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TITLE
Compositions and Methods for Targeting Mutant RAS

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims priority to U.S. Provisional Patent Application
Serial No. 62/796,733, filed January 25, 2019, which is incorporated by reference herein in

its entirety.

BACKGROUND OF THE INVENTION

Somatic mutations have been identified as common drivers of oncogenesis.
An activating point mutation in the Ras gene was the first somatic point mutation identified
in human cancer. RAS mutations are the most common somatic mutations found in human
cancer and they contribute to the pathogenesis of a variety of highly prevalent malignancies
including lung, colorectal and pancreatic ductal adenocarcinomas. Mutant RAS is an
attractive target for the treatment of cancer as it is considered a driver mutation that is
uniquely expressed by cancer cells and is important for tumor growth and survival. These
mutations usually involve the codon 12 position of the RAS protein, and the amino acid
changes are highly conserved, most frequently resulting from G12C, G12D, G12R and G12V
amino acid substitutions. Pathologic RAS mutations are gain-of-function mutations that cause
constitutive activation of intracellular GTPase signaling which promotes cell growth. RAS
mutations may be found at high frequencies in certain cancer types. For example, G12D and
G12V mutations are present in 60% to 70% of pancreatic cancers and 20% to 30% of
colorectal cancers. Unfortunately, there are no effective pharmacological inhibitors of the
RAS oncoproteins.

Thus, there is a need in the art for compositions and methods for treatment of
mutant RAS-associated cancer. The present invention addresses and meets these and other
needs.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides an immunogenic
composition comprising a mutant RAS peptide comprising a mutation at a position
relative to G12 of wildtype RAS. In one embodiment, the peptide comprises a G12C,
G12D, G12R, or G12V mutation. In one embodiment, the mutant RAS peptide

comprises 9 or 10 amino acid residues.
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In one embodiment, the mutant RAS peptide comprises an amino acid
sequence that is at least 80% homologous to an amino acid sequence selected from
SEQ ID NOs:1-16. In one embodiment, the mutant RAS peptide comprises an amino
acid sequence selected from SEQ ID NOs:1-16.

In one embodiment, the present invention provides an isolated nucleic
acid molecule comprising a nucleic acid sequence encoding a mutant RAS peptide
comprising a mutation at a position relative to G12 of wildtype RAS.

In one embodiment, the present invention provides a cell modified to
comprise or express a mutant RAS peptide comprising a mutation at a position
relative to G12 of wildtype RAS. In one embodiment, the cell is an immune cell. In
one embodiment, the immune cell is selected from the group consisting of an antigen
presenting cell, B cell, dendritic cell, macrophage, Langerhans cell, T cell, NK cell,
NK T cell.

In one aspect, the present invention provides a method of inducing an
immune response in a subject comprising administering to the subject the
immunological composition comprising a mutant RAS peptide comprising a mutation
at a position relative to G12 of wildtype RAS or anucleic acid molecule encoding a
mutant RAS peptide comprising a mutation at a position relative to G12 of wildtype
RAS.

In one embodiment, the method comprises identifying the HLA type of
a subject and administering the subject a composition comprising or encoding a
mutant RAS peptide comprising a mutation at a position relative to G12 of wildtype
RAS, wherein the mutant RAS peptide binds to the identified HL A molecule of the
subject. In one embodiment, the subject has or is at risk for having a RAS-associated
cancer. In one embodiment, the cancer is selected from the group consisting of
pancreatic cancer, pancreatic ductal adenocarcinoma (PDA), colon cancer, colorectal
adenocarcinoma, myeloma, multiple myeloma, lung adenocarcinoma, melanoma,
uterine cancer, thyroid cancer, acute myelogenous leukemia (AML), urothelial cancer,
gastric adenocarcinoma and cervical adenocarcinoma, head and neck squamous cell
carcinoma (SCC), Diffuse large B-cell lymphoma (DLBCL), esophageal
adenocarcinoma, Chronic lymphocytic leukemia (CLL), lung SCC, small cell lung
cancer (SCLC), renal papillary cancer, Hepatocellular carcinoma (HCC), breast
cancer, cervical SCC, ovarian adenocarcinoma, adrenal cancer, prostate cancer,

neuroblastoma, glioblastoma multiforme (GBM), medulloblastoma, Renal cell
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carcinoma (RCC), esophageal SCC, osteosarcoma, sarcoma, and small intestine
neuroendocrine tumor (NET).

In one aspect, the present invention provides a method of inducing an
immune response in a subject comprising contacting a cell with a composition
comprising a mutant RAS peptide comprising a mutation at a position relative to G12
of wildtype RAS, thereby stimulating the cell; and administering the stimulated cell to
the subject. In one embodiment, the method comprises contacting a naive T cell of the
subject with an antigen presenting cell presenting the mutant RAS peptide, thereby
stimulating the T cell. In one embodiment, the cell is autologous to the subject. In one
embodiment, the T cell and antigen presenting cell are autologous to the subject.

In one aspect, the present invention provides a composition comprising
a T-cell receptor (TCR) that specifically binds to a mutant RAS (mRAS) peptide in
the context of an HLA molecule selected from the group consisting of: HLA-
A*02:01, HLA-A*03:01, HLA-A*11:01, and HLA-B*07:02. In one embodiment, the
RAS peptide comprises a mutation at a position corresponding to G12 relative to
wildtype RAS. In one embodiment, the mutation of the mRAS peptide corresponds to
a mutation selected from the group consisting of G12C, G12D, G12R, and GI12V;
relative to wildtype RAS.

In one embodiment, the TCR comprises at least one CDR selected
from the group consisting of: TRAV39 CDR1, TRAV39 CDR2, TRAV39 CDR3,
TRBV20-1 CDR1, TRBV20-1 CDR2, and TRBV20-1 CDR3. In one embodiment, the
TCR comprises TRAV39 CDR1, TRAV39 CDR2, TRAV39 CDR3, TRBV20-1
CDR1, TRBV20-1 CDR2, and TRBV20-1 CDR3.

In one embodiment, the TCR comprises at least one CDR selected
from the group consisting of: TRAV12-1 CDR1, TRAV12-1 CDR2, TRAV12-1
CDR3, TRBV28 CDR1, TRBV28 CDR2, and TRBV28 CDR3. In one embodiment,
the TCR comprises TRAV12-1 CDR1, TRAV12-1 CDR2, TRAV12-1 CDR3,
TRBV28 CDR1, TRBV28 CDR2, and TRBV28 CDR3.

In one embodiment, the TCR comprises at least one CDR selected
from the group consisting of: TRAV17 CDR1, TRAV17 CDR2, TRAV17 CDR3,
TRBV10-3 CDR1, TRBV10-3 CDR2, and TRBV10-3 CDR3. In one embodiment, the
TCR comprises TRAV17 CDR1, TRAV17 CDR2, TRAV17 CDR3, TRBV10-3
CDR1, TRBV10-3 CDR2, and TRBV10-3 CDR3.
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In one embodiment, the TCR comprises at least one CDR selected
from the group consisting of: TRAV17 CDR1, TRAV17 CDR2, TRAV17 CDR3,
TRBV11-2 CDR1, TRBV11-2 CDR2, and TRBV11-2 CDR3. In one embodiment, the
TCR comprises TRAV17 CDR1, TRAV17 CDR2, TRAV17 CDR3, TRBV11-2
CDRI1, TRBV11-2 CDR2, and TRBV11-2 CDR3.

In one embodiment, the TCR comprises at least one CDR selected
from the group consisting of: TRAV19 CDR1, TRAV19 CDR2, TRAV19 CDR3,
TRBVY9 CDRI1, TRBV9 CDR2, and TRBVY9 CDR3. In one embodiment, the TCR
comprises TRAV19 CDR1, TRAV19 CDR2, TRAV19 CDR3, TRBV9 CDRI1,
TRBV9 CDR2, and TRBV9 CDR3.

In one embodiment, the TCR comprises at least one CDR selected
from the group consisting of: TRAV4 CDR1, TRAV4 CDR2, TRAV4 CDR3,
TRBV7-2 CDR1, TRBV7-2 CDR2, and TRBV7-2 CDR3. In one embodiment, the
TCR comprises TRAV4 CDR1, TRAV4 CDR2, TRAV4 CDR3, TRBV7-2 CDRI1,
TRBV7-2 CDR2, and TRBV7-2 CDR3.

In one embodiment, the composition comprises a fusion polypeptide
comprising a TCR a chain and a TCR f chain. In one embodiment, the fusion
polypeptide comprises a linker domain. In one embodiment, the linker domain is a
cleavable linker domain.

In one aspect, the present invention provides a composition comprising
an isolated nucleic acid molecule encoding a TCR that specifically binds to a mutant
RAS (mRAS) peptide in the context of an HLA molecule selected from the group
consisting of: HLA-A*02:01, HLA-A*03:01, HLA-A*11:01, and HLA-B*07:02.

In one aspect, the present invention provides a cell modified to express
a T-cell receptor (TCR) that specifically binds to a mutant RAS (mRAS) peptide in
the context of an HLA molecule selected from the group consisting of: HLA-
A*02:01, HLA-A*03:01, HLA-A*11:01, and HLA-B*07:02. In one embodiment, the
mRAS peptide comprises a mutation at a position corresponding to G12 relative to
wildtype RAS. In one embodiment, the mutation of the mRAS peptide corresponds to
a mutation selected from the group consisting of G12C, G12D, G12R, and GI12V;
relative to wildtype RAS.

In one embodiment, the cell is modified to express a fusion
polypeptide comprising a TCR o chain and a TCR 5 chain. In one embodiment, the

cell is genetically modified by introduction of an isolated nucleic acid molecule
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encoding a polypeptide comprising at least one of: a TCR alpha chain and a TCR beta
chain. In one embodiment, the cell is an immune cell. In one embodiment, the
immune cell is selected from the group consisting of a T cell, NK cell, and NK T cell.
In one embodiment, the cell is autologous to a subject having a cancer associated with
RAS. In one embodiment, the cell is autologous to a subject having a HLA type
selected from the group consisting of: HLA-A*02:01, HLA-A*03:01, HLA-A*11:01,
and HLA-B*07:02.

In one aspect, the present invention provides a method of treating a
subject having a cancer associated with mRAS comprising administering to the
subject a cell modified to express a T-cell receptor (TCR) that specifically binds to a
mutant RAS (mRAS) peptide in the context of an HLA molecule selected from the
group consisting of: HLA-A*02:01, HLA-A*03:01, HLA-A*11:01, and HLA-
B*07:02. In one embodiment, the subject has a cancer selected from the group
consisting of pancreatic cancer, pancreatic ductal adenocarcinoma (PDA), colon
cancer, colorectal adenocarcinoma, myeloma, multiple myeloma, lung
adenocarcinoma, melanoma, uterine cancer, thyroid cancer, acute myelogenous
leukemia (AML), urothelial cancer, gastric adenocarcinoma and cervical
adenocarcinoma, head and neck squamous cell carcinoma (SCC), Diffuse large B-cell
lymphoma (DLBCL), esophageal adenocarcinoma, Chronic lymphocytic leukemia
(CLL), lung SCC, small cell lung cancer (SCLC), renal papillary cancer,
Hepatocellular carcinoma (HCC), breast cancer, cervical SCC, ovarian
adenocarcinoma, adrenal cancer, prostate cancer, neuroblastoma, glioblastoma
multiforme (GBM), medulloblastoma, Renal cell carcinoma (RCC), esophageal SCC,
osteosarcoma, sarcoma, and small intestine neuroendocrine tumor (NET).

In one embodiment, the method comprises identifying the HLA type of
the subject. In one embodiment, the method comprises isolating one or more cells of
the subject and modifying the one or more cells to express the TCR. In one
embodiment, the method comprises modifying the one or more cells to express the
TCR by contacting the one or more cells with an isolated nucleic acid molecule that

encodes one or more of: a TCR alpha chain and a TCR beta chain.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following detailed description of

exemplary embodiments of the invention, will be better understood when read in conjunction
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with the appended drawings. It should be understood, however, that the invention is not
limited to the precise arrangements and instrumentalities of the embodiments shown in the
drawings. In the drawings:

Figure 1 depicts a schematic illustrating the discovery strategy of mutant RAS
(mRAS) epitopes.

Figure 2 depicts a schematic of an exemplary computational method used to
predict neoepitopes of mRAS.

Figure 3 depicts the results of exemplary experiments demonstrating the
predicted affinity of mRAS peptides to various HLA molecules.

Figure 4A and Figure 4B depicts the results of exemplary experiments
demonstrating the predicted affinity of G12 mRAS peptides to various HLA molecules.
Figure 4A depicts a heatmap representing computational prediction of mRAS epitopes with <
500 nM affinity using antigen.garnish. Also represented are HLA frequencies in the USA
population and KRAS mutation frequencies occurring in pancreatic adenocarcinoma (PDA),
colorectal carcinoma (CRC) and lung adenocarcinoma (LAC). Figure 4B depicts a table
summarizing the predicted binding of mRAS epitopes to various HLA molecules.

Figure 5 depicts the results of exemplary experiments using a fluorescence
polarization assay to determine peptide-MHC binding. The affinity of various mRAS
peptides to specific HLA molecules is shown.

Figure 6A and Figure 6B depict the results of exemplary experiments
providing a biochemical assessment of mRAS epitope binding. (Figure 6A) Competitive
peptide binding fluorescence polarization assay. Strong binding affinity is indicated by a
log[IC50] < 3.7 (dashed line). (Figure 6B) Peptide stability by scintillation proximity assay.
Stability of published T cell epitopes is indicated by grey area (range) and dashed line
(mean).

Figure 7A through Figure 7E depict the results of experiments using generated
monoallelic RAS tandem minigene (TMG) cell lines. (Figure 7A) Schematic of lentiviral
vector constructs. (Figure 7B) FACS plots of HLA/RAS TMG modified K56 cell lines
indicated by mCherry and GFP positivity. Verification of (Figure 7C) HLA class I and
(Figure7D) HL A-specific expression of RAS TMG cell lines by FACS. Figure 7E depicts a
table of wildtype and mRAS long peptide sequences as well as viral control peptides encoded
by the RAS TMG construct.

Figure 8A through Figure 8J depicts the results of example experiments
demonstrating the detection of mRAS epitopes by HLA class I immunoprecipitation peptide
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elution and tandem Mass Spec (MS/MS). (Figure 8A) A*03:01-restricted KRAS G12D
epitope VVV_D. (Figure 8B) A*03:01-restricted KRAS G12V epitope VV_V. (Figure 8C)
A*03:01-restricted RAS G12V epitope VVV_V. (Figure 8D) A*03:01-restricted RAS G12R
epitope VV_R. (Figure 8E) A*11:01-restricted RAS G12D epitope VV_D. (Figure 8F)
A*11:01-restricted RAS G12D epitope VVV_D. (Figure 8G) A*11:01-restricted RAS G12V
epitope VVV_V. (Figure 8H) A*11:01-restricted RAS G12V epitope VV_V. (Figure 8I)
A*11:01-restricted RAS G12R epitope VV_R. (Figure 8J) B*07:02-restricted RAS G12R
epitope GA R.

Figure 9 is a schematic depicting a summary of mRAS epitopes detected by
mass spectrometry, where shaded boxes represent binding between the epitope and HLA
molecule.

Figure 10 depicts the results of exemplary experiments comparing the
predicted and detected mRAS epitopes in the context of specific HLA types. Peptides
highlighted in red are computationally predicted epitopes that were detected using p/MHC IP
HPLC tandem mass spectrometry.

Figure 11 depicts a schematic of experiments detailing the protocol for
generating and identifying mR AS-specific CD8+ T cells.

Figure 12 depicts the results of exemplary experiments summarizing the
mRAS-specific CD8+ T cell responses in healthy donors.

Figure 13A through Figure 13F depict the results of example experiments
demonstrating the antigenicity of mRAS epitopes. IFN-y ELISPOT of (Figure 13A) A*03:01-
restricted, (Figure 13B) A*11:01-restricted and (Figure 13C) B*07:02-restricted mRAS
epitope responses. (Figure 13D — Figure 13F) Representative peptide-MHC multimer staining
results of donors highlighted by red symbols.

Figure 14 depicts the results of exemplary experiments demonstrating the
detection of mRAS-specific CD8+ by peptide / MHC multimer staining detects.

Figure 15 depicts the results of exemplary experiments demonstrating that
mRAS T cell responses are highly specific for the mRAS peptide of interest and do not
exhibit any cross reactivity against wild type RAS peptide.

Figure 16 depicts the results of exemplary experiments demonstrating that B7-
G12R responses are of high affinity as demonstrated by IFN-gamma secretion and
cytotoxicity assays. Importantly, no reactivity was detected against cell lines expressing wild

type or alternatively mutated RAS peptides.
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Figure 17 depicts the results of exemplary experiments demonstrating that
HLA-B*07:02-restricted RAS G12R-specific CD8+ T cells exhibit cytotoxicity against PSN,
a PDA cell line with endogenous RAS G12R expression, when genetically modified to
express HLA-B*07:02.

Figure 18 depicts the results of exemplary experiments demonstrating the
identification of mR AS-specific TCR sequences.

Figure 19 depicts the design of lentiviral constructs for TCR831 and TCR833.

Figure 20 depicts a table summarizing additional TCR constructs, their KRAS
mutation specificity, HLA restriction, identity of alpha and beta chains, and associated CDR3
amino acid sequences.

Figure 21 depicts the results of exemplary experiments demonstrating the
transgenic expression of TCR831 and TCR833 on primary CD8+ cells.

Figure 22 depicts the results of exemplary experiments demonstrating that
transgenic TCR831 and TCRS833 have high affinity for HLA-A*11:01 restricted KRAS
G12V and have no reactivity against wild type RAS antigen. Furthermore, TCR831 and
TCR833 recognize antigen endogenously processed and presented by K562-A*11:01 cells
genetically modified to express the RASmg construct.

Figure 23 depicts the results of exemplary experiments demonstrating
transgenic expression of TCR831 and TCR833 confers cytotoxicity against K562-A*11:01
cells expressing RAS G12V peptide of endogenous RASmg construct but not wild type RAS
G12V peptide.

Figure 24 depicts the results of exemplary experiments demonstrating
transgenic expression of TCR831 and TCRS833 confers cytotoxicity against Panc03.27, a
PDA cell line with endogenous RAS G12V expression, when genetically modified to express
HLA-A*11:01.

Figure 25A through Figure 25G depict the results of experiments
characterizing TCR831 expression and function. (Figure 25A) Validation of TCR expression
by peptide-MHC multimer staining of lentiviral-transduced Jurkat Reporter cells. (Figure
25B) Assessment of TCR avidity by Jurkat Reporter cells. (Figure 25C) Assessment of TCR
specificity and cross-reactivity to alternative mutant KRAS epitopes by Jurkat Reporter
assay. TCR831 exhibits specificity for RAS G12V (VVV_V) but not wildtype. Cross
reactivity was observed to RAS G12C (VVV_C). (Figure 25D) TCR activation of Jurkat
Reporter cells following coculture with A*11:01 positive RAS G12V tumor cell lines.
(Figure 25E) Expression of TCR831 on primary CD8+ T cells. (Figure 25F) 4-hr 51Cr assay



10

15

20

25

30

WO 2020/154617 PCT/US2020/014988

results indicating specific lysis of K562-A*11:01 cells pulsed with G12V peptide (blue) and
expressing RAS TMG construct (red) - but not wildtype (black). (Figure 25G) 4-hr 51Cr
assay results indicating specific lysis of A*11:01 positive RAS G12V tumor cell lines at
effector to target ratio 10:1. Cell line coloring corresponds to that in Figure 25C.

Figure 26A through Figure 26G depict the results of example experiments
characterizing TCR833 expression and function. (Figure 26A) Validation of TCR expression
by peptide-MHC multimer staining of lentiviral-transduced Jurkat Reporter cells. (Figure
26B) Assessment of TCR avidity by Jurkat Reporter cells. (Figure 26C) Assessment of TCR
specificity and cross-reactivity to alternative mutant RAS epitopes by Jurkat Reporter assay.
TCR831 exhibits specificity for RAS G12V (VVV_V) but not wildtype. Cross reactivity was
observed to RAS G12C (VVV_C). (Figure 26D) TCR activation of Jurkat Reporter cells
following coculture with A*11:01 positive RAS G12V tumor cell lines. (Figure 26E)
Expression of TCR833 on primary CD8+ T cells. (Figure 26F) 4-hr 51Cr assay results
indicating specific lysis of K562-A*11:01 cells pulsed with G12V peptide (blue) and
expressing RAS TMG construct (red) - but not wildtype (black). (Figure 26G) 4-hr 51Cr
assay results indicating specific lysis of A*11:01 positive RAS G12V tumor cell lines.

Figure 27A through Figure 27C depict the results of example experiments
characterizing TCR897 expression and function. (Figure 27A) Validation of TCR expression
by peptide-MHC multimer staining of lentiviral-transduced Jurkat Reporter cells. (Figure
27B) Assessment of TCR avidity by Jurkat Reporter cells. (Figure 27C) Assessment of TCR
specificity and cross-reactivity to alternative mutant RAS epitopes by Jurkat Reporter assay.
TCR897 exhibits specificity for RAS G12V (VV_V) but not wildtype. Cross reactivity was
observed to RAS G12C (VV_C) and G12D (VV_D) epitopes.

Figure 28 A through Figure 28G depict the results of experiments
characterizing TCR896 expression and function. (Figure 28A) Validation of TCR expression
by peptide-MHC multimer staining of lentiviral-transduced Jurkat Reporter cells. (Figure
28B) Assessment of TCR avidity by Jurkat Reporter cells. (Figure 28C) Assessment of TCR
specificity and cross-reactivity to alternative mutant RAS epitopes by Jurkat Reporter assay.
TCR896 exhibits specificity for RAS G12V (VVV_V) but not wildtype or alternatively
mutated KRAS epitopes. (Figure 28D) TCR activation of Jurkat Reporter cells following
coculture with A*03:01 positive RAS G12V tumor cell lines. (Figure 28E) Expression of
TCR896 on primary CD8+ T cells. (Figure 28F) 4-hr 51Cr assay results indicating specific
lysis of K562-A*03:01 cells pulsed with G12V peptide (blue) or expressing RAS TMG
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construct (red) - but not wildtype (black). (Figure 28G) 4-hr 51Cr assay results indicating
specific lysis of A*03:01 positive RAS G12V tumor cell lines.

Figure 29A and Figure 29B depict the results of example experiments
characterizing TCR847 expression and function. (Figure 29A) Validation of TCR expression
by peptide-MHC multimer staining of lentiviral-transduced Jurkat Reporter cells. (Figure
29B) Assessment of TCR specificity and cross-reactivity to alternative mutant RAS epitopes
by Jurkat Reporter assay. TCR847 exhibits specificity for RAS G12R (GA R) but not
wildtype or alternatively mutated RAS epitopes.

Figure 30A through Figure 30E depicts the results of example experiments
characterizing TCR864 expression and function. (Figure 30A) Validation of TCR expression
by peptide-MHC multimer staining of lentiviral-transduced Jurkat Reporter cells. (Figure
30B) Assessment of TCR avidity by Jurkat Reporter cells. (Figure 30C) Assessment of TCR
specificity and cross-reactivity to alternative mutant RAS epitopes by Jurkat Reporter assay.
TCR864 exhibits specificity for RAS G12R (GA_R) but not wildtype or alternatively
mutated RAS epitopes. (Figure 30D) Expression of TCR864 on primary CD8+ T cells.
(Figure 30E) 4-hr 51Cr assay results indicating specific lysis of K562-B*07:02 cells pulsed
with G12R peptide (blue) or expressing RAS TMG construct (red) - but not wildtype (black).

Figure 31 depicts a schematic of a clinical trial using dendric cell (DC)
vaccination against mRAS short peptides.

Figure 32 depicts a schematic of experimental process used to identify mRAS

TCRs in vaccinated PDA patients.

DETAILED DESCRIPTION OF THE INVENTION

This invention relates to compositions and methods for treating cancer
associated with mutant RAS (mRAS). Somatic mutations within RAS provide a form of a
non-self antigen, making RAS-mutated tumors susceptible to immune-based therapeutic
approaches, including, but not limited to, adoptive T cell therapy. T cells have unique T-cell
receptors (TCRs) that are capable of recognizing subtle mutations within intracellular
proteins that may be expressed and presented on HL A molecules by tumor cells.

The present invention is applicable to any member of the RAS family of
oncogenic proteins, including but not limited to, KRAS, NRAS, and HRAS. The RAS
hotspot mutations described herein (e.g., mutations at position (G12) are common among
KRAS-, NRAS-, and HR AS-associated cancers. Further the amino acid sequences of the

RAS peptides described herein are conserved among all RAS family members. Thus, the
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mutant RAS peptides and TCRs described herein are applicable in inducing an immune
response against mutant RAS family members to treat cancers associated with a mutant RAS
family member. As used herein, “RAS” is meant to include any member of the RAS family
of proteins.

The present invention is based, in part, upon the identification of antigenic
HLA-restricted mutant RAS peptides. The RAS peptides described herein can be used as
immunogenic compositions to induce an immune response against mRAS. In certain
embodiments, the present invention relates to an immunogenic composition, such as a
vaccine, that comprises an antigenic mRAS peptide described herein, or a nucleic acid
molecule encoding an antigenic mRAS peptide described herein.

The present invention is based, in part, upon the identification of T cell
receptor (TCR) sequences that specifically recognize HLA-restricted mutant RAS antigens.
The TCR sequences described herein recognize common mutant RAS antigens in the context
of highly prevalent HLA types. In certain aspects, the present invention relates to a
composition comprising an isolated TCR, or to a nucleic acid molecule that encodes an
isolated TCR, where the isolated TCR specifically binds to RAS, mRAS, or a fragment
thereof. In one embodiment, the composition comprises a cell, for example an autologous or
allogeneic T cell, genetically modified to express a TCR that specifically binds to RAS,
mRAS, or fragment thereof.

In certain aspects, the present invention relates to a method for treating or
preventing mRAS-associated cancer using the antigenic mRAS peptides or TCRs described
herein. In one embodiment, the method comprises administering to a subject an immunogenic
composition comprising an mRAS peptide or nucleic acid molecule encoding an mRAS
peptide described herein. In one embodiment, the method comprises administering to a
subject an immunogenic composition comprising an antigen presenting cell (APC), such as a
dendritic cell, that has been loaded with one or more mRAS peptides or one or more nucleic
acid molecules encoding one or more mRAS peptides described herein. In certain
embodiments, the invention relates to methods using TCR therapy, for example adoptive
TCR therapy. In one embodiment, the method comprises administering to a subject having a
mRAS-associated cancer at least one T cell that is genetically modified to express a TCR that
specifically binds to RAS, mRAS, or a fragment thereof.

Exemplary mRAS-associated cancer that is treatable by way of the
compositions and methods of the present invention include, but is not limited to, pancreatic

ductal adenocarcinoma (PDA), colon cancer, colorectal adenocarcinoma, myeloma, multiple
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myeloma, lung adenocarcinoma, melanoma, uterine cancer, thyroid cancer, acute
myelogenous leukemia (AML), urothelial cancer, gastric adenocarcinoma and cervical
adenocarcinoma, head and neck squamous cell carcinoma (SCC), Diffuse large B-cell
lymphoma (DLBCL), esophageal adenocarcinoma, Chronic lymphocytic leukemia (CLL),
lung SCC, small cell lung cancer (SCLC), renal papillary cancer, Hepatocellular carcinoma
(HCCQ), breast cancer, cervical SCC, ovarian adenocarcinoma, adrenal cancer, prostate
cancer, neuroblastoma, glioblastoma multiforme (GBM), medulloblastoma, Renal cell
carcinoma (RCC), esophageal SCC, osteosarcoma, sarcoma, and small intestine

neuroendocrine tumor (NET).

Definitions
Unless defined otherwise, all technical and scientific terms used herein have

the same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, exemplary
methods and materials are described.

As used herein, each of the following terms has the meaning associated with it
in this section.

The articles “a” and “an’ are used herein to refer to one or to more than one
(i.e., to at least one) of the grammatical object of the article. By way of example, “an
element” means one element or more than one element.

The terms “inhibit” and “inhibition,” as used herein, means to reduce,
suppress, diminish or block an activity or function by at least about 10% relative to a control
value. In some embodiments, the activity is suppressed or blocked by at least about 50%
compared to a control value. In some embodiments, the activity is suppressed or blocked by
at least about 75%. In some embodiments, the activity is suppressed or blocked by at least
about 95%.

The terms “effective amount™ and “pharmaceutically effective amount” refer
to a sufficient amount of an agent to provide the desired biological result. That result can be
reduction and/or alleviation of the signs, symptoms, or causes of a disease or disorder, or any
other desired alteration of a biological system. An appropriate effective amount in any
individual case may be determined by one of ordinary skill in the art using routine

experimentation.
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The terms “patient,” “subject,” “individual,” and the like are used
interchangeably herein, and refer to any animal, in some embodiments a mammal, and in
some embodiments a human, having a complement system, including a human in need of
therapy for, or susceptible to, a condition or its sequelae. The individual may include, for
example, dogs, cats, pigs, cows, sheep, goats, horses, rats, monkeys, and mice and humans.

The term “abnormal” when used in the context of organisms, tissues, cells or
components thereof, refers to those organisms, tissues, cells or components thereof that differ
in at least one observable or detectable characteristic (e.g., age, treatment, time of day, etc.)
from those organisms, tissues, cells or components thereof that display the “normal”
(expected/homeostatic) respective characteristic. Characteristics which are normal or
expected for one cell, tissue type, or subject, might be abnormal for a different cell or tissue
type.

“Activation”, as used herein, refers to the state of a T cell that has been
sufficiently stimulated to induce detectable cellular proliferation. Activation can also be
associated with induced cytokine production, and detectable effector functions. The term
“activated T cells™ refers to, among other things, T cells that are undergoing cell division.

A “disease” is a state of health of a subject wherein the subject cannot
maintain homeostasis, and wherein if the disease is not ameliorated then the subject’s health
continues to deteriorate.

In contrast, a “disorder” in a subject is a state of health in which the subject is
able to maintain homeostasis, but in which the subject’s state of health is less favorable than
it would be in the absence of the disorder. Left untreated, a disorder does not necessarily
cause a further decrease in the subject’s state of health.

A disease or disorder is “alleviated” if the severity of a sign or symptom of the
disease or disorder, the frequency with which such a sign or symptom is experienced by a
patient, or both, is reduced.

The term “cancer” as used herein is defined as disease characterized by the
rapid and uncontrolled growth of aberrant cells. Cancer cells can spread locally or through
the bloodstream and lymphatic system to other parts of the body. Examples of various
cancers include but are not limited to, breast cancer, prostate cancer, ovarian cancer, cervical
cancer, skin cancer, pancreatic cancer, colorectal cancer, renal cancer, liver cancer, brain
cancer, lymphoma, leukemia, lung cancer and the like.

The term “anti-tumor effect” as used herein, refers to a biological effect which

can be manifested by a decrease in tumor volume, a decrease in the number of tumor cells, a
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decrease in the number of metastases, an increase in life expectancy, or amelioration of
various physiological symptoms associated with the cancerous condition. An “anti-tumor
effect” can also be manifested by the ability of the peptides, polynucleotides, cells and
antibodies of the invention in prevention of the occurrence of tumor in the first place.

As used herein, the term “autologous™ is meant to refer to any material derived
from the same individual to which it is later to be re-introduced into the individual.

“Allogeneic” refers to a graft derived from a different animal of the same
species.

“Xenogeneic” refers to a graft derived from an animal of a different species.

An “effective amount” or “therapeutically effective amount™ of a compound is
that amount of compound which is sufficient to provide a beneficial effect to the subject to
which the compound is administered.

As used herein, an “instructional material” includes a publication, a recording,
a diagram, or any other medium of expression which can be used to communicate the
usefulness of a compound, composition, vector, or delivery system of the invention in the kit
for effecting alleviation of the various diseases or disorders recited herein. Optionally, or
alternately, the instructional material can describe one or more methods of alleviating the
diseases or disorders in a cell or a tissue of a mammal. The instructional material of the kit of
the invention can, for example, be affixed to a container which contains the identified
compound, composition, vector, or delivery system of the invention or be shipped together
with a container which contains the identified compound, composition, vector, or delivery
system. Alternatively, the instructional material can be shipped separately from the container
with the intention that the instructional material and the compound be used cooperatively by
the recipient.

“Operably linked” or “operatively linked” as used herein may mean that
expression of a gene is under the control of a promoter with which it is spatially connected. A
promoter may be positioned 5' (upstream) or 3' (downstream) of a gene under its control. The
distance between the promoter and a gene may be approximately the same as the distance
between that promoter and the gene it controls in the gene from which the promoter is
derived. As is known in the art, variation in this distance may be accommodated without loss
of promoter function.

A “therapeutic treatment™ is a treatment administered to a subject who exhibits

signs of disease or disorder, for the purpose of diminishing or eliminating those signs.
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As used herein, “treating a disease or disorder” means reducing the frequency
and/or severity of a sign and/or symptom of the disease or disorder is experienced by a
patient.

The phrase “biological sample”, “sample” or “specimen” as used herein, is
intended to include any sample comprising a cell, a tissue, or a bodily fluid in which
expression of a nucleic acid or polypeptide can be detected. The biological sample may
contain any biological material suitable for detecting the desired biomarkers, and may
comprise cellular and/or non-cellular material obtained from the individual. Examples of such
biological samples include but are not limited to blood, lymph, bone marrow, biopsies and
smears. Samples that are liquid in nature are referred to herein as “bodily fluids.” Biological
samples may be obtained from a patient by a variety of techniques including, for example, by
scraping or swabbing an area or by using a needle to obtain bodily fluids. Methods for
collecting various body samples are well known in the art.

“CDRs™ are defined as the complementarity determining region amino acid
sequences of a TCR or TCR chain.

As used herein, an “immunoassay” refers to any binding assay that uses an
antibody capable of binding specifically to a target molecule to detect and quantify the target
molecule.

By the term “specifically binds,” as used herein with respect to a polypeptide
(e.g., aTCR or TCR chain), is meant a polypeptide which recognizes and binds to a specific
target molecule, but does not substantially recognize or bind other molecules in a sample. In
some instances, the terms “specific binding” or “specifically binding,” is used to mean that
the recognition and binding is dependent upon the presence of a particular structure (e.g., an
antigenic determinant or epitope) on the target molecule.

A “coding region” of a gene consists of the nucleotide residues of the coding
strand of the gene and the nucleotides of the non-coding strand of the gene which are
homologous with or complementary to, respectively, the coding region of an mRNA
molecule which is produced by transcription of the gene.

A “coding region” of a mRNA molecule also consists of the nucleotide
residues of the mRNA molecule which are matched with an anti-codon region of a transfer
RNA molecule during translation of the mRNA molecule or which encode a stop codon. The
coding region may thus include nucleotide residues comprising codons for amino acid
residues which are not present in the mature protein encoded by the mRNA molecule (e.g.,

amino acid residues in a protein export signal sequence).
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“Differentially decreased expression” or “down regulation” refers to
biomarker product levels which are at least 10% or more, for example, 20%, 30%, 40%, or
50%, 60%., 70%, 80%, 90% lower or less, and/or 2.0 fold, 1.8 fold, 1.6 fold, 1.4 fold, 1.2
fold, 1.1 fold or less lower, and any and all whole or partial increments therebetween than a
control.

“Differentially increased expression” or “up regulation” refers to biomarker
product levels which are at least 10% or more, for example, 20%, 30%, 40%, or 50%, 60%,
70%, 80%, 90% higher or more, and/or 1.1 fold, 1.2 fold, 1.4 fold, 1.6 fold, 1.8 fold, 2.0 fold
higher or more, and any and all whole or partial increments therebetween than a control.

“Complementary” as used herein to refer to a nucleic acid, refers to the broad
concept of sequence complementarity between regions of two nucleic acid strands or between
two regions of the same nucleic acid strand. It is known that an adenine residue of a first
nucleic acid region is capable of forming specific hydrogen bonds (“base pairing™) with a
residue of a second nucleic acid region which is antiparallel to the first region if the residue is
thymine or uracil. Similarly, it is known that a cytosine residue of a first nucleic acid strand is
capable of base pairing with a residue of a second nucleic acid strand which is antiparallel to
the first strand if the residue is guanine. A first region of a nucleic acid is complementary to a
second region of the same or a different nucleic acid if, when the two regions are arranged in
an antiparallel fashion, at least one nucleotide residue of the first region is capable of base
pairing with a residue of the second region. In some embodiments, the first region comprises
a first portion and the second region comprises a second portion, whereby, when the first and
second portions are arranged in an antiparallel fashion, at least about 50%, and or at least
about 75%, or at least about 90%, or at least about 95% of the nucleotide residues of the first
portion are capable of base pairing with nucleotide residues in the second portion. In some
embodiments, all nucleotide residues of the first portion are capable of base pairing with
nucleotide residues in the second portion.

The term “DNA” as used herein is defined as deoxyribonucleic acid.

“Encoding” refers to the inherent property of specific sequences of nucleotides
in a polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as templates for synthesis
of other polymers and macromolecules in biological processes having either a defined
sequence of nucleotides (i.e., TRNA, tRNA and mRNA) or a defined sequence of amino acids
and the biological properties resulting there from. Thus, a gene encodes a protein if
transcription and translation of mRNA corresponding to that gene produces the protein in a

cell or other biological system. Both the coding strand, the nucleotide sequence of which is
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identical to the mRNA sequence and is usually provided in sequence listings, and the non-
coding strand, used as the template for transcription of a gene or cDNA, can be referred to as
encoding the protein or other product of that gene or cDNA.

Unless otherwise specified, a “nucleotide sequence encoding an amino acid
sequence” includes all nucleotide sequences that are degenerate versions of each other and
that encode the same amino acid sequence. The phrase nucleotide sequence that encodes a
protein or an RNA may also include introns to the extent that the nucleotide sequence
encoding the protein may in some version contain an intron(s).

The term “hybridoma,” as used herein refers to a cell resulting from the fusion
of a B-lymphocyte and a fusion partner such as a myeloma cell. A hybridoma can be cloned
and maintained indefinitely in cell culture and is able to produce monoclonal antibodies. A
hybridoma can also be considered to be a hybrid cell.

“Isolated” means altered or removed from the natural state. For example, a
nucleic acid or a peptide naturally present in its normal context in a living subject is not
“isolated,” but the same nucleic acid or peptide partially or completely separated from the
coexisting materials of its natural context is “isolated.” An isolated nucleic acid or protein
can exist in substantially purified form, or can exist in a non-native environment such as, for
example, a host cell.

An “isolated nucleic acid” refers to a nucleic acid segment or fragment which
has been separated from sequences which flank it in a naturally occurring state, i.e., a DNA
fragment which has been removed from the sequences which are normally adjacent to the
fragment, i.e., the sequences adjacent to the fragment in a genome in which it naturally
occurs. The term also applies to nucleic acids which have been substantially purified from
other components which naturally accompany the nucleic acid, i.e., RNA or DNA or proteins,
which naturally accompany it in the cell. The term therefore includes, for example, a
recombinant DNA which is incorporated into a vector, into an autonomously replicating
plasmid or virus, or into the genomic DNA of a prokaryote or eukaryote, or which exists as a
separate molecule (i.e., as a cDNA or a genomic or cDNA fragment produced by PCR or
restriction enzy me digestion) independent of other sequences. It also includes a recombinant
DNA which is part of a hybrid gene encoding additional polypeptide sequence.

In the context of the present invention, the following abbreviations for the
commonly occurring nucleic acid bases are used. “A” refers to adenosine, “C” refers to

cytosine, “G” refers to guanosine, “T” refers to thymidine, and “U” refers to uridine.

17



10

15

20

25

30

WO 2020/154617 PCT/US2020/014988

The term “polynucleotide™ as used herein is defined as a chain of nucleotides.
Furthermore, nucleic acids are polymers of nucleotides. Thus, nucleic acids and
polynucleotides as used herein are interchangeable. One skilled in the art has the general
knowledge that nucleic acids are polynucleotides, which can be hydrolyzed into the
monomeric “nucleotides.” The monomeric nucleotides can be hydrolyzed into nucleosides.
As used herein polynucleotides include, but are not limited to, all nucleic acid sequences
which are obtained by any means available in the art, including, without limitation,
recombinant means, i.e., the cloning of nucleic acid sequences from a recombinant library or
a cell genome, using ordinary cloning technology and PCR, and the like, and by synthetic
means.

A “lentivirus™ as used herein refers to a genus of the Retroviridae family.
Lentiviruses are unique among the retroviruses in being able to infect non-dividing cells; they
can deliver a significant amount of genetic information into the DNA of the host cell, so they
are one of the most efficient methods of a gene delivery vector. HIV, SIV, and FIV are all
examples of lentiviruses. Vectors derived from lentiviruses offer the means to achieve
significant levels of gene transfer in vivo.

2 <<

As used herein, the terms “peptide,” “polypeptide,” and “protein” are used
interchangeably, and refer to a compound comprised of amino acid residues covalently linked
by peptide bonds. A protein or peptide must contain at least two amino acids, and no
limitation is placed on the maximum number of amino acids that can comprise a protein's or
peptide's sequence. Polypeptides include any peptide or protein comprising two or more
amino acids joined to each other by peptide bonds. As used herein, the term refers to both
short chains, which also commonly are referred to in the art as peptides, oligopeptides and
oligomers, for example, and to longer chains, which generally are referred to in the art as
proteins, of which there are many types. “Polypeptides” include, for example, biologically
active fragments, substantially homologous polypeptides, oligopeptides, homodimers,
heterodimers, variants of polypeptides, modified polypeptides, derivatives, analogs, fusion
proteins, among others. The polypeptides include natural peptides, recombinant peptides,
synthetic peptides, or a combination thereof.

The term “RNA” as used herein is defined as ribonucleic acid.

The term “recombinant DNA” as used herein is defined as DNA produced by
joining pieces of DNA from different sources.

The term “recombinant polypeptide™ as used herein is defined as a polypeptide

produced by using recombinant DNA methods.
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As used herein, “conjugated” refers to covalent attachment of one molecule to
a second molecule.

“Homologous™ refers to the sequence similarity or sequence identity between
two polypeptides or between two nucleic acid molecules. When a position in both of the two
compared sequences is occupied by the same base or amino acid monomer subunit, e.g., if a
position in each of two DNA molecules is occupied by adenine, then the molecules are
homologous at that position. The percent of homology between two sequences is a function
of the number of matching or homologous positions shared by the two sequences divided by
the number of positions compared X 100. For example, if 6 of 10 of the positions in two
sequences are matched or homologous then the two sequences are 60% homologous. By way
of example, the DNA sequences ATTGCC and TATGGC share 50% homology. Generally, a
comparison is made when two sequences are aligned to give maximum homology.

“Variant™ as the term is used herein, is a nucleic acid sequence or a peptide
sequence that differs in sequence from a reference nucleic acid sequence or peptide sequence
respectively, but retains essential biological properties of the reference molecule. Changes in
the sequence of a nucleic acid variant may not alter the amino acid sequence of a peptide
encoded by the reference nucleic acid, or may result in amino acid substitutions, additions,
deletions, fusions and truncations. Changes in the sequence of peptide variants are typically
limited or conservative, so that the sequences of the reference peptide and the variant are
closely similar overall and, in many regions, identical. A variant and reference peptide can
differ in amino acid sequence by one or more substitutions, additions, deletions in any
combination. A variant of a nucleic acid or peptide can be a naturally occurring such as an
allelic variant, or can be a variant that is not known to occur naturally. Non-naturally
occurring variants of nucleic acids and peptides may be made by mutagenesis techniques or
by direct synthesis. In various embodiments, the variant sequence is at least 99%, at least
98%, at least 97%, at least 96%, at least 95%, at least 94%, at least 93%, at least 92%, at least
91%, at least 90%, at least 89%, at least 88%, at least 87%, at least 86%, at least 85%
identical to the reference sequence.

The term “regulating™ as used herein can mean any method of altering the
level or activity of a substrate. Non-limiting examples of regulating with regard to a protein
include affecting expression (including transcription and/or translation), affecting folding,
affecting degradation or protein turnover, and affecting localization of a protein. Non-limiting
examples of regulating with regard to an enzyme further include affecting the enzymatic

activity. “Regulator” refers to a molecule whose activity includes affecting the level or
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activity of a substrate. A regulator can be direct or indirect. A regulator can function to
activate or inhibit or otherwise modulate its substrate.

A “scanning window,” as used herein, refers to a segment of a number of
contiguous positions in which a sequence may be evaluated independently of any flanking
sequence. A scanning window generally is shifted incrementally along the length of a
sequence to be evaluated with each new segment being independently evaluated. An
incremental shift may be of 1 or more than one position.

“Vector” as used herein may mean a nucleic acid sequence containing an
origin of replication. A vector may be a plasmid, bacteriophage, bacterial artificial
chromosome or yeast artificial chromosome. A vector may be a DNA or RNA vector. A
vector may be either a self-replicating extrachromosomal vector or a vector which integrates
into a host genome.

As used herein, a “substantially purified” cell is a cell that is essentially free of
other cell types. A substantially purified cell also refers to a cell which has been separated
from other cell types with which it is normally associated in its naturally occurring state. In
some instances, a population of substantially purified cells refers to a homogenous population
of cells. In other instances, this term refers simply to cell that have been separated from the
cells with which they are naturally associated in their natural state. In some embodiments, the
cells are cultured in vitro. In other embodiments, the cells are not cultured in vitro.

Ranges: throughout this disclosure, various aspects of the invention can be
presented in a range format. It should be understood that the description in range format is
merely for convenience and brevity and should not be construed as an inflexible limitation on
the scope of the invention. Accordingly, the description of a range should be considered to
have specifically disclosed all the possible subranges as well as individual numerical values
within that range. For example, description of a range such as from 1 to 6 should be
considered to have specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1
to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 2.7, 3, 4, 5, 5.3, and 6. This applies regardless of the breadth of the

range.

Description
The present invention relates to compositions and methods for treating mR AS-

associated cancer. In various embodiments, the compositions and methods described herein

20



10

15

20

25

30

WO 2020/154617 PCT/US2020/014988

can be used to kill cancer cells, decrease tumor size, inhibit tumor growth, inhibit tumor
metastasis, slow tumor progression or severity, and the like.

In one aspect, the present invention relates to an immunogenic composition
comprising an antigenic mRAS peptide, wherein the mRAS peptide stimulates or induces an
anti-mRAS immune response. In certain embodiments, the mRAS peptide comprises a
fragment of mRAS. In certain embodiments, the mRAS peptide comprises an amino acid
sequence of about 5-15 amino acids. In certain embodiments, the mRAS peptide comprises
an amino acid sequence having a mutation at position G12, relative to wildtype RAS. For
example, in one embodiment, the mRAS peptide comprises an amino acid sequence of about
5-15 amino acids and comprising a G12C, G12D, G12R, or G12V mutation, relative to
wildtype RAS.

In one aspect, the present invention provides an isolated nucleic acid molecule
that encodes an mRAS peptide described herein. In one aspect, the present invention provides
a cell, such as antigen presenting cell, that comprises an mRAS peptide or nucleic acid
molecule encoding an mRAS peptide described herein.

In one aspect, the present invention relates to a composition comprising a
polypeptide comprising one or more TCR chains (e.g., TCR alpha chain, TCR beta chain,
TCR delta chain, and TCR gamma chain) that, either alone or together, specifically bind to
RAS, mRAS, or fragment thereof. In one embodiment, the composition comprises a TCR
comprising a TCR alpha chain and a TCR beta chain, where the TCR specifically binds to
RAS, mRAS, or fragment thereof. Hereinafter, references to “TCR” refer to a heterodimer T
cell receptor, individual T cell receptor chains (e.g., TCR alpha chain, TCR beta chain, TCR
delta chain, and TCR gamma chain), and to functional portions and variants thereof.

In one embodiment, the TCR specifically binds to mRAS comprising a
mutation at position G12, relative to wildtype RAS. For example, in certain embodiments, the
TCR specifically binds to mRAS comprising a G12C, G12D, G12R, or G12V mutation,
relative to wildtype RAS. In certain embodiments, the TCR specifically binds to a fragment
of mRAS, wherein the fragment comprises a mutation at the position corresponding to G12.
In certain embodiments, the TCR specifically binds to the mRAS fragment in the context of a
specific HLA type. In one embodiment, the composition comprises a fusion polypeptide
comprising a TCR alpha chain and a TCR beta chain, where the TCR alpha chain and TCR
beta chain together form a heterodimer TCR. In one embodiment, the fusion polypeptide

comprises a cleavable linker between the TCR alpha chain and TCR beta chain.
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In one aspect, the present invention provides an isolated nucleic acid molecule
that encodes a TCR described herein. In one aspect, the present invention provides a cell,
such as a T-cell, that is been modified to express a TCR described herein.

In one embodiment, the present invention provides a method for treating or
preventing an mRAS-associated cancer in a subject having, suspected of having, or at risk for
having, an mRAS-associated cancer. Exemplary mRAS-associated cancer that is treatable or
preventable by way of the compositions and methods of the present invention include, but is
not limited to, pancreatic cancer, pancreatic ductal adenocarcinoma (PDA), colon cancer,
colorectal adenocarcinoma, myeloma, multiple myeloma, lung adenocarcinoma, melanoma,
uterine cancer, thyroid cancer, acute myelogenous leukemia (AML), urothelial cancer, gastric
adenocarcinoma and cervical adenocarcinoma, head and neck squamous cell carcinoma
(SCCQ), Diffuse large B-cell lymphoma (DLBCL), esophageal adenocarcinoma, Chronic
lymphocytic leukemia (CLL), lung SCC, small cell lung cancer (SCLC), renal papillary
cancer, Hepatocellular carcinoma (HCC), breast cancer, cervical SCC, ovarian
adenocarcinoma, adrenal cancer, prostate cancer, neuroblastoma, glioblastoma multiforme
(GBM), medulloblastoma, Renal cell carcinoma (RCC), esophageal SCC, osteosarcoma,
sarcoma, and small intestine neuroendocrine tumor (NET).

In one embodiment, the method comprises administering to the subject an
immunogenic composition comprising an mRAS peptide, a nucleic acid molecule encoding
an mRAS peptide, or at least one cell comprising an mRAS peptide or nucleic acid molecule
encoding an mRAS peptide. In one embodiment the method comprises administering an
antigen presenting cell, such as a dendritic cell, that is loaded with one or more mRAS
peptides or one or more nucleic acid molecules encoding one or more mRAS peptides. In
some embodiments, the antigen presenting cell is an autologous cell or derived from an
autologous cell. For example, in one embodiment, the method comprises isolating an
autologous cell from a subject; culturing the autologous cell ex vivo; loading the isolated
autologous cell with one or more mRAS peptides or one or more nucleic acid molecules
encoding one or more mRAS peptides, thereby generating an antigen presenting cell
presenting a mRAS peptide described herein; and administering the antigen presenting cell to
the subject. In certain embodiments, the specific type of mRAS peptide used in the present
method is dependent upon the specific HLA type of the subject or cells.

In one embodiment, the method comprises administering to the subject a
composition comprising a TCR, a nucleic acid molecule encoding a TCR, or at least one cell

expressing a TCR, where the TCR specifically binds to RAS, mRAS, or fragment thereof. In
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one embodiment, the method comprises adoptive TCR therapy, where autologous T cells are
genetically modified to express a TCR described herein and are administered to the subject to
induce an immune response against cancer cells presenting mRAS, or a fragment thereof. For
example, in one embodiment, the method comprises isolating an autologous cell from a
subject; culturing the autologous cell ex vivo; genetically modifying the isolated autologous
cell to express a TCR described herein; and administering the genetically modified cell to the
subject. In certain embodiments, the specific type of TCR used in the present method is

dependent upon the specific HLA type of the subject or cells.

mRAS peptides and vaccines

In some embodiments, the invention provides a compostion
comprising an antigenic mRAS peptide. In one embodiment, the mRAS peptide
stimulates or induces an anti-mRAS immune respones in a subject.

In one embodiment, the mRAS peptide comprsies a mutation at
postion G12, relative to wildtype RAS. In one emboidment, the mRAS peptide
comprises a G12C, G12D, G12R, or G12V mutation, relative to wildtype RAS. In
certain embodiments, the mRAS peptide is a short fragment of full-length mRAS.

In one embodiment, the mRAS peptide has a length of about 8§ to about 24
amino acid residues, or about 9 to about 11 amino acid residues. In an embodiment of the
invention, the mRAS peptide comprises a mutation corresponding to G12 relative to wildtype
mRAS, and where the mRAS peptide has a length of about 8 amino acid residues, about 9
amino acid residues, about 10 amino acid residues, about 11 amino acid residues, about 12
amino acid residues, about 13 amino acid residues, about 14 amino acid residues, about 15
amino acid residues, about 16 amino acid residues, about 17 amino acid residues, about 18
amino acid residues, about 19 amino acid residues, about 20 amino acid residues, about 21
amino acid residues, about 22 amino acid residues, about 23 amino acid residues, or about 24
amino acid residues.

Exemplary antigenic mRAS peptides of the present invention are

provided in Table 1.

D HLA Allele mRAS mutation | mRAS peptide

KLV C HLA-A*02:01 Gl12C KLVVVGACGYV (SEQ ID NO:1)
KLV D HLA-A*02:01 G12D KLVVVGADGYV (SEQ ID NO:2)
KLV R HLA-A*02:01 GI2R KLVVVGARGYV (SEQ ID NO:3)
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KLV V HLA-A*02:01 | GI2V KLVVVGAVGV (SEQ ID NO:4)

VV C HLA-A*03:01 | G12C VVGACGVGK (SEQ ID NO:5)
HLA-A*11:01

VVV C HLA-A*03:01 | G12C VVVGACGVGK (SEQ ID NO:6)
HLA-A*11:01

VV D HLA-A*03:01 | G12D VVGADGVGK (SEQ ID NO:7)
HLA-A*11:01

VVV_D HLA-A*03:01 | G12D VVVGADGVGK (SEQ ID NO:8)
HLA-A*11:01

VV R HLA-A*03:01 | GI2R VVGARGVGK (SEQ ID NO:9)
HLA-A*11:01

VVV R HLA-A*03:01 | GI2R VVVGARGVGK (SEQ ID NO:10)
HLA-A*11:01

VV_ V HLA-A*03:01 | GI2V VVGAVGVGK (SEQ ID NO:11)
HLA-A*11:01

VVV_V HLA-A*03:01 | Gl2V VVVGAVGVGK (SEQ ID NO:12)
HLA-A*11:01

GA C HLA-B*07.02 | G12C GACGVGKSAL (SEQ ID NO:13)

GA D HLA-B*07:02 | G12D GADGVGKSAL (SEQ ID NO:14)

GA R HLA-B*07:02 | GI2R GARGVGKSAL (SEQ ID NO:15)

GA V HLA-B*07:02 | G12V GAVGVGKSAL (SEQ ID NO:16)

In one embodiment, the present invention provides an immunogenic

composition for inducing an immune response against mRAS in a subject. For example, in

one embodiment, the immunogenic composition is a vaccine. For a composition to be useful

as a vaccine, the composition must induce an immune response to mRAS in a cell, tissue or

mammal (e.g., a human). In certain instances, the vaccine induces a protective immune

response in the mammal. As used herein, an “immunogenic composition” may comprise an

antigen (e.g., a mRAS peptide), a nucleic acid encoding an antigen, a cell expressing or

presenting an antigen or cellular component, or a combination thereof. In particular

embodiments, the composition comprises or encodes all or part of any peptide antigen

described herein, or an immunogenically functional equivalent thereof. In other

embodiments, the composition is in a mixture that comprises an additional



10

15

20

25

30

WO 2020/154617 PCT/US2020/014988

immunostimulatory agent or nucleic acids encoding such an agent. Immunostimulatory
agents include but are not limited to an additional antigen, an immunomodulator, an antigen
presenting cell, lipid nanoparticle, or an adjuvant. In other embodiments, one or more of the
additional agent(s) is covalently bonded to the antigen or an immunostimulatory agent, in any
combination.

In the context of the present invention, the term “vaccine” refers to a
composition that induces an immune response upon inoculation into animals. In some
embodiments, the induced immune response provides protective immunity.

A vaccine of the present invention may vary in its composition of nucleic acid and/or cellular
components. In a non-limiting example, a vaccine comprising or encoding a mRAS peptide
antigen might also be formulated with an adjuvant. Of course, it will be understood that
various compositions described herein may further comprise additional components. For
example, one or more vaccine components may be comprised in a lipid, liposome, or lipid
nanoparticle. In another non-limiting example, a vaccine may comprise one or more
adjuvants. Exemplary adjuvants include, but are not limited to, alpha-interferon, gamma-
interferon, platelet derived growth factor (PDGF), TNFa, TNF, GM-CSF, epidermal growth
factor (EGF), cutaneous T cell-attracting chemokine (CTACK), epithelial thymus-expressed
chemokine (TECK), mucosae-associated epithelial chemokine (MEC), IL-12, IL-15, MHC,
CD80, CD86. Other genes which may be useful adjuvants include those encoding: MCP-I,
MIP-Ta, MIP-Ip, IL-8, RANTES, L-selectin, P-selectin, E-selectin, CD34, GlyCAM-1,
MadCAM-1, LFA-I, VLA-L, Mac-1, pl50.95, PECAM, ICAM-I, ICAM-2, ICAM-3, CD2,
LFA-3, M-CSF, G-CSF, IL-4, mutant forms of IL-18, CD40, CD40L, vascular growth factor,
fibroblast growth factor, IL-7, nerve growth factor, vascular endothelial growth factor, Fas,
TNF receptor, Fit, Apo-1, p55, WSL-I, DR3, TRAMP, Apo-3, AIR, LARD, NGRF, DR4,
DRS, KILLER, TRAIL-R2, TRICK2, DR6, Caspase ICE, Fos, c-jun, Sp-I, Ap-I, Ap-2, p38,
p6SRel, MyD88, IRAK, TRAF6, IkB, Inactive NIK, SAP K, SAP-I, JNK, interferon response
genes, NFkB, Bax, TRAIL, TRAILrec, TRAILrecDRCS, TRAIL-R3, TRAIL-R4, RANK,
RANK LIGAND, Ox40, Ox40 LIGAND, NKG2D, MICA, MICB, NKG2A, NKG2B,
NKG2C, NKG2E, NKG2F, TAP 1, TAP2, anti-CTLA4-sc, anti-LAG3-Ig, anti-TIM3-Ig, and
functional fragments thereof.

A vaccine of the present invention, and its various components, may be
prepared and/or administered by any method disclosed herein or as would be known to one of

ordinary skill in the art, in light of the present disclosure.
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The induction of the immunity by mRAS peptide antigen can be detected by
observing in vivo or in vitro the response of all or any part of the immune system in the host
against the mRAS.

The present invention includes a cell that has been exposed or otherwise
“pulsed” with an antigen (e.g., a mRAS peptide antigen). For example, an antigen presenting
cell (APC), such as a dendritic cell (DC), may become Ag-loaded in vitro, e.g., by culture ex
vivo in the presence of an antigen, or in vivo by exposure to an antigen.

A person skilled in the art would also readily understand that an APC can be
“pulsed” in a manner that exposes the APC to an antigen for a time sufficient to promote
presentation of that antigen on the surface of the APC. For example, an APC can be exposed
to an antigen in the form of small peptide fragments, known as antigenic peptides, which are
“pulsed” directly onto the outside of the APCs; or APCs can be incubated with antigenic
peptides which are then ingested by the APCs. APCs then present the antigenic peptides on
the APC surface. Antigen in peptide form may be exposed to the cell by standard “pulsing”
techniques described herein and as known in the art.

The antigen-loaded APC, otherwise known as a “pulsed APC” of the
invention, is produced by exposure of the APC to an antigen either in vitro or in vivo. In the
case where the APC is pulsed in vitro, the APC can be plated on a culture dish and exposed to
an antigen in a sufficient amount and for a sufficient period of time to allow the antigen to
bind to the APC. The amount and time necessary to achieve binding of the antigen to the
APC may be determined by using methods known in the art or otherwise disclosed herein.
Other methods known to those of skill in the art, for example immunoassays or binding
assays, may be used to detect the presence of antigen on the APC following exposure to the
antigen.

In a further embodiment of the invention, the APC may be transfected with a
vector which allows for the expression of a specific peptide by the APC. The peptide which is
expressed by the APC may then be processed and presented on the cell surface on an MHC
receptor. The transfected APC may then be used as an immunogenic composition to produce
an immune response to the protein encoded by the vector.

As discussed elsewhere herein, vectors may be prepared to include a specific
polynucleotide which encodes and expresses a peptide to which an immunogenic response is
desired. In one embodiment, retroviral vectors are used to infect the cells. In one

embodiment, adenoviral vectors are used to infect the cells.
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In another embodiment, a vector may be targeted to an APC by modifying the
viral vector to encode a protein or portions thereof that is recognized by a receptor on the
APC, whereby occupation of the APC receptor by the vector will initiate endocytosis of the
vector, allowing for processing and presentation of the antigen encoded by the nucleic acid of
the viral vector.

As contemplated herein, various methods can be used for transfecting a
polynucleotide into a host cell. The methods include, but are not limited to, calcium
phosphate precipitation, lipofection, particle bombardment, microinjection, electroporation,
colloidal dispersion systems (i.e. macromolecule complexes, nanocapsules, microspheres,
beads, and lipid-based systems including oil-in-water emulsions, micelles, mixed micelles,
and liposomes). These methods are understood in the art and are described in published
literature so as to enable one skilled in the art to perform these methods.

In another embodiment, a polynucleotide encoding an antigen can be cloned
into an expression vector and the vector can be introduced into an APC to otherwise generate
aloaded APC. Various types of vectors and methods of introducing nucleic acids into a cell
are discussed in the available published literature. For example, the expression vector can be
transferred into a host cell by physical, chemical or biological means. See, for example,
Sambrook et al. (2001, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory, New York), and in Ausubel et al. (1997, Current Protocols in Molecular Biology,
John Wiley & Sons, New York). It is readily understood that the introduction of the
expression vector comprising a polynucleotide encoding an antigen yields a pulsed cell.

The present invention includes various methods for pulsing APCs including,
but not limited to, loading APCs with the peptide antigen, or with cDNA or mRNA encoding
the peptide antigen. However, the invention should not be construed to be limited to the
specific form of the antigen used for pulsing the APC. Rather, the invention encompasses
other methods known in the art for generating an antigen loaded APC. In one embodiment,
the APC is transfected with mRNA encoding a defined antigen. mRNA corresponding to a
gene product whose sequence is known can be rapidly generated in vitro using appropriate
primers and reverse transcriptase-polymerase chain reaction (RT-PCR) coupled with
transcription reactions. Transfection of an APC with an mRNA provides an advantage over
other antigen-loading techniques for generating a pulsed APC. For example, the ability to
amplify RNA from a microscopic amount of tissue, i.e. tumor tissue, extends the use of the

APC for vaccination to a large number of patients.
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There are many methods that can be used for engineering DCs and other
APCs, such as mRNA-based delivering, DN A-plasmid-based delivering, all of which are
encompassed in the invention. That is, any delivery system can be used to engineer immune
cells to express the mRAS peptides described herien.

It is understood that an antigenic composition of the present invention may be
made by a method that is well known in the art, including but not limited to chemical
synthesis by solid phase synthesis and purification away from the other products of the
chemical reactions by HPLC, or production by the expression of a nucleic acid sequence
(e.g.. a DNA sequence) encoding the peptide antigen of the present invention in an in vitro
translation system or in a living cell. In addition, an antigenic composition can comprise a
cellular component isolated from a biological sample. The antigenic composition isolated and
extensively dialyzed to remove one or more undesired small molecular weight molecules
and/or lyophilized for more ready formulation into a desired vehicle. It is further understood
that additional amino acids, mutations, chemical modification and such like, if any, that are
made in a vaccine component will not substantially interfere with the antibody recognition of
the epitopic sequence. A peptide sequence may be synthesized by methods known to those of
ordinary skill in the art, such as, for example, peptide synthesis using automated peptide
synthesis machines, such as those available from Applied Biosystems, Inc., Foster City, CA
(Foster City, CA).

Longer peptides or polypeptides also may be prepared, e.g., by recombinant
means. In certain embodiments, a nucleic acid encoding an antigenic composition and/or a
component described herein may be used, for example, to produce an antigenic composition
in vitro or in vivo for the various compositions and methods of the present invention. For
example, in certain embodiments, a nucleic acid encoding an antigen is comprised in, for
example, a vector in a recombinant cell. The nucleic acid may be expressed to produce a
peptide or polypeptide comprising an antigenic sequence. The peptide or polypeptide may be
secreted from the cell, or comprised as part of or within the cell.

In certain embodiments, an immune response may be promoted by
transfecting or inoculating a mammal with a nucleic acid encoding an antigen. One or more
cells comprised within a target mammal then expresses the sequences encoded by the nucleic
acid after administration of the nucleic acid to the mammal. A vaccine may also be in the
form, for example, of a nucleic acid (e.g., a cDNA or an RNA) encoding all or part of the
peptide or polypeptide sequence of an antigen. Expression in vivo by the nucleic acid may be,

for example, by a plasmid type vector, a viral vector, or a viral/plasmid construct vector.

28



10

15

20

25

30

WO 2020/154617 PCT/US2020/014988

In another embodiment, the nucleic acid comprises a coding region that
encodes all or part of the sequences encoding an appropriate antigen, or an immunologically
functional equivalent thereof. Of course, the nucleic acid may comprise and/or encode
additional sequences, including but not limited to those comprising one or more
immunomodulators or adjuvants.

In certain embodiments, the immunologic composition comprises an immune
cell stimulated by an APC that is loaded or pulsed with one or more mRAS peptide antigens
described herein. For example, in one embodiment, the immunologic composition comprising
a stimulated T cell that is cultured with and activated by an APC that is loaded or pulsed with
one or more mRAS peptide antigens described herein. In one embodiment, the stimulated cell
is derived from a naive cell (e.g., a naive T cell) which is then cultured with and activated by
an APC that is loaded or pulsed with one or more mRAS peptide antigens described herein.
In certain embodiments, the naive cell is autologous or allogenic to the eventual recipient of
the stimulated cell. In one embodiment, the naive cell and APC are both from the same
subject. In one embodiment, the naive cell and APC are from different subjects, within the
same species.

Methods for detecting the induction of cytotoxic T lymphocytes is well
known. A foreign substance that enters the living body is presented to T cells and B cells by
the action of APCs. T cells that respond to the antigen presented by APC in an antigen
specific manner differentiate into cytotoxic T cells (also referred to as cytotoxic T
lymphocytes or CTLs) due to stimulation by the antigen. These antigen-stimulated cells then
proliferate. This process is referred to herein as “activation” of T cells. Therefore, CTL
induction by an epitope of a polypeptide or peptide or combinations thereof can be evaluated
by presenting an epitope of a polypeptide or peptide or combinations thereof to a T cell by
APC, and detecting the induction of CTL. Furthermore, APCs have the effect of activating B
cells, CD4+ T cells, CD8+ T cells, macrophages, eosinophils and NK cells.

A method for evaluating the inducing action of CTL using dendritic cells
(DCs) as APC is well known in the art. DC is a representative APC having a robust CTL
inducing action among APCs. In the methods of the invention, the epitope of a polypeptide or
peptide or combinations thereof is initially expressed by the DC and then this DC is contacted
with T cells. Detection of T cells having cytotoxic effects against the cells of interest after the
contact with DC shows that the epitope of a polypeptide or peptide or combinations thereof
has an activity of inducing the cytotoxic T cells. Furthermore, the induced immune response

can be also examined by measuring IFN-gamma produced and released by CTL in the
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presence of antigen-presenting cells that carry immobilized peptide or combination of
peptides by visualizing using anti-IFN-gamma antibodies, such as an ELISPOT assay.

Apart from DC, peripheral blood mononuclear cells (PBMCs) may also be
used as the APC. The induction of CTL is reported to be enhanced by culturing PBMC in the
presence of GM-CSF and IL-4. Similarly, CTL has been shown to be induced by culturing
PBMC in the presence of keyhole limpet hemocyanin (KLH) and IL-7.

The antigens confirmed to possess CTL-inducing activity by these methods
are antigens having DC activation effect and subsequent CTL-inducing activity. Furthermore,
CTLs that have acquired cytotoxicity due to presentation of the antigen by APC can be also
used as vaccines against antigen-associated disorders.

The induction of immunity by expression of the mRAS peptide antigen can be
further confirmed by observing the induction of antibody production against mRAS. For
example, when antibodies against an antigen are induced in a laboratory animal immunized
with the composition encoding the antigen, and when antigen-associated pathology is
suppressed by those antibodies, the composition is determined to induce immunity.

The induction of immunity by expression of the mRAS peptide antigen can be
further confirmed by observing the induction of CD4+ T cells. CD4+ T cells can also lyse
target cells, but mainly supply help in the induction of other types of immune responses,
including CTL and antibody generation. The type of CD4+ T cell help can be characterized,
as Th1, Th2, Th9, Th17, T regulatory, or T follicular helper (Tm) cells. Each subtype of
CD4+ T cell supplies help to certain types of immune responses. In one embodiment, the
composition selectively induces T follicular helper cells, which drive potent antibody

responses.

mRAS-specific TCRs
In some embodiments, the invention provides a composition comprising a

polypeptide that specifically binds to RAS, mRAS, or fragment thereof. In one embodiment,
the polypeptide comprises a TCR that specifically binds to RAS, mRAS, or fragment thereof,
in the context of a specific HLA type.

In one embodiment the TCR specifically binds to mRAS comprising a
mutation at position G12, relative to wildtype RAS. For example, in certain embodiments, the
TCR specifically binds to mRAS comprising a G12C, G12D, G12R, or G12V mutation,
relative to wildtype RAS. In certain embodiments, the TCR specifically binds to a fragment

of mRAS, wherein the fragment comprises a mutation at the position corresponding to G12.
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In one embodiment of the invention, the TCR has antigenic specificity for a
mRAS peptide with a mutation at G12, as described above, the mRAS peptide having any
length. For example, the TCR may have antigenic specificity for a mRAS peptide with a
mutation corresponding to G12, the mRAS peptide having a length of about 8 to about 24
amino acid residues, or about 9 to about 11 amino acid residues. In an embodiment of the
invention, the TCR may have antigenic specificity for a mRAS peptide with a mutation
corresponding to G12, the mRAS peptide having a length of about 8 amino acid residues,
about 9 amino acid residues, about 10 amino acid residues, about 11 amino acid residues,
about 12 amino acid residues, about 13 amino acid residues, about 14 amino acid residues,
about 15 amino acid residues, about 16 amino acid residues, about 17 amino acid residues,
about 18 amino acid residues, about 19 amino acid residues, about 20 amino acid residues,
about 21 amino acid residues, about 22 amino acid residues, about 23 amino acid residues, or
about 24 amino acid residues. Exemplary mRAS peptides with a mutation corresponding to
G12, to which the TCR specifically binds, can be found in Table 1.

In certain embodiments, the TCR specifically binds to the mRAS peptide in
the context of a specific HLA molecule. HLA molecules corresponding to mRAS peptides

can be found in Table 1.

HLA-A*02:01 G12C

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12C mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12C mutation at a position corresponding to
RAS G12 in the context of an HLA-A*02:01 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising KLVVVGACGV (SEQ ID NO:1).
For example, in one embodiment, the TCR specifically binds to an mRAS peptide comprising
KLVVVGACGYV (SEQ ID NO:1) in the context of an HLA-A*02:01 molecule.

HLA-A*02:01 G12D

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12D mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12D mutation at a position corresponding to
RAS G12 in the context of an HLA-A*02:01 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising KLVVVGADGYV (SEQ ID NO:2).
For example, in one embodiment, the TCR specifically binds to an mRAS peptide comprising
KLVVVGADGYV (SEQ ID NO:2) in the context of an HLA-A*02:01 molecule.
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HLA-A*02:01 G12R

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12R mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12R mutation at a position corresponding to
RAS G12 in the context of an HLA-A*02:01 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising KLVVVGARGYV (SEQ ID NO:3).
For example, in one embodiment, the TCR specifically binds to an mRAS peptide comprising
KLVVVGARGYV (SEQ ID NO:3) in the context of an HLA-A*02:01 molecule.

HLA-A*02:01 G12V

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12V mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12V mutation at a position corresponding to
RAS G12 in the context of an HLA-A*02:01 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising KLVVVGAVGYV (SEQ ID NO:4).
For example, in one embodiment, the TCR specifically binds to an mRAS peptide comprising
KLVVVGAYVGYV (SEQ ID NO:4) in the context of an HLA-A*02:01 molecule.

HLA-A*11:01 G12C

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12C mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12C mutation at a position corresponding to
RAS G12 in the context of an HLA-A*11:01 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising VVGACGVGK (SEQ ID NO:5) or
VVVGACGVGK (SEQ ID NO:6). For example, in one embodiment, the TCR specifically
binds to an mRAS peptide comprising VVGACGVGK (SEQ ID NO:5) or VVVGACGVGK
(SEQ ID NO:6) in the context of an HLA-A*11:01 molecule.

HLA-A*11:01 G12D

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12D mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12D mutation at a position corresponding to
RAS G12 in the context of an HLA-A*11:01 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising VVGADGVGK (SEQ ID NO:7) or
VVVGADGVGK (SEQ ID NO:8). For example, in one embodiment, the TCR specifically

32



10

15

20

25

30

WO 2020/154617 PCT/US2020/014988

binds to an mRAS peptide comprising VVVGADGVGK (SEQ ID NO:7) or VVGADGVGK
(SEQ ID NO:8) in the context of an HLA-A*11:01 molecule.

HLA-A*11:01 G12R

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12R mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12R mutation at a position corresponding to
RAS G12 in the context of an HLA-A*11:01 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising VVGARGVGK (SEQ ID NO:9) or
VVVGARGVGK (SEQ ID NO:10). For example, in one embodiment, the TCR specifically
binds to an mRAS peptide comprising VVGARGVGK (SEQ ID NO:9) or VVVGARGVGK
(SEQ ID NO:10) in the context of an HLA-A*11:01 molecule.

HLA-A*11:01 G12V

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12V mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12V mutation at a position corresponding to
RAS G12 in the context of an HLA-A*11:01 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising VVGAVGVGK (SEQ ID NO:11) or
VVVGAVYGVGK (SEQ ID NO:12). For example, in one embodiment, the TCR specifically
binds to an mRAS peptide comprising VVVGAVGVGK (SEQ ID NO:11) or
VVGAVYGVGK (SEQ ID NO:12) in the context of an HLA-A*11:01 molecule.

HLA-A*03:01 G12C

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12C mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12C mutation at a position corresponding to
RAS G12 in the context of an HLA-A*03:01 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising VVGACGVGK (SEQ ID NO:5) or
VVVGACGVGK (SEQ ID NO:6). For example, in one embodiment, the TCR specifically
binds to an mRAS peptide comprising VVGACGVGK (SEQ ID NO:5) or VVVGACGVGK
(SEQ ID NO:6) in the context of an HLA-A*03:01 molecule.
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HLA-A*03:01 G12D

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12D mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12D mutation at a position corresponding to
RAS G12 in the context of an HLA-A*03:01 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising VVGADGVGK (SEQ ID NO:7) or
VVVGADGVGK (SEQ ID NO:8). For example, in one embodiment, the TCR specifically
binds to an mRAS peptide comprising VVGADGVGK (SEQ ID NO:7) or VVVGADGVGK
(SEQ ID NO:8) in the context of an HLA-A*03:01 molecule.

HLA-A*03:01 G12R

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12R mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12R mutation at a position corresponding to
RAS G12 in the context of an HLA-A*03:01 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising VVGARGVGK (SEQ ID NO:9) or
VVVGARGVGK (SEQ ID NO:10). For example, in one embodiment, the TCR specifically
binds to an mRAS peptide comprising VVGARGVGK (SEQ ID NO:9) or VVVGARGVGK
(SEQ ID NO:10) or in the context of an HLA-A*03:01 molecule.

HLA-A*03:01 G12V

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12V mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12V mutation at a position corresponding to
RAS G12 in the context of an HLA-A*03:01 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising VVGAVGVGK (SEQ ID NO:11) or
VVVGAVYGVGK (SEQ ID NO:12). For example, in one embodiment, the TCR specifically
binds to an mRAS peptide comprising VVGAVGVGK (SEQ ID NO:11) or
VVVGAVYGVGK (SEQ ID NO:12) or in the context of an HLA-A*03:01 molecule.

HLA-B*07:02 G12C

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12C mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12C mutation at a position corresponding to
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RAS G12 in the context of an HLA-B*07:02 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising GACGVGKSAL (SEQ ID NO:13).
For example, in one embodiment, the TCR specifically binds to an mRAS peptide comprising
GACGVGKSAL (SEQ ID NO:13) in the context of an HLA-B*07:02 molecule.

HLA-B*07:02 G12D

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12D mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12D mutation at a position corresponding to
RAS G12 in the context of an HLA-B*07:02 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising GADGVGKSAL (SEQ ID NO:14).
For example, in one embodiment, the TCR specifically binds to an mRAS peptide comprising
GADGVGKSAL (SEQ ID NO:14) in the context of an HLA-B*07:02 molecule.

HLA-B*07:02 G12R

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12R mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12R mutation at a position corresponding to
RAS G12 in the context of an HLA-B*07:02 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising GARGVGKSAL (SEQ ID NO:15).
For example, in one embodiment, the TCR specifically binds to an mRAS peptide comprising
GARGVGKSAL (SEQ ID NO:15) in the context of an HLA-B*07:02 molecule.

HLA-B*07:02 G12V

In one embodiment, the TCR specifically binds to a mRAS peptide having a
G12V mutation at a position corresponding to RAS G12. In one embodiment, the TCR
specifically binds to a mRAS peptide having a G12V mutation at a position corresponding to
RAS G12 in the context of an HLA-B*07:02 molecule. For example, in one embodiment, the
TCR specifically binds to an mRAS peptide comprising GAVGVGKSAL (SEQ ID NO:16).
For example, in one embodiment, the TCR specifically binds to an mRAS peptide comprising
GAVGVGKSAL (SEQ ID NO:16) in the context of an HLA-B*07:02 molecule.

TCR831
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In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises one or more of: a CDRI1,
a CDR2, and a CDR3 of a TCR alpha chain.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises T cell receptor alpha
variable 39 (TRAV39-01*01; also referred to herein as “TRAV39”) CDR1. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRAV39 CDR1, wherein TRAV39 CDR1
comprises the amino acid sequence of: STTSDRL (SEQ ID NO:17).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV39 CDR2. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRAV39 CDR2, wherein TRAV39 CDR2
comprises the amino acid sequence of: VLLSNGAVK (SEQ ID NO:18).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV39 CDR3. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRAV39 CDR3, wherein TRAV39 CDR3
comprises the amino acid sequence of: CAVDKDGGYQKVTF (SEQ ID NO:19).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV39 CDRI1,
TRAV39 CDR2, and TRAV39 CDR3.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRAV39. In one embodiment, the TCR that specifically binds to a mRAS peptide having a
(12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRAV39, wherein the variable domain of TRAV39 comprises the amino acid sequence of:
ELKVEQNPLFLSMQEGKNYTIYCNYSTTSDRLYWYRQDPGKSLESLFVLLSNGAVK
QEGRLMASLDTKARLSTLHITAAVHDLSATYFCAVDKDGGYQKVTFGTGTKLQVIP
(SEQ ID NO:20).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a constant domain. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a

position corresponding to RAS G12 comprises a constant domain, wherein the constant
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domain comprises the amino acid sequence of:
IQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKTVLDMRSMDFK
SNSAVAWSNKSDFACANAFNNSHPEDTFFPSPESSCDVKLVEKSFETDTNLNFQNLS
VIGFRILLLKVAGFNLLMTLRLWSS (SEQ ID NO:21).

In one embodiment, the TCR comprises a TCR alpha chain comprising the
amino acid sequence of:
MKKLLAMILWLQLDRLSGELKVEQNPLFLSMQEGKNYTIYCNYSTTSDRLYWYRQD
PGKSLESLFVLLSNGAVKQEGRLMASLDTKARLSTLHITAAVHDLSATYFCAVDKDG
GYQKVTFGTGTKLQVIPNIQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDS
DVYITDKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSPESSCDV
KLVEKSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLRLWSS (SEQ ID NO:22).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises one or more of: a CDRI1,
a CDR2, and a CDR3 of a TCR beta chain.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises T cell receptor beta
variable 20-1 (TRBV20-1*01; also referred to herein as “TRBV20”") CDRI1. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRBV20-1 CDR1, wherein TRBV20-1 CDR1
comprises the amino acid sequence of: LDFQATTM (SEQ ID NO:23).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRBV20-1 CDR2. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRBV20-1 CDR2, wherein TRBV20-1 CDR2
comprises the amino acid sequence of: TSNEGSKAT (SEQ ID NO:24).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRBV20-1 CDR3. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRBV20-1 CDR3, wherein TRBV20-1 CDR3
comprises the amino acid sequence of: CSASPRAGQLSSYNSPLHF (SEQ ID NO:25).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRBV20-1 CDR1,
TRBV20-1 CDR2, and TRBV20-1 CDR3.
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In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRBV20-1. In one embodiment, the TCR that specifically binds to a mRAS peptide having a
(12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRBV20-1, wherein the variable domain of TRBV20-1 comprises the amino acid sequence
of:
GAVVSQHPSWVICKSGTSVKIECRSLDFQATTMFWYRQFPKQSLMLMATSNEGSKA
TYEQGVEKDKFLINHASLTLSTLTVTSAHPEDSSFYICSASPRAGQLSSYNSPLHFGNG
TRLTV (SEQ ID NO:26).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a constant domain. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises a constant domain, wherein the constant
domain comprises the amino acid sequence of:
EDLNKVFPPEVAVFEPSEAEISHTQKATLVCLATGFFPDHVELSWWVNGKEVHSGVS
TDPQPLKEQPALNDSRYCLSSRLRVSATFWQNPRNHFRCQVQFYGLSENDEWTQDR
AKPVTQIVSAEAWGRADCGFTSVSYQQGVLSATILYEILLGKATLYAVLVSALVLMA
MVKRKDF (SEQ ID NO:27).

In one embodiment, the TCR comprises a TCR beta chain comprising the
amino acid sequence of:
MLLLLLLLGPGISLLLPGSLAGSGLGAVVSQHPSWVICKSGTSVKIECRSLDFQATTM
FWYRQFPKQSLMLMATSNEGSKATYEQGVEKDKFLINHASLTLSTLTVTSAHPEDSS
FYICSASPRAGQLSSYNSPLHFGNGTRLTVTEDLNKVFPPEVAVFEPSEAEISHTQKAT
LVCLATGFFPDHVELSWWVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSSRLRVSA
TFWQNPRNHFRCQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRADCGFTSVSYQ
QGVLSATILYEILLGKATLYAVLVSALVLMAMVKRKDF (SEQ ID NO:28)

In one embodiment, the TCR comprises (a) a TCR alpha chain comprising one
or more of: TRAV39 CDRI1, TRAV39 CDR2, and TRAV39 CDR3 and (b) a TCR beta chain
comprising one or more of TRBV20-1 CDR1, TRBV20-1 CDR2, and TRBV20-1 CDR3. In
one embodiment, the TCR comprises (a) a TCR alpha chain comprising one or more of:
TRAV39 CDR1, TRAV39 CDR2, and TRAV39 CDR3 and (b) a TCR beta chain comprising
one or more of TRBV20-1 CDR1, TRBV20-1 CDR2, and TRBV20-1 CDR3, and binds to an
mRAS peptide comprising a G12V or a G12C mutation at a position relative to RAS G12. In

one embodiment, the TCR comprises (a) a TCR alpha chain comprising one or more of:
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TRAV39 CDR1, TRAV39 CDR2, and TRAV39 CDR3 and (b) a TCR beta chain comprising
one or more of TRBV20-1 CDR1, TRBV20-1 CDR2, and TRBV20-1 CDR3, and binds to an
mRAS peptide comprising VVVGAVGVGK (SEQ ID NO:12) in the context of an HLA-
A*11:01 molecule. In one embodiment, the TCR comprises (a) a TCR alpha chain
comprising one or more of: TRAV39 CDR1, TRAV39 CDR2, and TRAV39 CDR3 and (b) a
TCR beta chain comprising one or more of TRBV20-1 CDR1, TRBV20-1 CDR2, and
TRBV20-1 CDR3, and binds to an mRAS peptide comprising VVVGACGVGK (SEQ ID
NO:6) in the context of an HLA-A*11:01 molecule.

In one embodiment, the TCR comprises (a) a TCR alpha chain comprising
TRAV39 CDR1, TRAV39 CDR2, and TRAV39 CDR3 and (b) a TCR beta chain comprising
TRBV20-1 CDR1, TRBV20-1 CDR2, and TRBV20-1 CDR3. In one embodiment, the TCR
comprises (a) a TCR alpha chain comprising TRAV39 CDR1, TRAV39 CDR2, and TRAV39
CDR3 and (b) a TCR beta chain comprising TRBV20-1 CDR1, TRBV20-1 CDR2, and
TRBV20-1 CDR3, and binds to an mRAS peptide comprising a G12V or a G12C mutation at
a position relative to RAS G12. In one embodiment, the TCR comprises (a) a TCR alpha
chain comprising TRAV39 CDR1, TRAV39 CDR2, and TRAV39 CDR3 and (b) a TCR beta
chain comprising TRBV20-1 CDR1, TRBV20-1 CDR2, and TRBV20-1 CDR3, and binds to
an mRAS peptide comprising VVVGAVGVGK (SEQ ID NO:12) in the context of an HLA-
A*11:01 molecule. In one embodiment, the TCR comprises (a) a TCR alpha chain
comprising TRAV39 CDR1, TRAV39 CDR2, and TRAV39 CDR3 and (b) a TCR beta chain
comprising TRBV20-1 CDR1, TRBV20-1 CDR2, and TRBV20-1 CDR3, and binds to an
mRAS peptide comprising VVVGACGVGK (SEQ ID NO:6) in the context of an HLA-
A*11:01 molecule.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises at least one of the CDRs
selected from the group consisting of: TRAV39-CDR1: SEQ ID NO:17; TRAV39-CDR2:
SEQ ID NO:18; TRAV39-CDR3: SEQ ID NO:19; TRBV20-1-CDRI1: SEQ ID NO:23;
TRBV20-1-CDR2: SEQ ID NO:24; and TRBV20-1-CDR3: SEQ ID NO:25, or a variant or
variants thereof. In one embodiment, the TCR comprises at least one of the CDRs selected
from the group consisting of: TRAV39-CDR1: SEQ ID NO:17; TRAV39-CDR2: SEQ ID
NO:18; TRAV39-CDR3: SEQ ID NO:19; TRBV20-1-CDR1: SEQ ID NO:23; TRBV20-1-
CDR2: SEQ ID NO:24; and TRBV20-1-CDR3: SEQ ID NO:25, or a variant or variants
thereof, and binds to an mRAS peptide comprising a G12V or a G12C mutation at a position
relative to RAS G12. In one embodiment, the TCR comprises at least one of the CDRs
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selected from the group consisting of: TRAV39-CDR1: SEQ ID NO:17; TRAV39-CDR2:
SEQ ID NO:18; TRAV39-CDR3: SEQ ID NO:19; TRBV20-1-CDRI1: SEQ ID NO:23;
TRBV20-1-CDR2: SEQ ID NO:24; and TRBV20-1-CDR3: SEQ ID NO:25, or a variant or
variants thereof, and binds to an mRAS peptide comprising VVVGAVYGVGK (SEQ ID
NO:12) in the context of an HLA-A*11:01 molecule. In one embodiment, the TCR comprises
at least one of the CDRs selected from the group consisting of: TRAV39-CDR1: SEQ ID
NO:17; TRAV39-CDR2: SEQ ID NO:18; TRAV39-CDR3: SEQ ID NO:19; TRBV20-1-
CDRI1: SEQ ID NO:23; TRBV20-1-CDR2: SEQ ID NO:24; and TRBV20-1-CDR3: SEQ ID
NO:25, or a variant or variants thereof, and binds to an mRAS peptide comprising
VVVGACGVGK (SEQ ID NO:6) in the context of an HLA-A*11:01 molecule.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises all of the CDRs selected
from the group consisting of: TRAV39-CDR1: SEQ ID NO:17; TRAV39-CDR2: SEQ ID
NO:18; TRAV39-CDR3: SEQ ID NO:19; TRBV20-1-CDR1: SEQ ID NO:23; TRBV20-1-
CDR2: SEQ ID NO:24; and TRBV20-1-CDR3: SEQ ID NO:25, or a variant or variants
thereof. In one embodiment, the TCR comprises all of the CDRs selected from the group
consisting of: TRAV39-CDR1: SEQ ID NO:17; TRAV39-CDR2: SEQ ID NO:18; TRAV39-
CDR3: SEQ ID NO:19; TRBV20-1-CDR1: SEQ ID NO:23; TRBV20-1-CDR2: SEQ ID
NO:24; and TRBV20-1-CDR3: SEQ ID NO:25, or a variant or variants thereof, and binds to
an mRAS peptide comprising a G12V or a G12C mutation at a position relative to RAS G12.
In one embodiment, the TCR comprises all of the CDRs selected from the group consisting
of: TRAV39-CDR1: SEQ ID NO:17; TRAV39-CDR2: SEQ ID NO:18; TRAV39-CDR3:
SEQ ID NO:19; TRBV20-1-CDR1: SEQ ID NO:23; TRBV20-1-CDR2: SEQ ID NO:24; and
TRBV20-1-CDR3: SEQ ID NO:25, or a variant or variants thereof, and binds to an mRAS
peptide comprising VVVGAVGVGK (SEQ ID NO:12) in the context of an HLA-A*11:01
molecule. In one embodiment, the TCR comprises all of the CDRs selected from the group
consisting of: TRAV39-CDR1: SEQ ID NO:17; TRAV39-CDR2: SEQ ID NO:18; TRAV39-
CDR3: SEQ ID NO:19; TRBV20-1-CDR1: SEQ ID NO:23; TRBV20-1-CDR2: SEQ ID
NO:24; and TRBV20-1-CDR3: SEQ ID NO:25, or a variant or variants thereof, and binds to
an mRAS peptide comprising VVVGACGVGK (SEQ ID NO:6) in the context of an HLA-
A*11:01 molecule.

In one embodiment, the composition comprises a fusion protein comprising a
TCR alpha chain and a TCR beta chain, described above. In one embodiment, the fusion

protein comprises a linker domain separating the TCR alpha chain with the TCR beta chain.
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In one embodiment, the linker domain is a cleavable linker domain. For example, in one
embodiment, the linker domain comprises a GSG-T2A domain. In one embodiment, the
GSG-T2A comprises the amino acid sequence of: GSGEGRGSLLTCGDVEENPGP (SEQ
ID NO:29).

In one embodiment, the composition comprises a fusion protein comprising
the amino acid sequence of:
MKKLLAMILWLQLDRLSGELKVEQNPLFLSMQEGKNYTIYCNYSTTSDRLYWYRQD
PGKSLESLFVLLSNGAVKQEGRLMASLDTKARLSTLHITAAVHDLSATYFCAVDKDG
GYQKVTFGTGTKLQVIPNIQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDS
DVYITDKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSPESSCDV
KLVEKSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLRLWSSGSGEGRGSLLTCGD
VEENPGPMLLLLLLLGPGISLLLPGSLAGSGLGAVVSQHPSWVICKSGTSVKIECRSL
DFQATTMFWYRQFPKQSLMLMATSNEGSKATYEQGVEKDKFLINHASLTLSTLTVT
SAHPEDSSFYICSASPRAGQLSSYNSPLHFGNGTRLTVTEDLNKVFPPEVAVFEPSEAE
ISHTQKATLVCLATGFFPDHVELSWWVNGKEVHSGVSTDPQPLKEQPALNDSRYCL
SSRLRVSATFWQNPRNHFRCQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRADC
GFTSVSYQQGVLSATILYEILLGKATLYAVLVSALVLMAMVKRKDF (SEQ ID
NO:30).

TCRS833

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises one or more of: a CDRI1,
a CDR2, and a CDR3 of a TCR alpha chain.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises T cell receptor alpha
variable 12-1 (TRAV12-1*01, also referred to herein as “TRAV12-1") CDRI1. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRAV12-1 CDR1, wherein TRAV 12-1
CDR1 comprises the amino acid sequence of: SNSASQSF (SEQ ID NO:31).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV12-1 CDR2. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRAV12-1 CDR2, wherein TRAV 12-1
CDR2 comprises the amino acid sequence of: SVYSSGNE (SEQ ID NO:32).
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In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV12-1 CDR3. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRAV12-1 CDR3, wherein TRAV 12-1
CDR3 comprises the amino acid sequence of: CAVNPPDTGFQKLVF (SEQ ID NO:33).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV12-1 CDRI1,
TRAV12-1 CDR2, and TRAV12-1 CDR3.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRAV12-1. In one embodiment, the TCR that specifically binds to a mRAS peptide having a
(12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRAV12-1, wherein the variable domain of TRAV12-1 comprises the amino acid sequence
of:
RKEVEQDPGPFNVPEGATVAFNCTYSNSASQSFFWYRQDCRKEPKLLMSVYSSGNE
DGRFTAQLNRASQYISLLIRDSKLSDSATYLCAVNPPDTGFQKLVFGTGTRLLVSP
(SEQ ID NO:34).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a constant domain. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises a constant domain, wherein the constant
domain comprises the amino acid sequence of:
IQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKTVLDMRSMDFK
SNSAVAWSNKSDFACANAFNNSHPEDTFFPSPESSCDVKLVEKSFETDTNLNFQNLS
VIGFRILLLKVAGFNLLMTLRLWSS (SEQ ID NO:35).

In one embodiment, the TCR comprises a TCR alpha chain comprising the
amino acid sequence of:
MISLRVLLVILWLQLSWVWSQRKEVEQDPGPFNVPEGATVAFNCTYSNSASQSFFW
YRQDCRKEPKLLMSVYSSGNEDGRFTAQLNRASQYISLLIRDSKLSDSATYLCAVNP
PDTGFQKLVFGTGTRLLVSPNIQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSK
DSDVYITDKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSPESSCD
VKLVEKSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLRLWSS (SEQ ID NO:36).
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In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises one or more of: a CDRI1,
a CDR2, and a CDR3 of a TCR beta chain.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises T cell receptor beta
variable 28 (TRBV28*01; also referred to herein as “TRBV28) CDR1. In one embodiment,
the TCR that specifically binds to a mRAS peptide having a G12 mutation at a position
corresponding to RAS G12 comprises TRBV28 CDR1, wherein TRBV28 CDR1 comprises
the amino acid sequence of: DMDHENM (SEQ ID NO:37).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRBV28 CDR2. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRBV28 CDR2, wherein TRBV28 CDR2
comprises the amino acid sequence of: FSYDVKME (SEQ ID NO:38).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRBV28 CDR3. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRBV28 CDR3, wherein TRBV28 CDR3
comprises the amino acid sequence of: CASSLSFRQGLREQYF (SEQ ID NO:39).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRBV28 CDRI1,
TRBV28 CDR2, and TRBV28 CDR3.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRBV2S. In one embodiment, the TCR that specifically binds to a mRAS peptide having a
(12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRBV28, wherein the variable domain of TRBV28 comprises the amino acid sequence of’
MGIRLLCRVAFCFLAVGLVDVKVTQSSRYLVKRTGEKVFLECVQDMDHENMFWYR
QDPGLGLRLIYFSYDVKMKEKGDIPEGY SVSREKKERFSLILESASTNQTSMYLCASS
LSFRQGLREQYFGPGTRLTVT (SEQ ID NO:40).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a constant domain. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a

position corresponding to RAS G12 comprises a constant domain, wherein the constant
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domain comprises the amino acid sequence of:
EDLKNVFPPEVAVFEPSEAEISHTQKATLVCLATGFYPDHVELSWWVNGKEVHSGVS
TDPQPLKEQPALNDSRYCLSSRLRVSATFWQNPRNHFRCQVQFYGLSENDEWTQDR
AKPVTQIVSAEAWGRADCGFTSESYQQGVLSATILYEILLGKATLYAVLVSALVLMA
MVKRKDSRG (SEQ ID NO:41).

In one embodiment, the TCR comprises a TCR beta chain comprising the
amino acid sequence of:
MGIRLLCRVAFCFLAVGLVDVKVTQSSRYLVKRTGEKVFLECVQDMDHENMFWYR
QDPGLGLRLIYFSYDVKMKEKGDIPEGYSVSREKKERFSLILESASTNQTSMYLCASS
LSFRQGLREQYFGPGTRLTVTEDLKNVFPPEVAVFEPSEAEISHTQKATLVCLATGFY
PDHVELSWWVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSSRLRVSATFWQNPRNH
FRCQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRADCGFTSESYQQGVLSATILY
EILLGKATLYAVLVSALVLMAMVKRKDSRG (SEQ ID NO:42)

In one embodiment, the TCR comprises (a) a TCR alpha chain comprising one
or more of: TRAV12-1 CDR1, TRAV12-1 CDR2, and TRAV12-1 CDR3 and (b) a TCR beta
chain comprising one or more of TRBV28 CDR1, TRBV28 CDR2, and TRBV28 CDR3. In
one embodiment, the TCR comprises (a) a TCR alpha chain comprising one or more of:
TRAV12-1 CDR1, TRAV12-1 CDR2, and TRAV12-1 CDR3 and (b) a TCR beta chain
comprising one or more of TRBV28 CDR1, TRBV28 CDR2, and TRBV28 CDR3, and binds
to an mRAS peptide comprising a G12V or a G12C mutation at a position relative to RAS
G12. In one embodiment, the TCR comprises (a) a TCR alpha chain comprising one or more
of: TRAV12-1 CDRI1, TRAV12-1 CDR2, and TRAV12-1 CDR3 and (b) a TCR beta chain
comprising one or more of TRBV28 CDR1, TRBV28 CDR2, and TRBV28 CDR3, and binds
to an mRAS peptide comprising VVVGAVGVGK (SEQ ID NO:12) in the context of an
HLA-A*11:01 molecule. In one embodiment, the TCR comprises (a) a TCR alpha chain
comprising one or more of: TRAV12-1 CDR1, TRAV12-1 CDR2, and TRAV12-1 CDR3
and (b) a TCR beta chain comprising one or more of TRBV28 CDR1, TRBV28 CDR2, and
TRBV28 CDR3, and binds to an mRAS peptide comprising VVVGACGVGK (SEQ ID
NO:6) in the context of an HLA-A*11:01 molecule.

In one embodiment, the TCR comprises (a) a TCR alpha chain comprising
TRAV12-1 CDR1, TRAV12-1 CDR2, and TRAV12-1 CDR3 and (b) a TCR beta chain
comprising TRBV28 CDR1, TRBV28 CDR2, and TRBV28 CDR3. In one embodiment, the
TCR comprises (a) a TCR alpha chain comprising TRAV12-1 CDR1, TRAV12-1 CDR2, and
TRAV12-1 CDR3 and (b) a TCR beta chain comprising TRBV28 CDR1, TRBV28 CDR2,
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and TRBV28 CDR3, and binds to an mRAS peptide comprising a G12V or a G12C mutation
at a position relative to RAS G12. In one embodiment, the TCR comprises (a) a TCR alpha
chain comprising TRAV12-1 CDR1, TRAV12-1 CDR2, and TRAV12-1 CDR3 and (b) a
TCR beta chain comprising TRBV28 CDR1, TRBV28 CDR2, and TRBV28 CDR3, and
binds to an mRAS peptide comprising VVVGAVGVGK (SEQ ID NO:12) in the context of
an HLA-A*11:01 molecule. In one embodiment, the TCR comprises (a) a TCR alpha chain
comprising TRAV12-1 CDR1, TRAV12-1 CDR2, and TRAV12-1 CDR3 and (b) a TCR beta
chain comprising TRBV28 CDR1, TRBV28 CDR2, and TRBV28 CDR3, and binds to an
mRAS peptide comprising VVVGACGVGK (SEQ ID NO:6) in the context of an HLA-
A*11:01 molecule.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises at least one of the CDRs
selected from the group consisting of: TRAV12-1-CDR1: SEQ ID NO:31; TRAV12-1-
CDR2: SEQ ID NO:32; TRAV12-1-CDR3: SEQ ID NO:33; TRBV28-CDR1: SEQ ID
NO:37; TRBV28-CDR2: SEQ ID NO:38; and TRBV28-CDR3: SEQ ID NO:39, or a variant
or variants thereof. In one embodiment, the TCR comprises at least one of the CDRs selected
from the group consisting of: TRAV12-1-CDR1: SEQ ID NO:31; TRAV12-1-CDR2: SEQ
ID NO:32; TRAV12-1-CDR3: SEQ ID NO:33; TRBV28-CDR1: SEQ ID NO:37; TRBV28-
CDR2: SEQ ID NO:38; and TRBV28-CDR3: SEQ ID NO:39, or a variant or variants thereof,
and binds to an mRAS peptide comprising a G12V or a G12C mutation at a position relative
to RAS G12. In one embodiment, the TCR comprises at least one of the CDRs selected from
the group consisting of: TRAV12-1-CDR1: SEQ ID NO:31; TRAV12-1-CDR2: SEQ ID
NO:32; TRAV12-1-CDR3: SEQ ID NO:33; TRBV28-CDR1: SEQ ID NO:37; TRBV28-
CDR2: SEQ ID NO:38; and TRBV28-CDR3: SEQ ID NO:39, or a variant or variants thereof,
and binds to an mRAS peptide comprising VVVGAVGVGK (SEQ ID NO:12) in the context
of an HLA-A*11:01 molecule. In one embodiment, the TCR comprises at least one of the
CDRs selected from the group consisting of: TRAV12-1-CDR1: SEQ ID NO:31; TRAV12-
1-CDR2: SEQ ID NO:32; TRAV12-1-CDR3: SEQ ID NO:33; TRBV28-CDR1: SEQ ID
NO:37; TRBV28-CDR2: SEQ ID NO:38; and TRBV28-CDR3: SEQ ID NO:39, or a variant
or variants thereof, and binds to an mRAS peptide comprising VVVGACGVGK (SEQ ID
NO:6) in the context of an HLA-A*11:01 molecule.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises all of the CDRs selected
from the group consisting of: TRAV12-1-CDR1: SEQ ID NO:31; TRAV12-1-CDR2: SEQ
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ID NO:32; TRAV12-1-CDR3: SEQ ID NO:33; TRBV28-CDR1: SEQ ID NO:37; TRBV28-
CDR2: SEQ ID NO:38; and TRBV28-CDR3: SEQ ID NO:39, or a variant or variants thereof.
In one embodiment, the TCR comprises all of the CDRs selected from the group consisting
of: TRAV12-1-CDR1: SEQ ID NO:31; TRAV12-1-CDR2: SEQ ID NO:32; TRAV12-1-
CDR3: SEQ ID NO:33; TRBV28-CDR1: SEQ ID NO:37; TRBV28-CDR2: SEQ ID NO:38;
and TRBV28-CDR3: SEQ ID NO:39, or a variant or variants thereof, and binds to an mRAS
peptide comprising a G12V or a G12C mutation at a position relative to RAS G12. In one
embodiment, the TCR comprises all of the CDRs selected from the group consisting of:
TRAV12-1-CDR1: SEQ ID NO:31; TRAV12-1-CDR2: SEQ ID NO:32; TRAV12-1-CDR3:
SEQ ID NO:33; TRBV28-CDR1: SEQ ID NO:37; TRBV28-CDR2: SEQ ID NO:38; and
TRBV28-CDR3: SEQ ID NO:39, or a variant or variants thereof, and binds to an mRAS
peptide comprising VVVGAVGVGK (SEQ ID NO:12) in the context of an HLA-A*11:01
molecule. In one embodiment, the TCR comprises all of the CDRs selected from the group
consisting of: TRAV12-1-CDR1: SEQ ID NO:31; TRAV12-1-CDR2: SEQ ID NO:32;
TRAV12-1-CDR3: SEQ ID NO:33; TRBV28-CDRI1: SEQ ID NO:37; TRBV28-CDR2: SEQ
ID NO:38; and TRBV28-CDR3: SEQ ID NO:39, or a variant or variants thereof, and binds to
an mRAS peptide comprising VVVGACGVGK (SEQ ID NO:6) in the context of an HLA-
A*11:01 molecule.

In one embodiment, the composition comprises a fusion protein comprising a
TCR alpha chain and a TCR beta chain, described above. In one embodiment, the fusion
protein comprises a linker domain separating the TCR alpha chain with the TCR beta chain.
In one embodiment, the linker domain is a cleavable linker domain. For example, in one
embodiment, the linker domain comprises a GSG-T2A domain. In one embodiment, the
GSG-T2A comprises the amino acid sequence of: GSGEGRGSLLTCGDVEENPGP (SEQ
ID NO:43).

In one embodiment, the composition comprises a fusion protein comprising
the amino acid sequence of:
MISLRVLLVILWLQLSWVWSQRKEVEQDPGPFNVPEGATVAFNCTYSNSASQSFFW
YRQDCRKEPKLLMSVYSSGNEDGRFTAQLNRASQYISLLIRDSKLSDSATYLCAVNP
PDTGFQKLVFGTGTRLLVSPNIQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSK
DSDVYITDKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSPESSCD
VKLVEKSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLRLWSSGSGEGRGSLLTCG
DVEENPGPMGIRLLCRVAFCFLAVGLVDVKVTQSSRYLVKRTGEKVFLECVQDMDH
ENMFWYRQDPGLGLRLIYFSYDVKMKEKGDIPEGYSVSREKKERFSLILESASTNQT
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SMYLCASSLSFRQGLREQYFGPGTRLTVTEDLKNVFPPEVAVFEPSEAEISHTQKATL
VCLATGFYPDHVELSWWVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSSRLRVSAT
FWQNPRNHFRCQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRADCGFTSESYQQ
GVLSATILYEILLGKATLYAVLVSALVLMAMVKRKDSRG (SEQ ID NO:44).

TCR897

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises one or more of: a CDRI1,
a CDR2, and a CDR3 of a TCR alpha chain.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises T cell receptor alpha
variable 17 (TRAV17) CDR1. In one embodiment, the TCR that specifically binds to a
mRAS peptide having a G12 mutation at a position corresponding to RAS G12 comprises
TRAV17 CDRI1, wherein TRAV17 CDR1 comprises the amino acid sequence of: KTSINNL
(SEQ ID NO:45).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV17 CDR2. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRAV17 CDR2, wherein TRAV17 CDR2
comprises the amino acid sequence of: LIRSNEREK (SEQ ID NO:46).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV17 CDR3. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRAV17 CDR3, wherein TRAV17 CDR3
comprises the amino acid sequence of: CATDPGGFKTIF (SEQ ID NO:47).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV17 CDRI1,
TRAV17 CDR2, and TRAV17 CDR3.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRAV17. In one embodiment, the TCR that specifically binds to a mRAS peptide having a
(12 mutation at a position corresponding to RAS G12 comprises a variable domain of

TRAV 17, wherein the variable domain of TRAV 17 comprises the amino acid sequence of:

47



10

15

20

25

30

WO 2020/154617 PCT/US2020/014988

SQQGEEDPQALSIQEGENATMNCSYKTSINNLQWYRQNSGRGLVHLILIRSNEREKH
SGRLRVTLDTSKKSSSLLITASRAADTASYFCATD (SEQ ID NO:169).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a constant domain. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises a constant domain, wherein the constant
domain comprises the amino acid sequence of:
IQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKTVLDMRSMDFK
SNSAVAWSNKSDFACANAFNNSIHHPEDTFFPSPESSCDVKLVEKSFETDTNLNFQNLS
VIGFRILLLKVAGFNLLMTLRLWSS (SEQ ID NO:48).

In one embodiment, the TCR comprises a TCR alpha chain comprising the
amino acid sequence of:
METLLGVSLVILWLQLARVNSQQGEEDPQALSIQEGENATMNCSYKTSINNLQWYR
QNSGRGLVHLILIRSNEREKHSGRLRVTLDTSKKSSSLLITASRAADTASYFCATDPG
GFKTIFGAGTRLFVKANIQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSD
VYITDKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSPESSCDVKL
VEKSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLRLWSS (SEQ ID NO:49).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises one or more of: a CDRI1,
a CDR2, and a CDR3 of a TCR beta chain.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises T cell receptor beta
variable 11-2 (TRBV11-2) CDRI1. In one embodiment, the TCR that specifically binds to a
mRAS peptide having a G12 mutation at a position corresponding to RAS G12 comprises
TRBV11-2 CDR1, wherein TRBV11-2 CDRI1 comprises the amino acid sequence of’
ISGHATL (SEQ ID NO:50).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRBV11-2 CDR2. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRBV11-2 CDR2, wherein TRBV11-2 CDR2
comprises the amino acid sequence of: QFQNNGVYV (SEQ ID NO:51).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a (G12 mutation at a position corresponding to RAS G12 comprises TRBV11-2 CDR3. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
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position corresponding to RAS G12 comprises TRBV11-2 CDR3, wherein TRBV11-2 CDR3
comprises the amino acid sequence of: CASSLYGGSISYEQYF (SEQ ID NO:52).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRBV11-2 CDR1,
TRBV11-2 CDR2, and TRBV11-2 CDR3.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRBV11-2. In one embodiment, the TCR that specifically binds to a mRAS peptide having a
(12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRBV11-2, wherein the variable domain of TRBV11-2 comprises the amino acid sequence
of:
EAGVAQSPRYKIIEKRQSVAFWCNPISGHATLY WY QQILGQGPKLLIQFQNNGVVDD
SQLPKDRFSAERLKGVDSTLKIQPAKLEDSAVYLCASSL (SEQ ID NO:170).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a constant domain. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises a constant domain, wherein the constant
domain comprises the amino acid sequence of:
EDLKNVFPPEVAVFEPSEAEISHTQKATLVCLATGFYPDHVELSWWVNGKEVHSGVS
TDPQPLKEQPALNDSRYCLSSRLRVSATFWQNPRNHFRCQVQFYGLSENDEWTQDR
AKPVTQIVSAEAWGRADCGFTSESYQQGVLSATILYEILLGKATLYAVLVSALVLMA
MVKRKDSRG (SEQ ID NO:53).

In one embodiment, the TCR comprises a TCR beta chain comprising the
amino acid sequence of:
MGTRLLCWAALCLLGAELTEAGVAQSPRYKIIEKRQSVAFWCNPISGHATLYWYQQ
ILGQGPKLLIQFQNNGVVDDSQLPKDRFSAERLKGVDSTLKIQPAKLEDSAVYLCASS
LYGGSISYEQYFGPGTRLTVTEDLKNVFPPEVAVFEPSEAEISHTQKATLVCLATGFY
PDHVELSWWVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSSRLRVSATFWQNPRNH
FRCQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRADCGFTSESYQQGVLSATILY
EILLGKATLYAVLVSALVLMAMVKRKDSRG (SEQ ID NO:54)

In one embodiment, the TCR comprises (a) a TCR alpha chain comprising one
or more of: TRAV17 CDRI1, TRAV17 CDR2, and TRAV17 CDR3 and (b) a TCR beta chain
comprising one or more of TRBV11-2 CDR1, TRBV11-2 CDR2, and TRBV11-2 CDR3. In

one embodiment, the TCR comprises (a) a TCR alpha chain comprising one or more of:
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TRAV17 CDR1, TRAV17 CDR2, and TRAV17 CDR3 and (b) a TCR beta chain comprising
one or more of TRBV11-2 CDR1, TRBV11-2 CDR2, and TRBV11-2 CDR3, and binds to an
mRAS peptide comprising a G12V, G12C or G12D mutation at a position relative to RAS
G12. In one embodiment, the TCR comprises (a) a TCR alpha chain comprising one or more
of: TRAV17 CDR1, TRAV17 CDR2, and TRAV17 CDR3 and (b) a TCR beta chain
comprising one or more of TRBV11-2 CDRI1, TRBV11-2 CDR2, and TRBV11-2 CDR3, and
binds to an mRAS peptide comprising VVGAVGVGK (SEQ ID NO:11) in the context of an
HLA-A*11:01 molecule. In one embodiment, the TCR comprises (a) a TCR alpha chain
comprising one or more of: TRAV17 CDR1, TRAV17 CDR2, and TRAV17 CDR3 and (b) a
TCR beta chain comprising one or more of TRBV11-2 CDR1, TRBV11-2 CDR2, and
TRBV11-2 CDR3, and binds to an mRAS peptide comprising VVGACGVGK (SEQ ID
NO:5) in the context of an HLA-A*11:01 molecule. In one embodiment, the TCR comprises
(a) a TCR alpha chain comprising one or more of: TRAV17 CDR1, TRAV17 CDR2, and
TRAV17 CDR3 and (b) a TCR beta chain comprising one or more of TRBV11-2 CDRI,
TRBV11-2 CDR2, and TRBV11-2 CDR3, and binds to an mRAS peptide comprising
VVGADGVGK (SEQ ID NO:7) in the context of an HLA-A*11:01 molecule. In one
embodiment, the TCR comprises (a) a TCR alpha chain comprising one or more of: TRAV17
CDR1, TRAV17 CDR2, and TRAV17 CDR3 and (b) a TCR beta chain comprising one or
more of TRBV11-2 CDR1, TRBV11-2 CDR2, and TRBV11-2 CDR3, and binds to an mRAS
peptide comprising VVGARGVGK (SEQ ID NO:9) in the context of an HLA-A*11:01
molecule.

In one embodiment, the TCR comprises (a) a TCR alpha chain comprising
TRAV17 CDR1, TRAV17 CDR2, and TRAV17 CDR3 and (b) a TCR beta chain comprising
TRBV11-2 CDRI1, TRBV11-2 CDR2, and TRBV11-2 CDR3. In one embodiment, the TCR
comprises (a) a TCR alpha chain comprising TRAV17 CDR1, TRAV17 CDR2, and TRAV17
CDR3 and (b) a TCR beta chain comprising TRBV11-2 CDR1, TRBV11-2 CDR2, and
TRBV11-2 CDR3, and binds to an mRAS peptide comprising a G12V, G12C or G12D
mutation at a position relative to RAS G12. In one embodiment, the TCR comprises (a) a
TCR alpha chain comprising TRAV17 CDR1, TRAV17 CDR2, and TRAV17 CDR3 and (b)
a TCR beta chain comprising TRBV11-2 CDR1, TRBV11-2 CDR2, and TRBV11-2 CDR3,
and binds to an mRAS peptide comprising VVGAVGVGK (SEQ ID NO:11) in the context of
an HLA-A*11:01 molecule. In one embodiment, the TCR comprises (a) a TCR alpha chain
comprising TRAV17 CDR1, TRAV17 CDR2, and TRAV17 CDR3 and (b) a TCR beta chain
comprising TRBV11-2 CDR1, TRBV11-2 CDR2, and TRBV11-2 CDR3, and binds to an
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mRAS peptide comprising VVGACGVGK (SEQ ID NO:5) in the context of an HLA-
A*11:01 molecule. In one embodiment, the TCR comprises (a) a TCR alpha chain
comprising TRAV17 CDR1, TRAV17 CDR2, and TRAV17 CDR3 and (b) a TCR beta chain
comprising TRBV11-2 CDR1, TRBV11-2 CDR2, and TRBV11-2 CDR3, and binds to an
mRAS peptide comprising VVGADGVGK (SEQ ID NO:7) in the context of an HLA-
A*11:01 molecule. In one embodiment, the TCR comprises (a) a TCR alpha chain
comprising TRAV17 CDR1, TRAV17 CDR2, and TRAV17 CDR3 and (b) a TCR beta chain
comprising TRBV11-2 CDR1, TRBV11-2 CDR2, and TRBV11-2 CDR3, and binds to an
mRAS peptide comprising VVGARGVGK (SEQ ID NO:9) in the context of an HLA-
A*11:01 molecule.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises at least one of the CDRs
selected from the group consisting of: TRAV17-CDR1: SEQ ID NO:45; TRAV17-CDR2:
SEQ ID NO:46; TRAV17-CDR3: SEQ ID NO:47; TRBV11-2-CDR1: SEQ ID NO:50;
TRBV11-2-CDR2: SEQ ID NO:51; and TRBV11-2-CDR3: SEQ ID NO:52, or a variant or
variants thereof. In one embodiment, the TCR comprises at least one of the CDRs selected
from the group consisting of: TRAV17-CDR1: SEQ ID NO:45; TRAV17-CDR2: SEQ ID
NO:46; TRAV17-CDR3: SEQ ID NO:47; TRBV11-2-CDR1: SEQ ID NO:50; TRBV11-2-
CDR2: SEQ ID NO:51; and TRBV11-2-CDR3: SEQ ID NO:52, or a variant or variants
thereof, and binds to an mRAS peptide comprising a G12V, G12C, or G12D mutation at a
position relative to RAS G12. In one embodiment, the TCR comprises at least one of the
CDRs selected from the group consisting of: TRAV17-CDR1: SEQ ID NO:45; TRAV17-
CDR2: SEQ ID NO:46; TRAV17-CDR3: SEQ ID NO:47; TRBV11-2-CDR1: SEQ ID
NO:50; TRBV11-2-CDR2: SEQ ID NO:51; and TRBV11-2-CDR3: SEQ ID NO:52, or a
variant or variants thereof, and binds to an mRAS peptide comprising VVGAVGVGK (SEQ
ID NO:11) in the context of an HLA-A*11:01 molecule. In one embodiment, the TCR
comprises at least one of the CDRs selected from the group consisting of: TRAV17-CDRI:
SEQ ID NO:45; TRAV17-CDR2: SEQ ID NO:46; TRAV17-CDR3: SEQ ID NO:47,;
TRBV11-2-CDR1: SEQ ID NO:50; TRBV11-2-CDR2: SEQ ID NO:51; and TRBV11-2-
CDR3: SEQ ID NO:52, or a variant or variants thereof, and binds to an mRAS peptide
comprising VVGACGVGK (SEQ ID NO:5) in the context of an HLA-A*11:01 molecule. In
one embodiment, the TCR comprises at least one of the CDRs selected from the group
consisting of: TRAV17-CDR1: SEQ ID NO:45; TRAV17-CDR2: SEQ ID NO:46; TRAV17-
CDR3: SEQ ID NO:47; TRBV11-2-CDR1: SEQ ID NO:50; TRBV11-2-CDR2: SEQ ID
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NO:51; and TRBV11-2-CDR3: SEQ ID NO:52, or a variant or variants thereof, and binds to
an mRAS peptide comprising VVGADGVGK (SEQ ID NO:7) in the context of an HLA-
A*11:01 molecule. In one embodiment, the TCR comprises at least one of the CDRs selected
from the group consisting of: TRAV17-CDR1: SEQ ID NO:45; TRAV17-CDR2: SEQ ID
NO:46; TRAV17-CDR3: SEQ ID NO:47; TRBV11-2-CDR1: SEQ ID NO:50; TRBV11-2-
CDR2: SEQ ID NO:51; and TRBV11-2-CDR3: SEQ ID NO:52, or a variant or variants
thereof, and binds to an mRAS peptide comprising VVGARGVGK (SEQ ID NO:9) in the
context of an HLA-A*11:01 molecule.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises all of the CDRs selected
from the group consisting of: TRAV17-CDR1: SEQ ID NO:45; TRAV17-CDR2: SEQ ID
NO:46; TRAV17-CDR3: SEQ ID NO:47; TRBV11-2-CDR1: SEQ ID NO:50; TRBV11-2-
CDR2: SEQ ID NO:51; and TRBV11-2-CDR3: SEQ ID NO:52, or a variant or variants
thereof. In one embodiment, the TCR comprises all of the CDRs selected from the group
consisting of: TRAV17-CDR1: SEQ ID NO:45; TRAV17-CDR2: SEQ ID NO:46; TRAV17-
CDR3: SEQ ID NO:47; TRBV11-2-CDR1: SEQ ID NO:50; TRBV11-2-CDR2: SEQ ID
NO:51; and TRBV11-2-CDR3: SEQ ID NO:52, or a variant or variants thereof, and binds to
an mRAS peptide comprising a G12V, G12C or G12D mutation at a position relative to RAS
G12. In one embodiment, the TCR comprises all of the CDRs selected from the group
consisting of: TRAV17-CDR1: SEQ ID NO:45; TRAV17-CDR2: SEQ ID NO:46; TRAV17-
CDR3: SEQ ID NO:47; TRBV11-2-CDR1: SEQ ID NO:50; TRBV11-2-CDR2: SEQ ID
NO:51; and TRBV11-2-CDR3: SEQ ID NO:52, or a variant or variants thereof, and binds to
an mRAS peptide comprising VVGAVGVGK (SEQ ID NO:11) in the context of an HLA-
A*11:01 molecule. In one embodiment, the TCR comprises all of the CDRs selected from the
group consisting of: TRAV17-CDRI1: SEQ ID NO:45; TRAV17-CDR2: SEQ ID NO:46;
TRAV17-CDR3: SEQ ID NO:47; TRBV11-2-CDRI1: SEQ ID NO:50; TRBV11-2-CDR2:
SEQ ID NO:51; and TRBV11-2-CDR3: SEQ ID NO:52, or a variant or variants thereof, and
binds to an mRAS peptide comprising VVGACGVGK (SEQ ID NO:5) in the context of an
HLA-A*11:01 molecule. In one embodiment, the TCR comprises all of the CDRs selected
from the group consisting of: TRAV17-CDR1: SEQ ID NO:45; TRAV17-CDR2: SEQ ID
NO:46; TRAV17-CDR3: SEQ ID NO:47; TRBV11-2-CDR1: SEQ ID NO:50; TRBV11-2-
CDR2: SEQ ID NO:51; and TRBV11-2-CDR3: SEQ ID NO:52, or a variant or variants
thereof, and binds to an mRAS peptide comprising VVGADGVGK (SEQ ID NO:7) in the
context of an HLA-A*11:01 molecule. In one embodiment, the TCR comprises all of the
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CDRs selected from the group consisting of: TRAV17-CDR1: SEQ ID NO:45; TRAV17-
CDR2: SEQ ID NO:46; TRAV17-CDR3: SEQ ID NO:47; TRBV11-2-CDR1: SEQ ID
NO:50; TRBV11-2-CDR2: SEQ ID NO:51; and TRBV11-2-CDR3: SEQ ID NO:52, or a
variant or variants thereof, and binds to an mRAS peptide comprising VVGARGVGK (SEQ
ID NO:9) in the context of an HLA-A*11:01 molecule.

In one embodiment, the composition comprises a fusion protein comprising a
TCR alpha chain and a TCR beta chain, described above. In one embodiment, the fusion
protein comprises a linker domain separating the TCR alpha chain with the TCR beta chain.
In one embodiment, the linker domain is a cleavable linker domain. For example, in one
embodiment, the linker domain comprises a GSG-T2A domain. In one embodiment, the
GSG-T2A comprises the amino acid sequence of: GSGEGRGSLLTCGDVEENPGP (SEQ
ID NO:55).

In one embodiment, the composition comprises a fusion protein comprising
the amino acid sequence of:
METLLGVSLVILWLQLARVNSQQGEEDPQALSIQEGENATMNCSYKTSINNLQWYR
QNSGRGLVHLILIRSNEREKHSGRLRVTLDTSKKSSSLLITASRAADTASYFCATDPG
GFKTIFGAGTRLFVKANIQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSD
VYITDKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSPESSCDVKL
VEKSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLRLWSSGSGEGRGSLLTCGDVE
ENPGPMGTRLLCWAALCLLGAELTEAGVAQSPRYKIIEKRQSVAFWCNPISGHATL
YWYQQILGQGPKLLIQFQNNGVVDDSQLPKDRFSAERLKGVDSTLKIQPAKLEDSAV
YLCASSLYGGSISYEQYFGPGTRLTVTEDLKNVFPPEVAVFEPSEAEISHTQKATLVC
LATGFYPDHVELSWWVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSSRLRVSATFW
QNPRNHFRCQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRADCGFTSESYQQGV
LSATILYEILLGKATLYAVLVSALVLMAMVKRKDSRG (SEQ ID NO:56).

TCR896

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12V mutation at a position corresponding to RAS G12 comprises one or more of: a
CDRI1, a CDR2, and a CDR3 of a TCR alpha chain.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises T cell receptor alpha
variable 19 (TRAV19) CDR1. In one embodiment, the TCR that specifically binds to a
mRAS peptide having a G12 mutation at a position corresponding to RAS G12 comprises
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TRAV 19 CDR1, wherein TRAV19 CDR1 comprises the amino acid sequence of:
ETRDTTYYL (SEQ ID NO:57).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV19 CDR2. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRAV19 CDR2, wherein TRAV19 CDR2
comprises the amino acid sequence of: RRNSFDEQNE (SEQ ID NO:58).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV19 CDR3. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRAV19 CDR3, wherein TRAV19 CDR3
comprises the amino acid sequence of: CALSEAGTYKYIF (SEQ ID NO:59).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV19 CDRI1,
TRAV19 CDR2, and TRAV19 CDR3.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRAV19. In one embodiment, the TCR that specifically binds to a mRAS peptide having a
(12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRAV 19, wherein the variable domain of TRAV 19 comprises the amino acid sequence of:
AQKVTQAQTEISVVEKEDVTLDCVYETRDTTYYLFWYKQPPSGELVFLIRRNSFDEQ
NEISGRYSWNFQKSTSSFNFTITASQVVDSAVYFCALSE (SEQ ID NO:171).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a constant domain. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises a constant domain, wherein the constant
domain comprises the amino acid sequence of:
IQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKTVLDMRSMDFK
SNSAVAWSNKSDFACANAFNNSHPEDTFFPSPESSCDVKLVEKSFETDTNLNFQNLS
VIGFRILLLKVAGFNLLMTLRLWSS (SEQ ID NO:60).

In one embodiment, the TCR comprises a TCR alpha chain comprising the
amino acid sequence of:
MLTASLLRAVIASICVVSSMAQKVTQAQTEISVVEKEDVTLDCVYETRDTTYYLFWY
KQPPSGELVFLIRRNSFDEQNEISGRYSWNFQKSTSSFNFTITASQVVDSAVYFCALSE
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AGTYKYIFGTGTRLKVLANIQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKD
SDVYITDKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNNSIHPEDTFFPSPESSCDV
KLVEKSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLRLWSS (SEQ ID NO:61).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises one or more of: a CDRI1,
a CDR2, and a CDR3 of a TCR beta chain.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises T cell receptor beta
variable 9 (TRBV9) CDRI1. In one embodiment, the TCR that specifically binds to a mRAS
peptide having a G12 mutation at a position corresponding to RAS G12 comprises TRBV9
CDRI1, wherein TRBV9 CDR1 comprises the amino acid sequence of: RSGDLSV (SEQ ID
NO:62).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRBV9 CDR2. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRBV9 CDR2, wherein TRBV9 CDR2
comprises the amino acid sequence of: QYYNGEER (SEQ ID NO:63).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRBV9 CDR3. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRBV9 CDR3, wherein TRBV9 CDR3
comprises the amino acid sequence of: CASSVAGGGQETQYF (SEQ ID NO:64).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a (G12 mutation at a position corresponding to RAS G12 comprises TRBV9 CDR1, TRBV9
CDR2, and TRBV9 CDR3.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRBVO. In one embodiment, the TCR that specifically binds to a mRAS peptide having a
(12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRBV9Y, wherein the variable domain of TRBV9 comprises the amino acid sequence of’
DSGVTQTPKHLITATGQRVTLRCSPRSGDLSVYWYQQSLDQGLQFLIQYYNGEERAK
GNILERFSAQQFPDLHSELNLSSLELGDSALYFCASSV (SEQ ID NO:172).

In one embodiment, the TCR that specifically binds to a mRAS peptide having

a G12 mutation at a position corresponding to RAS G12 comprises a constant domain. In one
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embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises a constant domain, wherein the constant
domain comprises the amino acid sequence of:
EDLKNVFPPEVAVFEPSEAEISHTQKATLVCLATGFYPDHVELSWWVNGKEVHSGVS
TDPQPLKEQPALNDSRYCLSSRLRVSATFWQNPRNHFRCQVQFYGLSENDEWTQDR
AKPVTQIVSAEAWGRADCGFTSESYQQGVLSATILYEILLGKATLYAVLVSALVLMA
MVKRKDSRG (SEQ ID NO:65).

In one embodiment, the TCR comprises a TCR beta chain comprising the
amino acid sequence of:
MGFRLLCCVAFCLLGAGPVDSGVTQTPKHLITATGQRVTLRCSPRSGDLSVYWYQQ
SLDQGLQFLIQYYNGEERAKGNILERFSAQQFPDLHSELNLSSLELGDSALYFCASSV
AGGGQETQYFGPGTRLLVLEDLKNVFPPEVAVFEPSEAEISHTQKATLVCLATGFYP
DHVELSWWVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSSRLRVSATFWQNPRNHF
RCQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRADCGFTSESYQQGVLSATILYEI
LLGKATLYAVLVSALVLMAMVKRKDSRG (SEQ ID NO:66)

In one embodiment, the TCR comprises (a) a TCR alpha chain comprising one
or more of: TRAV19 CDRI1, TRAV19 CDR2, and TRAV19 CDR3 and (b) a TCR beta chain
comprising one or more of TRBV9 CDR1, TRBV9 CDR2, and TRBV9 CDR3. In one
embodiment, the TCR comprises (a) a TCR alpha chain comprising one or more of: TRAV19
CDR1, TRAV19 CDR2, and TRAV19 CDR3 and (b) a TCR beta chain comprising one or
more of TRBV9 CDRI1, TRBVY9 CDR2, and TRBV9 CDR3, and binds to an mRAS peptide
comprising a G12V mutation at a position relative to RAS G12. In one embodiment, the TCR
comprises (a) a TCR alpha chain comprising one or more of: TRAV19 CDR1, TRAV19
CDR2, and TRAV19 CDR3 and (b) a TCR beta chain comprising one or more of TRBV9
CDRI, TRBVY9 CDR2, and TRBV9 CDR3, and binds to an mRAS peptide comprising
VVGAYGVGK (SEQ ID NO:11) OR VVVGAVYGVGK (SEQ ID NO:12) in the context of
an HLA-A*03:01 molecule.

In one embodiment, the TCR comprises (a) a TCR alpha chain comprising
TRAV19 CDR1, TRAV19 CDR2, and TRAV19 CDR3 and (b) a TCR beta chain comprising
TRBV9 CDR1, TRBV9 CDR2, and TRBV9 CDR3. In one embodiment, the TCR comprises
(a) a TCR alpha chain comprising TRAV19 CDR1, TRAV19 CDR2, and TRAV19 CDR3
and (b) a TCR beta chain comprising TRBV9 CDR1, TRBV9 CDR2, and TRBV9 CDR3,
and binds to an mRAS peptide comprising a G12V mutation at a position relative to RAS
G12. In one embodiment, the TCR comprises (a) a TCR alpha chain comprising TRAV19
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CDRI, TRAV19 CDR2, and TRAV19 CDR3 and (b) a TCR beta chain comprising TRBV9
CDRI, TRBVY9 CDR2, and TRBV9 CDR3, and binds to an mRAS peptide comprising
VVGAYGVGK (SEQ ID NO:11) or VVVGAYGVGK (SEQ ID NO:12) in the context of an
HLA-A*03:01 molecule.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises at least one of the CDRs
selected from the group consisting of: TRAV19-CDR1: SEQ ID NO:57; TRAV19-CDR2:
SEQ ID NO:58; TRAV19-CDR3: SEQ ID NO:59; TRBV9-CDRI1: SEQ ID NO:62; TRBVY9-
CDR2: SEQ ID NO:63; and TRBV9-CDR3: SEQ ID NO:64, or a variant or variants thereof.
In one embodiment, the TCR comprises at least one of the CDRs selected from the group
consisting of: TRAV19-CDR1: SEQ ID NO:57, TRAV19-CDR2: SEQ ID NO:58; TRAV19-
CDR3: SEQ ID NO:59; TRBV9-CDR1: SEQ ID NO:62; TRBV9-CDR2: SEQ ID NO:63;
and TRBV9-CDR3: SEQ ID NO:64, or a variant or variants thereof, and binds to an mRAS
peptide comprising a G12V mutation at a position relative to RAS G12. In one embodiment,
the TCR comprises at least one of the CDRs selected from the group consisting of: TRAV19-
CDRI1: SEQ ID NO:57; TRAV19-CDR2: SEQ ID NO:58; TRAV19-CDR3: SEQ ID NO:59;
TRBV9-CDR1: SEQ ID NO:62; TRBV9-CDR2: SEQ ID NO:63; and TRBV9-CDR3: SEQ
ID NO:64, or a variant or variants thereof, and binds to an mRAS peptide comprising
VVGAYGVGK (SEQ ID NO:11) or VVVGAYGVGK (SEQ ID NO:12) in the context of an
HLA-A*03:01 molecule.

In another embodiment, the TCR that specifically binds to a mRAS peptide
having a G12 mutation at a position corresponding to RAS G12 comprises all of the CDRs of
the group consisting of: TRAV19-CDR1: SEQ ID NO:57; TRAV19-CDR2: SEQ ID NO:58;
TRAVI19-CDR3: SEQ ID NO:59; TRBV9-CDRI1: SEQ ID NO:62; TRBV9-CDR2: SEQ ID
NO:63; and TRBV9-CDR3: SEQ ID NO:64, or a variant or variants thereof. In one
embodiment, the TCR comprises all of the CDRs of the group consisting of: TRAV19-
CDRI1: SEQ ID NO:57; TRAV19-CDR2: SEQ ID NO:58; TRAV19-CDR3: SEQ ID NO:59;
TRBV9-CDR1: SEQ ID NO:62; TRBV9-CDR2: SEQ ID NO:63; and TRBV9-CDR3: SEQ
ID NO:64, or a variant or variants thereof, and binds to an mRAS peptide comprising a G12V
mutation at a position relative to RAS G12. In one embodiment, the TCR comprises all of the
CDRs of the group consisting of: TRAV19-CDR1: SEQ ID NO:57; TRAV19-CDR2: SEQ
ID NO:58; TRAV19-CDR3: SEQ ID NO:59; TRBV9-CDR1: SEQ ID NO:62; TRBV9-
CDR2: SEQ ID NO:63; and TRBV9-CDR3: SEQ ID NO:64, or a variant or variants thereof,
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and binds to an mRAS peptide comprising VVGAVGVGK (SEQ ID NO:11) or
VVVGAYGVGK (SEQ ID NO:12) in the context of an HLA-A*03:01 molecule.

In one embodiment, the composition comprises a fusion protein comprising a
TCR alpha chain and a TCR beta chain, described above. In one embodiment, the fusion
protein comprises a linker domain separating the TCR alpha chain with the TCR beta chain.
In one embodiment, the linker domain is a cleavable linker domain. For example, in one
embodiment, the linker domain comprises a GSG-T2A domain. In one embodiment, the
GSG-T2A comprises the amino acid sequence of: GSGEGRGSLLTCGDVEENPGP (SEQ
ID NO:67).

In one embodiment, the composition comprises a fusion protein comprising
the amino acid sequence of:
MLTASLLRAVIASICVVSSMAQKVTQAQTEISVVEKEDVTLDCVYETRDTTYYLFWY
KQPPSGELVFLIRRNSFDEQNEISGRYSWNFQKSTSSFNFTITASQVVDSAVYFCALSE
AGTYKYIFGTGTRLKVLANIQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKD
SDVYITDKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNNSIHPEDTFFPSPESSCDV
KLVEKSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLRLWSSGSGEGRGSLLTCGD
VEENPGPMGFRLLCCVAFCLLGAGPVDSGVTQTPKHLITATGQRVTLRCSPRSGDLS
VYWYQQSLDQGLQFLIQYYNGEERAKGNILERFSAQQFPDLHSELNLSSLELGDSAL
YFCASSVAGGGQETQYFGPGTRLLVLEDLKNVFPPEVAVFEPSEAEISHTQKATLVCL
ATGFYPDHVELSWWVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSSRLRVSATFWQ
NPRNHFRCQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRADCGFTSESYQQGVLS
ATILYEILLGKATLYAVLVSALVLMAMVKRKDSRG (SEQ ID NO:68).

TCR847

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises one or more of: a CDRI1,
a CDR2, and a CDR3 of a TCR alpha chain.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises T cell receptor alpha
variable 17 (TRAV17) CDR1. In one embodiment, the TCR that specifically binds to a
mRAS peptide having a G12 mutation at a position corresponding to RAS G12 comprises
TRAV17 CDRI1, wherein TRAV17 CDR1 comprises the amino acid sequence of: KTSINNL
(SEQ ID NO:69).
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In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV17 CDR2. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRAV17 CDR2, wherein TRAV17 CDR2
comprises the amino acid sequence of: LIRSNEREK (SEQ ID NO:70).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV17 CDR3. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRAV17 CDR3, wherein TRAV17 CDR3
comprises the amino acid sequence of: CATFPNFGNEKLTF (SEQ ID NO:71).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV17 CDRI1,
TRAV17 CDR2, and TRAV17 CDR3.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRAV17. In one embodiment, the TCR that specifically binds to a mRAS peptide having a
(12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRAV 17, wherein the variable domain of TRAV 17 comprises the amino acid sequence of:
SQQGEEDPQALSIQEGENATMNCSYKTSINNLQWYRQNSGRGLVHLILIRSNEREKH
SGRLRVTLDTSKKSSSLLITASRAADTASYFCATF (SEQ ID NO:173).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a constant domain. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises a constant domain, wherein the constant
domain comprises the amino acid sequence of:
IQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKTVLDMRSMDFK
SNSAVAWSNKSDFACANAFNNSHPEDTFFPSPESSCDVKLVEKSFETDTNLNFQNLS
VIGFRILLLKVAGFNLLMTLRLWSS (SEQ ID NO:72).

In one embodiment, the TCR comprises a TCR alpha chain comprising the
amino acid sequence of:
METLLGVSLVILWLQLARVNSQQGEEDPQALSIQEGENATMNCSYKTSINNLQWYR
QNSGRGLVHLILIRSNEREKHSGRLRVTLDTSKKSSSLLITASRAADTASYFCATFPNF
GNEKLTFGTGTRLTHPNIQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSD
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VYITDKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSPESSCDVKL
VEKSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLRLWSS (SEQ ID NO:73)

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises one or more of: a CDRI1,
a CDR2, and a CDR3 of a TCR beta chain.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises T cell receptor beta
variable 10-3 (TRBV10-3) CDRI1. In one embodiment, the TCR that specifically binds to a
mRAS peptide having a G12 mutation at a position corresponding to RAS G12 comprises
TRBV10-3 CDR1, wherein TRBV10-3 CDRI1 comprises the amino acid sequence of’
TENHRYM (SEQ ID NO:74).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRBV10-3 CDR2. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRBV10-3 CDR2, wherein TRBV10-3 CDR2
comprises the amino acid sequence of: YSYGVKDT (SEQ ID NO:75).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRBV10-3 CDR3. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRBV10-3 CDR3, wherein TRBV10-3 CDR3
comprises the amino acid sequence of: CAISESERYYEQYF (SEQ ID NO:76).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRBV10-3 CDR1,
TRBV10-3 CDR2, and TRBV10-3 CDR3.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRBV10-3. In one embodiment, the TCR that specifically binds to a mRAS peptide having a
(12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRBV10-3, wherein the variable domain of TRBV 10-3 comprises the amino acid sequence
of:
DAGITQSPRHKVTETGTPVTLRCHQTENHRYMYWYRQDPGHGLRLIHYSYGVKDTD
KGEVSDGYSVSRSKTEDFLLTLESATSSQTSVYFCAISE (SEQ ID NO:174).

In one embodiment, the TCR that specifically binds to a mRAS peptide having

a G12 mutation at a position corresponding to RAS G12 comprises a constant domain. In one
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embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises a constant domain, wherein the constant
domain comprises the amino acid sequence of:
EDLKNVFPPEVAVFEPSEAEISHTQKATLVCLATGFYPDHVELSWWVNGKEVHSGVS
TDPQPLKEQPALNDSRYCLSSRLRVSATFWQNPRNHFRCQVQFYGLSENDEWTQDR
AKPVTQIVSAEAWGRADCGFTSESYQQGVLSATILYEILLGKATLYAVLVSALVLMA
MVKRKDSRG (SEQ ID NO:77).

In one embodiment, the TCR comprises a TCR beta chain comprising the
amino acid sequence of:
MGTRLFFYVALCLLWTGHMDAGITQSPRHKVTETGTPVTLRCHQTENHRYMYWYR
QDPGHGLRLIHYSYGVKDTDKGEVSDGYSVSRSKTEDFLLTLESATSSQTSVYFCAIS
ESERYYEQYFGPGTRLTVTEDLKNVFPPEVAVFEPSEAEISHTQKATLVCLATGFYPD
HVELSWWVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSSRLRVSATFWQNPRNHFR
CQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRADCGFTSESYQQGVLSATILYEIL
LGKATLYAVLVSALVLMAMVKRKDSRG (SEQ ID NO:78)

In one embodiment, the TCR comprises (a) a TCR alpha chain comprising one
or more of: TRAV17 CDRI1, TRAV17 CDR2, and TRAV17 CDR3 and (b) a TCR beta chain
comprising one or more of TRBV10-3 CDR1, TRBV10-3 CDR2, and TRBV10-3 CDR3. In
one embodiment, the TCR comprises (a) a TCR alpha chain comprising one or more of:
TRAV17 CDR1, TRAV17 CDR2, and TRAV17 CDR3 and (b) a TCR beta chain comprising
one or more of TRBV10-3 CDR1, TRBV10-3 CDR2, and TRBV10-3 CDR3, and binds to an
mRAS peptide comprising a G12R mutation at a position relative to RAS G12. In one
embodiment, the TCR comprises (a) a TCR alpha chain comprising one or more of: TRAV17
CDR1, TRAV17 CDR2, and TRAV17 CDR3 and (b) a TCR beta chain comprising one or
more of TRBV10-3 CDR1, TRBV10-3 CDR2, and TRBV10-3 CDR3, and binds to an mRAS
peptide comprising GARGVGKSAL (SEQ ID NO:15) in the context of an HLA-B*07:02
molecule.

In one embodiment, the TCR comprises (a) a TCR alpha chain comprising
TRAV17 CDR1, TRAV17 CDR2, and TRAV17 CDR3 and (b) a TCR beta chain comprising
TRBV10-3 CDR1, TRBV10-3 CDR2, and TRBV10-3 CDR3. In one embodiment, the TCR
comprises (a) a TCR alpha chain comprising TRAV17 CDR1, TRAV17 CDR2, and TRAV17
CDR3 and (b) a TCR beta chain comprising TRBV10-3 CDR1, TRBV10-3 CDR2, and
TRBV10-3 CDR3, and binds to an mRAS peptide comprising a G12R mutation at a position
relative to RAS G12. In one embodiment, the TCR comprises (a) a TCR alpha chain
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comprising TRAV17 CDR1, TRAV17 CDR2, and TRAV17 CDR3 and (b) a TCR beta chain
comprising TRBV10-3 CDR1, TRBV10-3 CDR2, and TRBV10-3 CDR3, and binds to an
mRAS peptide comprising GARGVGKSAL (SEQ ID NO:15) in the context of an HLA-
B*07:02 molecule.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12R mutation at a position corresponding to RAS G12 comprises at least one of the CDRs
selected from the group consisting of: TRAV17-CDR1: SEQ ID NO:69; TRAV17-CDR2:
SEQ ID NO:70; TRAV17-CDR3: SEQ ID NO:71; TRBV10-3-CDRI1: SEQ ID NO:74;
TRBV10-3-CDR2: SEQ ID NO:75; and TRBV10-3-CDR3: SEQ ID NO:76, or a variant or
variants thereof. In one embodiment, the TCR comprises at least one of the CDRs selected
from the group consisting of: TRAV17-CDR1: SEQ ID NO:69; TRAV17-CDR2: SEQ ID
NO:70; TRAV17-CDR3: SEQ ID NO:71; TRBV10-3-CDR1: SEQ ID NO:74; TRBV10-3-
CDR2: SEQ ID NO:75; and TRBV10-3-CDR3: SEQ ID NO:76, or a variant or variants
thereof, and binds to an mRAS peptide comprising a G12R mutation at a position relative to
RAS G12. In one embodiment, the TCR comprises at least one of the CDRs selected from the
group consisting of: TRAV17-CDRI1: SEQ ID NO:69; TRAV17-CDR2: SEQ ID NO:70;
TRAV17-CDR3: SEQ ID NO:71; TRBV10-3-CDRI1: SEQ ID NO:74; TRBV10-3-CDR2:
SEQ ID NO:75; and TRBV10-3-CDR3: SEQ ID NO:76, or a variant or variants thereof, and
binds to an mRAS peptide comprising GARGVGKSAL (SEQ ID NO:15) in the context of an
HLA-B*07:02 molecule.

In another embodiment, the TCR that specifically binds to a mRAS peptide
having a G12R mutation at a position corresponding to RAS G12 comprises all of the CDRs
of the group consisting of: TRAV17-CDR1: SEQ ID NO:69; TRAV17-CDR2: SEQ ID
NO:70; TRAV17-CDR3: SEQ ID NO:71; TRBV10-3-CDR1: SEQ ID NO:74; TRBV10-3-
CDR2: SEQ ID NO:75; and TRBV10-3-CDR3: SEQ ID NO:76, or a variant or variants
thereof. In one embodiment, the TCR comprises all of the CDRs of the group consisting of’
TRAV17-CDRI: SEQ ID NO:69; TRAV17-CDR2: SEQ ID NO:70; TRAV17-CDR3: SEQ
ID NO:71; TRBV10-3-CDR1: SEQ ID NO:74; TRBV10-3-CDR2: SEQ ID NO:75; and
TRBV10-3-CDR3: SEQ ID NO:76, or a variant or variants thereof, and binds to an mRAS
peptide comprising a G12R mutation at a position relative to RAS G12. In one embodiment,
the TCR comprises all of the CDRs of the group consisting of: TRAV17-CDR1: SEQ ID
NO:69; TRAV17-CDR2: SEQ ID NO:70; TRAV17-CDR3: SEQ ID NO:71; TRBV10-3-
CDR1: SEQ ID NO:74; TRBV10-3-CDR2: SEQ ID NO:75; and TRBV10-3-CDR3: SEQ ID
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NO:76, or a variant or variants thereof, and binds to an mRAS peptide comprising
GARGVGKSAL (SEQ ID NO:15) in the context of an HLA-B*07:02 molecule.

In one embodiment, the composition comprises a fusion protein comprising a
TCR alpha chain and a TCR beta chain, described above. In one embodiment, the fusion
protein comprises a linker domain separating the TCR alpha chain with the TCR beta chain.
In one embodiment, the linker domain is a cleavable linker domain. For example, in one
embodiment, the linker domain comprises a GSG-T2A domain. In one embodiment, the
GSG-T2A comprises the amino acid sequence of: GSGEGRGSLLTCGDVEENPGP (SEQ
ID NO:79).

In one embodiment, the composition comprises a fusion protein comprising
the amino acid sequence of:
METLLGVSLVILWLQLARVNSQQGEEDPQALSIQEGENATMNCSYKTSINNLQWYR
QNSGRGLVHLILIRSNEREKHSGRLRVTLDTSKKSSSLLITASRAADTASYFCATFPNF
GNEKLTFGTGTRLTHPNIQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSD
VYITDKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSPESSCDVKL
VEKSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLRLWSSGSGEGRGSLLTCGDVE
ENPGPMGTRLFFYVALCLLWTGHMDAGITQSPRHKVTETGTPVTLRCHQTENHRYM
YWYRQDPGHGLRLIHYSYGVKDTDKGEVSDGYSVSRSKTEDFLLTLESATSSQTSVY
FCAISESERYYEQYFGPGTRLTVTEDLKNVFPPEVAVFEPSEAEISHTQKATLVCLAT
GFYPDHVELSWWVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSSRLRVSATFWQNP
RNHFRCQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRADCGFTSESYQQGVLSAT
ILYEILLGKATLYAVLVSALVLMAMVKRKDSRG (SEQ ID NO:80).

TCRS864

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises one or more of: a CDRI1,
a CDR2, and a CDR3 of a TCR alpha chain.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises T cell receptor alpha
variable 4 (TRAV4) CDRI1. In one embodiment, the TCR that specifically binds to a mRAS
peptide having a G12 mutation at a position corresponding to RAS G12 comprises TRAV4
CDRI1, wherein TRAV4 CDRI1 comprises the amino acid sequence of: NNIATNDYI (SEQ
ID NO:81).
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In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV4 CDR2. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRAV4 CDR2, wherein TRAV4 CDR2
comprises the amino acid sequence of: QGYKTKYV (SEQ ID NO:82).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV4 CDR3. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRAV4 CDR3, wherein TRAV4 CDR3
comprises the amino acid sequence of: CLVGDFNSNSGYALNF (SEQ ID NO:83).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRAV4 CDR1, TRAV4
CDR2, and TRAV4 CDR3.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRAV4. In one embodiment, the TCR that specifically binds to a mRAS peptide having a
(12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRAV4, wherein the variable domain of TRAV4 comprises the amino acid sequence of:
LAKTTQPISMDSYEGQEVNITCSHNNIATNDYITWYQQFPSQGPRFIIQGYKTKVTNE
VASLFIPADRKSSTLSLPRVSLSDTAVYYCLVGD (SEQ ID NO:175).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a constant domain. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises a constant domain, wherein the constant
domain comprises the amino acid sequence of:
IQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKTVLDMRSMDFK
SNSAVAWSNKSDFACANAFNNSHPEDTFFPSPESSCDVKLVEKSFETDTNLNFQNLS
VIGFRILLLKVAGFNLLMTLRLWSS (SEQ ID NO:84).

In one embodiment, the TCR comprises a TCR alpha chain comprising the
amino acid sequence of:
MRQVARVIVFLTLSTLSLAKTTQPISMDSYEGQEVNITCSHNNIATNDYITWY QQFPS
QGPRFIIQGYKTKVTNEVASLFIPADRKSSTLSLPRVSLSDTAVYYCLVGDFNSNSGY
ALNFGKGTSLLVTPHIQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYI
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TDKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSPESSCDVKLVE
KSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLRLWSS (SEQ ID NO:85)

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises one or more of: a CDRI1,
a CDR2, and a CDR3 of a TCR beta chain.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises T cell receptor beta
variable 7-2 (TRBV7-2) CDRI1. In one embodiment, the TCR that specifically binds to a
mRAS peptide having a G12 mutation at a position corresponding to RAS G12 comprises
TRBV7-2 CDR1, wherein TRBV7-2 CDRI1 comprises the amino acid sequence of’
ISGHTAL (SEQ ID NO:86).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRBV7-2 CDR2. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRBV7-2 CDR2, wherein TRBV7-2 CDR2
comprises the amino acid sequence of: YFQGNSAP (SEQ ID NO:87).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises TRBV7-2 CDR3. In one
embodiment, the TCR that specifically binds to a mRAS peptide having a G12 mutation at a
position corresponding to RAS G12 comprises TRBV7-2 CDR3, wherein TRBV7-2 CDR3
comprises the amino acid sequence of: CASKVYGYTF (SEQ ID NO:88).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a (G12 mutation at a position corresponding to RAS G12 comprises TRBV7-2 CDRI1,
TRBV7-2 CDR2, and TRBV7-2 CDR3.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRBV7-2. In one embodiment, the TCR that specifically binds to a mRAS peptide having a
(12 mutation at a position corresponding to RAS G12 comprises a variable domain of
TRBV7-2, wherein the variable domain of TRBV7-2 comprises the amino acid sequence of:
GAGVSQSPSNKVTEKGKDVELRCDPISGHTALYWYRQRLGQGLEFLIYFQGNSAPD
KSGLPSDRFSAERTGESVSTLTIQRTQQEDSAVYLCASK (SEQ ID NO:176).

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12R mutation at a position corresponding to RAS G12 comprises a constant domain. In

one embodiment, the TCR that specifically binds to a mRAS peptide having a G12R
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mutation at a position corresponding to RAS G12 comprises a constant domain, wherein the
constant domain comprises the amino acid sequence of:
EDLNKVFPPEVAVFEPSEAEISHTQKATLVCLATGFFPDHVELSWWVNGKEVHSGVS
TDPQPLKEQPALNDSRYCLSSRLRVSATFWQNPRNHFRCQVQFYGLSENDEWTQDR
AKPVTQIVSAEAWGRADCGFTSVSYQQGVLSATILYEILLGKATLYAVLVSALVLMA
MVKRKDF (SEQ ID NO:89).

In one embodiment, the TCR comprises a TCR beta chain comprising the
amino acid sequence of:
MGTRLLFWVAFCLLGAYHTGAGVSQSPSNKVTEKGKDVELRCDPISGHTALYWYR
QRLGQGLEFLIYFQGNSAPDKSGLPSDRFSAERTGESVSTLTIQRTQQEDSAVYLCAS
KVYGYTFGSGTRLTVVEDLNKVFPPEVAVFEPSEAEISHTQKATLVCLATGFFPDHV
ELSWWVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSSRLRVSATFWQNPRNHFRCQ
VQFYGLSENDEWTQDRAKPVTQIVSAEAWGRADCGFTSVSYQQGVLSATILYEILLG
KATLYAVLVSALVLMAMVKRKDF (SEQ ID NO:90)

In one embodiment, the TCR comprises (a) a TCR alpha chain comprising one
or more of: TRAV4 CDR1, TRAV4 CDR2, and TRAV4 CDR3 and (b) a TCR beta chain
comprising one or more of TRBV7-2 CDR1, TRBV7-2 CDR2, and TRBV7-2 CDR3. In one
embodiment, the TCR comprises (a) a TCR alpha chain comprising one or more of: TRAV4
CDR1, TRAV4 CDR2, and TRAV4 CDR3 and (b) a TCR beta chain comprising one or more
of TRBV7-2 CDR1, TRBV7-2 CDR2, and TRBV7-2 CDR3, and binds to an mRAS peptide
comprising a G12R mutation at a position relative to RAS G12. In one embodiment, the TCR
comprises (a) a TCR alpha chain comprising one or more of: TRAV4 CDR1, TRAV4 CDR2,
and TRAV4 CDR3 and (b) a TCR beta chain comprising one or more of TRBV7-2 CDRI1,
TRBV7-2 CDR2, and TRBV7-2 CDR3, and binds to an mRAS peptide comprising
GARGVGKSAL (SEQ ID NO:15) in the context of an HLA-B*07:02 molecule.

In one embodiment, the TCR comprises (a) a TCR alpha chain comprising
TRAV4 CDRI1, TRAV4 CDR2, and TRAV4 CDR3 and (b) a TCR beta chain comprising
TRBV7-2 CDR1, TRBV7-2 CDR2, and TRBV7-2 CDR3. In one embodiment, the TCR
comprises (a) a TCR alpha chain comprising TRAV4 CDR1, TRAV4 CDR2, and TRAV4
CDR3 and (b) a TCR beta chain comprising TRBV7-2 CDR1, TRBV7-2 CDR2, and
TRBV7-2 CDR3, and binds to an mRAS peptide comprising a G12R mutation at a position
relative to RAS G12. In one embodiment, the TCR comprises (a) a TCR alpha chain
comprising TRAV4 CDR1, TRAV4 CDR2, and TRAV4 CDR3 and (b) a TCR beta chain
comprising TRBV7-2 CDR1, TRBV7-2 CDR2, and TRBV7-2 CDR3, and binds to an mRAS
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peptide comprising GARGVGKSAL (SEQ ID NO:15) in the context of an HLA-B*07:02
molecule.

In one embodiment, the TCR that specifically binds to a mRAS peptide having
a G12R mutation at a position corresponding to RAS G12 comprises at least one of the CDRs
selected from the group consisting of: TRAV4-CDR1: SEQ ID NO:81; TRAV4-CDR2: SEQ
ID NO:82; TRAV4-CDR3: SEQ ID NO:83; TRBV7-2-CDR1: SEQ ID NO:86; TRBV7-2-
CDR2: SEQ ID NO:87; and TRBV7-2-CDR3: SEQ ID NO:88, or a variant or variants
thereof. In one embodiment, the TCR comprises at least one of the CDRs selected from the
group consisting of: TRAV4-CDR1: SEQ ID NO:81; TRAV4-CDR2: SEQ ID NO:82;
TRAV4-CDR3: SEQ ID NO:83; TRBV7-2-CDR1: SEQ ID NO:86; TRBV7-2-CDR2: SEQ
ID NO:87; and TRBV7-2-CDR3: SEQ ID NO:88, or a variant or variants thereof, and binds
to an mRAS peptide comprising a G12R mutation at a position relative to RAS G12. In one
embodiment, the TCR comprises at least one of the CDRs selected from the group consisting
of: TRAV4-CDR1: SEQ ID NO:81; TRAV4-CDR2: SEQ ID NO:82; TRAV4-CDR3: SEQ
ID NO:83; TRBV7-2-CDRI1: SEQ ID NO:86; TRBV7-2-CDR2: SEQ ID NO:87; and
TRBV7-2-CDR3: SEQ ID NO:88, or a variant or variants thereof, and binds to an mRAS
peptide comprising GARGVGKSAL (SEQ ID NO:15) in the context of an HLA-B*07:02
molecule.

In another embodiment, the TCR that specifically binds to a mRAS peptide
having a G12R mutation at a position corresponding to RAS G12 comprises all of the CDRs
of the group consisting of: TRAV4-CDR1: SEQ ID NO:81; TRAV4-CDR2: SEQ ID NO:82;
TRAV4-CDR3: SEQ ID NO:83; TRBV7-2-CDR1: SEQ ID NO:86; TRBV7-2-CDR2: SEQ
ID NO:87; and TRBV7-2-CDR3: SEQ ID NO:88, or a variant or variants thereof. In one
embodiment, the TCR comprises all of the CDRs of the group consisting of: TRAV4-CDRI:
SEQ ID NO:81; TRAV4-CDR2: SEQ ID NO:82; TRAV4-CDR3: SEQ ID NO:83; TRBV7-
2-CDR1: SEQID NO:86; TRBV7-2-CDR2: SEQ ID NO:87; and TRBV7-2-CDR3: SEQ ID
NO:88, or a variant or variants thereof, and binds to an mRAS peptide comprising a G12R
mutation at a position relative to RAS G12. In one embodiment, the TCR comprises all of the
CDRs of the group consisting of: TRAV4-CDRI1: SEQ ID NO:81; TRAV4-CDR2: SEQ ID
NO:82; TRAV4-CDR3: SEQ ID NO:83; TRBV7-2-CDRI1: SEQ ID NO:86; TRBV7-2-
CDR2: SEQ ID NO:87; and TRBV7-2-CDR3: SEQ ID NO:88, or a variant or variants
thereof, and binds to an mRAS peptide comprising GARGVGKSAL (SEQ ID NO:15) in the
context of an HLA-B*07:02 molecule.
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In one embodiment, the composition comprises a fusion protein comprising a
TCR alpha chain and a TCR beta chain, described above. In one embodiment, the fusion
protein comprises a linker domain separating the TCR alpha chain with the TCR beta chain.
In one embodiment, the linker domain is a cleavable linker domain. For example, in one
embodiment, the linker domain comprises a GSG-T2A domain. In one embodiment, the
GSG-T2A comprises the amino acid sequence of: GSGEGRGSLLTCGDVEENPGP (SEQ
ID NO:91).

In one embodiment, the composition comprises a fusion protein comprising
the amino acid sequence of:
MRQVARVIVFLTLSTLSLAKTTQPISMDSYEGQEVNITCSHNNIATNDYITWY QQFPS
QGPRFIIQGYKTKVTNEVASLFIPADRKSSTLSLPRVSLSDTAVYYCLVGDFNSNSGY
ALNFGKGTSLLVTPHIQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYI
TDKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSPESSCDVKLVE
KSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLRLWSSGSGEGRGSLLTCGDVEEN
PGPMGTRLLFWVAFCLLGAYHTGAGVSQSPSNKVTEKGKDVELRCDPISGHTALYW
YRQRLGQGLEFLIYFQGNSAPDKSGLPSDRFSAERTGESVSTLTIQRTQQEDSAVYLC
ASKVYGYTFGSGTRLTVVEDLNKVFPPEVAVFEPSEAEISHTQKATLVCLATGFFPDH
VELSWWVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSSRLRVSATFWQNPRNHFRC
QVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRADCGFTSVSYQQGVLSATILYEILL
GKATLYAVLVSALVLMAMVKRKDF (SEQ ID NO:92).

In certain embodiments the composition comprises a fusion protein
comprising a linker domain separating a TCR alpha chain and a TCR beta chain. In one
embodiment, the linker domain is a cleavable linker domain. Any suitable linker domain may
be used such that the function of the alpha and beta chains are retained.

In certain embodiments, the composition comprises a peptide or polypeptide
(e.g., amRAS peptide antigen or TCR) comprising an amino acid sequence that is
substantially homologous to the amino acid sequence of an mRAS peptide, TCR, or portion
thereof, described herein and retains the function of the original amino acid sequence. For
example, in certain embodiments, the amino acid sequence has a degree of identity with
respect to the original amino acid sequence of at least 60%, of at least 65%, of at least 70%,
of at least 75%, of at least 80%, of at least 85%, of at least 90%, of at least 91%, of at least
92%, of at least 93%, of at least 94%, of at least 95%, of at least 96%, of at least 97%, of at
least 98%, of at least 99%, or of at least 99.5%.
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In some embodiments, the composition comprises a peptide having one or
more, two or more, three or more, four or more, five or more, six or more, seven or more,
eight or more, nine or more, or ten or more mutations, such as point mutations, with respect
to an amino acid sequence of an mRAS peptide or TCR, or portion thereof, described herein.

In some embodiments, the TCR comprises an amino acid sequence having at
least about 85% amino acid identity with one or more of the CDR sequences described
herein. The invention encompasses a TCR having CDR sequences of that are at least about
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 99%, or 100%
identical to the CDR sequences described herein.

In one embodiment, the composition comprises a polypeptide having CDR
sequences of at least about 85% identity to the CDR sequences described herein. The
invention encompasses a polypeptide having CDR sequences of that are at least about 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 99%, or 100% identical
to the CDR sequences described herein.

The peptide of the present invention may be made using chemical methods.
For example, peptides can be synthesized by solid phase techniques (Roberge J Y et al
(1995) Science 269: 202-204), cleaved from the resin, and purified by preparative high
performance liquid chromatography. Automated synthesis may be achieved, for example,
using the ABI 431 A Peptide Synthesizer (Perkin Elmer) in accordance with the instructions
provided by the manufacturer. The peptide may alternatively be made by recombinant means
or by cleavage from a longer polypeptide. The composition of a peptide may be confirmed by
amino acid analysis or sequencing.

The variants of the polypeptides according to the present invention may be (i)
one in which one or more of the amino acid residues are substituted with a conserved or non-
conserved amino acid residue (preferably a conserved amino acid residue) and such
substituted amino acid residue may or may not be one encoded by the genetic code, (ii) one in
which there are one or more modified amino acid residues, e.g., residues that are modified by
the attachment of substituent groups, (iii) one in which the polypeptide is an alternative splice
variant of the polypeptide of the present invention, (iv) fragments of the polypeptides and/or
(v) one in which the polypeptide is fused with another polypeptide, such as a leader or
secretory sequence or a sequence which is employed for purification (for example, His-tag)
or for detection (for example, Sv5 epitope tag). The fragments include polypeptides generated

via proteolytic cleavage (including multi-site proteolysis) of an original sequence. Variants
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may be post-translationally, or chemically modified. Such variants are deemed to be within
the scope of those skilled in the art from the teaching herein.

As known in the art the “similarity” between two polypeptides is determined
by comparing the amino acid sequence and its conserved amino acid substitutes of one
polypeptide to a sequence of a second polypeptide. Variants are defined to include
polypeptide sequences different from the original sequence, preferably different from the
original sequence in less than 40% of residues per segment of interest, more preferably
different from the original sequence in less than 25% of residues per segment of interest,
more preferably different by less than 10% of residues per segment of interest, most
preferably different from the original protein sequence in just a few residues per segment of
interest and at the same time sufficiently homologous to the original sequence to preserve the
functionality of the original sequence and/or the ability to bind to ubiquitin or to a
ubiquitylated protein. The present invention includes amino acid sequences that are at least
60%, 65%, 70%, 72%, 74%, 76%, 78%, 80%, 90%, or 95% similar or identical to the original
amino acid sequence. The degree of identity between two polypeptides is determined using
computer algorithms and methods that are widely known for the persons skilled in the art.
The identity between two amino acid sequences is preferably determined by using the
BLASTP algorithm [BLAST Manual, Altschul, S., et al., NCBI NLM NIH Bethesda, Md.
20894, Altschul, S., et al., J. Mol. Biol. 215: 403-410 (1990)].

The polypeptides of the invention can be post-translationally modified. For
example, post-translational modifications that fall within the scope of the present invention
include signal peptide cleavage, glycosylation, acetylation, isoprenylation, proteolysis,
myristoylation, protein folding and proteolytic processing, etc. Some modifications or
processing events require introduction of additional biological machinery. For example,
processing events, such as signal peptide cleavage and core glycosylation, are examined by
adding canine microsomal membranes or Xenopus egg extracts (U.S. Pat. No. 6,103,489) to a
standard translation reaction.

The polypeptides of the invention may include unnatural amino acids formed
by post-translational modification or by introducing unnatural amino acids during translation.
A variety of approaches are available for introducing unnatural amino acids during protein
translation. By way of example, special tRNAs, such as tRNAs which have suppressor
properties, suppressor tRNAs, have been used in the process of site-directed non-native
amino acid replacement (SNAAR). In SNAAR, a unique codon is required on the mRNA and

the suppressor tRNA, acting to target a non-native amino acid to a unique site during the
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protein synthesis (described in W090/05785). However, the suppressor tRNA must not be
recognizable by the aminoacyl tRNA synthetases present in the protein translation system. In
certain cases, a non-native amino acid can be formed after the tRNA molecule is
aminoacylated using chemical reactions which specifically modify the native amino acid and
do not significantly alter the functional activity of the aminoacylated tRNA. These reactions
are referred to as post-aminoacylation modifications. For example, the epsilon-amino group
of the lysine linked to its cognate tRNA (tRNALys), could be modified with an amine specific
photoaffinity label.

The peptides of the invention may be converted into pharmaceutical salts by
reacting with inorganic acids such as hydrochloric acid, sulfuric acid, hydrobromic acid,
phosphoric acid, etc., or organic acids such as formic acid, acetic acid, propionic acid,
glycolic acid, lactic acid, pyruvic acid, oxalic acid, succinic acid, malic acid, tartaric acid,

citric acid, benzoic acid, salicylic acid, benezenesulfonic acid, and toluenesulfonic acids.

Nucleic acid molecules

In one aspect, the present invention provides a composition comprising an
isolated nucleic acid molecule encoding one or more of the peptides or polypeptides
described herein. For example, in certain aspects, the composition comprises DNA, RNA,
mRNA, or cDNA encoding one or more of the peptides or polypeptides described herein.

In one embodiment, the composition comprises one or more isolated nucleic
acid molecules encoding one or more antigenic mRAS peptides described herein. For
example, in one embodiment, the composition comprises one or more isolated nucleic acid
molecules encoding one more of the antigenic mRAS peptides that comprise an amino acid
sequence selected from SEQ ID NOs:1-16.

In one embodiment, the nucleic acid molecule comprises a nucleic acid
sequence encoding an amino acid sequence selected from SEQ ID NOs:1-92. In one
embodiment, the nucleic acid molecule comprises a nucleic acid sequence encoding an
amino acid sequence having substantial homology to an amino acid sequence selected from
SEQ ID NOs:1-92. For example, in certain embodiments, the nucleic acid molecule
comprises a nucleic acid sequence encoding an amino acid sequence that is at least 60%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93% 94%, 95%, 96%, 97%, 98%, 99%, or 99.5%

identical to an amino acid sequence selected from SEQ ID NOs:1-92. In certain
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embodiments, the nucleic acid molecule comprises a nucleic acid sequence encoding an
amino acid sequence that has one or more, two or more, three or more, four or more, five or
more, SiX or more, seven or more, eight or more, nine or more, or ten or more mutations, such
as point mutations, relative to an amino acid sequence selected from SEQ ID NOs:1-92.

In one embodiment, the composition comprises one or more isolated nucleic
acid molecules encoding one or more TCRs described herein, one or more CDRs described
herein, one or more alpha chains described herein, one or more beta domains described
herein, one or more variable domains described herein, one or more constant domains
described herein, one or more linkers described herein, or one or more fusion proteins
described herein.

Nucleic acid molecule encoding TCR831

In embodiment, the isolated nucleic acid molecule encodes a TCR comprising
a TCR alpha chain comprising one or more of: TRAV39 CDR1, TRAV39 CDR2, and
TRAV39 CDR3. In embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR alpha chain comprising one or more of: TRAV39 CDR1 comprising the
amino acid sequence of SEQ ID NO:17, TRAV39 CDR2 comprising the amino acid
sequence of SEQ ID NO:18, and TRAV39 CDR3 comprising the amino acid sequence of
SEQ ID NO:19. In one embodiment, the nucleic acid sequence encoding TRAV39 CDRI1
comprises ACCACTTCAGA (SEQ ID NO:93). In one embodiment, the nucleic acid
sequence encoding TRAV39 CDR2 comprises TTGCTATCAAATGGAGCAGTG (SEQ ID
NO:94). In one embodiment, the nucleic acid sequence encoding TRAV39 CDR3 comprises
GCCGTGGACAAGGATGGGGGTTACC (SEQ ID NO:95).

In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR alpha chain comprising a variable domain of TRAV39 comprising the
amino acid sequence of SEQ ID NO:20. In one embodiment, the nucleic acid sequence
encoding the variable domain of TRAV39 comprises:
ATGAAGAAGCTACTAGCAATGATTCTGTGGCTTCAACTAGACCGGTTAAGTGGA
GAGCTGAAAGTGGAACAAAACCCTCTGTTCCTGAGCATGCAGGAGGGAAAAAA
CTATACCATCTACTGCAATTATTCAACCACTTCAGACAGACTGTATTGGTACAGG
CAGGATCCTGGGAAAAGTCTGGAATCTCTGTTTGTGTTGCTATCAAATGGAGCAG
TGAAGCAGGAGGGACGATTAATGGCCTCACTTGATACCAAAGCCCGTCTCAGCA
CCCTCCACATCACAGCTGCCGTGCATGACCTCTCTGCCACCTACTTCTGTGCCGT
GGACAAGGATGGGGGTTACCAGAAAGTTACCTTTGGAACTGGAACAAAGCTCCA
AGTCATCCCAA (SEQ ID NO:96).
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In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR alpha chain comprising a constant domain comprising the amino acid
sequence of SEQ ID NO:21. In one embodiment, the nucleic acid sequence encoding the
constant domain comprises:
ATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGACTCTAAATCCAGTG
ACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAAATGTGTCACAAAG
TAAGGATTCTGATGTGTATATCACAGACAAAACTGTGTTGGACATGCGCAGCAT
GGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACAAATCTGACTTTGCATG
TGCAAACGCCTTCAACAACAGCATTATTCCAGAAGACACCTTCTTCCCCAGCCCA
GAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCTTTGAAACAGATACGAAC
CTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAATCCTCCTCCTGAAAGTGG
CCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCCAGC (SEQ ID NO:97).

In one embodiment, the nucleic acid molecule encodes a TCR alpha chain
comprising the amino acid sequence of SEQ ID NO:22. In one embodiment, the nucleic acid
sequence encoding a TCR alpha chain comprises:
ATGAAGAAGCTACTAGCAATGATTCTGTGGCTTCAACTAGACCGGTTAAGTGGA
GAGCTGAAAGTGGAACAAAACCCTCTGTTCCTGAGCATGCAGGAGGGAAAAAA
CTATACCATCTACTGCAATTATTCAACCACTTCAGACAGACTGTATTGGTACAGG
CAGGATCCTGGGAAAAGTCTGGAATCTCTGTTTGTGTTGCTATCAAATGGAGCAG
TGAAGCAGGAGGGACGATTAATGGCCTCACTTGATACCAAAGCCCGTCTCAGCA
CCCTCCACATCACAGCTGCCGTGCATGACCTCTCTGCCACCTACTTCTGTGCCGT
GGACAAGGATGGGGGTTACCAGAAAGTTACCTTTGGAACTGGAACAAAGCTCCA
AGTCATCCCAAATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGACTCT
AAATCCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAAATG
TGTCACAAAGTAAGGATTCTGATGTGTATATCACAGACAAAACTGTGTTGGACA
TGCGCAGCATGGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACAAATCTG
ACTTTGCATGTGCAAACGCCTTCAACAACAGCATTATTCCAGAAGACACCTTCTT
CCCCAGCCCAGAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCTTTGAAAC
AGATACGAACCTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAATCCTCCTC
CTGAAAGTGGCCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCCAGC (SEQ
ID NO:98).

In embodiment, the isolated nucleic acid molecule encodes a TCR comprising
a TCR beta chain comprising one or more of: TRBV20-1 CDR1, TRBV20-1 CDR2, and
TRBV20-1 CDR3. In embodiment, the isolated nucleic acid molecule encodes a TCR
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comprising a TCR beta chain comprising one or more of: TRBV20-1 CDR1 comprising the
amino acid sequence of SEQ ID NO:23, TRBV20-1 CDR2 comprising the amino acid
sequence of SEQ ID NO:24, and TRBV20-1 CDR3 comprising the amino acid sequence of
SEQ ID NO:25. In one embodiment, the nucleic acid sequence encoding TRBV20-1 CDR1
comprises GACTTTCAGGCCACAACT (SEQ ID NO:99). In one embodiment, the nucleic
acid sequence encoding TRBV20-1 CDR2 comprises TCCAATGAGGGCTCCAAGGCC
(SEQ ID NO:100). In one embodiment, the nucleic acid sequence encoding TRBV20-1
CDR3 comprises
AGTGCTAGCCCACGGGCGGGACAGTTGAGCTCCTATAATTCACCCCTCCAC (SEQ
ID NO:101).

In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR beta chain comprising a variable domain of TRBV20-1 comprising the
amino acid sequence of SEQ ID NO:26. In one embodiment, the nucleic acid sequence
encoding the variable domain of TRBV20-1 comprises:
ATGCTGCTGCTTCTGCTGCTTCTGGGGCCAGGTATAAGCCTCCTTCTACCTGGGA
GCTTGGCAGGCTCCGGGCTTGGTGCTGTCGTCTCTCAACATCCGAGCTGGGTTAT
CTGTAAGAGTGGAACCTCTGTGAAGATCGAGTGCCGTTCCCTGGACTTTCAGGCC
ACAACTATGTTTTGGTATCGTCAGTTCCCGAAACAGAGTCTCATGCTGATGGCAA
CTTCCAATGAGGGCTCCAAGGCCACATACGAGCAAGGCGTCGAGAAGGACAAGT
TTCTCATCAACCATGCAAGCCTGACCTTGTCCACTCTGACAGTGACCAGTGCCCA
TCCTGAAGACAGCAGCTTCTACATCTGCAGTGCTAGCCCACGGGCGGGACAGTT
GAGCTCCTATAATTCACCCCTCCACTTTGGGAATGGGACCAGGCTCACTGTGAC
(SEQ ID NO:102).

In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR beta chain comprising a constant domain comprising the amino acid
sequence of SEQ ID NO:27. In one embodiment, the nucleic acid sequence encoding the
constant domain comprises:
GAGGACCTGAACAAGGTGTTCCCACCCGAGGTCGCTGTGTTTGAGCCATCAGAA
GCAGAGATCTCCCACACCCAAAAGGCCACACTGGTGTGCCTGGCCACAGGCTTC
TTCCCCGACCACGTGGAGCTGAGCTGGTGGGTGAATGGGAAGGAGGTGCACAGT
GGGGTCAGCACGGACCCGCAGCCCCTCAAGGAGCAGCCCGCCCTCAATGACTCC
AGATACTGCCTGAGCAGCCGCCTGAGGGTCTCGGCCACCTTCTGGCAGAACCCC
CGCAACCACTTCCGCTGTCAAGTCCAGTTCTACGGGCTCTCGGAGAATGATGAGT
GGACACAAGATAGGGCCAAACCCGTCACCCAGATCGTCAGCGCCGAGGCCTGGG
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GTAGAGCAGACTGTGGCTTTACCTCGGTGTCCTACCAGCAAGGGGTCCTGTCTGC
CACCATCCTCTATGAGATCCTGCTAGGGAAGGCCACCCTGTATGCTGTGCTGGTC
AGCGCCCTTGTGTTGATGGCCATGGTCAAGAGAAAGGATTTC (SEQ ID NO:103).

In one embodiment, the nucleic acid molecule encodes a TCR beta chain
comprising the amino acid sequence of SEQ ID NO:28. In one embodiment, the nucleic acid
sequence encoding a TCR beta chain comprises:
ATGCTGCTGCTTCTGCTGCTTCTGGGGCCAGGTATAAGCCTCCTTCTACCTGGGA
GCTTGGCAGGCTCCGGGCTTGGTGCTGTCGTCTCTCAACATCCGAGCTGGGTTAT
CTGTAAGAGTGGAACCTCTGTGAAGATCGAGTGCCGTTCCCTGGACTTTCAGGCC
ACAACTATGTTTTGGTATCGTCAGTTCCCGAAACAGAGTCTCATGCTGATGGCAA
CTTCCAATGAGGGCTCCAAGGCCACATACGAGCAAGGCGTCGAGAAGGACAAGT
TTCTCATCAACCATGCAAGCCTGACCTTGTCCACTCTGACAGTGACCAGTGCCCA
TCCTGAAGACAGCAGCTTCTACATCTGCAGTGCTAGCCCACGGGCGGGACAGTT
GAGCTCCTATAATTCACCCCTCCACTTTGGGAATGGGACCAGGCTCACTGTGACA
GAGGACCTGAACAAGGTGTTCCCACCCGAGGTCGCTGTGTTTGAGCCATCAGAA
GCAGAGATCTCCCACACCCAAAAGGCCACACTGGTGTGCCTGGCCACAGGCTTC
TTCCCCGACCACGTGGAGCTGAGCTGGTGGGTGAATGGGAAGGAGGTGCACAGT
GGGGTCAGCACGGACCCGCAGCCCCTCAAGGAGCAGCCCGCCCTCAATGACTCC
AGATACTGCCTGAGCAGCCGCCTGAGGGTCTCGGCCACCTTCTGGCAGAACCCC
CGCAACCACTTCCGCTGTCAAGTCCAGTTCTACGGGCTCTCGGAGAATGATGAGT
GGACACAAGATAGGGCCAAACCCGTCACCCAGATCGTCAGCGCCGAGGCCTGGG
GTAGAGCAGACTGTGGCTTTACCTCGGTGTCCTACCAGCAAGGGGTCCTGTCTGC
CACCATCCTCTATGAGATCCTGCTAGGGAAGGCCACCCTGTATGCTGTGCTGGTC
AGCGCCCTTGTGTTGATGGCCATGGTCAAGAGAAAGGATTTCTGA (SEQ ID
NO:104).

In one embodiment, the nucleic acid molecule encodes a fusion protein
comprising a TCR alpha chain and a TCR beta chain. In one embodiment, the isolated
nucleic acid molecule encodes a fusion protein comprising a linker domain between the TCR
alpha chain and TCR beta chain. In one embodiment, the nucleic acid molecule encodes a
GSG-T2A linker domain comprising the amino acid sequence of SEQ ID NO:29. In one
embodiment, the nucleic acid sequence encoding a GSG-T2A linker domain comprises:
GGCAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAA
TCCCGGCCCT (SEQ ID NO:103).
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In one embodiment, the nucleic acid molecule encodes a fusion protein
comprising the amino acid sequence of SEQ ID NO: 30. In one embodiment, the nucleic acid
sequence encoding the fusion protein comprises
ATGAAGAAGCTACTAGCAATGATTCTGTGGCTTCAACTAGACCGGTTAAGTGGA
GAGCTGAAAGTGGAACAAAACCCTCTGTTCCTGAGCATGCAGGAGGGAAAAAAC
TATACCATCTACTGCAATTATTCAACCACTTCAGACAGACTGTATTGGTACAGGC
AGGATCCTGGGAAAAGTCTGGAATCTCTGTTTGTGTTGCTATCAAATGGAGCAGT
GAAGCAGGAGGGACGATTAATGGCCTCACTTGATACCAAAGCCCGTCTCAGCAC
CCTCCACATCACAGCTGCCGTGCATGACCTCTCTGCCACCTACTTCTGTGCCGTG
GACAAGGATGGGGGTTACCAGAAAGTTACCTTTGGAACTGGAACAAAGCTCCAA
GTCATCCCAAATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGACTCTA
AATCCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAAATGT
GTCACAAAGTAAGGATTCTGATGTGTATATCACAGACAAAACTGTGTTGGACATG
CGCAGCATGGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACAAATCTGAC
TTTGCATGTGCAAACGCCTTCAACAACAGCATTATTCCAGAAGACACCTTCTTCC
CCAGCCCAGAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCTTTGAAACAG
ATACGAACCTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAATCCTCCTCCT
GAAAGTGGCCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCCAGCGGCAGC
GGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGGC
CCTATGCTGCTGCTTCTGCTGCTTCTGGGGCCAGGTATAAGCCTCCTTCTACCTGG
GAGCTTGGCAGGCTCCGGGCTTGGTGCTGTCGTCTCTCAACATCCGAGCTGGGTT
ATCTGTAAGAGTGGAACCTCTGTGAAGATCGAGTGCCGTTCCCTGGACTTTCAGG
CCACAACTATGTTTTGGTATCGTCAGTTCCCGAAACAGAGTCTCATGCTGATGGC
AACTTCCAATGAGGGCTCCAAGGCCACATACGAGCAAGGCGTCGAGAAGGACAA
GTTTCTCATCAACCATGCAAGCCTGACCTTGTCCACTCTGACAGTGACCAGTGCC
CATCCTGAAGACAGCAGCTTCTACATCTGCAGTGCTAGCCCACGGGCGGGACAG
TTGAGCTCCTATAATTCACCCCTCCACTTTGGGAATGGGACCAGGCTCACTGTGA
CAGAGGACCTGAACAAGGTGTTCCCACCCGAGGTCGCTGTGTTTGAGCCATCAG
AAGCAGAGATCTCCCACACCCAAAAGGCCACACTGGTGTGCCTGGCCACAGGCT
TCTTCCCCGACCACGTGGAGCTGAGCTGGTGGGTGAATGGGAAGGAGGTGCACA
GTGGGGTCAGCACGGACCCGCAGCCCCTCAAGGAGCAGCCCGCCCTCAATGACT
CCAGATACTGCCTGAGCAGCCGCCTGAGGGTCTCGGCCACCTTCTGGCAGAACCC
CCGCAACCACTTCCGCTGTCAAGTCCAGTTCTACGGGCTCTCGGAGAATGATGAG
TGGACACAAGATAGGGCCAAACCCGTCACCCAGATCGTCAGCGCCGAGGCCTGG
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GGTAGAGCAGACTGTGGCTTTACCTCGGTGTCCTACCAGCAAGGGGTCCTGTCTG
CCACCATCCTCTATGAGATCCTGCTAGGGAAGGCCACCCTGTATGCTGTGCTGGT
CAGCGCCCTTGTGTTGATGGCCATGGTCAAGAGAAAGGATTTCTGA (SEQ ID
NO:106).

Nucleic acid molecule encoding TCR833

In embodiment, the isolated nucleic acid molecule encodes a TCR comprising
a TCR alpha chain comprising one or more of: TRAV12-1 CDR1, TRAV12-1 CDR2, and
TRAV12-1 CDR3. In embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR alpha chain comprising one or more of: TRAV12-1 CDR1 comprising the
amino acid sequence of SEQ ID NO:32, TRAV12-1 CDR2 comprising the amino acid
sequence of SEQ ID NO:32, and TRAV12-1 CDR3 comprising the amino acid sequence of
SEQ ID NO:33. In one embodiment, the nucleic acid sequence encoding TRAV12-1 CDRI1
comprises AACAGTGCTTCTCAGTCT (SEQ ID NO:107). In one embodiment, the nucleic
acid sequence encoding TRAV12-1 CDR2 comprises GTATACTCCAGTGGTAAC (SEQ
ID NO:108). In one embodiment, the nucleic acid sequence encoding TRAV12-1 CDR3
comprises GCGGTGAACCCCCCGGACACAGGCTTTCAGAAACTTGTA (SEQ ID
NO:109).

In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR alpha chain comprising a variable domain of TRAV12-1 comprising the
amino acid sequence of SEQ ID NO:34. In one embodiment, the nucleic acid sequence
encoding the variable domain of TRAV12-1 comprises:
ATGATATCCTTGAGAGTTTTACTGGTGATCCTGTGGCTTCAGTTAAGCTGGGTTT
GGAGCCAACGGAAGGAGGTGGAGCAGGATCCTGGACCCTTCAATGTTCCAGAGG
GAGCCACTGTCGCTTTCAACTGTACTTACAGCAACAGTGCTTCTCAGTCTTTCTTC
TGGTACAGACAGGATTGCAGGAAAGAACCTAAGTTGCTGATGTCCGTATACTCC
AGTGGTAACGAAGATGGAAGGTTTACAGCACAGCTCAATAGAGCCAGCCAGTAT
ATTTCCCTGCTCATCAGAGACTCCAAGCTCAGTGATTCAGCCACCTACCTCTGTG
CGGTGAACCCCCCGGACACAGGCTTTCAGAAACTTGTATTTGGAACTGGCACCC
GACTTCTGGTCAGTCCAA (SEQ ID NO:110).

In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR alpha chain comprising a constant domain comprising the amino acid
sequence of SEQ ID NO:35. In one embodiment, the nucleic acid sequence encoding the

constant domain comprises:
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ATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGACTCTAAATCCAGTG
ACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAAATGTGTCACAAAG
TAAGGATTCTGATGTGTATATCACAGACAAAACTGTGTTGGACATGCGCAGCAT
GGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACAAATCTGACTTTGCATG
TGCAAACGCCTTCAACAACAGCATTATTCCAGAAGACACCTTCTTCCCCAGCCCA
GAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCTTTGAAACAGATACGAAC
CTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAATCCTCCTCCTGAAAGTGG
CCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCCAGC (SEQ ID NO:111).

In one embodiment, the nucleic acid molecule encodes a TCR alpha chain
comprising the amino acid sequence of SEQ ID NO:36. In one embodiment, the nucleic acid
sequence encoding a TCR alpha chain comprises:
ATGATATCCTTGAGAGTTTTACTGGTGATCCTGTGGCTTCAGTTAAGCTGGGTTT
GGAGCCAACGGAAGGAGGTGGAGCAGGATCCTGGACCCTTCAATGTTCCAGAGG
GAGCCACTGTCGCTTTCAACTGTACTTACAGCAACAGTGCTTCTCAGTCTTTCTTC
TGGTACAGACAGGATTGCAGGAAAGAACCTAAGTTGCTGATGTCCGTATACTCC
AGTGGTAACGAAGATGGAAGGTTTACAGCACAGCTCAATAGAGCCAGCCAGTAT
ATTTCCCTGCTCATCAGAGACTCCAAGCTCAGTGATTCAGCCACCTACCTCTGTG
CGGTGAACCCCCCGGACACAGGCTTTCAGAAACTTGTATTTGGAACTGGCACCC
GACTTCTGGTCAGTCCAAATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAG
AGACTCTAAATCCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAA
ACAAATGTGTCACAAAGTAAGGATTCTGATGTGTATATCACAGACAAAACTGTG
TTGGACATGCGCAGCATGGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAAC
AAATCTGACTTTGCATGTGCAAACGCCTTCAACAACAGCATTATTCCAGAAGAC
ACCTTCTTCCCCAGCCCAGAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCT
TTGAAACAGATACGAACCTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAAT
CCTCCTCCTGAAAGTGGCCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCC
AGC (SEQ ID NO:112).

In embodiment, the isolated nucleic acid molecule encodes a TCR comprising
a TCR beta chain comprising one or more of: TRBV28 CDR1, TRBV28 CDR2, and
TRBV28 CDR3. In embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR beta chain comprising one or more of: TRBV28 CDRI1 comprising the
amino acid sequence of SEQ ID NO:37, TRBV28 CDR2 comprising the amino acid
sequence of SEQ ID NO:38, and TRBV28 CDR3 comprising the amino acid sequence of
SEQ ID NO:39. In one embodiment, the nucleic acid sequence encoding TRBV28 CDR1
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comprises ATGGACCATGAAAAT (SEQ ID NO:113). In one embodiment, the nucleic acid
sequence encoding TRBV28 CDR2 comprises TCATATGATGTTAAAATG (SEQ ID
NO:114). In one embodiment, the nucleic acid sequence encoding TRBV28 CDR3 comprises
GCCAGCAGTTTATCCTTCCGGCAGGGCCTTCGCGAGCAGTAC (SEQ ID NO:115).

In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR beta chain comprising a variable domain of TRBV28 comprising the
amino acid sequence of SEQ ID NO:40. In one embodiment, the nucleic acid sequence
encoding the variable domain of TRBV28 comprises:
ATGGGAATCAGGCTCCTGTGTCGTGTGGCCTTTTGTTTCCTGGCTGTAGGCCTCG
TAGATGTGAAAGTAACCCAGAGCTCGAGATATCTAGTCAAAAGGACGGGAGAG
AAAGTTTTTCTGGAATGTGTCCAGGATATGGACCATGAAAATATGTTCTGGTATC
GACAAGACCCAGGTCTGGGGCTACGGCTGATCTATTTCTCATATGATGTTAAAAT
GAAAGAAAAAGGAGATATTCCTGAGGGGTACAGTGTCTCCAGAGAGAAGAAGG
AGCGCTTCTCCCTGATTCTGGAGTCCGCCAGCACCAACCAGACATCTATGTACCT
CTGTGCCAGCAGTTTATCCTTCCGGCAGGGCCTTCGCGAGCAGTACTTCGGGCCG
GGCACCAGGCTCACGGTCACA (SEQ ID NO:116).

In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR beta chain comprising a constant domain comprising the amino acid
sequence of SEQ ID NO:41. In one embodiment, the nucleic acid sequence encoding the
constant domain comprises:
GAGGACCTGAAAAACGTGTTCCCACCCGAGGTCGCTGTGTTTGAGCCATCAGAA
GCAGAGATCTCCCACACCCAAAAGGCCACACTGGTGTGCCTGGCCACAGGCTTC
TACCCCGACCACGTGGAGCTGAGCTGGTGGGTGAATGGGAAGGAGGTGCACAGT
GGGGTCAGCACAGACCCGCAGCCCCTCAAGGAGCAGCCCGCCCTCAATGACTCC
AGATACTGCCTGAGCAGCCGCCTGAGGGTCTCGGCCACCTTCTGGCAGAACCCC
CGCAACCACTTCCGCTGTCAAGTCCAGTTCTACGGGCTCTCGGAGAATGATGAGT
GGACACAAGATAGGGCCAAACCTGTCACCCAGATCGTCAGCGCCGAGGCCTGGG
GTAGAGCAGACTGTGGCTTCACCTCCGAGTCTTACCAGCAAGGGGTCCTGTCTGC
CACCATCCTCTATGAGATCTTGCTAGGGAAGGCCACCTTGTATGCCGTGCTGGTC
AGTGCCCTCGTGCTGATGGCCATGGTCAAGAGAAAGGATTCCAGAGGC (SEQ ID
NO:117).

In one embodiment, the nucleic acid molecule encodes a TCR beta chain
comprising the amino acid sequence of SEQ ID NO:42. In one embodiment, the nucleic acid

sequence encoding a TCR beta chain comprises:
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ATGGGAATCAGGCTCCTGTGTCGTGTGGCCTTTTGTTTCCTGGCTGTAGGCCTCG
TAGATGTGAAAGTAACCCAGAGCTCGAGATATCTAGTCAAAAGGACGGGAGAG
AAAGTTTTTCTGGAATGTGTCCAGGATATGGACCATGAAAATATGTTCTGGTATC
GACAAGACCCAGGTCTGGGGCTACGGCTGATCTATTTCTCATATGATGTTAAAAT
GAAAGAAAAAGGAGATATTCCTGAGGGGTACAGTGTCTCCAGAGAGAAGAAGG
AGCGCTTCTCCCTGATTCTGGAGTCCGCCAGCACCAACCAGACATCTATGTACCT
CTGTGCCAGCAGTTTATCCTTCCGGCAGGGCCTTCGCGAGCAGTACTTCGGGCCG
GGCACCAGGCTCACGGTCACAGAGGACCTGAAAAACGTGTTCCCACCCGAGGTC
GCTGTGTTTGAGCCATCAGAAGCAGAGATCTCCCACACCCAAAAGGCCACACTG
GTGTGCCTGGCCACAGGCTTCTACCCCGACCACGTGGAGCTGAGCTGGTGGGTG
AATGGGAAGGAGGTGCACAGTGGGGTCAGCACAGACCCGCAGCCCCTCAAGGA
GCAGCCCGCCCTCAATGACTCCAGATACTGCCTGAGCAGCCGCCTGAGGGTCTC
GGCCACCTTCTGGCAGAACCCCCGCAACCACTTCCGCTGTCAAGTCCAGTTCTAC
GGGCTCTCGGAGAATGATGAGTGGACACAAGATAGGGCCAAACCTGTCACCCAG
ATCGTCAGCGCCGAGGCCTGGGGTAGAGCAGACTGTGGCTTCACCTCCGAGTCT
TACCAGCAAGGGGTCCTGTCTGCCACCATCCTCTATGAGATCTTGCTAGGGAAGG
CCACCTTGTATGCCGTGCTGGTCAGTGCCCTCGTGCTGATGGCCATGGTCAAGAG
AAAGGATTCCAGAGGCTGA (SEQ ID NO:118).

In one embodiment, the nucleic acid molecule encodes a fusion protein
comprising a TCR alpha chain and a TCR beta chain. In one embodiment, the isolated
nucleic acid molecule encodes a fusion protein comprising a linker domain between the TCR
alpha chain and TCR beta chain. In one embodiment, the nucleic acid molecule encodes a
GSG-T2A linker domain comprising the amino acid sequence of SEQ ID NO:43. In one
embodiment, the nucleic acid sequence encoding a GSG-T2A linker domain comprises:
GGCAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAA
TCCCGGCCCT (SEQ ID NO:119).

In one embodiment, the nucleic acid molecule encodes a fusion protein
comprising the amino acid sequence of SEQ ID NO:44. In one embodiment, the nucleic acid
sequence encoding the fusion protein comprises
ATGATATCCTTGAGAGTTTTACTGGTGATCCTGTGGCTTCAGTTAAGCTGGGTTTG
GAGCCAACGGAAGGAGGTGGAGCAGGATCCTGGACCCTTCAATGTTCCAGAGGG
AGCCACTGTCGCTTTCAACTGTACTTACAGCAACAGTGCTTCTCAGTCTTTCTTCT
GGTACAGACAGGATTGCAGGAAAGAACCTAAGTTGCTGATGTCCGTATACTCCA
GTGGTAACGAAGATGGAAGGTTTACAGCACAGCTCAATAGAGCCAGCCAGTATA
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TTTCCCTGCTCATCAGAGACTCCAAGCTCAGTGATTCAGCCACCTACCTCTGTGC
GGTGAACCCCCCGGACACAGGCTTTCAGAAACTTGTATTTGGAACTGGCACCCGA
CTTCTGGTCAGTCCAAATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAG
ACTCTAAATCCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACA
AATGTGTCACAAAGTAAGGATTCTGATGTGTATATCACAGACAAAACTGTGTTGG
ACATGCGCAGCATGGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACAAAT
CTGACTTTGCATGTGCAAACGCCTTCAACAACAGCATTATTCCAGAAGACACCTT
CTTCCCCAGCCCAGAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCTTTGAA
ACAGATACGAACCTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAATCCTCC
TCCTGAAAGTGGCCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCCAGCGG
CAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCC
CGGCCCTATGGGAATCAGGCTCCTGTGTCGTGTGGCCTTTTGTTTCCTGGCTGTAG
GCCTCGTAGATGTGAAAGTAACCCAGAGCTCGAGATATCTAGTCAAAAGGACGG
GAGAGAAAGTTTTTCTGGAATGTGTCCAGGATATGGACCATGAAAATATGTTCTG
GTATCGACAAGACCCAGGTCTGGGGCTACGGCTGATCTATTTCTCATATGATGTT
AAAATGAAAGAAAAAGGAGATATTCCTGAGGGGTACAGTGTCTCCAGAGAGAA
GAAGGAGCGCTTCTCCCTGATTCTGGAGTCCGCCAGCACCAACCAGACATCTATG
TACCTCTGTGCCAGCAGTTTATCCTTCCGGCAGGGCCTTCGCGAGCAGTACTTCG
GGCCGGGCACCAGGCTCACGGTCACAGAGGACCTGAAAAACGTGTTCCCACCCG
AGGTCGCTGTGTTTGAGCCATCAGAAGCAGAGATCTCCCACACCCAAAAGGCCA
CACTGGTGTGCCTGGCCACAGGCTTCTACCCCGACCACGTGGAGCTGAGCTGGTG
GGTGAATGGGAAGGAGGTGCACAGTGGGGTCAGCACAGACCCGCAGCCCCTCAA
GGAGCAGCCCGCCCTCAATGACTCCAGATACTGCCTGAGCAGCCGCCTGAGGGT
CTCGGCCACCTTCTGGCAGAACCCCCGCAACCACTTCCGCTGTCAAGTCCAGTTC
TACGGGCTCTCGGAGAATGATGAGTGGACACAAGATAGGGCCAAACCTGTCACC
CAGATCGTCAGCGCCGAGGCCTGGGGTAGAGCAGACTGTGGCTTCACCTCCGAG
TCTTACCAGCAAGGGGTCCTGTCTGCCACCATCCTCTATGAGATCTTGCTAGGGA
AGGCCACCTTGTATGCCGTGCTGGTCAGTGCCCTCGTGCTGATGGCCATGGTCAA
GAGAAAGGATTCCAGAGGCTGA (SEQ ID NO:120).

Nucleic acid molecule encoding TCR897

In embodiment, the isolated nucleic acid molecule encodes a TCR comprising
a TCR alpha chain comprising one or more of: TRAV17 CDR1, TRAV17 CDR2, and
TRAV17 CDR3. In embodiment, the isolated nucleic acid molecule encodes a TCR
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comprising a TCR alpha chain comprising one or more of: TRAV17 CDR1 comprising the
amino acid sequence of SEQ ID NO:45, TRAV 17 CDR2 comprising the amino acid
sequence of SEQ ID NO:46, and TRAV17 CDR3 comprising the amino acid sequence of
SEQ ID NO:47. In one embodiment, the nucleic acid sequence encoding TRAV17 CDRI1
comprises ACTAGTATAAACAAT (SEQ ID NO:121). In one embodiment, the nucleic acid
sequence encoding TRAV17 CDR2 comprises ATACGTTCAAATGAAAGAGAG (SEQID
NO:122). In one embodiment, the nucleic acid sequence encoding TRAV17 CDR3 comprises
TGTGCTACGGACCCTGGAGGCTTCAAAACTATCTTT (SEQ ID NO:123).

In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR alpha chain comprising a constant domain comprising the amino acid
sequence of SEQ ID NO:48. In one embodiment, the nucleic acid sequence encoding the
constant domain comprises:
ATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGACTCTAAATCCAGTG
ACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAAATGTGTCACAAAG
TAAGGATTCTGATGTGTATATCACAGACAAAACTGTGTTGGACATGCGCAGCAT
GGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACAAATCTGACTTTGCATG
TGCAAACGCCTTCAACAACAGCATTATTCCAGAAGACACCTTCTTCCCCAGCCCA
GAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCTTTGAAACAGATACGAAC
CTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAATCCTCCTCCTGAAAGTGG
CCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCCAGC (SEQ ID NO:124).

In one embodiment, the nucleic acid molecule encodes a TCR alpha chain
comprising the amino acid sequence of SEQ ID NO:49. In one embodiment, the nucleic acid
sequence encoding a TCR alpha chain comprises:
ATGGAAACTCTCCTGGGAGTGTCTTTGGTGATTCTATGGCTTCAACTGGCTAGGG
TGAACAGTCAACAGGGAGAAGAGGATCCTCAGGCCTTGAGCATCCAGGAGGGT
GAAAATGCCACCATGAACTGCAGTTACAAAACTAGTATAAACAATTTACAGTGG
TATAGACAAAATTCAGGTAGAGGCCTTGTCCACCTAATTTTAATACGTTCAAATG
AAAGAGAGAAACACAGTGGAAGATTAAGAGTCACGCTTGACACTTCCAAGAAA
AGCAGTTCCTTGTTGATCACGGCTTCCCGGGCAGCAGACACTGCTTCTTACTTCT
GTGCTACGGACCCTGGAGGCTTCAAAACTATCTTTGGAGCAGGAACAAGACTAT
TTGTTAAAGCAAATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGACT
CTAAATCCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAAA
TGTGTCACAAAGTAAGGATTCTGATGTGTATATCACAGACAAAACTGTGTTGGA
CATGCGCAGCATGGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACAAATC
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TGACTTTGCATGTGCAAACGCCTTCAACAACAGCATTATTCCAGAAGACACCTTC
TTCCCCAGCCCAGAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCTTTGAA
ACAGATACGAACCTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAATCCTCC
TCCTGAAAGTGGCCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCCAGC
(SEQ ID NO:125).

In embodiment, the isolated nucleic acid molecule encodes a TCR comprising
a TCR beta chain comprising one or more of: TRBV11-2 CDR1, TRBV11-2 CDR2, and
TRBV11-2 CDR3. In embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR beta chain comprising one or more of: TRBV11-2 CDR1 comprising the
amino acid sequence of SEQ ID NO:50, TRBV11-2 CDR2 comprising the amino acid
sequence of SEQ ID NO:51, and TRBV11-2 CDR3 comprising the amino acid sequence of
SEQ ID NO:52. In one embodiment, the nucleic acid sequence encoding TRBV11-2 CDR1
comprises TCTGGCCATGCTACC (SEQ ID NO:126). In one embodiment, the nucleic acid
sequence encoding TRBV11-2 CDR2 comprises TTTCAGAATAACGGTGTA (SEQ ID
NO:127). In one embodiment, the nucleic acid sequence encoding TRBV11-2 CDR3
comprises TGTGCCAGCAGCTTATATGGGGGGTCGATCTCCTACGAGCAGTACTTC
(SEQ ID NO:128).

In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR beta chain comprising a constant domain comprising the amino acid
sequence of SEQ ID NO:53. In one embodiment, the nucleic acid sequence encoding the
constant domain comprises:
GAGGACCTGAAAAACGTGTTCCCACCCGAGGTCGCTGTGTTTGAGCCATCAGAA
GCAGAGATCTCCCACACCCAAAAGGCCACACTGGTGTGCCTGGCCACAGGCTTC
TACCCCGACCACGTGGAGCTGAGCTGGTGGGTGAATGGGAAGGAGGTGCACAGT
GGGGTCAGCACAGACCCGCAGCCCCTCAAGGAGCAGCCCGCCCTCAATGACTCC
AGATACTGCCTGAGCAGCCGCCTGAGGGTCTCGGCCACCTTCTGGCAGAACCCC
CGCAACCACTTCCGCTGTCAAGTCCAGTTCTACGGGCTCTCGGAGAATGATGAGT
GGACACAAGATAGGGCCAAACCTGTCACCCAGATCGTCAGCGCCGAGGCCTGGG
GTAGAGCAGACTGTGGCTTCACCTCCGAGTCTTACCAGCAAGGGGTCCTGTCTGC
CACCATCCTCTATGAGATCTTGCTAGGGAAGGCCACCTTGTATGCCGTGCTGGTC
AGTGCCCTCGTGCTGATGGCCATGGTCAAGAGAAAGGATTCCAGAGGC (SEQ ID
NO:129).

In one embodiment, the nucleic acid molecule encodes a TCR beta chain

comprising the amino acid sequence of SEQ ID NO:54. In one embodiment, the nucleic acid
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sequence encoding a TCR beta chain comprises:
ATGGGCACCAGGCTCCTCTGCTGGGCGGCCCTCTGTCTCCTGGGAGCAGAACTCA
CAGAAGCTGGAGTTGCCCAGTCTCCCAGATATAAGATTATAGAGAAAAGGCAGA
GTGTGGCTTTTTGGTGCAATCCTATATCTGGCCATGCTACCCTTTACTGGTACCAG
CAGATCCTGGGACAGGGCCCAAAGCTTCTGATTCAGTTTCAGAATAACGGTGTA
GTGGATGATTCACAGTTGCCTAAGGATCGATTTTCTGCAGAGAGGCTCAAAGGA
GTAGACTCCACTCTCAAGATCCAGCCTGCAAAGCTTGAGGACTCGGCCGTGTATC
TCTGTGCCAGCAGCTTATATGGGGGGTCGATCTCCTACGAGCAGTACTTCGGGCC
GGGCACCAGGCTCACGGTCACAGAGGACCTGAAAAACGTGTTCCCACCCGAGGT
CGCTGTGTTTGAGCCATCAGAAGCAGAGATCTCCCACACCCAAAAGGCCACACT
GGTGTGCCTGGCCACAGGCTTCTACCCCGACCACGTGGAGCTGAGCTGGTGGGT
GAATGGGAAGGAGGTGCACAGTGGGGTCAGCACAGACCCGCAGCCCCTCAAGG
AGCAGCCCGCCCTCAATGACTCCAGATACTGCCTGAGCAGCCGCCTGAGGGTCT
CGGCCACCTTCTGGCAGAACCCCCGCAACCACTTCCGCTGTCAAGTCCAGTTCTA
CGGGCTCTCGGAGAATGATGAGTGGACACAAGATAGGGCCAAACCTGTCACCCA
GATCGTCAGCGCCGAGGCCTGGGGTAGAGCAGACTGTGGCTTCACCTCCGAGTC
TTACCAGCAAGGGGTCCTGTCTGCCACCATCCTCTATGAGATCTTGCTAGGGAAG
GCCACCTTGTATGCCGTGCTGGTCAGTGCCCTCGTGCTGATGGCCATGGTCAAGA
GAAAGGATTCCAGAGGCTGA (SEQ ID NO:130).

In one embodiment, the nucleic acid molecule encodes a fusion protein
comprising a TCR alpha chain and a TCR beta chain. In one embodiment, the isolated
nucleic acid molecule encodes a fusion protein comprising a linker domain between the TCR
alpha chain and TCR beta chain. In one embodiment, the nucleic acid molecule encodes a
GSG-T2A linker domain comprising the amino acid sequence of SEQ ID NO:55. In one
embodiment, the nucleic acid sequence encoding a GSG-T2A linker domain comprises:
GGCAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAA
TCCCGGCCCT (SEQ ID NO:131).

In one embodiment, the nucleic acid molecule encodes a fusion protein
comprising the amino acid sequence of SEQ ID NO:56. In one embodiment, the nucleic acid
sequence encoding the fusion protein comprises
ATGGAAACTCTCCTGGGAGTGTCTTTGGTGATTCTATGGCTTCAACTGGCTAGGG
TGAACAGTCAACAGGGAGAAGAGGATCCTCAGGCCTTGAGCATCCAGGAGGGTG
AAAATGCCACCATGAACTGCAGTTACAAAACTAGTATAAACAATTTACAGTGGT
ATAGACAAAATTCAGGTAGAGGCCTTGTCCACCTAATTTTAATACGTTCAAATGA
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AAGAGAGAAACACAGTGGAAGATTAAGAGTCACGCTTGACACTTCCAAGAAAAG
CAGTTCCTTGTTGATCACGGCTTCCCGGGCAGCAGACACTGCTTCTTACTTCTGTG
CTACGGACCCTGGAGGCTTCAAAACTATCTTTGGAGCAGGAACAAGACTATTTGT
TAAAGCAAATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGACTCTAA

ATCCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAAATGTGT
CACAAAGTAAGGATTCTGATGTGTATATCACAGACAAAACTGTGTTGGACATGC

GCAGCATGGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACAAATCTGACT
TTGCATGTGCAAACGCCTTCAACAACAGCATTATTCCAGAAGACACCTTCTTCCC
CAGCCCAGAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCTTTGAAACAGA
TACGAACCTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAATCCTCCTCCTG

AAAGTGGCCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCCAGCGGCAGCG
GAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGGCC
CTATGGGCACCAGGCTCCTCTGCTGGGCGGCCCTCTGTCTCCTGGGAGCAGAACT
CACAGAAGCTGGAGTTGCCCAGTCTCCCAGATATAAGATTATAGAGAAAAGGCA
GAGTGTGGCTTTTTGGTGCAATCCTATATCTGGCCATGCTACCCTTTACTGGTACC
AGCAGATCCTGGGACAGGGCCCAAAGCTTCTGATTCAGTTTCAGAATAACGGTGT
AGTGGATGATTCACAGTTGCCTAAGGATCGATTTTCTGCAGAGAGGCTCAAAGG

AGTAGACTCCACTCTCAAGATCCAGCCTGCAAAGCTTGAGGACTCGGCCGTGTAT
CTCTGTGCCAGCAGCTTATATGGGGGGTCGATCTCCTACGAGCAGTACTTCGGGC
CGGGCACCAGGCTCACGGTCACAGAGGACCTGAAAAACGTGTTCCCACCCGAGG
TCGCTGTGTTTGAGCCATCAGAAGCAGAGATCTCCCACACCCAAAAGGCCACAC

TGGTGTGCCTGGCCACAGGCTTCTACCCCGACCACGTGGAGCTGAGCTGGTGGGT
GAATGGGAAGGAGGTGCACAGTGGGGTCAGCACAGACCCGCAGCCCCTCAAGG

AGCAGCCCGCCCTCAATGACTCCAGATACTGCCTGAGCAGCCGCCTGAGGGTCTC
GGCCACCTTCTGGCAGAACCCCCGCAACCACTTCCGCTGTCAAGTCCAGTTCTAC
GGGCTCTCGGAGAATGATGAGTGGACACAAGATAGGGCCAAACCTGTCACCCAG
ATCGTCAGCGCCGAGGCCTGGGGTAGAGCAGACTGTGGCTTCACCTCCGAGTCTT
ACCAGCAAGGGGTCCTGTCTGCCACCATCCTCTATGAGATCTTGCTAGGGAAGGC
CACCTTGTATGCCGTGCTGGTCAGTGCCCTCGTGCTGATGGCCATGGTCAAGAGA
AAGGATTCCAGAGGCTGA (SEQ ID NO:132).

Nucleic acid molecule encoding TCR896
In embodiment, the isolated nucleic acid molecule encodes a TCR comprising

a TCR alpha chain comprising one or more of: TRAV19 CDR1, TRAV19 CDR2, and
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TRAV19 CDR3. In embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR alpha chain comprising one or more of: TRAV19 CDR1 comprising the
amino acid sequence of SEQ ID NO:57, TRAV 19 CDR2 comprising the amino acid
sequence of SEQ ID NO:58, and TRAV19 CDR3 comprising the amino acid sequence of
SEQ ID NO:59. In one embodiment, the nucleic acid sequence encoding TRAV19 CDRI1
comprises ACCCGTGATACTACTTATTAC (SEQ ID NO:133). In one embodiment, the
nucleic acid sequence encoding TRAV19 CDR2 comprises
CGGAACTCTTTTGATGAGCAAAAT (SEQ ID NO:134). In one embodiment, the nucleic
acid sequence encoding TRAV19 CDR3 comprises
TGTGCTCTGAGTGAGGCAGGAACCTACAAATACATCTTT (SEQ ID NO:135).

In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR alpha chain comprising a constant domain comprising the amino acid
sequence of SEQ ID NO:60. In one embodiment, the nucleic acid sequence encoding the
constant domain comprises:
ATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGACTCTAAATCCAGTG
ACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAAATGTGTCACAAAG
TAAGGATTCTGATGTGTATATCACAGACAAAACTGTGTTGGACATGCGCAGCAT
GGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACAAATCTGACTTTGCATG
TGCAAACGCCTTCAACAACAGCATTATTCCAGAAGACACCTTCTTCCCCAGCCCA
GAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCTTTGAAACAGATACGAAC
CTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAATCCTCCTCCTGAAAGTGG
CCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCCAGC (SEQ ID NO:136).

In one embodiment, the nucleic acid molecule encodes a TCR alpha chain
comprising the amino acid sequence of SEQ ID NO:61. In one embodiment, the nucleic acid
sequence encoding a TCR alpha chain comprises:
ATGCTGACTGCCAGCCTGTTGAGGGCAGTCATAGCCTCCATCTGTGTTGTATCCA
GCATGGCTCAGAAGGTAACTCAAGCGCAGACTGAAATTTCTGTGGTGGAGAAGG
AGGATGTGACCTTGGACTGTGTGTATGAAACCCGTGATACTACTTATTACTTATT
CTGGTACAAGCAACCACCAAGTGGAGAATTGGTTTTCCTTATTCGTCGGAACTCT
TTTGATGAGCAAAATGAAATAAGTGGTCGGTATTCTTGGAACTTCCAGAAATCC
ACCAGTTCCTTCAACTTCACCATCACAGCCTCACAAGTCGTGGACTCAGCAGTAT
ACTTCTGTGCTCTGAGTGAGGCAGGAACCTACAAATACATCTTTGGAACAGGCA
CCAGGCTGAAGGTATTAGCAAATATCCAGAACCCTGACCCTGCCGTGTACCAGC
TGAGAGACTCTAAATCCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTC
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TCAAACAAATGTGTCACAAAGTAAGGATTCTGATGTGTATATCACAGACAAAAC
TGTGTTGGACATGCGCAGCATGGACTTCAAGAGCAACAGTGCTGTGGCCTGGAG
CAACAAATCTGACTTTGCATGTGCAAACGCCTTCAACAACAGCATTATTCCAGAA
GACACCTTCTTCCCCAGCCCAGAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAA
AGCTTTGAAACAGATACGAACCTAAACTTTCAAAACCTGTCAGTGATTGGGTTCC
GAATCCTCCTCCTGAAAGTGGCCGGGTTTAATCTGCTCATGACGCTGCGGCTGTG
GTCCAGC (SEQ ID NO:137).

In embodiment, the isolated nucleic acid molecule encodes a TCR comprising
a TCR beta chain comprising one or more of: TRBV9 CDR1, TRBV9 CDR2, and TRBV9
CDR3. In embodiment, the isolated nucleic acid molecule encodes a TCR comprising a TCR
beta chain comprising one or more of: TRBV9 CDRI1 comprising the amino acid sequence of
SEQ ID NO:62, TRBV9 CDR2 comprising the amino acid sequence of SEQ ID NO:63, and
TRBV9 CDR3 comprising the amino acid sequence of SEQ ID NO:64. In one embodiment,
the nucleic acid sequence encoding TRBV9 CDR1 comprises TCTGGAGACCTCTCT (SEQ
ID NO:138). In one embodiment, the nucleic acid sequence encoding TRBV9 CDR2
comprises CGGAACTCTTTTGATGAGCAAAAT (SEQ ID NO:139). In one embodiment,
the nucleic acid sequence encoding TRBV9 CDR3 comprises
TGTGCTCTGAGTGAGGCAGGAACCTACAAATACATCTTT (SEQ ID NO:140).

In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR beta chain comprising a constant domain comprising the amino acid
sequence of SEQ ID NO:65. In one embodiment, the nucleic acid sequence encoding the
constant domain comprises:
GAGGACCTGAAAAACGTGTTCCCACCCGAGGTCGCTGTGTTTGAGCCATCAGAA
GCAGAGATCTCCCACACCCAAAAGGCCACACTGGTGTGCCTGGCCACAGGCTTC
TACCCCGACCACGTGGAGCTGAGCTGGTGGGTGAATGGGAAGGAGGTGCACAGT
GGGGTCAGCACAGACCCGCAGCCCCTCAAGGAGCAGCCCGCCCTCAATGACTCC
AGATACTGCCTGAGCAGCCGCCTGAGGGTCTCGGCCACCTTCTGGCAGAACCCC
CGCAACCACTTCCGCTGTCAAGTCCAGTTCTACGGGCTCTCGGAGAATGATGAGT
GGACACAAGATAGGGCCAAACCTGTCACCCAGATCGTCAGCGCCGAGGCCTGGG
GTAGAGCAGACTGTGGCTTCACCTCCGAGTCTTACCAGCAAGGGGTCCTGTCTGC
CACCATCCTCTATGAGATCTTGCTAGGGAAGGCCACCTTGTATGCCGTGCTGGTC
AGTGCCCTCGTGCTGATGGCCATGGTCAAGAGAAAGGATTCCAGAGGC (SEQ ID
NO:141).
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In one embodiment, the nucleic acid molecule encodes a TCR beta chain
comprising the amino acid sequence of SEQ ID NO:66. In one embodiment, the nucleic acid
sequence encoding a TCR beta chain comprises:
ATGGGCTTCAGGCTCCTCTGCTGTGTGGCCTTTTGTCTCCTGGGAGCAGGCCCAG
TGGATTCTGGAGTCACACAAACCCCAAAGCACCTGATCACAGCAACTGGACAGC
GAGTGACGCTGAGATGCTCCCCTAGGTCTGGAGACCTCTCTGTGTACTGGTACCA
ACAGAGCCTGGACCAGGGCCTCCAGTTCCTCATTCAGTATTATAATGGAGAAGA
GAGAGCAAAAGGAAACATTCTTGAACGATTCTCCGCACAACAGTTCCCTGACTT
GCACTCTGAACTAAACCTGAGCTCTCTGGAGCTGGGGGACTCAGCTTTGTATTTC
TGTGCCAGCAGCGTAGCTGGGGGGGGACAAGAGACCCAGTACTTCGGGCCAGGC
ACGCGGCTCCTGGTGCTCGAGGACCTGAAAAACGTGTTCCCACCCGAGGTCGCT
GTGTTTGAGCCATCAGAAGCAGAGATCTCCCACACCCAAAAGGCCACACTGGTG
TGCCTGGCCACAGGCTTCTACCCCGACCACGTGGAGCTGAGCTGGTGGGTGAAT
GGGAAGGAGGTGCACAGTGGGGTCAGCACAGACCCGCAGCCCCTCAAGGAGCA
GCCCGCCCTCAATGACTCCAGATACTGCCTGAGCAGCCGCCTGAGGGTCTCGGC
CACCTTCTGGCAGAACCCCCGCAACCACTTCCGCTGTCAAGTCCAGTTCTACGGG
CTCTCGGAGAATGATGAGTGGACACAAGATAGGGCCAAACCTGTCACCCAGATC
GTCAGCGCCGAGGCCTGGGGTAGAGCAGACTGTGGCTTCACCTCCGAGTCTTAC
CAGCAAGGGGTCCTGTCTGCCACCATCCTCTATGAGATCTTGCTAGGGAAGGCC
ACCTTGTATGCCGTGCTGGTCAGTGCCCTCGTGCTGATGGCCATGGTCAAGAGAA
AGGATTCCAGAGGCTGA (SEQ ID NO:142).

In one embodiment, the nucleic acid molecule encodes a fusion protein
comprising a TCR alpha chain and a TCR beta chain. In one embodiment, the isolated
nucleic acid molecule encodes a fusion protein comprising a linker domain between the TCR
alpha chain and TCR beta chain. In one embodiment, the nucleic acid molecule encodes a
GSG-T2A linker domain comprising the amino acid sequence of SEQ ID NO:67. In one
embodiment, the nucleic acid sequence encoding a GSG-T2A linker domain comprises:
GGCAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAA
TCCCGGCCCT (SEQ ID NO:143).

In one embodiment, the nucleic acid molecule encodes a fusion protein
comprising the amino acid sequence of SEQ ID NO:68. In one embodiment, the nucleic acid
sequence encoding the fusion protein comprises
ATGCTGACTGCCAGCCTGTTGAGGGCAGTCATAGCCTCCATCTGTGTTGTATCCA
GCATGGCTCAGAAGGTAACTCAAGCGCAGACTGAAATTTCTGTGGTGGAGAAGG
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AGGATGTGACCTTGGACTGTGTGTATGAAACCCGTGATACTACTTATTACTTATT

CTGGTACAAGCAACCACCAAGTGGAGAATTGGTTTTCCTTATTCGTCGGAACTCT
TTTGATGAGCAAAATGAAATAAGTGGTCGGTATTCTTGGAACTTCCAGAAATCCA
CCAGTTCCTTCAACTTCACCATCACAGCCTCACAAGTCGTGGACTCAGCAGTATA
CTTCTGTGCTCTGAGTGAGGCAGGAACCTACAAATACATCTTTGGAACAGGCACC
AGGCTGAAGGTATTAGCAAATATCCAGAACCCTGACCCTGCCGTGTACCAGCTG

AGAGACTCTAAATCCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTC

AAACAAATGTGTCACAAAGTAAGGATTCTGATGTGTATATCACAGACAAAACTG
TGTTGGACATGCGCAGCATGGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCA

ACAAATCTGACTTTGCATGTGCAAACGCCTTCAACAACAGCATTATTCCAGAAGA
CACCTTCTTCCCCAGCCCAGAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGC
TTTGAAACAGATACGAACCTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAA
TCCTCCTCCTGAAAGTGGCCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTC

CAGCGGCAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGG

AGAATCCCGGCCCTATGGGCTTCAGGCTCCTCTGCTGTGTGGCCTTTTGTCTCCTG
GGAGCAGGCCCAGTGGATTCTGGAGTCACACAAACCCCAAAGCACCTGATCACA
GCAACTGGACAGCGAGTGACGCTGAGATGCTCCCCTAGGTCTGGAGACCTCTCTG
TGTACTGGTACCAACAGAGCCTGGACCAGGGCCTCCAGTTCCTCATTCAGTATTA
TAATGGAGAAGAGAGAGCAAAAGGAAACATTCTTGAACGATTCTCCGCACAACA
GTTCCCTGACTTGCACTCTGAACTAAACCTGAGCTCTCTGGAGCTGGGGGACTCA
GCTTTGTATTTCTGTGCCAGCAGCGTAGCTGGGGGGGGACAAGAGACCCAGTACT
TCGGGCCAGGCACGCGGCTCCTGGTGCTCGAGGACCTGAAAAACGTGTTCCCAC

CCGAGGTCGCTGTGTTITGAGCCATCAGAAGCAGAGATCTCCCACACCCAAAAGG
CCACACTGGTGTGCCTGGCCACAGGCTTCTACCCCGACCACGTGGAGCTGAGCTG
GTGGGTGAATGGGAAGGAGGTGCACAGTGGGGTCAGCACAGACCCGCAGCCCCT
CAAGGAGCAGCCCGCCCTCAATGACTCCAGATACTGCCTGAGCAGCCGCCTGAG
GGTCTCGGCCACCTTCTGGCAGAACCCCCGCAACCACTTCCGCTGTCAAGTCCAG
TTCTACGGGCTCTCGGAGAATGATGAGTGGACACAAGATAGGGCCAAACCTGTC

ACCCAGATCGTCAGCGCCGAGGCCTGGGGTAGAGCAGACTGTGGCTTCACCTCC

GAGTCTTACCAGCAAGGGGTCCTGTCTGCCACCATCCTCTATGAGATCTTGCTAG
GGAAGGCCACCTTGTATGCCGTGCTGGTCAGTGCCCTCGTGCTGATGGCCATGGT
CAAGAGAAAGGATTCCAGAGGCTGA (SEQ ID NO:144).

Nucleic acid molecule encoding TCR847
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In embodiment, the isolated nucleic acid molecule encodes a TCR comprising
a TCR alpha chain comprising one or more of: TRAV17 CDR1, TRAV17 CDR2, and
TRAV 17 CDR3. In embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR alpha chain comprising one or more of: TRAV17 CDR1 comprising the
amino acid sequence of SEQ ID NO:69, TRAV 17 CDR2 comprising the amino acid
sequence of SEQ ID NO:70, and TRAV17 CDR3 comprising the amino acid sequence of
SEQ ID NO:71. In one embodiment, the nucleic acid sequence encoding TRAV17 CDRI1
comprises ACTAGTATAAACAAT (SEQ ID NO:145). In one embodiment, the nucleic acid
sequence encoding TRAV17 CDR2 comprises ATACGTTCAAATGAAAGAGAG (SEQID
NO:146). In one embodiment, the nucleic acid sequence encoding TRAV17 CDR3 comprises
GCTACTTTTCCTAACTTTGGAAATGAGAAATTAACC (SEQ ID NO:147).

In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR alpha chain comprising a constant domain comprising the amino acid
sequence of SEQ ID NO:72. In one embodiment, the nucleic acid sequence encoding the
constant domain comprises:
ATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGACTCTAAATCCAGTG
ACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAAATGTGTCACAAAG
TAAGGATTCTGATGTGTATATCACAGACAAAACTGTGTTGGACATGCGCAGCAT
GGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACAAATCTGACTTTGCATG
TGCAAACGCCTTCAACAACAGCATTATTCCAGAAGACACCTTCTTCCCCAGCCCA
GAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCTTTGAAACAGATACGAAC
CTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAATCCTCCTCCTGAAAGTGG
CCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCCAGC (SEQ ID NO:148).

In one embodiment, the nucleic acid molecule encodes a TCR alpha chain
comprising the amino acid sequence of SEQ ID NO:73. In one embodiment, the nucleic acid
sequence encoding a TCR alpha chain comprises:
ATGGAAACTCTCCTGGGAGTGTCTTTGGTGATTCTATGGCTTCAACTGGCTAGGG
TGAACAGTCAACAGGGAGAAGAGGATCCTCAGGCCTTGAGCATCCAGGAGGGT
GAAAATGCCACCATGAACTGCAGTTACAAAACTAGTATAAACAATTTACAGTGG
TATAGACAAAATTCAGGTAGAGGCCTTGTCCACCTAATTTTAATACGTTCAAATG
AAAGAGAGAAACACAGTGGAAGATTAAGAGTCACGCTTGACACTTCCAAGAAA
AGCAGTTCCTTGTTGATCACGGCTTCCCGGGCAGCAGACACTGCTTCTTACTTCT
GTGCTACTTTTCCTAACTTTGGAAATGAGAAATTAACCTTTGGGACTGGAACAAG
ACTCACCATCATACCCAATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGA
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GACTCTAAATCCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAA
CAAATGTGTCACAAAGTAAGGATTCTGATGTGTATATCACAGACAAAACTGTGT
TGGACATGCGCAGCATGGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACA
AATCTGACTTTGCATGTGCAAACGCCTTCAACAACAGCATTATTCCAGAAGACAC
CTTCTTCCCCAGCCCAGAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCTTT
GAAACAGATACGAACCTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAATC
CTCCTCCTGAAAGTGGCCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCCA
GC (SEQ ID NO:149).

In embodiment, the isolated nucleic acid molecule encodes a TCR comprising
a TCR beta chain comprising one or more of: TRBV10-3 CDR1, TRBV10-3 CDR2, and
TRBV10-3 CDR3. In embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR beta chain comprising one or more of: TRBV10-3 CDR1 comprising the
amino acid sequence of SEQ ID NO:74, TRBV10-3 CDR2 comprising the amino acid
sequence of SEQ ID NO:75, and TRBV10-3 CDR3 comprising the amino acid sequence of
SEQ ID NO:76. In one embodiment, the nucleic acid sequence encoding TRBV10-3 CDR1
comprises GAGAACCACCGCTA (SEQ ID NO:150). In one embodiment, the nucleic acid
sequence encoding TRBV10-3 CDR2 comprises TCATATGGTGTTAAAGAT (SEQ ID
NO:151). In one embodiment, the nucleic acid sequence encoding TRBV10-3 CDR3
comprises GCCATCAGTGAGTCGGAGCGGTACTACGAGCAGTAC (SEQ ID NO:152).

In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR beta chain comprising a constant domain comprising the amino acid
sequence of SEQ ID NO:77. In one embodiment, the nucleic acid sequence encoding the
constant domain comprises:
GAGGACCTGAAAAACGTGTTCCCACCCGAGGTCGCTGTGTTTGAGCCATCAGAA
GCAGAGATCTCCCACACCCAAAAGGCCACACTGGTGTGCCTGGCCACAGGCTTC
TACCCCGACCACGTGGAGCTGAGCTGGTGGGTGAATGGGAAGGAGGTGCACAGT
GGGGTCAGCACAGACCCGCAGCCCCTCAAGGAGCAGCCCGCCCTCAATGACTCC
AGATACTGCCTGAGCAGCCGCCTGAGGGTCTCGGCCACCTTCTGGCAGAACCCC
CGCAACCACTTCCGCTGTCAAGTCCAGTTCTACGGGCTCTCGGAGAATGATGAGT
GGACACAAGATAGGGCCAAACCTGTCACCCAGATCGTCAGCGCCGAGGCCTGGG
GTAGAGCAGACTGTGGCTTCACCTCCGAGTCTTACCAGCAAGGGGTCCTGTCTGC
CACCATCCTCTATGAGATCTTGCTAGGGAAGGCCACCTTGTATGCCGTGCTGGTC
AGTGCCCTCGTGCTGATGGCCATGGTCAAGAGAAAGGATTCCAGAGGC (SEQ ID
NO:153).
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In one embodiment, the nucleic acid molecule encodes a TCR beta chain
comprising the amino acid sequence of SEQ ID NO:78. In one embodiment, the nucleic acid
sequence encoding a TCR beta chain comprises:
ATGGGCACAAGGTTGTTCTTCTATGTGGCCCTTTGTCTCCTGTGGACAGGACACA
TGGATGCTGGAATCACCCAGAGCCCAAGACACAAGGTCACAGAGACAGGAACA
CCAGTGACTCTGAGATGTCACCAGACTGAGAACCACCGCTATATGTACTGGTATC
GACAAGACCCGGGGCATGGGCTGAGGCTGATCCATTACTCATATGGTGTTAAAG
ATACTGACAAAGGAGAAGTCTCAGATGGCTATAGTGTCTCCAGATCAAAGACAG
AGGATTTCCTCCTCACTCTGGAGTCCGCTACCAGCTCCCAGACATCTGTGTACTT
CTGTGCCATCAGTGAGTCGGAGCGGTACTACGAGCAGTACTTCGGGCCGGGCAC
CAGGCTCACGGTCACAGAGGACCTGAAAAACGTGTTCCCACCCGAGGTCGCTGT
GTTTGAGCCATCAGAAGCAGAGATCTCCCACACCCAAAAGGCCACACTGGTGTG
CCTGGCCACAGGCTTCTACCCCGACCACGTGGAGCTGAGCTGGTGGGTGAATGG
GAAGGAGGTGCACAGTGGGGTCAGCACAGACCCGCAGCCCCTCAAGGAGCAGC
CCGCCCTCAATGACTCCAGATACTGCCTGAGCAGCCGCCTGAGGGTCTCGGCCA
CCTTCTGGCAGAACCCCCGCAACCACTTCCGCTGTCAAGTCCAGTTCTACGGGCT
CTCGGAGAATGATGAGTGGACACAAGATAGGGCCAAACCTGTCACCCAGATCGT
CAGCGCCGAGGCCTGGGGTAGAGCAGACTGTGGCTTCACCTCCGAGTCTTACCA
GCAAGGGGTCCTGTCTGCCACCATCCTCTATGAGATCTTGCTAGGGAAGGCCACC
TTGTATGCCGTGCTGGTCAGTGCCCTCGTGCTGATGGCCATGGTCAAGAGAAAG
GATTCCAGAGGCTGA (SEQ ID NO:154).

In one embodiment, the nucleic acid molecule encodes a fusion protein
comprising a TCR alpha chain and a TCR beta chain. In one embodiment, the isolated
nucleic acid molecule encodes a fusion protein comprising a linker domain between the TCR
alpha chain and TCR beta chain. In one embodiment, the nucleic acid molecule encodes a
GSG-T2A linker domain comprising the amino acid sequence of SEQ ID NO:79. In one
embodiment, the nucleic acid sequence encoding a GSG-T2A linker domain comprises:
GGCAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAA
TCCCGGCCCT (SEQ ID NO:155).

In one embodiment, the nucleic acid molecule encodes a fusion protein
comprising the amino acid sequence of SEQ ID NO:80. In one embodiment, the nucleic acid
sequence encoding the fusion protein comprises
ATGGAAACTCTCCTGGGAGTGTCTTTGGTGATTCTATGGCTTCAACTGGCTAGGG
TGAACAGTCAACAGGGAGAAGAGGATCCTCAGGCCTTGAGCATCCAGGAGGGTG
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AAAATGCCACCATGAACTGCAGTTACAAAACTAGTATAAACAATTTACAGTGGT
ATAGACAAAATTCAGGTAGAGGCCTTGTCCACCTAATTTTAATACGTTCAAATGA
AAGAGAGAAACACAGTGGAAGATTAAGAGTCACGCTTGACACTTCCAAGAAAAG
CAGTTCCTTGTTGATCACGGCTTCCCGGGCAGCAGACACTGCTTCTTACTTCTGTG
CTACTTTTCCTAACTTTGGAAATGAGAAATTAACCTTTGGGACTGGAACAAGACT
CACCATCATACCCAATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGAC
TCTAAATCCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAA

ATGTGTCACAAAGTAAGGATTCTGATGTGTATATCACAGACAAAACTGTGTTGGA
CATGCGCAGCATGGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACAAATC
TGACTTTGCATGTGCAAACGCCTTCAACAACAGCATTATTCCAGAAGACACCTTC
TTCCCCAGCCCAGAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCTTTGAAA
CAGATACGAACCTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAATCCTCCT
CCTGAAAGTGGCCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCCAGCGGC
AGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCC
GGCCCTATGGGCACAAGGTTGTTCTTCTATGTGGCCCTTTGTCTCCTGTGGACAG

GACACATGGATGCTGGAATCACCCAGAGCCCAAGACACAAGGTCACAGAGACA

GGAACACCAGTGACTCTGAGATGTCACCAGACTGAGAACCACCGCTATATGTAC

TGGTATCGACAAGACCCGGGGCATGGGCTGAGGCTGATCCATTACTCATATGGTG
TTAAAGATACTGACAAAGGAGAAGTCTCAGATGGCTATAGTGTCTCCAGATCAA

AGACAGAGGATTTCCTCCTCACTCTGGAGTCCGCTACCAGCTCCCAGACATCTGT
GTACTTCTGTGCCATCAGTGAGTCGGAGCGGTACTACGAGCAGTACTTCGGGCCG
GGCACCAGGCTCACGGTCACAGAGGACCTGAAAAACGTGTTCCCACCCGAGGTC
GCTGTGTTTGAGCCATCAGAAGCAGAGATCTCCCACACCCAAAAGGCCACACTG

GTGTGCCTGGCCACAGGCTTCTACCCCGACCACGTGGAGCTGAGCTGGTGGGTGA
ATGGGAAGGAGGTGCACAGTGGGGTCAGCACAGACCCGCAGCCCCTCAAGGAG

CAGCCCGCCCTCAATGACTCCAGATACTGCCTGAGCAGCCGCCTGAGGGTCTCGG
CCACCTTCTGGCAGAACCCCCGCAACCACTTCCGCTGTCAAGTCCAGTTCTACGG
GCTCTCGGAGAATGATGAGTGGACACAAGATAGGGCCAAACCTGTCACCCAGAT
CGTCAGCGCCGAGGCCTGGGGTAGAGCAGACTGTGGCTTCACCTCCGAGTCTTAC
CAGCAAGGGGTCCTGTCTGCCACCATCCTCTATGAGATCTTGCTAGGGAAGGCCA
CCTTGTATGCCGTGCTGGTCAGTGCCCTCGTGCTGATGGCCATGGTCAAGAGAAA
GGATTCCAGAGGCTGA (SEQ ID NO:156).

Nucleic acid molecule encoding TCR864
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In embodiment, the isolated nucleic acid molecule encodes a TCR comprising
a TCR alpha chain comprising one or more of: TRAV4 CDR1, TRAV4 CDR2, and TRAV4
CDR3. In embodiment, the isolated nucleic acid molecule encodes a TCR comprising a TCR
alpha chain comprising one or more of: TRAV4 CDR1 comprising the amino acid sequence
of SEQ ID NO:81, TRAV4 CDR2 comprising the amino acid sequence of SEQ ID NO:82,
and TRAV4 CDR3 comprising the amino acid sequence of SEQ ID NO:83. In one
embodiment, the nucleic acid sequence encoding TRAV4 CDR1 comprises
AACATTGCTACAAATGATTAT (SEQ ID NO:157). In one embodiment, the nucleic acid
sequence encoding TRAV4 CDR2 comprises GGATACAAGACAAAA (SEQ ID NO:158).
In one embodiment, the nucleic acid sequence encoding TRAV4 CDR3 comprises
CTCGTGGGTGACTTCAACTCAAATTCCGGGTATGCACTCAAC (SEQ ID NO:159).

In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR alpha chain comprising a constant domain comprising the amino acid
sequence of SEQ ID NO:84. In one embodiment, the nucleic acid sequence encoding the
constant domain comprises:
ATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGACTCTAAATCCAGTG
ACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAAATGTGTCACAAAG
TAAGGATTCTGATGTGTATATCACAGACAAAACTGTGTTGGACATGCGCAGCAT
GGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACAAATCTGACTTTGCATG
TGCAAACGCCTTCAACAACAGCATTATTCCAGAAGACACCTTCTTCCCCAGCCCA
GAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCTTTGAAACAGATACGAAC
CTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAATCCTCCTCCTGAAAGTGG
CCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCCAGC (SEQ ID NO:160).

In one embodiment, the nucleic acid molecule encodes a TCR alpha chain
comprising the amino acid sequence of SEQ ID NO:85. In one embodiment, the nucleic acid
sequence encoding a TCR alpha chain comprises:
ATGAGGCAAGTGGCGAGAGTGATCGTGTTCCTGACCCTGAGTACTTTGAGCCTTG
CTAAGACCACCCAGCCCATCTCCATGGACTCATATGAAGGACAAGAAGTGAACA
TAACCTGTAGCCACAACAACATTGCTACAAATGATTATATCACGTGGTACCAAC
AGTTTCCCAGCCAAGGACCACGATTTATTATTCAAGGATACAAGACAAAAGTTA
CAAACGAAGTGGCCTCCCTGTTTATCCCTGCCGACAGAAAGTCCAGCACTCTGA
GCCTGCCCCGGGTTTCCCTGAGCGACACTGCTGTGTACTACTGCCTCGTGGGTGA
CTTCAACTCAAATTCCGGGTATGCACTCAACTTCGGCAAAGGCACCTCGCTGTTG
GTCACACCCCATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGACTCTA
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AATCCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAAATGT
GTCACAAAGTAAGGATTCTGATGTGTATATCACAGACAAAACTGTGTTGGACAT
GCGCAGCATGGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACAAATCTGA
CTTTGCATGTGCAAACGCCTTCAACAACAGCATTATTCCAGAAGACACCTTCTTC
CCCAGCCCAGAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCTTTGAAACA
GATACGAACCTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAATCCTCCTCC
TGAAAGTGGCCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCCAGC (SEQ
ID NO:161).

In embodiment, the isolated nucleic acid molecule encodes a TCR comprising
a TCR beta chain comprising one or more of: TRBV7-2 CDR1, TRBV7-2 CDR2, and
TRBV7-2 CDR3. In embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR beta chain comprising one or more of: TRBV47-2 CDR1 comprising the
amino acid sequence of SEQ ID NO:86, TRBV7-2 CDR2 comprising the amino acid
sequence of SEQ ID NO:87, and TRBV7-2 CDR3 comprising the amino acid sequence of
SEQ ID NO:88. In one embodiment, the nucleic acid sequence encoding TRBV7-2 CDRI1
comprises TCAGGTCATACTGCC (SEQ ID NO:162). In one embodiment, the nucleic acid
sequence encoding TRBV7-2 CDR2 comprises TTCCAAGGCAACAGTGCA (SEQ ID
NO:163). In one embodiment, the nucleic acid sequence encoding TRBV7-2 CDR3
comprises GCCAGCAAGGTCTATGGCTACACC (SEQ ID NO:164).

In one embodiment, the isolated nucleic acid molecule encodes a TCR
comprising a TCR beta chain comprising a constant domain comprising the amino acid
sequence of SEQ ID NO:89. In one embodiment, the nucleic acid sequence encoding the
constant domain comprises:
GAGGACCTGAACAAGGTGTTCCCACCCGAGGTCGCTGTGTTTGAGCCATCAGAA
GCAGAGATCTCCCACACCCAAAAGGCCACACTGGTGTGCCTGGCCACAGGCTTC
TTCCCCGACCACGTGGAGCTGAGCTGGTGGGTGAATGGGAAGGAGGTGCACAGT
GGGGTCAGCACGGACCCGCAGCCCCTCAAGGAGCAGCCCGCCCTCAATGACTCC
AGATACTGCCTGAGCAGCCGCCTGAGGGTCTCGGCCACCTTCTGGCAGAACCCC
CGCAACCACTTCCGCTGTCAAGTCCAGTTCTACGGGCTCTCGGAGAATGATGAGT
GGACACAAGATAGGGCCAAACCCGTCACCCAGATCGTCAGCGCCGAGGCCTGGG
GTAGAGCAGACTGTGGCTTTACCTCGGTGTCCTACCAGCAAGGGGTCCTGTCTGC
CACCATCCTCTATGAGATCCTGCTAGGGAAGGCCACCCTGTATGCTGTGCTGGTC
AGCGCCCTTGTGTTGATGGCCATGGTCAAGAGAAAGGATTTC (SEQ ID NO:165).
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In one embodiment, the nucleic acid molecule encodes a TCR beta chain
comprising the amino acid sequence of SEQ ID NO:90. In one embodiment, the nucleic acid
sequence encoding a TCR beta chain comprises:
ATGGGCACCAGGCTCCTCTTCTGGGTGGCCTTCTGTCTCCTGGGGGCATATCACA
CAGGAGCTGGAGTCTCCCAGTCCCCCAGTAACAAGGTCACAGAGAAGGGAAAG
GATGTAGAGCTCAGGTGTGATCCAATTTCAGGTCATACTGCCCTTTACTGGTACC
GACAGAGGCTGGGGCAGGGCCTGGAGTTTTTAATTTACTTCCAAGGCAACAGTG
CACCAGACAAATCAGGGCTGCCCAGTGATCGCTTCTCTGCAGAGAGGACTGGGG
AATCCGTCTCCACTCTGACGATCCAGCGCACACAGCAGGAGGACTCGGCCGTGT
ATCTCTGTGCCAGCAAGGTCTATGGCTACACCTTCGGTTCGGGGACCAGGTTAAC
CGTTGTAGAGGACCTGAACAAGGTGTTCCCACCCGAGGTCGCTGTGTTTGAGCC
ATCAGAAGCAGAGATCTCCCACACCCAAAAGGCCACACTGGTGTGCCTGGCCAC
AGGCTTCTTCCCCGACCACGTGGAGCTGAGCTGGTGGGTGAATGGGAAGGAGGT
GCACAGTGGGGTCAGCACGGACCCGCAGCCCCTCAAGGAGCAGCCCGCCCTCAA
TGACTCCAGATACTGCCTGAGCAGCCGCCTGAGGGTCTCGGCCACCTTCTGGCAG
AACCCCCGCAACCACTTCCGCTGTCAAGTCCAGTTCTACGGGCTCTCGGAGAATG
ATGAGTGGACACAAGATAGGGCCAAACCCGTCACCCAGATCGTCAGCGCCGAGG
CCTGGGGTAGAGCAGACTGTGGCTTTACCTCGGTGTCCTACCAGCAAGGGGTCCT
GTCTGCCACCATCCTCTATGAGATCCTGCTAGGGAAGGCCACCCTGTATGCTGTG
CTGGTCAGCGCCCTTGTGTTGATGGCCATGGTCAAGAGAAAGGATTTCTGA (SEQ
ID NO:166).

In one embodiment, the nucleic acid molecule encodes a fusion protein
comprising a TCR alpha chain and a TCR beta chain. In one embodiment, the isolated
nucleic acid molecule encodes a fusion protein comprising a linker domain between the TCR
alpha chain and TCR beta chain. In one embodiment, the nucleic acid molecule encodes a
GSG-T2A linker domain comprising the amino acid sequence of SEQ ID NO:91. In one
embodiment, the nucleic acid sequence encoding a GSG-T2A linker domain comprises:
GGCAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAA
TCCCGGCCCT (SEQ ID NO:167).

In one embodiment, the nucleic acid molecule encodes a fusion protein
comprising the amino acid sequence of SEQ ID NO:92. In one embodiment, the nucleic acid
sequence encoding the fusion protein comprises
ATGAGGCAAGTGGCGAGAGTGATCGTGTTCCTGACCCTGAGTACTTTGAGCCTTG
CTAAGACCACCCAGCCCATCTCCATGGACTCATATGAAGGACAAGAAGTGAACA
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TAACCTGTAGCCACAACAACATTGCTACAAATGATTATATCACGTGGTACCAACA
GTTTCCCAGCCAAGGACCACGATTTATTATTCAAGGATACAAGACAAAAGTTACA
AACGAAGTGGCCTCCCTGTTTATCCCTGCCGACAGAAAGTCCAGCACTCTGAGCC
TGCCCCGGGTTTCCCTGAGCGACACTGCTGTGTACTACTGCCTCGTGGGTGACTT
CAACTCAAATTCCGGGTATGCACTCAACTTCGGCAAAGGCACCTCGCTGTTGGTC
ACACCCCATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGAGACTCTAAAT
CCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAAATGTGTC
ACAAAGTAAGGATTCTGATGTGTATATCACAGACAAAACTGTGTTGGACATGCG
CAGCATGGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACAAATCTGACTT
TGCATGTGCAAACGCCTTCAACAACAGCATTATTCCAGAAGACACCTTCTTCCCC
AGCCCAGAAAGTTCCTGTGATGTCAAGCTGGTCGAGAAAAGCTTTGAAACAGAT
ACGAACCTAAACTTTCAAAACCTGTCAGTGATTGGGTTCCGAATCCTCCTCCTGA
AAGTGGCCGGGTTTAATCTGCTCATGACGCTGCGGCTGTGGTCCAGCGGCAGCGG
AGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGGCCC
TATGGGCACCAGGCTCCTCTTCTGGGTGGCCTTCTGTCTCCTGGGGGCATATCAC
ACAGGAGCTGGAGTCTCCCAGTCCCCCAGTAACAAGGTCACAGAGAAGGGAAAG
GATGTAGAGCTCAGGTGTGATCCAATTTCAGGTCATACTGCCCTTTACTGGTACC
GACAGAGGCTGGGGCAGGGCCTGGAGTTTTTAATTTACTTCCAAGGCAACAGTG
CACCAGACAAATCAGGGCTGCCCAGTGATCGCTTCTCTGCAGAGAGGACTGGGG
AATCCGTCTCCACTCTGACGATCCAGCGCACACAGCAGGAGGACTCGGCCGTGT
ATCTCTGTGCCAGCAAGGTCTATGGCTACACCTTCGGTTCGGGGACCAGGTTAAC
CGTTGTAGAGGACCTGAACAAGGTGTTCCCACCCGAGGTCGCTGTGTTTGAGCCA
TCAGAAGCAGAGATCTCCCACACCCAAAAGGCCACACTGGTGTGCCTGGCCACA
GGCTTCTTCCCCGACCACGTGGAGCTGAGCTGGTGGGTGAATGGGAAGGAGGTG
CACAGTGGGGTCAGCACGGACCCGCAGCCCCTCAAGGAGCAGCCCGCCCTCAAT
GACTCCAGATACTGCCTGAGCAGCCGCCTGAGGGTCTCGGCCACCTTCTGGCAGA
ACCCCCGCAACCACTTCCGCTGTCAAGTCCAGTTCTACGGGCTCTCGGAGAATGA
TGAGTGGACACAAGATAGGGCCAAACCCGTCACCCAGATCGTCAGCGCCGAGGC
CTGGGGTAGAGCAGACTGTGGCTTTACCTCGGTGTCCTACCAGCAAGGGGTCCTG
TCTGCCACCATCCTCTATGAGATCCTGCTAGGGAAGGCCACCCTGTATGCTGTGC
TGGTCAGCGCCCTTGTGTTGATGGCCATGGTCAAGAGAAAGGATTTCTGA (SEQ
ID NO:168).
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In certain embodiments, the nucleic acid sequence encoding an alpha chain
constant region or beta chain constant region of a TCR comprises a nucleic acid sequence
that is resistant to gene editing, such as CRISPR-mediated gene editing.

Further, the invention encompasses an isolated nucleic acid encoding an
amino acid sequence having substantial identity to an amino acid sequence disclosed herein.
In certain embodiments, the isolated nucleic acid sequence encodes an amino acid sequence
that has at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% sequence identity with
an amino acid sequence disclosed herein.

Further, the invention encompasses an isolated nucleic acid having substantial
identity to a nucleic acid sequence disclosed herein. In certain embodiments, the isolated
nucleic acid sequence has at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
sequence identity with a nucleic acid sequence disclosed herein.

The isolated nucleic acid sequence encoding a polypeptide of the invention
can be obtained using any of the many recombinant methods known in the art, such as, for
example by screening libraries from cells expressing the gene, by deriving the gene from a
vector known to include the same, or by isolating directly from cells and tissues containing
the same, using standard techniques. Alternatively, the gene of interest can be produced
synthetically, rather than cloned.

The isolated nucleic acid may comprise any type of nucleic acid, including,
but not limited to DNA and RNA. For example, in one embodiment, the composition
comprises an isolated DNA molecule, including for example, an isolated cDNA molecule,
encoding a polypeptide of the invention, or functional fragment thereof. In one embodiment,
the composition comprises an isolated RNA molecule encoding the polypeptide of the
invention, or a functional fragment thereof.

The nucleic acid molecules of the present invention can be modified to
improve stability in serum or in growth medium for cell cultures. Modifications can be added
to enhance stability, functionality, and/or specificity and to minimize immunostimulatory
properties of the nucleic acid molecule of the invention. For example, in order to enhance the
stability, the 3 -residues may be stabilized against degradation, e.g., they may be selected
such that they consist of purine nucleotides, particularly adenosine or guanosine nucleotides.
Alternatively, substitution of pyrimidine nucleotides by modified analogues, e.g., substitution

of uridine by 2°-deoxythymidine is tolerated and does not affect function of the molecule.
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In one embodiment of the present invention the nucleic acid molecule may
contain at least one modified nucleotide analogue. For example, the ends may be stabilized
by incorporating modified nucleotide analogues.

Non-limiting examples of nucleotide analogues include sugar- and/or
backbone-modified ribonucleotides (i.e., include modifications to the phosphate-sugar
backbone). For example, the phosphodiester linkages of natural RNA may be modified to
include at least one of a nitrogen or sulfur heteroatom. In preferred backbone-modified
ribonucleotides the phosphoester group connecting to adjacent ribonucleotides is replaced by
a modified group, e.g., of phosphothioate group. In preferred sugar-modified ribonucleotides,
the 2> OH-group is replaced by a group selected from H, OR, R, halo, SH, SR, NH>, NHR,
NR:z or ON, wherein R is C1-Cs alkyl, alkenyl or alkynyl and halo is F, Cl, Bror I.

Other examples of modifications are nucleobase-modified ribonucleotides,
i.e., ribonucleotides, containing at least one non-naturally occurring nucleobase instead of a
naturally occurring nucleobase. Bases may be modified to block the activity of adenosine
deaminase. Exemplary modified nucleobases include, but are not limited to, uridine and/or
cytidine modified at the 5-position, e.g., 5-(2-amino)propyl uridine, 5-bromo uridine;
adenosine and/or guanosines modified at the 8 position, e.g., 8-bromo guanosine; deaza
nucleotides, e.g., 7-deaza-adenosine; O- and N-alkylated nucleotides, e.g., N6-methyl
adenosine are suitable. It should be noted that the above modifications may be combined.

In some instances, the nucleic acid molecule comprises at least one of the
following chemical modifications: 2°-H, 2’-O-methyl, or 2°’-OH modification of one or more
nucleotides. In certain embodiments, a nucleic acid molecule of the invention can have
enhanced resistance to nucleases. For increased nuclease resistance, a nucleic acid molecule,
can include, for example, 2°-modified ribose units and/or phosphorothioate linkages. For
example, the 2° hydroxyl group (OH) can be modified or replaced with a number of different
“oxy” or “deoxy” substituents. For increased nuclease resistance the nucleic acid molecules
of the invention can include 2°-O-methyl, 2°-fluorine, 2’-O-methoxyethyl, 2’-O-aminopropy],
2’-amino, and/or phosphorothioate linkages. Inclusion of locked nucleic acids (LNA),
ethylene nucleic acids (ENA), e.g., 2°-4’-ethylene-bridged nucleic acids, and certain
nucleobase modifications such as 2-amino-A, 2-thio (e.g., 2-thio-U), G-clamp modifications,
can also increase binding affinity to a target.

In one embodiment, the nucleic acid molecule includes a 2’ -modified
nucleotide, e.g., a 2°-deoxy, 2’-deoxy-2’-fluoro, 2’-O-methyl, 2’-O-methoxyethyl (2°-O-
MOE), 2’-O-aminopropyl (2°-O-AP), 2’-O-dimethylaminoethyl (2°-O-DMAOE), 2°-O-
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dimethylaminopropyl (2°-O-DMAP), 2°-O-dimethylaminoethyloxyethyl (2°-O-DMAEOE),
or 2’-O-N-methylacetamido (2°-O-NMA). In one embodiment, the nucleic acid molecule
includes at least one 2°-O-methyl-modified nucleotide, and in some embodiments, all of the
nucleotides of the nucleic acid molecule include a 2°-O-methyl modification.

The present invention also includes a vector in which the isolated nucleic acid
of the present invention is inserted. The art is replete with suitable vectors that are useful in
the present invention.

In brief summary, the expression of natural or synthetic nucleic acids encoding
a peptide of the invention is typically achieved by operably linking a nucleic acid encoding
the peptide or portions thereof to a promoter, and incorporating the construct into an
expression vector. The vectors to be used are suitable for replication and, optionally,
integration in eukaryotic cells. Typical vectors contain transcription and translation
terminators, initiation sequences, and promoters useful for regulation of the expression of the
desired nucleic acid sequence.

The vectors of the present invention may also be used for nucleic acid
immunization and gene therapy, using standard gene delivery protocols. Methods for gene
delivery are known in the art. See, e.g., U.S. Pat. Nos. 5,399,346, 5,580,859, 5,589,466,
incorporated by reference herein in their entireties. In another embodiment, the invention
provides a gene therapy vector.

The isolated nucleic acid of the invention can be cloned into a number of types
of vectors. For example, the nucleic acid can be cloned into a vector including, but not
limited to a plasmid, a phagemid, a phage derivative, an animal virus, and a cosmid. Vectors
of particular interest include expression vectors, replication vectors, probe generation vectors,
and sequencing vectors.

Further, the vector may be provided to a cell in the form of a viral vector.
Viral vector technology is well known in the art and is described, for example, in Sambrook
et al. (2012, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New
York), and in other virology and molecular biology manuals. Viruses, which are useful as
vectors include, but are not limited to, retroviruses, adenoviruses, adeno- associated viruses,
herpes viruses, and lentiviruses. In general, a suitable vector contains an origin of replication
functional in at least one organism, a promoter sequence, convenient restriction endonuclease
sites, and one or more selectable markers, (e.g., WO 01/96584; WO 01/29058; and U.S. Pat.
No. 6,326,193).
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A number of viral based systems have been developed for gene transfer into
mammalian cells. For example, retroviruses provide a convenient platform for gene delivery
systems. A selected gene can be inserted into a vector and packaged in retroviral particles
using techniques known in the art. The recombinant virus can then be isolated and delivered
to cells of the subject either in vivo or ex vivo. A number of retroviral systems are known in
the art. In some embodiments, adenovirus vectors are used. A number of adenovirus vectors
are known in the art. In one embodiment, lentivirus vectors are used.

For example, vectors derived from retroviruses such as the lentivirus are
suitable tools to achieve long-term gene transfer since they allow long-term, stable
integration of a transgene and its propagation in daughter cells. Lentiviral vectors have the
added advantage over vectors derived from onco-retroviruses such as murine leukemia
viruses in that they can transduce non-proliferating cells, such as hepatocytes. They also have
the added advantage of low immunogenicity. In one embodiment, the composition includes a
vector derived from an adeno-associated virus (AAV). Adeno-associated viral (AAV) vectors
have become powerful gene delivery tools for the treatment of various disorders. AAV
vectors possess a number of features that render them ideally suited for gene therapy,
including a lack of pathogenicity, minimal immunogenicity, and the ability to transduce
postmitotic cells in a stable and efficient manner. Expression of a particular gene contained
within an AAYV vector can be specifically targeted to one or more types of cells by choosing
the appropriate combination of AAV serotype, promoter, and delivery method

In certain embodiments, the vector also includes conventional control
elements which are operably linked to the transgene in a manner which permits its
transcription, translation and/or expression in a cell transfected with the plasmid vector or
infected with the virus produced by the invention. As used herein, “operably linked”
sequences include both expression control sequences that are contiguous with the gene of
interest and expression control sequences that act in trans or at a distance to control the gene
of interest. Expression control sequences include appropriate transcription initiation,
termination, promoter and enhancer sequences; efficient RNA processing signals such as
splicing and polyadenylation (poly A) signals; sequences that stabilize cytoplasmic mRNA;
sequences that enhance translation efficiency (i.e., Kozak consensus sequence); sequences
that enhance protein stability; and when desired, sequences that enhance secretion of the
encoded product. A great number of expression control sequences, including promoters
which are native, constitutive, inducible and/or tissue-specific, are known in the art and may

be utilized.
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Additional promoter elements, e.g., enhancers, regulate the frequency of
transcriptional initiation. Typically, these are located in the region 30-110 bp upstream of the
start site, although a number of promoters have recently been shown to contain functional
elements downstream of the start site as well. The spacing between promoter elements
frequently is flexible, so that promoter function is preserved when elements are inverted or
moved relative to one another. In the thymidine kinase (tk) promoter, the spacing between
promoter elements can be increased to 50 bp apart before activity begins to decline.
Depending on the promoter, it appears that individual elements can function either
cooperatively or independently to activate transcription.

One example of a suitable promoter is the immediate early cytomegalovirus
(CMYV) promoter sequence. This promoter sequence is a strong constitutive promoter
sequence capable of driving high levels of expression of any polynucleotide sequence
operatively linked thereto. Another example of a suitable promoter is Elongation Growth
Factor -1a (EF-1a). However, other constitutive promoter sequences may also be used,
including, but not limited to the simian virus 40 (SV40) early promoter, mouse mammary
tumor virus (MMTYV), human immunodeficiency virus (HIV) long terminal repeat (LTR)
promoter, MoMuLV promoter, an avian leukemia virus promoter, an Epstein-Barr virus
immediate early promoter, a Rous sarcoma virus promoter, as well as human gene promoters
such as, but not limited to, the actin promoter, the myosin promoter, the hemoglobin
promoter, and the creatine kinase promoter. Further, the invention should not be limited to
the use of constitutive promoters. Inducible promoters are also contemplated as part of the
invention. The use of an inducible promoter provides a molecular switch capable of turning
on expression of the polynucleotide sequence which it is operatively linked when such
expression is desired, or turning off the expression when expression is not desired. Examples
of inducible promoters include, but are not limited to a metallothionine promoter, a
glucocorticoid promoter, a progesterone promoter, and a tetracycline promoter.

Enhancer sequences found on a vector also regulates expression of the gene
contained therein. Typically, enhancers are bound with protein factors to enhance the
transcription of a gene. Enhancers may be located upstream or downstream of the gene it
regulates. Enhancers may also be tissue-specific to enhance transcription in a specific cell or
tissue type. In one embodiment, the vector of the present invention comprises one or more
enhancers to boost transcription of the gene present within the vector.

In order to assess the expression of a peptide, the expression vector to be

introduced into a cell can also contain either a selectable marker gene or a reporter gene or
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both to facilitate identification and selection of expressing cells from the population of cells
sought to be transfected or infected through viral vectors. In other aspects, the selectable
marker may be carried on a separate piece of DNA and used in a co- transfection procedure.
Both selectable markers and reporter genes may be flanked with appropriate regulatory
sequences to enable expression in the host cells. Useful selectable markers include, for
example, antibiotic-resistance genes, such as neo and the like.

Reporter genes are used for identifying potentially transfected cells and for
evaluating the functionality of regulatory sequences. In general, a reporter gene is a gene that
is not present in or expressed by the recipient organism or tissue and that encodes a
polypeptide whose expression is manifested by some easily detectable property, e.g.,
enzymatic activity. Expression of the reporter gene is assayed at a suitable time after the
DNA has been introduced into the recipient cells. Suitable reporter genes may include genes
encoding luciferase, beta-galactosidase, chloramphenicol acetyl transferase, secreted alkaline
phosphatase, or the green fluorescent protein gene (e.g., Ui-Tei et al., 2000 FEBS Letters
479: 79-82). Suitable expression systems are well known and may be prepared using known
techniques or obtained commercially. In general, the construct with the minimal 5' flanking
region showing the highest level of expression of reporter gene is identified as the promoter.
Such promoter regions may be linked to a reporter gene and used to evaluate agents for the
ability to modulate promoter- driven transcription.

Methods of introducing and expressing genes into a cell are known in the art.
In the context of an expression vector, the vector can be readily introduced into a host cell,
e.g., mammalian, bacterial, yeast, or insect cell by any method in the art. For example, the
expression vector can be transferred into a host cell by physical, chemical, or biological
means.

Physical methods for introducing a polynucleotide into a host cell include
calcium phosphate precipitation, lipofection, particle bombardment, microinjection,
electroporation, and the like. Methods for producing cells comprising vectors and/or
exogenous nucleic acids are well-known in the art. See, for example, Sambrook et al. (2012,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New York). A
preferred method for the introduction of a polynucleotide into a host cell is calcium
phosphate transfection.

Biological methods for introducing a polynucleotide of interest into a host cell
include the use of DNA and RNA vectors. Viral vectors, and especially retroviral vectors,

have become the most widely used method for inserting genes into mammalian, e.g., human
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cells. Other viral vectors can be derived from lentivirus, poxviruses, herpes simplex virus I,
adenoviruses and adeno-associated viruses, and the like. See, for example, U.S. Pat. Nos.
5,350,674 and 5,585,362.

Chemical means for introducing a polynucleotide into a host cell include
colloidal dispersion systems, such as macromolecule complexes, nanocapsules, microspheres,
beads, and lipid-based systems including oil-in-water emulsions, micelles, mixed micelles,
and liposomes. An exemplary colloidal system for use as a delivery vehicle in vitro and in
vivo is a liposome (e.g., an artificial membrane vesicle).

In the case where a non-viral delivery system is utilized, an exemplary
delivery vehicle is a liposome. The use of lipid formulations is contemplated for the
introduction of the nucleic acids into a host cell (in vitro, ex vivo or in vivo). In another
aspect, the nucleic acid may be associated with a lipid. The nucleic acid associated with a
lipid may be encapsulated in the aqueous interior of a liposome, interspersed within the lipid
bilayer of a liposome, attached to a liposome via a linking molecule that is associated with
both the liposome and the oligonucleotide, entrapped in a liposome, complexed with a
liposome, dispersed in a solution containing a lipid, mixed with a lipid, combined with a
lipid, contained as a suspension in a lipid, contained or complexed with a micelle, or
otherwise associated with a lipid. Lipid, lipid/DNA or lipid/expression vector associated
compositions are not limited to any particular structure in solution. For example, they may be
present in a bilayer structure, as micelles, or with a “collapsed” structure. They may also
simply be interspersed in a solution, possibly forming aggregates that are not uniform in size
or shape. Lipids are fatty substances which may be naturally occurring or synthetic lipids. For
example, lipids include the fatty droplets that naturally occur in the cytoplasm as well as the
class of compounds which contain long-chain aliphatic hydrocarbons and their derivatives,
such as fatty acids, alcohols, amines, amino alcohols, and aldehydes.

Lipids suitable for use can be obtained from commercial sources. For
example, dimyristyl phosphatidylcholine (“DMPC”) can be obtained from Sigma, St. Louis,
MO:; dicetyl phosphate (“DCP”) can be obtained from K & K Laboratories (Plainview, NY);
cholesterol (“Choi™) can be obtained from Calbiochem-Behring; dimyristyl
phosphatidylglycerol (‘DMPG™) and other lipids may be obtained from Avanti Polar Lipids,
Inc. (Birmingham, AL). Stock solutions of lipids in chloroform or chloroform/methanol can
be stored at about -20°C. Chloroform is used as the only solvent since it is more readily
evaporated than methanol. “Liposome™ is a generic term encompassing a variety of single

and multilamellar lipid vehicles formed by the generation of enclosed lipid bilayers or
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aggregates. Liposomes can be characterized as having vesicular structures with a
phospholipid bilayer membrane and an inner aqueous medium. Multilamellar liposomes have
multiple lipid layers separated by aqueous medium. They form spontaneously when
phospholipids are suspended in an excess of aqueous solution. The lipid components undergo
self-rearrangement before the formation of closed structures and entrap water and dissolved
solutes between the lipid bilayers (Ghosh et al., 1991 Glycobiology 5: 505-10). However,
compositions that have different structures in solution than the normal vesicular structure are
also encompassed. For example, the lipids may assume a micellar structure or merely exist as
nonuniform aggregates of lipid molecules. Also contemplated are lipofectamine-nucleic acid
complexes.

Regardless of the method used to introduce exogenous nucleic acids into a
host cell, in order to confirm the presence of the recombinant DNA sequence in the host cell,
a variety of assays may be performed. Such assays include, for example, “molecular
biological” assays well known to those of skill in the art, such as Southern and Northern
blotting, RT-PCR and PCR; “biochemical” assays, such as detecting the presence or absence
of a particular peptide, e.g., by immunological means (ELISAs and Western blots) or by
assays described herein to identify agents falling within the scope of the invention.

In one embodiment, the isolated nucleic acid encoding a polypeptide of the
invention comprises in vitro transcribed (IVT) RNA. The RNA is produced by in vitro
transcription using a polymerase chain reaction (PCR)-generated template. DNA of interest
from any source can be directly converted by PCR into a template for in vitro mRNA
synthesis using appropriate primers and RNA polymerase. The source of the DNA can be, for
example, genomic DNA, plasmid DNA, phage DNA, cDNA, synthetic DNA sequence or any
other appropriate source of DNA.

In one embodiment, the DNA to be used for PCR contains an open reading
frame. The DNA can be from a naturally occurring DNA sequence from the genome of an
organism. In one embodiment, the DNA is a full length gene of interest of a portion of a
gene. The gene can include some or all of the 5' and/or 3' untranslated regions (UTRs). The
gene can include exons and introns. In one embodiment, the DNA to be used for PCR is a
human gene. In another embodiment, the DNA to be used for PCR is a human gene including
the 5' and 3' UTRs. The DNA can alternatively be an artificial DNA sequence that is not
normally expressed in a naturally occurring organism. An exemplary artificial DN A sequence

is one that contains portions of genes that are ligated together to form an open reading frame
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that encodes a fusion protein. The portions of DNA that are ligated together can be from a
single organism or from more than one organism.

Genes that can be used as sources of DNA for PCR include genes that encode
polypeptides that provide a therapeutic or prophylactic effect to an organism or that can be
used to diagnose a disease or disorder in an organism. Preferred genes are genes which are
useful for a short term treatment, or where there are safety concerns regarding dosage or the
expressed gene. For example, for treatment of cancer, autoimmune disorders, parasitic, viral,
bacterial, fungal or other infections, the transgene(s) to be expressed may encode a
polypeptide that functions as a ligand or receptor for cells of the immune system, or can
function to stimulate or inhibit the immune system of an organism. In some embodiments, it
is not desirable to have prolonged ongoing stimulation of the immune system, nor necessary
to produce changes which last after successful treatment, since this may then elicit a new
problem. For treatment of an autoimmune disorder, it may be desirable to inhibit or suppress
the immune system during a flare-up, but not long term, which could result in the patient
becoming overly sensitive to an infection.

PCR is used to generate a template for in vitro transcription of mRNA which
is used for transfection. Methods for performing PCR are well known in the art. Primers for
use in PCR are designed to have regions that are substantially complementary to regions of
the DNA to be used as a template for the PCR. “Substantially complementary”, as used
herein, refers to sequences of nucleotides where a majority or all of the bases in the primer
sequence are complementary, or one or more bases are non-complementary, or mismatched.
Substantially complementary sequences are able to anneal or hybridize with the intended
DNA target under annealing conditions used for PCR. The primers can be designed to be
substantially complementary to any portion of the DNA template. For example, the primers
can be designed to amplify the portion of a gene that is normally transcribed in cells (the
open reading frame), including 5' and 3' UTRs. The primers can also be designed to amplify a
portion of a gene that encodes a particular domain of interest. In one embodiment, the
primers are designed to amplify the coding region of a human cDNA, including all or
portions of the 5' and 3' UTRs. Primers useful for PCR are generated by synthetic methods
that are well known in the art. “Forward primers™ are primers that contain a region of
nucleotides that are substantially complementary to nucleotides on the DNA template that are
upstream of the DNA sequence that is to be amplified. “Upstream” is used herein to refer to a
location 5, to the DNA sequence to be amplified relative to the coding strand. “Reverse

primers” are primers that contain a region of nucleotides that are substantially complementary
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to a double-stranded DNA template that are downstream of the DNA sequence that is to be
amplified. “Downstream™ is used herein to refer to a location 3' to the DNA sequence to be
amplified relative to the coding strand.

Any DNA polymerase useful for PCR can be used in the methods disclosed
herein. The reagents and polymerase are commercially available from a number of sources.

Chemical structures with the ability to promote stability and/or translation
efficiency may also be used. The RNA preferably has 5' and 3' UTRs. In one embodiment,
the 5' UTR is between zero and 3000 nucleotides in length. The length of 5' and 3' UTR
sequences to be added to the coding region can be altered by different methods, including,
but not limited to, designing primers for PCR that anneal to different regions of the UTRs.
Using this approach, one of ordinary skill in the art can modify the 5' and 3' UTR lengths
required to achieve optimal translation efficiency following transfection of the transcribed
RNA.

The 5' and 3' UTRs can be the naturally occurring, endogenous 5' and 3' UTRs
for the gene of interest. Alternatively, UTR sequences that are not endogenous to the gene of
interest can be added by incorporating the UTR sequences into the forward and reverse
primers or by any other modifications of the template. The use of UTR sequences that are not
endogenous to the gene of interest can be useful for modifying the stability and/or translation
efficiency of the RNA. For example, it is known that AU-rich elements in 3' UTR sequences
can decrease the stability of mRNA. Therefore, 3' UTRs can be selected or designed to
increase the stability of the transcribed RNA based on properties of UTRs that are well
known in the art.

In one embodiment, the 5' UTR can contain the Kozak sequence of the
endogenous gene. Alternatively, when a 5' UTR that is not endogenous to the gene of interest
is being added by PCR as described above, a consensus Kozak sequence can be redesigned
by adding the 5' UTR sequence. Kozak sequences can increase the efficiency of translation of
some RNA transcripts, but does not appear to be required for all RNAs to enable efficient
translation. The requirement for Kozak sequences for many mRNAs is known in the art. In
other embodiments the 5' UTR can be derived from an RNA virus whose RNA genome is
stable in cells. In other embodiments various nucleotide analogues can be used in the 3' or 5'
UTR to impede exonuclease degradation of the mRNA.

To enable synthesis of RNA from a DNA template without the need for gene
cloning, a promoter of transcription should be attached to the DNA template upstream of the

sequence to be transcribed. When a sequence that functions as a promoter for an RNA
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polymerase is added to the 5' end of the forward primer, the RNA polymerase promoter
becomes incorporated into the PCR product upstream of the open reading frame that is to be
transcribed. In one preferred embodiment, the promoter is a T7 polymerase promoter, as
described elsewhere herein. Other useful promoters include, but are not limited to, T3 and
SP6 RNA polymerase promoters. Consensus nucleotide sequences for T7, T3 and SP6
promoters are known in the art.

In a preferred embodiment, the mRNA has both a cap on the 5' end and a 3'
poly(A) tail which determine ribosome binding, initiation of translation and stability mRNA
in the cell. On a circular DNA template, for instance, plasmid DNA, RNA polymerase
produces a long concatameric product which is not suitable for expression in eukaryotic cells.
The transcription of plasmid DNA linearized at the end of the 3' UTR results in normal sized
mRNA which is not effective in eukaryotic transfection even if it is after transcription.

On a linear DNA template, phage T7 RNA polymerase can extend the 3' end
of the transcript beyond the last base of the template (Schenborn and Mierendorf, Nuc Acids
Res., 13:6223-36 (1985); Nacheva and Berzal-Herranz, Eur. J. Biochem., 270:1485-65
(2003).

The conventional method of integration of poly A/T stretches into a DNA
template is molecular cloning. However poly A/T sequence integrated into plasmid DNA can
cause plasmid instability, which is why plasmid DNA templates obtained from bacterial cells
are often highly contaminated with deletions and other aberrations. This makes cloning
procedures not only laborious and time consuming but often not reliable. That is why a
method which allows construction of DNA templates with poly A/T 3' stretch without cloning
highly desirable.

The poly A/T segment of the transcriptional DNA template can be produced
during PCR by using a reverse primer containing a polyT tail, such as 100T tail (size can be
50-5000 T), or after PCR by any other method, including, but not limited to, DNA ligation or
in vitro recombination. Poly(A) tails also provide stability to RNAs and reduce their
degradation. Generally, the length of a poly(A) tail positively correlates with the stability of
the transcribed RNA. In one embodiment, the poly(A) tail is between 100 and 5000
adenosines.

Poly(A) tails of RNAs can be further extended following in vitro transcription
with the use of a poly(A) polymerase, such as E. coli poly A polymerase (E-PAP). In one
embodiment, increasing the length of a poly(A) tail from 100 nucleotides to between 300 and

400 nucleotides results in about a two-fold increase in the translation efficiency of the RNA.
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Additionally, the attachment of different chemical groups to the 3' end can increase mRNA
stability. Such attachment can contain modified/artificial nucleotides, aptamers and other
compounds. For example, ATP analogs can be incorporated into the poly(A) tail using
poly(A) polymerase. ATP analogs can further increase the stability of the RNA.

5' caps on also provide stability to RNA molecules. In a preferred
embodiment, RN As produced by the methods disclosed herein include a 5' cap. The 5' cap is
provided using techniques known in the art and described herein (Cougot, et al., Trends in
Biochem. Sci., 29:436-444 (2001); Stepinski, et al., RNA, 7:1468-95 (2001); Elango, et al.,
Biochim. Biophys. Res. Commun., 330:958-966 (2005)).

The RNAs produced by the methods disclosed herein can also contain an
internal ribosome entry site (IRES) sequence. The IRES sequence may be any viral,
chromosomal or artificially designed sequence which initiates cap-independent ribosome
binding to mRNA and facilitates the initiation of translation. Any solutes suitable for cell
electroporation, which can contain factors facilitating cellular permeability and viability such
as sugars, peptides, lipids, proteins, antioxidants, and surfactants can be included.

RNA can be introduced into target cells using any of a number of different
methods, for instance, commercially available methods which include, but are not limited to,
electroporation (Amaxa Nucleofector-1I (Amaxa Biosystems, Cologne, Germany)), (ECM
830 (BTX) (Harvard Instruments, Boston, Mass.) or the Gene Pulser II (BioRad, Denver,
Colo.), Multiporator (Eppendort, Hamburg Germany), cationic liposome mediated
transfection using lipofection, polymer encapsulation, peptide mediated transfection, or
biolistic particle delivery systems such as “gene guns” (see, for example, Nishikawa, et al.
Hum Gene Ther., 12(8):861-70 (2001).

In another aspect, the RNA construct can be delivered into the cells by
electroporation. See, e.g., the formulations and methodology of electroporation of nucleic
acid constructs into mammalian cells as taught in US 2004/0014645, US 2005/0052630A1,
US 2005/0070841A1, US 2004/0059285A1, US 2004/0092907 A1. The various parameters
including electric field strength required for electroporation of any known cell type are
generally known in the relevant research literature as well as numerous patents and
applications in the field. See e.g., U.S. Pat. No. 6,678,556, U.S. Pat. No. 7,171,264, and U.S.
Pat. No. 7,173,116. Apparatus for therapeutic application of electroporation are available
commercially, e.g., the MedPulser™ DNA Electroporation Therapy System
(Inovio/Genetronics, San Diego, Calif)), and are described in patents such as U.S. Pat. No.

6,567,694; U.S. Pat. No. 6,516,223, U.S. Pat. No. 5,993,434, U.S. Pat. No. 6,181,964, U.S.
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Pat. No. 6,241,701, and U.S. Pat. No. 6,233,482; electroporation may also be used for
transfection of cells in vitro as described e.g. in US20070128708A1. Electroporation may
also be utilized to deliver nucleic acids into cells in vitro. Accordingly, electroporation-
mediated administration into cells of nucleic acids including expression constructs utilizing
any of the many available devices and electroporation systems known to those of skill in the

art presents an exciting new means for delivering an RNA of interest to a target cell.

Modified Cells

In certain embodiments, the composition of the invention comprises a cell
modified to comprise or express a peptide of the invention. In certain embodiments, the cell
is genetically modified by contacting the cell with an isolated nucleic acid encoding a
polypeptide described herein, such as a mRAS peptide, TCR or a fusion protein comprising a
TCR alpha chain and TCR beta chain.

In some embodiments, the nucleic acid sequence is delivered into cells using a
retroviral or lentiviral vector. For example, retroviral and lentiviral vectors expressing a
peptide of the invention can be delivered into different types of eukaryotic cells as well as
into tissues and whole organisms using transduced cells as carriers or cell-free local or
systemic delivery of encapsulated, bound or naked vectors. The method used can be for any
purpose where stable expression is required or sufficient.

In other embodiments, the nucleic acid sequence is delivered into cells using
in vitro transcribed mRNA. In vitro transcribed mRNA can be delivered into different types
of eukaryotic cells as well as into tissues and whole organisms using transfected cells as
carriers or cell-free local or systemic delivery of encapsulated, bound or naked mRNA. The
method used can be for any purpose where transient expression is required or sufficient.

In certain embodiments, the cell may be of any suitable cell type that can
express the desired peptide. In certain embodiments, the modified cell is used in a method
where the cell is introduced into a recipient. In certain embodiments, the cell is autologous,
allogeneic, syngeneic or Xxenogeneic with respect to recipient. In certain embodiments the cell
is derived from a stem cell or precursor cell. In some embodiments, the stem cell or precursor
cell from which the modified cell is derived is autologous, allogeneic, syngeneic or
xenogeneic with respect to recipient.

In one embodiment, the cell is an immune cell. For example, in certain
embodiments, the composition comprises an immune cell that comprises or expresses one or

more mRAS peptides or TCRs described herein. Exemplary immune cells that may comprise
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or express one or more TCRs described herein include, but are not limited to, T cells
(including killer T cells, helper T cells, regulatory T cells, and gamma delta T cells), natural
killer (NK) cells, and NK T cells. Exemplary immune cells that may comprise or express one
or more mRAS peptides described herein include, but are not limited to, an antigen
presenting cell, dendritic cell, B cell, macrophage, Langerhans cell, T cell, NK cell, NK T
cell. Exemplary immune cells include, but are not limited to, T cells (including killer T cells,
helper T cells, regulatory T cells, and gamma delta T cells), B cells, antigen presenting cells
(APCs), natural killer (NK) cells, and NK T cells.

In one embodiment, the cell is an antigen presenting cell (APC). For example,
in certain embodiments, the composition comprises an APC that is modified to comprise or
express a mRAS peptide described herein. Exemplary APCs include, but is not limited to,
dendritic cells (DCs), macrophages, Langerhans cells, B cells, and the like.

The disclosed compositions and methods can be applied to the modulation of
T cell activity in basic research and therapy, in the fields of cancer, stem cells, acute and
chronic infections, and autoimmune diseases, including the assessment of the ability of the
genetically modified T cell to kill a target cancer cell.

Prior to expansion and genetic modification of the T cells of the invention, a
source of T cells is obtained from a subject. T cells can be obtained from a number of
sources, including peripheral blood mononuclear cells, bone marrow, lymph node tissue, cord
blood, thymus tissue, tissue from a site of infection, ascites, pleural effusion, spleen tissue,
and tumors. In certain embodiments of the present invention, any number of T cell lines
available in the art, may be used. In certain embodiments of the present invention, T cells can
be obtained from a unit of blood collected from a subject using any number of techniques
known to the skilled artisan, such as Ficoll™ separation. In one preferred embodiment, cells
from the circulating blood of an individual are obtained by apheresis. The apheresis product
typically contains lymphocytes, including T cells, monocytes, granulocytes, B cells, other
nucleated white blood cells, red blood cells, and platelets. In one embodiment, the cells
collected by apheresis may be washed to remove the plasma fraction and to place the cells in
an appropriate buffer or media for subsequent processing steps. In one embodiment of the
invention, the cells are washed with phosphate buffered saline (PBS). In an alternative
embodiment, the wash solution lacks calcium and may lack magnesium or may lack many if
not all divalent cations. Again, surprisingly, initial activation steps in the absence of calcium
lead to magnified activation. As those of ordinary skill in the art would readily appreciate a

washing step may be accomplished by methods known to those in the art, such as by using a
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semi-automated “flow-through™ centrifuge (for example, the Cobe 2991 cell processor, the
Baxter CytoMate, or the Haemonetics Cell Saver 5) according to the manufacturer’s
instructions. After washing, the cells may be resuspended in a variety of biocompatible
buffers, such as, for example, Ca’*-free, Mg?*-free PBS, PlasmaLyte A, or other saline
solution with or without buffer. Alternatively, the undesirable components of the apheresis
sample may be removed and the cells directly resuspended in culture media.

In another embodiment, T cells are isolated from peripheral blood
lymphocytes by lysing the red blood cells and depleting the monocytes, for example, by
centrifugation through a PERCOLL™ gradient or by counterflow centrifugal elutriation. A
specific subpopulation of T cells, such as CD3*, CD28", CD4*, CD8"*, CD45RA*, and
CD45RO™T cells, can be further isolated by positive or negative selection techniques. For
example, in one embodiment, T cells are isolated by incubation with anti-CD3/anti-CD28
(i.e., 3x28)-conjugated beads, such as DYNABEADS® M-450 CD3/CD28 T, for a time
period sufficient for positive selection of the desired T cells. In one embodiment, the time
period is about 30 minutes. In a further embodiment, the time period ranges from 30 minutes
to 36 hours or longer and all integer values there between. In a further embodiment, the time
period is atleast 1, 2, 3, 4, 5, or 6 hours. In yet another preferred embodiment, the time period
is 10 to 24 hours. In one preferred embodiment, the incubation time period is 24 hours. For
isolation of T cells from patients with leukemia, use of longer incubation times, such as 24
hours, can increase cell yield. Longer incubation times may be used to isolate T cells in any
situation where there are few T cells as compared to other cell types, such in isolating tumor
infiltrating lymphocytes (TIL) from tumor tissue or from immune-compromised individuals.
Further, use of longer incubation times can increase the efficiency of capture of CD8+ T
cells. Thus, by simply shortening or lengthening the time T cells are allowed to bind to the
CD3/CD28 beads and/or by increasing or decreasing the ratio of beads to T cells (as
described further herein), subpopulations of T cells can be preferentially selected for or
against at culture initiation or at other time points during the process. Additionally, by
increasing or decreasing the ratio of anti-CD3 and/or anti-CD28 antibodies on the beads or
other surface, subpopulations of T cells can be preferentially selected for or against at culture
initiation or at other desired time points. The skilled artisan would recognize that multiple
rounds of selection can also be used in the context of this invention. In certain embodiments,
it may be desirable to perform the selection procedure and use the “unselected” cells in the
activation and expansion process. “Unselected” cells can also be subjected to further rounds

of selection.
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Enrichment of a T cell population by negative selection can be accomplished
with a combination of antibodies directed to surface markers unique to the negatively
selected cells. One method is cell sorting and/or selection via negative magnetic
immunoadherence or flow cytometry that uses a cocktail of monoclonal antibodies directed to
cell surface markers present on the cells negatively selected. For example, to enrich for CD4*
cells by negative selection, a monoclonal antibody cocktail typically includes antibodies to
CD14, CD20, CD11b, CD16, HLA-DR, and CD8. In certain embodiments, it may be
desirable to enrich for or positively select for regulatory T cells which typically express
CD4', CD25%, CD62LY, GITR', and FoxP3"*. Altematively, in certain embodiments, T
regulatory cells are depleted by anti-C25 conjugated beads or other similar method of
selection.

For isolation of a desired population of cells by positive or negative selection,
the concentration of cells and surface (e.g., particles such as beads) can be varied. In certain
embodiments, it may be desirable to significantly decrease the volume in which beads and
cells are mixed together (i.e., increase the concentration of cells), to ensure maximum contact
of cells and beads. For example, in one embodiment, a concentration of 2 billion cells/ml is
used. In one embodiment, a concentration of 1 billion cells/ml is used. In a further
embodiment, greater than 100 million cells/ml is used. In a further embodiment, a
concentration of cells of 10, 15, 20, 25, 30, 35, 40, 45, or 50 million cells/ml is used. In yet
another embodiment, a concentration of cells from 75, 80, 85, 90, 95, or 100 million cells/ml
is used. In further embodiments, concentrations of 125 or 150 million cells/ml can be used.
Using high concentrations can result in increased cell yield, cell activation, and cell
expansion. Further, use of high cell concentrations allows more efficient capture of cells that
may weakly express target antigens of interest, such as CD28-negative T cells, or from
samples where there are many tumor cells present (i.e., leukemic blood, tumor tissue, etc.).
Such populations of cells may have therapeutic value and would be desirable to obtain. For
example, using high concentration of cells allows more efficient selection of CD8" T cells
that normally have weaker CD28 expression.

In arelated embodiment, it may be desirable to use lower concentrations of
cells. By significantly diluting the mixture of T cells and surface (e.g., particles such as
beads), interactions between the particles and cells is minimized. This selects for cells that
express high amounts of desired antigens to be bound to the particles. For example, CD4* T
cells express higher levels of CD28 and are more efficiently captured than CD8* T cells in

dilute concentrations. In one embodiment, the concentration of cells used is 5 X 10¢/ml. In
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other embodiments, the concentration used can be from about 1 X 10%/ml to 1 X 10%/ml, and
any integer value in between.

In other embodiments, the cells may be incubated on a rotator for varying
lengths of time at varying speeds at either 2-10°C or at room temperature.

T cells for stimulation can also be frozen after a washing step. Wishing not to
be bound by theory, the freeze and subsequent thaw step provides a more uniform product by
removing granulocytes and to some extent monocytes in the cell population. After the
washing step that removes plasma and platelets, the cells may be suspended in a freezing
solution. While many freezing solutions and parameters are known in the art and will be
useful in this context, one method involves using PBS containing 20% DMSO and 8% human
serum albumin, or culture media containing 10% Dextran 40 and 5% Dextrose, 20% Human
Serum Albumin and 7.5% DMSO, or 31.25% Plasmalyte-A, 31.25% Dextrose 5%, 0.45%
NaCl, 10% Dextran 40 and 5% Dextrose, 20% Human Serum Albumin, and 7.5% DMSO or
other suitable cell freezing media containing for example, Hespan and PlasmaL.yte A, the
cells then are frozen to -80°C at a rate of 1° per minute and stored in the vapor phase of a
liquid nitrogen storage tank. Other methods of controlled freezing may be used as well as
uncontrolled freezing immediately at -20°C or in liquid nitrogen.

In certain embodiments, cryopreserved cells are thawed and washed as
described herein and allowed to rest for one hour at room temperature prior to activation
using the methods of the present invention.

Also contemplated in the context of the invention is the collection of blood
samples or apheresis product from a subject at a time period prior to when the expanded cells
as described herein might be needed. As such, the source of the cells to be expanded can be
collected at any time point necessary, and desired cells, such as T cells, isolated and frozen
for later use in T cell therapy for any number of diseases or conditions that would benefit
from T cell therapy, such as those described herein. In one embodiment a blood sample or an
apheresis is taken from a generally healthy subject. In certain embodiments, a blood sample
or an apheresis is taken from a generally healthy subject who is at risk of developing a
disease, but who has not yet developed a disease, and the cells of interest are isolated and
frozen for later use. In certain embodiments, the T cells may be expanded, frozen, and used at
a later time. In certain embodiments, samples are collected from a patient shortly after
diagnosis of a particular disease as described herein but prior to any treatments. In a further
embodiment, the cells are isolated from a blood sample or an apheresis from a subject prior to

any number of relevant treatment modalities, including but not limited to treatment with
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agents such as natalizumab, efalizumab, antiviral agents, chemotherapy, radiation,
immunosuppressive agents, such as cyclosporin, azathioprine, methotrexate, mycophenolate,
and FK506, antibodies, or other immunoablative agents such as CAMPATH, anti-CD3
antibodies, cytoxan, fludarabine, cyclosporin, FK506, rapamycin, mycophenolic acid,
steroids, FR901228, and irradiation. These drugs inhibit either the calcium dependent
phosphatase calcineurin (cyclosporine and FK506) or inhibit the p70S6 kinase that is
important for growth factor induced signaling (rapamycin) (Liu et al., Cell 66:807-815, 1991;
Henderson et al., Immun. 73:316-321, 1991; Bierer et al., Curr. Opin. Immun. 5:763-773,
1993). In a further embodiment, the cells are isolated for a patient and frozen for later use in
conjunction with (e.g., before, simultaneously or following) bone marrow or stem cell
transplantation, T cell ablative therapy using either chemotherapy agents such as, fludarabine,
external-beam radiation therapy (XRT), cyclophosphamide, or antibodies such as OKT3 or
CAMPATH. In another embodiment, the cells are isolated prior to and can be frozen for later
use for treatment following B-cell ablative therapy such as agents that react with CD20, e.g.,
Rituxan.

In a further embodiment of the present invention, T cells are obtained from a
patient directly following treatment. In this regard, it has been observed that following certain
cancer treatments, in particular treatments with drugs that damage the immune system,
shortly after treatment during the period when patients would normally be recovering from
the treatment, the quality of T cells obtained may be optimal or improved for their ability to
expand ex vivo. Likewise, following ex vivo manipulation using the methods described
herein, these cells may be in a preferred state for enhanced engraftment and in vivo
expansion. Thus, it is contemplated within the context of the present invention to collect
blood cells, including T cells, dendritic cells, or other cells of the hematopoietic lineage,
during this recovery phase. Further, in certain embodiments, mobilization (for example,
mobilization with GM-CSF) and conditioning regimens can be used to create a condition in a
subject wherein repopulation, recirculation, regeneration, and/or expansion of particular cell
types is favored, especially during a defined window of time following therapy. Illustrative
cell types include T cells, B cells, dendritic cells, and other cells of the immune system.

Whether prior to or after genetic modification of the T cells to express a
peptide of the invention, the T cells can be activated and expanded generally using methods
as described, for example, in U.S. Patents 6,352,694; 6,534,055; 6,905,680; 6,692,964,
5.858,358: 6.887.466; 6,905,681: 7,144,575: 7,067,318: 7.172.869: 7.232.566: 7,175,843;
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5,883,223; 6,905,874; 6,797,514; 6,867,041; and U.S. Patent Application Publication No.
20060121005.

Generally, the T cells of the invention are expanded by contact with a surface
having attached thereto an agent that stimulates a CD3/TCR complex associated signal and a
ligand that stimulates a co-stimulatory molecule on the surface of the T cells. In particular, T
cell populations may be stimulated as described herein, such as by contact with an anti-CD3
antibody, or antigen-binding fragment thereof, or an anti-CD2 antibody immobilized on a
surface, or by contact with a protein kinase C activator (e.g., bryostatin) in conjunction with a
calcium ionophore. For co-stimulation of an accessory molecule on the surface of the T cells,
a ligand that binds the accessory molecule is used. For example, a population of T cells can
be contacted with an anti-CD3 antibody and an anti-CD28 antibody, under conditions
appropriate for stimulating proliferation of the T cells. To stimulate proliferation of either
CD4"* T cells or CD8" T cells, an anti-CD3 antibody and an anti-CD28 antibody. Examples of
an anti-CD28 antibody include 9.3, B-T3, XR-CD28 (Diaclone, Besangon, France) can be
used as can other methods commonly known in the art (Berg et al., Transplant Proc.
30(8):3975-3977, 1998; Haanen et al., J. Exp. Med. 190(9):13191328, 1999; Garland et al., J.
Immunol Meth. 227(1-2):53-63, 1999).

In certain embodiments, the primary stimulatory signal and the co-stimulatory
signal for the T cell may be provided by different protocols. For example, the agents
providing each signal may be in solution or coupled to a surface. When coupled to a surface,
the agents may be coupled to the same surface (i.e., in “cis” formation) or to separate surfaces
(i.e., in “trans” formation). Alternatively, one agent may be coupled to a surface and the other
agent in solution. In one embodiment, the agent providing the co-stimulatory signal is bound
to a cell surface and the agent providing the primary activation signal is in solution or
coupled to a surface. In certain embodiments, both agents can be in solution. In another
embodiment, the agents may be in soluble form, and then cross-linked to a surface, such as a
cell expressing Fc receptors or an antibody or other binding agent which will bind to the
agents. In this regard, see for example, U.S. Patent Application Publication Nos.
2004/0101519 and 2006/0034810 for artificial antigen presenting cells (aAPCs) that are
contemplated for use in activating and expanding T cells in the present invention.

In one embodiment, the two agents are immobilized on beads, either on the
same bead, i.e., ““cis,” or to separate beads, i.e., “trans.” By way of example, the agent
providing the primary activation signal is an anti-CD3 antibody or an antigen-binding

fragment thereof and the agent providing the co-stimulatory signal is an anti-CD28 antibody
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or antigen-binding fragment thereof, and both agents are co-immobilized to the same bead in
equivalent molecular amounts. In one embodiment, a 1:1 ratio of each antibody bound to the
beads for CD4" T cell expansion and T cell growth is used. In certain aspects of the present
invention, a ratio of anti CD3:CD28 antibodies bound to the beads is used such that an
increase in T cell expansion is observed as compared to the expansion observed using a ratio
of 1:1. In one particular embodiment an increase of from about 1 to about 3 fold is observed
as compared to the expansion observed using a ratio of 1:1. In one embodiment, the ratio of
CD3:CD28 antibody bound to the beads ranges from 100:1 to 1:100 and all integer values
there between. In one aspect of the present invention, more anti-CD28 antibody is bound to
the particles than anti-CD3 antibody, i.e., the ratio of CD3:CD28 is less than one. In certain
embodiments of the invention, the ratio of anti CD28 antibody to anti CD3 antibody bound to
the beads is greater than 2:1. In one particular embodiment, a 1:100 CD3:CD28 ratio of
antibody bound to beads is used. In another embodiment, a 1:75 CD3:CD28 ratio of antibody
bound to beads is used. In a further embodiment, a 1:50 CD3:CD28 ratio of antibody bound
to beads is used. In another embodiment, a 1:30 CD3:CD28 ratio of antibody bound to beads
is used. In one preferred embodiment, a 1:10 CD3:CD28 ratio of antibody bound to beads is
used. In another embodiment, a 1:3 CD3:CD28 ratio of antibody bound to the beads is used.
In yet another embodiment, a 3:1 CD3:CD28 ratio of antibody bound to the beads is used.
Ratios of particles to cells from 1:500 to 500:1 and any integer values in
between may be used to stimulate T cells or other target cells. As those of ordinary skill in
the art can readily appreciate, the ratio of particles to cells may depend on particle size
relative to the target cell. For example, small sized beads could only bind a few cells, while
larger beads could bind many. In certain embodiments the ratio of cells to particles ranges
from 1:100 to 100:1 and any integer values in-between and in further embodiments the ratio
comprises 1:9 to 9:1 and any integer values in between, can also be used to stimulate T cells.
The ratio of anti-CD3- and anti-CD28-coupled particles to T cells that result in T cell
stimulation can vary as noted above, however certain preferred values include 1:100, 1:50,
1:40, 1:30, 1:20, 1:10, 1:9, 1:8, 1:7, 1:6, 1:5, 1:4, 1:3, 1:2, 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1,
9:1, 10:1, and 15:1 with one preferred ratio being at least 1:1 particles per T cell. In one
embodiment, a ratio of particles to cells of 1:1 or less is used. In one particular embodiment, a
preferred particle: cell ratio is 1:5. In further embodiments, the ratio of particles to cells can
be varied depending on the day of stimulation. For example, in one embodiment, the ratio of
particles to cells is from 1:1 to 10:1 on the first day and additional particles are added to the

cells every day or every other day thereafter for up to 10 days, at final ratios of from 1:1 to
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1:10 (based on cell counts on the day of addition). In one particular embodiment, the ratio of
particles to cells is 1:1 on the first day of stimulation and adjusted to 1:5 on the third and fifth
days of stimulation. In another embodiment, particles are added on a daily or every other day
basis to a final ratio of 1:1 on the first day, and 1:5 on the third and fifth days of stimulation.
In another embodiment, the ratio of particles to cells is 2:1 on the first day of stimulation and
adjusted to 1:10 on the third and fifth days of stimulation. In another embodiment, particles
are added on a daily or every other day basis to a final ratio of 1:1 on the first day, and 1:10
on the third and fifth days of stimulation. One of skill in the art will appreciate that a variety
of other ratios may be suitable for use in the present invention. In particular, ratios will vary
depending on particle size and on cell size and type.

In further embodiments of the present invention, the cells, such as T cells, are
combined with agent-coated beads, the beads and the cells are subsequently separated, and
then the cells are cultured. In an alternative embodiment, prior to culture, the agent-coated
beads and cells are not separated but are cultured together. In a further embodiment, the
beads and cells are first concentrated by application of a force, such as a magnetic force,
resulting in increased ligation of cell surface markers, thereby inducing cell stimulation.

By way of example, cell surface proteins may be ligated by allowing
paramagnetic beads to which anti-CD3 and anti-CD28 are attached (3x28 beads) to contact
the T cells. In one embodiment the cells (for example, 10* to 10° T cells) and beads (for
example, DYNABEADS® M-450 CD3/CD28 T paramagnetic beads at a ratio of 1:1) are
combined in a buffer, preferably PBS (without divalent cations such as, calcium and
magnesium). Again, those of ordinary skill in the art can readily appreciate any cell
concentration may be used. For example, the target cell may be very rare in the sample and
comprise only 0.01% of the sample or the entire sample (i.e., 100%) may comprise the target
cell of interest. Accordingly, any cell number is within the context of the present invention. In
certain embodiments, it may be desirable to significantly decrease the volume in which
particles and cells are mixed together (i.e., increase the concentration of cells), to ensure
maximum contact of cells and particles. For example, in one embodiment, a concentration of
about 2 billion cells/ml is used. In another embodiment, greater than 100 million cells/ml is
used. In a further embodiment, a concentration of cells of 10, 15, 20, 25, 30, 35, 40, 45, or 50
million cells/ml is used. In yet another embodiment, a concentration of cells from 75, 80, 85,
90, 95, or 100 million cells/ml is used. In further embodiments, concentrations of 125 or 150
million cells/ml can be used. Using high concentrations can result in increased cell yield, cell

activation, and cell expansion. Further, use of high cell concentrations allows more efficient
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capture of cells that may weakly express target antigens of interest, such as CD28-negative T
cells. Such populations of cells may have therapeutic value and would be desirable to obtain
in certain embodiments. For example, using high concentration of cells allows more efficient
selection of CD8+ T cells that normally have weaker CD28 expression.

In one embodiment of the present invention, the mixture may be cultured for
several hours (about 3 hours) to about 14 days or any hourly integer value in between. In
another embodiment, the mixture may be cultured for 21 days. In one embodiment of the
invention the beads and the T cells are cultured together for about eight days. In another
embodiment, the beads and T cells are cultured together for 2-3 days. Several cycles of
stimulation may also be desired such that culture time of T cells can be 60 days or more.
Conditions appropriate for T cell culture include an appropriate media (e.g., Minimal
Essential Media or RPMI Media 1640 or, X-vivo 15, (Lonza)) that may contain factors
necessary for proliferation and viability, including serum (e.g., fetal bovine or human serum),
interleukin-2 (IL-2), insulin, IFN-y, IL-4, IL-7, GM-CSF, IL-10, IL-12, IL-15, TGFp, and
TNF-a or any other additives for the growth of cells known to the skilled artisan. Other
additives for the growth of cells include, but are not limited to, surfactant, plasmanate, and
reducing agents such as N-acetyl-cysteine and 2-mercaptoethanol. Media can include RPMI
1640, AIM-V, DMEM, MEM, o-MEM, F-12, X-Vivo 15, and X-Vivo 20, Optimizer, with
added amino acids, sodium pyruvate, and vitamins, either serum-free or supplemented with
an appropriate amount of serum (or plasma) or a defined set of hormones, and/or an amount
of cytokine(s) sufficient for the growth and expansion of T cells. Antibiotics, e.g., penicillin
and streptomycin, are included only in experimental cultures, not in cultures of cells that are
to be infused into a subject. The target cells are maintained under conditions necessary to
support growth, for example, an appropriate temperature (e.g., 37° C) and atmosphere (e.g.,
air plus 5% CO»).

T cells that have been exposed to varied stimulation times may exhibit
different characteristics. For example, typical blood or apheresed peripheral blood
mononuclear cell products have a helper T cell population (Tu, CD4") that is greater than the
cytotoxic or suppressor T cell population (Tc, CD8"). Ex vivo expansion of T cells by
stimulating CD3 and CD28 receptors produces a population of T cells that prior to about days
8-9 consists predominately of Tu cells, while after about days 8-9, the population of T cells
comprises an increasingly greater population of Tc cells. Accordingly, depending on the

purpose of treatment, infusing a subject with a T cell population comprising predominately of
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Tu cells may be advantageous. Similarly, if an antigen-specific subset of Tc cells has been
isolated it may be beneficial to expand this subset to a greater degree.

Further, in addition to CD4 and CD8 markers, other phenotypic markers vary
significantly, but in large part, reproducibly during the course of the cell expansion process.
Thus, such reproducibility enables the ability to tailor an activated T cell product for specific

purposes.

Methods
The present invention provides methods of treating a subject having, or

suspected of having, a mRAS-associated cancer. The method may be used to treat any cancer,
including a hematological malignancy, a solid tumor, a primary or a metastasizing tumor, that
is associated with a mutation in RAS, such as a mutation at position G12.

Exemplary tumors and types of cancer treatable by way of the present
invention includes, but is not limited to, pancreatic cancer, pancreatic ductal adenocarcinoma
(PDA), colon cancer, colorectal adenocarcinoma, myeloma, multiple myeloma, lung
adenocarcinoma, melanoma, uterine cancer, thyroid cancer, acute myelogenous leukemia
(AML), urothelial cancer, gastric adenocarcinoma and cervical adenocarcinoma, head and
neck squamous cell carcinoma (SCC), Diffuse large B-cell lymphoma (DLBCL), esophageal
adenocarcinoma, Chronic lymphocytic leukemia (CLL), lung SCC, small cell lung cancer
(SCLCQ), renal papillary cancer, Hepatocellular carcinoma (HCC), breast cancer, cervical
SCC, ovarian adenocarcinoma, adrenal cancer, prostate cancer, neuroblastoma, glioblastoma
multiforme (GBM), medulloblastoma, Renal cell carcinoma (RCC), esophageal SCC,
osteosarcoma, sarcoma, and small intestine neuroendocrine tumor (NET).

In certain embodiments, the present invention provides a method of inducing
an immune response against mRAS in a subject. For example, administration of a
composition described herein can be used to induce a specific immune response, including a
T-cell-mediated immune response, against mRAS and cancer cells expressing mRAS. In
certain instances, induction of an immune response directed against mRAS results in
inhibition of tumor growth and tumor cell death.

In one embodiment, the method comprises contacting the subject with a
composition of the invention. For example, in certain embodiments, the method comprises
contacting the subject with a composition comprising an antigenic mRAS peptide described
herein, a nucleic acid molecule encoding an mRAS peptide described herein, or a cell

modified to comprise or express an mRAS peptide described herein. In certain embodiments,
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the method comprises contacting the subject with a composition polypeptide comprising a
TCR described herein, a nucleic acid molecule encoding a polypeptide comprising a TCR
described herein, a cell modified to express a TCR described herein.

In certain embodiments, the subject is identified as having an HLA type
associated with the mRAS peptide to which the TCR binds. For example, as described herein,
in certain instances the TCR binds to a specific mRAS peptide in the context of a specific
HLA molecule. Thus, in certain embodiments, the method comprises identifying a subject as
having the specific HLA molecule and then administering to the subject a composition
comprising or encoding a TCR described herein. For example, in one embodiment, the
method comprises identifying a subject as having HLA-A*11:01 molecule and administering
to the subject a composition comprising a TCR, a nucleic acid encoding a TCR, or a cell
expressing a TCR, where the TCR specifically binds to a mRAS peptide comprising
VVGACGVGK (SEQ ID NO:5), VVVGACGVGK (SEQ ID NO:6), VVGADGVGK (SEQ
ID NO:7), VVVGADGVGK (SEQ ID NO:8), VVGARGVGK (SEQ ID NO:9),
VVVGARGVGK (SEQ ID NO:10), VVGAVGVGK (SEQ ID NO:11), or VVVGAVGVGK
(SEQ ID NO:12). In one embodiment, the method comprises identifying a subject as having
the specific HLA molecule and then administering to the subject a composition comprising or
encoding a specific mRAS peptide described herein. For example, in one embodiment, the
method comprises identifying a subject as having HLA-A*11:01 molecule and administering
to the subject a composition comprising a mRAS peptide, a nucleic acid encoding a mRAS
peptide, or a cell expressing a mRAS peptide, where the mRAS peptide comprises
VVGACGVGK (SEQ ID NO:5), VVVGACGVGK (SEQ ID NO:6), VVGADGVGK (SEQ
ID NO:7), VVVGADGVGK (SEQ ID NO:8), VVGARGVGK (SEQ ID NO:9),
VVVGARGVGK (SEQ ID NO:10), VVGAVGVGK (SEQ ID NO:11), or VVVGAVGVGK
(SEQ ID NO:12).

In one embodiment, the method comprises identifying a subject as having
HLA-A*03:01 molecule and administering to the subject a composition comprising a TCR, a
nucleic acid encoding a TCR, or a cell expressing a TCR, where the TCR specifically binds
to a mRAS peptide comprising VVGACGVGK (SEQ ID NO:5), VVVGACGVGK (SEQ ID
NO:6), VVGADGVGK (SEQ ID NO:7), VVVGADGVGK (SEQ ID NO:8), VVGARGVGK
(SEQ ID NO:9), VVVGARGVGK (SEQ ID NO:10), VVGAVGVGK (SEQ ID NO:11), or
VVVGAVGVGK (SEQ ID NO:12). In one embodiment, the method comprises identifying a
subject as having HLA-A*03:01 molecule and administering to the subject a composition

comprising a mRAS peptide, a nucleic acid encoding a mRAS peptide, or a cell expressing a
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mRAS peptide, where the mRAS peptide comprises VVGACGVGK (SEQ ID NO:5),
VVVGACGVGK (SEQ ID NO:6), VVGADGVGK (SEQ ID NO:7), VVVGADGVGK (SEQ
ID NO:8), VVGARGVGK (SEQ ID NO:9), VVVGARGVGK (SEQ ID NO:10),
VVGAVGVGK (SEQ ID NO:11), or VVVGAVGVGK (SEQ ID NO:12).

In one embodiment, the method comprises identifying a subject as having
HLA-A*02:01 molecule and administering to the subject a composition comprising a TCR, a
nucleic acid encoding a TCR, or a cell expressing a TCR, where the TCR specifically binds
to a mRAS peptide comprising KLVVVGACGYV (SEQ ID NO:1), KLVVVGADGYV (SEQ
ID NO:2), KLVVVGARGYV (SEQ ID NO:3), or KLVVVGAVGYV (SEQ ID NO:4). In one
embodiment, the method comprises identifying a subject as having HLA-A*02:01 molecule
and administering to the subject a composition comprising a mRAS peptide, a nucleic acid
encoding a mRAS peptide, or a cell expressing a mRAS peptide, where the mRAS peptide
comprises KLVVVGACGYV (SEQ ID NO:1), KLVVVGADGYV (SEQ ID NO:2),
KLVVVGARGYV (SEQ ID NO:3), or KLVVVGAVGYV (SEQ ID NO:4)..

In one embodiment, the method comprises identifying a subject as having
HLA-B*07:02 molecule and administering to the subject a composition comprising a TCR, a
nucleic acid encoding a TCR, or a cell expressing a TCR, where the TCR specifically binds
to a mRAS peptide comprising GACGVGKSAL (SEQ ID NO:13), GADGVGKSAL (SEQ
ID NO:14), GARGVGKSAL (SEQ ID NO:15), or GAVGVGKSAL (SEQ ID NO:16). In one
embodiment, the method comprises identifying a subject as having HLA-B*07:02 molecule
and administering to the subject a composition comprising a mRAS peptide, a nucleic acid
encoding a mRAS peptide, or a cell expressing a mRAS peptide, where the mRAS peptide
comprises GACGVGKSAL (SEQ ID NO:13), GADGVGKSAL (SEQ ID NO:14),
GARGVGKSAL (SEQ ID NO:15), or GAVGVGKSAL (SEQ ID NO:16).

In one embodiment, the method comprises identifying the subject as having a
specific RAS mutation. For example, in one embodiment, the subject is identified as having a
specific mutation at G12 relative to wildtype RAS. For example, in one embodiment, the
method comprises identifying a subject as having a G12C, G12D, G12R, or G12V mutation
relative to wildtype RAS.

In one embodiment, the method comprises identifying the subject as having an
HLA-A*02:01 allele and a G12C RAS mutation and administering to the subject a
composition comprising a TCR, a nucleic acid encoding a TCR, or a cell expressing a TCR,
where the TCR specifically binds to a mRAS peptide comprising KLVVVGACGYV (SEQ ID

NO:1). In one embodiment, the method comprises identifying a subject as having an HLA-

122



10

15

20

25

30

WO 2020/154617 PCT/US2020/014988

A*02:01 allele and a G12C RAS mutation and administering to the subject a composition
comprising a mRAS peptide, a nucleic acid encoding a mRAS peptide, or a cell expressing a
mRAS peptide, where the mRAS peptide comprises KLVVVGACGV (SEQ ID NO:1).

In one embodiment, the method comprises identifying the subject as having an
HLA-A*02:01 allele and a G12D RAS mutation and administering to the subject a
composition comprising a TCR, a nucleic acid encoding a TCR, or a cell expressing a TCR,
where the TCR specifically binds to a mRAS peptide comprising KLVVVGADGYV (SEQ ID
NO:2). In one embodiment, the method comprises identifying a subject as having an HLA-
A*02:01 allele and a G12D RAS mutation and administering to the subject a composition
comprising a mRAS peptide, a nucleic acid encoding a mRAS peptide, or a cell expressing a
mRAS peptide, where the mRAS peptide comprises KLVVVGADGV (SEQ ID NO:2).

In one embodiment, the method comprises identifying the subject as having an
HLA-A*02:01 allele and a G12R RAS mutation and administering to the subject a
composition comprising a TCR, a nucleic acid encoding a TCR, or a cell expressing a TCR,
where the TCR specifically binds to a mRAS peptide comprising KLVVVGARGYV (SEQ ID
NO:3). In one embodiment, the method comprises identifying a subject as having an HLA-
A*02:01 allele and a G12R RAS mutation and administering to the subject a composition
comprising a mRAS peptide, a nucleic acid encoding a mRAS peptide, or a cell expressing a
mRAS peptide, where the mRAS peptide comprises KLVVVGARGV (SEQ ID NO:3).

In one embodiment, the method comprises identifying the subject as having an
HLA-A*02:01 allele and a G12V RAS mutation and administering to the subject a
composition comprising a TCR, a nucleic acid encoding a TCR, or a cell expressing a TCR,
where the TCR specifically binds to a mRAS peptide comprising KLVVVGAVGV (SEQ ID
NO:4). In one embodiment, the method comprises identifying a subject as having an HLA-
A*02:01 allele and a G12V RAS mutation and administering to the subject a composition
comprising a mRAS peptide, a nucleic acid encoding a mRAS peptide, or a cell expressing a
mRAS peptide, where the mRAS peptide comprises KLVVVGAVGV (SEQ ID NO:4).

In one embodiment, the method comprises identifying the subject as having an
HLA-A*03:01 allele and a G12C RAS mutation and administering to the subject a
composition comprising a TCR, a nucleic acid encoding a TCR, or a cell expressing a TCR,
where the TCR specifically binds to a mRAS peptide comprising VVGACGVGK (SEQ ID
NO:5) or VVVGACGVGK (SEQ ID NO:6). In one embodiment, the method comprises
identifying a subject as having an HLA-A*03:01 allele and a G12C RAS mutation and

administering to the subject a composition comprising a mRAS peptide, a nucleic acid
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encoding a mRAS peptide, or a cell expressing a mRAS peptide, where the mRAS peptide
comprises VVGACGVGK (SEQ ID NO:5) or VVVGACGVGK (SEQ ID NO:6).

In one embodiment, the method comprises identifying the subject as having an
HLA-A*03:01 allele and a G12D RAS mutation and administering to the subject a
composition comprising a TCR, a nucleic acid encoding a TCR, or a cell expressing a TCR,
where the TCR specifically binds to a mRAS peptide comprising VVGADGVGK (SEQ ID
NO:7) or VVVGADGVGK (SEQ ID NO:8). In one embodiment, the method comprises
identifying a subject as having an HLA-A*03:01 allele and a G12D RAS mutation and
administering to the subject a composition comprising a mRAS peptide, a nucleic acid
encoding a mRAS peptide, or a cell expressing a mRAS peptide, where the mRAS peptide
comprises VVGADGVGK (SEQ ID NO:7) or VVVGADGVGK (SEQ ID NO:8).

In one embodiment, the method comprises identifying the subject as having an
HLA-A*03:01 allele and a G12R RAS mutation and administering to the subject a
composition comprising a TCR, a nucleic acid encoding a TCR, or a cell expressing a TCR,
where the TCR specifically binds to a mRAS peptide comprising VVGARGVGK (SEQ ID
NO:9) or VVVGARGVGK (SEQ ID NO:10). In one embodiment, the method comprises
identifying a subject as having an HLA-A*03:01 allele and a G12R RAS mutation and
administering to the subject a composition comprising a mRAS peptide, a nucleic acid
encoding a mRAS peptide, or a cell expressing a mRAS peptide, where the mRAS peptide
comprises VVGARGVGK (SEQ ID NO:9) or VVVGACGVGK (SEQ ID NO:10).

In one embodiment, the method comprises identifying the subject as having an
HLA-A*03:01 allele and a G12V RAS mutation and administering to the subject a
composition comprising a TCR, a nucleic acid encoding a TCR, or a cell expressing a TCR,
where the TCR specifically binds to a mRAS peptide comprising VVGAVGVGK (SEQ ID
NO:11) or VVVGAVGVGK (SEQ ID NO:12). In one embodiment, the method comprises
identifying a subject as having an HLA-A*03:01 allele and a G12V RAS mutation and
administering to the subject a composition comprising a mRAS peptide, a nucleic acid
encoding a mRAS peptide, or a cell expressing a mRAS peptide, where the mRAS peptide
comprises VVGAVGVGK (SEQ ID NO:11) or VVVGACGVGK (SEQ ID NO:12).

In one embodiment, the method comprises identifying the subject as having an
HLA-A*11:01 allele and a G12C RAS mutation and administering to the subject a
composition comprising a TCR, a nucleic acid encoding a TCR, or a cell expressing a TCR,
where the TCR specifically binds to a mRAS peptide comprising VVGACGVGK (SEQ ID
NO:5) or VVVGACGVGK (SEQ ID NO:6). In one embodiment, the method comprises
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identifying a subject as having an HLA-A*11:01 allele and a G12C RAS mutation and
administering to the subject a composition comprising a mRAS peptide, a nucleic acid
encoding a mRAS peptide, or a cell expressing a mRAS peptide, where the mRAS peptide
comprises VVGACGVGK (SEQ ID NO:5) or VVVGACGVGK (SEQ ID NO:6).

In one embodiment, the method comprises identifying the subject as having an
HLA-A*11:01 allele and a G12D RAS mutation and administering to the subject a
composition comprising a TCR, a nucleic acid encoding a TCR, or a cell expressing a TCR,
where the TCR specifically binds to a mRAS peptide comprising VVGADGVGK (SEQ ID
NO:7) or VVVGADGVGK (SEQ ID NO:8). In one embodiment, the method comprises
identifying a subject as having an HLA-A*11:01 allele and a G12D RAS mutation and
administering to the subject a composition comprising a mRAS peptide, a nucleic acid
encoding a mRAS peptide, or a cell expressing a mRAS peptide, where the mRAS peptide
comprises VVGADGVGK (SEQ ID NO:7) or VVVGADGVGK (SEQ ID NO:8).

In one embodiment, the method comprises identifying the subject as having an
HLA-A*11:01 allele and a G12R RAS mutation and administering to the subject a
composition comprising a TCR, a nucleic acid encoding a TCR, or a cell expressing a TCR,
where the TCR specifically binds to a mRAS peptide comprising VVGARGVGK (SEQ ID
NO:9) or VVVGARGVGK (SEQ ID NO:10). In one embodiment, the method comprises
identifying a subject as having an HLA-A*11:01 allele and a G12R RAS mutation and
administering to the subject a composition comprising a mRAS peptide, a nucleic acid
encoding a mRAS peptide, or a cell expressing a mRAS peptide, where the mRAS peptide
comprises VVGARGVGK (SEQ ID NO:9) or VVVGACGVGK (SEQ ID NO:10).

In one embodiment, the method comprises identifying the subject as having an
HLA-A*11:01 allele and a G12V RAS mutation and administering to the subject a
composition comprising a TCR, a nucleic acid encoding a TCR, or a cell expressing a TCR,
where the TCR specifically binds to a mRAS peptide comprising VVGAVGVGK (SEQ ID
NO:11) or VVVGAVGVGK (SEQ ID NO:12). In one embodiment, the method comprises
identifying a subject as having an HLA-A*11:01 allele and a G12V RAS mutation and
administering to the subject a composition comprising a mRAS peptide, a nucleic acid
encoding a mRAS peptide, or a cell expressing a mRAS peptide, where the mRAS peptide
comprises VVGAVGVGK (SEQ ID NO:11) or VVVGACGVGK (SEQ ID NO:12).

In one embodiment, the method comprises identifying the subject as having an
HLA-B*07:02 allele and a G12C RAS mutation and administering to the subject a

composition comprising a TCR, a nucleic acid encoding a TCR, or a cell expressing a TCR,
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where the TCR specifically binds to a mRAS peptide comprising GACGVGKSAL (SEQ ID
NO:13). In one embodiment, the method comprises identifying a subject as having an HLA-
B*07:02 allele and a G12C RAS mutation and administering to the subject a composition
comprising a mRAS peptide, a nucleic acid encoding a mRAS peptide, or a cell expressing a
mRAS peptide, where the mRAS peptide comprises GACGVGKSAL (SEQ ID NO:13).

In one embodiment, the method comprises identifying the subject as having an
HLA-B*07:02 allele and a G12D RAS mutation and administering to the subject a
composition comprising a TCR, a nucleic acid encoding a TCR, or a cell expressing a TCR,
where the TCR specifically binds to a mRAS peptide comprising GADGVGKSAL (SEQ ID
NO:14). In one embodiment, the method comprises identifying a subject as having an HLA-
B*07:02 allele and a G12D RAS mutation and administering to the subject a composition
comprising a mRAS peptide, a nucleic acid encoding a mRAS peptide, or a cell expressing a
mRAS peptide, where the mRAS peptide comprises GADGVGKSAL (SEQ ID NO:14).

In one embodiment, the method comprises identifying the subject as having an
HLA-B*07:02 allele and a G12R RAS mutation and administering to the subject a
composition comprising a TCR, a nucleic acid encoding a TCR, or a cell expressing a TCR,
where the TCR specifically binds to a mRAS peptide comprising GARGVGKSAL (SEQ ID
NO:15). In one embodiment, the method comprises identifying a subject as having an HLA-
B*07:02 allele and a G12R RAS mutation and administering to the subject a composition
comprising a mRAS peptide, a nucleic acid encoding a mRAS peptide, or a cell expressing a
mRAS peptide, where the mRAS peptide comprises GARGVGKSAL (SEQ ID NO:15).

The subject may be identified as being of a particular HLA type or by having a
specific RAS mutation using any method known in the art, including, but not limited to, DNA
sequence, RNA sequencing, nextgen sequencing, PCR, immunoassays, or the like.

In one embodiment, the method comprises administering at least one cell
genetically modified to express a TCR, wherein the TCR specifically binds to RAS, mRAS,
or fragment thereof. For example, in certain embodiments, the method comprises
administering a cell genetically modified to express a TCR, wherein the TCR specifically
binds to a mRAS peptide with a mutation corresponding to G12. In certain embodiments, the
method comprises administering a cell genetically modified to express a TCR, wherein the
TCR specifically binds to a mRAS peptide having a G12C, G12D, G12R, or G12V mutation
at a position corresponding to RAS G12.
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In one embodiment, the present invention includes cellular therapy where cells
are modified to comprise or express an mRAS peptide or TCR of the invention, and the cell is
infused to a recipient in need thereof.

In one embodiment, the present invention includes cellular therapy where the
method comprises administering to a subject a composition comprising a cell, such as an
antigen presenting cell, that comprises or expresses an mRAS peptide described herein. For
example, in one embodiment, the method comprises administering a composition comprising
an antigen presenting cell that is loaded with an mRAS peptide described herein and
expresses the mRAS peptide on the surface.

In one embodiment, the present invention includes cellular therapy where the
method comprises administering to a subject a composition comprising a cell that is activated
or stimulated by an antigen presenting cell that that comprises or expresses an mRAS peptide
described herein. For example, in one embodiment, the method comprises contacting a cell,
such as anaive T cell, to an antigen presenting cell that is loaded with an mRAS peptide
described herein and expresses the mRAS peptide on the surface; thereby activating the cell.
The method comprises administering a composition comprising the activated cell to a subject.
For example, in one embodiment, the method of the invention comprises the following steps:
(1) providing a population of naive T cells; (2) providing a population of dendritic cells; (3)
loading or pulsing the dendritic cells with one or more mRAS peptides described herein; (4)
co-culturing the naive T cells and loaded dendritic cells; and (4) isolating the stimulated T
cells. In one embodiment, the method further comprises step (5) administering the stimulated
T cells to a subject in need thereof, such as a subject having, suspected of having, or at risk of
having a mRAS-associated cancer.

In certain embodiments, the infused cell (e.g., an antigen presenting cell
presenting an mRAS peptide) is able to stimulate an immune response in vivo. For example,
in certain embodiments, the infused cell is able to activate or stimulate endogenous immune
cells to target and kill tumor cells in the recipient.

In certain embodiments, the infused cell is able to kill tumor cells in the
recipient. Unlike antibody therapies, in certain instances, the modified cells are able to
replicate in vivo resulting in long-term persistence and surveillance that can lead to sustained
tumor control.

In one embodiment, the modified T cells of the invention can undergo robust
in vivo T cell expansion and can persist for an extended amount of time. In another

embodiment, the modified T cells of the invention evolve into specific memory T cells that

127



10

15

20

25

30

WO 2020/154617 PCT/US2020/014988

can be reactivated to inhibit any additional tumor formation or growth. For example,
modified T cells of the invention can undergo robust in vivo T cell expansion and persist at
high levels for an extended amount of time in blood and bone marrow and form specific
memory T cells.

The compositions of the present invention may be administered either alone,
or as a pharmaceutical composition in combination with diluents and/or with other
components such as IL-2 or other cytokines or cell populations. Briefly, pharmaceutical
compositions of the present invention may comprise a composition 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 amino acids such as glycine;
antioxidants; chelating agents such as EDTA or glutathione; adjuvants (e.g., aluminum
hydroxide); and preservatives.

Pharmaceutical compositions of the present invention may be administered in
a manner appropriate to the disease to be treated (or prevented). The quantity and frequency
of administration will be determined by such factors as the condition of the patient, and the
type and severity of the patient’s disease, although appropriate dosages may be determined by
clinical trials.

2% <<

When “an immunologically effective amount,” “an anti-tumor effective

% ¢

amount,” “an tumor-inhibiting effective amount,” or “therapeutic amount™ is indicated, the
precise amount of the compositions of the present invention to be administered can be
determined by a physician with consideration of individual differences in age, weight, tumor
size, extent of infection or metastasis, and condition of the patient (subject).

The administration of the subject compositions (e.g., compositions comprising
a TCR, nucleic acid molecule encoding a TCR, or genetically modified cell expressing a
TCR) may be carried out in any convenient manner, including by aerosol inhalation,
injection, ingestion, transfusion, implantation or transplantation. The compositions described
herein may be administered to a patient subcutaneously, intradermally, intratumorally,
intranodally, intramedullary, intramuscularly, by intravenous (i.v.) injection, or
intraperitoneally. In one embodiment, the compositions of the present invention are
administered to a patient by intradermal or subcutaneous injection. In another embodiment,
the compositions of the present invention are administered by 7.v. injection. In certain

embodiments, the compositions of be injected directly into a tumor or lymph node.
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In one embodiment, the invention provides a method to treat cancer
comprising treating the subject prior to, concurrently with, or subsequently to the
administration of the composition of the invention, with a complementary therapy for the
cancer, such as surgery, chemotherapy, chemotherapeutic agent, radiation therapy, or
hormonal therapy or a combination thereof.

Chemotherapeutic agents include cytotoxic agents (e.g., S-fluorouracil,
cisplatin, carboplatin, methotrexate, daunorubicin, doxorubicin, vincristine, vinblastine,
oxorubicin, carmustine (BCNU), lomustine (CCNU), cytarabine USP, cyclophosphamide,
estramucine phosphate sodium, altretamine, hydroxyurea, ifosfamide, procarbazine,
mitomycin, busulfan, cyclophosphamide, mitoxantrone, carboplatin, cisplatin, interferon alfa-
2a recombinant, paclitaxel, teniposide, and streptozoci), cytotoxic alkylating agents (e.g.,
busulfan, chlorambucil, cyclophosphamide, melphalan, or ethylesulfonic acid), alkylating
agents (e.g., asaley, AZQ, BCNU, busulfan, bisulphan, carboxyphthalatoplatinum, CBDCA,
CCNU, CHIP, chlorambucil, chlorozotocin, cis-platinum, clomesone,
cyanomorpholinodoxorubicin, cyclodisone, cyclophosphamide, dianhydrogalactitol,
fluorodopan, hepsulfam, hycanthone, iphosphamide, melphalan, methyl CCNU, mitomycin
C, mitozolamide, nitrogen mustard, PCNU, piperazine, piperazinedione, pipobroman,
porfiromycin, spirohydantoin mustard, streptozotocin, teroxirone, tetraplatin, thiotepa,
triethylenemelamine, uracil nitrogen mustard, and Y oshi-864), antimitotic agents (e.g.,
allocolchicine, Halichondrin M, colchicine, colchicine derivatives, dolastatin 10, maytansine,
rhizoxin, paclitaxel derivatives, paclitaxel, thiocolchicine, trityl cysteine, vinblastine sulfate,
and vincristine sulfate), plant alkaloids (e.g., actinomycin D, bleomycin, L-asparaginase,
idarubicin, vinblastine sulfate, vincristine sulfate, mitramycin, mitomycin, daunorubicin, VP-
16-213, VM-26, navelbine and taxotere), biologicals (e.g., alpha interferon, BCG, G-CSF,
GM-CSF, and interleukin-2), topoisomerase I inhibitors (e.g., camptothecin, camptothecin
derivatives, and morpholinodoxorubicin), topoisomerase II inhibitors (e.g., mitoxantron,
amonafide, m-AMSA, anthrapyrazole derivatives, pyrazoloacridine, bisantrene HCL,
daunorubicin, deoxydoxorubicin, menogaril, N,N-dibenzyl daunomycin, oxanthrazole,
rubidazone, VM-26 and VP-16), and synthetics (e.g., hydroxyurea, procarbazine, o,p'-DDD,
dacarbazine, CCNU, BCNU, cis-diamminedichloroplatimun, mitoxantrone, CBDCA,
levamisole, hexamethylmelamine, all-trans retinoic acid, gliadel and porfimer sodium).

Antiproliferative agents are compounds that decrease the proliferation of cells.
Antiproliferative agents include alkylating agents, antimetabolites, enzymes, biological

response modifiers, miscellaneous agents, hormones and antagonists, androgen inhibitors
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(e.g., flutamide and leuprolide acetate), antiestrogens (e.g., tamoxifen citrate and analogs
thereof, toremifene, droloxifene and roloxifene), Additional examples of specific
antiproliferative agents include, but are not limited to levamisole, gallium nitrate, granisetron,
sargramostim strontium-89 chloride, filgrastim, pilocarpine, dexrazoxane, and ondansetron.

In a further embodiment, the compositions of the present invention are
administered to a patient in conjunction with (e.g., before, simultaneously or following) bone
marrow transplantation, T cell ablative therapy using either chemotherapy agents such as,
fludarabine, external-beam radiation therapy (XRT), cyclophosphamide, or antibodies such as
OKT3 or CAMPATH. In another embodiment, the compositions of the present invention are
administered following B-cell ablative therapy such as agents that react with CD20, e.g.,
Rituxan. For example, in one embodiment, subjects may undergo standard treatment with
high dose chemotherapy followed by peripheral blood stem cell transplantation. In certain
embodiments, following the transplant, subjects receive an infusion of the expanded immune
cells of the present invention. In an additional embodiment, expanded cells are administered
before or following surgery.

In certain embodiments, the composition of the invention is administered
during surgical resection or debulking of a tumor or diseased tissue. For example, in subjects
undergoing surgical treatment of diseased tissue or tumor, the composition may be
administered to the site in order to further treat the tumor.

Subjects to which administration of the compositions and pharmaceutical
compositions of the invention is contemplated include, but are not limited to, humans and
other primates, mammals including commercially relevant mammals such as non-human
primates, cattle, pigs, horses, sheep, cats, and dogs.

The dosage of the above treatments to be administered to a patient will vary
with the precise nature of the condition being treated and the recipient of the treatment. The
scaling of dosages for human administration can be performed according to art-accepted
practices. Strategies for T cell dosing and scheduling have been discussed (Ertl et al, 2011,
Cancer Res, 71:3175-81; Junghans, 2010, Journal of Translational Medicine, 8:55).

Kits
The invention also includes a kit comprising a composting comprising a

mRAS peptide, a nucleic acid molecule encoding a mRAS peptide, a cell comprising or
expressing an mRAS peptide, polypeptide comprising a TCR, nucleic acid molecule

encoding a TCR, a cell expressing a TCR, or combinations thereof, of the invention and an
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instructional material which describes the use of the composition. For instance, in some
embodiments, the instructional material describes administering the composition, or
combinations thereof, to an individual as a therapeutic treatment or a non-treatment use as
described elsewhere herein. In an embodiment, this kit further comprises a (optionally sterile)
pharmaceutically acceptable carrier suitable for dissolving or suspending the therapeutic
composition of the invention, for instance, prior to administering the composition to an
individual. Optionally, the kit comprises an applicator for administering the composition. In
certain embodiments, the kit comprises a reagent used to identify the HLA type of a subject.
In certain embodiments, the kit comprises a reagent used to identify a RAS mutation (e.g., a

mutation at position G12) in subject.

EXPERIMENTAL EXAMPLES
The invention is now described with reference to the following Examples.

These Examples are provided for the purpose of illustration only and the invention should in
no way be construed as being limited to these Examples, but rather should be construed to
encompass any and all variations which become evident as a result of the teaching provided
herein.

Without further description, it is believed that one of ordinary skill in the art
can, using the preceding description and the following illustrative examples, make and utilize
the compounds of the present invention and practice the claimed methods. The following
working examples therefore and are not to be construed as limiting in any way the remainder
of the disclosure.

Example 1: Identification of mRAS neoantigens

As described herein, various computational and proteomic studies were done
to identify mR AS neoantigens and their interactions with HLA types. Figure 1 is a schematic
that depicts the discovery strategy for mutant RAS epitopes, wherein an in silico model is
used to predict affinity of mRAS peptides to MHC, followed by experiments to measure the
affinity/stability of interactions and to detect peptides by mass spectrometry.

An in silico study was done to predict mRAS neoantigens, utilizing
antigen.garnish software which analyzes human or murine DNA missense mutations,
insertions, deletions, and fusions and computationally predicts neoepitopes uses 7 validated
algorithms. The model outputs neoepitopes by MHC I/II binding affinity. For example, as
shown in Figure 2, the model was used to predict 9-10mer neoepitopes that contain a

mutation at a position corresponding to G12 in RAS.

131



10

15

20

25

30

WO 2020/154617 PCT/US2020/014988

As shown in Figure 3 and Figure 4A and Figure 4B, the model predicted
binding of mRAS neoantigens to different HLA class I alleles. The table in Figure 4B
summarizes the mRAS short peptides predicted to bind to specific HLA types.

Experiments were also conducted to examine peptide-MHC binding. The
fluorescence polarization assay, which uses competitive binding of peptides of interest, is
shown in Figure 5. The assay was used to measure the affinity of the various mRAS peptide
sequences to HLA class I alleles of interest, summarized in the table of Figure 5. Additional
data demonstrating peptide binding in a fluorescence polarization assay is shown in Figure
6A. Experiments were also done to investigate peptide stability by the scintillation proximity
assay. The notation for the mutant RAS peptides depicted in Figure 6A and Figure 6B are as
follows: For the A*02:01 panels, C-10 =KLV_C; D-10=KLV_D; R-10=KLV_R; and V-
10=KLV _V. For the A*03:01 and A*11:01 panels, C-9=VV_C; C-10=VVV_C; D-9=VV _D;
D-10=VVV_D; R-9=VV R;R-10=VVV_R; V-9=VV V;V-10=VVV_V. For the B*07:02
panel, C-10=GA_C; D-10=GA_D; R-10=GA R; V-10=GA V.

Additional antigen processing and presentation studies were done using mass
spectrometry. First, monoallelic K562 cell lines were created to express specific HLA types
(Figure 7A). Further, lentiviral constructs expressing various wt RAS and mRAS peptides
were generated (Figure 7E). Monoallelic cell lines that express specific HLA types and the
various RAS and mRAS peptides were then created. The expression of HLA class I and
HL A-specific expression of RAS TMG cells lines were verified by FACS (Figure 7C and
Figure 7D).

The results, with respect to binding of various HLA molecules to mutant
peptides are shown in Figure 8A — Figure 8J. A summary of mutant RAS epitopes detected
by mass spectrometry is shown in Figure 9. Interestingly, it was found that redundant
epitopes exist for HLA-A*03:01 and HLA-A*11-01. Further, novel epitopes are identified
for HLA-B*07:02.

Figure 10 presents a comparison of neoantigens identified during the in silico
prediction studies (left) and the peptide-MHC binding studies (right).

In summary, the experiments presented herein identified that the highly
prevalent MHC class I alleles HLA-A2 subtypes, HLA-A*03:01, HLA-A*11:01, and HLA-
B*07:02 are predicted to bind to mRAS neoepitopes. Further, mRAS neoepitopes were found
to have high binding affinity for the following HLA:peptide pairs: HLA-A*02:01: G12V
(KLVVVGAVGYV (SEQ ID NO:4)); HLA-A*03:01: G12V (VVVGAVGVGK (SEQ ID
NO:12) and VVGAVGVGK (SEQ ID NO:11)) and G12R (VVVGARGVGK (SEQ ID
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NO:10)); HLA-A*11:01: G12C (VVVGACGVGK (SEQ ID NO:6) and VVGACGVGK
(SEQ ID NO:5)), G12D (VVVGADGVGK (SEQ ID NO:8) and VVGADGVGK (SEQ ID
NO:7), G12R (VVVGARGVGK (SEQ ID NO:10) and VVGARGVGK (SEQ ID NO:9)) and
G12V (VVVGAVGVGK (SEQ ID NO:12) and VVGAVGVGK(SEQ ID NO:11)); HLA-
B*07:02: G12R (GARGVGKSAL (SEQ ID NO:15)). Further, proteomic studies confirmed
antigen processing/presentation of predicted epitopes and identified new epitopes: HLA-

B*07:02: G12D (GADGVGKSAL(SEQ ID NO:14)).

Example 2: Assess mRAS immunogenicity

As described herein, experiments were conducted to assess the
immunogenicity of mRAS peptde-MHC recognition. PMBCs were isolated from normal
donors having selected HLA types (HLA-A02, HLA-A03, HLA-A11, and HLA-B07) and
stimulated as shown in Figure 11. Experiments using IFN-y ELISPOT assays were conducted
to evaluate the CD8+ T cell responses. The summary of mRAS CTL responses is shown in
Figure 12 and Figure 13A — Figure 13F.

Additional experiments using pMHC-multimer staining were conducted on T
cell cultures to identify mRAS-specific T cells (Figure 14). The experiments also showed that
the mRAS T cell responses are highly specific (Figure 15). Experiments using various doses
of B7-G12R was used to demonstrate the observed responses are of high affinity (Figure 16).

Experiments were also done to examine whether the B7-G12R CTL response
can kill a G12R+ PDA cell line. As shown in Figure 17, PSN1 cells that are modified to
express HLA-B*07:02 are able to be killed via a B7-G12R CTL.

In summary, the present experiments demonstrate that mRAS neoantigen-
specific T cell responses may be generated in normal donors. T cell responses were observed
for HLA-A*02:06: G12V; HLA-A*11:01: G12C, G12D, G12V; and HLA-B*07:02: G12R.
Further, mR AS-specific T cells may be detected and purified by pMHC multimer staining. It
was also observed that mRAS T cells are highly specific for target mutation and exhibit no
reactivity to wild type antigen. Finally, outsourced mRAS-specific T cells may be of

sufficient affinity to target endogenously mutated tumor cell lines

Example 3: Development of mR AS-specific TCR therapy

As described herein, experiments were conducted to design a TCR therapy

targeted against specific mRAS peptides in the context of specific HLA types.
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As shown in Figure 18, T-cells observed to bind to A11-G12V and B7-G12R
mRAS peptide-HLA type complexes were sorted, expanded, and subjected to TCR o/
sequencing. Two distinct CD8+ T cell clones were identified for the HLA-A*11:01 restricted
G12V-specific T cells: (1) TRAV39/TRBV20-1 and TRAV12-1 / TRBV28 were observed.

Based upon the sequencing, lentiviral constructs, termed TCR831 and
TCR833 were designed (Figure 19). TCR831 comprises TRAV39 and TRBV20-1, while
TCR833 comprises TRAV12-1 and TRBV28. Both constructs comprise a T2A linker domain
and a EF1a promoter. Similarly, additional constructs, termed TCR896, TCR897, TCR847,
and TCR864 were designed, as summarized in Figure 20. Figure 20 also lists the RAS
mutation sensitivity, HLA restriction, identity of alpha and beta chains, and associated
CDR3s for all of the designed TCR constructs.

The expression of TCR831 and TCR833 was assessed in primary CD8+ T
cells (Figure 21). The affinity of TCR831 and TCR833 was examined using an [FN-y
ELISPOT assay and using various doses of K562-A11+G12V. As shown in Figure 22, both
TCRS831 and TCR833 displayed high affinity in response to mRAS G12V in the context of
HLA-A*11:01.

Further, additional experiments using IFN-y ELISPOT demonstrated that the
transgenic TCR831 and TCR833 constructs recognize endogenous antigen (Figure 22) where
response is observed with A11 but not A3. The specificity of the transgenic TCR831 and
TCR833 constructs, and their ability to recognize endogenous antigen, is also shown in
Figure 23, where a CTL response is observed in the presence of G12V but not wild-type
RAS.

Experiments were also conducted to examine the reactivity of TCR831 and
TCR833 to a G12V+ PDA cell line. The PDA cell line, Panc03.21, which harbors a KRAS
G12V mutation, was modified with a lentiviral construct encoding HLA-A*11:01 molecule
(Figure 24).

Further characterization of the TCR831 construct is shown in Figure 25A —
Figure 25G. The validation of TCR831 expression by peptide-MHC multimer staining of
lentiviral-transduced Jurkat Reporter cells is shown in Figure 25A. Experiments were
conducted to examine TCR831 avidity by Jurkat Reporter cells (Figure 25B). Experiments
were also conducted to assess TCR831 specificity and cross-reactivity to alternative mutant
RAS epitopes by Jurkat Reporter assay. TCR831 exhibits specificity for RAS G12V
(VVV_V) but not wildtype. Cross reactivity was observed to RAS G12C (VVV_C). Figure
24D depicts TCR activation of Jurkat Reporter cells following coculture with A*11:01
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positive RAS G12V tumor cell lines. Figure 25E depicts the expression of TCR831 on
primary CD8+ T cells. Experiments were also conducted using 4-hr 51Cr assay, which
indicates specific lysis of K562-A*11:01 cells pulsed with G12V peptide (blue) or expressing
RAS TMG construct (red) - but not wildtype (black). Further, 4-hr 51Cr assay results
indicating specific lysis of A*11:01 positive RAS G12V- tumor cell lines at effector to target
ratio 10:1 (Figure 25G). Cell line coloring corresponds to that in Figure 25D.

Experiments were also conducted to further characterize the expression and
function of TCR833. The validation of TCR833 expression by peptide-MHC multimer
staining of lentiviral-transduced Jurkat Reporter cells is shown in Figure 26A. Figure 26B
depicts the results of experiments assessing TCR833 avidity by Jurkat Reporter cells.
Experiments were also conducted to assess TCR833 specificity and cross-reactivity to
alternative mutant RAS epitopes by Jurkat Reporter assay. As shown in Figure 26C, TCR833
exhibits specificity for RAS G12V (VVV_V) but not wildtype. Cross reactivity was observed
to RAS G12C (VVV_C). Figure 26D depicts TCR833 activation of Jurkat Reporter cells
following coculture with A*11:01 positive RAS G12V tumor cell lines. Expression of
TCRS833 on primary CD8+ T cells is shown in Figure 26E. Experiments were conducted
using 4-hr 51Cr assay which indicates specific lysis of K562-A*11:01 cells pulsed with
G12V peptide (blue) or expressing RAS TMG construct (red)- but not wildtype
(black)(Figure 26F). Figure 26G depicts results from a 4-hr 51Cr assay indicating specific
lysis of A*11:01 positive RAS G12V tumor cell lines.

Further experiments were conducted to characterize TCR897 expression and
function. TCR897 expression was validated by peptide-MHC multimer staining of lentiviral-
transduced Jurkat Reporter cells, as shown in Figure 27A. Figure 27B depicts the results of
experiments assessing TCR897 avidity by Jurkat Reporter cells. Experiments were conducted
to assess TCR897 specificity and cross-reactivity to alternative mutant RAS epitopes by
Jurkat Reporter assay. As shown in Figure 27C, TCR897 exhibits specificity for RAS G12V
(VV_V) but not wildtype. Cross reactivity was observed to RAS G12C (VV_C) and G12D
(VV_D) epitopes.

Further experiments were conducted to characterize TCR896 expression and
function. TCR896 expression was validated by peptide-MHC multimer staining of lentiviral-
transduced Jurkat Reporter cells, as shown in Figure 28A. Figure 28B depicts the results of
experiments assessing TCR896 avidity by Jurkat Reporter cells. Experiments were conducted
assessing TCR specificity and cross-reactivity to alternative mutant RAS epitopes by Jurkat

Reporter assay. As shown in Figure 28C, TCR896 exhibits specificity for RAS G12V
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(VVV_V) but not wildtype or alternatively mutated RAS epitopes. Figure 28D depicts TCR
activation of Jurkat Reporter cells following coculture with A*03:01 positive RAS G12V
tumor cell lines. The expression of TCR896 on primary CD8+ T cells is shown in Figure
28E. Experiments were conducted using 4-hr 51Cr assay which indicates specific lysis of
K562-A*03:01 cells pulsed with G12V peptide (blue) or expressing RAS TMG construct
(red)- but not wildtype (black) (Figure 28F). Figure 28G depicts the results of a 4-hr 51Cr
assay indicating specific lysis of A*03:01 positive RAS G12V tumor cell lines.

Further experiments were done to characterize TCR847 expression and
function. TCR847 expression was validated by peptide-MHC multimer staining of lentiviral-
transduced Jurkat Reporter cells, as shown in Figure 29A. Figure 29B depicts the results of
experiments assessing TCR specificity and cross-reactivity to alternative mutant RAS
epitopes by Jurkat Reporter assay. TCR847 exhibits specificity for RAS G12R (GA_R) but
not wildtype or alternatively mutated RAS epitopes.

Further experiments were conducted to characterize TCR864 expression and
function. TCR864 expression was validated by peptide-MHC multimer staining of lentiviral-
transduced Jurkat Reporter cells, as shown in Figure 30A. Figure 30B depicts the results of
experiments assessing TCR864 avidity by Jurkat Reporter cells. Experiments were conducted
to examine TCR864 specificity and cross-reactivity to alternative mutant RAS epitopes by
Jurkat Reporter assay. As shown in Figure 30C, TCR864 exhibits specificity for RAS G12R
(GA_R) but not wildtype or alternatively mutated RAS epitopes. The expression of TCR864
on primary CD8+ T cells is depicted in Figure 30D. Figure 30E depicts the results of
experiments using 4-hr 51Cr assay which indicates specific lysis of K562-B*07:02 cells
pulsed with G12R peptide (blue) or expressing RAS TMG construct (red)- but not wildtype
(black) .

In summary, the experiments presented herein demonstrates that mRAS-
specific TCR sequences may be identified in normal donors. Further, mRAS-specific TCRs
may be transgenically expressed on primary CD8+ T cells. The experiments also

demonstrated that transgenic mR AS-specific TCRs exhibit high affinity and specificity.

Example 4: DC vaccination against mRAS short peptides

As described herein, experiments are conducted using vaccinated PDA
patients. Experiments are conducted to evaluate the safety/tolerability of mDC3/8-RAS
vaccine, to examine RAS-specific immunologic response to mDC3/8-RAS vaccination and to

identify HL A-specific anti-RAS TCR sequences (Figure 31). Patients are included in the
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study if: (1) the patient is stage I-1I1 PDA with NED s/p surgery +/- neoadjuvant or adjuvant
chemotherapy and/or radiotherapy; (2) pathologically confirmed RAS G12C, RAS G12D,
RAS G12R or RAS G12V mutation; and (3) identified as HLA-A*02:01, HLA-A*03:01,
HLA-A*11:01, HLA-B*07:02 and / or HLA-C*08:02. These studies can be used to further
identify mRAS TCRs to develop additional adoptive cell therapies (Figure 32).

The disclosures of each and every patent, patent application, and publication
cited herein are hereby incorporated herein by reference in their entirety.

While this invention has been disclosed with reference to specific
embodiments, it is apparent that other embodiments and variations of this invention may be
devised by others skilled in the art without departing from the true spirit and scope of the
invention. The appended claims are intended to be construed to include all such embodiments

and equivalent variations.
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CLAIMS
What is claimed is:

1. An immunogenic composition comprising a mutant RAS

peptide comprising a mutation at a position relative to G12 of wildtype RAS.

2. The composition of claim 1, wherein the peptide comprises a

G12C, G12D, G12R, or G12V mutation.

3. The composition of claim 1, wherein the mutant RAS peptide

comprises 9 or 10 amino acid residues.

4, The composition of claim 1, wherein the mutant RAS peptide
comprises an amino acid sequence that is at least 80% homologous to an amino acid

sequence selected from SEQ ID NOs:1-16.

5. The composition of claim 1, wherein the mutant RAS peptide

comprises an amino acid sequence selected from SEQ ID NOs:1-16.
6. An isolated nucleic acid molecule comprising a nucleic acid
sequence encoding a mutant RAS peptide comprising a mutation at a position relative

to G12 of wildtype RAS.

7. A cell modified to comprise or express a mutant RAS peptide

comprising a mutation at a position relative to G12 of wildtype RAS.

8. The cell of claim 7, wherein the cell is an immune cell.

9. The cell of claim 10, wherein the immune cell is selected from
the group consisting of an antigen presenting cell, B cell, dendritic cell, macrophage,

Langerhans cell, T cell, NK cell, NK T cell.

10. A method of inducing an immune response in a subject

comprising administering to the subject the immunological composition of claim 1.
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11. The method of claim 10, wherein the method comprises
identifying the HLA type of a subject and administering the subject a composition
comprising or encoding a mutant RAS peptide comprising a mutation at a position
relative to G12 of wildtype RAS, wherein the mutant RAS peptide binds to the
identified HL A molecule of the subject.

12. The method of claim 10, wherein the subject has or is at risk

for having a RAS-associated cancer.

13. The method of claim 12, wherein the cancer is selected from
the group consisting of pancreatic cancer, pancreatic ductal adenocarcinoma (PDA),
colon cancer, colorectal adenocarcinoma, myeloma, multiple myeloma, lung
adenocarcinoma, melanoma, uterine cancer, thyroid cancer, acute myelogenous
leukemia (AML), urothelial cancer, gastric adenocarcinoma and cervical
adenocarcinoma, head and neck squamous cell carcinoma (SCC), Diffuse large B-cell
lymphoma (DLBCL), esophageal adenocarcinoma, Chronic lymphocytic leukemia
(CLL), lung SCC, small cell lung cancer (SCLC), renal papillary cancer,
Hepatocellular carcinoma (HCC), breast cancer, cervical SCC, ovarian
adenocarcinoma, adrenal cancer, prostate cancer, neuroblastoma, glioblastoma
multiforme (GBM), medulloblastoma, Renal cell carcinoma (RCC), esophageal SCC,

osteosarcoma, sarcoma, and small intestine neuroendocrine tumor (NET).

14. A method of inducing an immune response in a subject
comprising

a. contacting a cell with a composition comprising a mutant RAS
peptide comprising a mutation at a position relative to G12 of wildtype RAS, thereby
stimulating the cell; and

b. administering the stimulated cell to the subject.
15. The method of claim 14, wherein the method comprises

contacting a naive T cell of the subject with an antigen presenting cell presenting the

mutant RAS peptide, thereby stimulating the T cell.
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16. The method of claim 14, wherein the cell is autologous to the

subject.

17. The method of claim 15, wherein the T cell and antigen

presenting cell are autologous to the subject.

18. A composition comprising a T-cell receptor (TCR) that
specifically binds to a mutant RAS (mRAS) peptide in the context of an HLA
molecule selected from the group consisting of: HLA-A*02:01, HLA-A*03:01, HLA-
A*11:01, and HLA-B*07:02.

19. The composition of claim 18, wherein the RAS peptide

comprises a mutation at a position corresponding to G12 relative to wildtype RAS.

20.  The composition of claim 19, wherein the mutation of the
mRAS peptide corresponds to a mutation selected from the group consisting of

G12C, G12D, G12R, and G12V; relative to wildtype RAS.

21.  The composition of claim 18, wherein the TCR comprises at
least one CDR selected from the group consisting of: TRAV39 CDR1, TRAV39
CDR2, TRAV39 CDR3, TRBV20-1 CDR1, TRBV20-1 CDR2, and TRBV20-1
CDR3.

22, The composition of claim 18, wherein the TCR comprises
TRAV39 CDR1, TRAV39 CDR2, TRAV39 CDR3, TRBV20-1 CDRI1, TRBV20-1
CDR2, and TRBV20-1 CDR3.

23.  The composition of claim 18, wherein the TCR comprises at

least one CDR selected from the group consisting of: TRAV12-1 CDR1, TRAV12-1
CDR2, TRAV12-1 CDR3, TRBV28 CDR1, TRBV28 CDR2, and TRBV28 CDR3.
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24, The composition of claim 18, wherein the TCR comprises
TRAV12-1 CDRI1, TRAV12-1 CDR2, TRAV12-1 CDR3, TRBV28 CDR1, TRBV28
CDR2, and TRBV28 CDR3.

25.  The composition of claim 18, wherein the TCR comprises at
least one CDR selected from the group consisting of: TRAV17 CDR1, TRAV17
CDR2, TRAV17 CDR3, TRBV10-3 CDR1, TRBV10-3 CDR2, and TRBV10-3
CDR3.

26.  The composition of claim 18, wherein the TCR comprises
TRAV17 CDRI, TRAV17 CDR2, TRAV17 CDR3, TRBV10-3 CDRI1, TRBV10-3
CDR2, and TRBV10-3 CDR3.

27.  The composition of claim 18, wherein the TCR comprises at
least one CDR selected from the group consisting of: TRAV17 CDR1, TRAV17
CDR2, TRAV17 CDR3, TRBV11-2 CDR1, TRBV11-2 CDR2, and TRBV11-2
CDR3.

28.  The composition of claim 18, wherein the TCR comprises
TRAV17 CDRI1, TRAV17 CDR2, TRAV17 CDR3, TRBV11-2 CDRI1, TRBV11-2
CDR2, and TRBV11-2 CDR3.

29.  The composition of claim 18, wherein the TCR comprises at
least one CDR selected from the group consisting of: TRAV19 CDR1, TRAV19
CDR2, TRAV19 CDR3, TRBV9 CDRI1, TRBV9 CDR2, and TRBV9 CDR3.

30.  The composition of claim 18, wherein the TCR comprises
TRAV19 CDRI, TRAV19 CDR2, TRAV19 CDR3, TRBVY CDRI1, TRBVY CDR2,
and TRBV9 CDR3.

31.  The composition of claim 18, wherein the TCR comprises at
least one CDR selected from the group consisting of: TRAV4 CDR1, TRAV4 CDR2,
TRAV4 CDR3, TRBV7-2 CDR1, TRBV7-2 CDR2, and TRBV7-2 CDR3.
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32.  The composition of claim 18, wherein the TCR comprises
TRAV4 CDR1, TRAV4 CDR2, TRAV4 CDR3, TRBV7-2 CDR1, TRBV7-2 CDR2,
and TRBV7-2 CDR3.

33.  The composition of claim 18, wherein the composition

comprises a fusion polypeptide comprising a TCR o chain and a TCR [ chain.

34, The composition of claim 33, wherein the fusion polypeptide

comprises a linker domain.

35. The composition of claim 34, wherein the linker domain is a

cleavable linker domain.

36. A composition comprising an isolated nucleic acid molecule

encoding a composition of any one of claims 18-36.

37. A cell modified to express a T-cell receptor (TCR) that
specifically binds to a mutant RAS (mRAS) peptide in the context of an HLA
molecule selected from the group consisting of: HLA-A*02:01, HLA-A*03:01, HLA-
A*11:01, and HLA-B*07:02.

38. The cell of claim 37, wherein the mRAS peptide comprises a

mutation at a position corresponding to G12 relative to wildtype RAS.
39. The cell of claim 38, wherein the mutation of the mRAS
peptide corresponds to a mutation selected from the group consisting of G12C, G12D,

G12R, and G12V; relative to wildtype RAS.

40. The cell of claim 37, wherein the cell is modified to express a

fusion polypeptide comprising a TCR o chain and a TCR [ chain.
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41. The cell of claim 37, wherein the cell is genetically modified
by introduction of an isolated nucleic acid molecule encoding a polypeptide

comprising at least one of: a TCR alpha chain and a TCR beta chain.

42. The cell of claim 37, wherein the cell is an immune cell.

43, The cell of claim 42, wherein the immune cell is selected from

the group consisting of a T cell, NK cell, and NK T cell.

44, The cell of claim 37, wherein the cell is autologous to a subject

having a cancer associated with RAS.

45. The cell of claim 37, wherein the cell is autologous to a subject
having a HLA type selected from the group consisting of: HLA-A*02:01, HLA-
A*03:01, HLA-A*11:01, and HLA-B*07:02.

46. A method of treating a subject having a cancer associated with

mRAS comprising administering to the subject a cell of any one of claims 37-45.

47. The method of claim 46, wherein the subject has a cancer
selected from the group consisting of pancreatic cancer, pancreatic ductal
adenocarcinoma (PDA), colon cancer, colorectal adenocarcinoma, myeloma, multiple
myeloma, lung adenocarcinoma, melanoma, uterine cancer, thyroid cancer, acute
myelogenous leukemia (AML), urothelial cancer, gastric adenocarcinoma and
cervical adenocarcinoma, head and neck squamous cell carcinoma (SCC), Diffuse
large B-cell lymphoma (DLBCL), esophageal adenocarcinoma, Chronic lymphocytic
leukemia (CLL), lung SCC, small cell lung cancer (SCLC), renal papillary cancer,
Hepatocellular carcinoma (HCC), breast cancer, cervical SCC, ovarian
adenocarcinoma, adrenal cancer, prostate cancer, neuroblastoma, glioblastoma
multiforme (GBM), medulloblastoma, Renal cell carcinoma (RCC), esophageal SCC,

osteosarcoma, sarcoma, and small intestine neuroendocrine tumor (NET).
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48. The method of claim 46, wherein the method comprises

identifying the HLA type of the subject.

49, The method of claim 46, wherein the method comprises
isolating one or more cells of the subject and modifying the one or more cells to

express the TCR.

50. The method of claim 46, wherein the method comprises
modifying the one or more cells to express the TCR by contacting the one or more
cells with an isolated nucleic acid molecule that encodes one or more of: a TCR alpha

chain and a TCR beta chain.
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means
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the priority date claimed
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the principle or theory underlying the invention
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step when the document is taken alone
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
m in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.
b. D furnished together with the international application under PCT Rule 13fer.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.
c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).
|:| on paper or in the form of an image file (Rule 13ser.1(b) and Administrative Instructions, Section 713).

2. |:] In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
SEQ ID NOs: 1-16 were searched.
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