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COMPOSITION OF NY-ESO-1-SPECIFIC T CELL RECEPTORS RESTRICTED
ON MULTIPLE MAJOR HISTOCOMPATIBILITY COMPLEX MOLECULES

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit under 35 U S.C. Section 119(e) of co-pending
and commonly-assigned U.S. Provisional Patent Application Serial No 62/727 485, filed
on Septernber 5, 2018, and entitled “COMPOSITION OF NY-ESO-1-SPECIFIC T CELL
RECEPTORS RESTRICTED ON MULTIPLE MAJOR HISTOCOMPATIBILITY
COMPLEX MOLECULES” which application 1s incorporated by reference herein.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH AND DEVELOPMENT

This mnvention was made with government support under Grant Numbers
CA132681 and CA197633, awarded by the National Institutes of Health. The

government has certain rights in the ivention.

SEQUENCE LISTING

The mnstant application contains a Sequence Listing which has been submitied
electronically in ASCH format and is hereby incorporated by reference in its entirety.
Said ASCH copy, created on August 28, 2019, 1s named 30435 364-WO-UT _SL txt and
1s 101,375 bytes in size.

TECHNICAL FIELD

The present invention relates to methods and materials useful in aff T cell receptor

gene therapy.
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BACKGROUND OF THE INVENTION

The aff T cell receptor {TCR) determines the unique spectficity of each naive T
cell. Upon assembly with CD3 signaling proteins on the T cell surface, the TCR survetls
peptide ligands presented by major histocompatibility complex (MHC) molecules on the
surface of nucleated cells. The specificity of the TCR for a peptide-MHC complex is
determined by both the presenting MHC molecule and the presented peptide. The MHC
locus {also known as the human leukocvie antigen (HLA) locus in humans) is the most
multi-allelic locus 1n the human genome, comprising >18,000 MHC class I and 1T alleles
that vary widely 1n frequency across ethnic subgroups (1, 2). Ligands presented by MHC
class 1 molecules are derived primarily from proteasomal cleavage of endogenously
expressed antigens. Infected and cancercus cells present peptides that are recognized by
CD&+ T cells as foreign or aberrant, resulting in T cell-mediated killing of the presenting
cell.

T cells can be engineered to kill tumor cells through the transfer of tumor-reactive
aff TCR genes (3). Key to this approach 1s that the patient expresses the MHC allele on
which the therapeutic TCR is restricted and that the targeted peptide 15 derived from a
tumor-associated or tumor-specific antigen. Private (patient-specific) neoantigens
resulting from tumor-specific mutations are a potential source of such targets {(4).
However, implementation of personalized TCR gene therapy is complicated by the need
to identify mutations through sequencing, to isolate mutation-reactive, patient-specific
TCRs, and to genetically modity patient T cells on-demand. This 1s still more challenging
for tumors that cannot be accessed for sequencing and for low mutational burden tumors
with few or no necantigens (5). Particularly for these last tumor types, targeting public
{non-patient specific), tumor-restricted antigens with off-the-shelf TCRs remains an

attractive option.

b2



WO 2020/086158 PCT/US2019/049484

(A%

10

15

20

The first public antigen targeted with TCR gene therapy in the clinic was
melanocyte antigen MART1/Melan-A, yielding objective responses in 2/15 patients with
metastatic melanoma (6). Use of a higher affinity MARTI-reactive TCR (F5) increased
the response rate to 30% but also produced a variety of side effects including vitiligo,
uvettts, and transient hearing loss due to MART! expression on healthy melanocytes in
the skin, eye, and muddle ear (7). T cell therapies targeting other public antigens have
similarly resulted in morbidity or other serious adverse events due to on-target/off-tumor
reactivity. For example, targeting carcinoembryonic antigen produces severe colitis in
patients with metastatic colorectal cancer due to reactivity with normal colorectal tissue
(8). More seriously, T cell therapies targeted at ERBB2 or MAGE-A3 each resulted
deaths due to unappreciated expression of the target antigen {or similar vanant) on vital
organs {9, 10). Thus, these studies underscore the mportance of identifying stringently
tamor-specific public antigens (11), particularly when well-expressed, high-affinity
targeting receptors necessary for therapeutic success are employed (7, 12).

NY-ESQO-1 — the product of the CTAGIB gene — 15 an attractive target for off-the-
shelf TCR gene therapy. As the prototvpical cancer-testis antigen, NY-ESQO-1 is not
expressed mn normal, non-germline tissue, but it is aberrantly expressed in many tumors
{13). The frequency of aberrant expression ranges from 10-50% among solid tumors, 25-
50% of melanomas, and up to 30% of synovial sarcomas (13-18), with increased
expression observed in higher-grade metastatic tumor tissue (14, 15, 19). Moreover, NY-
ESO-1 15 highly immunogenic, precipitating spontaneous and vaccine-induced T cell
immune responses against multiple epitopes presented by various MHC alleles (20-23).
As a result, the epttope NY-ESO-1157-165 (SLLMWITQC, (SEQ ID NO. 36)) presented
by HLA-A*02:01 has been targeted with cognate 1G4 TCR i gene therapy trals,
vielding an objective response rate of 55% and 61% of patients with metastatic

melanoma and synovial sarcoma, respectively, and producing no adverse events related
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to targeting (24, 25). Targeting this same AZ2-restricted epitope with lentiviral-mediated
TCR gene therapy 1n patients with multiple myeloma similarly resulted in 70% complete
or near-complete responses without significant safety concerns (26). Unfortunately
however, the majority of patients who respond to therapy relapse within months, and loss
of heterozygosity at the MHCT locus has been reported as a mechanism by which tumors
escape adoptive T cell therapy targeting HLA-A*(2:01/NY-ESQO-1157-165 (27). Thus,
NY-ESO-1 15 a tumor-specific, immunogenic public antigen that 1s expressed across an
array of tumor types, that is safe to target in the chinic, but that is susceptible to escape
when targeted through a single HLA subtype.

For the reasons noted above, there 1s a need n the art for additional methods and

materials useful for NY-ESG-1 TCR gene therapy.

SUMMARY OF THE INVENTION

As noted above, T lymphocytes can be engineered to express tumor-specific T
cell receptor {(TCR} genes and thereby kill cancer cells. This approach — termed TCR
gene therapy — is effective but can cause serious adverse events if the target is also
expressed in healthy, non-cancerous tissue. NY-ESQ-1 1s a tumor-specific antigen that
has been targeted successfully and safely through TCR gene therapies for melanoma,
synovial sarcoma, and myeloma. However, trials to date have focused exclusively on a
single NY-ESO-1-derived epitope presented on HLA-A*02:01, linuting application to
patients expressing that allele. As disclosed below, we have developed new TCRs that
collectively recognize multiple NY-ESO-1-dertved epitopes presented by multiple MHC
alleles. We thereby provide a general approach for expanding targeted immunotherapies
to more diverse MHC haplotypes.

Embodiments of the present mvention include methods and materials for making

and using modified CD 8" T cells comprising nucleic acids encoding certain aff T cell
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receptor polypeptides.  Embodiments of the mvention include, for example, a
polynucleotide disposed in a vector, wherein the polynucleotide encodes a Vo T cell
receptor polypeptide and/or a VP T cell receptor polypeptide. In typical embodiments,
when a Va/VB T cell receptor comprising the Vo T cell receptor polypeptide and/or the
VB T cell receptor polypeptide is expressed in a CD 8" T cell, the heterologous Va/VR T
cell receptor expressed on the surface of the CD 8 T cell recognizes a NY-ESQO-1
peptide associated with human leukocyte antigen A2, human leukocyte antigen BO7,
human leukocyte antigen B18, or human leukocyte antigen C03. In the illustrative
working embodiments of this invention disclosed herein, the heterologous T cell receptor
comprises a Yo/VB T cell receptor designated “3A17, “4A27, “S5G6”7, 9D27, “1E47,
“2B&” or “3C77.

Embodiments of the invention also imnclude a number of different TCR nucleic
acids and polypeptides that are disclosed herein {e.g. aff TCR nucleic acids and encoded
polypeptides for TCRs designated “3A17, “4A27, “5(G67, 9D27, “1E4”, “2B8” and
“3C77).  For example, embodiments of the invention include a composition of matter
comprising one or more polynuclestides {polynuclectides typically disposed in one or
more vectorsy encoding TCR Vo and/or TCR VP polynucleotides including: a
polynuclectide encoding at least a 3A1 TCR Va polypeptide (SEQ 1D NGO 3} a
polynucleotide encoding at least a 3A1 TCR V§ polypeptide (SEQ ID NG: 4); a
polynucleotide encoding at least a 4A2 TCR Vo polypeptide (SEQ 1D NO: 7); a
polynucleotide encoding at least a 4A2 TCR VP polypeptide (SEQ 1D NO: 37); a
polynucleotide encoding at least a 5G6 TCR Va polypeptide (SEQ ID NO: 10); a
polynucleotide encoding at least a 5G6 TCR VP polypeptide (SEQ 1D NO: 11); a
polvnucleotide encoding at least a 9D2 TCR Va polypeptide (SEQ ID NO: 14); a
polynucleotide encoding at least a 9D2 TCR VP polypeptide (SEQ ID NO: 135); a
polvnucleotide encoding at least a 1E4 TCR Vo polypeptide (SEQ ID NO: 18); a
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polynucleotide encoding at least a 1E4 TCR VJ polypeptide (SEQ ID NO: 19); a
polynucleotide encoding at least a 2B8 TCR Va polypeptide (SEQ 1D NO: 22); a

polynucleotide encoding at least a 2B8 TCR VP polypeptide (SEQ ID NO: 23); a
polynucleotide encoding a at least 3C7 TCR Va polypeptide (SEQ ID NO: 26); or a
polynucleotide encoding at least a 3C7 TCR V§ polypeptide (SEQ ID NGO: 27). In
typical embodiments of the mvention, these polynucleotides further encode additional
amino acids such as a constant region of an alpha and/or beta polypeptide, a TM domain,
a short cytoplasmic tail, or the like. In illustrative embodiments of the invention, the
composition comprises a polynucleotide encoding a TCR Vu polypeptide in combination
with a polynucleotide encoding a TCR VB polypeptide, wherein such polynucleotides are
disposed within one or more vectors such that a Va/VB TCR can be expressed on the
surface of a mammalian cell (e.g. a CD& T cell} transduced with the vector(s}), with this
expressed heterologous Va/VP TCR recognizing a NY-ES(O-1 peptide associated with a
human leukocyte antigen.

In another aspect, the invention includes methods for generating a modified CD8™
T cell comprising niroducing nucleic acids encoding a TCR polypeptide disclosed herein
into a T cell (e.g. a CD8™ T cell obtained from an individual diagnosed with a cancer that
expresses a NY-ESO-1 antigen). In another aspect, the invention includes a composition
comprising the modified CD8 T cell generated according to the methods described
herein. In another aspect, the invention includes methods of treating a disease or
condition characterized by the expression of NY-ESQO-1. The treatment methodology
comprises adnunistering an effective amount of the modified CD& T cell(s) described
herein to a subject in need thereof In typical embodiments of the invention, the subject
has a cancer. In certain embodiments of the invention, the cancer cells form solid tumors.
In some embodiments of the mvention, the cancer 1s a melanoma, neuroblastoma, a

myeloma, a metastatic melanoma, a synovial sarcoma, a bladder cancer, a esophageal
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cancer, a hepatocellular cancer, a head and neck cancer, a non-small cell lung cancer, a
gvarian cancer, a prostate cancer, or a breast cancer.

Other objects, features and advantages of the present mvention will become
apparent to those skilled in the art from the following detatled description. It is to be
understood, however, that the detailed description and specific examples, while
mdicating some embodiments of the present invention, are given by way of illustration
and not limstation. Many changes and modifications within the scope of the present
mvention may be made without departing from the spirit thereof, and the invention

meludes all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-1FE show disclosure relating {o the expansion and isolation of NY-
ESOG-1-specific T cell clones. PBMCs were obtained from patients with metastatic
melanoma. T cell cloning strategy for a representative HLA-A2T, HLA-Cw3™ donor is
shown. Figare 1{(A) provides a schematic cuthining the expansion and testing strategy to
identify NY-ES8QG-1-reactive T cell clones. PBMCs were incubated with 28 NY-ESO-1
18mer peptides {overlapping by 12 amino acids} and then expanded for 10 days before
restimulation with individual peptides m the presence of BFA. Epitopes presented by
patient MHC alleles are colored red, blue, and green in those peptides containing the full
epttope sequence. Figure 1{B) provides a representative flow cytometry measurement of
mtracellular staining for IFN-vy in expanded PBMCs restimulated with individual NY-
ESO-1-derived 18-mer peptides. Figure 1{C) provides a schematic outlining the re-
expansion strategy using individual 9-mer or 10-mer peptides verified to elicit a T cell
response. Figure H{D) provides representative flow cytometry data showing an NY-ESO-
1 reactive subpopulation of CD3"CD8" T cells prior to sorting. Sorted cells were

expanded n the presence of IL-2 and irradiated autologous PBMCs. Figure 1(E)
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provides representative flow cytometry data showing an NY-ESO-1 reactive
subpopulation of CD37CDE™ T cells following sorting.

Figures 2A-2D provide disclosure relating to clonimg and functional
screening of NY-ESO-1-specific T cell receptors. Figure 2(A) provides a schematic
of functional TCR cloning strategy. For each TCR, two constructs were prepared
mcorporating either human or murine TCR constant domains. Figure 2(B) provides
protein sequence of NY-ESO-1 with epitopes relevant to this study delineated (SEQ 1D
NO: 28). Figure 2{(C) provides flow cyiometry histograms comparing BLA-AZ/NYs7.
i6s dextramer binding by HEK 293T cells transfected with vector backbone only,
previously reported 1G4 TCR, and novel A2-restricted, NY-ESO-1-specific TCRs.
Figure 2{(D) provides flow cytometry histograms comparing ndicated peptide-MHC
dextramer binding by HEK 293T cells transfected with vector backbone only or the
mdicated novel NY-ESG-1-specific TCR restricted on MHC alleles other than HLA-A2
Transfection experiments were performed twice, each in duplicate. Representative
histograms are presented.

Figures 3A-3F provide disclosure relating {o the fonction of A2-resiricied,
NY-ESO-1-specific TCRs. Figure 3(A) provides an overlay of representative flow
cytometry plots comparing AZ/NY-ESQ-1 157165 dextramer binding by Jurkat and CDg”
Jurkat cells expressing A2-restricted TCRs with human or murine constant domains.
Figure 3(B) shows dextramer binding mean fluorescence intensity measurements from
two independent experiments as in A, Figare 3(C) shows the ratio of dextramer binding
mean fluorescent intensity measuremenis from two independent experiments in B.
Figaure 3(D}} shows ELISA measuring secretion of 1L-2 from TCR-transduced Jurkat
cells following 48 hours coincubation with KS62 target cells expressing A2/MART25.35
or A2/NY-ESQ-1is7.165 single-chain trimer. Experiment was repeated 3 times, each with

two technical replicates. Means + 8D for a representative experiment are shown. Figure
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J
(41

3E} shows ELISA measuring secretion of IFN-y from TCR-transduced PBMCs
following 48 hours coincubation with the melanoma cell line M257 or an AZ™ derivative.
Experiment was repeated at least three times, each with two technical replicates. Means +
SD for a representative experiment are shown Figure 3(¥} shows IncuCyte
measurements of total green obiject area over time as a measurement of TCR-transduced
T celi-mediated killing of GFP™ A2™ M257 celis. Means = SD for four technical
replicates are shown.

Figures 4A-4J provide disclosure relating to the in vivo anti-tumor efficacy
of NY-ESO-1 TCR-engineered human T cells. Figures 4(A and B) show schematics
of the experimental designs to Figure 4(A) generate NY-ESO-1 TCR-engineered human
T cells, and to Figure 4(B) study anti-tumor efficacy of these engineered T cells in an
NSG mouse human prostate tumor xenograft model. PBMUCs: peripheral blood
mononuclear cells; NSG: immunodeficient NOD/SCID/ye” mice. Figure 4(C) shows
representative flow cytometry plots characterizing engineered human T cells present in
the peripheral blood of experimental mice on day 14 post adoptive T cell transfer. Figure
4(D3) provides a time course showing persistence of engineered human T cells (gated as
LNGFR™ hCD457) in the peripheral blood of experimental mice. Figures 4(E and F)
provide mean fluorescence mtensity measurements for Figure 4(E) murine TCR and
Figure 4(F) HLA-A2/NY-ESO-1 dextramer for engineered human T cells 1o the
peripheral blood of experimental nuce on day 14 post adoptive T cell transfer. Figures
4G and H) provide measurements of cross-sectional area for Figure 4(G) PC-3/HLA-
A2 and Figure 4(H) PC-3/HLA-A2/NY-ESO-1 tumors. Figure 4(I) provides
immunohistology images showing representative tumor sections, CD37 cells are stained
in red. Upper panel scale bar: 500 um; lower panel scale bar: 50 um. Figure 4(J) shows

the percentage of CD3™ cell area over whole tumor section area. Representative of two
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experiments. Data are presented as the mean = SEM (n = 4-5). ns, not significant, * P <
0.05; %% P < 0.01, #** P < 0.001, ****P < 0.0001, by one-way ANOVA.

Figures 5A-SE provide disclosure relating to the functien of NY-ESO-1-
specific TCRs restricted on MHC alieles other than HLA-A2, Figure 5(A) provides
an overlay of representative flow cytometry plots comparing specified dextramer binding
by Jurkat and CD8" Jurkat cells expressing novel TCRs with human or murine constant
domains. Figure S5(B) provides indicated dextramer binding mean fluorescence intensity
measurements trom two independent experiments as 1o (A). Figure 5(C) shows the ratio
of respective dextramer binding mean fluorescent intensity measurements from two
mdependent experiments 1n (B). Figures 8(D and E) provide ELISAs measuring Figure
S(1) secretion of IL-2 from TCR-transduced Jurkat cells or Figure S(F) secretion of
[FN-y from TCR-transduced PBMCs following 48 hours coincubation with K562 target
cells expressing indicated single-chain trimer. Experiments were repeated three times,
each with two technical replicates. Means = SD for a representative experiment are
shown,

Figures 6A-6D provide disclosure relating to targeting NY-ESO-1 epitopes
vestricted on multiple MHC alleles broadens the application of TCR gene therapy
and makes it robust toward loss of heterozygosity at the MHC locus. T cells
transduced with LNGFR only, AZ-restricted 3A1 TCR, or B7-restricted 184 TCR ~or a
1:1 maxture of 3Al-transduced and 1E4-transduced T cells — werg co-incubated for 48
hours with HLA-A2 eGFP" target cells, HLA-B7 eGFP™ target cells, or a 1:1 target cell
mixture. Figures 6{A and B) provide ELISAs measuring secretion of IFN-y from TCR-
transduced PBMCs following 48 hours coincubation with Figure 6(A) M257 or Figure
6(B} PC-3 tumor cell lines engineered to express eGFP and HLA-A*02:01 or HLA-
B*07.02. PC-3 lines were additionally engineered to express NY-ESQO-1. M257 lines

express endogenous NY-ESO-1. Experiments were repeated three times, each with four

10
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or eight rephicates. Means = SD for a representative experiment are shown. Figures 6{C
and D) show T-cell mediated killing of Figure 6(C) M257 and Figure 6(D) PC-3 tumor
cell line derivatives measured over time using IncuCyie hive-cell analysis. Total green
object area (indicative of tumor cell density) at each time point measured over 48 hours
was normalized for each treatment relative to treatment with ENGFR-transduced T cells.
Expeniments were repeated three times, each with four or eight replicates. Results from a
representative 8-replicate experiment are shown.

Figures 7A-TE provide disclosure relating to determinations of EC30 for
NY-ESO-1-specific TCRs. Figures 7(A and B) provide ELISAs measuring secretion of
[FN-y from TCR-transduced PBMCs followmg 48 hours coincubation with K562
engineered to express HLA-A*(2:01 and pulsed with varied concentrations of Figure
7{A} MARTI26-35 or (B} NYESQO1157-165 peptide. Figure 7(C-E) provide ELISAs
measuring secretion of IFN-y from TCR-transduced PBMCs following 48 hours
cotncubation with K562 engineered to express Figare 7(C) HLA-B*07.02, Figure 7(D)
HLA-B*18:01, or Figure 7(E)} HLA-C*03:04 and pulsed with varied concentrations of
mdicated peptides. Means + SD for two technical replicates are shown. ECS0 values and
associated errors determined by non-linear curve fitting are indicated.

Figures 8A-8C provide disclosure relating to the establishment of xenograft
tumor line and function of input T cells for in vivo experiments. Figure 8(A} provides
an ELISA measuring secretion of IFN-y from TCR-transduced PBMCs following 48
hours coincubation with derivatives of the PC-3 prostate cancer cell line engineered to
express {left) HLA-A*02:01 and NY-ESQO-1 full protein, (middle) HLA-A*02:01 alone,
or {right) NY-ESO-1 full protein alone. Means + SD for two technical replicates are
shown. Figure 8(B) provides an ELISA comparing secretion of IFN-y from TCR-
transduced PBMCs following 48 hours coincubation with indicated M257 or PC-3 target

cells. On the 4th day post transduction, TCR-transduced PBMCs were sorted for

11
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CD3+/ELNGFR+ and then expanded for 13 additional days prior to the co-culture/ELISA
assay and the 7n vivo experiment. Means + SD for a representative experiment with two
technical replicates i1s shown Figure 8(C) provides flow cytometry contour plots
comparing the transduction {LNGFR+) levels of TCR transduced PBMCs used for the in
Vivo experiment.

DETAILED DESCRIPTION OF THE INVENTION

In the description of embodiments, reference may be made to the accompanying
figures which form a part hereof, and 1 which 1s shown by way of illustration a specific
embodiment 1n which the invention may be practiced. It 1s to be understood that other
embodiments may be utilized, and structural changes may be made without departing
from the scope of the present mveniion. Many of the techniques and procedures
described or referenced herein are well understood and commonly employed by those
skilled in the art. Unless otherwise defined, all terms of art, notations and other scientific
terms or terminology used herein are mtended to have the meamings commonly
understood by those of skill in the art to which this nvention pertains. In some cases,
terms with commonly understood meanings are defined herein for clanty and/or for ready
reference, and the inclusion of such definitions heremn should not necessanily be construed
1o represent a substantial difference over what is generally understood in the art.

NY-ESQO-1 is an archetypical example of a cancer-testis antigen with restricted
expression to germ cells and placental cells and re-expression in tumor cells. NY-ESO-1
expression has been reported in a wide range of tumor types, including neuroblastoma,
myeloma, metastatic melanoma, synovial sarcoma, bladder cancer, esophageal cancer,
hepatocellular cancer, head and neck cancer, non-small cell lung cancer, ovarnan cancer,
prostate cancer, and breast cancer. Its ability to elicit spontaneous humoral and cellular

immune responses, together with its restricted expression pattern, render it a good

12
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candidate target for cancer immunotherapy. See, e.g., Thomas et al., Front Immunol
2018; 9: 947 doi: 10.3389/fimmu. 201 8.00947.

The disclosure herein demonstrates the accomplishment of two significant goals
relating to methods and materials useful in NY-ESQO-1 TCR gene therapy. First, since
TCRs of higher strength and affinity are more effective, we sought to identify new TCRs
that target A2/NY-ESO-1157.165 with comparable or better sensitivity than the chinically-
employed 1G4 TCR. As affinity-enhanced TCRs can be cross-reactive (28-30), we
established a protocol for isolating antigen-reactive TCRs directly from patient blood.
Two of these novel TCRs demonstrated comparable or greater sensitivity than 1G4 both
in vitro and in vivo 1n tumor killing assays. Second, to broaden the clinical utihity of NY-
ESO-1 as a TCR gene therapy target, we used our solation protocol to identify TCRS that
target NY-ESG-1 epitopes presented by common MHC alleles other than HLA-A*02:01,
Targeting multiple NY-ESO-1 epitopes will enable treatment of a larger patient set and
may render treatment more robust toward tumor escape.

As described herein, the present invention provides methods and materials for
making and using modified T cells comprising nucleic acids encoding certain T cell
receptor polypeptides.  As used herein, the term "T cell receptor” or "TCR" refers to a
complex of membrane proteins that participate in the activation of T cells in response to
the presentation of antigen. The TCR is responsible for recognizing antigens bound to
major histocompatibility complex molecules. TCR 1s composed of a heterodimer of an
alpha {0) and beta {§) chain, although in some cells the TCR consists of gamma and delta
chains. TCRs may exist in alpha/beta and gamma/delta forms, which are structurally
similar but have distinct anatomical locations and functions. Fach chain is composed of
two extracellular domains, a variable and constant domain. Embodiments of the invention

mclude a number of different TCR alpha/beta nucleic acids and their encoded



WO 2020/086158 PCT/US2019/049484

(A%

10

15

20

polypeptides (e.g. TCR nucleic acids and encoded polypeptides for the TCRs designated
“3A17, “4AZ”, “5G67, “OD2, “1E4”, “2BS” and “3C7").

Embodiments of the invention include compositions of matter comprising one or
more vectors comprising the TCR polynucleotides disclosed herein. A "vector” 1s a
composition of matter which comprises an 1solated nucleic acid and which can be used to
deliver the 1solated nucleic acid to the interior of a cell. Numerous vectors are known in
the art including, but not limited to, linear polynucleotides, polynucleotides associated

1

with 1onic or amphiphilic compounds, plasmids, and viruses. Thus, the term "vector"
mcludes an autonomously replicating plasmud or a virus. The term should also be
construed to mclude non-plasmid and non-viral compounds which facilitate transfer of
nucleic acid into cells, such as, for example, polylysine compounds, hiposomes, and the
hike. Examples of viral vectors mclude, but are not limuted to, Sendar viral vectors,
adenoviral vectors, adeno-associated virus vectors, retroviral vectors, lentiviral vectors,
and the like.

Typically, the vector is an expression vector. The term "expression” as used
herein 1s defined as the transcription and/or translation of a particular nucleotide sequence
driven by its promoter. In this context, the term "expression vector” refers to a vector
comprising a recombinant polynucleotide comprising expression control sequences
operatively linked to a nucleotide sequence to be expressed. An expression vector
comprises sufficient cis-acting elements for expression; other elements for expression can
be supplied by the host cell or in an im vifro expression system. Expression vectors
include all those known in the art, such as cosmids, plasmids {e.g , naked or contained in
liposomes) and viruses (e.g., Sendai viruses, lentiviruses, retroviruses, adenoviruses, and
adeno-associated viruses) that incorporate the recombinant polynucleotide.

Embodiments of the invention include, for example, a polynucleotide disposed in

an expression vector, wherein the polynucleotide encodes a Va T cell receptor
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polypeptide and/or a VB T cell receptor polypeptide. In such embodiments, when a
Va/VB T cell receptor comprising the Va T cell receptor polypeptide and/or the VB T cell
receptor polypeptide is expressed ina CD 8™ T cell, the Va/V T cell receptor recognizes
a NY-ESO-1 peptide associated with human leukocyie antigen A2, human leukocyte
antigen BO7, human leukocyte antigen B18 or human leukocyte antigen C03. In the
working embodiments of the invention disclosed herein, the modified CD 8 T cell
receptor comprises a 3A1 T cell receptor, a 4A2 T cell receptor, a SG6 T cell receptor, a
9D2 T cell receptor, a 1E4 T cell receptor, a 2B8 T cell receptor, or a 3C7 T cell receptor.

In typical embodiments of the mvention, the vector comprises at least one of a
polynucleotide encoding a 3A1 TCR Ve polypeptide (SEQ 1B NO: 3); a polynucleotide
encoding a 3A1 TCR VP polypeptide (SEQ 1D NO: 4); a polynucleotide encoding a 4A2
TCR Vo polypeptide (SEQ ID NG 73, a polynucleotide encoding a 4A2 TCR VP
polypeptide (SEQ ID NO: 37); a polynucleotide encoding a SG6 TCR Va polypeptide
(SEQ ID NO: 10}; a polynucleotide encoding a SG6 TCR VB polypeptide (SEQ D NO:
11}, a polynuclestide encoding a 9D2 TCR Vo polypeptide (SEQ ID NO: 14); a
polynucleotide encoding a 9D2 TCR V@ polvpeptide {(SEQ 1D NG: 15); a polynuclestide
encoding a 1E4 TCR Va polypeptide (SEQ ID NG 18); a polynuclestide encoding a 1E4
TCR VP polypeptide (SEQ ID NO: 19), a polynuclectide encoding a 2B8 TCR Va
polypeptide (SEQ 1D NO: 223, a polynucleotide encoding a 2B8 TCR VB polypeptide
(SEG 1D NO: 23); a polynucleotide encoding a 3C7 TCR Va polypeptide (SEQ ID NO:
26); or a polvnucleotide encoding a 3C7 TCR V polypeptide (SEQ ID NO: 27). Table 1
below discloses illustrative polynucleotide sequences that encode these TCR
polypeptides.

Typically, a composition of the mvention comprises one or more Va/VP
polynucleotides, for example a polynucleotide encoding a TCR Vu polypeptide n

combination with a polynucleotide encoding a TCR VB polypeptide such that a Va/VP
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TCR can be expressed on the surface of a mammalian cell {e.g. a CD8" T cell) transduced
with the vector(s), wherein the Vo/VB TCR recognizes a NY-ESQO-1 peptide associated
with a HLA  The term "transduced" or "transfected" or "transformed” as used herein
refers to a process by which exogenous nucleic acid 1s transferred or introduced into the
host cell. A "transfected" or "transformed" or "transduced" cell is one which has been
transfected, transformed or transduced with exogenous nucleic acid. The cell includes the
primary subject cell and s progeny.

In another aspect, the invention includes a method for geverating a modified T
cell comprising mtroducing one or more nucleic acids {e.g., nucleic acids disposed within
a lentiviral vector) encoding a TCR disclosed herein into a T cell {eg. a CD&™ T cell
obtained from an individual diagnosed with a cancer that expresses a NY-ESQO-1 antigen).
The present invention also mcludes modified T cells with downregulated or knocked out
gene expression {e.g., a modified T cell having a knocked out endogenous T cell receptor
and an exogenous/mtroduced T cell receptor that recognizes a NY-ESO-1 peptide
associated with 3 HLA}. The term "knockdown" as used herein refers to a decrease in
gene expression of one or more genes. The term "knockout” as used herein refers to the
ablation of gene expression of one or more genes.

The modified T cells described herein may be included in a composition for use in
a therapeutic regimen. The composition may include a pharmaceutical composition and
further include a pharmaceutically acceptable carrier. A therapeutically effective amount
of the pharmaceutical composition comprising the modified T cells may be administered.
Pharmaceutical compositions of the present invention may comprise the modified T cell
as described herein, in combination with one or more pharmaceutically or physiologically
acceptable carriers, diluents or excipients. Such compositions may comprise buffers such
as neutral buffered saline, phosphate buffered saline and the like; carbohydrates such as

glucose, mannose, sucrose or dextrans, mannitol; proteins; polypeptides or anuvo acids
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such as glycine; antioxidants; chelating agents such as EDTA or glutathione; adjuvants
(e.g., aluminum hydroxide); and preservatives. Compositions of the present mvention are
preferably formulated for intravenous administration.

Adoptive immunotherapy with T cells harboring antigen-specific TCRs have
therapeutic potential in the treatment of cancers. Gene-engineering of CD 87 T cells with
a specific TCR has the advantage of redirecting the T cell to a selected antigen such as an
NY-ESO-1 antigen. In this context, in one aspect, the invention includes methods for
stimulating a T celi-mediated tmmune response to a target cell or tissue in a subject
comprising administering to a subject an effective amount of 2 modified CD 8" T cell In
this embodiment, the D8 T cell s modified as described elsewhere herein.
Embodiments of the invention also include administering multiple modified CD 87 T
cells that target multiple NY-ESG-1 epitopes. For example, embodiments of the
mnvention include administering at least two different modified CD8" T cells, for example
a first modified CD8™ T cell that targets a NY-ESO-1 peptide associated with a first
human leukocyte antigen human leukocyte antigen in combination with a second CD8" T
cells that targets a NY-ESO-1 peptide associated with second human leukocyte antigen.

Embodiments of the invention encompass methods of treating a disease or
condition characterized by the expression of NY-ES(O-1, a prototypical cancer-testis
antigen. The treatment methodology comprises comprising admunistering an effective
amount of a pharmaceutical composition comprising the modified T cell described herein
to a subject in need thereof. The term "subject” is intended to include living organisms in
which an immune response can be elicited (e.g., mammals). A "subject" or "patient”, as
used therein, may be a human or non-human mammal. Non-human mammals mclude, for
example, hivestock and pets, such as ovine, bovine, porcine, canine, feline and murine
mammals. Preferably, the subject 1s human. In typical embodiments of the mvention, the

human has a cancer expressing NY-ESO-1 antigen. In some embodiments of the
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invention, the cells of the cancer form solid tumors. In illustrative embodiments of the
invention, the cancer cells are neuroblastoma cells, mveloma cells, metastatic melanoma
cells, synovial sarcoma cells, bladder cancer cells, esophageal cancer cells, hepatocellular
cancer cells, head and neck cancer cells, non-small cell lung cancer cells, ovarian cancer
cells, prostate cancer cells, or breast cancer cells.

A related embodiment of the nvention includes a method for prophylaxis and/or
therapy of an individual diagnosed with, suspected of having or at risk for developing or
recurrence of a cancer, wherein the cancer comprises cancer cells which express NY-
ESO-1 antigen. This approach comprises administering to the individual moditied human
T cells comprising a recombinant polynucleotide encoding a TCR, wherein the T cells are
capable of direct recognition of the cancer cells expressing the NY-ESO-1 antigen, and
wherein the direct recognition of the cancer cells comprises HLA class H-restricted
binding of the TCR to the NY-ESO-1 antigen expressed by the cancer cells.

With respect to use of the enginesred CD8™ T cells of the present invention, the
method generally comprises administering an effective amount (e.g. by intravenous or
imtraperitoneal mjections) of a composition comprising the CD8™ T cells to an mdividual
in need thereof. An appropriate pharmaceutical composition may be adapted for
administration by any appropriate route, such as parenteral {(including subcutaneous,
intramuscular, or ntravenous), enteral {including oral or rectal), inhalation or intranasal
routes. Such compositions may be prepared by any method known in the art of pharmacy,
for example by mixing the active ingredient with the carrier(s) or exciptent{s) under
sterile conditions.

In another aspect, the invention mncludes use of a polynucleotide or a modified
CD8" T cell described herein in the manufacture of a medicament for the treatment of a
disease or condition characterized by the expression of NY-ESG-1, in a subject in need

thereof. In illustrative embodiments of the invention, the disease is a cancer expressing
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NY-ESO-1 antigen, for example a melanoma, a neuroblastoma, a myeloma, a metastatic
melanoma, a synovial sarcoma, a bladder cancer, an esophageal cancer, a hepatocellular
cancer, a head and neck cancer, a non-small cell lung cancer, an ovarian cancer, a
prostate cancer, or a breast cancer.

The technology in this area is fairly developed and a number of methods and
materials know i this art can be adapted for use with the invention disclosed herein.
Such methods and materials are disclosed, for example 10 U.S. Patent Publication Nos.
20190247432, 20190119350, 20190002523, 20190002522, 20180371050, 20180057560,
20170029483, 20160024174, and 20150141347, the contents of which are mcorporated
by reference.

Further aspects and embodiments of the mvention are provided in the examples
below.

EXAMPLES
EXAMPLE 1: Expansion and isolation of MY-ESU-1-specific T cell clones.

We previously reported the presence of T cells reactive with various NY-ESQO-1-
derived epitopes in the blood of patients with metastatic melanoma (22). To enrich for
these reactive T cells, we stimulated expansion of patient peripheral blood mononuclear
cells (PBMCs) with a panel of 28 overlapping 18-mers collectively constituting the full
NY-ESQO-1 protein sequence (Fig. 1A). We then re-stimulated the expanded cells with
imndividual peptides, performed intracellular staining for IFN-y to determine which
peptides drove expansion, and analyzed stimulatory peptides with a predictive algorithm
to wdentify minimal epitopes relevant to each patient’s MHC haplotype (31) (Fig. 1B).
Reactive T cells were re-expanded in the presence of individual 9-10-mer peptides
corresponding to immunostimulatory epitopes (Fig. 1C) and sorted via fluorescence-
activated cell sorting (FACS) using cognate peptide-MHC tetramers (Fig, 1D). The cell

lines grown from these single cell sorts were clonal and reactive with their cognate
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epttopes (Fig. 1K) In total, 4 cell lines reactive with HLA-A*02:01/NY-ESO-1157.165 and
4 cell lines reactive with epitopes presented by HLA-B and HLA-C alleles were selected

for further study.

EXAMPLE 2: Cloning and screening of NY-E50-1-specific TCHRs

We cloned paired TCRao and TCRP genes from sorted single cells using a
commercial RT-PCR kit with custom multiplexed primers targeting all human TRAV and
TRBY gene segments. The resulting Vo and Vi ¢DNAs were sub-cloned into a retroviral
vector backbone with either human or murine TCR constant regions (Fig, 2A). To verify
the specificity of cloned TCRs, we transfected CD37 HEK 2937 cells with each fully
human TCR, and stained the transfected cells with peptide-MHC dextramer reagents for
each of the targeted NY-ESG-1 epitopes (Fig. 2B). All 4 HLA-AZ-restricted TCRs
exhibited the expected reactivity (Fig., 20 Although analvzed events were gated for
stimilar transfection level, novel TCRs exhubited highly vanable dextramer binding.
Dextramer binding for the 92 TCR was barely discernible from background, whereas
the 3A1 TCR exhibited superior dextramer binding compared to the clinically-employed
1G4 TCR. Dextramer binding for 4A2 and 5G6 TCRs were intermediate between 9D2
and 1G4,

Additionally, 3 of 4 of the TCRs restricted on MHC alleles other than HLA-AZ2
were verified to bind their targets spectfically (Fig. 2B). Transfected 293T cells
expressing the B7/NY-ESQO-leom-specific 1E4 TCR, the B18/NY-ESO-1sz.0s-specific
2B8 TCR, or the Cw3/NY-ESO-19s.10s-specific 3C7 TCR each bound their respective
dexiramers, whereas uniransfected cells did not. Cells transfected with the 9G2 TCR -
cloned from T cells that were reactive with Cw3/NY-ESO-19z.100 — did not detectably
bind cognate dextramer relative to untranstected cells. A possible reason for this was that

HEK 2937 celis do not express the CD8 co-receptor. CD8 increases the avidity of the
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TCR-pMHC nteraction by binding to MHCI directly, enabling lower affinity TCRs to
engage {32). We therefore included this TCR for further analysis of CD8 dependency in

Jurkat T cells.

EXAMPLE 3: Functional characterization of AZ-restricted, NY-ESO-1-specific
TCRs

The sensitivity of a TCR-transduced T cell 15 a function of the monomeric
affinity of the TCR for its cognate peptide-MHC (Ka ~ 0.1 - 400 uM) (33) as well as the
density of the TCR on the cell surface (12). Transduced TCRs express on the T cell
surface at widely varying levels due to vanation i the efficiency with which they fold,
dimerize, and compete with endogenous TCRs for assembly with hiniting CD3 chains {(a
property termed TCR “strength™} (34, 35). Therefore, optimal cytotoxic function of TCR-
transduced T cells correlates with TCR affinity and surface expression (3, 12),
underscoring the importance of selecting high affinity, efficiently exported TCRs for
gene therapy(7).

As higher affinity TCR-pMHC interactions are less dependent on (DB
participation, we reasoned that high affinity TCRs can be udentified by comparing
dextramer binding of TCR-transduced Jurkat T cells with or without co-expression of
CD8. Additionally, because the strength of surface expression for human TCRs can be
imcreased through substitution with murine constant domains {36), we expressed each
TCR as a fully homan or munnized derivative to assess each TCR’s strength. Cells
transduced with vehicle only or with a mismatched TCR (MART 1-specific FS TCR) did
not exhibit any binding to A2/NY-ESO-1157.165 dextramer (Fig., 3A, 3B). By contrast,
cells transduced with the well-established 1G4 TCR (Kp = 9.3 puMj) (37) bound cognate
dextramer whether 1G4 was fully human or murinized, and whether or not CD8 was

present. Murinization of 1G4 increased the intensity of dextramer binding by the muTCR
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1.4-fold over the parental huTCR, indicating a modest improvement in strength (Fig., 3B,
3 The presence of CDS8 increased dextramer binding 3.8-fold for 1G4 muTCR
Dextramer binding for novel TCRs 4AZ2 and 5G6 was similar in both magnitude and
comparative indices to 1G4 (Fig. 3A-3C). The 3A1 TCR exhibited only a 1.9-fold
increase in dextramer binding in the presence of (D38, indicating that this TCR binds
A2/NY-ESO-~1157165 with higher affinuty than 1G4, This s further supported by the
reduced dependence of dextramer binding on CDR level among CD8" cells transduced
with 3A1 muTCR relative to CD8 cells transduced with 1G4, 4A2, and 5G6 muTCRs
{compare slopes of green populations i Fig. 34). Finally, 9D2 exhibited no detectable
binding to dextramer on Jurkat cells in the absence of CD8& and only weak binding upon
co-expression of CD8. Murinization of 9D2 did not increase its binding to dextramer.

To compare the functional sensitivity of T cells expressing novel, AZ/NY-ES(O-1-
specific TCRs, we co-ncubated TCR-transduced Jurkat T cells with KS62 cells
expressing etther A*02:01/NY-ESG-11571165 or A*02:01/MART27.35 single-chain trimers
(38) and measured secreted interlenkin-2 (IL-2). All TCRs exhibited their expected
peptide specificity: the control MART1-specific F5 TCR mediated 1L-2 release only in
response to MART presentation and all NY-ESQO-1-specific TCRs mediated [L-2 release
only in response to NY-ESO-1 presentation (Fig, 3B). Murimization improved functional
sensitivity for all TCRs except for 1G4, Consistent with dextramer staining results, 1G4
and 3A1 muTCRs outperformed 4A2 and 5G6 muTCRs. By contrast, despite its weak
binding to dextramer, 9D2 exhibited high functional sensitivity to cognate ligand,
comparable to 3A1. To guantify this observation, we pulsed AZ"K562 cells with varied
concentrations of NY-ESO-1157.165 or MART127.35 peptide, and then measured IFN-y
secretion from TCR-transduced primary T cells co-incubated with peptide-pulsed target
cells (Fig. 7A, 7B). As observed with single-chain trimer targets, 3A1, 9D2, and 1G4

exhibited lughest sensitivity to NY-ESO-1157.165 peptide. The functional sensitivity of
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9D2 was 10-fold higher than 4A2, despite 4A2 bmnding dextramer with 18-fold higher
MF1 than 9D2 (Fig. 3A, 3B) To evaluate responses to endogenously-processed and
presented antigen, TCR-transduced primary T cells were co-incubated with the human
melanoma cell line, A2"M257 (Fig. 3E). Again, T cells transduced with 3A1, 9D2, and
1G4 responded comparably to one another, and with higher sensitivity than did those
transduced with 5G6 and 4A2. TCR-transduced T cells did not respond to the M257 hne
lacking HLA-A*02:01. Fwmally, i vitro cviotoxicity tracked closely with cytokine
release: T cells expressing 9D2 or 3A1 killed AZ"M257 tumor cells most efficiently,
tollowed by T cells transduced with 1G4, 3G6, and, least efficiently, 4A2 (Fig, 3F).

To enable evaluation of TCR function 1n a tumor xenograft model, we engineered
the PC-3 human prostate cancer cell line to express NY-ESQ-1 and HLA-A*02:01 and
then verified that this line elicited functional responses from TCR-transduced T cells in
an antigen~-dependent and MHC-restricted manner (Fig. 84). The relative responses to
AZTNY PC-3 from our panel of novel NY-ESO-1-reactive TCRs were consistent with
those elicited by A2™™M257 (Fig. 3E and Fig. 8B). Based on these results, we selected
1G4, 3A1, and 9D2 muTCRs for further functional characterization in vivo, We
transduced activated human PBMUCs with a vector encoding each murinized TCR and a
transduction marker (low-affinity nerve growth factor receptor (LNGFR) (Fig, 4A) We
sorted transduced (CD3LNGFR™) T cells (Fig. 8C) and retro-orbitally iv. injected these
T cells into irradiated NOD/SCID/ye” (NSG) mice pre-inoculated with PC-3/HLA-A2
{control) and PC-3/HLA-AZ/NYESQ (target) tumors on opposing flanks (Fig. 4B). We
then monttored T cell engraftment and tumor size until the conclusion of the experiment
two weeks after T cell injection.

T cells transduced with 1G4 or 9D2 TCRs persisted or minimally expanded in the
peripheral blood, while 3Al-transduced T cells expanded significantly (Fig. 4C and 4D).

By contrast, T cells transduced only with LNGFR contracted over the course of the
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experiment, suggesting the expansion of TCR-transduced T cells was antigen-driven. The
expression level of murine TCRP (mTCRP) was stable over the experimental time course
and comparable between T cells transduced with different murimized TCRs (Fig. 4C and
4%} The respective staiming levels of each TCUR-transduced T cell cohort with
A*02:01/NY 157165 dextramer” were also stable over time, but, as expected from results i
vitro, were significantly different between TCRs. Approximately 90% of human T celis
transduced with 1G4 or 3A1 were dextramer™ with high MFI. By contrast, only ~1% of
OD2-transduced T cells were dextramer” and the MFI of staining was not significantly
different from LNGFR-transduced controls (Fig. 4C and 4F) Nonetheless, T cells
transduced with 1G4, 3A1, or 9D2 reduced tumor size comparably and in an antigen-
specific manner, while LNGFR-transduced T cells failed to control tumor growth (Fig.
4G and 4H),

At the conclusion of the experiment, we sacrificed the mice and analyzed tumors
for T cell mfiltration by immunochistochemiustry. Immunochistochemical stainung revealed
antigen-specific T cell infiltration only into target tumors n all cohorts recetving TCR-
transduced T cells (Fig. 41 and 4.J). Infiltration was significantly higher in mice receiving

3A1-transduced T cells relative to mice receiving 1G4- or 9D2-transduced T cells.

Esxample 4: Functional characterization of NY-ESQO-1-specific TCRs restricted on
HLA-B and HLA-C alleles

The majority of immunotherapies targeting NY-ESO-1 have focused on the A2-
restricted NY-ESO-1157.165 epitope. To enable broader application of NY-ESQ-1-targeted
immunotherapies, we cloned TCRs from four non-A2-restricted T cell clones and verified
NY-ESO-1-reactivity for three of these in transfected CD3™ 293T (Fig. 2D). The fourth
TCR —~ 9G2, cloned from Cw3/NY-ESO-loza00-reactive T cells — did not impart

specificity for Cw3/NY-ESG-19-100 on transduced Jurkat T cells even with co-expressed
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CD8 (Fig. SA, 5B) and was not studied further. Comparisons of dextramer binding by the
three validated TCRs expressed in Jurkat or CD8™ Jurkat as human or murine TCRs
revealed differences in strength and affinity (Fig. 5A, 5B, 3C). The B7/NY-ESO-1s0.72-
specific 1E4 TCR exhibited high strength but low affinity, expressing comparably on the
Jurkat cell surface as either a huTCR or a muTCR but binding dextramer only m the
presence of CD8R™ Dextramer binding to these CD8", 1E4-transduced cells was steeply
dependent on the level of CD8 expressed. By contrast, the BI1§/NY-ESO-1ss.95-specific
2B8 TCR bound dextramer in the absence of CD87, but binding was substantially higher
for the murinized TCR. Finally, the Cw3/NY-ESO-196.10s-specific 3C7 TCR exhibited
mtermediate strength of surface expression and an affinity mdex comparable to 2B&
These differences in TCR strength and affinity were reflected 1n functional assays.
For all three TCRs, murmization of the TCR constant regions increased production of IL-
2 from TCR-transduced Jurkat cells co-incubated with cognate target cells. However, this
merease was only 1.6~ and 3.0-fold over the respective fully human TCRs for 1E4 and
3C7, but was 18.6-fold for 2BSB, consistent with the latter’s lower strength (Fig. 51¥). In
peptide titration assays, 1E4 TCR imparted lower sensitivity for cognate peptide on
transduced CD8™ T cells than did 3C7 or 2B8 (Fig. 7C, 7D, 7E), consistent with the
presumed lower affinity of 1E4 based on its strictly {DB8-dependent dextramer binding.
Primary PBMCs transduced with each TCR responded to the presentation of NY-
ESG-1-derived epitopes in a peptide-specific and MHC-restricted manner (Fig. 5E). As
such, we expect that TCR gene therapies employving NY-ESO-1 specific TCRs restricted
on multiple MHCs can be applied more broadly across patient haplotypes and will be
more robust toward tumor evasion via loss-of-heterozygosity at the MHCT locus. To test
this, we transduced NY-ESO-1-expressing human cancer cells with HLA-AZ or HLA-B7.
We then co-mcubated one or both of these tumor targets with human T cells transduced

with AZ-restricted 3A1 TCR, with T cells transduced with B7-restricted 1E4 TCR, or
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with a mixture of 3A1- and 1E4-transduced T cells (Fig. 6). As expected, combination
targeting using a muxture of 3A1- and 1E4-transduced T cells enabled recognition of
tumor cell populations expressing both MHC alleles or either MHC allele alone (Fig. 64,
6B} By contrast, T cells targeting a single NY-ESO-1 epitope did not respond to NY-
ESO-1-expressing tumor cells that lacked the cognate MHC allele. Moreover, when
tumor targets comprised a mixture of cells expressing different MHC alleles (simulating
tumor heterogeneity arising from haploinsufficiency), T cells targeting both NY-ESO-1
epitopes killed tumor cells more completely than did T cells targeting either single
epitope (Fig. 6C, 6D).
Discussion

T cell-mediated immunotherapies are making chintcal roads for previously
refractory cancers. Two of the most successful immunotherapy modalities are checkpoint
blockade and adoptive transfer of cancer-specific T cells. Checkpoint blockade elicits
better clinical responses as tumor mutational burden increases {39-41), suggesting that
non-synonymous mutations go undetected by the mmune system unless, fortuitously,
they generate neoepitopes that are presented by the patient’s complement of MHC
molecules. This interpretation 1s bolstered by the recent finding that checkpoint blockade
results in higher overall survival for melanoma patients who are heterozygous at the
HLA-A, HLA-B, and HLA-C loct and thus present a more diverse array of epitopes than
those who are homozygous at one or more of these MHCT loct (42). The mmportance of a
diversely targeted anti-tumor mmmune response is likewise supported by results from
adoptive T cell therapy, which show that loss-of-heterozygosity is a mechanism by which
tumors can evade monospecific immune recognition while continuing to express an
otherwise immunogenic antigen {43). Thus, a prominent narrative emerging from these
studies s that diverse targeting of multiple epitopes presented by multiple MHC alleles 1s

desirable for successful immunotherapy. A second takeaway is that targeting multiple
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epttopes dertved from a tumor-specific public antigen may be a promising alternative to
targeting neoepitopes in cancers with low mutational burden.

It has proven difficult to identify public tumor-associated antigens that mediate
tumor regression without also manifesting serious morbidity or deaths resulting from on-
target, off-tumor T cell reactivity. We chose to focus on NY-ESO-1 as a public antigenic
target based on the criteria that it 1) is expressed exclusively in cancer cells and
immunologically privileged germ cells; 2) 1s expressed in many patients across various
tumor types; 3} harbors high-affinity ligands for multiple common MHC alleles; 4) is
well-vetted, having vielded objective responses in patients across several tumor types
without specificity-related adverse events; and 5} 1s vet underexploited, as the majority of
studies have focused on mobilizing T cell responses solely against the A2-restricted NY-
ESQ-1137-165 epitope.

We employed an antigen-specific expansion protocol to isolate NY-ESQ-1-
reactive T cells from the peripheral blood of patients with metastatic melanoma. Using
this approach, we cloned several HLA-AZ-restricted TCRs and compared them in terms
of their strength of surface expression, affinity {(1.¢ dependence of target binding on CD8),
and function {(antigen-induced cvtokine release and tumor target killing). From four
candidates, we identified two that recognized and killed NY-ESQG-1-expressing cancer
cells as well or better than the clinically-employed 1G4 TCR. This expansion-based
approach to TCR candidate identification s 1deally-suited for targeting public epitopes
because the speed of 1solation is not a critical parameter; once identified, these TCRs can
be used as off-the-shelf targeting receptors for any patient expressing the requisite MHC
allele. Antigen-specific expansion of necantigen-reactive T cells from peripheral blood
has also been demonstrated (44, 45). However, on-demand isolation of private
neoepttope-targeted TCRs will require more rapid approaches than that used here (e.g.

direct capture of antigen-specific T cells from blood or expansion protocols optimized for
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rapidity}). As the release of IFN-y is strongly correlated with cytotoxicity (46), candidate
evaluation can be accelerated by using IFN-vy release as a surrogate for more involved
tumor xenograft assays.

One of the HLA-A2/NY-ESO-1-reactive TCRs 1solated — 9D2 — exhibited poor
statning with cognate multimer but high functional avidity toward cognate antigen-
presenting target cells. This is consistent with the observation that multimer staiung
underestimates functional T cell subsets (47} and may be explained by the higher affinity
threshold for roultimer binding relative to that for T cell activation (48). However,
another isolated AZ-restricted TCR — 4A2 — exhibited robust multimer staining but poor
function i cell-based assays, seemungly at odds with this affinity threshold explanation.
While we do not have an explanation for this latter result, both resuits caution against
relying overmuch on multimer staining when down-selecting immunotherapy candidates.

The HLA-A*02:01 allele 15 the most prevalent MHCT allele 1n Caucasian (45%)
and Hispanic (41%) UK. populations, but it 1s less common among Asian {15%) and
African (16%} U.S. populations {2). These latter populations would be particularly well-
served by expanding the targeting of TCR gene therapies beyond HLA-AZ to a more
expansive panel of targetable MHC alleles. In addition to HLA-A2-restricted TCRs, we
isolated and functionally characterized NY-ESO-1-specific TCRs restricted on various
HLA-B and HLA-C alleles. In doing so, we demonstrated in principle that TCR gene
therapy can be extended to a greater subset of patients/haplotypes and that, when used mn
combination, TCRs recognizing multiple epitopes from the same antigen can more
robustly kill tumors with heterogeneous MHC expression {e.g. resulting from somatic
loss-of-heterozygosity). Over 80% of people across ethnic groups express at least one
allele from three MHCI supertypes (A2, A3, and B7, two of which were represented

here) and >99% of people express at least one allele from nine MHCT supertypes (49).

28
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Therefore, obtamning a panel of public antigen-specific TCR reagents that enable

comprehensive application of TCR gene therapy is a finite and surmountable challenge.

Materials and methods
Materials

Peptides were purchased from Anaspec (Fremont, CA), Thermo Fisher Scientific
(Waltham, MA), and Mimotopes (Victoria, Austraha). Fluorescent antibodies and 7-
AAD used for flow cytometry were purchased from BD Biosciences (San Jose, CA),
BioLegend (San Diego, CA) or eBioscience (San Diego, CA). Fluorescent peptide-MHC
multimers were purchased from TCMetrix (Epalinges, Switzerland) or prepared 1n-house
as described (50} from biotinylated monomers (obtamned from NIH Tetramer Core,
Atlanta, GA, or expressed heterologously in 7. cofi, refolded, and biotinylated in-house
as described(51})). Primers were purchased from Integrated DNA Technologies
{Coralville, IA}). KOD polymerase master mix and polybrene were purchased from EMD
Millipore (Darmstadt, Germany}. Sequencing was performed by Retrogen Inc (San Dhego,
CA). Anti-CD3 (OKT3) and anti-CD28 (CD28.2) activating antibodies were purchased
from eBioscience. Cytokines were purchased from Peprotech, Inc. {Rocky Hill, NI).
BioT transfection reagent was purchased from Bioland Scientific (Paramount, CA). Cell
culture media, antibiotics, and fetal bovine serum were purchased from Corning {(Corning,
NY}. Human AB serum was purchased from Omega Scientific {(Tarzana, CA). Poly-L-

lysine and PHA-L (phvtohaemagelutinin-1.} were purchased from Sigma (St. Louis, MQO).

Cells
Cell hines (2937/17, Jurkat E6-~1, and K562) were purchased from the American
Type Culture Collection (Manassas, VA). 2937 cells were grown m Dulbecco’s Modified

Eagle Medium (DMEM) supplemented with antibiotics (penicillin/streptomycin} and
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10% {v/v} fetal bovine serum (FBS). Jurkat and K562 cells were grown in RPMI 1640
medium supplemented with antibiotics, 10% (v/v) FBS, 10 mM HEPES, 50 uM B-
mercaptoethanol, 1x MEM NEAA, and 1 mM sodium pyruvate. The cells were split
every 2-3 days to maintain adherent cells sub-confluently or non-adherent cells at a
density of <10° cells/mL. Jurkat and K562 cells were transduced with non-replicative
viral vectors, analvzed by flow cytometry, and used directly in cell assays or sorted by
FACS to establish derivative cell lines as indicated. Primary human PBMCs used in
functional assays were purchased from the CFAR Virology Core Lab at the UCLA AIDS
Institute, stimulated, transduced, and cultured as previously described (52). T cells were
grown from PBMCs in T cell medium (AIM-V mediu supplemented with 5% heat-
mactivated human AB serum, 55 gM B-mercaptoethanol and 4 mM L-ghutamine} with
freshly added cytokines. All cells were grown and assayed at 37 °C with 5% atmospheric

0o,

Generation and culture of NY-ESO-1 specific CD8&" T-lymphocyte clones
CD8" T-lymphocyte clones specific for epitopes from NY-ESO-1 with various
HLA restrictions {(157-165/HLA-A*02:01 (53}, 60-72/HLA-B*07:02 (21}, 88-96/HLA-
B*18:01 (23}, 92-100/HLA-C*03:04 (54}, 96-104/HLA-C*03:04 (22), 124-133/HLA-
C*03:04 (22)) were generated from HLA-typed patients with melanoma. All selected
patients had Grade [I/IV metastatic melanoma and previously documented NY-ESO-1
responses to relevant T lymphocyte epitopes ex vive (55). Patient PBMCs were
stimulated in the presence of 1 uM pooled peptides (Mimotopes), comprising 28 x 18-
mers overlapping by 12 amino acids, collectively spanning the NY-ESO-1 protein
sequence and then cultured for 10 days in the presence of 25 TU/ml IL-2 (Peprotech).
On day 10, cells were restimulated with 1 uM of each individual peptide 10 the

presence of brefeldin A and activation of CD8" T cells in response to each peptide was
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determined by miracellular cytokine stain (ICS). Brefly, cells were labeled with
live/dead fixable violet stain (Invitrogen} according to the manufacturer’s instructions,
then incubated with antibodies against CD3 and CD8 for 15 mun at 4 °C. Samples were
washed and fixed with fix/permeabilisation reagent {(BD biosciences) for 20 min at 4°C.
Cells were stained with anti-IFNy (eBiosciences) in permeabilisation/wash solution (BD
biosciences} for 25 min at 4°C. The gating strategy was: SSC/LDy; CD37/CDS™;
CD87/IFNy™. Data from at least 100,000 stained cells were acquired on a FACSCanto and
analyzed with Flowlo software. Data collection and analysis was in accordance with the
MIATA guidelines (56).

NY-E80-1-reactive T cells were expanded in the presence of their dentified
cognate 9-10-mer epitope and then labeled with a fluorescent tetramer comprising the
relevant peptide and HLA molecule (TCMetrix, Epalinges, Switzerland) and single-cell
sorted using a MoFlo cell sorter. Clones were re-expanded with pooled, allogeneic
healthy donor PBMUC as feeder cells, 1 pg/ml PHA-L and 600 IU/ml IL-2 (Cetus). After
approximately 20 days, 1-10 x 10° clones were restimulated in the presence of allogeneic
PBMC as feeder cells, PHA-L and IL-2, as described above. Clone specificity was
confirmed by tetramer staining.

T-lvmphocyte clones/lines were cultured in RPMI 1640 media supplemented with
2 mM Ghitamax, 100 IU/mi penicilling 100 yg/ml streptomycin, 20 mM HEPES, 1%
nonessential amino acids, 1 mM sodium pyruvate, 55 uM f-mercaptoethanol, and 10%

human serum (TCRPMI). IL-2 (100 IU/ml} was added and replaced every 3 days.

Cloning TOR constructs
Single NY-ESO-1-reactive T cells were sorted for antigenic specificity on a
FACS Ana H and were lysed by freeze-thaw in the presence of RNase mnhibitor. Novel

TCR vanable genes were cloned from single, sorted T cells using a custom panel of
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human TCR variable region-specific primers with the Qiagen OneStep RT-PCR kit
(Redwood City, CA), followed by a nested PCR amplification step. Amplified varnable
genes were integrated via assembly PCR and restriction enzyme-mediated cloning into a
TCR expression cassette with either human or mouse TCR constant domains and a 2A
ribosomal skipping peptide linking the alpha and beta genes. A P2A-linked gene
encoding a truncated version of the low affinity nerve growth factor receptor {LNGFR)
was also included m the cassette as an independent transfection/transduction marker.
Antigenic specificity and MHC restriction of cloned TCRs were evaluated in 2937 cells

co-transfected with TCR and CD3 genes, as previously described (52).

Evalaation of TCR export and dextramer binding on Jurkat T cells

Jurkat T cells were transduced with MSGV-based retroviruses encoding each
novel TCR m the format INGFRA-PZA-TCRa-FZA-TCRB. Viruses were produced n
2937 cells as described (52). For transduction, Jurkat T cells were centrifuged (1350xg
for 90 minutes at 30 °C) with unconcentrated viral supernatants supplemented with 5
pg/mL polybrene. TCR-transduced Jurkat cells were stained with cognate pMHC
dextramer for 15 min at room temperature and then co-stained with antibodies against
LNGFR and CD8a for 15 min at 4 °C. Stained cells were analyzed by flow cytometry
using a FACSCanto analyzer. Data shown are gated on LNGFR" (transduced) cells.

Transduction efficiency was >95%.

PRMU activation and transduction

Primary human PBMCs were purchased from the CFAR Virology Core Lab at the
UCLA AIDS Institute. The same PBMUC donor was used in all reported experiments.
Primary human PBMUCs were transduced with retroviruses encoding novel TCRs as

described (52). Briefly, two days prior to viral transduction, 1-2 x 10° total thawed
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PBMCs were activated per well in 24-well plates with plate-coated anti-CD3 (clone
OKT3), T cell medium containing 1 pg/mL soluble anti-CD28 (clone CD28.2}, and 300
U/ml TL-2. After 48 hours of activation, the majority of the medium was replaced with
unconcentrated retroviral supernatant supplemented with 10 pg/mL polybrene and celis
were centrifuged for 90 min at 1350xg at 30 °C. Following spinfection, the majority of
retroviral supernatant was replaced with fresh medium containing 300 U/mL IL-2 and 1
ug/mL anti-CD28. The transduction was repeated 24 hours later, after which the cells
were washed with 1x PBS and then returned to fresh medium containing final 300 U/mL
IL-2 and cultured for an additional 3 to 4 days before being used in antigenic stimulation
assays. One day prior to or on the day of co-culturing, PBMUs were analyzed by FACS

for assessment of expression levels for LNGFR, TCR, and/or pMHC multimer binding.

Functional co-culture assays — cytokine EFLISA

When Jurkat T cells were used as effectors, co-cultures were performed mn RPMI
supplemented with 10% FBS, 100 [U/ml penicillin, 100 pg/ml streptomycin, and 4 mM
L-glutamine. Effector cells (50,000 TCR-transduced Jurat T cells) were co-incubated
with target cells (50,000 K562 cells transduced with cognate or conirol single-chain
trimers) in 96-well flat-bottom plates. Supernatants from duplicate wells were collected
44-48h post-co-culturing and analyzed by enzyme-linked immunosorbent assay (ELISA)
as described below.

When primary PBMCs were used as effectors, co-cultures were performed in T
cell media containing 300 U/mL IL-2. Effector cells (50,000 TCR-transduced PBM(s)
were co-incubated with target cells {50,000 M257, PC-3, or K562 cells) in 96-well flat-
bottom plates. In some experiments target cells were pulsed with peptide. Supernatants

from 2-8-fold replicate wells for each condition were collected 44-48 hours post-co-

(a3
(V8]
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culturing and analyzed by enzyme-linked immunosorbent assay (ELISA) as described
below.

For experiments in which target cells were titrated with pulsed peptide,
lyophilized peptides were dissolved to 10 mM in DMSO and then further diluted 1n water
to 2 mM working stocks. At point of use, the 2 mM stock was diluted to 250 pM in cell
media and then 5-fold serially diluted from 250 uM down to 3.2 nM. Target cells were
pulsed by adding 25 pL of each senial dilution per well on a 96-well U-bottom plate,
followed by addition of 50,000 target cells in 100 ul media, yielding the final peptide
concentration ranging from S0 uM to 0.64 nM. Cells were pulsed with peptides for 2
hours at 37 °C, dituted with 100ul of media per well at the end of incubation, centrifuged,
and the supernatant was removed. The cells were washed with 200ul of media and then
re-suspended in 100 pl of media. Fifty thousand PBMCs prepared in 100 ul of media
were then added to each well for co-culturing.

In general, ELISA results were converted to concentration {ng/mL} by
mterpolation relative to a standard curve and concentrations from replicate ELISA assays
were averaged. Supernatants were diluted 50-100-fold for ELISA analysis. Occasionally,
higher dilutions were required to place signal within the range of the standard curve. All
reagents for ELISA analvses were from BD Biosciences: OptEIA Reagent Set B
(550534} was used for diluent and washes and OptEIA human IFN-y ELISA kit (555142}
and OptEIA human IL-2 ELISA kit (555190) were used for measuring IFN-y and IL-2

release, respectively.

Functional co-culture assays — IncuCyte cell killing assay
Prior to co-culture for IncuCyte killing assays, a 96-well flat-bottom plate was
coated with 100 ul of 0.001% poly-L-Lysine in PBS for 1 hour at 37 °C, washed 2 times

with 200 ul PBS each, and air-dried briefly. Target cells were added and allowed to



WO 2020/086158 PCT/US2019/049484

(A%

10

15

20

settle at RT for 3 hours before the effector cells were added. Co-cultures typically
employed 25,000 PBMCs and 25,000 target cells per well of a 96-well plate In assays
where multiple effector populations {bearing different TCRs) or multiple targets (bearing
different MHC) were mixed, 25,000 of each cell type was used to vield a total of 75,000
or 100,000 celis per well (for single/mixed or mixed/mixed, respectively). The total
volurne for all wells was adjusted to 200 uL. Total green object area (um*/well) was
quantified and its disappearance interpreted as killing of the GFP” target cells. Cells were
mmaged at two posttions per well every 2 hours and these two tmages were added together
for one data point. Data points obtained from 4-8 replicate co-cultures for each
effector/target combination were used to plot graph curves and to calculate standard

deviation.

Aninmnis

NOD.Cg-PrkdeSCIDIL-2rgtm 1 Wil/Sz) (NOD/SCID/IL-2Rg”, NSG) mice were
purchased from the Jackson Laboratory and maintained in the animal facilities at the
University of Califormia, Los Angeles (UCLA). Adult {16 weeks old) male mice were
used for in vivo tumor challenge experiments. All animal experiments were approved by

the Institutional Anmmal Care and Use Commuttee of UCLA.

Human prostate fumor xenograft mouse model

For xenograft tumor implantation, 10 x 10° PC-3/HLA-A2 cells (PC-3 cell line
overexpressing HLA-AZ) were s.c. injected on one flank of each mouse and 10 x 10° PC-
3/HLA-A2/NY-ESQO-1 cells (PC-3 cell line overexpressing HLA-AZ and NYESQ) were
subcutaneously mjected on the other flank. Mice were allowed to develop solid tumors
over the course of 1 week. On day 8 post tumor mnjection, mice were irradiated (100 rad)

and then retro-orbitally 1.v. injected with 8 x 10° purified T cells that were engineered to

a3
Ch



WO 2020/086158 PCT/US2019/049484

(A%

10

15

20

express LNGFR only or together with a NY-ESO-1-specific TCR (1G4, 3A1, or 9D2).
Mice were bled on day 3, 7, 10 and day 14 for flow cytometry analysis. On day 14, mice

were euthanized and tumors were collected for immunchistology analysis.

Fmmunohistology

Solid tumors dissected out from the experimental mice were fixed in 10% neutral-
butfered formalin and embedded m paraffin for sectionimg (4 mum thickness), followed by
hematoxylin and eosin (H/E) staining or antibody staimming (for human CD3g) by using
standard procedures (UCLA Translational Pathology Core Laboratory). The sections
were imnaged using an Glympus BX51 upright microscope equipped with an Optronics
Macrofire CCD camera (AU Optronics) at 4x and 40x magnifications. The images were
analyzed by using Optronics PictureFrame software (AU Optronics) and Image J
software {version 1.51J8}). With Image J human CD3 antibody stamned shides were
quantified by measuring CD37 area through setting color threshold. Parameters used are
as follow: thresholding method: default; threshold color: red; color space: HSB;

brightness: 168-215.

Statistical analysis

Statistical analysis of tumor xenograft experiments was performed with one-way
ANOVA followed by Tukey’s multiple comparison test. Data are presented as the mean
+ SEM. P < 0.05 was considered significant. ns, not significant; *, P < 0.05; ** P < 0.01;
Rk P < (0.001; FFFEP < 0.0001. All statistical analyses were performed with GraphPad

PRISM software (version 0.0},

TABLE 1: TCR o/ POLYNUCLEOTIDE AND POLYPEPTIDE SEQUENCES
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The following disclosure provides polynucleotide sequences of various
embodiments of the invention and the varable region TCR protein sequences that they
encode {e.g. the polynucleotide sequence of SEQ ID NO: 1 encodes the variable region

TCR protein sequence of SEQ ID NG: 3},

JALTCR Vo DNA sequence

AACTGCACTTCTTCAAGCATATTTAACACCTGGCTATGGTACAAGCAGGACCCTGGGGAAGGT
CCTGTCCTCTTGATAGCCTTATATAAGGCTGGTGAATTGACCTCAAATGGAAGACTGACTGCT

CAGTTTGGTATAACCAGAAAGGACAGCTTCCTGAATATCTCAGCATCCATACCTAGTGATGTA
GGCATCTACTTCTGTGCTGGATTTICTGGATAGCAACTATCAGTTAATCTGGGGCGCTGGGALC

AAGCTAATTATAAAGCCAGAT (SEQ ID NO: 1)

SALTCR VB BNA scguence
GAAGCCCAAGTGACCCAGAACCCAAGATACCTCATCACAGTGACTGGAAAGAAGTTAACAGT
GACTTGTTCTCAGAATATGAACCATGAGTATATGTCCTGGTATCGACAAGACCCAGGGUTGGEG
CTTAAGGCAGATCTACTATTCAATGAATGTTGAGGTGACTGATAAGGGAGATGTTCCTGAAGG
GTACAAAGTCTCTCGAAAAGAGAAGAGGAATTTCCCCCTGATCCTGGAGTCGUCCAGLCCCA
ACCAGACCTCTCTGTACTTCTGTGCCAGCGCTAGCGGGTACCGCACAGATACGCAGTATTTTG
GCCCAGGCACCCGGCTGACAGTGCTCGAGGAC (SEQ H NO: )

3A1 TCR Ve grotein sequence
GOUOLNQSPQSMFIQEGED VSMNCTSSSIFNTWLWYKQDPGEGPVLLIALYKAGELTSNGRLTAQF
GITREDSFLNISASIPSDVGIVFCAGFLDSNYQLIWGAGTKLIIKPD (SEQ 1D NO: 3)

3A1 TCR Vi proiein sequence
FAQVTONPRYLITVTGKKLTVTCSONMNHEYMSWYRODPGLGLROIY YSMNVEVTIDEGDVPEG
YEVSRKEKENFPLILESPSPNQTSLYFCASASGYRTDTQYFGPGTRLTVLED (SEQ ID NO: 4)

442 TCR Va BN A sequence

a3
~J
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GCTCAGTCAGTGGCTCAGCCGGAAGATCAGGTCAACGTTGCTGAAGGGAATCCTCTGACTGTG
AAATGCACCTATICAGTCTCTGGAAACCCTTATCITTTTTIGGTATGTTCAATACCCCAACCGAG
GCCTCCAGTTCCTTCTGAAATACATCACAGGGGATAACCTGGTTAAAGGCAGCTATGGCTTTG

AAGCTGAATTTAACAAGAGCCAAACCTCOTTCCACCTGAAGAAACCATCTGCCCTTGTCGAGEG
ACTCCGCTTTGTACTTCTGTGCTGTGAGAGACAGTCGETCTGGGGCTGGGAGTTACCAACTCA

CTTTCGGGAAGGGGACCAAACTCTCGGTCATACCAAAT (SEQ ID NO: 5)

442 TCRVE BNA sequence

GGTGCTCTCGTCTCTCAACATCCGAGCTCGGTITATCTGTAAGAGTGGAACCTCTGTGAAGATC

GAGTGCCGTTCCCTGGACTTTCAGGCCACAACTATGTTITTIGGTATCGTCAGTTCCCGAAACAG

AGTCTCATGCTGATGGUAACTICCAATGAGGGCTCCAAGGCCACATACGAGCAAGGCGTLGA

GAAGGACAAGTTTCTCATCAACCATGCAAGCCTGACCTTGTCCACTCTGACAGTGACCAGTGC
CCATCCTGAAGACAGCAGCTTCTACATCTGCAGTGCTCCCCAAGGTTATGGGGGCACAGATAL
GCAGTATTITTGGCCCAGGCACCCGGCTGACAGTGCTCGAGGAC (SEQ ID NG: 6)

4A2 TCR Vo protein sequence

AQSYVAQPEDQVNVAEGNPLTVECTYSVSGNPYLFWY VOYPNRGLOFLLKYITGDNLVKGSYGFE
ABEPNKSOTSFHLKEPSALYSDSALYFCAVEDSRSGAGSYQLTFGKGTELSVIPN (SEQ ID NO: 7

GAVVSQHPSWVICKSGTSVKIECRSLDFQATTMFWYRQFPKOSLMLMATSNEGSKATYEQGVEK
DKFLINHASLTLSTLTVISAHPED SSFYICSAPQGYGGTDTQYFGPGTRLTVLED (SEQ 13 NG: 37)

5G6 TCR Vo DNA sequence

GATGCTAAGACCACACAGCCAAATTCAATGGAGAGTAACGAAGAAGAGCCTGTTCACTTGCC
TTGTAACCACTCCACAATCAGTGCGAACTGATTACATACATTGGTATCGACAGCTTCCCTCCCA
GGGTCCAGAGTACGTGATTCATGGTCTTACAAGCAATGTGAACAACAGAATGGCCTCTCTGGC
AATCGCTGAAGACAGAAAGTCCAGTACCTTGATCCTGCACCGTGCTACCTTIGAGAGATGUTGO
TCGTGTACTACTGCATCCTGAGAACCTICTGGGGUTGGGAGTTACCAACTCACTTTICGGGAAGGG
GACCAAACTCTCGGTCATACCAAAT (SEQ ID NO: §)

SG6 TCR VE BN A sequence
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AGTGCTGTCATCTCTCAAAAGCCAAGCAGGGATATCTGTCAACGTGGAACCTCCCTGACGATC
CAGTGTCAAGTCOATAGCCAAGTCACCATOGATOTTCTGGTACCGTCAGCAACCTGGACAGAGC
CTGACACTGATCGCAACTGCAAATCAGGGUTCTGAGGCCACATATGAGAGTGGATITGTCATT
GACAAGTTTCCCATCAGCCGCCCAAACCTAACATTCTCAACTCTGACTGTGAGCAACATGAGC
CCTGAAGACAGCAGUCATATATCTCTGCAGCGCGGGAGGAGCGGGAGCGTCAGATACGCAGTA
TITTGGCCCAGGCACCCGGUTGACAGTGCTCGAGGAC (SEQ 1D NO: 9)

3G6 TCR Vo profein sequence
DAKTTOPNSMESNEEEPVHLPCNHSTISGTDYIHWYRQLPSQGPEY VIHGLTSNVNNRMASLAIAE
DRKSSTLILHRATLRDAAVYYCILETSGAGSYQLTFGKGTKLSVIPN (SEQ ID NO: 10)

366 TCR VI protein sequence
SAVISQKPSRDICORGTSLTIQCOVIISOQVIMMEFW YRQOPGOSLTLIATANQGSEATYESGFVIDKEP
ISEPNLTFSTLTVSNMSPEDSSIYLOSAGGAGASDTOQYFGPGTRLTVLED (SEQ ID NO: 113

o2 TCR Vy BNA sequence
CAGAAGGAGGTGGAGCAGAATTCTGGACCCCTCAGTGTTCCAGAGGGAGCCATTGCCTCTCTC
AACTGCACTTACAGTGACCGAGGTTCCCAGTCCTTICTTCTGGTACAGACAATATICTGGGAAA
AGCCCTGAGTTGATAATGTTCATATACTCCAATGGTGACAAAGAAGATGGAAGGTTTACAGCA
CAGCTCAATAAAGUCAGCCAGTATGTITCTCTGUTCATCAGAGACTCCCAGCCCAGTGATICA
GCCACCTACCTCTGTGCUGTAGATGACAAGATCATCTTTGGAAAAGGGACACGACTTCATATT
CYCCCCAAT (SEQ I NG 12)

on2 TCR VB BNA sequence
GATGCTGGAGTTATCCAGTCACCCCGGCACGAGGTGACAGAGATGGGACAAGAAGTGACTCT
GAGATGTAAACCAATTTCAGGACACGACTACCTTITICTGGTACAGACAGACCATGATGCGGGE
ACTGGAGTTGCTCATTTACTTTAACAACAACGTTCCGATAGATGATICAGGGATGCCCGAGGA
TCGATTCTCAGCTAAGATGCCTAATGCATCATICTCCACTCTGAAGATCCAGCCCTCAGAACT
CAGGGACTCAGCTGTGTACTTCTGTGCCAGCAGTTITGGGACAGCCAAGCACAGATACGCAGTA
TTTTGGCCCAGGCACCCGGCTGACAGTGCTCGAGGAC (SEQ ID NO: 13)

902 TCR Vo protein seguence

39
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QKEVEQNSGPLSVPEGAIASLNCTYSDRGSQSFFWYRQYSGKSPELIMFTY SNGDKEDGRFTAQLN
KASQYVSLLIRDSQPSDSATYLCAVDDEIIFGKGTRLHIPN (SEQ D NG 14)

902 TCR VB protein sequence
DAGVIQSPFRAEVTEMGQEVTLRCKPISGHDYLFWYRQTMMRGLEL LIYFNNNVPIDDSGMPEDRF
SAKMPNASFSTLKIQPSEPRDSAVYFCASSLGOPSTDTQYFGPGTRLTVLED (SEQ ID NO: 15)

1E4 TCR Vo BNA sequence
AAACAGGAGGTGACGCAGATTCCYGCAGCTCTGAGTGTCCCAGAAGGAGAAAACTTIGGTYICT
CAACTGCAGTTTCACTGATAGCGCTATTTACAACCTCCAGTGGTTTAGGCAGGACCCTGGGAA
AGGTCTCACATCTCTIGTTGCTTATTCAGTCAAGTICAGAGAGAGCAAACAAGTGGAAGACTTAA
TGCCTCGCTGGATAAATCATCAGGACGTAGTACTTTATACATTGCAGCTTCTCAGCCTGGTGA
CTCAGCCACCTACCTCTGYGCTGTGAGTACTGCGTATTCAGGAGGAGGTGCTGACGGACTCAL
CTTTGGCAAAGGGACTCATCTAATCATCCAGCCCTAT (SEQ ID NQ: 16)

1E4 TCR VB BNA sequence
GATACTGGAGTCTCCCAGAACCCCAGACACAAGATCACAAAGAGGGGACAGAATGTAACTTT
CAGGTGTGATCCAATTTCTGAACACAACCGUCCTTTATTGGTACCGACAGACCCTGGGGCAGGEG
CCCAGAGTTITCTGACTTACTTCCAGAATGAAGCTCAACTAGAAAAATCAAGGCTGCTCAGTGA
TCGGTTCTCTGCAGAGAGGCCTAAGGGATCTTTCTCCACCTTGGAGATCCAGCGCACAGAGCA
GGGGGACTCGGCCATGTATCTCTGTGCCAGCAGCCCCCCGACTGTTCGGGTCTATGGCTACAC
CYTCGGTTCOGGUGACCAGGTTAACCGTTGTAGAGGAC (SEQ B NG 1T

1E4 TCR Vg protein sequence
KQEVTQIPAALSVPEGENLVLNCSFTDSATYNLOWFRQDPGK GLTSLLLIQSSQREQTSGRLNASLD
KSSGRETLYTAASQPGDSATYLCAVSTAYSGGGADGLTFGKGTHLIIQPY (SEQ ID NG: 18)

1E4 TCR VB protein sequence
DTGYSONPRHKITERGONVTFRCOPISEHNRLYWYROQTLGOQGPEFLTYFONEAQLEKSRLLSDRFS
AERPKGSFSTLEIQRTEQGDSAMYLCASSPPTVRVYGYTFGSGTRLTVVED (SEQ ID NO: 19)

2B8 TCR Vo DNA seguence

40
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GGACAACAGGTAATGCAAATTCCTCAGTACCAGCATGTACAAGAAGGAGAAGACTTCACCAC
GTACTGCAATTCCTCAACTACTTTAAGCAATATACAGTGGTATAAGCAAAGGCCTGGTGGACA
TCCCGTTTTTITTGATACAGTTAGTGAAGAGTGGAGAAGTGAAGAAGCAGAAAAGACTGACAT

TTCAGTTTGGAGAAGCAAAAAAGAACAGCTCCCTGCACATCACAGCCACCCAGACTACAGAT

GTAGGAACCTACTICTGTGCGGACCCTAACTTTGGAAATCGAGAAATTAACCTTTGGGACTGGA
ACAAGACTCACCATCATACCCAAT (SEQ ID NG: 20)

2B8 TCR Vi BNA sequence

GAAGCCCAAGTGACCCAGAACCCAAGATACCTCATCACAGTGACTGGAAAGAAGTTAACAGT
GACTTGTTCTCAGAATATGAACCATGAGTATATGTCCTGGTATCGACAAGACCCAGGGCTGGG
CITAAGGCAGATCTACTATTCAATCAATOTTGAGGTCGACTGATAAGGGAGATGTICCTGAAGG
GTACAAAGTCTCTCGAAAAGAGAAGAGGAATTTCCCCCTGATCCTGGAGTCGCCCAGCCCCA
ACCAGACCTCTCTGTACTICTGTGCCAGCAGTTTGAATCCCTTTGCAACTAATGAAAAACTGTT
TTTTGGCAGTGGAACCCAGCTCTCTGTCTTGGAGGAC (SEQ D NO: 21)

2B8 TCR Vg protfein sequence
GOOVMOIPQYQHVOEGEDFTTYCNSSTTLSNIQW YK QRPGGHPVFLIQL VK SGEVKKQKRLTFQF
GEAKKNSSLHITATQTTDVGTYFCADPNFOGNEKLTFGTGTRLTIPN (SEQ 1D NO: 22)

EAQVTONPRYLITVTGKKLTVTCSONMNHEYMSWYROQDPGLGLROIYYSMNVEVTDKGDVPEG
YKVSREEKRNPPLILESPSPNQTSLYFPCASSLNPFATNEKLFFGSGTOLSVLED (3EQ 1D NG: 23)

ICTTCR Vo DNA sequenge
GGACAAAACATTGACCAGCCCACTGAGATGACAGCTACGGAAGGTGCCATTGTCCAGATCAA
CTGCACGTACCAGACATCTGGGTTCAACGGGCTGTTCTGGTACCAGCAACATGCTGGCGAAGE
ACCTACATTTCTGTCTTACAATGTTCTGGATGGTTTGGAGGAGAAAGGTCGTTTITCTTCATTC
CTTAGTCGGTCTAAAGGGTACAGTTACCTCCTTTTGAAGGAGCTCCAGATGAAAGACTCTGCC
TCTTACCTCTGTGLTIGTGAGAGGCGACTACAAGCTCAGCTTTGGAGCCGGAACCACAGTAALT
GTAAGAGCAAAT (SEQ ID NGO: 24)

3CT TCR VE DRA seguence
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GATTCTGGAGTCACACAAACCCCAAAGCACCTGATCACAGCAACTGGACAGCGAGTGACGCT
GAGATGCTCCCCTAGGTCTGGAGACCTICTCTGTGTACTGOTACCAACAGAGCCTGGACCAGGE
CCTCCAGTTCCTCATTCAGTATTATAATGGAGAAGAGAGAGCAAAAGGAAACATTICTTGAACG
ATTCTCCGCACAACAGTTCCCTGACTTGCACTCTGAACTAAACCTGAGCTCTCTGGAGCTGGG
GGACTCAGCTTTGTATTTCTGTGCCAGCAGCTCGATACACGGTGTCTICTGGGGUCAACGTCCT
GACTTTCGGGGCCGGCAGCAGGCTGACCGTGCTGGAGGAC (SEQ ID NO: 25)

3C7 TCR Vo protom sequence
GONDOPTEMTATEGAIVOINCTYQTSGFNGLFWYQQHAGEAPTFLSYNVLDGLEEKGRFSSFLSR
SKGYSYLLLKELQMEDSASYLCAVRGDYKLSFGAGTTVTVRAN (SEQ 1D NO: 26)

3C7 TCR VB protein sequence
DSGVTQTPKHLITATGORVTLRCSPRSGDLAVYWYQOQSLDOQGLOFLIQY YNGEERAKGNILERFSA
QUFPDLHSELNLSSLELGDSALYFCASSSIHGVSGANVLTFGAGSRLTVLED (SEQ ID NG: 27}

NY-ESO-1 protein (Homo sapiens): GenBanle CAA0SS08,1
MQAEGRGTGGSTGDADGPGGPGIPDGPGGNAGGPGEAGATGGRGPRGAGAARASGPGGGAPRG
PHGGAASGLNGCCRCGARGPESRLLEFYLAMPFATPMEARL ARRSLAQDAPPLPVPGVLLKEFTV
SGNILTIRLTAADHROLQLSISSCLOQLSLEMWITQCFLPVFLAQPPSGORR (SEQ I3 NO: 28)

Terminology used in the disclosure such as “A2/NY-ESO-1is7.165 refers to
HLA A2 associated with a NY-ESO-1 peptide comprising amino acids 157-165 of the
above protein sequence (1.e. SLLMWITQC (SEQ ID NG: 36)).

The following sequences comprise polynucleotide embodiments of the

mvention disposed in a vector.

pMTBII28 (MSGV-LNGFR-P2A-GB4AT TCR Mouse Constant)

tgaaagaccceacciglaggtiiggeaageiagctiaagtaacgecatitigoaaggeatgganaatacatnactgagaatagagaagticagatcanggtia
ggaacagagagacagoagaatatggpccaaacaggatatetgtg giaageagticcigeocoggeicagggocaagaacagatggtocccagatgcgy
{cecgeccicageagittctagagaaccalcagatgiticcagggtgecccaaggaccigaaaaigacceigigecttattizaactaaccaatcagiicgcit
ciegetictgticgegegeticigeiccccgagetcaatanaagageccacaaccecicacicggegegecagicctccgatagactigegicgeccgggia
ceegtattcccaataaageotottgotgittgeatcogaatcgigactcgotgatoctigggageptcicicagatigattgactgeocacciegggggtott
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icatiiggaggticcaccgagaltiggagaccecigectagggaccaccgaceecceegeegggaggtangetggecageggicgtitcgigictgicict
glctitgtgcgtgttiztzccpgeatctantgitigegectgegictgtactagtiagetaactagetci glatciggeggaccegiggiggaacigacgagiicg
gaacacceggecgeaaceoigggagacgicecagggacticgegegcegtiitigizgccegaccigagicciaaaatcocgategtitaggactcitiggt
geaccocceitagaggagggatatgigeitcliggtaggagacgagaacctaaaacagticccgecteegtcligaatittigetiicggttigg gaccgaagec
gegeegegeatetigictgctacagealegtictgigttatetctgtctgaciglgitteigtatitatetgaaaatalgggeocgagctagectgttaccactece
itaagtiigaccitaggicactgganagalgicgageggaltcgetcacaaccagtcggiagalgicaagaagagacgitgggttaceiicigeictgeagaat
ggecaacctitaacgicggatggeogegagacggeacctitascegagaceicatcacccaggttaagatcaaggictiticacctggeccgeatggacac
ccagaccaggtcceciacategtgaccigggaagectigactitigacceeccicceigggicaageccttigiacaccetaagectcegeciceicticctec
atccgeccegictciccecctigaacciccicgiicgacceogeaicgatecicoctitaiccageoctcactcctictetaggogeeceeatatggecatatga
gatcttatatgggpcacccecgeecctigiaaacticectgaccetgacat zacaagagitactaacageoccteiciceaagetcactiacaggctotctactt
agiccageacgaagictggagacciciggegecagectaccaagaacaaciggaccgaccggigglaccicaceeitaccgagicggcgacacagigiz
ggiccgocgacaccagactaagaacctagaaccicgeiggaaaggaccitacacagiccligetgaccacccccaccgeccicaaagiagacggeatege
agettzgatacacgecgeecacgigaaggetgeegaccecggggaizeaccatecticiagaccgecal glegageecag gleccaccagoegegeca
ctgeaaagectgeaaccigggegagegiglggeccagociigiggageoaaccagaccgigigigageocigoctggacagegt gacgiiciocgacgt
ggtgagcgegaccgagecgigeaagocgigeacegagigegiggegetccagageatgicggegccatgegigpaggeogacgacgocgiglgeeg
cigegectacggetactaccaggatgagacgactgggegelgegaggegigeegegigigegaggogggeicgggecicgigiicicoigecaggaca
agcagaacaccgigtgogaggagtgococgacggeacgtaticcgacgaggecaaccacgtggaccegtgeotgonctgeaccgtglgcgag gacac
cgageaccageiccgegagigeacacgetgegecgacgocgagigegaggagateectggecgtigrattacacggiccacacecocagagggeteg
gacagcacageccecageacccaggagectgaggeacciccagaacaagaceicaiagecageacggtggeaggtigiggtgaccacagigatgggca
getoccageeogtggtgaccegaggeaceaccgacaaccicateccigictattgetecateciggetactgtggtigigggictigtggectacatagecttc
aagaggtgeaacagciccgactocggagceaccaacticageotaci gangcag BeCpgceacstiagageagaaccceggocccgegaccgecaty
scgacgggticaagaacticectactictigeatitggectgetitgttigecgiggtiacaggaagecteageageteagicagtggeicageocggaagatca
gotcaacgtipctgangegaatcotcigactgigaaat gcacctaticagiciciggaaacceitalctittitgglat sticaataccccaacegaggectecag
ticctictzaaatacaicacaggggataacciggtianaggeagetatggctitgaagetgaattiaacaagagecaaacciccticcacctgaagaaaccaic
tgeoctigigagogactcegattigiacticigigetgigagagacagicggictggggotggeagtinccaacicactticgggaaggp gaccaaacicicg
gicataccaaatatceagaaccecgageccgecgtgtaccaget gaaggaceecagaagacaggacageaccct gtgecigticacegacttcgacage
cagatcaacgigeccaagaccatggagagoggeaccticalcacogacaagacegigelggacatgaaggecaiggacageaagageaacggogecat
cgectggtceaaccagaccageticacatgecaggacatcticanggagaccaacgoracctaceccageagegacgigecctgegacgecacceigac
atgacccigaggeigiggageageagggcaaaacgticgggitcgggigegeoagiaaageagacattanacitigattigeiganacitgeaggigalgia
gagtcasatccaggtocastggeaacagggageogaaceicictgotoctigetticggectoctiigectacegtgectgeaggagggetoggoaggtgct
gicgicicicaacatccgagetgggitaicigtaagagizgaaccicigigaagategagigecgticect ggactiicaggccacaactaigittiggtategt
cagitcccganacagagicicatgetgalggoaacitcenatgagggetccaaggecacatacgageaaggegicgagaaggacaagtitctcatcaacca
tgcaagectgacctigiccacictgacagigaccagigeccatectgaagacageagetictacateigeagtgetecccaaggitatggeecacagatac
geaglatiltzgcecaggcacceggoigacagigeicgaggaccigaggaacgigaccecccocaaggigiceeigticgagoccageaaggecgagat
cgecaacaageagaaggecaccotggligiecctggecaggpgoticticccegaccacgtggagcigictiggtpgptrancggeaag gaggtgcaca
gegacgtgageaccgacccecaggcclacaaggagageaactacagelactgectgageageagacigagagigagegecacctictgacacaacce
caggaaccacitccgeigicaggigeagitccacggecigagegaggag gacaagiggeoogagg geageoccaageocgigacceagaacatcage
geogaggectggggoagageogactgeggeatcaccagegecagotaceaccaggeegigetgicogocaccatectgtacgagatcctgelgggeaa
gaccacacigtacgeegigetagigiccggentggtacigatgaccatggigansgansgangaacagctaaag gatccgatanaataaaagatittatitagt
ctccagnaaaaggggggaatgasagaccccacciglaggtiiggeaageiageitaagiaacgecatitigeanggealg gaanalacataactgagaata
gagaagttcagatcaaggiiaggaacagagagacagcagaatatgggocanacaggatalctgiggtangeagticcigecocggoicaggaecaagaa
cagatggiccecagaigoggicecgeccicageagiticiagagaaccaicagat gtitccagggigecceaaggacctgaaalgacceigigectiatiiga
actaaccaatcagticgctictcgeiicigticgegegctictgeiccecgageicaalaaaagageccacaaccectcacicggegegecagiceicegata
gactgegicgeccggetaccegigtatceaataaaceeictigeagiigeatecgactigtpgictegetgticotizggaggatctecictgagtzatigacta
cecgicagegggegictitcatgzataacagtitciigaagiiggagaacaacatictgaggelaggagicgaatattaagiaatcclgactcaatiagecact
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stittgaatccacataciccaataciccigaaatccaicgatggagticatialggacagegeagaaagagetggggagaatigi gaaatigitaicegeteac
aaticcacacaacatacgageoggaageatasagigtanagectgggglacctaatgagigagciaacicacatiaatigegitgegeicactgoccgctite
ctegotgegetcggicgticggctgeggogageggtatcagetcacicaanggeggtantacggtintccacagantcaggg gataac geageanagaac
atgigagcanaaggecageaaaaggecaggaaccgiaaanaggccgegtigetgeegtitticeataggetccgececectigacgageatcacaaaaale
gacgcicaagicagaggiggegaaaccogacaggactataaagataccaggegtitccceciggaageicecicgigegeiciceigticogacectgeeg
cttaccggataccigicegeatiictcecticgggangegtggegctiictcatagetcacgciglagglatcleagticggigtaggiegticgetceaagetg
goagecaciggtaacaggatiageagagegaggtatgiaggoggigctacagagiicitgnagiggiggcciaaciacggetacactagaaggacagtatt
tggtalctgegeteigetgaagecagttaccticggaaanagagtiggiageicligalcoggcaaacaaaccaccgetgglagogalagtitititetitgeaa
gcagcagatiacgegeagaaaaaaaggalcicaagaagaiceiit gaictitictacgggpictgacgetcagiggaacgaaaacicacgtaagg gatitiz
sicatgagattatcaaaaaggatcticacciagatcctitianattaanaatgaagittiaaatcaatciaaagiatalatgagtaanctiggtctgacagtiaccaa
tectiaatcagigagacacclatcicagegatcigictatticgticatcecatagtigect gactececgicgtgtagataactacgatacg ggagggcttaceal
ctggecccagigeigeaatgataccgegagacecacgoicaceggeiccagattiatcageaataaaccagocagecggaagggocgageacagaagt
ggtoctgeaacttiatcogectecatccagictattaatigligcogggaagctagagtaagiagticgecagtiaatagttigegeancgtgtigecatigeta
caggcalcgtgptatcacgetcgtogtttggtatz goticaticagetcegglicecaacgalcaaggogagitacatgatccoccatgiizt zcanaaaage
ggitagciccticggicetcegategtigicagaagtaagiiggecgeagigtiatcacicatggitatggcageact geataaltcictiacigicatgecatee
gtaagatgcittictgtgactggtgagiactcanccaagicatictgagaatagigtat geggogaccgagtigotctigeccggegtcaatacgg gataatac
cgogecacatageagaactitaaaagigcicatcatigganaacgticticggegcgaaaacicicanggatciiaccgctgtigagatceagticgal glaac
ccactcgigeacceaactigatcticageatctittactitcaccagegtiictgggigageaanaacaggaaggcaaaatgecgeaaanaagggantaaggg
cgacacggaaatgitgaatactcatacicticctitticaatattatigaageatitatcagggttatigicicatgageggatacatatitgaat glattiaganaaat
aaacaaataggggticcgegeacatticcoecgaaaagigocaccigacgictaagaaaccaiiatiatcat gacatiaacciataaaaataggeptatcacga
ggecctitcgictogegegtticggtgatgacggtgaaaaccictgacacatgeageicceggagacggicacagetigiciglangeggatgeeggeage
agacaagecogicaggaegegicagegegigtizgesgstatcgegactzgctiaactat goggoatcagageagatiglactgagagtgcaccatat ge
cefcticgctatiacgecagetggegaanggggeatgtacigeaaggegatiangiiggglancgecagggtiticceagicacgacgtiginaaacgacg
gecagtgecacgeicicecttatgegactcotgeatiaggaageageccagtagtagetigaggecgttpageaccgeogeogeaagaaatg atacatge
aaggagatggcgoccaacagicocceggocacggggecigecaccaiacecacgecgaaacaagegeicatgagecegaagiggogagocogatctt
ceccatcggigatgicggogatataggegecageaaccgeaceigiggegecggtgatgocggecacgatgegiceggogtagagecgatitasagaca

aaaaggggegaa (SEQ ID NO: 29)

pMTBI328 (MSGV-LNGFR-P2A-GB3G6 TCR Mouse Constant)
tganagaccccacctglaggitigpeaagetagetiangtaacgecatitigeaagacatgpaanatacalaactgagaatagagaagticagatcaaggiia
2aacagagagacagcagaatalgggecaaacaggataicigiggiaageagticcigeccegaeicagggocaagaacagatggiccecagatgegs
tcccgeocteageagttictagagaaccalcagatgtitccaggptpcccoaaggacctgasantgacect gtgectiatiigaactaaccaatcagticgett
ctegetictgticgegeactictgetcooagagetcaataaaagageccacaaceccicacicggegegecagicetccgatagactgegtegecegegta
ccegtaticccaataaageciciigeigttigeatcegaategtggacicgeigatectigggagggtciccicagatigatt gacigeocaccicgggggict
icattiggaggticcaccgagatiiggagaceoctgectagggaccaccgaccocceogeegggagetangotgaeccageggiegtitegtgictgicict
glctitgtgcgtgttiztzccpgeatctantgitigegectgegictgtactagtiagetaactagetci glatciggeggaccegiggiggaacigacgagiicg
gaacacccggecgoaaccotgggagacgicocagggacticgggggecgttitigiggecegaccigagicolaaaatcecgategtitaggactcitiggt
geaccocceitagaggagggatatgigeitcliggtaggagacgagaacctaaaacagticccgecteegtcligaatittigetiicggttigg gaccgaagec
gcgeegegegictigicigetzeagealcgtictgigtiptctcigictgacigigittcigtattigictgaaaatalgggeccgggetagectgitaccactece
itaagtiigaccitaggicactgganagalgicgageggatcgetcacaaccagtcggiagalgicaagaagagacgitgggitaceitcigeictgeagaat
goccaacclitaacgicggatggeogeragacggeacciilaacegagaccicatcacccaggitaagatcanggictiticaccizgeccgealggacac
ccagaccaggtcceciacategtgaccigggaagectigactitigacceeccicceigggicaageccttigiacaccetaagectcegeciceicticctec
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atccgeccegictctceccetigaacciccicgticgaccocgoctcgatcciceeittatceageccicaciccticictaggegeecocatatggeeatatga
gatcitatatggggeacceccgocecti glaaacticoctgacectgacatgacaagagiactaacageeccictciccaagetcactiacaggetcictactt
agiccageacgaagiciggagaccictggeggeageciaccaagaacaaciggaccgaceggiggtaceicaccetiaccgagicggegacacagigts
ggtocgocgacaccagaciaagaacctagaaccicgelggasaggacctiacacagicotgetgaceaccoccaccgeccicaaagiagacg geatcge
agcitggatacacgeogoocacgizaagpctgecgaccocgggggtgnaccatoctctagaccgecat gleEg g8 ecagelgccaccgaecacgcea
iggacgggcogegectgoigetgiipctgcticiggggeigicectiggaggtgecaaggag geatgecceacaggecigtacacacacageggigagle
ctgcagagectgeaaccigggogaggetgigscecagociigigeagccaaccagaccgigigtgageocigociggacagegtgacgitcicogacgt

ctgegectacggeiactaccaggaigagacgacigggegetgogagecgigocgegtgtgcgaggeggacicgggectegigtictccigecaggaca

agcagaacaccglgtpegaggagigocecgacggcacataticegacgageccaaccacgiggaccegigectgecctgoaccgt gtgcgag gacac
gacagcacagccoccageacceaggageotgaggeacciccagaacaagaccicatageeageacggiggeaggtgiggigaccacagigatgggea
geteccageeegiggtaacecgagecaccacegacaaccicateccigictatigetecateciggetgeigtgatigtgagictigigacctacatagectic
gegacgggticaagaacticoctactictigeatitggecigattigtitscogtggttacag gaagectcageagaigolaagaccacacagecaaaticaat
geagagtaacgaagangagectgticacitgecigtaaccactccacaalcagiggancigattacatacatiggtatcgacagcticecteccagggicea
gagtacgigaticatggicitacaageaatgigaacaacagaatggcciciciggeaatcgei gaagacagaaagiceagtaccitgaicetgeaccgigeta
cotigagagatgctgoigigtactactgeatceigagaaccictggggctzggagitaccaactcactitcgggaagggpaccaaactcioggtcataccaa
atatccagaaccecgagecegecgiglaccagetgaag gaceccagaagecaggacageacceigigertgticaccgacticgacagecagatcaacy
tgcccaagaccatggagageggcacciicatcaccgacaagaccgligetggacalgaaggeeatggacageaagageaacggogeealcgoctgglec
aaccagaceageticacatgecaggacalclicaag gagaccaacgrracciaccoCageage gacgigocClgr gacgeeaccotgaccagangag
sgcigiggagcageagggeaaaacgticgggticggeigegecagiaaageagacattaaacttigattigetganactigeaggigat gltagagicaaatc
cagglccaatggeaacaggpageegaaccictetgeicciigetitcggeciccittgectaceatgectgeaggaggacicggcaagtpctgicatcictca
gacagagectgacactigatcgeaactgoanatcagggcictgaggccacatat gagagtg gatitgicatigacaagiticcoatcagecgoccaancetan
caticicaacictgacigigagcarcalgageceigaagacageageatatatcictgeagegegggagaagcgggagegtcagatacgeaglatitigge
ccaggeacceggetgacagigcicgaggaceigaggaacgigacceoccccaaggigicectigtic gagoocageaag gecgagaicgoaacaage
agaaggocacceiggtatgectggecaggggeticticocegaccacgiggagetgictigglgggtaascgpcaggaggtgcacageoggegigasc
accgacccecaggeciacaaggagageaactacageiacigectgageageagecigagagigagegccacceticiggeacaaccccaggaaccactt
cogetgicaggtgeagticcacggecigagegaggaggacaagiggeccgagggeagecooaagecegigacccagaacatcagogeogaggectg
gggeagagecgactgeggeatcaccagegeeagetaccaccagggegtgctgtocgecaceateciglacgagatectgotgggeaaggeeacact gt
acgecgigetgptgtecggectggtacipatggecatgpigaagaagaagaacagetaaaggaiccgatannataaaagaititatiiagiciccagaaaaa
sggeggaatgaaagaccceaccigtaggtiiggeaagetagetiaagtaacgecaltitgecaaggeatgganaatacataactgagantagagaagticag
atcaaggltaggaacagagagacageagaatalggeccaaacaggatatcigiggtaageagitccigecceggetcagggceaagaacagatggtoce
cagatgcggicecgecctcageagitictagagaaccatcagatgiticcaggptzccocaaggacetgaaatgacccigigecitatit gaactaaccaate
agttcgetictegeticigticgegegetictgetoceegageteaataanagageecacaaccocteacteggogegecagicctocgatagactgogloge
cegeglaccegtgiatccaataaacceictigeagtigealcegactigigaictegetgticeligegagegicicctcigagigatigactaceogicageg
sgegictiicatgggtancagtitctigaagtiggagaacaacatictgaggglaggagicgaatattaagtaaiccigactcaatiagecactgiiitgaatcca
catactccaatactccigaaatocatcgatggagticattalggacagegcaganagagetggggagaatigigasatigtistccgetcacaaticeacaca
acatacgageeggaageatasagiglanagectgagatacctaatgagigagctaacicacatiaatigegtigegcteactgocegetitccagicgggaa
accigicgtgecagetgoatiaatgaalcggecaacgegeggggagaggoggitt gogtatigg gegctcticegettcctegeicactgactegetgeget
cggicgticggctgeggegageggtatcagetcacicaanggeggtaatacggtiatccacagaatcaggggatancgeagganagaacalgigageas
sicagaggiggcgaaaccegacaggactataaagataccaggegtitccoeoiggaageicceicgigegeictectgticogaccetgecgetiaccgga
tacciglcegectttcicecticggraagegtggegciiicicatageicacgeigtaggtalcicagticggigtaggicgticaciccangetg agoiglgts
cacgaaccecocgiteagocegaccgeigegectiateeggiaactaicgictigagiceaacceggtaagacacgactiatcgecaciggeageagceac
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iggtaacaggatiagcagagegaggtatglaggeggtgetacagagiicligaagiggiggectaaciacggeiacactagaaggacagiattiggtateig
cgeicigetgaagecagtiaccticggaaaaagagtiggtagetctigatceggeaaacaaaccaccgetgaiageggtgatititiigittgcaageageag
attatcasasaggaicticacctagaicctttianatianasatgaagtiitanaicaatciaang iatatalgagtaaactiggictgacagttaccaatgotiaate
agtgaggeacciatcicagogatcigiciatitogticalccatagtt gectgactoccogic g pagataactac calaC g gRag rgetiaceatelggecce
agtgctgeaatgataccgegagacceacgeicaccggeiceagaltiatcageaatasaccagecageoggangggccgagegeagaagiggiceigea
actitatccgectecatecagictattaattgttgccgggangclagagtaagiagiicgocagtiaatagtitgegeaacgtigitpcoatigetacaggeateg
tgpigicacgcicgicgitizgtatgacticaticageiceggitcccaacgaticaaggcgagiiacatgaicecccat gtigigeanaaaageggtiagetect
tcggicoicegatcgitgicagaagiangtiggecgeagigitaicacicatggtiatggeageacigeataaticicitactgicatgecaicegtaagalgettt
{ctgtgaciggigagiacicaaccaagtcatictgagaatagigtat geggeaacegagtigoictigeccggogleaatacgggalaataccgegocacata
gcagaactitaaaagigeicalcatiggaanacgticticggggcgaaaacicicaaggaictiacc goigltgagatecagiicgat giaacccacicgigea
cccaactgalcticageatcttitactiicaccagegttictgggigagcaanaacag gaaggeaaaat gecgeaanaaagggaalaaggecgacacggaa
atgtigaatactcatacicliccttittcaatatiatigaageatitalcaggettatigicteatgage ggatacat atitgaat glatitagaaaaataaacaaatag
gegitccgegeacatitccoegaaaagigecaccigacgictaagasaccatiatiatcat gacatiaacctataaaaataggegiatcacgaggeccitiogt
ctegogegltteggigatgacggigaaaacoictgacacatgeageicoeggagacg gicacaget gt giaagog gat goC g gRageagacangoce
gicagggescgicageagaistigacgegigtcggagoigactiaaciatgogacatcagageagatigacigagagigeaccatalgogaigigaaat
accgcacagaigeglanggagaaaataccgeatcaggegecaticgeeaticaggeigegeaacigtigggaagggegatcggligogggeciciicgeta
itacgecagciggogaangggeatgtactgcaaggcgatiaagitgg ptaacgocagggtiticecagicacgacgttglaaaacgacggocagtgoca
cgetcteccttatgogactecigeattaggaageageccagiagiaggtigaggocgtigagoaccgecgecgcaaggaatgatgcatgeaageagat gg
cgeecaacagicoeceeggocacggggectgecaccatacccacgocgaaacaagegeicatgagecegaagiggegagecegateitceecaieggig
atgicggogatataggegeoageaaccgeaccigiggegecggtgatgecggecacgatgoglocggegtagaggegatitanagacaggataicagly
gtccagpcictagiitigacicaacaatalcaccagetgaageciatagagtacgagecatagatanaataaaagatittatitagiciccagaaaaaggageg
aa (SEQ ID NO: 30):

PMTBII30 (MSGV-ENGR-PZATHHD2 TCR Mouse Constant
tgaaagaccecacciglaggitiggcangotagctiaaglancgecattitgeaaggratgganaatacatasctgagaatagagnag ticagalcaaggtia
ggaacagagagacageagaatatgg pecanacaggatateigtz glaagcagticeigeoceggeicagggccaagaacagatggtocecagatgceg
iccecgeectcageagitictagagaaccatcagatgiticcagggtgecccaaggaccigaanatgaccetgtgecitattigaactaaccaaticagitcgeit
ctegetictgticgegegetictgctcocogagetcantanaagagoccacascoccicactcggegegecagicctocgatagactgegicgoccggeta
tcattiggaggitccaccgagatitggagacceeigeotagggaccacegacceecccgecgggaggtangotggecageggicgtiicgtgictgictct
gictitgigegtgitigigoegpeatciaatgittgegoctgogictgtactagitagetaactagetcigtatciggoggaccogigglggaacigacgagitcg
scacceccctiagaggagggataigiggticiggiaggagacgagaacciaaaacagticeogecteogicigaatititgctitcggttigg gaccgaagee
gegecgegegictigicigetgeageatogiict gigtigicietgicigact gigiticiztatitgictzaaaatalggacccggactagectgtiaccactece
ggccancetttaacgicggatggecgegagacggcacotitanccgagaccicatcacccaggttaagatcaaggictittcacctggeeogeatggacac
ceagaccaggiccectacatogigacciggaaagoctiggetitigaccocccicectgggteaageccittgiacaccotaagestcegectoctettectec
atccgeccegictctceccetigaacciccicgticgaccocgoctcgatcciceeittatceageccicaciccticictaggegeecocatatggeeatatga
gatcttatatggggeacceocgeccettglaancticectgaceotgacatgacaagagtiaciaacageeccicicticcaagetcactiacaggeteictactt
agiccageacgaagiciggagaccictiggeggoagaciaccaagaacaactggaccgaccggiggiaccicaccettaccgagioggegacacagigty
ggiccgecgacaccagactaagaacciagaaccicgelggaaaggacctiacacagiceigeigaccacccecaccgeccicaaagtagacggeatcge
agcttggatacacgeogeocacgigaaggotgeogaccocgggggiggaceatoctciagaccgeeat glogg ggecag gigecaccggeegogeea
cigeaaagectgeaaccigggegaggeigiggeccagectigiggagecaaccagaceglgigtgageecigeciggacagegtgacgiicicogacgt
getgagegepaccgagecpigeangeoglgeaccgagigegigggeciceagageat gicggegecatgegtagaggccgacgacgecgigtacey
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agcagaacaccgtgigegagg, gtg ccgacggeacgtaticcgacgaggocaaccacgiggaccegigectgeocigeaccgigigogaggacac
cgagegccageiccacgagtgoacacgeigggeegacgecgagigegaggagatcectggecgitgpaliacacggiccacacceccagagggcicy
£acageacageecceaget »coaagagc»tgagan»cmuaoaacaagacduaiagwa%acagtgzcaagtgtggtgaccacamgaiLgaca
getcecageecgtggteaccegaggeaccaccgacaacctcateccigictatigetccatcciggetgctgiggtigigegictigtggcctacatagectic
aagaggtgmaacageiceggotceggagecaccaacticagecigeigaageaggccggegacgiggagagaaccocggooccgeggecgceaty
gegacgggticaagaacticcctactictigeatitggectgetitgitigecgtg gtiacaggaagectcagceacagaaggag gtggagcagaattciggac
cvctcag*tgﬁccagaggga0ccaﬁvccactctcaactgcabtmcavtvac(,ga gmmaotvcmttbt gmcagavaataitctggoaaaagvmt
uua c»dgtgamdgwacvtawtctgtgwgtagdtvdcaagat E\E“ﬁt"gddaa"ggacaugauﬁuafdﬁut»u caatatccagaawccgag
cocgoegigtaccagetgaaggaccecagaagccaggacageaccctgtgectgiicaccgacticgacagecagaicaacgt geccaagaccatggag
ageggeacciicatcaccgacaagaccgigetggacatgaaggecalggacagcaagageaacggegecatcgectggiccaaccagaccageticac
atgccaggacatcticaaggagaccaacgecacctaccccageagegacgtgeccigegacgecacectgaccgagaagageticgagaccgacatga
acctgaacticcagaacctgagcgigatgggcctgagaatectgetgctgaaggiggccggeticaaccigcigalgacceigaggcigigaageagcag
gcaaaacgiicgegticgggtzcgccagiaaageagacattanactiigattigciganactigeaggigaigiagagicaaatccaggtccaaiggcaac
agggagcegaaccicictgeicctigetticggecicettigectacegtgectgeaggaggectcggcagatgctggagtiatccagtcaceccggeacga
ggigacagagatg ggacaagaagt pactcizagalgiaaaccaatticag gacacgactaccitticiggtacagacagaccatgatgegggractgaagt
tgcicaittactitaacaacaacgticcgatagatgaticaggeatgeccgaggatcgaticicagclaagatgectaatgeatcaticiccacicigaagateca
geectcagaacceagggactcageigigtactictgtgecageagittgggacagecaageacagatacgeagtatitiggeccaggeacceggetgaca
gigcicgaggacctgaggaacgizaccceocceaaggtgteccigticgageccageaaggocgagaicgecaacaageagaaggccacceiggiate
coiggecaggggcticticcecgaccacgtggagctgictiggtgggteaacggcaaggaggigcacageggegigagoaccgacecccaggectaca
aggagagcaactacagctac.tgcctgagcag(:aggctgagagtgagcgccaccatcaggcacaacccc.avgaaccactaccoctg‘tcagg‘t cag‘tmc
atuaccagcgccagctaccaccagggcgtgctgtccgccaccatcctgtacgagatcctgctgggcaaggwaydctgtaugugtgctggtgtwggcs,
tgzigcigatgaccatg gigaagaagaagaacagetaaaggatccgatdaaataaaagatittattiagiciccagaanaaggggrgaal gaaagacccea
ccigtaggtiigecaagetagetiaagtaacgecaititgeaaggeatgganaatacataacigagantagagaagticagatcaageitaggaacagagag
acageagaatatgggccaaacaggatatctgtggtaagcagticetgecccggeicagggccaagaacagatggiccecagatgeggicecgeecicag
caglttctagagaaccatcagatgiticcagggiacceccaaggaccigaaatgaccetgtgecitatitzaactaaccaatcaglic geticicgettcigitcge
gegcetictgeiccecgagetcaatagaagageocacaaccecicacticggegegecagicctecgatagactgegicgecegggtaccegtgtaiccaata
aacceictigeagtigeatcegactigtggictogetgticctigggagegtciccictgagtaatigactaccegicagegggegictticatgggtaacagitt
ctigaagitggagaacaacatictgagagtaggagtcgaataiiaagiaatcctzacicaattagecacigtitigaatccacataciceaataciccigaaalee
atcgatggagttcatiatggacagegeagasagagcigg ggagaatigtgaaatighiaiccgetcacaaticcacacaacatacgagecggaageatana
gigtanageotggggigectaatgagtgagciaacicacatiaatigegtigegeicactgecegetiiccagicgggaaaccigicgtgecagetgeatiaat
gaalcggecaacgegeggggagaggcggitizegtatiggocgcicticegaticetogeicactgacicgetgegeicggicgticggeigegacgage
ggistcageicacicaaaggeoggtaatacggiiatccacagaalCaggggataacgeaggaaagaacalglgagcaaanggreagoaaaaggocagga
accgtaaaaaggecgegtigciggegtiitticcataggeicegocceccigacgageatcacaaaaatcgacgcicaagicagaggigregaaaccegac
aggactataaagataccaggegtitcecectggaageicestogtgegeicicetgiicogacceigecgettaceggataceigicegeciticteccticgs
gaagegty gvgcttt(,tcaiavctcac0ctgmgotaaut(,agmggtgiaggta,gamctucaagdgggctgtgtgbacvaaca,cc(,bgatvdgvmga
cegetgegectiatcoggtaactategicttgagiccaacceggtaagacacgactialcgecactggeagcagecaciggtaacag paltageagagega
getatgtagecgstgctacagagticitgaagtggtggectaactacggetacaciagaagg acagtatﬁggwtctgs,gctutﬂctgaagccagttacdtr‘
graaaaagagtiggtagetctigaiceggeanacanaccaccgeigglageggigstititifgitigeaageageagattacgcgeagaanaaaaggaict
caagaagalcciitgatctitictacggggicigacgeicagiggaacgaaaactcacgiiaag ggatliiggicatgagatiaicaaaaaggatcitcacclag
atcctittaaattaaaaatgaagititaaatcaniciaaagiatatatgagiasaciiggictgacagitaccaatgcitaatcagigaggcacciatctcagegatc
tgtctatiicgticatceatagttgectgacicecegicgigtagataactacgatacg ggaggectiaccatctggeeccagtgeigeaatgataccgegaga
cccacgeicaccggcetccagatitaicageaataaaccagecagecggaaggeecgagegeagaagtg gtecigeaactitaicecgeciccatecagicta
Htaatigligccgggangctagagtaagtagticgecagtiaatagttiigcgcaacgtgtigecatigetacaggealcgiggtgicacgetogicgitiggtal
gocticaticageiccggticecaacgatcaagecgagtiacatgatcecccatgtigigeaaaaaageggtiagetecticggicctecgatcgtigicagaa
giaagtizgeegeagtgitaicacicatgattalggcageactigeataatictettactgicatgecatecgtaagatgetittcigigactggigagtacicaace
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aagicaticigagaatagigtatgcggegaccgagtigeictigeocggegicaatacgggataataccgegeoacatageagaactitaaaagigetoatca
tiggaaaacglicticggzacgaaaacicicaaggatctiaccgetgtigagatccagiicgatgtaacccacicgigeacceaactgateticageatettita

ctitcaccagegiticizggigagcaanaacaggaaggoaaaatgecgeaaasaaggraataaggecgacacg gaaatgitgaatacicatacicticctit
ticaatattatigaagcatitatcagggiiatigicicatgageggatacatatitgaat glatitagaaaaatanacaaataggggticcgegcacattioccega

aaagtgecacctgacgiciaagaaaccattaltalcalgacatiaacciataaaaataggegtalcacgaggooctifcgictegegegiicg glgatzacgg

igaanaccicigacacaigeagetcceggagacggicacagotigicigiaageggaigeegggagcagacaageccgicagggegegteagegggigt
fggeggatetcgggectiggcitaaciatgeggcatcagagcagatiglactgagagtecaccatatgeggtgtganataccgoacagatgegtaaggaga

aaataccgeatcaggogecaticgecaticaggeigegeaacigtizgraagggogaleggigegagccicticgotattacgecagotggegaaagggs
gatgigctgcaaggcgattaagiigggtaacgccagggtiticecagicacgacgiigtaaaacgacggecagigecacgetcicoctiatgegactootge

attaggaageagoccagiaglaggiigaggecgtigagcacegoegoegraaggaatgglgeatgoaaggagatggegoccaacagicoccoggecas
ggagocigecaccalaccoacgeegaaacaagegoicalgagoccgaagtgacgageccgaicticoeccatoggigatgicggogatataggegecag

caaccgeaccigtggegecggigatgeoggecacgatgegiccggogtagaggogatitanagacaggataicagiggiccaggeictagtitigacicaa
caatatcaccageigangectatagagtacgagecatagatasaatanaagattitattiagiciccaganaaaggggegaa (SEQ ID NO: 31

pMEIBI331 (MSGV-LNGFR-PZA-BUTNY TCR Mouse Constant}
tgaaagaccecacciglagaittggeaagetagctiaagiaacgecattitgcaaggeat zganaatacataacigagaatagagaagiicagalcaaggia
ggaacagagagacageagaatatgg geecanacaggatatcigtggtaageagiiccigeccoggcicagggecaagaacagatggiccccagaigogg
iccogeactcagoagitictagagaaccatcagatgiticcagg gigcoceaaggacctgasaatgaccotgtgectattiganctaaccaaicagiicgett
ctegelictgticgegegetictgctccccgagetcaatanaagageccacaacecctcacicggegegecagiceicegatagactigegicgeceggeta
ceogtaticccaataaagecicitgoigtitgeaicegaaicgiggacicgeigatcctigggagggictccicagatigatigacigecoecaccicgggggteit
tcattiggaggitceaccgagatitggagaccectgectagggaccaccgaccecoccgeogggaggtangctggeragoggtogtitogtgictgictet

gaacaccoggoegeaaccetigggagacgicccagggacticgggggeogtititgiggcccgaccigagicctaaaaiceegategittaggacictitggt
geacceccctiagaggagg patatgteglictgglaggagacgagaacciaaaacagticccgectoegicigaattttigetticgpttgg paccgaagec
ftangttigacctiaggicactggaaagatgicgageggalcgeicacaaccagicgglagatgicaagaagagacgtiggettacetictgetctgeagaat
ggceaacctitascgicgpalggecgegagacggeacctitaaccgagaccicalcacceagptiaagaicaaggictiticacoiggeocgeatggacac
ccagaccaggteccctacatcgigaccigggaagectiggettitgaccceecicectgggicaageceiti glacaccetaagectec geciceicticctes
atocgeoccgictetccccatigaaccicctegticgaccocgectogatectecetttatccageoctcaciccticictaggegcocacatatggecatatga
gatcitalatggegeaccooegeecctt giaaacticcctgaccctgacatgacaagagtiaciaacageocciciciccaagetcactiacaggetcictactt
agiccagcacgaagictggagaccictggeggeagectaccaagaacaaciggacegaccgglggtaccicacecttacogagicggogacacagtgly
ggtocgocgacaccagaciaagaacctagaaccicgelggasaggacctiacacagicotgetgaceaccoccaccgeccicaaagiagacg geatcge
iggacgggcogegectgoigetgiipctgcticiggggeigicectiggaggtgecaaggag geatgecceacaggecigtacacacacageggigagle
ctgeaaagectgeaaccizggegaggetatgococagaciigigeagccaaccagaccgigigigagcoctgeciggacagegtgacgticicogacgt
ctgegectacggotactaccaggatgagacgactggecgotgegagecgigecgogigtgcgaggegggotegegectegigtictectgecaggaca
agcagaacaccglgtpegaggagigocecgacggcacataticegacgageccaaccacgiggaccegigectgecctgoaccgt gtgcgag gacac
cgagcgecagetcegegagigeacacgetgggecgacgecgagigegaggagatccctggoegttggatiacacggiceacacccocagagggeicg
gacagcacagococcageacceaggageotgaggeacciocagaacaagaccicatagocageacggtggeaggigigatgaccacagtgatgggea
geteccageeegiggtaacecgagecaccacegacaaccicateccigictatigetecateciggetgeigtgatigtgagictigigacctacatagectic
aagaggtggaacageiceggoiccggagecaccaaciicagectgelgaageaggecggegacgiggaggagaaccccggeoccgoggeogeeatg
gegacgggticaagaacticoctactictigeatitggecigatiigiitscogtgpttacag gaagectcageanaacag gaggtgacgeagaticctgeag
acatctcigiigctiaticagicangicagagagagcaaacaagiggaagactiaatgecicgeliggataaatcaicaggacgtagiacttiatacatigeaget
tcicageetggtpacicagecaccliaccieigigotgtpagtactgegiaticaggaggaggtactgacggactcaccttiggcaaagggactcatctaatca
tccagecctatatccagaaceecgageccgeogigiaceageigaaggaccceagaagecaggacageaccetgigectgiicaccgacticgacagec
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agaicaacgigcccaagaccatggagageggcaccitcatcaccgacaagaccgigeiggacalgaaggecatggacageaagageaacggegecaic
gectggiccaaccagaccageticacatgecaggacatcticaag gagaccaacgecacclaccocageagegacgtgoecigegacgecaccotgace
gagaagagcticgagaccgacatgaaccigaacticcagaaceigagegtgatggeccigagaatectgetgetgaaggiggceggeticaaccigetga
tgaccoigaggetgiggapcageaggacasaacgiicggeticgggipcgccagtanagcagacatiaancttigattigctgaanctigcag glgatgtag
aglcaaalccaggiccaatggeaacagggagcegaaccicietgeiecttgetttegggeicctitgectacogigeotgeag gaggactegacagatactg
gagictcceagaaccecagacacaagatcacaaagaggggacagaatgiaaciticaggigtgaiccaattictgaacacaacegecitiatiggtaccgac
agaccotgggecagggoceagagtitctgactiaciticeagantgaagetcasciagaaaatcaaggoigotcagtgatcg gticictgeagagaggocta
accticggticggggaccaggtiaaccgitglagaggaccigaggaacgigaccecceceaaggtgicccigticgageocageaaggeegagatcgec
aacaagcagaaggecacceiggigigoctpgecaggegcticticeccgaccacgiggagclgictigatgaelgaacegranggaggigcacagcas
cgigageaccgacceecaggoctacaaggagageaactacagetactgoctigageageagectigagagtgagegecacciiciggcacaaccecagga
accacticcgetgicaggigeagticcacggectigagegaggaggacaagiggoccgagggeagecceaageccgigacceagaacaicagegeega
£2CCiERERCARAgCgact Zeggeatcaccaggcagciaccaccagggogigcigicogocaccatecigiac gagalccigcigageaaggcca
cactgiacgeegtgctpgigiccggectiggigetgatgaccatzgigangangaagaacagciaaaggatcegataaaatasaagatitiatitagiciccag
aaasaggggsgaatgasagaccecacciglagatitggeaageiagettaagiaacgecatitigeaaggeatgganaatacataacigagaatagagas
aticagatcaaggiiaggancagagagacageagaatatgggccanacaggatatcigt zgtaageagticcigeoceggetcaggeccaagaacagat
ggicceeagatgegglcocgeecicageagtitciagagaaceatcagatgiticcagggtgocecaaggacctgaaatgaceotgigectiatiigaactaa
ccaatcagticgetictegeticigticgegegetictgeloceegageicaatasaagageocacaaccectcactoggogegocagicciccgatagacty
cgicgeceggatacecgtglatccaataaaccetctigeagtigeatecegactiptggictegetgttcctigggagg gtctectcigagt gatigaciacecgt
cagcgggegtciticatgggtaacagtitctigaagtiggagancaacaticigagggiaggagicgaaiatinagtaatcctgactcaatiagecactgititg
aatccacatactceaatactectgaantocatcgatggagticatiatggacagogeagaaagagotgggeaganttgigaaatigtiatccgeicacaatice
acacaacalacgagceggaageataaagiginaagecigggatgcciaat gagtgagetaactcacatiaatigegtigegeicactgocegetitceagic
gggaaaccigicgigecageigeatiaalgantcggecaacgogeggggagaggeggtitgegiatigggcgcicticegeitccicgetcacigacteget
geaclegategticggetgegacgageggtalcagetcacicaaaggegataatacggtiatceacagaatcaggegataacgcaggaaagaacalgly
agcaaaaggecagceaaaaggecaggaaceglaaaaaggecgegitgctggegiititccataggeiccgecceccigacgageatcacaaaaatcegacy
ctcaagicagagpipgogasaccegacaggactataangataccag goglticeccoiggasgetecctegigegetctectglicegaccctgoegetiac
czgatacctgtcegectiicicecticgggaagegtzgeactiicteatageicacget giag glatcicagitcgplgtaggicgticgetccangetgagety
igtgcacgaacceccegticagecegaccgoigegectiatcoggtaactategictigagiccaaccegglaagacacgactiatcgeeactiggeageag
ccactggtancaggatiageagagegaggtatgtaggeggtectacagagticiigaagtggtgecciaactacggetacactagaaggacagiattiggta
cagatiacgcgcagaaanaaaggatcicaagaagaiccittgaictitictacggggtcigacgeicagiggnacgaaaacicacgtinagggatittggteat
gagattatcanaaaggatcitcacctagatcottitaanttasanatgaagiitinaaicaatctasagtatatat gagtaaactiggictgacagttaccaatgett
aatcagigaggceacciaictcagegatctgictatitcgticaiceatagtigectgacicecegicgigiagataactacgatacgggagegctiaccateigg
ccecagtgetgeaatgatacegegagacceacgeicaccggeiccagatitatcageaatanaccagecagoeggaagggocgagegeagaagiggic
ctgeaactitatcegeciceatccagictattaatigtigeegagaagetagagtaagtagticaecagtiaatagtitgegeaacgtigligecatipatacagg
catcgigatgtcacgeicgtcgitiggialggeticaticageiceggiicccaac gatcaaggegagtiacatgateccecatgtigizcaanaaageggiia
getecticgptectocgategiigtcagangtaagtigecogeagtghtatcacteatggttatggeageactigeataaticteiacigteatgecatcegtaag
atgettitctgigactggigagiactcaaccaagicatictgagaatagtgtatgegecgaccgagtigeictigeoeggegtcaatacgggataatacegege
cacalagcagaacittanaagigcicatcatiggaaaacgiicticggg gegaaaacicicaaggatctiaccgetgtigagalccagticgatgtaacecact
cgtgcacccaactgatcticageatctittactiicaccageglticigggigagcananacag ganggoeaaanigergeaananag ggaataagggosac
acgganatgtigantacteatacicitccttiticaniatiatigangeatitatcaggatiatigicteatgageggaiacatatitgaal giatitagaaaaatanac
aaataggggitccgogeacatitcccogaaaagt gocaccigacgictangaaaccatiatiatcatgacatiaacctataaaaataggegiatcacgaggce
ctitcgiclegegegiticggtgatgacggtganaaccicigacacatgeagetccoggagacggicacagotigictgtange g pal gCogEgageagac
aagecegicaggeopcgicageggptetizacgegtigicgegectigacitaactatgeggcalcagageagatigiact gagagigeaccatalgezgig
igaaataccgcacagatgegiaaggagaaaataccgeatcaggegecaticgecaticaggetgegeaact gitgggaagggcgatcggigegggectct
tcpclatiacgocagelggeganaggegaatatectigcangeegatiaagtigggiaacgccagggitiicecagicacgacgiigtaaaacgacggeea
gteccacgetcteectiatgegacicetgeatiaggaageageccagiagiaggitgageccptigagcaccgocgocgoaaggaalggiacatgcaazg

49
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agatggegoceaacagicccocggocacggggectgecaccatacecacgecgaaacaagegetcatgageocgaagiggegagecegateitocce
atcggigatgicggegatataggogeeageaacogeaccigiggegocggigatgecggecacgatgegiceggegtagaggogatitaaagacaggat
atcagiggiccaggoictagittigactcaacaataicaccageigaageciatagagiacgagecatagataaaataasagatitiatitagiciccagaasaa
ggegeeaa (SEQ 1D NO: 32)

pMTIB1332 (MSGV-LNGFR-PZA-BISNY TCR Mouse Constant)
igasagaccocacoiglaggittgpcaagotagoiiangtancgocattiigcaaggeatggnanatacatanctgagaatagagaagticagaicaaggita
ggaacagagagacagcagaatalgggocaaacaggalatcigigaiaageagticctgeccegacicagggccaagaacagatzgiceecagatgegs
tccegeecicageagttictagagaaccaicagatglitccagggigecceanggaccigaaaatgaccetgigectiatitgaactaaccaaicagticgett
ctegetictgticgegeactictgetcooagagetcaataaaagageccacaaceccicacicggegegecagicetccgatagactgegtegecegegta
ccegtaticccaataaagecicitgetgtitgeatcogaategiggacicgeigatectiggpagegiciccicagatigatigacigeccacctcggggaictt
icatiiggaggticcaccgagaltiggagaccecigectagggaccaccgaceecceegeegggaggtangetggecageggicgtitcgigictgicict
glctitgtgcgtgttiztzccpgeatctantgitigegectgegictgtactagtiagetaactagetci glatciggeggaccegiggiggaacigacgagiicg
gaacacceggecgeaaceoigggagacgicecagggacticgegegcegtiitigizgccegaccigagicciaaaatcocgategtitaggactcitiggt
geaccocceitagaggagggatatgigeitcliggtaggagacgagaacctaaaacagticccgecteegtcligaatittigetiicggttigg gaccgaagec
gegeegegeatetigictgctacagealegtictgigttatetctgtctgaciglgitteigtatitatetgaaaatalgggeocgagctagectgttaccactece
itaagtiigaccitaggicactgganagalgicgageggatcgetcacaaccagtcggiagalgicaagaagagacgitgggitaceitcigeictgeagaat
ggecaacctitaacgicggatggeogegagacggeacctitascegagaccteatcacccaggtiaagatcaaggictiticacctggeccgeatggacac
ccagaccaggtecectiacategigaccigggaagectig acittigaccccectecctggaicaageccttiglacaccetaagecieegecteatcticcte
atccgeccegictciccecctigaacciccicgiicgacceogeaicgatecicoctitaiccageoctcactcctictetaggogeeceeatatggecatatga
gatcitatatgggpcacccocgeeocttgiaaacticectgaccctgacatgacaagagtiactaacagocccteictccaagetcacttacaggctoictact
agiccageacgaagictggagacciciggegecagectaccaagaacaaciggaccgaccggigglaccicaceeitaccgagicggcgacacagigiz
ggiccgocgacaccagactaagaacctagaaccicgeiggaaaggaccitacacagiccligetgaccacccccaccgeccicaaagiagacggeatege
agettzgatacacgecgeecacgigaaggetgeegaccecggggaizeaccatecticiagaccgecal glegageecag gleccaccagoegegeca

ctgeaaagectgeaaccigggegagegiglggeccagocitgiggageoaaccagaccgigigigageocigoctggacagegt gacgiiciocgacgt
ggtgagcgegaccgagecgigeaagocgigeacegagigegiggegetccagageatgicggegccatgegigpaggeogacgacgocgiglgeeg
cigegectacggetactaccaggatgagacgactgggegelgegaggegigeegegigigegaggogggeicgggecicgigiicicoigecaggaca
agcagaacaccgigtgogaggagtgococgacggeacgtaticcgacgaggecaaccacgtggaccegtgeotgonctgeaccgtglgcgag gacac
cgagegccageiccgegagigeacacgetgggeegacgoegagigegaggagatecctggocgitgzattacacggiceacacecccagagggctcs
gacagcacageccecageacceaggagectgaggeacciccagaacaagaceicaiagecageacggtggeaggtigiggtgaccacagigatgggca
getoccageeogtggtgaccegaggeaceaccgacaaccicateccigictattgetecateciggetactgtggtigigggictigtggectacatagecttc
aagaggtgeaacagciccgactocggagceaccaacticageotaci gangcag BeCpgceacstiagageagaaccceggocccgegaccgecaty
scgacgggttcaagaacticectactictigeatitggectgetitgitigecgiggtiacaggaagectcageaggacaacaggiaatgcaaaticcicagta
ccagcatgtacaagaaggagaagacticaccacgiactgcaattcctcaactactitaageaalatacagiggiataageaaaggeotggtggacatceegit
tittigatacagitagtpaagagigeagaagigaagaagcagaaaagactgacatiicagtilgzagaagcasaaaagaacagcicceigeacatcacage
cacceagactacagatgtaggaacciaciictgigeggaccctaacittggaaaigagaaatiaacctiigggactggaacaagacteaccatcatacocaat
atccagaacceegageccgeegtgiaccagetgaaggaccecagaageeaggacageaccelgigectgticaccgacticgacagecagatcaacgty
cccaagaccatggagageggceacciicatcaccgacaagaccgigetggacatgaaggocatggacageaagageaacggegeeatcgectggiocaa
ccagaccagettcacatgecaggacatciicaaggagaccaacgeoacctaccocageagegacgigecctgegacgecacectgaccgagangageit
cgagaccgacatgaacclgaacticcagaacctgagegtgatgggccigagaatccigetgetgaaggt zpccggcticaaccigetgatgaccetgags
ctgtggageagcagggeaaaacgitcgggticgggtgcgccagtaaageagacatiaaactiigatitgcigaaactigecaggigal gtagagicaaaicca
ggtocastggeaacagggageogaaccicicigetoctgetttcgggctectitgectacegtgectgeaggagg geteggeagangeccaagigacoea
gaacccaagataccicaicacagigactggaaagaagitaacagigactigtictcagaatalgaaccatgagiatatgiccigatatcgacaagacceagyg
sctgggeitaaggcagaictactaticaatgaatgigaggigacigataagggagat gticcigaagggiacanagictcicgaaaagagaagaggaatitc
ceectgatcetggagtogeecageccoaaccagaceictctgtactictgigoeageagtitgaatecciitpeaaciaatgaaanactgtititiggcagligga
acccagcicicigictiggaggaccigagpaacgtgacceoccecaagglgiccciglicgageocageaaggocgagatc gecancaageagaaggce
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accoiggigigectggecagggecticticcocgaccacgiggagotgictiggigggigaacggaaggagglgcacagcggcglgageaccgacocc
caggeotacaaggagagcaactacagotacigectgageageaggetgagagtzagegocacctictggeacaaccecaggaaccacticogetgicag
cgactgeggeatcaccagegeeagetaceaccagggoglgotgiccgecaccateciglacgagatcctgolgggeanggecacactgtacgeogtget
agigiceggoctgaiscigatgaocatgai sangaagaagaacagianaguaicogalnaaatasaagatittatiiagiciccagaanaageggagant
gaaagacceoacciglaggtitggoangetagetiaagtaacgecaittigecaaggeatggaanatacataactigagaatagagaagticagatcaaggtia
ggancagagagacageagaatatgg geoanacaggatateigtggtaageagttocigeoceggcicagggocasgaacagatggioccoagalgegg
tcccgeccicageagtticiagagaaccatcagatgtitccagggigecceaaggacctgaaatgaceeigigectiatitgaaciaaccaatcagticgetict
cgctictgticgegegeticigeiccecgageicaataaaagageccacaacceeicacicggegegecagicctcogatagactgegtogoocgggiace
cgtgtatccaatanaccetctigeagtigeateegactigt zgicicgeigticetigggaggiciceicigagizaligactacceatcagegegagictitca
{zggiaacagittcti gaagtigeagaacaacaticigaggglag zagicpaataitaagiaatccigacicaatiagecact glitigaatccacatactccaat
actcctgaaaiccatcgalggagticatiatggacagegeagaaagagelggg gagaattgiganatigitatcogeicacaaticcacacaacatacgage
cgraazcataaagigtanagecigegetacetaatgagtgagetaactcacatiaatigegtigeactcactgeocgatitceagicgggaaacctgtopige
cagctgeatiaatgaalcggecaacgegogggeagagpcgeittgcgtaliggpegeicticegeticctegeicactgactcgetgegeicggicgticeg
ctgeggegageggtatcagetcactcasaggegetaatacggiiatccacagaatcaggggataacgraggasagaacatglgageaaanggooagea
apaggccaggaaccglasanaggeczegtigetgacetitticeataggeiccgecooccigacgageatcacaaaaatcgacgeicaasgicagageteg
cgaaaccogacaggaciatanagataccaggegtiicccectggaageiceoicgtgegeteiceigitccgacoetgecgeitaceggataccigicegee
itictoccticgggaagegiggcgctitcteatagetcacgetgtagetatctcagticggigtaggtogticgoiccangotgg golgi gigcacgaacccce
cgttcageecgaccgctzegectiatecgglaact atcgicligagiccaacceggtaagacacgactiatcgecaciggrageagecactggtaacaggat
tagcagagegaggtatgiaggcggigctacagagtictigaagiggiggoctaaciacggeiacactagaaggacagtattiggtaictgogetcigeigaa
geeaghaccitcgganaaagagtiggtageictigatccggeanacaaaceaccgoigglageggtgtittititttpeangeageagattacgegeaga
aaaaaaggatcicaagaagatectiigaicittictacggggictgacgcicagigzaacgaanactcacgitaagg zattitgpicatgagatiatcasanag
gatcttcacciagatcctittanattaanaat gaagitttaaatcaatctaaagiatatatgagtanactiggicigacagtiaccaatgeitaatcagtigaggoace
tatcicagegatcigictatticgticatceatagiigectgactceccgicgighagataactacgatacgg gaggectiaccatctggecceagt getgcaat
gataccgegagacccacgcicaccggoiccagatitatcageaataaaccagecageocggaaggaccgagegcagaagiggloctgeaactitatocge
ctecatceagictattaatigtigecggpangetagagtaagtagticgecagtinatagittgegeaacgtigtigecatigetacaggeatcgtggtgteacg
ctegtegtitggtatggcticaticagetcegaticecaacgatcaaggezagiiacatgatceeceat gligigeaaaaaageggltagetecticg gloctec
gatcgtigicagaagtangtiggcogeagigitatcacical ggliatggcageacigeataaticicitacigtcatgecaicegtaagai gottitcigigactg
gtgaglactcaaccaagicatictgagaatagiglatgeggegaccgagitgcictigeceggegicaatacgggataataccgegecacatageagaactt
fcitcageatcititactticaccagegiticigggigagcaaaaacaggnaggeasaalgecgoaaaanagggnataagggcgacacggaaalgitgaata
cteatacicticetitticaatatiatt gaageatitatcagg gitatigteicatgageggatacatatttgaat glattiagaasaatasacaaataggggitecge
icgglgatgacggtgaaaaccictgacacatgeageicceggagacggicacagetigiciglaageggalgeogggageagacaageccgicagggeg
cgicageggatatizgogagtgicgagactigactiaactalgeggratcagageagattglactigagagigeaccatat gepgiglgaaataccgcacag
ctggeganagggggalgigctgeaaggogatiaagtiggetaacgecagggttticecagicacgacgtigtansancgacggecagigeoeacgotciecct
tatgcgactcctgeattaggaageageccagiaglagatigaggcegtigagcaccgocgocgeaaggaatgglacalgcanggagal geegcccaaca
siccceceggocacggggocigecaccatacccacgecgaaacaagegetcatgagecegaagiggegageecgataiicoccateggtgatgicggeg
atataggegecageaaccgeaccigtggegecggtzatgecggecacgatgegtecggogtagaggcgatitanagacaggatatcagtggtecagget
ctagtttigactcaacaatalcaccagelgaagectatagagtacgagccatagataaaataanagatitiatitagictccagaaanaggegegaa (SEQ
D NO:33)

pMTBI333 (MSGV-LNGFR-PZA-CHINYI6 TCR Mouse Constant

igaaagaccceacciglaggtitggeaagetageitangtaacgecattiigcaaggeaiggaaaatacataactgagaaingagaagiicagaicaaggita
goaacagagagacagcagaatalgp gocaaacaggalateigiggtaageagitcctgeocegecicaggeecaagaacagatggicccoagalgegs
tcccgeccicageagtticiagagaaccaicagat gtitccagggtgocceanggaccigaaaatgaccetgigectiatit gaactaaccaatcagticgett




WO 2020/086158 PCT/US2019/049484

10

15

N
(]

30

(V]
LA

40

ciegetictgticgegegeticigeiccccgagetcaatanaagageccacaaccecicacicggegegecagicctccgatagactigegicgeccgggia
cecgtaticceantaaagectettgetgtitacatcegaalegigpactcgotgatoctigggagegictectcagatigatigact geecacciegzgggictt
tcattiggaggticcaccgagatitggagaccceigectagggaccaccgacccecccgocgagagatangeigeccageggiegtitcgtatetgicict
gictitgigegtgitigigoegpeatciaatgittgegoctgogictgtactagitagetaactagetcigtatciggoggaccogigglggaacigacgagitcg
gaacacccggecgeaaccctggragacgicecaggeacticegegaceatitiigigeccegaccizagicctaaaatcecgategtitaggactctitggt
scacceccctiagaggagggataigiggticiggiaggagacgagaacciaaaacagticeogecteogicigaatititgctitcggttigg gaccgaagee
gegeegegegtctigicigetgeageatogtict gigttgicteigictgact gigiticigtatitgictganaatalg ggeecgggetagectgtiaccacteoc
ggccaaccitiaacgicggatggccgegagacggeacciitaaccgagaccicatcacccaggitaagatcaaggicititcacciggeecgeatggacac
ceagaccaggiccectacatogigaccigg gaagoctiggetitigaccocccicectgggtcaageccittgiacaccotaagestcegectoctettectec
atccgeccegicictecccetigaaccicotegticgaccecgectcgateciceetitatccageceicaciccitcictaggegeocccatatggecatatga
gatcttatalggggeaccoocgeccetigiaaacticoctgaceotgacatgacaagagitactaacageecciciciccaagetcactiacaggetcictactt
agiccageacgaagiciggagaccictiggeggoagaciaccaagaacaactggaccgaccggiggiaccicaccettaccgagioggegacacagigty
ggtcogecgacaccagactaagaacciagaaccicgetggaaaggacctiacacagicceigeigaccacceccaccgeccicaaagtagacggeatege
agcttggatacacgeogeocacgigaaggotgeogaccocgggggiggaceatoctciagaccgeeat glogg ggecag gigecaccggeegogeea
tggacggacegegectaclgetgiigctactictgggegiglecctiggazgigecaaggag gcatgecccacaggectgtacacacacagegaizagty
cigeaaagectgeaaccigggegaggeigiggeccagectigiggagecaaccagaceglgigtgageecigeciggacagegtgacgiicicogacgt
ggigagcgogacecgagecgigeaagooglgeaccgagigegigggeciceagageatgicggegecatgegtggageocgacgacgecgigigeeg
ctgegeclacggetactaccaggatgagacgactgegeactgcgaggeglzecgeatatacgagaegagctcpggectegtatictectgocaggaca
agcagaacaccgigigegaggagigecoegacggeacgtaitccgacgaggecaaccacgiggacoogigeoigeccigoacegigigegaggacac
cgagcgecagctccgogagigeacacgetggaecgacgeegagigegaggagatcociggecgitggattacacggiceacaceceeagaggecicg
gcicccageecgiggtgacecgaggcaccacegacaaccicatceoigictatigetecateciggetgeigtggtigtzggictigiggectacatagectic
aagagatzgaacagelecggctecggageeaccaaciicageetgct Bangcag gecgacgacgiggazgagaaccCog gCeecgeggacaceaty
gacagciacggaagetgccatigiccagalcaact geacgiaccagacatcigg gltcaacgggctgtictggtaccageaacatgetggegaageaccta
cattictgictiacaatgtictggatgetitg zaggaganagatcglititcticaticetiagicggiciaaagg placagttacctcatitigaaggageiccaga
igaaagactcigecicttaceictglgeigigagaggeogaciacaageicagetiiggagecggaaccacagtancigiaagagoaaaiatccagaacceeg
agcccgecgigtaccagotgaaggaccocagaagecag gacageacecigigecigticacegacticgacageeagatcaacgtgeocaagaceatgg
agagcggeaccticatcaccgacaagaccgigetggacat gaaggeealggacageaagageaacggcgceategeciggtceaaccagaccagetic
acatgccaggacatcticaaggagaccaacgecacciaccccageagegacgigocaigegacgecacectgacegagaagageticgagaccgacat
gaaccigancticcagaaccigagegtgalgggeoigagaatcetgetgciganggiggeoggcticancetgctgatgacceigaggotgiggageage
acagggagccgaaccicicigetoctigetticgggetecttigectacegigectgeaggaggecicggeagaticiggagicacacaaaccecanagea
cetgalcacageaaciggacagegagigacgetgagatectecectagaiciggagaccicicigt glactgglaccaacagagectggaccagggecic
cagticcicaticagtattataatggagaagagagagcanaaggasacatictigaacgatictccgeacaacagiicectgaciigeacicigaactaaacct
gagcicictggagetggggeactcagetiigiatitcigigocageagcicgatacacggtgtcictgggpecaacgicct gactiicggggocggeageag
actgaccgiscigrageaccizgageancgigaccecccecanggtatocclgicgagoeeageangecegagatc geoaacaagoagaagaocace
ciggigigcoiggecaggggcticticcecgaccacgiggagetgicitggigg gtgaacg gcaaggaggl geacage ggegigagcaccgaccocea
ggectacaaggagageaactacagetactgectgageageagectgagagigagegecacctictggeacaaccocaggaaccacticegetgicaggt
geagltccacggectgagceaggageacansglgeccCrag geCagcCoCangecegl 4accagaacalcagegcegaggcclggaecagagceg
acigcggcatcaccagegecagetaccaceagggegtgeigiccgecaccatectglacgagaiceigetgggeaaggecacactglacgecgigeiggt
giccggectggigotigatggecatgpigangaagangancagctasaggatcegatnaaatanaagatittatitagiciccagaanaagggeg gaatgaa
agaccccacctgtaggtitgpeaagetagetiaagtaacgecatitigeaaggeatgaanatacataactgagaatagagaagticagatcaaggiiagga
acagagagacagcagaatatgggecaancaggataicigiggiaageagticctgecceggeicagggecaagancagatggicoccagatgoggices
geectcageagttictagagaaccatcagatgtitccagggigooccanggaccigaaaigaceci glgectiatiigaactaaccaatcagticgeticteget
tcigiicpegegcticigeiccecgageicaataaaagageocacaaccecicactoggogegecagiccicegatagactgegicgeccggataccegty
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ialccaainaacceictigeagitgeatcegactigiggicicgetgticctigggagggicicoictgagigatigaciaccegicagegggggtctticatgg
gtaacagittctt gaagtigpagaacaacatictgagg glaggagicgaatatiaagtaatecigacicaatiagecact gttt zaatecacataciccaatact
aagceatasagtgtanagectgpgatacotaatgagtgagctaactcacatiaatigegtt gogetcactgoccgetttccagicgggaaacctgicglgceag
ctgeallaalgaatcggecaacgegeggagagaggeagitigegiatize gepcteticegcticetcgetcactgacticegotgegetegicglicggcty
cggegageggiatcagcicactcanaggeggtaatacggiiatocacagaalcaggggataacgeag gaaagaacat gigageanaaggeeageaaaa
ggecaggancegtaanaaggecgegtigelggegtiticeataggoiccgeccocctgacgageatcacanaaatcgacgeicaagicagaggiggcga
aacccgacaggactalaaagataccaggcegtitccocciggaagcteccicgigogeicicctgticegaccetgocgetiaceggataccigiccgectitc
tcccticgggaagegiggegcetitcicatagetcacgeigtaggiatcicagticggigtaggiogticgetocaagetgggeigtgigeacgaacecceogtt
cageecgaccgetzegecttaiceggiaactaicgictigagiccagoceggiaagacacgactintc gocaciggeageagecactgriaacaggatiag
cagagcgaggiatgtaggoggtactacagagticiigaagigeizgcciaactacggetacactagaaggacagtatitggiatetgegeicigctzaagee
agtiaccticggaaaaagagiiggiageiciigatceggeaaacaaaccaccgetggiagegglggittititgtitgcaageageagatiacgegeagaaaa
aaaggatcicaagaagalcctitgatctitictacgggelctgacgetcagl ggaacgaaaacicacgiaaggeatitiggicatgagattatcannaaggat
cticacctagaicciitiaaatiaaaaatgaagittiaaatcaatctaaagtatatatgagiaaactiggicigacagitaccaatgettaatcagtgaggeacctat
cteagegateigictatttcgticatceatagttgect gactcecegicgtglagataactacgalacgggag ggottaccaiciggecceagtgotgoaatgat
BCCRLEAZACCCACECICACCERCICCARAaICaCantaAdACCaZCCagCogRAREE SCCLARCRLagaagt M cCiZCanciaiccaCeic
catccagictattaatigiigecogg gaagetagagiaagiagticgccagtiaatagtitgegeaacgtigtigeeatigeiacaggeatcgiggtgicacgeic
gtogtitgetatgpcticaticagetccggticecaacgatcaaggegagtiacatgatcccocatgiigtgcaanaaageggitagetoecticggicctecgat
cgttgtcagangiaagtizgocgoagtigtiatcactealggitalgacageact geataaticiciactgteatgecatcogtaagatgetitictgtgact 2gtg
agtacicaaccaagicatictgagaaiagigiaigeggegaccgagiigeictigeocggegicaatacgggatnataccgegecacatageagaactitaa
aagigcicatcatiggasancgticticggggogaanactcicaaggaictiaccgetgtigagatecagticgatgtaacceactogigeacceaactgatot
catactcitccttiticaatatiatigaageatitaicagggtiatigictcatgageggalacatatiigaalgiatitagaaanaiaaacaaalaggggticogege
acatticccepaanagigecacctgacgictaagaaaccatiattatcatgacaltaacctataaaaataggcgtatcacgaggeccittegictegegegttic
geteatpacggigasaaccicigacacatgeageicceggagacggicacagetigicigiangezgatgccg egagcagacaagoeccgicaggacac
gicageggptgtigecggeigtcpgegciggctiaactatgegpcatcagageagatigtact gagagigoaccatatgogeigigaaataccgeacagat
gegtanggagasaataccgcatcaggegecaticgecalicaggetpegeaactgitpg raagggegatcgglacgagccicticgetattacgecaget
sgcgaangggggatgigclgcaaggcgatiangitgggtaacgecagggtiticccagicacgacgtigiaaaacgacggecagigecacgeicicoctta
igcgactectgeatiaggaageageccagtagtaggtigaggocgtigageacegecgeegraaggastggigeat gcanggagatgeoegoceaacagt
ataggcgcecageaaccgeaccigiggogeoggigatgecggecacgalgegicoggegiagaggegatitaaagacaggatalcagigglocaggeict
agititgactcaacaatalcaccageigangoctatagagtacgagecatagatanaatanaagatittatitagiciccagaaaanggggggaa (SEQ

1D NO: 34)

pMIBI28% (MSGV-LNGFR-P2A-GBAI TCR Mouse Constant)
tgaaagaccecacciglaggitiggcangotagctiaaglancgecattitgeaaggratgganaatacatasctgagaatagagnag ticagalcaaggtia
ggaacagagagacageagaatatgg pecanacaggatateigtz glaagcagticeigeoceggeicagggccaagaacagatggtocecagatgceg
iccecgeectcageagitictagagaaccatcagatgiticcagggtgecccaaggaccigaanatgaccetgtgecitattigaactaaccaaticagitcgeit
ctegetictgticgegegetictgctcocogagetcantanaagagoccacascoccicactcggegegecagicctocgatagactgegicgoccggeta
cecgtaticceantaaagectettgetgtitacatcegaalegigpactcgotgatoctigggagegictectcagatigatigact geecacciegzgggictt
tcattiggaggitccaccgagatitggagacceeigeotagggaccacegacceecccgecgggaggtangotggecageggicgtiicgtgictgictct
gictitgigegtgitigigoegpeatciaatgittgegoctgogictgtactagitagetaactagetcigtatciggoggaccogigglggaacigacgagitcg

gcaccccccﬁagaggagggétaigtggﬁctggtaggagacgag}iaéctaaaacagttccc goctocgictgnatititgctitcggttigggaccgaagee
gegecgegegictigicigetgeageatogiict gigtigicietgicigact gigiticiztatitgictzaaaatalggacccggactagectgtiaccactece

A
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ggccaacctitaacgicggatggcogegagacggeacctitaacegagaccicatcacceaggtiaagatcaaggictiticacctggeccgeatggacac
ccagaccaggtecectiacategigaccigagaagectiggcittigaccceectecctgggicaageccttiglacaccetaagecieegecteatcticetes
atccgeccegtcicicecccetigaacciceicgticgacceegeeicgatectecctitatceageoctcactecticietaggcgeecceatatggecalatza
gatcitatatgggpcacccocgeeocttgiaaacticectgaccctgacatgacaagagtiactaacagocccteictccaagetcacttacaggctoictact
aglccageacgaaglctggagacciciggegecagectaccaagaacaaciggaccgaccgglgglaccicacecttacogagicggegacacagigly
ggiccgocgacaccagactaagaacctagaaccicgeiggaaaggaccitacacagiccligetgaccacccccaccgeccicaaagiagacggeatege
agcitggatacacgecgeocacgigaaggetgeegaccocggggeiggaceatectciagaccgecatgleggeggeagglgceaccggeogegeca
ctgcaangectgeaaccigggegagegtgiggcceageciigiggagecaaccagaccgigigigageectigectiggacagegtgacgiicicegacgt
ggtgagcgegaccgagecgigeaagocgigeacegagigegiggegetccagageatgicggegccatgegigpaggeogacgacgocgiglgeeg
agcagaacaccgigigogaggagigoececgacggcacgtaticegacgaggecaaccacgiggaccegigectgecctgeacogtgigogaggacac
cgageaccageiccgegagigeacacgetgegecgacgocgagigegaggagateectggeegtigaattacacggiceacacceccagagggctcg
gacagcacageccccageacecaggagecizagecacciccagaacaagaccicaiagocageacggigacaggigigeigaccacagigalggeca
getoccageeogtggtgaccegaggeaceaccgacaaccicateccigictattgetecateciggetactgtggtigigggictigtggectacatagecttc
asgaggtgeraacageiceggetecggagecaccaacticagectgcigangeag geCegcgacgiggag aagaaccecggoeccgegaccgecaty
scgacgggticaagaacticcctactictigeatitggectgetiigttigecgiggtincaggaagectcageaggicaacageigaatcagagiccicaatct
atgittaiccaggaaggagaagatgiciccatgaactgoacticticaageatatitaacacciggetatggtacaageaggaceeiggggaag giceigicot
ctigatagcctiatataaggclggtgaatigaccicaaatggaagacigactgeleagitigplataaccagaaaggacageticcigaatatctcageatocat
acctagigatgtaggcaictacticigtgeiggattictggatageaactatcagtiaaictggggegeigggaccaagetaatiataaagecagataiccaga
acccegageecgecgtglaccagoigasggaccocagangecaggacageacectgigectgticaccgacticgacagecagatcaac gtgoccaag
accalggagagczgeaccticatcaccgacaagacegigciggacat gaaggocatggacageaagageaacggcgecatcgectggiccaaccagac
cagcticacaigccaggacalcticaaggagaccaacgeeaceiaccecageagegacgigecaigogacgecacectigaccgagaagageticgaga
cegacatgaaccigaaciiccagaaccigagegtgatggacctgagaatectgetgetganggigeccegoticaaccigetgatpacectzaggeigigs
agcagcagggcaaaacgticgggitcggaizcgccagtanageagacatiaaacitigattigeigaaactigeaggigaigiagagicaaatccaggtcea
atggcascagggageegaacctotoigetectigetticggeotocttigoctacogigoctgeaggag gericggoagaageecaagigaccCagaace
caagataccicatcacagigactiggaaagaagtiaacagigactigtictcagaatatgaaccat gagtatat glectgglategacaagacccagggelgge
ctaaggcagatctactaiicantgaalgiigaggtgacigataagggagatgticeigaagggiacaaagiciclogaaaagagaagaggaatticoeectg
ateciggagiegeocageoceaaccagaccictetgiactictgigecagegatagoggptacegeacagatacgeagtatittggoccaggeaccegget
gacagigclogaggacctgaggaacgigaceccceccaaggigicecigitcgageecageaaggecgagatc gecaacangeagaageccacectg
gigigectggecaggggeticitcccogaceacgiggagctgictiggtgggigancggeaaggagl geacagcggcglgagaccgacceocagge
ctacaaggagageaactacagetacigecigageageaggetgagagigagegceacctictggeacaacoccaggaaccacticegetgicaggtgea
gticcacggecigagegagpaggacaaglggeccgagggeagecceaagecegigaceoagaacaicagegeegagecctgagacagageegact
scggeatcaccagegecagetaccaccagggegigetgiocgecaccatectgtacgagatcetgeigggeaaggecacacigiacgeogtgetggigt
ceggertgglgcigatgaccatggigangangangaacagclanaggatcegataaaataanagatittatitagiciccagasanaggegrganlzaaag
accceaccigtaggitigecaagciagetiaagtaacgecatitigcaagpcatgzaaaatacataacigagaatagagaagitcagatcaaggtiaggaac
agagagacagcagaalatggpccaancaggatatciglggtaagcagticcigecceggetcagggeraagaacagatggtocccagatgoggicecge
cetcagcagittctagagaaccatcagatgtticcaggatgececaaggaccigaaatgacectgtgectialtigaactaaccaatcagitcgeticicgetic
igticgegegetictgeicccogageicaataaaagageocacaacceoicactoggegegeeagiceicegatagacigegicgecegggtaceegigia
iccaatanacectctigeagtigeatcogactigiggiciegetgiteotigpgagpatctcaictgagtgatigactaccegicagegg gggtctitcatggat
aacagitictigaagtigzagaacaacatictgagggiagaagicgaatatiaagtaatectgacicaattageeact gtitigaatecacatactccaatactce
tgaaalccatcgatggagitcatiatggacagcgcagaaagagetggggagaatigigaaatigttatcegeicacaaticcacacaacatacgageeggaa
geataaagtgiaaagectggpgtgectaatgagtgagctaactcacatiaatigegit gegetcactgeeogetifceagtogggaaacctgicgigecaget
scgageggtaicageicactcaaaggegglaatacggtialccacagaatcaggggatancgeaggaaagaacalglgageanaaggocaglaanagy
ccaggaaccgtasaaaggcegegtipciggegtitttcealagactcegocececigacgagealcacanaaatcgacgcicangtcagaggigacaaaa
cecgacaggactatanagataccaggegittccecctggaageicectcgtgegetctcetgiicegacectgecgeitacoggataceigicegectiicte
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ccticgggaagegiggegetitctcatagetcacgeigiaggtatcicagticggigtaggtegticgetccaageigggcigigigecac gaaccoccegtic
agecegaccgcigegoctiatecggtaaciategiciigagiceancecggtaagacacgactiaicgeoaciggeageageeactggiaacaggatiage
agagcgaggtatgtaggcgataciacagagiictt zaagiggigecciaactacggctacaciagaaggacagiatiiggiatcigegetctacigaageca
gitaccticggaanaagagtiggtagcictigatocggoanacanaccaccgetggtageggigptitttttigtiigeaageageagatiacgogeagaanaa
aaggatctcangaagatccttigatcitticlacgeggictgacgetcaglig gaacgaanacicacgttaag galtitgpicatgagatiatcaaaaaggatct
icacctagatcctitinaatiaanaaigaagititaaatcaaictaaagiatataigagtasactiggictgacagitaccaatgeitaatcagigaggeacceiatet
cagegatctgictatticgiicatccatagiigectgaciceocgicgigiagatanctacgatacgggagg gcttaccatctggococagiget gcaaigatac
ccagictattaattgtigcegggaagetagagiaagiagitcgecagitaatagiitgegeaacgtigit gecatigetacaggeaicgiggtgicacgetegtc
atitgatatggcticaticageiceggticceaacgatcaaggegagtiacalgatcceccalgligigeasanaageggtiagetccticg stoctcogategt
igicagaagtaagitgpcepcagigtiaicacicat ggttatgzcageactgeataaticictiactgicatzecatcogtaagat getitict gigactgatpagt
actcaaccaagicaitcigagaatagtgtatgoggegaccgagitgeictigeccggegicantacgggataatacogegecacatageagaacitiaaaag
tecicatcatigganaacgticticggaecgaaaactcicaaggatctiaccgotgtigagaiccagticgatgtaacccactcgtgeacccaactgatctica
geatcititactticaccagegitictggetpagcaaaaacaggaaggcanaalgecgoaaaanagegaataagggegacacggaaatgitgaatactcat
actcticctitticaatattatigaageattiatcagggttattgictcatgage ggatacatatitgaatgtatitagaasantaaacaaataggggticcgegeaca
tttccecgaanagigecaccigacgiclaagaaaccattalialcatgacatiaacctataaaaataggegialcacgaggeectitcptetcgegegticg at
gatgacggigaaaaccictgacacatgeagetcceggagacggicacagetigiciglangeggatgecgggageagacaageccgicagggegegic
agcgegigtiggcpgptgtegggactpgotiaactatgeggeaicagagcagatigiactgagagtgcaccatatgeggtatgaantaccgeacagatge
gtaaggagaaaataccgealcaggepceaticgecaticaggetgogeaactgtigggangggegatcggigegagocicticgetatiacgeeagetgg
cgaaagggggatgigoigcaaggogatiaagtigggiaacgecagggititcceagicacgacgitgtaaaacgacggecagigecacgeicteoctiatg
cgactcotgeatiaggaageageccagtaglaggtizaggocgtigageaccgecgocgeasggaatggtgcatgeaaggagatggegeccaacagic
coccoggecacggegectgecaceatacccacgecgaaacaagegetcatgageecgaagtggcgageccgaicticcocatcgatgat gicggegatat
aggcgecageaaccgeaceigiggegecggigaigecggecacgatgegiceggcgiagaggegattinaagacaggatatcagiggiceaggeicta
gtittgactcaacaatatcaccageigaagectatagagtacgagecatagataaantanaagatittatitagiciccagaaaaaggegegaa (SEQ 1D
NO: 35)

PUBLICATIONS

All publications mentioned heremn (e.g those listed numerically herein) are
meorporated herein by reference to disclose and describe the methods and/or matenals
connection with which the publications are cited. Publications cited herein are cited for
thetr disclosure prior to the filing date of the present application. Nothing here 18 to be
construed as an admission that the inventors are not entitled to antedate the publications
by virtue of an earlier priority date or prior date of invention. Further, the actual
publication dates may be different from those shown and require independent verification.
The following references include descriptions of methods and maternials in this field of

technology.
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CONCLUSION

This concludes the description of the illustrative embodiments of the present
mvention. The foregoing description of one or more embodiments of the invention has
been presented for the purposes of illustration and description. It is not intended to be
exhaustive or to lumat the mvention to the precise form disclosed. Many modifications

and vanations are possible 1 light of the above teaching.
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CLAIMS:

1. A polynucleotide disposed i a vector, wherein:
the polynucleotide encodes a Va T cell receptor polypeptide and/or a VB T cell
receptor polypeptide; and
when a Va/VB T cell receptor comprising the Vo T cell receptor polypeptide
and/or the VB T cell receptor polypeptide is expressed ina CD 8" T cell, the Va/VB T cell
receptor recognizes a NY-ESO-1 peptide associated with:
human leukocyte antigen AZ;
human leukocyte antigen BO7,
human leukocyte antigen B18; or

human leukocyte antigen C03.

2. The polynucleotide of claim 1, wherein the T cell receptor comprises:
a 3A1 T cell receptor;
a 4A2 T cell receptor;
a SGO6 T cell receptor;
a 902 T cell receptor;
a 1E4 T cell receptor;
a ZB8 T cell receptor; or

a 3C7 T cell receptor.

3. The polynuclestide of claim 2, wherein the vector comprises at least one of:
{a} a polynucleotide encoding a 3A1 Vu polypeptide (SEQ ID NO: 3);
(b} a polynucleotide encoding a 3A1 VP polypeptide (SEQ 1D NO: 4);
{c} a polynucleotide encoding a 4A2 Vu polypeptide (SEQ ID NO: 7);
(d} a polynucleotide encoding a 4A2 VJ polypeptide (SEQ 1D NO: 37);
{e} a polynucleotide encoding a 5G6 Vu polypeptide (SEQ 1D NO: 10);
(f) a polynucleotide encoding a 5G6 VJ polypeptide (SEQ ID NO: 11};
{g) a polvnucleotide encoding a 9D2 Va polypeptide (SEQ ID NO: 14);
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{h) a polynucieotide encoding a 9D2 V[ polypeptide (SEQ ID NO: 15},

(1} a polynucieotide encoding a 1E4 Vo polypeptide (SEQ 1D NG: 18);

{j} a polynuclestide encoding a 1E4 Vf polypeptide (SEQ ID NG: 19},

(k) a polynuclectide encoding a 2B8 Vo polypeptide (SEQ ID NO: 22);

{1} a polynuclestide encoding a 2B8 V§ polypeptide {SEQ 1D NO: 23);
{m) a polynucleotide encoding a 3C7 Va polypeptide (SEQ 1D NG: 26); or
{n) a polynucleotide encoding a 3C7 VP polypeptide (SEQ D NO: 27).

4. The polynucleotide of claim 3, wherein the vector comprises a polynucleotide

sequence that modulates expression of the polypeptide within CD 8™ T cells.

5. The polynucleotide of claim 4, wherein the vector 15 a Sendai viral vector, an
adenoviral vector, an adeno-associated virus vector, a retroviral vector, or a lenfiviral

vector.

6. The polynucleotide of claim 1, wherein the vector comprises a polynuclestide

encoding a Va polypeptide or a polynuclestide encoding a VP polypeptide.

7. The polynucleotide of claim 1, wherein the vector comprises a polynucleotide
encoding a Va polypeptide in combination with a polynucleotide encoding a V3
polypeptide disposed in the vector so that a Va/V T cell receptor {TCR) 1s expressed on

the surface of 3 CD 87 T cell.

8. A composition of matter comprising a host cell transduced with a vector of any

one of claims 1-7.

9. The composition of claim 8, wherein the host cell is a human CD 87 T cell.

10. The composition of claim 9, wherein the composition is a pharmaceutical

composition comprising one more pharmaceutically acceptable excipients selected from
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the group consisting of buffering agents, antimicrobial agents, tonicity adjusting agents,

wetting agents, detergents and pH adjusting agents.

11 The composttion of claim 10, wherein:

the CD8 T cell is obtained from an individual diagnosed with a cancer that
expresses a NY-ESO-1 antigen; and

the CD8™ T cell is transduced with a vector comprising a polynucleotide encoding
a TCR Va polypeptide in combination with a polynucleotide encoding a TCR V{3
polypeptide such that a heterologous TCR is expressed on a surface of the CD8™ T cell,
wherein the heterologous TCR recognizes a NY-ESO-1 peptide associated with a human

leukocyte antigen expressed on the surtface of cells of the cancer.

12. The composttion of claim 11, wherein the vector is a retroviral vector.

13. A method of killing cancer cells that express a NY-ESG-1 antigen, the method
comprising combining the cancer cells with CD&" T c¢ells of claim 9 under conditions that
allow a heterologous TCR to be expressed on the surface of the CD8” T cell and
recognize NY-ESO-1 peptides associated with a human leukocyte antigens expressed on

the surface of cells of the cancer, so that the cancer cells are recognized and killed.

i4. The method of claim 13, wherein the method is performed iz vive on a patient

infused with the CD8" T cells.

i5. The method of claim 13, wherein the cancer cells form solid tumors.

i6. The method of claim 13, wherein the cancer cells are neuroblastoma cells,
myeloma cells, metastatic melanoma cells, synovial sarcoma cells, bladder cancer cells,
esophageal cancer cells, hepatocellular cancer cells, head and neck cancer cells, non-
small cell lung cancer cells, ovarnan cancer cells, prostate cancer cells, or breast cancer

cells,
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17. The method of claim 13, wherein the method comprises administering a first
modified CD8™ T cell that targets a NY-ESO-1 peptide associated with a first human
feukocyte antigen human leukocvie antigen in combination with a second CD8" T ¢cell

that targets a NY-ESO-1 peptide associated with second human leukocyie antigen.

18 The use of the polynucleotide of claim 1 or the CD8&" T cell of claim 7 for the

manufacture of a medicament for the treatment of a cancer.

19. The use of claim 18, wherein the polynucleotide comprises at least one of;
{(a) a polynucleotide encoding a 3A1 Vu polypeptide (SEQ ID NO: 3);
(b} a polynucleotide encoding a 3A1 VP polypeptide (SEQ ID NO: 4);

)

{(d) a polynucleotide encoding a 4A2 V polypeptide (SEQ ID NO: 37);

-

{c) a polynucleotide encoding a 4A2 Vo polypeptide (SEQ ID NO:

{e} a polynucleotide encoding a SG6 Vu polypeptide (SEQ ID NG: 10);

{f) a polynucleotide encoding a 5G6 Vi polypeptide (SEQ ID NO: 11}

(g} a polynucleotide encoding a 9D2 Va polypeptide (SEQ 1D NO: 14);
{h} a polynucleotide encoding a 9D2 V polypeptide (SEQ ID NO: 15);

{1} a polynucieotide encoding a 1E4 Vu polypeptide (SEQ 1D NG: 18);

{j} a polynuclestide encoding a 1E4 Vf polypeptide (SEQ ID NG: 19},

(k) a polynuclectide encoding a 2B8 Vo polypeptide (SEQ ID NO: 22);

{1} a polynuclestide encoding a 2B8 V§ polypeptide {SEQ 1D NO: 23);
{m) a polynucleotide encoding a 3C7 Vu polypeptide (SEQ 1D NG: 26}; or
{n) a polynucleotide encoding a 3C7 VP polypeptide (SEQ D NO: 27).

20. The use of claim 19, wherein the cancer 15 a melanoma, neuroblastoma, a
myeloma, a metastatic melanoma, a synovial sarcoma, a bladder cancer, an esophageal
cancer, a hepatocellular cancer, a head and neck cancer, a non-small cell lung cancer, an

gvarian cancer, a prostate cancer, or a breast cancer.

64
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