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CLAIMS

4—1.___ An antigen binding protein which-specifically—bindsto-a-MAGE-A-antigenic
pephde—comprlsmg epeenssnng—ef—the—a%ne—aetd—seqaenee—K#EEhM#RJJ—ef—SEQ—LD

{b}—a second polypeptide chain comprising—a—second—variable—domain—comprising—three
CDBRs CDRb1. CDRb2 and CDRb3 whereinthat together form two antigen binding sites,

—the-CDRb1wherein the first polypeptide chain comprises er—censists—ef-a_structure
represented by the formula:
25 Va—L4-V4]l

wherein V3 is an antibody variable light chain domain; V4is a T cell receptor (TCR) beta

variable domain comprising a complementary determining region (CDR)1 comprising the
amino acid sequence %:GHDBY of SEQ ID NO:-78-whereinXs-is-any-amino-acid,—oran
62, a CDR2 comprising the amino acid sequence of SEQ ID No: 65, and a CDR3
30 comprising the amino acid sequence differing-fromof SEQ ID NO: £8-by-atleast-one
amino-acid-substitution;71; and; L+ is a linker; and wherein the second polypeptide chain
comprises a structure represented by the formula:
Vs-Ls-Ve [l

wherein Vs is a TCR alpha variable domain comprising a CDR1 comprising the amino

35 acid sequence of SEQ ID NO: 5, a CDR2 comprising the amino acid sequence of SEQ
ID NO: 56, and a CDR3 comprising the amino acid sequence of SEQ ID NO: 35; Vs is

an antibody variable heavy chain domain; and Ls is a linker; and wherein the antibody
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variable light chain domain (V3) and the antibody variable heavy chain domain (V6) form

together one antigen binding site that binds specifically to the human TCR-CD3 complex,
and wherein the TCR beta variable domain (V4) and the TCR alpha variable domain (V5)

form together one antigen binding site that binds specifically to a MAGE-A antigenic

peptide consisting of the amino acid sequence KVLEHVVRYV according to SEQ ID NO:

1 in a complex with a human major histocompatibility complex (MHC) protein.

wherein _the GBRb2first polypeptide chain comprises er—consists—ef—a structure
represented by the amine-acid-seguence—FX:1X2X:XP-SEQID-NO:-79-whereinX-10-X4
is-any-amino-acid;-formula :

V3—L1-Va4- Ls-Fcr [

and the second polypeptide chain comprises a structure represented by the formula :

Vs-L3-Ves- Le-Fc2 [IV]

wherein Vs, L1, V4, Vs, Ls and Vs_, are as defined in claim 1 and wherein Ls and Ls are

linkers and present or absent and Fc1, and Fc2 are Fc-domains and wherein Fc1and Feo

are the same or different.

The antigen binding protein according to claim 1 or 2, wherein said-antigen—binding
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oMVs and 20pM,1pM-and-20pMV,

are humanized.

The antigen binding protein according to any one of elaimclaims 1-te-56-3, wherein the

A*02.

The antigen binding protein according to any one of elaim—4-to-6,-wherein-the-antigen

{FCR)-orfragmentthereof.claims 1-4, wherein

V3 comprises complementarity determining regions (CDRs) CDR1, CDR2 and CDRS3 of

SEQ ID NO: 159; and
Vs comprises CDR1, CDR2 and CDR3 of SEQ ID NO: 160.

The antigen binding protein according to any one of claims 1-5, wherein

V3 comprises the amino acid sequence of SEQ ID NO: 159 or an amino acid sequence

at least 95% identical thereto; and
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Ve _comprises the amino acid sequence of SEQ ID NO: 160 or an amino acid sequence

at least 95% identical thereto.

The antigen binding protein according to claim 6, wherein

V3 comprises the amino acid sequence of SEQ ID NO: 159; and

Ve_comprises the amino acid sequence of SEQ ID NO: 160.

The antigen binding protein according to any one of claims 1-te—#—wherein-thefirst

together--7, wherein

first-variable-domainfurther\Vs comprises one or more framework regions selected from
the group consisting of FR1-a, FR2-a, FR3-a and FR4-a, wherein

- FR1-a comprises erconsistsof-the amino acid sequence of SEQ ID NO: 83 or
an amino acid sequence at least 85%atleast90% oratleast95%-identical to
SEQ1B-NO:83thereto,

- FR2-a comprises erconsistsof-the amino acid sequence of SEQ ID NO: 84 or
an amino acid sequence at least 85%atleast90% oratleast95%-identical to
SEQB-NO:84thereto,

- FR3-a comprises erconsistsof-the amino acid sequence of SEQ ID NO: 85 or
an amino acid sequence at least 85%atleast90% eratleast95%-identical to
SEQID-NO:-85-thereto, and/or

- FR4-a comprises erconsists-of-the amino acid sequence of SEQ ID NO: 86 or
an amino acid sequence at least 85%-atleast-90% oeratleast-95%-identical to
SEQB-NO:86thereto, and

said—second—variable—domain—furtherV, comprises one or more framework regions
selected from the group consisting of FR1-b, FR2-b, FR3-b and FR4-b, and wherein

- FR1-b comprises erconsists-of-the amino acid sequence of SEQ ID NO: 87 or
an amino acid sequence at least 85%atleast 90% eratleast95%-identical to
SEQB-NO:87thereto,

- FR2-b comprises erconsistsof-the amino acid sequence of SEQ ID NO: 88 or
an amino acid sequence at least 85%atleast90% oratleast95%-identical to
SEQIB-NO:88thereto,
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FR3-b comprises erconsistsof-the amino acid sequence of SEQ ID NO: 89 or
an amino acid sequence at least 85%-atleast90% oratleast95%-identical to
SEQID-NO:-89;-thereto, and/or

FR4-b comprises erconsistsof-the amino acid sequence of SEQ ID NO: 90 or
an amino acid sequence at least 85%atleast90% oratleast95%-identical to
SEQ1B-NO:-90thereto.

449. The antigen binding protein according to elaim—40any one of claims 1-8, wherein the

framework region(s) comprise(s) at least one amino acid substitution selected from the

group of amino acid substitutions comprising:

an amino acid substitution at position 19 in FR1-a, wherein saidthe amino acid

substitution is preferablyoptionally S19A, S19V, merepreferably-S19V;

an amino acid substitution at position 48 and/or 50 in FR2-a, wherein saidthe
amino acid substitution at position 48 is preferablyoptionally A48K and saidthe
amino acid substitution at position 50 is preferablyoptionally L50P,

an amino acid substitution at position 46, 47 and/or 54 in FR2-b, wherein
saidthe amino acid substitution at position 46, 47 and 54 is preferablyoptionally

and—wherein the positions of the substitutions are given according to the IMGT

nomenclature.

4210.The antigen binding protein according to elaim-44-any one of claims 1-9,
wherein said-first-variable-domain-furtherVs comprises one or more framework regions
selected from the group consisting of FR1-a, FR2-a, FR3-a and FR4-a, wherein

FR1-a comprises erconsists-of-the amino acid sequence of SEQ ID NO: 91 or
an amino acid sequence at least 8595% identical to SEQ ID NO: 91, wherein
preferably-saidoptionally the amino acid sequence at least 85695% identical to
SEQ ID NO: 91 comprises the amino acid 19V,

FR2-a comprises erconsists-of-the amino acid sequence of SEQ ID NO: 92 or
an amino acid sequence at least 8595% identical to SEQ ID NO: 92, wherein

preferably-saidoptionally the amino acid sequence at least 8695% identical to
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SEQ ID NO: 92 comprises the amino acid 48K and optionally an amino acid
substitution at position 50, preferablyoptionally L50P,

- FR3-a comprises erconsistsof-the amino acid sequence of SEQ ID NO: 85 or
an amino acid sequence at least 8595% identical to SEQ ID NO: 85, and/or

- FR4-a comprises erconsists-of-the amino acid sequence of SEQ ID NO: 86 or
an amino acid sequence at least 85695% identical to SEQ ID NO: 86, and

said—second—variable—domain—furtherVs comprises one or more framework regions;
preferably-frameworkregions; selected from the group consisting of FR1-b, FR2-b, FR3-
b and FR4-b, and-wherein

- FR1-b comprises erconsists-of-the amino acid sequence of SEQ ID NO: 87 or
an amino acid sequence at least 8595% identical to SEQ ID NO: 87,

- FR2-b comprises erconsists-of-the amino acid sequence of SEQ ID NO: 93 or
an amino acid sequence at least 8595% identical to SEQ ID NO: 93, wherein
preferably-saidoptionally the amino acid sequence at least 8695% identical to
SEQ ID NO: 93 comprises preferablyoptionally the amino acid 54F, and
optionally an amino acid substitution at position 46 and/or 47, wherein saidthe
amino acid substitution at position 46 and/or 47 is preferablyoptionally M46P
and/or M47G, respectively,

- FR3-b comprises erconsists-of-the amino acid sequence of SEQ ID NO: 89 or
an amino acid sequence at least 8595% identical to SEQ ID NO: 89, or of the
amino acid sequence of SEQ ID NO: 94 or an amino acid sequence at least
8595% identical to SEQ ID NO: 94, wherein preferably-saidoptionally the amino

acid sequence at least 8695% identical to SEQ ID NO: 94 comprises the amino
acid 66C, and j j /or consists-of-an-amino

NO):- OA omb Na-the MiNo

- FR4-b comprises erconsists-of-the amino acid sequence of SEQ ID NO: 90 or
an amino acid sequence at least 8595% identical to SEQ ID NO: 90.

4311.The antigen binding protein according to any one of claims 1-4te-42-10, wherein said-first
iable.d . ¢

Vs comprises one or more framework regions selected from the group consisting of FR1-
a-TCR-a-orychain-, FR2-a, FR3-a and/er FR4-a, wherein-said-second-variable-domain

ispartofaTCR{

FR1-a comprises the amino acid sequence of SEQ ID NO: 91,

FR2-a comprises the amino acid sequence of SEQ ID NO: 92,
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FR3-a comprises the amino acid sequence of SEQ ID NO: 85, and/or

FR4-a comprises the amino acid sequence of SEQ ID NO: 86; and

V4 comprises one or more framework regions selected from the group consisting of FR1-
b, FR2-b, FR3-b and FR4-b, and wherein
FR1-b comprises the amino acid sequence of SEQ ID NO: 87,

FR2-b comprises the amino acid sequence of SEQ ID NO: 93,
FR3-b comprises the amino acid sequence of SEQ ID NO: 94, and/or-8chain-

44FR4-b comprises the amino acid sequence of SEQ ID NO: 90.

The antigen binding protein according to any one of claims 1-te43;further-comprising
one-ormore-of- thefollowing:-10, wherein
" Fuartl . bindi ites:

f—PK-modifying-moietyVs comprises framework regions FR1-a, FR2-a, FR3-a and
FR4-a, wherein

FR1-a comprises the amino acid sequence of SEQ ID NO: 91,

FR2-a comprises the amino acid sequence of SEQ ID NO: 92,

FR3-a comprises the amino acid sequence of SEQ ID NO: 85, and

FR4-a comprises the amino acid sequence of SEQ ID NO: 86; and

V4 comprises framework regions FR1-b, FR2-b, FR3-b and FR4-b, and wherein

FR1-b comprises the amino acid sequence of SEQ ID NO: 87,

FR2-b comprises the amino acid sequence of SEQ ID NO: 93,

FR3-b comprises the amino acid sequence of SEQ ID NO: 94, and

FR4-b comprises the amino acid sequence of SEQ ID NO: 90.

The antigen binding protein according to any one of claims 1-12, wherein

V3 comprises the amino acid sequence of SEQ ID NO: 159 or an amino acid sequence

at least 95% identical thereto;

V4 comprises the amino acid sequence of SEQ ID NO: 150 or an amino acid sequence

at least 95% identical thereto;

Vs comprises the amino acid sequence of SEQ ID NO: 151 or an amino acid sequence

at least 95% identical thereto; and




10

15

20

25

30

35

139

Ve _comprises the amino acid sequence of SEQ ID NO: 160 or an amino acid sequence

at least 95% identical thereto.

14. The antigen binding protein according to claim 13, wherein

V3 comprises the amino acid sequence of SEQ ID NO: 159;

V4 comprises the amino acid sequence of SEQ ID NO: 150;

Vs comprises the amino acid sequence of SEQ ID NO: 151; and

Ve comprises the amino acid sequence of SEQ ID NO: 160.

15. The antigen binding protein according to any one of claims 1-14, wherein L4 and Lz each
separately comprises the amino acid sequence of GGGSGGGG (SEQ ID NO: 96).

16. The antigen binding protein according to any one of claims 1-15, wherein Fc1 comprises
the amino acid sequence of SEQ ID NO: 112 and Fc, comprises the amino acid

sequence of SEQ ID NO: 113.

17. _The antigen binding protein according to any one of claims 1-16, wherein
the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 136 or an

amino acid sequence at least 95% identical thereto, and

the second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 137

or an amino acid sequence at least 95% identical thereto.

18. The antigen binding protein according to any one of claims 1-17, wherein

the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 136, and

the second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 137.

19-te-7and-10-to-13;. The antigen binding protein of claim 18, wherein

the first polypeptide chain consists of the amino acid sequence of SEQ ID NO: 136, and

the second polypeptide chain consists of the amino acid sequence of SEQ ID NO: 137.

20. The antigen binding protein according to any one of claims 1-19, wherein the first

polypeptide and the second polypeptide are covalently bonded by a disulfide bond.

21. An antigen binding protein comprising a first polypeptide chain and a second polypeptide

chain that together form two antigen binding sites, wherein

the first polypeptide chain comprises the amino acid sequence of SEQ ID NO: 136, and
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the second polypeptide chain comprises the amino acid sequence of SEQ ID NO: 137,

wherein one antigen binding site binds specifically to the human TCR-CD3 complex and

another antigen binding site binds specifically to an antigenic peptide consisting of the

amino _acid sequence KVLEHVVRV (SEQ ID NO: 1) in a complex with human major
histocompatibility complex (MHC) protein HLA-A*02.

An antigen binding protein comprising twea first polypeptide ehainschain and a second

polypeptide chain that together form two antigen binding sites, wherein afirstpolypeptide
Vo—b-Vy-b-C——fH
wherein V3 is a third variable domain: V.is a fourth variable domain; L, and L are linkers;

Vs-ba-Ve-b—Ci——

Ls-may-be presentorabsent-Cui-is-a-heavychainconstant domaint-oraportionthereof
VsorV-isafirst variable-demain-as-defined-inclaim4-and-\s-or Vs is-a-second-variable
Vs-orVeis-afirst variable-domain-as-defined-in-claim4-and-\s-or V4-is-a-second-variable
Msispolypeptide chain consists of the first-variable-demain-and-\s-isthe-second-variable
domaininclaimdand-Vs-is-alight chainvarable domainandVsis-a-heawychainvariable
domain-or-\-is-a-heavy-chain-variable-domain-and-Vs-is-a-light chain-variable-domain;
or,amino acid sequence of SEQ ID NO: 136, and

Vais t I iable d . |\ is the i iable.d inin-claim1- s
liaht chai iable d . e | hai iable.d . Vi I
hai iable.d . | Ve is-atioht chai iable.d

Vs the i iable.d . Vst I iable.d inin-clair1- s
alightthe second polypeptide chain consists of the amino acid sequence of SEQ ID NO:

137, wherein one antigen binding site binds specifically to the human TCR-CD3 complex

and another antigen binding site binds specifically to an antigenic peptide consisting of

the amino acid sequence KVLEHVVRYV (SEQ ID NO: 1) in a complex with human major
histocompatibility complex (MHC) protein HLA-A*02.
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23. An_antigen binding protein consisting of a first polypeptide chain variable
I . Ve at hai iable.d , Vadis.at hai iable.d .

and Ve is-a-light chai iable.d "

Voot L ariable.d , Vo is the f iable.d in-in-claim-1-_and Vs
laht chai iabled , N\ is-ad hai iable.d , Vaisat

hai iable.d . Ve is-alight chai iable.d in.

Vy-is-the-first-variable-demain-and-\sis-the-and a second variable-demain-in-claim-1-and

Vi is-alight chai iable_d : | Vois at hai iable_d , \Vis-a
I hai iable.d : | Ve is-alight chai iable.d "

Vst | ariable.d : Ve is the f iable.d in-in-claim-1-and-Vais

ehainschain that together form two antigen binding sites, wherein

wherein-onethe first polypeptide chain has-a-structure-represented-by-the-formulafH}:
Ma—b4-My-bo—Cy-bs-For——
comprises the amino acid sequence of SEQ ID NO: 136, and one-polypeptide-chain-has
a-structurerepresented-by-the-formula[\V}:
Vs-ba-Ve-b4—Cui-be-Foo—— V]
wherein-Va b Vo G- Vs Ve -L-and-Gus—are-as-defined-intheprecedingclaims
and-whereinLs-and Lsare linkers-and presentorabsentand-Fciand Fooare Fo-domains
and-wherein-Fc, and-Fco-are the- same-or-different.
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\s-is-the second polypeptide chain comprises the amino acid sequence of SEQ ID NO:

137, wherein one antigen binding site binds specifically to the human TCR-CD3 complex

and the other antigen binding site binds specifically to an antigenic peptide consisting of
the amino acid sequence KVLEHVVRYV (SEQ ID NO: 1) in a complex with human major
histocompatibility complex (MHC) protein HLA-A*02.

An_ antigen binding protein consisting of a first polypeptide chain and a second

polypeptide chain that together form two antigen binding sites, wherein

the first variable-domain-and-\ls-is-the-second-variable-domain-as-defined-in-the preceding

claims—and-\4is—a-heawypolypeptide chain variable-domain—and-Vsis—a-light-chain
iable.d in—and-whereinL-and-Lo : ist of il . i

‘GGGSGGGEGE of SEQ 1D NO: 96, and wherein L., Ls Lsand Lg are absent, and wherein

Eci-comprises-orconsists of the amino acid sequence of SEQ ID NO: H43,-when-\s-isa

heaw136, and
the second polypeptide chain variable-domain—and-Fc—comprises—or-consists of the

amino acid sequence SEQ1B-NO—H2-when-Vs-is-alight-chain-variable-domain,—orof
SEQ ID NO: 137, wherein one antigen binding site binds specifically to the human TCR-

CD3 complex and the other antigen binding site binds specifically to an antigenic peptide
consisting of the amino acid sequence KVLEHVVRYV (SEQ ID NO: 1) in a complex with
human major histocompatibility complex (MHC) protein HLA-A*02.

An isolated nucleic acid or isolated nucleic acids comprising a sequence encoding for-an

antigen binding protein according to any one of claims 1 to 4824, or a nucleic acid vector

comprising said isolated nucleic acid_or isolated nucleic acids.

2026.A recombinant host cell comprising an antigen binding protein according to any one of

claims 1 to 4824, or aan isolated nucleic acid, isolated nucleic acids or a vector according

to claim 4925, wherein said host cell preferably-is

a)-___a lymphocyte, such-aspreferably a T lymphocyte or T lymphocyte progenitor cell;
forexample-a-Cb4-orCD8-positive Tcellorb)-: or
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b) a cell for recombinant expression, such-aspreferably a Chinese Hamster Ovary
(CHO) cell.

2427.The recombinant host cell according to claim 26, wherein the T lymphocyte is a CD4 or
CDS8 positive T cell.

28. A composition comprising the antigen binding protein of according to any one of claims

1 to 24, or the isolated nucleic acid or the isolated nucleic acids of claim 25.

29. A pharmaceutical composition comprising the antigen binding protein according to any

one of claims 1 to 4824, the isolated nucleic acid, isolated nucleic acids or vector

according to claim 4925, or the host cell according to claim 2026 or 27, and a

pharmaceutically acceptable carrier, diluent stabilizer, and/or excipient.

2230.A method of producing the antigen binding protein according to any one of claims 1 to
4824, comprising
a. providing a suitable host cell,
b. providing a genetic construct comprising a coding sequence encoding the antigen
binding protein according to any of claims 1 to 4824,
C. introducing said genetic construct into said suitable host cell, and

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

2331.The method according to claim 2230, further comprising the isolation and purification of
the antigen binding protein from the suitable host cell and, optionally, reconstitution of

the antigen binding protein in a T cell.

2432.The antigen binding protein according to any one of claims 1 to 4824, the nucleic acid or
vector according to claim 4925, the host cell according to claim 2026 or 27 or the

pharmaceutical composition according to claim 2429 for use in medicine.

2533.The antigen binding protein according to any one of claims 1 to 4824, the isolated nucleic

acid, isolated nucleic acids or vector according to claim 4925, the host cell according to

claim 2026 or 27, or the pharmaceutical composition according to claim 2429 for use in

the diagnosis;prevention—andlortreatment of a proliferative disease, such-aspreferably
cancer, sueh-as-smore preferably a MAGEA4 and/or MAGEAS positive cancer.
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26— The-antigen-binding-proteinaccordingto-claim-2534. The antigen binding protein,

35.

the isolated nucleic acid, isolated nucleic acids or vector, the host cell, or the

pharmaceutical composition for use according to claim 33, wherein said cancer is

selected from the group consisting of lung cancer, liver cancer, head and neck cancer,

skin cancer, renal cell cancer, brain cancer, gastric cancer, colorectal cancer, pancreatic

cancer, prostate cancer, leukemia, breast cancer, Merkel cell carcinoma, ovarian cancer,

urinary bladder cancer, uterine cancer, gallbladder cancer, bile duct cancer,

osteosarcoma cancer, and esophageal cancer.

The antigen binding protein, the isolated nucleic acid, isolated nucleic acids or vector,

36.

the host cell; or the pharmaceutical composition for use according to claim 34, wherein

(i) lung cancer is non-small cell lung cancer (NSCLC), preferably non-small cell lung

cancer adenocarcinoma or squamous cell non-small cell lung cancer (SNSCLC);

or small cell lung cancer (SCLC);

(i) _ skin cancer is melanoma;

(iii) head and neck cancer is head and neck squamous cell carcinoma (HNSCC);

(iv) liver cancer is hepatocellular cancer (HCC);

(v) esophageal cancer is gastroesophageal junction cancer.

Use of the antigen binding protein according to any one of claims 1 to 24, the isolated

37.

nucleic acid, isolated nucleic acids or vector according to claim 25, the host cell

according to claim 26 or 27, or the pharmaceutical composition according to claim 29 in

the manufacture of a medicament for the treatment of a proliferative disease, wherein

the medicament is for the diagnosis of the proliferative disease, and wherein the

proliferative disease is preferably cancer, more preferably a MAGEA4 and/or MAGEAS8

positive cancer.

Use of the antigen binding protein according to any one of claims 1 to 24, the isolated

nucleic acid, isolated nucleic acids or vector according to claim 25, the host cell according to

claim 26 or 27, or the pharmaceutical composition according to claim 29 in the manufacture of

a medicament for the prevention, and/or treatment of a proliferative disease, preferably cancer,

more preferably a MAGEA4 and/or MAGEAS positive cancer.

38.

Use of the antigen binding protein, the isolated nucleic acid, isolated nucleic acids or

vector, the host cell, or the pharmaceutical composition according to claim 36 or 37,

wherein said cancer is selected from the group consisting of lung cancer, liver cancer,

head and neck cancer, skin cancer, renal cell cancer, brain cancer, gastric cancer,
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colorectal cancer, pancreatic cancer, prostate cancer, leukemia, breast cancer, Merkel
cell carcinoma, —ovarian cancer, urinary bladder cancer, uterine cancer, gallbladder

cancer, bile duct cancer, osteosarcoma cancer, and esophageal cancer.

2F—The39. Use of the antigen binding protein, the isolated nucleic acid, isolated nucleic

(v)

acids or vector, the host cell; or the pharmaceutical composition according to claim 2638,

wherein

(i)  lung cancer is non-small cell lung cancer (NSCLC), preferably non-small cell lung
cancer adenocarcinoma or squamous cell non-small cell lung cancer (SNSCLC);
or small cell lung cancer (SCLC);

(i)  skin cancer is melanoma;

(iil) head and neck cancer is head and neck squamous cell carcinoma (HNSCC);

(iv) liver cancer is hepatocellular cancer (HCC);

esophageal cancer is gastroesophageal junction cancer.



