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DESCRIPTION

FIELD

[0001] This disclosure relates to cancer immunotherapy, particularly T cells expressing a renal
cell carcinoma-reactive T cell receptor, and methods of making and using the T cells.

BACKGROUND

[0002] Renal cell carcinoma (RCC) is responsible for approximately 12,000 deaths every year
in the United States alone. As with most cancer, when detected at early stages, surgical
intervention is highly effective. Despite progress in treating RCC with targeted inhibitors and
inhibitors of immune checkpoints (such as anti-CTLA-4 and anti-PD-1 monoclonal antibodies),
metastatic RCC is generally lethal, with mean survival being less than a year. Thus, there
remains a need for more effective therapies for RCC.

SUMMARY

[0003] The invention is defined in the claims. Disclosed herein are T cell receptors (TCRs)
recognizing an antigen expressed on RCC cells. T cells can be transduced with a nucleic acid
encoding the TCR (e.g., TCR a and B chains) and administered to a subject with RCC in order
to treat or inhibit RCC in the subject.

[0004] Disclosed herein are TCRs that are capable of binding a human endogenous retrovirus-
E (HERV-E) antigen expressed by RCC cells (e.g., a peptide having the sequence
ATWLGSKTWK; SEQ ID NO: 1). In some examples, the TCRs are HLA-A11 restricted TCRs
expressed by clear cell renal cell carcinoma (ccRCC) cells. In some examples, the TCRs
include an a chain (such as an a chain having the amino acid sequence of SEQ ID NO: 4) and
a B chain (such as a B chain having the amino acid sequence of SEQ ID NO: 5). In some
examples not forming part of the invention, the TCR a chain is encoded by a nucleic acid
having at least 90% sequence identity to SEQ ID NO: 2 and the TCR B chain is encoded by a
nucleic acid having at least 90% sequence identity to SEQ ID NO: 3.

[0005] Also disclosed herein are vectors (such as viral vectors) including nucleic acids
encoding the disclosed TCR a and/or B chains, for example, operably linked to an expression
control sequence (such as a promoter). In some examples, the vector also includes a nucleic
acid encoding a truncated CD34 protein, such as a CD34 protein including the extracellular
and transmembrane domains, but lacking the intracellular domain. In one non-limiting
example, the vector is a retroviral vector (such as a SAMEN vector) including nucleic acids
encoding the TCR a chain (such as SEQ ID NO: 2), the TCR B chain (such as SEQ ID NO: 3),
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and the truncated CD34.

[0006] Further disclosed are modified T cells expressing the TCRs capable of binding the
HERV-E antigen expressed by RCC cells (such as ccRCC cells), such as nucleic acids
encoding the TCR a chain (for example, SEQ ID NO: 2) and the TCR B chain (for example,
SEQ ID NO: 3). In some examples, the modified T cells are prepared by transducing T cells
(such as T cells obtained from a subject with RCC or a donor) with a vector including nucleic
acids encoding the TCR a chain and the TCR B chain, and optionally the truncated CD34
protein.

[0007] In some embodiments, compositions for use in methods of treating a subject with RCC
(for example, ccRCC or metastatic ccRCC), are produced by obtaining a population of T cells
from the subject or a donor, transducing the population of T cells with vector including a nucleic
acids encoding the TCR a chain (such as SEQ ID NO: 2) and the TCR B chain (such as SEQ ID
NO: 3), producing a population of modified T cells, and administering the composition including
the modified T cells to the subject. In some examples, the population of T cells is activated in
vitro prior to transduction with the nucleic acid molecule. In other examples, the population of
modified T cells is expanded and/or enriched prior to administering to the subject.

[0008] The foregoing and other features of the disclosure will become more apparent from the
following detailed description, which proceeds with reference to the accompanying figures.

[0009] Takahashi ef a/ and US 2015/152384 A1 disclose the generation of tumour-specific
cytotoxic T cell clones that identify HERV-E.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 is a schematic diagram of an exemplary retroviral vector for expression of the TCR a
and B chains described herein. CMV, human cytomegalovirus promoter/enhancer; y,
packaging signal; SD, splice donor; SA, splice acceptor; TCRa, HERV-E antigen specific TCR a
chain (e.g., SEQ ID NO: 2); P2A, self-cleaving 2A peptide derived from porcine teschovirus;
TCRB, HERV-E antigen specific TCR B chain (e.g., SEQ ID NO: 3); T2A, self-cleaving 2A
peptide of Thosea asigna virus; CD34t, truncated CD34 with extracellular and transmembrane
regions of the protein; LTR, 3' LTR.

FIG. 2 is a schematic diagram of an exemplary protocol for collecting and producing modified T
cells for treating a subject with RCC

FIGS. 3A and 3B are graphs showing reactivity of T cells transduced with a retroviral vector
encoding the HLA-A11 restricted TCR against ccRCC cells from two donors (FIG. 3A) and from
one donor (FIG. 3B).
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FIGS. 4A-4C are a series of plots showing CD34 expression in transduced T cells pre- and
post-CD34 selection step (FIG. 4A) and CD3 (FIG. 4B) and HERV-E tetramer (FIG. 4C)
expression in CD34-selected transduced T cells.

FIGS. 5A and 5B are plots showing CD8 (FIG. 5A) and CD4 (FIG. 5B) cells in CD34*-HERV-E

tetramer* transduced T cells.

FIGS. 6A and 6B are graphs showing chromium cytotoxicity of T cells transduced with a
retroviral vector encoding the HLA-A11 restricted TCR against ccRCC cells from two donors.

The T cell population from donor 1 was 39.9% CD8™ (FIG. 6A) and the T cell population from
donor 2 was 52.8% CD8™ (FIG. 6B).

FIG. 7 is a graph showing chromium release cytotoxicity of T cells transduced with a retroviral
vector encoding the HLA-A11 restricted TCR against RCC or LCL cells from two different
donors and against T cells and activated T cells from a HLA-A11 negative donor.

FIG. 8 is a graph showing interferon-y (IFNy) secretion using CD8+CD34+ T cells from a
healthy donor transduced with a retroviral vector encoding the HLA-A11 restricted TCR
contacted with various cell lines. The HERV-E/HLA-A11 status of each cell line is as follows:
SAUJ: HERV-E +/ HLA-A11+; LYO WT: HERV-E +/ HLA-A11neg; SNY A11+: HERV-E neg/ HLA-
A11-transduced; URB A11+: HERV-E neg/ HLA-A11-transduced; WWHI A11+: HERV-E neg/ HLA-
A11-transduced; ORT A11+: HERV-E neg/ HLA-A11-transduced; ORT WT: HERV-E neg/ HLA-
A11neg; SEA WT: HERV-E neg/ HLA-A11neg. A standard curve is shown in the inset.

FIG. 9 is a schematic diagram showing an exemplary phase | clinical trial for determining
safety and tolerability of HERV-E TCR transduced autologous T cells in HLA-A11 positive
patients with advanced ccRCC.

FIG. 10 is a schematic diagram showing an exemplary protocol for treating patients with
metastatic ccRCC with HERV-E TCR transduced T cells.

SEQUENCE LISTING

[0011] Any nucleic acid and amino acid sequences listed herein or in the accompanying
sequence listing are shown using standard letter abbreviations for nucleotide bases and amino
acids, as defined in 37 C.F.R. § 1.822. In at least some cases, only one strand of each nucleic
acid sequence is shown, but the complementary strand is understood as included by any
reference to the displayed strand.

SEQ ID NO: 1 is the amino acid sequence of an HLA-A11 RCC-specific HERV-E antigenic
peptide.

SEQ ID NO: 2 is the nucleic acid sequence of an exemplary RCC HERV-reactive TCR alpha
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chain.
SEQ ID NO: 3 is the nucleic acid sequence of an exemplary RCC HERV-reactive beta chain.

SEQ ID NO: 4 is the amino acid sequence of an exemplary RCC HERV-reactive TCR alpha
chain.

SEQ ID NO: 5 is the amino acid sequence of an exemplary RCC HERV-reactive beta chain.

SEQ ID NO: 6 is the nucleic acid sequence of an exemplary SAMEN vector for expression of
the RCC HERV-reactive TCR and truncated CD34.

SEQ ID NO: 7 is the amino acid sequence of an exemplary truncated CD34 (CD34t) protein.

DETAILED DESCRIPTION

[0012] The invention is defined in the claims. An allogeneic T cell clone was previously isolated
from a RCC patient who showed prolonged tumor regression after an allogeneic transplant
(Takahashi et al., J. Clin. Invest. 118:1099-1109, 2008). This HLA-A11 restricted CD8+ T cell
clone was highly cytotoxic to ccRCC cell lines that were HLA-A11 positive, but did not kill non-
malignant cells (Takahashi et al, 2008). Using cDNA expression cloning, the antigen
recognized by this clone, which is encoded by an endogenous retrovirus type E (HERV-E), was
identified (Takahashi et al., 2008). This antigen was expressed in ccRCC but not observed in
normal tissues or other tumor types and is expressed by about 80% of ccRCC tumors.

[0013] The present inventors have identified the T cell receptor expressed by the T cell clone
isolated from the RCC patient. As described herein, this TCR can be used for gene transfer
immunotherapy for treating RCC patients. T cells are transduced with genes encoding the TCR
a and B chains and are administered to a subject with RCC to redirect specificity of normal T
cells from the subject to the RCC cells.

. Abbreviations

[0014]

ccRCC
clear cell renal cell carcinoma
CD34t
truncated CD34
CTL
cytotoxic T lymphocyte
HERV
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human endogenous retrovirus
HLA

human leukocyte antigen
LTR:

long terminal repeat
MMLV

Moloney murine leukemia virus
PBMC

peripheral blood mononuclear cells
RCC

renal cell carcinoma
TCR

T cell receptor

Il. Terms

[0015] Unless otherwise noted, technical terms are used according to conventional usage.
Definitions of common terms in molecular biology may be found in Lewin's Genes X, ed. Krebs
et al., Jones and Bartlett Publishers, 2009 (ISBN 0763766321); Kendrew et al. (eds.), The
Encyclopedia of Molecular Biology, published by Blackwell Publishers, 1994 (ISBN
0632021829); Robert A. Meyers (ed.), Molecular Biology and Biotechnology: a Comprehensive
Desk Reference, published by Wiley, John & Sons, Inc., 1995 (ISBN 0471186341); and George
P. Redei, Encyclopedic Dictionary of Genetics, Genomics, Proteomics and Informatics, 3rd
Edition, Springer, 2008 (ISBN: 1402067534); and other similar references.

[0016] Unless otherwise explained, 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
disclosure belongs. The singular terms "a,” "an,"” and "the" include plural referents unless
context clearly indicates otherwise. Similarly, the word "or" is intended to include "and" unless
the context clearly indicates otherwise. Hence "comprising A or B" means including A, or B, or
Aand B. It is further to be understood that all base sizes or amino acid sizes, and all molecular
weight or molecular mass values, given for nucleic acids or polypeptides are approximate, and
are provided for description.

[0017] Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present disclosure, suitable methods and materials are
described below In case of conflict, the present specification, including explanations of terms,
will control. In addition, the materials, methods, and examples are illustrative only and not
intended to be limiting.

[0018] In order to facilitate review of the various embodiments of the disclosure, the following
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explanations of specific terms are provided:

Antigen: A compound, composition, or substance that can stimulate the production of
antibodies or a T cell response in a subject. An antigen reacts with the products of specific
humoral or cellular immunity, including those induced by heterologous immunogens. The term
"antigen” includes all related antigenic epitopes. "Epitope" or "antigenic determinant” refers to a
site on an antigen to which B and/or T cells respond. In one embodiment, T cells respond to
the epitope, when the epitope is presented in conjunction with an MHC molecule. Epitopes can
be formed both from contiguous amino acids or noncontiguous amino acids juxtaposed by
tertiary folding of a protein. Epitopes formed from contiguous amino acids are typically retained
on exposure to denaturing solvents whereas epitopes formed by tertiary folding are typically
lost on treatment with denaturing solvents. An epitope typically includes at least 3, and more
usually, at least 5, about 9, about 7-11, or about 8-10 amino acids in a unique spatial
conformation. Methods of determining spatial conformation of epitopes include, for example, x-
ray crystallography and two-dimensional nuclear magnetic resonance.

[0019] An antigen can be a tissue-specific antigen, or a disease-specific antigen. These terms
are not exclusive, as a tissue-specific antigen can also be a disease-specific antigen. A tissue-
specific antigen is expressed in a limited number of tissues, such as a single tissue. A disease-
specific antigen is expressed coincidentally with a disease process. A specific non-limiting
examples of a disease-specific antigen is an antigen whose expression correlates with, or is
predictive of, tumor formation, for example, RCC.

[0020] Autologous: Refers to tissues, cells or nucleic acids taken from an individual's own
tissues. For example, in an autologous transfer or transplantation of T cells, the donor and
recipient are the same person. Autologous (or "autogeneic” or "autogenous") is related to self,
or originating within an organism itself.

[0021] CD34: A cell surface glycoprotein that functions as a cell-cell adhesion molecule. CD34
is a single-pass transmembrane protein with a highly glycosylated extracellular domain, a
transmembrane domain, and an intracellular signaling domain. CD34 is expressed on
hematopoietic cells and plays a role in cell migration. Exemplary human CD34 sequences
include GenBank Accession Nos. NM_001025109 and NM_001773 (nucleic acid sequences)
and NP_001020280 and NP_001764 (amino acid sequences).

[0022] HLA-A11: An human leukocyte antigen (HLA) serotype within the HLA A group. HLA-

A11 is an MHC class | molecule that includes an a chain encoded by HLA-A*11 allele group
and a B chain encoded by B2-microglobulin. MHC class | molecules such as HLA-A11 bind
peptides (antigens) that are typically 7-11 amino acids long and are involved in presenting the
antigen to T cells via binding to a TCR.

[0023] Human endogenous retrovirus E (HERV-E): HERVs are remnants of ancient
exogenous retroviruses integrated into the human genome. HERVs are estimated to comprise
5-8% of the human genome. Most HERVs have accumulated mutations or are transcriptionally
silenced and do not produce full-length proteins. However, some HERVs are transcriptionally
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active in contexts such as tumors. HERV-E is a HERV subtype located on human chromosome
6q. At least three transcripts from HERV-E (e.g., GenBank Accession Nos. EU137846,
EU137847, and JQ733905) have been identified and are expressed in RCC cells, but not in
other tumors or non-tumor cells (Takahashi et al., J. Clin. Oncol. 118:1099-1109, 2008).

[0024] Operably linked: A first nucleic acid is operably linked with a second nucleic acid when
the first nucleic acid is placed in a functional relationship with the second nucleic acid. For
instance, a promoter is operably linked to a coding sequence if the promoter affects the
transcription or expression of the coding sequence. Generally, operably linked nucleic acids
are contiguous and, where necessary to join two protein coding regions, the open reading
frames are aligned.

[0025] Recombinant: A recombinant nucleic acid molecule is one that has a sequence that is
not naturally occurring or has a sequence that is made by an artificial combination of two
otherwise separated segments of sequence. This artificial combination can be accomplished
by chemical synthesis or by the artificial manipulation of isolated segments of nucleic acid
molecules, such as by genetic engineering techniques.

[0026] Similarly, a recombinant virus is a virus with a nucleic acid sequence that is non-
naturally occurring (such as including a heterologous sequence that is not from the virus) or
made by artificial combination of at least two sequences of different origin. The term
"recombinant” also includes nucleic acids, proteins and viruses that have been altered solely
by addition, substitution, or deletion of a portion of a natural nucleic acid molecule, protein or
virus.

[0027] Renal cell carcinoma (RCC): A tumor originating in the cells of the kidney. RCC is the
most common type of kidney cancer in adults. There are multiple histological subtypes of RCC,
including clear cell renal cell carcinoma (ccRCC), which accounts for 60-70% of RCC and
originates in the cells of the proximal tubule. ccRCC cells exhibit clear cytoplasm with acinar or
sarcomatoid growth pattern. Additional subtypes include but are not limited to papillary RCC
(also originating in cells of the proximal tubule), chromophobic RCC (originating in cells of the
cortical collecting duct), oncolytic RCC (a benign neoplasm originating in cells of the cortical
collecting duct), and collecting duct RCC (originating in cells of the medullary collecting duct).

[0028] T cell: A white blood cell (lymphocyte) that is an important mediator of the immune

response. T cells include, but are not limited to, CD4™ T cells and CD8* T cells. ACD4* T
lymphocyte is an immune cell that carries a marker on its surface known as “cluster of
differentiation 4" (CD4). These cells, also known as helper T cells, help orchestrate the

immune response, including antibody responses as well as killer T cell responses. CD8* T cells
carry the "cluster of differentiation 8" (CD8) marker. In one embodiment, a CD8" T cell is a

cytotoxic T lymphocyte (CTL). In another embodiment, a CD8* cell is a suppressor T cell.

[0029] Activated T cells can be detected by an increase in cell proliferation and/or expression
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of or secretion of one or more cytokines (such as IL-2, IL-4, IL-6, IFNy, or TNFa). Activation of
CD8+ T cells can also be detected by an increase in cytolytic activity in response to an antigen.

[0030] In some examples, a "modified T cell” is a T cell transduced with a heterologous
nucleic acid (such as one or more of the nucleic acids or vectors disclosed herein) or
expressing one or more heterologous proteins. The terms "modified T cell" and "transduced T
cell" are used interchangeably in some examples herein.

[0031] T cell receptor (TCR): A heterodimeric protein on the surface of a T cell that binds an
antigen (such as an antigen bound to an MHC molecule, for example, on an antigen
presenting cell). TCRs include a and B chains, each of which is a transmembrane glycoprotein.
Each chain has variable and constant regions with homology to immunoglobulin variable and
constant domains, a hinge region, a transmembrane domain, and a cytoplasmic tail. Similar to
immunoglobulins, TCR gene segments rearrange during development to produce complete
variable domains.

[0032] T cells are activated by binding of an antigen to a TCR and co-stimulatory signals. For

example, a CD8" T cell bears T cell receptors that recognize a specific epitope when
presented by a particular HLA molecule on a cell. When a CTL precursor that has been
stimulated by an antigen presenting cell to become a cytotoxic T lymphocyte contacts a cell
that bears such an HLA-peptide complex, the CTL forms a conjugate with the cell and destroys
it.

[0033] Transduce: Transferring nucleic acid into a cell, such as transfer of a heterologous
nucleic acid into a host cell. As used herein, the term transduce (or transfect or transform)
include all techniques by which a nucleic acid is introduced into a cell, including but not limited
to transformation with plasmid vectors, infection with viral vectors, and introduction of naked
DNA by electroporation, nucleofection, lipofection, or particle gun acceleration.

[0034] A "heterologous” nucleic acid or protein refers to a nucleic acid or protein originating
from a different genetic source. For example, a nucleic acid or protein that is heterologous to a
cell originates from an organism or individual other than the cell in which it is expressed. In
other examples, a heterologous nucleic acid or protein originates from a cell type other than
the cell in which it is expressed.

[0035] Vector: A nucleic acid molecule allowing insertion of foreign nucleic acid without
disrupting the ability of the vector to replicate and/or integrate in a host cell. A vector can
include nucleic acid sequences that permit it to replicate in a host cell, such as an origin of
replication. A vector can also include one or more selectable marker genes and other genetic
elements. An expression vector is a vector that contains the necessary regulatory sequences
to allow transcription and translation of an inserted gene or genes. In some non-limiting
examples, the vector is a viral vector, such as a retroviral vector.

lll. T Cell Receptors, Vectors, and Host Cells
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[0036] Disclosed herein are T cell receptors (e.g. TCR a and B chains) cloned from a RCC
HERV-E reactive T cell line. Also disclosed are vectors (such as expression vectors) including
the disclosed TCRs and host cells including at least one heterologous nucleic acid encoding
the disclosed TCR a and/or B chains.

A. TCRs

[0037] In some embodiments, the TCR recognizes a HERV-E peptide expressed on RCC cells,
such as ATWLGSKTWK (SEQ ID NO: 1) The TCR includes a and B chain nucleic acids or
polypeptides.

[0038] In some examples, the TCR a chain is encoded by a nucleic acid including or consisting
of the nucleic acid sequence of SEQ ID NO: 2. In some examples, the TCR B chain is encoded
by a nucleic acid including or consisting of the nucleic acid sequence of SEQ ID NO: 3. In some
examples, the TCR a chain polypeptide includes or consists of the amino acid sequence of
SEQ ID NO: 4. In some examples, the TCR B chain polypeptide includes or consists of the
amino acid sequence of SEQ ID NO: 5.

[0039] In some embodiments not forming part of the present invention, the TCR-encoding
nucleic acids disclosed herein have a sequence at least 90% (for example at least 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99%, such as 100%) identical to the nucleic acid
sequence of SEQ ID NO: 2 or SEQ ID NO: 3. In other embodiments not forming part of the
present invention, the TCR polypeptides disclosed herein have an amino acid sequence at
least 95% (such as at least 96%, 97%, 98%, 99%, or 100%) identical to the amino acid
sequence of SEQ ID NO: 4 or SEQ ID NO: 5. Exemplary sequences can be obtained using
computer programs that are readily available on the internet and the nucleic acid and amino
acid sequences set forth herein. In one example, the polypeptide retains at least one activity of
the disclosed TCR polypeptides, such as binding to an RCC-specific antigenic epitope (for
example, SEQ ID NO: 1), for example when expressed by a T cell in the context of both TCR a
and B chains.

[0040] Minor modifications of a TCR a and/or B chain encoding nucleic acid or primary amino
acid sequence may result in polypeptides which have substantially equivalent activity as
compared to the unmodified counterpart polypeptide described herein. Such modifications may
be deliberate, as by site-directed mutagenesis, or may be spontaneous. All of the polypeptides
produced by these modifications are included herein. Thus, a specific, non-limiting example of
a TCR a or B chain polypeptide is a conservative variant of the TCR a or B chain polypeptide
(such as a single conservative amino acid substitution, for example, one or more conservative
amino acid substitutions, for example 1-10 conservative substitutions, 2-5 conservative
substitutions, 4-9 conservative substitutions, such as 1, 2, 5 or 10 conservative substitutions).
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A table of conservative substitutions is provided herein (Table 1). Substitutions of the amino
acid sequences shown in SEQ ID NOs: 4 and & can be made based on this table. However, it
is to be understood that non-conservative amino acid substitutions can also be made without
significantly changing the activity of the polypeptide. One of ordinary skill in the art can select
amino acids that can be substituted based on sequence alignments and other available
sequence analysis tools.

Table 1. Exemplary conservative amino acid substitutions

Original Residue Conservative Substitution(s)
Ala Ser

Arg Lys

Asn GIn, His

Asp Glu

Cys Ser

GIn Asn

Glu Asp

His Asn; GIn

lle Leu, Val

Leu lle; Val

Lys Arg; GIn; Glu
Met Leu: lle

Phe Met; Leu; Tyr
Ser Thr

Thr Ser

Trp Tyr

Tyr Trp; Phe

Val lle; Leu

B. Vectors

[0041] Also disclosed herein are vectors including nucleic acids encoding HERV-E-reactive
TCRs. The vectors include a nucleic acid encoding one or both of the a and B chains of the
disclosed TCR (such as a nucleic acid identical to SEQ ID NO: 2 and/or SEQ ID NO: 3)
operably linked to one or more expression control elements. In particular embodiments the
vector includes nucleic acids encoding both the TCR a chain (e.g., a nucleic acid encoding
SEQ ID NO: 4, such as SEQ ID NO: 2) and the TCR B chain (e.g., a nucleic acid encoding SEQ
ID NO: 5, such as SEQ ID NO: 3). However, in other examples, the TCR a and TCR B chains
may be expressed from separate vectors. Expression control elements are sequences that
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control or regulate transcription and/or translation of a nucleic acid, such as promoters,
enhancers, leader sequences, transcription terminators, start and/or stop codons, internal
ribosome entry sites (IRES), splicing signals, and polyadenylation signals. The vector may also
contain additional elements for the transfer and subsequent replication of the vector, such as
origins of replication and selectable markers.

[0042] In some examples not forming part of the present invention, the vector is a viral vector
that includes a nucleic acid encoding at least one of the disclosed TCR a and B chains (such as
a nucleic acid with at least 90% sequence identity to SEQ ID NO: 2 or SEQ ID NO: 3). In
specific embodiments, the vector is a retroviral vector. Additional viral vectors suitable for gene
delivery to T cells include lentivirus, adenovirus, adeno-associated virus, vaccinia virus,
alphavirus, herpesvirus, and fowlpox virus vectors. In other examples, the vector is a plasmid
or baculovirus vector. One of ordinary skill in the art can select an appropriate vector, for
example to stably or transiently transduce T cells with the TCRs described herein.

[0043] In some embodiments not forming part of the present invention, the vector is a
retroviral vector including nucleic acids encoding one or both of the TCR a and B chain
polypeptides disclosed herein. In particular examples, the vector is a modified retroviral vector,
from which the virally encoded proteins have been deleted (for example, to prevent production
of replication competent virus, reduce unwanted immunogenicity, and/or to accommodate
insertion of gene(s) of interest). Exemplary retroviral backbones include those based on
Moloney murine leukemia virus (MMLV), such as LXSN and SAMEN vectors (Clay et al,
Pathol. Oncol. Res. 5:3-15, 1999). Thus, in one example not forming part of the present
invention, a vector is a SAMEN retrovirus vector including a nucleic acid encoding a TCR a
chain having an amino acid sequence with at least 95% sequence identity to SEQ ID NO: 4
(such as a nucleic acid with at least 90% sequence identity to SEQ ID NO: 2). In another
example not forming part of the present invention, a vector is a SAMEN retrovirus vector
including a nucleic acid encoding a TCR B chain having an amino acid sequence with at least
95% sequence identity to SEQ ID NO: 5 (such as a nucleic acid with at least 90% sequence
identity to SEQ ID NO: 3). In yet another example not forming part of the present invention, a
vector is a SAMEN retrovirus vector including a nucleic acid encoding a TCR a chain having an
amino acid sequence with at least 95% sequence identity to SEQ ID NO: 4 (such as a nucleic
acid with at least 90% sequence identity to SEQ ID NO: 2) and a nucleic acid encoding a TCR
B chain having an amino acid sequence with at least 95% sequence identity to SEQ ID NO: 5
(such as a nucleic acid with at least 90% sequence identity to SEQ ID NO: 3). In one non-
limiting example, the vector is a SAMEN retrovirus vector including a nucleic acid encoding a
TCR a chain with the amino acid sequence of SEQ ID NO: 4 (such as the nucleic acid
sequence of SEQ ID NO: 2) and a nucleic acid encoding a TCR B chain with the amino acid
sequence of SEQ ID NO: 5 (such as the nucleic acid sequence of SEQ ID NO: 3). In vectors
where both TCR a chain and B chain nucleic acids are present, the a chain and B chain nucleic
acids may be separated by an IRES or a promoter, such that both the a chain and B chain
nucleic acids are transcribed and/or translated. In other examples, the a chain and B chain
nucleic acids are separated by a nucleic acid encoding a peptide cleavage site or a "self-
cleaving” peptide, such as a viral 2A peptide, for example, porcine teschovirus-1 2A or Thosea



DK/EP 3478711 T3

asigna virus self-cleaving peptides (see, e.g., Kim et al., PLoS One 6:€18556, 2011).

[0044] In additional embodiments, the vector further includes a nucleic acid encoding a
selectable marker that allows identification and/or enrichment of cells transduced with the
vector. Exemplary selectable markers include antibiotic resistance genes (such as neomycin
resistance), thymidine kinase, fluorescent proteins (such as green fluorescent protein), or B-
galactosidase. In other examples, a selectable marker includes a cell surface expressed
protein that can be used to identify transduced cells (for example, using flow cytometry or
immuno-magnetic separation). In one non-limiting example, the vectors disclosed herein
include a nucleic acid encoding a truncated CD34 protein (CD34t) lacking the intracellular
signaling domain. The CD34t protein includes the extracellular and transmembrane regions of
CD34, and as a result, it is expressed on the cell surface, but does not affect activity of cells
expressing the truncated protein (Norell et al., Cancer Immunol. Immunother. 59:851-862,
2010). Cells expressing CD34t can be identified with an anti-CD34 antibody, and can be
isolated using flow cytometry or immuno-magnetic methods.

[0045] In one example, a nucleic acid encoding CD34t includes or consists of the sequence of
nucleotides 4028-4975 of SEQ ID NO: 6 or a sequence having at least 95% (such as at least
95%, 96%, 97%, 98%, 99%, or more) sequence identity with nucleotides 4028-4975 of SEQ ID
NO: 6. In particular examples, the CD34t protein includes or consists of an amino acid
sequence having at least 95% (such as at least 95%, 96%, 97%, 98%, 99%, or 100%)
sequence identity with the amino acid sequence of SEQ ID NO: 7.

[0046] An exemplary retroviral vector (such as a SAMEN vector) for expressing the disclosed
TCR a and B chains is shown in FIG. 1. The vector includes a 5' long terminal repeat (LTR)
including a promoter/enhancer (such as a human cytomegalovirus promoter/enhancer fused to
a MMLV 5' LTR), a packaging signal (y), a nucleic acid encoding the TCR a chain (e.g., SEQ
ID NO: 2), a first self-cleaving 2A peptide (such as a porcine teschovirus self-cleaving 2A (P2A)
peptide), a nucleic acid encoding the TCR B chain (e.g., SEQ ID NO: 3), a second self-cleaving
2A peptide (such as a Thosea asigna self-cleaving 2A (T2A) peptide), a nucleic acid encoding
a truncated CD34 protein, and a 3' LTR.

[0047] In some examples, the vector includes or consists of the nucleic acid sequence of SEQ
ID NO: 6. In other examples, the vector includes or consists of a nucleic acid sequence having
at least 95% (such as at least 95%, 96%, 97%, 98%, 99%, or 100%) sequence identity with the
nucleic acid sequence of SEQ ID NO: 6. In the exemplary vector provided herein, the TCRa
chain is encoded by nucleotides 2165-2971 of SEQ ID NO: 6, the P2A peptide is encoded by
nucleotides 2972-3037 of SEQ ID NO: 6, the TCR chain is encoded by nucleotides 3038-3958
of SEQ ID NO: 6, the T2A peptide is encoded by nucleotides 3959-4027 of SEQ ID NO: 6, and
the CD34t receptor is encoded by nucleotides 4028-4975 of SEQ ID NO: 6.

C. Host Cells
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[0048] Also disclosed herein are host cells that include a nucleic acid encoding a disclosed
TCR a chain and/or a disclosed TCR B chain, such as a vector encoding the TCR a chain, the
TCR B chain, or both. In some examples, the host cell is a cell capable of producing
recombinant virus including the vector (e.g., a producer cell). In other examples, the host cell is
a lymphocyte (for example, a T cell). Methods of introducing a vector into a host cell are known
to one of ordinary skill in the art and include transformation (e.g. with plasmid vectors),
infection (e.g., with viral vectors), and electroporation, nucleofection, lipofection, or particle gun
acceleration (e.g., naked DNA).

[0049] In examples where the TCR a and/or B chains are expressed from a retroviral vector
(such as the disclosed SAMEN vectors), production of recombinant virus requires viral proteins
expressed from a helper virus or a packaging cell line. Therefore, in some examples, a viral
vector disclosed herein is introduced into a host cell (such as a 293 cell line) with a helper virus
expressing viral proteins (such as gag, pol, and/or env). In other examples, a viral vector
disclosed herein is transduced into a packaging cell line that stably expresses viral gag, pol,
and env proteins. Exemplary packaging cell lines include NIH-3T3 cell lines, such as GP&E 86,
PG13, and PA317 cell lines (Markowitz et al., J. Virol. 62:1120-1124, 1988; Miller et al., J. Virol.
65:2220-2224, 1991; Miller et al., Mol. Cell Biol. 6:2895-2902, 1986) or 293 cell lines, such as
293GPG cells, GP2-293 cells. Thus, in one embodiment, a host cell is a producer cell, such as
packaging cell line transduced with a viral vector described herein. In one non-limiting
example, the viral vector is a SAMEN vector encoding a HERV-E specific TCR a chain and B
chain and a truncated CD34 protein (such as a vector with the nucleic acid of SEQ ID NO: 6).
In some examples, the producer cell line is GMP qualified. In one example, a producer cell line
is a PG13 packaging cell line including a SAMEN vector encoding a HERV-E specific TCR a
chain and B chain and a truncated CD34 protein (such as a vector with the nucleic acid of SEQ
ID NO: 6).

[0050] In some examples, the host cell is a lymphocyte, such as a T cell. In some
embodiments, the lymphocytes are T cells (such as a population of enriched or expanded T
cells) that include a heterologous nucleic acid encoding at least one of the disclosed TCR a
and B chains. In some examples not forming part of the present invention, the lymphocytes
include a heterologous nucleic acid encoding a TCR a chain having an amino acid sequence
with at least 95% sequence identity to SEQ ID NO: 4 (such as a nucleic acid with at least 90%
sequence identity to SEQ ID NO: 2). In another example not forming part of the present
invention, the lymphocytes include a heterologous nucleic acid encoding a TCR B chain having
an amino acid sequence with at least 95% sequence identity to SEQ ID NO: 5 (such as a
nucleic acid with at least 90% sequence identity to SEQ ID NO: 3). In yet another example not
forming part of the present invention, the lymphocytes include a heterologous nucleic acid
encoding a TCR a chain having an amino acid sequence with at least 95% sequence identity to
SEQ ID NO: 4 (such as a nucleic acid with at least 90% sequence identity to SEQ ID NO: 2)
and a nucleic acid encoding a TCR B chain having an amino acid sequence with at least 95%
sequence identity to SEQ ID NO: 5 (such as a nucleic acid with at least 90% sequence identity
to SEQ ID NO: 3). In one non-limiting example, the lymphocytes include a heterologous nucleic
acid encoding a TCR a chain with the amino acid sequence of SEQ ID NO: 4 (such as the
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nucleic acid sequence of SEQ ID NO: 2) and a nucleic acid encoding a TCR B chain with the
amino acid sequence of SEQ ID NO: 5 (such as the nucleic acid sequence of SEQ ID NO: 3).
In additional examples, the lymphocytes also include a heterologous nucleic acid encoding a
truncated CD34 protein (for example, a CD34 protein lacking the intracellular or signaling
domain).

[0051] In some embodiments, the lymphocytes (such as a population of lymphocytes) are
transduced with a vector disclosed herein. Following transduction, expression of the TCR a
chain and/or B chain can be determined by methods known to one of ordinary skill in the art,
such as flow cytometry using a labeled antibody or detecting reactivity to the cognate peptide
(such as SEQ ID NO: 1). In some examples, if the TCR a and/or B chain is co-expressed with
CD34t, transduced cells can also be detected and/or enriched using an anti-CD34 antibody, for

example, utilizing flow cytometry or immuno-magnetic techniques (e.g., CliniMACS® CD34

reagent system, Miltenyi Biotec Inc., San Diego, CA or Isolex® 300 magnetic cell selection
system, Nexell Therapeutics Inc., Irvine, CA).

[0052] In some embodiments, modified (e.g., transduced) T cells expressing the disclosed
TCR a and B chains are produced by obtaining a population of lymphocytes (such as a
population of PBMCs) from a subject, for example by apheresis. Naive or quiescent T cells in
the population of lymphocytes are activated prior to transduction, for example, by contacting
the lymphocytes with one or more cytokines (such as one or more of IL-2, IL-4, IL-6, IL-7, IL-
12, IL-15, and IL-23). In some examples, the lymphocytes are contacted with anti-CD3
antibody and IL-2 for 1-4 days (such as 1 day, about 2 days, about 3 days, or about 4 days) to
produce activated T cells. In some examples, the lymphocytes are contacted with 30 ng/ml
anti-CD3 antibody and 300 |U/ml IL-2 for 2 or 3 days.

[0053] The activated T cells are transduced with a vector disclosed herein, for example, by
infection (in the case of a viral vector) or by transfection or transformation (in the case of a
plasmid or naked DNA vector). In some examples, the transduced T cells are enriched and/or
expanded. For example, if the vector includes a nucleic acid encoding a truncated CD34
molecule, transduced T cells can be selected or enriched by contacting the population of
transduced T cells with an anti-CD34 antibody and purifying CD34-expressing cells (for
example, using flow cytometry or immuno-magnetic beads), for example about 2-4 days after
transduction. The transduced T cells can also be expanded by culturing the transduced T cells
with anti-CD3 (e.g., about 30 ng/ml), anti-CD28 (e.g., about 30 ng/ml), and/or IL-2 (e.g., about
300 1U/ml) for a period of time (such as about 7-14 days or 9-11 days). In some examples, the
transduced T cells are expanded by culture on irradiated PBMC cells.

IV. Compositions for use in Methods of Treating or Inhibiting Renal Cell Carcinoma

[0054] Disclosed herein are composition for use in methods of treating or inhibiting RCC in a
subject by administering to the subject said composition comprising a T cell (or population of T
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cells) expressing a TCR (for example, TCR a and B chains) that bind to an antigen or epitope
expressed by RCC cells. In some examples, the methods include administering the modified T
cells described herein to a subject with RCC (such as ccRCC, advanced ccRCC, or metastatic
ccRCC). In particular examples, the subject is HLA-A11 positive and has ccRCC.

[0055] The modified lymphocytes (e.g., modified or transduced T cells) described herein can
be incorporated into pharmaceutical compositions. In some examples, the composition

includes about 104 to 1012 of the modified T cells (for example, about 104-107 cells, about 108-
109 cells, or about 108-1012 cells). For example, the composition may be prepared such that

about 5x10% to 5x108 modified T cells/kg are administered to a subject. Such compositions
typically include a population of modified T cells and a pharmaceutically acceptable carrier. A
"pharmaceutically acceptable carrier” includes any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like,
compatible with pharmaceutical administration. Examples of such carriers or diluents include,
but are not limited to, water, saline, Ringer's solutions, dextrose solution, and 5% human
serum albumin. Liposomes and non-aqueous vehicles such as fixed oils may also be used.
Supplementary active compounds can also be incorporated into the compositions. Actual
methods for preparing administrable compositions are known or apparent to those skilled in
the art and are described in more detail in such publications as Remington: The Science and
Practice of Pharmacy, The University of the Sciences in Philadelphia, Editor, Lippincott,
Williams, & Wilkins, Philadelphia, PA, 21st Edition (2005).

[0056] /n vivo treatment of a subject is initiated by administration of the modified T cells
disclosed herein. Administration is typically via intravenous or intraperitoneal infusion, although
direct injection into solid tumors or other such focal lesions can also be used. The efficacy of
the treatment is generally assessed by lesion reduction/clearance (for example, using RECIST
criteria). Lesion size and number can be evaluated by imaging (such as MRI, PET, and/or CT
imaging). In some examples, staging is done every month, every 3 months, or every 6 months.
In some examples, blood samples from the subject are also analyzed at one or more time
points following infusion to quantitate the number of modified T cells present (for example, by
assessing absolute number and/or percentage of CD3+ cells expressing CD34, in the case of
CD34t-expressing modified T cells).

[0057] Multiple doses of the population of modified T cells can be administered. For example,
the population of modified T cells can be administered daily, every other day, twice per week,
weekly, every other week, every three weeks, monthly, or less frequently. In one specific
example, a single infusion of modified T cells is administered; however, a skilled clinician can
select alternative schedules based on the subject, the condition being treated, the previous
treatment history, and other factors.

[0058] In some embodiments, the subject has RCC, such as ccRCC. Methods of identifying a
subject with RCC or ccRCC are known to one of ordinary skill in the art and include
radiographic evidence of RCC (for example, imaging by ultrasound, MRI, CT scan, or PET
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scan) and/or a biopsy (such as a fine needle aspirate or needle core biopsy) confirming
presence of RCC. In some examples, the subject has metastatic RCC. In additional examples,
the subject with RCC also is HLA A11+ and the tumor expresses a HERV-E provirus (for
example, expresses a protein comprising the amino acid sequence of SEQ ID NO: 1). In some
embodiments, the methods include selecting a patient with RCC (such as ccRCC) who is HLA

A11" and whose tumor expresses a protein comprising SEQ ID NO: 1 for treatment with the
modified T cells.

[0059] In particular embodiments not forming part of the present invention, the methods
include obtaining a population of cells including lymphocytes from a subject with RCC (such as

a subject with ccRCC who is HLAA11* and whose tumor expresses HERV-E provirus, such as
a protein comprising SEQ ID NO: 1). In other examples not forming part of the present
invention, a population of cells including lymphocytes are obtained from an HLA-matched

donor to the subject to be treated (such as a subject with ccRCC who is HLA A11* and whose
tumor expresses HERV-E provirus, such as a protein comprising SEQ ID NO: 1).

[0060] An exemplary protocol for collecting and transducing T cells from a subject is shown in
FIG. A population of cells including lymphocytes (such as PBMCs) can be obtained by any
method, including, but not limited to apheresis. All or a portion of the population of cells can be
utilized immediately or all or a portion of the cells can be cryopreserved for future use. When
ready for use, all or a portion of the population of cells is thawed (if previously cryopreserved)
and T cells are activated by incubation with an anti-CD3 antibody (such as OKT3). In some

examples, about 107-10° PBMCs are incubated with an anti-CD3 monoclonal antibody (e.g.,
about 30 ng/ml) and optionally also IL-2 (e.g., about 300 |U/ml) and/or IL-15 (about 10-100

ng/ml). In one specific example, about 6x108 PBMCs are incubated with anti-CD3 antibody
OKT3 and IL-2 for about 1-5 days (such as about 1 day, about 2 days, about 3 days, about 4

days, or about 5 days). In another specific example, about 6x108 PBMCs are incubated with
anti-CD3 antibody OKT3, IL-2, and IL-15 for about 1-5 days (such as about 1 day, about 2
days, about 3 days, about 4 days, or about 5 days).

[0061] In some examples, following T cell activation, the cells are optionally depleted of CD4*
cells. In some examples, CD4" cells are removed using an anti-CD4 antibody, for example,
utilizing flow cytometry or immuno-magnetic techniques (e.g., CliniMACS® CD4 reagent

system, Miltenyi Biotec Inc., San Diego, CA) or erythrocyte resetting of CD4* T-cells bound by
anti-CD4 antibodies, to produce a CD4-depleted cell population. In other examples, CD4
depletion can be carried out after transduction or after expansion of the transduced T cells. In

some examples, the CD4-depleted cell population is a CD8* population of T cells (for example,
a population of T cells that is substantially CD8* T cells, such as a population of T cells that is

at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more CD8™ T cells).

[0062] Following T cell activation (and optional CD4* cell depletion) the cells are transduced
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with a vector including a heterologous nucleic acid encoding the HERV-E reactive TCR a chain,
T cell B chain, or both (such as one or more of the vectors described in Section IlIB, above). In

particular examples, about 107-10° cells are transduced (for example, about 1x107, 5x107,

1x108, 5x108, or 1x10° cells). In one non-limiting example, about 2x108 cells are transduced.
In some examples, the vector also includes a heterologous nucleic acid encoding a truncated
CD34 protein. Thus, in some examples, transduced T cells are enriched using a CD34-specific
antibody (such as flow cytometry or immuno-magnetic purification).

[0063] Transduced T cells (or optionally, CD34-enriched transduced T cells and/or CD34-
enriched, CD4-depleted transduced T cells) are expanded ex vivo and can be cryopreserved

at appropriate dosage amounts (for example, about 108 to 102 cells) following expansion. In
one specific example, the transduced T cells are expanded on irradiated allogeneic PBMC
feeder cells (40 million cells per 250,000 T cells) in medium containing 300 IU/ml IL-2, 30 ng/mi
anti-CD3, and 30 ng/ml anti-CD28. The expansion can be for a sufficient time to obtain the
desired number of T cells, for example, about 4-14 days (such as 4-9 days, 7-10 days, 8-12
days, 9-14 days, 9-11 days). In some examples, the T cells are supplemented with fresh IL-2
on days 5, 8, and 11. In some non-limiting examples, the expansion can optionally be carried
out in a WAVE bioreactor (GE Healthcare Life Sciences, Pittsburgh, PA) for at least a portion of
the expansion, such as for 1-5 days, for example from days 9-14 of the expansion protocol.
One of ordinary skill in the art can identify other methods for expanding T cells ex vivo, which
can also be used with the transduced T cells described herein (see, e.g., U.S. Pat. No.
5,827,642 and Riddell and Greenberg, J. Immunol. Meth. 128:189-201, 1990).

[0064] The transduced (modified) T cells are thawed (if previously frozen), prior to
administration to the subject. The subject may undergo an immunosuppressive regimen (e.g.,
lymphodepletion) prior to administering the modified T cells. In one example not forming part of
the present invention, the subject is administered cyclophosphamide and/or fludarabine prior to
administering the modified T cells. In one non-limiting example not forming part of the present
invention, the subject is administered cyclophosphamide (e.g., 60 mg/kg) on days -5 and -4

and/or fludarabine (e.g., 25 mg/m?) on days -5 through -1 (where day 0 is administration of the
modified T cells). In another non-limiting example not forming part of the present invention, the

subject is administered cyclophosphamide (1,000 mg/m? IV) on day -5 and fludarabine

(30mg/m?) on days -5 through -3 (where day 0 is administration of the modified T cells). The
modified T cells are administered to the subject, for example by infusion, which does not
forming part of the present invention. In some examples not forming part of the present

invention, the T cells are administered at a dose of about 104 to 10'2 of the modified T cells
(for example, about 104-107 cells, about 10%-10° cells, or about 108-10"2 cells or about 1x108
to 1x10° modified T cells/kg (such as about 1x10%, 5x108, 1x107, 5x107, 1x108, 5x108, or

1x10° cells/kg). Immune system supportive therapies may also be administered to the subject,
for example to promote expansion of the modified T cells in the subject and/or to support
recovery of neutrophils, which not forming part of the present invention. In one non-limiting
example not forming part of the present invention, the subject is administered IL-2 (e.g.,
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72,000 iu/kg iv every 8 hours) for 10 days and/or G-CSF (e.g., 300-480 pg sc) daily from day
+1 until absolute neutrophil count is greater than 500. In another example not forming part of

the present invention, the immune system supportive therapy includes administering 2x108

i.u./m?2 every 12 hours for seven days following administration of the modified T cells.

[0065] Treatment efficacy is monitored by standard methods such as tumor size, number of
lesions, tumor stage, response rate, or other criteria known to one of ordinary skill in the art. In
some examples, a decrease in size of primary tumor or metastases (for example, as defined
by standard RECIST or irRECIST criteria) indicates inhibition of RCC in the subject. See, e.g.,
Eisenhauer et al.,, Eur. J. Cancer 45:228-247, 2009; Wolchock et al., Clin. Cancer Res.
15:7412-7420, 2009. In other examples, progression-free survival and/or overall survival (for
example, for 1 month, 3 months, 6 months, 9 months, 12 months, 18 months 2 years, or more,
such as 1-12 months, 6-18 months, 1-2 years, or more) indicates inhibition of RCC in the
subject. In other examples, one or more of persistence of circulating HERV-E TCR transduced
CD34+ or CD8+/CD34+ T cells, changes in immune cell subsets and activation status of T
cells, as well as other immunologic determinants are evaluated, with clinical outcomes at
baseline, at different time points during treatment, and at the time of disease progression.

[0066] In some examples not forming part of the present invention, the subject is also
administered one or more additional treatments, such as one or more therapeutic agents,
surgical resection, and/or radiation therapy before, concurrently, or after treatment with the
transduced T cells. One of skill in the art can select therapeutic agents for administration to a
subject with RCC in combination with the modified T cells disclosed herein. Such agents
include anti-VEGF agents (such as pazopanib, sorafenib, sunitinib, axitinib, cabozantinib,
sorafenib, lenvatinib, and/or bevacizumab), mTOR inhibitors (such as temsirolimus and/or
everolimus), immune checkpoint inhibitors (such as nivolumab), and/or cytokine therapy (such
as IFNa and/or IL-2).

EXAMPLES

[0067] The following examples are provided to illustrate certain particular features and/or
embodiments. These examples should not be construed to limit the disclosure to the particular
features or embodiments described.

Example 1

Cloning of T Cell Receptor from HERV-E CT-RCC1 Reactive CD8+ T Cells

[0068] A CD8+ HLA-A11 restricted RCC-reactive T cell clone was previously identified
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(Takahashi et al., J. Clin. Invest. 118:1099-1109, 2008). This RCC reactive CTL recognizes the
HERV-E peptide ATWLGSKTWK (SEQ ID NO: 1) (Takahashi et al, 2008). Total RNA was
extracted from the T cell clone with HLA-A11 restricted recognition of ccRCC cells and full
length TCR chains were identified by 5' RACE. The nucleic acids encoding the TCR a and B
chains are disclosed herein as SEQ ID NOs: 2 and 3, respectively. The amino acid sequence of
the TCR a and B chains are disclosed herein as SEQ ID NOs: 4 and 5, respectively.

[0069] The TCR a and B chain-encoding nucleic acids (SEQ ID NOs: 2 and 3) were cloned into
a retroviral construct including a truncated CD34 molecule linked to the B chain (FIG. 1). The
truncated CD34 cassette includes the extracellular and transmembrane domains but lacks the
intracellular signaling domain so it does not function in cells, but its expression allows
enrichment of transduced T cells based on their surface expression of CD34. The sequence of
the vector is provided as SEQ ID NO: 6.

Example 2

Reactivity of T Cells Transduced with HLA-A11 Restricted TCR Against ccRCC Cells

[0070] PBMCs from two healthy donors were transduced with the vector described in Example
1. The transduced T cells specifically kiled HLA-A11+ and HERV-E+ ccRCC cells (FIGS. 3A
and 3B). Addition of the CT-RCC-1 peptide (SEQ ID NO: 1) increased reactivity against both
HERV-E negative and HERV-E positive cells, as expected (FIGS. 3A and 3B).

Example 3

Development of Producer Clones

[0071] The retroviral vector containing this TCR described in Example 1 was introduced into
the PG13 packaging cell line to isolate high titer retroviral producer clones for clinical use. The
PG13 producer cell line was cloned in limiting dilution to generate high titer clones. Then, the
clones were screened for their ability to efficiently transduce and transfer anti-HERV-E
reactivity to human T cells. Two clones were selected (7G1 and 27A7) for further testing.

[0072] For this purpose, retrovirus was prepared from each clone and two separate full scale
validation runs were performed. T cells from 2 healthy donors were transduced with retrovirus
from clone 7G1 or 27A7. They were 63.2% and 67.5% (X=65.4%) or 65.2% and 61.6%

(X=63.4%) CD34*, respectively, indicating both clones transduced T cells with equal efficiency.
Following CD34 purification of the transduced cells using immune-magnetic beads, the cultures
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were 99.3% and 98.4% (X=98.9%) or 99.4% and 99.7% (X=99.6%) CD34* respectively
indicating pure TCR transduced T cell cultures.

[0073] Master Cell banks of 5x108 cells per vial were generated for both clones (212 vials for
7G1 and 220 vials 27A7). A large 3-liter batch of virus was prepared from the 7G1 clone and
both the 7G1 clone and 7G1 virus were sent to the Vector Production Facility/National Gene
Vector Biorepository at Indiana University for GMP qualification.

Example 4

Evaluation of HERV-E TCR Transduced T Cells

[0074] Supernatants from the PG13 retroviral producer clone 7G1 were used to transduce
normal PBL-derived T cells. Three days post-transduction, the cells were incubated with anti-
CD34 coated immunomagnetic particles and purified using the CliniMACS and stained for
CD34 expression. Prior to selection 63.2% of the cells expressed CD34; this was increased to
99.3% post-selection (FIG. 4A). The CD34+ cells expressed CD3 (FIG. 4B) and stained

positively with the HERV-E tetramer (FIG. 4C). The CD34-selected cells were primarily CD8”
cells (FIG. 5A), with only a small fraction of CD4" cells (FIG. 5B).

[0075] Transduced T cells as described in Example 2 were evaluated. As determined by
chromium release cytotoxicity, the transduced T cells specifically killed HLA-A11+ and HERV-E+
ccRCC cells (FIGS. 6A and 6B). Addition of the CT-RCC-1 peptide (SEQ ID NO: 1) increased
reactivity against HERV-E negative cells (FIGS. 6A and 6B). The T cell population from donor 1

was 39.9% CD8* (FIG. 6A) and the T cell population from donor 2 was 52.8% CD8™ (FIG. 6B).

[0076] PBMC from a healthy donor transduced with the vector described in Example 1 were
also tested for specific killing of RCC cells and T cells. HLA-A11* and HERV-E expressing
SAUJ-RCC cells were specifically killed, while HLA-A11" HERV-E negative cells (SAUJ-LCL)
were not (FIG. 7). HLA-A11" cells also were not killed whether they expressed HERV-E (LYO-
RCC) or not (LYO-LCL). Finally, T cells from an HLA-A11* donor were not killed (FIG. 7).

[0077] Antigen specificity of HERV-E TCR transduced T cells was evaluated by measuring
interferon-y (INF-y) secretion by enzyme-linked immunosorbent assay (ELISA) using a panel of
ccRCC cell lines as targets. FIG. 8 shows that transduced T cells produce INF-y only when co-
culturing with both HLA-A11-positive and CT-RCC HERV-E-expressing ccRCC cells (>twice
background and >1 ng/ml).

Example §
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Determining Safety and Tolerability of HERV-E TCR Transduced T Cells

[0078] This example describes methods that can be used to determine safety and tolerability
of treating ccRCC with HERV-E TCR transduced T cells. However, one skilled in the art will
appreciate that methods that deviate from these specific methods can also be used to
successfully determine safety and tolerability of the HERV-E TCR transduced T cells.

[0079] FIG. 9 is a schematic diagram showing an exemplary protocol for determining safety
and tolerability of HERV-E TCR transduced T cells (for example prior to clinical
implementation).

[0080] Subjects with metastatic HERV-E positive ccRCC that is not amenable to complete
surgical resection and that is progressive bi-dimensionally evaluable clinically or radio-
graphically and are HLA-A11 positive are selected for this study. Subjects undergo a 15-20 liter

leukocyte apheresis to collect (and optionally cryopreserve) 1x10'0 PBMCs. Subsequently,

PBMCs (6x108 to 2x10? cells) are thawed and activated in media containing anti-CD3 (e.g., 50
ng/ml OKT3) and IL-2 (e.g., 300 |U/ml) (and optionally, IL-15, e.g., 100 ng/ml) for 2-3 days
followed by depletion for CD4 expressing cells, using immunomagnetic methods. Transduction

of about 200x108 T cells with a retrovirus encoding the HLA-A11 restricted HERV-E TCR and

CD34t (such as that described in Example 1) is carried out. Following transduction, 0.5-1x10%
transduced T cells/kg are enriched using CD34+ immuno-magnetic bead selection and then
expanded ex vivo for 9-11 days using irradiated allogeneic PBMC feeder cells (pooled from 3
healthy donors) in IL-2/IL-15 containing media (e.g., 300 IU/ml IL-2 and 100 ng/ml IL-15).

[0081] In some embodiments of the protocol, the positive selected CD34* T cells are placed
into a REP to rapidly generate the number of cells needed for infusion. The number of
transduced cells that are placed in the REP is determined by the patient's weight and the

infusion cohort. To initiate the REP, 1%10% HERV-E TCR transduced cells are combined with

200%108 feeder cells in an upright T175cm? flask containing 150 ml complete cytokine media
(rhIL2/rhIL15) with 30ng/mL of soluble anti hCD3 antibody (OKT3). The feeder cells consist of
PBMC from a minimum of 3 separate normal donors which are mixed together and irradiated
with 5000 RAD of irradiation. The flasks are placed upright in a humidified 5% CO, incubator
for 5-6 days. The flasks are removed from the incubator, the cells collected, counted, and re-
suspended in fresh media containing 300 |U/mL-IL2 and 100 ng/mL IL15. The cell suspension
is transferred into Wave bioreactor bag(s) for further expansion. The culture media is
replenished daily with fresh medium containing cytokines by utilizing the Wave bioreactor
perfusion system.

[0082] Transduced and expanded T cells are cryopreserved at the appropriate dose level (see
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below) for subsequent infusion into individual subjects following treatment with immune-
suppressive chemotherapy.

[0083] Three subjects are enrolled sequentially into each of 4 different T cell dose escalating

cohorts (5%x108 T cells/kg , 5x108 T cells/kg, 1x107 T cells/kg, or 5x107 T cells/kg). Subjects
undergo a non-myeloablative = immunosuppressive  conditioning  regimen  with

cyclophosphamide 1,000 mg/m? IV (day -5) and fludarabine 30 mg/m? i.v. over 30 minutes
daily x 3 days (days -5 through -3) followed by infusion of HERV-E TCR transduced T cells on
day O to deliver the targeted T cell dose. Prior to infusion, T cells undergo a final cell count,
and have viability and sterility assessment. Following the T cell infusion, the subject is
monitored for up to 4 hours for signs of infusion-related toxicities. Premedication prior to T cell
infusion is acetaminophen and i.v. Benadryl. Following the T cell infusion, subjects receive IL-2

i.v. 12 hours at a dose of 2,000,000 |U/m? for 7 days (day O through day +6) and G-CSF 300
Mg daily from day 1 until neutrophil recovery (ANC >500) occurs. Subjects are discharged from
the clinical center following neutrophil recovery and return for weekly visits for 6-8 weeks,
where they undergo standard evaluations including physical exams and body weight, and
routine clinical labs (hematology and electrolytes). Restaging using PET and CT imaging using
RECIST criteria is performed 30 days following the T cell infusion, then every 3 months for the
first year, and then every 6 months thereafter until evidence for tumor progression occurs.

[0084] The decision to escalate, de-escalate or suspend the dose escalations in the study will
follow the rules outlined in Table 2.
Table 2.

Outcome: No of DLTs out of Decision Rule

No. of Patients at a Given Dose

Level

0 DLT out of 3 patients Enter up to 3 patients at the next dose level

2 DLTs out of 2-3 patients Stop dose escalation: Enter up to 3 additional
patients at the previous dose level if only 3
patients have been treated at that dose.

1 DLT out of 3 patients Enter up to 3 more patients at the same dose
level.

1 DLT out of 6 patients Enter up to 3 patients at the next dose level

2 DLTs out of 4-6 patients Stop dose escalation: Enter up to 3 additional
patients at the previous dose level if only 3
patients have been treated at that dose.

[0085] Since adverse events associated with adoptive T cell transfer generally occur within 21
days after the T cell infusion, each subject will be observed for 21 days post T cell infusion
before the next subject in the cohort or the first subject in the next cohort is treated. Therefore,
there will be a minimum of 21 days between the HERV-E TCR transduced T-cells infusion for
each patient before the next patient enrolled starts conditioning chemotherapy. Dose-limiting
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toxicity (DLT) is defined as any adverse event that leads to a discontinuation of the T-cell
infusion and/or all grade 3 and 4 toxicities judged probably or definitely associated to the
HERV-E TCR transduced CD8+/CD34+ T-cells infusion except for:

= Myelosuppression, defined as lymphopenia, neutropenia and thrombocytopenia.
= [L-2 expected toxicities. (described section 14.3)
* Fludarabine and Cyclophosphamide expected toxicities

= Immediate hypersensitivity reactions (excluding symptomatic bronchospasm and grade 4
hypotension) occurring within 2 hours of cell infusion (related to cell infusion) that are
reversible to a grade 2 or less within 24 hours of cell administration with standard supportive
treatments.

= Grade 3 Fever.

= Grade 3 autoimmunity, that resolves to less than or equal to a grade 2 autoimmune toxicity
within 10 days.

= Grade 3 metabolic laboratory abnormalities without significant clinical sequela that resolve to
grade 2 within 7 days.

[0086] Blood samples are drawn at multiple time points post T cell infusion to assess for
circulating HERV-E TCR transduced T cells, which are analyzed by quantitating the percentage

and absolute numbers of CD3" cells expressing CD34. Patients who have tumors which are
easily amenable to biopsy may also undergo elective fine needle aspiration of a metastatic
tumor lesion to assess for HERV-E TCR transduced T cells using the same methodology as
above. Subjects are followed for up to 5 years and are taken off study when disease
progression is documented.

Example 6

Treating Renal Cell Carcinoma with HERV-E TCR Transduced T Cells

[0087] This example describes methods that can be used to a subject with RCC with HERV-E
TCR transduced T cells. However, one skilled in the art will appreciate that methods that
deviate from these specific methods can also be used to successfully treat a subject with RCC
with HERV-E TCR transduced T cells.

[0088] FIG. 10 is a schematic diagram showing an exemplary protocol for treating a subject
with RCC.
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[0089] A subject with RCC (such as metastatic ccRCC) who is HLA-A11 positive and HERV-E
positive undergoes apheresis to collect T lymphocytes. T cells are activated with 30 ng/ml anti-
CD3 antibody and 300 IU/ml IL-2 in vitro for two days. The T cells are transduced with a
retroviral vector including the HERV-E specific TCR described herein (e.g. SEQ ID NO: 6).
Lymphocytes are expanded with 30 mg/ml anti-CD3 and 30 ng/ml anti-CD28 for 7-14 days.
The subject undergoes chemotherapy induced lymphodepletion (for example, as described in
Example 3) and the transduced T cells are infused with IL-2 support at the MTD (for example,
determined as described in Example 5).

[0090] In view of the many possible embodiments to which the principles of the disclosure may
be applied, it should be recognized that the illustrated embodiments are only examples and
should not be taken as limiting the scope of the invention. Rather, the scope of the invention is
defined by the following claims. We therefore claim as our invention all that comes within the
scope of these claims.

SEQUENCE LISTING

[0091]

<110> The United States of America, as represented by the Secretary, Department of Health
and Human Services Loyola University Chicago Childs, Richard W. Nishimura, Michael I.
Cherkasova, Elena A.

<120> HERV-E REACTIVE T CELL RECEPTORS AND METHODS OF USE
<130> 4239-96569-02

<150> US 62/357,265
<151>2016-06-30

<160>7
<170> PatentIn version 3.5

<210>1

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> HERV-E peptide

<400> 1
Ala Thr Trp Leu Gly Ser Lys Thr Trp Lys
1 5 10



<210>2
<211> 807
<212> DNA

<213> Homo sapiens

<400> 2
atgaagagga

ggaatacaag
ctgecggtgea
ggacagctca
gacacgactg
gactcaggeg
gggactcatce
agagactcta
aatgtgtcac
aggtctatgg
tgtgcaaacg

agttcetgtg

caaaacctgt
ctcatgacge
<210>3

<211> 921
<212> DNA

tattgggage
tggagcagag
atttttctga
tcaacctgtt
tcgetacgga
tttatttcetg
taatcatcca
aatccagtga
aaagtaagga
acttcaagag
ccttcaacaa

atgtcaaget

cagtgattgg

tgcggctgtg

<213> Homo sapiens

<400> 3
atgggctgea

actgaagtta
aaatgtgaac
ccaccggage
agtagcttct
cagcdcagaag
tttggeagtyg
gtegetgtgt
tgcetggeoceca
gaggtgcaca
gactccagat

cgcaaccact

caggataggg

ggctgetetg
cccagacace
aacatatggg
tecatgtttgt
cacctgaatg
actcagecet
gaacccagcet
ttgagccate
caggcttctt
gtggggtcag
actgcctgag
tecegotgtca

ccaaacccgt

tetgetgggg

tecteccagac
ctctgtgaac
ttacattccc
acgcetacage
tgetgtgega
gccctatatce
caagtctgtce
ttctgatgtg
caacagtgcet
cagecattatt

ggtcgagaaa

gttccgaatc

gtccage

atgtgeggtt
aaaacacctg
gcacagggcet
ctacagctat
ccccaacage
gtatctetge
ctetgtettg
agaagcagag
cecctgaccac
cacggacccg
cagccgectg
agtccagttce

cacccagatc

ctcttgagtyg
ctgattctcc
aatttgcagt
tcagggacaa
ttattgtaca
ggaggtgetg
cagaaccctg
tgcctattcea
tatatcacag
gtggcctgga
ccagaagaca

agctttgaaa

ctcctectga

ctetgtctec
gtcatgggaa
atgtattggt
gagaaactct
tectctettaa
gccageageca
gaggacctga
atctcccaca
gtggagctga
cagcccctca
agggtctcegg
tacgggectcet

gtcagecgecg

cccaggtttg
aggagggagc
ggtttcatca
aacagaatgg
ttteectette
acggactcac
accctgecgt
ccgattttga
acaaaactgt
gcaacaaatc
ccttetteee

cagatacgaa

aagtggccgg

tgggagcagt
tgacaaataa
acaagcagaa
ctataaatga
accttcaccet
ctcccaatga
acaaggtgtt
cccaaaaggce
gctggtgggt
aggagcagcce
ccaccttctg
cggagaatga

aggcetgggyg

ctgtgtgaga
caattccacg
aaacccttgyg
aagattaagc
ccagaccaca
ctttggcaaa
gtaccagctg
ttctcaaaca
gctagacatg
tgactttgeca
cagcccagaa

cctaaacttt

gtttaatctg

tcccatagac
gaagtctttg
agctaagaag
aagtgtgcca
acacgecactg
aaaactgttt
cccacccgag
cacactggtg
gaatgggaag
cgecctcaat
gcagaaccce
cgagtggacce

tagagcagac
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tgtggettta ccteggtgte ctaccagecaa ggggtectgt ctgccaccat cctctatgag 840
atcctgetag ggaaggccac cctgtatget gtgctggtca gegeccttgt gttgatgagca 900
atggtcaaga gaaaggattt ¢ 921
<210> 4

<211> 269

<212> PRT

<213> Homo sapiens

<400> 4
Met Lys Arg Ile Leu Gly Ala Leu Leu Gly Leu Leu Ser Ala Gln Val
1 5 10 15

Cys Cys Val Arg Gly Ile Gln Val Glu Gln Ser Pro Pro Asp Leu Ile
20 25 30

Leu Gln Glu Gly Ala Asn Ser Thr Leu Arg Cys Asn Phe Ser Asp Ser
35 40 45

Val Asn Asn Leu Gln Trp Phe His Gln Asn Pro Trp Gly Gln Leu Ile
50 55 60

Asn Leu Phe Tyr Ile Pro Ser Gly Thr Lys Gln Asn Gly Arg Leu Ser
65 70 75 80

Ala Thr Thr Val Ala Thr Glu Arg Tyr Ser Leu Leu Tyr Ile Ser Ser
85 90 95

Ser Gln Thr Thr Asp Ser Gly Val Tyr Phe Cys Ala Val Arg Gly Gly
100 105 110

Ala Asp Gly Leu Thr Phe Gly Lys Gly Thr His Leu Ile Ile Gln Pro
115 120 125

Tyr Ile Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser Lys
130 135 140

Ser Ser Asp Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln Thr
145 150 155 160

Asn Val Ser Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys Thr
165 170 175

Val Leu Asp Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala Val Ala
180 185 190

Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn Ser
195 200 205

Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser Pro Glu Ser Ser Cys Asp
210 215 220

Val Lys Leu Val Glu Lys Ser Phe Glu Thr Asp Thr Asn Leu Asn Phe
225 230 235 240



Gln Asn Leu Ser Val TIle Gly Phe Arg Ile Leu Leu Leu Lys Val Ala

245 250

Gly Phe Asn Leu Leu Met Thr Leu Arg Leu Trp Ser Ser

260 265

<210>5

<211> 307

<212> PRT

<213> Homo sapiens

<400> 5
Met Gly Cys Arg Leu Leu Cys Cys Ala Val
1 5 10

Val Pro Ile Asp Thr Glu Val Thr Gln Thr
20 25

Gly Met Thr Asn Lys Lys Ser Leu Lys Cys
35 40

Arg Ala Met Tyr Trp Tyr Lys Gln Lys Ala
50 55

Met Phe Val Tyr Ser Tyr Glu Lys Leu Ser
65 70

Ser Arg Phe Ser Pro Glu Cys Pro Asn Ser
85 90

Leu His Ala Leu Gln Pro Glu Asp Ser Ala
100 105

Ser Pro Pro Asn Glu Lys Leu Phe Phe Gly
115 120

Val Leu Glu Asp Leu Asn Lys Val Phe Pro
130 135

Glu Pro Ser Glu Ala Glu Ile Ser His Thr
145 150

Cys Leu Ala Thr Gly Phe Phe Pro Asp His
165 170

Val Asn Gly Lys Glu Val His Ser Gly Val
180 185

Leu Lys Glu Gln Pro Ala Leu Asn Asp Ser
195 200

Arg Leu Arg Val Ser Ala Thr Phe Trp Gln
210 215

Arg Cys Gln Val Gln Phe Tyr Gly Leu Ser

Leu

Pro

Glu

Lys

Ile

75

Ser

Leu

Ser

Pro

Gln

155

Val

Ser

Arg

Asn

Glu

Cys

Lys

Gln

Lys

60

Asn

Leu

Tyr

Gly

Glu

140

Lys

Glu

Thr

Tyr

Pro

220

Asn

Leu

His

His

45

Pro

Glu

Leu

Leu

Thr

125

val

Ala

Leu

Asp

Cys

205

Arg

Asp

Leu

Leu

30

Met

Pro

Ser

Asn

Cys

110

Gln

Ala

Thr

Ser

Pro

190

Leu

Asn

Glu

255

Gly

15

val

Gly

Glu

val

Leu

95

Ala

Leu

val

Leu

Trp

175

Gln

Ser

His

Trp

Ala

Met

His

Leu

Pro

His

Ser

Ser

Phe

val

160

Trp

Pro

Ser

Phe

Thr
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225

Gln

Gly

Leu

Tyr
290

Lys
305

<210>6

<211> 7948
<212> DNA

Asp Phe

230

245

260

2

280

295

<213> Artificial Sequence

<220>

<223> Recombinant retroviral vector

<400> 6
aggcgtatca

tecaaatgtg
cecctattece
tagttattaa
cgttacataa
gacgtcaata
atgggtggag
aagtacgcce
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag
cgccagtcett
tgtttgecate
tacccacgac
ggaccaccga

tgtectagtgt

cgaggccctt
tceceocteac
cacactcacc
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggacttte
cggttttgge
ctccacceca
aaatgtcgta
gtctatataa
ccgatagact
cgaatcgtgg
gggggtcttt
ccecaccaceq

ctatgtttga

tegteottcaa
actcccaaat
ggagccaaag
ttacggggtce
atggccecgec
tteccatagt
aaactgceccca
tcaatgacgg
ctacttggea
agtacatcaa
ttgacgtcaa
acaactccgc
gcagagctca
gcgtegeceg
tetegetgtt
catttggggy
ggaggtaagce

tgttatgege

Z35

250

65

gaattcatac
tegegggett
ccgeggageg
attagttcat
tggctgaccyg
aacgccaata
cttggecagta
taaatggccce
gtacatctac
tgggcgtgga
tgggagtttg
cccattgacg
ataasaagagce
ggtacccgta
ccttgggagg
ctegtecggg
tggccagcecaa

ctgegtetgt

240

Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp

255

270

285

300

cagatcaccg
ctgcctetta
cgttgacatt
agcccatata
cccaacgacc
gggactttcc
catcaagtgt
gcctggeatt
gtattagtca
tagcggtttyg
ttttggecace
caaatgggcg
ccacaacccc
ttccecaataa
gtctectetg
atttggagac
cttatetgtg

actagttage

Arg Ala Asp Cys Gly Phe Thr Ser Val Ser Tyr Gln Gln Gly Val

Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu
275

Ala Val Leu Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg

aaaactgtcc
gaccactcta
gattattgac
tggagttccg
cccgeccatt
attgacgtca
atcatatgcce
atgcccagta
tegetattac
actcacgggg
aaaatcaacg
gtaggcgtgt
tcactcggeg
agcectcttge
agtgattgac
ccctgeccag
tctgtcegat

taactagcectc

tgtatctgge ggacccgtgg tggaactgac gagttctgaa cacceggecg caaccetggg
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agacgtccca
tggaatccga
ccgectecgt
cagcgctgca
aattagggcce
gagceggateg
tctgcagaat
ctecatcacce
gtccecctaca
tttgtacace
cctectegtt
gccggaatte
ggctctetac
actggaccga
acaccagact
ccccacegec
tgececgaccce
catcatgaag
gagaggaata
cacgctgegyg
ttggggacag
aagcgccacg
cacagactca
caaagggact
gctgagagac
aacaaatgtg
catgaggtct
tgcatgktgca
agaaagttcc
ctttcaaaac

tctgeteatg

aaagcaagca
tgeggttete
acacctggtc
cagggctatg
cagctatgag
caacagctct

tctectgegec

gggactttgg
cccegtoagg
ctgaattttt
gcatcgttct
agactgttac
ctcacaacca
ggccaacett
aggttaagat
tcgtgacctg
ctaagcctce
cgacccecgcee
geggecgtga
ttagtcecage
ceggtggtac
aagaacctag
ctcaaagtag
gggggtggac
aggatattgg
caagtggagc
tgcaattttt
ctcatcaacc
actgtcgeta
ggcgtttatt
catctaatca
tctaaatcca
tcacaaagta
atggacttca
aacgccttca
tgtgatgtca
ctgtcagtga

acgetgagge

ggagacgtgg
tgteteetgg
atgggaatga
tattggtaca
aaactetcta
ctcttaaacc

agcageccte

gggcegtttt
atatgtggtt
gcttteggtt
gtgttgtctc
cactccectta
gtceggtagat
taacgtcgga
caaggtettt
ggaagccttg
goctoctett
tcgatectee
caagagttac
acgaagtcoctg
ctcaccctta
aacctcgcetg
acggcatcge
catcctctag
gagctotget
agagtcctcc
ctgactctgt
tgttttacat
cggaacgcta
tetgtgetgt
tecageccta
gtgacaagtc
aggattctga
agagcaacag
acaacagcat
agctggtcga
ttgggttcecg

tgtggtccag

aggagaaccc
gagcagttce
caaataagaa
agcagaaagc
taaatgaaaqg
ttcacctaca

ccaatgaaaa

tgtggcecga
ctggtaggag
tggaaccgaa
tgtctgactg
agtttgacct
gtcaagaaga
tggecgegag
tcacctggee
gcttttgace
cctocatoag
ctttatccag
taacagccec
gagacctctg
cogagtogge
gaaaggacct
agcttyggata
actgacgcgg
ggggctcttyg
agacctgatt
gaacaatttg
teccteaggg
cagcttattg
gegaggaggt
tatccagaac
tgtctgecta
tgtgtatatc
tgectgtggec
tattccagaa
gaaaagcttt

aatcctecte

cgggtccgga

cctgaggaag
acgagaacct
gecgegogta
tgtttctgta
taggtcactg
gacgttgggt
acggeacctt
cgcatggaca
ccccteeetg
ceccgtetet
cectecactec
tctctecaag
gcggecagect
gacacagtgt
tacacagtcc
cacgecgece
cagcgagceaa
agtgcccagg
ctccaggagg
cagtggttte
acaaaacaga
tacatttect
getgacggac
ccetgaceoctg
ttcaccgatt
acagacaaaa
tggagcaaca
gacaccttct
gaaacagata
ctgaaagtgg

gecacgaact

ggagtcgatg
aaaacagttc
ttgtetgetg
tttgtctgaa
gaaagatgtc
taccttetge
taaccgagac
cccagaccag
ggtcaagcce
ccaccttgaa
ttectectagge
ctcacttaca
accaagaaca
gggtccgeeg
tgctgaccac
acgtgaagge
gaaggcaaag
tttgetgtgt
gagccaattc
atcaaaaccc
atggaagatt
cttececcagac
tecacctttgg
ccegtgtacca
ttgattcteca
ctgtgctaga
aatctgactt
tecccageoc
cgaacctaaa
ccgggtttaa

tectetetgtt

cggtecctatg
catagacact
gtctttgaaa
taagaagcca
tgtgcecaagt
cgcecctgecag

actgtttttt

ggctgeagge
gaagttaccce
tgtgaacaac
ccggagetca
cgettetecac
ccagaagact

ggcagtggaa

tgctetgetg
agacaccaaa
atatggggca
tgtttgtcta
ctgaatgeca
cagcccetgta

cccagetcete
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tgtcttggag
agcagagatc
tgaccacgtg
ggacccgcag
ccgoctgagg
ccagttctac
ccagategte
ccagcaaggyg
gtatgetgtg
attcggectca
tggceccaceqg
gagtcttgac
tgtttctaca
cctgecacceet
caaattcaca
gtcacagacc
gacaaccttg
tagcecttgea
caaggcagaa
ggagcaaaat
ccgagtgetg
gctcettgee
agaaatttcc

catcctagat

gattgcactg
gatgaatcgc
cgataaaata
gtaggtttgg
tgagaataga
acaggatatc
ctgaatatgg
gaacagatgg
ttccagggtg
tecgetteteg
ccctcacteg
taaaccctct
tgagtgattg

gacccctgee

gacctgaaca
tceccacacee
gagctgagcet
cccctcaagg
gktcteggeca
gggctctegg
agcgecgagyg
gtectgtetg
ctggtcageg
ggcgagggea
cggggctgga
aacaacggta
aatgtatcct
gtgtctcaac
tctacctctg
tctgtaatca
aagcctagecce
acatctceca
atcaaatgtt
aagacctcca
tgtggggagy
cagtctgagg
agcaaactcc

ttcactgage

gtcacctegg
cgcagctgga
aaagatttta
caagctaget
gaagttcaga
tgtggtaagce
gccaaacagg
tccccagatg
caccaaggac
cttetgtteg
gggcgecagt
tgcagttgea
actacccgte

cagggaccac

aggtgttceoc
aaaaggccac
ggtgggtgaa
agcagcccgc
ccttetggea
agaatgacga
cctggggtag
ccaccatcct
cecttgtgtt
gaggcagtct
cegegetttg
ctgctaccce
accaagaaac
atggcaatga
tgataacctc
gcacagtgtt
tgtcacctgg
ctaaacccta
caggcatcag
gctgtgegga
agcaggctga
tgagacctca
aacttatgaa

aagatgttge

gagcecctget
gccccacagg
tttagtctce
taagtaacgce
tcaaggtcag
agttecctgec
atatctgtgg
cggteocagec
ctgaaatgac
cgegettetg
cctecgattyg
toegacttgt
agcgggggtce

cgacccacca

acccgaggto
actggtgtge
tgggaaggag
cctcaatgac
gaacccccge
gtggacccag
agcagactgt
ctatgagatc
gatggcaatyg
gctaacatge
cttgectgagt
agagttacct
tacaacacct
ggccacaaca
agtttatgga
caccacccca
aaatgtttca
tacatcatct
agaagtgaaa
gtttaagaag
tgctgatget
gtgtctactg
aaagcaccaa

aagccaccag

ggctgtcettg
agaaaggctg
agaaaaaggg
cattttgeaa
gaacagatgg
cecggctcagyg
taagcagtte
ctcagecagtt
cctgtgectt
ctceccgage
actgagtcge
ggtcteogetkg
tttcatttgg

ccgggaggta

gaactagaac
gggaatgaaa
ggcatggaaa
aacagctgaa
gccaagaaca
ctgaccegge
tcetagagaac
atttgaacta
tcaataaaag
cegggtacee
ttecttggga
gggctcgtea

agctggetge

gctgtgtttyg
ctggccacag
gtgcacagtg
tccagatact
aaccacttce
gatagggcca
ggctttacct
ctgetaggga
gtcaagagaa
ggtgatgtcg
ttgctgectt
acccagggaa
agtacccttg
aacatcacag
aacacaaact
gccaacgttt
gacctttcaa
tctectatcee
ttgactcagg
gacaggggag

ggggcccagyg

ctggtcttgg
tctgacctga

agctattcce

agccatcaga
gcttettece
gggtcagcac
gcectgagcag
getgtcaagt
aacccgtcac
cggtgteocta
aggccaccct
aggatttcga
aagaaaatcc
ctgggttcat
cattttcaaa
gaagtaccag
aaacgacagt
cttctgtcca
caactccaga
ccactagcac
taagtgacat
gcatctgect
agggcctgge
tatgctcoect
ccaacagaac
aaaagctggg

aaaagaccct

ggcatcactg gectatttecet
catgaggatc
gaccccacet
aatacataac
tatgggccaa
gatggaacag
tcagggcecaa
catcagatgt
accaatcagt
agcccacaac
gtgtatccaa
gggtotecte
gggatcggga

ctcgegegtt
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3480
3540
3600
3660
3720
3780
3840
3300
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800

4860

4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640

5700



tcggtgatga
tgtaagcgga
gtcggggege
tgcggecatca
atgegtaagg
gcgcteggte
atccacagaa
caggaaccgt
gcatcacaaa
ccaggegttt
cggatacctg
taggtatctc
cgttcagcec
acacgactta
aggeggtget
atttggtatce
atccggcaaa

gcgcagaaaa

gtggaacgaa
ctagatcett
ttggtctgac
tegttecatee
accatctgge
atcagcaata
cgcctccatce
tagtttgcge
tatggettca
gtgcaaaaaa
agtgttatca
aagatgcettt
gcgaccgagt
tttaaaagtg
getgttgaga
tactttcace
aataagggcg
catttatcag

acaaataggg

cggtgaaaac
tgccgggage
agccatgacce
gagcagattg
agaaaatacc
gttcggectge
tcaggggata
aaaaaggccg
aatcgacgcet
ccecctggaa
taegecttte
agttcggtgt
gaccgctgcg
tegecactgyg
acagagttct
tgcgetetge
caaaccaccg

aaaggatctce

aactcacgtt
ttaaattaaa
agttaccaat
atagttgcct
cccagtgcectg
aaccagccag
cagtctatta
aacgttgttg
ttcagctceg
gcggttaget
ctcatggtta
tectgtgactg
tgetettgece
ctecatcattg
tccagttega
agcgtttctg
acacggaaat
ggttattgtc

gttceogegea

ctetgacaca
agacaagcec
cagtcacgta
tactgagagt
gcatcaggeg
ggcgageggt
acgcaggaaa
cgttgctgge
caagtcagag
gctceectegt
tecetteggy
aggtegttceg
cecttatecegg
cagcagecac
tgaagtggtg
tgaagccagt
ctggtagegg

aagaagatcc

tgeagotoce
gtecagyggege
gcgatagegg
gcaccatatg
ctetteocoget
atcagctcac
gaacatgtga
gtttttccat
gtggcgaaac
gegetetect
aagcgtggeg
ctccaagctg
taactatcgt
tggtaacagg
gcctaactac
tacettcgga
tggttttttt

tttgatcttt

ggagacggtc
gtcagegggt
agtgtatact
cggtgtgaaa
tcctegetca
tcaaaggcgg
gcaaaaggcc
aggctccgee
ccgacaggac
gttecegacce
ctttetcata
ggctgtgtge
cttgagtcea
attagcagag
ggctacacta
aaaagagttg
gtttgcaage

tetacggggt

acagettgte
gttggegggt
ggcttaacta
taccgcacag
ctgactcget
taatacggtt
agcaaaaggc
ccectgacga
tataaagata
tgecgettac
goctecacgetyg
acgaacccce
acccggtaag
cgaggtatgt
gaaggacagt
gtagectettg
agcagattac

ctgacgctca

aagggatttt
aatgaagttt
gcttaatcag
gactcceegt
caatgatacc
ccggaaggge
attgttgeeg
ccattgctge
gttecccaacg
cctteggtec
tggcagecact
gtgagtactc
cggegtcaac
gaaaacgttc
tgtaacecac
ggtgagcaaa
gttgaatact
tcatgagcgg

catttcceeg

ggtcatgaga
taaatcaatce
tgaggcacct
cgtgtagata
gcgagaccca
cgagcgcaga
ggaagctaga
aggcatcgtg
atcaaggcga
tocgatcogtt
gcataattct
aaccaagtca
acgggataat
tteggggega
tegtgeacce
aacaggaagg
catactcttc
atacatattt

aaaagtgcca

ttatcaaaaa
taaagtatat
atctcagega
actacgatac
cgctcaccgg
agtggtcctg
gtaagtagtt
gtgtcacgct
gttacatgat
gtcagaagta
cttactgtca
ttetgagaat
accgcgecac
aaactctcaa
aactgatctt
caaaatgccg
ctttttcaat
gaatgtattt

cctgacgtcet

ggatcttcac
atgagtaaac
tcetgtetatt
gggagggctt
ctccagattt
caactttatc
cgccagttaa
cgtcgtttgg
ccecccatgtt
agttggececge
tgccateegt
agtgtatgeg
atagcagaac
ggatcttace
cagcatcttt
caaaaaaggg
attattgaag
agaaaaataa

aagaaaccat
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tattatcatg acattaacct ataaaaat

<210>7

<211> 315

<212> PRT

<213> Artificial Sequence

<220>

<223> Truncated CD34 polypeptide

<400> 7

Pro Arg Gly Trp Thr Ala Leu Cys Leu Leu Ser Leu Leu Pro Ser Gly
15

1 5

Phe Met Ser Leu Asp Asn Asn Gly Thr Ala Thr Pro Glu Leu Pro Thr
30

20

Gln Gly Thr Phe Ser Asn Val Ser Thr Asn Val Ser Tyr Gln Glu Thr
45

35 40

Thr Thr Pro Ser Thr Leu Gly Ser
50 55

His Gly Asn Glu Ala Thr Thr Asn
65 70

Thr Ser Thr Ser Val Ile Thr Ser
85

Val Gln Ser Gln Thr Ser Val Ile
100

Asn Val Ser Thr Pro Glu Thr Thr
115 120

Asn Val Ser Asp Leu Ser Thr Thr
130 135

Thr Lys Pro Tyr Thr Ser Ser Ser
145 150

Glu Tle Lys Cys Ser Gly Ile Arg
165

Cys Leu Glu Gln Asn Lys Thr Ser
180

Arg Gly Glu Gly Leu Ala Arg Val
195 200

Ala Asp Ala Gly Ala Gln Val Cys
210 215

Val Arg Pro Gln Cys Leu Leu Leu
225 230

25

Thr

Ile

Val

Ser

105

Leu

Ser

Pro

Glu

Ser

185

Leu

Ser

Val

10

Ser

Thr

Tyr

90

Thr

Lys

Thr

Ile

val

170

Cys

Cys

Leu

Leu

Leu

Glu

75

Gly

Val

Pro

Ser

Leu

155

Lys

Ala

Gly

Leu

Ala
235

His

60

Thr

Asn

Phe

Ser

Leu

140

Ser

Leu

Glu

Glu

Leu

220

Asn

Pro

Thr

Thr

Thr

Leu

125

Ala

Asp

Thr

Phe

Glu

205

Ala

Arg

val

Val

Asn

Thr

110

Ser

Thr

Ile

Gln

Lys

190

Gln

Gln

Thr

Ser

Lys

Ser

95

Pro

Pro

Ser

Lys

Gly

175

Lys

Ala

Ser

Glu

Gln

Phe

80

Ser

Ala

Gly

Pro

Ala

160

Ile

Asp

Asp

Glu

Ile
240
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Ser Ser Lys Leu Gln Leu Met Lys
245

Leu Gly Ile Leu Asp Phe Thr Glu
260

Tyr Ser Gln Lys Thr Leu Ile Ala
275 280

Ala val Leu Gly Ile Thr Gly Tyr
290 295

Lys

Gln

265

Leu

Phe

His Gln Ser Asp Leu
250

Asp Val Ala Ser His
270

Val Thr Ser Gly 2ala
285

Leu Met Asn Arg Arg
300

Ser Pro Thr Gly Glu Arg Leu Glu Leu Glu Pro

305 310

315
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Lys Lys
255
Gln Ser

Leu Leu

Ser Trp

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all

liability in this regard.

Patent documents cited in the description

o USIO15152384A1 108087
o USSBZT042A 10063
o USB2357265B [0081]

Non-patent literature cited in the description

TAKAHASHI et al.J. Clin. Invest., 2008, vol. 118, 1099-1109 [8$12] [80E8}
Lewin's Genes XJones and Bartlett Publishers20090000 {&8181
The Encyclopedia of Molecular BiologyBlackwell Publishers19940000 {4815}

» Molecular Biology and Biotechnology: a Comprehensive Desk ReferenceWiley, John &



DK/EP 3478711 T3

Sons, Inc.19950000 {3187

GEORGE P. REDEIEncyclopedic Dictionary of Genetics, Genomics, Proteomics and
InformaticsSpringer20080000 {3315}

TAKAHASHI et al.J. Clin. Oncol., 2008, vol. 118, 1099-1109 [§{23]

CLAY et al.Pathol. Oncol. Res., 1999, vol. 5, 3-15 {3843}

KIM et al.PLoS One, 2011, vol. 6, e18556- [3{43}

NORELL et al.Cancer Immunol. Immunother., 2010, vol. 59, 851-862 {044}
MARKOWITZ et al.J. Virol., 1988, vol. 62, 1120-1124 (3438}

MILLER et al.J. Virol., 1991, vol. 65, 2220-2224 3348}

MILLER et al.Mol. Cell Biol., 1986, vol. 6, 2895-2902 [{}343}

Remington: The Science and Practice of PharmacyLippincott, Williams, &
Wilkins20050000 {88451

RIDDELLGREENBERGJ. Immunol. Meth., 1990, vol. 128, 189-201 {3883}
EISENHAUER et al.Eur. J. Cancer, 2009, vol. 45, 228-247 {3385}

WOLCHOCK et al.Clin. Cancer Res., 2009, vol. 15, 7412-7420 {3385}



10

15

20

25

30

DK/EP 3478711 T3

Patentkrav
1. Vektor, der omfatter et nukleinsyremolekyle, som koder for en T-cellereceptor-a-
keede, der omfatter nukleinsyresekvensen ifglge SEQ ID NO: 2, og et nukleinsyremolekyle, som

koder for en T-cellereceptor-B-kaede, der omfatter nukleinsyresekvensen ifglge SEQ ID NO: 3.

2. Vektor ifglge krav 1,

hvor nukleinsyren, som koder for T-cellereceptor-a-keeden, og nukleinsyren, som koder
for T-cellereceptor-pB-kzeeden, eller begge, er operativt bundet til en promoter,

og/eller hvor vektoren er en retroviral vektor, seerligt

hvor vektoren er en SAMEN retroviral vektor, szerligt

hvor vektoren omfatter nukleinsyresekvensen ifglge SEQ ID NO: 6.

3. Vektor ifglge krav 1 eller krav 2, der yderligere omfatter et nukleinsyremolekyle, som

koder for et trunkeret CD34-protein, der mangler et intracellulzert domeene.

4. Isoleret veaertscelle, der omfatter, eller modificeret T-celle, der er transduceret med,

vektoren ifglge et hvilket som helst af kravene 1-3.

5. Veertscelle ifglge krav 4, hvor cellen yderligere omfatter en nukleinsyre, som koder
for et viralt gag-protein, et viralt pol-protein, et viralt env-protein eller en kombination af to eller
flere deraf, eller

hvor veertscellen er en lymfocyt, seerligt

hvor cellen er en PG13-celle, eller seerligt

hvor lymfocytten er en T-celle.

6. Modificeret T-celle, der omfatter en heterolog nukleinsyre, som koder for en T-
cellereceptor-a-keede, der omfatter aminosyresekvensen ifglge SEQ ID NO: 4, og et heterologt
nukleinsyremolekyle, som koder for en T-cellereceptor-p-keede, der omfatter aminosyresekven-

sen ifglge SEQ ID NO: 5.

7. Modificeret T-celle ifglge krav 6,
der yderligere omfatter en heterolog nukleinsyre, som koder for et trunkeret CD34-

protein, der mangler et intracellulaert domeene.
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2

8. Modificeret T-celle ifglge et hvilket som helst af kravene 4, 6 eller 7, hvor T-cellen

omfatter et genom, der er autologt for et individ med et renalcellekarcinom.

9. Farmaceutisk sammensaetning, der omfatter den modificerede T-celle ifglge et hvil-

ket som helst af kravene 4 eller 6-8 og en farmaceutisk acceptabel bzerer.

10. Sammenszetning, der omfatter en population af modificerede T-celler, som er op-
naet fra et individ med RCC og transduceret med en vektor, der omfatter en nukleinsyre, som
koder for en T-cellereceptor-a-ksede, der omfatter nukleinsyresekvensen ifglge SEQ ID NO: 2, og
en nukleinsyre, som koder for en T-cellereceptor-B-kaede, der omfatter nukleinsyresekvensen
ifglge SEQ ID NO: 3, til anvendelse i en fremgangsmade til behandling eller haemning af renalcelle-
karcinom (RCC), hvilken fremgangsmade omfatter:

indgivelse af sammensatningen, der omfatter de modificerede T-celler, til individet,

hvorved naevnte RCC behandles eller haammes.

11. Sammensztning til anvendelse ifglge krav 10, hvor nukleinsyren, som koder for T-
cellereceptor-a-kseden, bestar af nukleinsyresekvensen ifglge SEQ ID NO: 2, og nukleinsyren, som
koder for T-cellereceptor-B-kseden, bestar af nukleinsyresekvensen ifglge SEQ ID NO: 3, og/eller

hvor nukleinsyren, som koder for T-cellereceptor-a-kseden, koder for et protein, der om-
fatter eller bestar af aminosyresekvensen ifglge SEQ ID NO: 4, og nukleinsyren, som koder for T-
cellereceptor-pB-kaeden, koder for et protein, der omfatter eller bestar af aminosyresekvensen
ifplge SEQ ID NO: 5, og/eller

hvor vektoren yderligere omfatter en nukleinsyre, som koder for et trunkeret CD34-
protein, der mangler et intracelluleert domaene, og/eller

hvor vektoren er en retroviral vektor, szerligt hvor populationen af modificerede T-celler
beriges ved selektion med et anti-CD34-antistof inden indgivelse til individet, og/eller

hvor populationen af T-celler aktiveres inden transduktion, og/eller

hvor populationen af T-celler depleteres for CD4-udtrykkende T-celler inden transduktion,
og/eller

hvor populationen af modificerede T-celler ekspanderes inden indgivelse til individet,
og/eller

hvor individet indgives immunsuppressiv behandling inden indgivelse af populationen af
modificerede T-celler til individet, og/eller

hvor naevnte RCC er clear cell-RCC, og/eller
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3

hvor naevnte RCC udtrykker et humant endogent retrovirus-E (HERV-E)-protein og eller -
peptid, og/eller

hvor individet er positivt for humant leukocyt-antigen (HLA) serotype HLA-A11, og/eller

yderligere omfattende selektion af et individ med RCC, hvor naevnte RCC udtrykker et

HERV-E-protein og/eller -peptid, og individet er positivt for HLA-A11.

12. Invitro-fremgangsmade til fremstilling af modificerede T-celler, der udtrykker en
renalcellekarcinom-antigen-specifik T-cellereceptor, hvilken fremgangsmade omfatter:

etablering af kontakt mellem en population af lymfocytter, som er opnaet fra et individ,
og et anti-CD3-antistof og interleukin-2 for at frembringe en population af aktiverede T-celler;

transduktion af populationen af aktiverede T-celler med vektoren ifglge et hvilket som
helst af kravene 1-3 for at frembringe en population af transducerede T-celler; og

ekspansion af populationen af transducerede T-celler, hvorved der frembringes de modi-

ficerede T-celler.

13. Invitro-fremgangsmade ifglge krav 12, hvor ekspansionen af populationen af trans-
ducerede T-celler omfatter etablering af kontakt mellem de transducerede T-celler og anti-CD3,
anti-CD28, IL-2 og IL-15, szerligt

hvor etableringen af kontakt mellem de transducerede T-celler og anti-CD3, anti-CD28, IL-
2 og IL-15 omfatter etablering af kontakt mellem cellerne og anti-CD3, anti-CD28, IL-2 og IL-15i 9
til 11 dage, og/eller

hvilken fremgangsmade yderligere omfatter berigelse af populationen af transducerede
T-celler ved etablering af kontakt mellem de transducerede T-celler og et anti-CD34-antistof,
og/eller

hvor populationen af lymfocytter er opnaet fra et individ med renalcellekarcinom (RCC),
og/eller

hvor populationen af lymfocytter er opnaet fra et individ med renalcellekarcinom, og in-

dividet er HLA-A11-positivt.

14. Isolerede nukleinsyrer, som koder for:
(i) enT-cellereceptor-a-kade, der omfatter nukleinsyresekvensen ifglge SEQ ID NO: 2,
0g

(ii) en T-cellereceptor-B-kaede, der omfatter nukleinsyresekvensen ifglge SEQ ID NO: 3.
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15. Nukleinsyre ifglge krav 14,
hvor nukleinsyrerne koder for proteiner, der omfatter eller bestar af aminosyresekvensen

ifélge henholdsvis SEQ ID NO: 4 og 5.

16. Isoleret T-cellereceptor-polypeptid, der omfatter aminosyresekvensen ifglge SEQ ID

NO: 4 og 5.



DK/EP 3478711 T3

DRAWINGS

LTR

T2A| CD34t

FIG. 1
P2A [ 7




DK/EP 3478711 T3

4 SOUP[0R4 4 ﬁ HAVAA
> e 0) JAJSUBI],
S
JWRS PEAdD ; v ul —U_H.GQHMH .—.—D_m—HWQHH dTd ; L
BT shep ¢
UP0I4d pue skep 5
SYSB]J 03 JAYSUBIL,
e 3}IS JUDULYEIL)
1 0) s[[23 dig§ S[[93 3S3ATRY]
Pedad pue
Mo Lssadxo o) |
S[[39 doNpsuBIL, _
{
ST-1I «
TII <«
qe1 0y dudp,
SORIAIUTE) - €LM0 « < | mooyspndmg | < ssoroqdy
adod +ad SEAOV <

S[[@D OO <«

—

sy g

<Ol

O




DK/EP 3478711 T3

Interferon y
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Targets
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Donor 1 — grey columns
Donor 2 — black columns

Targets:
1 —ccRCC HERV-E neg/ HLA-A11+
2 — ccRCC HERV-E +/ HLA-A11+
3 — ccRCC HERV-E neg/ HLA-A11+
+ CT-RCC-1 peptide

4 — ccRCC HERV-E +/ HLA-A11+
+ CT-RCC-1 peptide
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FIG. 3B

Donor 1 T-cell Cytotoxicity
vs RCC Targets
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FIG. 4A
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FIG.6A
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