19 DANMARK (10 DK/EP 3707159 T5

(12)  Rettet oversaettelse af
europaeisk patentskrift

Patent- og
Varemeerkestyrelsen

(51) Int.Cl.: A 61 K 39/00 (2006.01) A 61 P 35/00(2006.01) C 07 K 14/725 (2006.01)
C 07 K 14/78 (2006.01) C 07 K 16/18 (2006.01) C 07 K 16/28 (2006.01)
C 07 K 16/30 (2006.01) C12N 5/0783 (2010.01) C 12N 15/62 (2006.01)

(45) Overseettelsen bekendtgjort den: 2024-08-26

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2023-01-04

(86) Europaeisk ansggning nr.: 18803349.2

(86) Europaeisk indleveringsdag: 2018-11-05

(87) Den europeeiske ansggnings publiceringsdag: 2020-09-16

(86) International ansegning nr.: EP2018080176

(87) Internationalt publikationsnr.: WO2019086665

(30) Prioritet: 2017-11-06 US 201762582202 P 2017-11-06 DE 102017125888

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: Immatics Biotechnologies GmbH, Paul-Ehrlich-Strasse 15, 72076 Tiibingen, Tyskland

(72) Opfinder: UNVERDORBEN, Felix, Méhringer Strasse 157, 70199 Stuttgart, Tyskland
BUNK, Sebastian, Gertrud-Baumer-Str. 19/1, 72074 Tiibingen, Tyskland
HOFMANN, Martin, Geissweg 20, 72076 Tiibingen, Tyskland
HUTT, Meike, Rohrer Hoehe 58, 70565 Stuttgart, Tyskland
MAURER, Dominik, Fleinerweg 7, 72116 Moessingen, Tyskland
WAGNER, Claudia, Niirtinger Strasse 32, 72074 Tiibingen, Tyskland
ALTEN, Leonie, Weil"\Ydornweg 14 App. 161, 72076 Tiibingen, Tyskland

(74) Fuldmaegtig i Danmark: NORDIC PATENT SERVICE A/S, Bredgade 30, 1260 Kebenhavn K, Danmark

(54) Benaevnelse: HIDTIL UKENDTE MODIFICEREDE T-CELLERECEPTORER OG IMMUNTERAPI MED ANVENDELSE
DERAF

(56) Fremdragne publikationer:
WO-A1-2016/156202
WO-A1-2018/033291
WO-A2-2011/113819
Emma S. Hickma: "Antigen Selection for Enhanced Affinity T-Cell Receptor-Based Cancer Therapies", Journal
of Biomolecular Screening Society for Laboratory Automation and Screening, 1 January 2016 (2016-01-01),
pages 769-785, XP55534795, Retrieved from the Internet: URL:http Y/citenpl.internal.epo.org/wf/web
/citenpl/citenpl.html [retrieved on 2018-12-14]



DK/EP 3707159 T5



DK/EP 3707159 T5

DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention pertains to antigen recognizing constructs against COL6A3
antigens. The invention in particular provides novel engineered T cell receptor (TCR) based
molecules which are selective and specific for the tumor expressing antigen COL6A3. The TCR
of the invention, and COL6AS antigen binding fragments derived therefrom, are of use for the
diagnosis, treatment and prevention of COL6A3 expressing cancerous diseases. Further
provided are nucleic acids encoding the antigen recognizing constructs of the invention,
vectors comprising these nucleic acids, recombinant cells expressing the antigen recognizing
constructs and pharmaceutical compositions comprising the compounds of the invention.

BACKGROUND

[0002] The collagens are a superfamily of proteins that play a role in maintaining the integrity
of various tissues. Collagens are extracellular matrix proteins and have a triple-helical domain
as their common structural element. Collagen VI is a major structural component of micro
fibrils. The basic structural unit of collagen VI is a heterotrimer of the alpha I(VI), alpha 2(VI),
and alpha 3(VI) collagen chains. The alpha I(VI]) and alpha 2(VI) chains are encoded by the
COL6A1 and COL6A2 genes, respectively. The protein encoded by the COL6A3 gene is the
alpha 3 subunit of type VI collagen (alpha 3(VI) collagen chain) (Bertini et al., 2002 Eur. J.
Paediatr. Neurol 6:193-8). COL6A3's gene expression was previously shown to be associated
with the progression of breast cancer and was elevated in colon cancer (Smith MJ, et al.
"Analysis of differential gene expression in colorectal cancer and stroma using fluorescence-
activated cell sorting purification” British journal of cancer. 2009;100:1452-1464; Tilman G et al
"Human periostin gene expression in normal tissues, tumors and melanoma: evidences for
periostin production by both stromal and melanoma cells" Mol Cancer. 2007;6:80) and as a
prognosis marker of colorectal carcinoma (Qiao J et al. "Stroma derived COLBAS is a potential
prognosis marker of colorectal carcinoma revealed by quantitative proteomics" Oncotarget.
2015 Oct 6; 6(30): 29929-29946). COL6A3 gene locates 2g37 in the human genome and
contains 44 exons. The COLG6A3 protein has 3177 amino acids and contains 12 Von
Willebrand factor type A (vWA) domains, one fibronectin type 3 domain and one BPTI/Kunitz
family of serine protease inhibitors (KU) domain.

[0003] Targets for T-cell based immunotherapy represent peptide epitopes derived from
tumor-associated or tumor-specific proteins, which are presented by molecules of the major
histocompatibility complex (MHC). These tumor associated antigens (TAAs) can be peptides
derived from all protein classes, such as enzymes, receptors, transcription factors, etc. which
are expressed and, as compared to unaltered cells of the same origin, usually up-regulated in
cells of the respective tumor.
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[0004] Specific elements of the cellular immune response are capable of selectively
recognizing and destroying tumor cells. The isolation of tumor antigen-specific T cells from
tumor-infiltrating cell populations or from peripheral blood suggests that such cells play an
important role in natural immune defense against cancer. CD8-positive T cells in particular,
which recognize class | molecules of the major histocompatibility complex (MHC)-bearing
peptides of usually 8 to 10 amino acid residues derived from proteins or defective ribosomal
products (DRIiPs) located in the cytosol, play an important role in this response. The MHC-
molecules of the human are also designated as human leukocyte-antigens (HLA).

[0005] ATCR is a heterodimeric cell surface protein of the immunoglobulin super-family, which
is associated with invariant proteins of the CD3 complex involved in mediating signal
transduction. TCRs exist as ap and yd heterodimers, which are structurally similar but have
quite distinct anatomical locations and probably functions. The extracellular portion of native
heterodimeric aBTCR consists of two polypeptide chains, each of which has a membrane-
proximal constant domain, and a membrane-distal variable domain. Each of the constant and
variable domains includes an intra-chain disulfide bond. The variable domains contain the
highly polymorphic loops analogous to the complementarity determining regions (CDRs) of
antibodies. The use of TCR gene therapy overcomes a number of current hurdles. It allows
equipping patients’ own T cells with desired specificities and generation of sufficient numbers
of T cells in a short period of time, avoiding their exhaustion. The TCR will be transduced into
central memory T cells or T cells with stem cell characteristics, which may ensure better
persistence and function upon transfer. TCR-engineered T cells will be infused into cancer
patients rendered lymphopenic by chemotherapy or irradiation, allowing efficient engraftment
but inhibiting immune suppression.

[0006] WO 2011/113819 describes T-cells recognizing tumor associated antigens, but binding
thereto with low affinity and limited specificity. Similar, WO 2016/156202 relates to tumor
associated antigens and T cell receptors binding thereto.

[0007] While advances have been made in the development of molecular-targeting drugs for
cancer therapy, there remains a need in the art to develop new anti-cancer agents that
specifically target molecules highly specific to cancer cells. The present description addresses
that need by providing novel engineered COL6A3 TCRs, respective recombinant TCR
constructs, nucleic acids, vectors and host cells that specifically bind COLBA3 epitope(s) as
disclosed; and methods of using such molecules in the treatment of cancer.

DESCRIPTION

[0008] The invention is defined by the appended claims.

[0009] In a first aspect the object of the invention is solved by an antigen recognizing construct
comprising a first domain comprising three complementary determining regions (CDRs)
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according to SEQ ID NOs: 6 (CDRa2), and 7 (CDRa3), and a second domain comprising three
complementary determining regions (CDRs) according to SEQ ID NOs: 14 (CDRb2), and 15
(CDRb3), wherein

1. a) the CDRal of the first domain is as set forth in SEQ ID NO:5 and the CDRbI of the
second domain is selected from one of the amino acid sequences according to SEQ ID
NOs: 37 to 44, or

2. b) the CDRAal of the first domain is as set forth in SEQ ID NO:26 and the CDRbI of the
second domain is selected from one of the amino acid sequences according to SEQ ID
NOs: 13 and 37 to 49, wherein the antigen recognizing construct is a T cell receptor
(TCR) or derivative or fragment thereof, wherein the derivative or fragment retains the
antigen binding and/or recognizing ability of the molecule to specifically and/or
selectively bind to a COL6A3 antigenic polypeptide.

[0010] In another disclosure of the present teaching not being covered by the claims, CDRal of
an antigen recognizing construct may have at least about 25%, at least about 30%, at least
about 35%, at least about 40%, at least about 45%, at least about 50%, at least about 55%, at
least about 60%, at least 65%, at least about 70%, at least about 75%, at least about 80%, at
least about 85%, at least about 90%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% identity with the amino acid sequence
according to SEQ ID NO: 5.

[0011] In another disclosure of the present teaching not being covered by the claims , CDRa2
of an antigen recognizing construct may have at least about 25%, at least about 30%, at least
about 35%, at least about 40%, at least about 45%, at least about 50%, at least about 55%, at
least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about
80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, or at least about 99% identity with the amino acid sequence
according to SEQ ID NO: 6.

[0012] In another disclosure of the present teaching not being covered by the claims , CDRa3
of an antigen recognizing construct may have at least about 25%, at least about 30%, at least
about 35%, at least about 40%, at least about 45%, at least about 50%, at least about 55%, at
least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about
80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, or at least about 99% identity with the amino acid sequence
according to SEQ ID NO: 7.

[0013] In another disclosure of the present teaching not being covered by the claims , CDRb1
of an antigen recognizing construct may have at least about 25%, at least about 30%, at least
about 35%, at least about 40%, at least about 45%, at least about 50%, at least about 55%, at
least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about
80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%, at least
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about 97%, at least about 98%, or at least about 99% identity with the amino acid sequence
according to SEQ ID NO: 13.

[0014] In another disclosure of the present teaching not being covered by the claims , CDRb2
of an antigen recognizing construct may have at least about 25%, at least about 30%, at least
about 35%, at least about 40%, at least about 45%, at least about 50%, at least about 55%, at
least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about
80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, or at least about 99% identity with the amino acid sequence
according to SEQ ID NO: 14.

[0015] In another disclosure of the present teaching not being covered by the claims , CDRb3
of an antigen recognizing construct may have at least about 25%, at least about 30%, at least
about 35%, at least about 40%, at least about 45%, at least about 50%, at least about 55%, at
least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about
80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, or at least about 99% identity with the amino acid sequence
according to SEQ ID NO: 15.

[0016] In the context of the present invention, the inventors have identified improved
engineered versions of the COL6A3 TCR R4P3F9 comprising mutated CDR1 sequences in the
alpha and beta chain(s) that are improving stability, recognition and selectivity of the parental
R4P3F9. These maturated TCR variants have been selected in a two-step method, wherein
one step selects for stability and the second for affinity of the variants (see examples). While
the inventive TCRs comprise mutated CDR1 regions, it is likely that CDR2 and or CDR3 can be
mutated as well in order to increase binding affinity/specificity and/or selectivity and such
mutated CDRs ideally could be included in the existing constructs.

[0017] The affinity maturation identified variants with considerably stronger binding activity

towards HLA-A*02/COLB6A3-peptide, while retaining or even improving specificity.

[0018] Compared to the parental TCR C-1 (R4P3F9 TCR comprising wild type CDRs, see
Table 5), all variants of the invention improved IFN-gamma release with higher levels reached
already for lower peptide loading concentrations.

[0019] Within the variable domain, CDR1 and CDR2 are found in the variable (V) region of a
polypeptide chain, and CDR3 includes some of V, all of diversity (D) and joining (J) regions. It is
assumed that CDR3 is the most variable and is the main CDR responsible for specifically and
selectively recognizing an antigen. Surprisingly, for some TCRs CDR1 seems also to make
contacts to the peptide and thus is also responsible for selective recognition. In the present
case, without being bound to a specific theory, the mutated CDR1b seems to interact with
position 8 of the COL6A3-peptide.

[0020] Native alpha-beta heterodimeric TCRs have an alpha chain and a beta chain. Each
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alpha chain comprises variable, joining and constant regions, and the beta chain also usually
contains a short diversity region between the variable and joining regions, but this diversity
region is often considered as part of the joining region. Each variable region comprises three
CDRs (Complementarity Determining Regions) embedded in a framework sequence, one
being the hypervariable region named CDRS3. There are several types of alpha chain variable
(Va) regions and several types of beta chain variable (VB) regions distinguished by their
framework, CDR1 and CDR2 sequences, and by a partly defined CDR3 sequence. The Va
types are referred to in IMGT nomenclature by a unique TRAV number, Vp types are referred
to by a unique TRBYV number.

[0021] Preferably, an antigen recognizing construct of the invention comprises the respective
CDR1 to CDR3 of one individual herein disclosed engineered TCR variable region of the
invention. Preferred are antigen recognizing constructs (e.g. af and yd TCRs) of the invention
which comprise at least one, preferably two, maturated CDR1 sequences.

[0022] The CDR-variants as taught herein - in particular the CDR1-variants - can be modified
by the substitution of one or more residues at different, possibly selective, sites within the
peptide chain, if not otherwise stated. Such substitutions are of a conservative nature where
one amino acid is replaced by an amino acid of similar structure and characteristics, such as
where a hydrophobic amino acid is replaced by another hydrophobic amino acid.

[0023] Even more conservative would be replacement of amino acids of the same or similar
size and chemical nature, such as where leucine is replaced by isoleucine. In studies of
sequence variations in families of naturally occurring homologous proteins, certain amino acid
substitutions are more often tolerated than others, and these are often show correlation with
similarities in size, charge, polarity, and hydrophobicity between the original amino acid and its
replacement, and such is the basis for defining "conservative substitutions". Preferred
conservative substitutions taught herein are defined as exchanges within one of the following
five groups: Group 1-small aliphatic, nonpolar or slightly polar residues (Ala, Ser, Thr, Pro,
Gly); Group 2-polar, negatively charged residues and their amides (Asp, Asn, Glu, GIn); Group
3-polar, positively charged residues (His, Arg, Lys); Group 4-large, aliphatic, nonpolar residues
(Met, Leu, lle, Val, Cys); and Group 5-large, aromatic residues (Phe, Tyr, Trp).

[0024] Less conservative substitutions might involve the replacement of one amino acid by
another that has similar characteristics but is somewhat different in size, such as replacement
of an alanine by an isoleucine residue.

[0025] The term "specificity" or "antigen specificity” or "specific for" a given antigen, as used
herein means that the antigen recognizing construct can specifically bind to said antigen, a
COLBA3 antigen, preferably with high avidity, when said antigen is presented by HLA,
preferably HLAA2. For example, a TCR, as antigen recognizing construct, may be considered
to have "antigenic specificity” for COL6A3 antigens, if T cells expressing the TCR in response
to COLBA3 presenting HLA secrete at least about 200 pg/ml or more (e.g., 250 pg/ml or more,
300 pg/ml or more, 400 pg/ml or more, 500 pg/ml or more, 600 pg/ml or more, 700 pg/ml or
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more, 1000 pg ml or more, 2,000 pg/ml or more, 2,500 pg/ml or more, 5,000 pg/ml or more) of
interferon y (IFN-y) upon co-culture with HLA A2 target cells pulsed with a low concentration of
a COLBAS3 antigen, such as the COL6A3 epitopes and antigens provided herein below (e.g.,
about 10-11 mol/l, 10-10 mol/l, 10-9 mol/l, 10-8 mol/l, 10-7 mol/l, 10-6 mol/l, 10-5 mol/1).
Alternatively, or additionally, a TCR may be considered to have "antigenic specificity" for
COLBAS, if T cells expressing the TCR secrete at least twice as much IFN-y as the
untransduced background level of IFN-y upon co-culture with target cells pulsed with a low
concentration of COL6A3 antigens. Such a "specificity” as described above can - for example -
be analyzed with an ELISA.

[0026] In one alternative or additional embodiment of the invention, the antigen recognizing
construct is stable, and capable of specifically and/or selectively binding to a COL6A3 antigen;
preferably wherein the COL6A3 antigen is a protein epitope or peptide having an amino acid
sequence shown in SEQ ID NO: 1 or a variant thereof, wherein the variant is an amino acid
deletion, addition, insertion or substitution of not more than three, preferably two and most
preferably not more than one amino acid position.

[0027] The term "selectivity” or "selective recognizing/binding" is understood to refer to the
property of an antigen recognizing construct, such as a TCR or antibody, to selectively
recognize or bind to preferably only one specific epitope and preferably shows no or
substantially no cross-reactivity to another epitope. Preferably "selectivity" or "selective
recognizing/binding" means that the antigen recognizing construct (e.g. a TCR) selectively
recognizes or binds to preferably only one specific epitope and preferably shows no or
substantially no cross-reactivity to another epitope, wherein said epitope is unique for one
protein, such that the antigen recognizing construct shows no or substantially no cross-
reactivity to another epitope and another protein.

[0028] The antigen recognizing construct according to the invention is a T cell receptor (TCR),
or a derivative or fragment thereof. A derivative or fragment of a TCR of the invention retains
the antigen binding/recognizing ability of the parent molecule, in particular its specificity and/or
selectivity as explained above.

[0029] In an embodiment of the invention, the inventive engineered TCRs are able to
recognize COLBAS3 antigens in a major histocompatibility complex (MHC) class I-dependent
manner. "MHC class |-dependent manner,” as used herein, means that the TCR elicits an
immune response upon binding to COL6A3 peptide antigens within the context of an MHC
class | molecule. The MHC class | molecule can be any MHC class | molecule known in the art,
e.g., HLA-A molecules. In a preferred embodiment of the invention, the MHC class | molecule
is an HLA-A2 molecule.

[0030] The invention provides both single chain antigen recognizing construct and double
chain recognizing constructs, as well as other variant molecules. The invention in particular
provides an engineered TCR as antigen recognizing construct, or fragment or derivative
thereof. The engineered TCR preferably is of human origin, which is understood as being
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generated from a human TCR locus and therefore comprising human TCR sequences.
Furthermore, the TCR of the invention is characterized as affinity maturated TCR, which is
capable of specifically and selectively recognizing COL6A3 peptide antigen.

[0031] Another embodiment of the invention additionally or alternatively provides the antigen
recognizing construct described above, which induces an immune response, preferably
wherein the immune response is characterized by an increase in interferon (IFN) y levels.

[0032] TCRs of the invention may be provided as single chain a or B, or y and d, molecules, or
alternatively as double chain constructs composed of both the a and B chain, or y and d chain.

[0033] Most preferably, in some additional embodiments, wherein the disclosure refers to
antigen recognizing constructs comprising all of the CDR1 to CDRS3 regions of the herein
disclosed engineered TCR chains (see table 1). Antigen recognizing constructs of the present
teaching may be preferred, which comprise the natural or the engineered CDR sequence
having three, two, and preferably only one, modified amino acid residues. A modified amino
acid residue of the present teaching may be selected from an amino acid insertion, deletion or
substitution. Most preferred teaching is that the three, two, preferably one modified amino acid
residue is the first or last amino acid residue of the respective CDR sequence. If the
modification is a substitution then it is preferable in the present teaching that the substitution is
a conservative amino acid substitution.

[0034] The inventive TCRs may further comprise a constant region derived from any suitable
species, such as any mammal, e.g., human, rat, monkey, rabbit, donkey, or mouse. In an
embodiment of the invention, the inventive TCRs further comprise a human constant region. In
some preferred embodiments, the constant region of the TCR of the invention may be slightly
modified, for example, by the introduction of heterologous sequences, preferably mouse
sequences, which may increase TCR expression and stability. Also, further stabilizing
mutations as known from the state of the art (e.g. DE 10 2016 123 893.7) may be introduced,
such as replacement of unfavorable amino acids in the V regions and/or the introduction of a
disulfide bridge between the TCR C domains and the removal of unpaired cysteine.

[0035] As used herein, the term "murine” or "human," when referring to an antigen recognizing
construct, or a TCR, or any component of a TCR described herein (e.g., complementarity
determining region (CDR), variable region, constant region, a chain, and/or § chain), means a
TCR (or component thereof), which is derived from a mouse or a human unrearranged TCR
locus, respectively.

[0036] In an embodiment of the invention, chimeric TCR are provided, wherein the TCR chains
comprise sequences from multiple species. Preferably, a TCR of the invention may comprise
an a chain comprising a human variable region of an a chain and, for example, a murine
constant region of a murine TCR a chain.

[0037] In one embodiment, the TCR of the invention is a human TCR comprising human
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variable regions according to the above embodiments and human constant regions.

[0038] The TCR of the invention may be provided as a single chain TCR (scTCR). A scTCR
can comprise a polypeptide of a variable region of a first TCR chain (e.g., an alpha chain) and
a polypeptide of an entire (full-length) second TCR chain (e.g., a beta chain), or vice versa.
Furthermore, the scTCR can optionally comprise one or more linkers which join the two or
more polypeptides together. The linker can be, for instance, a peptide, which joins together two
single chains, as described herein. Also provided is such a scTCR of the invention, which is
fused to a human cytokine, such as IL-2, IL-7 or IL-15.

[0039] The antigen recognizing construct according to the invention can also be provided in
the form of a multimeric complex, comprising at least two scTCR molecules, wherein said
scTCR molecules are each fused to at least one biotin moiety, and wherein said scTCRs are
interconnected by biotin-streptavidin interaction to allow the formation of said multimeric
complex. Similar approaches for the generation of multimeric TCR are also possible and
included in this disclosure. Also provided are multimeric complexes of a higher order,
comprising more than two scTCR of the invention.

[0040] For the purposes of the present invention, a TCR is a moiety having at least one TCR
alpha or gamma and/or TCR beta or delta variable domain. Generally, they comprise both a
TCR alpha variable domain and a TCR beta variable domain. They may be af heterodimers or
may be in single chain format. For use in adoptive therapy, an ap heterodimeric TCR may, for
example, be transfected as full length chains having both cytoplasmic and transmembrane
domains. If desired, an introduced disulfide bond between residues of the respective constant
domains may be present.

[0041] In a preferred embodiment, the antigen recognizing construct is a human TCR, or
fragment or derivative thereof. Ahuman TCR or fragment or derivative thereof is a TCR, which
comprises over 50% of the corresponding human TCR sequence. Preferably, only a small part
of the TCR sequence is of artificial origin or derived from other species. It is known, however,
that chimeric TCRs, e.g. derived from human origin with murine sequences in the constant
domains, are advantageous. Particularly preferred are, therefore, TCRs in accordance with the
present invention, which contains murine sequences in the extracellular part of their constant
domains.

[0042] Thus, it is also preferred that the inventive antigen recognizing construct is able to
recognize its peptide antigen in a human leucocyte antigen (HLA) dependent manner,
preferably in an HLA-AO2 dependent manner. The term "HLA dependent manner" in the
context of the present invention means that the antigen recognizing construct binds to the
antigen only in the event that the antigenic peptide is presented by said HLA.

[0043] The antigen recognizing construct in accordance with the invention in one embodiment
preferably induces an immune response, preferably wherein the immune response is
characterized by the increase in interferon (IFN) y levels.
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[0044] The term "polypeptide" as used herein includes oligopeptides and refers to a single
chain of amino acids connected by one or more peptide bonds. With respect to the inventive
polypeptides, the functional portion can be any portion comprising contiguous amino acids of
the TCR (or functional variant thereof), of which it is a part, provided that the functional portion
specifically binds to a COL6A3 antigen, preferably as disclosed herein in table 1. The term
"functional portion" when used in reference to a TCR (or functional variant thereof) refers to
any part or fragment of the TCR (or functional variant thereof) of the invention, which part or
fragment retains the biological activity of the TCR (or functional variant thereof), of which itis a
part (the parent TCR or parent functional variant thereof). Functional portions encompass, for
example, those parts of a TCR (or functional variant thereof) that retain the ability to
specifically bind to a COL6A3 antigen (in an HLA-A2-dependent manner), or detect, treat, or
prevent cancer, to a similar extent, the same extent, or to a higher extent, as the parent TCR
(or functional variant thereof).

[0045] The functional portion can comprise additional amino acids at the amino or carboxy
terminus of the portion, or at both termini, in which additional amino acids are not found in the
amino acid sequence of the parent TCR or functional variant thereof. Desirably, the additional
amino acids do not interfere with the biological function of the functional portion, e.g.,
specifically binding to COL6A3 antigens; and/or having the ability to detect cancer, treat or
prevent cancer, etc. More desirably, the additional amino acids enhance the biological activity,
as compared to the biological activity of the parent TCR or functional variant thereof.

[0046] Although this is not covered by the claimed invention, the binding functionality of the
TCR of the invention may be provided in the framework of an antibody. The term "antibody" in
its various grammatical forms is used herein to refer to immunoglobulin molecules and
immunologically active portions of immunoglobulin molecules, i.e., molecules that contain an
antigen-binding site or a paratope. Such molecules are also referred to as "antigen binding
fragments” of immunoglobulin molecules. Further disclosed herein although not covered by the
claimed invention is an antibody, or antigen binding portion thereof, which specifically binds to
the antigens described herein. The antibody can be any type of immunoglobulin that is known
in the art. For instance, the antibody can be of any isotype, e.g., IgA, IgD, IgE, IgG, IgM, etc.
The antibody can be monoclonal or polyclonal. The antibody can be a naturally-occurring
antibody, e.g., an antibody isolated and/or purified from a mammal, e.g., mouse, rabbit, goat,
horse, chicken, hamster, human, etc. Alternatively, the antibody can be a genetically-
engineered antibody, e.g., a humanized antibody or a chimeric antibody. The antibody can be
in monomeric or polymeric form.

[0047] The above teaching applies to antigen binding portions of any of the antibodies
described herein. The antigen binding portion can be any portion that has at least one antigen
binding site, such as Fab, F(ab"2, dsFv, scFv, diabodies, and triabodies. A single-chain
variable region fragment (scFv) antibody fragment, which consists of a truncated Fab fragment
comprising the variable (V) domain of an antibody heavy chain linked to a V domain of a light
antibody chain via a synthetic peptide, can be generated using routine recombinant DNA
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technology techniques. Similarly, disulfide-stabilized variable region fragments (dsFv) can be
prepared by recombinant DNA technology, antibody fragments of the invention, however, are
not limited to these exemplary types of antibody fragments. Also, the antibody, or antigen
binding portion thereof, can be modified to comprise a detectable label, such as, for instance, a
radioisotope, a fluorophore (e.g., fluorescein isothiocyanate (FITC), phycoerythrin (PE)), an
enzyme (e.g., alkaline phosphatase, horseradish peroxidase), and element particles (e.g., gold
particles).

[0048] Suitable methods of making antibodies are known in the art. For instance, standard
hybridoma methods are described in, e.g., Kohler and Milstein, Eur. J. Immunol, 5, 51 1-519
(1976), Harlow and Lane (eds.), Antibodies: A Laboratory Manual, CSH Press (1988), and C.A.
Janeway et al. (eds.), Immunobiology, 8 Ed., Garland Publishing, New York, NY (201 1)).
Alternatively, other methods, such as EBV-hybridoma methods (Haskard and Archer, J.
Immunol. Methods, 74(2), 361-67 (1984), and Roder et al, Methods Enzymol, 121, 140-67
(1986)), and bacteriophage vector expression systems (see, e.g., Huse et al., Science, 246,
1275-81 (1989)) are known in the art. Further, methods of producing antibodies in non-human
animals are described in, e.g., U.S. Patents 5,545,806, 5,569,825, and 5,714,352, and U.S.
Patent Application Publication No. 2002/0197266.

[0049] Some embodiments of the invention also pertain to TCRs, or functional fragments and
polypeptides thereof, which are soluble TCRs. As used herein, the term "soluble T-cell
receptor” refers to single chain or heterodimeric truncated variants of native TCRs, which
comprise at least the variable domains of the TCR a-chain and B-chain linked by a polypeptide
linker (SEQ ID NOs: 22, 24, 25 and 27). Soluble variants of TCRs usually lack at least the
transmembrane and cytosolic domains of the native protein; sometimes preferably such
soluble constructs do not comprise any constant domain sequences. The soluble T-cell
receptor constructs of the invention, in preferred embodiments, comprise constructs consisting
of a- and B-chain variable domain sequences as provided herein, connected by a suitable
linker sequence. The variable domain sequence (amino acid or nucleic acid) of the soluble
TCR a-chain and B-chains may be identical to the corresponding sequences in a native TCR or
may comprise variants of soluble TCR a-chain and B-chain variable domain sequences, as
compared to the corresponding native TCR sequences. The term "soluble T-cell receptor” as
used herein encompasses soluble TCRs with variant or non-variant soluble TCR a-chain and
B-chain variable domain sequences. The variations may be in the framework regions of the
soluble TCR a-chain and B-chain variable domain sequences and can include, but are not
limited to, amino acid deletion, insertion, substitution mutations as well as changes to the
nucleic acid sequence, which do not alter the amino acid sequence. Soluble TCR of the
invention in any case retain or preferentially improve the binding functionality of their parental
TCR molecules.

[0050] The above problem is further solved by a nucleic acid encoding for an antigen
recognizing construct of the invention, or any of the aforementioned protein or polypeptide
constructs. The nucleic acid preferably (a) has a strand encoding for an antigen recognizing
construct according to the invention; (b) has a strand complementary to the strand in (a); or (¢)
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has a strand that hybridizes under stringent conditions with a molecule as described in (a) or
(b). Stringent conditions are known to the person of skill in the art, specifically from Sambrook
et al, "Molecular Cloning". In addition to that, the nucleic acid optionally has further sequences,
which are necessary for expressing the nucleic acid sequence corresponding to the protein,
specifically for expression in a mammalian/human cell. The nucleic acid used can be contained
in a vector suitable for allowing expression of the nucleic acid sequence corresponding to the
polypeptide in a cell. However, the nucleic acids can also be used to transform an antigen-
presenting cell, which may not be restricted to classical antigen-presenting cells, such as
dendritic cells, in such a way that they themselves produce the corresponding proteins on their
cellular surface.

[0051] By "nucleic acid" as used herein includes "polynucleotide,"” "oligonucleotide," and
"nucleic acid molecule,” and generally means a polymer of DNA or RNA, which can be single-
stranded or double-stranded, synthesized or obtained (e.g., isolated and/or purified) from
natural sources, which can contain natural, non-natural or altered nucleotides, and can contain
a natural, non-natural or altered internucleotide linkage, such as a phosphoroamidate linkage
or a phosphorothioate linkage, instead of the phosphodiester found between the nucleotides of
an unmodified oligonucleotide.

[0052] Preferably, the nucleic acids of the invention are recombinant. As used herein, the term
"recombinant” refers to (i) molecules that are constructed outside living cells by joining natural
or synthetic nucleic acid segments to nucleic acid molecules that can replicate in a living cell, or
(i) molecules that result from the replication of those described in (i) above. For purposes
herein, the replication can be in vitro replication or in vivo replication. The nucleic acid can
comprise any nucleotide sequence, which encodes any of the TCRs, polypeptides, or proteins,
or functional portions or functional variants thereof described herein.

[0053] Furthermore, the invention provides a vector comprising a nucleic acid in accordance to
the invention as described above. Desirably, the vector is an expression vector or a
recombinant expression vector. The term "recombinant expression vector” refers in context of
the present invention to a nucleic acid construct that allows for the expression of an mRNA,
protein or polypeptide in a suitable host cell. The recombinant expression vector of the
invention can be any suitable recombinant expression vector and can be used to transform or
transfect any suitable host. Suitable vectors include those designed for propagation and
expansion or for expression or both, such as plasmids and viruses. Examples of animal
expression vectors include pEUK-CI, pMAM, and pMAMneo. Preferably, the recombinant
expression vector is a viral vector, e.g., a retroviral vector. The recombinant expression vector
comprises regulatory sequences, such as transcription and translation initiation and
termination codons, which are specific to the type of host cell (e.g., bacterium, fungus, plant, or
animal), into which the vector is to be introduced and in which the expression of the nucleic
acid of the invention may be performed. Furthermore, the vector of the invention may include
one or more marker genes, which allow for selection of transformed or transfected hosts. The
recombinant expression vector can comprise a native or normative promoter operably linked to
the nucleotide sequence encoding the constructs of the invention, or to the nucleotide



DK/EP 3707159 T5

sequence, which is complementary to or which hybridizes to the nucleotide sequence encoding
the constructs of the invention. The selections of promoters include, e.g., strong, weak,
inducible, tissue-specific and developmental-specific promoters. The promoter can be a non-
viral promoter or a viral promoter. The inventive recombinant expression vectors can be
designed for either transient expression, for stable expression, or for both. Also, the
recombinant expression vectors can be made for constitutive expression or for inducible
expression.

[0054] The invention also pertains to a host cell comprising an antigen recognizing construct in
accordance with the invention. Specifically, the host cell of the invention comprises a nucleic
acid, or a vector as described herein above. The host cell can be a eukaryotic cell, e.g., plant,
animal, fungi, or algae, or can be a prokaryotic cell, e.g., bacteria or protozoa. The host cell
can be a cultured cell or a primary cell, i.e., isolated directly from an organism, e.g., a human.
The host cell can be an adherent cell or a suspended cell, i.e., a cell that grows in suspension.
For purposes of producing a recombinant TCR, polypeptide, or protein, the host cell is
preferably a mammalian cell, e.g., Chinese Hamster Ovary (CHO) cell. Most preferably, the
host cell is a human cell. While the host cell can be of any cell type, can originate from any type
of tissue, and can be of any developmental stage, the host cell preferably is a peripheral blood
leukocyte (PBL) or a peripheral blood mononuclear cell (PBMC). More preferably, the host cell
isaTcell. The T cell can be any T cell, such as a cultured T cell, e.g., a primary T cell, ora T
cell from a cultured T cell line, e.g., Jurkat, SupT1, etc., or a T cell obtained from a mammal,
preferably a T cell or T cell precursor from a human patient. If obtained from a mammal, the T
cell can be obtained from numerous sources, including but not limited to blood, bone marrow,
lymph node, the thymus, or other tissues or fluids. T cells can also be enriched for or purified.
Preferably, the T cell is a human T cell. More preferably, the T cell is a T cell isolated from a
human. The T cell can be any type of T cell and can be of any developmental stage, including
but not limited to, CD4-positive and/or CD8-positive, CD4-positive helper T cells, e.g., Th1 and
Th2 cells, CD8-positive T cells (e.g., cytotoxic T cells), tumor infiltrating cells (TILs), memory T
cells, naive T cells, and the like. Preferably, the T cell is a CD8-positive T cell or a CD4-positive
T cell.

[0055] Preferably, the host cell of the invention is a lymphocyte, preferably, a T lymphocyte,
such as a CD4-positive or CD8-positive T-cell. The host cell furthermore preferably is a tumor
reactive T cell specific for COL6A3 expressing tumor cells.

[0056] One further aspect of the present invention relates to the herein disclosed antigen
recognizing constructs, nucleic acids, vectors, pharmaceutical compositions and/or host cell for
use in medicine. The use in medicine in one preferred embodiment includes the use in the
diagnosis, prevention and/or treatment of a tumor disease, such as a malignant or benign
tumor disease. The tumor disease is characterized by the expression of COLBA3, in a cancer
or tumor cell of said tumor disease.

[0057] With respect to the above mentioned medical applications of the antigen recognizing
constructs and other materials derived therefrom, the to be treated and/or diagnosed cancer
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can be any cancer, including any of acute lymphocytic cancer, acute myeloid leukemia,
alveolar rhabdomyosarcoma, bone cancer, brain cancer, breast cancer, cancer of the anus,
anal canal, or anorectum, cancer of the eye, cancer of the intrahepatic bile duct, cancer of the
joints, cancer of the neck, gallbladder, or pleura, cancer of the nose, nasal cavity, or middle
ear, cancer of the oral cavity, cancer of the vagina, cancer of the vulva, chronic lymphocytic
leukemia, chronic myeloid cancer, colon cancer, esophageal cancer, cervical cancer,
gastrointestinal carcinoid tumor, glioma, Hodgkin lymphoma, hypopharynx cancer, kidney
cancer, larynx cancer, liver cancer, lung cancer, malignant mesothelioma, melanoma, multiple
myeloma, nasopharynx cancer, non-Hodgkin lymphoma, cancer of the oropharynx, ovarian
cancer, cancer of the penis, pancreatic cancer, peritoneum, omentum, and mesentery cancer,
pharynx cancer, prostate cancer, rectal cancer, renal cancer, skin cancer, small intestine
cancer, soft tissue cancer, stomach cancer, testicular cancer, thyroid cancer, cancer of the
uterus, ureter cancer, and urinary bladder cancer. A preferred cancer is cancer is cancer of the
uterine cervix, oropharynx, anus, anal canal, anorectum, vagina, vulva, or penis. A particularly
preferred cancer is a COLBA3 positive cancer, including gastrointestinal and gastric cancer.

[0058] The constructs, TCRs, and nucleic acids of the invention are in particular for use in
immune therapy, preferably, in adoptive T cell therapy. The administration of the compounds of
the invention can, for example, involve the infusion of T cells of the invention into said patient.
Preferably, such T cells are autologous T cells of the patient and in vitro transduced with a
nucleic acid or antigen recognizing construct of the present invention.

[0059] WO 2016/011210 discloses engineered cells for adoptive therapy, including NK cells
and T cells, and compositions containing the cells, and methods for their administration to
subjects. The cells can contain genetically engineered antigen receptors that specifically bind
to antigens, such as chimeric antigen receptors (CARs) and costimulatory receptors.

[0060] The object of the invention is also solved by a method of manufacturing a COL6A3
specific antigen recognizing construct expressing cell line, comprising

1. a. providing a suitable host cell,

2. b. providing a genetic construct comprising a coding sequence encoding the antigen
recognizing construct according to any of claims 1 to 5,

3. ¢. introducing said genetic construct into said suitable host cell, and

4. d. expressing said genetic construct by said suitable host cell.

[0061] The method may further comprise a step of cell surface presentation of said antigen
recognizing construct on said suitable host cell.

[0062] In other preferred embodiments, the genetic construct is an expression construct
comprising a promoter sequence operably linked to said coding sequence.

[0063] Preferably, said antigen recognizing construct is of mammalian origin, preferably of
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human origin. The preferred suitable host cell for use in the method of the invention is a
mammalian cell, such as a human cell, in particular a human T lymphocyte. T cells for use in
the invention are described in detail herein above.

[0064] Also encompassed by the invention are embodiments, wherein said antigen recognizing
construct is a modified TCR, wherein said modification is the addition of functional domains,
such as a label or a therapeutically active substance. Furthermore, encompassed are TCR
having alternative domains, such as an alternative membrane anchor domain instead of the
endogenous transmembrane region.

[0065] Desirably, the transfection system for introducing the genetic construct into said suitable
host cell is a retroviral vector system. Such systems are well known to the skilled artisan.

[0066] Also comprised by the present invention is in one embodiment the additional method
step of isolation and purification of the antigen recognizing construct from the cell and,
optionally, the reconstitution of the translated antigen recognizing construct-fragments in a T-
cell.

[0067] In an alternative aspect of the invention a T-cell is provided obtained or obtainable by a
method for the production of a T cell receptor (TCR), which is specific for tumorous cells and
has high avidity as described herein above. Such a T cell is depending on the host cell used in
the method of the invention, for example, a human or non-human T-cell, preferably a human
TCR.

[0068] The inventive TCRs (including functional variants thereof), nucleic acids, recombinant
expression vectors and host cells (including populations thereof), can be isolated and/or
purified. The term "isolated" as used herein means having been removed from its natural
environment. The term "purified" as used herein means having been increased in purity,
wherein "purity” is a relative term, and not to be necessarily construed as absolute purity. For
example, the purity can be at least about 50%, can be greater than 60%, 70%o0, 80%, 90%,
95%, or can be 100%.

[0069] The inventive antigen recognizing constructs, TCRs, nucleic acids, recombinant
expression vectors, host cells (including populations thereof), all of which are collectively
referred to as "inventive TCR materials" hereinafter, can be formulated into a composition,
such as a pharmaceutical composition. In this regard, the invention provides a pharmaceutical
composition comprising any of the antigen recognizing constructs, TCRs, functional portions,
functional variants, nucleic acids, expression vectors, host cells (including populations thereof)
described herein, and a pharmaceutically acceptable carrier, excipient and/or stabilizer. The
inventive pharmaceutical compositions containing any of the inventive TCR materials can
comprise more than one inventive TCR material, e.g., a polypeptide and a nucleic acid, or two
or more different TCRs (including functional portions and functional variants thereof).
Alternatively, the pharmaceutical composition can comprise an inventive TCR material in
combination with another pharmaceutically active agent(s) or drug(s), such as
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chemotherapeutic agents, e.g., asparaginase, busulfan, carboplatin, cisplatin, daunorubicin,
doxorubicin, fluorouracil, gemcitabine, hydroxyurea, methotrexate, paclitaxel, rituximab,
vinblastine, vincristine, etc. Preferably, the carrier is a pharmaceutically acceptable carrier. With
respect to pharmaceutical compositions, the carrier can be any of those conventionally used
for the particular inventive TCR material under consideration. Such pharmaceutically
acceptable carriers are well-known to those skilled in the art and are readily available to the
public. It is preferred that the pharmaceutically acceptable carrier be one, which has no
detrimental side effects or toxicity under the conditions of use.

[0070] Thus, also provided is a pharmaceutical composition, comprising any of the herein
described products of the invention and TCR materials of the invention, specifically any
proteins, nucleic acids or host cells. In a preferred embodiment the pharmaceutical
composition is for immune therapy, preferably adoptive cell therapy.

[0071] Preferably, the TCR material is administered by injection, e.g., intravenously. When the
inventive TCR material is a host cell expressing the inventive TCR (or functional variant
thereof), the pharmaceutically acceptable carrier for the cells for injection may include any
isotonic carrier such as, for example, normal saline (about 0.90% w/v of NaCl in water, about
300 mOsm/L NaCl in water, or about 9.0 g NaCl per liter of water), NORMOSOL R electrolyte
solution (Abbott, Chicago, IL), PLASMA-LYTE A (Baxter, Deerfield, IL), about 5% dextrose in
water, or Ringer's lactate. In an embodiment, the pharmaceutically acceptable carrier is
supplemented with human serum albumin.

[0072] For purposes of the invention, the amount or dose (e.g., numbers of cells when the
inventive TCR material is one or more cells) of the inventive TCR material administered may
be sufficient to affect, e.g., a therapeutic or prophylactic response, in the subject or animal over
a reasonable time frame. For example, the dose of the inventive TCR material should be
sufficient to bind to a cancer antigen, or detect, treat or prevent cancer in a period of from
about 2 hours or longer, e.g., 12 to 24 or more hours, from the time of administration. In
certain embodiments, the time period could be even longer. The dose will be determined by
the efficacy of the particular inventive TCR material and the condition of the animal (e.g.,
human), as well as the body weight of the animal (e.g., human) to be treated.

[0073] It is contemplated that the inventive pharmaceutical compositions, TCRs (including
functional variants thereof), polypeptides, proteins, nucleic acids, recombinant expression
vectors, host cells, or populations of cells can be used in methods of treating or preventing
cancer, or COL6A3-positive premalignancy. The inventive TCRs (and functional variants
thereof) are believed to bind specifically to COL6A3 antigen, such that the TCR (or related
inventive polypeptide or protein and functional variants thereof), when expressed by a cell, is
able to mediate an immune response against a target cell expressing the COL6A3 antigens of
the invention. In this regard, the invention provides a method of treating or preventing a
condition, in particular cancer, in a mammal, comprising administering to the mammal any of
the pharmaceutical compositions, antigen recognizing constructs, in particular TCRs (and
functional variants thereof), polypeptides, or proteins described herein, any nucleic acid or
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recombinant expression vector comprising a nucleotide sequence encoding any of the TCRs
(and functional variants thereof), polypeptides, proteins described herein, or any host cell or
population of cells comprising a recombinant vector, which encodes any of the constructs of
the invention (and functional variants thereof), polypeptides, or proteins described herein, in an
amount effective to treat or prevent the condition in the mammal, wherein the condition is
cancer, preferably COL6A3 positive cancer.

[0074] Examples of pharmaceutically acceptable carriers or diluents useful in the present
invention include stabilizers such as SPGA, carbohydrates (e.g. sorbitol, mannitol, starch,
sucrose, glucose, dextran), proteins such as albumin or casein, protein containing agents such
as bovine serum or skimmed milk and buffers (e.g. phosphate buffer).

[0075] The terms "treat," and "prevent" as well as words stemming therefrom, as used herein,
do not necessarily imply 100% or complete treatment or prevention. Rather, there are varying
degrees of treatment or prevention of which one of ordinary skill in the art recognizes as
having a potential benefit or therapeutic effect. In this respect, the methods described herein
can provide any amount of any level of treatment or prevention of a condition in a mammal.
Furthermore, the treatment or prevention provided by the method described herein can include
treatment or prevention of one or more conditions or symptoms of the condition, e.g., cancer,
being treated or prevented. For example, treatment or prevention can include promoting the
regression of a tumor. Also, for purposes herein, "prevention” can encompass delaying the
onset of the condition, or a symptom or condition thereof.

[0076] Disclosed but not covered by the claimed invention is a method of treating cancer
comprising administering a TCR, a nucleic acid, or a host cell of the present description in
combination with at least one chemotherapeutic agent and/or radiation therapy.

[0077] Also provided is an in-vitro method of treating cancer or COLG6A3-positive
premalignancy wherein said cancer is selected from a cancer where COLB6A3 is
overexpressed, mutated, and/or a COL6A3-derived tumor-associated antigen is presented, the
method, comprising:

a) transforming a cell obtained from a subject in need of a cancer treatment with at least one
vector encoding an antigen recognizing construct of the present invention to produce a
transformed cell;

¢) expanding the transformed cell to produce a plurality of transformed cells;

[0078] Also disclosed but not being covered by the claimed invention is a method of treating
cancer in a subject in need thereof, comprising:

1. a) isolating a cell from a healthy donor;
2. b) transforming the cell with a vector encoding an antigen recognizing construct of the
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present invention to produce a transformed cell;
3. ¢) expanding the transformed cell to produce a plurality of transformed cells; and
4. d) administering the plurality of transformed cells to said subject.

[0079] Also provided is an in vitro method of detecting cancer in a biological sample
comprising:

1. a) contacting the biological sample with an antigen recognizing construct of the present
description;

2.b) detecting binding of the antigen recognizing construct to the biological sample;
wherein said cancer is selected from a cancer where COLBA3 is overexpressed,
mutated, and/or a COL6A3-derived tumor-associated antigen is presented.

[0080] In some embodiments, the method of detecting cancer is carried out in vitro, in vivo or
in situ.

[0081] Also disclosed but not being covered by the claimed invention is a method of detecting
the presence of a condition in a mammal. The method comprises (i) contacting a sample
comprising one or more cells from the mammal with any of the inventive TCRs (and functional
variants thereof), polypeptides, proteins, nucleic acids, recombinant expression vectors, host
cells, populations of cells, antibodies, or antigen binding portions thereof, or pharmaceutical
compositions described herein, thereby forming a complex, and (ii) detecting the complex,
wherein detection of the complex is indicative of the presence of the condition in the mammal,
wherein the condition is cancer, such as a COL6A3-positive malignancy.

[0082] With respect to the method of detecting a condition in a mammal, the sample of cells
can be a sample comprising whole cells, lysates thereof, or a fraction of the whole cell lysates,
e.g., a nuclear or cytoplasmic fraction, a whole protein fraction, or a nucleic acid fraction.

[0083] For purposes of the inventive detecting method, the contacting is in vitro.

[0084] Also, detection of the complex can occur through any number of ways known in the art.
For instance, the inventive antigen recognizing constructs (and functional variants thereof),
nucleic acids, recombinant expression vectors, host cells, populations of cells, or TCRs, or
antigen binding portions thereof, described herein, can be labeled with a detectable label such
as, for instance, a radioisotope, a fluorophore (e.g., fluorescein isothiocyanate (FITC),
phycoerythrin (PE)), an enzyme (e.g., alkaline phosphatase, horseradish peroxidase), and
element particles (e.g., gold particles).

[0085] For purposes of the inventive methods, wherein host cells or populations of cells are
administered, the cells can be cells that are allogeneic or autologous to the mammal.
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Preferably, the cells are autologous to the mammal.

[0086] With respect to the above mentioned medical applications of the TCR material of the
invention, the to be treated and/or diagnosed cancer can be any cancer, including any of acute
lymphocytic cancer, acute myeloid leukemia, alveolar rhabdomyosarcoma, bone cancer, brain
cancer, breast cancer, cancer of the anus, anal canal, or anorectum, cancer of the eye, cancer
of the intrahepatic bile duct, cancer of the joints, cancer of the neck, gallbladder, or pleura,
cancer of the nose, nasal cavity, or middle ear, cancer of the oral cavity, cancer of the vagina,
cancer of the vulva, chronic lymphocytic leukemia, chronic myeloid cancer, colon cancer,
esophageal cancer, cervical cancer, gastrointestinal carcinoid tumor, glioma, Hodgkin
lymphoma, hypopharynx cancer, kidney cancer, larynx cancer, liver cancer, lung cancer,
malignant mesothelioma, melanoma, multiple myeloma, nasopharynx cancer, non-Hodgkin
lymphoma, cancer of the oropharynx, ovarian cancer, cancer of the penis, pancreatic cancer,
peritoneum, omentum, and mesentery cancer, pharynx cancer, prostate cancer, rectal cancer,
renal cancer, skin cancer, small intestine cancer, soft tissue cancer, stomach cancer, testicular
cancer, thyroid cancer, cancer of the uterus, ureter cancer, and urinary bladder cancer. A
preferred cancer is cancer of the uterine cervix, oropharynx, anus, anal canal, anorectum,
vagina, vulva, or penis. A particularly preferred cancer is a COL6A3 positive cancer, such as
gastrointestinal or gastric cancer.

[0087] In general, the invention provides a method for treating a subject suffering from a tumor
or tumor disease comprising the administration of the antigen recognizing constructs, nucleic
acids, vectors, pharmaceutical compositions and/or host cell as disclosed by the present
invention. Preferably the subject is a subject in need of such a treatment. The subject in
preferred embodiments is a mammalian subject, preferably a human patient, suffering from a
tumor or tumor disease, which is COL6A3-positive.

[0088] The present invention will now be further described in the following examples with
reference to the accompanying figures and sequences, nevertheless, without being limited
thereto. In the Figures and Sequences:

Figure 1 shows the conversion of a TCR into stabilized Va/VB single-chain TCR (scTv) via
yeast surface display. ScTv molecules displayed on the surface of transformed Saccharomyces
cerevisiae EBY100 were stained with FITC-labeled anti-Vbetal antibody and PE-labeled HLA-

A*02/COLBA3-002 tetramer. The unmodified scTv R4P3F9 (left panel, SEQ ID NO: 22) is
compared to an scTv clone bearing single point mutations to stabilize the scTv scaffold (right
panel), which was derived from the selection of a random mutation scTv library.

Figure 2 shows scTv affinity maturation via yeast surface display. Stabilized scTv molecules
with and without affinity maturated CDR1 beta were stained with HLA-A*02 tetramers

containing COL6A3-002 (SEQ ID NO: 1) and counterstained with a mix of HLA-A*02 tetramers
containing 9 peptides (SEQ ID NO: 28 to 36) with high sequence similarity to COL6A3-002.
Stabilized scTv (SEQ ID NO 27) with non-maturated beta chain CDR1 sequence RSGDLS
(SEQ ID NO: 13) is compared with scTv clones bearing the affinity maturated beta chain CDR1



DK/EP 3707159 T5

sequences AMDHPY (SEQ ID NO: 40) and ARWHRN (SEQ ID NO: 39).

Figure 3 shows size exclusion chromatography elution profiles of anti-CD3 Fab-scTv R4P3F9S
fusion variants 75-1 to 75-25.

Figure 4 shows the HLA-A*02/COL6A3-002 binding kinetics of anti-CD3 Fab-scTv R4P3F9S
fusion variants 75-1 to 75-25 as measured by biolayer interferometry. Analyzed concentrations

of HLA-A*02/COL6A3-002 are indicated.

Figure 5 shows binding analysis of anti-CD3 Fab-scTv R4P3F9S fusion variants 75-1 to 75-25

as measured via biolayer interferometry (BLI). 1 uM of HLA-A*02 in complex with the indicated
similar peptides was analyzed.

Figure 6 shows a comparison of HLA-A*02/COL6A3-002 and HLA-A*02/COL6A1-001 (SEQ ID
NO: 30) binding kinetics of different anti-CD3 Fab-scTv R4P3F9S fusion variants. Analyzed
concentrations of Fab-scTv molecules are indicated.

Figure 7 shows staining of maturated R4P3F9 TCR variant expressing human CD8* T cells

with PE-labeled HLA-A*02/COLBA3-002 tetramers. For control purpose, no TCR (Mock) or the
1G4 TCR specific for NYESO1-001 was expressed and staining with PE-labeled HLA-

A*02/NYESO1-001 tetramers was used.

Figure 8 shows IFN-gamma release of maturated R4P3F9 TCR variant expressing human

CD8* T cells in response to COL6A3-002. For control purpose, no TCR (mock) or the 1G4
TCR specific for NYESO1-001 was expressed. IFN-gamma release was determined by ELISA

after co-culture of electroporated CD8* T cells with T2 cells loaded with a serial dilution of
COLBA3-002.

Figure 9 shows IFN-gamma release of maturated R4P3F9 TCR variant expressing human

CD8"* T cells in response to COL6A3-002 and different similar peptides. For control purpose,
no TCR (mock) or the 1G4 TCR specific for NYESO1-001 was expressed. IFN-gamma release

was determined by ELISA after co-culture of electroporated CD8* T cells with T2 cells loaded
with 10 uM of COL6A3-002 or similar peptides.

Figure 10 shows staining of maturated R4P3F9 TCR variant expressing human CD8" T cells

with PE-labeled peptide-HLA-A*02 tetramers. For control purpose, no TCR (Mock) or the 1G4
TCR specific for NYESO1-001 was expressed and staining with PE-labeled HLA-

A*02/NYESO1-001 tetramers was used.

Figure 11 shows IFN-gamma release of maturated R4P3F9 TCR variant expressing human

CD8"* T cells in response to COL6A3-002 or COL6A1-001. For control purpose, no TCR
(mock) or the 1G4 TCR specific for NYESO1-001 was expressed. IFN-gamma release was

determined by ELISA after co-culture of electroporated CD8" T cells with T2 cells loaded with a
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serial dilution of COL6A3-002 or COL6A1-001.

Figure 12 shows IFN-gamma release of primary human CD8* T cells expressing R4P3F9 TCR
variants upon co-culture with different tumor cell lines. SF539, SW982 and Hs840.T cells
present the target peptide at different levels. MCF-7 cells do not present the target peptide. As
controls, effector cells without exogenous TCR were analyzed along with cells with TCRs of

*

interest. IFN-gamma release was determined by ELISA.
scale.

marks a data point that is out of

Table 1: Peptide sequences of the invention (positions are according to IMGT numbering:

(Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux; Protein displays: human
(Homo sapiens) TRAV; IMGT Repertoire. IMGT®, the international
ImMunoGenetics information system® http://www.imgt.org.; Created: 16/03/2011.
Version: 03/06/2016; Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux;
Protein displays: human (Homo sapiens) TRBV; IMGT Repertoire. IMGT®, the
international ImMunoGenetics information system® http://lwww.imgt.org.; Created:
16/03/2011. Version: 03/06/2016.)
SEQ ID {Name Description {Sequence
NO:
1 COLBAS- FLLDGSANV
002
2 R4P3F9 R4P3F9
alpha TCR alpha MKSLRVLLVILWLQLSWVWSQOKEVEQNSGPLSVPEGAIA
. SLNCTYSDRGSQSFFWYRQYSGKSPELIMEIYSNGDKEDG
Chaln - fU” REFTAQLNKASQYVSLLIRDSQPSDSATYLCAAYSGAGSYQ
Iength LTFGKGTKLSVIPNIQONPDPAVYQLRDSKSSDKSVCLETD
FDSQTNVSQSKDSDVYITDKTVLDMRSMDEFKSNSAVAWSN
KSDFACANAFNNSIIPEDTFFPSPESSCDVKLVEKSFETD
TNILNFOQNLSVIGFRILLLKVAGENLLMTLRLWSS
3 R4P3F9 R4P3F9 MKSLRVLLVILWLQLSWVWSQ
alpha leader { TCR alpha
chain -
leader
peptide
4 R4P3F9 R4P3F9
a|pha TCR a|pha QKEVEQNSGPLSVPEGATASLNCTYSDRGSQSFFWYRQYS
. . GKSPELTMFIYSNGDKEDGRFTAQLNKASQYVSLLIRDS3Q
Varlable Cha_ln - PSDSATYLCAAYSGAGSYQLTFGKGTKLSVIP
variable
domain
5 R4P3F9 R4P3F9 DRGSQS
CDRal TCR alpha
chain -
CDR1
6 R4P3F9 R4P3F9 IlYSNGD
CDRa2 TCR alpha
chain -
CDR2




DK/EP 3707159 T5

(Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux; Protein displays: human
(Homo sapiens) TRAV; IMGT Repertoire. IMGT®, the international
ImMunoGenetics information system® http://www.imgt.org.; Created: 16/03/2011.
Version: 03/06/2016; Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux;
Protein displays: human (Homo sapiens) TRBV; IMGT Repertoire. IMGT®, the

international ImMunoGenetics information system® http://lwww.imgt.org.; Created:
16/03/2011. Version: 03/06/2016.)

SEQ ID {Name Description {Sequence
NO:
7 R4P3F9 R4P3F9 CAAYSGAGSYQLT
CDRa3 TCR alpha
chain -
CDR3
8 R4P3F9 - R4P3F9
alpha TCR alpha NIQNPDPAVYQOLRDSKSSDKSVCLEFTDFDSOTNVSQSKDS
. DVYITDKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNNS
constant chain - IIPEDTFFPSPESSCDVKLVEKS FETDTNLNFONLSVIGE
constant RILLLKVAGFNLLMTLRLWSS
domain
9 R4P3F9 - R4P3F9 NIQN
alpha TCR alpha
constant chain -
start constant
domain start
10 R4P3F9 R4P3F9
beta TCR beta MGFRLLCCVAFCLLGAGPVDSGVTOTPKELI TATGORVTL
. RCSPRSGDLSVYWYQQSLDQGLQFLIQYYNGEERAKGNIL
chain - full ERFSAQQFPDLHSELNLSSLELGDSALYFCASSVESSYGY
length TFGSGTRLTVVEDLNKVFPPEVAVFEPSEAEI SHTQKATL

VCLATGFFPDHVELSWWVNGKEVHSGVSTDPQPLKEQPAL
NDSRYCLSSRLRVSATFWONPRNHFRCOQVQOFYGLSENDEW
TODRAKPVTQIVSAEAWGRADCGETSVSYQOGVLSATILY
EILLGKATLYAVLVSALVLMAMVKRKDF

11 R4P3F9 R4P3F9 MGFRLLCCVAFCLLGAGPV
beta leader {TCR beta
chain -
leader
peptide
12 R4P3F9 R4P3F9
beta TCR beta DSGVTQTPKHLI TATGORVT LRCSPRSGDLSVYWYQQSLD
. . OGLOFLIOYYNGEERAKGNILERFSAQQOFPDLHSELNLSS
variable chain - LELGDSALYFCASSVESSYGYTFGSGTRLTVV
variable
domain
13 R4P3F9 R4P3F9 RSGDLS
CDRDbI TCR beta
chain -
CDR1

14 R4P3F9 R4P3F9 YYNGEE



DK/EP 3707159 T5

(Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux; Protein displays: human
(Homo sapiens) TRAV; IMGT Repertoire. IMGT®, the international
ImMunoGenetics information system® http://www.imgt.org.; Created: 16/03/2011.
Version: 03/06/2016; Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux;
Protein displays: human (Homo sapiens) TRBV; IMGT Repertoire. IMGT®, the
international ImMunoGenetics information system® http://lwww.imgt.org.; Created:
16/03/2011. Version: 03/06/2016.)
SEQ ID {Name Description {Sequence
NO:
CDRb2 TCR beta
chain -
CDR2
15 R4P3F9 R4P3F9 CASSVESSYGYT
CDRb3 TCR beta
chain -
CDR3
16 R4P3F9 R4P3F9
beta TCR beta EDINKVEPPEVAVFEPSEAEISHTQKATLVCLATGFFPDH
. VELSWWVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSSRL
ConStant Chaln - RVSATFWONPRNHFRCOQVQFYGLSENDEWTQDRAKPVTQT
ConStant VSAEAWGRADCGETSVSYQQGVLSATILYEILLGKATLYA
domain VLVSALVLMAMVKRKDF
17 R4P3F9 R4P3F9 EDLNK
beta TCR beta
constant chain -
start 1 constant
domain start
1
18 R4P3F9 R4P3F9 EDLKN
beta TCR beta
constant chain -
start 2 constant
domain start
2
19 Agazp- Agazp
R4P3F9 fusion MOTLLRCFSTFSVIASVLAQELTTICEQIPSPTLESTPYSL
. . STTTILANGKAMQGVFEYYKSVTEVSNCGSHPSTTSKGSP
protein with  § 1nrovvreceesbYKDDDDKCGEASOKEVEONSGPLSVEE
SCTV GATASLNCTYSDRGSQSEFFWYRQYSGKSFELIMSIYSNGD
RAP3FY and | .y oo TKL SV PN IONGOGE5 6665666655656
tags SGVTQTPKHLI TATGORVTLRCS PRSGDLSVYWYQQS DO
GLOFLIQYYNGEERAKGNILERFSAQQFPDLHSELNLSSL
ELGDSALYFCASSVESSYGYTFGSGTRLTVVEDLNKAAAG
GSGGEQKLISEEDL
MOLLRCEFSTFSVIASVLAQELTTICEQIPSPTLESTPYSL
STTTILANGKAMQGVEFEYYKSVTEVSNCGSHPSTTSKGSP
INTQYVE
20 Agazp Leader
Sequence MQLLRCESIFSVIASVLAQELTTICEQIPSPTLESTRYSL
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(Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux; Protein displays: human
(Homo sapiens) TRAV; IMGT Repertoire. IMGT®, the international
ImMunoGenetics information system® http://www.imgt.org.; Created: 16/03/2011.
Version: 03/06/2016; Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux;
Protein displays: human (Homo sapiens) TRBV; IMGT Repertoire. IMGT®, the
international ImMunoGenetics information system® http://lwww.imgt.org.; Created:
16/03/2011. Version: 03/06/2016.)
SEQ ID {Name Description {Sequence
NO:
DI T T Y DANGRAMNUGVELY TROVITVONUGEGSHESTITSOSRNGSE
and Agazp  { [yroyyr
21 FLAG tag FLAG tag GGGGSDYKDDDDKGGGAS
plus linkers
22 sclTv Single chain
R4P3F9 Variable QKEVEQNSGPLIVPEGATASINCTYSDRGSQSFFWYRQYS
. GKSPELIMSTYSNGDKEDGRFTAQLNKASQYVSLLIRDSQ
domalns 01_: PSDSATYLCAAYSGAGSYQLTEFGKGTKLSVIPNIQNGGGG
R4P3F9 with{ sccces666656666S6VTOTPRELITATGORVTLRCSPR
|inker- SGDLSVYWYQOSLDOGLOFLIQYYNGEERAKGNILEREFSA
F55’S . QQFPDLHSELNLSSLELGDSALYFCASSVESSYGYTFEGSG
a In TRLTVVEDLNK
alpha
variable
domain
23 Myc tag Linkerand {AAAGGSGGEQKLISEEDL
Myc tag
24 sclTv sclTv
R4P3F9_ R4P3F9 Wlth OKEVEQONSGPLIVPEGAIASLNCTYSDRGSQSEFEWYRQYS
e GKSPELIMSTYSNGDKEDGRFTAQLNKASQYVSLLIRDSQ
bQ43K stabilizin g PSDSATYLCAAYSGAGSYOLTFGKGTKLSVIPNIONGGGG
mutation SCGCGSECEESCECESCGVTQOTPKHLITATGORVTLRCSPR
bQ43K in SGDLSVYWYKQSLDQGLOFLIQYYNGEERAKGNILERFSA
. QQFPDLHSELNLSSLELGDSALYFCASSVESSYGYTFEGSG
beta variable { TriTvvEDLNK
domain
QREVEQNSGPLSVPEGATASLNCTYSDRGSQSFEFWYRQYS
GKSPELIMSIYSNGDKEDGRFTAQLNKASQYVSLLIRDSQ
PSDSATYLCAAYSGAGSYQLTEFGKGTKLSVIPNIQNGGGG
SGGGGSGGGGSGGGGSGVTQTPKHLITATGORVTLRCSPR
SGDLSVYWYQOSTLDQGLOFLIQYYNGEERAKGNISERFSA
QQFPDLHSELNLSSLELGDSALYFCASSVESSYGYTEGSG
TRLTVVEDLNK
25 sclTv sclTv
R4P3F9_ R4P3F9 Wlth QKEVEQNSGPLSVPEGAIASLNCTYSDRGSQSFEWYRQYS
e GKSPELIMSTIYSNGDKEDGRFTAQLNKASQYVSLLIRDSQ
bL72S stabilizin g | pspsarvicanvseacsyoLTFGRETRLSVIENIQNGGEG
mutation SGGGGSGGGESGEGESGVTQTPKHLITATGQRVTLRCSPR
bL728 in SGDLSVYWYQOSLDQGLOFLIQYYNGEERAKGNISERESA
b . b| QQFPDLHSELNLSSLELGDSALYFCASSVESSYGYTFEGSG
deta variable { rrpryvvepLNK
omain
26 CDRal aG29R DRRSQS
mutant1 mutation
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(Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux; Protein displays: human
(Homo sapiens) TRAV; IMGT Repertoire. IMGT®, the international
ImMunoGenetics information system® http://www.imgt.org.; Created: 16/03/2011.
Version: 03/06/2016; Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux;
Protein displays: human (Homo sapiens) TRBV; IMGT Repertoire. IMGT®, the
international ImMunoGenetics information system® http://lwww.imgt.org.; Created:
16/03/2011. Version: 03/06/2016.)
SEQ ID {Name Description {Sequence
NO:
27 sclv Stabilized
R4P3F98 VerSion Of QKEVEQNSGPLSVPEGATIASLNCTYSDRRSQSFFWYRQYS
scTv PSDSATYLOAAYSGAGSYOLTFEKGTKLEY I PECGGSCAG
R4P3F9 G3GGGGESGEEGSGEGGSGVTQTPKHLITATGQRVTLRCSP
RSGDLSVYWYKQSLDOQGLOFLIQYYNGEERAKGNISERES
AQOFPDLHSELNLSSLELGDSALYFCASSVESSYGYTFEGS
GTRLTVV
28 AGRN-001 {Similar ALLDGRVQL
peptides
29 CLASP1- Similar RLLDGAFKL
001 peptides
30 COLBA1- Similar ILLDGSASV
001 peptides
31 COLBA2- Similar FLLDGSERL
001 peptides
32 COLBAS- Similar FLFDGSANLV
006 peptides
33 COLBAS- Similar FLFDGSANL
008 peptides
34 COLBAS- Similar FLLDGSEGV
014 peptides
35 VWA2-001 {Similar FLLDGSNSV
peptides
36 VWF-001 Similar FLLDGSSRL
peptides
37 CDRODI Beta chain - {ARWHNN
mutant 1 CDR1
variant 1
38 CDRODI Beta chain - {AKDHLN
mutant 2 CDR1
variant 2
39 CDRODI Beta chain - {ARWHRN
mutant 3 CDR1
variant 3
40 CDRODI Beta chain - {AMDHPY
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(Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux; Protein displays: human
(Homo sapiens) TRAV; IMGT Repertoire. IMGT®, the international

ImMunoGenetics information system® http://www.imgt.org.; Created: 16/03/2011.
Version: 03/06/2016; Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux;

Protein displays: human (Homo sapiens) TRBV; IMGT Repertoire. IMGT®, the
international ImMunoGenetics information system® http://lwww.imgt.org.; Created:

16/03/2011. Version: 03/06/2016.)

SEQ ID {Name Description {Sequence
NO:
mutant 4 CDR1
variant 4
41 CDRDbI Beta chain - {ATDHYN
mutant 5 CDR1
variant 5
42 CDRDbI Beta chain - jARYHTN
mutant 6 CDR1
variant 6
43 CDRDbI Beta chain - {APYHLN
mutant 7 CDR1
variant 7
44 CDRDbI Beta chain - jAKDHTN
mutant 8 CDR1
variant 8
45 CDRDbI Beta chain - {ARYHRN
mutant 9 CDR1
variant 9
46 CDRDb1 Beta chain - {ARWHSN
mutant 10 CDR1
variant 10
47 CDRDbI Beta chain - {ATDHYN
mutant 11 CDR1
variant 11
48 CDRDbI Beta chain - {RWGDLN
mutant 12 CDR1
variant 12
49 CDRDbI Beta chain - {ARDHLN
mutant 13 CDR1
variant 13
50 75-1 Fab heavy
Cha"TVVHh MKWVTFISLLFLESSAYSEVQLVESGGGLVOPGGSLRLSC
ire AASGYSFTGYTMNWVRQAPGKGLEWVALINPYKGYVSTYNQ
Statﬂ“zed KFKDRFTISVDKSEKNTAYLOMNSLRAEDTAVYYCARSGYY
SC1\/ GDSDWYFDVWGQGTLVTVSSASTKGPSVEPLAPSSKSTSG
R4P3F98 GTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLISS

GLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVDKKVEP
KSCDKTHTSPPSPAPPVAGQKEVEQNSGPLSVPEGAIASL
NCTYSDRGSQSFFWYRQYSGKSPELIMSIYSNGDKEDGRF
TAQLNKASQYVSLLIRDSQPSDSATYLCAAYSGAGSYQLT
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(Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux; Protein displays: human
(Homo sapiens) TRAV; IMGT Repertoire. IMGT®, the international
ImMunoGenetics information system® http://www.imgt.org.; Created: 16/03/2011.
Version: 03/06/2016; Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux;
Protein displays: human (Homo sapiens) TRBV; IMGT Repertoire. IMGT®, the

international ImMunoGenetics information system® http://lwww.imgt.org.; Created:
16/03/2011. Version: 03/06/2016.)

SEQ ID {Name Description {Sequence
NO:

FGRKGTKLSVIPNIQONGGGGSGGGGSGGGGSGEGGSCEEGES
GVTQTPKHLITATGQRVTLRCSPRSGDLSVYWYKQSLDOG
LOFLIQYYNGEERAKGNISERFSAQQFPDLHSELNLSSLE
LGDSALYFCASSVESSYGYTFGSGTRLTVVEDLKN
MEKWVTFISLLFLFSSAYSEVQLVESGGGLVOPGGSLRLSC
AASGYSFTGYTMNWVRQAPGKGLEWVALINPYKGVSTYNQ
KFKDREFTISVDKSKNTAYLOMNSLRAEDTAVYYCARSGYY
GDSDWYFDVWGQGTLVTVSSASTKGPSVEPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSS
GLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVDKKVEP
KSCDKTHTSPPSFAPPVAG

51 75- Fab Fab heavy

heavy chain {chain MKWVTFISLLFLFSSAYSEVOLVES GGGLVOPGGSLRLSC
AASGYSFTGYTMNWVROAPGKGLEWVALINPYKGYSTYNQ
KFKDRFTISVDKSKNTAYLOMNSTLRAEDTAVYYCARSGYY
GDSDWYFDVWGOGTLVTVSSASTKGDSVFPLAPSSKSTSG
GTAATGCTVKDYFPEPVTVSWNSGATTSCVHTFEAVIQSS
GLYSLSSVVTVPSSSLGTOTYICNVNEKPSNTKVDKKVED
KSCDKTHTSPPSPAPPVAG

SN S L L Nl AR VIR LA L L L NN LA L YV a1 1IN

52 75- Fab lightjFab light
chain chain MKWVTFTSLLFLFSSAYSDTQMTQSPSSLSASVGDRYTIT
CRASQDIRNYLNWYQQKPGKAPKLLIYYTSRLESGVPSRE
SGSGSGTDYTLTISSLQPEDFATYYCOQGNTLPWT FGQGT
KVETKRTVAAPSVFIFPPSDEQLKSGTASVVCLINNFYPR
FAKVOWKVDNALQSGNSQFESVTEQDSKDSTYSLSSTLTLS
KADYEKHKVYACFVTHOGT. SSPVTKSFNRGFRC

53 1G4 alpha {1G4 TCR
alpha Chain _ MKWVTFISLLELFSSAYSI?IQMTQSPSSLSASVGP3VTIT
CRASQDIRNYLNWYQQOKPGKAPKLLIYYTSRLESGVPSRFE
funlength SGSGSGTDYTLTISSLOPEDFATYYCQQGNTLPWTFGQOGT
KVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPR
EAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLS
KADYEKHKVYACEVTHQGLS SPVTKSFNRGEC
METLLGLLILWLOLOWVSSKQEVTQIPAALSVPEGENLVL
NCSFTDSAIYNLOWFRQDPGKGLTSLLLIQSSQREQTSGR
LNASLDKSSGRSTLYIAASQPGDSATYLCAVRPTSGGSYT
PTFGRGTSLIVHPYIQNPDPAVYQLRDSKSSDKSVCLETD
FDSQTNVSQSKDSDVYITDKTVLDMRSMDEFKSNSAVAWSN
KSDFACANAFNNSITIPEDTFFPSPESSCDVKLVEKSFETD
TNLNEFQNLSVIGFRILLLKVAGENLLMTLRLWSS

54 1G4 alpha {1G4 TCR METLLGLLILWLQLQVWSSK
leader alpha chain -
leader

peptide
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(Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux; Protein displays: human
(Homo sapiens) TRAV; IMGT Repertoire. IMGT®, the international
ImMunoGenetics information system® http://www.imgt.org.; Created: 16/03/2011.
Version: 03/06/2016; Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux;
Protein displays: human (Homo sapiens) TRBV; IMGT Repertoire. IMGT®, the
international ImMunoGenetics information system® http://lwww.imgt.org.; Created:
16/03/2011. Version: 03/06/2016.)
SEQ ID {Name Description {Sequence
NO:
55 1G4 alpha {1G4 TCR
. in QEVIQLIPAALSVPEGENLVLNCSELIDSALYNLOWEROD PG
Varlable alpha Chaln KGLTSLLLIQSSQREQTSGRLNASLDKSSGRSTLYIAASQ
variable PGDSATYLCAVRPTSGGSYI PTFGRGTSLIVHP
domain
56 1G4 alpha {1G4 TCR
constant a|pha chain - YIONPDPAVYQLRDSKSSDKSVCLETDEDSQTNVSQSKDS
2. el
tant DVYITDKTVLDMRSMDFKSNSAVAWSNKSDFACANAFNNS
cons _an IIPEDTFFPSPESSCDVKLVEKSFETDTNLNFONLSVIGF
domaln RILTLLRKVAGFNLIMTLRLWSS
57 1G4 beta 1G4 TCR
b h N MSIGLLCCAALSLLWAGPVNAGVTQTPKEFQVLKTGQOSMTL
eta chain i
QCAQDMNHEYMSWYRQDPGMGLRLIHYSVGAGITDQGEVP
fU” length NGYNVSRSTTEDFPLRLLSAAPSQTSVYFCASSYVGNTGE
LEFFGEGSRLTVLEDLKNVFPPEVAVFEPSEAEI SHTQKAT
LVCLATGFYPDHVELSWWVNGKEVHSGVSTDPQPLKEQPA
LNDSRYCLSSRLRVSATFWONPRNHFRCQVQFYGLSENDE
WIQDRAKPVTQIVSAEAWGRADCGFTSESYQQGVLSATIL
YEILLGKATLYAVLVSALVLMAMVKRKDSRG
58 1G4 beta 1G4 TCR MSIGLLCCAALSLLWAGPVNA
leader beta chain -
leader
peptide
59 1G4 beta 1G4 TCR
Variable beta Chain _ GVTQTPKFQVLKTGQSMTLQCAQQDMNHEYMSWYRQDPGMG
iabl LRLTHYSVGAGITDOGEVPNGYNVSRSTTEDFPLRLLSAA
\cllarla . e PSQTSVYFCASSYVGNTGELFFGEGSRLTVL
omain
60 1G4 beta Beta chain -
Constant Constant GVTQTPKFQVLKTGOSMTLQCAQDMNHEYMSWYRQDPGMG
. LRLIHYSVGAGITDQGEVENGYNVSRSTTEDFPLRLLSAA
domain PSQTSVYFCASSYVGNTGELFFGEGSRLTVL
EDLKNVEPPEVAVFEPSEAETISHTQKATLVCLATGEYPDH
VELSWWVNGKEVHSGVSTDPQPLKEQPALNDSRYCLSSRL
RVSATEFWONPRNHFRCQVQFYGLSENDEWTQDRAKPVTQT
VSAEAWGRADCGEFTSESYQQOGVLSATILYEILLGKATLYA
VLVSALVLMAMVEREDSRG
61 NYESO1- {Control SLLMWITQV
001 peptide
62 C-14 beta; jC-14; C-5
C-Sbeta  {TCRfull e e e e Sy
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(Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux; Protein displays: human
(Homo sapiens) TRAV; IMGT Repertoire. IMGT®, the international
ImMunoGenetics information system® http://www.imgt.org.; Created: 16/03/2011.
Version: 03/06/2016; Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux;
Protein displays: human (Homo sapiens) TRBV; IMGT Repertoire. IMGT®, the
international ImMunoGenetics information system® http://lwww.imgt.org.; Created:
16/03/2011. Version: 03/06/2016.)

SEQ ID {Name Description {Sequence

NO:

RO TAPIDI T TV IW NGO LD DYS T T Y T TINGE N ANSIN T T
length beta | prrsaooreDLESELNLSSLELGDSALYFCASSVESSYGY
chain with TFGSGTRLTVVEDLNKVFPPEVAVFEP SEAEI SHTQKATL
CDRD1 VCLATGFFPDHVEL SWWYNGKEVHSGVSTDPOPLKEQPAL

NDSRYCLSSRLRVSATFHONPRNHFRCOVOFYGLSENDEW
mutant 4 TODRAKPVTOIVSAEAWGRADCGETSVSYQOGVLSATILY

EILLGKATLYAVLVSALVLMAMVKRKDF

63 C-14 alpha {C-14 TCR
full length MKSLRVLLVILWLOLSWVWSQOKEVEONSGELSVPEGATA
. SLNCTYSDRRSQSFEFWYRQYSGKSPELIMEIYSNGDKEDG
alpha chain RFTAQLNKASQOYVSLLIRDSOPSDSATYLCAAYSGAGSYQ
with CDRal ILTFGKGTKLSVIPNIQNPDPAVYQLRDSKSSDKSVCLEFTD
mutant 1 FDSQTNVSQSKDSDVYITDKTVLDMRSMDEKSN SAVAWSN
KSDFACANAFNNSIIPEDTFFPSPESSCDVKLVEKSFETD
TNILNFONLSVIGFRILLLKVAGENLLMTLRLUSS
64 75-5 Fab heavy
chain with MEWVTFISLLFLFSSAYSEVOLVES GGGLVOPGCSLRLSC
- AASGYSFTGYTMNWVROAPGKGLEWVALINPYKGVSTYNG
stabilized KFKDRFTISVDKSKNTAYLOMNSLRAEDTAVYYCARSGYY
SCTV GDSDWYFDVWGOGTLVTVSSASTKGPSVFPLAPSSKSTSG
R4P3F9S GTAALGCLVKDYFPEPVTVSHNSGALTSGVHTFPAVLQSS

GLYSLSSVVTVPSISLGTQTYICNVNHKPSNTKVDKKVEP
and CDRDbIl  { kscDRTHTSPPSPAPPVAGOKEVEONSGPLSVPEGATASL
mutant 4 NCTYSDRGSQSFFWYRQYSGKSPELTIMSIYSNGDKEDGRE

TAQLNKASQYVSLLIRDSQPSDSATYLCAAYSGAGSYQLT

FGKGTKLSVIPNIONGGGGS GGEGSGGGEGSGEEGSGEEES

GVTQTPKHLITATGERVTLRCSFPAMDHPYVYWYKQSLDQG

LOFLIOYYNGEERAKGNISERFSAQOFPDLHSELNLSSLE

LGDSALYFCASSVESSYGYTFGSGTRLTVVEDLKN

65 75-14 Fab heavy

Chain W|th MEKWVTFISLLFLFSSAYSEVQLVESGGGLVQPGGSLRLSC

- ARSGYSFTGYTMNWVRQAPGKGLEWVALINPYKGVSTYNQ

stabilized KFKDRFTISVDKSKNTAYLOMNSLRAEDTAVYYCARSGYY

scTv GDSDWYFDVWGOGTLVTVSSASTKGPSVEPLAPSSKSTSG

R4P3F98 GTAALGCLVEDYFPEPVTVSWNSGALTSGVHTFPAVLQSS

! GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVER

CDRal KSCDKTHTSPPSPAPPVAGOKEVEQNSGPLSVPEGATASL

mutant 1 NCTYSDRRSQSFFWYRQYSGKSPELIMSIYSNGDKEDGRF

TACLNKASOYVSLLIRDSOPSDSATYLCAAYSGAGSYQLT
and CDRbl FGKGTKLSVIPNIQNGGGGSGGGEGESGEEESGGEEESGGEGES
mutant 4 GVTQTPKHLITATGQRVTLRCSEAMDHPYVYWYKQSLDQG

LOFLIQYYNGEERAKGNI SERFSAQQFPDLHSELNLSSLE

LGDSALYFCASSVESSYGYTFGSGTRLTVVEDLKN

66 75-25 Fab heavy
Chain W|th MRKWVTFISLLFLFSSAYSEVQLVESGGGLVQPGGSLRLSC
- ARSGYSFTGYTMNWVRQAPGKGLEWVALINPYKGVSTYNQ
stabilized KFKDRETISVDKSKNTAYLOMNS LRAEDTAVYYCARSGYY




DK/EP 3707159 T5

(Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux; Protein displays: human
(Homo sapiens) TRAV; IMGT Repertoire. IMGT®, the international
ImMunoGenetics information system® http://www.imgt.org.; Created: 16/03/2011.
Version: 03/06/2016; Frangois Ehrenmann, Patrice Duroux, Chantal Ginestoux;
Protein displays: human (Homo sapiens) TRBV; IMGT Repertoire. IMGT®, the

international ImMunoGenetics information system® http://lwww.imgt.org.; Created:
16/03/2011. Version: 03/06/2016.)

SEQ ID {Name Description {Sequence
NO:

SC1\/ GDSDWYEFDVWGQGTLVTVISASTKGPSVEPLAPSSKSTSG
R4P3F98 in GTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS3S
GLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVDKKVEP

beta/alpha KSCDKTHTSPPSPAPPVAGGVTQOTPKHLITATGORVTLRC
orientatio n, | SPRSGDLSVYWYKQSLDOGLOFLIQYYNGEERAKGNTSER
CDRal FSAQQFPDLHSELNLS SLELGDSALYFCASSVESSYGYTE

GSGTRLTVVEDLENGGGGSGCGGSGEEESCGEGSGEEES0
mutant 1 KEVEONSGPLSVPEGATIASLNCTYSDRRSQSFFHYRQYSG

KSPELIMSIYSNGDKEDGRFTAQLNKASQYVSLLIRDSQP
SDSATYLCAAYSGAGSYQLTFGKGTKLSVIPNIQN

EXAMPLES

[0089] Native T cell receptors (TCRs) against cancer antigens are often of lower affinity when
compared to TCRs targeting viral antigens, and this may be one possible explanation for tumor
immune escape (Aleksic et al. 2012). Therefore, it is desirable to have higher affinity TCR
variants designed for the use as antigen recognizing constructs in an adoptive cell therapy, or
as recognition module of a soluble approach, i.e. using bispecific molecules (Hickman et al.
2016). This invention thus relates to the modification and optimization of the naturally occurring
T cell receptor R4P3F9 (SEQ ID NOs: 2 and 10) targeting the tumor associated peptide
COLBA3-002 (SEQ ID NO: 1) with an affinity of about 60 uM (DE102016115246).

Example 1: Generation of stable scTv

[0090] For the present invention, the previously investigated TCR R4P3F9 (SEQ ID NOs: 2
and 10) was converted into a single chain TCR construct (scTv, SEQ ID NO: 22) for maturation
via yeast surface display by combination of the variable alpha (SEQ ID NO: 4) and beta (SEQ
ID NO: 12) domain with appendages of the respective constant domains (SEQ ID NOs: 9 and
17) and an appropriate glycine-serine linker sequence. The DNA of the corresponding
sequence was synthesized and transformed into Saccharomyces cerevisiae EBY100 (MATa
AGA1::GAL1AGA1::URAS ura352 trp1 leu2delta200 his3-delta200 pep4::HIS3 prbd1.6R can1

GAL) (ATCC® MYA 4941 ™) together with a yeast display vector containing a leader sequence
and the Aga2p yeast mating protein (SEQ ID NO: 20), based on pCT302 (Boder et al. 2000).
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The resulting fusion protein after homologous recombination in the yeast (SEQ ID NO: 19)
contains a leader peptide at the N-terminus of the Aga2p protein, responsible for the display of
the protein of interest (Boder et al. 1997), short peptide tags including linker sequences (SEQ
ID NOs: 21 and 23) for expression controls and the protein of interest, namely the scTv
R4P3F9 (SEQ ID NO: 22) or its variants. The transformation was performed as described in

DE102016121899 and resulted in up to 10° yeast clones per library. The libraries were
generated via a random mutation PCR approach spanning the whole gene sequence of the
scTv R4P3F9.

[0091] The selection process for the yeast clones bearing the best expressing scTv that is

selectively binding to COLBA3-002 in context of HLA-A*02 was essentially performed as
described in Smith et al 2015. In order to ascertain high expression and correct conformation
of the scTv R4P3F9 variant, displayed on the yeast surface, an anti-Vbetal (Beckman Coulter,

clone BL37.2) antibody was used, together with HLA-A*02/COL6A3-002 tetramer (Figure 1).
The scTv conversion by yeast surface display revealed two crucial stabilizing mutations in the
framework region together with the original CDR sequences for the proper presentation of the
scTv on the cell surface, namely bQ43K (SEQ ID NO: 24) and bL72S (SEQ ID NO: 25), both
located on the beta chain. Furthermore, during stability maturation position 29 in the CDR1 of
the alpha chain (SEQ ID NO: 5) was converted from glycine to arginine (CDRal mutant 1, SEQ
ID NO: 26), which resulted in improved tetramer binding.

Example 2: Affinity maturation of stabilized scTv

[0092] To generate scTv molecules with higher binding affinity towards HLA-A*02/COLBA3-
002, the CDRbl (SEQ ID NO: 13) was degenerated using the previously identified stabilized
scTv R4P3F9S scaffold (SEQ ID NO: 27) expressing the stabilizing mutations aG29R, bQ43K
and bL72S. The CDRbl residues were randomized by using degenerate DNA oligo primers
essentially as described previously (Smith et al. 2015). The resulting DNA library was
transformed as described in example 1. To retain scTv binding selectivity, negative selection

was employed against HLA-A*02 tetramers comprising peptides derived from normal tissues
(SEQ ID NOs: 28 to 36), which show high sequence similarity to COL6A3-002 peptide.

[0093] For the selection of affinity enhanced and selective scTv R4P3F9S variants a

decreasing concentration of HLA-A*02/COL6A3-002 tetramer was used for each sorting round.
After three selection rounds, single scTv clones were isolated and sequenced, resulting in a
variety of affinity maturated CDRbl sequences (SEQ ID NOs: 37 to 49). For scTv with
maturated CDRbl sequences a strong improvement in COL6A3-002 binding could be
demonstrated while the selectivity of COL6A3-002 binding was retained as no binding of 9
similar peptides was observed (Figure 2).

Example 3: Production of bispecific antibody-scTv fusion proteins
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[0094] Stabilized and affinity maturated scTv against HLA-A"02/COL6A3-002 can be
expressed in fusion with an antibody moiety directed against CD3 allowing tumor-specific
retargeting and activation of T cells independent of their natural specificity. The inventors
generated bispecific antibody-TCR fusion proteins comprising an anti-CD3 Fab (UCHT1) heavy
chain (SEQ ID NO: 51) fused to scTv R4P3F9S variants (SEQ ID NOs: 50, 64, 65 and 66) and
an anti-CD3 Fab (UCHT1) light chain (SEQ ID NO: 52). The resulting Fab-scTv fusion proteins
have a molecular mass of approximately 75 kDa. Based on different CDR1 sequences of the
scTv R4P3F9S alpha (SEQ ID NOs: 5 and 26) and beta chain (SEQ ID NOs: 13 and 37 to 49)
different Fab-scTv fusion variants (75-1 to 75-25, Table 2) were expressed in transiently
transfected ExpiCHO cells as recommended by the manufacturer. Proteins were purified by
protein L and size exclusion chromatography. All fusion variants could be produced with yields
ranging from 80 ug up to 1 mg (Table 2) and homogeneously formed heterodimers at the
expected size as analyzed by size exclusion chromatography (Figure 3).

Table 2: Nomenclature and yields of bispecific Fab-scTv fusion proteins. The molecules are

based on SEQ ID NOs 50 and 52 and the indicated CDRal and CDRbl variants.

Variant CDRa1/SEQ CDRb1/SEQ Yield [ug]

75-1 DRGSQS (SEQ ID RSGDLS (SEQ ID 267.9
NO. 5) NO. 13)

75-2 DRGSQS (SEQ ID ARWHNN (SEQID {784
NO. 5) NO. 37)

75-3 DRGSQS (SEQ ID AKDHLN (SEQ ID 646.7
NO. 5) NO. 38)

75-4 DRGSQS (SEQ ID ARWHRN (SEQ ID {704.3
NO. 5) NO. 39)

75-5 DRGSQS (SEQ ID AMDHPY (SEQ ID 397.2
NO. 5) NO. 40)

75-6 DRGSQS (SEQ ID ATDHYN (SEQ ID 268.1
NO. 5) NO. 41)

75-7 DRGSQS (SEQ ID ARYHTN (SEQ ID 83.2
NO. 5) NO. 42)

75-8 DRGSQS (SEQ ID APYHLN (SEQ ID 765.7
NO. 5) NO. 43)

75-9 DRGSQS (SEQ ID AKDHTN (SEQ ID 1067.2
NO. 5) NO. 44)

75-10 DRRSQS (SEQ ID RSGDLS (SEQ ID 389.6
NO. 26) NO. 13)

75-11 DRRSQS (SEQ ID ARWHNN (SEQ ID {270.4
NO. 26) NO. 37)

75-12 DRRSQS (SEQ ID AKDHLN (SEQ ID 943.6
NO. 26) NO. 38)
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Variant CDRa1/SEQ CDRb1/SEQ Yield [ug]

75-13 DRRSQS (SEQ ID ARWHRN (SEQ ID 560.3
NO. 26) NO. 39)

75-14 DRRSQS (SEQ ID AMDHPY (SEQ ID 360.7
NO. 26) NO. 40)

75-15 DRRSQS (SEQ ID ATDHYN (SEQ ID 541.5
NO. 26) NO. 41)

75-16 DRRSQS (SEQ ID ARYHTN (SEQ ID 403.6
NO. 26) NO. 42)

75-17 DRRSQS (SEQ ID APYHLN (SEQ ID 195.5
NO. 26) NO. 43)

75-18 DRRSQS (SEQ ID AKDHTN (SEQ ID 731.3
NO. 26) NO. 44)

75-19 DRRSQS (SEQ ID ARYHRN (SEQ ID 794
NO. 26) NO. 45)

75-20 DRRSQS (SEQ ID ARWHSN (SEQ ID 85.5
NO. 26) NO. 46)

75-21 DRRSQS (SEQ ID ATDHYN (SEQ ID 276
NO. 26) NO. 47)

75-22 DRRSQS (SEQ ID RWGDLN (SEQ ID 255
NO. 26) NO. 48)

75-23 DRRSQS (SEQ ID ARDHLN (SEQ ID 217
NO. 26) NO. 49)

75-043 DRGSQS (SEQ ID RSGDLS (SEQ ID 166.6
NO: 5) NO. 13)

75-253 DRRSQS (SEQ ID RSGDLS (SEQ ID 267
NO. 26) NO. 13)

a peta-alpha orientation of scTv

Example 4: Fab-scTv fusion protein binding to COL6A3-002 and similar peptides

[0095] Binding affinity of anti-CD3-scTv R4P3F9S fusion proteins towards HLA-A*02
monomers with COLB6A3-002 or different similar peptides was measured by biolayer
interferometry. Measurements were done on an Octet RED384 system using settings
recommended by the manufacturer. Briefly, purified Fab-scTv molecules were loaded onto

biosensors (FAB2G) prior to analyzing serial dilutions of HLA-A*02/COL6A3-002. Compared to
variants 75-1 and 75-24 comprising wild-type CDRal and wild-type CDRb1 increased binding
affinities of up to 40-fold were observed for Fab-scTv variants with maturated CDRal and/or
CDRb1 sequences (Table 3, Figure 4). In order to evaluate the selectivity of binding to HLA-
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A*02/COLBA3-002, purified Fab-scTv molecules loaded onto FAB2G biosensors were
screened for binding to 1 uM similar peptides (SEQ ID NOs: 28 to 36), each in complex with

HLA-A"02. Except of HLA-A*02/COL6A1-001 (SEQ ID NO: 30), which was bound by most of
the Fab-scTv variants containing maturated CDRal (SEQ ID NO: 26), Fab-scTv variants
showed no binding to similar peptides (Figure 5) arguing for high binding selectivity. For some

Fab-scTv variants the therapeutic window between HLA-A*02/COL6A3-002 and HLA-

A*02/COL6A1-001 binding was investigated by loading biotinylated peptide-HLA complexes
onto biosensors (SA) and analyzing dilution series of Fab-scTv variants. While variant 75-10
comprising maturated CDRal (SEQ ID NO: 26) and wild-type CDRbl (SEQ ID NO: 13)

sequence showed 8-fold increased binding affinity to HLA-A*02/COL6A3-002 over HLA-

A*02/COLBA1-001, an up to 57-fold increased binding affinity was detected for Fab-scTv
variant 75-13 comprising a maturated CDRbI (SEQ ID NO: 39) arguing for an improvement in
therapeutic window (Table 4, Figure 6).

Table 3: Binding affinity of Fab-scTv fusion proteins to HLA-A*02/COL6A3-002.

Variant KD (M) kon (1/Ms) koff (1/s)
75-1 8.06E-06 1.01E+05 8.17E-01
75-2 3.69E-06 1.59E+05 5.86E-01
75-3 4 92E-06 9.71E+04 4.78E-01
75-4 5.76E-06 9.78E+04 5.63E-01
75-5 4.32E-04 2.21E+03 9.55E-01
75-6 1.13E-06 2.06E+05 2.32E-01
75-7 1.79E-06 1.93E+05 3.44E-01
75-8 3.45E-06 1.36E+05 4 69E-01
75-9 1.41E-05 6.02E+04 8.51E-01
75-10 1.78E-06 1.69E+05 3.01E-01
75-11 2.82E-07 4 16E+05 1.18E-01
75-12 3.74E-07 2.67E+05 1.00E-01
75-13 4.05E-07 3.28E+05 1.33E-01
75-14 3.10E-06 8.41E+04 2.61E-01
75-15 7.78E-07 2.33E+05 1.81E-01
75-16 5.87E-07 3.37E+05 1.98E-01
75-17 2.27E-07 3.62E+05 8.20E-02
75-18 1.93E-06 1.51E+05 2.91E-01
75-19 6.00E-07 2.96E+05 1.78E-01
75-20 5.31E-07 6.08E+05 3.23E-01
75-21 5.52E-07 2.72E+05 1.50E-01
75-22 8.22E-07 2.48E+05 2.04E-01




DK/EP 3707159 T5

Variant KD (M) kon (1/Ms) koff (1/s)
75-23 3.24E-07 3.18E+05 1.03E-01
75-24 5.20E-06 1.08E+05 5.62E-01
75-25 8.33E-06 6.23E+04 5.19E-01

Table 4: Comparative binding affinity of Fab-scTv fusion proteins to HLA-A*02/COL6A3-002
and HLA-A"02/COL6A1-001.

Variant pHLA-A*02 KD (M) KDcoLea1-001/KPcoLeA3-002

75-10 COLB6A3-002 1.37E-05 8
COL6A1-001 1.08E-04

75-11 COLB6A3-002 8.50E-07 8
COL6A1-001 6.46E-06

75-12 COLB6A3-002 7.24E-07 12
COL6A1-001 8.98E-06

75-13 COLB6A3-002 7.39E-07 57
COL6A1-001 4.23E-05

75-17 COLB6A3-002 8.25E-07 9
COL6A1-001 7.10E-06

75-23 COLB6A3-002 1.15E-06 22
COL6A1-001 2.55E-05

Example 5: Use of affinity-maturated TCRs for cellular expression

[0096] Modification of T cells to express TCRs recognizing a tumor-specific peptide-HLA is a
promising alternative of redirecting T cells to cancer cells. As the usage of maturated CDR1

sequences could improve cell-bound TCRs against HLA-A*02/COL6A3-002, the identified
CDRal and CDRbl mutant sequences were grafted onto the parental TCR R4P3F9 (SEQ ID
NOs: 2 and 10). The resulting mutant TCR variants (C-1 to C-18, Table 5) were expressed in

human CD8* T cells after electroporation of respective mRNA generated by in vitro
transcription of PCR-amplified DNA constructs. For control purpose, the 1G4 TCR (SEQ ID
NOs: 53 and 57) against NYESO1-001 peptide (SEQ ID NO: 61) was expressed. After

overnight incubation of RNA-electroporated CD8* T cells, expression of introduced TCR
variants was analyzed by staining with PE-labeled HLA-A*02/COLBA3-002 tetramers or HLA-
A"02/NYESO1-001 tetramers. While the parental TCR R4P3F9 variant C-1 showed only

minimal staining with HLA-A*02/COL6A3-002 tetramers, the R4P3F9 TCR variants C-2 to C-18
with maturated CDRal and/or CDRbl showed increased tetramer staining (Figure 7). Functional
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activation of CD8* T cells (20,000 cells/well) expressing different maturated R4P3F9 TCR
variants was investigated by determining levels of released IFN-gamma upon co-culture with
T2 cells (20,000 cells/well) loaded with either a dilution series of COL6A3-002 (SEQ ID NO: 1)
or 10 pM of COL6A3-002 and similar peptides (SEQ ID NOs: 28 to 36). Compared to the
parental R4P3F9 TCR variant C-1, maturated TCR variants C-2 to C-18 showed increased
IFN-gamma release with maximum levels reached already at lower peptide concentrations
(Figure 8). As expected no IFN-gamma release was observed with T cells expressing no TCR
or the 1G4 control TCR specific for NYESO1-001. To analyze the selectivity of COL6A3-002
recognition of the maturated R4P3F9 TCR variants, the IFN-gamma release in response to T2
cells loaded with different similar peptides (SEQ ID NOs: 28 to 36) was analyzed and revealed
different selectivity profiles for the maturated R4P3F9 TCR variants. Most interestingly, the
TCR variants C-5 (SEQ ID Nos 62 and 2) and C-14 (SEQ ID NOs: 62 and 63) comprising the
same maturated CDRbl (SEQ ID NO: 40) did not show any cross-reactivity towards COL6A1-
001 or other similar peptides (Figure 9) making affinity maturated R4P3F9 TCR variants C-5
and C14 most promising candidates for cellular TCR-based tumor targeting.

Table 5: Nomenclature of cellular TCR variants. The molecules are based on SEQ ID NOs 2
and 10 and the indicated CDRal and CDRbI variants.

Variant CDRa1 CDRb1

C-1 DRGSQS (SEQ ID NO. 5) {RSGDLS (SEQ ID NO. 13)

C-2 DRGSQS (SEQ ID NO. 5) {ARWHNN (SEQ ID NO. 37)
C-3 DRGSQS (SEQ ID NO. 5) JAKDHLN (SEQ ID NO. 38)

C-4 DRGSQS (SEQ ID NO. 5) {ARWHRN (SEQ ID NO. 39)
C-5 DRGSQS (SEQ ID NO. 5) {AMDHPY (SEQ ID NO. 40)
C-6 DRGSQS (SEQ ID NO. 5) jATDHYN (SEQ ID NO. 41)

C-7 DRGSQS (SEQ ID NO. 5) {ARYHTN (SEQ ID NO. 42)

C-8 DRGSQS (SEQ ID NO. 5) jAPYHLN (SEQ ID NO. 43)

C-9 DRGSQS (SEQ ID NO. 5) jAKDHTN (SEQ ID NO. 44)

C-10 DRRSQS (SEQ ID NO. 26) JRSGDLS (SEQ ID NO. 13)

C-11 DRRSQS (SEQ ID NO. 26) {ARWHNN (SEQ ID NO. 37)
C-12 DRRSQS (SEQ ID NO. 26) jAKDHLN (SEQ ID NO. 38)

C-13 DRRSQS (SEQ ID NO. 26) ;ARWHRN (SEQ ID NO. 39)
C-14 DRRSQS (SEQ ID NO. 26) JAMDHPY (SEQ ID NO. 40)
C-15 DRRSQS (SEQ ID NO. 26) jATDHYN (SEQ ID NO. 41)

C-16 DRRSQS (SEQ ID NO. 26) JARYHTN (SEQ ID NO. 42)

C-17 DRRSQS (SEQ ID NO. 26) JAPYHLN (SEQ ID NO. 43)

C-18 DRRSQS (SEQ ID NO. 26) JAKDHTN (SEQ ID NO. 44)

Example 6: Window of COL6A3-002 and COL6A1-001 recognition of cellular TCR
variants
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[0097] Cellular expression and analysis of R4P3F9 variants was performed as described
above. In accordance with previous experiments (Figure 7), staining of T cells expressing

R4P3F9 TCR variants C-2 to C-18 with PE-labeled HLA-A"02/COL6A3-002 tetramers were
increased compared to the parental TCR C-1. Additionally, TCR variants C-12 and C-17

showed binding to HLA-A*02/COL6A1-001 (Figure 10). Expression of all maturated R4P3F9
variants improved functional activation of CD8* T cells in response to T2 cells loaded with a
dilution series of COL6A3-002 (SEQ ID NO: 1) reaching 5- to 90-fold lower ECsy values
compared to the parental TCR C-1 (Figure 11, Table 6). The lowest EC5y value was found for

variant C-14. Again, TCR variants C-5 (SEQ ID NOs 62 and 2) and C-14 (SEQ ID NOs: 62 and
63) comprising the same maturated CDRbI (SEQ ID NO: 40) did not show any cross-reactivity
towards COL6A1-001, while other variants showed strong recognition with ECsy windows
(COL6A3-002 vs. COL6A1-001) as low as factor 5.

Table 6: ECsy values [nM] of IFN-y release of T cells expressing R4P3F9 variants after

coculture with T2 cells loaded with COL6A3-002 or COL6A1-001.

Variant ECso COL6A3-002 [n\M]  {ECgo COL6A1-001 [nM]
C-1 2.51 -

C-2 0.16 -

C-3 0.14 8712
C4 0.13 -

C-5 0.15 -

C6 0.48 -

C-7 0.29 -

C-8 0.20 350

C-9 0.55 -

C-10 0.32 1.5

C-11 0.32 8.2

C-12 0.20 1.9

C-13 0.23 9.7

C-14 0.03 -

C-15 0.31 69

C-16 0.34 78

C-17 0.33 41

C-18 0.14 2800892
@ plateau not reached




DK/EP 3707159 T5

Example 7: Efficacy of maturated R4P3F9 variants C-5 and C-14 on tumor cell lines

[0098] Cellular expression and analysis of R4P3F9 variants was performed as described
above. Expression of the maturated R4P3F9 variants C-5 (SEQ ID NOs 62 and 2) and C-14

(SEQ ID NOs: 62 and 63) improved functional activation of CD8" T cells in response to
COLBA3-002 (SEQ ID NO: 1)-presenting tumor cell lines as compared to the parental TCR C-1
(Figure 12). The tumor cell lines used during this study present different amounts of target

peptide. SF539 cells carry ~4000 copies of HLA-A*02/COL6A3-002 per cell and SW982 cells
carry ~460 copies per cell. Whereas the parental TCR C-1 did not mediate strong T-cell
activation upon co-culture with target-positive cell lines, TCR variant C-14 showed even
stronger improvement of functional activation than TCR variant C-5. These data are in line with
ECsp improvements from TCR C-1 to C-5 and to C-14 (table 6). The target-negative tumor cell

line MCF-7 was not recognized by any of these TCRs.
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Patentkrav

1. Antigen-genkendende konstruktion, som omfatter et forste domane og et andet domane,
idet hvert domane omfatter tre komplementaritetsbestemmende regioner (CDR -
complementarity determining regions), hvor det forste domane omfatter aminosyresekvenserne
ifolge SEQ ID NO: 6 (CDRa2) og 7 (CDRa3), og det andet domane omfatter
aminosyresekvenserne ifelge SEQ ID NO: 14 (CDRb2) og 15 (CDRb3), hvor
a) det forste domanes CDRal er som visti SEQ ID NO: 5, og det andet domanes CDRb1
er valgt blandt en af aminosyresekvenserne ifelge SEQ ID NO: 37 til 44, eller
b) det forste domanes CDRal er som vist i SEQ ID NO: 26, og det andet domznes
CDRb1 er valgt blandt en af aminosyresekvenserne ifelge SEQ ID NO: 13 og 37 til 49,
hvor den antigen-genkendende konstruktion er en T-cellereceptor (TCR) eller et derivat
eller fragment deraf, hvor derivatet eller fragmentet bevarer stammolekylets
antigenbindende og/eller -genkendende evne til specifikt og/eller selektivt at binde sig til

et COL6A3-antigenpeptid.

2. Antigen-genkendende konstruktion ifelge krav 1, hvor den antigen-genkendende
konstruktion er stabil og i stand til specifikt og/eller selektivt at binde sig til et COLOA3-
antigenpeptid, som omfatter aminosyresekvensen ifelge SEQ ID NO: 1, navnlig i sammenhang

med MHC.

3. Antigen-genkendende konstruktion ifelge et hvilket som helst af kravene 1-2, hvor det
forste domane er en del af en TCR-0- eller -y-kaede, og/eller hvor det andet domane er en del af

en TCR-f- eller -0-kade.

4. Antigen-genkendende konstruktion ifelge et hvilket som helst af kravene 1-3, hvor den
antigen-genkendende konstruktion er en enkeltkedet antigen-genkendende konstruktion,

fortrinsvis hvor den enkeltkeedede antigen-genkendende konstruktion er en enkeltkeedet TCR.

5. Antigen-genkendende konstruktion ifelge et hvilket som helst af kravene 1-4, hvor den

antigen-genkendende konstruktion er en opleselig TCR.
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2
6. Nukleinsyre, som koder for en antigen-genkendende konstruktion ifelge et hvilket som
helst af kravene 1-5.
7. Nukleinsyrevektor, som omfatter nukleinsyren ifelge krav 6.
8. Rekombinant vartscelle, som omfatter en antigen-genkendende konstruktion ifelge et

hvilket som helst af kravene 1-5, nukleinsyren ifelge krav 6 eller vektoren ifelge krav 7, hvor

vertscellen fortrinsvis er en pattedyrcelle, mere fortrinsvis en menneskecelle.

9. Vertscelle ifelge krav 8, hvor vertscellen er
a) en lymfocyt, fortrinsvis en T-lymfocyt eller T-lymfocytprogenitorcelle, mere
fortrinsvis en CD4- eller CD8-positiv T-celle, eller
b) en ikke-lymfocyt.

10.  Farmaceutisk sammensatning, som omfatter den antigen-genkendende konstruktion
ifelge et hvilket som helst af kravene 1-5, nukleinsyren ifelge krav 6, vektoren ifelge krav 7 eller
veertscellen ifelge krav 8 eller 9 og en farmaceutisk acceptabel baerer, et farmaceutisk acceptabelt
fortyndingsmiddel, en farmaceutisk acceptabel stabilisator og/eller et farmaceutisk acceptabelt

excipiens.

11.  Fremgangsmade til fremstilling af den COL6A3-specifikke antigen-genkendende
konstruktion ifelge et hvilket som helst af kravene 1-5, hvilken fremgangsmade omfatter

a. tilvejebringelse af en egnet vartscelle,

b. tilvejebringelse af en genetisk konstruktion, som omfatter en kodende sekvens, der

koder for den antigen-genkendende konstruktion ifelge et hvilket som helst af kravene 1-
5,
c. indfering af den genetiske konstruktion i den egnede vartscelle og
d. ekspression af den genetiske konstruktion 1 den egnede vertscelle, hvilken
fremgangsmade fortrinsvis endvidere omfatter isolering og oprensning af den antigen-

genkendende konstruktion fra den egnede vartscelle og eventuelt rekonstituering af den

antigen-genkendende konstruktion i en T-celle.
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12.  Antigen-genkendende konstruktion ifelge et hvilket som helst af kravene 1-5,
nukleinsyre ifelge krav 6, vektor ifelge krav 7, veertscelle ifelge krav 8 eller 9 eller farmaceutisk

sammensatning ifelge krav 10 til anvendelse i medicin.

13.  Antigen-genkendende konstruktion ifelge et hvilket som helst af kravene 1-5,
nukleinsyre ifelge krav 6, vektor ifelge krav 7, veertscelle ifelge krav 8 eller 9 eller farmaceutisk
sammens&tning ifelge krav 10 til anvendelse ved diagnosticering, forebyggelse og/eller
behandling af cancer, hvor canceren er valgt blandt en cancer, hvor COL6A3 overudtrykkes eller

er muteret, og/eller der presenteres et COL6A3-afledt tumorassocieret antigen.

14.  Invitro-fremgangsmade til behandling af cancer eller COL6A3-positiv preemalignitet,
hvor canceren er valgt blandt en cancer, hvor COL6A3 overudtrykkes eller er muteret, og/eller
der praesenteres et COL6A3-afledt tumorassocieret antigen, hvilken fremgangsmade omfatter:
a) transformering af en celle, som er opnaet fra et individ med behov for en
cancerbehandling, med mindst én vektor ifelge krav 7, for at fremstille en
transformeret celle; og
b) ekspansion af den transformerede celle for at fremstille en flerhed af

transformerede celler.

15.  Invitro-fremgangsmade til pavisning af cancer i en biologisk preve, hvilken
fremgangsmade omfatter:
a) etablering af kontakt mellem den biologiske prove og den antigen-genkendende
konstruktion ifelge et hvilket som helst af kravene 1-5;
b) pavisning af binding af den antigen-genkendende konstruktion til den biologiske
prove,
hvor canceren er valgt blandt en cancer, hvor COL6A3 overudtrykkes eller er muteret,

og/eller der praesenteres et COL6A3-afledt tumorassocieret antigen.



DK/EP 3707159 T5

DRAWINGS

dd-isWel}s} ¢00-€V9100/¢0«V-V1H

3

P £171

I{6821

3d

Bt
BIPEED m

aAleban b

SEZE'ES
24 E

UoI1}23|3s A1 9S

. Boas NI Y S
0001°1 80LEPS m
3d aaneban

BEETPP|
JLid

TEY

64€dvd ALIS

OLlld-LERgA




DK/EP 3707159 T5

141 200-€V9 100

e R OO W
0or A boL 8 [ 0

Z00-EYSI00. C00-Eva102 Z00-Ev9102 1D
wmﬂ ,,,.mﬂ
90" 1L Wiﬁﬂ 50 ._-ﬁﬁ.n

siejlug siepwig
- (01 ,.mﬁ
£ 01 . 601

NAJHMYY

AdHAWY

S1dOsy

:g 81

131 apndad Jejunig



DK/EP 3707159 T5

[ugw] ewry [uiw] ewyy [unw] suny [upw] swiy [unw] swig
sz 0z S 0Ol 0 ST 0z SL O 0 74 SL 0L o (74 gL 04 0 ¢ 0Z Sk 0 S 0
\ st A X 0 s e d 4 A 0 s s o A . . TR s adsind b
v
FO0)L < < < F00) &
) -00Z & 007 & Los & )
= < < < =
00z = - - - 00z
2 3 2 3 2
= .ccv.m ..oc.vm 00L S =
-00E -00E
Loor Loog L 009 Lost L 0oy
0l-gL 6-GL 8-l FA 7 oGl
[uiw] swny [unu] swn [uiw] suny [uiw] auay, [unwi] sy
¢ 02 SIL 0l 0 S 0 S 0l 1] 74 Sl o) 0 14 st 0 0 ¢z 0Z &L Ol [ 1]
1 . 1 ral i 1 L i ad o 1 ] [ 1 h) L N N N .
0
< < < =
5 ) 0oz & g Logy &
002 % 002 m m Loz m m
g F) E) E) E)
.W W o0r & Loy & o0z &
Loor oot
- 009 L09 Loog

S-Sl

Gl

€64

A *7 )

61




DK/EP 3707159 T5

[urw] suny [unu] swiy [uiw] swn ) [usw] swiy [unu] swiny
SZ 0Z SL O0b S O sL ol 0 74 S 0L 0 6z SL 0L 0 14 SL 0L S 0
AR S Y 0 J ﬁ_ o L 4 \ 0 A A 0 ! e tndosthon d 0
< rool « < < <
kool & o 00z & L00L & )
5 o 5 5 00z §
2 ] 2 2 2
00z & c 00 002 C c
-0og  oov
Loog Loov Loog Looc
02-92 61-GL g1-G2 L1-G. 91-G.
(penunuod) [T
[uiw] awiy [unw] suny [unu] swiy [uiw] auny [wnw] suy
ST 02 S 0L § ¢ Sk 0l 0 -1 -] 0 5T Sl Q) 0 4 §. 0 § 0
AT A 0 N X 0 1 0 .4. 0 ! AT \
-00) < 00} < <
00z ¥ o ) 00T & o
= fud ol c [
@ (] @ ) ©
M 002 .M 00T M M FO0L M
00V (g [l FOO¥ [t
= oo = -00g = =
- 009 -00% -00% -009 -002
§1-G1 PGl gi-S. LSz

L1-S.



DK/EP 3707159 T5

[unu] own
gz 02 &1 0l 1+

§2-5.

[unw] auny [unu] sung [unw] awiy [unu] suny
0 sz 0Z Sk 0b S5 O €T 0z S 0b § D 2 0z S+ 0O § O 52 0Z Sk 0 5 O
0 e J ﬁ. : 0 _ R VOO VDS (O A ) e ‘ 0

< < < < <
F00Z & roor & roor 2 00} 2 —

nna [ D o 00z ]

E) 3 E) g E)
Foor £ o0z & 00z & 00z .W Z

- 00p
1009 Loog Loog L00g
¥e-6l €294 g6l 12-G.

(penunuod) T 3L



DK/EP 3707159 T5

W= 820 = 05 = (R = 002 = (0SZ = OOS = 006 =
n._l—:_ﬁ

- - W~ Wi (- WE- NS~ N B

L]
u a 3 1] ¥ 1 ¥
; . : PN

T 1 8 ' z
P—
Gt S
o \

W/

1] a

= N $57 = 067 = 00G2 = OB5C = ON5 = 800G

foon) ousy
[}

T

m——




DK/EP 3707159 T5

1 ] L4 14

)
3
p))

(peonunuod) ¥ 311

b
i

Gt §UCn Wfm m =




DK/EP 3707159 T5

.

—/ — 4= g
/ L]
/i ,,_,f
=

2

777,7“ '
T o=

-]

L]

_ A el
I 13

v




DK/EP 3707159 T5

= B (= (Gl = STUE= = =
[ 8
o 3§

T= Vo= €0 = CWim G2 U~ = W 0= BT

(o] v,
1 L)

, |

(panunuod) ¥ 81y







75-3

75-2

).

10
Time{pec)

10
Time {gec]

75-1

75-4

(D)

DK/EP 3707159 T5

Time {sec}

\,
5 = = s -
(-} = (=1

10
Time {sec)




DK/EP 3707159 T5

Gl

(oes} aun)

L §

f o

1 200

|3 (ponunuoo) TEI

w03

4]

/.




DK/EP 3707159 T5

\RVARA

- 1 (ponunuos) THF

€1-SL c1-SL




75-18

75-17

PR
[x] = =
= =
Ly

75-16

1

Time {sec)

15

]
Time {sec}

i

Time:{gec)

75-19

75-20

DK/EP 3707159 T5

Time fsex]

15

1
Time {sec)

/

]
02
i3

Fig. 5 (continued)
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SEKVENSLISTE

Sekvenslisten er udeladt af skriftet og kan hentes fra det Europeaeiske Patent Register.

The Sequence Listing was omitted from the document and can be downloaded from the European
Patent Register.

Sidste side



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - CLAIMS
	Page 43 - CLAIMS
	Page 44 - CLAIMS
	Page 45 - DRAWINGS
	Page 46 - DRAWINGS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS
	Page 49 - DRAWINGS
	Page 50 - DRAWINGS
	Page 51 - DRAWINGS
	Page 52 - DRAWINGS
	Page 53 - DRAWINGS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - DRAWINGS
	Page 59 - DRAWINGS
	Page 60 - DRAWINGS
	Page 61 - DRAWINGS
	Page 62 - DRAWINGS
	Page 63 - DRAWINGS
	Page 64 - DRAWINGS
	Page 65 - DRAWINGS
	Page 66 - DRAWINGS
	Page 67 - DRAWINGS
	Page 68 - DRAWINGS
	Page 69 - DRAWINGS
	Page 70 - DRAWINGS

