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Novel generation of antigen-specific TCRs

FIELD OF THE INVENTION

The present invention contemplates methods for the generation of human antigen-specific
T lymphocytes. The methods employ MHC class-II targeting signals fused to an antigen or
fragment thercof to obtain MHC class I and II presentation of RNA-coded proteins.
Accordingly, the present invention concerns expression vectors comprising MHC class-1I
targeting signals and at least one antigen or fragment thereof and its use for the in vitro
generation of antigen-specific T lymphocytes. T cell clones and T cell receptors (TCRs)
specific for tumor antigens or viral antigens are also described.

BACKGROUND OF THE INVENTION

The adoptive T cell transfer uses T cell-based cytotoxic responses to control chronic viral
infections and tumors. T cells that have a natural or genetically engineered reactivity to a
patient's cancer are generated in vitro and then transferred back into the patient. The
adoptive transfer of autologous tumor-infiltrating lymphocytes (TIL) has been used to
successfully treat patients with advanced tumors. The principal limitations of TIL therapy
for broad application in the clinic are the oftentimes poor immunogenicity of tumors as
well as the mechanisms of negative T cell selection in the thymus that efficiently delete T
cells with auto-antigen-specificity. Therefore, in many cases, neither T cells with high
avidity for tumor-specific antigens nor T cells with the desired specificity can be isolated
from patient blood or tumor resections. For this, the transfer of genectically re-directed
peripheral blood lymphocytes (PBL) offers a possibility to overcome these limitations.

Further, in cancerous and chronic infections T lymphocytes lose function and become
exhausted.

With the help of T cell receptor (TCR) gene therapy millions of tumor-reactive T cells can
be rapidly generated from patient blood. TCR gene therapy paves the way to a flexible
method to transfer tumor-specificity to expandable and functionally promising T cell sub-
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populations. It comprises the transfer of isolated TCR genes of defined antigen-specific T
cell clones into recipient T lymphocytes of human leukocyte antigen (HLA)-matched
donors to equip them with required antigen specificities.

Adoptive T cell therapy with CD8" cytotoxic T lymphocytes (CTL) is a promising
immunotherapy, for cancerous or viral diseases. To increase clinical responses,
complementary transfer of CD4" helper T cells offers a possibility to enhance CD8" CTL
responses. CD4" T lymphocytes are known to provide pivotal help for CD8" CTL, as well
as to have a critical effect on the generation of long-lasting CD8" memory T cells. Rapid
and efficient isolation and characterization of tumor antigen-specific CD4" and CD8" T
lymphocytes is therefore of importance.

Many tumors express MHC class 1T molecules and therefore TCRs from CD4" T cells are
particularly useful to attack directly attack these tumors.

In order to extend the capacity to use adoptive cell therapy (ACT) to treat patients with
more rapidly growing tumors or chronic viral diseases, it is a goal to transfer enriched,
peptide-specific effector T cells (both CD4 T helper cells and cytotoxic T lymphocytes)
that have been selected for their ligand specificities to effectively

attack viruses or tumor cells while avoiding serious attack of normal tissues. These cells
are to be rapidly expanded to large numbers ex vivo and then used for ACT. Alternatively,
the T cell receptors (TCR) of such ligand-specific T cells can be cloned and expressed as
TCR transgenes in activated lymphocytes, using either recipient peripheral blood
lymphocytes or activated T cell clones with defined specificities that grow well and do not
have the capacity to attack normal host tissues.

As a consequence, antigen-specific TCRs and efficient methods for the isolation of these
TCRs are needed.

OBJECTIVES AND SUMMARY OF THE INVENTION

Therefore, it is an objective of the invention to provide efficient methods for the isolation
of T cells with antigen-specific TCRs. It would be desirable to provide a method for the
generation of CD4 TCRs and/or CD8 TCRs. Further it is an objective of the invention to
provide TCRs or functional parts thereof, such as CDR3 regions. It would be advantageous
to achieve TCRs that exhibit a high and/or optimal affinity against tumor antigens.

Therefore, a first aspect of the invention contemplates a method of generating human
antigen-specific T lymphocytes comprising the following steps:
A) expression of at least one fusion protein comprising
- at least one antigen or a fragment thereof,
- an endoplasmatic reticulum (ER)- translocation signal sequence preceding the
N-terminus of the antigen, and
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- a transmembrane and cytoplasmic domain comprising an endosomal/lysosomal
targeting sequence following the C-terminus of the antigen,
in antigen presenting cells; and
B) exposing of a cell population comprising T lymphocytes to the antigen presenting
cells of step A) in vitro in order to activate antigen-specific T lymphocytes specific for
the antigen expressed by the antigen presenting cell.

The fusion of the targeting sequence, in particular in combination with the ER-
translocation signal sequence, to the desired antigen or fragment thereof allows the
efficient loading of MHC class-1I complexes, also for cellular proteins which are usually
presented via the MHC class-1 complex. Also the loading of the MHC class-I complexes is
achieved by the above described method. Therefore, the method allows the generation of
CD4"' TCRs as well as CD8" TCRs.

Expression of the at least one fusion protein in step A) may be transient expression or
stable expression, preferably transient expression, for example by introducing ivt-RNA
coding for the at least one fusion protein. The expression of ivt-RNA has the advantage
that quality-controlled ivt-RNA can be rapidly produced and carries no immunogenic
protein contaminants.

In specific embodiments, the fusion protein may comprise at least two antigens or
fragments thereof.

In some embodiments the method may further comprise the step of enrichment of activated
T lymphocytes. This enrichment step typically comprises the following steps:

(a) contacting the cell population comprising activated antigen-specific T lymphocytes
with at least one binding molecule which specifically binds to at least one marker protein
specifically expressed by activated T lymphocytes;

(b) isolating T lymphocytes to which the at least one binding molecule is bound.

In preferred embodiments, the at least one marker protein specifically expressed by
activated T lymphocytes is selected from the group comprising Ox40, CD137, CD40L,
PD-1, IL-2 receptor, interferon vy, IL-2, GM-CSF and TNF-q. In addition, in step (a) the
cells may be further contacted with a binding molecule that specifically binds to CD4
and/or with a binding molecule that specifically binds to CDS.

In specific embodiments selecting activated CD4 T cells comprises the following steps:
(al) contacting the cell population of step B) with an antibody against CD40 in order to
block the interaction between CD40-CD40L of the antigen presenting cells and the
antigen-specific T lymphocytes and to accumulate CD40L at the surface of T lymphocytes;
(a2) contacting the cell population comprising activated antigen-specific T lymphocytes
with an anti-CD40L antibody;

(b) isolating the T lymphocytes marked with an anti-CD40L antibody and an anti-CD4
antibody.
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Another embodiment refers to the method according to any one of the preceding claims,
wherein the method further comprises the step
C2) identification of antigen-specific T lymphocytes, comprising the following steps:
a) incubation of expanded cell clones of the cell population comprising activated
antigen-specific T lymphocytes with

(1) antigen presenting cells as defined in step A), and

(i1) control antigen presenting cells;

b) comparison of the activation profile of the incubation with (i) and (ii) for each cell
clone;
c) identification of antigen-specific cell clones based on the comparison of b);

wherein the activation by (i) but not by (ii) indicates that the cell clone is antigen-specific;
the activation by (i) and by (ii) indicates that the cell clone is antigen unspecific; activation
neither by (i) nor by (ii) indicates that the cell clone is not activated.

In step B) the antigen presenting cells are added to the cell population comprising

T lymphocytes at least once, or at least twice, or at least three times, or three times. The
time interval between repeated additions of antigen presenting cells may be 7 to 21 days,
12 to 16 days, or 13 to 15 day, or 14 days.

The ER translocation signal sequence is derived from an endosomal/lysosomal associated
protein. The endosomal/lysosomal associated protein may be selected from the group
consisting of LAMP1, LAMP2, DC-LAMP, CD68 or CD1b, preferably the
endosomal/lysosomal associated protein is LAMP1. Preferably, the ER translocation signal
sequence is human. In specific embodiments the ER translocation signal sequence
comprises the sequence SEQ ID NO: 33 or a fragment thereof. In more specific
embodiments the ER translocation signal sequence consists of the following sequence SEQ
ID NO: 33.

The transmembrane and cytoplasmic domain comprising an endosomal/lysosomal
targeting sequence may be derived from LAMP1 or DC-LAMP, preferably DC-LAMP.
Preferably the transmembrane and cytoplasmic domain comprising an
endosomal/lysosomal targeting sequence is human.

Typically, the antigen presenting cells are selected from dendritic cells, activated B cells,
monocytes, macrophages, EBV-transformed lymphoblastoid cell lines, preferably dendritic
cells, more preferably monocyte derived dendritic cells.

Usually, the cell population comprising T lymphocytes is a population of peripheral blood
lymphocytes. The cell population comprising T lymphocytes may be a population of
unseparated peripheral blood lymphocytes. The cell population may be enriched for T
lymphocytes, preferably CD8" and/or CD4" T lymphocytes by means known to the person
skilled in the art.
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Another aspect of the application is a T lymphocyte obtainable by the methods described
herein.

A further aspect of the invention refers to an expression vector comprising:
- a human endoplasmatic reticulum (ER)- translocation signal, and
- a human transmembrane and cytoplasmic domain comprising an
endosomal/lysosomal targeting sequence.

The vector may comprise a promotor for in-vitro mRNA transcription. The ER
translocation signal sequence is derived from an endosomal/lysosomal associated protein,
for example LAMP1, LAMP2, DC-LAMP, CD68, CD1b, most preferably LAMP1.
Preferably, the ER translocation signal sequence is human. In specific embodiments the
ER translocation signal sequence comprises the sequence SEQ ID NO: 33 or a fragment
thereof. In more specific embodiments the ER translocation signal sequence consists of the
following sequence SEQ ID NO: 34.

The endosomal/lysosomal targeting sequence may be derived from LAMP1 or DC-LAMP,
preferably DC-LAMP. The endosomal/lysosomal targeting sequence is typically a part of a
transmembrane and cytoplasmic domain. Thus, the transmembrane and cytoplasmic
domain comprising an endosomal/lysosomal targeting sequence may be derived from
LAMPI1 or DC-LAMP, preferably DC-LAMP. Preferably the transmembrane and
cytoplasmic domain comprising an endosomal and/or lysosomeal targeting sequence is
human. Typically, the endosomal/lysosomal targeting sequence comprises the motif Y-XX
(X stands for any naturally occurring amino acid) followed by a hydrophobic amino acid
(SEQ ID NO: 38). Preferably, the endosomal/lysosomal targeting sequence is YQRI (SEQ
ID NO: 39). The transmembrane and cytoplasmic domain comprising an
endosomal/lysosomal targeting sequence may comprise the sequence SEQ ID NO: 54 or a
fragment thereof. For example, the transmembrane and cytoplasmic domain comprising an
endosomal/lysosomal targeting sequence may comprise the sequence SEQ ID NO: 35 or a
fragment thereof.

In some embodiments the expression vector further comprises restriction sites between the
ER translocation signal sequence and the human transmembrane and cytoplasmic domain
comprising an endosomal/lysosomal targeting sequence. In other embodiments, the vector
further comprises at least one antigen, or a fragment thereof which is inserted between
human endoplasmatic reticulum (ER)- translocation signal sequence, and the human
transmembrane and cytoplasmic domain comprising an endosomal/lysosomal targeting
sequence.

In specific embodiments, the vector comprises a sequence encoding at least two antigens or
fragments thereof. In some embodiments the vector comprises nucleic acid sequence
encoding a full length amino acid sequence of an antigen. Alternatively, the vector
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comprises a fragment of a nucleic acid sequence encoding an amino acid sequence of an
antigen.

Typically, the antigen is a tumor antigen or a viral antigen. The tumor antigen may be
selected from the group consisting of viral tumor antigen, tumor-specific antigen, tumor
associated antigen and an antigen carrying patient specific mutations and being expressed
in tumor cells of the patient. The tumor antigen is a tumor associated antigen, preferably
the tumor associated antigen is a cancer/testis antigen (C/T antigen). The C/T antigen may
be selected from the group comprising MAGE family members, for example MAGE-A1,
MAGE-A3, MAGE-A4, but not limited to these, tumor antigens comprising single point
mutations, NY-ESO1, tumor/testis-antigen 1B, GAGE-1, SSX-4, XAGE-1, BAGE,
GAGE, SCP-1, SSX-2, SSX-4, CTZ9, CT10, SAGE and CAGE. Preferably the C/T
antigen may be selected from the group consisting of GAGE-1, SSX-4 and XAGE-1.

Another aspect of the invention refers to the use of the expression vector as described
herein for in vitro generation of antigen-specific T lymphocytes.

A further aspect of the invention refers to T-lymphocytes for use in a method of preventing
or treating cancer comprising administering to a mammal the T-lymphocytes generated by
methods as described herein.

Another aspect refers to a method for generating an antigen-specific TCR comprising the
steps of the methods described above and further comprising the step of isolating a TCR
from the activated antigen-specific lymphocyte generated by the methods as described
herein.

Another aspect refers to a TCRs specific for GAGE-1, SSX-4 and XAGE-1, respectively.
FIGURE LEGENDS

Figure 1: Targeted MHC class-II presentation for the activation and isolation of
antigen-specific CD4" T cells. (a) Schematic representation of the various EBNA-3C
constructs used to validate the functionality and necessity of the CrossTAg-signal. The
ORF (ATG to STOP), the different components of the CrossTAg-signal (LAMP1 and DC-
LAMP), the HLA-DR11-restricted EBNA-3C epitope (3H10) and the polyA120 stretch are
depicted. (b) The CrossTAg-signal facilitates efficient MHC class-II cross-presentation.
IFN-y secretion of EBNA-3C-specific CD4" T cell clone 3H10 at 16 h of co-culture with
ivt-RNA-transfected APC (monocyte-derived DC prepared in three days (3d-mDC) or
mini-Epstein-Barr virus-(EBV)-transformed lymphoblastoid cell lines (mLCL)). Values
are presented as the mean + SD of triplicates. (¢) Expression of the activation marker
CD40L is suitable for the isolation of antigen-specific CD4" T cells. CellTrace™ violet
labeled 3H10 cells were mixed with autologous PBL in decreasing concentrations and co-
cultured with EBNA-3C-CrossTAg ivt-RNA-transfected mDC (APC) of the autologous
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donor. Activation-induced CD40L expression on CD4" T cells was assessed at 6 h of co-
culture.

Figure 2: Induction and enrichment of C/T-antigen-specific CD4* T cells from
unseparated PBL. (a) Activation-induced CD40L and CD137 surface expression on
CD4" T cells from C/T-antigen-primed PBL. Activation marker expression was measured
6 h after specific re-stimulation of the PBL in vitro culture on day 13 and 27, respectively.
(b) Direct comparison of proliferative capacity of bulk CD40LP*!"¥® and CD4QLregve
CD4" T cell lines. On day 28, CD4" T cells were separated from the primed PBL culture
according to their CD40L expression. Total cell numbers were assessed after FACS
separation (day 0) and at the end of the 14 day interval following specific re-stimulation
(day 14). Depicted is the x-fold proliferation relative to day 0. (¢) Comparison of induced
cytokine secretion following antigen-specific re-stimulation. IFN-y secretion of bulk
CD40LPsive and CD40L™#* ¥ CD4" T cell lines was measured at 16 h of co-culture with
CrossTAg-antigen ivt-RNA-transfected mDC. Values are presented as the mean + SD of
triplicates.

Figure 3: Screening for C/T-antigen-specific CD4* T cell clones. (a) Exemplary
screening data of clones derived from the C/T-antigen-primed PBL culture. IFN-y
secretion was assessed at 16 h of co-culture with CrossTAg-antigen ivt-RNA-transfected
mDC (mixture of 4 antigens). Bars represent single values. (b) Validation of C/T-antigen
reactivity of selected T cell clones. Cytokine secretion (IFN-y and GM-CSF) was assessed
after co-culture with ivt-RNA-transfected mLCL (mixture of 4 antigens). Data is depicted
as single values. (¢) Confirmation of CD4 co-receptor expression. Exemplary clones are
shown.

Figure 4: Assessment of antigen-specificity. Exemplary data for CD4" T cell clones
found to display single C/T-antigen-specificity. IFN-y secretion was measured after co-
culture with ivt-RNA-transfected mLCL. Values are presented as the mean + SD of
duplicates or as single data points where indicated (*).

Figure 5: Necessity of CrossTAg-signal and protein recognition. (a) Necessity of the
CrossTAg-signal for ivt-RNA-based CD4" T cell clone activation. (b) Recognition of
physiologically processed, exogenous recombinant proteins. Stimulatory capacity of
antigen-CrossTAg ivt-RNA-transfected APC (mLCL) in direct comparison to mLCL
transfected with antigen-ivt-RNA lacking the CrossTAg-signal (a) or mLCL loaded with
recombinant protein (b) as measured by IFN-y secretion of isolated CD4" T cell clones
carrying unique TCRs. Mock APC and T cells alone served as controls. Values are
presented as the mean + SD of triplicates.

Figure 6: Definition of MHC class-II epitope core sequences. The peptide fragments
found by direct MHC class-II epitope identification (DEPI) (box with dashed line) were
validated using short CrossTAg-ivt-RNA constructs. GAGE-1-TCR-2 transgenic 3H10 T
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cells (a) or XAGE-1-TCR-1 and -TCR-2 T cells (b) were co-cultured either with
overlapping short CrossTAg-ivt-RNA construct- (indicated as black bars) or full-length
antigen-CrossTAg ivt-RNA-transfected APC (mLCL). IFN-y secretion was assessed at 16
h of co-culture and recognized epitope core sequences are depicted (box with solid line).
Co-cultures with mock transfected APC or T cells alone served as controls. Values are
presented as the mean + SD of triplicates.

Figure 7: Transgenic expression of C/T-antigen-specific CD4" T cell receptors. 3H10
T cells were transfected with ivt-RNA coding for corresponding TCR-a and -p chains of
CD4" T cell clones GAGE-1-TCR-1, XAGE-1-TCR-1 or -TCR-2. TCR-transgenic 3H10
cells were co-cultured with antigen-loaded APC (mLCL) and IFN-y secretion was detected
at 16 h of co-culture. Co-cultures with mock transfected APC or T cells alone served as
controls. Values are presented as the mean + SD of triplicates.

Figure 8: CrossTAg signal facilitates MHC class-II loading via cell internal
[endogenous] presentation pathways. HLA-DRBI1*11:01-positive and HLA-
DRB1*11:01-negative DCs were transfected with EBNA-3C-CrossTAg ivt-RNA.
Transfected and un-transfected DCs were co-incubated in all possible combinations and 12
h later co-cultured with EBNA-3C-specific CD4" T cell clone 3H10. IFN-y secretion of
3H10 cells was measured at 16 h of co-culture with DCs. Values are presented as the mean
+ SD of triplicates.

Figure 9: Characterization of 3d mDCs for PBL priming. (a) Surface marker
expression as detected by staining with monoclonal antibodies (open curves) and matched
isotype controls (filled grey curves). (b) Antigen mRNA levels of ivt-RNA-transfected
mDC. Depicted is the x-fold increase in antigen mRNA copy numbers in relation to non-
transfected mDC. Antigen mRNA copy numbers were assessed by qRT-PCR using
antigen-specific primers.

Figure 10: Gating strategy for CD40L-based sorting of C/T-antigen-specific CD4* T
cells. Lymphocytes were selected according to their forward (FSC; FSC-A: forward scatter
area; FSC-H: forward scatter height) and sideward scatter (SSC-A). DAPI was used for the
exclusion of dead cells. CD4-positive cells of the single cell fraction (FSC-A/FSC-H) were
subsequently sorted according to their CD40L expression and established as bulk
CD40LPsItve and CD40L™e" CD4" T cell lines. Additionally, CD40LP*!"* CD4" T cells
were sorted into 96-well plates on a single cell basis.

Figure 11: Alternative ER translocation signal sequences

(a) Schematic depiction of vector constructs used for ivt-RNA production. The target
antigen of the characterized CD4" T cell clone 3H10 (EBNA-3C-specific, HLA-
DRB1*11:01-restricted) was cloned into the pGEM vector system comprising
combinations of ER translocation signals of human LAMP1, LAMP2, DC-LAMP, CD68
or CD1b (5’ to the antigen sequence) and the endosomal/lysosomal targeting sequence of
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human DC-LAMP (3’ to the antigen sequence), the endosomal/lysosomal targeting
sequence of DC-LAMP alone or no translocation and targeting sequence. In addition,
amino acid sequences of the employed signal peptide sequences (ER translocation signals)
are depicted indicating the predicted peptidase cleavage sites. (b) Cells of CD4" T cell
clone 3H10 were co-cultured with single ivt-RNA species-transfected APC (mLCL). Co-
cultures with mock transfected APC served as controls. IFN-y secretion was detected by
standard IFN- y ELISA 16 h after the start of the co-culture. Values are presented as the
mean + SD of triplicates.

Figure 12: Simultaneous MHC class-II and MHC class-I presentation using the
CrossTAg targeting signal. (a) Schematic depiction of the vector constructs used for ivt-
RNA production. The target antigens of a characterized CD4" T cell clone 3H10 (EBNA-
3C-specific, HLA-DRB1*11:01-restricted) and a characterized CD8" T cell clone IVSB
(tyrosinase-specific, HLA-A2*01:01-restricted) were cloned into the pGEM vector system
with or without the CrossTAg targeting sequences. EBNA-3C was cloned as a 1kb
fragment (aa 421-780) of the full gene sequence and contains the epitope for clone 3HI10.
For the generation of the IVSB-3H10(Epitope)-CrossTAg construct, instead of a full
antigen sequence, mini-genes comprising the epitopes of clone 3H10 (EBNA-3C, aa 628-
641, VVRMFMRERQLPQS; SEQ ID NO: 36) and clone IVSB (tyrosinase, aa 369-377,
YMDGTMSQV; SEQ ID NO: 37) were cloned sequentially into the pPGEM-CrossTAg
vector backbone. To facilitate the stabilization of transcribed ivt-RNA species in the
cytoplasm, all pGEM vector constructs carry a poly-A tail comprising 120 adenine base
pairs (poly-A120) 3’ of the open reading frame (ORF). (b) Separate fractions of mature
DC (mDC) of a HLA-A2*01:01-, HLA-DRB1*11:01-double positive donor were
transfected with single ivt-RNA species listed in (a). Seven hours after transfection, 1#10°
cells of the distinct mDC populations were co-cultured with 1*10° cells of CD4" T cell
clone 3H10 or CD8" T cell clone IVSB (1:1 ratio). Co-cultures with mock transfected
mDC (H20) or T cells alone served as controls. IFN-y secretion was detected by standard
IFN- v ELISA 16 h after the start of the co-culture. Values are presented as the mean + SD
of triplicates.

DETAILED DESCRIPTION OF THE INVENTION

Before the invention is described in detail with respect to some of its preferred
embodiments, the following general definitions are provided.

The present invention as illustratively described in the following may suitably be practiced
in the absence of any clement or elements, limitation or limitations, not specifically
disclosed herein.

The present invention will be described with respect to particular embodiments and with
reference to certain figures but the invention is not limited thereto but only by the claims.
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Where the term “comprising” is used in the present description and claims, it does not
exclude other elements. For the purposes of the present invention, the term “consisting of”
is considered to be a preferred embodiment of the term “comprising of”. If hereinafter a
group is defined to comprise at least a certain number of embodiments, this is also to be
understood to disclose a group which preferably consists only of these embodiments.

Where an indefinite or definite article is used when referring to a singular noun, e.g. “a”,
“an” or “the”, this includes a plural of that noun unless something else is specifically
stated.

As used herein, the term "expression” refers to the process by which a polypeptide is
produced based on the nucleic acid sequence of a gene. Accordingly the term “expressed”
protein or polypeptide comprises, without limitation, intracellular, transmembrane and
secreted proteins or polypeptides.

Technical terms are used by their common sense. If a specific meaning is conveyed to
certain terms, definitions of terms will be given in the following in the context of which the
terms are used.

One aspect of the present invention refers to a method of generating human antigen-
specific T lymphocytes comprising the following steps:
A) expression of at least one fusion protein comprising
- at least one antigen or a fragment thereof,
- an endoplasmatic reticulum (ER)- translocation signal sequence preceding
the N-terminus of the antigen, and
- a transmembrane and cytoplasmic domain comprising an
endosomal/lysosomal targeting sequence following the C-terminus of the
antigen,
in antigen presenting cells; and
B) exposing of a cell population comprising T lymphocytes to the antigen
presenting cells of step A) in vitro in order to activate antigen-specific T
lymphocytes specific for the antigen expressed by the antigen presenting cell.

The fragment may be a sequence of the antigen that is specific for this antigen, i.e. does not
occur in another protein or peptide of a mammal, especially of a human. The fragment may
be shorter than the sequence of the antigen, such as at least 5%, at least 10%, at least 30%,
at least 50%, at least 70%, at least 90% shorter than the antigen. The fragment may have a
length of at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15 or
more amino acids.

In one embodiment the fusion protein comprises at least two antigens or fragments thereof.
The fusion protein may comprise at least three, at least 4, at least 5, at least 6, at least 7, at
least 8, at least 9, at least 10 antigens or fragments thereof. The fusion protein may
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comprise less than 100, less than 50, less than 40, less than 30, less than 20, less than 10
antigens or fragments thereof.

The term “activate antigen-specific T lymphocytes” refers to the activation of naive T cells
(de novo induction) and to the activation of memory T lymphocytes (reactivation).

Typically the antigen presenting cells and the cell population comprising T lymphocytes
are from the same donor. Also allorestricted set-ups as described in EP1910521 are
contemplated, in which a nucleic acid encoding a MHC molecule is expressed in the
antigen presenting cells of the donor who does not carry the MHC gene corresponding to
said MHC molecule that is transferred.

Expression of the at least one fusion protein in step A) may be transient expression or
stable expression. In preferred embodiments the expression is transient expression, for
example by introducing ivt-RNA coding for the at least one fusion protein. The expression
of ivt-RNA has the advantage that quality-controlled ivt-RNA can be rapidly produced and
carries no immunogenic protein contaminants.

By the exposure of the T lymphocytes, also termed priming, a number of different
activated lymphocyte populations emerge in vitro. Typically, exposing in step B) is co-
culturing the antigen presenting cells with a cell population comprising T lymphocytes. T
cells recognizing the MHC:epitope complexes of the antigen presenting cells are activated,
a fraction of which are specific for the complexes of MHC molecules presenting an epitope
of the antigen expressed in step A). These sought-after T cells must be separated from T
cells that recognize MHC molecules irrespective of peptide or MHC molecules that present
epitopes that are not derived from the antigen expressed in step A).

For the exposure of the antigen presenting cells in step B), the antigen presenting cells are
added to a population comprising T lymphocytes at least once. The first addition of the
antigen presenting cells is also termed priming. The antigen presenting cells can be added
several times, for example, at least twice or at least three times. The second and every
subsequent addition of antigen presenting cells is also termed restimulation, since in these
steps the already activated T lymphocytes receive an additional stimulus for further
proliferation. In certain embodiments the antigen presenting cells are added once. In other
embodiments, the antigen presenting cells are added twice. In another embodiment, the
antigen presenting cells are added three times. Further embodiments relate to methods in
which the antigen presenting cells are added three or more times. The new APC can be
added to the T cell cultures every 7 to 21 days, or every 12 to 16 days, or every 13 to 15
days, or every 14 days. The skilled person understands that the cells are provided with
fresh culture medium on a regular basis that contains supplementary cytokines.

Exposing the cell population comprising T lymphocytes to the antigen presenting cells in
vitro means that the exposure occurs not in an organism, such as a mammal, but the
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exposure takes place in in vitro cell culture. The cell culture conditions are known to the
skilled person and comprise addition of cytokines, for example 1L-2, IL-4, IL-7 and/or IL-
15 among others, depending on the type of the T cell which is generated (Schendel, DJ. et
al. Human CD8+ T lymphocytes. 1997. In: The Immunology Methods Manual. (1.
Lefkovits, Ed.) pp 670-690.; Regn, S., et al. 2001. The generation of monospecific and
bispecific anti-viral cytotoxic T lymphocytes (CTL) for the prophylaxis of patients
receiving an allogeneic bone marrow transplant. Bone Marrow Transplant. 27: 53-64; Su,
Z. et al. Antigen presenting cells transfected with LMP2a RNA induce CD4+ LMP2a-
specific cytotoxic T lymphocytes which kill via a Fas-independent mechanism. Leuk.
Lymphoma 43(8): 1651-62.).

In some embodiments, the method may further comprise the step of enrichment of
activated and/or antigen specific T lymphocytes. This enrichment step typically comprises
the following steps:

(a) contacting the cell population comprising activated antigen-specific T lymphocytes
with at least one binding molecule which specifically binds to a marker protein specifically
expressed by activated T lymphocytes or with at least one MHC molecule presenting an
epitope of the desired antigen;

(b) isolating T lymphocytes to which the at least one binding molecule or the at least one
MHC molecule presenting an epitope of the desired antigen is bound.

In particular embodiments, the method may comprise the step of enrichment of activated T
lymphocytes. This enrichment step typically comprises the following steps:

(a) contacting the cell population comprising activated antigen-specific T lymphocytes
with at least one binding molecule which specifically binds to a marker protein specifically
expressed by activated T lymphocytes;

(b) isolating T lymphocytes to which the at least one binding molecule is bound.

In other specific embodiments, the method may comprise the step of enrichment of T
lymphocytes which are specific for the desired antigen. This enrichment step typically
comprises the following steps:

(a) contacting the cell population comprising activated antigen-specific T lymphocytes
with a MHC molecule presenting an epitope of the desired antigen;

(b) isolating T lymphocytes to which the at least one MHC molecule presenting an epitope
of the desired antigen is bound.

The enrichment of activated T lymphocytes based on marker proteins specifically
expressed by activated T lymphocytes allows to enrich for a broad spectrum of activated T
cells independent of the restriction and the specific epitope.

The binding molecule which specifically binds to the marker protein may without
limitation be an antibody, a derivative of an antibody, a fragment of an antibody, or a
conjugate of the aforementioned with a further molecule. The binding protein may be
labeled, for example in order to facilitate sorting procedures, such as FACS or MACS.
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The marker protein specifically expressed by activated T lymphocytes, may be any surface
protein or secreted protein that is expressed by activated T lymphocytes and is
substantially not expressed by non-activated T lymphocytes. In preferred embodiments, the
at least one marker protein specifically expressed by activated T lymphocytes is selected
from the group comprising Ox40, CD137, CD40L, PD-1, IL-2 receptor, interferon vy, I1L-2,
GM-CSF and TNF-a. Using these markers allows the enrichment of activated T
lymphocytes independent from the specific epitope presented by the TCR. This method
facilitates the isolation of T cells recognizing all potential immunogenic epitopes of a
selected antigen and is, for example, particularly useful, for poorly defined antigens.

In the enrichment step the selected cells can be pooled into subpopulations or directly
isolated as single cell clones. In specific embodiments the cells are in a first enrichment
step pooled and in a further enrichment step separated into single clones. Single clone
separation may occur without limitation via limited dilution or automated single cell
sorting employing FACS or MACS. Preferably single cell sorting is carried out by FACS.

In specific embodiments selecting activated CD4 T cells comprises the following steps:
(al) contacting the antigen presenting cells expressing at least one fusion protein of step A)
with an antibody against CD40 in order to block the interaction between CD40-CD40L of
the antigen presenting cells and the antigen-specific T lymphocytes and to accumulate
CDA40L at the surface of T lymphocytes;

(a2) contacting the cell population comprising activated antigen-specific T lymphocytes
with an anti-CD40L antibody;

(b) isolating the T lymphocytes marked with an anti-CD40L antibody and an anti-CD4
antibody.

In order to employ the selection of activated T cells by secreted proteins, for example
cytokines like interferon-y, bi-specific molecules recognizing T-cell surface markers and
targeted cytokines capture the secreted cytokine at the cell surface which then can be
detected by a labeled detection antibody as described in Becker et al. (Becker, C et al.
2001. Adoptive tumor therapy with T lymphocytes enriched through an IFN capture assay.
Nature Med. 7(10): 1159-1162.).

In addition, in step (a) the cells may be further contacted with a binding molecule that
specifically binds to CD4 and/or with a binding molecule that specifically binds to CDS.

Alternatively, the enrichment may be carried out by employing MHC molecules presenting
an epitope of the desired antigen (i.c. the antigen exogenously expressed by the antigen
presenting cell of step A). The MHC molecules may be labeled, for example in order to
facilitate sorting procedures, such as FACS or MACS. The low affinity interaction between
TCR and corresponding peptide:MHC complexes can be overcome by the assembly of
soluble multimers of peptide:MHC molecules as described in Wilde et al. (Dendritic cells
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pulsed with RNA encoding allogeneic MHC and antigen induce T cells with superior
antitumor activity and higher TCR functional avidity. Blood 114(10): 2131-2139; 2009)
such as, without limitation, dimers, trimers, tetramers, pentamers, hexamers, heptamers or
octamers. Further, so called peptid:MHC streptamers can be employed which bind
reversibly to TCRs and thus allow the isolation of high affinity TCRs without the risk of
inducing functional changes or activation induced cell death (Knabel et al. (2002)
Reversible MHC multimer staining for functional isolation of T-cell populations and
effective adoptive transfer. Nature Medicine, 8(6), 631-7.). The reversible properties of T
cell:streptamer interaction is based on a modified form of streptavidin (strep-tactin) which
acts as the backbone of the streptamer.

This approach allows the targeted enrichment of epitope specific TCRs with a specific
restriction.

The isolation of the activated and/or antigen-specific T lymphocytes may be carried out by
fluorescence-activated cell sorting (FACS) as well as magnetic-activated cell sorting
(MACS). For FACS the binding molecule specifically binding to the marker protein or the
MHC molecule presenting an epitope of the desired antigen is labeled with a fluorescent
dye. FACS is particular useful for the isolation of small numbers with high purity. For
MACS the binding molecule specifically binding to the marker protein or the MHC
molecule presenting an epitope of the desired antigen is labeled with a magnetic particle,
such as a magnetic bead. MACS is particularly suited for the fast sorting of bulk cultures.

In addition, in step (a) the cells may be further contacted with a binding molecule that
specifically binds to CD4 to further enrich for CD4 and/or with a binding molecule that
specifically binds to CDS.

Another embodiment refers to the method according to any one of the preceding claims,
wherein the method further comprises the step
C2) identification of antigen-specific T lymphocytes, comprising the following steps:
a) incubation of expanded cell clones of the cell population comprising activated
antigen-specific T lymphocytes with

(1) antigen presenting cells as defined in step A), and

(i1) control antigen presenting cells;

b) comparison of the activation profile of the incubation with (i) and (ii) for each cell
clone;
c) identification of antigen-specific cell clones based on the comparison of b);

wherein the activation by (i) but not by (ii) indicates that the cell clone is antigen-specific.

The step C2) identification of antigen-specific T lymphocytes may be carried out after the
step C1) enrichment of activated T lymphocytes or alternatively may be carried out after
step B) exposing the cell population comprising T lymphocytes to the antigen presenting
cells without the enrichment step C1).
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A further embodiment refers to the method according to any one of the preceding claims,
wherein the method further comprises the step
C2) identification of antigen-specific T lymphocytes, comprising the following steps:
a) incubation of at least one fraction of cells of the cell population comprising
activated antigen-specific T lymphocytes with

(1) antigen presenting cells as defined in step A), and

(i1) control antigen presenting cells or in the absence of antigen presenting cells;

b) comparison of the activation profile of the incubation with (i) and (ii) for the at
least one fraction of cells;
c) identification of a fraction of cells which is antigen-specific based on the

comparison of b);
wherein the activation by (i) but not by (ii) indicates that the fraction of cells is antigen-
specific.

Another embodiment refers to the method according to any one of the preceding claims,
wherein the method further comprises the step
C2) identification of antigen-specific T lymphocytes, comprising the following steps:
a) incubation of expanded T cell clones of the cell population comprising activated
antigen-specific T lymphocytes with

(1) antigen presenting cells as defined in step A), and

(i1) control antigen presenting cells or in the absence of antigen presenting cells;

b) comparison of the activation profile of the incubation with (i) and (ii) for each cell
clone;
c) identification of antigen-specific cell clones based on the comparison of b);

wherein the activation by (i) but not by (ii) indicates that the cell clone is antigen-specific.

The activation profile of the T lymphocytes can be determined for example by measuring
activation-induced cytokine release or antigen-directed killing capacity.

To measure activation-induced cytokine secretion, T cells may be co-cultured with
antigen-loaded APCs. Different effector cell to target cell (E:T) ratios may be employed. T
cells incubated with control antigen presenting, i.e. mock-transfected APCs, or in the
absence of stimulating cells may be used as negative controls. The culture supernatants are
assessed by a standard enzyme-linked immunosorbent assay (ELISA). Examples for
markers are, without limitation, granulocyte-macrophage colony-stimulating factor (GM-
CSF), interferon-y (IFN-y), IL-2 and TNF-a secretion. IFN-y, IL-2 and TNF-a secretion
upon antigen encounter correlates with enhanced anti-tumor function and is therefore
particularly useful when measuring antigen-induced cytokine secretion of CD8” cytotoxic
T cells. Additionally, IFN-y and granulocyte-macrophage colony-stimulating factor (GM-
CSF) are well-defined cytokines for the assessment of antigen-specific CD4" T helper-1
(Th1)-polarized T cell clones.
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If multiple antigens are used concurrently for primary T cell induction, individual APC
populations expressing each priming antigen may be mixed in equal proportions and used
in T cell co-cultures. Therefore, the initial screening assays performed to assess specificity
only allow prediction of the overall antigen-reactivity with respect to the total deployed
target antigens. The assessment of single-antigen specificities requires the subsequent co-
culture of antigen-reactive T cells with single-species ivtRNA-transfected APCs.

Further the cytotoxic activity of individual T cell clones may be measured for example by
chromium release assays. In such assays, target cells are labeled with radioactive
chromium and exposed to T cells. Upon killing, radioactive chromium is released into the
supernatant and detectable within 4 hours after the start of the co-culture. Specific
chromium release is normalized to spontaneous release assessed by incubating target cells
in the absence of effector cells. Accordingly, high amounts of chromium in the supernatant
correlate with excellent cytolytic T cell activity. Chromium release assays are preferably
performed to screen for tumor antigen-specific CD8" T cells.

Antigen presenting cells suitable for the use in the identification of antigen-specific T
lymphocytes may be for example tumor cell lines expressing the desired antigen and the
required MHC molecules, established antigen presenting cell lines expressing common
MHC molecules, or antigen presenting cells derived from the same donor as the population
comprising T lymphocytes.

One example of a established antigen presenting cell line is the human lymphoid T2 cell
line expressing the frequent HLA-A*02:01 allele, which exhibits defective intrinsic
epitope presentation and can be externally loaded with short peptides, for example
synthetic peptides: This cell line can be used for screening of HLA-A*02:01-restricted
CD8" T lymphocytes. Another example is the human K562 cell line, lacking HLA class I
and II expression in which any HLA molecule of interest can be stably or transiently
introduced and therefore can serve both for CD8" T lymphocyte and CD4" T lymphocyte
screening.

Donor derived antigen presenting cells may be for example isolated monocytes which are
maturated to dendritic cells. Maturated dendritic cells exhibit optimal activation capacity.

A further example for useful donor-derived APCs are Epstein-Barr virus (EBV)-
immortalized B lymphocytes, so called lymphoblastoid cell lines (LCL). Since LCLs
naturally originate from B cells, these APCs feature proficient function in antigen
processing and presentation. Furthermore, LCLs express co-stimulatory molecules like
B7.1 (CD80) and B7.2 (CD86) as well as appropriate adhesion molecules that help to
enhance their stimulatory capacity. Genome-reduced mutant EBV (mini-EBV) strains can
be used to generate mini-EBV-transformed B cells (mLCL) that lack most of the lytic
cycle genes, consequently reducing EBV-dependent activation of T lymphocytes
(Kempkes, B.et al. (1995) Immortalization of human B lymphocytes by a plasmid
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containing 71 kilobase pairs of Epstein-Barr virus DNA. J Virol 69(1): 231-238., 1995;
Moosmann, et al. (2002) B cells immortalized by a mini-Epstein-Barr virus encoding a
foreign antigen efficiently reactivate specific cytotoxicT cells. Blood 100(5): 1755-1764).

Donor-derived LCL/mLCL may be used to assess T cell specificity, particularly when
large numbers of isolated T cell clones need to be evaluated. Antigen loading of
LCL/mLCL may be accomplished by for example by retroviral transduction ivtRNA
transfection and external peptide or protein supply.

The isolation of the antigen-specific T lymphocytes is based on the comparison of the
activation profile of the T lymphocytes incubated (i) with antigen presenting cells
expressing the desired antigen and (ii) with control antigen presenting cells or in the
absence of antigen presenting cells.

The activation by (i) antigen presenting cells expressing the desired antigen and not by (ii)
control antigen presenting cells or in the absence of antigen presenting cells indicates that
the T cell clone is antigen-specific. Activated in comparison to not activated means that
there is a reduction of at least 30%, of at least 40%, of at least 50%, of at least 60%, of a
least 70%, of at least 80% of the value (i.e. IFN-y secretion) of the T lymphocytes
incubated with antigen presenting cells expressing the desired antigen.

The ER translocation signal sequence may be derived from an endosomal/lysosomal
associated protein.

The ER-translocation signal sequence used in the disclosed method may be the sorting
sequence of an endosomal/lysosomal localized protein. Endosomal/lysosomal localized
proteins as used herein refer to proteins which are localized in the membrane or the lumen
of the endosomes and/or the lysosomes of a cell.

Examples for endosomal or lysosomal localized proteins are glycosidases such as, alpha-
galactosidase A/GLA, endo-beta-N-acetylglucosaminidase H/Endo H, alpha-N-
acetylgalactosaminidase/NAGA, galactosylceramidase/GALC, alpha-N-
acetylglucosaminidase/NAGLU, glucosylceramidase/GBA, alpha-galactosidase/a-Gal,
heparanase/HPSE, alpha-L-fucosidase, heparinase I, tissue alpha-L-fucosidase/FUCAI,
heparinase II, beta-galactosidase-1/GLBI1, heparinase 111, beta-glucuronidase/GUSB,
hexosaminidase A/HEXA, beta (1-3)-galactosidase, hyaluronan Lyase, beta (1-4)-
galactosidase, hyaluronidase 1/HY AL1, chitinase 3-like 1, hyaluronidase 4/HY ALA4,
chitinase 3-like 2, alpha-L-iduronidase/IDUA, chitinase 3-like 3/ECF-L, chitobiase/CTBS,
chitotriosidase/CHIT1, lactase-like protein/LCTL, chondroitin B Lyase/chondroitinase B,
lysosomal alpha-glucosidase, chondroitinase ABC, MBD4, chondroitinase AC, NEU-
1/Sialidase-1, cytosolic beta-glucosidase/GBA3, O-GlcNAcase/OGA, endo-beta-N-
acetylglucosaminidase F1/Endo F1, PNGase F, endo-beta-N-acetylglucosaminidase
F3/Endo F3, SPAMI; lysosomal proteases such as, AMSH/STAMBP, cathepsin H,
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cathepsin 3, cathepsin K, cathepsin 6, cathepsin L, cathepsin 7/cathepsin 1, cathepsin O,
cathepsin A/lysosomal carboxypeptidase A, cathepsin S, cathepsin B, cathepsin V,
cathepsin C/DPPI, cathepsin X/Z/P, cathepsin D, galactosylceramidase/GALC, cathepsin
F, 6egumain/asparaginyl endopeptidase; sulfatases such as arylsulfatase A/ARSA,
iduronate 2-sulfatase/IDS, arylsulfatase B/ARSB, N-acetylgalactosamine-6-
sulfatase/GALNSYy, arylsulfatase G/ARSG, sulfamidase/SGSH, glucosamine (N-acetyl)-6-
sulfatase/GNS, sulfatase-2/SULF2; or other lysosomal proteins such as BAD-
LAMP/LAMPS; hyaluronidase 1/HY AL1; CD63; LAMP1/CD107a; CD-M6PR;
LAMP2/CD107b; clathrin Heavy Chain 1/CHC17; Rab27a; clathrin Heavy Chain
2/CHC22; UNC13D, CD68, CD1b or DC-LAMP.

The ER translocation signal sequence is derived from an endosomal/lysosomal associated
protein. The endosomal/lysosomal associated protein may be LAMP1, LAMP2, DC-
LAMP, CD68 or CD1b, preferably LAMP1. Preferably, the ER translocation signal is
human. The ER translocation signal sequence may comprise the sequence of at least one of
SEQ ID NO: 33, SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44 and SEQ ID NO: 46.
In some embodiments the ER translocation signal sequence may consist of one of the
sequences selected from the group consisting of SEQ ID NO: 34, SEQ ID NO: 41, SEQ ID
NO: 43, SEQ ID NO: 45, SEQ ID NO: 47. In specific embodiments the ER translocation
signal sequence comprises the sequence SEQ ID NO: 33 or a fragment thereof. In more
specific embodiments the ER translocation signal sequence consists of the following
sequence SEQ ID NO: 34.

The endosomal/lysosomal targeting sequence may be derived from LAMP1 or DC-LAMP,
preferably DC-LAMP. The endosomal/lysosomal targeting sequence is typically a part of a
transmembrane and cytoplasmic domain. Thus, the transmembrane and cytoplasmic
domain comprising an endosomal/lysosomal targeting sequence may be derived from
LAMPI1 or DC-LAMP, preferably DC-LAMP. Preferably the transmembrane and
cytoplasmic domain comprising an endosomal/lysosomal targeting sequence is human.
Typically the endosomal/lysosomal targeting sequence comprises the motif Y-XX
followed by a hydrophobic amino acid. Preferably, the endosomal/lysosomal targeting
signal sequence is YQRI. The transmembrane and cytoplasmic domain comprising an
endosomal/lysosomal targeting sequence may comprise the sequence SEQ ID NO: 54 or a
fragment thereof. For example, the transmembrane and cytoplasmic domain comprising an
endosomal/lysosomal targeting sequence may comprise the sequence SEQ ID NO: 35 or a
fragment thereof.

The term hydrophobic amino acid is well known to the skilled person. Examples for
hydrophobic amino acids are Ala, Ile, Leu, Phe, Val, Pro, Gly, Met, Trp, Tyr, Pro, Cys.
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Typically, the antigen presenting cells are selected from dendritic cells, activated B cells,
monocytes, macrophages, EBV-transformed lymphoblastoid cell lines, preferably dendritic
cells, more preferably monocyte derived dendritic cells.

The antigen presenting cells may comprise different populations of antigen presenting
cells, each population expressing a different antigen fusion protein.

In some embodiments, the antigen presenting cells are mature dendritic cells generated by
a method comprising the following steps: 1) provision of monocytes;

i1) incubation of the monocytes of step 1) with IL-4 and GM-CSF; iii) incubation of the
monocytes of step i1) with IL-4 and GM-CSF in combination with a maturation cocktail.
The maturation cocktail may comprise at least one of the components selected from the
group consisting of IL-B, TNF-a, INF-y, TLR7/8 agonist, PGE2 and TLR3 agonist or a
combination thercof. For example, the TLR7/8 agonist may be R848 and/or the TLR3
agonist may be poly(I:C). The incubation of step ii) may last for at least 2 days. The
incubation of step ii1) may last for at least 12 hours, preferably 24 hours.

Usually, the cell population comprising T lymphocytes is a population of peripheral blood
lymphocytes. The cell population comprising T lymphocytes may be a population of
unseparated peripheral blood lymphocytes. The cell population may be enriched for T
lymphocytes, preferably CD8" and/or CD4" T lymphocytes.

A further aspect of the invention refers to an expression vector comprising:
- a human endoplasmatic reticulum (ER)- translocation signal sequence, and
- a human transmembrane and cytoplasmic domain comprising an
endosomal/lysosomal targeting sequence.

The vector may comprise a promotor for in vitro mRNA transcription. The ER
translocation signal sequence is derived from an endosomal/lysosomal associated protein,
for example LAMP1, LAMP2, DC-LAMP, CD68, CDI1b, preferably LAMPI1. Preferably,
the ER translocation signal is human. In specific embodiments the ER translocation signal
comprises the sequence SEQ ID NO: 33 or a fragment thereof. In more specific
embodiments the ER translocation signal consists of the following sequence SEQ ID NO:
34.

The endosomal/lysosomal targeting sequence may be derived from LAMP1 or DC-LAMP,
preferably DC-LAMP. The endosomal/lysosomal targeting sequence is typically a part of a
transmembrane and cytoplasmic domain. Thus, the transmembrane and cytoplasmic
domain comprising an endosomal/lysosomal targeting sequence may be derived from
LAMPI1 or DC-LAMP, preferably DC-LAMP. Preferably the transmembrane and
cytoplasmic domain comprising an endosomal/lysosomal targeting sequence is human.
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Typically the endosomal/lysosomal targeting sequence comprises the motif Y-XX
followed by a hydrophobic amino acid (X stands for any natural occurring amino acid).
Preferably, the endosomal/lysosomal targeting signal is YQRI. The transmembrane and
cytoplasmic domain comprising an endosomal/lysosomal targeting sequence may comprise
the sequence SEQ ID NO: 54 or a fragment thereof. For example, the transmembrane and
cytoplasmic domain comprising an endosomal/lysosomal targeting sequence may comprise
the sequence SEQ ID NO: 35 or a fragment thereof.

In some embodiments the expression vector further comprises restriction sites between the
ER translocation signal and the human transmembrane and cytoplasmic domain
comprising an endosomal/lysosomal targeting sequence. In other embodiments, the vector
further comprises at least one antigen, or a fragment thereof which is inserted between
human endoplasmatic reticulum (ER)- translocation signal, and the human transmembrane
and cytoplasmic domain comprising an endosomal/lysosomal targeting sequence.

In specific embodiments, the vector comprises a sequence encoding at least two antigens or
fragments thereof. The vector may comprise a sequence encoding at least three, at least 4,
at least 5, at least 6, at least 7, at least 8, at least 9, at least 10 antigens or fragments thereof.
The vector may comprise a sequence encoding less than 100, less than 50, less than 40,

less than 30, less than 20, less than 10 antigens or fragments thereof.

In some embodiments the vector comprises a nucleic acid sequence encoding a full length
amino acid sequence of an antigen. Alternatively, the vector comprises a fragment of a
nucleic acid sequence encoding an amino acid sequence of an antigen. As shown in Figure
12, antigen presenting cells in which a vector comprising fragments of two different
antigens has been introduced can induce activation of different TCRs specific for the two
antigens.

Typically, the antigen is a tumor antigen or a viral antigen. The tumor antigen may be
selected from the group consisting of viral tumor antigen, tumor-specific antigen, tumor
associated antigen and an antigen carrying patient specific mutations and being expressed
in tumor cells of the patient.

Viral tumor antigens also termed oncogenic viral antigens are antigens of oncogenic
viruses, such as the oncogenic DNA viruses for example viruses, such as hepatitis B
viruses, herpesviruses, and papillomaviruses and oncogenic RNA viruses. Tumor specific
antigens refer to tumor associated mutations which are exclusively expressed by tumor
cells. The group of tumor associated antigens comprises for example tissue specific
cancer/testis antigens or tissue differentiation antigens such as MART-1, Tyrosinase or
CD20. Preferably the tumor antigen is a tumor associated antigen, more preferably the
tumor associated antigen is a cancer/testis antigen (C/T antigen). The C/T antigen may be
selected from the group comprising MAGE family members, for example MAGE-AT,
MAGE-A3, MAGE-A4, but not limited to these, tumor antigens comprising single point
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mutations, NY-ESO1, tumor/testis-antigen 1B, GAGE-1, SSX-4, XAGE-1, BAGE,
GAGE, SCP-1, SSX-2, SSX-4, CTZ9, CT10, SAGE and CAGE. Preferably the C/T
antigen may be selected from the group consisting of GAGE-1, SSX-4 and XAGE-1.
Preferably the antigen carrying patient specific mutations and being expressed in tumor
cells of the patient is not expressed in non-cancerous cells of the patient.

Another aspect of the invention refers to an antigen presenting cell, in particular dendritic
cell, expressing at least one fusion protein comprising

- at least one antigen or a fragment thereof,

- an endoplasmatic reticulum (ER)- translocation signal sequence preceding the N-terminus
of the antigen, and

- a transmembrane and cytoplasmic domain comprising an endosomal/lysosomal targeting
sequence following the C-terminus of the antigen.

Another aspect of the invention refers to the use of the expression vector as described
herein for in vitro generation of antigen-specific T lymphocytes.

A further aspect of the invention refers to T-lymphocytes for use in a method of preventing
or treating cancer comprising administering to a mammal the T-lymphocytes generated by
methods as described herein.

Another aspect refers to a method for generating an antigen-specific TCR comprising steps
of the methods described above and further comprising the step of isolating a TCR from
the activated antigen-specific lymphocyte generated by the methods as described herein.

The isolation of the TCR and the subsequent sequence analysis is for example described in
Steinle et al. (In vivo expansion of HLA-B35 alloreactive T cells sharing homologous T
cell receptors: evidence for maintenance of an oligoclonally dominated allospecificity by
persistent stimulation with an autologous MHC/peptide complex. The Journal of
Experimental Medicine, 181(2), 503—13; 1995). The sequence analysis may be carried out
for example by PCR or by next generation sequencing methods. Methods for identifying
the sequence of a nucleic acid are well known to those skilled in the art.

The TCR is composed of two different protein chains, a and b. The TCR o chain comprises
variable (V), joining (J) and constant (C) regions. The TCR a chain comprises variable
(V), diversity (D), joining (J) and constant (C) regions. The rearranged V(D)J regions of
both the TCR o and the TCR f chain contain hypervariable regions (CDR,
complementarity determining regions), among which the CDR3 region determines the
specific epitope recognition.

One aspect of the invention refers to a TCR specific for GAGE-1. In one embodiment the
TCR specific for GAGE-1 specifically recognizes at least one of the amino acid sequences
selected from the group consisting of SEQ ID NO: 48 and SEQ ID NO:49 or fragments
thereof. The fragment may have a length of at least 9, at least 10, at least 11, at least 12, at
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least 13, at least 14, at least 15 or more amino acids. The TCR may specifically bind to at
least one of the amino acid sequences selected from the group consisting of SEQ ID NO:
48 and SEQ ID NO:49 or fragments thereof.

The TCR specific for GAGE-1 may comprise a TCR o chain having an amino acid
sequence which is at least 50%, at least 60%, at least 70%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% identical to
SEQ ID No: 7 and a TCR  chain having an amino acid sequence which is at least 50%, at
least 60%, at least 70%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% identical to SEQ ID No: .

Certain embodiments relate to a TCR receptor specific for GAGE-1 comprising a TCR o
chain having the amino acid sequence of SEQ ID No: 7 and a TCR 3 chain comprising the
amino acid sequence of SEQ ID No: 8.

Further, the application is related to a TCR receptor specific for GAGE-1 comprising a
TCR a chain and a TCR B chain, wherein

- the TCR « chain comprises an amino acid sequence which is at least 80% identical to
SEQ ID No: 7 and comprises a CDR3 having the sequence of SEQ ID No: 3;

- the TCR B chain comprises an amino acid sequence which is at least 80% identical to
SEQ ID No: 8 and comprises a CDR3 having the sequence of SEQ ID No: 4.

Certain embodiments relate to a TCR receptor specific for GAGE-1 comprising TCR o
chain and a TCR f chain, wherein

- the TCR a chain comprises an amino acid sequence which is at least 50%, at least 60%,

at least 70%, at least 80%, at lcast 85%, at lcast 90%, at lcast 95%, at least 96%, at least
97%, at least 98%, at least 99% identical to SEQ ID No: 7 and comprises a CDR3 having
the sequence of SEQ ID No: 3;

- the TCR P chain comprises an amino acid sequence which is at least 50%, at least 60%, at
least 70%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99% identical to SEQ ID No: 8 and comprises a CDR3 having the
sequence of SEQ ID No: 4.

Certain embodiments refer to a TCR receptor specific for GAGE-1 comprising a TCR o
chain encoded by a nucleotide sequence which is at least 50%, at least 60%, at least 70%,
at least 80%, at least 85%, at lcast 90%, at lcast 95%, at lcast 96%, at least 97%, at least
98%, at least 99% identical to SEQ ID No: 5 and a TCR B chain encoded by a nucleotide
sequence which is at least 50%, at least 60%, at least 70%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% identical to
SEQ ID No: 6.

Certain embodiments relate to a TCR receptor specific for GAGE-1 comprising a TCR o
chain encoded by the nucleotide sequence SEQ ID No: 5 and a TCR B chain encoded by
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the nucleotide sequence SEQ ID No: 6.

Further, the application is related to a TCR receptor specific for GAGE-1 comprising a
TCR a chain and a TCR B chain, wherein

- the TCR a chain is encoded by a nucleotide sequence which is at least 80% identical to
SEQ ID No: 5 and comprises a CDR3 region encoded by the nucleotide sequence set out in
SEQ ID No: 1;

- the TCR B chain is encoded by a nucleotide sequence which is at least 80% identical to
SEQ ID No: 6 and comprises a CDR3 region encoded by the nucleotide sequence set out
SEQ ID No: 2.

Certain embodiments relate to a TCR receptor specific for GAGE-1 comprising TCR o
chain and a TCR f chain, wherein

- the TCR «a chain is encoded by a nucleotide sequence which is at least 50%, at least 60%,
at least 70%, at least 80%, at lcast 85%, at lcast 90%, at lcast 95%, at least 96 %, at least
97%, at least 98%, at least 99% identical to SEQ ID No: 5 and comprises a CDR3 region
encoded by the nucleotide sequence set out in SEQ ID No: 1;

- the TCR B chain is encoded by a nucleotide sequence which is at least 50%, at least 60%,
at least 70%, at least 80%, at lcast 85%, at lcast 90%, at lcast 95%, at least 96 %, at least
97%, at least 98%, at least 99% identical to SEQ ID No: 6 and comprises a CDR3 region
encoded by the nucleotide sequence set out in SEQ ID No: 2.

Another aspect of the application refers to a TCR specific for SSX-4 comprising a TCR o
chain having an amino acid sequence which is at least 50%, at least 60%, at least 70%, at
least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99% identical to SEQ ID No: 15 and a TCR P chain having an amino acid sequence
which is at least 50%, at least 60%, at least 70%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99% identical to SEQ ID No:
16.

Certain embodiments relate to a TCR receptor specific for SSX-4 comprising a TCR «
chain having the amino acid sequence of SEQ ID No: 15 and a TCR f chain comprising
the amino acid sequence of SEQ ID No: 16.

Further, the application is related to a TCR receptor specific for SSX-4 comprising a TCR
o chain and a TCR B chain, wherein

- the TCR « chain comprises an amino acid sequence which is at least 80% identical to
SEQ ID No: 15 and comprises a CDR3 having the sequence of SEQ ID No: 11;

- the TCR B chain comprises an amino acid sequence which is at least 80% identical to
SEQ ID No: 16 and comprises a CDR3 having the sequence of SEQ ID No: 12.

Certain embodiments relate to a TCR receptor specific for SSX-4 comprising TCR a chain
and a TCR B chain, wherein
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- the TCR a chain comprises an amino acid sequence which is at least 50%, at least 60%,

at least 70%, at least 80%, at lcast 85%, at lcast 90%, at lcast 95%, at least 96%, at least
97%, at least 98%, at least 99% identical to SEQ ID No: 15 and comprises a CDR3 having
the sequence of SEQ ID No: 11;

- the TCR P chain comprises an amino acid sequence which is at least 50%, at least 60%, at
least 70%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99% identical to SEQ ID No: 16 and comprises a CDR3 having the
sequence of SEQ ID No: 12.

Certain embodiments refer to a TCR receptor specific for SSX-4 comprising a TCR «
chain encoded by a nucleotide sequence which is at least 50%, at least 60%, at least 70%,
at least 80%, at least 85%, at lcast 90%, at lcast 95%, at lcast 96%, at least 97%, at least
98%, at least 99% identical to SEQ ID No: 13 and a TCR f chain encoded by a nucleotide
sequence which is at least 50%, at least 60%, at least 70%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% identical to
SEQ ID No: 14.

Certain embodiments relate to a TCR receptor specific for SSX-4 comprising a TCR «
chain encoded by the nucleotide sequence SEQ ID No: 13 and a TCR f chain encoded by
the nucleotide sequence SEQ ID No: 14.

Further, the application is related to a TCR receptor specific for SSX-4 comprising a TCR
o chain and a TCR B chain, wherein

- the TCR a chain is encoded by a nucleotide sequence which is at least 80% identical to
SEQ ID No: 13 and comprises a CDR3 region encoded by the nucleotide sequence set out
in SEQ ID No: 9;

- the TCR B chain is encoded by a nucleotide sequence which is at least 80% identical to
SEQ ID No: 14 and comprises a CDR3 region encoded by the nucleotide sequence set out
SEQ ID No: 10.

Certain embodiments relate to a TCR receptor specific for SSX-4 comprising TCR a chain
and a TCR B chain, wherein

- the TCR «a chain is encoded by a nucleotide sequence which is at least 50%, at least 60%,
at least 70%, at least 80%, at lcast 85%, at lcast 90%, at lcast 95%, at least 96 %, at least
97%, at least 98%, at least 99% identical to SEQ ID No: 13 and comprises a CDR3 region
encoded by the nucleotide sequence set out in SEQ ID No: 9;

- the TCR B chain is encoded by a nucleotide sequence which is at least 50%, at least 60%,
at least 70%, at least 80%, at lcast 85%, at lcast 90%, at lcast 95%, at least 96 %, at least
97%, at least 98%, at least 99% identical to SEQ ID No: 14 and comprises a CDR3 region
encoded by the nucleotide sequence set out in SEQ ID No: 10.

One aspect of the invention refers to a TCR specific for XAGE-1. In one embodiment the
TCR specific for XAGE-1 specifically recognizes at least one of the amino acid sequences
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selected from the group consisting of SEQ ID NO: 50 and SEQ ID NO: 51 or fragments
thereof. The fragment may have a length of at least 9, at least 10, at least 11, at least 12, at
least 13, at least 14, at least 15 or more amino acids. The TCR may specifically bind to at

least one of the amino acid sequences selected from the group consisting of SEQ ID NO:
50 and SEQ ID NO: 51 or fragments thereof.

The TCR specific for XAGE-1 may comprise a TCR o chain having an amino acid
sequence which is at least 50%, at least 60%, at least 70%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% identical to
SEQ ID No: 23 and a TCR B chain having an amino acid sequence which is at least 50%,
at least 60%, at least 70%, at lcast 80%, at lcast 85%, at lcast 90%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% identical to SEQ ID No: 24.

Certain embodiments relate to a TCR receptor specific for XAGE-1 comprising a TCR a
chain having the amino acid sequence of SEQ ID No: 23 and a TCR f chain comprising
the amino acid sequence of SEQ ID No: 24.

Further, the application is related to a TCR receptor specific for XAGE-1 comprising a
TCR a chain and a TCR B chain, wherein

- the TCR « chain comprises an amino acid sequence which is at least 80% identical to
SEQ ID No: 23 and comprises a CDR3 having the sequence of SEQ ID No: 19;

- the TCR B chain comprises an amino acid sequence which is at least 80% identical to
SEQ ID No: 24 and comprises a CDR3 having the sequence of SEQ ID No: 20.

Certain embodiments relate to a TCR receptor specific for XAGE-1 comprising TCR o
chain and a TCR f chain, wherein

- the TCR a chain comprises an amino acid sequence which is at least 50%, at least 60%,

at least 70%, at least 80%, at lcast 85%, at lcast 90%, at lcast 95%, at least 96%, at least
97%, at least 98%, at least 99% identical to SEQ ID No: 23 and comprises a CDR3 having
the sequence of SEQ ID No: 19;

- the TCR P chain comprises an amino acid sequence which is at least 50%, at least 60%, at
least 70%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99% identical to SEQ ID No: 24 and comprises a CDR3 having the
sequence of SEQ ID No: 20.

Certain embodiments refer to a TCR receptor specific for XAGE-1 comprising a TCR o
chain encoded by a nucleotide sequence which is at least 50%, at least 60%, at least 70%,
at least 80%, at least 85%, at lcast 90%, at lcast 95%, at lcast 96%, at least 97%, at least
98%, at least 99% identical to SEQ ID No: 21 and a TCR f chain encoded by a nucleotide
sequence which is at least 50%, at least 60%, at least 70%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% identical to
SEQ ID No: 22.
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Certain embodiments relate to a TCR receptor specific for XAGE-1 comprising a TCR a
chain encoded by the nucleotide sequence SEQ ID No: 21 and a TCR B chain encoded by
the nucleotide sequence SEQ ID No: 22.

Further, the application is related to a TCR receptor specific for XAGE-1 comprising a
TCR a chain and a TCR B chain, wherein

- the TCR a chain is encoded by a nucleotide sequence which is at least 80% identical to
SEQ ID No: 21 and comprises a CDR3 region encoded by the nucleotide sequence set out
in SEQ ID No: 17;

- the TCR B chain is encoded by a nucleotide sequence which is at least 80% identical to
SEQ ID No: 22 and comprises a CDR3 region encoded by the nucleotide sequence set out
SEQ ID No: 18.

Certain embodiments relate to a TCR receptor specific for XAGE-1 comprising TCR o
chain and a TCR f chain, wherein

- the TCR «a chain is encoded by a nucleotide sequence which is at least 50%, at least 60%,
at least 70%, at least 80%, at lcast 85%, at lcast 90%, at lcast 95%, at least 96 %, at least
97%, at least 98%, at least 99% identical to SEQ ID No: 21 and comprises a CDR3 region
encoded by the nucleotide sequence set out in SEQ ID No: 17,

- the TCR B chain is encoded by a nucleotide sequence which is at least 50%, at least 60%,
at least 70%, at least 80%, at lcast 85%, at lcast 90%, at lcast 95%, at least 96 %, at least
97%, at least 98%, at least 99% identical to SEQ ID No: 22 and comprises a CDR3 region
encoded by the nucleotide sequence set out in SEQ ID No: 18.

Another aspect of the application refers to a TCR specific for XAGE-1 comprising a TCR
o chain having an amino acid sequence which is at least 50%, at least 60%, at least 70%, at
least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99% identical to SEQ ID No: 31 and a TCR P chain having an amino acid sequence
which is at least 50%, at least 60%, at least 70%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99% identical to SEQ ID No:
32.

Certain embodiments relate to a TCR receptor specific for XAGE-1 comprising a TCR a
chain having the amino acid sequence of SEQ ID No: 31 and a TCR f chain comprising
the amino acid sequence of SEQ ID No: 32.

Further, the application is related to a TCR receptor specific for XAGE-1 comprising a
TCR a chain and a TCR B chain, wherein

- the TCR « chain comprises an amino acid sequence which is at least 80% identical to
SEQ ID No: 31 and comprises a CDR3 having the sequence of SEQ ID No: 27;

- the TCR B chain comprises an amino acid sequence which is at least 80% identical to
SEQ ID No: 32 and comprises a CDR3 having the sequence of SEQ ID No: 28.
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Certain embodiments relate to a TCR receptor specific for XAGE-1 comprising TCR o
chain and a TCR f chain, wherein

- the TCR a chain comprises an amino acid sequence which is at least 50%, at least 60%,

at least 70%, at least 80%, at lcast 85%, at lcast 90%, at lcast 95%, at least 96%, at least
97%, at least 98%, at least 99% identical to SEQ ID No: 31 and comprises a CDR3 having
the sequence of SEQ ID No: 27;

- the TCR P chain comprises an amino acid sequence which is at least 50%, at least 60%, at
least 70%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99% identical to SEQ ID No: 32 and comprises a CDR3 having the
sequence of SEQ ID No: 28.

Certain embodiments refer to a TCR receptor specific for XAGE-1 comprising a TCR o
chain encoded by a nucleotide sequence which is at least 50%, at least 60%, at least 70%,
at least 80%, at least 85%, at lcast 90%, at lcast 95%, at lcast 96%, at least 97%, at least
98%, at least 99% identical to SEQ ID No: 29 and a TCR f chain encoded by a nucleotide
sequence which is at least 50%, at least 60%, at least 70%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% identical to
SEQ ID No: 30.

Certain embodiments relate to a TCR receptor specific for XAGE-1 comprising a TCR a
chain encoded by the nucleotide sequence SEQ ID No: 29 and a TCR f chain encoded by
the nucleotide sequence SEQ ID No: 30.

Further, the application is related to a TCR receptor specific for XAGE-1 comprising a
TCR a chain and a TCR B chain, wherein

- the TCR a chain is encoded by a nucleotide sequence which is at least 80% identical to
SEQ ID No: 29 and comprises a CDR3 region encoded by the nucleotide sequence set out
in SEQ ID No: 25;

- the TCR B chain is encoded by a nucleotide sequence which is at least 80% identical to
SEQ ID No: 30 and comprises a CDR3 region encoded by the nucleotide sequence set out
SEQ ID No: 26.

Certain embodiments relate to a TCR receptor specific for XAGE-1 comprising TCR o
chain and a TCR f chain, wherein

- the TCR «a chain is encoded by a nucleotide sequence which is at least 50%, at least 60%,
at least 70%, at least 80%, at lcast 85%, at lcast 90%, at lcast 95%, at least 96 %, at least
97%, at least 98%, at least 99% identical to SEQ ID No: 29 and comprises a CDR3 region
encoded by the nucleotide sequence set out in SEQ ID No: 25;

- the TCR B chain is encoded by a nucleotide sequence which is at least 50%, at least 60%,
at least 70%, at least 80%, at lcast 85%, at lcast 90%, at lcast 95%, at least 96 %, at least
97%, at least 98%, at least 99% identical to SEQ ID No: 30 and comprises a CDR3 region
encoded by the nucleotide sequence set out in SEQ ID No: 26.
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The present application also relates to the nucleic acid molecules coding for the TCRs as
defined above.

Useful changes in the overall nucleic acid sequence may be to codon optimization.
Alterations may be made which lead to conservative substitutions within the expressed
amino acid sequence. These variations can be made in complementarity determining and
non-complementarity determining regions of the amino acid sequence of the TCR chain
that do not affect function. Usually, additions and deletions should not be performed in the
CDR3 region.

The concept of "conservative amino acid substitutions" is understood by the skilled artisan,
and preferably means that codons encoding positively-charged residues (H, K, and R) are
substituted with codons encoding positively-charged residues, codons encoding negatively-
charged residues (D and E) are substituted with codons encoding negatively-charged
residues, codons encoding neutral polar residues (C, G, N, Q, S, T, and Y) are substituted
with codons encoding neutral polar residues, and codons encoding neutral non-polar
residues (A, F, I, L, M, P, V, and W) are substituted with codons encoding neutral non-
polar residues. These variations can spontancously occur, be introduced by random
mutagenesis, or can be introduced by directed mutagenesis. Those changes can be made
without destroying the essential characteristics of these polypeptides. The ordinarily skilled
artisan can readily and routinely screen variant amino acids and/or the nucleic acids
encoding them to determine if these variations substantially reduce or destroy the ligand
binding capacity by methods known in the art.

Epitope tags are short stretches of amino acids to which a specific antibody can be raised,
which in some embodiments allows one to specifically identify and track the tagged
protein that has been added to a living organism or to cultured cells. Detection of the
tagged molecule can be achieved using a number of different techniques. Examples of such
techniques include: immunohistochemistry, immunoprecipitation, flow cytometry,
immunofluorescence microscopy, ELISA, immunoblotting ("Western"), and affinity
chromatography. Epitope tags add a known epitope (antibody binding site) on the subject
protein, to provide binding of a known and often high-affinity antibody, and thereby
allowing one to specifically identify and track the tagged protein that has been added to a
living organism or to cultured cells.

In the context of the present invention, a "functional” TCR a- and/or B- chain fusion
protein shall mean a TCR or TCR variant, for example modified by addition, deletion or
substitution of amino acids, that maintains at least substantial biological activity. In the
case of the a- and/or B-chain of a TCR, this shall mean that both chains remain able to
form a T-cell receptor (either with a non- modified a- and/or B-chain or with another
inventive fusion protein o~ and/or B-chain) which exerts its biological function, in
particular binding to the specific peptide-MHC complex of said TCR, and/or functional
signal transduction upon specific peptide:MHC interaction.
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In specific embodiments the TCR may be modified, to be a functional T-cell receptor
(TCR) a- and/or B-chain fusion protein, wherein said epitope-tag has a length of between 6
to 15 amino acids, preferably 9 to 11 amino acids. In another embodiment the TCR may be
modified to be a functional T-cell receptor (TCR) a- and/or -chain fusion protein wherein
said T-cell receptor (TCR) a- and/or B-chain fusion protein comprises two or more epitope-
tags, either spaced apart or directly in tandem. Embodiments of the fusion protein can
contain 2, 3, 4, 5 or even more epitope-tags, as long as the fusion protein maintains its
biological activity/activities ("functional").

Preferred is a functional T-cell receptor (TCR) a- and/or B-chain fusion protein according
to the present invention, wherein said epitope-tag is selected from, but not limited to,
CD20 or Her2/neu tags, or other conventional tags such as a myc-tag, FLAG-tag, T7-tag,
HA (hemagglutinin)-tag, His-tag, S-tag, GST-tag, or GFP -tag. myc, T7, GST, GFP tags
are epitopes derived from existing molecules. In contrast, FLAG is a synthetic epitope tag
designed for high antigenicity (see, e.g., U.S. Pat. Nos. 4,703,004 and 4,851,341). The myc
tag can preferably be used because high quality reagents are available to be used for its
detection. Epitope tags can of course have one or more additional functions, beyond
recognition by an antibody. The sequences of these tags are described in the literature and
well known to the person of skill in art.

Another aspect of the invention is directed to a T cell expressing a TCR as defined above.

In addition, the invention refers to a vector comprising one or more of the nucleic acid
sequences coding for a TCR as defined above. The vector is preferably a plasmid, shuttle
vector, phagemide, cosmid, expression vector, retroviral vector, adenoviral vector or
particle and/or vector to be used in gene therapy.

A “vector” is any molecule or composition that has the ability to carry a nucleic acid
sequence into a suitable host cell where synthesis of the encoded polypeptide can take
place. Typically and preferably, a vector is a nucleic acid that has been engineered, using
recombinant DNA techniques that are known in the art, to incorporate a desired nucleic
acid sequence (e.g., a nucleic acid of the invention). The vector may comprise DNA or
RNA and/or comprise liposomes. The vector may be a plasmid, shuttle vector, phagemide,
cosmid, expression vector, retroviral vector, adenoviral vector or particle and/or vector to
be used in gene therapy. A vector may include nucleic acid sequences that permit it to
replicate in a host cell, such as an origin of replication. A vector may also include one or
more selectable marker genes and other genetic elements known to those of ordinary skill
in the art. A vector preferably is an expression vector that includes a nucleic acid according
to the present invention operably linked to sequences allowing for the expression of said
nucleic acid.



10

15

20

25

30

35

40

WO 2017/109109 PCT/EP2016/082443
-30 -

In another aspect of the invention, a cell is provided in which the above a nucleic acid
sequence coding for a TCR as described above has been introduced. In the T cell the above
described vector comprising a nucleic acid sequence coding for the above described TCR
may be introduced or in vitro transcribed RNA coding for said TCR may be introduced.
The cell may be a peripheral blood lymphocyte such as a T cell. The method of cloning
and exogenous expression of the TCR is for example described in Engels et al. (Relapse or
eradication of cancer is predicted by peptide-major histocompatibility complex affinity.
Cancer Cell, 23(4), 516-26. 2013).

Another aspect of the application relates to the TCRs or cells expressing a TCR as defined
above for use as a medicament. Thus, the present application also contemplates a
pharmaceutical composition comprising the TCRs or cells expressing a TCR as described
above and a pharmaceutically acceptable carrier. Certain embodiments refer to the TCRs
or cells expressing a TCR as defined above for use in treating a disease involving
malignant cells expressing GAGE-1, SSX-4, XAGE-1, or a mixture thereof. Thus, the
application also refers to the TCRs as defined above for use in the treatment of cancer.
Accordingly, the application is directed to a method of treating a patient in need of
adoptive cell therapy, said method comprising administering to said patient a
pharmaceutical composition as defined herein. The patient may suffer from diseases
involving malignant cells expressing GAGE-1, SSX-4, XAGE-1, or a mixture thereof.

Those active components of the present invention are preferably used in such a
pharmaceutical composition, in doses mixed with an acceptable carrier or carrier material,
that the disease can be treated or at least alleviated. Such a composition can (in addition to
the active component and the carrier) include filling material, salts, buffer, stabilizers,
solubilizers and other materials, which are known state of the art.

The term "pharmaceutically acceptable” defines a non-toxic material, which does not
interfere with effectiveness of the biological activity of the active component. The choice
of the carrier is dependent on the application.

The pharmaceutical composition may contain additional components which enhance the
activity of the active component or which supplement the treatment. Such additional
components and/or factors can be part of the pharmaceutical composition to achieve
synergistic effects or to minimize adverse or unwanted effects.

Techniques for the formulation or preparation and application/medication of active
components of the present invention are published in "Remington's Pharmaceutical
Sciences", Mack Publishing Co., Easton, PA, latest edition. An appropriate application is a
parenteral application, for example intramuscular, subcutaneous, intramedular injections as
well as intrathecal, direct intraventricular, intravenous, intranodal, intraperitoneal or
intratumoral injections. The intravenous injection is the preferred treatment of a patient.
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According to a preferred embodiment, the pharmaceutical composition is an infusion or an
injection.

An injectable composition is a pharmaceutically acceptable fluid composition comprising
at least one active ingredient, e.g., an expanded T-cell population (for example autologous
or allogenic to the patient to be treated) expressing a TCR. The active ingredient is usually
dissolved or suspended in a physiologically acceptable carrier, and the composition can
additionally comprise minor amounts of one or more non-toxic auxiliary substances, such
as emulsifying agents, preservatives, and pH buffering agents and the like. Such injectable
compositions that are useful for use with the fusion proteins of this disclosure are
conventional; appropriate formulations are well known to those of ordinary skill in the art.

Examples

Validation of efficient MHC class-1I cross-presentation by CrossTAg vector

To obtain MHC class-II cross-presentation of RNA-encoded proteins, selected antigen
DNA sequences were coupled with a MHC class-I1 targeting signal (CrossTAg). For this
purpose, the ER-translocation signal of the human lysosomal-associated membrane protein
1 (LAMP-1) 5’ was fused to the transmembrane and cytoplasmic domains of human DC-
LAMP. These two signal components were separated by unique restriction sites that allow
integration of selected antigen sequences in frame with CrossTAg. The LAMP-1 signal
peptide was used to facilitate co-translational translocation of newly synthesized proteins
into the ER. Following translocation, the cytoplasmic DC-LAMP targeting signal (Y XX®
motif; X stands for any natural occurring amino acid; @ stands for any hydrophobic amino
acid; SEQ ID NO: 38) should ensure efficient protein shuttling to the endosomal/lysosomal
compartment.

We integrated a partial coding sequence of the Epstein-Barr virus nuclear antigen (EBNA)-
3C, encoding a 1kb fragment containing the known epitope for the EBNA-3C-specific
CD4" T cell clone 3H10 (described in Xiaojun Yu, et al.: Antigen-armed antibodies
targeting B lymphoma cells effectively activate antigen-specific CD4+ T cells. Blood 2015
Mar 5;125(10):1601-10.; http://www.iedb.org/assayld/2445148) which is HLA-
DRB1*11:01 restricted. Additional constructs comprising only one or neither of the two
signals were used to assess the necessity of each sequence for the desired MHC class-II
cross-presentation (Fig. 1 a). RNA was subsequently transcribed in vitro from the
linearized plasmids and transfected into different APC expressing the required restriction
element HLA-DRB1*11:01. Measurement of IFN-y production upon specific antigen
recognition by clone 3H10 allowed detection of efficient MHC class-II cross-presentation
of endogenously translated and processed protein in co-culture experiments with DCs, as
well as mini-EBV-transformed lymphoblastoid cell lines (mLCL), transfected with the
EBNA-3C CrossTAg-RNA (Fig. 1 b). Only ivt-RNA containing the LAMP-1 ER-
translocation signal led to detectable T cell activation. When compared to the pronounced
MHC class-II presentation achieved with EBNA-3C-CrossTAg-RNA, the LAMP-1 signal
peptide alone conferred minor cross-presentation capacity. We confirmed this data using
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one additional CD4" T cell clone specific for a HLA-DRB1*15:01-restricted epitope of
EBV-antigen BNRF1 (data not shown).

Next, we used 3H10 T cells to elucidate whether the CrossTAg signal led to MHC class-11
presentation via 1) protein secretion and re-uptake or 2) cell-internal presentation
pathways. For this, we transfected HLA-DRB1*11:01-positive or HLA-DRB1*11:01-
negative DCs with EBNA-3C-CrossTAg-RNA. Transfected and un-transfected DCs were
co-incubated in all possible combinations (HLA-DRB1*11:01-positive/-negative) and later
co-cultured with 3H10 cells. Recognition of APCs was only detected when HLA-
DRB1*11:01-positive DCs were transfected with antigen-CrossTAg-RNA. Recognition of
untransfected HLA-DRB1*11:01-positive DCs that had potentially taken-up and processed
antigen secreted by HLA-DRB1*11:01-negative DCs was not detected (Figure 8).

Antigen-CrossTAg-induced CD40L expression

To develop a rapid method for selective enrichment of antigen-specific CD4" T cells, we
assessed the ability of antigen-CrossTAg-RNA-transfected DCs to induce CD40L
expression in responding CD4" T cells. For this, we stained 3H10 T cells with a
fluorescent tracing dye and mixed them with autologous PBL to final concentrations of
10%, 5%, 1% or 0.1% of total cells (Fig. 1 c¢). These different fractions were co-cultured
with EBNA-3C-CrossTAg ivt-RNA-transfected autologous DCs and stained for CD40L
expression. At 6 h of co-culture, we detected substantial CD40L expression on EBNA-3C-
specific 3H10 cells but observed only marginal CD40L expression on autologous PBL.
Even at the lowest concentration of 3H10 cells (0.1%), subsequent sorting of CD40L-
positive CD4" T cells resulted in a population of 66% 3H10 cells.

Alternative ER translocation signal sequences

Measuring IFN-y production upon specific antigen recognition by clone 3H10, we were
able to detect efficient MHC class-II cross-presentation of endogenously translated and
processed protein in co-culture experiments with APCs, transfected with different EBNA-
3C tagged with CrossTAg-RNA and different alternatives to CrossTAg-RNA (Fig. 11).

Efficient MHC class-1I and MHC class-I presentation
We could show that the use of the CrossTAg signal facilitates not only MHC class-11
presentation but also MHC class-1 presentation (Figure 12).

Efficient presentations of several antigens encoded by the same ivt-mRNA molecule
Further we could establish an efficient approach of presenting several epitopes originating
from different antigens by the same ivt-mRNA. As shown in Figure 12 antigen presenting
cells expressing the construct, which comprises two epitopes originating from different
antigens activate EBNA-3C specific clone 3H10 as well as tyrosinase specific clone IVSB.
Therefore the ivt construct having two different epitopes facilitates the presentation of both
epitopes.

Activation of PBL with RNA-pulsed DCs
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Enroute to a high-throughput approach, we explored the potential of using multiple
candidate antigens in parallel for CD4" T cell priming. Thus, CD4" T cells present in
unseparated PBL were activated using DCs transfected with ivt-RNA species encoding
four different C/T-antigens (GAGE-1, MAGE-A4, SSX-4 and XAGE-1) that were fused to
the CrossTAg-signal. DCs were transfected with each ivt-RNA individually via
electroporation, as described (Javorovic, M.et al. (2008) Inhibitory effect of RNA pool
complexity on stimulatory capacity of RNA-pulsed dendritic cells. J Immunother 31(1):
52-62.). We measured the maturation status of transfected DCs by levels of co-stimulatory
molecule expression by flow cytometry. Our DCs showed a mature phenotype with high
expression of co-stimulatory molecules (CD80, CD83, CD86) and HLA class II (Fig. 9a).
To evaluate transfection efficiency, antigen cDNA, derived from mRNA extracted from
transfected DCs, was analyzed by quantitative RT-PCR. Acquired data showed a range of
1.5%10° to 2*107 fold increase in C/T-antigen mRNA copy numbers after electroporation
(Figure 9 b). Furthermore, about 68% of DCs expressed enhanced green fluorescent
protein (¢GFP) as detected by flow cytometry 12 hours after transfection with control
¢GFP ivt-RNA (data not shown).

After transfection with antigen-CrossTAg RNA, the four separate DC populations were
pooled and used simultaneously to prime non-separated autologous PBL of a healthy
donor. The subsequent expansion procedure included two rounds of APC stimulation.
Frozen aliquots of the initial DC preparations were thawed and used for the restimulation
cultures.

Isolation of activated CD4" T cells

After each 14-day interval of DC co-culture, primed autologous PBL displayed a 3-4 fold
overall increase in cell numbers. Changes in the CD4:CDS ratios were measured at
multiple time points to track expansion of activated CD4" T cells. Additionally, PBL
samples were co-incubated with antigen-loaded DCs in the presence of CD40-blocking
antibody and subsequently analyzed by flow cytometry using specific mAbs for CD4,
CD137 and CD40L (Fig. 2 a). Over the monitored period, the CD4:CD8 ratio inverted
from 1.7 on day 0 to 0.7 on day 27, reflecting an enhanced proliferation of CD8" T cells
(data not shown). However, within the CD4" T cell population, the percentage of CD40L-
positive T cells rose from 4.6% on day 13 to over 30% on day 27. In contrast, the number
of putative regulatory T cells (Tregs), that are described to be CD137 single-positive CD4"
T cells (Schoenbrunn et al., A converse 4-1BB and CD40 ligand expression pattern
delineates activated regulatory T cells (Treg) and conventional T cells enabling direct
isolation of alloantigen-reactive natural Foxp3+ Treg.J Immunol. 2012;189(12):5985-94.),
dropped by about 36%.

After the third stimulation cycle, CD40L-positive CD4" T cells were enriched from the
PBL culture and cloned directly into 96-well-plates by FACS (Figure 10). The cloned
CD4" T cells were expanded.. Excess cells from the cloning procedure were established as
bulk CD40L-positive (CD40Lpos) and CD40L-negative (CD40Lneg) CD4" T cell lines.
Their analysis indicated successful enrichment of C/T-antigen-specific CD4"™ T
lymphocytes since CD40Lpos-sorted CD4" T cells proliferated nearly four-fold during 14
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days following C/T-antigen-specific restimulation and released significantly higher
amounts of IFN-y after co-culture with RNA-transfected APC compared to the CD40Lneg
T cells (Fig. 2 b, ¢).

Screening for C/T-antigen-reactive CD4" T cell clones

We tested T cell clones that expanded in 96-well-cultures for antigen reactivity in IFN-y
release assays starting 12 days after FACS cloning (Fig. 3 a). Co-cultures using a mixture
of all four antigen-CrossTAg RNA-loaded DCs indicated that, alongside non-reactive and
unspecific T cell clones, multiple antigen-reactive T cell clones were present. With few
exceptions, antigen-reactive T cell clones showed no background activation in co-culture
with mock-transfected DCs.

To validate these observations, we re-tested selected clones one day later using ivt-RNA-
transfected mLCL as an alternative source of APC. IFN-y and GM-CSF release assays
confirmed the previous findings with DCs (Fig. 3 b). Furthermore, selected T cell clones
were stained for CD4 and CD8 surface expression and all were found to express the CD4
co-receptor (Fig. 3 ¢).

Molecular and functional characterization of antigen-specific CD4" T cell clones

To analyze the individual antigen specificities of antigen-reactive CD4" T cell clones, we
subsequently co-cultured individual clones with distinct populations of APCs transfected
with single species of antigen-CrossTAg RNA. Responses were measured via IFN-y
secretion using a standard ELISA (Fig. 4). We detected antigen-specific CD4" T cell
clones recognizing each of the four C/T-antigens used for priming. T cell clones showed
no background activation by mock-transfected APC nor any detectable cross reactivity to
the other antigens to which they were exposed during priming.

Using TCR repertoire analysis we identified 4 unique T cell receptor sequences from the
multitude of isolated clones. MHC restriction assays showed that the different T cells
recognized epitopes presented by different MHC class 1T allotypes, data not shown).

We demonstrated the importance of having antigen fused to the CrossTAg signal by the
fact that DC provided with ivt-RNA without this signal could not induce IFN-y secretion
by isolated CD4" T cell clones (Fig. 5 a). Activation-induced IFN-y secretion was only
elicited when CD4" T cell clones were co-cultured with APC transfected with antigen-
CrossTAg RNA. One exception was the T cell clone expressing the GAGE-1-TCR-2,
which also recognized APCs transfected with RNA lacking the respective sorting signals,
albeit at substantially lower levels.

To confirm the antigen specificity of our isolated CD4" T cell clones, we loaded APCs
with recombinant proteins. CD4" T cell clones showed positive IFN-y secretion to protein-
loaded APC that was comparable to activation seen in co-culture with antigen-CrossTAg
RNA-transfected APC (Fig. 5 b).

Direct MHC class-1I epitope identification
For these 4 clones, a method for direct mapping of MHC class-11I epitopes (DEPI)
(Milosevic, S.et al. (2006) Identification of major histocompatibility complex class 11-
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restricted antigens and epitopes of the Epstein-Barr virus) was used to define the epitopes
they recognized in association with MHC class-1I molecules. We validated the recognition
of isolated antigen fragments with short overlapping CrossTAg-RNA constructs and used
these to further consign the minimal epitope sequences (Fig. 6 a, b). Hereby, GAGE-1-
TCR-1 was found to recognize the GAGE-1769s epitope presented by HLA-DRB5*01:01.
Interestingly, the two XAGE-1-specific CD4" T cell clones recognized an identical XAGE-
137-49 epitope presented by two different MHC class-II allotypes (HLA-DRB1*13:02 and
HLA-DRB5*01:01).

Transgenic expression of C/T-antigen-specific TCRs

Following TCR repertoire analysis, we reconstructed isolated TCR sequences using TCR
expression vectors. CD4" T cells of the 3H10 clone (EBNA-3C-specific and HLA-
DRB1*11:01 restricted) were transfected with corresponding TCR-a- and B-chains of the
CD4" T cell clones GAGE-1-TCR-2, XAGE-1-TCR-1 or TCR-2. TCR-engineered 3H10
cells were co-cultured with C/T-antigen-loaded APCs (Fig. 7). By measuring IFN-y
secretion, we showed that the specificities of all CD4" T cell clones were successfully
transferred to the 3H10 cells, without impairing their endogenous EBV-specific TCR.
Thus, after TCR transfection, the 3H10 cells recognized EBNA-3C-CrossTAg ivt-RNA-
transfected APCs as well as APCs transfected with the corresponding C/T-antigen-
CrossTAg ivt-RNA.

Methods

Genetic Constructs

The pGEM-eGFP-A120 vector was used as the starting construct for the CrossTAg-vector
(S. Milosevic). This polyA120 variant of the original pGEM vector renders transcribed
RNA with higher stability and led to improved protein expression. The plasmid further
contained a unique Agel site at the 5 end of the eGFP cDNA, as well as a unique EcoRI
site at the 3’ end. The poly-A tail is followed by a Spel site that allows linearization of the
plasmid for ivt-RNA production.

The pGEM-CrossTAg-A120 plasmid was cloned by replacing eGFP with cDNA coding
for the CrossTAg targeting signal. The CrossTAg sequence consists of the ER-
translocation signal of the human lysosome-associated membrane protein-1 (LAMP-1,
accession: NP_005552, aa 1-28) fused 5’ to the transmembrane and cytoplasmic domain of
DC-LAMP (accession: NP_055213, aa 376-416). For insertion of antigen-encoding cDNA,
the distinct CrossTAg sequences are separated by an 18-bp spacer containing Nhel, Kpnl
and Pstl restriction sites without disrupting the LAMP1 open reading frame (ORF). The
codon optimized Cross-TAg sequence was designed virtually using computational cloning
software and synthesized by GeneArt (Regensburg). The complete CrossTAg sequence
was subsequently cut from plasmid DNA using Agel (5’ end) and EcoRI (3’ end)
restriction sites and ligated into the MCS of the equally digested pGEM-A120 vector.

For cloning of various C/T antigen-CrossTAg constructs (P GEM-GAGE-1-CrossTAg-
A120, pGEM-MAGE-A4-CrossTAg-A120, pGEM-NY-ESO-1-CrossTAg-A120, pPGEM-
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SSX-4-CrossTAg-A120, pGEM-XAGE-1-CrossTAg-A120) antigen cDNA was amplified
from plasmids by PCR (accessions: GAGE-1, U19142; MAGE-A4, NM _001011550; NY-
ESOI1, AJ003149; SSX-4, U90841; XAGE-1, AF251237) using forward and reverse gene-
specific primers and ligated via Nhel and Pstl/Notl restriction sites. The primers used for
PCR reactions are all available upon request. All antigen sequences were inserted into the
split CrossTAg signal of pGEM-CrossTAg-A120 with-out disrupting the initial ORF.

For the validation of CD4" T cell epitopes, complementary oligonucleotides were
synthesized (Metabion) and annealed. Cohesive ends, generated upon annealing, were used
for direct ligation of these short antigen sequences into the CrossTAg vector.

Production of ivt-RNA

Following Spel linearization, pGEM-plasmids were used as templates for single-species in
vitro transcribed (ivt)-RNA production using the mMESSAGE mMACHINE T7 kit
(Ambion), according to the manufacturer’s instructions. For quality control, ivt-RNA
product length was analyzed by agarose gel electrophoresis. Concentration and purity were
determined by means of the Nanodrop ND-1000 spectrophotometer (Thermo Scientific).

Cell culture

Monocyte-derived 3d mDC were generated and transfected as described in Biirdek et al.
(Journal of Translational Medicine 2010, 8:90. RNA transfection of mDC and and mini-
Epstein-Barr virus-(EBV)-transformed lymphoblastoid cell lines (mLCL) was achieved by
electroporation as described in Biirdek et al (Three-day dendritic cells for vaccine
development: Antigen uptake, processing and presentation. Journal of Translational
Medicine 2010, 8:90).

mLCL were grown as suspension cultures in LCL medium as described previously
(Milosevic, S.et al. (2006) Identification of major histocompatibility complex class 11-
restricted antigens and epitopes of the Epstein-Barr virus). Protein loading of mLCL was
achieved by culturing 2*10° cells in 24-well plates in 2 ml LCL medium for 16 h in the
presence of 25 pg recombinant human GAGE-1, MAGE-A4, SSX-4 or XAGE-1 protein
(enriched via 6x-cHis tag after expression in HEK-293T cells). At the end of the
incubation period, the cells were washed twice using RPMI 1640 and co-cultured with
specific CD4" T cell clones.

Quantitative RT-PCR

Cellular RNA of transfected and un-transfected DCs was isolated and corresponding
cDNA was synthesized with oligo-dT primers using the First Strand cDNA Synthesis Kit
for RT-PCR (AMV) (Roche). Differences in antigen template numbers were determined by
quantitative RT-PCR (qRT-PCR) using the LightCycler® 480 SYBR Green I Master Kit
(Roche), according to the manufacturer’s manual. Gene-specific primers (aEnolase,
GAGE-1, MAGE-A4, SSX-4 and XAGE-1) used for RT-PCR reactions are all available
upon request. Measurements were normalized to the house-keeping gene aEnolase and
analyzed according to the AACP-method.
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Surface phenotyping of T cells and DCs

Surface markers expressed by T cells and DCs were detected with the following
antibodies: PE-conjugated CCR7-specific antibody (3D12) (eBioscience), Hz450-
conjugated CD4-specific anti-body (RPA-T4), Hz500-conjugated CD8-specific antibody
(RPA-TS), FITC-conjugated CD14-specific antibody (M5E2), PE-conjugated CD40-
specific antibody (5C3), PE-conjugated CD40L-specific antibody (TRAP1), PE-
conjugated CD80-specific antibody (L307.4), FITC-conjugated CD83-specific antibody
(HB15e), FITC-conjugated CD86-specific antibody (2331), APC-conjugated CD137-
specific antibody (4B4-1), FITC-conjugated DC-SIGN-specific antibody (DCN46), PE-
conjugated HLA-DR-specific antibody (G46-6) (all from BD Biosciences). After washing,
cells were stained for 30 min at 4 °C and propidium iodid (2 pg/ml) was added for the
exclusion of dead cells. Expression of all surface markers was analyzed by flow cytometry
(LSRII, BD). Post-acquisition data analysis was done using FlowJo 8 software (TreeStar).
The analysis of CD40L surface expression on T cells was performed as described
(Frentsch, M. et al.

(2005) Direct access to CD4+ T cells specific for defined antigens

according to CD154 expression. Nat Med 11(10): 1118-1124) using 2 ug/ml aCD40
antibody (clone G28.5, provided by M. Frentsch, Berlin-Brandenburg Center for
Regenerative Therapies) and assessed 6 h after the start of the T cell: APC co-culture.

De novo priming of PBL with RNA-transfected DCs

3d mDCs of a healthy donor were transfected in separate populations with 2 single-species
CrossTAg-RNA coding for the C/T-antigens GAGE-1, MAGE-A4, SSX-4 and XAGE-1.
after electroporation the transfected mDCs were harvested and mixedmDCs of this mixture
were co-cultured within a 1:2 ratio peripheral blood lymphocytes (PBL), which were non-
adherent during the plastic adherence of PBMC in the process of mDC generation. The
cells were cultured at 37°C in a humidified at-mosphere. Interleukine-2 (IL-2, 20 U/ml;
Chiron Behring) and 5 ng IL-7/ml (Promokine) were added after 1 day and then on every
other day. Mixed mDCs that were not used for the PBL co-culture were cryopreserved and
were thawed for re-stimulation of the de novo induced PBL culture.

Isolation and expansion of antigen-specific CD4+ T cells

Primed PBL were co-cultured in a 2:1 ratio with CrossTAg-RNA-transfected mDCs (4-
antigen mix) for 6 h in the presence of aCD40 antibody, as described (Frentsch, M.,
(2005) Direct access to CD4+ T cells specific for defined antigens

according to CD154 expression. Nat Med 11(10): 1118--1124..). After the stimulation
period, cells were stained with aCD4- and aCD40L-specific antibodies (SK3 and TRAP1;
BD Biosciences). DAPI was added for the exclusion of dead cells. Using a FACSAria 111
(BD Biosciences), live CD40L-positive CD4+ T cells were sorted as single cells into wells
of round-bottom 96-well plates. CD4+ T cell clones in 96-well plates were expanded using
antigen-CrossTAg ivt-RNA-transfected mLCL, feeder cells and 1L-2.
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Cytokine release assay

To measure activation induced cytokine secretion, 5*10* T cells were co-cultured with
1*10° ivt-RNA-loaded APCs (DC/mLCL) in 200 ul T cell medium in round-bottom 96-
well plates at 37°C in a humidified atmosphere. T cells with mock-transfected APCs or
without stimulator cells were used as negative controls. After 16 h of co-culture,
supernatants were harvested and assessed by enzyme-linked immunosorbent assay
(ELISA) using the OptEIA Human IFN-y or GM-CSF Set (both from BD Biosciences).

Ivt-RNA-based TCR gene transfer

TCR-a- and TCR-B-chain rearrangements and sequences were determined by PCR using a
pan-¢l of TCR-Va- and TCR-V-specific primers as described (Steinle, A., et al. (1995) In
vivo expansion of HLA-B35 alloreactive T cells sharing homologous T cell receptors:
evidence formaintenance of an oligoclonally dominated allospecificity by persistent
stimulationwith an autologous MHC/peptide complex. J Exp Med 181(2): 503-513.). After
substitution of the constant regions of both TCR chains by their murine counterparts, the
codon-optimized TCR-a- and TCR-B-chain sequences were synthesized and cloned into an
expression vector for RNA production. To validate the specificity of these TCR sequences,
cells of T cell clone 3H10 (HLA-DRB1*11:01 restricted, EBV EBNA-3C-specific) were
co-transfected with TCR-a- and TCR-B-ivt-RNA and used for cytokine secretion assays.

The application further comprises the following embodiments:

Embodiment 1: A method of generating human antigen-specific T lymphocytes
comprising the following steps:
A) expression of at least one fusion protein comprising
- at least one antigen or a fragment thereof,
- an endoplasmatic reticulum (ER)- translocation signal sequence preceding
the N-terminus of the antigen, and
- a transmembrane and cytoplasmic domain comprising an
endosomal/lysosomal targeting sequence following the C-terminus of the
antigen,
in antigen presenting cells; and
B) exposing of a cell population comprising T lymphocytes to the antigen
presenting cells of step A) in vitro in order to activate antigen-specific T
lymphocytes specific for the antigen expressed by the antigen presenting cell.

Embodiment 2: The method according to embodiment 1, wherein exposing in step B)
is co-culturing the antigen presenting cells with a cell population comprising
T lymphocytes.

Embodiment 3: The method according to embodiment 1 or 2, wherein the expression
of step A) is transient expression or stable expression, preferably transient expression.
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Embodiment 4: The method according to embodiment 3, wherein the transient
expression is carried out by introducing ivt-RNA coding for the at least one fusion protein.

Embodiment 5: The method according to any one of the preceding embodiments,
wherein the method further comprises the step of
C1) enrichment of activated and/or antigen specific T lymphocytes.

Embodiment 6: The method according to embodiment 5, wherein the enrichment of
activated T lymphocytes comprises the following steps:

(a) contacting the cell population comprising activated antigen-specific T lymphocytes
with at least one binding molecule which specifically binds to a marker protein specifically
expressed by activated T lymphocytes or with at least one MHC molecules presenting an
epitope of the desired antigen;

(b) isolating T lymphocytes to which the at least one binding molecule or the at least one
MHC molecule presenting an epitope of the desired antigen is bound.

Embodiment 7: The method according to embodiment 6, wherein the binding
molecule which specifically binds to the marker protein is an antibody, a derivative of an
antibody, a fragment of an antibody, or a conjugate of the aforementioned with a further
molecule.

Embodiment §: The method according to embodiment 6 or 7, wherein the at least
one marker protein specifically expressed by activated T lymphocytes is selected from the
group comprising Ox40, CD137, CD40L, PD-1, IL-2 receptor, interferon vy, IL-2, GM-CSF
and TNF-q.

Embodiment 9: The method according to embodiment 8, wherein in step (a) the cells
are further contacted with a binding molecule that specifically binds to CD4.

Embodiment 10: The method according to embodiment § or 9, wherein in step (a) the
cells are further contacted with a binding molecule that specifically binds to CDS.

Embodiment 11: The method according to embodiment 6, wherein selecting activated
CDA4 T cells comprises the following steps:

(al) contacting the cell population of step B) with an antibody against CD40 in order to
block the interaction between CD40-CD40L of the antigen presenting cells and the
antigen-specific T lymphocytes and to accumulate CD40L at the surface of T lymphocytes;
(a2) contacting the cell population comprising activated antigen-specific T lymphocytes
with an anti-CD40L antibody;

(b) isolating the T lymphocytes marked with an anti-CD40L antibody and an anti-CD4
antibody.
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Embodiment 12: The method according to any one of the preceding embodiments,
wherein the method further comprises the step
C2) identification of antigen-specific T lymphocytes, comprising the following steps:
a) incubation of expanded cell clones of the cell population comprising activated
antigen-specific T lymphocytes with

(1) antigen presenting cells as defined in step A), and

(i1) control antigen presenting cells or in the absence of antigen presenting cells;

b) comparison of the activation profile of the incubation with (i) and (ii) for each cell
clone;
c) identification of antigen-specific cell clones based on the comparison of b);

wherein the activation by (i) but not by (ii) indicates that the cell clone is antigen-specific.

Embodiment 13: The method according to any one of the preceding embodiments,
wherein in step B) the antigen presenting cells are added to the cell population comprising
T lymphocytes at least once, optionally at least twice, optionally at least three times,
optionally three times.

Embodiment 14: The method according to embodiment 12, wherein the time interval
between repeated additions of antigen presenting cells is 7 to 21 days, preferably 12 to 16
days, more preferably 13 to 15 day, even more preferably 14 days.

Embodiment 15: The method according to any one of the preceding embodiments,
wherein the ER translocation signal sequence is derived from an endosomal/lysosomal
associated protein.

Embodiment 16: The method according to embodiment 15, wherein the
endosomal/lysosomal associated protein is selected from the group comprising LAMP1,
LAMP2, DC-LAMP, CD68 and CD1b, preferably LAMPI.

Embodiment 17: The method according any one of the preceding embodiments,
wherein the endosomal/lysosomal targeting sequence is derived from LAMP1 or DC-
LAMP, preferably DC-LAMP.

Embodiment 18: The method according to any one of the preceding embodiments,
wherein the transmembrane and cytoplasmic domain comprising an endosomal/lysosomal
targeting sequence is derived from LAMP1 or DC-LAMP, preferably DC-LAMP.

Embodiment 19: The method according to any one to the preceding embodiments,
wherein the ER translocation signal sequence is human.

Embodiment 20: The method according to any one of the preceding embodiments,
wherein the transmembrane and cytoplasmic domain comprising an endosomal/lysosomal
targeting sequence is human.
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Embodiment 21: The method according to any one of the preceding embodiments,
wherein the ER translocation signal comprises the sequence SEQ ID NO: 33 or a fragment
thereof.

Embodiment 22: The method according to embodiment 20, wherein the
ER translocation signal sequence consists of the sequence SEQ ID NO: 34.

Embodiment 23: The method according to any one of the preceding embodiments,
wherein the antigen presenting cells are selected from dendritic cells, activated B cells,
monocytes, macrophages, EBV -transformed lymphoblastoid cell lines, preferably
dendritic cells, more preferably monocyte derived dendritic cells.

Embodiment 24: The method according to any one of the preceding embodiments,
wherein the antigen presenting cells comprise different populations of antigen presenting
cells, each population expressing a different antigen fusion protein.

Embodiment 25: The method according to any one of the preceding embodiments,
wherein the antigen presenting cells are mature dendritic cells generated by a method
comprising the following steps:

1) provision of monocytes;

i1) incubation of the monocytes of step 1) with IL-4 and GM-CSF;

ii1) incubation of the monocytes of step ii) with IL-4 and GM-CSF in combination

with a maturation cocktail.

Embodiment 26: The method according to embodiment 25, wherein the maturation
cocktail comprises a combination of IL-B8, TNF-a, INF-y, TLR7/8 agonist, PGE2 and
TLR3 agonist.

Embodiment 27: The method according to embodiment 25 or 26, wherein incubation
of step ii) lasts at least 2 days.

Embodiment 28: The method according to embodiments 25 to 27, wherein incubation
of step iii) lasts at least 12 hours, preferably 24 hours.

Embodiment 29: The method according to embodiment 28, wherein the TLR7/8
agonist is R848 and wherein the TLR3 agonist is poly(1:C).

Embodiment 30: The method according to any one of the preceding embodiments,
wherein the cell population comprising T lymphocytes is a population of peripheral blood
lymphocytes.
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Embodiment 31: The method according to any one of the preceding embodiments,
wherein cell population comprising T lymphocytes is a population of unseparated
peripheral blood lymphocytes.

Embodiment 32: The method according to any one of the preceding embodiments,
wherein the cell population is enriched for T lymphocytes, preferably CD8" and/or CD4" T
lymphocytes.

Embodiment 33: Method of any of the preceding embodiments, wherein the fusion

protein comprises at least two antigens or fragments thereof.

Embodiment 34: A T lymphocyte obtainable by the method according to
embodiments 1 to 33.

Embodiment 35: An expression vector comprising:
- a human endoplasmatic reticulum (ER)- translocation signal sequence, and
- a human transmembrane and cytoplasmic domain comprising an
endosomal/lysosomal targeting sequence.

Embodiment 36: Expression Vector according to embodiment 1, wherein the vector
comprises a promotor for in-vitro mRNA transcription.

Embodiment 37: The expression vector according to embodiment 35 or 36, wherein
the ER translocation signal sequence is derived from an endosomal/lysosomal associated
protein.

Embodiment 38: The expression vector according to any of embodiments 35 to 37,

wherein the endosomal/lysosomal associated protein is selected from the group comprising
LAMP1, LAMP2, DC-LAMP, CD68, CDI1b.

Embodiment 39: The expression vector according to any of embodiments 35 to 38,
wherein the endosomal/lysosomal targeting sequence is derived from LAMP1 or DC-
LAMP, preferably DC-LAMP.

Embodiment 40: The expression vector according to any of embodiments 35 to 39,
wherein the transmembrane and cytoplasmic domain comprising an endosomal/lysosomal
targeting sequence is derived from LAMP1 or DC-LAMP, preferably DC-LAMP.

Embodiment 41: The expression vector according to any of embodiments 35 to 40,
wherein the ER translocation signal sequence is human.
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Embodiment 42: The expression vector according to any of embodiments 35 to 41,
wherein the transmembrane and cytoplasmic domain comprising an endosomal/lysosomal
targeting sequence is human.

Embodiment 43: The expression vector according to any of embodiments 35 to 42,
wherein ER translocation signal sequence comprises the sequence of SEQ ID NO: 33 or a
fragment thereof.

Embodiment 44: The expression vector according to any of embodiments 35 to 43,

wherein ER translocation signal consists of the sequence of SEQ ID NO: 34.

Embodiment 45: The expression vector according to any of embodiments 35 to 44,
wherein the endosomal/lysosomal targeting sequence comprises the motif of SEQ ID NO:
38.

Embodiment 46: The expression vector according to any of embodiments 35 to 45,
wherein the endosomal/lysosomal targeting signal sequence is the sequence of SEQ ID
NO: 39.

Embodiment 47: The expression vector according to any of embodiments 35 to 46,
wherein the transmembrane and cytoplasmic domain comprising an endosomal/lysosomal
targeting sequence comprises the sequence SEQ ID NO: 54 or a fragment thereof, such as
SEQ ID NO: 35 or a fragment thereof.

Embodiment 48: The expression vector according to any of embodiments 35 to 47,
further comprising a restriction site between the ER translocation signal sequence and the
human transmembrane and cytoplasmic domain comprising an endosomal/lysosomal
targeting sequence.

Embodiment 49: The expression vector according to any of embodiments 35 to 48,
wherein the vector further comprises at least one antigen, or a fragment thereof which is
inserted between human endoplasmatic reticulum (ER)- translocation signal sequence, and
the human transmembrane and cytoplasmic domain comprising an endosomal/lysosomal
targeting sequence.

Embodiment 50: The expression vector according to any of embodiments 49, wherein
the vector comprises at least two antigens, or a fragments thereof which are inserted
between human endoplasmatic reticulum (ER)- translocation signal sequence, and the
human transmembrane and cytoplasmic domain comprising an endosomal/lysosomal
targeting sequence.
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Embodiment 51: The expression vector according to any of embodiments 35 to 50,
wherein the vector comprises a nucleic acid sequence encoding a full length amino acid
sequence of an antigen.

Embodiment 52: The expression vector according to any of embodiments 35 to 51,
wherein the vector comprises a fragment of a nucleic acid sequence encoding an amino
acid sequence of an antigen.

Embodiment 53: The expression vector according to embodiment 52, wherein the
antigen is a tumor antigen or a viral antigen.

Embodiment 54: The expression vector according to embodiment 53, wherein the
tumor antigen is selected from the group consisting of viral tumor antigen, tumor-specific
antigen, tumor associated antigen and an antigen carrying patient specific mutations and
being expressed in tumor cells of the patient.

Embodiment 55: The expression vector according to any of embodiments 35 to 54,
wherein the tumor antigen is a tumor associated antigen.

Embodiment 56: The expression vector according to any of embodiments 35 to 55,
wherein tumor associated antigen is a cancer/testis antigen (C/T antigen).

Embodiment 57: The expression vector according to any of embodiments 35 to 56,
wherein the C/T antigen is selected from the group comprising MAGE-A1, MAGE-A3,
MAGE-A4, NY-ESO1, tumor/testis-antigen 1B, GAGE-1, SSX-4, XAGE-1, BAGE,
GAGE, SCP-1, SSX-2, SSX-4, CTZ9, CT10, SAGE and CAGE.

Embodiment 58: The expression vector according to any of embodiments 35 to 57,
wherein the C/T antigen is selected from the group consisting of GAGE-1, SSX-4 and
XAGE-1.

Embodiment 59: Use of the expression vector according to any one of embodiments
35 to 58 for in vitro generation of antigen-specific T lymphocytes.

Embodiment 60: T-lymphocytes for use in a method of preventing or treating cancer
comprising administering to a mammal the T-lymphocytes according to embodiment 34.

Embodiment 61: A method for generating an antigen-specific TCR comprising steps
of the method according to any one of embodiments 1 to 33 and further comprising the

step of isolating a TCR from the activated antigen-specific lymphocyte.

Embodiment 62: A TCR isolated from a lymphocyte according to embodiment 34.
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Embodiment 63: A TCR specific for GAGE-1 comprising

-a TCR a chain comprising a CDR 3 region encoded by the nucleotide sequence set out in
SEQ ID NO: 5,

-a TCR B chain comprising a CDR 3 region encoded by the nucleotide sequence set out in
SEQ ID NO: 6.

Embodiment 64: The TCR specific for GAGE-1 according to embodiment 63,
comprising

- a TCR a chain which is encoded by a nucleotide sequence being at least 80%
identical to SEQ ID NO: 5, and which TCR a chain comprises a CDR 3 region encoded by
the nucleotide sequence set out in SEQ ID NO: 1,

- a TCR P chain which is encoded by a nucleotide sequence being at least 80%
identical to SEQ ID NO: 6, and which TCR f chain comprises a CDR 3 region encoded by
the nucleotide sequence set out in SEQ ID NO: 2.

Embodiment 65: A TCR specific for SSX-4 comprising

-a TCR a chain comprising a CDR 3 region encoded by the nucleotide sequence set out in
SEQ ID NO: 13,

-a TCR B chain comprising a CDR 3 region encoded by the nucleotide sequence set out in
SEQ ID NO: 14.

Embodiment 66: The TCR specific for SSX-4 according to embodiment 65,
comprising

- a TCR a chain which is encoded by a nucleotide sequence being at least 80%
identical to SEQ ID NO: 13, and which TCR a chain comprises a CDR 3 region encoded
by the nucleotide sequence set out in SEQ ID NO: 9,

- a TCR P chain which is encoded by a nucleotide sequence being at least 80%
identical to SEQ ID NO: 14, and which TCR B chain comprises a CDR 3 region encoded
by the nucleotide sequence set out in SEQ ID NO: 10.

Embodiment 67: A TCR specific for XAGE-1 comprising

-a TCR a chain comprising a CDR 3 region encoded by the nucleotide sequence set out in
SEQ ID NO: 21,

-a TCR B chain comprising a CDR 3 region encoded by the nucleotide sequence set out in
SEQ ID NO: 22.

Embodiment 68: The TCR specific for XAGE-1 according to embodiment 66,
comprising

- a TCR a chain which is encoded by a nucleotide sequence being at least 80%
identical to SEQ ID NO: 21, and which TCR a chain comprises a CDR 3 region encoded
by the nucleotide sequence set out in SEQ ID NO: 17,
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- a TCR P chain which is encoded by a nucleotide sequence being at least 80%
identical to SEQ ID NO: 22, and which TCR B chain comprises a CDR 3 region encoded
by the nucleotide sequence set out in SEQ ID NO: 18.

Embodiment 69: A TCR specific for XAGE-1 comprising

-a TCR a chain comprising a CDR 3 region encoded by the nucleotide sequence set out in
SEQ ID NO: 29,

-a TCR B chain comprising a CDR region encoded by the nucleotide sequence set out in
SEQ ID NO: 30.

Embodiment 70: The TCR specific for XAGE-1 according to embodiment 68,
comprising

- a TCR a chain encoded by a nucleotide sequence being at least 80% identical to
SEQ ID NO: 29, and which TCR a chain comprises a CDR 3 region encoded by the
nucleotide sequence set out in SEQ ID NO: 25,

- a TCR P chain which is encoded by a nucleotide sequence being at least 80%
identical to SEQ ID NO: 30, and which TCR B chain comprises a CDR region encoded by
the nucleotide sequence set out in SEQ ID NO: 26.

Embodiment 71: TCR according to any one of embodiments 62 to 70 for use in a
method of preventing or treating cancer.

Embodiment 72: Method for preventing or treating cancer comprising the step of
administering to a mammal the TCR according to any one of embodiments 62 to 70.
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CLAIMS

1. A method of generating human antigen-specific T lymphocytes comprising the
following steps:
A) expression of at least one fusion protein comprising
- at least one antigen or a fragment thereof,
- an endoplasmatic reticulum (ER)- translocation signal sequence preceding
the N-terminus of the antigen, and
- a transmembrane and cytoplasmic domain comprising an
endosomal/lysosomal targeting sequence following the C-terminus of the
antigen,
in antigen presenting cells; and
B) exposing of a cell population comprising T lymphocytes to the antigen
presenting cells of step A) in vitro in order to activate antigen-specific T
lymphocytes specific for the antigen expressed by the antigen presenting cell.

2. Method of claim 1, wherein the fusion protein comprises at least two antigens or
fragments thereof.

3. The method according to any one of the preceding claims, wherein the method
further comprises the step of

C1) enrichment of activated and/or antigen specific T lymphocytes comprising the
following steps:

(a) contacting the cell population comprising activated antigen-specific T lymphocytes
with a binding molecule which specifically binds to a marker protein specifically expressed
by activated T lymphocytes or with MHC molecules presenting an epitope of the desired
antigen;

(b) isolating T lymphocytes to which the binding molecule or the MHC molecule
presenting an epitope of the desired antigen is bound.

4. The method according to claim 3, wherein marker protein specifically expressed by
activated T lymphocytes is selected from the group consisting of Ox40, CD137, CD40L,
PD-1, IL-2 receptor, interferon v, IL-2, GM-CSF and TNF-q.

5. The method according to any one of the preceding claims, wherein the method
further comprises the step
C2) identification of antigen-specific T lymphocytes, comprising the following steps:
a) incubation of expanded cell clones of the cell population comprising activated
antigen-specific T lymphocytes with

(1) antigen presenting cells as defined in step A), and

(i1) control antigen presenting cells or in the absence of antigen presenting cells;
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b) comparison of the activation profile of the incubation with (i) and (ii) for each cell
clone;
c) identification of antigen-specific cell clones based on the comparison of b);

wherein the activation by (i) but not by (ii) indicates that the cell clone is antigen-specific.

6. The method according to any one of the preceding claims, wherein the ER
translocation signal sequence is derived from an endosomal/lysosomal associated protein,
and wherein the endosomal/lysosomal associated protein is selected from the group
comprising LAMP1, LAMP2, DC-LAMP, CD68 and CD1b, preferably LAMP1.

7. The method according to any one of the preceding claims, wherein the
transmembrane and cytoplasmic domain comprising an endosomal/lysosomal targeting
sequence is derived from LAMP1 or DC-LAMP, preferably DC-LAMP.

8. The method according to any one of the preceding claims, wherein the
ER translocation signal sequence is human and wherein the transmembrane and
cytoplasmic domain comprising an endosomal/lysosomal targeting sequence is human.

9. The method according to any one of the preceding claims, wherein the antigen
presenting cells comprise different populations of antigen presenting cells, each population
expressing a different antigen fusion protein.

10.  The method according to any one of the preceding claims, wherein the antigen
presenting cells are mature dendritic cells generated by a method comprising the following
steps:
1) provision of monocytes;
i1) incubation of the monocytes of step 1) with IL-4 and GM-CSF;
ii1) incubation of the monocytes of step ii) with IL-4 and GM-CSF in combination
with a maturation cocktail, wherein the maturation cocktail optionally comprises a
combination of IL-8, TNF-a, INF-y, TLR7/8 agonist, PGE2 and TLR3 agonist.

11.  The method according to any one of the preceding claims, wherein cell population
comprising T lymphocytes is a population of unseparated peripheral blood lymphocytes.

12.  The method according to any one of the preceding claims, wherein the cell
population comprising T lymphocytes is enriched for T lymphocytes, preferably CD8"
and/or CD4" T lymphocytes.

13. A method for generating an antigen-specific TCR comprising steps of the method
according to any one of claims 1 to 12 and further comprising the step of isolating a TCR

from the activated antigen-specific lymphocyte.

14. A TCR specific for GAGE-1 comprising
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-a TCR a chain comprising a CDR 3 region encoded by the nucleotide sequence set out in
SEQ ID NO: 5,
-a TCR B chain comprising a CDR 3 region encoded by the nucleotide sequence set out in
SEQ ID NO: 6.

15.  The TCR specific for GAGE-1 according to claim 14, comprising

- a TCR a chain which is encoded by a nucleotide sequence being at least 80%
identical to SEQ ID NO: 5, and which TCR a chain comprises a CDR 3 region encoded by
the nucleotide sequence set out in SEQ ID NO: 1,

- a TCR P chain which is encoded by a nucleotide sequence being at least 80%
identical to SEQ ID NO: 6, and which TCR f chain comprises a CDR 3 region encoded by
the nucleotide sequence set out in SEQ ID NO: 2.
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3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-13
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-13

method for generating antigen-specific T lymphocytes

2. claims: 14, 15
TCR specific for GAGE-1.
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