SIRN®
by
Q
Q

¢

-
83
&
58
(NS
[
Q0

ot

agcagctgegacy gaagvtgthg:a QduCL,Cg
agacagacaccaacctgaacttccagaacctgagegt
gatcggettcagaatcetgetgectgaaggtggeegge
ttcaatctgectgatgacecectgagactgtggtecageg
gatcctga
23% Kozak-TCROO78 B chamn- | gocaccatgggacotcagetgetgggatacgttgtge
P2A cleavage site- tgtgtctgcttggagceggaccteotggaageccaagt
TCROO78 a chain nucleic | gacacagaacccecagatacctgatcaccgtgaccgge
acid sequence variant 2 aagaaactgaccgtgacctgcageccagaacatgaacc
acgagtacatgagcectggtacagacaggacectggect
gggcctgagacagatctactacagcatgaacgtggaa
gtgaccgacaaggygcgacgtgeccgagggectacaagg
tgtcecagaaaagagaagcggaacttceccactgatect
ggaaagcecccatctectaacecagaccagectgtactte
tgcgeccagcagactgacaggcagagtgeacggetaca
catttggcageggeaccagactgactgtggtggaaga
tgaacaaggtgticcecocgecggaagtggocgtgtic
gagcctictgaggecgagatecagecac agaaag
ccacactegtgtgoctggecacoegget tceocga
tcacgtggaactgicttggt Lcaac ¢
g :

e}
0
js7]
0O
1)

e}

e}

<o}
9]

Ko Jats
ot
O
Q

o]
0
a
@]
s
O
par

e}
Qi

L Q
Q

—+
¢!
(@RI
te]
O Q
8]
9
1
¢t
t
O Q
t

9]
-t
¢l
-t

O

53]

A1)

9]

to]

9]

o+

e}
O
s

)
ot
[ORNte]
[ I
Q@
O O
0w
[eIRte]

[fOINe]
L O
O O
[sute]
to]
)
to]
QU
tQ
i

g ¢ grc geag
aaccctcggaaccacttcagatgecaggtgeagttct
acggcctgagegagaacgatgagtggacceccaggatag
agccaagcectgtgactcagategtgtetgeccgaagec
tggggcagagecgattgtggetttaccagegtgtect

hn
O
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SEQ

ib NO:

Bescription

Amino acid sequence

atcagcagggaegt gctqtctaccaccatcchtatqa
gatcctgcetggge gcoactectgtacgecagtgetyg
gtttctgceoctgg tgatggccatggh aduagaa
qqqarf,wqut cttc

ot W
8]

[te}
[} QJ

f) \Q /‘1

cgccaccaactt

]
k.C«

(_
o
«Q

g9
I

{
o)
83}
Q
Q
i}
Q
(e}
[}
ot
[te}
O3

{
ot Q
jai}

8]
ot
te)
{o]
—+
O
@]
O
QO
)]
e}
ot
@}
0
Q
e}
[gte}
jte
ot
a
0
)]
—+
¢}
O
ot
O
(_f,

qktqucqa Cagag
'e

1agag Qgcwgaa ctg

(o]
[te]
Q
oF
wmQ
QQ oof
9!

Q

Q

@] 1

;

Q
Q
o
)]

@]
o)
e
Q

1
O )

¢}

@]

(9]

=+

(e}

[STNte}

(e}

o+

o

(9]

¢}

t
PG 0

oG

acaqgtgt +.0

(]
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[¢}]

+ 0
{

w2

i

A3

(@]

)]

Q
@]

LQ
Q
(‘.
ot
(@]
o))

(o]

@]

[¢}]
+Q
@]

(@]

o))

NIS!
]
Q
(9]
i
O
Q
Q
L

aaggacctgt
7agghggcgdagt aag
cagttcggcgacgeca
taccegetgetocageco
‘tgtcgtqutmg ¢
ctttggcaagggea
e1tcagdducccga

ol
oG

[mO IR}

I
ol
e}
[o}]

Wy
¢
~

S

)

Q

I

g

(e}

Q)

o3}

O of

[S¢]

G

W

¢}
[
[
G

r'
(e}
-

T

o Q
Q

P

5

)]

W

(9]

[ORN¢!
s3]
Q
o

ot

1«

gaaagyg
aggce g'\+
“gvgg”'

c1g“t”dcactgaa‘

(+
o
@]

0Q
9]
¢
-t

e

;4
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Qu O
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[oRNt=]
SRS
SN wi
U
o
0 @
0 ocr
0
o+
(o]
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O
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Q
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e} (+ (e}

bc,aQCCq.qTa czgctgajagsca caagagcagce
gacaagagcgtgtgtotgttcaccgacttogacagco
MQdCF“S cgtgteccagageaaggacagogacgtgta
catcaccgacaagaccgtgectggacatgcggageaty
gacttcaagagcaacagcgecgtggectggtceocaaca
agagcgattteogectgcgeeaacgecttcaacaacag
vavfdfccccgaggacac:ttcttcvcaagtcctgag
agcagctgcgacgtgaagcectggtggaaaagageticg
agacagacaccaacctgaacttccagaacctgagegt
gatcggettcagaatectgetgetgaaggtggecgge

ttcaatctgetgatgaccctgagactgtggteecageg

gatcctga
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Immature TCRO0E0 B
chain-P2A cleavage site-
TCROOBO ¢ chain
seqaence

MDSWTECCVSLCTLVAKHTDAGVIQSPREEVTEMGOE
VILRCEKPISGHNSLEWY ROTMMRGLELLIYENNNVPT
DDSGMPEDRESAKMPNASESTLKIQ ﬂ\bPRIE AVYEC

ASSSGGANTEAFFGOGTRLTVVEDLNKVEP] AVEE

PSEAEISHTORKATLVCLATGEEFPDHY WWYNGKEY
HEGVSTDPOQPLKEQPALNDSRYCLSSRLRVSATEWON
PRNHFRCOQVOQFYGLEENDEWTQODRAKPVTQIVSAEAW
GRADC

SALVIMAMVKREKDEGSGATNESLLKOAGDVEENPGPM

N

[l

RADCGEFTEVSYQOGVLSATILYETILLGKATLYAVLY

L
TTE FYRGNGKNQVEQSPOSLITILEGK
oc

{KHL YEY

NCTLQC! FSNLRWYKQODTGRGPVSLTIMTFESE
NTHESNGR DTKOSSLHITASQLSDSASYICV
VRGGAAG SGGTRVLVEPYIQNPDPAVYQLRDS
KSSDKSY SQTN”SQ“K“S:VYITLETVLDN
RSMD [_‘KSE SAVAWSN Kuﬁ["nr’]\'\n}"l\l I
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Immature TCROOKO B
cham-Furin-P2A-
TCRO080 o chamn
sCquence

SWIFCCVSLCILVAKHTDAGVIQSPRHEVTEMGQR
RCKPISGHNSLEWYRCTMMRGLELLIYENNNVPT
SGMPEDRESAKMPNASESTLKIQPSEPRDSAVYEC

SSGGANTEAFNFGOGTRLTVVEDLNKVEPPEVAVEE
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SEQ
ib NO:

Bescription

Amino acid sequence

PSEAERTISHTORKATLVCLATGFEPDHVELSWWVNGKEY
1SGVSTDPOFLKEQPALNDSRYCLSSRLRVSATEWON
PRNHEFRCOVOEFYGLSENDEWTQDRAKPVTIQIVSAEAW
GRADCGEFTSVEYQOGVLSATILYEILLGKATLYAVLY
SAI‘LMAWV[hﬁDIRARRS&bGATNFSLLKQAG“VEH
) TTELVILWLY FYRGNGENQVEDSPQSLT

CTLO CNYTVSPESNLRWYKODTGRGRPVSLTT
FNﬂKSNC“YﬂArLﬁAHIKQSSLP¢TLSQLQDDA
VVRGGAAGNKLTFGGGTRVLVKPNIQONPDPAVY
QAR“”KSUDKQVCLT*JF“SO=AJSOLIDQQWYT7DK
TVLDMREMDEKENSAVAWSNKSDFACANAFNNSIIPE
TFFPSPESSCDVELVEKSFETDTNLNEONLSVIGER
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sequence

Immature TCRO0R6 B
chain-P2A cleavage site-
TCROO86 g chain

ILLLKVAGENLLMTLRLWSS
MGSRLLCWVLLCLLGAGPVEAGVTQITPRYLIKTRGDQ
VITLSCSPISGHRSVSWYQQOTPGOGLOEL (FSETOR

NKCNFPGRFSGRQFSNSRSEMNVSTLELGDSALYLCA
SSLCRGYEQYFGPGTRLTVTEDLNKVFPPEVAVFERS
EART SHTQKATLVCLATGFFPDHVELSWWVNGKEVHS
GVSTDP@DTK?QD w SRYCLSSRLRVSATEWONER
EWIQDRAKPVTQIVSAE

[€7]
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i
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£ LL
-
< 3
n
g

(QQGV Lu {
LVILMAMVKREKDEG SCATNFSLLBQZ&:D"EENPGLMET
LLGLLILWLOQLOWVSSKOEVIQIPAALSVPEGENLVL
NCSEFTDSATYNLOWEFRODPGKGLT SLLLIQSSQREQT
SGRLNASLDKSSGRSTLY TAASQPGDSATYLCAVMLW
NOGGRLIFGOGTELSVRPY IONFDPAVYQLRDSKSSD

KEVCLETDEDSOTNVSOSKDSDVY ITDKTVLDMRSME
FKSNSAVAWSN CANAINNSIIPREDI
SCDVELVEK STNLNEFONLSVIGEFRILLLKVAGE
NLLMTLRLWSSGS

KSDF

T —
K3 FPSPES

Table 2. Alpha chain CDR amino acid sequences of exemplary MLL TCRs. *

Ve (SEQ 1D NOG:)

UDRle

(SEQ ID NO:)

{DR2a CDR3a

(SEQ 1D NO:)

(SEQ 1D NO:)

TCRO086 Va (9)

TCROO77 Vo (1)/ SVESS i) VVTGEGEY {(16) AGYGGGEINYKLT (21)

TCROO78 Vo (86)

TCROO7S Va (3)/ VSPESN (1Z2) MTFSENT (17} VVRGGAAGNKLT (223

TCRO080 Vo (88)

TCROORI Vu (’:)'\; SEVPPRPY ({13) YTTGATLV (18) [|AVSARYNEFNKFEY (23)

TCROO8Z Vg (106) SSVPPY {13) YTSAATLV AVSARYNFEFNKEY (23)
(109;

TCROO83 Vg (7)/i VSGLRG {14) LYSAGEE (19} AVRNTGFQKLV (24

TCROOR4 Vau (7}

TCROO85 Va {9)/’ DSATIYN (15) TIQSSQORE (203 AVMILWNOGGKLI (25)

*(CDRs are defined according to Lefranc ef ¢/, Dev Comp Immuonol. 2003; 27(1).55-77.
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Table 3. Beta chain CDR amino acid sequences of exemplary MLL TCRs. *

VB (SEQ ID NO:) CDR1B CDR2B CDR3B

(SEQ ID NO:) | (SEQ ID NO3) (SEQ ID NO3)

TCROO77 Vﬁ (Z)/’ MNHEY {(26) SMNVEY (31) ASRLTGRVHGYT (36)

TCRO07S VB (87)

TCROO79 Vﬁ (4}/ SGHNS (27) FNNNVE (322) ASSSGGANTEART (37)

TCROO80 VB (89)

TCRO081 Vﬁ (6)/ SGDLS (28) YYNGEE (332) ASSASGGREYEQY (38)

TCRO082 VB (107)

TCRO083 Vﬁ (8)/ SEHNR (29) FONFEAQ (34) ASSWRTGREETQY (39;

TCRO084 VB (108)

TCROO8S Vﬁ (10)/ SGHRS (30} YFESETQ (35) ASSLGRGYEQY (40)

TCRO086 VB (10)

*CDRs are defined according to Lefranc et o/, Pev Comp Immunol. 2003, 27(1):55-77.

Table 4. Variable region amino acid sequences of excraplary MLL TCRs.

Chimeric SEQIDNG | SEQIDNO | Human TCR | SEQID NG | SEQID NG
TCR name of Var of VB name of Vo of VB
TCROG77 1 2 TCROO78 86 87
TCROO7S 3 4 TCRGO80 88 89
TCRO081 5 6 TCRO0O82 106 107
TCRO083 7 8 TCROOR4 7 108
TCROORS 9 16 TCRO086 9 10

Table 5. Exemplary peptide sequences.

SEQ Bescription Amino acid Sequence

1D NG
45 i MLL-pM EPRIpSIPSHSM
46§ MLL-M EPRSPSHSM
47 | MLL-pP RVR[pSIPTRSP
48 | MLL-P RVRSPTRSP
49 | MLL-pM-Al APR[pSIPSHSM
50 | MLL-pM-A2 EAR[pSIPSHSM
51 MLEL-pM-A3 EPAlpSIPSHSM
52 | MLL-pM-A4 EPRAPSHSM
53 | MLL-pM-AS EPRIpS]ASHSM
54 | MLL-pM-A6 EPRipSIPAHSM
55 | MLL-pM-A7 EPR[pSIPSASM
56 | MLL-pM-A% EPR{pSIPSHAM
57 { MLL-pM-A9 EPR{pSIPSHSA
84 | Flupeptide QPEWFRNVL
85 | CMV peptide TPRVTGGGAM
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{00144} The CDRs of a TCR disclosed herein can be defined using any art recognized
numbering convention. Additionally or alternatively, the CDRas can be defined empinically,
e.g., based upon struciural analysis of the mteraction of the TCR with a cognate antigen {e.g.,
a peptide or a peptide-MHC complex).

[00145]  In certam embodiments, the instant disclosure provides a TCR that binds to a
peptide consisting of the amino acid sequence set forth in SEQ [D NG: 45 (e.g., a TCR that
binds to a EPR{pSIPSHSM (SEQ 1D NO: 45)-HLA-B*0702 complex) or a peptide consisting
of the amino acid sequence set forth i SEQ ID NO: 47 (e.z. a TCR that binds to a
RVR[pSIPTRSP (SEQ ID NG: 47)-HLA-B*0702 complex), wherein the TCR comprises one,
two, or all three of the CORs of a Va or VP disclosed in Table 1 herein, wherein the CDRs
are defined according to the IMGT numbering system, for example. as described in Lefranc
M-P (1999) supra and Lefranc M-P ef al., (1999) supra.

(00146} In certain embodiments, the instant disclosure provides a TCR that binds (o a
peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 45 (e.g.. a TCR that
binds to a EPR{pSIPSHSM (SEQ 1D NO: 45)-HLA-B*0702 complex) or a peptide consisting
of the amino acid sequence set forth in SEQ ID NO: 47 (e.g, a TCR that binds to a
RVRIpSIPTRSP (SEQ ID NO: 47)-HLA-B*0702 complex), whergin the TCR comprises one,
two, or all three of the CDRs of a Vo or V§ disclosed in Table 1 herein, wherein the CDRs
are defined according to the Kabat numbering system described in Kabat supra.

(00147}  In certain embodiments, the instant disclosure provides a TCR that binds (o a
peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 45 (e.g.. a TCR that
binds to a EPR{pSIPSHSM (SEQ 1D NO: 45)-HLA-B*0702 complex) or a peptide consisting
of the amino acid sequence set forth in SEQ ID NO: 47 (e.g, a TCR that binds to a
RVRIpSIPTRSP (SEQ ID NO: 47)-HLA-B*0702 complex), whergin the TCR comprises one,
two, or all three of the CDRs of 2 Va or V@ disclosed in Table 1 berein, wherein the CDRs
are determined empirically, e.g., based upon structural analysis of the miteraction of the TCR
with a cognate antigen {e.2., a peptide-MHC complex}.

[00148]  In certain embodiments, the tostant disclosure provides a TCR that binds to SEQ
ID NO: 45 {e.g., a TCR that binds to a EPR[pS|PSHSM (8EQ 1D NG 45)-HLA-B*0702
complex) or a pepiide consisting of the amino acid sequence sct forth m SEQ 1D NG: 47
{e.g., a TCR that binds o a RVR[pSIPTRSP (SEQ 1D NO: 47)-HLA-B*0702 complex),
wherein the TCR comprises one, two, or all three of the CDRs of a Ve or VP disclosed in

Table | heremn, wherein cach CDOR 15 defined m accordance with the IMGT or the Kabat
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numbering system, or is determined empirically, e g based upon structwral analysis of the
wnteraction of the TCR with a cognate antigen {e.g., a peptide or a peptade-MHC complex).

(00149}  In certain embodiments, the mstant disclosure provides a TCR (e.g., an isolated
TCR) that binds 1o a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 (e.g., a TCR that binds to a EPR|pS|PSHSM (5EQ ID NG: 45)-HLA-B*0702 complex),
the TCR comprising a Vo comprising CDR1a, CDR2¢, and CDR3a and a VJ comprising
CDR1B, CDR2B, and CDR3B, wherein the CDRla, CDR2qa, and UDR3a comprise the
CDR1g, CDR2a, and CDR3g amino acid sequences of SEQ 1D NO: 1, respectively, and the
CDRIB, CDR2B, and CDR3B comprise the CDRIB, CDR2B, and CDR3B amino acid
sequences of SEQ ID NO: 2, respectively.  In certain embodiments, the nstant disclosure
provides a TCR (e.g., an isolated TCR) that binds to a peptide consisting of the amino acid
sequence sot forth in SEQ ID NGO 45 (e.g., a TCR that binds to a EPR[pS|PSHSM (SEQ D
NO: 435)-HLA-B*0702 complex), the TCR comprising & Vo comprising CDR1e, CDR2a,
and CDR3g and a VP comprising CDR1B, CDR2B. and CDR3B, wherein the CDRla,
CDRZg, and CDR3a comprise the CDR1a, CDRZux, and CDR3a amino acid sequences of
SEQ ID NO: 86, respectively, and the CDRIB, CDR2B. and CDR3B comprise the CDRI,
CDR2B, and CDR3B amino acid sequences of SEQ ID NO: 87, respectively.  In certain
embodiments, the insiant disclosure provides a TCR (e.g., an isolated TCR) that binds to a
peptide consisting of the amino acid sequence sct forth 1n SEQ ID NG: 45 (e.g, 2 TCR that
binds to a EPR{pSIPSHSM (SEQ ID NQO: 45)-HLA-B*(0702 complex), the TCR comprising a
Va comprising CDR1g, CORZn, and CDR3a and a VP comprising CDRIB, CDR28. and
CDR3B, wherein the CDRlg, CDRZa, and CDR3a comprise the CDRla, CDRZa, and
CDR3g amuno acid sequences of SEQ ID NO: 3, respectively, and the CORIB, CDR2B, and
CDR3B comprise the CORIB, CPR2B, and CDR3 amino acid sequences of SEQ ID NQ: 4,
respectively. In certain embodiments, the instant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
45 (e.g., a TCR that binds to a EPR[pSIPSHSM (BEQ ID NO: 45)-HLA-B*0702 complex),
the TCR comprising a Va comprising CDR1a, CDR2¢, and CDR3w and a VB comprising
CORIB, CDR2ZB, and CDR3P, wherein the CDORIg, CDR2a, and CDR3a comprise the
CDR1g, CDRZg, and CDR3a amino acid sequences of SEQ 1D NO: 88, respectively, and the
CDR1p, CDRZB, and CDR3P comprise the CORIB, CDRZH, and CDR3B amino acid
sequences of SEQ [ NO: 89, respectively.  In certain embodiments, the instant disclosure
provides a TCR (e.2., an 1solated TCR) that binds to a peptide consisting of the amino acid
sequence set forth in SEQ ID NO: 45 (e.g., a TCR that binds to a EPRJpS|PSHSM (SEQ ID
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NO: 453-HLA-B*0702 complex), the TCR comprising a Vo comprising CDR1a, CDRZa,
and CDR3a and a VB comprismg CDRIB, CDR2B, and CDR3B, wherein the CDRlg,
CDR2g, and CDR3a comprise the CDR1g, CDR2¢, and CDR3a amino acid sequences of
SEQ 1D NO: 5, respectively, and the CDR18, CBR2B, and CDR3f comprise the CDR1S,
CDR2B, and CDR3P amino acid sequences of SEQ D NO: 6, respectively.  In certain
embodiments, the instant disclosure provides a TCR {e.g., an isolated TCR) that binds o a
peptide consisting of the amino acid sequence set forth in SEQ ID NQ: 45 (e.g., a TCR that
binds to a EPRpSIPSHSM (5EQ 1D NO: 45)-HLA-B*0702 complex), the TCR comprising a
Va comprising CDR1g, CDR2g, and CDR3e and a VB comprising CDRIB, CDR2B, and
CDR38, whergin the CDRlg, CDR2a, and CDR3a comprise the CDRla, CDR2q and
CDR3¢ aming acid sequences of SEQ 1D NO: 106, respectively, and the CDR1B, CDR28,
and CDOR3P comprise the CDRIB, CDR2P, and CDR3P amino acid sequences of SEQ D
NO: 107, respectively. In certain embodiments, the instant disclosure provides a TCR (e.g.,
an isolated TCR) that binds to a peptide consisting of the amino acid sequence set forth
SEQ ID NO: 45 (e.g.. a TCR that binds to a EPR{pSIPSHSM (SEQ 1D NO: 45)-HLA-
B*0702 complex), the TCR comprising a Va comprising CDR1a, CDR2g, and COR3p and a
VB comprising CDR1B, CDR2B, and CDR3B, wherein the CDRla, CDR2¢, and CDR3a
comprise the CDRIg, CDRZa, and CDR3g amino acid sequences of SEQ ID NO: 7,
respectively, and the CDRI1J, CDR2ZB, and CDR3B comprise the CDRIB, CDR2B, and
CDR3B amino acid sequences of SEQ 1D NO: 8, respectively. In certain embodiments, the
instant disclosure provides a TCR {e.g., an isolated TCR)) that binds to a peptide consisting of
the amino acid sequence set forth in SEQ 1D NO: 45 (eg, a TCR that binds to a
EPR[pSIPSHSM (SEQ ID NO: 45)-HLA-B*0702 complex), the TCR comprising a Vu
comprising CDRlg, CDR2¢, and CPR3g and a VB comprising CDRIB, CDRZB, and
CDR3B, wherein the CDRlg, CDRZa, and CDR3a comprise the CDRIae, CDR2e, and
CDR3g amino acid sequences of SEQ D NO: 7, respectively, and the CDRI1S, CDR2B, and
CDR3B comprise the CDRIB, CDR2B, and CDR3B ammo acid sequences of SEQ 1D NO:
108, respectively. In certain embodiments, the mstant disclosure provides a TCR (e.g., an
tsolated TCR) that binds to a peptide consisting of the amino acid sequence sot forth in SEQ
ID NO: 47 {e.g., a TCR that binds to a RVR[pSIPTRSP (SEQ 1D NO: 47)-HLA-B*0702
complex), the TCR comprising a Va comprising CDR1g, CDRZ¢, and CDR3a and a V§
comprising CDRIB, CDR2B, and CDR3P, wherem the CDRlg, CDRZa, and CDR3a
comprise the CDRlia, CDRZg, and CDR3w amino acid sequences of SEQ ID NG 9,
respectively, and the CDRI1B, CBDR2B, and CDR3B comprise the CDRIB, CDR2B, and
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CDR3B ammo acid sequences of SEQ 1D NO: 10, respectively. In ong embodiment, each
CDR is defined in accordance with the IMGT numbering system. In one embodiment, each
CDR s defined in accordance with the Kabat numbering svstem.  In ong embodiment, cach
(DR 1s defined empirically, e.g., based upon structural analysis of the interaction of the TCR
with a cognate antigen {e.g.. a peptide or a peptide-MHC complex). In one cmbodiment,
cach CDR is mdependently defined m accordance with the IMGT or Kabat numbering
sysiem, or i3 deterouned empirically, e.g2., based upon structural analvsis of the mteraction of
the TCR with a cognate antigen {e.g., a peptide-MHC complex).
[00150] In certain embodiments, the instant disclosure provides a TCR {e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 {e.g., a TCR that binds to a EPR|pSIPSHSM (SEQ 1D NO: 45)-HLA-B*0702 complex),
the TCR comprising:
(a) a CDRla comprising the amino acid sequence of SEQ ID NG 11, and/or
(b) a CDRZa comprising the amine acid sequence of SEQ ID NGO 16, and/or
{c) a CDR3a comprising the amino acid seguence of SEQ 1D NGO 21, and/or
{d) a CDRIB comprising the amino acid sequence of SEQ 1D NO: 26, and/or
(&) a CDR2B comprising the aming acid sequence of SEQ ID NO: 31, and/or
& a CDR3B comprising the amino acid sequence of SEQ 1D NO: 36
(00151} In certam embodiments, the mstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
45 (e.g.. a TCR that binds to a EPRpSIPSHSM (SEQ ID NG: 45)-HLA-B*0702 complex),
the TCR comprising:
{(a) a CDR la comprising the amino acid sequence of SEQ 1D NO: 12, and/or
{b) a CDRZ2¢g comprising the aming acid sequence of SEQ 1D NO: 17, and/or
(c) a CDR3g comprising the aming acid sequence of SEQ 1D NO: 22, and/or
() a CDRIB comprising the amino acid sequence of SEQ ID NO: 27, and/or
(e) a CDRZB compnising the aminoe acid sequence of SEQ ID NO: 32, and/or
() a CDR3B comprising the amino acid sequence of SEQ 1D NO: 37,
{00152}  In certain embodiments, the mstant disclosure provides a TCR {e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 {e.g., a TCR that binds to a EPR|pSIPSHSM (SEQ 1D NO: 45)-HLA-B*0702 complex),
the TCR comprising
{(a) a CDR1g comprising the amino acid sequence of SEQ ID NG: 13, and/or
{(b) a CDRZa comprising the amino acid sequence of SEQ ID NG 18, and/or
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{(c) a CDR3a comprising the amine acid sequence of SEQ ID NGO 23, and/or

{d) a CDRIB comprising the amino acid sequence of SEQ 1D NO: 28, and/or

(&) a CDR2B comprising the aming acid sequence of SEQ ID NO: 33, and/or

H a CDR3B comprising the ammo acid sequence of SEQ 1D NO: 38

(00153}  In certain embodiments, the nstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
45 (e.g., a TCR that binds to a EPR[pSIPSHSM (BEQ ID NO: 45)-HLA-B*0702 complex),
the TCR comprising

{(a) a CDR la comprising the amino acid sequence of SEQ 1D NO: 13, and/or

{b) a CDRZ2g comprising the aming acid sequence of SEQ 1D NO: 109, and/or

() a CPR3g comprising the amine acid sequence of SEQ 1D NO: 23, and/or

(d) a CDRI1B comprising the amino acid sequence of SEQ 1D NO: 28, and/or

~
D

(e) a CDRZB compnising the aminoe acid sequence of SEQ ID NO: 33, and/or

() a CDR3P compnising the amino acid sequence of SEQ ID NG: 3

43
o

{00154}  In certain embodiments, the mstant disclosure provides a TCR {e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 {e.g., a TCR that binds to a EPR|pS|PSHSM (SEQ 1D NQG: 45)-HLA-B*0702 complex),
the TCR comprising

{(a) a CDR g comprising the amino acid sequence of SEQ ID NG 14, and/or

{(b) a CDRZa comprising the amino acid sequence of SEQ ID NG 19, and/or

{(c) a CDR3eg comprising the amine acid sequence of SEQ ID NG 24, and/or

{d) a CDRIB comprising the amino acid sequence of SEQ 1D NO: 29, and/or

{(e) a CDR2B comprising the amino acid sequence of SEQ 1D NO: 34, and/or

H a CDR3B comprising the aming acid sequence of SEQ 1D NG: 39,

(00155}  In certain embodiments, the nstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
47 (e.g., a TCR that binds to a RVR|pSIPTRSP (SEQ ID NO: 47)-HLA-B*0702 complex),
the TCR comprising

{a) a CDR e comprising the amino acid sequence of SEQ D NO: 15, and/or

(b} a CDR 2 comprising the amino acid sequence of SEQ 1D NO: 20, and/or

() a CPR3g comprising the amine acid sequence of SEQ 1D NO: 25, and/or

(d) a CDRIB comprising the amine acid sequence of SEQ 1D NO: 30, and/or

(&) a CDRZB comprising the amino acid sequence of SEQ ID NO: 35, and/or

H a CDR3B comprising the amino acid sequence of SEQ ID NO: 40,
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(00156} In certain embodiments, the instant disclosure provides a TCR {g.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 {e.g., a TCR that binds to a EPR{pS|PSHSM (SEQ 1D NQG: 45)-HLA-B*0702 complex),
the TCR comprising a CDR3a comprising the amino acid sequence of SEQ 1D NO: 21 and/or
3 CDR3B comprising the amino acid sequence of SEQ 1D NO: 36. In certain embodiments,
the mstant disclosure provides a TCR (e.g.. an isolated TCR) that binds to a peptide
consisting of the aming acid sequence set forth in SEQ ID NQO: 45 (¢.g., a TCR that binds to a
EPR{pSIPSHSM (SEQ ID NO: 45)-HLA-B*0702 complex), the TCR comprising a CDR3¢
comprising the amino acid sequence of SEQ ID NO: 22 andior a CDR3B comprising the
amino acid sequence of SEQ 1D NO: 37, In certain embodiments, the instant disclosure
provides a TCR (c.z., an isolated TCR) that binds to a peptide consisting of the amino acid
sequence sot forth in SEQ 1D NGO 45 (e.g., a TCR that binds to a EPR|pS|PSHSM (SEQ D
NO: 45)-HLA-B*(702 complex), the TCR comprising a CDR3g comprising the amino acid
sequence of SEQ 1D NO: 23 and/or a COR3J comprising the amino acid sequence of SEQ 1D
NO: 38, In certain embodiments, the instant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 {e.g., a TCR that binds to a EPR{pS|PSHSM (SEQ 1D NQG: 45)-HLA-B*0702 complex),
the TCR comprising a CDR3a comprising the amino acid sequence of SEQ 1D NO: 24 and/or
a CDR3B comprising the anuno acid sequence of SEQ ID NG: 39, In certain embodiments,
the mstant disclosure provides a TCR (e.g., an isolated TCR) that binds to a peptide
consisting of the aming acid sequence st forth in SEQ ID NG: 47 (c.g., a TCR that binds o a
RVR[pSIPTRSP (SEQ ID NO: 47)-HLA-B*0702 complex), the TCR comprising a CDR3a
comprising the amino acid sequence of SEQ ID NO: 25 andior a CDR3B comprising the
amino acid sequence of SEQ [D NO: 40

(00157}  In certain embodiments, the instant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
45 (e.g., a TCR that binds to a EPR[pSIPSHSM (BEQ ID NO: 45)-HLA-B*0702 complex),
wherein the TCR comprises a Va having the CDRla, CDR2¢, and CDR3a amino acid
scquences set forth in SEQ 1D NOs: 11, 16, and 21; 12, 17, and 22; 13, 18, and 23; 13, 109,
and 23; or 14, 19, and 24, respectively.  In certain embodiments, the instant disclosure
provides a TCR (e.g., an isolated TCR) that binds to a peptide consisting of the amino acid
sequence sot forth in SEQ ID NGO 45 (e.g., a TCR that binds to a EPR[pS|PSHSM (SEQ D
NO: 45)-HLA-B*0702 complex), wherein the TCR comprises a Vo having the CDRla,
CDRZg, and CDR3ga amino acid sequences set forth m SEQ ID NOs: 11, 16, and 21,
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respectively.
[00158] In certain embodiments, the instant disclosure provides a TCR {e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 {e.g., a TCR that binds to a EPR|pSIPSHSM (SEQ 1D NO: 45)-HLA-B*0702 complex),
wherein the TCR comprises a V§ having the CDRIB, CDRZB, and CDR3B amino acid
sequences set forth in SEQ TD NOs: 26, 31, and 36; 27, 32, and 37, 28, 33, and 38, or 29, 34,
and 39, respectively. In certain embodiments, the instant disclosure provides a TCR {(e.g., an
tsolated TCR) that binds to a peptide consisting of the amino acid sequence sot forth in SEQ
ID NG: 45 (e.g., a TCR that binds to a EPR[pSIPSHSM (SEQ 1D NO: 45)-HLA-B*0702
complex}), wherein the TCR comprises a VB having the CDRIB, CDR2B, and CDR3B amino
acid sequences set forth in SEQ 1D NQOg: 26, 31, and 36, respectively,
(00159}  In certain embodiments, the nstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
47 (e.g.. a TCR that binds to a RVR|pSIPTRSP (SEQ ID NG: 47)-HLA-B*0702 complex),
wherein the TCR comprises a2 Vo having the CDRlg, CDR2g, and CDR3g amino acid
sequences set forth in SEQ 1D NQOs: 15, 20, and 235, respectively.
(00160}  In certain embodiments, the mstant disclosure provides a TCR (e.g., an isolated
TCR) that binds 1o a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
47 {e.g., a TCR that binds to a RVR{pSIPTRSP (SEQ ID NO: 47)-HLA-B*(702 complex),
wherein the TCR comprises a V having the CDRIB, CDR2B, and CBR3B amino acid
sequences set forth in SEQ 1D NQOs: 30, 35, and 40, respectively.
[00161] In certain embodiments, the instant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 {e.g., a TCR that binds to a EPR|pS|PSHSM (SEQ 1D NQG: 45)-HLA-B*0702 complex),
wherein the TCR comprises a Vo having CDRIg, CDR2g, and CDR3g, and a VP having
CDRIpB, CDR2B, and CDR3B, and wherein the CDR1a, CDR2e, CDR3a, CDRIB, CDR2B,
and CDR3B comprise the amingo acid sequences set forth i SEQ ID NQOs: 11, 16, 21, 26, 31,
and 36; 12, 17, 22,27, 32, and 37, 13, 1%, 23, 28, 33, and 38; 13, 109, 23, 28, 33, and 38; or
14, 19, 24, 29, 34, and 39, respectively. In certain embodimenis, the instant disclosure
provides a TCR (e.g., an isolated TCR) that binds to a peptide consisting of the ammo acid
sequence set forth in SEQ 1D NO: 45 {e.g, a TCR that binds to a EPR|pS|PSHSM (SEQ D
NQO: 453-HLA-B*0702 complex), wherein the TCR comprises a Va having CDR1a, CDR2a,
and CDR3a, and a VB having CDRI1B, CDR2B, and CDR3B, and wherein the CDRIa,
CDRZg, CDR3g, CDR1B, CDR2B, and CDR3J comprise the amino acid sequences set forth
69



10

30

WO 2019/046856 PCT/US2018/049397

in SEQ ID NQOs: 11, 16, 21, 26, 31, and 36, respectively.
[00162]  In certain embodiments, the instant disclosure provides a TCR {e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
47 {e.g., a TCR that binds to a RVR{pSIPTRSP (SEQ ID NO: 47)-HLA-B*0702 complex),
wherein the TCR comprises a Va having CDRIg, CDR2e, and CDR3g, and a VP having
CDRIB, CDR2B, and CDR3B, and wherein the CDR1a, CDR2a, CDR3a, CDRIB, CDR2B,
and CDR3B comprise the amingo acid sequences set forth i SEQ ID NQOs: 15, 20, 25, 30, 35,
and 40, respectively.
[00163]  In certain embodiments, the instant disclosure provides a TCR {e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 {e.g., a TCR that binds to a EPR|pSIPSHSM (SEQ 1D NO: 45)-HLA-B*0702 complex),
the TCR comprising a Va having an amino acid sequence that is at least 75%, 80%, 85%,
90%, 95%, or 100% {e.g., at least 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99%)
identical to the amino acid sequence set forth in SEQ ID NGO 1,3, 5, 7, 86, 88, or 106, In
certain embodiments, the TCR comprises a Vg having the amino acid sequence set forth in
SEQ ID NG: 1, 3, 5, 7, 86, 88, or 106, In certain embodiments, the instant disclosure
provides a TCR (e.g., an isolated TCR) that binds to a peptide consisting of the amino acid
sequence set forth in SEQ 1D NO: 45 {e.g, a TCR that binds to a EPR|pS|PSHSM (SEQ D
NO: 45)-HLA-B*0702 complex), the TCR comprising a Va having an amino acid sequence
that 1s at least 75%, 80%, 83%, 90%, 95%, or 100% (e.g . at least 86, 87, &8, &9, 80, 91, 92,
03, 94, 95, 96, 97, 98 or 99%) identical to the amino acid sequence set forth in SEQ 1D NO:
86. In certain embodiments, the TCR comprises a Vo having the amino acid sequence set
forth in SEQ 1D NQO: 86,
(00164}  In certain embodiments, the nstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 (e.g., a TCR that binds to a EPR[pSIPSHSM (SEQ ID NO: 45)-HLA-B*(702 complex),
the TCR comprising a VB having an amino acid sequence that is at least 75%, 80%, 85%,
90%, 95%, or 100% (e.g., at lcast 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99%)
identical to the amino acid sequence set forth in SEQ 1D NO: 2, 4, 6, 8, 87, 89, 107, or 108,
In certain embodiments, the TCR comprises a V] having the amino acid sequence set forth in
SEQ ID NO: 2,4, 6, 8 87, 89, 107, or 108, In certain embodiments, the instant disclosure
provides a TCR {e.g., an 1solated TCR) that binds to a peptide consisting of the amino acid
sequence set forth i SEQ 1D NG: 43 (e.g., a TCR that binds to a EPR[pS]PSHSM (SEQ [D
NO: 45)-HLA-B¥0702 complex), the TCR comprising a VP having an amino acid sequence
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that is at feast 75%, 80%, 85%, 90%, 95%, or 100% (e.g., at lcast 86, 87, 88, 89, 99, 91, 92,
03, 94, 95, 96, 97, 98 or 99%) identical {o the amino acid sequence set forth in SEQ 1D NO:
87. In certain embodiments, the TCR comprises a VB having the aming acid sequence set
forth in SEQ ID NO: 87.
(00165}  In certain embodiments, the nstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
47 (e.g., a TCR that binds to a RVR|pSIPTRSP (SEQ ID NO: 47)-HLA-B*0702 complex),
the TCR comprising a Vo having an amino acid sequence that is at least 75%, 80%, §5%,
90%, 95%, or 100% (e.g., at least 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99%)
identical to the amino acid sequence set forth in SEQ 1D NO: 9. In certain embodiments, the
TCR comprises a Vo haviog the amino acid sequence set forth in SEQ ID NG: 9.
[00166]  In certain embodiments, the nstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
47 (e.g.. a TCR that binds to a RVR|pSIPTRSP (SEQ ID NG: 47)-HLA-B*0702 complex),
the TCR comprising a VB having an amino acid sequence that is at least 73%, 80%, 85%,
90%, 95%, or 100% (e.g., at least 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99%)
identical to the amino acid sequence set forth m SEQ ID NO: 10, In certain embodiments,
the TCR comprises a VB having the amino acid sequence set forth in SEQ D NO: 10.
(001671  In certamm embodiments, the mstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
45 (e.g.. a TCR that binds to a EPRpSIPSHSM (SEQ ID NG: 45)-HLA-B*0702 complex),
the TCR comprising a Va having an amino acid sequence that is at least 75%, 80%, 85%,
90%, 95%, or 100% (e.g., at least 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99%)
identical to the aming acid sequence set forth in SEQ IDNQO: 1,3,5,7, 86, 88, 106, and a VJ
having an amino acid sequence that is at least 75%, 80%, 85%, 90%, 95%, or 100% {e.g., at
least 86, 87 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99%) identical to the amine acid
sequence set forth in SEQ ID NG: 2, 4, 6, & 87, 89, 107, or 108, In certain embodiments, the
TCR comprises a Vo and a VP comprising the amino acid sequences set forth 1 SEQ ID
NOs: land 2, 3and 4, 5 and 6, 7 and 8, 86 and 87, 88 and 8%, 106 and 107, 7 and 108,
respectively. In ceriain embodiments, the instant disclosure provides a TCR (e.g., an isolated
TCR) that binds 1o a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 (e.g., a TCR that binds to a EPR|pS|PSHSM (5EQ ID NG: 45)-HLA-B*0702 complex),
the TCR compnising a Va having an anmino acid sequence that is at least 75%, 80%, 85%,
80%, 95%, or 100% {e.g, at lcast 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99%,)
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identical to the amino acid sequence set forth i SEQ ID NO: 86, and a VP having an amino
acid sequence that is at least 75%, 80%, 85%, 90%, 95%, or 100% (e.g., at least 86, §7, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99%) identical to the aming acid sequence set forth in
SEQ ID NG: 87, In certain embodiments, the TCR comprises a Va and a VJ comprising the
amino acid scquences set forth m SEQ 1D NOs: 86 and 87, respectively.
[00168] In certamm embodiments, the mstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
47 (e.gz.. a TCR that binds to a RVR|pSIPTRSP (SEQ ID NOG: 47)-HLA-B*0702 complex),
the TCR comprising a Vo having an amino acid sequence that is at least 75%, 80%, 85%,
S0%, 95%, or 100% (e.g., at lcast 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99%}
identical to the amino acid sequence set forth i SEQ 1D NO: . and a VP having an amino
acid sequence that is at least 75%, 80%, 85%, 90%, 95%, or 100% (e.g., at least 86, 87, 88,
89, 00, 91, 92, G394, 95, 96, 97, 98 or 99%) identical to the amino acid sequence set forth in
SEQ ID NG: 10. In certain embodimenis, the TCR comprises a Va and a VB comprising the
aming acid sequences set forth in SEQ 1D NOs: 9 and 10, respectively.
[00169]  In certain embodiments, the instant disclosure provides a TCR {e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth m SEQ 1D NQO:
45 {e.g., a TCR that binds to a EPR|pSIPSHSM (SEQ 1D NO: 45)-HLA-B*0702 complex),
the TCR comprising a Va having an amino acid sequence derived from a human TRAV27
germling sequence {e.g., comprising the amino acid sequence of SEQ ID NG: 73). One or
more regions selected from framework 1, framework 2, framework 3, CDR1g, and CDR2g
{e.g., two, three, four, or five of these regions) can be derived from a human TRAV2Y
germline sequence {e.g., comprising the amino acid sequence of SEQ ID NO: 73). In certain
embodiments, framework 1, framework 2, framework 3, CDR1g, and CDRZa are all derived
from a buman TRAV27 germline sequence {(e.g., comprising the anino acid sequence of SEQ
ID NGO: 73). In certam embodiments, the TCR comprises a Va having an amino acid
sequence derived a human TRAV27 germline sequence (e.g., comprising the amino acid
sequence of SEQ ID NO: 73} and a CDR 3¢ having the amino acid sequence set forth in SEQ
D NG 21
(001701  In certain embodiments, the instant disclosure provides a TCR {e.g., an isolated
TCR) that binds 1o a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 (e.g., a TCR that binds to a EPR|pS|PSHSM (5EQ ID NG: 45)-HLA-B*0702 complex),
the TCR compnising a VB having an amino acid sequence derived from a human TRBV27
germling sequence {e.g., comprising the amino acid sequence of SEQ ID NG: 74). One or
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more regions selected from framework 1, framework 2, framework 3, CDRIB, and CDR2jB
{e.g.. two, three, four or five of these regions) can be derived from a human TRBVY27
germline sequence {e.g., comprising the amino acid sequence of SEQ ID NO: 74). In certain
embodiments, framework 1, framework 2, framework 3, CDR1B, and CDR2B are all derived
from a buman TRBV27 germline sequence (e.g., comprising the amino acid scquence of SEQ
ID NO: 74). In certam embodiments, the TCR comprises a VB having an amino acid
sequence derived from a human TRBY27 germline sequence {e.g., comprising the amino acid
sequence of SEQ 113 NO: 74) and a CDR3P having the amino acid sequence set forth m SEQ
D NG: 36.

(00171}  In certain embodiments, the mstant disclosure provides a TCR (e.g., an isolated
TCR) that binds 1o a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 (e.g., a TCR that binds to a EPR|pS|PSHSM (5EQ ID NG: 45)-HLA-B*0702 complex),
the TCR comprising a Vo having an amino acid sequence dertved from a human TRAV10
germling sequence (e.g., comprising the amino acid sequence of SEQ 1D NG: 75}, One or
more regions selected from framework 1, framework 2, framework 3, CDRIg, and CDR2g
{e.g., two, three, four, or five of these regions) can be derived from a human TRAVIG
germline sequence {e.g., compnsing the aminoe acid sequence of SEQ ID NQO: 73). In certain
embodiments, framework 1, framework 2, framework 3, CDR1g, and CDR2a are all derived
from a human TRAV10 germline sequence (e.g., comprising the amino acid sequence of SEQ
IBD NO: 75). In certain embodiments, the TCR comprises a3 Va having an amino acid
sequence derived a buman TRAVIO germline sequence (e.g.. comprising the amino acid
sequence of SEQ 113 NO: 75) and a CDR 3¢ having the amino acid sequence set forth in SEQ
IDNG: 22,

(00172} In certain embodiments, the mstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 (e.g., a TCR that binds to a EPR[pSIPSHSM (SEQ ID NO: 45)-HLA-B*(702 complex),
the TCR comprising a VB having an amino acid sequence derived from a human TRBV12-3
germling sequence (e.g., comprising the amino acid sequence of SEQ 1D NO: 76). One or
more regions selected from framework 1, framework 2, framework 3, CDRIB, and CDR2B
{e.g.. two, three, four or five of these regions) can be derived from a human TRBV12-3
germline sequence {e.g., comprising the amino acid sequence of SEQ ID NQO: 76). In certain
embodiments, framework 1, framework 2, framework 3, CDRI1B, and CDR2P are all derived
from a human TRBV12-3 germline sequence (e.g., comprising the amino acid sequence of
SEQ ID NO: 76). In certain embodiments, the TCR comprises a VP having an amino acid
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sequence derived from a huwman TRBV12-3 germline sequence (e g, comprising the amino
acid sequence of SEQ ID NG: 76) and a CDR3B having the amino acid sequence set forth in
SEQIDNO: 37.

(00173} In certain e¢mbodiments, the instant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 (e.g., a TCR that binds to a EPR[pSIPSHSM (SEQ ID NO: 45)-HLA-B*(702 complex),
the TCR comprising a Ve having an amino acid sequence derived from a human TRAVE4
germiine scguence {e.g., comprising the amino acid scquence of SEQ 1D NO: 77). One or
more regions selected trom framework 1, framework 2, framework 3, CDR1g, and CDR2a
(e.g., two, three, four, or {ive of these regions) can be derived from a haman TRAVS-4
germline sequence {e.g., comprising the amino acid sequence of SEQ ID NQO: 77). In certain
cmbodiments, framework 1, framework 2, framework 3, CDR1a, and CDR2a are all derived
from a human TRAVSE-4 germline sequence {e.g., comprising the amino acid sequence of
SEQ 1D NO: 77). In certain embodiments, the TCR comprises a Ve having an amino acid
sequence derived a human TRAVSE-4 germline scquence {e.g, comprising the amino acid
sequence of SEQ 1D NO: 77) and a CDR3a having the amino acid sequence set forth in SEQ
D NO: 23.

(00174} In certain embodiments, the instant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
45 (e.g., a TCR that binds to a EPR[pSIPSHSM (BEQ ID NO: 45)-HLA-B*0702 complex),
the TCR comprising a V§ having an amino acid sequence denved from a buman TRBVS
germiine scguence {(e.g., comprising the amino acid scquence of SEQ 1D NO: 78). One or
more regions selected from framework 1, framework 2, framework 3, CDRIB, and CDR2j
{e.g., two, three, four or five of these regions} can be derived from a human TRBVY germbine
sequence (e.g., comprising the amino acid sequence of SEQ D NO: 78). In certain
embodiments, framework 1, framework 2, framework 3, CORI1P, and CDR2B are all derived
from a human TRBVY germline sequence (e.g., comprising the amino acid sequence of SEQ
ID NO: 78). Io certain embodiments, the TCR comprises a VB having an aminc acid
sequence dertved from a human TRBVY gemmline sequence {e.g., comprising the amino acid
sequence of SEQ 1D NO: 78) and a CDR3P having the amino acid sequence set forth m SEQ
D NO: 38

(00175}  In certain embodiments, the nstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
45 (e.g., a TCR that binds to a EPR[pSIPSHSM (BEQ ID NO: 45)-HLA-B*0702 complex),
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the TCR comprising a Vo having an amino acid sequence derived from a human TRAV20
germiime scquence (e.g., comprising the amino acid sequence of SHQ ID NO: 79). One or
more regions selected from framework 1, framework 2, framework 3, CDR1g, and CDR2a
{e.g., two, three, four, or five of these regions) can be derived from a human TRAVZD
germiing sequence (e.g., comprising the amino acid sequence of SEQ 1D NO: 79). In certain
cmbodiments, framework 1, framework 2, framework 3, CDR g, and CDR2¢ are all derived
from a human TRAV20 germline sequence {(e.g., comprising the amino acid sequence of SEQ
ID NO: 79).  In certain cmbodiments, the TCR comprises a Va having an amino acid
sequence derived a human TRAV20 germline sequence (e.g., comprising the amino acid
seqaence of SEQ 1D NO: 79) and a CDR3a having the amino acid sequence set forth in SEQ
D NO: 24,

[00176]  In certain embodiments, the nstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
45 (e.g.. a TCR that binds to a EPRpSIPSHSM (SEQ ID NG: 45)-HLA-B*0702 complex),
the TCR comprising a VP having an amino acid sequence derived from a human TRBV7-9
germiime scquence (e.g., comprising the amino acid sequence of SEQ 1D NO: 80). One or
more regions selected from framework 1, framework 2, framework 3, CDRI1B, and CDR2ZJ
{e.g., two, three, four or five of these regions) can be derived from a human TRBY7-9
germiling sequence {e.g., comprising the amino acid sequence of SEQ 1D NO: 80). In certain
embodiments, framework 1, framework 2, framework 3, CDRIB, and CDR2B are all derived
from a human TRBV7-9 germline sequence {e.g., comprising the amino acid sequence of
SEQ 1D NO: 80). In certain embodments, the TCR comprises a V§ having an amino acid
sequence derived from a human TRBV7-9 germline sequence {(e.g., comprising the ammno
actd sequence of SEQ ID NOG: 80) and a CDR3B having the amino acid sequence set forth m
SEQ 1D NO: 39.

(001771  In certain embodiments, the mstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
47 (e.g.. a TCR that binds to a RVR|pSIPTRSP (SEQ ID NG: 47)-HLA-B*0702 complex),
the TCR comprising a2 Vo having an amino acid sequence dernived from a buman TRAV2I
germiime scquence (e.g., comprising the amino acid sequence of SHQ ID NO: 81). One or
more regions selected from framework 1, framework 2, framework 3, CDR1g, and CDRZ2a
(e.g., two, three, four, or five of these regions) can be derived from a human TRAV2I
germiling sequence {e.g., comprising the amino acid sequence of SEQ 1D NO: 81). In certain
embodiments, framework 1, framework 2, framework 3, CDR1a, and CDR2g are all derived
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from a human TRAV21 germline sequence (e.g., comprising the amino acid sequence of SEQ
ID NO: 81). In certain embodiments, the TCR comprises a Va having an anuno acid
sequence derived a human TRAV21 germline sequence {e.g., comprising the amino acid
sequence of SEQ 1D NO: 81) and a CDR3a having the amino acid sequence set forth in SEQ
D NO: 25,

[00178] In certamm embodiments, the mstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
47 (e.gz.. a TCR that binds to a RVR|pSIPTRSP (SEQ ID NOG: 47)-HLA-B*0702 complex),
the TCR comprising a VP having an amino acid seguence derived from a human TRBVS-
germline sequence (e.g., comprising the amino acid sequence of SHQ ID NO: 823 One or
more regions selected from framework 1, framework 2, framework 3, CDRIB, and CDR2B
(e.z., two, three, four or five of these regions) can be derived from a human TRBVS-1
germling sequence (e.g., comprising the amino acid sequence of SEQ 1D NO: 82). In certain
embodiments, framework 1, framework 2, framework 3, CDRIB, and CDR2B are all derived
from a human TRBVS-1 germline sequence {e.g., comprising the amino acid sequence of
SEQ ID NO: 82). In certain embodiments, the TCR comprises a VP having an amino acid
seqaence derived from a homan TRBV3-1 germbine sequence {e.g., comprising the amino
acid sequence of SEQ ID NO: 82) and a CDR3B having the amino acid sequence set forth in
SEQ ID NG: 40.

(00179}  In certain embodiments, the nstant disclosure provides 2 TCR (e.g., an isolated
TCR) that binds 10 a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
45 (e.g.. a TCR that binds to a EPR|pS|PSHSM (SEQ ID NG: 45)-HLA-B*0702 complex),
the TCR comprising an a chain and a B cham comprising the amino acid sequences set forth
in SEQ ID NOs: 249 and 250, 251 and 252, 253 and 254, 235 and 256, or 257 and 238,
respectively. In certain embodiments, the instant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
45 (e.g., a TCR that binds to a EPR[pSIPSHSM (BEQ ID NO: 45)-HLA-B*0702 complex),
the TCR comprising an o chain and a § chain comprising the amino acid sequences set forth
i SEQ 1D NOGs: 249 and 250, 251 and 252, 253 and 254, 255 and 236, or 257 and 258,
respectively. In certain embodiments, the a chan further comprises the amino acid sequence
of GSGATNFSLLKQAGDVEENPG (SEQ 1D NO: 93) at the Cotermuinus, or the B chain
further comprises the anino acid sequence of GRGATNFSLLKQAGDVEENPG (SEQ 1D
NO: 93) at the C-terminus. In certain embodiments, the o chain further comprises the amino
acid sequence of GS at the C-terminus, or the § chain further comprises the amino acid
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sequence of G5 at the C-terminus. In certain embodiment, the @ chain further comprises the
ammo acid sequence of GS at the C-terminus, and the B chain further comprises the amino
acid sequence of GSGATNFSLLKQAGDVEENPG (SEQ ID NG: 93) at the C-terminus.
{00180}  In certain e¢mbodiments, the instant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
45 (e.g., a TCR that binds to a EPR[pSIPSHSM (SEQ ID NO: 45)-HLA-B*(702 complex),
the TCR comprising an o chain and a § chain comprising the amino acid sequences set forth
in SEQ 1D NQOs: 58 and 59, respectively.  In certain embodiments, the instant disclosurce
provides a TCR (e.g., an isolated TCR) that binds to a peptide consisting of the ammo acid
sequence set forth in SEQ 1D NO: 45 (2.2, a TCR that binds to 2 EPR[pS|PSHSM (SEQ ID
NG 45)-HLA-B*0702 complex), the TCR comprising an ¢ chain and a P chain comprising
the ammo acid sequences set forth in SEQ D) NOs: 58 and 60, respectively.  In certain
embodiments, the o chain further comprises the amino acid sequence of
GSGATNFSLLKQAGDVEENPG {(SEQ 1D NO: 93) at the C-terminus, or the B chain further
comprises the amino acid sequence of GRSGATNFSLLKQAGDVEENPG (SEQ 13 NO: 93)
at the C-terminus. In certain embodiments, the a chain further comprises the amino acid
sequence of GS at the C-terminus, or the § chain further comprises the aming acid sequence
of G5 at the C-terminus.  In certain embodiment. the o chain forther comprises the amino
acid secquence of GS at the C-terminus, and the B chain further compnises the amuno acd
sequence of GSGATNFSLLKQAGDVEENPG (SEQ ID NO: 93) at the C-terminus. In
certain embodiments, the ¢ chain and the B chain comprise the amino acid sequences set forth
in SEQ 1D NOs: 236 and 237, respectively. In certain embodiments, the o chain comprises
an amino acid sequences selected from the group consisting of SEQ D NOa: 58, 236, 259,
260, 272, and 261, and the B chain further comprises an aming acid sequences selected {rom
the group consisting of SEQ 1D NOs: 39, 237, 262, 263, 264, 273, and 60, respectively.
(00181} In certamm embodiments, the mstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
45 (e.g.. a TCR that binds to a EPRpSIPSHSM (SEQ ID NG: 45)-HLA-B*0702 complex),
the TCR comprising an @ chain and a B chain comprising the amino acid sequences set forth
i SEQ 1D NOs: 61 and 62, respectively.  In certain embodiments, the instant disclosure
provides a TCR (e.g., an isolated TCR) that binds to a peptide consisting of the amino acid
sequence sot forth in SEQ ID NGO 45 (e.g., a TCR that binds to a EPR[pS|PSHSM (SEQ D
NO: 45)-HLA-B*0702 complex), the TCR comprising an o chain and a § chain comprising
the amino acid sequences set forth in SEQ 1D NQOs: 61 and 63, respectively.  In certain
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cmbodiments, the o chain further comprises the amino acid sequence of
GSGATNFSLLKQAGDVEENPG (SEQ ID NO: 93) at the C-terminus, or the B chain further
comprises the amino acid sequence of GSGATNFSLLKQAGDVEENPG (SEQ D NO: 93)
at the C-terminus.  In certain embodiments, the o chain further comprises the amino acid
sequence of GS at the C-terninus, or the § chain further comprises the amine acid sequence
of GS at the C-terminus.  In certain embodiment, the ¢ cham further comprises the amino
acid sequence of GS at the C-terminus, and the B chain {urther comprises the amino acid
sequence of GSGATNFSLLKOQAGDVEENPG (SEQ 1D NGO 93) at the C-terminus.

[00182]  In certain embodiments, the instant disclosure provides a TCR {e.g., an isolated
TCR) that binds to a peptide conststing of the amino acid sequence set forth m SEQ 1D NO:
45 {e.g., a TCR that binds to a EPR|pSIPSHSM (SEQ 1D NO: 45)-HLA-B*0702 complex),
the TCR comprising an a chain and a § chain comprising the amino acid sequences set forth
m SEQ ID NQs: 64 and 63, respectively.  In certain embodiments, the matant disclosure
provides a TCR {e.g., an isolated TCR) that binds o a peptide consisting of the amino acid
scquence set forth in SEQ ID NO: 45 (e.z., a TCR that binds to a EPR|pS|PSHSM (SEQ 1D
NG 43)-HLA-B*0702 complex), the TCR comprising an « chain and a B chain comprising
the amino acid sequences set forth in SEQ ID NQGs: 64 and 66, respectively.  In certam
embodiments, the e chain forther comprises the amino acid sequence of
GSGATNFSLLEKQAGDVEENPG (SEQ 1D NO: 93) at the C-termunus, or the B chain further
comprises the amimo acid sequence of GSGATNFSLLKQAGDVEENPG (SEQ ID NO: 93)
at the C-terminus. In certain embodiments, the o chain further comprises the amino acid
sequence of GS at the C-terminus, or the B chain further comprises the amino acid scquence
of G5 at the C-erminus. In certain embodiment, the a chamn further comprises the amino
acid sequence of GS at the C-terminus, and the B cham further comprises the amingo acid
sequence of GSGATNFSLLKQAGDVEENPG (5EQ D NO: 93) at the C-terminus.

[00183] In certam embodiments, the mstant disclosure provides a TCR (e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth in SEQ 1D NO:
45 (e.g.. a TCR that binds to a EPRpSIPSHSM (SEQ ID NG: 45)-HLA-B*0702 complex),
the TCR comprising an @ chain and a B chain comprising the amino acid sequences set forth
i SEQ 1D NOs: 67 and 68, respectively.  In certain embodiments, the instant disclosure
provides a TCR {e.g., an isolated TCR) that binds to a peptide consisting of the amino acid
sequence sot forth in SEQ ID NGO 45 (e.g., a TCR that binds to a EPR[pS|PSHSM (SEQ D
NO: 45)-HLA-B*0702 complex), the TCR comprising an « chain and a § chain comprising
the amino acid sequences set forth in SEQ 1D NQOs: 67 and 09, respectively.  In certain

78



10

30

WO 2019/046856 PCT/US2018/049397

cmbodiments, the o chain further comprises the amino acid sequence of
GSGATNFSLLKQAGDVEENPG (SEQ ID NO: 93) at the C-terminus, or the B chain further
comprises the amino acid sequence of GSGATNFSLLKQAGDVEENPG (SEQ D NO: 93)
at the C-terminus.  In certain embodiments, the o chain further comprises the amino acid
sequence of GS at the C-terninus, or the § chain further comprises the amine acid sequence
of GS at the C-terminus.  In certain embodiment, the ¢ cham further comprises the amino
acid sequence of GS at the C-terminus, and the B chain {urther comprises the amino acid
sequence of GSGATNFSLLKOQAGDVEENPG (SEQ 1D NGO 93) at the C-terminus.

[00184] In certain embodiments, the instant disclosure provides a TCR {e.g., an isolated
TCR) that binds to a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
47 {e.g., a TCR that binds to a RVR{pSIPTRSP (SEQ ID NO: 47)-HLA-B*0702 complex),
the TCR comprising an a chain and a § chain comprising the amino acid sequences set forth
m SEQ ID NQs: 70 and 71, respectively.  In certain embodiments, the matant disclosure
provides a TCR {e.g., an isolated TCR) that binds o a peptide consisting of the amino acid
sequence set forth in SEQ ID NO: 45 (e.z., a TCR that binds to a EPR|pS|PSHSM (3EQ 1D
NG 43)-HLA-B*0702 complex), the TCR comprising an « chain and a B chain comprising
the amino acid sequences set forth in SEQ ID NQGs: 70 and 72, respectively.  In certam
embodiments, the e chain forther comprises the amino acid sequence of
GSGATNFSLLEKQAGDVEENPG (SEQ 1D NO: 93) at the C-termunus, or the B chain further
comprises the amimo acid sequence of GSGATNFSLLKQAGDVEENPG (SEQ ID NO: 93)
at the C-terminus. In certain embodiments, the o chain further comprises the amino acid
sequence of GS at the C-terminus, or the B chain further comprises the amino acid scquence
of G5 at the C-erminus. In certain embodiment, the a chamn further comprises the amino
acid sequence of GS at the C-terminus, and the B cham further comprises the amingo acid
sequence of GSGATNFSLLKQAGDVEENPG (5EQ D NO: 93) at the C-terminus.

[00185]  In another aspect, provided herein are TCRs which bind to the same epitope (e.g.,
the same amino acid residues) of a peptide comprising the amino acid sequence set forth in
SEQ ID NO: 45 or 47 as the TCRs described supra. In certain embodiments, the peptide is in
complex with an MHC as described supra (e.g., HLA-B*0702). In certain embodiments, the
TCR comprises sequences that do not natarally exist within the TCR. germbine repertoire of
an ammal or mamamal {e.g., human} in vivo.

[00186] In one aspect, provided hercin is a TCR that binds to one, two, three, or all four
of: 1) a peptide consisting of the amino acid sequence set forth mw SEQ 1D NO: 43, 1) a
peptide consisting of the amino acid sequence set forth 1o SEQ ID NG: 51, 1) a peptide
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consisting of the aminc acid sequence set forth in SEQ 1D NG 36, and iv) a pepiide
consisting of an amino acid sequence selected from the group consisung of SEQ ID NOs:
117, 128, 135, 192, and 233. In one embodiment, the TCR does not bind to, or does not
substantially bind to: 1} a peptide consisting of the amino acid sequence set forth in SEQ 1D
NQO: 46, 11} a peptide consisting of the amino acid sequence set forth in SEQ 1D NOG: 49, 50,
52,53, 54, 55, or 57, or 11) a peptide consisting of the amino acid sequence set forth in SEQ
ID NG 47, or iv) any combination thereof, ¢.g., as measured in a flow cytometry analysis or
a Biacore analysis. In one embodiment, the TCR does not bind to, or docs not substantially
bind to, any of’ 1) a peptide consisting of the amino acid sequence set forth m SEQ 1D NO:
46, 1} a peptide consiating of the amino acid sequence set forth m SEQ 1D NO: 49, ni) a
peptide consisting of the amino acid sequence set forth m SEQ IB NO: 50, v} a peptide
consisting of the amino acid sequence set forth 1 SEQ 1D NO: 52, v) a poptide consisting of
the amino acid sequence set forth 1n SEQ D NO: 53, vi) a peptide consisting of the amino
acid scquence set forth i SEQ ID NG: 54, vii) a peptide consisting of the amino acid
sequence set forth in SEQ 1D NG: 55, viu) a peptide consisting of the amino acid sequence
set forth in SEQ [ NO: 37, and 1x) a peptide consisting of the amino acid scquence set forth
in SEQ ID NO: 47, ¢.g., as measured in a flow cytometry analysis or a Biacore analysis. In
one embodiment, the binding between the TCR and a peptide consisting of the amino acid
sequence set forth i SEQ ID NG: 46, 49, 30, 52, 53, 34, 55, 57, or 47 1s substantially
weakened (¢.g., s weakened by at feast 30%,, 40%, 50%, 60%, 70%, 80%, or 30%) relative to
the binding between the TCR and a peptide consisting of the amino acid sequence sct forth in
SEQ 1D NO: 45, 51, 56, 117, 128, 135, 192, or 233, ¢.g., as measured in a flow cytometry
analysis or a Biacore analysis.

[00187] In one aspect, provided herein 18 3 TCR, whersin when the TCR 1s expressed on
the surface of a T cell, the T cell ig activated: 1) when co-cultured with a second cell
displaving a peptide consisting of the amino acid sequence set forth in SEQ ID NG: 45, n)
when co-cultured with a second cell displaving a peptide consisting of the amino acd
sequence set forth in SEQ ID NO: 51; ui) when co-cultured with a second cell displaying a
peptide consisting of the amino acid sequence set forth in SEQ ID NO: 56, or when co-
cultured with a second cell displaying a peptide consisting of the amino acid sequence set
forth 1o SEQ 1D NOs: 117, 128, 135, 192, and 233, or v) any combination thereof, ¢.g., as
measured by an assay described hercin, ¢.g., as measured using an IL-2-(NFATR-EGFP
reporier construct. In one embodiment, when the TCR 15 expressed on the surface of a T cell,
the T cell 1s not activated, or 1s not substantially activaied: 1) when co-cultured with a second
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cell displaving a peptide consisting of the amine acid sequence set forth 1o SEQ D NO: 46,
i) when co-cultured with a second cell displaying a peptide consisting of the amino acid
sequence set forth in SEQ ID NG: 49, 50, 52, 53, 54, 55, or 57, or i1} when co-cultured with
a second cell displaying a peptide consisting of the amino acid sequence set forth in SEQ D
WNQO: 47, or iv) any combination thereof, ¢.g., as measured by an assay described herein, ¢.g.,
as measured using an [L-2-(NFAT)-EGFP reporter construct. In one embodiment, when the
TCR is expressed on the surface of a T cell, the T cell is not activated, or is not substantially
activated, when co-culivred with a sccond cell displaying any of the following peptides: 1) a
pepiide consisting of the amino acid sequence set forth in SEQ ID NO: 46, 1) a peptide
consisting of the amino acid sequence set forth in SEQ 1D NO: 49, i11) a peptide consisting of
the amino acid sequence set forth 1n SEQ ID NO: 30, iv) a peptide consisting of the amino
acid sequence set forth m SEQ [0 NO: 32, v) a peptide consisting of the amino acid sequence
set forth m SEQ ID NO: 53, vi) a peptide consisting of the amino acid sequence set forth in
SEQ ID NG: 54, vi) a peptide consisting of the amino acid sequence set forth in SEQ ID
NG: 55, vt} a peptide consisting of the amino acid sequence set forth i SEQ D NG: 57,
and 1x} a peptide consisting of the amino acid sequence set forth in SEQ ID NO: 47, e.g., as
measured by an assay described herein, e.g., as measwred using an IL-2-(NFAT,-EGFP
reporter construct. In one embodiment, when the TCR 1s expressed on the surface of a T cell,
the activation of the T cell 1s substantially weakened (¢.g., 15 weakened by at least 30%, 40%,
50%, 60%, 70%, 80%, or 90%) when the T cell 15 co-cultured with a second cell displaving a
peptide consisting of the amine acid sequence set forth in SEQ 1D NO: 46, 49 50, 52, 53, 54,
35, 57, or 47 relative to the activation of the T cell when the T cell is co-cultured with a third
cell displayving a peptide consisting of the amimo acid sequence set forth in SEQ 1D NGO: 43,
51,56, 117, 128, 135, 192, or 233, ¢.g., as measured by an assay described herein, ¢.g., using
an assay comprising the following steps: (a) expressing the test TCR in a T cell comprising
an IL~-2-(NFAT);-EGFP reporter construct; (b) pulsing a HLA-B#*0702 positive T2 cell (“T2-
B7 cell™) with the first peptide or the second peptide; (¢) co-culturing the TCR-expressing T
cell with the peptide-pulsed T2-B7 target cell at a ratio of 1.2 for 16 hours at 37°C and 10%
COy; (d) analvzing the expression of TCR and EGFP using flow cvtometry; (e} deicrmining
the percentage of TCR+ EGFP+ cells; and () detervining the reduction of T cell activation
when co-cultured with a T2-B7 target cell displayving the first peptide relative to when co-
cultured with a T2-B7 target cell displayving the second peptide based on the respective

percentages of TCRAEGFP+ cells.
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[00188] Any TCR constant region {rom any species can be used m the TCRs disclosed
herein. In certain embodiments, the TCR comprises a human «, 8, v, or § TCR constant
region. In certain embodiments, the TCR comprises a wild-type constant region. In certain
embodiments, the TCR comprises an aliered constant region, such as a chimeric constant
region of constant region comprising one or more aming acid substitutions, insertions, or
deletions relative to a wild-type constant region. In some embodiments, the TCR comprises
an @ chain comprising an & chain constant region of SEQ 1D NO: 41, In some embodiments,
the TCR comprises an ¢ chain comprising an @ chain constant region of SEQ 1D NO: 42, In
some embodiments, the TCR comprises a f cham comprising a § chain constant region of
SEQ ID NG: 43 or 44, In certain embodiments, the TCR comprises a mouse TCR constant
region. In certain embodiments, the TCR comprises a wild-type mouse constant region. In
certain embodiments, the TCR comprises an altered mouse constant region, such as a
chimeric constant region or constant region comprising one or more amino acid substitulions,
insertions, or deletions relative to a wild-type mouse constant region. In some embodiments,
the TCR comprises an o chain comprising an ¢ chain constant region of SEQ D NO: 247, o
some embodiments, the TCR comprises a f cham comprising a B chain constant region of
SEQ 1D NO: 248,

(00189} The TCRs disclosed herem can be used i any TCR structural format.  For
example, 1 certain embodiments, the TCR 1s a full-length TCR comprismg a full-length o
chain and a full-length B chain.  The transmembrane regions {and optionally also the
cvioplasmic regions) can be removed from a full-length TCR to produce a scluble TCR.
Accordingly, in certain embodiments, the TCR is a soluble TCR lacking transmembranc
and/or cytoplasmic region(s). The methods of producing soluble TCRs are well-known in the
art. In some embodiments, the soluble TCR comprises an engineered disulfide bond that
facilitates dimerization, see, e.g, U.S. Patent No. 7329731, which is mcorporated by
reference heremn n s entirety. In some embodiments, the soluble TCR 1s generated by
fusing the extracellular domain of a3 TCR described herein to other protein domains, e.g.,
maltose binding protein, thioredoxin, human constant kappa domain, or leucine zippers, see,
e.g., Loset et al, Front Oncol. 2014; 4: 378, which is incorporated by reference herein in its
enfirety. A single-chain TCR (s¢TCR) comprising Va and VP linked by a peptide linker can
also be generaled. Such scTCRs can comprise Vo and VB, each linked to a TCR constant
region. Altematively, the scTCRs can comprise Va and VB, where cither the Ve, the VB, or
both the Va and VP are not Iinked to a TCR constant region. Exemplary s¢TCRs are
described m PCT Publication Nos. WO 2003/020763, WO 2004/033685, and WO
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2011/044186, cach of which is incorporated by reference hercin in #s entirety. Furthermore,
the TCRs disclosed herem can comprise two polypeptide chains {e.g., an o chain and a B
chain) in which the chains have been engincered to each have a cysieine residae that can form
an interchain disulfide bond.  Accordingly, in certain embodiments, the TCRs disclosed
herein comprise two polypeptide chains linked by an engincered disulfide bond. Exemplary
TCRs having an enginecred disulfide bond are desenibed 1n ULS. Patent Nos. 8,361,794 and
8,906,383, each of which ts mcorporated by reference herein n s entirety.
[00190]  In certain embodiments, the TCRs disclosed herein comprise one or more chains
{e.g.. an o chain and/or a B chain) having a {ransmembrane region. In certain embodiments,
the TCRs disclosed herein comprise two chains {e.g., an ¢ chain and a § chain) having a
transmembrane region. The transmembrane region can be the endogenous transmembrane
region of that TCR chain, a variant of the ecndogenous iransmembrane region, or a
heterologous transmembrane region.  In certain embodiments, the TCRs disclosed herein
comprise an ¢ chain and a §§ chain having endogenous transmembrane regions.
[00191]  In certain embodiments, the TCRs disclosed herein comprise one or more chains
{(e.g., an o chain and/or a B chain) having a cytoplasmic region. In certain embodiments, the
TCRs disclosed herein comprise two chamms {(e.g., an ¢ chain and a § chain) gach having a
cytoplasmic region. The cytoplasmic region can be the endogenous cvioplasmic region of
that TCR chain, variant of the endogenous cvioplasmic region, or a heterologous cvtoplasmic
region. In certain embodiments, the TCRs disclosed herein comprise two chains {e.g an g
chain and a B chain} where both chains have transmembrane regions bt one chain is lacking
a cvioplasmic region. In cortain embodiments, the TCRs disclosed hercin comprise two
chains {e.g., an ¢ chain and a B chain) where both chains have endogenous transmembrane
regions but lack an endogenous cytoplasmic region. In certain embodiments, the TCRs
disclosed herein comprisc an a chain and a § chain where both chains have cndogenous
iransmembrane regions but lack an endogenous cyioplasmic region. In certain embodiments,
the TCRs diselosed herein comprise a co-stimulatory signaling region from a co-stinnilatory
molecule; see, e.g., PCT Publication Nos.: WO 1996/018105, WO 1999/057268, and WO
2000/031239, and U5, Patent No. 7,052,906, all of which incorporated herem by reference in
their entircties.
(00192} In certain embodiments, the TCRs described herein bind 1o a peptide-MHC
complex comprising a peptide having the amino acid sequence set forth in SEQ ID NO: 45 or
47, wherein the MHC may be any MHC. In certain embodiments, the MHC is a human
MHC. In certain embodiments, the MHC s an MHC class | molecule comprising an MHC
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class I heavy chain {(e.g., an HLA-A, an HLA-B, or an HLA-C, including any subtvpes in any
polymorphic forms) and a B2-microglobulin light chaim. In certain embodiments, the MHC 1s
HLA-B*0702. In certain embodiments, the peptide-MHC complex 1s EPR{pS|PSHSM (SEQ
1B NG 45)-HLA-B*0702.  In certain embodiments, the peptide-MHC complex 1g
RYR[pS|PTRSP (SEQ 1D NOG: 47)-HLA-B*0702. In certain embodiments, the MHC is an
MHC class Il molecule comprising an MHC class H a chain (e.g., an ¢ cham of an HLA-DR,
an HLA-DQ, or an HLA-DP, including any subtypes in any polvmorphic forms) and an MHC
class Il B chain {e.g., a § chain of an HLA-DR, an HLA-DQ, or an HLA-DP, mcluding any
subtypes in any polvmorphic forms). In certain embodiments, the MHC class I a cham and
the MHC class II B chain are derived from the same type {e.g, HLA-DR, HLA-DQ, or HLA-
BPy.

(00193}  In certain embodiments, the instant disclosure provides a polypeptide comprising
an ¢ chain variable region (Va) and a 8 chain vanable region (VB) of a TCR fused together.
For example. such polypeptide may comyprise, in order, the Va and VB, or the VP and the Va,
optionally with a linker {e.g., a peptide linker) between the two regions. For example, a Furin
and/or a ZA cleavage site (¢.2., one of the sequences i Table 7), or combmations thereof,
may be used in the linker for the Ve/VP fusion polypeptide.

100194}  In certain embodiments, the instant disclosure provides a polypeptide comprising
an o chain and a § chain of a TCR fused together. For example, such polypeptide may
comprise, in order, an ¢ chain and a B chain, or a § chain and an o chain, optionally with a
linker (e.z.. 2 peptide linker} between the two chains. For example, a Furin and/or a 2A
cleavage site {(e.g., one of the sequences in Table 7), or combinations thereof, may be used n
the linker for the /P fusion polvpeptide. For example, a fusion polypeptide may comprise,
from the N-terminus o the C-terminus: the @ chain of a TCR, a furin cleavage site, a 2A
cleavage site, and the § chain of the TCR. Excmplary a chain-Furin-P2A-B chain fusion
TCR sequences for TCROG78 include SEQ ID NOs: 268 and 269, In certain embodiments,
the polypeptide comprises, from the N-terminas to the C-termunus: the B chain of 3 TCR, a
furin cleavage site, a 2ZA element, and the @ chain of the TCR. Exemplary B chain-Furin-
P2A-g chain fusion TCR sequences include SEQ ID NOs: 265 (for TCRO080), 266 {for
TCROO78), and 267 (for TCRUO78). In certain embodiments, the polvpeptide comprises,
from the N-terminus to the C-ternunus: the g chain of 3 TCR, a ZA cleavage site, and the §
chain of the TCR. Excmplary o chain-P2A-B chain fusion TCR scquences for TCROO7R
melude SEQ 1D NOs: 270 and 271, In certain embodiments, the polyvpeptide comprises from
the N-terminus to the C-terminus: the § chain of a TCR, 2 2A element, and the o chan of the
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TCR. In certain embodiments, the polypeptide comprises, from the N-terminus to the C-

terminus: the o chan of a TCR, a Furin cleavage site, and the B chain of the TCR. In certain

embodiments, the polypeptide comprises from the N-terminos to the C-terminus: the § cham

of a TCR, a Furin clement, and the g chain of the TCR. Exemplary B chain-P2A-a chain
5 fusion TCR sequences include SEQ ID NOs: 83 (for TCRO078), 91 (for TCRO08D), and 92

{for TCRO0B6).

53 Cells Presenting T cell Recepiors

[00195]  In another aspect, the instant disclosure provides a mammahan cell (e.g, an
engincered mammalian cell) or a population thereof presenting a TCR disclosed herein on the
16 cell surface. Anv mammalian ccll can be used to present a TCR disclosed herein. In certain
embodiments, the mammakian cell expresses CD3 (e.g., a CD3y chain, a CD38 chain, and
two CD3g chams), In certam embodiments, the mammalian cell 15 a2 human cell. Effector
cells of the cellular immune sysiem are particularly useful for presenting a TCR disclosed
herein because the cell surface TCR can target these effector cells to tumor cells expressing a
15 MLL polypeptide {e.g., a MLL phosphopeptide, e.g., a peptide consisting of the amino acid
sequence of SEQ 1D NO: 45 or 47), thercby faciitating killing of the tumor cells.
Accordingly, in certain embodimenis, the mammalian cell is a lymphocyte {e.g., a human
lvmphocvie), such as a T cell or a natural killer (NK) celll  In certain embodiments, the
lvmphoeyte s & T eell. Any T cell at any developmental stage can be used to present a TCR
20 disclosed herein. For example, in certain embodiments, the T cell is selected from the group
consisting of a CD8” cytotoxic T cell, a CD4” cytotoxic T cell, a CD4” helper T cell (e.g, a
Thi or a Th2 cell), a CD4/CD8 double positive T cells, a tumor nfiltrating T cell, a
thymocvte, a memory T cell, a naive T cell, and a natural killer T cell, e g, an mvariant
natural kaller T ¢ell. Precursor cells of the cellular imamune system (e.g., precursors of T
25 lymphoeytes) are also useful for presenting a TCR disclosed herein because these cells may
differentiate, develop, or mature into effector cells. Accordingly, in certain embodiments, the
mammalian cell s a pluripotent stom cell {e.g, an embrvonic stem cell, an induced
pluripotent stem cell), a hematopoictic stem cell, or a lvmphocyie progenitor cell. In certain
embodiments, the hematopotetic stern cell or lymphoeyte progenitor cell 1s isolated and/or
30 enriched from, ¢ g., bone marrow, umbilical cord blood, or peripheral blood.
(00196}  Cells can be obtained from numerous sources, including but not himited to, tumor,
blood, bone marrow, lvmph node, thymus, or another tissue or bodily fluid, or an apheresis
product.  In certain embodiments, cells are oblained from a patient directly following a

treatment that lcaves the subject with functional T cells. In this regard, it has been observed
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that following certain cancer treatments, in particalar treatments with drogs that damage the
wmmune system, shortly after freatment during the pertod when patients would normally be
recovening from the treatment, the quality of T cells obtained may be optimal or improved for
their ability to expand ex vive. Likewise, following ex vivo manipulation using the methods
described herein, these cells may be in a preferred state for enbhanced engrafiment and in vivo
expansion. Thus, in certain embodiments, cells are collected from blood, bone marrow,
lvmph node, thymas, or ancther tissue or bodily flaid, or an apheresis product, during this
recovery phase.

[00197]  In certain embodiments, the mammalian cell is a population of cells presenting a
TCR disclosed herein on the cell surface. The population of cells can be heterogencous or
homogenous. In certain embodiments, at least 50% (e.g., at least 60%, 70%, 80%, 90%,
95%, 99%, 99.5%, or 99.9%) of the population is a cell as described hercin.  In certain
embodiments, the population is substantially pure, wherein at least 50% {e.g., at keast 60%,
70%, 80%, 90%, 95%, 99%, 99.5%, or 99.9%;) of the population is homogeneous. In certain
crabodiments, the population is hefecrogencous and compriscs a mixed population of cells
{e.g.. the cells have different cell tvpes, developmental stages, ongins, are isolated, purified,
or enriched by different methods, are stimulated with different agents, and/or are engineered
by different methods). In certain embodiments, the cells are a population of peripheral blood
mononuclear cells (PBMC) (e.g., human PBMCs).

[00198] Populations of cells can be enriched or purified, as needed. In certain
embodiments, regulatory T cells {e.g., CD257 T cells) are depleted from the population, e.g.,
by using an anii-CD23 antibody conjugated to a surface such as a bead, particle, or cell. In
certain embodiments, an anti-CD25 antibody is conjugated to a fluorescent dve (e.g., for use
in fluorescence-activated cell sorting). In certain embodiments, cells expressing checkpoint
receptors {e.g., CTLA-4, PD-1, TIM-3, LAG-3, TIGIT, VISTA, BTLA, TIGIT, CDI137, or
CEACAMI) are depleted from the population, e.g., by using an antibody that binds
specifically to a checkpoint receptor conjugated to a surface such as a bead, particle, or cell
In certain embodiments, a T cell population can be selected so that it expresses one or more
of {FNy, TNFa, HL-17A, 1L-2, 1L-3, 1L-4, GM-CSF, 1L-13, granzvme (e.g., granzvioe B), and
perforin, or other appropriate molecules, e.g., other eytokines. Methods for determming such
cxpression are described, for example, in PCT Poblication No.m WO 2013/126712, which is
meorporated by reference herein in its entirety.

[00199]  Celis can be sumulated ex vivo to mcrease viability, proliferation, and/or activity.
In some embodiments, the induction does not include any defined antigen, thus providing a
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cell population which 18 polyclonal with respect to antigen reactivity. In certain
embodiments, the cell is contacted with a first agent, which induces or activates a TCR/CD3
complex-associated signal {e.g., an anti~-CD3 antibody). In certain embodiments, the cell is
contacted with a second agent, which stimulates an accessory molecule on the T cell surface
(e.z., a ligand of CD28 or an anti-CD28 antibody). In certain cmbodiments, the cell is
contacted with a molecule or complex that interacts with both CD3 and CD28, wheren the
molecule or complex may be presented on a surface {e.g., a bead, particle, or cell). In certain
crabodiments, the cell is contacted with a surface {e.g., a bead, particle, or cell) presenting an
anti-CD3 antibody and an anti-CD28 antibody. In certain embodiments, the cell 1s contacted
with one or more agents that bind to cell surface receptors to increase T cell viability,
proliferation, and/or activity {e.g., 1L-2 or IL-7). In certain embodiments, the cell is
contacted with phytohemagglutinin. 1n certain embodiments, the cell is contacted with an
agent that stimulaies onc or more intracellular signals such as Ca®™ release (e.g.. phorbol 12-
myristate 13-acetate and/or ionomycin). Allernatively, the induction may inclade an antigen
comprising 8 peptide (e g, a MLL polypeptide {e.g., a MLL phosphopeptide, ¢.g., a peptide
consisting of the ammo acid sequence of SEQ ID NO: 45 or 47)) which binds to the TCR
presenied on the cell surface, thus providing a cell population which is enriched (e.g.,
monoclonal)y with respect to antigen reactivity. The antigen may further comprise an MHC
molecule {e.g., an HLA molecule) m complex with the peptide. The antigen may be
presented as a soluble form, bound to a membrane, or presented on a surface. The agents as
described above can be used in any combination, and may be contacied with the effector cell
or precursor thereof cither simuliancously or sequentially. The contact can be terminated
while the cell may remain in a state of mcreased viability, proliferation, and/or activity.
Sustained proliferation of T cells over an extended period of time can vield a multi-fold
increase in the number of cells relative to the original T cell population.  [n some
embodiments, activation may be performed to promote metabolic fitness through provision of
bioenergetic fuel sources, which enables conditioning of T cells for optimal bislogical
activity and survival.

[00200]  In certain embodiments, the mammalian cell (e.g., lymphocyie) expresses a TCR
disclosed herein from a transgene mtroduced nto the cell and presents the TCR on the cell
surface. The TCR may be displayed constitutively on the cell surface. Aliernatively, the cell
may be capable of conditional cxpression and/or display of the TCR. For example, the
expression or display of the TCR may be induced by an exogenous stimulus or by cellular
differentiation. In cerlain embodiments, the transgene encodes a TCR a chain and/or B chain,
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or a fragment thereof (e.g., Va, VB, CBR3¢g and/or CDR3B). In certam embodiments, the
transgene is operably linked fo an exogenous transcripiional and/or translational control
sequence {e.2., a promoter, an enhancer, and/or a Kozak sequence). In certain embodiments,
the transgene is operably hinked o an endogenous transcriptional and/or translational conirol
sequence {(e.g., a promoter, an enhancer, and/or a Kozak scquence) not at its native genomic
locus (e.g., introduced by a vector). In certain embodiments, the ransgene 15 operably linked
to an cndogenous lranscriptional and/or translational control sequence (e.g., a promoter, an
enhancer, and/or a Kozak sequence) at ils native genomic locus (e.g.. by inserting the
transgene into the native genomic locus).

(00201}  In certain cmbodiments, the transgenc is a DMNA integrated into the host cell
genome, wherein the integration ocours through site-specific mtegration {(e.g., homologous
recombination} or random mnsertion of the DNA. In certain erabodiments, the transgene is a
DNA not mntegraied into the host cell genome {e.g., mamtained as a non-integrating viral
genome or as an episomal DNA)Y In cortain embodiments, the transgene is a polynucleotide
(including but not limited to DNA, RNA, modified DNA, and modified RNA) that can be
transcribed and/or translated to express the TCR disclosed heremn.  In certain embodiments,

>

end,

&

the transgene 13 an RNA having a cap on the 57 end and/or a poly(A) tail on the 3
wherein the cap and the poly(A) tail may modulate ribosome binding, initiation of translation
and stability of the RNA m the cell.

[00202] In certain embodiments, the transgene comprises a first and a second sequence,
the first sequence encoding a polypeptide comprising a TCR o chain or a fragment thereof
{e.g., Va or CDR3a), and the second scguence encoding a polypeptide comprising a TCR B
chain or a fragment thereof (e.g., V@ or CDR3B). In certain embodiments, the first and the
second sequences are cach operably linked to a transcriptional and/or translational control
sequence {(e.g., a promoier, an enhancer, and/or a Kozak scquence). In certain embodiments,
the first and second sequences are m different polynucleotides {e.g., DNA, RNA, modified
DNA, or modified RNA) molecules. In certain embodiments, the first and second sequences
of the tramsgenc are in the same polvnucleotide (eg, DNA, RNA, modified DNA, or
modificd RNA) molecule. In certain embodiments, the first and sccond sequences are
operablv linked by a linker seguence that promotes the production of two separaie
polypeptides (e.g., an internal ribosome entry site (IRES), a self-cleavage peptide (e.g., a 2ZA
peptide), or a peptide sequence recognized by an intracellular or an extracellular protease). In
certain embodiments, the first and second sequences can be transcribed and/or fransiated
mdependently. In certain embodiments, the first and second sequences are each integrated
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into the host cell genome.  In certain embodiments, the first and second sequences are each
wntegrated o different regions of the host cell genome.
[00203]  Alternatively, in certain embodiments, the cell does not express the TCR, but
instead the TCR is attached to the cutside surface of the cell by chemical means or by binding
of the TCR to a cell surface antigen. Accordingly, in certain embodiments, the TCR is linked
{o a binding moiety that binds to a cell swrface antigen. Any type of binding moicty can be
linked (covalently or non-covalently) to a TCR disclosed herein. In certain embodiments, the
TCR 1s fused (chemically or genctically) to an antibody or antigen binding fragment thoreof
that specifically binds to a cell surface antigen of the cell (e g, lvmphocyte).
[00204]  In certain embodiments, the cell {urther comprises a pelynucleotide encoding a
polvpeptide capable of inducing cell death. In certain embodimenis, the polvpeptide is a
chimeric polypeptide comprising a3 multimerization (e.g., dimerization or oligomerization}
region and a cell death-inducing region, wherem the cell death-inducing region is activated
by multimerization. In certain cmbodiments, the cell death-inducing region comprises a
sequence of a caspase (e. g, caspase-9) that has protease activity. In certain embodiments, the
cell death-inducing region comprises the full-length human caspase-9 polvpepiide. In certain
embodiments, the cell death-inducing region comprises a truncated human caspase-9
polvpeptide {e.g., wherein the CARD domain of caspase-9 is deleted).
[00205]  In certain embodiments, the cell further comprises a polvnucleotide encoding a
polypeptide capable of inducing T cell activation. In certain embodiments, the polypeptide 18
an inducible chimeric stimulating molecule, for example, as described in PCT Publication
No. WO 2015/123527, mcorporated herein by reference in s cntirety.  In certain
embodiments, the polyvpeptide comprises a multmerization {e.g., dimerizaion or
oligomerization) region, wherein the polvpeptide mduces T cell activation upon
multimerization.
[00206] A multimerization region present, for example, m a polvpeptide capable of
mducing cell death or a polypeptide capable of inducing T cell activation, can comprise a
ligand-binding domain thalt will maltimerize upon binding to a ligand (e.g, a synthetic
ligand). The ligand mav have two or more binding sites, each binding site capable of binding
to a higand-bimding domain of the chimeric polypeptide. In certain embodiments, the ligand
has two binding sites and is capable of inducing dimerization of the chimeric polypeptide. A
varicty of synthetic ligands and corresponding ligand-binding domains can be emploved. For
example, a multimeric {e.g., dimeric) FK306 can be used to multimerize an FK3506 binding
protein (FKBP; e.g., FKBPI2 or a variant thereof); a multimeric (e g., dimeric) cyclosporin A
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can be used to multimerize a cyclophilin receptor; a multimeric {e.g., dimeric) gstrogen can
be used to multimerize an estrogen receptor; a multimeric {e.g., dimeric) glucocorticoid can
be used to multimerize a glucocorticoid recepior; a multimeric (e. g, dimeric) {etracycline can
be used to multimerize a tetracveline recepior: a multimeric (e.g., dimeric) vitamin D can be
used to multimerize a vitamm D recoptor.  The ligand-binding domain can be wndernal or
external to the cellular membrane, depending upon the nature of the construct and the choice
of ligand. MNon-limiting examples of higands and corresponding ligand-binding domains are
described i U.S. Patent No. 9,089.520; Kopytek, S. 1., et al., Chemistry & Biology 7:313-
321 (2000); Gestwicky, 1. E., et al., Combmatorial Chem. & High Throughput Screening
10:667-675 (2007}, Clackson T Chem Biol Drug Des 67:440-2 (2006); and Schreiber, et al,
Chemical Biology From Small Molecules o Svsiems Biology and Drug Design (Wiley,
2007), the contenis of which are incorporated by reference herein 1o their entiretics.

[00207] In certain embodiments, the polypeptide capable of inducing cell death s a
chimeric polypeptide comprising an FKBP12 polypeptide and a full-length or trancated
caspase-9 (e.g., human caspasc-9) polvpeptide. In certain cmbodiments, the FKBPI2
polypeptide comprises a valine at position 36. In certain embodiments, the FRBPI2
polypeptide comprises the amino acid sequence set forth in SEQ 1D NO: 94, In certamn
embodiments, the higand capable of inducing FKBP1Z multtmerization is AP1503 (CAS
Registry Number: 193514-63-7; Molecular Formula: C78HO98N4020; Molecular Weight:
1411.65) In certain embodiments, the ligand is AP20187 or an AP20187 analog (e.g.,
AP1I510).  In certain embodiments, the caspase-9 polypeplide comprises the amino acid

sequence set forth n SEQ 1D NO: 65,

Table 6. FKBP12 and caspase-9 sequences.

SEQ Bescription Amino acid Sequence
D NG:
94 | FKBPI2 GVQVETISPGDGRTFPKRGQTCVYVHYTGMLEDGKKVDS

SRORNKPFKFMLGKOEVIRGWEEGVAQOMSVGORAKLTI
SPDYAYGATGHPGUPPHATLVFDVELLKLE

caspase-9

GFGDVGALESLRGNADLAYILSMEPCGHCLINNVNFCR
ESGLRTRTGSNIDCEKLRRRFSSLHFMVEVKGDLTAKKM
VEALLELAQGOQDHGALDCCVVVILSHGCOQASHLOFPGAVY
YGTDGCPYSVEKIVNIFNGTSCPSLGGKPKLFFIQACGGE
QKDHGFEVASTSPEDESPGSNPEPDATPFQEGLRTFDQL
DAISSLPTPSDIFVSYSTFPGFVSWRDPKSGSWYVETLDDI
FEOWAHSEDLOSLLLRVANAVSVKGIYKOMPGCENFLR
KEKLFFETS
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[00208]  In certain embodiments, the polynucleotide encoding the polypeptide capable of
mnducing cell death is operably linked to a transcriptional and/or translational control
seqaence {e.g., a promoier, an enhancer, and/or a Kozak sequence). The polvoucleotide may
be integrated into the host cell genome. Aliernatively, the polynucleotide may be maintained
3s a non-intcgrating viral genome or as an cpisomal DNA.  In certain embodiments, the
polynucleotide 1s operably linked to the first and/or second sequences encoding a TCR by a
binker sequence that promotes the production of two separate polvpeptides (e.g., an internal
ribosome entry site (JRES), a seif-cleavage peptide (e.g., a 2A peptide), or a peptide sequence
recognized by an intracellular or an extracelinlar protcase). In certain embodiments, the
polynucleotide 18 transcribed and/or translaled independently from the first and/or second
sequUences.

[00209]  In certain cmbodiments, the cell is provided in a solution. Im certain
embodiments, the cell is crvopreserved at about or lower than -80 °C (e.g., in a ligud
nitrogen storage tank). Methods of cryopreservation are well-known in the art, e.g., as
described in U5, Patent Nos.: 5,580,714 and 6,740,484, which arc incorporated by reference
herein 1n their entireties. The crvopreserved cell may be recovered by thawing, and any of
the isolation, purification, enrichment, stimulation, and display of the TCR as described
above may be conducted prior (o the cryopreservation or after the recovery.

54 Methods of Use

[00210] In another aspect, the instant disclosure provides a method of {reating a subject
using the TCRs, polyvnucleotides, vectors, engingered cells (eg, a cell comprising a
heterclogous and/or recombinant nucleic acid), or pharmaceutical compositions disclosed
herein. Any disease or disorder in a subject that would benetit from the targeting of a TCR to
a MLL peptide (e.g., a MLL phosphopeptide, e.g., a peptide consisting of the amino acid
sequence of SEQ ID NO: 45 or 47) can be treated vsing the TCRs disclosed herein. The
TCRs, polvmucicotides, vectors, enginecred cells, and pharmaceutical compositions disclosed
herein are particularly useful for inducing immumity to tumors displaying a MLL pepiide
{e.g., a peptide-MHC complex comprising a MLL peptide, e.g., a peptide-MHC complex
comprising a MELL phosphopeptide, e g, EPRipSIPSHSM (SEQ 1D NO: 45)-HLA-B*0702
or RVR[pSIPTRSPE (SEQ ID NG: 47-HLA-B*0702), and accordingly can be used as an
tmmunotherapy {or subjects with MLL-positive cancer {e.g., MLL phosphopeptide-positive
cancer). For example, in certain embodiments, the instant disclosure provides a method of
inducing celi-mediated mowmity in respounse to a MLL peptide (e 2., a MLL phosphopeptide,
e.g., a peptide consisting of the amino acid sequence of SEQ ID NO: 45 or 47) in a subject,
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the method comprising administering to the subject an effective amount of a TCR,
polynucleotide, vecior, engineered cell, or pharmaceutical composition as described herein.
In certain embodiments, the instant disclosure provides a method of treating cancer in a
subject, the method comprising administering to the subject an effective amount of the TCR,
polynucleotide, vector, engincered cell, or pharmaceutical composition, as disclosed hereimn.
(00211} In certain embodiments, the method comprises admimstering to the subject an
ctfective amount of a cell or population thereof as disclosed heremn. In certain embodiments,
the ccll 1s engineered to constitutively display a TCR as disclosed hercin on the ccll surface.
In certain embodiments, the cell is engineered to conditionally display a TCR as disclosed
herein on the cell surface tn response to an indaction event. This induction event can be
cither a stinntlus by an exogenous agent administered prior to, simultancously with, or after
the admunistration of the cell. Additonally or alternatively, the mduction event can be a
stimulus by a cell, tissue, or lesion i the subject.
(00212} In certain embodiments, the cell further comprises a polynucieotide encoding a
chimeric polypeptide comprising a ligand-binding multimerization (¢.g.. dimerization or
oligomerization) region and a cell death-inducing region, and the method further compnises a
step of administering 2 ligand of the multimerization region. In certain embodiments, the
chimeric polypeptide comprises an FKBP12 polypeptide and a caspase-9 {e.g., human
caspase-9) polypeptide, and the method further comprises a step of administering an FKBP12
ligand (e.g., AP1903). In certamm cmbodiments, the FKBPI2 ligand is administered after
observing an indication of an improvement of a disease (e. g, shrinkage of a cancer, reduction
of a cancer marker, and/or improvement of a cancer svmpiom) or after identifying an
intolerable side effect (e.g., a high level of an milammatory cvtokine, and/or a rejection of the
administered cell by the host).
(00213}  As disclosed supra, cells admuustered to the subject can be auwtologous or
allogeneic. In certain embodiments, autologous cells are obtained from a patient directly
following a cancer treatment.  In this regard, it has been observed that following certain
cancer treatments, in particular treatments with drags that damage the tmmune system,
shortly after treataent during the period when patients would normally be recovering from
the treatment, the quality of T cells obtained may be optimal or improved for their ability to
cxpand ex vivo. Likewise. following ex vive manipulation using the methods described
herein, these cells may be in a preferred state for cnhanced cngrafiment and in vive
expansion. Thus, in certain embodiments, cells are collected from blood, bone marrow,
lvmph node, thymus, or another tissue or bodily fluid, or an apheresis product, during this
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recovery phase. Further, in certain aspects, mobilization and conditioning regimens can be
used to create a condition in a subject wherein repopulation, recirculation, regencration,
and/or expansion of particular cell types is favored, especially during 3 defined window of
time following therapy. The mobilization agent can be selected from the group consisting of
CXCL12-interacting heparimoids, GM-CSF, G-CSF (e.z., uvomodified, glycosviated, or
PEGvlated), -2 {e.g., unmodified, glvecosviated, or PEGylated), CXCR4 antagomnists {e.g.,
plerixafor}, ntegrin a4fl antagonists (e.g., BIOS192), eyclophosphamide, S-fluorouracil,
cisplatin, ctoposide, tfosfamide, cvtarabine, and a combination thereof

(00214}  The number of cells that are emploved will depend wpon a number of
cireumstances including, the hifetime of the cells, the protocol to be used (e.g., the number of
administrations}), the ability of the cells to multiply, the stability of the recombinant constract,
and the hike. In certain embodiments, the cells are applied as a dispersion, generally being
imjected at or near the site of mnigrest. The cells may be adminisiered in any physiologically
acceptable medium,

[00215] Cancers that can be treated with the TCRs, polynucleotide, vector, engincered
cells, or pharmaceutical compositions disclosed herein can be any tumor expressing MLL
{e.g., any tumor displaving a MLL phosphopeptide/MHC complex on the cell surface).
Examples of tumors expressing MLL (e.g., tumor displaving a MLL phosphopeptide/MHC
complex on the cell surface) have been disclosed in, e.g., Cobbold et al., Sci Transl Med.
2013 Sep 18:5(203):203ral25; Rao et al., Nat Rev Cancer. 2015 Jun;15(6):334-46; L1 et al |
Exp Hematol 2014 Dec42(123:995-1012; and Knvisov et al, Nat Rev Canger 2007
Nov;7(11):823-33, cach of which is incorporated by reference herein in its entirety.

[00216] In certain embodiments, the cancer is leukemia (e g, mixed hincage leukenua,
acute lymphocytic leukemia, acote myeloid leukemia, chronic lvmphocytic leukemia, or
chronic myveloid leukemia), alveolar rhabdomvosarcoma, bone cancer, brain cancer {e.g.,
glioblastoma), breast cancer, cancer of the anus, anal canal, or anorectum, cancer of the eve,
cancer of the mtrahepatic bile duct {e.g., mtrahepatic cholangiocelhdar cancer), cancer of the
jotnts, cancer of the neck, galibladder, or pleura, cancer of the nose, nasal cavity, or nuddle
car, cancer of the oral cavity, cancer of the valva, myeloma (e.g., chronic myeloid cancer),
colon cancer, esophageal cancer, cervical cancer, gastromtestinal carcinoid tumor. Hodgkin’s
lymphoma, bhypopharvnx cancer, kidney cancer, larynx cancer, liver cancer (e.g.,
hepatocellular carcinoma), lung cancer (e.g, non-small cell lung cancer), malignant
mesothelioma, melanoma, multiple myeloma, nasopharynx  cancer, non-Hodgkin's
lvmphoma, ovarian cancer, pancreatic cancer, peritoneum, omentum, and mesentery canecr,
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pharynx cancer, prostaie cancer, rectal cancer, remal cancer {e.g., renal cell carcinoma
(RCC)), gastric cancer, smail intestine cancer, soft issue cancer, stomach cancer, carcinoma,
sarcoma (.., synovial sarcoma, rhabdomyosarcoma), testicular cancer, thyroid cancer, head
and neck cancer, ureter cancer, and urinary bladder cancer. In certain embodiments, the
cancer is melanoma, breast cancer, hung cancer, prostate cancer, thyroid cancer, ovarian
cancer, or synovial sarcoma. In one embodiment, the cancer is synovial sarcoma or
liposarcoma {e.g., myxoidiround cell liposarcoma).
(00217} In certain cmbodiments, these methods further comprise administering an
additional therapeutic agent to the subject. In certain embodiments, the additional therapeutic
agent 15 a chemotherapeutic, radiotherapeutic, or a checkpoint targeting agent. In certam
embodiments, the chemotherapeutic agent is a hvpomethylating agent (e.g., azacitidine). In
certamn embodiments, the checkpoint targeting agent is sclected from the group consisting of
an antagonist anti-CTLA-4 antibody, an antagonist anti-PD-L1 antibody, an antagonist anti-
PD-L2 antibody, an antagonist anti-PD-1 antibody, an antagonist anti-TIM-3 antibody, an
antagonist anti-LAG-3 antibody, an antagomist VISTA antibody, an antagomist CD96
antibodv, an antagomst anti-CEACAMI antibody, an antagomst anti~TIGIT antibody, an
agonist anti-CD137 antibody, an agonist anti-GITR antibody, and an agomst anti-0OX40
antibody.
[00218] In certmin embodiments, an anti-PD-1 antibody 15 used in methods disclosed
herein.  In certain embodiments, the anti-PD-1 antibody s nivolumab, also known as BMS-
936558 or MDX 1106, developed by Bristol-Myers Squibb. In certain embodiments, the anti-
P13-1 antibody 1s pembrolizumab, also known as lambrolizomab or MK-3475, developed by
Merck & Co. In cerfain embodiments, the anti-PD-1 antibody 1s pidilizumab, also known as
CT-011, developed by CureTech. In certain embodiments, the anti-PD-1 antibody is
MEDIO680, also known as AMP-514, developed by Medimmune. In certain embodiments,
the anti-PD-1 antibody 1s PDROGI developed by Novartis Pharmacenticals. In certain
cmbodiments, the anti-PD-1  antibody 13 REGN2810  developed by Regeneron
Pharmaceuiicals. In certain embodiments, the anti-PD-1 antibody is PF-06801591 developed
by Pfizer. In certain embodiments, the anti-PD-1 antibody is BGB-A317 developed by
BeiGene,  In certain embodiments, the anti-PD-1 antibody is TSR-042 developed by
AnaptysBio and Tesaro. lIn cerlain ¢mbodiments, the anti-PD-1 antibody s SHR-1210
developed by Hengru
(002191  Further non-limiting examples of anti-PD-~1 antibodics that may be used in
treatment methods disclosed herein are disclosed in the following patents and patent
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applications, which are mcorporated berein by reference 1o their entiretics for all purposcs:
.S Patent No. 6,808,710; U.S. Patent No. 7,332.582; 1S, Patent No. 7,488,802; 1S, Patent
No. 8,008,449, U.S. Patent No. 8,114,845, U.S. Patent MNo. 8,168,757, US. Patent No.
8,354,509. U.S. Patent No. 8,686,119, U.S. Patent No. 8,735,553; U.S. Patent No. 8,747,847,
U.S. Patent No. 8,779,105, U.S. Patent No. 8.927.697; U.S. Patent No. 8,993,731, US.
Patent No. 9,102,727, U.S. Patent No. 9,205,148; U.S. Publication No. US 2013/0202623
A1, U.S. Publication No. US 2013/0291136 Al; U.S. Publication No. US 2014/0044738 Al
U.S. Publication No. US 2014/0356363 Al; U.S. Publication No. US 2016/0075783 Al; and
PCT Publication No. WO 2013/0330581 AL, PCT Publication No. WO 2015/036394 A1, PCT
Publication No. WO 2014/179664 A2; PCT Publication No. WO 2014/209804 Al PCT
Publication No. WO 2014/206107 AL, PCT Publication No. WO 2015/058573 Al PCT
Publication No. WO 2015/085847 Al, PCT Publication No. WO 2015/200119 Al PCT
Publication No. W0 2016/015685 A1, and PCT Publication No. WO 2016/020856 A1
(00220} In certain embodiments, an anti-PD-L1 antibody is used in methods disclosed
hercin.  In certain embodiments, the anti-PD-L1 antibody 15 atezolizumab developed by
Genentech. In certain embodimentis, the anti-PD-L1 antibody 1s durvalumab developed by
AstraZeneca, Celgene and Medimmune. In certain embodiments, the anmti-PD-L1 antibody is
avelumab, also known as MSB0010718C, developed by Merck Serono and Pfizer. In certain
embodiments, the anti-PD-L1 antibody 1s MDX-1103 developed by Bristol-Myers Squibb.
In certain embodiments, the anti-PD-L1 antibody is AMP-224 developed by Amplimmune
and GSK.

(00221} Non-luniting examples of anti-PD-L1 antibodies that may be used in treatment
methods disclosed herein are disclosed in the following patents and patent applications,
which are mcorporated herein by reference in their entireties for all purposes: US Patent No.
7,943,743, US Patent No. 8,168,179; US Patent No. 8,217,149, U.S. Patent No. 8,552,154;
U.5. Patent No. 8779,108; U5, Patent No. §981,063; US. Patent No. 9,175,082, US
Publication No. US 2010/0203056 Al; US. Publication No. US 2003/0232323 Al; U.S.
Publication No. US 2013/0323249 A1, U.S. Publication No. US 2014/0341917 Al US.
Publication No. US 2014/0044738 Al; U.S. Publication No. US 2015/0203580 Af; US.
Publication No. US 2015/0225483 Al: U.S. Publication No. US 2015/0346208 Af; US.
Publication No. US 2015/0355184 A1, and PCT Publication No. WO 2014/100079 A1, PCT
Publication No. WO 2014/022758 A1, PCT Publication No. WO 2014/055897 A2: PCT
Publication No. WO 2015/061668 Al, PCT Publication No. WG 2015/109124 Al PCT
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Publication No. WO 2015/195163 A1, PCT Publication No. WO 2016/000619 Al; and PCT
Publication No. WO 2016/0303350 A1,

(002221 In certain embodiments, a TCR, cell, or pharmaceuntical composition disclosed
herein is administered to a subject in combination with a compound that targets an
immunomodulatory enzyme(s) such as IDO (indoleamine-(2,3)-dioxygenase) and/or TDO
(iryptophan 2,3-dioxvgenase). In certain embodiments, such compound 15 selected from the
group conststing of epacadostat (Incvie Corp, see, eg, PCT Publication No. WO
2010/005958 which is incorporated bv reference herein in its entirety), FOO1287 (Flexus
Biosciences/Bristol-Myers Squibb), indoximod (NewLink Genetics), and NLG919 (NewLink
Genetics). In one embodiment, the compound is epacadostat.  In another embodiment, the
compound is FG01287. In another embodiment, the compound is indoximod. In anocther
embodiment, the compound 15 NLG919. In a specific embodiment. the TCR, cell, or
pharmaceutical composition disclosed herein is administered (o a subject in combination with
an 1DO inhibitor for treating cancer. The [DO inhibitor as described herein for use in treating
cancer 15 present 1 a solid dosage form of a pharmaceutical composition such as a tablet, a
pill or a capsule, wherein the pharmaceutical composition mclades an IDO mhibitor and a
pharmaceutically acceptable excipient.  As such, the TCR, cell, or pharmaceutical
composition as described herein and the IDO mhibitor as described herein can be
adnunistered separatelv, sequentially, or concurrently as separate dosage forms. In one
embodiment, the cell, or pharmaceutical composttion 15 administered parenterally, and the
IDO inhibitor i1s administered orally.  In particular embodiments, the mhibitor is selected
from the group consisting of cpacadostat (Incvte Corporation), FO001287 (Flexus
Biosciences/Bristol-Myers Squibb), indoximod (NewLink Genetics), and NLG919 (NewLink
Genetics). Epacadostat has been desceribed in PCT Publication No. WO 2010/005958, which
1s incorporated herein by reference in its entirety for all purposes. In one embodiment, the
mnhibitor 1s epacadostat.  In another embodiment, the imbibitor 18 FO0I287. In another
embodiment, the inhibitor is mdoxamod. In another embodiment, the inhibitor 1s NLG919.
(00223}  In certain embodiments, a TCR, cell, or pharmaceutical composition disclosed
herein is administered to a subject in combination with a vaccine. The vaccine canbe, e.g., a
pepiide vaceing, a DNA vaccine, or an RNA vaceine. In certain embodiments, the vaceine 1s
a heat shock protein based tumor vaccine or a heat shock protein based pathogen vaccine. In
3 specific embodiment, 3 TCR, ccll, or pharmaceutical composition disclosed hercin is
adnunistered {o a subject i combination with a heat shock profein based tumor-vaccine,
Heat shock proteins (HSPs) are a family of highly conserved proteins found ubiquitously
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across all species. Their expression can be powerfully induced to much higher levels as a
result of heat shock or other forms of siress, including exposure o toxins, oxidafive stress, or
glucose deprivation. Five families have been classified according to molecular weight: HSP-
110, -90, -70, -60 and -28%  HSPs debiver immunogenic peptides through the cross-
presentation pathway in antigen presenting cells (APCs) such as macrophages and dendritic
cells (DCs), leading to T cell activation. H3JPs function as chaperone carriers of tumor-
associated antigenic peptides forming complexes able to mduce tumor-specific mmmumity.
Upon release from dyving tumor cells, the HSP-antigen complexes are taken up by antigen-
presenting cells (APCs) wherein the antigens are processed into peptides that bind MHC class
[ and class [ molecules leading to the activation of anti~-tumor CD8+ and CD4+ T cells. The
immunity elicited by HSP complexes derived from tumor preparations is specifically directed
against the unique antigenic peptide repertoire expressed by the cancer of cach subject.
002241 A heat shock proiein peptide complex (HSPPC) 1s a protein peptide complex
consisting of a heat shock protein son-covalently complexed with antigenic peptides.
HSPPCs elicit both 1mnate and adaptive munune responses. [n a specific embodiment, the
anfigenic peptide(s) displays antigenicity for the cancer being treated. HSPPCs are
efficiently seized by APCs via membrane receptors (mainly CDO1) or by binding to Toll-like
receptors.  HSPPC mternalization results in functional maturation of the APCs with
chemokine and cvtokine production leading to activation of nataral killer cells (NK),
monocvies, and Thl and Th-Z-mediated mmmune responses.  In certain embodiments,
HSPPCs used in methods disclosed herein comprise one or more heat shock proteins from the
bsp60, hsp70, or hspY0 family of stress proteins complexed with antigenic peptides. In
certam embodiments, HSPPCs comprise hse70, hsp70, hsp90, hspll0, gpl70, gp96,
calreticulin, or combinations of two or more thereof.

(00225}  In a specific embodiment, the heat shock protem peptide complex (HSPPC)
comprises recombinant heat shock proteins (e.g., hsp70 or hsc70) or a peptide-binding
domain thereof complexed with recombinant antigenic peptides. Recombinant heat shock
proteins can be produced by recombinant DNA technology, for example, using human hsc70
scquence as described in Dworniczak and Mirault, Nucleic Acids Res. 15:5181-5197 (1987)
and GenBank accession no. P11142 and/or Y00371, cach of which is incorporated herein by
reference in ifs entirety. In certain embodiments, Hsp70 sequences are as described in Hunt
and Mornmoto Proc. Natl Acad. Sci U.S A 82 (19), 6455-6439 (1985) and GenBank

accession no. PODMVE and/or M11717, each of which 1s incorporated herein by reference in
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its entirety. Antigenic peptides can also be prepared by recombinant DNA methods known in
the art.

00226}  In certain embodiments, the antigenic peptides comprise a modified amino acid.
In certain embodiments, the modified aming acid comprises a post-translational modification.
In certain embodiments, the modified amino acid comprises 3 mimetic of 2 post-translational
modification. In certain embodiments, the modified amino acid 15 a Tyr, Ser, Thr, Arg, Lys,
or His that has been phosphorviaied on a side chain hydroxyvl or aming. In certamn
crobodiments, the modified amino acid is a mimetic of a Tyr, Ser, Thr, Arg, Lys, or His
amino acid that has been phosphorvlated on a side chain hydroxyl or amine.

(002271  In a specific embodiment, a TCR, cell, or pharmaceutical composition disclosed
herein is administered (o a subject in combination with a heat shock protein peptide complex
(HSPPC), e.g., heat shock protein peptide complex-96 (HSPPC-90), to treat cancer. HSPPC-
96 comprises a 96 kDa heat shock protemn (Hsp), gp96, complexed to antigenic peptides.
HSPPC-96 1s a cancer ummunotherapy manufactured from a subject’s tumor and contains the
cancer’s antigenic “fingerprint.”  In certain embodiments, this fingerprint contains unique
antigens that are present only in that particular subject’s specific cancer cells and injection of
the vaccine 1s infended to stimulate the subject’s immune system (o recogmize and altack any
cells with the specific cancer fingerprint.

[00228]  In certain embodiments, the HSPPC, e.g., HSPP(C-96, 1s produced from the tumor
tissue of a subiect. In a specific embodiment, the HSPPC {e.g., HSPPC-96) is produced from
a tamor of the type of cancer or meiastasis thereof being treated. In another specific
cmabodiment, the HSPPC (e g, HSPPC-96) 15 autologous to the subject being treated. In
certain embodiments, the tumor tissue is non-necrotic tumor tissue. In certain embodiments,
at least 1 gram (e.g., atleast 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at
least 8, at least 9, or at least 10 grams) of non-necrotic tumor tissue 15 used to produce a
vaceine regimen. In certain embodiments, after surgical resection, non-necrotic tumor fissue
13 frozen prior fo wse i vaccine preparation. In some embodiments, the HSPPC, eg.,
H5PPC-96, 15 1solated from the tumor tissue by purification techniques, filtered and prepared
for an myjectable vaccine. In cortain embodiments, a subject is adounistered 6-12 doses of the
HSPPC, e.g., HSPCC-96. In such embodiments, the HSPPC, e.g., HSPPC-96, doses may be
administered weekly for the first 4 doses and then biweekly for the 2-8 additional doses.
(002291 Further cxamples of H5PPCs that may be used in accordance with the methods

described heremn are disclosed 1 the following patents and patent applications, which are
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incorporated herein by reference herein in their entiretics, U.S. Patent Nos. 6,391,306,
6,383,492, 6,403,095, 6,410,026, 6,436,404, 6,447,780, 6,447,781 and 6,610,659,

(00230} In certain embodiments, a TCR, cell, or pharmaceuntical composition disclosed
herein is administered to a subject in combination with an adjuvant. Various adjuvants can
be used depending on the treatment context. Non-limiting examples of appropriate adjuvants
mnclude, but not bimited to, Complete Freund's Adjuvant (CFA), Incomplete Freund's
Adjuvant (IFA), montanide ISA {meomplele Seppic adjuvant), the Ribi adjuvant system
(RAS), Titer Max, muramy! peptides, Syntex Adjuvant Formulation (SAF), alum (aluminum
hydroside and/or aluminum phosphate), aluminum salt adjuvants, Gerbu® adjuvants,
nitrocelhdose  absorbed antigen, encapsulated or entrapped antigen, 3 De-(O-acvlated
mongphosphoryt lipid A (3 D-MPL), immunostimulatory oligonucieotides, toll-like receptor
(TLR) ligands, mannan-binding lectin (MBL) ligands, STING agonists, immuno-stimulating
complexes such as saponins, Quil A, Q8-21, 085.7, ISCOMATRIX, and others. Other
adjovants melude CpG oligonucleotides and double stranded RNA molecules, such as
polv(A) and polv(U}. Combinations of the above adjuvanis may also be used. See, e g, US.
Patent Nos. 6,645,495, 7,029,678, and 7,858,589, all of which are mcorporated herein by
reference m their entirctics. In one embodiment, the adjuvant used herein 15 Q85-21
STIMULON.

(00231} In certain embodiments, a TCR, polynucleotide, vector, engineered cell, or
pharmaceutical composition disclosed herein is administered (o a subject in combination with
a tumor microenvironment {TME)-conditioning agent. In certain embodiments, the TME-
conditioning agent is a cviokine (e g., interleukin-2, interferon-g, mterferon-B, interferon-y,
tumor necrosis factor superfamily member 14 (TNFSF14)). In certain embodiments, the
cytokine 18 a chemoking {e.g., (C-C motif) higand 21 (CCL21)Y and C-X-C motif chemokine
10 (CXCL10)). In certain embodiments, the TME-conditioning agent is an agonist of a
patiern recognition receptor (PRR). In certain embodiments, the agonist is a synthetic agonist
of TLRY (e.g., CpGy. In certain embodiments, the agonist is a synthetic agonist of STING
{e.g., cGAMP).

(002321 The TCR, polymucleotide, vector, enginecred cell, or pharmaceutical composition
and the additional therapeutic agent {e.g., chemotherapeutic, radiotherapeutic, checkpoint
targeting agent, IDO inhibitor, vaceine, adjuvant, and/or TME-conditioning agent) can be
administered scparately, sequentially or concurrently as separate dosage forms. In one
embodiment, the TCR, polynucleotide, vector, engineered cell, or pharmaceutical
composition 1s administered parenterally, and an IDO inhibijor 18 admimstered orally.
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[00233] A TCR, polynuclectide, vector, engineered cell, or pharmaceutical composition
described herein may be delivered to a subject by a vanety of routes. These include, but are
not hmited o, parenteral, mitranasal, intratracheal, oral, intradermal, topical, mntramuscular,
intraperitoneal,  transdermal, intravenous, inlratumoral, conjunctival, intrathecal, and
subcutancous routes. Pulmonary administration can also be emploved, ez, by use of an
inhaler or nebulizer, and formulation with an acrosolizing agent for use as a spray. In certain
embodiments, the TCR, polynucleotide, vector, engincered cell, or pharmaceuntical
composition described hercin is delivered intravenously. In certain embodiments, the TCR,
polynucleotide, vector, engineered cell, or pharmaceutical composition described herein 1s
delivered subcutaneously.  In certain embodiments, the TCR, polynucleotide, vector,
engineered cell, or pharmaccutical composition described herein is delivered intratumorally.
In certain enthodiments, the TCR, polynucleotide, vector, engineered cell, or pharmaceutical
composition described herein is delivered into a tumor draimng lymph node.
[00234] The amount of the TCR, polynucleotide, vector, ¢ngineered cell, or
pharmaceutical composition which will be cffective 1n the treatment and/or prevention of a
condiion will depend on the nature of the disease, and can be determined by standard clinical
technigues.
[00235}) The precise dose to be emploved in a composition will also depend on the route of
adnunistration, and the seriousness of the mfection or disease caused by if, and should be
decided according to the judgment of the practitioner and each subject's circamstances. For
example, effective doses may alse vary depending upon means of administration, target sifg,
physiological state of the paticnt (including age, body weight, and health), whether the patient
s a human or an anunal, other medications adoumstered, or whether treatment 1s
prophvlactic or therapeutic. Usually, the patient is a human but non-human mammals
including transgenic mammals can also be treated. Treatment dosages are optimally titrated
o optimize safety and efficacy.
[00236] A TCR described hergin can also be used to assay the levels of a peptide-MHC
complex comprising a MLL peptide {e.g., a MLL phosphopeptide, ¢.g., a peptide consisting
of the amino acid sequence of SEQ ID NO: 45 or 47) and/or the numbers of cells displaving a
peptide-MHC complex comprising a2 MLL peptide (e.g, a MLL phosphopeptide, e.g., a
peptide consisting of the amino acid sequence of SEQ 1D NO: 45 or 47) 1o a biclogical
sample using classical imununchistological methods known to those of skill in the ar,
meluding immunoassays, such as the enzyme linked immunosorbent assay (ELISA),
mmunoprecipitation, or Western blotting.  Suitable TCR assay labels are known in the art
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and include enzyme labels, such as, glucose oxidase; radioisotopes, such as iodine (71, ¥,
carbon (**C), sulfur (7S), trittum CH). indivm (*'In), and technetiuvm (FTe); luminescent
labels, such as himinol; and fluorescent labels, such as fluorescein and rhodamine, and biotin.
Such labels can be used to label a TCR described herein.  Alternatively. a molecule that
recognizes a TCR described herein can be labeled and used in combination with a TCR
described herein to deteet a peptide-MHC complex comprisimg a MLL peptide (¢.g., a MLL
phosphopeptide, e.g., a peptide consisting of the amimo acid sequence of SEQ ID NO: 43 or
47) and/or the numbers of cells displaying a peptide-MHC complex comprising 8 MLL
pepiide (¢.g., a MLL phosphopeptide, ¢.g., a peptide consisting of the amino acid sequence of
SEQ ID NO: 45 or 47} in a biological sample.
100237} Assaving for the levels of a peptide-MHC complex comprising a MLL peptide
{c.g.. a MLL phosphopeptide, ¢.g., a peptide consisting of the anino acid sequence of SEQ
IBD NO: 45 or 47) 13 mitended to include qualitatively or quantitatively measuring or
estimating the level of a peptide-MHC complex comprising a MLL peptide {(¢c.g., a MLL
phosphopeptide, ¢.g., a peplide consisting of the amino acid sequence of SEQ 1D NO: 45 or
47y mn a first biological sample either directlv {(e.g., by delermuining or estimating absoluie
protein level) or relatively (2.2, by comparing to the discase associated protein level in a
second biological sample). The level of a peptide-MHC complex comprising a MLL peptide
{e.2., a MLL phosphopeptide, ¢.g., a peptide consmisting of the amino acid sequence of SEQ
ID NO: 45 or 47) in the first biological sample can be measured or estimated and
comparcd to a standard level, the standard beimng taken from a second biological sample
obtained from an individual not having the discase or being determined by averaging levels
from a population of individuals not having the disease. As will be appreciated n the art,
once the “standard”™ level i1s known, it can be used repeatedly as a standard for comparison.
[00238]  As used herein, the term “biological sample”™ refers to any biological sample
obtained from a subject, cell fing, tissue, or other souwrce of cells potentially displaying a
peptide-MHC complex comprising a2 MLL peptide (c.g., a MLL phosphopeptide, ¢.g., a
pepiide consisting of the amino acid sequence of SEQ 1D NO: 45 or 47). Methods for
obtaining tissue biopsics and body fluids from animals (e.g., humans) arc well-known in
the art. Biological samples include peripheral mononuclear blood cells.
(00239} A TCR described hercin can be used for prognostic, diagnostic, monitoring and
screening applications, including in vitro and in vive applications well-known and standard to
the skilled artisan and based on the present description. Prognostic, diagnostic, monitoring
and screening assays and kits for /m virre assessment and evaluation of mwmune system status
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and/or immune response may be utilized to predict, diagnose, and monitor to evaluate patient
samples including those known to have or suspected of having a disorder associated with
cells displaving a peptide-MHC complex comprising 8 MLL peptide {e.g, a MLL
phosphopeptide, ¢.2., a peptide consisting of the amino acid sequence of SEQ 1D NG 45 or
47y, In vive applications include directed cell therapy and immune systermn modulation and
radio 1imaging of a cell, tissue, or organ displaving a peptide-MHC complex comprising a
MLL peptide {e.g., 3 MLL phosphopeptide, e.g., a peplide consisting of the amino acid
sequence of SEG 1D NO: 45 or 47).

[00240] In one embodiment, a TCR described heremn can be used for defecting a peptide-
MHC complex comprising 2 MLL peptide (e.g., a MLL phosphopeptide, ¢.g., a peptide
consisting of the amino acid sequence of SEQ 1D NO: 45 or 47) and/or the numbers of celis
displaving a peptide-MHC complex comprising a MLL peptide {c.g, a MLL phosphopeptide,
¢.g., a peptide consisting of the anino acid sequence of SEQ ID NO: 45 or 47) m
tmmunohistochemistry of biopsy samples. A TCRs descrnibed herein may carry a detectable
or functional label. When fluorcscence labels are used, currently available microscopy and
fluorescence-activated cell sorter analysis (FACS) or a combination of both methods known
in the art may be utilized to identify and to quantitate the specific binding members. A TCR
described herein may carry a fluorescence label. Exemplary fluorcscence labels include, for
example, reactive and conjugated probes, e.g., aminocoumarin, fluorescein and Texas red,
Alexa Fluor dyes, Cy dyes, and DyLight dyes. A TCR described herein may carry a
radioactive label, such as the isotopes “H, M*C, P, S, *CL, *'Cr. 7'Co, P*Co. PFe, U'Cu. MY,
e, Wn, Wi, P, 1L PR WAy, AL PPBE, 7P Ac and '™Re. When radicactive
tabels are used, cwrrently available counting procedures known in the art may be utilized to
identify and quantitate the specific binding of the TCR to a peptide-MHC complex
comprising a MLL polypeptide {c.g., a MLL phosphopeptide, c.g., a peptide consisting of the
amine acid sequence of SEQ 1D NO: 45 or 47). In the instance where the label 1s an enzyme,
detection may be accomplished by any of the presently utibzed colorimetric,
spectrophotometric, flucrospectrophotometric, amperometric, or gasometric techniques as
known in the art. This can be achieved by contacting a sample or a control sample with a
TCR described herein under conditions that allow for the formation of a complex between the
TCR and the peptide-MHC complex comprising a MLL peptide (g, a MLL
phosphopeptide, ¢.g., a peptide consisting of the amino acid sequence of SEQ 1D NO: 45 or
47y, Any complexes formed between the TCR and the peptide-MHC complex are detected
and compared i the sample and the control.  In light of the specific binding of the TCRas
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described herein for a peptide-MHC complex comprnising a MLL peptide (e, a MLL
phosphopeptide, ¢.g., a peptide consisting of the amino acid sequence of SEQ 1D NO: 45 or
47, the TCRs can be used to detect cells displaying a peptide-MHC complex comprising a
MLL polypeptide (c.g2., a MLL phosphopeptide, ¢.2.. a peptide consisting of the amino acid
sequence of SEQ 1D NO: 45 or 47). The TCR described herein can also be used to purify
such a complex or cell via immunoaffinity purification.  Also included herein is an assay
sysiem which may be prepared in the form of a test kit for semi-quantitative or quantitative
analysis of the cxtent of the presence of, for instance, a peplide-MHC complex comprising a
MLL peptide (e.g., a MLL phosphopeptide, ¢.g., a pepiide consisting of the amino acid
sequence of SEQ ID NO: 45 or 47), or a complex comprising the peptide-MHC complex.
The system or test kit may comprise a labeled component, e.g., a labeled TCR, and one or
more additional immunochemical reagents.

55 Polynucleotides, Vectors and Methoeds of Producing TCRs

{00241} In another aspect, provided herein are polyoucicotides comprising a nucleotide
sequence encoding a TCR described herein {e.g2., a chain, § chain, Va domain, and/or VB
domain} that binds to a MLL pepude (e.g., a MLL phosphopeptide, ¢.g., a peptide consisting
of the amino acid sequence of SEQ 1D NO: 45 or 47), and vectors, e.g., vectors comprising
such polvnucleotides for recombinant expression in host cells (e.g., £ ¢oli and mammalian
cells). Provided herein are polynucleotides comprising nucleotide sequences encoding an o
chain and/or B chain of any of the TCRs provided herein, as well as vectors comprising such
polvnucleotide sequences, e.g., expression vectors for their efficient expression in host cells,
e.g., mammalian cells.

(00242} In certain embodiments, a polymuecleotide or nucleic acid molecule deseribed
herein is isolated or purnified. In general, an isolated polynucleotide or nucleic acid molecule
ts onc which is separated from other nucleic acid molecules which are present in the natural
source {e.g., in a mouse or a human) of the nucleic acid molecule. Additionally or
alternatively, an isolated polynuckeotide or nucleic acid molecule {(&.g., a cDNA molecule) is
substantially free of other celivlar material, or cultwre mediwm when produced by
recombinant techniques, or substantially free of chemical precursors or other chemicals when
chemically synthesized. For example, the language “substantially free” mcludes preparations
of polynuclectides or nucleic acid molecules having less than about 13%, 10%, 5%, 2%. 1%,
0.5%, or 0.1% (in particular less than about 10%) of other material, e.g., cellular material,
culture mediom, other nucleic acid molecules, chemical precursors, and/or other chemicals,

00243}  In a particular aspect, provided herein are polynucleotides compnising nucleotide
103



10

2
h

30

WO 2019/046856 PCT/US2018/049397

sequences encoding TCRs which bind to the same epitope of a peptide comprising the amino
acid sequence set forth m SEQ ID NO: 43 or 47 as the TCRs described supra. In certain
embodiments, the peptide is in complex with an MHC as described supro (e.g., HLA-
B*0702). In certain embodiments, the TCR comprises sequences that do not naturally exist
within the TCR. germline repertotre of an anumal or manmal (e g, human) in vive. In certain
embodiments, the polynucleotide comprises sequences that do not naturally exist within the
TCR-cncoding BNA germline repertoire of an animal or mammal {e.g., haman) in vivo.
[00244]  In certain aspects, provided herein are polynucleotides comprising a nucleotide
sequence encoding the o chain and/or B chain of a TCR deseribed herein.  The
polynucleotides can comprise nucleotide sequences encoding an ¢ chain comprising the o
chain FRs and CDBRs of TCRs described herein {see, e.g., Table 1) or nuclectide sequences
cncoding a B chain comprising the B chain FRs and CDRs of TCRs described herein (see,
e.g, Table 1}

(00245}  In certatn ecmbodiments, the polynucleotide encodes the « chain and B chain of a
TCR described herein.  In certain embodiments, the polynucleotide encodes a polypeptide
comprising from the N-terminus to the C-terminus: the o chain of the TCR, a 2A cleavage
site, and the § chain of the TCR. In certain embodiments, the polynucleotide encodes a
polypeptide comprising from the N-terminus (o the C-ierminug: the B chain of the TCR, a ZA
cleavage site, and the @ cham of the TCR. In certain embodiments, the polvnucleotide
encodes a polvpeptide comprising from the N-terminus to the C-termius: the o chain of the
TCR, a furin cleavage site, a 2A cleavage site, and the § chain of the TCR. In cerlam
crabodiments, the polynucleotide encodes a polypeptide comprising from the N-terminus to
the C-terminus: the B chain of the TCR, a funin cleavage site, a2 2A cleavage site, and the u
chain of the TCR. The furin cleavage sifc generally has a consensus sequence of RXXGR,
wherein Xy can be any amino acid, and X, 15 K or R (83EQ 1D NG 96). In certain
embodiments, X; 18 K or R. In certain embodiments, the furin cleavage site has a sequence of
RAKR (SEQ ID NO: 97). In certain embodiments, the furin cleavage site 1s cleaved afler the
second arginine residue. The 2A cleavage site generally comprises a consensus sequence of
Xy XGEXGNPGP, wherein Xy is D or G, Xp is V or §, and X5 is any amino acid (SEQ D NO:
99). In certamn embodiments, the 2A cleavage site 18 cleaved between the C-terminal proline
residue and the preceding glveine residue.  In certain embodiments, the 2A cleavage siie
comprises an anuno acid sequence sclected from SEQ 1D NOs: 100-105 and 239-246 (Table
7). In certain embodiments, the 2A cleavage site 15 a porcine teschovirus-1 2A (P2A)
cleavage site having the amino acid sequence set forth in SEQ ID NG: 100, In certamn
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embodiments, the 2A cleavage site is a porcine teschovirus-1 ZA (P2A) cleavage site having
the amino acid sequence set forth in SEQ ID NOG: 239 In certain embodiments, the
polynucleotide comprises a mucleic acid sequence encoding SEQ ID NO: 90, In certain
embodiments, the polynuclectide comprises a nucleic acid sequence encoding SEQ 1D NO:
238,

Table 7. Exemplary 2A cleavage sites.

SEQ Description Amino acid Sequence
ID NO:

160 poreine teschovirus-1 2A (P2A) | ATNFSLLKQAGDVEENPGP
vanant 1

239 porcing teschovirus-1 2A (PZAY | GSGATNFSLLKQAGDVEENPGP
variant 2

101 | thosea-asigna virus 2A peptide | EGRGSLLTCGDVEENPGP
(T2A) vaniant |

240 | thosea-asigna virus 2A peptide | GSGHGRGSLLTCGDVEENPGP
(T2A) variant 2

102 | equine rthimitis A virnas 2ZA | QUTNYALLKLAGDEVESNPGP
peptide (E2A) vanant |

241 cquine rhinitis A virus 2A | GSGQCTNYALLKLAGDVESNPGP
peptide (E2A) vanant 2

103 | foot-and-mouth discase virus 2A | VKQTLNFDLLKLAGDVESNPGP
pepiide (F2A) variant |

242 foot-and-mouth discase virus 2A | GSGVKQTLNFDLLKLAGDVESNPGP
peptide (F2A) variant 2

104 | cyvioplasmic polyhedrosis virus | DVFRSNYDLLKLCGDIESNPGP
2A peptide (BmCPV 2A) variant
i

243 | cytoplasmic polyhedrosis viras | GSGDVFRSNYDLLEKLCGDIESNPGP
2A peptide (BmCPV 2A) variant

VA

105 flacherie virus of B mori 2A | TLTRAKIEDELIRAGIESNPGP
peptide (BmlFV 2A) variant 1

244 | flacheric virus of B omori 2A | GSGTLTRAKIEDELIRAGIESNPGP
peptide (BmiFY 2A) vartant 2

245 Dual P2A-T2A peptide variant 1 | ATNFSLLKQAGDVEENPGPEGRGSLLT
CGDVEENPGP

246 | Dual P2ZA-T2A peptide variant 2 | GSGATNFSLLKQAGDVEENPGPEGRGS
LLTCGDVEENPGP

(002461 Also provided hercin are polynucleotides encoding a TCR described berein that
are optimized, e.g, by codon/RNA optimization, replacement with heterologous signal
seqaences, and elimination of mRNA instability elements. Methods to generate optimized
nucleic acids encoding a TCR (e.g.. o chain, B chain, Vg domain, and/or VB domain) for

recombinant expression by introducing codon changes and/or clinminating inhibitory regions
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in the mRNA can be carried out by adapting the optimization methods deseribed in, e.g., US,
Patent Nos. 3,965,726, 6,174,666, 6,291,664, 6,414,132; and 6,794,498, accordingly. For
example, potential splice sites and instability elements (e.g., A/T or A/U nch clements)
within the RNA can be mutated without altering the amine acids encoded by the nuckic acid
sequences o increase stabifity of the RNA for recombinant expression. The alterations
utilize the degeneracy of the genctic code, e.g., using an alternative codon for an identical
amino acid. In some embodiments, it can be desirable to alter one or more codons to encode
a comservative muation, e.g, a simidar amino acid with simiar chemical structure and
properties and/or function as the original amino acid. Such methods can increase expression
of a TCR by at least 1 fold, 2 fold, 3 fold, 4 fold, 5 fold, 10 fold, 20 fold, 30 fold, 40 fold, 50
fold, 60 fold, 70 fold, 20 fold, 90 fold, or 100 fuld or more relative 1o the expression of a
TCR encoded by polynucleotides that have not becn optimized.

(00247} In certain embodiments, an optimized polynuclesiide sequence encoding a TCR
described herein (e.g., « chain, B chain, Vo domain and/or VB domain) can hybridize o an
aniisense {e.g., complementary) polvnucleotide of an unoptimized polvoucleotide sequence
encoding a TCR. deseribed herein (e.g., a chain, B chain, Vo domain, and/or VB domain). In
specific embodiments, an optimized nocleotide sequence encoding a TCR described herem
under high stringency conditions to amtisense polvnucleotide of an unoptimized
polynucleotide sequence encoding a TCR deseribed herein.  In a specific embodiment, an
optimized nucleotide sequence encoding a TCR described herein hybridizes under high
sinngency, intermediate or lower stringency hybridization conditions to an antisense
polynucieotide of an unoptimized nucleotide scquence encoding a TCR described herein
Information regarding hybnidization conditions has been descnibed, see, e g, US. Patent
Application Publication No. US 2005/0048349 (e.g., paragraphs 72-73), which is
mcorporated herein by reference.

[00248] The polynucleotides can be obtained, and the nucleotide sequence of the
polynucleotides determined, by any method known in the arl.  Nucleotide sequences
encoding TCRs described herein, e. g, TCRs described in Tables 1-4, and modified versions
of these TCRs can be deitermined using methods well-known in the art, 7e., pucleotide
codons known (o encode particular amino acids are assembled in such a way {o generate a
nucleic acid that encodes the TCR. Such a polynucleotide encoding the TCR can be
assembled from chemically synthesized cligonucleotides {e. g, as described in Kutmeier G ef
al, (1994), BiwoTechniques 17: 242-6), which, briefly, involves the synthesis of overlapping
oligonucleotides contaiming portions of the sequence encoding the TCR, annealing and
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ligating of those ohigonucleotides, and then amplification of the ligated oligonucleotides by
PCR.
002491 Alternatively, a polvrucleotide encoding a TCR described herein can be generated
from nucleic acid from a svitable source (e.g, a T lymphocyte) using methods well-known in
the art {e.g., PCR and other molecular cloning methods). For example, PCR amplification
using svnthetic primers hybridizable to the 37 and 57 ends of a known sequence can be
performed using genomic DNA obtained from T cells expressing the TCR of interest. Such
PCR amplification methods can be used to obtam nucleic acids comprising the sequence
encoding the a chain and/or f chain of a TCR. Such PCR amplification methods can be used
to obtain nucleic acids comprising the sequence encoding the Va domain and/or VB domam
of a TCR. The amplified nucleic acids can be cloned mto vectors for expression in host celis
and for further cloning, for example, to generate chimeric and humanized TCRs.
[00250] If a clone containing a nucleic acid encoding a particular TCR s not available, but
the sequence of the TCR molecule is known, a nucleic acid encoding the TCR can be
chenucally synthesized or obtamed from a suitable source (e.g., a TCR c¢DNA hibrary or a
cDNA library generated from, or nucleic acid, e.g., poly A" RNA, isolated from, any tissue or
cells expressing the TCR, such as T lvmphocytes selected to express a TCR deseribed herein)
by PCR amplification using synthetic primers hybridizable {o the 37 and 5° ends of the
sequence or by cloning using an ohgonucleoude probe specific for the particular gene
sequence lo identify, e.g., a cDNA clone from a ¢DNA library that encodes TCRs. Amplified
nucieic acids generated by PCR can then be cloned into replicable cloning vectors using any
method well-known in the art.
[00251] DNA encoding TCRs described herein can be readily isolated and sequenced
using conventional procedures, e.g., by using oligonucleotide probes that are capable of
binding spectfically to genes encoding the o chain and/or § chain of the TCR. T Iymphocytes
can serve as a source of such DNA. Once 1solated, the DNA can be placed mito expression
vectors, which are then transfocted info host cells such as £ coli cells, siman COS cells,
Chinese hamsier ovary (CHO) cells (e.g, CHO cells from the CHO GS System™ (Lonza)),
or mveloma cells that do not otherwise produce TCR protein, to obtain the synthesis of TCRs
in the recombinant host cells.
(00252}  To generate whole TCRs, PCR primers including Va or VB nucleotide sequences,
a restriction site, and a flanking sequence to protect the restriction site can be used to ampldy
the Va or VP sequences mto clones, e.g., clones of individual Ve or VP nucleotide sequences,
or clones of single~chain TCRs containing variable regions of TCRs attached by a flexible
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linker. Utilizing cloning techniques known to those of skill in the art, the PCR amplified Va
domains can be cloned mnto vectors expressing an a chain constant region, and the PCR
amplified VB domains can be cloned into vectors expressing a f chain constant region. In
certain cmbodiments, the vectors for expressing the Va or VB domains comprise an EF-la
promoter, a secretion signal, a cloning site for the variable region, constant domains, and a
selection marker such as neomyem. The o chain and B chain vectors are then co-transfected
nto cell lings, gither simuliancously or sequentially, (0 generate stable or transient cell hines
that express whole TCRs using technigues known to those of skill in the art. The Va or VP
domains can also be cloned into one vector expressing the necessary constant regions. The
vector ts then transfected into cell Imes to generate stable or transient cell hines that express
whole TCRs using technigues known to those of skill in the art.

(002531 The DNA also can be modificd, for example, by substituting the coding sequence
for human o chain and B chain constant domains in place of the murine sequences, or by
covalently joining to the TCR coding sequence all or part of the coding sequence for a non-
TCR polvpeptide.

[00254]  Also provided are polvnucieotides that hybridize under high, mmtermediate, or low
stringency hybnidization conditions to polveucleotides that encode a TCR described herein,
In specific embodiments, polvnucleotides described herein  hvbridize under high,
mtermediate, or low stringency hybridization conditions to polynucleotides encoding 2 Va
domain and/or VB domain provided herein.

{00255} Hybridization conditions have been described i the art and are known to ong of
skill in the art.  For cxample, hybridization under stringent counditions can involve
hybridization to filter-bound DNA in 6x sodium chlonde/sodium citrate (SSC) at about 45°C
followed by one or more washes m 0.2xS8C/0.1% SDS at about 50-65°C; hybridization
under highly stringent conditions can involve hybridization to filier-bound nucleic acid in
6x55C at about 45°C followed by one or more washes in 0. 1x8$5C/0.2% SDS at about 68°C.
Hybridization vnder other stringent hybridization conditions are known to those of skill in the
art and have been described, see, for example, Ausubel FM e af, eds., (1989 Current
FProtocols in Molecular Biology, Vol 1, Green Publishing Associates, Inc. and John Wiley &
Song, Inc., New York af pages 6.3.1-6.3.6 and 2.10.3.

[00256] 1o certain aspects, provided herein are celis {e.g., host cells) expressing (e.g.,
recombinantly} TCRs described bercin which bind to a MLL polypeptide (e.g., a MLL
phosphopeptide, e.g., a peptide consisting of the amino acid sequence of SEQ ID NG: 45 or
473, and related polvnaclectides and expression veciors. Provided herein are vectors {e.g.,
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expression vectors) comprising polynuclectides comprising nucleotide sequences encoding
such TCRs for recombmant expression n host cells, e.g., in mammalian cells. Also provided
herein are host cells comprising such vectors for recombinantly expressing TCRs described
herein (e.g . human or humanized TCR). In a particular aspect, provided herein are methods
for producing a TCR described herein, comprising cxpressing such TCR from a bost cell.
[00257] In another aspect, provided herein are methods for producing an engineered cell
{e.g., a cell comprising a heterclogous and/or recombinant nucleic acid) as described herein
In certain embodiments, the method comprises contacting a ccll with a vector as described
herein under conditions that allow introduction of the vector into the cell.  In certain
embodiments, the condition allows transfection of the cell with the vector (e.g., by liposome
or electroporation). In one embodiment, the condition allows transfection of the cell with an
mENA vector by clectroporation.  In certain embodiments, the vector is a viral vector, and
the conditions allow fransduction of the cell with the viral vector. In certain embodiments,
the vector is introduced to the cell in vitro or ex vivo. In certain embodiments, the vector is
introduced to the cell in vivo.
[00258] Recombinant expression of a TCR described herein (e.g., a full-length TCR, «
chain and/or B chain of a TCR, or a single-chain TCR described herein) that binds to a MLL
polypeptide (e.g., a MLL phosphopeptide, e.g., a peptide consisting of the amino acid
sequence of SEQ 1D NO: 45 or 47) involves construction of an expression vector confaining
a polynucleotide that encodes the TCR. Once a polvnucleotide encoding & TCR deseribed
herein has been obtained, the vector for the production of the TCR molecule can be produced
by recombinant DNA techunology using techniques well-known in the art. Thus, methods for
preparing a protein by expressing a polynucleotide containing a TCR encoding nucleotide
sequence are described herein. Methods which are well-known to those skilled in the art can
he used to construct expression vectors containing TCR encoding sequences and appropriate
iranscriptional and translational conirol signals. These methods include, for example, in vitro
recombinant DNA techniques, synthetic techniques, and in vive genetic recombination. Also
provided are replicable vectors comprising a nuclectide sequence encoding a TCR molecule
described herein {e.g., a full-length TCR, @ chain or f chain of a TCR, Yaor V8 of a TCR, or
an o or B chain CDR), operably hinked to a promoter.
(002591  The vector can comprise any type of nuclectides (including but not lumited to
DNA and RNA) which can be single-stranded or double-stranded, svothesized or obtained in
part from natural sources, and which can contain natural, non-natural or aliered nucleotides.
The recombinant expression vectors can comprise naturallv-occurring or non-naturally-
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occurring internucleotide linkages, or both types of linkages. In one embodiment, the non-
naturally occurring or altered nucleotides or mter-nucleotide linkages do not hinder the
transcription or replication of the vector. The expression vector can be a viral vector (e.g., a
retroviral vector, an adenoviral vector, an adeno-associated viral vector, or a baculoviral
vector). In certain embodiments, the retroviral vector 15 a lentiviral vector {e.g., a vector
comprising genetic elements of the HIV-1 genome) or an equine infoctious anemia viral
vector. In certain embodiments, the vector is packaged with one or more viral capsid proteins
to provide a viral particle.

[00260]  An expression vector can be transferred to a cell {e.g., a host cell) by conventional
technigues and the resolting cell can then be cultured by conventional techniques to produce a
TCR described herein.  Thus, provided herein are host cells containing a polynuclectide
encading a TCR molecule deseribed herein (e.g., a full-length TCR, « chain or B chain of a
TCR, Va or VB of a TCR, or an « or B chain CBR) operably linked to a promoter for
expression of such sequences in the host cell. In certain embodiments, for the expression of
double-chained TCRs, vectors encoding both the o and P chains, mdividually, can be co-
expressed in the host cell for expression of the entire TCR molecule, as detailed below. In
certain embodiments, a host cell containg a vector comprising a polynucleotide encoding both
the @ chain and § chain of a TCR described herein.  In specific cmbodiments, a host cell
contains two different vectors, a first vector comprising a polynucleotide encoding an ¢ chain
or an ¢ chaim variable region of a TCR described herein, and a second vector comprising a
polyvanucleotide encoding a § chain or a P chain variable region of a TCR deseribed herein. In
other embodiments, a first host ccll comprises a first vector comprising a polynucieotide
encoding an ¢ chain or an a chain variable region of a TCR described herein, and a second
host cell comprises a second vector comprising a polyvnucleotide encoding a B chamn or 2 §
chain variable region of a TCR described herem. In specific embodiments, an o chain or o
chain variable region expressed bv a first cell associated with a B chain or | cham variable
region expressed by a second cell to form a TCR described herein.  In certain embodiments,
provided herein is a population of host cells comprising such first host cell and such second
host cell.

(00261}  In a particular embodiment, provided hercin is a population of vectors comprising
a first vecior comprising a polynucleotide encoding an o chain or ¢ chain variable region of a
TCR described herein, and a second vector comprising a polynucleotide encoding a B chain

or § chain varnable region of a TCR described herein.
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[00262) A variety of host-expression vector systems can be otilized o express TCR
molecules described herein (see, e.g., US. Patent No. 5807,715). Such host-expression
systems represent vehicles by which the coding sequences of intergst can be produced and
subsequently purified, but also represent cells which can, when transformed or transfected
with the appropriate nucleotide coding sequences, express a TCR molecule described herein
in situ. These include but are not limited to microorgamisms such as bactenia (e. 2., £. coli and
A. subtilisy transformed with recombinant bacteriophage DNA| plasmid DNA, or cosmid
DNA cxpression vectors containing TCR coding sequences; yeast (e.g., Saccharomyces
Pichiay transformed with recombinant veast expression vectors contamming TCR coding
sequences; msect cell systems infected with recombmant virus expression vectors (e.g,
baculoviras) containing TCR coding sequences; plant cell systems (e.g., green algac such as
Chiogmydomonas reinfiardtii) infected with recombinant virus expression vectors (e.g.,
caghflower mosaie virus, CaMV; tobacco mosaic virus, TMV) or transformed with
recombinant plasmid expression vectors (e.g., Ti plasmid) containing TCR coding sequences;
or mammalian ccll systems (e.g., COS {e.g., COS or COS), CHO, BHK, MDCK, HEK 293,
NS0, PER.C6, VERO, CRL7030, HsS78Bst, Hela, and NIH 3T3, HEK-293T, Hep(2,
SP210, R1.1, B-W, L-M, BSC1, BSC40, YB/20 and BMTI10 cells) harboring recombinant
cxpression constructs containing promoters derived from the genome of mammalian cells
(e.g., metallothionein promoter) or from mammalian viruses {e.g., the adenovirus late
promoter; the vaccinia virus 7.5K promoter). In a specific embodiment, cells for expressing
TCRg described herein are CHO cells, for example CHO cells from the CHO (S System™
(Lonza). In a particular embodiment, cells for expressing TCRs described herein are human
cells, e.g., human cell lines. In a specitic embodiment, a mammalian expression veetor is
pOptiVECT™ or pcDNA3 3, In a particular embodiment, bacterial cells such as Fscherichia
coli, or eukaryotic cells {e.g., mammalian cells), especially for the expression of whole
recombinant TCR molecule, are used for the expression of a recombinant TCR molecule. For
example, mammalian cells sach as Chinese hamster ovary (CHO) cells, in conjunction with a
vector such as the major intermediate carly gene promoter clement from human
cviomegalovirus, are an effective cxpression system for TCRs (Foecking MK & Hofstetter H
{(1986) Gene 45: 101-5; and Cockeit MI es af, (1990) Biotechnology 8(7): 662-7). In certain
embodiments, TCRs described herein are produced by CHO cells or NSO cells. 1o a specific
embodiment, the cxpression of nucleotide sequences encoding TCRs described herein is

regulated by a constitutive promoter, mducible promoter, or tissue specific promoter.
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(00263}  In certain embodiments, the mammalian host cell is a lymphocyte (e.g.. a human
tymphocyie), such as a T cell or a natural killer (NK) cell.  In certain embodiments, the
lymphocvie is a T cell. Any T cell at any developmental stage can be used to express a TCR
disclosed herein. For example, in certain embodiments, the T cell is selected from the group
consisting of a CD$" cytotoxic T cell, a CD4” cytotoxic T cell, a C4 helper T cell (e.g., a
Thi or a Th2 cell), a CD4/CDS double positive T cells, a tumor infiltrating T cell, a
thvmocyte, a memory T cell, a naive T cell, and a natural killer T cell {e.g., an mvariant
natural killer T cell). Precursor cells of the cellular immune system (e.g., precursors of T
tymphocyies) are also useful for presenting a TCR disclosed herein because these cells may
differentiate, develop, or mature into effector cells. Accordingly, in certain embodiments, the
mammalian host celi 1s a pluripotent stem cell (e g, an cmbryonic stem cell, an induced
pluripotent stem cell), lymphocyte progenitor cell, or a hematopoictic stem cell (e g, 1solated
and/or enriched from bone marrow, umbilical cord blood, or peripheral blood).

[00264] Cells can be obtained from numerous scurces, including but not himited to, tumor,
blood, bone marrow, lvmph node, thymus, or another tissue or bodily fluid, or an apheresis
product.  In certain embodiments, cells are obtaimed from a patient directly following a
treatment that leaves the subject with functional T cells. In this regard, # has been observed
that following certain cancer treatments, in particular treatments with drugs that damage the
mmmune system, shortly after treatment during the period when patients would normally be
recovering from the treatment, the quality of T cclls obtained may be optimal or improved for
their ability to expand ex vive. Likewise, following ex vive manipulation using the methods
described herein, these celis may be in a preferred state for enhanced engraftment and i vive
expansion.  Thus, m certain embodiments, cells are collected from blood, bone marrow,
lymph node, thymus, or another tissue or bodily fhud, or an apheresis product, during this
recovery phase.

[00265] In cerfaim embodiments, the mammalian host cell 18 a population of cells
presenting a TCR disclosed herein on the cell surface. The population of cells can be
heterogeneous or homogenous. In certain embodiments, at least 50% (e.g.. at least 60%,
70%, 80%, 90%, 95%, 99%, 99.5%, or 99.9%) of the population is a cell as described herein
In certain embodiments, the population is substantially pure, wherein at least 50% (e.g., at
cast 60%, 70%, BO%, 90%, 95%, 99%, 99.5%, or 99.9%) of the population is homogeneous.
In certain embodiments, the population is heterogencous and comprises a mixed population
of cells (e.z., the cells have different cell types, developmental stages, origins, are isolated.
purified, or enriched by different methods, are stimulated with different agents, and/or are
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engingered by different methods). In certain embodiments, the cells are a population of
peripheral blood mononuclear cells (PBMC) (e.g., human PBMCs).
[00266] In bacterial systems, a number of expression vectors can be advantageously
selected depending upon the use intended for the TCR molecule being expressed.  For
cxample, when a large quantity of such a TCR is to be produced, for the gencration of
pharmacentical compositions of a TCR molecule, vectors which direct the expression of high
levels of fusion protein products that are readily purified can be desirable.  Such vectors
include, but are not mited to, the £, coli expression vector pUR278 (Ruether U & Mueller-
Hill B (1983 EMBO T 2: 1791-1794), in which the TCR coding sequence can be ligated
individually info the vector in frame with the lac Z coding region so that a fusion protein is
produced; pIN vectors {Inouve S & Inouyve M (1985} Nuc Acids Res 13: 3101-3109; Van
Heeke G & Schuster SM (1989) J Biol Chem 24: 5503-5309); and the like. For example,
pGEX veciors can also be used to express foreign polypeptides as fusion proteins with
glutathione S-transferase (GST). 1a general, such fusion proteins are soluble and can easily
be purified from lysed cells by adsorption and binding to matrix glutathione agarose beads
followed by elution in the presence of free glutathione. The pGEX vectors are designed to
include thrombin or factor Xa protease cleavage sites so that the cloned target gene product
can be released from the GST moiety.
(002671 In an insect system, Autographa californica nuclear polyhedrosis virus {AcNPV),
for example, can be used as a vector to express foreign genes. The virus grows in Spodoprera
Jrugiperda cells. The TCR coding sequence can be cloned individually into non-cssential
regions (for cxample the polvhedrin gene) of the virus and placed under control of an AcNPV
promoter (for example the polvhedrin promoter).
[00268] In mammalian host cells, a number of viral-based expression systems can be
utifized. In cases where an adenovirus is used as an expression vector, the TCR encoding
sequence of mierest can be ligated to an adenovirus transcription/translation control complex,
e.g., the late promoter and tripartite leader sequence. This chimeric gene can then be inserted
in the adenovirus genome by in vitro or in vive recombination. Insertion in a non-cssential
region of the viral genome {e.g, region El or E3) will result in a recombinant virus that is
viable and capable of expressing the TCR molecule in infected hosts (e.g., see Logan J &
Shenk T (1984) PNAS 81(12); 3655-9). Specific initiation signals can also be reqoired for
ctficient translation of mscrted TCR coding sequences. These signals include the ATG
mitiation codon and adjacent sequences. Furthermore, the mitiation codon must be in phase
with the reading frame of the desired coding sequence to ensure transiation of the entire
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insert. These excgenous translational control signals and initiation codons can be of a variety
of origins, both natural and synthetic. The efficiency of expression can be enhanced by the
mnclasion of appropriate transcription enhancer clements, ranscription terminators, efe. (see,
e.g., Bitter Getal, (1987) Methods Enzymol. 1533: 516-544).

[00269]  In addition, a host cell strain can be chosen which modulates the expression of the
mserted sequences, or modifies and processes the gene product in the specific {ashion
desired. Such modifications {e.g., glycosvlation) and processing (e.g.. cleavage) of protein
products can be umportant for the function of the protein.  Differcnt host cells have
characteristic and specific mechamsms for the post-transiational processing and modification
of proteins and gene products. Appropriate cell lines or host systems can be chosen to ensurg
the correct modification and processing of the forcign protein expressed. To this end,
cukarvotic host cells which possess the celiular machinery for proper processing of the
primary transcript, glvcosylation, and phosphorylation of the gene product can be used. Such
mammalian host cells include but are not limited to CHO, VERO, BHK, Hela, MDCK, HEK
293, NIH 373, W138, BT483, Hs378T, HTB2, BT20 and T47D, NSO (a murine myeloma
cell line that does not endogenously produce any immunoglobulin chains), CRL7030, COS
{e.g., COB1 or COS), PER.C6, VERO, HsS78Bst, HEK-293T, HepG2, 5P210, R1.1, B-W, L-
M, BSC1, BSC40, YB/20, BMTI0 and HsS78Bst cells. In certain embodiments, TCR
molecules described heremn are produced 1 mammalian cells, such as CHO cells.

(00270}  For long-term expression of the recombinant TCRs, stable expression cells can be
generated.  For example, cell lines which stably express a TCR described heren can be
enginecred. In specific embodiments, a cell provided herein stably expresses an @ chain or @
chain variable region and a B chain or B chain variable region which associate to form a TCR
described herein.

{00271} In certain aspects, host cells can be transformed with DNA controlled by
appropriate expression control elements (e.g., promoter, enhancer, sequences, {ranscription
terminators, polyvadenylation sites, efe.), and a selectable marker. Following the ntroduction
of the foreign DNA/polynucleotide, engineered cells can be allowed to grow for 1-2 davs in
an enriched media, and then are switched to a selective media. The selectable marker in the
recombinant plasmid confers resistance o the selection and allows cells to stably miegrate
the plasmid into their chromosomes and grow to form foci which i turn can be cloned and
expanded into cell lines. This method can advantageously be used to engimeer cell lines

which express a TCR described heremn. Such engineered cell lines can be particularly usefl
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in sereening and evaluation of compositions that interact directly or indirectly with the TCR
molecule.

(002721 A number of selection systems can be used, mcluding but not bmiled to, the
herpes simplex virus thymidime kinase (Wigler M er af, (1977) Cell 11(1): 223.32),
hypoxanthineguanine phosphoribosyliransferase (Szybalska EH & Szvbalski W (1962)
PNAS 48(12): 2026-2034), and adenine phosphoribosyliransferase (Lowy I ef af., (1980) Cell
22(3): 817-23) genes in tk- hoprt- or apri-cells, respectively, each of which is mcorporated
by reference hercin in its entirety.  Also, antimetabolite resistance can be used as the basis of
selection for the following genes: diyfr, which confers resistance to methotrexate (Wigler M es
al., (1980) PNAS 77(6): 3567-70; O'Hare K er ol (1981) PNAS 78: 1527-31); gpr, which
confers resistance i mycophenolic acid (Mulligan RC & Berg P (1981) PNAS 78(4): 2072-
6); neo, which confers resistance to the aminoglycoside G-418 (Wu GY & Wu CH (1991)
Biotherapy 3. 87-95; Tolstoshev P {1993) Amn Rev Pharmacol Toxicol 32: 373-596;
Mulligan RC (1993) Science 260; 926-932; and Morgan RA & Anderson WF (1993) Ana
Rev Biochem 62: 191-217; Nabel GJ & Felgoer PL (1993) Trends Biotechnol 11(5); 211-5);
and Aygro, which confers resistance to hygromycin (Santerre RF ef ol (1984) Gene 30(1-3):
147-56), each of which is incorporated by reference herein in #ts entirety. Methods
commonly known in the art of recombinant DNA technology can be routinely applied to
select the desired recombinant clone and such methods are described, for example, in
Agsobel FM et al, (eds.), Current Protocols in Molecular Biology, John Wiley & Sons, NY
(1993); Kriegler M, Gene Transfer and Expression, A Laboratory Mamual, Stockton Press,
NY (1990); and in Chapters 12 and 13, Dracopoli NC er al, {eds.), Current Protocols in
Human Genetics, John Wiley & Sons, NY (1994); Colbére-Garapin F er af, (1981) J Mol
Biol 150: 1-14, which are incorporated by reference herein in their entireties.

(002731 The expression levels of 3 TCR molecule can be increased by vector amplification
(for a review, see Bebbington CR & Hentschel CCG, The use of vectors based on gene
amplification for the expression of cloned genes i mammalian cells in DNA cloning, Vol 3
{Academic Press, New York, 1987, which s incorporated by reference herein in ifs entirety).
When a marker in the vector systom cxpressing TCR is amplifiable, increase in the level of
wnhibitor present in culture of host cclls will result 1 selection of host cells with increased
numbers of copies of the marker gene. Since the amplified region is associated with the TCR
gene, production of the TCR will also increase (Crouse GF e al, (1983) Mol Cell Biod 3:

257-66, which s mcorporated by reference herein in ifs entirety).
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[00274] In other aspects, the host cell can be transduced with a viral vector {eg., a
refroviral vector, an adenoviral vector, an adeno-associated viral vector, or a baculoviral
veclor comprising a seguence encoding a TCR as described herein.  In certain embodiments,
the retroviral vector is a fentiviral vegtor (e.g., a vector comprising genctic clements of the
HIV-1 genome) or an equinc infectious ancmia viral vector. In certain embodiments, the
vecior 18 packaged with one or more viral capsid proteins to provide a viral particle.
[00275] In certain embodiments, the vector further comprises a {ranseripiional and/or
translational conirol sequence {e.g., a promoter, an enhancer, and/or a Kozak scquence)
operablv hinked to the sequence encoding a TCR as described herein.  Alernatively, the
sequence encoding the TCR may not be operably linked to a transcriptional and/or
translational control sequence {e.g., a promoter, an enhancer, and/or a Kozak sequence), but
is flanked by sequences homologous to the sequences flanking a locus of the host cell
genome, wherein the integration of the TCR-coding sequence allows expression of the
encoded TCR from the transcriptional and/or translational control scquence at or near the
genomic locus.
[00276]  The host cell can be co-transferred (e. g, co~-transfected or co-transduced) with two
or more expression vectors described herein, the first vector encoding an o chain denived
polypeptide and the second vector encoding a B chain derived polypeptide. The two vectors
can contam identical sclectable markers which enable equal expression of & cham and B chain
polypeptides. The host cells can be co-transferred with different amounts of the two or more
expression vectors. For example, host cells can be co-transferred with any one of the
following ratios of a first expression vector and a second expression vector: 1:1, 1:2, 1.3, 14,
5, 66, 17, 128, 19, 1110, 1:12, 115, 1:20, 125, 1:30, 1:35, 1:40, 1:45, or 1:530. In some
embodiments, the coding sequences for the @ and § chains are BNA. In some embodiments,
the coding scquences for the @ and B chains are RNAL
[00277] Alternatively, a single vector can be used which encodes, and is capable of
expressing, both ¢ and 8 chain polvpeptides. The coding sequences for the g and B chains
can comprise ¢cDNA or genomic DNA. The expression vector can be monocistronic or
multicistronic. A multicistronic nucleic acid construct can encode 2, 3,4, 5,6, 7,8, 9, 10 or
more, or in the range of 2-5, 5-10 or 10-20 genes/nucleotide sequences. For example, a
hicistronic nucleic acid construct can comprise in the following order a promoter, a first geng
{e.z.. B chain of a TCR described hercin), and a second gene {e.g, o chain of a TCR
described hereim). In such an expression vector, the franscription of both genes can be driven
by the promoter, whereas the translation of the mRNA from the first genc can be initiated by
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a cap-dependent scanning mechanism and the translation of the mRNA from the second gene
can be by a cap-independent mechanism, e.g., by an IRES. Alternatively, the two genes can
be operably linked by a self-cleavage peptide (2.2, a 2A peptide) or a peptide sequence
recognized by an intracelhilar or an extracellular protease.
[00278] Once a TCR molecule described hercin has been produced by recombinant
expression, it can be purified by any method known in the art for purification of an
mmunoglobulin molecule, for example, by chromatography {e.g., 1on exchange, atfimty, and
sizing column chromatography), centrifugation, differcntial solubility, or by any other
standard technique for the punification of proteins. Further, the TCR described herein can be
fused to heterologous polvpeptide sequences described herein or otherwise known m the art
to facilitate purification.
[002791  In specific embodiments, a TCR described herein 15 isolated or purified.
Generally, an isolated TCR 18 one that is substantially free of other TCRs with different
antigenic specificities than the isolated TCRs. For example, in a particular embodiment, a
preparation of a TCR described hercin is substantially free of cellular material and/or
chemical precursors.  The language “substantally free of ccliular material” includes
preparations of a TCR in which the TCR is separated from cellular components of the cells
from which it is isolated or recombinantly produced. Thus, a TCR that is substantially free of
cellular material includes preparations of the TCR having less than about 30%, 20%, 10%,
5%, 2%, 1%, 0.5%, or 0.1% (by dry weight} of heterclogous protein (also referred to hercin
as a “contaminating protein”) and/or vartants of the TCR, for example, different post-
translational modified forms of the TCR or other different versions of the TCR (e.g.
fragments thereof). When the TCR s recombinantly produced, it 1s also generally
substantially free of culture medium, 7e., cultbwre medium represents less than about 20%,
10%, 2%, 1%, 0.5%, or 0.1% of the volume of the proicin preparation. When the TCR is
produced by chemical synthesig, it is generally substantially free of chemucal precursors or
other chemicals, /e, it is separated from chemical precursors or other chemicals which are
involved in the syathesis of the TCR. Accordingly, such preparations of the TCR have less
than about 30%, 20%, 10%, or 5% (by dry weight) of chemical precursors or compounds
other than the TCR of interest. In a specific embodiment, TCRs deseribed herem are 1solated
or purified.
[00280] TCRs that bind to a MLL polvpeptide (e.g.. a MLL phosphopeptide, c.g., a
peptide consisting of the amino acid sequence of SEQ ID NG: 45 or 47) can be produced by
any method known in the art for the synthesis of TCRs, for example, by chemical synthesis or
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by recombinant expression technigques.  The methods described herein employ, unless
otherwise indicated, conventional techniques in molecular biology, microbiology, genetic
analysis, recombinant DNA, organic chemistry, biochemistry, PCR, oligonucleotide synthesis
and modification, nucleic acid hybridization, and related fields within the skill of the art
These techniques are described, for example, in the references cited herein and are fully
explained in the Iiferature. See, eg, Maniatis T er al, (1982) Molecular Cloning: A
Laboratory Moanual, Cold Spring Harbor Laboratory Press; Sambrook J er af, (1989),
Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory
Press; Sambrook T et of., (2001) Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NY; Ausubel FM et ol., Current Protocols in
Molecular Biology, John Wilev & Sons (1987 and annual updates), Current Protocols in
Immunclogy, John Wiley & Sons (1987 and annwal updates) Gait (ed.) (1984)
Oligonucileotide Synthesis: 4 Practical Approach, IRL Press; Eckstein (ed) (1991
Cligonuclectides and Analogues: A Practical Approach, IRL Press; Birren B ef @/, (eds.)
(1999) Genome Analysis: A Laboratory Manual, Cold Spring Harbor Laboratory Press, cach
of which is incorporated by reference herein in its entirety.

(00281} In a specific embodiment, a TCR described hergin 18 2 TCR {e.g., recombinant
TCR) prepared, expressed, created, or isolated by any means that mvolves creation, €., via
synthesis, genetic engineering of DNA sequences.  In certain embodiments, such TCR
comprises sequences (e.g., DNA sequences, RNA sequences, or anino acid sequences) that
do not naturally exist within the TCR germline repertoire of an animal or mammal (e.g.,
human} in vivo.

(002821  In one aspect, provided herein is a method of makmg a TCR that binds to a MLL
polypeptide (e.g. 2 MLL phosphopeptide, e.g.. a peptide consisting of the anuno acid
sequence of SEQ I3 NO: 45 or 47), the method comprising culturing a cell or bost ccli
described herein. In a certain aspect, provided herein is a method of making a TCR which
binds to a MLL polypeptide (e.g., a MLL phosphopeptide, e.g., a peplide consisting of the
aming acid sequence of SEQ ID NO: 45 or 47), the moethod comprising expressing {(e.g.,
recombinantly expressing) the TCR using a cell or host cell described herein (e.g., acellora
host cell comprising polynucleotides encoding a TCR described heremn). In a particular
embodiment, the cell is an isolated cell In a particular embodiment, the exogenous
polynucleotides have been introduced into the cell. In a particular embodiment, the method

further comprises the step of purifving the TCR obtained from the cell or host cell.
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{00283} The TCRs described herein can be generated using various phage display methods
known in the art. In phage display methods, functional TCR domains are displaved on the
surface of phage particles which carry the polvnuclestide sequences encoding them. In
particular, DNA sequences encoding Vo and V§ domains are amplified from animal cDNA
librarics {e.g., human or murine ¢DNA libraries of affected tissues). The DNA encoding the
Vo and VP domains are connected with a peptide linker by PCR and cloned into a phagemid
vector. The vector is electroporated in /. cofi and the £ coli 1s infected with helper phage.
Phage used m these methods are typically filamentous phage including fd and M13, and the
Va and VB domains are usually recombinantly fused to either the phage gene IH or gene VIIL
Phage expressing an antigen binding domain that binds to a particular antigen can be selected
or identified with a peptide or a peptide-MHC complex, e.g, using such a complex displaved
on the surface of a cell or captured to a sohid surface or bead. Examples of phage display
methods that can be used to make the TCRs deseribed herein include those disclosed in Zhao
Y et al, {2007) J Immunol 179; 5845-54, which is mmcorporated by reference herein in its
entirety.
[00284] As described in the above references, afier phage selection, the TCR coding
regions {rom the phage can be isclated and used to generate whole TCRs, including human
TCRs, and expressed in any desired host, inchuding mammalian cells, insect cells, plant cells,
veast, and bacteria, e.g., as described below.
[00285} In certain embodiments, to generate whole TCRs, PCR primers including Vo or
VB auckeotide sequences, a restriction site, and a flanking sequence to protect the restriction
sitc can be used to amplity the Vo or VP sequences from a template, e.g., clones of single-
chain TCRs containing variable regions of TCRs connected by a peptide hinker. Utilizing
cloning techniques known 1o those of skill in the art, the PCR amplified Vo domains can be
cloned into vectors expressing a Va constant region, and the PCR amplified VP domains can
be cloned inlo vectors expressing a VP constant region. The o chain and B chain vectors are
then co-transfected mto cell ines, either simultancously or sequentially, to generale stable or
transient cell lines that express whole TCRs using techniques known to those of skill in the
art. The Vo or VP domains can also be cloned into one vector expressing the necessary
constant regions. The vector 1s then transfected mto cell lines to generate stable or transient
cell lines that express whole TCRs using techniques known to those of skill in the art.
(002861  In certain embodiments, to gencrate whole TCRs from a polynucleotide encoding
the o chain and B cham of a TCR as described herein, or from a vector comprising thereof, a
polypeplide comprising the ¢ chain and B chain of the TCR is expressed from the
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polvanucleotide or vector. The polypeptide is optionally isolated and/or purified  The
polypeptide is contacted with a Furin enzyme. In certain embodiments, where the Furin
cleavage site has the amino acid sequence of RXXGR, wherein Xy 1s K or R, and X5 s K or R
(8EQ ID NG: 98), the polypeptide is further contacted with a carboxypeptidases either
sumultancously or subsequently, wherein the carboxypeptidase removes the basic ammo
acids, K or R, from the C-terminus of a polypeptide.

[00287] A chimeric TCR is a molecule in which different portions of the TCR are derived
from different TCR molecules, e.g., TCRs from different species.

[00288] In particular embodiments, a TCR described heremn, which binds {o the same
epitope of a peplide comprising the aming acid sequence set forth in SEQ ID NQ: 45 or 47 as
a TCR described herein, is a haman TCR. Human TCRs can be produced using any method
known in the art. For example, transgenic mice which are incapable of expressing functional
endogenous TCRs, but which can express human TCR genes, can be used.  In particular, the
human o and § chaim TCR genes can be mtroduced randomly or by homologous
recombination into mouse embryonic stem cells. The mouse « and P chain TCR genes can be
rendered non-functional separately or simultaneously with the miroduction of human TCR
loci by homologous recombination.  In particular, homozygous deletion of the Jip region
prevents endogenous TCR production. The modified embrvonic stem cells are expanded and
microinjected into blastocysts to produce chimeric mice. The chimeric mice are then bred to
produce homozygous offspring which oxpress human TCRs.  The transgenic mice are
tmmunized in the normal fashion with a selected antigen, e.g., all or a portion of an antigen
(e.g., 2 MLL peptide, e.g, a MLL phosphopeptide). T lymphocyics comprising TCRs
directed against the antigen can be obiained from the immunized, transgenic mice. The
human TCR transgenes harbored by the transgenic mice rearrange during T cell
differentiation. Thus, using such a technique, it is possibie to produce therapeutically useful
TCRs arising from in vivo immunization.

(002897 Human TCRs which bind to a MLL peptide {e.g., 8 MLL phosphopeptide, e.g., a
peptide consisting of the amino acid sequence of SEQ D NO: 45 or 47) can be made by a
variety of methods known 1o the art including phage display methods or mammalian display
using TCR hibraries derived from human TCR sequences.

5.6 Kits

[00290]  Also provided are kits comprising one or more TCRs described herein,
pharmaceutical compositions or conjugates thereof, polvnuclectides {e. g, expression vectors)

encodimg one or more TCRs described herein, or cells expressing one or more TCRs
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described herein. In a specific embodiment, provided herein is a pharmaceutical pack or kit
comprising one or more containers filled with one or more of the mgredients of the
pharmaceutical compositions described herein, such as one or more TCRs, polynucleotides,
or celis provided herein.  In some embodiments, the kits contain a pharmaceutical
composition described hercin and any prophyvlactic or therapeutic agent, such as those
described herem. In certain embodiments, the kits may contain a T cell mitogen, such as,
£.g., phytchacmagglutinin (PHA) and/or phorbol 12-myristate 13-acetate (PMA), or a TCR
complex stimulating antibody, such as an anti-CDD3 antibody and anti-CD28 antibody.
Optionally associated with such container(s) can be a notice in the form prescribed by a
governmental agency regulating the manafacture, use or sale of pharmaceuticals or biological
producis, which notice reflects approval by the agency of manufacture, use or sale for human
administration.

[00291] Also provided, are kils that can be used in the above methods. In one
embodiment, a kit comprises a TCR described heren, e.g., a punified TCR, inn ong or more
containers. In a specific cmbodiment, kits described herein contain a substantially isolated
peptide-MHC complex comprisimg a MLL peptide (e.g., a MLL phosphopeptide, eg., a
peptide consisting of the amine acid sequence of SEQ ID NQO: 45 or 47) as a control antigen.
In another specific embodiment, the kits described herein further comprise a control TCR
which does not react with a peptide-MHC complex comprising a MLL peptide (e.g., a MLL
phosphopeptide, e.g., a poptide consisting of the ammo acid sequence of SEQ 1D NO: 45 or
473, In another specific embodiment, kits descnibed herein contain one or more clements for
detecting the binding of a TCR to a peptide-MHC complex comprising 3 MLL peptide (e.g.. a
MLL phosphopeptide, e.g., a peptide consisting of the amino acid sequence of SEQ 1D NG:
45 or 47y (e.g.. the TCR can be conjugaied to a deiectable substrate such as a fluorescent
compound, an cnzymatic substrate, a radioactive compound or a luminescent compound, or a
binding molecule which recognizes the TCR can be conjugated to a detectable substrate). In
specific ecmbodiments, a kit provided herein can include a recombinantly produced or
chemically synthesized peptide-MHC complex comprising a MLL peptide {e.g., a MLL
phosphopeptide, e.g., a peptide consisting of the amino acid sequence of SEQ [D NG: 45 or
47). The peptide-MHC complex comprising a MLL peptide {e.g., a MLL phosphopeptide,
e.g.. a peplide consisting of the amino acid sequence of SEQ 1D NO: 45 or 47) provided in
the kit can be attached to a solid support (e.z., a sohid surface or a bead) or be mtegrated into
a hpid membrane {e.g., a liposome, or a fixed cell). In a more specific embodiment, the
detecting means of the above described kit includes a sclid support to which a peptide-MHC
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complex comprising a MLL peptide {e.g., a MLL phosphopeptide, e.g.. a peptide consisting
of the amino acid sequence of SEQ ID NO: 45 or 47) 1s attached. Such a kit can also include
a non-attached reporter-labeled binding molecule which recognizes the TCR. In thus
embodiment, binding of the TCR 1o the peptide-MHC complex can be detected by binding of

the said reporter-labeled binding molecule.

6. EXAMPLES

{

(002921  The cxamples i this Section (7.e., Section 6) are offered by way of illustration,
and not by way of limitation.

6.1 Example 1: Discovery of novel MLL TCRs

[00293] Novel TCRs that bind to MLL phosphopeptides were identified usmg two
proprictary platforms. The first platform 1s a pomary T cell expansion platform in which
phosphopeptide-specific cognate TCRaf pairs were identified by functional screening and
NGS-based sequencing. The second platformy 1s a TCR display platform m which = and §
chain hibraries were generated from donor PBMCUs, optionally without previous target-
specific  stimudation, folowed by rounds of TCR enrichment for target-specific
phosphopeptide binding.

6.1.1 Preparation of cells

[00294]  Human dendritic cells {BCs) and CD8+ T cells were 1solated from healthy donor
HLA-B*0702+ PBMCs (Cellular Technologies Lid., Shaker Heights, OH).

(002951 Briefly, CDI4+ monocytes were isolated from the PBMCs by positive selection
via magnetic separation using anti-CD14 microbeads according to the manufacturer’s
instructions (Miltenyi Biotech, Bergisch Gladbach, Germany, Cat. No.: 130-050-201) and
cultivated in growth medium composed of CeliGro®™ DC-medium {(Cell Genix, Cat. No.:
20801-05500) supplemented with 5% human serum (Sigma, Cat. No.: H3667-100mL), 1%
Penicillin/Streptomycin (Amimed Direct, London, UK, Cat. No.: 4-01F00-H), 800 U/mL of
GM-CSF (Miltenvi Biotech, Cat. No.: [30-095-372), and 10 ng/mbL of IL-4 (Miltenyi
Biotech, Cat. No.: 130-093-917) for three days to induce differentiation to DCs. Following
full differentiation after an additional 16-houwr mcubation in growth mediim supplemented
with 10 ng/mL of Escherichia coli LPS (Sigma-Aldrich, St Louis, MO, #L4391-1MG), 100
UL of IFNy (Peprotech, Rocky Hill, NJ, Cat. No.: 300-02), and 20 ug/mlL of the MLL-pM
peptide (EPRpSIPSHSM; SEQ 1D NG: 45) or FLU and CMV control peptides, DCs were
incubated in the presence of 50 pg/mb of Mitomycin {Sigma, Cat. No.: M05053-2M{G) for 60
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min to whibit dendritic cell proliferation. DCs incubated m the absence of antigen peptide
were prepared as conirol samples.

[00206] D8+ T cells were 1solated from CD14+ monoeyie depleted PBMCs via negative
selection using a magnetic bead human CD8+ T cell isolation kit according to the
manufacturer’s mstructions (Miltenyi Biotech, Cat. No.: 130-096-495). D8+ T cells were
separated mto CD4SROA/CDS7- memory T cell and CD43RAHCCR7H/CDO2EA+ natve T
cell populations after surface sianing with a cocktatl of anti-CBE-PerCP (cBioscience,
Thermo Fisher, Waltham, MA, Cat. No.. 9043-0087-120), anti-CD45RA-PE-Cv7
{eBiosciences, Cat. No.: 25-0458-42), anti-CD45RO-FITC (eBioscience, Cat No.:o 11-0457-
423, anti-CD57-PE (Biclegend, San Dhego, CA, Cat No.: 322312}, anti-CCR7-BV421 (BD
horizon, Cat. No.: 362555), and anti-CD62L-APC (cBioscience, Cat. No.o 17-0629-42)
reagents using a FACSAnalil (Becton Dickinson, Franklin Lakes, NJ) cell sorter.

6.1.2 Phosphopeptide-specific stimulation and staining of human CD8+ T cells

(00207}  Memory and naive CD8+ T cell subsets (1.0x10° cells/mL) treated with 3 pg/mL
of IL-7 (Miltenyvi Biotech, Cat. No.: 130-093-937) for 16 hours were co-incubated with
peptide-pulsed or non-pulsed DCs (2.5x10° celis/imL) at a T celt:DC ratio of 4:1 in growth
medium supplemented with 30 ng/ml of IL-21 (Peprotech, Cat. No.: 200-21) for 10 days.
After days 3, 6, 8, and 10, fresh growth medium supplemented with 5 ng/mb (10 ng/ml at
day 10} of TL-15 (BioLegend, Cat. No.: 370302) and 1L-7 was added to the co-cultures.

[00208]  1.0x10° cells from the co-cultures were treated with T pM of Dasatinib (Cell
Signaling Technology, Cat. No.: 90525) before 10 pl. of HLA-B*0702 pentamers loaded
with the MLL-pM peptide EPR{pSIPSHSM (SEQ 1D NO: 43), the Flu control peptide
QPEWFRNVL (SEQ ID NO: 84), or the CMV control peptide TPRVTGGGAM (SEQ ID
NO: 85) were added. Following addition of an anti-CD8-Per-UP reagent, pentamer-binding
of CD38+ T celis was assessed by flow cytometry using a FACSCantoll cviomeier.
Subsequently, up to 1.0210° cells of the co-cultures containing memory or naive CD8§+ T
cells that bind to the MLL-pM peptide were treated with Monensin (1:1000) {cBioscience,
Cat. No.: 00-4305-51) and Brefeldin A (1:1000) (cBioscience, Cat. No.: 004506-61) and
stained with pMHC pentamers as deseribed above. Cocktails comprising anti-CD8-FITC,
anti-K LGR1-PerCP-eFluor710 (eBioscience, Cat. No.: 46-9488-49), anti-4-1BB-BV4Z1,
anti-CD69-PE-Cy7 (eBioscience, Cat. No.: 25-069942) anti-][FNy-APC {cBioscience, Cat.
No.: 17-7319-82) or anti-IFNvy-PE (¢Bioscience, Cat. No.. 12-7319-82), and anti-TNFa-
BV510 (BioLegend, Cat. No.: 502850} were used to detect surface and intracellular

expression of T cell activation markers. Cells were permeabilized using Cytofix/Cytoperm
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(BD, Cat. No.: 51-2090K7Z) and PermWash Buffer (BD, Cat. No.: 51-2091KZ) according to

the manufacturer’s mstructions.  Peptide pentamer-binding was re-assessed using a

FACSCantoll cvtometer and memory and naive CD8+ T cell subsets that bind {o the MLL-

pM peptide and/or respond to the MLL-pM stimulation were then acquired using a
5 FACSAnall cvtometer.

6.1.3 Exemplary data from the screening process

[00299)  In a first study, PBMCs from 17 HLA-B*0702 healthy donors were stimulated for
7 days with the MLL-pM peptide (EPR{pSIPSHSM; SEQ 1D NO: 435) or the MLL-pP peptide
(RVRpSIPTRSP; SEQ D NO: 47), followed by intracellular cytokine staining (ICS) for
10 IFNy and TNFg. A pool of 32 peptides selected from viral T cell epitopes was used as a
positive control. Shown o FIG. 1 are representative data from three donors with increased
TNFa production over the no peptide negative control.
[00300] In a second study, memory CDE+ T cell subsets were co-cultured with peptide-
pulsed or non-pulsed DCs for 10 days. Cells from the co-cultures were stained with HLA-
15 B*0702 pentamers loaded with the MLL-pM peptide EPR|pSIPSHSM (SEQ ID NO: 43) and
an anti-CD8 antibody, followed by bindmg assessment by flow cytometry. As shown in FIG.
2, a CB8+ pentamert population of cells was detected after co-culturing with DCs pulsed
with the MLL-pM peptide.

6.1.4 TCR sublibrary generation and retroviral transduction

20 [00301}  Separate libraries were generated for TCR o and § chains. RNA was isolated
from bhealthy donor HLA-B*0702+ PBMC-derived CD8+ T cells or C38+ T cells enriched
by stimulation with MLL-pM-pulsed DCs using the RNeasy"Midi kit (Qiagen, Cat. No.:
75142) or the AllPrep™ DNA/RNA Miero kit (Qiagen, Cat. No.: 80204). The isolated RNA
was analyzed in a RNAGOGO Pico assay {Agilent, Cat. No.: 3067-1513) using a 21060

25 Bioanalyzer (Agilent, Cat. No.: DEI3701147) according to the manufacturer’s instructions.
RNA was ftranscribed mto ¢DNA wsing the SMARTer®RACE 57/37 kit (Clontech
Laboratories, Cat. No.: 634860) and variable TCR g (TRAV and TRAJ genes) and B chains
(TRBY and TRBI genes) were separately amplified by multiplex PCR.

[00302] The resulting variabie chain TCRe and TCRP gene libraries were separately

30 cloned nto retroviral expression vectors (derived from MIGRI, Addgene, Cat. No.o 27490)
contatning murine non-variable o or B regions ncluding transmembrane and infracellular
domains {0 enable mieractions with murine CD3 and signal transduction in muring T cells.

The ¢ and B chain expression vectors also comprise the expression markers CD6 and CB7,
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respectively.  Diversity of the resulting plasoud hibrary was assessed by next generation
sequencing (NGS).  To obtain a stable ccliular TCRaf library, TCRe and TCRE hibrary
plasmids were consccutively introduced to a murine ccll hne AK-DIOR3. AK-DIOR3 is a
murine thymoma-derived mouse TCR-negative, mouse CD8-negative cell line that expresses
chimeric CD8 (human CDR o and § extracellular regions fused to the corresponding mouse
CD8 a and B transmembrane and intracellular regions) and a T cell activation reporter
construct comprising a minimal [L-2 promoter, which inchides three NFAT binding sites,
operably hinked to EGFP (the “IL-2-(NFAT);-EGFP” reporter construct). Expression of 4
and B chains was confirmed by flow cviometry after staiming with anti-human CD6-bio
(Antibodigs Online, Cat. No.. ABING609887) (1:1000} and anti-mouse-TCRB-PE (BD
Bioscience, Cat. No.: 3531723 (1:1000) reagents and the final chain distribution and diversity
determined via NGS.

6.2 Esxample 2: Characterization of novel MLL TCRs in murine cells

{00303} Five novel TCRs that bind to MLL phosphopeptides were developed using a
proprictary mammalian cell TCR display platform.  Four of these TCURs, TCRO077,
TCR0O79, TCROOB1, and TCROO83, bind to EPR[pS|PSHSM (SEQ 1D NO: 45)-HLA-
B*(702. One of these TCRs, TCRO08S, binds to RVRJpS{PTRSP (SEQ ID NO: 47)-HLA-
B*0702. The two phosphopeptides EPR{pSIPSHSM (SEQ [I NO: 45) and RVR|pSIPTRSP
(SEQ 1D NO: 47) were referred to as MLL-pM and MLL-pP peptides, respectively. The w
chain variable region (Va) and § chain variable region (VB) sequences of these five TCRs arg
provided 1o Table 4. These TCRs were expressed as chimeric proteins, with human variable
regions fused to muring constant regions, on the surface of the murine cell line AK-DI0OR3
described above. The murine constant regions ensure proper anchoring and interaction with
murine CD3 and proper triggering of murine signaling pathways.

6.2.1 Binding of TCR-expressing AK-DB10R3 celis to peptide-MHC pentamers

[00304] AK-DIOR3 cells were transduced to express the chimenc TCRs TCR0G77,
TCRO079, TCROO&Y, TCROO3, or TCRO0ES and were expanded for three days at 37°C and
10% CO; using SF-IMDM media (BioConcept, Cat. No.: 1-28507-1). TCR-ncgative AK-
DI0R3 cells were included as a negative control. 1.0x10° AK-DGR3 celis were plated per
well of a 96-well assay plate, centrifuged at 300 x g and 4°C for 5 min, washed twice using
200 ul, assay buffer (Ix PBS supplemented with 2% FCS), and resuspended in assay buffer
at a concentration of 1.0x10° cells/100 pL. For staining, 20 pL of stock solutions of anti-

mouse TCR B-chain-APC antibody (BD, Cat. No.: 553174, clone HS7-397) (1:500) and PE-
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labeled HLA-B*0702 pentamers (Prommmune} loaded with the MLE-pM  peptide
EPR[pSIPSHSM (SEQ 1D NO: 45) (5 uL/well or 0.5 ul/well), the MLL-pP peptide
RVRIpSIPTRSP (SEQ ID NO: 47) (5 uLiwell), or the non-phosphorylated control peptide
MLL-M EPRSPSHSM (SEQ ID NO: 463 (5 ul/well) were added per well. Following 30
min incubation at room temperature, cells were washed twice and analyzed by flow
cvtometry using a BD FACSCanto 1T cyiometer. Cells were analvzed for TCR expression
{(APC+) versus pMHC-binding (PE+). Using the Flowlo software, dot plots were generated
and the percentage (%) of TCR+ pMHC+ cells was determined.

[00305] As shown wn FIG. 3, the chumeric TCRs TCROU77, TCRO079, TCROUEE, and
TCRO0E3 all bind to the MLL-pM/HLA-B*0702 pentamers whereas the chimeric TCR
TCRO0ES binds to the MLL-pP/HLA-B*0702 pentamers. None of the five TCRs binds to
HLA-B*0702 pentamers loaded with the non-phosphorviated control peptide MLL-M.

6.2.2  Activation of TCR-expressing AK-DI10R3 celis by peptide-pulsed HLA-B*0702
T2 cells

(00306}  AK-DIOR3 cells expressing an IL-2-(NFAT);-EGFP reporier construct and the
chimeric TCRs TCRO0O77, TCROO79, TCROO81, TCROO83, or TCRO0O8S were cultivated in
SF-IMDM media as described above. In parallel, HLA-B*0702 positive T2 target cells (772~
B7 cells™) were pulsed with MLL peptides. Briefly, T2-B7 cells were centnfuged at 300 x g
and 4°C for 5 min, washed using 1x PBS and resuspended in Ix PBS supplemented with 50
pg/ml or 5 pg/mL of the MLL-pM peptide EPRIpS{PSHSM (SEQ 1D NO: 45), 30 ug/mlL
of the MLL-pP peptide RVR[pSIPTRSEP (SEQ 1D NG: 47), or 50 pg/ml of the non-
phosphorylated control peptide MLL-M EPRSPSHSM (8EGQ 1D NO: 46) at a final
concentration of 1.0x10° cells/250 pL. Cells were incubated for 3 hours at 37°C, washed
twice using 1x PBS, and resuspended at a final concentration of 5.0210° eslls/20 mL using
SF-IMDM media. 200 pL (5.0510% cells) of the TCR-expressing AK-DIOR3 cells were
added per well of a 96-well assay plate and centrifuged at 300 x g for 5 min, and the
supernatant was discarded. Next, 100 pL (2.5x10" cells) of the T2-B7 target cell suspension
was added to cach well and co-incubated for 16 hours at 37°C and 10% CQO,.

[00307] For staining, cell suspensions were centrifuged at 300 x g for 10 min, washed
twice using assay buffer, resuspended using 20 pl/well of staming solution (Ix PBS
supplemented with 1:500 APC-labeled anti-mouse TCR $-chain antibody) and incubated for
30 min at room temperatore.  Subscquently, cells were washed twice using assay buffer,
resuspended 1n 80 ul assay buffer and analvzed by flow cytometry using 2 BD FACSCanto
I cytometer. Celis were gated for TCR expression (APC+) versus T cell activation
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(EGFP+). Using Flowlo software, dot plots were generated and the percentage (%) of APC+
EGEFP+ cells was determined. AK-DIOR3S cuitivated 1n the absence of T2-B7 target cells or
co-cultures of TCR-expressing AK-D10R3 cells with non-pulsed T2-B7 cells served as
negative conirols.

(003087  AK-DIOR3 cells expressing the chimeric TCRs TCRO077, TCR0079, TCRO0E1,
or TCROOK3 showed activation of the IL-2-NFAT reporter construct after bemng co~cultured
with T2-B7 cells pulsed with the phosphopeptide MEL-pM, but not the non-phosphorylated
control peptide MLEL-M (FIG. 4A). The chimenic TCR TCRO08S mediated the activation of
the IL-2-NFAT reporter construct after being co-cultured with T2-B7 cells pulsed with the
phosphopeptide MLL-pP (FIG. 4A). The activation of AK-BD1I0R3 cells was dependent on
the interaction between the MLL TCRs and their cognate peptide-MHC complexes, since
such activation was not obscrved when AK-DI0OR3 cells were tested on their own. or when
TCR-expressing AK-DI10R3 cells were incobated with T2-B7 cells that were not pulsed with
any peptide {FIG. 4B).

6.2.3 Cytotoxicity Assays

[00309] Next, m a similar co-culture study, TCR-expressing AK-DIOR3 cells were
assessed for their potential to induce apoptosis in peptide-pulsed T2-B7 target celis. Briefly,
T2-B7 target cells were pulsed with 5 pg/ml or 50 pg/ml of the MLL-pM peptide
EPR[pSIPSHSM (SEQ ID NG: 45}, 50 pg/mL of the MLL-pP peptide RVR[pS|{PTRSP (5EQ
D NG 473, or 50 pg/mL of the non-phosphorvlated control peptide MLL-M EPRSPSHSM
(SEQ ID NO: 46). AK-DIOR3 cells expressing the chimeric TCRs TCRO077, TCROGTY,
TCRO081, TCRO083, or TCROUBS were co-culiured with peptide-pulsed T2-B7 target celis
for 16 hours at 37°C and 10% CGO, in SF-IMDM medium {(Amimed #1-28507-1)
supplemented with 300 ng/mL anti-FAS reagent (Biolegend #305702, clone EO59.1) and 10
uM Campothecin (Sigma #C9911) as described above. The cells were then stained with anti-
mouse TCRB-APC and anti-caspase3-PE {(BD Biosciences #550821) and assessed by flow
cytometry using a FACSCantoll cvtometer. Co-cultures contaming non-pulsed T2-B7 cells
or T2-B7 celis in the absence of AK-D10R3 celis served as controls.

[00310}  As shown m FIG. 5, AK-DI0R3 cells expressing the chimeric TCRs TCRO077,
TCROG79, TCROO&T, or TCROO0B3 ncreased caspase 3 expression levels in T2-B7 target cells
pulsed with the MLL-pM phosphopeptide, but not T2-B7 cells pulsed with the non-
phosphorvlated control peptide MLL-M. AK-DIOR3 cells expressing the chimeric TCR
TCRO08S increased caspase 3 expression levels in T2-B7 cells pulsed with the MLL-pP

phosphopeptide (FIG. 53 Caspase 3 expression was mimimal in co-cultures containing non-
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puised T2-B7 cells or T2-B7 cells in the absence of TCR-expressing AK-DIOR3 cells (FIG.
5).

6.2.4 Characterization of TCR specificity using alanine scanning

{00311} To assess antigen recognition of the MLL-pM peptide EPR{pS|PSHSM (SEQ 1D
NG: 45), AK-DIOR3 cells expressing an IL-2-(NFATi-EGFP reporter construct and the
chimeric TCR TCRO077 or TCROO8S, or TCR negative AK-D10R3 cells were co-cultared
with T2-B7 target cells pulsed with the MLL-pM peptide or iis alanine modified variants:
MLEL-pM-A1 APR{pSIPSHSM (SEQ ID NO: 49), MLL-pM-A2 EAR[pSIPSHSM (SEQ 1D
NO: 50), MLL-pM-A3 EPA[pSIPSHSM (SEQ ID NO: 31), MLL-pM-A4 EPRAPSHSM
(SEQ D NGO 52), MLL-pM-AS EPR[pSJASHSM (SEQ 1D NO: 33), MLL-pM-A6
EPR{pSIPAHSM (SEQ ID NO: 54), MLL-pM-A7 EPR[pSIPSASM (SEQ 1D NO: 55), MLL-
pM-A8 EPR[pSIPSHAM (SEQ ID NO: 56), or MLL-pM-A9 EPR{pSIPSHSA (SEQ ID NO:
57y at a target.effector ratio of 2:1 for 16 hours at 37°C and 10% CO,. Afier staining with
anti-mouse TCRP-APC antibody, expression of the [L-Z-(NFAT):-EGFP reporter was
assessed by flow cyviometry. Cells were gated for TCR expression versus T celf activation
(EGFP+). Using the Flowlio software, dot plots were generated and the percentage (%) of
APCH+ EGFP+ cells was determined. Data were copied into Microscoft Excel for background
correction by subtraction of activation values determined for co-cuitures containing T2-B7
cells not pulsed with peptides for graph generation.

00312}  As shown in FIG. 6A, AK-DI0R3 cells expressing the chimeric TCR TCROG77
showed activation of the H.-2-NFAT reporter construct after being co-cultured with T2-B7
cells pulsed with the MLL-pM peptide, the MLL-pM-A3 peptide, or the MLL-pM-AR
peptide. Minimal activation was detected when TCRO077-expressing AK-D10R3 eclls were
incubated with T2-B7 cells pulsed with the other alanine modified vartants of MLL-pM, the
MIL.L-M control peptide, or the MLL-pP control peptide (FIG. 6A). As acontrol, AK-DIOR3
cells expressing the chimeric TCR TCRO08S were tested under the same conditions and these
cells showed increased EGFP expression only in the presence of MLL-pP-pulsed T2-B7
cells, but not T2-B7 cells pulsed with the MLL-M peptide, the MLL-pM peptide, or any
alanine modified variants of the MLL-pM peptide (FIG. 6B).

6.2.58 Characterization of TCR specificity using X-scan

(00313} Target specificity of TCRO077 and TCRO081 was assessed by “x-scan” assays
using a hibrary of variants of the peptide EPR{pSIPSHSM (SEQ 1D NO: 45), as deseribed

below.
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(00314} A sct of variants of the peptide EPR{pSIPSHSM (SEQ D NO: 45) was prepared,
in which gach amino acid position n each peptide, except for the anchor positions P2 (F) and
PG (M), of SEQ ID NO: 45 was individually substituted with cach of the 19 other possible
naturally cecwrring amine acids, with position P4 {{pS}) being additionally substituted with
non-phosphorylated sering.  The resuliing 134 variant peptides arc listed m Table 8. The
specificity profiles of TCRO077 and TCROO81 were evaluated by measuring activation of
TCR-expressing AK-D10R3 effector cells after co-culturing with T2-B7 target cells loaded
with one of the 134 variant peptides or the parental peptide EPR[pSIPSHSM (SEQ 1D NO:
45},
[00315] AK-DIOR3 cells were stably transduced with chimeric TCRs TCROO77 or
TCROO8Y, a chimeric mouse/human (D%, and an EGFP- reporter construct linked to a
minimal [L-2 promoter comprising three NFAT-binding sites (3xNFAT). Cells were cultured
in SF-IMDM (Amimed Direct, London, UK) supplemenied with 3% Fetal Calf Serum (FCS;
Amimed Direct), 1% Penicillin/ Streptomyein {SIGMA-ALDRICH, St Lows, MO}, and 50
uM B-mercaptocthanol (Gibeo, Fisher Scientific, UK} at 37°C and 10% (0O, Antigen
presenting Tap-deficient T2 (174 x CEM.T2) cells from ATCC (CRL-1992™) were
maintained m RPMI 1640 (SIGMA-ALDRICH) supplemented with 10% FCS and 1%
penicillin/streptomyvein at 37°C and 5% CG,.
[00316] Peptides (purchased {rom Peptides and Elephants, Germany, or produced in-
house) were suspended in DMSO and the concentration was adjusted to 4 mg/ml.
{00317} T2-B7 cells werg washed in PBS {Gibeo) and moubated with 20 pg cach of the
134 altered peptides per 1x10° cells for 3 hours at 37°C and 3% CO2. After incubation, T2-
B7 cells were washed in PBS/2% FCS and then resuspended 1n SF-IMDM media.  Effector
cells expressing the TCR of miterest were co~cultured with peptide-pulsed T2-B7 cells in a
1:2 ratio (total 150,000 cclls per well of a 96-well plate} for 16 hours in SF-IMDM media at
37°C and 10% CO,  Celis were washed twice mn 2% FCS/PBS and stained with an anti-
mouse TCR-B chain antibody (clone H37-597; BD Pharmimgen, San Jose, CA) at a 1:500
dilution for 30 min at room temperature. Cells were washed twice, followed by FACS-
analysis using 3 BD FACSCanto™ I flow cvtometer (Becton Dickinson).
[00318] Data analvsis was performed using Flowlo Vi0 Software. TCR activation was
calculated as the proportion of EGFP-expressing cells in the AK-DIOR3 population (AK-
D10R3 cells were identified based on TCR expression). Background activation (where T2-
B7 cells m the assay were not loaded with peptide) was subtracted from all peptide-loaded
samples {altered and native sequences). The mean and standard error of the mean (SEM) of
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background-subtracted values were calculated from all replicates (at least 3 replicates for
each TCR) and values were normalized fo those of the peptide EPR[pS|PSHSM (SEQ ID
NQO: 45), with normalized valaes cropped to a minimum of 0.0 (heat maps only) and io a
maximum of 1.0 (heat maps only) for display purposes. Normalized values are shown in heat
map format in FIGs. 7A (TCRO077) and 7B (TCRO0081) and in bar chart format in FIGs. 8A
{TCROO77) and 8B (TCROO8T).

[00319] The heat maps and bar charts reveal the distinct specificity profiles of each TCR
tested.  In gencral, a larger percentage of white (low normalized values) indicates lower
tolerance for mutations in the MLL-pM cognate peptide and a higher degree of specificity for
the MLE-pM cognate peptide in the context of the above-described assav.  As shown m
Figures 7A and 7B, TCRO077 and TCRO081 both exhibited variable degrees of specificity for

cach residue position of the MLL-pM cognate peptide.

Table 8. Altered peptides used to gencrate specificity profiles of chimeric TCRs.

SE{} | Target Peptide SEQ | Target Peptide SEQ | Target Peptide
i Sequence 13 Sequence [13) Sequence
NO NO NO
49 | APR|[pS|PSHSM 126 | WPRpS|PSHSM 142 | EPT{pS|PSHSM
110 | CPR[pSIPSHSM 127 | YPR[pSIPSHSM 143 | EPV[pS]PSHSM
11t | DPR[pS|PSHSM 51 | EPA[pSIPSHSM 144 | EPW[pSIPSHSM
112 | FPRpS]PSHSM 128 | EPCipS|PSHSM 145 | EPY[pS]PSHSM
113 | GPRIpSIPSHSM 129 | EPDI{pS|PSHSM 52 EPRAPSHSM
114 | HPR|pSIPSHSM 130 | EPE|pSiPSHSM 146 EPRCPSHSM
115 | IPR[pS|PSHSM 131 | EPFipS]PSHSM 147 | EPRDPSHSM
116 | KPR[pS|PSHSM 132 | EPGIpSIPSHSM 148 EPREPSHSM
117 | LPRIpS]PSHSM 133 | EPH[pSIPSHSM 149 EPRFPSHSM
118 | MPR|pS|PSHSM 134 | EPHpS]PSHSM 150 | EPRGPSHSM
119 | NPR|pS|PSHSM 135 | EPK[pS}PSHSM 151 EPRHPSHSM
120 | PPRIpSIPSHSM 136 | EPL{pSiPSHSM 152 EPRIPSHSM
121 | OPR{pS|PSHSM 137 | EPM{pS|PSHEM 153 EPRKPSHSM
122 | RPR[pSIPSHSM 138 | EPN[pS]PSHSM 154 EPRLPSHSM
123 | SPRipS]PSHSM 139 | EPP[pS]PSHSM 155 | EPRMPSHSM
124 | TPRIpS}PSHSM 140 | EPOQIpSIPSHIM 156 | EPRNPSHSM
125 | VPR|pSIPSHSM 141 | EPS[pS]PSHSM 157 EPRPPSHSM
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Target Peptide
Sequence

EPR{pSIPSWSM

EPR[pSIPSYSM

EPR[pSIPSHAM

EPR]pS [PSHCM

EPR[pS|PSHDM

EPR[pS[PSHEM

EPR[pSIPSHIM

EPR[pS|PSHGM

EPR[pS|PSHHM

EPR[pS|PSHIM

EPR[pS]PSHKM

EPRIpS|PSHLM

TPR|pS|PSHMM

EPR|pS|PSHNM

EPR[pS|PSHPM

EPR|pS|PSHOM

EPR{pS[PSHRM

EPR[pS[PSHTM

EPR[pS|PSHVM

EPR{pSIPSHWM

EPR{pSIPSHYM

EPR|pSIPSHSM
(MLL-pM
peptide)

WO 2019/046856

SEQ | Target Peptide SEQ | Target Peptide
j1)) Sequence i Sequence
NG NG
158 | EPRQPSHSM i86 | EPR[pS|PGHSM
i59 | EPRRPSHSM i87 | EPR[pS|PHHSM
46 EPRSPSHSM 188 | EPRIpSIPIHSM
160 EPRTPSHSM 189 | EPR[pSIPKHSM
i6l | EPRVPSHSM 190 | EPR|pSI{PLHSM
i62 | EPRWPSHSM i91 | EPR[pS|PMHSM
163 | EPRYPSHSM 192 | EPR[pS|PNHSM
53 | EPR[pSIASHSM i93 | EPR|pSIPPHSM
164 | EPR{pSICSHSM 194 | EPRIpS|POHSM
165 | EPR{pS]DSHSM 195 | EPR{pSIPRHSM
166 | EPR{pSIESHSM 196 | EPR|pSIPTHSM
167 | EPRipSIFSHSM 197 | EPR[pS|PVHSM
i68 | EPR[pS]GSHSM 198 | EPR[pS|PWHSM
169 | EPR{pSIHSHSM 199 | EPR[pSIPYHSM
170 | EPR[pSHSHSM 55 | EPR[pSIPSASM
171 | EPR{pSIKSHSM 200 | EPR[pSIPSCSM
172 | EPR[pS]LSHSM 201 | EPR[pS|PSDSM
173 | EPRIpSIMSHSM 202 | EPR{pSIPSESM
174 | EPR[pSINSHSM 203 | EPRIpS|PSFSM
175 | EPR[pSIQSHSM 204 | EPR[pSIPSGSM
176 | EPR{pSIRSHSM 205 | EPR[pS}PSISM
177 | EPR{pSISSHSM 206 | EPR}pS|PSKSM
178 | EPR{pS|TSHSM 207 | EPR[pSIPSLSM
179 | EPR[pS]VSHSM 208 | EPR[pSIPSMSM
180 | EPR[pSIWSHSM 209 | EPRIpSIPSNSM
i81 | EPR[pSIYSHSM 216 | EPR[pSIPSPSM
54 | EPR[pSIPAHSM 211 | EPRpS|PSOSM
182 | EPR{pSIPCHSM 212 | EPR[pSIPSRSM
i83 | EPR[pSIPDHSM 213 | EPRpS|PSSSM
i84 | EPR[pSIPEHSM 214 | EPR[pSIPSTSM
185 | EPR{pSIPFHSM 215 | EPR[pSIPSVSM
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6.3  Esample 3: Characterization of novel MLL TCRs in primary human T cells

[00320] In this example, the chimeric TCRs TCRO077 and TCROO8S described above
were expressed as fully homan TCRs, designated TCRO078 and TCRO086, respectively.
TCRO078 shares variable region sequences with TCRO077 except for a small namber of
mutations i framework 4 of the variable regions and contams human constant regions.
Specifically, TCRO078 comprises an o chain and a B chain comprising the amino acid
sequences set forth in SEQ ID NOs: 58 and 59, respectivelyv. TCRO086 shares variable
region sequences with TCRO08S and contains human constant regions. TCRO086 comprises
an ¢ cham and a B chain comprising the amino acid sequences set forth in SEQ 1D NQOs: 70
and 71, respectively.  An exemplary expression constroct for TCRO078 or TCRGO86, as
described i this Example, encodes a fusion protein encoding, in order, the TCR B chain, a
P2A self-cleavage site, and the TCR a chamn.  Ag listed in Table 1, an exemplary immature
TCRO078 or TCRO086 fusion protein (containing signal peptides for both ¢ and B chains) has
the amino acid sequence set forth in SEQ ID NO: 83 or 92, respectively. After expression,
the fusion protein is cleaved at the P2A sife to produce mature o and P chains of TCROO78
(SEQ 1D NOs: 236 and 237, respectively) or TCRO086. As shown in SEQ 1D NO: 236, the
exemplary mature @ chain of TCRO078 comprises a G5 aming acid residue exiension to the
C-termunus of its core sequence (SEQ D NG: 58), resulting from a cloning scar on the fusion
protein.  As shown wm SEQ 1D NG: 237, the exemplary mature B chain of TCRO07S
comprises a short peptide extension (GSGATNFSLLKQAGDVEENPG, SEQ ID NO: 93) to
the C-termimus of its core sequence (SEQ ID NO: 39), resulting from the P2A cleavage of the
fusion protein. Additional exemplary tramature TCRO07E fusion proteins {containing signal
peptides for both a and B chaing) have the amino acid sequences set forth in SEQ ID NOs:
266-271, as shown in Table 1.

6.3.1 Expression of TCRGG78 on the surface of transduced T cells

(003211 Primary T colls were stinulated by co-incubation with CD3/CD28 Dynabeads®
{Thermo Fisher, Waltham, MA) at a concentration of 1 x 10° cells/ml and a T cells:beads
ratto of L1 at 37°C for 48 hours. The T cells were then transduced with a lentivirus
encoding, in order, the B chain, a P2A cleavage site, and the ¢ chain of TCRO078 (SEQ ID
NG: 83), manufactured by Lentigen {Gatthersburg, MID). For transduction, the T cells/beads
were resuspended at 1 x 10° colls/m] in fresh T cell medium containing 8 pg/mi polybrene
(EMD, Millipore}. The cell suspeansion was mixed with the lentivirus (MO 10:1} and then

centrifuged for 90 mmutes at 1200g, 32°C 1o facilitate transduction.  The cell/bead
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suspension was mcubated at 37°C for 4 howrs, after which time 1 volume of T cell medium
was added and the cells/beads were further incubated at 37°C overnight. The following day,
cells were washed and resuspended at 1 x 10° cells/ml in T cell medium, followed by further
incubation at 37°C. At Day 3 post-transduction, beads were removed from the cell culture
using DynaMag magnet (Thermo Fisher). At Day 5 post-transduction, TCRO078 expression
was evaluated by flow cviometry. Specifically, cells were first stained with Zombie NIR™
(Biolegend) to discriminate live from dead cells, according 1o the mamufacturer’s instroctions.
Cells were then washed and stained with PE-conjugated HLA-B*0702 pentamer loaded with
the MLL-pM peptide EPR[pSIPSHSM (SEQ 1D N(:43; Prolmmune, Inc, Oxford, UK), and
an antibodv cocktall comprising anti-CD3-FITC, anti-CD4-PerCp/Cy5.5 and anti-CDS-
PE/Cy7 antibodics {Biolegend) for 30 mmutes at room temperature protected from light
Uniransduced T cells were used as a negative control. The stained T cells were washed and
analyzed by flow cytometry using a BD FACSCanto” II cytometer.

(0032217 TCRO078 was cfficiently expressed in iniact, hive, singlet T cells. As shown in
FIG. 9A, for control cells, 62.8% of the detected cells were intact (Jeft panel). Of these intact
cells, 99.2% were living cells {middle panel). Of these living cells, 81.3% were singlets
(right pancl). The same flow cytometry gates were used for cells transduced with TCROO78
and obtained stmilar data (data not shown). Intact, ive, singlet cells were selected for use in
the remainder of the experiment. For control T cells, only 1.11% were positive for both CD3
and pentamer staiming (FIG. 9B, left panel). In cells transduced with TCROO7E, 38 1% were
both CD3 and pentamer positive (FIG. 9B, right pancl). The high level of pentamer staining
i the TCROO78-transduced cells was indicative of positive expression of TCRO078 1n
stimulated T cells.

{00323} Both control and TCRO078 cxpressing stimulated T cells were predominantly in
one of two populations: a CD8+/CD4- cell population and a CDE-/CD4+ cell population.
Control T cells were 44.6% CDEHCD4- and 49.1% CD8-/CD4d+ (FIG. 9C, left panel).
Similar results were obtained for the whole population of TCROU78-transduced cells (FIG.
9C, nmuddie panel) and TCROO78 expressing cells determined by pentamer stamning (FIG. 9C,
right panel). CD8+ or CD4+ populations were also identifiable in the flow cviometry data
presenied to show the level of pentamer staming (FIG. 9D, both panels).

6.3.2 Characterization of human T cells expressing MLL TCRs co-cultured
with K{1a target cells

(00324}  Primary human T cells were mixed with mRNA encoding TCRO078 or TCRO086

and electroporated on Day 0. The two TCRs were expressed from vectors encoding, n order,
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the TCR P chain., a PZA cleavage site. and the TCR @ chamn. On Day 1, target TCR
expression was evaluated by flow cytometry following staining with HLA-B*0702 pentamers
loaded with the MEL-pM peptide EPR[pSIPSHSM (SEQ ID NQO: 45) or the MLL-pP peptide
RVR[pS|PTRSP (SEQ ID NO: 473 T cells were then labeled using the Cellirace Violet cell
proliferation kit {(Lifc Technologies, Cat. No.. (C34557). In paralicl, KGla cells (a
myelogenous leukemia cell line endogenously expressing MLL and overexpressing HLA-
B*0702 (“KG1a-B7 cells™) or HLA-A*0201 ("KGla-AZ cells”) were labeled with
carboxyfluorescein succmimidy! ester (CFSE) (Biolegend, Cat. No.» 423801). The Celltrace
Violet-labeled T cells were co-cultured with the CFSE-labeled KGla-B2 cells or KGia-A2
cells at an effector;target ratio ranging from 4:1 to 0.25:1. T cells that were incobated with
anti-CD3 and anti-CD28 antibodies were used as positive controls. On Day 2, the cells were
evaluated for CD25 expression, CD107a expression, T cell proliferation, and specific killing
of target cells using flow cyvtometry. Primary human T cells electroporated with mock
mRNA (mRNA ¢ncoding a control TCR) were used as a negative control.
[003251 A representative experiment with an effectoritarget ratio of 2:1 is shown in FIG.
10, T cells expressing the MLL TCR TCRO078 or TCRO086 were only activated by KGla
cells expressing HLA-B*0702, but not KGla eclls expressing HLA-A*0201, as measured by
CD25 expression, CD107a expression, and T cell proliferation. The activation of T cells was
dependent on the expression of the MLL TCRs since T cells electroporated with mock
mRNA were not activated under the same conditions (FIG. 10).
[00326] T cells expressing the MLL TCR TCRO078 or TCROO8S were able 1o specifically
kill KG1-B7 target cells even at low effector:target ratios, while T cells electroporated with
mock mRNA did not kill the target cells (FIG. 11).
6.3.3 Characterization of TCRO078 using an IL-2-NFAT huciferase reporter-
expressing T cell line
(00327} This studv assesses the specificity of activation of T cells expressing TCROO78
upon co-culturing with vanous tumor cell lines, using an 1L-2-NFAT luciferase reporter T
cell line. Specifically, Jurkat cell Hne JRT3-T3.5 (ATCC® Cat. No.: TIB-153™), stably
expressing a lucierase reporter under the conirof of an [L-2-NFAT response element and a
short CMV mimimal promoter, was transduced with the same lentivirus as described in
Section 6.3.1. Briefly, control (not transduced) or TCRO078-transduced Jurkat cells were co-
cultored with KGla cells stably expressing HLA-B*0702, K562 cells {a myvelogenous
leukenia cell line endogenously expressimng MLL) stably expressing HLA-B*0702, Loucy

cells (alymphoblastic leukemia cell line endogenously expressing MLL and HLA-B*0702),
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or Namalwa celis {(a Burkitt's Lymphoma cell line endogenously expressing MLL and HLA-
B*0702) at various Jurkat:tumor (effector:target) cell ratios (ranging from 0.1:1 to 2:1) for 24
hours at 37°C. Cells were then washed, lysed, and mixed with Nano-Glo® Luciferase Assay
reagent {Promega, Madison, WI). according (o the manufacturer’s instructions. The
lominescence from the expressed 1L-2-NFA T-lucifearase reporter, representing the degree of
Jurkat cell activation, was recorded. Ags a positive control for activation of the [L-2-NFAT
reporter, phorbol 12-myrnistate 13-acetate (PMA) and lonomyen (Biolegend) were used to
induce maximwn NFAT-luciferase expression in the control and TCROO78-transduced Jurkat
effector cells, according to the manufacturer’s mstructions.

[00328] As shown n FIG. 12A, Jurkat cells expressing TCRO078 were significantly
activated when co-cultured, at various ratios, with KGla cclis or K562 cells stably expressing
HLA-B*0702. Mamalwa cells activated TCRO078-cxpressing Jurkat celis at all
ctfector:target ratios tested. Loucy cells activated TCROO78-expressing Jurkat cclls at higher
effector:target ratios, compared to the control Jurkat cell activation fevels shown in FIG. 12B.
As cxpected, PMA/lonomycin induced maximal reporter activation in the Jurkat cells (FIG.
i2C).

[00329] The foregoing reporter activation assays were also performed with other tumor
target celis. H929 cells and U266B1 cells {(which both endogenously express HLA-B*0702),
as well as THP-1 cells (HLA-B*0702 negative) overexpressing HLA-B*0702, all activated
the Jurkat effector cells (FIGs. 13A and 13C). Raji cells (ATCC® CCL-86", an HLA-
B*(702 negative cell lne) and LCL 721221 cells (an MHC-l-negative human cell hine),
when both were overcxpressing HLA-B*0702, significantly activated the Jurkat cffector
cells, more potently than KGla-HLA-B*0702 cells (FIGs. 13B and 13C). By contrast, YT-
Indy cells (HLA-B*0702 negative), LRT3-T3.5 cells (HLA-B*0702 necgative), Raji cclls,
THP-1 cells, and LCL 721.221 cells did not activate hurkat effector cells (FIGs. 13A-130).

634 Impact of peptide dose titration on T cell activation and target cell killing

{00330} Next, a study was conducted to assess seasitivity of MLL-specific TCRs. Briefly,
on Day 0, primary human T cells were ¢lectroporated with mock mRNA (mRNA encoding a
control TCR) or TCROO78 mRNA as described above. On Day 1, T2 cells expressing HLA-
B*0702 “T2-B7 cells™) were labeled using the Celltrace Violet cell proliferation kit (Life
Technologies, Cat. No.: £34557) and pulsed with a dose titration of the MLL-pM peptide
EPR{pSIPSHSM (SEQ 1D NO: 45) or the non-phosphorviated MLL-M control pepiide
EPRSPSHSM (SEQ ID NO: 46). The T2-B7 target cells were then co-cultured with
electroporated T cells that had been labeled with CFSE (Biolegend, Cat. No.; 423801) at an
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effector:target ratic of 1:1. T cells that were incubated with anti-CP3 and anti-CD28
anfibodies were used as positive controls. On Day 2, the cells were evaluated for CD23
expression, CD107a expression, and specific killing of target cells using flow cytometry.
{00331} As shown in FIG. 14, T cells expressing the MLL TCR TCRO078 were activaied
by T2-B7 target cclls pulsed with the phosphopeptide MLL-pM, cven at low doses of the
peptide. The activation of T cells was dependent on the presence of the phosphoseryl moiety
as the non-phosphorylated MLL-M control peptide did not activate the T cells (FIG. 14,
upper right and lower right pancls). T cells clectroporated with mock mRNA were not
activated by target cells (FIG. 14).

00332} Consistent with the observations of T cell activation, T cells expressing the MLL
TCR TCROO78 killed the T2-B7 target cells pulsed with the MLL-pM peptide effectively, but
not the T2-B7 target cells pulsed with the non-phosphorvlated MLL-M control peptide (F1G.
15). T cells electroporated with mock mRNA did not kill the target cells (FIG. 15).

[00333] A smlar study assessing TCR sessitivity to the MLL  phosphopeptide
EPR[pSIPSHSM (S5EQ 1D NO: 45) was conducted using primary T cells stably expressing
TCROO78. Briefly, primary T cells were transduced with lentivirus encoding TCRO078 (S5EQ
1D NO: 83), as described in Section 6.3.1. After 13 days, the transduced T celis were tested
for their activation and cvictoxic activity toward target cells in presence of the MLL
phosphopeptide. T2 cells expressing HLA-B*0702 ("T2-B7 cells™) were labeled with
carboxyfluorescein succinimidyl ester (CFSE) (Biolegend, Cat. No.: 423801) and then pulsed
for 25 hours with a dose titration of cither EPR{pSIPSHSM (SEQ ID NO: 45)
phosphopeptide or EPREPSHSM (SEQ 1D NO: 46) peptide. The pulsed T2-B7 cells (Target)
were then co~cultured with the primary T cells expressing TCRO078 (Effector), previously
tabeled using the Cell Trace " Violet cell proliferation kit (Life Technologies, Carlsbad, CA,
Cat. No.: C34557), at an cffectoritarget ratio of 1:1 for 20 bouwrs at 37°C. Cviotoxic activity
(measured by killing of T2-B7 cells) and CD25 and IFN-y expression of the effector primary
T cells were asseased the following day by flow cytometry. The numbers of living T2-B7
cells, detected by Celi Trace Violet staining, were counted. The percentage of dead 12-B7
cells {calculated by subtracting the living T2-B7 cell number after co-culturing from the total
T2-B7 cell number without co-culturing with the effector primary T cells, then divided by the
total T2-B7 cell number without co-culturing) represents the cytotoxic activity of the effector
primary T cefls.  For detection of CD25, cells were first stained with Zombie NIR™
(Biolegend) to discrimimate living cells and then stained with an anti-CD2S-PE/Cv7 antibody

(Biolegend), according to the manufacturer’s instructions. For detection of IFN-y expression,
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celis were incubated with Brefeldin A and Monensin {Biolegend) for 5 howrs before staining.
Following cell viability staining and surface staiming for CD23-PE/Cy7, CD4-PerCP/Cy S35,
and CD8/PE, as previously described, cells were fixed and permeabiized (Biolegned),
according to the manufacturer’s mstructions, and then stained with an anti-IFFN-y-FITC
antibody (Biolegend). The measured thuorescence ndicated CD25 and IFN-y expression
levels.

[00334]  As shown in FlGs. 16A-16C, an increase of cytotoxic activity, CD25 expression
and IFN-y cxpression was observed in the effector primary T cells in a dose dependent
manner with mcreasing phosphopeptide EPRIpSIPSHSM (SEQ ID NO: 45) concentrations.
In contrast, the unmodified MLL-M peptide did not merease the cytotoxic activity, CD25
expression, or IFN-y expression of the T cells (FIGs. 16A-16C). These resulis indicate that
TCROO7Y 15 specific for the phosphopeptide EPR{pSIPSHSM (SEQ 1D NO: 45).

[00335] To further characterize TCROO78  specificity for HLA-B¥0702  and
phosphopeptide EPR[pSIPSHSM (SEQ D NO: 43), pnmary T cells transduced with
TCROO78 were co-cultured with pepiide-pulsed T2 cells expressing cither HLA-B*0702 or
HLA-A*02.01. Cells were then stained, and CID25 and IFN~y T celi expression was analvzed
by flow cytometry, using the same methods described above.

{00336} Asshown in FiGs. 17A and 178, primary T cells were activated when co-cultured
with T2-HLA-B*(702 pulsed with the phosphopeptide EPR{pS|PSHSM (SEQ ID NO: 45).
By contrast, primary T cells were not activated when co-cultured with T2-HLA-A*02.02
pulsed with either the phosphopeptide or unmedified peptide.

6.4  Example 4: Characterization of TCROU78 as a cancer therapy

6.4.1 Characterization of TCROO78 using tumor cells as farget cells

100337} To assess the efficacy of TCROO78 against tumor cell lines, primary T cells, not
transduced or transduced with TCROG78, were co-cultured for 20 hours with KGla cells
{endogenoasly expressing MLL and overexpressing HLA-B¥0702 or HLA-A¥02.02), at
various effectoritarget ratios, as described in Example 3. Cells were stained (e.g., with
Zombic NIR™, anti-CD25 antibody, and anti-IFN-y antibody) and cytotoxic activity and
activation of the effector primary T cells were analyzed by flow cviometry, as described in
Example 3.

(003387  Activation of TCRO0O78-cxpressing primary T cells by KGla cells stably
expressing-HLA-B*0702, but not KGla cells expressing HLA-A¥02.01, at various
cifector:target ratios, was confirmed by increased killing of the target KGla cells (FIG. 18A)
and mmcreased CE25 (FIG. 18B) and IFN-y (FIG. 18C) expression in the ¢ffecior primary T
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cells. In contrast, untransduced primary T cells {(nmegative conircl) were not activated by
either of the foregoing KGla cell lines.

[00339]  Similar assays were performed using primary T cells (with or without TCRO078
transduction) co-cultured with various tumor cells (KGla cell, K562 cells, SK-MEL-5 cells,
U26681 cells, and Namalwa cells) expressing endogenous or recombinant HLA-B*0702, at
various effector:target ratios. The activation of the primary T cells was measured by kilhing
of the target tumor cells, using the same protocol and flow cytometry methods as described n
Example 3. As shown in Figure 19, TCRO078-expressing primary T cells, but not controt T
cells not expressing TCROO7E, significantly promoted killing, at vanious effector:target ratios,
of target KGla (FIG. 19A) and K562 (FIG. 19B) cells, stably expressing recombinant HLA-
B*G702, as well as SK-MEL-5 cells (FIG. 19C) and U266B1 cells (F1G. 19D). The cyiotoxic
activity of the cffector primary T cells was less potent but stll statistically significant toward
target Namalwa cells (F1G. 19E}.

64.2 In vivo anti-cancer activities of TCROO78

[00340] To assess efficacy of TCROO78-expressing primary T cells in vivo, a T cell
adoptive transfer experiment in immunosuppressed NOG mice (Jackson Laboratory, Bar
Harbor, ME) bearing a KGla-HLA-B*0702 tumor was conducted.

[00341] Prior to the adoptive transfer, TCRO078-transduced primarv T cells were tested in
vitro to confirm their activation and cytotoxic activity toward KG1a-HLA-B*0702 tumor
cells.  As previously described, control and TCRO078-transduced T cells were co-cultured
with tumor cclls at various effectoritarget ratios. Killing efficiency and T cells activation
were analyzed by flow cyvtometry, as described in Example 3.

(00342}  As shown in FIG. 20A ) the T cells expressing TCRO078, but not control T cells,
significantly promoted killing, at various ecffectoriarget ratios, of target KGla cells
expressing HLA-B*0702. CD2S5 expression in the primary T celis expressing TCRO078 was
also significantly increased, compared to the CD25 levels m control T cells (FIG. 20B).
Thus, the TCRO075-capressing primary T cells were activated by and bad cviotoxic activity
toward KGla-HLA-B*0702 cells in vitro.

(00343} For the adoptive transfer, at Day 0, one million of KGla-HLA-B*0702 {umors
cells were injected subcutaneously to each of twenty mice. At Day 1, S x 10° primary T cells,
transduced with TCROO78 fiftcen davs prior, were injected intravenousty inio ten of the mice.
The other ten mice remamed un-injected as control.  Two of the ten mjected mice were
sacrificed at Day 7, after measuring the length and width of their tumors and calculating the

volume of tumors (by multiplving the measured length and width and then 0.52), to confirm
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T cells injection and homing. The volume of tumors on other injected and control mice was
calculated bv the same method at Day 7 and then everv 3-3 days, until Day 42, All muce
were then sacrificed at Day 42 post tamor implantation and their splesns were collected,
processed and stained with Zombie NIR™ reagent, anti-CD3 antibody. and anti-CD45
antibody (Biolegend) to detect T cells and tumor cells.

[00344]  As shown in FIG. 21A, mice imjected with TCROU78-expressing T cells showed
significantly slower tamor growth on average, compared to un-mjected mice. Among all
cight injected mice alive for the 42-day period, only two showed significant tumor growth
(white circles 1n FIG. 21B, comparable to tumor volumes n un-injected mice in FIG. 21A),
while the other six had minimal tumor growth (black circles in FIG. 21B), indicating
significant tumor mhibition. As detected by flow cytometry, one mouse with sigmificant
tumor growth . FIG. 218 had 0.027% of spleen cclls as injected human T cells
(CDASH/CD3+) and 0.25% of spleen cells as metastatic tumoral cells (CD45+/CD3-) (FIG.
21C, left panel). In contrast, one mouse with minimal tumor growth in FIG. 218 had a larger
percentage of spleen cells as CD45+H/CD3+ T cells (72.5%) and a smaller percentage of
spleen cells as metastatic CD45+/CD3~ tumor cells (0.037%) (FIG. 21C, night panel),
ndicating that the injection of TCROO78-expressing T cells inhibited metastasis as well as
tomor volume.

(00345}  The mvention is not to be limited n scope by the specific embodiments deseribed
hercin.  Indeed. various modifications of the invention in addition to those described will
become apparent to those skilled in the art from the foregoing description and accompanying
figures. Such modifications are mtended to fail within the scope of the appended claims.
[00346] Al references {e.g., publications or patents or patent apphcations) cited herein arg
meorporated herein by reference in their entiretics and for all purposes to the same extent as
if cach mdividual reference (e.g., publication or patent or patent application) was specifically
and individually indicated (o be incorporated by reference in its entirety for all purposes.

{00347}  Other embodiments arg within the following claims.
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WHAT IS5 CLAIMED:

9.

19.

1%

An isolated T cell recepior (TCR) that binds to a peptide consisting of the amino acid
sequence set forth in SEQ 1D NO: 43, the TCR comprising an a chain variable region (Va)
comprising complementarity determining region CDR3a, wherein the CEBR3g comprises
the amino acid sequence set forth in SEQ 1D NO: 21

The 1solated TCR of claim 1, wherein the Va comprises CDR e and CDR2a comprising
the amino acid sequences set forth in SEQ ID NQOs: 11 and 16, respectively.

The isolated TCR of claim 1, wherein the Vo comprises the amino acid sequence set forth
m SEQ ID NG 86or 1.

The 1solated TCR of claim 1, comprising an & chain comprising an amino acid sequence
selected from the group consisting of SEQ 1D NQOs: 58, 236, 259, 260, 272, 261, and 249
The isolated TCR of any one of the preceding claims, wherein the TCR comprises a B
chain variable region (V) comprising CDR3B, wherein the CDR3B comprises the amino
acid sequence set forth in SEQ 1D NO: 36,

The isolated TCR of claim 3, wherein the V§ comprises CDR 18 and CDR2ZB comprising
the amino acid sequences set forth in SEQ 1D NOs: 26 and 31, respectively.

The 1solated TCR of claim 5, wherein the V§ comprises the amine acid sequence set {orth
in SEQIDNO: 87 or 2.

The 1solated TCR of claim 3, comprising a B chain comprising an amino acid sequence
selected from the group consisting of SEQ 1D NOs: 59, 237, 262, 263, 264, 273, 60, and
250.

An isolated T cell recepior (TCR) that binds to a peptide consisting of the amino acid
sequence set forth in SEQ 1D NG: 45, the TCR comprising a f chain variable region (VB)
comprising complementarity determining region CDR3J, wherein the CDR3B comprises
the amino acid sequence set forth in SEQ D NG: 36

The isolated TCR of claim 9, wherein the VP comprises COR 1§ and CDRZB comprising
the amino acid sequences set torth in SEQ 1D NOs: 26 and 31, respectively.

The isolated TCR of claim 9, wherein the V§ comprises the amino acid sequence set forth

m SEQ D NG 87 or 2.

. The isolated TCR of claim 9, comprising a B chain comprising an amino acid sequence

selected from the group consisting of SEQ ID NQOs: 59, 237,262, 263, 264, 273, 60, and
250.

3. An isolated T cell receptor (TCR) that binds to a peptide consisting of the amino acid

sequence set forth in SEQ ID NQO: 45, the TCR comprising an @ chain variable region (Vo)
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comprising an anuno acid sequence at least 75%, 80%, 85%, 90%, 95%. 99%, or 100%
identical to the amino acid sequence set forth m SEQ [D NG: 73

The isolated TCR of claim 13, wherein the Va comprises the amino acid sequence set
forth in SEQ 1D NO: 73.

The isolated TCR of claim 13, wherein the TCR comprises a §§ chain variable region (V§)
comprising an amino acid sequence at least 75%, 80%, 85%, 90%, 95%, 99%, or 100%
identical to the amino acid sequence set forth in SEQ ID NO: 74,

The isolated TCR of claim 15, wherein the VB comprises the amine acid sequence sot
forth i SEQ 1D NO: 74,

Anisolated T cell receptor (TCR) that binds to a peptide consisting of the amino acid
sequence set forth in SEQ 1D NO: 45, the TCR comprising a B chain variable region {(VB)
comprising an amino acid sequence at least 75%, 80%, 85%, 90%, 95%, 99%, or 100%
identical to the amino acid sequence set forth in SEQ ID NO: 74,

The isolated TCR of ¢laim 17, wherein the VB comprises the aming acid sequence set

forth m SEQ 1D NO: 74

. The isolated TCR of any one of the preceding claims, wherein the TCR comprises an o

chain variable region (Va) compnising CDR1g, CDR 20, and CDR3a and a § chain
variable region (V) comprising CDR1B, CDRZB, and CER3B, wherein the CDR g,
CDRZg, CDR3g, CDRIB, CDR2B, and CDR3B comprise the amino acid sequences set
forth in SEQ ID NQOs: 11, 16, 21, 26, 31, and 36, respectively.

. An isolated TCR comprising an @ chain variable region (Vo) comprising

complementarity determuning regions COR g, CDR2g, and CDR3¢ and a B chain
variable region (V) comprising CDR1S, CDR2E, and CDR3B, wherein the CDR g,
CDRZa, CBR3¢, CDRI1B, CDR28, and CDR38 comprise the aming acid sequences set
forthin SEQ 1D NOs: 11, 16, 21, 26, 31, and 36, respectively.

. The isolated TCR of claim 20, wheremn the Va and VB comprise the amino acid

sequences set forth in SEQ 1D NQOs: 86 and 87 or 1 and 2, respectively.

22. An isolated TCR comprising an @ chain and a P chain, wherein the @ chain comprises an

amino acid sequence selected from the group consisting of SEQ 1D NOs: 58, 2306, 239,
260, 272, 261, and 249 and the B chain comprises an amino acid sequence selected from
the group consisting of SEQ 1D NOs: 59, 237, 262, 263, 264, 273, 60, and 250

An isolated T cell receptor (TCR) that binds to a peptide consisting of the amino acid

sequence set forth in SEQ 1D NO: 43, the TCR comprising an o chain variable region (Vo)
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comprising complementarity determining region COR3a, wherein the CDR3g comprises
the amino acid sequence set forth in SEQ D NO: 22,

The 1solated TCR of clamm 23, wherein the Va comprises CDR1g and CDR 20 comprising
the amino acid sequences set forth in SEQ ID NOs: 12 and 17, respectively.

The isolated TCR of clavn 23, wherein the Va comprises the amino acid sequence set

forth sn SEQ 1D NO: 88 or 3.

. The 1solated TCR of claim 23, comprising an & chain comprising the aming acid sequence

set forth in SEQ ID NO: 61 or 251,

. The isolated TCR of any one of claims 23-26, wherein the TCR comprnises a B chain

variable region (V) comprising CDR38, wherein the CDR3§ comprises the amino acid
sequence sef forth in SEQ 1D NGO 37
The isolated TCR of clavn 27, whercin the V# comprises CDR 1P and CORZ comprising

the amino acid sequences set forth in SEQ 1D NOs: 27 and 32, respectively.

. The tsolated TCR of ¢laim 27, wherein the VP comprises the aming acid sequence set

forth in SEQ 1D NO: 89 or 4.

30. The isolated TCR of claim 27, comprising a B chain comprising the amuno acid sequence

3L

5]
[\

52
L2

34

(9]
LA

36,

set forth in SEQ ID NO: 62, 63, or 232.

An isolated T cell receptor (TCR) that binds to a peptide consisting of the amino acid
sequence set forth in SEQ 1D NG: 45, the TCR comprising a f chain variable region (VB)
comprising complementarity determining region CDR3J, wherein the CDR3B comprises

the amino acid sequence set forth in SEQ D NG: 37,

32. The isolated TCR of claim 31, wherein the VB comprises CDR 18 and CDR2P comprising

the amino acid sequences set torth in SEQ 1D NOs: 27 and 32, respectively.

. The isolated TCR of claim 31, wherein the VB comprises the amino acid sequence set

forth in SEQ 1D NO: 89 or 4.
The 1solated TCR of clatm 31, comprising a B chain comprising the amino acid sequence

set forth in SEQ ID NG: 62, 63, or 252.

. An isofated T cell weeeptor (TCR) that binds 1o a peptide consisting of the aming acid

sequence st forth in SEQ HD NO: 43, the TCR comprising an « chain variable region (Vo)
comprising an amino acid sequence at least 75%, 80%, 85%, 90%, 95%, 99%., or 100%
identical to the amino acid sequence set forth in SEQ 1D NQO: 75,

The isolated TCR of claim 35, wherein the Va comprises the amino acid sequence set

forth sn SEQ 1D NO: 75,
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[9)
~3

38,

39

44,

41

44,

46,

. The isolated TCR of claim 35, wherein the TCR comprises a § chain variable region (V)

comprising an amino acid sequence at least 75%, 80%, 85%, 90%, 95%, 99%, or 100%
wdentical to the aming acid sequence set forth in SEQ D NQG: 76.

The isolated TCR of claim 37, wherein the V§ comprises the amino acid sequence sot
forth in SEQ 1D NO: 76.

An isolated T cell receptor (TCR) that binds {o a peptide consisting of the amino acid
sequence set forth in SEQ ID NO: 45, the TCR comprising a B chain variable region (VB)
comprising an amino acid scquence at least 75%, 80%, 85%, 90%, 95%, 99%, or 100%
identical to the amino acid sequence set forth m SEQ [D NG: 76,

The isolated TCR of claim 39, wherein the VB comprises the amino acid sequence set
forth in SEQ 1D NO: 76.

The isolated TCR of anv one of claims 23-40, wherein the TCR comprises an o chain
variable region (Va} comprising COR1a, CDR2q, and CDR3¢ and a B chain vaniable
region {(VB) comprising COR1, CDR2B. and CDR3P. wherein the CDR1a, CDR2q,
CDR3g, CDORIB, CDR2B, and COR3P comprise the amino acid sequences set forth in
SEQID NOs: 12, 17,22, 27,32, and 37, respectively.

. An isolated TCR comprising an ¢ chain variable region (Vo) comprising

complementarity determining regions CDR e, CDRZ«, and CDR3a and a B chain
variable region (V) comprising CDRIB, CDR2B, and CDR3B, wherein the CDR la,
CDR2g, CDR3g, CDR1B, CDR2E, and CDR3P comprise the amino acid sequences set

forth in SEQ ID NQOs: 12, 17, 22, 27, 32, and 37, respectively.

43. The isolated TCR of claim 42, wherein the Vo and VB comprise the amine acid

sequences set forth in SEQ ID NOs: 88 and 89, or 3 and 4, respectively.
Axn isolated TCR comprising an @ chain and a § chain, whercin the o chain comprises the
aming acid sequence sct forth in SEQ 1D NO: 61 or 251 and the B chain comprises the

ammgo acid sequence set forth in SEQ 1D NG: 62, 63, or 252,

. An wsolated T cell receptor (TCR) that binds 1o a peptide consisting of the aming acid

sequence set forth in SEQ D NO: 45, the TCR comprising an @ chain variable region (Va)
comprising complemendarity determining region CDR3a, wherein the CDR3a comprises
the amino acid sequence set forth in SEQ D NO: 23,

The isolated TCR of claim 43, wherein the Va comprises CDR 1a and CDR2& comprising
the amino acid sequences set forth in SEQ 1D NOs: 13 and 109, or 13 and 18,

respectively.

143



10

30

WO 2019/046856

48.

49

30,

36,

(]
3

38

60.

PCT/US2018/049397

. The wsolated TCR of ¢laim 45, wherein the Vo comprises the amine acid sequence set

forth i SEQ ID NO: 106 or 5.

The isolated TCR of claim 45, comprising an ¢ chain compnising the amino acid sequence
set forth in SEQ 1D NO: 64 or 253,

The isolated TCR of anv one of claims 45-48, wherein the TCR comprises a B chain
variable region (V) comprising CDR3B, wherein the CDR3f comprises the amino acid
ssquence set forth i SEQ ID NG: 38,

The 1solated TCR of claim 49, whercin the VB comprises CDRIS and CDR2H comprising

the amino acid sequences set torth in SEQ 1D NOs: 28 and 33, respectively.

. The isclated TCR of claim 49, wherein the V§ comprises the amino acid sequence set

forth in SEQ 1D NO: 107 or 6.

. The isolated TCR of claim 49, comprising a B chain comprising the amino acid sequence

set forth in SEQ ID NG: 65, 66, or 254,

3. An isolated T cell receptor (TCR) that binds to a peptide consisting of the amino acid

sequence st forth in SEQ 13 NO: 45, the TCR. comprising 3 B chain variable region (V)
comprising complementarity determining region CDR3f, wherein the CDR3B comprises

the amino acid sequence set forth in SEQ 1D NO: 38

. The isolated TCR of claim 53, wherein the V§ comprises CDR1P and CDR2Z comprising

the amino acid sequences set forth in SEQ 1D NOs: 28 and 33, respectively.

. The 1solated TCR of claim 53, wherein the VP comprises the ammg acid sequence set

forth m SEQ 1D NO: 107 or 6.
The solated TCR of claim 53, comprising a P chain comprising the amino acid sequence

sef forth in SEQ 1D NO: 65, 66, or 254.

. Ansolated T cell receptor (TCR) that binds to a peptide consisting of the amino acid

scquence set forth in SEQ 1D NO: 45, the TCR comprising an a chain variable region (V)
comprising an amino acid sequence at least 75%, 80%, 85%, 90%, 95%, 99%, or 100%
identical to the amino acid sequence set forth in SEQ D NO: 77.

The isolated TCR of ¢laim 57, wherein the Va comprises the aming acid sequence set

forth m SEQ 1D NO: 77.

. The isolated TCR of claim 57, wherein the TCR comprises a B chain vanable region (V])

comprising an amino acid sequence at least 75%, 80%, 85%, 90%,, 95%, 99%, or 100%
identical to the amino acid sequence set forth in SEQ 1D NO: 74
The 1solated TCR of claim 57, wherein the VB comprises the amino acid sequence set

forth in SEQ 1D NO: 738,
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6.

62

64,

66.

67.

63.

69,

An isolated T cell receptor (TCR) that binds 0 a peptide consisting of the aming acid
sequence set forth m SEQ 1D NO: 45, the TCR comprising a P chain vanable region (V)
comprising an amino acid sequence at least 75%, 80%, 85%, 90%,, 95%, 99%, or 100%
identical to the amino acid sequence set forth in SEQ 1D NQO: 78,

The isolated TCR of claim 61, wherein the VP comprises the amino acid sequence set

forth sn SEQ 1D NO: 78,

. The isolated TCR of any once of claims 45-62, wherein the TCR comprises an ¢ chain

variable region (Va) comprising COR g, CDR2a, and CDR3a and a B chain variable
region (V) comprising CDRIS, CDR2B, and CDR3J, wherein the CDR g, CDR2a,
CDR3g, CEBR1B, CDR28, and CDR3f comprise the anino acid sequences set forth
SEQID NOs: 13, 109,23, 28, 33, and 38, or 13, 18, 23, 28, 33, and 38, respectively.
An isolated TCR comprising an g chain variable region (Va) comprising
complementarity determining regions COR g, CDR2g, and CDR3¢ and a B chamn
variable region (V) comprising CDR1H, CDR2B. and CDR3p. wherein the COR1a,
CDRZg, CDR3g, CDRIB, CDR2B, and CDR3A comprise the amino acid sequences sct
forth i SEQ 1D NOs: 13, 109, 23, 28, 33, and 38, or 13, 18, 23, 28, 33, and 38,

respectively.

. The isolated TCR of claim 64, wherein the Vo and VP comprise the aminc acid

sequences set forth i SEQ 1D NOs: 106 and 107, or 5 and 6, respectively.

An isclated TCR comprising an a chain and a B chain, wherein the o chain comprises the
amino acid sequence set forth in SEQ 1D NO: 64 or 253 and the B chain comprises the
amino acid sequence set forth in SEQ 1D NO: 65, 66, or 254,

Ansolaied T cell receptor (TCR) that binds to a peptide consisting of the amino acid
sequence set forth in SEQ ID NO: 45, the TCR comprising an o chain variable region (V)
comprising complementarity determining region CDR3a, wherein the CDR3x comprises
the amino acid sequence set forth in SEQ 1D NO: 24.

The 1solated TCR of claim 67, wherein the Vo comprises COR 1o and CDR2g comprising
the amino acid sequences set forth 10 SEQ 1D NOs: 14 and 19, respectively.

The isolated TCR of claim 67, wherein the Vo comprises the amino acid sequence sot

forth m SEQ [D NO: 7.

). The isolated TCR of claim 67, comprising an ¢ chain comprising the amino acid sequence

set forth in SEQ ID NO: 67 or 255,
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The 1sclated TCR of any one of claims 67-70, wherein the TCR comprises a B chain
variable region (V) comprising CDR3f, wherein the CDR3P comprises the amuno acid

sequence set forth in SEQ 1D NGO 39.

. The isolated TCR of claim 71, wherein the V§ comprises CDR1P and CDRZ comprising

the amino acid sequences set forth in SEQ 1D NOs: 29 and 34, respectively.

. The isolated TCR of claim 71, wherein the V§ comprises the amino acid sequence set

forth m SEQ ID NOG: 108 or 8.

4. The isolated TCR of claim 71, comprising a B chain comprising the amino acid sequence

sef forth in SEQ ID NO: 68, 69, or 256.

75. Ansolated T cell receptor (TCR) that binds to a peptide consisting of the amino acid

sequence sot forth in SEQ 1D NO: 45, the TCR compnsing a P chain variable region (V)
comprising complementarity determining region CDR3P, wherein the CDR3 comprises
the amino acid sequence set forth in SEQ ID NG: 3%

The 1sclated TCR of claim 75, wherein the VB comprises CDRIP and CDR28 comprising

the amino acid sequences set forth in SEQ 1D NOs: 29 and 34, respectively.

. The isolated TCR of claim 75, wherein the VP comprises the ammo acid sequence set

forth mn SEQ 1D NO: 108 or 8.

. The isolated TCR of claim 75, comprising a B chain comprising the amino acid sequence

sct forth 1n SEQ 1D NG: 68, 69, or 256,

Amn isolated T cell receptor (TCR) that binds 10 a peptide consisting of the aming acid
sequence set forth in SEQ D NO: 45, the TCR comprising an ¢ chain variable region (Vo)
comprising an amino acid scquence at least 75%, 80%, 85%, 90%, 95%, 99%, or 100%
identical to the amino acid sequence set forth m SEQ [D NG: 79,

The isolated TCR of claim 79, wherein the Va comprises the amino acid sequence set
forth in SEQ 1D NO: 79.

The 1solated TCR of clatm 79, wherein the TCR comprises a § chain variable region (V§)
comprising an anino acid sequence at least 75%, &80%, 85%, 90%, 95%, 59%, or 100%

identical to the amino acid sequence set forth in SEQ D NO: 80,

2. The isolated TCR of claim 79, wherein the ¥V comprises the amino acid sequence set

forth m SEQ 1D NO: 80

An isolated T cell receptor (TCR) that binds to a peptide consisting of the amino acid
sequence set forth in SEQ 1D NGO 45, the TCR comprising a f chain variable region (V)
comprising an amino acid sequence at least 75%, 80%, 83%, 90%, 95%, 99%, or 100%

identical to the amino acid sequence set forth in SEQ ID NO: 80,
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84.

86.

89.

90,

9i.

94.

gs.

The isolated TCR of ¢laim 83, wherein the VB comprises the aming acid sequence set

forth m SEQ 1D NO: 80

5. The isolated TCR of any one of claims 67-84, wherein the TCR comprises an o chain

variable region (Va) comprising CDR g, CORZe, and CDR3x and a B chain variable
region (V) comprising CDR 1P, CDOR2H, and COR3E, wherein the CDR1a, CDRZq,
CDR3g, CDR1B, CDR28, and CDR3§ comprise the amimo acid sequences set forth m
SEQID NOs: 14, 19, 24, 29, 34, and 39, respectively.

An isolated TCR comprising an « chain variable region (Va) comprising
complementarity determining regions CDR g, CDR2g, and CDR3¢ and a B chain
variable region (V) comprising CDR1B, CDR2B, and CER3B, wherein the CDR 1,
CDRZg, CBR3g, CDRIB, CDR2B, and CDR3P comprise the aming acid sequences st
forth in SEQ 1D NOs: 14, 19, 24, 29, 34, and 39, respectively.

. The 1solated TCR of claim 86, wherein the Va and VB comprise the aming acid

sequences set forth in SEQ D NOs: 7 and 108, or 7 and 8, respectively.

. An isolated TCR comprising an « chain and a B chain, wherein the a chain comprises the

amino acid sequence set forth in SEQ 1D NO: 67 or 255 and the P chain comprises the
aming acid sequence set forth in SEQ 1D NO: 68, 69, or 256,

An isolated T cell receptor (TCR) that binds to a peptide consisting of the amino acid
sequence set forth in SEQ 1D NO: 47, the TCR comprising an o chain variable region (Va)
comprising complementarity determining region CDR3a, wherein the CEBR3g comprises
the amino acid sequence set forth in SEQ 1D NOG: 25,

The isolated TCR of claim 89, wherein the Va comprises CDR1g and CDR2g comprising
the amino acid sequences set torth in SEQ 1D NOs: 15 and 20, respectively.

The isolated TCR of claim 89, wherein the Va comprises the amino acid sequence set

forth in SEQ 1D NO: 9.

. The isolated TCR of claim 89, comprising an ¢ chain comprising the amino acid sequence

set forth in SEQ ID NG: 70 or 257,

3. The isolated TCR of any one of claims §9-92, wherein the TCR comprises a B chain

variable region (V) comprising CDR38, wherein the CDR 3 comprises the amino acid
sequence set forth i SEQ 1D NO: 40,

The isolated TCR of claim 93, wherein the V§ comprises CDR 1B and CDR2f comprising
the amino acid sequences set forth in SEQ 1D NOs: 30 and 33, respectively.

The 1solated TCR of claim 93, wherein the VB comprises the amino acid sequence set

forth in SEQ 1D NO: 10.
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96. The isolated TCR of ¢laim 93;, comprismg a P chain comprising the amine acid sequence
set forth in SEQ ID NO: 71, 72, or 258.

97. An isolated T cell receptor (TCR) that binds to a peptide consisting of the amino acid
sequence set forth in SEQ 1D NO: 47, the TCR compnsing a B chain variable region (V)
comprising complementarity determining region CDR3P, wherein the CDR3 comprises
the amino acid sequence set forth in SEQ 1D NO: 40.

98. The 1sclated TCR of claim 97, whercin the VB comprises CDR1S and CDR2f comprising
the amino acid sequences set forth in SEQ 1D NOs: 30 and 35, respectively.

99, The isolated TCR of claim 97, wherein the VP comprises the ammo acid sequence set
forth n SEQ 1D NO: 10,

100.  The isolated TCR of claim 97, comprising a P chain comprising the amino acid
sequence set forth in SEQ 1D NO: 71, 72, or 258,

101, Anisolated T cell receptor (TCR) that binds to a peptide consisting of the amino acid
sequence set forth in SEQ D NO: 47, the TCR comprising an ¢ chain variable region (Va)
comprising an amino acid scquence at keast 75%, 80%, 85%, 90%, 95%, 99%, or 100%
identical to the amino acid sequence set forth m SEQ [D NG: 81

102, The isolated TCR of ¢laim 101, wherein the Va comprises the aming acid sequence
set forth in SEQ D NOG: 81

103, The isolated TCR of claim 1013 wherein the TCR comprises a ﬁ chain variable regi(m

100% identical to the amino acid sequence set forth in SEQ ID NO: 82,

104, The isolated TCR of claim 101, wherein the V§ comprises the amino acid sequence
sef forth in SEQ 1D NO: 82,

105 Ansolated T cell receptor (TCR) that binds to a peptide consisting of the amino acid
sequence set forth in SEQ 1D NGO 47, the TCR comprising a f chain variable region (V)
comprising an amino acid sequence at least 75%, 80%, 83%, 90%, 95%, 99%, or 100%
identical to the amino acid sequence set forth in SEQ D NO: 82.

106.  The isolated TCR of claim 103, wherein the V§ comprises the amino acid sequence
set forth in SEQ 1D NO: 82,

107, The isolated TCR of any one of claims 89-106, whereim the TCR comprises an o
chain variable region (V) comprising CDR 1, CDR2a, and CDR3¢ and a B chain
variable region (V) comprising CDR1B, CDR2ZB, and CDR3B, wherein the CDR g,
CDRZg, CDR3a, CDRIB, CDRZ{%, and CDR3P comprise the amino acid sequences set
forth m SEQ ID NOs: 15, 20,

Lii

, 30, 35, and 40, respectively.
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108,  Ansolated TCR comprising an o chain variable region (Va) comprising
complementarity determining regions CDR g, CDR2a, and CDR3¢ and a B chain
variable region (V) comprising CDR1§, CDR2B, and CER3J, wherein the CDR 1o,
CDRZg, CBR3g, CDRIB, CDR2B. and CDR3P comprise the aming acid sequences st
forth in SEQ 1D NOs: 15, 20, 25, 30, 35, and 40, respectively.

109, The isolated TCR of claim 108, wherein the Vo and VJ comprise the amino acid
sequences set forth in SEQ 1D NOs: 9 and 10, respectively.

110, Anisolated TCR comprising an o cham and a § chain, wherein the @ chain comprises
the amino acid sequence set forth in SEQ 1D NO: 70 or 257 and the § chain comprises the
amino acid sequence set forth in SEQ ID NO: 71, 72, or 238.

111, Anisolated T cell receptor {TCR) that binds to:

1) a peptide consisting of the amino acid sequence sct forth in SEQ [D NG: 45,
ii) a peptide consisting of the amino acid sequence set forth in SEQ ID NO: 51,
iii} a peptide consisting of the amino acid sequence set forth in SEQ D NO: 56,
v} a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 117,
v} a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 128,
vi} a peptide consisting of the amino acid sequence set forth in SEQ ID NG: 135,
vii}) a peptide consisting of the amino acid sequence set forth in SEQ D NG: 192, or
viii) a peptide consisting of the amino acid sequence set forth 1o SEQ ID NO: 233, or
ix} any combination thereof.
112, The isolated TCR of any one of claims 1-22, wheremn the TCR binds to:
1) a peptide consisting of the amino acid sequence set forth i SEQ 1D NO: 45,
1i) a peptide consisting of the amino acid sequence set forth in SEQ ID NO: 51,
111} a peptide consisting of the ammgo acid sequence set forth in SEQ ID NO: 56,
) a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 117,
v} a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 128,
vi} a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 135,
vit) a peptide consisting of the amino acid sequence set forth i SEQ ID NO: 192, or
viit) a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 233, or
1x) any combination thereof.

113,  The isolated TCR of claim 111 or 112, wherein the TCR binds to:

1) a peptide consisting of the amino acid sequence sct forth in SEQ 1D NG: 45,
i1} a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 51,

11} a peptide consisting of the amino acid sequence set forth m SEQ ID NQO: 56,
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iv} a peptide consisting of the amino acid scquence set forth in SEQ 1D NO: 117,

v} a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 128,

vi} a peptide consisting of the amino acid sequence set forth in SEQ ID NG: 135,

vii} a peptide consisting of the amino acid scquence set forth in SEQ 1D NO: 192, and
viii) a peptide consisting of the amino acid sequence set forth 1o SEQ ID NO: 233

114, The wsolated TCR of any one of ¢laims 111-113, wherein the TCR does not bind to, or

does not substantially bind to:

1) a peptide consisting of the amino acid sequence set forth i SEQ 1D NO: 46,

11) a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 49, 50, 52,
53,54,55, 0r 57, or

it} a peptide consisting of the aming acid sequence set forth in SEQ 1D NOG: 47, or

)} any combination thereof.

115, The isolaied TCR of claim 114, wherein the TCR does not bind to, or does not

substantially bind to, any of’

1) a peptide consisting of the amino acid sequence set forth i SEQ 1D NO: 46,

1i) a peptide consisting of the amino acid sequence set forth in SEQ ID NO: 49,

111} a peptide consisting of the ammgo acid sequence set forth in SEQ 1D NO: 50,

v} a peptide consisting of the amino acid sequence set forth m SEQ 1D NO: 52,

v} a peptide consisting of the ammo acid sequence set forth in SEQ 1D NG: 53,

vi} a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 54,

vit) a peptide consisting of the aminoe acid sequence set forth i SEQ 1D NO: 55,

viit) a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 57, and
ix} a peptide consisting of the amuno acid sequence set forth in SEQ 1D NG: 47.

116, The isolated TCR of any one of claims 111-115, whercin the binding between the
TCR and a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 46, 49,
50,52, 53, 54, 55, 57, or 47 is substantially weakened relative to the binding between the
TCR and a peptide consisting of the aming acid sequence set forth in SEQ 1D NO: 45, 51,
56, 117, 128, 135, 192, or 233.

117, The isolated TCR of claim 116, wherein the binding between the TCR and cach of

1) a peptide consisting of the amino acid sequence set forth in SEQ ID NO: 46,

i1} a peplide consisting of the amino acid sequence s¢t forth in SEQ ID NO: 49,
1it} a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 50,
v} a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 52,

v} a peptide consiating of the amino acid sequence set forth m SEQ ID NQO: 53,
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vi} a peptide consisting of the amine acid sequence set forth in SEQ 1D NO: 54,
vii) a peplide consisting of the amino acid sequence set forth m SEQ D NO: 55,
viti) a peptide consisting of the aming acid sequence set forth 1n SEQ 1D NO: 57, and
ix) a peptide consisting of the amino acid sequence set forth m SEQ 1D NGO 47,
is substantially weakened relative to the binding between the TCR and cach of:

a) a peptide consisting of the amino acid sequence set forth m SEQ 1D NO: 45,
b} a peptide consisting of the amino acid sequence set forth in SEQ ID NQ: 51,
¢} a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 56,
d) a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 117,
) a peptide consisting of the amino acid sequence set forth in SEQ ID NO: 128,
£y a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 135,

2) a peptide consisting of the amino acid scquence set forth in SEQ 1D NO: 192, and

53

33.

]

k) a peptide consisting of the amino acid sequence set forth in SEQ ID NGO

Anisolated T cell receptor (TCR), wherein when the TCR is expressed on the surface
of a T cell, the T cell is activated:

1) when co-cultured with a second cell displaying a peptide consisting of the amino
acid sequence set forth in SEQ 1D NO: 45,

i1} when co-cultured with a second cell displaving a peptide consisting of the amine
acid sequence set forth in SEQ ID NG: 51,

111} when co-culiured with a second cell displaving a peptide consisting of the anuno
acid sequence set forth m SEQ 1D NQ: 56,

iv) when co-cultured with a second cell displaying a peptide consisting of the amino
acid sequence set forth in SEQ 1D NQO: 117,

v} when co-cultured with a sccond cell displaving a peptide consisting of the amino
acid sequence set forth in SEQ 1D NG 128,

vi} when co-cultured with a second cell displaving a peptide consisting of the amino
acid sequence set forth in SEQ ID NQ: 135,

vit) when co-cultured with a second cell displaying a peptide consisting of the amino
acid sequence set forth in SEQ (D NGO 192, or

viit) when co-cultured with a second cell displaying a peptide consisting of the amino
acid sequence set forth in SEQ 1D NGO 233, or

X} any combination thereof.

119, The isolated TCR of any one of claims 1-22, wherein when the TCR 1s expressed on

the surface of a T cell, the T cell 18 aclivated:
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i} when co-cultured with a second cell displaying a peptide consisting of the amino
acid sequence set forth in SEQ 1D NO: 45,

i1} when co-cultured with a second cell displaving a peptide consisting of the amino
acid sequence set forth in SEQ 1D NO: 51,

it} when co-cultured with a second cell displaving a peptide consisting of the amimo
acid sequence set forth in SEQ ID NG: 56,

v} when co-cultured with a sccond cell displaving a peptide consisting of the amino
acid sequence set forth in SEQ {D NG 117,

v} when co-cultured with a second cell displaving a peptide consisting of the amino
acid sequence set forth in SEQ 1D NO: 128,

vi} when co-cultured with a second cell displaying a peptide consisting of the amino
acid sequence set forth in SEQ 1D NGO 135,

vii) when co-cultured with a second cell displaying a peptide consisting of the amino
acid sequence set forth m SEQ ID NQO: 192, or

viit) when co-cultured with a second cell displaving a peptide consisting of the amino
acid sequence set forth in SEQ 1D NO: 233, or

%) any combination thercof.

120.  The isolated TCR of claim 118 or 119, wherein when the TCR is expressed on the

surface of a T cell, the T cell 1s activated:

1) when co~cultured with a second cell displaving a peptide consisting of the amino
acid sequence set forth im SEQ 1D NQ: 45,

11) when co-cultured with a second cell displaving a peptide consisting of the amino
acid sequence set forth in SEQ 1D NO: 51,

111} when co-cultured with a second cell displaying a peptide consisting of the aming
acid sequence set forth in SEQ 1D NO: 56,

v} when co~culiured with a second cell displaving a peptide consisting of the amino
acid sequence set forth in SEQ ID NG 117,

v} when co-cultured with a second cell displaying a peptide consisting of the amino
acid sequence set forth in SEQ {D NG 128,

vi) when co-cultured with a second celi dispiaying a peptide consisting of the amino
acid sequence set forth in SEQ 1D NO: 135,

vit}) when co-cultured with a second cell displaying a peptide consisting of the amino

acid sequence set forth in SEQ ID NG: 192, and
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viii) when co-cultured with a second cell displaving a peptide consisting of the amino
acid sequence set forth m SEQ 1D NO: 233,
121, The isclated TCR of any one of claims 118-120, wherein when the TCR is expressed
on the surface of a T cell, the T cell 1s not activated, or 1s not substantially activated:
1) when co-cultured with a sccond ccll displaying a peptide consisting of the amino
acid sequence set forth in SEQ ID NG: 406,
i1} when co~cultured with 2 second cell displaving a peptide consisting of the amino
acid sequence set forth m SEQ [D NG 49, 50, 52, 53, 54, 535, or 57, or
111} when co-~culiured with a second cell displaving a peptide consisting of the amino
acid sequence set forth in SEQ 1D NG 47 or
v} any combination thereof.
122, The isolated TCR of claim 121, wherein when the TCR is expressed on the surface of
a T cell, the T cell 1s not activated, or is not substantially activated, when co-cultured with
a second cell displaving any of the following peptides:
1) a peptide consisting of the amino acid sequence set forth i SEQ 1D NO: 46,
1i) a peptide consisting of the amino acid sequence set forth in SEQ ID NO: 49,
111} a peptide consisting of the aming acid sequence set forth in SEQ 1D NO: 50,
v} a peptide consisting of the amino acid sequence set forth m SEQ 1D NO: 52,
v} a peptide consisting of the ammo acid sequence set forth in SEQ 1D NG: 53,
vi} a peptide consisting of the aming acid sequence set forth in SEQ 1D NO: 54,
vit) a peptide consisting of the aminoe acid sequence set forth i SEQ 1D NO: 55,
viit) a peptide consisting of the amino acid sequence set forth in SEQ 1D NO: 57, and
ix} a peptide consisting of the amuno acid sequence set forth in SEQ 1D NG: 47.
123, The isclated TCR of any one of claims 118-122, wherein when the TCR 1s expressed
on the surface of a T cell, the activation of the T cell 1s substantially weakened when the
T cell 15 co-cultured with a second cell displaying a peptide consisting of the amino acid
sequence st forth in SEQ ID NQ: 46, 49, 50, 52, 53, 54, 55, 57, or 47 relative to the
activation of the T cell wheo the T cell is co-cultured with a third celf displaying a peptide
consisting of the amino acid sequence set forth in SEQ 1D NO: 45, 51, 56, 117, 128, 135,
192, or 233,
124,  The isclated TCR of claim 123, wherein when the TCR is expressed on the surface of
a T cell, the activation of the T cell 1s substantially weakened when the T cell is

separately co-culiured with each of;
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i} a second cell displaving a peptide consisting of the amino acid sequence st forth in
SEQ ID NO: 46,

11} a second cell displaving a peptide consisting of the amino acid sequence set forth
in SEQ 1D NO: 49,

it} a second cell displaving a peptide consisting of the amino acid sequence set forth
w SEQ 1D NO: 50,

v} a second cell displayving a peptide consisting of the amino acid sequence set forth
in SEQ IDNG: 52,

v} a second cell displaving a peptide consisting of the amino acid sequence set forth in
SEQ ID NO: 53,

vi} a second cell displaying a peptide consisting of the amino acid sequence set forth
in SEQ 1D NQ: 534,

vit) a second cell displaying a peptide consisting of the aming acid sequence set forth
in SEQ IDNO: 55,

viit) a second cell displaving a peptide consisting of the amino acid sequence set forth
i SEQ ID NG: 57, and

ix) a second cell displaying a peptide consisting of the amino acid sequence set forth
in SEQ 1D NO: 47,
relative to the activation of the T cell when the T cell is separately co-cultured with each
of:

a) a third cell displaying a peptide consisting of the amino acid sequence set forth in
SEQ ID NO: 45,

b) a third cell displaving a peptide consisting of the amino acid sequence set forth m
SEQ ID NO: 51,

¢) a third cell displaying a peptide consisting of the amino acid sequence sct forth in
SEQ 1D NO: 36,

d) a third cell displaying a peptide consisting of the amino acid sequence set forth in
SEQIDNO: 117,

¢) a third cell displaying a peptide consisting of the amino acid sequence set forth in
SEGQID NQG: 128,

3 a third cell displaying a peptide consisting of the amino acid sequence st forth in
SEQ D NO: 135,

2} a third cell displaymg a peptide consisting of the amino acid sequence set forth in

SEQ ID NO: 192, and
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h) a third cel displaving a peptide consisting of the amino acid sequence set forth 1n
SEQ ID NO: 233,

125, Ansclated T cell receptor (TCR) that binds to a peptide consisting of the amino acid
sequence set forth in SEQ 1D NG: 47.

126.  The isolated TCR of any onc of claims 89-110 or 123, wherein the TCR does not bind
to, or does not substantially bind to a peptide consisting of an amino acid sequence
selected from the group consisting of SEQ ID NQOs: 45, 46, and 49-57.

127, The isolated TCR of any one of claims $9-100, 125, or 126, wherein the binding
between the TCR and a peptide consisting of an amino acid sequence selected from the
group consisting of SEQ 1D NOs: 45, 46, and 49-57 1s substantially weakened relative to
the binding between the TCR and a peptide consisting of the amino acid sequence sot
forth in SEQ 1D NO: 47,

128, Anisolated T cell receptor (TCR), wherein when the TCR 18 expressed on the surface
of a T oell, the T cell 15 activated when co-cultured with a second cell displaying a peptide
consisting of the amino acid scguence set forth in SEQ 1D NO: 47,

129, The isolated TCR of any one of claims 89-110, wherein when the TCR 15 expressed
on the surface of a T cell, the T cell i activated when co-cultured with a seeond celi
displaying a peptide consisting of the amino acid sequence sct forth in SEQ 1D NO: 47,

136, The isolated TCR of claim 128 or 129, wherein when the TCR 15 expressed on the
surface of a T cell, the T cell is not activaied, or is not substantially activaied when co-
cultured with a second cell displaying a peptide consisting of an amino acid sequence
selected from the group consisting of SEQ 1D NOs: 45, 46, and 49-57.

131, The isolated TCR of anv one of claims 128-130, whercin when the TCR 1s expressed
on the surface of a T cell, the activation of the T cell 15 substantially weakened when the
T cell is co-cultured with a second cell displayving a peptide consisting of an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 45, 46, and 49-57 relative
to the activation of the T cell when the T cell is co-cultured with a third cell displaying a
peptide consisting of the amino acid sequence set forth in SEQ 1D NG: 47

132, The isolated TCR of any one of claims 1-3, 53-21, 23-25, 27-43, 45-47, 49-65, 67-69,
71-87, 89-91, 93-109, or 111-131, wheremn the TCR comprises an ¢ chain comprising an
¢ chain constant region comprising the aming acid sequence set forth in SEQ 1D NG: 41
or 247

133, The isolated TCR of c¢laim 132, wherein the ¢ chan constant region comprises the

amino acid sequence set forth in SEQ 1D NQO: 42,

W
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134, The isolated TCR of any ong of claims 1-7, 9-11, 13-21, 23.29, 31-33, 35-43, 45.51,
53-55, 57-65, 67-73, 75-77, 79-87, 89-95, 97-99, 101109, or 111-133, wherein the TCR
comprises a B chain comprising a B chain constant region comprising the amino acid
sequence set forth in SEQ 1D NO: 43, 44, or 248,

135.  The wsolated TCR of any onc of the preceding claims, wherein the TCR is a human
TCR.

136.  The isolaied TCR of any one of the preceding claims, wherein the TCR 1s a full-
length TCR, a soluble TCR, or a single-chain TCR.

137, The isolated TCR of any one of claims 1-19, 23-41, 45-63, 67-85, or 89-107, wherein
when the TCR is expressed on the surface of a T cell, the T cell 1s activated when co-
cultured with a second cell displaying the peptide.

138, The isolated TCR of claim 137, wherein the T cell exhibits (a) increased CD69
surface expression, (b) increased CDZS surface expression, (¢} increased CD107a
cxpression, (¢ increased T cell prohiferation, {g) increased IFNy seoretion, or ()
increased nuclear factor of activated T cells (NFAT) promoter activation when co-
cultured with the second cell displaying the peptide.

139, The isolated TCR of claim 137, wherein the T cell induces apoptosis or death of the
second cell displaying the peptide.

140, The wsolated TCR of any one of ¢laims 1-19, 23-41, 45-63, 67-85, 89-107, or 111-139,
wherein the peptide is presented in the context of an HLA, optionally HLA-B*(702.

141, The isolated TCR of any one of the preceding claims, wherein the TCR is conjugated
to an cffector moicty.

142, The isolated TCR of claim 141, wherein the effector moiety is a cytotoxic agent,
cvtostatic agent, toxin, radionuclide, detectable label) or binding moiety.

143, The isolated TCR of claim 142, wherein the binding moiety is an antibody.

144.  The wsolated TCR of claim 142, wherein the binding moiety is an antibody Fe region.

145, An isolated polynucleotide encoding a polypeptide comprising an g chan variable
region and/or a § chain variable region, or an ¢ chain and/or a B chain of the TCR of any
one of claims 1-144.

146.  The solated polynucleotide of claim 1435, wherein the polynucleotide:

t) comprises the nucleic acid sequence of SEGQ 1D NO: 90 or 238, or
i) cncodes a polypeptide comprising an amino acid sequence sclected from the group
consisting of SEQ 1D NG: 83, 266, 267, 268, 269, 270, and 271,

147, Anisolated vector comprising the polynucleotide of elaim 145 or 146,
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148, The isolated vector of claim 147, wherein the vecior is a viral vector selected from the
group consisting of a lentiviral vector, a retroviral vector, an adenoviral vector, an adeno-
associated viral vector, and a baculoviral vector,

149,  An engineecred cell compnsing the polynucleotide of claim 1435 or 146 or the vector of
claim 147 or 148,

150, An engineered cell presenting the TCR of any one of claims 1-144 on the cell surface.

151, The engincered cell of claim 150, wherein the cell expresses the TCR.

152, The engincered cell of any one of claims 149-151, wherein the cell is a human
lvmphocyte.

153, The engineered cell of clatm 132, wherein the cell 1s selecied from the group
consisting of a T cell, a CD8" T cell, a CD4" T cell, a natural killer T (NKT) cell, an
wnvariant natural killer T GNKT) cell, a mucosal-associated invariant T (MAIT) cell, and
a natural killer (NK) cell.

154,  The engincered cell of claim 153, wherein the celf is an iNKT cell.

155, Anisolated TCR cncoded by the polvnucleotide of claim 145 or 146 or the vector of
claim 147 or 148,

156, Ansoclated TCR that results from expression of the polynuclectide of claim 145 or
146 or the vector of clamm 147 or 148 in a cell.

157. A pharmaceutical composition comprising the TCR of any one of claims 1-144, 155,
or 156, the polynucleotide of claim 145 or 146, the vector of claim 147 or 148, or the
engineered cell of any one of claims 149-154, and a pharmaceutically acceptable carrier.

158, A method of producing a TCR that binds to a peptide consisting of the amino acid
sequence set forth i SEQ D NO: 45 or 47, the method comprising culturing the
engineered cell of claim 149 so that the polvnucleotide 1s expressed and the TCR 1s
produced.

159, Anisolated TCR produced by the method of claim 158,

160. A method of producing an enginecred cell expressing a TCR that binds to a peplide
consisting of the amino acid sequence sei forth in SEQ D NG: 45 or 47, the method
comprising contacting a ccll with the vector of claim 147 or 148 under conditions that
allow introduction of the vector into the cell.

161, A method of inducing an immune response to a cell displaying a peptide consisting of
the amino acid sequence set forth in SEQ 1D NO: 45 or 47 in a subject, the method
comprising administering to the subject an effective amount of the TCR of any one of

claims 1-144, 155, or 156, the polynucleotide of claim 145 or 146, the veetor of claim 147
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or 148, the engincered cell of any one of claims 149-154, or the pharmaceutical
composition of claim 157,

162, A method of treating cancer in a sabject, the method comprising adminisiering to the
subject an effective amount of the TCR of any one of claims 1-144, 155, or 156, the
polynucleotide of claim 145 or 146, the vector of claim 147 or 148, the engincered cell of
any one of claims 149-154, or the pharmaceutical composition of claim 157

163, The method of claim 161 or 162, wherein the TCR, polynuclestide, vector,
engincercd cell, or pharmacentical composition is administered intravenousty.

164, The method of any onc of claims 161-163, further comprising administering an
additional therapeutic agent to the subject.

165, The method of claim 164, wherein the additional therapeutic agent is a
chemotherapeutic, a radiotherapeutic, or a checkpoint targeting agent.

166.  The method of claim 165, wherein the checkpoint targeting agent 1s selected from the
group consisting of an antagonist anti-PD-1 antibody, an antagonist anti-PD-L1 antibody,
an antagonist anti-PD-L.2 antibody, an antagounist anti-CTLA-4 antibody, an antagonist
anti-TIM-3 antibody, an antagomist anti-LAG-3 antibody, an antagonist VISTA antibody,
an antagonist CD96 antibody, an antagonist anti-CEACAMI antibody, an antagonist anii-
TIGIT antibody, an agonist anti-CD137 antibody, an agonist anti-GITR antibody, and an
agonist anti-OX40 antibody.

167, The method of claim 164, wherein the additional therapeutic agent 18 a vaccine,

168, The method of claim 167, wherein the vaccine comprises a heat shock protein peptide
complex (HSPPC) comprising a heat shock protein complexed with an antigenic peptide.

169, The method of claim 168, wherein the heat shock protein 1s hse70 and 18 complexed
with a tumor-associated antigenic peptide.

176, The method of claim 168, wherein the heat shock protein is gp96 and is complexed
with a tumor-associated antigenic peptide, wherein the HSPPC 1s derived from a tumor

obtained from a subject.
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