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METHODS OF ISOLATING T CELLS HAVING ANTIGENIC SPECIFICITY FOR A P53
CANCER-SPECIFIC MUTATION

CROSS-REFERENCE TO RELATED APPLICATION

[{0001] This patent application claims the benefit of U.S. Provisional Patent Application
No. 62/565,464, filed September 29, 2017, which is incorporated by reference in its entirety

herein.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH AND
DEVELOPMENT

[0002] This invention was made with Government support under project number
ZIABC010984 by the National Institutes of Health, National Cancer Institute. The

Government has certain rights in the invention.

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED
ELECTRONICALLY

[0003] Incorporated by reference in its entirety herein is a computer-readable
nucleotide/amino acid sequence listing submitted concurrently herewith and identified as
follows: One 687,616 Byte ASCII (Text) file named "740175_ST25.txt," dated September
14, 2018.

BACKGROUND OF THE INVENTION

[0004] Adoptive cell therapy (ACT) can produce positive clinical responses in some
cancer patients. Nevertheless, obstacles to the successful use of ACT for the widespread
treatment of cancer and other diseases remain. For example, T cells that specifically
recognize cancer antigens may be difficult to identify and/or isolate from a patient.

Accordingly, there is a need for improved methods of obtaining cancer-reactive T cells.
BRIEF SUMMARY OF THE INVENTION

[0005] An embodiment of the invention provides a method of isolating T cells having

antigenic specificity for a mutated p53 amino acid sequence encoded by a cancer-specific p53
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mutation, the method comprising: inducing autologous antigen presenting cells (APCs) of a
patient to present at least one mutated p53 amino acid sequence; co-culturing autologous T
cells of the patient with the autologous APCs that present the mutated p53 amino acid
sequence; and selecting the autologous T cells that (a) were co-cultured with the autologous
APCs that present the mutated p53 amino acid sequence and (b) have antigenic specificity for
the mutated p53 amino acid sequence presented in the context of a major histocompatability
complex (MHC) molecule expressed by the patient to provide isolated T cells having
antigenic specificity for the mutated p53 amino acid sequence encoded by the cancer-specific

p53 mutation.

receptor (TCR), or an antigen-binding portion thereof, having antigenic specificity for a
mutated p53 amino acid sequence encoded by a cancer-specific p53 mutation, the method
comprising: isolating T cells having antigenic specificity for a mutated p53 amino acid
sequence encoded by a cancer-specific p53 mutation according to any of the methods
described herein; and isolating a nucleotide sequence that encodes the TCR, or the antigen-
binding portion thereof, from the selected autologous T cells, wherein the TCR, or the
antigen-binding portion thereof, has antigenic specificity for the mutated p53 amino acid
sequence encoded by the cancer-specific p53 mutation.

[0007] Still another embodiment of the invention provides a method of preparing a
population of cells that express a TCR, or an antigen-binding portion thereof, having
antigenic specificity for a mutated p53 amino acid sequence encoded by a cancer-specific p53
mutation, the method comprising: isolating a TCR, or an antigen-binding portion thereof,
according to any of the methods described herein, and introducing the nucleotide sequence
encoding the isolated TCR, or the antigen-binding portion thereof, into peripheral blood
mononuclear cells (PBMC) to obtain cells that express the TCR, or the antigen-binding
portion thereof.

[0008] Another embodiment of the invention provides method of preparing a population
of T cells that have antigenic specificity for a mutated p53 amino acid sequence encoded by a
cancer-specific p53 mutation, the method comprising: isolating T cells according to any of
the methods described herein, and expanding the numbers of selected autologous T cells to
obtain a population of T cells that have antigenic specificity for the mutated p53 amino acid

sequence encoded by the cancer-specific p53 mutation.



WO 2019/067242 PCT/US2018/051280

{0009] Additional embodiments of the invention provide related populations of cells,

pharmaceutical compositions, and methods of treating or preventing cancer.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0010] Figure 1 is a graph showing the number of IFN-y positive spots per 2x10* effector
cells measured following co-culture of effector cells and target cells. The effector cells were
TIL fragment F12, infusion bag TIL (Rx1) from patient 4141, p53-R175H-specific TCR-
transduced cells, or mock transduced T cells from patient 4196. The target cells were HLA-
A*02:01 APCs (autologous to patient 4141) that were either (1) electroporated with TMGs
composed of irrelevant (IRR; left hatched gray bars), WT p53 (p53wt-TMG; right hatched
gray bars) or mutated p53 (p53-mut-TMG; gray bars) sequences or (2) pulsed with peptide
vehicle (DMSO; left hatched black bars) or purified (>95% by HPLC) 25 amino acid peptides
composed of WT p53-R175 sequence (LP-p53-wt-R175; right hatched black bars) or mutated
p53-R175H (LP-p53-mut-R175H; black bars) sequence. T cells only (no target; open bars)
was negative control and Phorbol 12-myristate 13-acetate (PMA) and lonomycin (Iono) was
positive control (lattice bars).

[0011] Figure 2 is a graph showing the percentage of 4-1BB+ cells (% of CD4+) detected
following co-culture of TIL fragments (F14, F20 or F24) from patient 4130 with autologous
APCs (1) electroporated with TMGs composed of irrelevant (IRR; open bars), WT p53 (p53-
WT; horizontal black bars) or mutated p53 (p53-MUT; gray bars) sequences or (2) pulsed
with peptide vehicle (DMSO; left hatched black bars) or purified (>95% by HPLC) 25 amino
acid peptides composed of WT p53-R273 sequence (LP-p53-R273-WT; left hatched gray
bars) or mutated p53-R273H (LP-p53-R273H-MUT; black bars) sequence.

[0012] Figure 3 is a graph showing the number of IFN-y positive spots per 2x10* effector
cells measured following co-culture of TIL fragments (F1-6, F9, F13-23, n=18) from patient
4259 with autologous APCs electroporated with TMGs composed of irrelevant (IRR; open
bars), WT p53 (p53-WT; gray bars) or mutated p53 (pS3-MUT; black bars) sequences.
[0013] Figure 4 is a graph showing the percentage of 4-1BB+ cells (% of CD4+) detected
following co-culture of TIL fragments (F1-F6, F9, F13-F23, n=18) from patient 4259 with
autologous APCs electroporated with TMGs composed of irrelevant (IRR; open bars), WT
p53 (p53-WT; gray bars) or mutated p53 (p53-MUT; black bars) sequences.

[0014] Figure 5 is a graph showing the percentage of 4-1BB+ cells (% of CD8+) detected
following co-culture of TIL fragments (F1-F6, F9, F13-F23, n=18) from patient 4259 with
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autologous APCs electroporated with TMGs composed of irrelevant (IRR; open bars), WT
P53 (p53-WT; gray bars) or mutated p53 (p53-MUT; black bars) sequences.

[0015] Figure 6 is a graph showing the number of IFN-y positive spots per 2x10* effector
cells measured following co-culture of TIL fragments (F1-F6, F9, F13-23, n=18) from patient
4259 with autologous APCs pulsed with peptide vehicle (DMSO; open bars) or purified
(>95% by HPLC) 25 amino acid peptides composed of WT p53-Y220 sequence (LP-p53-
Y220-WT; gray bars) or mutated p53-Y220C (LP-p53-Y220C-MUT; black bars) sequence.
[0016] Figure 7 is a graph showing the percentage of 4-1BB+ cells (% of CD4+) detected
following co-culture of TIL fragments (F1-F6, F9, F13-F23, n=18) from patient 4259 with

urified (>95% by

X
SO0 Uy

autologous APCs pulsed with peptide vehicle (DMSO; open bars) or

AV AV,

HPLC) 25 amino acid peptides composed of WT p53-Y220 sequence (LP-p53-Y220-WT;
gray bars) or mutated p53-Y220C (LP-p53-Y220C-MUT; black bars) sequence.

[0017] Figure 8 is a graph showing the percentage of 4-1BB+ cells (% of CD8+) detected
following co-culture of TIL fragments (F1-F6, F9, F13-F23, n=18) from patient 4259 with
autologous APCs pulsed with peptide vehicle (DMSO; open bars) or purified (>95% by
HPLC) 25 amino acid peptides composed of WT p53-Y220 sequence (LP-p53-Y220-WT;
gray bars) or mutated p53-Y220C (LP-p53-Y220C-MUT; black bars) sequence.

[0018] Figure 9 is a graph showing the number of IFN-y positive spots per 2x10* effector
cells measured following co-culture of TIL from patient 4127 with allogeneic
(DRB3*01:01:01 or DRB3*02:02:01) APCs which were (1) electroporated with TMGs
composed of irrelevant (IRR; left hatched open bars) WT p53 (p53-WT; left hatched gray
bars) or mutated p53 (p53-MUT; gray bars) sequences or (2) pulsed with peptide vehicle
(DMSO; right hatched open bars) or purified (>95% by HPLC) 25 amino acid peptides
composed of WT p53-G245 sequence (LP-p53-wt-G245; right hatched gray bars) or mutated
p53-G245S (LP-p53-mut-G245S; black bars) sequence.

[0019] Figure 10 is a graph showing the number of IFN-y positive spots per 2x10*
effector cells measured following co-culture of T cells expressing the 4127-TCR1 with
allogeneic (DRB3*01:01:01 or DRB3*02:02:01) APCs which were (1) electroporated with
TMGs composed of irrelevant (IRR; left hatched open bars), WT p53 (p53-WT; left hatched
gray bars) or mutated p53 (pS3-MUT; gray bars) sequences or (2) pulsed with peptide vehicle
(DMSO; right hatched open bars) or purified (>95% by HPLC) 25 amino acid peptides
composed of WT p53-G245 sequence (LP-p53-wt-G245; right hatched gray bars) or mutated
p53-G245S (LP-p53-mut-G245S; black bars) sequence.
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[{0020] Figure 11 is a graph showing the number of IFN-y-positive spots per 2x10*
effector cells measured following co-culture of TIL fragments (F1-F24, n=24) from patient
4273 with autologous APCs electroporated with TMG (TMG) composed of irrelevant (IRR;
open bars) WT p53 (p53-WT; gray bars) or mutated p53 (p53-MUT; black bars) sequence.
[0021] Figure 12 is a graph showing the percentage of 4-1BB+ (% of CD4+) cells
detected following co-culture of patient 4273 TIL fragments F1-F24 (n=24) with autologous
APCs electroporated with TMG composed of irrelevant (IRR; open bars) WT p53 (p53-WT;
gray bars) or mutated p53 (p53-MUT; black bars) sequence.

[0022] Figure 13 is a graph showing the number of IFN-y-positive spots per 2x10*
effector cells measured following co-culture of TIL fragments (F1-F24, n=24) from patient
4273 with autologous APCs pulsed with peptide vehicle (DMSO; open bars) or purified
(>95% by HPLC) 25-amino acid peptides composed of WT p53-R248 sequence (LP-p53-
R248-WT; gray bars) or mutated p53-R248W (LP-p53-R248W-MUT; black bars) sequence.
[0023] Figure 14 is a graph showing the percentage of 4-1BB+ (% of CD4+) cells
detected following co-culture of TIL fragments (F1-F24, n=24) from patient 4273 with
autologous APCs pulsed with peptide vehicle (DMSO; open bars) or purified (>95% by
HPLC) 25-amino acid peptides composed of WT p53-R248 sequence (LP-p53-R248-WT;
gray bars) or mutated p53-R248W (LP-p53-R248W-MUT; black bars) sequence.

[0024] Figure 15 is a graph showing the number of IFN-y-positive spots per 2x10*
effector cells measured following co-culture of autologous PBL from patient 4149
(transposed with 4149-TCRa2b1 or 4149-TCRa2b2) with autologous APCs which were (1)
electroporated with TMG composed of irrelevant (IRR; right hatched black bars), WT p53
(p53-wt-TMG; left hatched black bars) or mutated p53 (p53-mut-TMG; gray bars) sequence
or (2) pulsed with peptide vehicle (DMSO; open bars) or purified (>95% by HPLC) 25-amino
acid peptides composed of WT p53-Y220 sequence (LP-p53-Y220-WT; horizontal hatched
black bars) or mutated p53-Y220C (LP-p53-Y220C-MUT; black bars) sequence. Phorbol
12-myristate 13-acetate (PMA) and lonomycin (Iono) was positive control (gray bars).
[0025] Figure 16 is a graph showing the percentage of 4-1BB+ (% of CD4+) cells
detected following co-culture of autologous PBL from patient 4149 that were transposed with
a TCR (4149-TCRa2b1 or 4149-TCRa2b2) with autologous APCs which were (1)
electroporated with TMG composed of irrelevant (IRR; right hatched black bars), WT p53
(p53-wt-TMG; left hatched black bars), or mutated pS3 (p53-mut-TMG; gray bars) sequence
or (2) pulsed with peptide vehicle (DMSO; open bars) or purified (>95% by HPLC) 25-amino
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acid peptides composed of WT p53-Y220 sequence (LP-p53-Y220-WT; horizontal hatched
black bars) or mutated p53-Y220C (LP-p53-Y220C-MUT; black bars) sequence. PMA and
Iono was positive control (gray bars).

[0026] Figure 17 is a graph showing the percentage of 4-1BB+ cells (% of CD4-+ T cells)
detected following co-culture of TIL from patient 4149 with autologous DCs pulsed with one
of the peptides of Table 10.

[0027] Figure 18 is a graph showing IFN-y secretion (pg/mL) following co-culture of
4149-TCRa2b2 transposed T cells with Cos7 cells co-transfected with individual HLA alleles
+/- TMGs. Cells not transfected with TMG were pulsed with p53Y220C 15-mer peptide.
Pulsed target cells are indicated by shaded bars. Target cells transfected with TMG are
indicated by unshaded bars.

[0028] Figure 19 is a graph showing the percentage of 4-1BB+ (% of CD8+) cells
detected following co-culture of TIL fragments (F2 and F24) from patient 4213 with
autologous APCs pulsed with peptide vehicle (DMSO; open bars) or purified (>95% by
HPLC) 25-amino acid peptides composed of the mutated p53-R248Q (LP-p53-R248Q-MUT;
black bars) sequence. ‘

[0029] Figure 20 is a graph showing the number of IFN-y-positive spots per 2x10*
effector cells measured following co-culture of CD4+ T cells from patient 4213 with
autologous APCs pulsed with peptide vehicle (DMSO; open bars) or purified (>95% by
HPLC) 25-amino acid peptides composed of the mutated p53-R248Q (LP-p53-R248Q-MUT;
black bars) sequence. Secretion of IFN-y is shown by open bars. Expression of 4-1BB is
shown by closed bars.

[0030] Figure 21 is a graph showing the number of IFN-y-positive spots per 2x10*
effector cells measured following co-culture of TIL fragments (F1-F24, n=24) from patient
4268 with autologous APCs electroporated with TMG composed of irrelevant (IRR; open
bars), WT p53 (p53-WT; gray bars), or mutated p53 (pS3-MUT; black bars) sequence.
[0031] Figure 22 is a graph showing the number of [FN-y-positive spots per 2x10*
effector cells measured following co-culture of TIL fragments (F1-F24, n=24) from patient
4268 with autologous APCs pulsed with peptide vehicle (DMSO; open bars) or purified
(>95% by HPLC) 25-amino acid peptides composed of WT p53-R248 sequence (LP-p53-
R248-WT; gray bars) or mutated p53-R248Q (LP-p53-R248Q-MUT; black bars) sequence.
[0032] Figure 23 is graph showing the percentage of 4-1BB+ cells (% of CD4+) detected
following co-culture of TIL fragments (F1-F24, n=24) from patient 4268 with autologous
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APCs pulsed with peptide vehicle (DMSO; open bars) or purified (>95% by HPLC) 25-
amino acid peptides composed of WT p53-R248 sequence (LP-p53-R248-WT; gray bars) or
mutated p53-R248Q (LP-p53-R248Q-MUT; black bars) sequence.

[0033] Figure 24 is a graph showing the percentage of 4-1BB+ cells (% of CD8&+)
detected following co-culture of TIL fragments (F1-F24, n=24) from patient 4268 with
autologous APCs pulsed with peptide vehicle (DMSO; open bars) or purified (>95% by
HPLC) 25-amino acid peptides composed of WT p53-R248 sequence (LP-p53-R248-WT;
gray bars) or mutated p53-R248Q (LP-p53-R248Q-MUT; black bars) sequence.

[0034] Figure 25 is a graph showing the number of IFN-y-positive spots per 2x10*
effector cells measured following co-culture of TIL fragments (F1-F24, n=24) from patient
4266 with autologous APCs electroporated with TMG composed of irrelevant (IRR; open
bars), WT p53 (p53-WT; gray bars), or mutated p53 (pS3-MUT; black bars) sequence.
[0035] Figure 26 is a graph showing the percentage of 4-1BB+ cells (% of CD&+)
detected following co-culture of TIL fragments (F1-F24, n=24) from patient 4266 with
autologous APCs electroporated with TMG composed of irrelevant (IRR; open bars), WT
p53 (p53-WT; gray bars), or mutated p53 (p53-MUT; black bars) sequence.

[0036] Figure 27 is a graph showing the number of IFN-y-positive spots per 2x10*
effector cells measured following co-culture of TIL fragments (F1-F24, n=24) from patient
4266 with autologous APCs pulsed with peptide vehicle (DMSO; open bars) or purified
(>95% by HPLC) 25-amino acid peptides composed of WT p53-R248 sequence (LP-p53-
R248-WT; gray bars) or mutated p53-R248W (LP-p53-R248W-MUT; black bars) sequence.
{0037} Figure 28 is a graph showing the percentage of 4-1BB+ cells (% of CD8+)
detected following co-culture of TIL fragments (F1-F24, n=24) from patient 4266 with
autologous APCs pulsed with peptide vehicle (DMSO; open bars) or purified (>95% by
HPLC) 25-amino acid peptides composed of WT p53-R248 sequence (LP-p53-R248-WT;
gray bars) or mutated p53-R248W (LP-p53-R248W-MUT; black bars) sequence.

[0038] Figure 29 is a graph showing the percentage of 4-1BB+ cells (% of CD8+)
detected following co-culture of TIL from patient 4266 with Cos7 cells which were co-
transfected with individual HLA alleles from patient 4266 and pulsed with no peptide (open
bars), DMSO (peptide vehicle; gray bars), WT p53-R248 peptide (gray hatched bars) or
mutated p53-R248W peptide (black bars). Data are mean + SEM (n=3).

[0039] Figure 30 is a graph showing the percentage of 4-1BB+ cells (% of CD8+)
detected following co-culture of T cells expressing mock (no TCR), 4266-TCR1, 4266-



WO 2019/067242 PCT/US2018/051280

TCR2, 4266-TCR3 or 4266-TCR4 with autologous APCs which were pulsed with peptide
vehicle (DMSO; gray bars) or purified (>95% by HPLC) 25 amino acid peptides composed
of WT p53-R248 sequence (hatched gray bars) or mutated p53-R248W (black bars)
sequence. Media alone (open bars) and PMA and lonomycin (lattice bars) were negative and
positive controls, respectively.
[0040] Figure 31 is a graph showing the percentage of 4-1BB+ cells (% of CD8+)
detected following co-culture of T cells expressing mock (no TCR) or p53-R248W-specific
TCRs (4266-TCR2, 4266-TCR3 or 4266-TCR4) with tumor cell (TC) line established from
xenografted tumor fragment resected from Patient 4266 then serially passaged through
mmunocompromised mice (TC#4266). The TC#4266 cells were either incubated with
nothing (black bars), W6/32 pan-HLA Class-1 specific blocking antibody (right gray hatched
bars), IVA12 pan-HLA Class-II specific blocking antibody (gray bars) or mutated p53-
'R248W peptide (left gray hatched bars). Media alone (no TC; open bars) and PMA and
Ionomycin (gray lattice bars) were negative and positive controls, respectively.
[0041] Figure 32 shows an alignment of the amino acid sequences of the nine p53 splice
variants. SP[P04637[P53_HUMAN (SEQ ID NO: 1); SP|P04637-2|P53 HUMAN (SEQ ID
NO: 535); SP|P04637-3|P53_HUMAN (SEQ ID NO: 536); SP|P04637-4/P53 HUMAN
(SEQ ID NO: 537); SP|P04637-5[P53_HUMAN (SEQ ID NO: 538); SP|P04637-
6/P53_HUMAN (SEQ ID NO: 539); SP|P04637-7|P53 HUMAN (SEQ ID NO: 540);
SP[P04637-8|P53_HUMAN (SEQ ID NO: 541); and SP|P04637-9|P53 HUMAN (SEQ ID
NO: 542).
[0042] Figure 33 is a graph showing the percentage of 4-1BB-+ cells (% of CD8+)
detected following co-culture of TIL from patient 4273 with autologous APCs which were
transfected with TMG encoding irrelevant mutations (gray bars), WT p53 sequences (gray
hatched bars) or mutated p53 sequences including p53-R248W (black bars). Media alone
(open bars) and PMA and Ionomycin (lattice bars) were negative and positive controls,
respectively.
[0043] Figure 34 is a graph showing the percentage of 4-1BB+ cells (% of CD4+)
detected following co-culture of TIL from patient 4273 with autologous APCs which were
pulsed with 25 amino acid peptides corresponding to the WT (open circles) or mutated
(closed squares) from the p53-R248W neoepitope. DMSO was peptide vehicle.
[0044] Figure 35 is a graph showing the percentage of 4-1BB+ cells (% of CD4+) ‘
detected following co-culture of TIL from patient 4273 with autologous APCs pulsed with 15
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amino acid peptides from the p53-R248W neoepitope (amino acid substitution in bold)
overlapping 14 amino acids. DMSO was peptide vehicle, media alone (T cells only) and
PMA and ionomycin were controls. The 25 amino acid peptides (wt p53-R248 and mutated
p53-R248W) were additional controls for the 15 amino acid peptides. The peptides are:
YMCNSSCMGGMNWRP (SEQ ID NO: 592); MCNSSCMGGMNWRPI (SEQ ID NO:
593); CNSSCMGGMNWRPIL (SEQ ID NO: 594); NSSCMGGMNWRPILT (SEQ ID NO:
595); SSCMGGMNWRPILTI (SEQ ID NO: 596); SCMGGMNWRPILTII (SEQ ID NO:
597); CMGGMNWRPILTIIT (SEQ ID NO: 598); MGGMNWRPILTIITL (SEQ ID NO:
599); GGMNWRPILTITLE (SEQ ID NO: 600); GMNWRPILTHTLED (SEQ ID NO: 601);
and MNWRPILTIITLEDS (SEQ ID NO: 602).

[0045] Figure 36 is a graph showing the concentration of IFN-y (pg/mL) secreted
following co-culture of TIL from Patient 4273 with Cos7 cells co-transfected with individual
HLA alleles from patient 4273 and either WT (open bars) or mutated (black bars) TP53 TMG
with or without the p53-R248W neoantigen, respectively.

[0046] Figure 37 is a graph showing the number of IFN-y spots per 2x10* cells measured
following co-culture of T cells expressing mock (no TCR) or 4273-TCR1a2 with autologous
APCs which were pulsed with peptide vehicle (DMSO; gray bars) or purified (>95% by
HPLC) 25 amino acid peptides composed of WT p53-R248 sequence (hatched gray bars) or
mutated p53-R248W (black bars) sequence. Media alone (open bars) and PMA and
Ionomycin (lattice bars) were negative and positive controls, respectively.

[0047] Figure 38 is a graph showing the percentage of 4-1BB+ cells (% of CD4+)
detected following co-culture of TIL fragment F1, F3, F7 or F19 from patient 4252 with
autologous APCs (immature DCs) that were either (1) electroporated with TMGs composed
of irrelevant (IRR; left hatched gray bars), WT p53 (p53wt-TMG; right hatched gray bars) or
mutated p33 (p53-mut-TMG; gray bars) sequences or (2) pulsed with peptide vehicle
(DMSO; left hatched black bars) or purified (>95% by HPLC) 25 amino acid peptides
composed of WT p53-R175 sequence (LP-p53-wt-R175; right hatched black bars) or mutated
p53-R175H (LP-p53-mut-R175H; black bars) sequence. T cells only (no target; open bars)
was negative control and PMA and Iono was positive control (lattice bars). Data are mean +
SEM (n=3). Student’s t-tests were performed between indicated groups by line. *p<0.05,
**p<0.01, ¥***p<0.001.

[0048] Figure 39 is a graph showing the number of IFN-y spots per 2x10* cells measured
following co-culture of TIL fragment F13 or F16 from patient 4270 with autologous APCs
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(immature DCs) that were either (1) electroporated with TMGs composed of irrelevant (IRR;
left hatched gray bars), WT p53 (p53wt-TMG; right hatched gray bars) or mutated p53 (p53-
mut-TMG; gray bars) sequences or (2) pulsed with peptide vehicle (DMSO; left hatched
black bars) or purified (>95% by HPLC) 25 amino acid peptides composed of WT p53-R282
sequence (LP-p53-wt-R282; right hatched black bars) or mutated p53-R282W (LP-p53-mut-
R282W; black bars) sequence. T cells only (no target; open bars) was negative control and
PMA and Iono was positive control (lattice bars). Data are mean = SEM (n=3).

[0049] Figure 40 is a graph showing the number of IFN-y spots per 2x10* cells measured
following co-culture of TIL fragments (F1-F24, n=18) from patient 4285 with autologous

APCs electroporated with TMGs composed of irrelevant (IRR; o
WT; gray bars) or mutated p53 (p53-MUT; black bars) sequences.
[0050] Figure 41 is a graph showing the number of IFN-y spots per 2x10* cells measured
following co-culture of TIL fragments (F1-F24, n=18) from patient 4285 with autologous
APCs pulsed with peptide vehicle (DMSO; open bars) or purified (>95% by HPLC) 25 amino
acid peptides composed of WT p53-R175 sequence (LP-p53-R175-WT; gray bars) or
mutated p53-R175H (LP-p53-R175H-MUT; black bars) sequence.

[0051] Figure 42 is a graph showing the percentage of 4-1BB+ cells (% of CD4+)
detected following co-culture of TIL fragments (F1-F24, n=18) from patient 4285 with
autologous APCs electroporated with TMGs composed of irrelevant (IRR; open bars) WT
p53 (p53-WT; gray bars) or mutated p53 (p53-MUT; black bars) sequences.

[0052] Figure 43 is a graph showing the percentage of 4-1BB+ cells (% of CD4+)
detected following co-culture of TIL fragments (F1-F24, n=18) from patient 4285 with
autologous APCs pulsed with peptide vehicle (DMSO; open bars) or purified (>95% by
HPLC) 25 amino acid peptides composed of WT p53-R175 sequence (LP-p53-R175-WT;
gray bars) or mutated p53-R175H (LP-p53-R175H-MUT; black bars) sequence.

[0053] Figure 44 is a graph showing the overall mutation frequency (%) of each missense
p53 mutation located at the indicated p53 codons in 141 epithelial tumors sequenced.

[0054] Figure 45 is a graph showing the percentage of 4-1BB positive cells (% of CD8+)
(right y-axis; black bars) and IFN-y (spots per 2x10* cells) (left y-axis; hatched bars)
measured following co-culture of TIL from Patient 4141 (fragment culture 12) with
autologous APCs transfected with TMG encoding irrelevant mutations (TMG-IRR), WT p53
sequence (TP53-wt-TMG) or mutated p53 sequence including R175H (TP53-mut-TMG).

Media alone and PMA and ionomycin were negative and positive controls, respectively.
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[0055] Figure 46 is a graph showing the number of IFN-y-positive spots per 2x10*
effector cells measured following co-culture of TIL from Patient 4141 (fragment culture 12)
with Cos7 cells co-transfected with the indicated HLA alleles and either no extra gene (HLA
only; open bars), WT TP53 TMG (gray hatched bars), or mutated (black bars) TP53 TMG
containing the p53-R175H sequence.

[0056] Figure 47 is a graph showing the concentration of IFN-y (pg/mL) measured
following co-culture of T cells expressing mock (no TCR) or 4141-TCR1a2 with T2 tumor
cells (expressing HLA-A*02:01). T2 cells were pulsed with peptide vehicle (DMSO; gray
bars) or purified (>95% by HPLC) peptides composed of WT p53-R175 peptide (hatched
gray bars) or mutated p53-R175H peptide (black bars). Media alone (open bars) and PMA
and Ionomycin (lattice bars) were negative and positive controls, respectively. Data are mean
+ SEM (n=3).

[0057] Figure 48 is a graph showing the percentage of cells positive for expression of one
of the indicated markers following co-culture of T cells expressing 4141-TCR1a2 with Saos2
cells (p53-NULL and HLA-A*02:01-), which were either unmanipulated (unshaded bars) or
made to overexpress full length p53-R175H protein (shaded bars). Data are mean + SEM
(n=3). Student’s two-tailed t-tests were performed for each cytokine between the two cell
lines for statistical analyses (***p<0.001).

[0058] Figure 49 is a graph showing the percentage of CD4+4-1BB positive cells
detected following co-culture of TIL (fragment culture 6 from patient 4259) with autologous
APCs either (1) electroporated with TMG composed of irrelevant (TMG-IRR), WT p53
(TMG-p53-WT) or mutated p53 (TMG-p53-MUT) sequence or (2) pulsed with peptide
vehicle (DMSO) or purified (>95% by HPLC) 25-amino acid peptides composed of WT p53-
Y220 sequence (LP-p53-Y220-WT) or mutated p53-Y220C (LP-p53-Y220C-MUT)
sequence.

[0059] Figure 50 is a graph showing the percentage of CD4+4-1BB positive cells
detected following co-culture of TIL fragment culture (no. 6) from patient 4259 with
autologous APCs pulsed with decreasing concentrations of 25-amino acid peptides
corresponding to the WT p53 sequence (open circles) or mutated p53-Y220C (closed
squares) for 2 hours at 37 °C.

[0060] Figure 51 is a graph showing the percentage of CD4+4-1BB positive cells
detected following co-culture of TIL from patient 4259 with autologous APCs pulsed with
DMSO, WT p53-Y220 peptide, or mutated p53-Y220C peptide.
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[0061] Figure 52 is a graph showing the percentage of 4-1BB positive cells (% of CD4+)
detected following co-culture of TIL fragment culture no. 6 from Patient 4259 with Cos7
cells co-transfected with the indicated HLA alleles from patient 4259 and pulsed with DMSO
(open bars) or the p53-Y220C peptide (closed bars).

[0062] Figure 53 is a graph showing the percentage of 4-1BB+ cells detected following
co-culture of TC#4259 target cells (endogenously expressing p53-Y220C and HLA-
DRB1*04:01:01) with effector T cells (10°) expressing mock (no TCR; open bars) or p53-
Y220C-specific TCR (4259-F6-TCR; black bars). The TC#4259 cells were either incubated
with nothing, W6/32 pan-HLA Class-I specific blocking antibody, IVA12 pan-HLA Class-1I

specifi

1¢ blocking antibody or mutated p53-Y220C peptide. Media alone {(no TC) and PMA

and Ionomycin were negative and positive controls, respectively. Data are mean + SEM
(n=3). Student’s two-tailed t-tests were performed between groups as indicated for statistical
analyses (**p<0.01 and ***p<0.001).

[0063] Figure 54 is a graph showing the percentage of 4-1BB+ cells (% of CD4+)
detected following co-culture of TIL fragment cultures 4285-F6, 4285-F9 and 4285-F10 with
Cos7 cells transfected with the indicated HLA alleles and pulsed with DMSO (peptide
vehicle; gray and black hatched bars) or mutated p53-R175H peptide (gray, lattice and black
bars).

[0064] Figure 55 is a graph showing the percentage of 4-1BB+ cells (% of CD4+)
detected following co-culture of T cells transposed with 4285-TCR1 with autologous APCs

pulsed with decreasing concentrations of 25- or 15-amino acid peptides corresponding to the

WT (open circles and squares) or mutated (closed circles and squares) p53-R175H sequence.
DETAILED DESCRIPTION OF THE INVENTION

[0065] Tumor Protein P53 (also referred to as “TP53” or “p53”) acts as a tumor
suppressor by, for example, regulating cell division. The p53 protein is located in the nucleus
of the cell, where it binds directly to DNA. When DNA becomes damaged, the p53 protein is
involved in determining whether the DNA will be repaired or the damaged cell will undergo
apoptosis. If the DNA can be repaired, p53 activates other genes to fix the damage. If the
DNA cannot be repaired, the p53 protein prevents the cell from dividing and signals it to
undergo apoptosis. By stopping cells with mutated or damaged DNA from dividing, p53
helps prevent the development of tumors. Wild-type (WT) full-length p53 comprises the
amino acid sequence of SEQ ID NO: 1.
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[0066] Mutations in the p53 protein may reduce or eliminate the p53 protein’s tumor
suppressor function. Alternatively or additionally, a p53 mutation may be a gain-of-function
mutation by interfering with wild type p53 in a dominant negative fashion. Mutated p53
protein may be expressed in any of a variety of human cancers such as, for example,
cholangiocarcinoma, melanoma, colon cancer, rectal cancer, ovarian cancer, endometrial
cancer, non-small cell lung cancer (NSCLC), glioblastoma, uterine cervical cancer, head and
neck cancer, breast cancer, pancreatic cancer, or bladder cancer.

[0067] An embodiment of the invention provides a method of isolating T cells having
antigenic specificity for a p53 mutated amino acid sequence encoded by a cancer-specific p53
mutation. Mutations of p53 are defined herein by reference to the amino acid sequence of
full-length, WT p53 (SEQ ID NO: 1). Thus, mutations of p53 are described herein by
reference to the amino acid residue present at a particular position, followed by the position
number, followed by the amino acid with which that residue has been replaced in the
particular mutation under discussion. For example, when the positions are as defined by SEQ
ID NO: 1, the term “R175” refers to the arginine present at position 175 of SEQ ID NO: 1,
“R175H” indicates that the arginine present at position 175 of SEQ ID NO: 1 is replaced by
histidine, while “G245S” indicates that the glycine present at position 245 of SEQ ID NO: 1
has been replaced with serine. P53 has nine known splice variants. The p53 mutations
described herein are conserved over all nine p53 splice variants. An alignment of the nine
p53 splice variants is shown in Figure 32. Accordingly, T cells isolated by the inventive
methods may have antigenic specificity for any mutated p53 amino acid sequence described
herein encoded by any of the nine p53 splice variants. When the positions are as defined by
SEQ ID NO: 1, then the actual positions of the amino acid sequence of a particular splice
variant of p53 are defined relative to the corresponding positions of SEQ ID NO: 1, and the
positions as defined by SEQ ID NO: 1 may be different than the actual positions in a
particular splice variant. Thus, for example, mutations refer to a replacement of an amino
acid residue in the amino acid sequence of a particular splice variant of p53 corresponding to
the indicated position of the 393-amino acid sequence of SEQ ID NO: 1 with the
understanding that the actual positions in the splice variant may be different.

[0068] Embodiments of the invention may provide any one or more of many advantages.
Mutated p53 is expressed by cancer cells and is not expressed by normal, noncancerous cells.
Without being bound to a particular theory or mechanism, it is believed that T cells isolated

by the inventive methods advantageously target the destruction of cancer cells while
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minimizing or eliminating the destruction of normal, non-cancerous cells, thereby reducing,
for example, by minimizing or eliminating, toxicity. Moreover, T cells isolated by the
inventive methods may, advantageously, successfully treat or prevent mutated p53-positive
cancers that do not respond to other types of treatment such as, for example, chemotherapy,
surgery, or radiation. Additionally, T cells isolated by the inventive methods may provide
highly avid recognition of mutated p53, which may provide the ability to recognize
unmanipulated tumor cells (e.g., tumor cells that have not been treated with interferon (IFN)-
v, transfected with a vector encoding one or both of mutated p53 and the applicable HLA
molecule, pulsed with a p53 peptide with the p53 mutation, or a combination thereof).
Roughly half of all tumors harbor a mutation in p53, about half of which will be a missense
mutation and about 30% of the missense mutations occur at the following “hotspot” residues:
R175H, Y220C, G245D, G245S, R2481, R248Q, R248W, R249S, R273C, R273L, R273H
and R282W. Moreover, the same “hotspot” mutations in p53 (e.g., R175H, Y220C, G245D,
G2458, R248L, R248Q, R248W, R249S, R273H, R273C, R273L, or R282W) occur
frequently (cumulatively about 30% of the p53 missense mutations) in tumors of unrelated
people. Accordingly, T cells isolated by the inventive methods may increase the number of
patients who may be eligible for treatment with immunotherapy.

[0069] The inventive methods may be faster, more focused, and more specific as
compared to traditional methods of isolating cancer mutation-reactive T cells. Such
traditional methods involve identifying gene(s) containing a cancer-specific mutation (e.g.,
neoantigens) expressed by the patient prior to co-culturing the patient’s autologous T cells
with the patient’s autologous antigen presenting cells which present peptides comprising the
cancer-specific mutation encoded by the identified gene(s) as described in, for example, US
2017/0218042 and US 2017/0224800 (hereinafter, “traditional screening methods™). With
the inventive methods, peptides and tandem minigenes (TMG) including p53 mutations can
be produced, stocked and validated prior to screening a patient so that once a p53 mutation is
identified in a patient’s tumor, the patient’s T cells can be tested independent of the
knowledge of the other mutations in the patient’s tumor. This may reduce the time required
to carry out the method which may be particularly advantageous when evaluating terminally
ill patients. For example, the duration of the inventive methods may be, e.g., about 3 to about
6 weeks shorter than traditional screening methods. The inventive methods may also provide
a highly-focused study of p53 mutation responses in the absence of other competing

mutations. Without being bound to a particular theory or mechanism, it is believed that pools
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of peptides or competing peptides in patient mutation-derived TMGs (with mutations in
proteins other than p53) can interfere with the mutated p53 peptides and could mask a T cell
response. Because the inventive methods focus on mutations in only one gene, p53, the
inventive methods may provide increased speed and efficiency in the attempt to identify the
p53 mutation-specific T cells and TCRs as compared to traditional screening methods, which
involve parsing out the neoantigens in the peptide pool or TMG to determine which
neoantigen generated the T cell response. The inventive methods may, advantageously,
generate T cells and/or TCRs useful for autologous or allogeneic therapy. By focusing on
p53 mutations, it may be possible to identify low frequency responses, which may be diluted
in the high throughput of traditional screening methods, and may allow for the identification
of T cells and TCRs which otherwise would have been lost in the complexity of screening
dozens to hundreds of neoantigens. The inventive methods may be useful for testing T cell
responses in a patient independent of the knowledge of whether the patient had the
corresponding mutation or even a tumor. The inventive methods may be useful for screening
patients with a defined HLA haplotype and predicted p53 mutation binding, but are not
limited to screening this type of cohort.

[0070] The cancer-specific p53 mutation may be any mutation in the p53 gene which
encodes a mutated p53 amino acid sequence (also referred to as a “non-silent mutation”) and
which is expressed in a cancer cell but not in a normal, noncancerous cell. Non-limiting
examples of cancer-specific p53 mutations include missense, nonsense, insertion, deletion,
duplication, frameshift, and repeat expansion mutations. In a preferred embodiment, the p53
mutation is a missense mutation.

[0071] In an embodiment of the invention, the mutated p53 amino acid sequence
comprises a human p53 amino acid sequence with a mutation at position 175, 220, 245, 248,
249, 273, or 282 of SEQ ID NO: 1. The p53 mutation may be any missense mutation.
Accordingly, the mutation at position 175, 220, 245, 248, 249, 273, or 282 of SEQ ID NO: 1
may be a substitution of the native (WT) amino acid residue present at position 175, 220,
245,248, 249,273, or 282 of SEQ ID NO: 1 with any amino acid residue other than the
native (WT) amino acid residue present at the particular position under discussion. In an
embodiment of the invention, the mutated p53 amino acid sequence comprises a human p53
amino acid sequence with one of the following human p53 mutations: R175H, Y220C,

(245D, G245S, R248L, R248Q, R248W, R249S, R273H, R273C, R273L, or R282W. For
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example, the mutated p53 amino acid sequence may comprise a mutated p53 amino acid
sequence selected from the group consisting of SEQ ID NOs: 2-13.

[0072] The method may comprise inducing autologous antigen presenting cells (APCs) of
a patient to present at least one mutated p53 amino acid sequence. The APCs may include
any cells which present peptide fragments of proteins in association with major
histocompatibility complex (MHC) molecules on their cell surface. The APCs may include,
for example, any one or more of macrophages, DCs, langerhans cells, B-lymphocytes, and T-
cells. Preferably, the APCs are DCs. By using autologous APCs from the patient, the
inventive methods may, advantageously, identify T cells that have antigenic specificity for a
mutated p53 amino acid sequence encoded by a cancer-specific p53 mutation that is
presented in the context of an MHC molecule expressed by the patient. The MHC molecule
can be any MHC molecule expressed by the patient including, but not limited to, MHC Class
I, MHC Class 11, HLA-A, HLA-B, HLA-C, HLA-DM, HLA-DO, HLA-DP, HLA-DQ, and
HLA-DR molecules. The inventive methods may, advantageously, identify mutated p53
amino acid sequences presented in the context of any MHC molecule expressed by the patient
without using, for example, epitope prediction algorithms to identify MHC molecules or
mutated p53 amino acid sequences, which may be useful only for a select few MHC class |
alleles and may be constrained by the limited availability of reagents to select p53 mutation-
reactive T cells (e.g., an incomplete set of MHC tetramers). Accordingly, in an embodiment
of the invention, the inventive methods advantageously induce APCs to present the mutated
p53 amino acid sequences in the context of any MHC molecule expressed by the patient and
are not limited to any particular MHC molecule. Preferably, the autologous APCs are
antigen-negative autologous APCs.

[0073] Inducing autologous APCs of the patient to present the at least one mutated p53
amino acid sequence may be carried out using any suitable method known in the art. In an
embodiment of the invention, inducing autologous APCs of the patient to present the at least
one mutated p53 amino acid sequence comprises pulsing the autologous APCs with a peptide
comprising no more than one mutated p53 amino acid sequence or a pool of peptides, each
peptide in the pool comprising a different mutated p53 amino acid sequence. In this regard,
the autologous APCs may be cultured with a peptide or a pool of peptides comprising the
mutated p53 amino acid sequence in a manner such that the APCs internalize the peptide(s)
and display the mutated p53 amino acid sequence(s), bound to an MHC molecule, on the cell

membrane. Methods of pulsing APCs are known in the art and are described in, e.g.,
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Solheim (Ed.), Antigen Processing and Presentation Protocols (Methods in Molecular
Biology), Human Press, (2010). The peptide(s) used to pulse the APCs may include the
mutated p53 amino acid(s) encoded by the cancer-specific p53 mutation. The peptide(s) may
further comprise any suitable number of contiguous amino acids from the endogenous p53
protein encoded by the p53 gene on each of the carboxyl side and the amino side of the
mutated amino acid(s). The number of contiguous amino acids from the endogenous p53
protein flanking each side of the mutation is not limited and may be, for example, about 4,
about 5, about 6, about 7, about 8, about 9, about 10, about 11, about 12, about 13, about 14,
about 15, about 16, about 17, about 18, about 19, about 20, or a range defined by any two of
the foregoing values. Preferably, the peptide(s) comprise(s) about 12 contiguous amino acids
from the endogenous p53 protein on each side of the mutated amino acid(s). In an
embodiment, the peptide or pool of peptides comprise(s) one or more of the mutated p53
peptides of SEQ ID NOs: 2-13 (Table 1).

[0074] In an embodiment of the invention, inducing autologous APCs of the patient to
present the mutated p53 amino acid sequence comprises introducing a nucleotide sequence
encoding the mutated p53 amino acid sequence into the APCs. The nucleotide sequence is
introduced into the APCs so that the APCs express and display the mutated p53 amino acid
sequence, bound to an MHC molecule, on the cell membrane. The nucleotide sequence
encoding the mutated p53 amino acid may be RNA or DNA. Introducing a nucleotide
sequence into APCs may be carried out in any of a variety of different ways known in the art
as described in, e.g., Solheim et al. supra. Non-limiting examples of techniques that are
useful for introducing a nucleotide sequence into APCs include transformation, transduction,
transfection, and electroporation. In an embodiment, the method may comprise preparing
more than one nucleotide sequence, each encoding a different mutated p53 amino acid
sequence, and introducing each nucleotide sequence into a different population of autologous
APCs. In this regard, multiple populations of autologous APCs, each population expressing
and displaying a different mutated p53 amino acid sequence, may be obtained.

[0075] In an embodiment, the method may comprise introducing a nucleotide sequence
encoding the more than one mutated p53 amino acid sequence. In this regard, in an
embodiment of the invention, the nucleotide sequence introduced into the autologous APCs is
a tandem minigene (TMG) construct, each minigene comprising a p53 gene, each p53 gene
including a cancer-specific p5S3 mutation that encodes a different mutated p53 amino acid

sequence. Each minigene may encode one p53 mutation flanked on each side of the p53
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mutation by any suitable number of contiguous amino acids from the endogenous p53
protein, as described herein with respect to other aspects of the invention. The number of
minigenes in the construct is not limited and may include for example, about 5, about 10,
about 11, about 12, about 13, about 14, about 15, about 20, about 25, or more, or a range
defined by any two of the foregoing values. In an embodiment of the invention, the TMG
construct encodes one or more mutated p53 peptides of SEQ ID NOs: 2-13. For example, the
TMG construct may encode the amino acid sequence of SEQ ID NO: 14. The APCs express
the mutated p53 amino acid sequences encoded by the TMG construct and display the

mutated p53 amino acid sequences, bound to an MHC molecule, on the cell membranes. In
an embodiment, the method may comprise
construct encoding a different set of mutated p53 amino acid sequences, and introducing each
TMG construct into a different population of autologous APCs. In this regard, multiple
populations of autologous APCs, each population expressing and displaying mutated p53
amino acid sequences encoded by different TMG constructs, may be obtained.

[0076] The method may comprise culturing autologous T cells of the patient with the
autologous APCs that present the mutated p53 amino acid sequence. The T cells can be
obtained from numerous sources in the patient, including but not limited to tumor, blood,
bone marrow, lymph node, the thymus, or other tissues or fluids. The T cells can include any
type of T cell and can be of any developmental stage, including but not limited to,
CD4+/CD8+ double positive T cells, CD4+ helper T cells, e.g., Th1 and Th2 cells, CD8+ T
cells (e.g., cytotoxic T cells), tumor infiltrating cells (e.g., tumor infiltrating lymphocytes
(TIL)), peripheral blood T cells, memory T cells, naive T cells, and the like. The T cells may
be CD8+ T cells, CD4+ T cells, or both CD4+ and CD8+ T cells. The method may comprise
co-culturing the autologous T cells and autologous APCs so that the T cells encounter the
mutated p53 amino acid sequence presented by the APCs in such a manner that the
autologous T cells specifically bind to and immunologically recognize a mutated p53 amino
acid sequence presented by the APCs. In an embodiment of the invention, the autologous T
cells are co-cultured in direct contact with the autologous APCs.

[0077] The method may comprise selecting the autologous T cells that (a) were co-
cultured with the autologous APCs that present the mutated p53 amino acid sequence and (b)
have antigenic specificity for the mutated p53 amino acid sequence presented in the context
of a MHC molecule expressed by the patient. The phrase “antigenic specificity,” as used

herein, means that the autologous T cells can specifically bind to and immunologically
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recognize the mutated p53 amino acid sequence encoded by the cancer-specific p5S3 mutation.
The selecting may comprise identifying the T cells that have antigenic specificity for the
mutated p53 amino acid sequence and separating them from T cells that do not have antigenic
specificity for the mutated p53 amino acid sequence. Selecting the autologous T cells having
antigenic specificity for the mutated p53 amino acid sequence may be carried out in any
suitable manner. In an embodiment of the invention, the method comprises expanding the
numbers of autologous T cells, e.g., by co-culturing with a T cell growth factor, such as
interleukin (IL)-2 or IL-15, or as described herein with respect to other aspects of the
invention, prior to selecting the autologous T cells. In an embodiment of the invention, the
method does not comprise expanding the numbers of autologous T cells with a T cell growth
factor, such as IL-2 or IL-15 prior to selecting the autologous T cells.

[0078] For example, upon co-culture of the autologous T cells with the APCs that present
the mutated p53 amino acid sequence, T cells having antigenic specificity for the mutated
p53 amino acid sequence may express any one or more of a variety of T cell activation
markers which may be used to identify those T cells having antigenic specificity for the
mutated p53 amino acid sequence. Such T cell activation markers may include, but are not
limited to, programmed cell death 1 (PD-1), lymphocyte-activation gene 3 (LAG-3), T cell
immunoglobulin and mucin domain 3 (TIM-3), 4-1BB, 0X40, and CD107a. Accordingly, in
an embodiment of the invention, selecting the autologous T cells that have antigenic
specificity for the mutated p53 amino acid sequence comprises selecting the T cells that
express any one or more of PD-1, LAG-3, TIM-3, 4-1BB, OX40, and CD107a. Cells
expressing one or more T cell activation markers may be sorted on the basis of expression of
the marker using any of a variety of techniques known in the art such as, for example,
fluorescence-activated cell sorting (FACS) or magnetic-activated cell sorting (MACS) as
described in, e.g., Turcotte et al., Clin. Cancer Res., 20(2): 331-43 (2013) and Gros et al., J.
Clin. Invest., 124(5): 2246-59 (2014).

[0079] In another embodiment of the invention, selecting the autologous T cells that have
antigenic specificity for the mutated p53 amino acid sequence comprises selecting the T cells
(1) that secrete a greater amount of one or more cytokines upon co-culture with APCs that
present the mutated p53 amino acid sequence as compared to the amount of the one or more
cytokines secreted by a negative control or (i1) in which at least twice as many of the numbers
of T cells secrete one or more cytokines upon co-culture with APCs that present the mutated

p53 amino acid sequence as compared to the numbers of negative control T cells that secrete
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the one or more cytokines. The one or more cytokines may comprise any cytokine the
secretion of which by a T cell is characteristic of T cell activation (e.g., a T cell receptor
(TCR) expressed by the T cells specifically binding to and immunologically recognizing the
mutated p53 amino acid sequence). Non-limiting examples of cytokines, the secretion of
which is characteristic of T cell activation, include IFN-y, IL-2, and tumor necrosis factor
alpha (TNF-a), granulocyte/monocyte colony stimulating factor (GM-CSF), 1L-4, IL-5, IL-9,
IL-10, IL-17, and IL-22.

[0080] For example, the autologous T cells may be considered to have “antigenic
specificity” for the mutated p53 amino acid sequence if the T cells secrete at least twice as
much IFN-y upon ulture wi
peptide comprising the mutated p53 amino acid sequence (e.g., about 0.05 ng/mL to about 10
ug/mkL, e.g., 0.05 ng/mL, 0.1 ng/mL, 0.5 ng/mL, 1 ng/mL, 5 ng/mL, 100 ng/mL, 1 pg/mL, 5
ug/mL, or 10 pg/mL) or (b) APCs into which a nucleotide sequence encoding the mutated
p53 amino acid sequence has been introduced as compared to the amount of IFN-y secreted
by a negative control. The negative control may be, for example, autologous T cells (e.g.,
derived from peripheral blood mononuclear cells (PBMC)) co-cultured with (a) antigen-
negative APCs pulsed with the same concentration of an irrelevant peptide (e.g., the wild-
type amino acid sequence, or some other peptide with a different sequence from the mutated
p53 amino acid sequence) or (b) APCs into which a nucleotide sequence encoding an
irrelevant peptide sequence has been introduced. The autologous T cells may also have
“antigenic specificity” for the mutated p53 amino acid sequence if the T cells secrete a
greater amount of IFN-y upon co-culture with antigen-negative APCs pulsed with higher
concentrations of a peptide comprising the mutated p53 amino acid sequence as compared to
a negative control, for example, the negative control described above. IFN-y secretion may
be measured by methods known in the art such as, for example, enzyme-linked
immunosorbent assay (ELISA).

[0081] Alternatively or additionally, the autologous T cells may be considered to have
“antigenic specificity” for the mutated p53 amino acid sequence if at least twice as many of
the numbers of T cells secrete IFN-y upon co-culture with (a) antigen-negative APCs pulsed
with a concentration of a peptide comprising the mutated p53 amino acid sequence or (b)
APCs into which a nucleotide sequence encoding the mutated p53 amino acid sequence has
been introduced as compared to the numbers of negative control T cells that secrete IFN-y.

The concentration of peptide and the negative control may be as described herein with respect
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to other aspects of the invention. The numbers of cells secreting IFN-y may be measured by
methods known in the art such as, for example, ELISPOT.

[0082] Alternatively or additionally, the autologous T cells may be considered to have
“antigenic specificity” for mutated p53 if at least twice as many spots are detected by
ELISPOT for the T cells upon co-culture with (a) antigen-negative, applicable HLA molecule
positive target cells pulsed with a low concentration of mutated p53 peptide or (b) antigen-
negative, applicable HLA molecule positive target cells into which a nucleotide sequence
encoding mutated p53 has been introduced such that the target cell expresses mutated p53 as
compared to the number of spots detected by ELISPOT for negative control T cells co-
cultured with the same target cells. The concentration of peptide and the negative control
may be as described herein with respect to other aspects of the invention.

[0083] Alternatively or additionally, the autologous T cells may be considered to have
“antigenic specificity” for mutated p53 if greater than about 50 spots are detected by
ELISPOT for the T cells expressing the TCR upon co-culture with (a) antigen-negative,
applicable HLLA molecule positive target cells pulsed with a low concentration of mutated
p53 peptide or (b) antigen-negative, applicable HLA molecule positive target cells into which
a nucleotide sequence encoding mutated p53 has been introduced such that the target cell
expresses mutated p53. The concentration of peptide may be as described herein with respect
to other aspects of the invention.

[0084] While T cells having antigenic specificity for the mutated p53 amino acid
sequence may both (1) express any one or more T cells activation markers described herein
and (2) secrete a greater amount of one or more cytokines as described herein, in an
embodiment of the invention, T cells having antigenic specificity for the mutated p53 amino
acid sequence may express any one or more T cell activation markers without secreting a
greater amount of one or more cytokines or may secrete a greater amount of one or more
cytokines without expressing any one or more T cell activation markers.

[0085] In another embodiment of the invention, selecting the autologous T cells that have
antigenic specificity for the mutated p53 amino acid sequence comprises selectively growing
the autologous T cells that have antigenic specificity for the mutated pS3 amino acid
sequence. In this regard, the method may comprise co-culturing the autologous T cells with
autologous APCs in such a manner as to favor the growth of the T cells that have antigenic
specificity for the mutated pS3 amino acid sequence over the T cells that do not have

antigenic specificity for the mutated p53 amino acid sequence. Accordingly, a population of
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T cells is provided that has a higher proportion of T cells that have antigenic specificity for
the mutated p53 amino acid sequence as compared to T cells that do not have antigenic
specificity for the mutated p53 amino acid sequence.

[0086] In an embodiment of the invention, the method further comprises obtaining
multiple fragments of a tumor from the patient, separately co-culturing autologous T cells
from each of the multiple fragments with the autologous APCs that present the mutated p53
amino acid sequence as described herein with respect to other aspects of the invention, and
separately assessing the T cells from each of the multiple fragments for antigenic specificity

for the mutated p53 amino acid sequence, as described herein with respect to other aspects of
the invention.

[0087] In an embodiment of the invention in which T cells are co-cultured with
autologous APCs expressing multiple mutated p53 amino acid sequences (e.g., multiple
mutated p53 amino acid sequences encoded by a TMG construct or multiple mutated p53
amino acid sequences in a pool of peptides pulsed onto autologous APCs), selecting the
autologous T cells may further comprise separately assessing autologous T cells for antigenic
specificity for each of the multiple mutated p53 amino acid sequences. For example, the
inventive method may further comprise separately inducing autologous APCs of the patient
to present each mutated p53 amino acid sequence encoded by the construct (or included in
the pool), as described herein with respect to other aspects of the invention (for example, by
providing separate APC populations, each presenting a different mutated p53 amino acid
sequence encoded by the construct (or included in the pool)). The method may further
comprise separately co-culturing autologous T cells of the patient. with the different
populations of autologous APCs that present each mutated p53 amino acid sequence, as
described herein with respect to other aspects of the invention. The method may further
comprise separately selecting the autologous T cells that (a) were co-cultured with the
autologous APCs that present the mutated p53 amino acid sequence and (b) have antigenic
specificity for the mutated p53 amino acid sequence presented in the context of a MHC
molecule expressed by the patient, as described herein with respect to other aspects of the
invention. In this regard, the method may comprise determining which mutated p53 amino
acid sequence encoded by a TMG construct that encodes multiple mutated p53 amino acid
sequences (or included in the pool) are immunologically recognized by the autologous T cells

(e.g., by process of elimination).
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{0088] In an embodiment of the invention, the method further comprises expanding the
numbers of selected autologous T cells to obtain a population of T cells that have antigenic
specificity for the mutated p53 amino acid sequence encoded by the cancer-specific p53
mutation. Expansion of the numbers of selected cells can be accomplished by any of a
number of methods as are known in the art as described in, for example, U.S. Patent
8,034,334; U.S. Patent 8,383,099; U.S. Patent Application Publication No. 2012/0244133;
Dudley et al., J. Immunother., 26:332-42 (2003); and Riddell et al., J. Immunol. Methods,
128:189-201 (1990). In an embodiment, expansion of the numbers of T cells is carried out by
culturing the T cells with OKT3 antibody, IL-2, and feeder PBMC (e.g., irradiated allogeneic
PBMC). In this regard, the inventive methods may, advantageously, generate a large number
of T cells having antigenic specificity for the mutated pS3 amino acid sequence.

[0089] The T cells isolated by the inventive methods may be useful for preparing cells for
adoptive cell therapies. In this regard, an embodiment of the invention provides a method of
preparing a population of T cells that have antigenic specificity for a mutated p53 amino acid
sequence encoded by a cancer-specific p53 mutation, the method comprising isolating T cells
as described herein with respect to other aspects of the invention, and expanding the numbers
of selected autologous T cells to obtain a population of T cells that have antigenic specificity
for the mutated p53 amino acid sequence encoded by the cancer-specific mutation.
Expanding the numbers of selected cells may be carried out as described herein with respect
to other aspects of the invention.

[0090] Another embodiment of the invention provides a method of isolating a T cell
receptor (TCR), or an antigen-binding portion thereof, having antigenic specificity for a
mutated p53 amino acid sequence encoded by a cancer-specific p53 mutation. The method
may comprise isolating T cells having antigenic specificity for a mutated p53 amino acid
sequence encoded by a cancer-specific p53 mutation as described herein with respect to other
aspects of the invention.

[0091] The method may further comprise isolating a nucleotide sequence that encodes the
TCR, or the antigen-binding portion thereof, from the selected T cells, wherein the TCR, or
the antigen-binding portion thereof, has antigenic specificity for the mutated p53 amino acid
sequence encoded by the cancer-specific p5S3 mutation. In an embodiment of the invention,
prior to isolating the nucleotide sequence that encodes the TCR, or the antigen-binding
portion thereof, the numbers selected T cells that have antigenic specificity for the mutated

p53 amino acid sequence may be expanded. Expanding the numbers of selected cells may be
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carried out as described herein with respect to other aspects of the invention. In another
embodiment of the invention, the numbers of selected T cells that have antigenic specificity
for the mutated p53 amino acid sequence are not expanded prior to isolating the nucleotide
sequence that encodes the TCR, or the antigen-binding portion thereof. For example, the
TCR, or antigen binding portion thereof, may be isolated from a single cell.

[0092] The “the antigen-binding portion” of the TCR, as used herein, refers to any
portion comprising contiguous amino acids of the TCR of which it is a part, provided that the
antigen-binding portion specifically binds to the mutated p53 amino acid sequence as

described herein with respect to other aspects of the invention. The term “antigen-binding
portion” refers to any part or fragment of the TCR, which part or fragment retains the
biological activity of the TCR of which it is a part (the parent TCR). Antigen-binding
portions encompass, for example, those parts of a TCR that retain the ability to specifically
bind to the mutated p53 amino acid sequence, or detect, treat, or prevent cancer, to a similar
extent, the same extent, or to a higher extent, as compared to the parent TCR. In reference to
the parent TCR, the functional portion can comprise, for instance, about 10%, about 25%,
about 30%, about 50%, about 68%, about 80%, about 90%, about 95%, or more, of the parent
TCR.

[0093] The antigen-binding portion can comprise an antigen-binding portion of either or
both of the a and B chains of the TCR, such as a portion comprising one or more of the
complementarity determining region (CDR)1, CDR2, and CDR3 of the variable region(s) of
the o chain and/or B chain of the TCR. In an embodiment of the invention, the antigen-
binding portion can comprise the amino acid sequence of the CDR1 of the o, chain (CDR1a),
the CDR2 of the a chain (CDR2a), the CDR3 of the o chain (CDR3a), the CDR1 of the B
chain (CDR1), the CDR2 of the B chain (CDR28), the CDR3 of the p chain (CDR3), or
any combination thereof. Preferably, the antigen-binding portion comprises the amino acid
sequences of CDR1a, CDR2a, and CDR3a; the amino acid sequences of CDR 1B, CDR28,
and CDR3p; or the amino acid sequences of all of CDR1a, CDR2a, CDR3a, CDRI1,
CDR2p, and CDR3p of the TCR.

[0094] In an embodiment of the invention, the antigen-binding portion can comprise, for
instance, the variable region of the TCR comprising a combination of the CDR regions set
forth above. In this regard, the antigen-binding portion can comprise the amino acid
sequence of the variable region of the a chain (Va), the amino acid sequence of the variable

region of the B chain (VB), or the amino acid sequences of both of the Vo and VJ of the TCR.
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[0095] In an embodiment of the invention, the antigen-binding portion may comprise a
combination of a variable region and a constant region. In this regard, the antigen-binding
portion can comprise the entire length of the a or B chain, or both of the a and f3 chains, of the
TCR.

[0096] Isolating the nucleotide sequence that encodes the TCR, or the antigen-binding
portion thereof, from the selected T cells may be carried out in any suitable manner known in
the art. For example, the method may comprise isolating RNA from the selected T cells and
sequencing the TCR, or the antigen-binding portion thereof, using established molecular
cloning techniques and reagents such as, for example, 5° Rapid Amplification of cDNA Ends
(RACE) polymerase chain reaction (PCR) using TCR-a and -p chain constant primers.
Alternatively or additionally, techniques and systems useful for isolating a TCR nucleic acid
sequence may include, for example, single-cell reverse transcription polymerase chain
reaction (RT-PCR), bioinfomatic reconstruction, limiting dilution cloning, the FLUIDIGM
system (Fluidigm Corporation, South San Francisco, CA), deep sequencing of TCR a and
TCR B chains with frequency pairing, PAIRSEQ method of identifying TCR o and f3 chain
pairs from Adaptive Biotechnologies (Seattle, WA), and combinations thereof.

[0097] In an embodiment of the invention, the method may comprise cloning the
nucleotide sequence that encodes the TCR, or the antigen-binding portion thereof, into a
recombinant expression vector using established molecular cloning techniques as described
in, e.g., Green et al. (Eds.), Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory Press; 4th Ed. (2012). For purposes herein, the term "recombinant expression
vector" means a genetically-modified oligonucleotide or polynucleotide construct that
permits the expression of an mRNA, protein, polypeptide, or peptide by a host cell, when the
construct comprises a nucleotide sequence encoding the mRNA, protein, polypeptide, or
peptide, and the vector is contacted with the cell under conditions sufficient to have the
mRNA, protein, polypeptide, or peptide expressed within the cell. The vectors may not be
naturally-occurring as a whole. However, parts of the vectors can be naturally-occurring.
The recombinant expression vectors can comprise any type of nucleotides, including, but not
limited to DNA (e.g., complementary DCA (cDNA)) and RNA, which can be single-stranded
or double-stranded, synthesized or obtained in part from natural sources, and which can
contain natural, non-natural or altered nucleotides. The recombinant expression vectors can

comprise naturally-occurring, non-naturally-occurring internucleotide linkages, or both types
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of linkages. Preferably, the non-naturally occurring or altered nucleotides or internucleotide
linkages does not hinder the transcription or replication of the vector.

[0098] The recombinant expression vector can be any suitable recombinant expression
vector, and can be used to transform or transfect any suitable host cell. Suitable vectors
include those designed for propagation and expansion or for expression or both, such as
plasmids and viruses. The vector can be selected from the group consisting of
transposon/transposase, the pUC series (Fermentas Life Sciences), the pBluescript series
(Stratagene, LaJolla, CA), the pET series (Novagen, Madison, WI), the pGEX series
(Pharmacia Biotech, Uppsala, Sweden), and the pEX series (Clontech, Palo Alto, CA).

ANM1149, also can be used. Examples of plant expression vectors include pBIO1, pBI101.2,
pBI101.3, pBI121 and pBIN19 (Clontech). Examples of animal expression vectors include
pEUK-CL, pMAM and pMAMneo (Clontech). Preferably, the recombinant expression vector
1s a viral vector, e.g., a retroviral vector.

[0099] The TCR, or the antigen-binding portion thereof, isolated by the inventive
methods may be useful for preparing cells for adoptive cell therapies. In this regard, an
embodiment of the invention provides a method of preparing a population of cells that
express a TCR, or an antigen-binding portion thereof, having antigenic specificity for a
mutated p53 amino acid sequence encoded by a cancer-specific p53 mutation, the method
comprising isolating a TCR, or an antigen-binding portion thereof, as described herein with
respect to other aspects of the invention, and introducing the nucleotide sequence encoding
the 1solated TCR, or the antigen-binding portion thereof, into host cells to obtain cells that
express the TCR, or the antigen-binding portion thereof.

[0100] Introducing the nucleotide sequence (e.g., a recombinant expression vector)
encoding the isolated TCR, or the antigen-binding portion thereof, into host cells may be
carried out in any of a variety of different ways known in the art as described in, e.g., Green
et al. supra. Non-limiting examples of techniques that are useful for introducing a nucleotide
sequence into host cells include transformation, transduction, transfection, transposition, and
electroporation.

[0101] The host cell into which the nucleotide sequence encoding the TCR, or antigen
binding portion thereof, is introduced may be any type of cell that can contain the
recombinant expression vector. The host cell can be a eukaryotic cell, e.g., plant, animal,

fungi, or algae, or can be a prokaryotic cell, e.g., bacteria or protozoa. The host cell can be a
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cultured cell or a primary cell, i.e., isolated directly from an organism, e.g., a human. The
host cell can be an adherent cell or a suspended cell, i.e., a cell that grows in suspension.
Suitable host cells are known in the art and include, for instance, DH5a E. coli cells, Chinese
hamster ovarian cells, monkey VERO cells, COS cells, HEK293 cells, and the like. For
purposes of amplifying or replicating the recombinant expression vector, the host cell is
preferably a prokaryotic cell, e.g., a DH5a cell. For purposes of producing the TCR, or
antigen binding portion thereof, the host cell is preferably a mammalian cell. Most
preferably, the host cell is a human cell. While the host cell can be of any cell type, can
originate from any type of tissue, and can be of any developmental stage, the host cell
preferably is a PBL or a PBMC. More preferably, the host cell is a T cell.

[0102] In an embodiment of the invention, the PBMC include T cells. The T cells may
be any type of T cell. Without being bound to a particular theory or mechanism, it is believed
that less differentiated, “younger” T cells may be associated with any one or more of greater
in vivo persistence, proliferation, and antitumor activity as compared to more differentiated,
“older” T cells. Accordingly, the inventive methods may, advantageously, identify and
isolate a TCR, or an antigen-binding portion thereof, that has antigenic specificity for the
mutated p53 amino acid sequence and introduce the TCR, or an antigen-binding portion
thereof, into “younger” T cells that may provide any one or more of greater in vivo
persistence, proliferation, and antitumor activity as compared to “older” T cells (e.g., effector
cells in a patient’s tumor).

[0103] In an embodiment of the invention, the inventive methods identify and isolate
TCRs, or the antigen-binding portions thereof, that have antigenic specificity against a
mutated p53 amino acid sequence that is encoded by a recurrent (also referred to as “hot-
spot”) cancer-specific p53 mutation. In this regard, the method may comprise introducing the
nucleotide sequence encoding the isolated TCR, or the antigen-binding portion thereof, into
host cells that are allogeneic to the patient. For example, the method may comprise
introducing the nucleotide sequence encoding the isolated TCR, or the antigen-binding
portion thereof, into the host cells from another patient whose tumors express the same p53
mutation in the context of the same MHC molecule.

[0104] In an embodiment of the invention, the method further comprises expanding the
numbers of host cells that express the TCR, or the antigen-binding portion thereof. The
numbers of host cells may be expanded, for example, as described herein with respect to

other aspects of the invention. In this regard, the inventive methods may, advantageously,
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generate a large number of T cells having antigenic specificity for the mutated p53 amino
acid sequence.

[0105] Another embodiment of the invention provides an isolated population of cells
prepared according to any of the methods described herein with respect to other aspects of the
invention. The population of cells can be a heterogeneous population comprising the T cells
having antigenic specificity for the mutated p53 amino acid sequence encoded by the cancer-
specific p53 mutation in addition to at least one other cell, e.g., a PBMC which does not have
antigenic specificity for the mutated p53 amino acid sequence encoded by the cancer-specific
p>53 mutation, or a cell other than a T cell, e.g., a B cell, a macrophage, a neutrophil, an
patocyte, an endothelial cell, an epithelial cells, a muscle cell, a brain cell,
ctc. Alternatively, the population of cells can be a substantially homogeneous population, in
which the population comprises mainly of (e.g., consisting essentially of) T cells having
antigenic specificity for the mutated p53 amino acid sequence encoded by the cancer-specific
p53 mutation. The population also can be a clonal population of cells, in which all cells of
the population are clones of a single T cell, such that all cells of the population have antigenic
specificity for the mutated p53 amino acid sequence encoded by the cancer-specific p53
mutation. In one embodiment of the invention, the population of cells is a clonal population
comprising T cell having antigenic specificity for the mutated pS3 amino acid sequence
encoded by the cancer-specific p53 mutation, as described herein. In an embodiment of the
invention, about 1% to about 100%, for example, about 1%, about 5%, about 10%, about
15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%,
about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about
90%, about 95%, about 96%, about 97%, about 98%, about 99%, or about 100%, or a range
defined by any two of the foregoing values, of the population of cells comprises T cells that
have antigenic specificity for the mutated p53 amino acid sequence. Without being bound to
a particular theory or mechanism, it is believed that populations of cells that comprise a high
proportion of T cells that have antigenic specificity for the mutated p53 amino acid sequence
advantageously may have a lower proportion of irrelevant cells that may hinder the function
of the T cell, e.g., the ability of the T cell to target the destruction of cancer cells and/or treat
or prevent cancer.

[0106] The inventive populations of cells can be formulated into a composition, such as a
pharmaceutical composition. In this regard, the invention provides a pharmaceutical

composition comprising any of the inventive populations of cells and a pharmaceutically
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acceptable carrier. The inventive pharmaceutical composition can comprise an inventive
population of cells in combination with another pharmaceutically active agent(s) or drug(s),
such as a chemotherapeutic agents, e.g., asparaginase, busulfan, carboplatin, cisplatin,
daunorubicin, doxorubicin, fluorouracil, gemcitabine, hydroxyurea, methotrexate, paclitaxel,
rituximab, vinblastine, vincristine, etc.

[0107) Preferably, the carrier is a pharmaceutically acceptable carrier. With respect to
pharmaceutical compositions, the carrier can be any of those conventionally used for the
particular inventive population of cells under consideration. Such pharmaceutically
acceptable carriers are well-known to those skilled in the art and are readily available to the
public. It is preferred that the pharmaceutically acceptable carrier be one which has no
detrimental side effects or toxicity under the conditions of use.

[0108] The choice of carrier will be determined in part by the particular inventive
population of cells, as well as by the particular method used to administer the inventive
population of cells. Accordingly, there are a variety of suitable formulations of the
pharmaceutical composition of the invention. Suitable formulations may include any of those
for parenteral, subcutaneous, intravenous, intramuscular, intraarterial, intratumoral,
intrathecal, or interperitoneal administration. More than one route can be used to administer
the inventive population of cells, and in certain instances, a particular route can provide a
more immediate and more effective response than another route.

[0109] Preferably, the inventive population of cells is administered by injection, e.g.,
intravenously. When the inventive population of cells is to be administered, the
pharmaceutically acceptable carrier for the cells for injection may include any isotonic carrier
such as, for example, normal saline (about 0.90% w/v of NaCl in water, about 300 mOsm/L
NaCl in water, or about 9.0 g NaCl per liter of water), NORMOSOL R electrolyte solution
(Abbott, Chicago, IL), PLASMA-LYTE A (Baxter, Deerfield, IL), about 5% dextrose in
water, or Ringer's lactate. In an embodiment, the pharmaceutically acceptable carrier is
supplemented with human serum albumin.

[0110] It is contemplated that the inventive populations of cells and pharmaceutical
compositions can be used in methods of treating or preventing cancer. Without being bound
to a particular theory or mechanism, the inventive T cells are believed to bind specifically to
a mutated p53 amino acid sequence encoded by a cancer-specific p53 mutation, such that a
TCR expressed by the cell is able to mediate an immune response against a target cell

expressing the mutated p53 amino acid sequence. In this regard, an embodiment of the
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invention provides a method of treating or preventing cancer in a mammal, comprising
administering to the mammal any of the pharmaceutical compositions or populations of cells
described herein, in an amount effective to treat or prevent cancer in the mammal.

[0111] The terms "treat," and "prevent” as well as words stemming therefrom, as used
herein, do not necessarily imply 100% or complete treatment or prevention. Rather, there are
varying degrees of treatment or prevention of which one of ordinary skill in the art recognizes
as having a potential benefit or therapeutic effect. In this respect, the inventive methods can
provide any amount of any level of treatment or prevention of cancer in a mammal.
Furthermore, the treatment or prevention provided by the inventive method can include
treatment or prevention of one or more conditions or symptoms of the cancer being treated or
prevented. For example, treatment or prevention can include promoting the regression of a
tumor. Also, for purposes herein, "prevention” can encompass delaying the onset of the
cancer, or a symptom or condition thereof.

[0112] For purposes of the invention, the amount or dose of the inventive population of
cells or pharmaceutical composition administered (e.g., numbers of cells when the inventive
population of cells is administered) should be sufficient to effect, e.g., a therapeutic or
prophylactic response, in the mammal over a reasonable time frame. For example, the dose
of the inventive population of cells or pharmaceutical composition should be sufficient to
bind to a mutated p53 amino acid sequence encoded by a cancer-specific p53 mutation, or
detect, treat or prevent cancer in a period of from about 2 hours or longer, e.g., 12 to 24 or
more hours, from the time of administration. In certain embodiments, the time period could
be even longer. The dose will be determined by the efficacy of the particular inventive
population of cells or pharmaceutical composition administered and the condition of the
mammal (e.g., human), as well as the body weight of the mammal (e.g., human) to be treated.
[0113] Many assays for determining an administered dose are known in the art. For
purposes of the invention, an assay, which comprises comparing the extent to which target
cells are lysed or IFN-y is secreted by T cells upon administration of a given dose of such T
cells to a mammal among a set of mammals of which is each given a different dose of the T
cells, could be used to determine a starting dose to be administered to a mammal. The extent
to which target cells are lysed or IFN-y is secreted upon administration of a certain dose can
be assayed by methods known in the art.

[0114] The dose of the inventive population of cells or pharmaceutical composition also

will be determined by the existence, nature and extent of any adverse side effects that might
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accompany the administration of a particular inventive population of cells or pharmaceutical
composition. Typically, the attending physician will decide the dosage of the inventive
population of cells or pharmaceutical composition with which to treat each individual patient,
taking into consideration a variety of factors, such as age, body weight, general health, diet,
sex, inventive population of cells or pharmaceutical composition to be administered, route of
administration, and the severity of the condition being treated.

[0115] In an embodiment in which the inventive population of cells is to be administered,
the number of cells administered per infusion may vary, for example, in the range of one
million to 100 billion cells; however, amounts below or above this exemplary range are
within the scope of the invention. For example, the daily dose of inventive host cells can be
about 1 million to about 150 billion cells (e.g., about 5 million cells, about 25 million cells,
about 500 million cells, about 1 billion cells, about 5 billion cells, about 20 billion cells,
about 30 billion cells, about 40 billion cells, about 60 billion cells, about 80 billion cells,
about 100 billion cells, about 120 billion cells, about 130 billion cells, about 150 billion cells,
or a range defined by any two of the foregoing values), preferably about 10 million to about
130 billion cells (e.g., about 20 million cells, about 30 million cells, about 40 million cells,
about 60 million cells, about 70 million cells, about 80 million cells, about 90 million cells,
about 10 billion cells, about 25 billion cells, about 50 billion cells, about 75 billion cells,
about 90 billion cells, about 100 billion cells, about 110 billion cells, about 120 billion cells,
about 130 billion cells, or a range defined by any two of the foregoing values), more
preferably about 100 million cells to about 130 billion cells (e.g., about 120 million cells,
about 250 million cells, about 350 million cells, about 450 million cells, about 650 million
cells, about 800 million cells, about 900 million cells, about 3 billion cells, about 30 billion
cells, about 45 billion cells, about 50 billion cells, about 75 billion cells, about 90 billion
cells, about 100 billion cells, about 110 billion cells, about 120 billion cells, about 130 billion
cells, or a range defined by any two of the foregoing values).

[0116] For purposes of the inventive methods, wherein populations of cells are
administered, the cells can be cells that are allogeneic or autologous to the mammal.
Preferably, the cells are autologous to the mammal.

[0117] Another embodiment of the invention provides any of the isolated population of
cells or pharmaceutical compositions described herein for use in treating or preventing cancer

in a mammal.
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[0118] With respect to the inventive methods, the cancer can be any cancer, including
any of acute lymphocytic cancer, acute myeloid leukemia, alveolar rhabdomyosarcoma, bone
cancer, brain cancer, breast cancer, cancer of the anus, anal canal, or anorectum, cancer of the
eye, cancer of the intrahepatic bile duct, 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 vagina, cancer of the vulva, chronic lymphocytic leukemia, chronic myeloid cancer, colon
cancer, colocrectal cancer, endometrial cancer, esophageal cancer, uterine cervical cancer,
gastrointestinal carcinoid tumor, glioma, Hodgkin lymphoma, hypopharynx cancer, kidney

cancer, larynx cancer, liver cancer, lung cancer, malignant mesothelioma, melanoma,

multiple myeloma, nasopharynx cancer, non-Hodgkin lymphoma, cancer of the oropharynx,
ovarian cancer, cancer of the penis, pancreatic cancer, peritoneum, omentum, and mesentery
cancer, pharynx cancer, prostate cancer, rectal cancer, renal cancer, skin cancer, small
intestine cancer, soft tissue cancer, stomach cancer, testicular cancer, thyroid cancer, cancer
of the uterus, ureter cancer, and urinary bladder cancer. In a preferred embodiment, the
cancer is a cancer which expresses mutated p53. The cancer may express p53 with a
mutation at one or more of positions 175, 220, 245, 248, 249, 273, or 282 of SEQ ID NO: 1.
The cancer may express p53 with one or more of the following human p53 mutations:
R175H, Y220C, G245D, G2458S, R248L, R248Q, R248W, R249S, R273H, R273C, R273L,
or R282W. Preferably, the cancer is an epithelial cancer or cholangiocarcinoma, melanoma,
colon cancer, rectal cancer, ovarian cancer, endometrial cancer, non-small cell lung cancer
(NSCLC), glioblastoma, uterine cervical cancer, head and neck cancer, breast cancer,
pancreatic cancer, or bladder cancer.

[0119] The mammal referred to in the inventive methods can be any mammal. As used
herein, the term "mammal" refers to any mammal, including, but not limited to, mammals of
the order Rodentia, such as mice and hamsters, and mammals of the order Logomorpha, such
as rabbits. It is preferred that the mammals are from the order Carnivora, including Felines
(cats) and Canines (dogs). Preferably, the mammals are from the order Artiodactyla,
including Bovines (cows) and Swines (pigs) or of the order Perssodactyla, including Equines
(horses). Preferably, the mammals are of the order Primates, Ceboids, or Simoids (monkeys)

or of the order Anthropoids (humans and apes). A more preferred mammal is the human.

[0120] The following examples further illustrate the invention but, of course, should not

be construed as in any way limiting its scope.
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EXAMPLES

The amino acid sequences set forth in Tables 1-3 were employed in the

experiments described in the following Examples.

TABLE 1
SEQ ID NO: | Name Sequence
2 LP-p53-R175H-MUT YKQSQHMTEVVRHCPHHERCSDSDG
3 LP-p53-R273H-MUT SGNLLGRNSFEVHVCACPGRDRRTE
4 LP-p53-R248L-MUT YMCNSSCMGGMNLRPILTIITLEDS
5 LP-p53-R282W-MUT FEVRVCACPGRDWRTEEENLRKKGE
6 LP-p53-R273C-MUT SGNLLGRNSFEVCVCACPGRDRRTE
7 LP-p53-G245S-MUT HYNYMCNSSCMGSMNRRPILTIITL
8 LP-p53-R248Q-MUT YMCNSSCMGGMNQRPILTIITLEDS
9 LP-p53-G245D-MUT HYNYMCNSSCMGDMNRRPILTIITL
10 LP-p53-R273L-MUT SGNLLGRNSFEVLVCACPGRDRRTE
11 LP-p53-R248W-MUT YMCNSSCMGGMNWRPILTIITLEDS
12 LP-p53-Y220C-MUT DRNTFRHSVVVPCEPPEVGSDCTTI
13 LP-p53-R249S-MUT MCNSSCMGGMNRSPILTITLEDSS
[0122] The wild-type versions of the peptides of Table 1 are set forth in Table 2.
TABLE 2
SEQ ID NO: Name Sequence
15 LP-p53-R175-WT YKQSQHMTEVVRRCPHHERCSDSDG
16 LP-p53-R273-WT SGNLLGRNSFEVRVCACPGRDRRTE
17 LP-p53-R248-WT YMCNSSCMGGMNRRPILTHTLEDS
18 LP-p53-R282-WT FEVRVCACPGRDRRTEEENLRKKGE
19 LP-p53-G245-WT HYNYMCNSSCMGGMNRRPILTHTL
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SEQ ID NO: Name Sequence
20 LP-p53-Y220-WT DRNTFRHSVVVPYEPPEVGSDCTTI
21 LP-p53-R249-WT MCNSSCMGGMNRRPILTITLEDSS
TABLE 3
SEQ | Name Sequence
ID
NO:

14 TMG-p53-MUT | YKQSQHMTEVVRHCPHHERCSDSDGSGNLLGRNSFEV
HVCACPGRDRRTEYMCNSSCMGGMNLRPILTHTLEDSF
EVRVCACPGRDWRTEEENLRKKGESGNLLGRNSFEVC
VCACPGRDRRTEHYNYMCNSSCMGSMNRRPILTIHTLY
MCNSSCMGGMNQRPILTIITLEDSHYNYMCNSSCMGD
MNRRPILTIITLSGNLLGRNSFEVLVCACPGRDRRTEYM
CNSSCMGGMNWRPILTIITLEDSDRNTFRHSVVVPCEPP
EVGSDCTTIMCNSSCMGGMNRSPILTITLEDSS

22 TMG-p53-WT YKQSQHMTEVVRRCPHHERCSDSDGSGNLLGRNSFEV
RVCACPGRDRRTEYMCNSSCMGGMNRRPILTITLEDSF
EVRVCACPGRDRRTEEENLRKKGESGNLLGRNSFEVRV
CACPGRDRRTEHYNYMCNSSCMGGMNRRPILTHTLYM
CNSSCMGGMNRRPILTHTLEDSHYNYMCNSSCMGGMN
RRPILTIITLSGNLLGRNSFEVRVCACPGRDRRTEYMCNS
SCMGGMNRRPILTIITLEDSDRNTFRHSVVVPYEPPEVGS
DCTTIMCNSSCMGGMNRRPILTHTLEDSS

EXAMPLE 1

[0123] This example demonstrates the identification of anti-mutated p53 T cells in
Patient 4141 by co-culturing autologous APCs induced to express mutated p53 within
autologous T cells (“p53 hotspot mutation universal screening”). This example also
demonstrates the isolation and specific reactivity of a TCR from patient 4141.

[0124] Experiments were carried out as described for Figures 1 and 45-48 for Patient
4141. TIL fragment F12 and infusion bag TIL (Rx1) from patient 4141 and p53-R17SH-
specific TCR or mock transduced T cells from patient 4196 were used as effectors. Co-
cultures with T cell effectors and HLA-A*02:01 APCs (autologous to patient 4141) were
either (1) electroporated with TMGs composed of irrelevant, WT p53, or mutated p53
sequences or (2) pulsed with peptide vehicle (DMSO) or purified (>95% by HPLC) 25 amino
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acid peptides composed of WT p53-R175 sequence or mutated p53-R175H sequence. T cells
only (no target) was negative control and PMA and lono was positive control (lattice bars).
Co-cultures were performed overnight at 37 °C. Secretion of IFN-y was evaluated using
ELISPOT assay. The results are shown in Figure 1.

[0125] Autologous APCs were transfected with TMG encoding irrelevant mutations, WT
p53 sequence, or mutated p53 sequence including R175H. Media alone and PMA and
ionomycin were negative and positive controls, respectively. The following day, TIL from
patient 4141 (fragment culture 12) were co-cultured overnight at 37 °C with TMG-transfected
APCs. Secretion of IFN-y was evaluated by ELISPOT. Expression of 4-1BB was evaluated
by flow cytometry after gating for lymphocytes -> living cells (PI negative) > CD3+ (T
cells) > CD4-CD8+. The results are shown in Figure 45.

[0126] Cos7 cells (2.5x10% per well) were plated on wells of flat-bottom 96 well plates.
The following day, cells were co-transfected with individual HLA alleles from patient 4141
and either no extra gene, WT TP53 TMG, or mutated TP53 TMG containing the p53-R175H
sequence. TIL with specificity to p53-R175H from Patient 4141 (fragment culture 12) were
co-cultured the following day with transfected Cos7 cells and were incubated overnight at 37
°C. Secretion of IFN-y was evaluated by ELISPOT. The results are shown in Figure 46.
[0127] T cells expressing mock (no TCR) or 4141-TCR1a2 were co-cultured with T2
tumor cells (expressing HLA-A*02:01). T2 cells were pulsed for 2 hours at 37 °C with
peptide vehicle (DMSO) or purified (>95% by HPLC) peptides composed of WT p53-R175
peptide HMTEVVRRC (SEQ ID NO: 532) or mutated p53-R175H peptide HMTEVVRHC
(SEQ ID NO: 530). Media alone and PMA and Ionomycin were negative and positive
controls, respectively. Co-cultures were performed overnight at 37 °C. Secretion of IFN-y
was evaluated by ELISA. The results are shown in Figure 47.

[0128] T cells expressing 4141-TCR1a2 were co-cultured overnight at 37 °C with Saos2
cells (p53-NULL and HLA-A*02:01+), which were either unmanipulated or made to
overexpress full length p53-R175H protein. Inhibitors of secretion (monensin and brefeldin
A) were added to co-cultures to trap cytokines within T cells. After 6 hours of co-culture,
cells were fixed and permeabilized then stained for IL-2, CD107a, IFN-y and tumor necrosis
factor-alpha (TNFa). Flow cytometry was used to analyze co-cultures based on a
lymphocyte gate. The results are shown in Figure 48.

[0129] The sequence of TCR 4141-TCR1a2, which was isolated from Patient 4141, is set

forth below. Starting from the amino terminus, the first underlined region is the CDR1alpha
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(SEQ ID NO: 467), the second underlined region is the CDR2alpha (SEQ ID NO: 468), the
third underlined region is the CDR3alpha (SEQ ID NO: 469), the fourth underlined region is
the CDR1beta (SEQ ID NO: 470), the fifth underlined region is the CDR2beta (SEQ ID NO:
471), and the sixth underlined region is the CDR3beta (SEQ ID NO: 472). The bold region is
the linker (SEQ ID NO: 26). Starting from the amino terminus, the first italicized region is
the alpha chain constant region (SEQ ID NO: 23) and the second italicized region is the beta
chain constant region (SEQ ID NO: 25). The alpha chain variable region (SEQ ID NO: 473)
includes the sequence starting from the amino terminus and ending immediately prior to the

start of the alpha chain constant region. The beta chain variable region (SEQ ID NO: 474)
includes the sequence starting immediately after the linker and ending immediately prior to
the start of the beta chain constant region. The full-length alpha chain (SEQ ID NO: 475)
includes the sequence starting from the amino terminus and ending immediately prior to the
start of the linker. The full-length beta chain (SEQ ID NO: 476) includes the sequence
starting immediately after the linker and ending with the carboxyl terminus.

[0130] Cancer reactive T cells were identified as described below. The TCR was isolated

as described below.

TCR name: 4141-TCR1a2

Recognition of p53 mutation: R175H

Screening method: p53 “hotspot” mutation universal screening

Co-culture to identify TCR: Co-culture 4141 infusion bag TIL with p53mutTMG and
sorted CD8+41BB+ T cells

Method to identify TCR: single-cell RT-PCR then TA TOPO cloning kit (Thermo Fisher
Scientific, Waltham, MA) for alpha chain

TCR orientation: alpha-beta

Expression vector: SB transposon

MASIRAVFIFLWLQLDLVNGENVEQHPSTLSVQEGDSAVIKCTYSDSASNYFPWYKQ
ELGKGPQLIIDIRSNVGEKKDQRIAVTLNKTAKHFSLHITETQPEDSAVYFCAASKSALI
MVVLOQTSSSLELALCLLSSQVNIQNPEPAVYQLKDPRSQDSTLCLFTDFDSQINVPKTME
SGTFITDKCVLDMKAMDSKSNGAIAWSNQTSFTCODIFKETNATYPSSDVPCDATLTEKSF
ETDMNLNFONLLVIVLRILLLKVAGFNLLMTLRLWSSRAKRSGSGATNFSLLKQAGDV
EENPGPMHPQLLGYVVLCLLGAGPLEAQVTQNPRYLITVTGKKLTVTCSQNMNHEY
MSWYRQDPGLGLRQIYYSMNVEVTDKGDVPEGYKVSRKEKRNFPLILESPSPNQTSL
YFCASSIQQGADTQYFGPGTRLTVLEDLRNVTPPKVSLFEPSKAEIANKOKATLVCLARG
FFPDHVELSWWVNGKEVHSGVCTDPQAYKESNYSYCLSSRLRVSATFWHNPRNHFRCQV
OFHGLSEEDKWPEGSPKPVIQONISAEAWGRADCGITSASYQQGVLSATILYEILLGKATLYA
VLVSTLVVMAMVKRKNS (SEQ ID NO: 587)

10131] The statistics for 4141-TCR1a2 from patient 4141 are set forth in Table 4 below.
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TABLE 4
Parameter # Frequency
Total wells 96 100%
CDR3alpha Unknown (TA TOPO cloning) | Not applicable
CDR3beta 58 60.4%
EXAMPLE 2

[0132] This example demonstrates the identification of anti-mutated p53 T cells in
Patient 4130 by co-culturing autologous APCs induced to express mutated p53 within
autologous T cells (“p53 hotspot mutation universal screening”).

[0133] Experiments were carried out as described for Figure 2 for Patient 4130. TIL
fragments (F14, F20 and F24) from patient 4130 were co-cultured with autologous APCs (1)
electroporated with TMGs composed of irrelevant, WT p53 or mutated p53 sequences or (2)
pulsed with peptide vehicle (DMSO) or purified (>95% by HPLC) 25 amino acid peptides
composed of WT p53-R273 sequence or mutated p53-R273H sequence. Co-cultures were
performed overnight at 37 °C. Expression of 4-1BB was evaluated by flow cytometry after
gating for lymphocytes - living cells (PI negative) > CD3+ (T cells). The results are

shown in Figure 2.
EXAMPLE 3

[0134] This example demonstrates the identification of anti-mutated p53 T cells in
Patient 4259 by co-culturing autologous APCs induced to express mutated p53 within
autologous T cells (“p53 hotspot mutation universal screening”). This example also
demonstrates the isolation and specific reactivity of a TCR isolated from patient 4259.
[0135] Experiments were carried out as described for Figures 3-8 and 49-53 for Patient
4259. TIL fragments (n=18) from patient 4259 were co-cultured with autologous APCs
electroporated with TMG composed of irrelevant, WT p53 or mutated p53 sequences. Co-
cultures were performed overnight at 37 °C. Secretion of IFN-y was evaluated using
ELISPOT assay. The results are shown in Figure 3. Expression of 4-1BB was evaluated by
flow cytometry after gating for lymphocytes = living cells (Pl negative) - CD3+ (T cells).

The results are shown in Figures 4-5.
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[0136] TIL fragments (n=18) from patient 4259 were co-cultured with autologous APCs
pulsed with peptide vehicle (DMSO) or purified (>95% by HPLC) 25 amino acid peptides
composed of WT p53-Y220 sequence or mutated p53-Y220C sequence. Co-cultures were
performed overnight at 37 °C. Secretion of IFN-y was evaluated using ELISPOT assay. The
results are shown in Figure 6. Expression of 4-1BB was evaluated by flow cytometry after
gating for lymphocytes = living cells (PI negative) = CD3+ (T cells). The results are
shown in Figures 7-8.

[0137] TIL fragment culture (no. 6) from patient 4259 was co-cultured with autologous
APCs either (1) electroporated with TMG composed of irrelevant, WT p53, or mutated p53

ulsed with peptide vehicle (DMSO) or purified (>95% by HPLC

ML VMLV (LY

VK _arminn
L

acid peptides composed of WT p53-Y220 sequence or mutated p53-Y220C sequence. Co-
cultures were performed overnight at 37 °C. Expression of 4-1BB was evaluated by flow
cytometry after gating for lymphocytes - living cells (Pl negative) = CD3+ (T cells). The
results are shown in Figure 49.

[0138] Autologous APCs were pulsed with decreasing concentrations of 25-amino acid
peptides corresponding to the WT p53-Y220 or mutated p53-Y220C sequence for 2 hours at
37°C. TIL fragment culture (no. 6) from patient 4259 was co-cultured with peptide-pulsed
APCs. Expression of 4-1BB was assayed by flow cytometry after gating lymphocytes >
living cells (PI negative) > CD3+ (T cells). The results are shown in Figure 50.

[0139] Autologous antigen presenting cells were pulsed with DMSO, WT p53-Y220
peptide RNTFRHSVVVPYE (SEQ ID NO: 533) or mutated p53-Y220C peptide
RNTFRHSVVVPCE (SEQ ID NO: 534) for 2 hours at 37 °C. Excess peptide was washed
away. TIL from patient 4259 (fragment culture 6) with specificity to p53-Y220C was co-
cultured overnight at 37 °C with peptide-pulsed APCs. Expression of 4-1BB was evaluated
by flow cytometry after gating for lymphocytes = living cells (PI negative) = CD3+ (T
cells). The results are shown in Figure 51.

[0140] Cos7 cells (2.5x10* per well) were plated on wells of flat-bottom 96 well plates.
The following day, cells were co-transfected with individual HLA alleles from patient 4259.
The next day, DMSO or the p53-Y220C peptide RNTFRHSVVVPCE (SEQ ID NO: 534)
were pulsed for 2 hours on transfected Cos7 cells. Excess peptide was washed away. TIL
fragment culture no.6 from Patient 4259 was added (10° cells/well). Co-cultures were

incubated overnight at 37 °C. Expression of 4-1BB was assayed by flow cytometry after
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gating lymphocytes = live > CD3+ (T cells) 2 CD8-CD4+. The results are shown in
Figure 52.

[0141] APCs autologous to Patient 4259 were pulsed with 25-amino acid peptides
corresponding to the WT p53-Y220 or mutated p53-Y220C sequence for 2 hours at 37 °C.
Excess peptide was washed away. T cells expressing 4259-F6-TCR were co—cultﬁred
overnight at 37 °C with peptide-pulsed APCs. Expression of 4-1BB was evaluated by flow
cytometry after gating for lymphocytes = living cells (Pl negative) - CD3+ (T cells). The
introduced TCR was measured by mouse TCRbeta (mTCR). The results are shown in Table
5.

TABLE 5
WT p53-Y220 Mut p53-Y220C
4-1BB+/mTCR+ 0.27 522
4-1BB-/mTCR- 68.5 73.7
4-1BB+/mTCR- 0.18 1.59
4-1BB-/mTCR+ 31.0 19.5

[0142] A tumor cell (TC) line was established from a xenografted tumor fragment
resected from Patient 4259 and then serially passaged through immunocompromised mice
(TC#4259). TC#4259 was co-cultured with T cells (10°) expressing mock (no TCR) or p53-
Y220C-specific TCR (4259-F6-TCR) overnight at 37 °C. The TC#4259 cells were either
incubated with nothing, W6/32 pan-HLA Class-1 specific blocking antibody, IVA12 pan-
HLA Class-1II specific blocking antibody or mutated p53-Y220C peptide
RNTFRHSVVVPCE (SEQ ID NO: 534) for 2 hours at 37 °C. The antibodies were kept in
the co-culture at 5 pg/mL final concentration. The peptide was incubated at 10 pg/mL and
excess peptide was washed after incubation. Media alone (no TC) and PMA and Ionomycin
were negative and positive controls, respectively. Expression of 4-1BB was evaluated by
flow cytometry after gating for lymphocytes = living cells (P1 negative) - CD3+ (T cells).
The results are shown in Figure 53.

[0143] The sequence of TCR 4259-F6-TCR, which was isolated from Patient 4259, 1s set
forth below. Starting from the amino terminus, the first underlined region is the CDR1alpha
(SEQ ID NO: 477), the second underlined region is the CDR2alpha (SEQ ID NO: 478), the
third underlined region is the CDR3alpha (SEQ ID NO: 479), the fourth underlined region 1s
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the CDR1beta (SEQ ID NO: 480), the fifth underlined region is the CDR2beta (SEQ ID NO:
481), and the sixth underlined region is the CDR3beta (SEQ ID NO: 482). The bold region is
the linker (SEQ ID NO: 26). Starting from the amino terminus, the first italicized region is
the alpha chain constant region (SEQ ID NO: 23) and the second italicized region is the beta
chain constant region (SEQ ID NO: 25). The alpha chain variable region (SEQ ID NO: 483)
includes the sequence starting from the amino terminus and ending immediately prior to the
start of the alpha chain constant region. The beta chain variable region (SEQ ID NO: 484)
includes the sequence starting immediately after the linker and ending immediately prior to
the start of the beta chain constant region. The full-length alpha chain (SEQ ID NO: 485)
includes the se ]

start of the linker. The full-length beta chain (SEQ ID NO: 486) includes the sequence

uence starting from the amino terminus and ending immediately

starting immediately after the linker and ending with the carboxyl terminus.
10144] Cancer reactive T cells were identified as described below. The TCR was isolated

as described below.

TCR name: 4259-F6-TCR

Recognition of p53 mutation: Y220C

Screening method: p53 “hotspot” mutation universal screening

Co-culture to identify TCR: Co-culture 4259-F6 with p53-Y220C peptide and sorted
CD4+41BB+ T cells

Method to identify TCR: single-cell RT-PCR

Abundance of TCR amongst all paired TCRs: 81.1% (observed 36 times of 44 pairs)
TCR orientation: alpha-beta

Expression vector: SB transposon

MASLRVLLVILWLQLSWVWSQQKEVEQNSGPLSVPEGAIASLNCTYSDRGSQSFFW
YRQYSGKSPELIMFIYSNGDKEDGRFTAQLNKASQYVSLLIRDSQPSDSATYLCAWN
SGGSNYKLTFGKGTLLTVNPNIONPEPAVYQLKDPRSQDSTLCLFTDFDSQINVPKTMES
GTFITDKCVLDMKAMDSKSNGAIAWSNQTSFTCODIFKETNATYPSSDVPCDATLTEKSFE
TDMNLNFONLLVIVLRILLLKVAGFNLLMTLRLWSSRAKRSGSGATNFSLLKQAGDVE
ENPGPMHLGLLCCGAFSLLWAGPVNAGVTQTPKFRVLKTGQSMTLLCAQDMNHEY
MYWYRQDPGMGLRLIHYSVGEGTTAKGEVPDGYNVSRLKKQNFLLGLESAAPSQTS
VYFCASSYSQAWGQPQHFGDGTRLSILEDLRNVTPPKVSLFEPSKAEIANKQKATLVCL
ARGFEPDHVELSWWVNGKEVHSGVCTDPQAYKESNYSYCLSSRLRVSATEWHNPRNHFR
COQVOFHGLSEEDKWPEGSPKPVIONISAEAWGRADCGITSASYQQOGVLSATILYEILLGKA
TLYAVLVSTLVVMAMVKRKNS (SEQ ID NO: 588)

[0145] The statistics for 4259-F6-TCR from patient 4259 are set forth in Table 6 below.
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TABLE 6
Parameter # Frequency
Total wells 96 100%
CDR3alpha 41 42.7%
CDR3beta 47 49.0%
4259-F6-TCR pairs 36 37.5%
Total paired TCRs 44 45.8%
EXAMPLE 4

[0146] This example demonstrates the identification of anti-mutated p53 T cells in
Patient 4127 by co-culturing autologous APCs induced to express mutated p53 within
autologous T cells (“p53 hotspot mutation universal screening”).

[0147] Experiments were carried out as described for Figures 9-10 for Patient 4127. TIL
from patient 4127 were co-cultured with allogeneic (DRB3*01:01:01 or DRB3*02:02:01)
APCs which were (1) electroporated with TMGs composed of irrelevant, WT p53 or mutated
p53 sequences or (2) pulsed with peptide vehicle (DMSO) or purified (>95% by HPLC) 25
amino acid peptides composed of WT p53-G245 sequence or mutated p53-G245S sequence.
Co-cultures were performed overnight at 37 °C. Secretion of IFN-y was evaluated using
ELISPOT assay. The results are shown in Figure 9.

[0148] T cells expressing the 4127-TCR1 specific for p53-G245S were co-cultured with
allogeneic (DRB3*01:01:01 or DRB3*02:02:01) APCs which were (1) electroporated with
TMGs composed of irrelevant, WT p53 or mutated p53 sequences or (2) pulsed with peptide
vehicle (DMSO) or purified (>95% by HPLC) 25 amino acid peptides composed of WT p53-
(G245 sequence or mutated p53-G245S sequence. Co-cultures were performed overnight at
37 °C. Secretion of IFN-y was evaluated using ELISPOT assay. The results are shown in
Figure 10.

EXAMPLE 5

[0149] T cells from 27 patients were screened by (1) inducing autologous antigen
presenting cells (APCs) of a patient to present at least one mutated p53 amino acid sequence;
(i1) co-culturing autologous T cells of the patient with the autologous APCs that present the
mutated p53 amino acid sequence; and (iii) selecting the autologous T cells that (a) were co-

cultured with the autologous APCs that present the mutated p53 amino acid sequence. A
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summary of responses to p53 “hostpot” mutations by T cells using the screening method is

provided in Table 7.
TABLE 7
Mutation # Pt |% Pt [# tested # reactive Yo reactive of
screened
R175H 7 19% 6 4 66.7%
Y220C 3 8% 3 2 66.7%
G245D 1 3% |1 0 0.0%
G245S 2 6% |1 1 100.0%
R248L 0 0% |0 0 Not applicable
R248Q 6 17% |6 3 50.0%
R248W 6 17% |5 3 60.0%
R249S 0 0% |0 0 Not applicable
R273C 2 6% (1 0 0.0%
R273H 5 14% |5 1 20.0%
R273L 0 0% [0 0 Not applicable
R282W 4 11% 3 2 66.7%
Total 36 100% |31 16 51.6%
EXAMPLE 6

[0150] This example demonstrates the identification of anti-mutated p53 T cells in
Patient 4273 by co-culturing autologous APCs induced to express mutated p53 within
autologous T cells (“p53 hotspot mutation universal screening”). This example also
demonstrates the isolation of two anti-mutated p53 TCRs from patient 4273.

[0151] Experiments were carried out as described for Figures 11-14 and 33-37 for Patient
4273. TIL fragments (F1-F24, n=24) from patient 4273 were co-cultured with autologous
APCs electroporated with TMG composed of irrelevant, WT p53 or mutated p53 sequence.
Co-cultures were performed overnight at 37 °C. Secretion of IFN-y was evaluated using

ELISPOT assay. The results are shown in Figure 11. Expression of 4-1BB was evaluated by
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flow cytometry after gating for lymphocytes — living cells (PI negative) — CD3+ (T cells).
The results are shown in Figure 12.

[0152] TIL fragments (F1-F24, n=24) from patient 4273 were co-cultured with
autologous APCs pulsed with peptide vehicle (DMSO) or purified (>95% by HPLC) 25-
amino acid peptides composed of WT p53-R248 sequence or mutated p53-R248W sequence.
Co-cultures were performed overnight at 37 °C. Secretion of IFN-y was evaluated using
ELISPOT assay. The results are shown in Figure 13. Expression of 4-1BB was evaluated by
flow cytometry after gating for lymphocytes — living cells (PI negative) — CD3+ (T cells).
The results are shown in Figure 14.

[0153] For patient 4273, F15 was the most reactive fragment and the responses by F15 to
the LP and TMG were comparable and primarily by CD4 T cells. So 4273-F15 was co-
cultured with APCs pulsed with the R248W LP, and the following day we sorted
CD4+41BB+ T cells as single cells into wells a 96 well PCR plate at one cell per well. The
PCR plate has an RT-PCR solution in each well, which amplifies the TCR alpha and beta
CDR3 regions in the same solution. The wells of the plate are then split into two 96 well PCR
plates and a second PCR round is performed to amplify either the CDR3 alpha or the CDR3
beta as separate reactions. The PCR products from each well (total of 192 PCR products
mapped to each well — alpha or beta) are sequenced by Sanger sequencing. The nucleotide
sequence is inputted into IMGT/V-QUEST

(imgt.org/IMGT _vquest/vquest?livret=0&Option=humanTcR), IgBlast
(ncbi.nlm.nih.gov/igblast/igblast.cgi?CMD=Web&SEARCH_TYPE=TCR&LINK LOC=igt
ab) and translated by Expasy (web.expasy.org/translate/). The variable family is determined
and fused to the CDR3 and junction (J or DJ) from the translated sequence. The variable
sequence is fused to the murine constant sequence and the reconstructed TCRalpha and
TCRbeta are linked by furin-felxible-P2A (RAKR-SGSG-ATNFSLLKQAGDVEENPGP)
(SEQ ID NO: 26). Then the sequence is synthesized into DNA de novo and cloned into an
expression vector (gamma-retrovirus or SLEEPING BEAUTY (SB) transposon (University
of Minnesota, Minneapolis, MN)). T cells are then made to express the TCR using the
standard viral transduction or non-viral transposition protocols and T cells expressing
murinized TCRs (as detected by mouse TCR beta constant chain) are tested against the
putative peptide.

[0154] Autologous APCs were transfected with TMG encoding irrelevant mutations, WT
p53 sequences or mutated p53 sequences including p53-R248W. Media alone and PMA and
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Ionomycin were negative and positive controls, respectively. TIL from patient 4273
(fragment cultures 8 and 15) were co-cultured overnight at 37 °C with TMG transfected
APCs. Expression of 4-1BB was evaluated by flow cytometry after gating for lymphocytes
—> living cells (PI negative) — CD3+ (T cells). The results are shown in Figure 33.

[0155] Autologous APCs were pulsed with 25 amino acid peptides corresponding to the
WT or mutated p53-R248W neoepitope for 2 hours at 37 °C. TIL from patient 4273
(fragment culture 15) with specificity to p53-R248W were co-cultured overnight at 37 °C
with peptide-pulsed APCs. DMSO was peptide vehicle. Expression of 4-1BB was evaluated

[0156] Autologous APCs were pulsed with 15 amino acid peptides from the p53-R248W
neoepitope overlapping 14 amino acids. TIL from patient 4273 (fragment culture 15) with
specificity to p53-R248W were co-cultured overnight at 37 °C with peptide-pulsed APCs.
DMSO was peptide vehicle, media alone (T cells only) and PMA and ionomycin were
controls. The 25 amino acid peptides (wt p53-R248 and mutated p53-R248W) were
additional controls for the 15 amino acid peptides. Expression of 4-1BB was evaluated by
flow cytometry after gating for lymphocytes - living cells (PI negative) = CD3+ (T cells)
-> CD4+CD8-. The results are shown in Figure 35.

[0157] Cos7 cells (2.5x10* per well) were plated on wells of flat-bottom 96 well plates.
The following day, cells were co-transfected with individual HLA alleles from patient 4273
and either WT or mutated TP53 TMG with or without the p53-R248W neoantigen,
respectively. The following day, TIL with specificity to p53-R248W from Patient 4273
(fragment culture 15) were co-cultured with transfected Cos7 cells overnight at 37 °C.
Secretion of IFN-y was evaluated by ELISA. The results are shown in Figure 36.

[0158] T cells expressing mock (no TCR) or 4273-TCR 1a2 were co-cultured with
autologous APCs which were pulsed with peptide vehicle (DMSO) or purified (>95% by
HPLC) 25 amino acid peptides composed of WT p53-R248 sequence or mutated p53-R248W
sequence. Media alone and PMA and Ionomycin were negative and positive controls,
respectively. Co-cultures were performed overnight at 37 °C. Secretion of IFN-y was
evaluated by ELISPOT. The results are shown in Figure 37.

[0159] The sequence of TCR 4273-TP53-R248W-TCR1al, which was isolated from
Patient 4273, is set forth below. Starting from the amino terminus, the first underlined region

is the CDR1alpha (SEQ ID NO: 437), the second underlined region is the CDR2alpha (SEQ
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ID NO: 438), the third underlined region is the CDR3alpha (SEQ ID NO: 439), the fourth
underlined region is the CDR1beta (SEQ ID NO: 440), the fifth underlined region is the
CDR2beta (SEQ ID NO: 441), and the sixth underlined region is the CDR3beta (SEQ ID NO:
442). The bold region is the linker (SEQ ID NO: 26). Starting from the amino terminus, the
first italicized region is the alpha chain constant region (SEQ ID NO: 23) and the second
italicized region is the beta chain constant region (SEQ ID NO: 25). The alpha chain variable
region (SEQ ID NO: 443) includes the sequence starting from the amino terminus and ending
immediately prior to the start of the alpha chain constant region. The beta chain variable
region (SEQ ID NO: 444) includes the sequence starting immediately after the linker and
ending immediately prior to the start of the beta chain constant region. The full-length alpha
chain (SEQ ID NO: 445) includes the sequence starting from the amino terminus and ending
immediately prior to the start of the linker. The full-length beta chain (SEQ ID NO: 446)
includes the sequence starting immediately after the linker and ending with the carboxyl

terminus.

TCR name: 4273-TP53-R248W-TCR1al
Recognition of p53 mutation: R248W
Method: p53 “hotspot” mutation universal screening

MASLRVLLVILWLQLSWVWSQQKEVEQNSGPLSVPEGAIASLNCTYSDRGSQSFFW
YRQYSGKSPELIMFIYSNGDKEDGRFTAQLNKASQYVSLLIRDSQPSDSATYLCAVTL
CGGYNKLIFGAGTRLAVHPNIQNPEPAVYQLKDPRSODSTLCLFTDFDSQINVPKTMES
GTFITDKCVLDMKAMDSKSNGAIAWSNQTSFTCQODIFKETNATYPSSDVPCDATLTEKSFE
TDMNLNFONLLVIVLRILLLKVAGFNLLMTLRLWSSRAKRSGSGATNFSLLKQAGDVE
ENPGPMHNQVLCCVVLCFLGANTVDGGITQSPKYLFRKEGQNVTLSCEQNLNHDA
MYWYRQDPGQGLRLIYYSQIVNDFQKGDIVEGYSVSREKKESFPLTVTSAQKNPTAF
YLCASSSRDYEQYFGPGTRLTVTEDLRNVITPPKVSLFEPSKAEIANKQKATLVCLARGEF
PDHVELSWWVNGKEVHSGVCTDPQAYKESNYSYCLSSRLRVSATFWHNPRNHFRCQOVOF
HGLSEEDKWPEGSPKPVTQONISAEAWGRADCGITSASYQQGVLSATILYEILLGKATLYAVL
VSTLVVMAMVKRKNS (SEQ ID NO: 563)

[0160] The sequence of TCR 4273-TP53-R248W-TCR1a2, which was isolated from
Patient 4273, is set forth below. Starting from the amino terminus, the first underlined region
is the CDR 1alpha (SEQ ID NO: 447), the second underlined region is the CDR2alpha (SEQ
ID NO: 448), the third underlined region is the CDR3alpha (SEQ ID NO: 449), the fourth
underlined region is the CDR 1beta (SEQ ID NO: 450), the fifth underlined region is the
CDR2beta (SEQ ID NO: 451), and the sixth underlined region is the CDR3beta (SEQ ID NO:
452). The bold region is the linker (SEQ ID NO: 26). Starting from the amino terminus, the
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first italicized region is the alpha chain constant region (SEQ ID NO: 23) and the second
italicized region is the beta chain constant region (SEQ ID NO: 25). The alpha chain variable
region (SEQ ID NO: 453) includes the sequence starting from the amino terminus and ending
immediately prior to the start of the alpha chain constant region. The beta chain variable
region (SEQ ID NO: 454) includes the sequence starting immediately after the linker and
ending immediately prior to the start of the beta chain constant region. The full-length alpha
chain (SEQ ID NO: 455) includes the sequence starting from the amino terminus and ending
immediately prior to the start of the linker. The full-length beta chain (SEQ ID NO: 456)
includes the sequence starting immediately after the linker and ending with the carboxyl

terminus.

TCR name: 4273-TP53-R248W-TCR1a2
Recognition of pS3 mutation: R248W
Method: p53 “hotspot” mutation universal screening

MASLRVLLVILWLQLSWVWSQQKEVEQNSGPLSVPEGAIASLNCTYSDRGSQSFFW
YRQYSGKSPELIMFIYSNGDKEDGRFTAQLNKASQYVSLLIRDSQPSDSATYLCAVTL
SGGYNKLIFGAGTRLAVHPNIQONPEPAVYQLKDPRSQODSTLCLFTDFDSQINVPKTMES
GTFITDKCVLDMKAMDSKSNGAIAWSNQTSFTCODIFKETNATYPSSDVPCDATLTEKSFE
TDMNLNFONLLVIVLRILLLKVAGEFNLLMTLRLWSSRAKRSGSGATNFSLLKQAGDVE
ENPGPMHNQVLCCVVLCFLGANTVDGGITQSPKYLFRKEGQNVTLSCEQNLNHDA
MYWYRQDPGQGLRLIYYSQIVNDFQKGDIVEGYSVSREKKESFPLTVTSAQKNPTAF
YLCASSSRDYEQYFGPGTRLTVTEDLRNVTPPKVSLFEPSKAEIANKQKATLVCLARGFF
PDHVELSWWVNGKEVHSGVCTDPQAYKESNYSYCLSSRLRVSATFWHNPRNHERCQVOF
HGLSEEDKWPEGSPKPVITQNISAEAWGRADCGITSASYQQGVLSATILYEILLGKATLYAVL
VSTLVVMAMVKRKNS (SEQ ID NO: 564)

[0161] The statistics for the TCRs of Patient 4273 are set forth in Table 8 below. In
Table 8, 96 total wells sorted with 41BB+ T cells after co-culture with mutated p53 protein
(TMG or peptide). 77 wells had productive pairs (meaning had (1) a sequence and (2) no
stop codons in the sequence) for a pairing frequency of 80.2%. 43 of those pairs were the
CDR3A/CDR3B combination to make 4273-TP53-R248W-TCR1al (55.8% of the
productive pairs). 30 of those pairs were the CDR3A/CDR3B combination to make 4273~
TP53-R248W-TCR1a2 (39% of the productive pairs). Overall, the CDR3A and CDR3B for
4273-TP53-R248W-TCR1al were found 50 and 83 times, respectively, out of 96 wells.
Overall, the CDR3A and CDR3B for 4273-TP53-R248W-TCR1a2 were found 33 and 83

times, respectively, out of 96 wells.
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TABLE 8
TCR name 4273-TP53-R248W- 4273-TP53-R248W-
TCR1al TCR1a2
CDR3a CAVTLCGGYNKLIF CAVTLSGGYNKLIF
(SEQ ID NO: 439) (SEQ ID NO: 449)
CDR3b CASSSRDYEQYF CASSSRDYEQYF
(SEQ ID NO: 442) (SEQ ID NO: 452)
total wells 96
total CDR3a/CDR3b pairs 77
% paired 80.21%
# times CDR3a 50 33
# times CDR3b 83 83
paired CDR3a/CDR3b 43 30
% of paired CDR3a/CDR3b pairs 55.84% 38.96%
EXAMPLE 7

{0162] This example demonstrates the identification of anti-mutated p53 T cells in
Patient 4149. This example also demonstrates the isolation of one anti-mutated p53 TCR
from patient 4149.

[0163] Experiments were carried out as described for Figures 15-18 for Patient 4149.
The TCR was found using the Tran method. The TCR was then used to validate the “p53
hotspot mutation universal screening” method.

[0164] A TCR (4149-TCRa2b1 or 4149-TCRa2b2) was transposed into autologous PBL
from patient 4149 and co-cultured with autologous APCs which were (1) electroporated with
TMG composed of irrelevant, WT p53, or mutated p53 sequence or (2) pulsed with peptide
vehicle (DMSO) or purified (>95% by HPLC) 25-amino acid peptides composed of WT p53-
Y220 sequence or mutated p53-Y220C sequence. Combination of PMA and ionomycin was
positive control. Co-cultures were performed overnight at 37 °C. Secretion of IFN-y was
evaluated using ELISPOT assay. The results are shown in Figure 15. Expression of 4-1BB
was evaluated by flow cytometry after gating for lymphocytes — living cells (PI negative) —
CD3+ (T cells) — CD4+ mTCR+ (TCR transposed T cells). The results are shown in Figure
16.

[0165] The percentage of CD4+4-1BB+ cells by TCRAD deep sequencing and TCRB

deep sequencing was also performed. The results are shown in Table 9.
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TABLE 9

CDR3a (% of CD4+41BB+ by CDR3p (% of CD4+41BB+
TCR name

TCRAD deep sequencing) by TCRB deep sequencing)
4149-TCR-a2bl 20% 66%
4149-TCR-a2b2 20% 18%

[0166]  Mapping of putative p53Y?2°C minimal epitope recognized by 4149-F11:

Autologous DC cells were peptide pulsed (10 ug/mL) and rested overnight in granulocyte-

macrophage colony-stimulating factor (GM-CSF) and 1L-4. TIL were rested for 2-3 days in
500 CU/mL IL-2. 2x10* TIL and 10 target cells were co-cultured overnight at 37 °C. IFN-y

was measured by ELISPOT. The results are shown in Table 10. 4-1BB expression was

measured by FACS with the gate lymphocytes\PI(neg)CD3+\CD3+CD4+. The results are

shown in Figure 17.

TABLE 10
Peptide | ELISPOT Result Peptide SEQ ID
No. Positive (+) or NO:
negative (-) for IFN-y
production
0 - Vehicle Not
applicable
1 + DRNTFRHSVVVPCEP 508
2 + RNTEFRHSVVVPCEPP 509
3 + NTFRHSVVVPCEPPE 510
4 + TFRHSVVVPCEPPEV 511
5 + (weak) FRHSVVVPCEPPEVG 512
6 - RHSVVVPCEPPEVGS 513
7 - HSVVVPCEPPEVGSD 514
8 - SVVVPCEPPEVGSDC 515
9 - VVVPCEPPEVGSDCT 516
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Peptide | ELISPOT Result Peptide SEQ ID
No. Positive (+) or NO:
negative (-) for IFN-y
production
10 . VVPCEPPEVGSDCTT 517
11 - VPCEPPEVGSDCTTI 518

[0167] Cos7 cells (2.5 x 10 per well) were plated on wells of flat-bottom 96 well plates.
After 20 hours, cells were co-transfected with individual HLA alleles with or without TMGs.
After 20 hours, autologous DC cells were transfected with TMG in parallel. All HLA Class-
I1 alleles were co-transfected into one set of wells with or without TMG. Cells not
transfected with TMG were pulsed with p53-Y220C 15-mer peptide for 2-3 hours at 37 °C at
10 pg/mL. After washing, 4149-TCRa2b2-transposed T cells (10°) at day+14 of second REP
were added to wells and co-cultured overnight at 37 °C. IFN-y secretion was measured by
ELISA. The results are shown in Figure 18. Prediction (Table 11) by NetMHCIIpan:
cbs.dtu.dk/services/NetMHClIpan/.

TABLE 11
HLA Peptide Affinity, nM | Rank
NTFRHSVVVPCEPPE
DRB3%*02:02 4338 17
(SEQ ID NO: 510)

[0168] DRB3*02 expression was detected in 1367 of 3719 (37%) of DRB_ typed patients
in the NCI HLA database and in 5 of 9 (56%) endometrial and ovarian cancer patients at
NCI-SB. The reported frequency of the DRB3*02 allele is very high.

[0169] The sequence of TCR 4149TCRa2b2, which was isolated from Patient 4149, is
set forth below. Starting from the amino terminus, the first underlined region is the

CDR lalpha (SEQ ID NO: 57), the second underlined region is the CDR2alpha (SEQ ID NO:
58), the third underlined region is the CDR3alpha (SEQ ID NO: 59), the fourth underlined
region is the CDR 1beta (SEQ ID NO: 60), the fifth underlined region is the CDR2beta (SEQ
ID NO: 61), and the sixth underlined region is the CDR3beta (SEQ ID NO: 62). The bold

region is the linker (SEQ ID NO: 26). Starting from the amino terminus, the first italicized
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region is the alpha chain constant region (SEQ ID NO: 23) and the second italicized region is
the beta chain constant region (SEQ ID NO: 25). The alpha chain variable region (SEQ ID
NO: 63) includes the sequence starting from the amino terminus and ending immediately
prior to the start of the alpha chain constant region. The beta chain variable region (SEQ ID
NO: 64) includes the sequence starting immediately after the linker and ending immediately
prior to the start of the beta chain constant region. The full-length alpha chain (SEQ ID NO:
65) includes the sequence starting from the amino terminus and ending immediately prior to
the start of the linker. The full-length beta chain (SEQ ID NO: 66) includes the sequence

starting immediately after the linker and ending with the carboxyl terminus.

101701 Cancer reactive T cells were identified using the screening method set forth

below. The p53 reactive cells for this patient were identified by the method described in U.S.
Application No. 2017/0224800 (“Tran method”).

TCR name: 4149TCRa2b2

Recognition of p53 mutation: Y220C

Screening method: Used to validate the p53 “hotspot” mutation universal screening (the
latter is given)

Co-culture to identify TCR: Co-culture 4149-F11 TIL fragment with p53-Y220C long
peptide, sorted CD4+41BB+ T cells

Method to identify TCR: Frequency pairing. CD4+41BB+ sorted T cells were expanded
in REP and the resulting T cell culture was subjected to TCRAD (alpha) and TCRB (beta)
deep sequencing by Adaptive Biotechnologies. I paired the top two TCR alphas with the
top two TCR betas in a matrix of 4 total TCRs. The second TCR alpha and second TCR
beta was the reactive TCR hence TCRa2b2 nomenclature.

Abundance of TCR amongst all TCRs: as below

TCR orientation: alpha-beta

Expression vector: SB transposon

MASAPISMLAMLFTLSGLRAQSVAQPEDQVNVAEGNPLTVKCTYSVSGNPYLFWYV
QYPNRGLQFLLKYITGDNLVKGSYGFEAEFNKSQTSFHLKKPSALVSDSALYFCAVR
VWDYKLSFGAGTTVTVRANIONPEPAVYQLKDPRSQDSTLCLFTDFDSQINVPKTMESG
TFITDKCVLDMEKAMDSKSNGAIAWSNQTSFTCQODIFKETNATYPSSDVPCDATLTEKSFET
DMNLNFONLLVIVLRILLLKVAGFNLLMTLRLWSSRAKRSGSGATNFSLLKQAGDVEE
NPGPMHNQVLCCVVLCFLGANTVDGGITQSPKYLFRKEGQNVTLSCEQNLNHDAM
YWYRQDPGQGLRLIYYSQIVNDFQKGDIAEGYSVSREKKESFPLTVTSAQKNPTAFY
LCASSISAGGDGYTFGSGTRLTVVEDLRNVTPPKVSLFEPSKAEIANKOKATLVCLARGF
FPDHVELSWW