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T cell receptor for identifying SSX2 antigen short peptide

Technical field

The present invention relates to TCRs capable of recognizing short peptides derived from
SSX2 antigen short peptide. The present invention also relates to SSX2-specific T cells obtained
by transducing the above-mentioned TCRs, and uses thereof in the prevention and treatment of
SSX2-related diseases.

Background

SSX2 is a X breakpoint of synovial sarcoma, also known as HOM-MEL-40. SSX2 is one
of ten highly homologous nucleic acid proteins of the SSX2 family. SSX protein is a tumor
antigen in testis and is only expressed in tumor cells and testicular blasts without MHC
expression. SSX2 is expressed in a variety of human cancer cells including, but not limited to,
melanoma, head and neck cancer, lymphoma, various myelomas, pancreatic cancer, prostate
cancer, sarcoma, hepatocellular carcinoma, and colon cancer. KASEKIFYV(SEQ ID NO:9) is a
short peptide derived from SSX2 antigen and a target for treating SSX2-related diseases. For the
treatment of the above diseases, chemotherapy and radiation therapy can be used, however, but
damage to normal cells will be caused.

T cell adoptive immunotherapy is to transfer reactive T cells specific to target cell antigens
into a patient's body so that they can act against the target cells. T cell receptor (TCR) is a
membrane protein on the surface of T cells that can recognize antigen short peptides on the
surface of corresponding target cells. In the immune system, the combination of antigen short
peptide-specific TCR and short peptide-major histocompatibility complex (pMHC complex) will
induce the direct physical contact between T cells and antigen presenting cells (APC), and then
other cell membrane surface molecules of T cells and APC interact with each other, causing a
series of subsequent cell signaling and other physiological reactions, so that T cells with different
antigen specificities can exert immune effects on target cells thereof. Therefore, a skilled person
are dedicated to isolating TCRs specific to SSX2 antigen short peptides, and transducing the
TCR to T cells to obtain T cells specific to SSX2 antigen short peptides, so that they can play a
role in cellular immunotherapy.

Summary of the invention

The purpose of the present invention is to provide a T cell receptor that recognizes short
peptides of SSX2 antigen short peptide.

In the first aspect of the present invention, a T cell receptor (TCR) that can bind to the
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KASEKIFYV-HLA A0201 complex is provided.

In another preferred embodiment, the TCR comprises a TCR a chain variable domain and
a TCR B chain variable domain, and the amino acid sequence of CDR3 of the TCR a chain
variable domain is AEPNQAGTALI (SEQ ID NO: 12); and/or the the amino acid sequence of
CDR3 of the TCR B chain variable domain is ASSSLEDPYEQY (SEQ ID NO: 15).

In another preferred embodiment, 3 complementarity determining regions (CDR) of the
TCR o chain variable domain are:

o CDR1- DSSSTY (SEQ ID NO: 10)

o CDR2- IFSNMDM  (SEQ ID NO: 11)

a CDR3- AEPNQAGTALI (SEQ ID NO: 12); and / or

3 complementarity determining regions of the TCR B chain variable domain are:

B CDRI1- MNHEY (SEQ ID NO: 13)

B CDR2- SVGEGT (SEQ ID NO: 14)

B CDR3- ASSSLEDPYEQY (SEQ ID NO: 15).

In another preferred embodiment, the TCR comprises a TCR a chain variable domain and
a TCR B chain variable domain, and the TCR a chain variable domain is an amino acid sequence
having at least 90% sequence identity with SEQ ID NO: 1; and/ or the TCR f chain variable
domain is an amino acid sequence with at least 90% sequence identity with SEQ ID NO: 5.

In another preferred embodiment, the TCR comprises a TCR a chain variable domain, the
amino acid sequence of which is SEQ ID NO: 1.

In another preferred embodiment, the TCR comprises a TCR 3 chain variable domain, the
amino acid sequence of which is SEQ ID NO: 5.

In another preferred embodiment, the TCR is a afp heterodimer, which comprises a TCR a
chain constant region TRAC*01 and a TCR f chain constant region TRBC1*01 or TRBC2*01.

In another preferred embodiment, the amino acid sequence of the TCR a chain is SEQ ID
NO: 3 and / or the amino acid sequence of the TCR f chain is SEQ ID NO: 7.

In another preferred embodiment, the TCR is soluble.

In another preferred embodiment, the TCR is a single-chain TCR.

In another preferred embodiment, the TCR is formed by connecting the a chain variable
domain and the B chain variable domain through a peptide linking sequence.

In another preferred embodiment, the TCR has one or more mutations at amino acid
position 11, 13, 19, 21, 53, 76, 89, 91, or 94 of the a chain variable region, and/or at the last 3, 5
or 7 amino acid position of the short peptide of the a chain J gene; and/or the TCR has one or
more mutations at amino acid position 11, 13, 19, 21, 53, 76, 89, 91, or 94 of the B chain variable
region, and / or at the last 2, 4, or 6 amino acid position of the short peptide of the 3 chain J gene,
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wherein the amino acid position number is based on the position number listed in IMGT
(International Immunogenetics Information System).

In another preferred embodiment, the amino acid sequence of the a chain variable domain
of the TCR comprises SEQ ID NO: 32 and/or the amino acid sequence of the 3 chain variable
domain of the TCR comprises SEQ ID NO: 34.

In another preferred embodiment, the amino acid sequence of the TCR is SEQ ID NO: 30.

In another preferred embodiment, the TCR comprises (a) all or part of the TCR a chain
except for its transmembrane domain, and (b) all or part of the TCR 3 chain except for its
transmembrane domain;

and each of (a) and (b) comprise the functional variable domain, or the functional variable
domain and at least a portion of the constant domain of the TCR chain, respectively.

In another preferred embodiment, cysteine residues form an artificial disulfide bond
between the a and B chain constant domains of the TCR.

In another preferred embodiment, the cysteine residues forming the artificial interchain
disulfide bond in the TCR are substituted for one or more groups of amino acids selected from
the following:

Thr48 of TRAC*01 exon 1 and Ser57 of TRBC1*01 or TRBC2*01 exon 1;

Thr4d5 of TRAC*01 exon 1 and Ser77 of TRBC1*01 or TRBC2*01 exon 1;

Tyrl0 of TRAC*01 exon 1 and Serl7 of TRBC1*01 or TRBC2*01 exon 1;

Thr45 of TRAC*01 exon 1 and Asp59 of TRBC1*01 or TRBC2*01 exon 1;

Serl5 of TRAC*01 exon 1 and Glul5 of TRBC1*01 or TRBC2*01 exon 1;

Arg53 of TRAC*01 exon 1 and Ser54 of TRBC1*01 or TRBC2*01 exon 1;

Pro89 of TRAC*01 exon 1 and Alal9 of TRBC1*01 or TRBC2*01 exon 1; and

Tyr10 of TRAC*01 exon 1 and Glu20 of TRBC1*01 or TRBC2*01 exon 1.

In another preferred embodiment, the amino acid sequence of the TCR a chain is SEQ ID
NO: 26 and/or the amino acid sequence of the TCR f chain is SEQ ID NO: 28.

In another preferred embodiment, an artificial interchain disulfide bond is contained
between a chain variable region and § chain constant region of the TCR.

In another preferred embodiment, cysteine residues forming the artificial interchain
disulfide bond in the TCR are substituted for one or more groups of amino acids selected from
the following:

amino acid at position 46 of TRAV and amino acid at position 60 of TRBC1*01 or
TRBC2*01 exon 1;

amino acid at position 47 of TRAV and amino acid at position 61 of TRBC1*01 or
TRBC2*01 exon 1;
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amino acid at position 46 of TRAV and amino acid at position 61 of TRBC1*01 or
TRBC2*01 exon 1; or

amino acid at position 47 of TRAV and amino acid at position 60 of TRBC1*01 or
TRBC2*01 exon 1.

In another preferred embodiment, the TCR comprises o chain variable domain and 8 chain
variable domain as well as all or part of B chain constant domains except for its transmembrane
domain, however it does not comprise o chain constant domain, and a chain variable domain and
B chain of the TCR form a heterodimer.

In another preferred embodiment, a conjugate binds to the a chain and/or B chain of the
TCR at C- or N-terminal.

In another preferred embodiment, the conjugate that binds to the TCR is a detectable label,
a therapeutic agent, a PK modified moiety, or a combination thereof. Preferably, the therapeutic
agent is an anti-CD3 antibody.

In the second aspect of the invention, a multivalent TCR complex is provided, wherein the
multivalent TCR complex comprises at least two TCR molecules, and at least one TCR molecule
is the TCR of the first aspect of the invention.

In the third aspect of the invention, a nucleic acid molecule is provided, comprising a
nucleic acid sequence encoding the TCR molecule of the first aspect of the invention, or a
complement sequence thereof.

In another preferred embodiment, the nucleic acid molecule comprises the nucleotide
sequence SEQ ID NO: 2 or SEQ ID NO: 33 encoding the variable domain of the TCR a chain.

In another preferred embodiment, the nucleic acid molecule comprises the nucleotide
sequence SEQ ID NO: 6 or SEQ ID NO: 35 encoding the variable domain of the TCR 3 chain.

In another preferred embodiment, the nucleic acid molecule comprises the nucleotide
sequence SEQ ID NO: 4 encoding the TCR a chain and / or the nucleotide sequence SEQ ID NO:
8 encoding the variable domain of the TCR B chain.

In the fourth aspect of the invention, a vector is provided, comprising the nucleic acid
molecule of the third aspect of the invention; preferably, the vector is a viral vector; and more
preferably, the vector is a lentiviral vector.

In the fifth aspect of the present invention, an isolated host cell is provided, comprising the
vector of the fourth aspect of the present invention or having the exogenous nucleic acid
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molecule of the third aspect of the present invention integrated into its genome.

In the sixth aspect of the invention, a cell is provided, which is transduced with the nucleic
acid molecule of the third aspect of the present invention or the vector of the fourth aspect of the
invention; and preferably, the cell is a T cell or stem cell.

In the seventh aspect of the invention, a pharmaceutical composition is provided,
comprising a pharmaceutically acceptable carrier, and the TCR of the first aspect of the
invention, or the TCR complex of the second aspect of the invention, the nucleic acid molecule
of the third aspect of the present invention, the vector of the fourth aspect of the invention, or the
cell of the sixth aspect of the invention.

In the eighth aspect of the invention, use of the TCR of the first aspect of the invention, or
the TCR complex of the second aspect of the invention, the nucleic acid molecule of the third
aspect of the present invention, the vector of the fourth aspect of the invention, or the cell of the
sixth aspect of the invention is provided for preparing a medicament for treating tumor or
autoimmune disease.

In an ninth aspect of the present invention, a method for treating a disease is provided,
comprising administering an appropriate amount of the TCR of the first aspect of the present
invention, the TCR complex of the second aspect of the present invention, the nucleic acid
molecule of the third aspect of the present invention, the vector of the fourth aspect of the
invention, the cell of the sixth aspect of the invention, or the pharmaceutical composition of the
seventh aspect of the invention to a subject in need thereof;

Preferably, the disease is a tumor, and preferably, the tumor is Hepatocellular carcinoma.

It is to be understood that within the scope of the present invention, the various technical
features of the present invention and the technical features specifically described hereinafter (as
in the embodiments) may be combined with each other to constitute a new or preferred technical
solution, which will not be repeated herein one by one.

Description of drawings

Figure 1a, Figure 1b, Figure 1c, Figure 1d, Figure le and Figure 1f are the amino acid
sequence of the TCR a chain variable domain, the nucleotide sequence of the TCR a chain
variable domain, the amino acid sequence of the TCR a chain, the nucleotide sequence of the
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TCR a chain, the amino acid sequence of the TCR a chain with the leader sequence and the
nucleotide sequence of the TCR a chain with the leader sequence.

Figure 2a, Figure 2b, Figure 2c, Figure 2d, Figure 2e and Figure 2f are the amino acid
sequence of the TCR B chain variable domain, the nucleotide sequence of the TCR f chain
variable domain, the amino acid sequence of the TCR B chain, the nucleotide sequence of the
TCR B chain, the amino acid sequence of the TCR B chain with the leader sequence and the
nucleotide sequence of the TCR [ chain with the leader sequence.

Figure 3 shows the CD8" and tetramer-PE double positive staining results of monoclonal
cells.

Figure 4a and Figure 4b are the amino acid sequence and nucleotide sequence of the
soluble TCR a chain, respectively.

Figure 5a and Figure 5b are the amino acid sequence and nucleotide sequence of the
soluble TCR B chain, respectively.

Figure 6 is a gel image of soluble TCR obtained after purification. The leftmost lane is the
reducing gel, the middle lane is the molecular weight marker, and the far right lane is the
non-reducing gel.

Figure 7a and Figure 7b are the amino acid sequence and nucleotide sequence of the
single-chain TCR, respectively.

Figure 8a and Figure 8b are the amino acid sequence and nucleotide sequence of the
variable domain of the single-chain TCR o chain, respectively.

Figure 9a and Figure 9b are the amino acid sequence and nucleotide sequence of the
variable domain of the single-chain TCR f chain, respectively.

Figure 10a and Figure 10b are the amino acid sequence and nucleotide sequence of the
linker of the single-chain TCR, respectively.

Figure 11 is a gel image of soluble single-chain TCR obtained after purification. The left
lane is the molecular weight marker, and the right lane is the non-reducing gel.

Figure 12 is a BIAcore kinetic map of the binding of the soluble TCR of the present
invention to KASEKIFYV-HLA A0201 complex.

Figure 13 is a BlAcore kinetic map of the binding of the soluble single-chain TCR of the
present invention to KASEKIFYV-HLA A0201 complex.

Figure 14 shows the result of the ELISPOT activation function verification of the obtained
T cell clone.

FIG. 15 shows the results of ELISPOT activation function verification on T2-loaded target
cells by effector cells transduced with the TCR of the present invention.

Figure 16 shows the results of the Elispot activation experiment on tumor cell lines by T
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cells transduced with the TCR of the present invention.

Modes for carrying out the invention

After extensive and in-depth research, the inventors found a TCR that can specifically bind
to the SSX2 antigen short peptide KASEKIFYV (SEQ ID NO: 9). The antigen short peptide
KASEKIFYYV can form a complex with HLA A0201 and be presented together to the cell
surface. The present invention also provides a nucleic acid molecule encoding the TCR and a
vector containing the nucleic acid molecule. In addition, the present invention also provides cells
transduced with the TCR of the present invention.

Terms

MHC molecules are proteins of the immunoglobulin superfamily, and can be MHC
molecules of class | or class Il. Therefore, it is specific for the presentation of antigens. Different
individuals have different MHCs and can present different short peptides in a protein antigen to
the surface of respective APC cells thereof. Human MHC is usually called HLA gene or HLA
complex.

T cell receptor (TCR) is the only receptor for presenting specific peptide antigens in Major
Histocompatibility Complex (MHC). The exogenous or endogenous peptides may be the only
sign of abnormality in a cell. In the immune system, direct physical contact of a T-cell and an
antigen presenting cell (APC) will be initiated by the binding of antigen-specific TCRs to pMHC
complexes. Then, the interaction of other membrane molecules in T cell and APC occurs and the
subsequent cell signaling and other physiological responses are initiated so that a range of
different antigen-specific T cells exert immune effects on their target cells.

TCR is a glycoprotein on the surface of the cell membrane existing as a heterodimer of a
chain/B chain or y chain/$ chain. In 95% of T cells, TCR heterodimers consist of a and  chains,
while 5% of T cells have TCRs consisting of y and ¢ chains. Natural aff heterodimeric TCR has
a chain and B chain, and a chain and f chain constitute subunits of aff heterodimeric TCR.
Generally speaking, each of o and B chains includes a variable region, a connecting region and a
constant region. The B chain usually also comprises a short variable region between the variable
region and the connecting region, but the variable region is often regarded as a part of the
connecting region. Each variable region comprises 3 CDRs (complementarity determining
regions), CDR1, CDR2, and CDR3 embedded in framework regions. The CDR regions
determine the binding of TCR to pMHC complex, wherein CDR3 is formed from recombination
of the variable region and the connecting region, and called the hypervariable region. The a and
B chains of a TCR are generally regarded as having two “domains” respectively, namely a
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variable domain and a constant domain. The variable domain consists of a connected variable
region and a connecting region. The sequence of the constant domain of a TCR can be found in
the public database of the International Immunogenetics Information System (IMGT). For
example, the sequence of the constant domain of the a chain of a TCR molecule is “TRAC*01”,
and the sequence of the constant domain of the  chain of a TCR molecule is “TRBC1*01” or
“TRBC2*01”. In addition, the a and [ chains of @ TCR also comprise transmembrane region and
cytoplasmic region, which are very short.

In the present invention, the terms “polypeptide of the present invention”, “TCR of the

present invention”, and “T cell receptor of the present invention” are used interchangeably.

Natural inter-chain disulfide bond and artificial inter-chain disulfide bond

A group of disulfide bonds is present between the Ca and Cp chains in the membrane
proximal region of a native TCR, which is named herein as "natural inter-chain disulfide bond".
In the present invention, an inter-chain covalent disulfide bond which is artificially introduced
and the position of which is different from the position of a natural inter-chain disulfide bond is
named as "artificial inter-chain disulfide bond".

For conveniently describing the position of disulfide bond, in the present invention, the
positions of the amino acid sequences of TRAC*01 and TRBC1*01 or TRBC2*01 are
sequentially numbered in order from N-terminal to C-terminal. For example, the 60" amino acid
in the order from N-terminal to C-terminal in TRBC1*01 or TRBC2*01 is P (valine), which can
be described as Pro60 of TRBC1*01 or TRBC2*01 exon 1 in the present invention, and can also
be expressed as the amino acid at position 60 of TRBC1* 01 or TRBC2*01 exon 1. For another
example, the 61 amino acid in the order from N-terminal to C-terminal in TRBC1*01 or
TRBC2*01 is Q (glutamine), which can be described as GIn61 of TRBC1*01 or TRBC2*01
exon 1 in the invention, and can also be expressed as the amino acid at position 61 of TRBC1*01
or TRBC2*01 exon 1, and so on. In the present invention, the positions of the amino acid
sequences of variable regions TRAV and TRBV are numbered according to the positions listed
in IMGT. As for an amino acid in TRAV, the position is numbered as 46 in IMGT, which is
described in the present invention as the amino acid at position 46 of TRAV, and so on. In the
present invention, if the sequence positions of other amino acids are specifically described, the
special description shall prevail.

Detailed description of the invention
TCR molecule
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In the process of antigen processing, the antigen is degraded inside the cell and then carried
to the cell surface by MHC molecules. T cell receptors can recognize peptide-MHC complexes
on the surface of antigen-presenting cells. Therefore, in the first aspect of the present invention, a
TCR molecule capable of binding to the KASEKIFYV-HLA A0201 complex is provided.
Preferably, the TCR molecule is isolated or purified. Each of the a and B chains of the TCR has
three complementarity determining regions (CDR).

In a preferred embodiment of the present invention, the a chain of the TCR includes CDRS
having the following amino acid sequences:

o CDR1- DSSSTY (SEQ ID NO: 10)

o CDR2- IFSNMDM (SEQ ID NO: 11)

a CDR3- AEPNQAGTALI  (SEQ ID NO: 12); and / or

3 complementarity determining regions of the TCR B chain variable domain are:

B CDRI1- MNHEY (SEQ ID NO: 13)

B CDR2- SVGEGT (SEQ ID NO: 14)

B CDR3- ASSSLEDPYEQY (SEQ ID NO: 15).

The above amino acid sequences of the CDR regions of the present invention can be
embedded into any suitable framework structure to prepare a chimeric TCR. As long as the
framework structure is compatible with the CDR regions of the TCR of the present invention, a
skilled person can design or synthesize TCR molecules with corresponding functions based on
the CDR regions disclosed in the present invention. Therefore, the TCR molecule of the present
invention refers to a TCR molecule comprising the above-mentioned a and/or 3 chain CDR
region sequences and any suitable framework structure. The TCR a chain variable domain of the
present invention is an amino acid sequence having at least 90%, preferably 95%, and more
preferably 98% sequence identity with SEQ ID NO: 1; and/or the TCR B chain variable domain
of the present invention is an amino acid sequence having at least 90%, preferably 95%, more
preferably 98% sequence identity with SEQ ID NO: 5.

In a preferred embodiment of the present invention, the TCR molecule of the present
invention is a heterodimer consisiting of a and B chains. Specifically, the a chain of the
heterodimeric TCR molecule, on the one hand, comprises a variable domain and a constant
domain, and the amino acid sequence of the a chain variable domain comprises CDR1 (SEQ ID
NO: 10) and CDR2 (SEQ ID NO: 11) and CDR3 (SEQ ID NO: 12) of the above a chain.
Preferably, the TCR molecule comprises a a chain variable domain amino acid sequence SEQ ID
NO: 1. More preferably, the amino acid sequence of the a chain variable domain of the TCR
molecule is SEQ ID NO: 1. On the other hand, the B chain of the heterodimeric TCR molecule

comprises a variable domain and a constant domain, and the amino acid sequence of the § chain
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variable domain comprises CDR1 (SEQ ID NO: 13) and CDR2 (SEQ ID NO: 14) and CDR3
(SEQ ID NO: 15). Preferably, the TCR molecule comprises the  chain variable domain amino
acid sequence SEQ ID NO: 5. More preferably, the amino acid sequence of the B chain variable
domain of the TCR molecule is SEQ ID NO: 5.

In a preferred embodiment of the present invention, the TCR molecule of the present
invention is a single-chain TCR molecule consisting of part or all of the o chain and/or part or all
of the  chain. Description of single-chain TCR molecules can be found in Chung et al (1994)
Proc. Natl. Acad. Sci. USA 91, 12654-12658. According to the literature, a skilled person can
easily construct single-chain TCR molecules containing the CDRs of the present invention.
Specifically, the single-chain TCR molecule comprises Va, VB and Cp, and is preferably
connected in an order from N-terminal to C-terminal.

The amino acid sequence of the o chain variable domain of the single-chain TCR molecule
comprises CDR1 (SEQ ID NO: 10) and CDR2 (SEQ ID NO: 11) and CDR3 (SEQ ID NO: 12) of
the above a chain. Preferably, the single-chain TCR molecule comprises a a chain variable
domain amino acid sequence SEQ ID NO: 1. More preferably, the amino acid sequence of the a
chain variable domain of the single-chain TCR molecule is SEQ ID NO: 1. The amino acid
sequence of the B chain variable domain of the single-chain TCR molecule comprises CDR1
(SEQ ID NO: 13) and CDR2 (SEQ ID NO: 14) and CDR3 (SEQ ID NO: 15). Preferably, the
single-chain TCR molecule comprises the (3 chain variable domain amino acid sequence SEQ ID
NO: 5. More preferably, the amino acid sequence of the 3 chain variable domain of the
single-chain TCR molecule is SEQ ID NO: 5.

In a preferred embodiment of the present invention, the constant domain of the TCR
molecule of the present invention is a human constant domain. A skilled person know or can
obtain the amino acid sequence of the human constant domain by referring to relevant books or
public databases of IMGT (International Immunogenetics Information System). For example, the
constant domain sequence of the a chain of the TCR molecule of the present invention can be
“TRAC*01”, and the constant domain sequence of the 3 chain of the TCR molecule can be
“TRBC1*01” or “TRBC2*01”. The amino acid at 53 position of the amino acid sequence given
in TRAC*01 of IMGT is Arg, which is represented herein as: Arg53 of TRAC*01 exon 1, and so
on. Preferably, the amino acid sequence of the a chain of the TCR molecule of the present
invention is SEQ ID NO: 3, and/or the amino acid sequence of the  chain is SEQ ID NO: 7.

The naturally occurring TCR is a membrane protein that is stabilized by its transmembrane
domain. Just as immunoglobulins (antibodies) which can be used as antigen recognition
molecules, TCRs can also be developed for diagnosis and treatment, and it is necessary to obtain
soluble TCR molecules. The soluble TCR molecule does not comprise its transmembrane region.
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The soluble TCR has a wide range of uses, which can be used not only to study the interaction
between TCR and pMHC, but also as a diagnostic tool for detecting infections or as a marker for
autoimmune diseases. Similarly, the soluble TCR can be used to deliver therapeutic agents (such
as cytotoxic compounds or immunostimulatory compounds) to cells presenting specific antigens.
In addition, the soluble TCR can also be combined with other molecules (such as anti-CD3
antibodies) to redirect T cells to target cells that present specific antigens. A soluble TCR
specific to the SSX2 antigen short peptide is also obtained in te invention.

For obtaining a soluble TCR, the TCR of the present invention, on the one hand, may be a
TCR in which an artificial disulfide bond is introduced between the residues of its o and  chain
constant domains. Cysteine residues form an artificial interchain disulfide bond between the o
and P chain constant domains of the TCR. Cysteine residues can be substituted for other amino
acid residues at appropriate positions in the natural TCR to form an artificial interchain disulfide
bond. For example, cysteine residues replacing Thr48 of TRAC*01 exon 1 and replacing Ser57
of TRBC1*01 or TRBC2*01 exon 1 form a disulfide bond. Other sites for introducing cysteine
residues to form disulfide bonds can also be: Thr45 of TRAC*01 exon 1 and Ser77 of
TRBC1*01 or TRBC2*01 exon 1; Tyr10 of TRAC*01 exon 1 and Ser17 of TRBC1*01 or
TRBC2*01 exon 1; Thr45 of TRAC*01 exon 1 and Asp59 of TRBC1*01 or TRBC2*01 exon 1;
Ser15 of TRAC*01 exon 1 and Glul5 of TRBC1*01 or TRBC2*01 exon 1; Arg53 of TRAC*01
exon 1 and Ser54 of TRBC1*01 or TRBC2*01 exon 1; Pro89 of TRAC*01 exon 1 and Alal9 of
TRBC1*01 or TRBC2*01 exon 1; or Tyrl0 of TRAC*01 exon 1 and Glu20 of TRBC1*01 or
TRBC2*01 exon 1. That is, cysteine residues replace any set of positions in the constant domains
of the a and B chains. A maximum of 50, or a maximum of 30, or a maximum of 15, or a
maximum of 10, or a maximum of 8 or less amino acids can be truncated at one or more
C-termini of the TCR constant domain of the present invention, so that it does not include
Cysteine residues to achieve the purpose of deleting natural disulfide bonds, and the cysteine
residues forming natural disulfide bonds can be mutated to another amino acid to achieve the
above purpose.

As described above, the TCR of the present invention may comprise an artificial disulfide
bond introduced between the residues of the constant domains of its a and  chains. It should be
noted that, the TCR of the present invention can comprise the TRAC constant domain sequence
and the TRBC1 or TRBC2 constant domain sequence regardless of whether the constant
domains comprise the introduced artificial disulfide bonds as said above. The TRAC constant
domain sequence and the TRBC1 or TRBC2 constant domain sequence of the TCR can be linked
by natural disulfide bonds present in the TCR.

For obtaining a soluble TCR, the TCR of the present invention, on the other hand, also
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includes a TCR having mutations in its hydrophobic core region. These mutations in the
hydrophobic core region are preferably mutations that can improve the stability of the soluble
TCR of the present invention, as described in W02014/206304. Such TCR can have a mutation
in the following positions of hydrophobic core of the variable domains: amino acid position 11,
13, 19, 21, 53, 76, 89, 91, or 94 of the variable region (o and / or B chain), and/or the last 3, 5 or
7 amino acid position of the a chain J gene (TRAJ), and/or the last 2, 4, or 6 amino acid position
of the B chain J gene (TRBJ), wherein the amino acid position number is based on the position
number listed in IMGT (International Immunogenetics Information System). A skilled person
can know the above-mentioned international immunogenetics information system, and can
obtain the position numbers of the amino acid residues of different TCRs in IMGT according to
the database.

In the present invention, the TCR in which the hydrophobic core region is mutated may be
a stable soluble single-chain TCR consisting of the variable domains of the o and B chains of a
TCR connected by a flexible peptide chain. It should be noted that the flexible peptide chain in
the present invention can be any peptide chain suitable for connecting the variable domains of
TCR a and B chains. For example, in the single-chain soluble TCR constructed in Example 4 of
the present invention, the o chain variable domain amino acid sequence is SEQ ID NO: 32, and
the encoding nucleotide sequence is SEQ ID NO: 33; B chain variable domain amino acid
sequence is SEQ ID NO:34, and the encoding nucleotide sequence is SEQ ID NO:35.

In addition, in terms of stability, CN 201510260322.4 also disclosed that the introduction
of an artificial interchain disulfide bond between the a chain variable region and the § chain
constant region of the TCR can significantly improve the stability of the TCR. Therefore, the
high-affinity TCR of the present invention may also comprise an artificial interchain disulfide
bond between the o chain variable region and the 3 chain constant region. Specifically, cysteine
residues forming an artificial interchain disulfide bond between the o chain variable region and
the B chain constant region of the TCR are substituted for: amino acid at position 46 of TRAV
and amino acid at position 60 of TRBC1*01 or TRBC2*01 exon 1; amino acid at position 47 of
TRAV and amino acid at position 61 of TRBC1*01 or TRBC2*01 exon 1; amino acid at
position 46 of TRAV and amino acid at position 61 of TRBC1*01 or TRBC2*01 exon 1; or
amino acid at position 47 of TRAV and amino acid at position 60 of TRBC1*01 or TRBC2*01
exon 1. Preferably, such TCR may comprise (i) all or part of TCR a chain except for its
transmembrane domain, and (ii) all or part of TCR B chain except for its transmembrane domain,
wherein both of (i) and (ii) comprise the variable domain and at least a portion of constant
domains of the TCR chain, and the o chain and 3 chain form a heterodimer. More preferably,

such TCR may comprise a chain variable domain and B chain variable domain and all or part of
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B chain constant domain except for the transmembrane domain, which, however, does not
comprise a chain constant domain, and the o chain variable domain of the TCR and the B chain
form a heterodimer.

The TCR of the present invention can be provided in a form of multivalent complex. The
multivalent TCR complex of the present invention comprises a polymer formed by combining
two, three, four or more TCRs of the present invention, for example, a tetrameric domain of p53
can be used to produce a tetramer. Alternatively, more TCRs of the invention can be combined
with another molecule to form a complex. The TCR complexes of the invention can be used to
track or target cells that present a particular antigen in vitro or in vivo, or produce intermediates
of other multivalent TCR complexes with such uses.

The TCR of the present invention may be used alone or combined with a conjugate in a
covalent manner or other manner, preferably in a covalent manner. The conjugate includes a
detectable label (for diagnostic purposes, wherein the TCR is used to detect the presence of a cell
presenting KASEKIFYV-HLA A0201 complex), a therapeutic agent, a PK (protein kinase)
modifying moiety, or combination of any of the above described substances.

Detectable labels for diagnostic purposes include, but are not limited to, fluorescent or
luminescent labels, radioactive labels, MRI (magnetic resonance imaging) or CT (electron
computed tomography) contrast agents, or enzymes capable of producing detectable products.

Therapeutic agents that can be combined with or coupled to the TCRs of the invention
include, but are not limited to: 1. Radionuclides (Koppe et al., 2005, Cancer metastasis reviews
24, 539); 2. Biotoxin (Chaudhary et al., 1989, Nature 339, 394; Epel et al., 2002, Cancer
Immunology and Immunotherapy 51, 565); 3. Cytokines, such as IL-2, etc. (Gillies et al., 1992,
National Academy of Sciences (PNAS) 89, 1428; Card et al., 2004, Cancer Immunology and
Immunotherapy 53, 345; Halin et al., 2003, Cancer Research 63, 3202); 4. Antibody Fc fragment
(Mosquera et al., 2005, The Journal Of Immunology 174, 4381); 5. Antibody scFv fragments
(Zhu et al., 1995, International Journal of Cancer 62, 319); 6. Gold nanoparticles / Nanorods
(Lapotko et al., 2005, Cancer letters 239, 36; Huang et al., 2006, Journal of the American
Chemical Society 128, 2115); 7. Viral particles (Peng et al., 2004, Gene therapy 11, 1234); 8.
Liposomes (Mamot et al., 2005, Cancer research 65, 11631); 9. Nanomagnetic particles; 10.
Prodrug activating enzymes (e.g., DT-diaphorase (DTD) or biphenyl hydrolase-like protein
(BPHL); 11. chemotherapeutic agent (e.g., cisplatin) or any form of nanoparticles, and the like.

In addition, the TCR of the present invention may also be a hybrid TCR containing
sequences derived from more than one species. For example, studies have shown that, compared
wuth human TCR, murine TCR can be expressed more effectively in human T cells. Therefore,
the TCR of the present invention may comprise a human variable domain and a murine constant
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domain. The disadvantage of this method is that an immune response may be triggered.
Therefore, when used in adoptive T cell therapy, there should be a regulatory scheme for
immunosuppression to allow the implantation of T cells expressing murine.

It should be understood that the names of amino acids herein are represented by the
internationally accepted single English letter or three English letters, and the correspondence
between the single English letter and the three English letter of the names of amino acid is as
follows: Ala (A), Arg (R), Asn (N), Asp (D), Cys (C), GIn (Q), Glu (E), Gly (G), His (H), lle (1),
Leu (L), Lys (K), Met (M), Phe (F), Pro (P), Ser (S), Thr (T), Trp (W), Tyr (Y), Val (V).

Nucleic acid molecule

In the second aspect of the present invention, a nucleic acid molecule encoding the TCR
molecule of the first aspect of the present invention or a part thereof is provided, and the part
may be one or more CDRs, variable domains of a and/or B chains, and a chains and / or B chain.

The nucleotide sequence encoding the o chain CDR region of the TCR molecule of the
first aspect of the present invention is as follows:

a CDR1- gacagctcctccacctac (SEQ ID NO: 16)

a CDR2- attttttcaaatatggacatg (SEQ ID NO: 17)

a CDR3- gcagaacctaaccaggcaggaactgctctgatc (SEQ ID NO: 18).

The nucleotide sequence encoding the § chain CDR region of the TCR molecule of the
first aspect of the present invention is as follows:

B CDR1- atgaaccatgaatac (SEQ ID NO: 19)

B CDR2- tcagttggtgagggtaca (SEQ ID NO: 20)

B CDR3- gccagcagttccctggaggacccectacgagceagtac (SEQ ID NO: 21).

Therefore, the nucleotide sequence of the nucleic acid molecule of the present invention
encoding the TCR a chain of the present invention includes SEQ ID NO: 16, SEQ ID NO: 17
and SEQ ID NO: 18, and/or the nucleotide sequence of the nucleic acid molecule of the present
invention encoding the TCR B chain of the present invention includes SEQ ID NO: 19, SEQ ID
NO: 20, and SEQ ID NO: 21.

The nucleotide sequence of the nucleic acid molecule of the present invention may be of
single-chain or double-chain, and the nucleic acid molecule may be RNA or DNA, and may or
may not comprise introns. Preferably, the nucleotide sequence of the nucleic acid molecule of
the present invention does not comprise introns but can encode the polypeptide of the present
invention. For example, the nucleotide sequence of the nucleic acid molecule of the present
invention encoding the variable domain of the TCR a chain of the present invention includes
SEQ ID NO: 2 and / or the nucleotide sequence of the nucleic acid molecule of the present
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invention encoding the variable domain of the TCR [ chain of the present invention includes
SEQ ID NO: 6. Alternatively, the nucleotide sequence of the nucleic acid molecule of the present
invention encoding the variable domain of the TCR a chain of the present invention includes
SEQ ID NO: 33 and / or the nucleotide sequence of the nucleic acid molecule of the present
invention encoding the variable domain of the TCR f chain of the present invention includes
SEQ ID NO: 35. More preferably, the nucleotide sequence of the nucleic acid molecule of the
present invention comprises SEQ ID NO: 4 and / or SEQ ID NO: 8. Alternatively, the nucleotide
sequence of the nucleic acid molecule of the present invention is SEQ ID NO: 31.

It should be understood that different nucleotide sequences can encode the same
polypeptide due to the degeneracy of the genetic code. Therefore, a nucleic acid sequence
encoding the TCR of the invention may be the same as the nucleic acid sequence set forth in the
Figures of the invention or a degenerate variant thereof. By way of one example herein,
“degenerate variant” refers to a nucleic acid sequence which encodes a protein with a sequence
of SEQ ID NO: 1, but is differences from the sequence of SEQ ID NO: 2.

The nucleotide sequence can be codon-optimized. Different cells are different in the use of
specific codons. The codons in a sequence can be changed to increase the expression according
to the cell type. Codon usage tables for mammalian cells and many other organisms are well
known to a skilled person.

The full-length sequence of the nucleic acid molecule of the present invention or fragments
thereof can usually be obtained by but not limited to PCR amplification method, recombination
method or artificial synthesis method. At present, the DNA sequence encoding the TCR (or a
fragment or derivative thereof) of the present invention can be obtained completely through
chemical synthesis. This DNA sequence can then be introduced into various existing DNA
molecules (or such as vectors) and cells known in the art. DNA can be a coding strand or a

non-coding strand.

Vector

The invention also relates to vectors comprising the nucleic acid molecules of the
invention, including expression vectors, that is, constructs that can be expressed in vivo or in
vitro. Commonly used vectors include bacterial plasmids, bacteriophages, and animal and plant
viruses.

Viral delivery systems include but are not limited to adenovirus vectors, adeno-associated
virus (AAV) vectors, herpes virus vectors, retrovirus vectors, lentivirus vectors, and baculovirus
vectors.

Preferably, the vector can transfer the nucleotide of the present invention into a cell, such
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asa T cell, so that the cell expresses a TCR specific for the SSX2 antigen. Ideally, the vector
should be able to continuously express at a high level in T cells.

Cells

The invention also relates to host cells genetically engineered using the vectors or coding
sequences of the invention. The host cell comprises the vector of the present invention or has the
nucleic acid molecule of the present invention integrated into the chromosome. The host cell is
selected from: prokaryotic cells and eukaryotic cells, such as E. coli, yeast cells, CHO cells and
the like.

In addition, the invention also encompasses isolated cells, particularly T cells, expressing
the TCR of the invention. The T cells may be derived from T cells isolated from a subject, or
may be a mixed cell population isolated from a subject, such as a part of a peripheral blood
lymphocyte (PBL) population. For example, the cells can be isolated from peripheral blood
mononuclear cells (PBMC), and can be CD4" helper T cells or CD8" cytotoxic T cells. The cells
can be in a mixed population of CD4" helper T cells / CD8" cytotoxic T cells. Generally, the
cells can be activated with antibodies (e.g., anti-CD3 or anti-CD28 antibodies), so that they can
be more easily transfected with, for example a vector containing a nucleotide sequence encoding
the TCR molecule of the present invention.

Alternatively, the cells of the present invention can also be or derived from stem cells, such
as hematopoietic stem cells (HSC). Transferring a gene to HSC won’t result in the expression of
TCR on the cell surface, since CD3 molecules are not expressed on the surface of stem cells.
However, when stem cells differentiate into lymphoid precursors that migrate to the thymus, the
expression of CD3 molecules will initiate the expression of the introduced TCR molecules on the
surface of thymocytes.

There are a number of methods suitable for T cell transfection with DNA or RNA
encoding TCR of the invention (e.g., Robbins et al., (2008) J. Immunol. 180: 6116-6131). T cells
expressing the TCR of the invention can be used in adoptive immunotherapy. A skilled person
can know many suitable methods for performing adoptive therapy (e.g., Rosenberg et al., (2008)
Nat Rev Cancer 8(4): 299-308).

SSX2 antigen-related disease

The present invention also relates to a method for treating and/or preventing SSX2-related
diseases in a subject, including a step of adoptive transferring AFP-specific T cells to the subject.
The SSX2-specific T cells can recognize the KASEKIFYV-HLA A0201 complex.

The SSX2-specific T cells of the present invention can be used to treat any SSX2-related



10

15

20

25

30

35

diseases that present the SSX2 antigen short peptide KASEKIFYV-HLA A0201 complex,
including but not limited to a tumor, such as melanoma, head and neck cancer, lymphoma,
multiple myeloma, pancreatic cancer, prostate cancer, sarcoma, hepatocellular carcinoma, and
colon cancer.

Treatment method

Treatment can be carried out by isolating T cells from patients or volunteers suffering from
SSX2 antigen-related diseases, introducing the TCR of the present invention into the above T
cells, and then infusing the genetically engineered cells back into the patient. Therefore, the
present invention provides a method for the treatment of SSX2-related diseases, including
infusing the isolated T cell expressing the TCR of the present invention into a patient, and
preferably, the T cell is derived from the patient himself. Generally, the method includes (1)
isolating T cells from a patient, (2) in vitro transducing the T cells with the nucleic acid molecule
of the present invention or a nucleic acid molecule capable of encoding TCR molecules of the
present invention, and (3) infusing genetically engineered T cells into patients in vivo. The
number of cells to be isolated, transfected and reinfused can be determined by a physician.

Main advantages of the present invention

(1) The TCR of the present invention can bind to the SSX2 antigen short peptide complex
KASEKIFYV-HLA A0201, and the cells transduced with the TCR of the present invention can
be specifically activated and have a strong killing effect on target cells.

The invention is further illustrated by the following specific examples. It is to be
understood that these examples are for illustrative purposes only and are not intended to limit the
scope of the invention. The experimental methods in the following examples which do not
specify the specific conditions are usually performed under conventional conditions, for example,
conditions described in Sambrook and Russell et al., Molecular Cloning-A Laboratory Manual
(Third Edition) (2001) CSHL Publishing company, or in accordance with the conditions
recommended by the manufacturer. Percentages and parts are by weight unless otherwise stated.

Example 1. Cloning of SSX2 antigen short peptide specific T cells

The synthetic short peptide KASEKIFYV (SEQ ID NO.: 9; Beijing Cypress Gene
Technology Co., Ltd.) was used to stimulate peripheral blood lymphocytes (PBL) from healthy
volunteers with genotype HLA-A0201. The KASEKIFYYV short peptide was refolded with
biotin-labeled HLA-A0201 to prepare pHLA haploid. These haploids were combined with
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PE-labeled streptavidin (BD Company) to form PE-labeled tetramers, and the tetramers and
anti-CD8-APC double-positive cells were sorted. The sorted cells were amplified and the
secondary sorting was performed according to the above method, and then the limiting dilution
method was performed for monoclone. Monoclonal cells were stained with tetramers, and the
screened double positive clones are shown in Figure 3.

The function and specificity of the T cell clone were further tested by ELISPOT
experiment. A skilled person is familiar with the method of using ELISPOT assay to detect cell
function. The effector cells used in the IFN-yELISPOT experiment of this example are the T cell
clones obtained in the present invention, the target cells are T2 cells loaded with the short
peptides of the present invention, and the control group are T2 cells loaded with other short
peptides and T2 cells without any short peptide.

Firstly, a ELISPOT plate was prepared. The procedure of the ELISPOT experiment is as
follows: the components to be tested were added to the ELISPOT plate in the following order: 40
ul T2 cells 5x10° cells/ml (i.e., 20,000 T2 cells/well), 40 ul effector cells (2000 T cell
clones/well), the experimental group was added with 20 ul of specific short peptide, the control
group was added with 20 ul of non-specific short peptide, the blank group was added with 20 ul
of medium (test medium), and duplicate wells were set. And then the plate was incubated
overnight (37°C, 5% CO>). Then the plate was washed and subjected to secondary detection and
color development. The plate was dried for 1 hour, and then the spots formed on the membrane
were counted with an immunospot plate reader (ELISPOT READER system; AID company).
The experimental results are shown in Figure 14. The obtained specific antigen-specific T cell
clones have specific responses to T2 cells loaded with short peptides of the present invention, but
basically no response to other irrelevant peptides and T2 cells not loaded with short peptides.

Example 2. Obtaining TCR gene of T cell clone specific for short peptide of SSX2
antigen and constructing vector

Quick-RNA™ MiniPrep (ZYMO research) was used to extract the total RNA of the
antigen short peptide KASEKIFYV-specific and HLA-A0201-restricted T cell clones selected
in Example 1. SMART RACE cDNA amplification kit (clontech) was used to synthesize the
cDNA, and the used primers were designed in the C-terminal conserved region of the human
TCR gene. The sequence was cloned into a T vector (TAKARA) for sequencing. It should be
noted that this sequence is a complementary sequence and does not contain introns. After
sequencing, the sequence structures of the o chain and 3 chain of the TCR expressed by the
double-positive clone are shown in Figure 1 and Figure 2, respectively. Figure 1a, Figure 1b,
Figure 1c, Figure 1d, Figure 1e and Figure 1f are the TCR a chain variable domain amino acid
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sequence, TCR a chain variable domain nucleotide sequence, TCR a chain amino acid sequence,
TCR a chain nucleotide sequence, the TCR o chain amino acid sequence with a leader sequence
and the TCR a chain nucleotide sequence with the leader sequence; and Figure 2a, Figure 2b,
Figure 2c, Figure 2d, Figure 2e and Figure 2f are the TCR B chain variable domain amino acid
sequence, TCR B chain variable domain nucleotide sequence, TCR B chain amino acid sequence,
TCR B chain nucleotide sequence, the TCR B chain amino acid sequence with a leader sequence
and the TCR B chain nucleotide sequence with the leader sequence.

It was identified that the a chain comprises CDRs with the following amino acid
sequences:

a CDR1- DSSSTY (SEQ ID NO: 10)

a CDR2- IFSNMDM  (SEQ ID NO: 11)

a CDR3- AEPNQAGTALI  (SEQ ID NO: 12)

and the B chain comprises CDRs with the following amino acid sequences:

B CDR1- MNHEY (SEQ ID NO: 13)

B CDR2- SVGEGT (SEQ ID NO: 14)

B CDR3- ASSSLEDPYEQY (SEQ ID NO: 15).

The full-length genes of TCR a chain and § chain were cloned into lentiviral expression
vector pLenti (addgene) by overlapping PCR. Specifically, the full-length genes of TCR a chain
and TCR B chain were connected by overlap PCR to obtain TCRa-2A-TCRJ fragment. The
lentiviral expression vector and TCRa-2A-TCRp were digested and connected to obtain the
pLenti-TRA-2A-TRB-IRES-NGFR plasmid. As a control, a lentiviral vector pLenti-eGFP
expressing eGFP was also constructed. Then 293T/17 was used to package pseudovirus.

Example 3. Expression, Refolding and Purification of Soluble TCR Specific for SSX2
Antigen Short Peptide

For obtaining a soluble TCR molecule, the a and 3 chains of the TCR molecule of the
present invention may only contain the variable domain and part of the constant domain,
respectively, and a cysteine residue was introduced into the constant domains of the a and 3
chains to form an artificial interchain disulfide bond. The positions for introducing cysteine
residues were Thr48 of TRAC*01 exon 1 and Ser57 of TRBC1*01 or TRBC2*01 exon 1,
respectively; the amino acid sequence and nucleotide sequence of the a chain were shown in
Figure 4a and Figure 4b, respectively, and the amino acid sequence and nucleotide sequence of
the B chain were shown in Figure 5a and Figure 5b, respectively. The target gene sequences of
the above-mentioned TCR a and B chains were synthesized and inserted into an expression
vector pET28a+ (Novagene ) according to the method described in “Molecular Cloning a
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Laboratory Manual” (3" version, Sambrook and Russell), the upstream and downstream cloning
sites were Ncol and Notl respectively. The inserted fragment was confirmed by sequencing.

The expression vectors for TCR a and  chains were transformed into bacteria BL21 (DE3)
by chemical transformation, and the bacteria were grown in LB medium, and induced with a
final concentration of 0.5 mM IPTG at ODego = 0.6. After TCR a and B chains were expressed,
the formed inclusion bodies were extracted with BugBuster Mix (Novagene) and repeatedly
washed with BugBuster solution. The inclusion bodies were finally dissolved in 6 M guanidine
hydrochloride, 10 mM dithiothreitol (DTT), 10 mM ethylenediamine acetic acid (EDTA), 20
mM Tris (pH 8.1).

The dissolved TCR a and  chains were quickly mixed in 5 M urea, 0.4 M arginine, 20
mM Tris (pH 8.1), 3.7 mM cystamine, 6.6 mM [-mercapoethylamine (4°C) at a mass ratio of 1:1,
with a final concentration of 60 mg/mL. After mixing, the solution was subjected to dialysis
against 10 times volume of deionized water (4°C). After 12 hours, the deionized water was
changed to a buffer (20 mM Tris, pH 8.0) and the dialysis was conducted at 4°C for another 12
hours. After dialysis, the solution was filtered through a 0.45 uM filter membrane and purified
through an anion exchange column (HiTrap Q HP, 5ml, GE Healthcare). The eluted peak
contained the successfully renatured o and  dimers of TCR, which was confirmed by
SDS-PAGE. The TCR was then further purified through gel filtration chromatography (HiPrep
16/60, Sephacryl S-100 HR, GE Healthcare). The purity of the purified TCR was determined by
SDS-PAGE to be greater than 90%, and the concentration thereof was determined by the BCA
method. The SDS-PAGE gel image of the soluble TCR obtained in the present invention is
shown in FIG. 6.

Example 4. Generation of soluble single-chain TCR specific for SSX2 antigen short
peptide

A method of site-directed mutagenesis was used according to W02014/206304 to
construct a stable single-chain TCR molecule consisting of TCR a and  chain variable domains
of Example 2 connected by a flexible short peptide (linker). The amino acid sequence and
nucleotide sequence of the single-chain TCR molecule are shown in Figures 7a and 7b,
respectively. The amino acid sequence and nucleotide sequence of the a chain variable domain
are shown in Figure 8a and Figure 8b respectively; the amino acid sequence and nucleotide
sequence of the B chain variable domain are shown in Figure 9a and Figure 9b respectively; the
amino acid sequence and nucleotide sequence of the linker are shown in Figure 10a and Figure
10b, respectively.

The target gene was digested with Ncol and Notl, and ligated with pET28a vector digested
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with Ncol and Notl. The ligation product was transformed into E. coli DH5a, plated on a
kanamycin-containing LB plate, inverted and cultured at 37°C overnight, and the positive clones
were picked for PCR screening. Positive recombinants were sequenced to determine the correct
sequence and the recombinant plasmid was extracted and transferred into E. coli BL21 (DE3) for
expression.

Example 5. Expression, refolding and purification of soluble single-chain TCR
specific for SSX2 antigen short peptide

All of BL21(DE 3) colonies containing the recombinant plasmid pET28a-template chain
prepared in Example 4 were inoculated into LB medium containing kanamycin, and cultured at
37°C until OD600 was 0.6-0.8. IPTG was added to a final concentration of 0.5 mM, and cultured
at 37°C for another 4 hrs. The cell pellets were harvested by centrifugation at 5000 rpm for 15
mins, and the cell pellets were lysed with Bugbuster Master Mix (Merck). The inclusion bodies
were recovered by centrifugation at 6000 rpm for 15 min, followed by washing with Bugbuster
(Merck) to remove cell debris and membrane fraction. The inclusion bodies were collected by
centrifugation at 6000 rpm for 15 min, and dissolved in a buffer (20 mM Tris-HCI pH 8.0, 8 M
urea), and the insoluble matters were removed by high-speed centrifugation. The supernatant
was quantitativly determined by BCA method, and then dispensed and stored at -80°C until use.

To 5 mg of dissolved single-chain TCR inclusion body protein, 2.5 mL of buffer (6 M
Gua-HClI, 50 mM Tris-HCI pH 8.1, 100 mM NaCl, 10 mM EDTA) was added, then DTT was
added to a final concentration of 10 mM, and incubated at 37°C for 30 min. The single-chain
TCRs as treated above was added dropwise to a 125 mL of refolding buffer (100 mM Tris-HCI
pH 8.1, 0.4 M L-arginine, 5 M urea, 2 mM EDTA, 6.5 mM B-mercapthoethylamine, 1.87 mM
Cystamine) with a syringe, and stirred at 4°C for 10 min. Then the refolded solution was loaded
into a cellulose membrane dialysis bag with a cut-off of 4 kDa, and the dialysis bag was placed
in 1 L of pre-cooled water, and stirred slowly at 4°C overnight. After 17 hours, the dialysis liquid
was changed to 1 L of pre-chilled buffer (20 mM Tris-HCI pH 8.0) and dialysis was continued
for 8 h at 4°C. The dialysis liquid was then replaced with the same fresh buffer and dialysis was
continued overnight. After 17 hours, the sample was filtered through a 0.45 um filter, vacuum
degassed and purified through an anion exchange column (HiTrap Q HP, GE Healthcare) with a
linear gradient elution of 0-1 M NaCl prepared with 20 mM Tris-HCI pH 8.0. The collected
fractions were subjected to SDS-PAGE analysis, and the fractions containing single-chain TCRs
were concentrated and further purified by a gel filtration column (Superdex 75 10/300, GE
Healthcare), and the target components were also subjected to SDS-PAGE analysis.

The eluted fractions for BIAcore analysis was further tested for purity using gel filtration.
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The conditions were as follows: chromatographic column Agilent Bio SEC-3 (300 A, ¢ 7.8x300
mm), mobile phase 150 mM phosphate buffer, flow rate 0.5 mL/min, column temperature 25°C,
and UV detection wavelength 214 nm.

The SDS-PAGE gel image of the soluble single-chain TCR obtained in the present
invention is shown in FIG. 11.

Example 6. Binding characterization

BlAcore analysis

This example proves that the soluble TCR molecule of the present invention can
specifically bind to the KASEKIFYV-HLA A0201 complex.

The binding activity of the TCR molecule obtained in Example 3 and Example 5 to
KASEKIFYV-HLA A0201 complex was detected using BlIAcore T200 real-time analysis system.
The anti-streptavidin antibody (GenScript) was added to a coupling buffer (10 mM sodium
acetate buffer, pH 4.77), and then the antibody was passed through a CM5 chip pre-activated
with EDC and NHS to immobilize the antibody on the surface of the chip. The unreacted
activated surface was finally blocked with a solution of ethanolamine in hydrochloric acid to
complete the coupling process at a coupling level of about 15,000 RU.

A low concentration of streptavidin flowed over the surface of the antibody-coated chip,
then KASEKIFYV-HLA A0201 complex flowed through the detection channel with another
channel being used as a reference channel. 0.05 mM biotin flowed over the chip for 2 min at a
flow rate of 10 pL/min, thereby blocking the remaining binding sites for streptavidin.

The preparation process for the above KASEKIFYV-HLA A0201 complex is described as
follows:

a. Purification

100 ml of E. coli liquid induced to express heavy or light chain was collected, and
centrifuged at 8000 g for 10 min at 4°C, and the cells were washed once with 10 ml of PBS, and
then vigorously shaken in 5 ml of BugBuster Master Mix Extraction Reagents (Merck) for
resuspending the cells. The suspension was incubated for 20 min at room temperature, and then
centrifuged at 6000 g for 15 min at 4°C. The supernatant was discarded to collect inclusion
bodies.

The above inclusion bodies was resuspended in 5 ml BugBuster Master Mix and incubated
vortically at room temperature for 5 min. 30 ml of 10 time-diluted BugBuster was added, mixed,
and centrifuged at 6000 g for 15 min at 4°C. The supernatant was discarded, 30 ml of 10
time-diluted BugBuster was added to resuspend the inclusion body, mixed, and centrifuged twice
at 6000 g at 4°C for 15 min. 30 ml of 20 mM Tris-HCI pH 8.0 was added to resuspend the
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inclusion bodies, mixed, and centrifuged at 6000 g at 4°C for 15 min. Finally, inclusion bodies
were dissolved in 20 mM Tris-HCI 8M urea, and the purity of inclusion bodies was determined
by SDS-PAGE and the concentration was measured by BCA Kit.

b. Refolding

Synthesized short peptide KASEKIFYV (Beijing Saibaisheng Gene Technology Co., Ltd.)
were dissolved in DMSO to a concentration of 20 mg/ml. Inclusion bodies of light and heavy
chains were solubilized in 8 M urea, 20 mM Tris pH 8.0, 10 mM DTT, and further denatured by
adding 3 M guanidine hydrochloride, 10 mM sodium acetate, 10 mM EDTA before refolding.
KASEKIFYYV peptide was added to a refolding buffer (0.4 M L-arginine, 200 mM Tris pH 8.3, 2
mM EDTA, 0.5 mM oxidized glutathione, 5 mM reduced glutathione, 0.2 mM PMSF, cooled to
4°C) at 25 mg/L (final concentration). Then 20 mg/L of light chain and 90 mg/L of heavy chain
(final concentration, heavy chain was added in three portions, 8 h/portion) were successively
added, and refolded at 4°C for at least 3 days to completion of refolding, and SDS-PAGE was
used to confirm refolding.

c. Purification upon refolding

The refolding buffer was replaced with 10 volumes of 20 mM Tris pH 8.0 for dialysis, and
the buffer was exchanged for at least two times to substantially reduce the ionic strength of the
solution. After dialysis, the protein solution was filtered through a 0.45 pm cellulose acetate
filter and loaded onto a HiTrap Q HP (GE, General Electric Company) anion exchange column
(5 ml bed volume). The protein was eluted with a linear gradient of 0-400 mM NaCl prepared in
20 mM Tris pH 8.0 using Akta Purifier (GE), and the pMHC was eluted at approximately 250
mM NaCl. Peak fractions were collected and the purity thereof was detected by SDS-PAGE.

d. Biotinylation

Purified pMHC molecules were concentrated in a Millipore ultrafiltration tube, while the
buffer was replaced with 20 mM Tris pH 8.0, and then biotinylation reagent 0.05 M Bicine pH
8.3, 10 mM ATP, 10 mM MgOAc, 50 uM D-Biotin, 100 pg/ml BirA enzyme (GST-BirA) was
added. The resulting mixture was incubated at room temperature overnight, and SDS-PAGE was
used to detect the completion of biotinylation.

e. Purification of biotinylated complex

The biotinylated and labeled pMHC molecules were concentrated to 1 ml in a Millipore
ultrafiltration tube. The biotinylated pMHC was purified by gel filtration chromatography. 1 ml
of concentrated biotinylated pMHC molecules was loaded on a HiPrepTM 16/60 S200 HR
column (GE) pre-equilibrated with filtered PBS using an Akta Purifier (GE) and eluted with PBS
at a flow rate of 1 ml/min. The biotinylated pMHC molecules were eluted as a single peak at
about 55 ml. The protein-containing fractions were combined and concentrated in a Millipore
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ultrafiltration tube. The concentration of protein was determined by BCA method (Thermo),
protease inhibitor cocktail (Roche) was added and the biotinylated pMHC molecules were
dispensed and stored at -80°C.

The kinetic patterns of the soluble TCR molecules of the present invention and the soluble
single-chain TCR molecules constructed in the present invention binding to the
KASEKIFYV-HLA A0201 complex obtained by using BIAcore Evaluation software to calculate
Kinetic parameters are shown in Figure 12 and Figure 13, respectively. The pattern shows that
both the soluble TCR molecules and soluble single-chain TCR molecules obtained in the present
invention can bind to the KASEKIFYV-HLA A0201 complex. The above method was also used
to detect the binding activity of the soluble TCR molecule of the present invention to complexes
of several other unrelated antigen short peptides with HLA, and the results showed that the TCR
molecule of the present invention did not bind to other unrelated antigens.

Example 7. Activation experiment of T cell transduced with TCR of the present
invention (T2-loaded)

A lentiviral vector containing the TCR target gene of the present invention was constructed,
T cells were transduced, and an ELISPOT function verification assay was performed.

ELISPOT protocol

The following experiments were performed to prove the specific activation response of T
cells transduced by TCR of the present invention to target cells. The production of IFN-y
detected by ELISPOT assay was used as the readout value of T cell activation.

Reagents

Assay medium: 10%FBS(Gibco, Cat No., 16000-044), RPMI 1640(Gibco, Cat No.,
C11875500bt)

Washing buffer (PBST): 0.01M PBS/0.05% Tween 20

PBS (Gibco, Cat No., C10010500BT)

PVDF ELISPOT 96 well-plate (Merck Millipore., Cat No., MSIPS4510)

Human IFN-y ELISPOT PVDF-Enzyme Kit (BD) contains all the other necessary reagents
(capture and detection antibody, streptavidin-alkaline phosphatase and BCIP/NBT solution)

Method

Preparation of target cells

The target cells used in this experiment were T2 cells loaded with specific short peptides.
The target cells were prepared in the assay medium: the concentration of target cells wase
adjusted to 2.0 X 10° cells/ml, and 100 microliters was added into each well to obtain 2.0 < 10*

cells/well.
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Preparation of effector cells

The effector cells (T cells) in this experiment were CD8" T cells transfected with TCR of
the present invention specific to the SSX2 antigen short peptide, and CD8" T cells not
transfected with the TCR of the present invention from the same volunteer were used as the
control group. The T cells were stimulated with anti-CD3/CD28 coated beads (T cell
amplification, life technologies), transduced with a lentivirus carrying the gene of TCR specific
for SSX2 antigen short peptide, and expanded in 1640 medium containing 50 1U/ml of IL-2, 10
ng/ml of IL-7 and 10% FBS until 9-12 days after transduction. And then the cells were placed in
the assay medium and washed by centrifugation at 300 g at room temperature for 10 minutes.
The cells were then resuspended in the assay medium at 2 X the desired final concentration. The
negative control effector cells were treated in the same way.

Preparation of solution of short peptide

The corresponding short peptide was added to the corresponding target cell (T2) assay
group, so that the final concentration of the short peptide in the ELISPOT plate was 0.1 pg/ml,
and then serially diluted.

ELISPOT

According to the manufacturer’s instructions, the plate was prepared as follows: the
anti-human IFN-y capture antibody was diluted at 1:200 with 10 ml of sterile PBS per plate, and
then aliquots of 100 microliters of the diluted capture antibody were added to each well. The
plate was incubated overnight at 4°C. After incubation, the plate was washed to remove excess
of capture antibody. 100 pl/well of RPMI 1640 medium containing 10% FBS was added, and the
plate was incubated at room temperature for 2 hours to block the plate. Then the medium was
washed away from the plate, and any remaining wash buffer was removed by tapping the
ELISPOT plate on a piece of paper.

Then the assay components were added to the ELISPOT plate in the following order:

100 microliters of target cells 2*10° cells/ml (so as to get a total of about 2*10* target
cells/well).

100 microliters of effector cells (1*10* effector cells/well and SSX2 TCR positive T
cell/well).

All wells were prepared in duplicate.

Then the plate was incubated overnight (37°C/5% CO3). The next day, the medium was
discarded, the plate was washed twice with double distilled water, then washed for three times
with washing buffer, tapped on a piece of paper towel to remove residual washing buffer. Then
the detection antibody was diluted at 1:200 with PBS containing 10% FBS, and added to each
well at 100 pl/well. The plate was incubated at room temperature for 2 hours, then washed for 3
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times with washing buffer, and tapped on a piece of paper towel to remove excess washing
buffer.

Streptavidin-alkaline phosphatase was diluted at 1:100 with PBS containing 10% FBS, 100
microliters of diluted streptavidin-alkaline phosphatase was added to each well and the plate was
incubated at room temperature for 1 hour. Then the plate was washed for 4 times with washing
buffer, washed for 2 times with PBS, and tapped on a piece of paper towel to remove excess
washing buffer and PBS. After washing, 100 ul/well of BCIP/NBT solution provided in the kit
was added for development. During development, the plate was covered with a tin foil so as to
keeping it in darkness, and let it stand for 5-15 minutes. During this period, the spots of the
developing plate were routinely checked to determine the best time to quench the reaction. The
BCIP/NBT solution was removed and the plate was rinsed with double distilled water to quench
the development reaction, and spin-dried. Then the bottom of the well plate was removed, the
plate was dried at room temperature until each well was completely dry. And then the
immunospot plate counter (CTL, Cellular Technology Limited) was used to count the spots
formed on the bottom membrane of the plate.

Results

The ELISPOT experiment (as described above) was used to test the release of IFN-y from
the T cells transduced with the TCR of the present invention in response to target cells loaded
with SSX2 antigen short peptide KASEKIFYV. Graphpad prism6 was used to plot the number of
ELSPOT spots observed in each well.

The results of the experiment are shown in Figure 15. The T cells transduced with the TCR
of the present invention exhibit a good activation response to the target cells loaded with the
specific short peptide, while the T cells not transduced with the TCR of the present invention
exhibit basically no activation response to the corresponding target cells.

Example 8 Elispot activation experiment T cells transduced with the TCR of the
present invention on tumor cell lines

This example verifies that the effector cells transfected with the TCR of the present
invention have good specific activation effects on target cells. The function and specificity of the
TCR of the present invention in cells were detected by ELISPOT assay.

Methods for detecting cell function by using ELISPOT assays are well-known to a skilled
person. CD3-positive T cells isolated from the blood of healthy volunteers were transfected by
the TCR of the present inventions as effector cells. The control group was cells transfected with
other TCRs. The tumor cell lines used in this example are A375, K562-A2 (overexpressing HLA
A0201), SW620-SSX2 (overexpressing antigen SSX2), NCI-H1299-SSX2, K562-A11, SW620,
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among which, A375, K562-A2 and SW620-SSX2 were positive tumor cell lines, and
NCI-H1299-SSX2, K562-A11 and SW620 were negative tumor cell lines.

Firstly, an ELISPOT plate was prepared. The ELISPOT plate was ethanol-activated and
coated overnight at 4°C. On the first day of the experiment, the coating solution was removed,
the plate was washed, blocked, and incubated at room temperature for two hours. The blocking
solution was removed, and each component was added to the ELISPOT plate in duplicate:
20,000 target cells/well and 1,000 effector cells/well (calculated according to the positive rate of
transfection). The plate was incubated overnight (37°C, 5% CO,). On the second day of the
experiment, the plate was washed, subjected to secondary detection and color development, and
dried, and the spots formed on the membrane were counted using an immunospot plate reader
(ELISPOT READER system; AID20 Company).

The experimental results are shown in Figure 16. The effector cells transfected with the
TCR of the present invention have good specific activation effects on the target cells, while the
cells transfected with other TCRs have basically no activation effects on the positive target cells.

All documents mentioned in the present application are hereby incorporated by reference
in their entireties, as if each is incorporated by reference. In addition, it should be understood that
after reading the teachings of the present invention described above, a skilled person in the art
can make various changes or modifications of the invention, and these equivalent forms also fall
into the scope as defined by the appended claims of the present application.
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SEQUENCE LISTING

PatentIn version 3.5

112
PRT
Homo sapiens

1

Gly Glu Asp Val Glu

1

Ser

Tyr

Ile

Leu

65

Thr

Thr

Ser

Trp

Phe

50

Asn

Gly

Ala

<210>
<211>
<212>
<213>

<400>

Val Ile Asn
20

Tyr Lys Gln
35

Ser Asn Met

Lys Lys Asp

Asp Ser Ala
85

Leu Ile Phe
100

336
DNA
Homo sapiens

Gln

Cys

Glu

Asp

Lys

70

Ile

Gly

Ser

Thr

Pro

Met

55

His

Tyr

Lys

Leu

Tyr

Gly

40

Lys

Leu

Phe

Gly

Phe

Thr

25

Ala

Gln

Ser

Cys

Thr
105

Leu Ser
10

Asp Ser

Gly Leu

Asp Gln

Leu Arg

75

Ala Glu
90

Thr Leu
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LTD.

Val

Ser

Gln

Arg

60

Ile

Pro

Ser

Arg

Ser

Leu

45

Leu

Ala

Asn

Val

Glu

Thr

30

Leu

Thr

Asp

Gln

Ser
110

Gly

15

Tyr

Thr

Val

Thr

Ala

95

Ser

Asp

Leu

Tyr

Leu

Gln

80

Gly

Asn



ggagaggatg
aactgcactt
gcaggtctcc
ctcactgttc

actggggact

tttgggaagg

<210> 3
<211> 252
<212> PRT
<213> Homo

<400> 3

Gly Glu Asp
1

Ser Ser Val

Tyr Trp Tyr

35

Ile Phe

50

Ser

Leu Asn

65

Lys

Thr Gly Asp

Thr Ala Leu

Ile Gln Asn

115

Ser Asp Lys

tggagcagag
acacagacag
agttgctgac
tattgaataa
cagctatcta

gaaccacctt

sapiens

Val

Glu

Ile
20

Asn

Lys Gln

Asn Met

Lys

Asp

Ala
85

Ser

Ile
100

Phe
Pro

Asp

Ser Val

Gln

Cys

Glu

Asp

Lys

70

Ile

Gly

Pro

Cys

tcttttectg
ctcctccacc
gtatattttt
aaaggataaa
cttctgtgca

atcagtgagt

Ser Leu

Thr Tyr

Pro Gly

40

Met
55

Lys

His Leu

Tyr Phe

Lys Gly

Ala Vval

120

Leu Phe

agtgtccgag
tacttatact
tcaaatatgg
catctgtctc
gaacctaacc

tccaat

Phe Leu Ser

10

Thr
25

Asp Ser

Ala Gly Leu

Gln Asp Gln

Ser Leu Arg

75

Ala
90

Cys Glu

Thr
105

Thr Leu

Tyr Gln Leu

Thr Asp Phe

Page 2

agggagacag
ggtataagca
acatgaaaca
tgcgcattgc

aggcaggaac

Val Arg Glu

Thr
30

Ser Ser

Gln Leu Leu

45

Arg Leu Thr

60

Ile Ala Asp

Pro Asn Gln

Val Ser

110

Ser

Arg Asp Ser

125

Asp Ser Gln

ctccgttata
agaacctgga
agaccaaaga
agacacccag

tgctctgatc

Gly
15

Asp

Leu

Thr Tyr

Val Leu

Thr Gln

80

Ala
95

Gly
Ser Asn
Ser

Lys

Thr Asn

60

120

180

240

300

336



130

Val
145

Ser Gln

Leu Asp Met

Ser Asn Lys

Ile Glu

195

Pro

Leu Val

210

Lys

Asn Leu Ser

225

Phe Asn Leu

<210> 4

<211> 756
<212> DNA
<213> Homo

<400> 4
ggagaggatg

aactgcactt
gcaggtctcc
ctcactgttc
actggggact
tttgggaagg
taccagctga

tctcaaacaa

Ser Lys

Asp

135

Ser Asp

150

Ser
165

Arg

Ser
180

Asp
Asp Thr
Glu

Lys

Val Ile

Met

Phe

Phe

Ser

Gly

Asp Phe

Ala Cys

Phe Pro

200

Phe
215

Glu

Phe Arg

230

Met
245

Leu

sapiens

tggagcagag
acacagacag
agttgctgac
tattgaataa
cagctatcta
gaaccacctt
gagactctaa

atgtgtcaca

Thr

Leu Arg

tcttttcectg
ctcctccacc
gtatattttt
aaaggataaa
cttctgtgca
atcagtgagt
atccagtgac

aagtaaggat

Val Ile

155

Tyr

Ser Asn

170

Lys

Ala
185

Asn Ala

Ser Pro Glu

Thr Asp Thr

Ile Leu

235

Leu

Leu Trp Ser

250

agtgtccgag
tacttatact
tcaaatatgg
catctgtctc
gaacctaacc
tccaatatcc
aagtctgtct

tctgatgtgt

Page 3

140

Thr Asp Lys

Ser Ala Val

Phe Asn

190

Asn

Ser
205

Ser Cys

Asn Leu Asn

220

Leu Lys Val

Ser

agggagacag
ggtataagca
acatgaaaca
tgcgcattgc
aggcaggaac
agaaccctga
gcctattcac

atatcacaga

Val
160

Thr

Ala
175

Trp

Ser Ile

Asp Val

Phe Gln

Ala Gly

240

ctccgttata
agaacctgga
agaccaaaga
agacacccag
tgctctgatc
ccctgecgtg
cgattttgat

caaaactgtg

60

120

180

240

300

360

420

480



ctagacatga

gactttgcat gtgcaaacgc

agcccagaaa
ctaaactttc
tttaatctgc
<210> 5
<211> 113
<212> PRT
<213> Homo
<400> 5
Asn Ala Gly
1

Gln Ser Met

Tyr Trp Tyr
35

Ser Val Gly
50

Asn Val Ser
65

Ala Ala Pro

Glu Asp Pro

Thr

<210> 6
<211> 339
<212> DNA

ggtctatgga

gttcctgtga
aaaacctgtc

tcatgacgct

sapiens

Val

Thr

20

Arg

Glu

Arg

Ser

Tyr
100

Thr

Leu

Gln

Gly

Leu

Gln

85

Glu

Gln

Leu

Asp

Thr

Lys

70

Thr

Gln

Thr

Cys

Pro

Thr

55

Lys

Ser

Tyr

Pro

Ala

Gly

40

Ala

Gln

Val

Phe

Lys

Gln

25

Met

Asn

Tyr

Gly
105

gcggetgtgg tccagc

Phe

10

Asp

Gly

Gly

Phe

Phe

90

Pro

Page 4

cttcaagagc aacagtgctg
cttcaacaac agcattattc
tgtcaagctg gtcgagaaaa

agtgattggg ttccgaatcc

Arg

Met

Leu

Glu

Leu

75

Cys

Gly

tggcctggag

cagaagacac

gctttgaaac

tcctcctgaa

Val

Asn

Arg

Val

60

Leu

Ala

Thr

Leu

His

Leu

45

Pro

Gly

Ser

Arg

Lys

Glu

30

Ile

Asp

Leu

Ser

Leu
110

caacaaatct
cttcttcccc

agatacgaac

agtggceggg

Thr Gly
15

Tyr Met

His Tyr

Gly Tyr

Glu Ser
80

Ser Leu
95

Thr Val

540

600

660

720

756



<213> Homo

<400> 6
aatgctggtg

ctgctgtgtg
atggggctga
cctgatggct
gctgctcect
gagcagtact
<210> 7
<211> 292
<212> PRT
<213> Homo
<400> 7
Asn Ala Gly

1

Gln Ser Met

Tyr Trp Tyr

35

Val
50

Ser Gly

Asn Val Ser

65

Ala Ala Pro

Glu Asp Pro

Thr Glu Asp

115

sapiens

tcactcagac
cccaggatat
ggctgattca
acaatgtctc

cccaaacatc

tcgggeeggg

sapiens

Val

Thr

Thr
20

Leu

Arg Gln

Glu Gly
Leu

Arg

Gln
85

Ser

Tyr Glu

100

Leu Lys

Gln

Leu

Asp

Thr

Lys

70

Thr

Gln

Asn

cccaaaattc
gaaccatgaa
ttactcagtt
cagattaaaa
tgtgtacttc

caccaggctc

Thr Pro

Cys Ala

Pro Gly

40

Thr
55

Ala

Lys Gln

Ser Val

Tyr Phe

Val Phe

120

cgggtcctga
tacatgtact
ggtgagggta
aaacagaatt
tgtgccagca

acggtcaca

Phe
10

Lys Arg

Gln
25

Asp Met

Met Gly Leu

Lys Gly Glu

Phe Leu

75

Asn

Phe
90

Tyr Cys

Gly Pro

105

Gly

Pro Pro Glu
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agacaggaca gagcatgaca
ggtatcgaca agacccaggc
caactgccaa aggagaggtc

tcctgctggg gttggagtcg

gttccctgga ggacccctac

Val Thr

15

Leu Lys Gly

Glu
30

Asn His Tyr Met

Leu Ile His

45

Arg Tyr

Val
60

Pro Asp Gly Tyr

Glu Ser

80

Leu Gly Leu

Ala Ser Leu

95

Ser Ser

Thr Leu Thr Val

110

Arg

Val Ala

125

Val Phe Glu

60

120

180

240

300

339



Pro Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys
130 135 140

Leu Ala Thr Gly Phe Tyr Pro Asp His Val Glu Leu Ser Trp Trp Val
145 150 155 160

Asn Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu
165 170 175

Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg
180 185 190

Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg
195 200 205

Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln
210 215 220

Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly
225 230 235 240

Arg Ala Asp Cys Gly Phe Thr Ser Glu Ser Tyr Gln Gln Gly Val Leu
245 250 255

Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr
260 265 270

Ala Val Leu Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys
275 280 285

Asp Ser Arg Gly
290

<210> 8

<211> 876

<212> DNA

<213> Homo sapiens

<400> 8
aatgctggtg tcactcagac cccaaaattc cgggtcctga agacaggaca gagcatgaca
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ctgctgtgtg
atggggctga
cctgatggct
gctgctcect
gagcagtact
ccacccgagg
acactggtgt
aatgggaagg
gccctcaatg
cagaaccccc
gagtggaccc
agagcagact
ctctatgaga
ctgatggcca
<210> 9

<211> 9

<212> PRT

<213>

<400> 9

cccaggatat
ggctgattca
acaatgtctc
cccaaacatc
tcgggeeggg
tcgctgtgtt
gcctggcecac
aggtgcacag
actccagata
gcaaccactt
aggatagggc
gtggcttcac
tcttgctagg

tggtcaagag

Homo sapiens

gaaccatgaa
ttactcagtt
cagattaaaa
tgtgtacttc
caccaggctc
tgagccatca
aggcttctac
tggggtcagc
ctgcctgagc
ccgctgtcaa
caaacctgtc
ctccgagtct
gaaggccacc

aaaggattcc

tacatgtact
ggtgagggta
aaacagaatt
tgtgccagca
acggtcacag
gaagcagaga
cccgaccacg
acagacccgc
agccgcctga
gtccagttct
acccagatcg
taccagcaag
ttgtatgccg

agaggc

Lys Ala Ser Glu Lys Ile Phe Tyr Val

1

<210> 10
<211> 6

<212> PRT
<213>

<400> 10

5

Homo sapiens

Asp Ser Ser Ser Thr Tyr

1

<216> 11

5
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ggtatcgaca
caactgccaa
tcctgctggg
gttccctgga
aggacctgaa
tctcccacac
tggagctgag
agcccctcaa
gggtctcggce
acgggctctc
tcagcgccga
gggtcctgtc

tgctggtcag

agacccaggc
aggagaggtc
gttggagtcg
ggacccctac
aaacgtgttc
ccaaaaggcc
ctggtggetsg
ggagcagccc
caccttctgg
ggagaatgac
ggcctggggt
tgccaccatc

tgccctcgtg

120

180

240

300

360

420

480

540

600

660

720

780

840

876



<211> 7
<212> PRT
<213> Homo sapiens

<400> 11

Ile Phe Ser Asn Met Asp Met
1 5

<210> 12

<211> 11

<212> PRT

<213> Homo sapiens

<400> 12

Ala Glu Pro Asn Gln Ala Gly Thr Ala Leu Ile
1 5 10

<210> 13

<211> 5

<212> PRT

<213> Homo sapiens

<400> 13

Met Asn His Glu Tyr
1 5

<210> 14

<211> 6

<212> PRT

<213> Homo sapiens

<400> 14
Ser Val Gly Glu Gly Thr
1 5

<210> 15

<211> 12

<212> PRT

<213> Homo sapiens

<400> 15

Ala Ser Ser Ser Leu Glu Asp Pro Tyr Glu Gln Tyr
1 5 10
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<210> 16

<211> 18

<212> DNA

<213> Homo sapiens

<400> 16
gacagctcct ccacctac

<210> 17

<211> 21

<212> DNA

<213> Homo sapiens

<400> 17
attttttcaa atatggacat g

<210> 18

<211> 33

<212> DNA

<213> Homo sapiens

<400> 18

gcagaaccta accaggcagg aactgctctg atc

<210> 19

<211> 15

<212> DNA

<213> Homo sapiens

<400> 19
atgaaccatg aatac

<210> 20

<211> 18

<212> DNA

<213> Homo sapiens

<400> 20
tcagttggtg agggtaca

<210> 21

<211> 36

<212> DNA

<213> Homo sapiens

<400> 21

gccagcagtt ccctggagga cccctacgag cagtac

18

21

33

15

18

36



<210>
<211>
<212>
<213>

<400>

22
273
PRT
Homo

22

Met Lys Thr

1

Asp

Val

Ser

Gln

65

Arg

Ile

Pro

Ser

Arg

145

Asp

Cys

Arg

Ser

50

Leu

Leu

Ala

Asn

Val

130

Asp

Ser

Met

Glu

35

Thr

Leu

Thr

Asp

Gln

115

Ser

Ser

Gln

sapiens

Phe

Ser

20

Gly

Tyr

Thr

Val

Thr

100

Ala

Ser

Lys

Thr

Ala

Arg

Asp

Leu

Tyr

Leu

85

Gln

Gly

Asn

Ser

Asn
165

Gly

Gly

Ser

Tyr

Ile

70

Leu

Thr

Thr

Ile

Ser

150

Val

Phe

Glu

Ser

Trp

55

Phe

Asn

Gly

Ala

Gln

135

Asp

Ser

Ser

Asp

Val

40

Tyr

Ser

Lys

Asp

Leu

120

Asn

Lys

Gln

Phe

Val

25

Ile

Lys

Asn

Lys

Ser

105

Ile

Pro

Ser

Ser

Leu

10

Glu

Asn

Gln

Met

Asp

90

Ala

Phe

Asp

Val

Lys
170
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Phe

Gln

Cys

Glu

Asp

75

Lys

Ile

Gly

Pro

Cys

155

Asp

Leu

Ser

Thr

Pro

60

Met

His

Tyr

Lys

Ala

140

Leu

Ser

Trp

Leu

Tyr

45

Gly

Lys

Leu

Phe

Gly

125

Val

Phe

Asp

Leu

Phe

30

Thr

Ala

Gln

Ser

Cys

110

Thr

Tyr

Thr

Val

Gln

15

Leu

Asp

Gly

Asp

Leu

95

Ala

Thr

Gln

Asp

Tyr
175

Leu

Ser

Ser

Leu

Gln

80

Arg

Glu

Leu

Leu

Phe

160

Ile



Thr Asp Lys

Ala Vval

195

Ser

Phe Asn Asn

210

Ser Ser

225

Cys

Asn Leu Asn

Leu Lys Val

Ser

<210>
<211>
<212>
<213>

23
819
DNA
Homo

<400> 23
atgaagacat

agaggagagg
ataaactgca
ggagcaggtc
agactcactg
cagactgggg
atctttggga
gtgtaccagc
gattctcaaa

gtgctagaca

Thr
180

Val

Ala Trp

Ser Ile

Asp Val

Leu

Ser

Ile

Lys

Asp Met

Asn Lys

200

Pro Glu

215

Leu Val

230

Phe Gln

245

Ala
260

Gly

sapiens

ttgctggatt
atgtggagca
cttacacaga
tccagttgct
ttctattgaa
actcagctat
agggaaccac
tgagagactc
caaatgtgtc

tgaggtctat

Asn

Phe

Leu Ser

Asn Leu

ttcgttcctg
gagtcttttc
cagctcctcc
gacgtatatt
taaaaaggat
ctacttctgt
cttatcagtg
taaatccagt
acaaagtaag

ggacttcaag

Arg Ser Met

185

Ser Asp Phe

Asp Thr Phe

Glu Ser

235

Lys

Val Ile

250

Gly

Leu Met Thr

265

tttttgtggc
ctgagtgtcc
acctacttat
ttttcaaata
aaacatctgt
gcagaaccta
agttccaata
gacaagtctg
gattctgatg

agcaacagtg

Page 11

Asp Phe Lys

190

Ala Cys Ala

205

Phe
220

Pro Ser

Phe Glu Thr

Phe Arg Ile

Leu
270

Leu Arg

tgcagctgga
gagagggaga
actggtataa
tggacatgaa
ctctgcgcat
accaggcagg
tccagaaccc
tctgcctatt
tgtatatcac

ctgtggcctg

Ser Asn

Asn Ala

Pro Glu

Thr
240

Asp

Leu Leu

255

Trp Ser

ctgtatgagt
cagctccgtt
gcaagaacct
acaagaccaa
tgcagacacc
aactgctctg
tgaccctgcc
caccgatttt
agacaaaact

gagcaacaaa

60

120

180

240

300

360

420

480

540

600



tctgactttg catgtgcaaa cgccttcaac aacagcatta ttccagaaga caccttcttc
cccagcccag aaagttcctg tgatgtcaag ctggtcgaga aaagctttga aacagatacg

aacctaaact ttcaaaacct gtcagtgatt gggttccgaa tcctcctcct gaaagtggcc

gggtttaatc tgctcatgac gctgcggectg tggtccagc

<210>
<211>
<212>
<213>

<400>

24
311
PRT
Homo

24

Met Ser Leu

1

Gly

Lys

Glu

Ile

65

Asp

Leu

Ser

Leu

Pro

Thr

Tyr

50

His

Gly

Glu

Ser

Thr
130

Val

Gly

35

Met

Tyr

Tyr

Ser

Leu

115

Val

sapiens

Gly

Asn

20

Gln

Tyr

Ser

Asn

Ala

100

Glu

Thr

Leu

Ala

Ser

Trp

Val

Val

85

Ala

Asp

Glu

Leu

Gly

Met

Tyr

Gly

70

Ser

Pro

Pro

Asp

Cys

Val

Thr

Arg

55

Glu

Arg

Ser

Tyr

Leu
135

Cys

Thr

Leu

40

Gln

Gly

Leu

Gln

Glu

120

Lys

Gly

Gln

25

Leu

Asp

Thr

Lys

Thr

105

Gln

Asn

Ala Phe

10

Thr Pro

Cys Ala

Pro Gly

Thr Ala

75

Lys Gln

90

Ser Val

Tyr Phe

Val Phe

Page 12

Ser

Lys

Gln

Met

60

Lys

Asn

Tyr

Gly

Pro
140

Leu

Phe

Asp

45

Gly

Gly

Phe

Phe

Pro

125

Pro

Leu

Arg

30

Met

Leu

Glu

Leu

Cys

110

Gly

Glu

Trp

15

Val

Asn

Arg

Val

Leu

95

Ala

Thr

Val

Ala

Leu

His

Leu

Pro

80

Gly

Ser

Arg

Ala

660

720

780

819



Val Phe Glu Pro Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr
145 150 155 160

Leu Val Cys Leu Ala Thr Gly Phe Tyr Pro Asp His Val Glu Leu Ser
165 170 175

Trp Trp Val Asn Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro
180 185 190

Gln Pro Leu Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu
195 200 205

Ser Ser Arg Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn
210 215 220

His Phe Arg Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu
225 230 235 240

Trp Thr Gln Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu
245 250 255

Ala Trp Gly Arg Ala Asp Cys Gly Phe Thr Ser Glu Ser Tyr Gln Gln
260 265 270

Gly Val Leu Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala
275 280 285

Thr Leu Tyr Ala Val Leu Val Ser Ala Leu Val Leu Met Ala Met Val
290 295 300

Lys Arg Lys Asp Ser Arg Gly
305 310

<210> 25

<211> 933

<212> DNA

<213> Homo sapiens

<400> 25
atgagcctcg ggctcctgtg ctgtggggee ttttctctcc tgtgggcagg tccagtgaat 60
gctggtgtca ctcagacccc aaaattccgg gtcctgaaga caggacagag catgacactg 120
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ctgtgtgccc
gggctgaggc
gatggctaca
gctccctcecc
cagtacttcg
cccgaggtcg
ctggtgtgcc
gg8gaaggags
ctcaatgact
aacccccgcea
tggacccagg
gcagactgtg
tatgagatct
atggccatgg
<210>
<211>

<212>
<213>

26
205
PRT
Homo

<400> 26
Gly Glu Asp
1

Ser Ser Val

Tyr Trp Tyr
35

Ile Phe Ser
50

aggatatgaa
tgattcatta
atgtctccag
aaacatctgt
ggcegggeac
ctgtgtttga
tggccacagg
tgcacagtgg
ccagatactg
accacttccg
atagggccaa
gcttcacctc
tgctagggaa

tcaagagaaa

sapiens

ccatgaatac
ctcagttggt
attaaaaaaa
gtacttctgt
caggctcacg
gccatcagaa
cttctacccc
ggtcagcaca
cctgagcagc
ctgtcaagtc
acctgtcacc
cgagtcttac
ggccaccttg

ggattccaga

atgtactggt
gagggtacaa
cagaatttcc
gccagcagtt
gtcacagagg
gcagagatct
gaccacgtgg
gacccgcagc
cgcctgaggg
cagttctacg
cagatcgtca
cagcaaggesg
tatgccgtgc

g8¢

Val Glu Gln Ser Leu Phe Leu Ser

5

10

Ile Asn Cys Thr Tyr Thr Asp Ser

20

25

Lys Gln Glu Pro Gly Ala Gly Leu

40

Asn Met Asp Met Lys Gln Asp Gln

55

Page 14

atcgacaaga

ctgccaaagg

tgctggggtt

ccctggagga

acctgaaaaa
cccacaccca
agctgagctg
ccctcaagga
tctcggccac
ggctctcgga
gcgecgaggc
tcctgtctgce

tggtcagtgc

cccaggcatg
agaggtccct
ggagtcggct
cccctacgag
cgtgttccca
aaaggccaca
gtgggtgaat
gcagcccgec
cttctggcag
gaatgacgag
ctggggtaga
caccatcctc

cctcgtgcectg

Val Arg Glu Gly Asp

15

Ser Ser Thr Tyr Leu

30

Gln Leu Leu Thr Tyr

45

Arg Leu Thr Val Leu

60

180

240

300

360

420

480

540

600

660

720

780

840

900

933



Leu Asn

65

Lys

Thr Gly Asp

Thr Ala Leu

Ile Gln Asn

115

Ser Asp

130

Lys

Val
145

Ser Gln

Leu Asp Met

Ser Asn Lys

Ile Glu

195

Pro

<210>
<211>
<212>
<213>

27
615
DNA
Homo

<400> 27
ggtgaagatg

aactgcactt
gcaggtctcc
ctcactgttc

actggggact

tttgggaagg

Lys Asp

Ala
85

Ser

Ile
100

Phe
Pro Asp
Val

Ser

Ser Lys

Lys

70

Ile

Gly

Pro

Cys

Asp

His Leu

Tyr Phe

Lys Gly

Ala Vval

120

Leu Phe

135

Ser Asp

150

Ser
165

Ser
180

Asp

Asp Thr

sapiens

ttgaacagag
acacagacag
agttgctgac
tattgaataa
cagctatcta

gaaccacctt

Met

Phe

Phe

Asp Phe

Ala Cys

Phe Pro

200

tcttttectg
ctcctccacc
gtatattttt
aaaggataaa
cttctgtgca

atcagtgagt

Ser Leu Arg

75

Ala
90

Cys Glu

Thr
105

Thr Leu

Tyr Gln Leu

Thr Asp Phe

Val Ile

155

Tyr

Ser Asn

170

Lys

Ala
185

Asn Ala

Ser Pro Glu

agtgtccgag
tacttatact
tcaaatatgg
catctgtctc
gaacctaacc

tccaatatcc

Page 15

Ile Ala Asp

Pro Asn Gln

Val Ser

110

Ser

Arg Asp Ser

125

Asp Ser Gln

140

Thr Asp Lys

Ser Ala Val

Phe Asn

190

Asn

Ser
205

Ser

agggagacag
ggtataagca
acatgaaaca
tgcgcattgc
aggcaggaac

agaaccctga

Thr Gln

80

Ala
95

Gly

Ser Asn

Lys Ser

Thr Asn

Val
160

Cys

Ala
175

Trp

Ser Ile

ctccgttata
agaacctgga
agaccaaaga
agacacccag
tgctctgatc

ccctgecegtg

60

120

180

240

300

360



taccagctga
tctcaaacaa
ctagacatga
gactttgcat
agcccagaaa
<210>
<211>

<212>
<213>

28

243
PRT
Homo
<400> 28

Asn Ala Gly
1

Gln Ser Met

Tyr Trp Tyr

35

Val
50

Ser Gly

Asn Val Ser

65

Ala Ala Pro

Glu Asp Pro

Thr Glu Asp

115

Ser Glu

130

Pro

gagactctaa
atgtgtcaca
ggtctatgga
gtgcaaacgc

gttcc

sapiens

Val Thr G1

Thr
20

Leu Le

Arg Gln As

Glu Gly Th

Arg Leu Ly

70

Gln
85

Ser Th

Tyr Glu Gl

100

Leu Lys As

Ala Glu Il

gtcgagtgac aagtctgtct

aagtaaggat tctgatgtgt

cttcaagagc aacagtgctg

cttcaacaac agcattattc

n Thr

u Cys

p Pro

r Thr

55

s Lys

r Ser

n Tyr

n Val

e Ser
135

Pro

Ala

Gly

40

Ala

Gln

Val

Phe

Phe

120

His

Lys

Gln

25

Met

Lys

Asn

Tyr

Gly

105

Pro

Thr

Phe
10

Arg

Asp Met

Gly Leu

Gly Glu

Phe Leu

75

Phe
90

Cys
Pro Gly
Glu

Pro

Gln Lys

Page 16

gcctattcac
atatcacaga
tggcctggag

cagaagacac

Val Leu Lys

Glu
30

Asn His

Leu Ile

45

Arg

Val
60

Pro Asp

Leu Gly Leu

Ala Ser Ser

Thr Leu

110

Arg

Val Ala

125

Val

Ala
140

Thr Leu

cgattttgat
caaatgtgtg
caacaaatct

cttcttcccc

Thr
15

Gly

Tyr Met

His Tyr

Gly Tyr

Glu Ser

80

Ser Leu

95

Thr Val

Phe

Glu

Val Cys

420

480

540

600

615



Leu Ala Thr

145

Asn Gly Lys

Lys Glu Gln

Val
195

Leu Arg

Gln
210

Cys Val

Asp Ala

225

Arg

Arg Ala Asp

<210>
<211>
<212>
<213>

29
729
DNA
Homo

<400> 29
aacgcgggcg

ctgctgtgtg
atggggctga
cctgatggct
gctgctccct
gagcagtact
ccacccgagg

acactggtgt

aatgggaagg

Gly Phe

Tyr

Pro Asp

150

Glu Vval

165

Pro Ala

180

Ser Ala

Gln

Phe

Lys Pro

His

Leu

Thr

Tyr

Val

Ser Gly

Asn Asp

Phe Trp

200

Gly Leu

215

Thr Gln

230

sapiens

tgacccagac
cccaggatat
ggctgattca
acaatgtctc
cccaaacatc
tcgggeeggg
tcgctgtgtt
gcctggccac

aggtgcacag

cccaaaattc
gaaccatgaa
ttactcagtt
cagattaaaa
tgtgtacttc
caccaggctc
tgagccatca

cggtttctac

tggggtctec

Val Glu

155

His

Val Cys Thr

170

Ser
185

Arg Tyr

Gln Asp Pro

Ser Glu Asn

Ile Val Ser

235

cgggtcctga
tacatgtact
ggtgagggta
aaacagaatt
tgtgccagca
acggtcacag
gaagcagaga
cccgaccacg

acagacccgc

Page 17

Leu Ser Trp

Asp Pro Gln

Ala Ser

190

Leu

Asn His

205

Arg

Asp Glu

220

Trp

Ala Glu Ala

agacaggaca
ggtatcgaca
caactgccaa
tcctgectggg
gttccctgga
aggacctgaa
tctcccacac
tggagctgag

agcccctcaa

Val
160

Trp

Pro Leu

175

Ser Arg

Phe Arg

Thr Gln

Trp Gly

240

gagcatgaca
agacccaggc
aggagaggtc
gttggagtcg
ggacccctac
aaacgtgttc
ccaaaaggcc
ctggtgggts

ggagcagccc

60

120

180

240

300

360

420

480

540



gccctcaatg actccagata cgctctgagec agccgcctga gggtctcgge caccttctgg
caggaccccc gcaaccactt ccgctgtcaa gtccagttct acgggctctc ggagaatgac

gagtggaccc aggatagggc caaacccgtc acccagatcg tcagcgccga ggecctggggt

agagcagac

<210>
<211>
<212>
<213>

<400>

30
249
PRT
Homo

30

Met Gly Glu

1

Asp

Leu

Tyr

Ser

65

Gln

Gly

Gly

Gly

Ser

Tyr

Ile

50

Leu

Pro

Thr

Gly

Gly
130

Val

Trp

35

Phe

Asn

Gly

Ala

Gly

115

Ser

sapiens

Asp Val

Ser Ile

20

Tyr Lys

Ser Asn

Lys Lys

Asp Ser

85

Leu Ile
100

Ser Glu

Glu Gly

Glu

Asn

Gln

Met

Asp

70

Ala

Phe

Gly

Gly

Gln

Cys

Glu

Asp

55

Lys

Ile

Gly

Gly

Thr
135

Ser

Thr

Pro

40

Met

His

Tyr

Lys

Gly

120

Gly

Leu

Tyr

25

Lys

Leu

Phe

Gly

105

Ser

Asn

Ser

10

Thr

Ala

Gln

Ser

Cys

90

Thr

Glu

Ala

Page 18

Leu

Asp

Gly

Asp

Leu

75

Ala

Thr

Gly

Gly

Ser

Ser

Leu

Gln

60

Arg

Glu

Leu

Gly

Val
140

Val

Ser

Gln

45

Arg

Ile

Pro

Ser

Gly

125

Thr

Arg

Ser

30

Leu

Leu

Glu

Asn

Val

110

Ser

Gln

Glu

15

Thr

Leu

Thr

Asp

Gln

95

Ser

Glu

Thr

Gly

Tyr

Thr

Val

Val

80

Ala

Ser

Gly

Pro

600

660

720

729



Lys Leu

145

Tyr

Gln Asp Met

Gln Gly Leu

Glu
195

Lys Gly

Phe
210

Asn Leu

Tyr Phe

225

Cys

Gly Pro Gly

<210>
<211>
<212>
<213>

31
747
DNA
Homo

<400> 31
atgggtgags

atcaactgca
ggtgegggcec
cgtctgaccg
cagccgggtg
atctttggta
agcgaaggtg
acccagaccc
caagacatga

ctgatccact

Ser Val

Lys

Thr Gly

150

His
165

Asn

Arg Leu

180

Val Pro

Leu

Gly

Ala Ser

Glu

Ile

Asp

Ile

Ser

Tyr Met

His Tyr

Arg Tyr

200

Glu
215

Ser

Ser Leu

230

Thr Arg

245

sapiens

acgtggaaca
cctacaccga
tgcaactgct
tgagcctgaa
atagcgcgat
aaggtaccac
gcggtagcega
cgaagtatct

accacgagta

atagcgtggg

Leu

Thr Val

gagcctgagc
tagcagcagc
gacctatatt
caagaaagat
ttacttctgc
cctgagcgtg
gggcggtggc
gagcgtgaaa
tatgtactgg

cgagggtacc

Gln Val

155

Ser

Tyr Trp

170

Tyr

Ser Val

185

Gly

Asn Val Ser

Val Thr Pro

Glu Pro

235

Asp

Thr

ctgagcgtgc
acctacctgt
ttcagcaaca
aaacacctga
gcggaaccga
agcagcggtg
agcgaaggtg
accggtcaaa

tatcgtcagg

accgcgaagg

Page 19

Thr Leu Gln

Arg Gln Asp

Glu Thr

190

Gly

Leu
205

Arg Lys

Ser Thr

220

Asp

Tyr Glu Gln

gtgagggcga
attggtacaa
tggacatgaa
gcctgcegtat
accaagcggg
gcggtagcega
gcaccggtaa
gcgttaccct
atccgggtca

gtgaagtgcc

Ala
160

Cys

Pro
175

Gly

Thr Ala

Lys Gln

Ser Val

Phe
240

Tyr

cagcgttagc
gcaggaaccg
gcaggatcaa
cgaggacgtt
taccgcgctg
gggcggtggc
cgegggegtt
gcagtgcgceg
aggcctgcegt

ggaccgttat

60

120

180

240

300

360

420

480

540

600



aacgttagcc gtctgaagaa acagaacttt ctgctgggta ttgaaagcgt gaccccgagc
gacaccagcg tttacttctg cgcgagcagc agcctggagg atccgtacga acaatatttt

ggtccgggca cccgtctgac cgttacc

<210> 32

<211> 112

<212> PRT

<213> Homo sapiens

<400> 32

Met Gly Glu Asp Val Glu Gln Ser Leu Ser Leu Ser Val Arg Glu Gly
1 5 10 15

Asp Ser Val Ser Ile Asn Cys Thr Tyr Thr Asp Ser Ser Ser Thr Tyr
20 25 30

Leu Tyr Trp Tyr Lys Gln Glu Pro Gly Ala Gly Leu Gln Leu Leu Thr
35 40 45

Tyr Ile Phe Ser Asn Met Asp Met Lys Gln Asp Gln Arg Leu Thr Val
50 55 60

Ser Leu Asn Lys Lys Asp Lys His Leu Ser Leu Arg Ile Glu Asp Val
65 70 75 80

Gln Pro Gly Asp Ser Ala Ile Tyr Phe Cys Ala Glu Pro Asn Gln Ala
85 90 95

Gly Thr Ala Leu Ile Phe Gly Lys Gly Thr Thr Leu Ser Val Ser Ser
100 105 110

<210> 33

<211> 336

<212> DNA

<213> Homo sapiens

<400> 33
atgggtgagg acgtggaaca gagcctgagc ctgagcgtgc gtgagggcga cagcgttagc

atcaactgca cctacaccga tagcagcagc acctacctgt attggtacaa gcaggaaccg

Page 20

660

720

747

60

120



ggtgcgggecc tgcaactgect gacctatatt ttcagcaaca tggacatgaa gcaggatcaa 180

cgtctgaccg tgagcctgaa caagaaagat aaacacctga gcctgcgtat cgaggacgtt 240
cagccgggtg atagcgcgat ttacttctgc gcggaaccga accaagcggg taccgcgcetg 300
atctttggta aaggtaccac cctgagcgtg agcagc 336
<210> 34
<211> 113
<212> PRT

<213> Homo sapiens

<400> 34

Asn Ala Gly Val Thr Gln Thr Pro Lys Tyr Leu Ser Val Lys Thr Gly
1 5 10 15

Gln Ser Val Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Pro Gly Gln Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Val Gly Glu Gly Thr Thr Ala Lys Gly Glu Val Pro Asp Arg Tyr
50 55 60

Asn Val Ser Arg Leu Lys Lys Gln Asn Phe Leu Leu Gly Ile Glu Ser
65 70 75 80

Val Thr Pro Ser Asp Thr Ser Val Tyr Phe Cys Ala Ser Ser Ser Leu
85 90 95

Glu Asp Pro Tyr Glu Gln Tyr Phe Gly Pro Gly Thr Arg Leu Thr Val
100 105 110

Thr

<210> 35

<211> 339

<212> DNA

<213> Homo sapiens

Page 21



<400> 35
aacgcgggcg ttacccagac cccgaagtat

ctgcagtgcg cgcaagacat gaaccacgag
caaggcctgc gtctgatcca ctatagcecgtg
ccggaccgtt ataacgttag ccgtctgaag
gtgaccccga gcgacaccag cgtttacttc
gaacaatatt ttggtccggg cacccgtctg
<210> 36
<211> 24
<212> PRT

<213> Homo sapiens

<400> 36

ctgagcgtga aaaccggtca aagcgttacc
tatatgtact ggtatcgtca ggatccgggt
ggcgagggta ccaccgcgaa gggtgaagtg
aaacagaact ttctgctggg tattgaaagc
tgcgcgagca gcagcctgga ggatccgtac

accgttacc

Gly Gly Gly Ser Glu Gly Gly Gly Ser Glu Gly Gly Gly Ser Glu Gly

1 5

Gly Gly Ser Glu Gly Gly Thr Gly
20

<210> 37

<211> 72

<212> DNA

<213> Homo sapiens

<400> 37
ggtggcggta gcgagggegg tggcagcegaa

ggtggcaccg gt

10 15

ggtggcggta gcgagggegg tggcagcegaa

Page 22

60

120

180

240
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339

60

72
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Claims

1. AT cell receptor (TCR), wherein the TCR can bind to the KASEKIFYV-HLA A0201
complex; and preferably, the TCR comprises a TCR a chain variable domain and a TCR 3 chain
variable domain, wherein the amino acid sequence of CDR3 of the TCR a chain variable domain
is AEPNQAGTALI (SEQ ID NO: 12); and/or the the amino acid sequence of CDR3 of the TCR
B chain variable domain is ASSSLEDPYEQY (SEQ ID NO: 15).

2. The TCR of claim 1, wherein 3 complementarity determining regions (CDR) of the TCR
a chain variable domain are:

o CDR1- DSSSTY (SEQ ID NO: 10)

a CDR2- IFSNMDM  (SEQ ID NO: 11)

a CDR3- AEPNQAGTALI (SEQ ID NO: 12); and / or

3 complementarity determining regions of the TCR B chain variable domain are:

B CDRI1- MNHEY (SEQ ID NO: 13)

B CDR2- SVGEGT (SEQ ID NO: 14)

B CDR3- ASSSLEDPYEQY (SEQ ID NO: 15).

3. The TCR of claim 1, wherein the TCR comprises a TCR a chain variable domain and a
TCR B chain variable domain, and the TCR o chain variable domain is an amino acid sequence
having at least 90% sequence identity with SEQ ID NO: 1; and/ or the TCR  chain variable
domain is an amino acid sequence with at least 90% sequence identity with SEQ ID NO: 5.

4. The TCR of claim 1, wherein the TCR comprises a TCR a chain variable domain, the
amino acid sequence of which is SEQ ID NO: 1.

5. The TCR of claim 1, wherein the TCR comprises a TCR 3 chain variable domain, the
amino acid sequence of which is SEQ ID NO: 5.

6. The TCR of claim 1, wherein the TCR is a off heterodimer, which comprises a TCR a
chain constant region TRAC*01 and a TCR f chain constant region TRBC1*01 or TRBC2*01.

7. The TCR of claim 6, wherein the amino acid sequence of the TCR a chain is SEQ ID
NO: 3 and / or the amino acid sequence of the TCR B chain is SEQ ID NO: 7.

8. The TCR of any one of claims 1-5, wherein the TCR is soluble.

9. The TCR of claim 8, wherein the TCR is a single-chain TCR.

10. The TCR of claim 9, wherein the TCR is formed by connecting the a chain variable
domain and the B chain variable domain through a peptide linking sequence.

11. The TCR of claim 10, wherein the TCR has one or more mutations at amino acid
position 11, 13, 19, 21, 53, 76, 89, 91, or 94 of the a chain variable region, and/or at the last 3, 5
or 7 amino acid position of the short peptide of the a chain J gene; and/or the TCR has one or
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more mutations at amino acid position 11, 13, 19, 21, 53, 76, 89, 91, or 94 of the B chain variable
region, and / or at the last 2, 4, or 6 amino acid position of the short peptide of the § chain J gene,
wherein the amino acid position number is based on the position number listed in IMGT
(International Immunogenetics Information System).

12. The TCR of claim 11, wherein the amino acid sequence of the o chain variable domain
of the TCR comprises SEQ ID NO: 32 and/or the amino acid sequence of the B chain variable
domain of the TCR comprises SEQ ID NO: 34.

13. The TCR of claim 12, wherein the amino acid sequence of the TCR is SEQ ID NO: 30.

14. The TCR of claim 8, wherein the TCR comprises (a) all or part of the TCR a chain
except for its transmembrane domain, and (b) all or part of the TCR 3 chain except for its
transmembrane domain;

and each of (a) and (b) comprise the functional variable domain, or the functional variable
domain and at least a portion of the constant domain of the TCR chain, respectively.

15. The TCR of claim 14, wherein cysteine residues form an artificial disulfide bond
between the o and B chain constant domains of the TCR.

16. The TCR of claim 15, wherein the cysteine residues forming the artificial interchain
disulfide bond in the TCR are substituted for one or more groups of amino acids selected from
the following:

Thr48 of TRAC*01 exon 1 and Ser57 of TRBC1*01 or TRBC2*01 exon 1;

Thr45 of TRAC*01 exon 1 and Ser77 of TRBC1*01 or TRBC2*01 exon 1;

Tyrl0 of TRAC*01 exon 1 and Serl7 of TRBC1*01 or TRBC2*01 exon 1;

Thr45 of TRAC*01 exon 1 and Asp59 of TRBC1*01 or TRBC2*01 exon 1;

Serl5 of TRAC*01 exon 1 and Glul5 of TRBC1*01 or TRBC2*01 exon 1;

Arg53 of TRAC*01 exon 1 and Ser54 of TRBC1*01 or TRBC2*01 exon 1;

Pro89 of TRAC*01 exon 1 and Alal9 of TRBC1*01 or TRBC2*01 exon 1; and

Tyr10 of TRAC*01 exon 1 and Glu20 of TRBC1*01 or TRBC2*01 exon 1.

17. The TCR of claim 16, wherein the amino acid sequence of the TCR a chain is SEQ ID
NO: 26 and/or the amino acid sequence of the TCR f chain is SEQ ID NO: 28.

18. The TCR of claim 14, wherein an artificial interchain disulfide bond is contained
between o chain variable region and B chain constant region of the TCR.

19. The TCR of claim 18, wherein cysteine residues forming the artificial interchain
disulfide bond in the TCR are substituted for one or more groups of amino acids selected from
the following:

amino acid at position 46 of TRAV and amino acid at position 60 of TRBC1*01 or
TRBC2*01 exon 1;
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amino acid at position 47 of TRAV and amino acid at position 61 of TRBC1*01 or
TRBC2*01 exon 1,

amino acid at position 46 of TRAV and amino acid at position 61 of TRBC1*01 or
TRBC2*01 exon 1; or

amino acid at position 47 of TRAV and amino acid at position 60 of TRBC1*01 or
TRBC2*01 exon 1.

20. The TCR of claim 18 or 19, wherein the TCR comprises o chain variable domain and 3
chain variable domain as well as all or part of B chain constant domains except for its
transmembrane domain, however it does not comprise o chain constant domain, and o chain
variable domain and P chain of the TCR form a heterodimer.

21. The TCR of claim 1, wherein a conjugate binds to the a chain and/or B chain of the
TCR at C- or N-terminal.

22. The TCR of claim 21, wherein the conjugate that binds to the TCR is a detectable label,
a therapeutic agent, a PK modified moiety, or a combination thereof. Preferably, the therapeutic
agent is an anti-CD3 antibody.

23. A multivalent TCR complex, wherein the multivalent TCR complex comprises at least
two TCR molecules, and at least one TCR molecule is the TCR of any one of the preceding
claims.

24. A nucleic acid molecule, comprising a nucleic acid sequence encoding the TCR
molecule of any one of the preceding claims, or a complement sequence thereof.

25. The nucleic acid molecule of claim 24, wherein the nucleic acid molecule comprises
the nucleotide sequence SEQ ID NO: 2 or SEQ ID NO: 33 encoding the variable domain of the
TCR a chain.

26. The nucleic acid molecule of claim 24 or 25, wherein the nucleic acid molecule
comprises the nucleotide sequence SEQ ID NO: 6 or SEQ ID NO: 35 encoding the variable
domain of the TCR f chain.

27. The nucleic acid molecule of claim 24, wherein the nucleic acid molecule comprises
the nucleotide sequence SEQ ID NO: 4 encoding the TCR o chain and / or the nucleotide
sequence SEQ ID NO: 8 encoding the variable domain of the TCR B chain.

28. A vector, comprising the nucleic acid molecule of any one of the claims 24-27;
preferably, the vector is a viral vector; and more preferably, the vector is a lentiviral vector.

29. An isolated host cell, comprising the vector of claim 25 or having the exogenous
nucleic acid molecule of any one of claims 24-27 integrated into its genome.

30. A cell, which is transduced with the nucleic acid molecule of any one of claims 24-27
or the vector of claim 28; and preferably, the cell isa T cell or stem cell.
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31. A pharmaceutical composition, comprising a pharmaceutically acceptable carrier, and
the TCR of any one of claims 1-22, or the TCR complex of claim 23, or the cell of claim 30.

32. Use of the TCR of any one of claims 1-22, or the TCR complex of claim 23, or the cell
of claim 30 for preparing a medicament for treating tumor or autoimmune disease; preferably,
the tumor is a SSX2 antigen-positive tumor; and more preferably, the tumor is melanoma, head
and neck cancer, lymphoma, multiple myeloma, pancreatic cancer, prostate cancer, sarcoma,
hepatocellular carcinoma, and colon cancer.

33. A method for treating a disease, comprising administering an appropriate amount of the
TCR of any one of claims 1-22, the TCR complex of claim 23, the cell of claim 30, or the
pharmaceutical composition of claim 31 to a subject in need thereof;

preferably, the tumor is a SSX2 antigen-positive tumor; and more preferably, the tumor is
melanoma, head and neck cancer, lymphoma, multiple myeloma, pancreatic cancer, prostate
cancer, sarcoma, hepatocellular carcinoma, and colon cancer.





