19 DANMARK (19 DK/EP 2614077 T3
(12) Overseettelse af
europaeisk patentskrift
Patent-og
Varamaerkestyrelsen
(51) Int.Cl.: C 07 K 14/705 (2006.01) A 61K 48/00 (2006.01) C 07K 16/28 (2006.01)
C12N 5/078(2010.01)
(45) Overseettelsen bekendtgjort den: 2016-11-21
(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgarelse om meddelelse af patentet: 2016-08-17
(86) Europaeisk ansagning nr.: 11755014.5
(86) Europaeisk indleveringsdag: 2011-09-06
(87) Den europaeiske ansggnings publiceringsdag: 2013-07-17
(86) International ansggning nr.: EP2011004490
(87) Internationalt publikationsnr.: WO2012031744
(30) Prioritet: 2010-09-08 EP 10009345
(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 S| SK SM TR
(73) Patenthaver: Chemotherapeutisches Forschungsinstitut Georg-Speyer-Haus, Paul-Ehrlich-Strasse 42-44, 60596
Frankfurt am Main, Tyskland
(72) Opfinder: SCHONFELD, Kurt, Pittlerstrasse 3, 63225 Langen, Tyskland
KNOPP, Christiane, Pittlerstrasse 3, 63225 Langen, Tyskland
WELS, Winfried, Schweinfurter Weg 73, 60599 Frankfurt am Main, Tyskland
(74) Fuldmaegtig i Danmark: Budde Schou A/S, Hausergade 3, 1128 Kebenhavn K, Danmark
(54) Benaevnelse: Chimeriske antigenreceptorer med en optimeret haengselregion
(56) Fremdragne publikationer:

WO-A1-95/30014

WO-A2-2008/045437

US-A1- 2007 031 438

US-A1- 2008 260 738

FITZER-ATTAS C J ET AL: "Harnessing Syk family tyrosine kinases as signaling domains for chimer",
JOURNAL OF IMMUNOLOGY, AMERICAN ASSOCIATION OF IMMUNOLOGISTS, US, vol. 160, no. 1, 1 January
1998 (1998-01-01), pages 145-154, XP002977425, ISSN: 0022-1767

ROHRBACH FLORIAN ET AL: "Targeted delivery of the ErbB2/HER2 tumor antigen to professional APCs
results in effective antitumor immunity.”, JOURNAL OF IMMUNOLOGY (BALTIMORE, MD. : 1950) 1 MAY 2005
LNKD- PUBMED:15843546, vol. 174, no. 9, 1 May 2005 (2005-05-01), pages 5481-5489, XP002606285, ISSN:
0022-1767

CLASSON B J ET AL: "THE HINGE REGION OF THE CD8ALPHA CHAIN: STRUCTURE, ANTIGENICITY, AND
UTILITY IN EXPRESSION OF IMMUNOGLOBULIN SUPERFAMILY DOMAINS", INTERNATIONAL IMMUNOLOGY,
OXFORD UNIVERSITY PRESS, GB, vol. 4, no. 2, 1 February 1992 (1992-02-01), pages 215-225, XP002019178,
ISSN: 0953-8178

Fortsattes ...



DK/EP 2614077 T3

NOLAN K F ET AL: "Bypassing immunization: optimized design of "designer T cells" against carcinoembryonic
antigen (CEA)-expressing tumors, and lack of suppression by soluble CEA.", CLINICAL CANCER RESEARCH :
AN OFFICIAL JOURNAL OF THE AMERICAN ASSOCIATION FOR CANCER RESEARCH DEC 1999 LNKD-
PUBMED:10632322, vol. 5, no. 12, December 1999 (1999-12), pages 3928-3941, XP002662454, ISSN: 1078-0432



DK/EP 2614077 T3
DESCRIPTION

[0001] The present invention relates to multi-functional proteins which comprise (i) a signal peptide, (ii) a target specific
recoghition domain, (iii) a linker region, connecting domain (ii) and domain (iv) which comprises a specific modified hinge region of
the human CD8 alpha-chain, and (iv) an effector domain. The present invention furthermore relates to nucleic acids encoding the
proteins, expression constructs for expressing the protein in a host cell and host cells. The proteins of the invention are chimeric
antigen receptors with an optimized linker or hinge region that are suitable for generating target-specific effector cells, for use as
a medicament, in particular in the treatment of cancer and in adoptive, target-cell specific immunotherapy.

BACKGROUND OF THE INVENTION

[0002] T lymphocytes recognize specific antigens through interaction of the T cell receptor (TCR) with short peptides presented
by major histocompatibility complex (MHC) class | or Il molecules. For initial activation and clonal expansion, naive T cells are
dependent on professional antigen-presenting cells (APCs) that provide additional co-stimulatory signals. TCR activation in the
absence of co-stimulation can result in unresponsiveness and clonal anergy. To bypass immunization, different approaches for
the derivation of cytotoxic effector cells with grafted recognition specificity have been developed. Chimeric antigen receptors
(CARs) have been constructed that consist of binding domains derived from natural ligands or antibodies specific for cell-surface
antigens, genetically fused to effector molecules such as the TCR alpha and beta chains, or components of the TCR-associated
CD3 complex Upon antigen binding, such chimeric antigen receptors link to endogenous signaling pathways in the effector cell
and generate activating signals similar to those initiated by the TCR complex Since the first reports on chimeric antigen
receptors, this concept has steadily been refined and the molecular design of chimeric receptors has been optimized (for a review
see Unerek et al., 2001). Aided by advances in recombinant antibody technology, chimeric antigen receptors targeted to a wide
variety of antigens on the surface of cancer cells and of cells infected by human immunodeficiency virus (HIV) have been
generated (for a review see Uherek et al., 2001).

[0003] US 2007/0031438 A1 describes a CAR comprising a binding domain of an antibody against prostate specific membrane
antigen (PSMA), a modified CD8 hinge in which at least one of the cysteine residues has been mutated and a zeta signaling
domain of the T cell receptor. In particular, US 2007/0031438 A1 uses a human CD8 hinge region with amino acid positions 135
to 180 (according to the amino acid numbering of Swissprot P01732), wherein the cysteine in position 164 is substituted with
alanine.

[0004] Fitzer-Attas et al. (1998) describe a CAR comprising a non modified CD8 hinge region with amino acid positions 116 to
208 (according to the amino acid numbering of Swissprot P01732), which comprises three cysteine residues at positions 164, 181
and 206. The chimeric receptor furthermore uses kinase domains as effector domain.

[0005] WO 2008/045437 A2 describes CARs comprising as an extracellular binding portion, a single chain antibody portion that
binds to EGFRUVIIl, a transmembrane portion derived from human CD8 alpha or CD28, and an intracellular signaling portion
derived from human CD3 zeta. In particular, WO 2008/045437 A2 describes chimeric T cell receptor proteins with a non modified
CD8 hinge region with amino acid positions 135 to 205, 135 to 203 or 135 to 182 (according to the amino acid numbering of
Swissprot P01732), each comprising cysteine residues in positions 164 and 181.

[0006] WO 95/30014 A1 describes a CAR comprising an antigen binding domain derivable from a monoclonal antibody directed
against a suitable antigen on a tumor cell (such as scFv(FRP5)), a hinge region comprising from 40 to 200 amino acids and a
functional zeta chain derivable from the T cell antigen receptor. In particular, the CAR of WO 95/30014 A1 uses the non modified
murine CD8 hinge region with amino acid positions 132 to 191 (according to the amino acid numbering of Swissprot P01731),
comprising a cysteine residue in position 178.

[0007] US 2008/0260738 A1 describes antibody fusion proteins comprising at least two Fc monomers and at least one linker,
wherein a modified CD8 hinge region is used for linking the two Fc monomers. In particular, US 2008/0260738 A1 uses modified
CD8 hinge regions with amino acid positions 131 to 170 or 136 to 169 (according to the amino acid numbering of Swissprot
P01732), wherein the cysteine in position 164 is substituted with serine.

[0008] Nolan et al. (1999) describe chimeric immunoglobulin-T cell receptors (IgTCR) with a specificity for carcinoembryonic
antigen (CEA) that were created to assess IgTCR structures suitable for cancer therapy. The authors combined antigen-binding
domains of a humanized antibody combined with TCR signaling chains to yield four different chimeric IgTCR: single chain Fv
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fragment (sFv)-zeta, fragment antigen-binding (Fab)-zeta, sFv-epsilon, and Fab-epsilon. For the scFV-zeta construct the authors
introduced 46 amino acids of the CD8a hinge between the scFV and the TCR-zeta chain to add an exira spacer between the
antigen-binding moiety and the membrane surface.

[0009] The present invention aims to provide optimized chimeric antigen receptors which allow more efficient surface expression
and high functionality in lymphocytes.

[0010] It is a further objective of the present invention to provide means and methods for generating antigen-specific effector
cells as well as means and methods for the use in adoptive, target-cell specific immunotherapy and for treatment of cancer.

SUMMARY OF THE INVENTION

[0011] The present invention solves the objects as claimed in the claims.

[0012] According to the present invention this object is solved by a multi-functional or multi-domain protein comprising

1. (i) a signal peptide;

2. (ii) a target specific recognition domain;

3. (iii) a linker region, connecting domain (ii) and domain (iv); wherein the linker region does not contain cysteine residue(s)
and is selected from any of the following:

the amino acid sequence of SEQ ID NO. 2,

an amino acid sequence with at least 95 % sequence identity to SEQ ID NO. 2 under the proviso that amino acid residue 48
is not a cysteine and is a serine, and

an amino acid sequence that differs in one, two or three amino acid residues from the amino acid sequence of SEQ ID NO.
2 under the proviso that amino acid residue 48 is not a cysteine and is a serine; and

4. (iv) an effector domain comprising a transmembrane region and one or more intracellular signaling domains,

wherein the effector domain (iv) comprises or is a fusion of the transmembrane and intracellular domain of human CD28 with the
intracellular domain of human CD3 zeta chain.

[0013] According to the present invention this object is furthermore solved by a nucleic acid encoding the multi-functional
protein.

[0014] According to the present invention this object is furthermore solved by an expression construct for expressing the multi-
functional protein.

[0015] According to the present invention this object is furthermore solved by a host cell expressing the multi-functional protein
or comprising the nucleic acid or the expression construct,

which is selected from effector cells of the immune system, and wherein the effector cells of the immune system are natural killer
(NK) cells, natural killer T (NKT) cells, or a lymphocyte preparation containing NK cells and NKT cells.

[0016] According to the present invention this object is furthermore solved by using the multi-functional protein, nucleic acid, or
expression construct for generating antigen-specific effector cells.

[0017] According to the present invention this object is furthermore solved by the multi-functional protein, nucleic acid,
expression construct or host cell for use as a medicament.

[0018] According to the present invention this object is furthermore solved by the multi-functional protein, nucleic acid,
expression construct or host cell for use in the treatment of cancer.

[0019] According to the present invention this object is furthermore solved by the multi-functional protein, nucleic acid,
expression construct or host cell for use in adoptive, target-cell specific immunotherapy.

DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
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[0020] Before the present invention is described in more detail below, it is to be understood that this invention is not limited to the
particular methodology, protocols and reagents described herein as these may vary. It is also to be understood that the
terminology used herein is for the purpose of describing particular embodiments only, and is not intended to limit the scope of the
present invention which will be limited only by the appended claims. Unless defined otherwise, all technical and scientific terms
used herein have the same meanings as commonly understood by one of ordinary skill in the art. For the purpose of the present
invention, all references cited herein are incorporated by reference in their entireties.

Multi-functional, multi-domain proteins

[0021] As described above, the present invention provides multi-functional proteins comprising several domains, namely

i) a signal peptide;
ii) a target specific recognition domain;
iii) a specific linker region, connecting domain (ii) and domain (iv); and

—~ o~ o~ e~

1
2
3.
4. (iv) a specific effector domain.

[0022] The multi-functional proteins of the invention are chimeric antigen receptors characterized by an optimized hinge region
(linker region).

[0023] The proteins of the invention are preferably cell surface receptor proteins and, thus, comprise an extracellular portion
(domains (i) and (ii) and (iii)), a transmembrane portion (contributed by/comprised in domain (iv)) and a cytoplasmic portion
(contributed by/comprised in domain (iv)), and can thus be inserted into the plasma membrane of the host cell. The functionality
of the proteins of the invention within a host cell is detectable in an assay suitable for demonstrating the signaling potential of said
protein upon binding of a particular ligand. Such assays are available to the skilled artisan.

[0024] Upon binding to the target, such chimeric antigen receptors link to endogenous signaling pathways in a cell (an effector
cell) and generate certain activating signals (depending on the effector domain).

[0025] The expression of chimeric antigen receptors (CAR) with defined target specificity (such as target-cell specificity) in
lymphocytes and other effector cells of the immune system (such as T cells or natural killer (NK) cells) results in genetically
modified variants of said cells that selectively target and eliminate defined targets, including but not limited to malignant cells
carrying a respective tumor-associated surface antigen or virus infected cells carrying a virus-specific surface antigen or target
cells carrying a lineage-specific or tissue-specific surface antigen. Thus, said expression of CARs generates antigen-specific
effector cells for the use in adoptive, target-cell specific immunotherapy. CARs are composed of a target specific recognition
domain or cell recognition domain (domain (ii), such as a scFv antibody fragment) for recognition of a target (such as a tumor-cell
surface antigen) fused via a flexible linker region to an effector domain (comprising a transmembrane region and one or more
intracellular signaling domains like the zeta-chain of the CD3 complex of the T-cell receptor). CAR expression retargets the
cytotoxic activity of the effector cells (lymphocytes) to targets (tumor cells) and triggers their cytolysis by the CAR expressing
immune effector cells. Thereby binding of the target specific recognition domain of the CAR to its cognate target on the surface of
target cells/viruses transmits a signal into the CAR expressing immune effector cells via the intracellular signaling domain(s) of the
CAR which activates the endogenous cytotoxic activity of such imune effector cells.

(i) The signal peptide

[0026] A "signal peptide" refers to a peptide sequence that directs the transport and localization of the protein within a cell, e.g.
to a certain cell organelle (such as the endoplasmic reticulum) and/or the cell surface.

[0027] The signal peptide (i) is a signal peptide of any secreted or transmembrane human protein of type 1 (extracellular N-
terminus), which allows the transport of the multi-functional protein of the invention to the cell membrane and cell surface and
allows correct localization of the multi-functional protein of the invention, in particular the extracellular portion (domains (i) and (ii)
and (iii)) on the cell surface; the transmembrane portion (contributed by/comprised in domain (iv)) inserted into the plasma
membrane and the cytoplasmic portion (contributed by/comprised in domain (iv)) in the host cell.
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[0028] Preferably, the signal peptide is cleaved after passage of the endoplasmic reticulum (ER), i.e. is a cleavable signal
peptide.

[0029] In an embodiment, the signal peptide (i) comprises or is immunoglobulin heavy chain signal peptide.

(ii) The target specific recognition domain

[0030] The target specific recognition domain (ii) binds an antigen, receptor, peptide ligand or protein ligand of the target.

[0031] The target specific recognition domain (ii) preferably comprises

¢ an antigen binding domain derived from an antibody against an antigen of the target, or

e a peptide binding an antigen of the target, or

¢ a peptide or protein binding an antibody that binds an antigen of the target, or

e a peptide or protein ligand (including but not limited to a growth factor, a cytokine or a hormone) binding a receptor on the
target, or

e a domain derived from a receptor (including but not limited to a growth factor receptor, a cytokine receptor or a hormone
receptor) binding a peptide or protein ligand on the target.

[0032] Preferably, the target is a cell or a virus.

[0033] The target specific recognition domain serves for the targeting of the multi-functional protein or a respective cell
expressing/carrying the multi-functional protein on its surface to a specific target. Binding of the target specific recognition domain
of the multi-functional protein (CAR) to its cognate target on the surface of target cells/viruses furthermore transmits a signal into
the multi-functional protein (CAR) -expressing immune effector cells via the intracellular signaling domain(s) of the multi-functional
protein which activates the endogenous cytotoxic activity of such imune effector cells.

[0034] Preferably, the antigen of the target is

¢ a tumor-associated surface antigen
including but not limited to ErbB2 (HER2/neu), carcinoembryonic antigen (CEA), epithelial cell adhesion molecule (EpCAM),
epidermal growth factor receptor (EGFR), EGFR variant Il (EGFRvIIl), CD19, CD20, CD30, CD40, disialoganglioside GD2,
a major histocompatibility complex (MHC) molecule presenting a tumor-specific peptide epitope,
or

¢ a lineage-specific or tissue-specific tissue antigen
including but not limited to CD3, CD4, CD8, CD24, CD25, CD33, CD34, CD133, CD138, CTLA-4, B7-1 (CD80), B7-2
(CD86), endoglin, a major histocompatibility complex (MHC) molecule,
or

e a virus-specific surface antigen,
including but not limited to an HIV-specific antigen (such as HIV gp120), an EBV-specific antigen, a CMV-specific antigen, a
HPV-specific antigen, a HBV-specific antigen, a HCV-specific antigen, a Lassa Virus-specific antigen, an Influenza Virus-
specific antigen.

[0035] In an embodiment, where domain (ii) is derived from an antigen binding domain, the antigen binding domain is preferably
derived from an antibody or an antibody fragment, such as a single chain Fv (scFv) fragment, a Fab fragment, a diabody, a
variable domain of the antibody heavy chain or antibody light chain.

[0036] In an embodiment of the invention, the antigen of the target is the tumor-associated surface antigen ErbB2 and the
antigen binding domain of domain (ii) is from an ErbB2-specific scFv.

(iii) The linker region
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[0037] The linker region (iii) connects the target specific recognition domain (ii) and the effector domain (iv).

[0038] The linker region serves as a flexible spacer between the target specific recognition domain (ii) and the effector domain
(iv). It ensures the necessary accessibility and flexibility of the target specific recognition domain (ii). The linker region is
understood to be essential for the functionality of the multi-functional proteins of the invention.

[0039] Current CAR constructs contain a linker region derived from the alpha-chain of the murine or human CD8 molecule which
provides a flexible connection between cell-targeting and signaling/effector domains (Unerek et al., 2002; Muller et al., 2008).
However, unpaired cysteine(s) present in the linker region of the CD8 alpha-chain can result in unwanted covalent intra- or
intermolecular bonds of CAR molecules which negatively affects surface expression of CAR as well as CAR functionality.

[0040] Object matter of the invention is the generation of optimized CAR constructs which do not form such non-productive
covalent linkages via the unpaired cysteine residue of the human CD8 alpha-chain and facilitate efficient surface expression and
high functionality in lymphocytes.

This is achieved, according to the invention, by employing a specific fragment of the hinge region derived from the human CD8
alpha-chain ranging from amino acid positions 117 to 178 (numbering according to the sequence of human T-cell surface
glycoprotein CD8 alpha chain; Swiss-Prot accession number P01732), and by modifying the amino acid sequence of the hinge
region derived from the human CD8 alpha-chain, in particular by replacing/converting the unpaired cysteine(s) to (a) serine
residues or by deleting the unpaired cysteine(s). The resulting optimized CAR construct is expressed at higher levels at the cell
surface and mediates more potent antigen-specific killing. In comparison to cells carrying a current CAR, cells carrying the
optimized CAR construct contain a lower level of unpaired endogenous effector domain (such as CD3 zeta-chain) but higher
levels of functional receptor complexes and productive dimers between CAR and endogenous effector domain (such as CD3 zeta-
chain).

[0041] In particular, the linker region (iii) comprises a modified hinge region of the human CD8 alpha-chain.

[0042] The sequence of human T-cell surface glycoprotein CD8 alpha chain (Swiss-Prot accession number P01732

(CD8A_HUMAN)) [SEQ ID NO. 13]
10 20 30 40 50 60
MALPVTALLL PLALLLHAAR PSQFRVSPLD RTWNLGETVEZ LKCQVLLSNP TSGCSWLEQP

70 80 90 100 110 120
RGAAASPTFL LYLSQNKPKA AEGLDTQRFS GKRLGDTFVL TLSDFRRENE GYYFCSALSN

130 140 150 160 170 180
SIMYFSHEVP VFLPAKPTTT PAPRPPTPAP TIASQPLSLR PEACRPAAGG AVHTRGLDFA

190 200 210 220 230
CDIYIWAPLA GTCGVLLLSL VITLYCNHRN RRRVCKCPRP VVKSGDKPSL SARYV

wherein the flexible hinge region are amino acid residues 117 to 178 [SEQ ID NO. 1]:
ALSNSIMYF SHFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD

[0043] The modification of the human CD8 alpha-chain hinge region according to the invention is the replacement of the
cysteine residue(s) with (a) serine residue(s) or the deletion of the cysteine residue(s).

[0044] According to the invention, the linker region (iii) consists of the amino acid sequence of SEQ ID NO. 2:
ALSNSIMYFSHFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEASRPAAGGAVHTRGLD

or an amino acid sequence that has at least 95 % sequence identity or 99 % sequence identity to the amino acid sequence of
SEQ ID NO. 2, under the proviso that amino acid residue no. 48 of SEQ ID NO. 2 is not a cysteine and is a serine and under the
proviso that the amino acid sequence does not contain any cysteine residue(s),

or an amino acid sequence that differs in one, two or three amino acid residues from the amino acid sequence of SEQ ID NO. 2,
under the proviso that amino acid residue no. 48 of SEQ ID NO. 2 is not a cysteine and is a serine and under the proviso that the
amino acid sequence does not contain any cysteine residue(s), wherein "differ" refers to replacement/substitution, addition or
deletion, such as conservative substitution(s) of amino acid residues.

[0045] Thus, the linker region (iii) does not contain any cysteine residue(s).

[0046] Thus, the linker region (iii) is selected from any of the following:

¢ the amino acid sequence of SEQ ID NO. 2,
e an amino acid sequence with at least 95 % sequence identity to SEQ ID NO. 2 under the proviso that amino acid residue 48
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is not a cysteine and is a serine,
and

e an amino acid sequence that differs in one, two or three amino acid residues from the amino acid sequence of SEQ ID NO.
2 under the proviso that amino acid residue 48 is not a cysteine and is a serine.

[0047] As discussed above, prior art describes chimeric antigen receptors that contain as linker regions different fragments of
the hinge region derived from the human or murine CD8 alpha-chain. However, the specific modified hinge region of the invention
that is used as the linker region (iii) in the multi-functional proteins according to the invention has not been used or disclosed in
the art and has been found by the inventors to be particularly advantageous for the expression of the multi-functional
proteins/CARSs according to the invention and their transport to the surface of the effector cells (as has been demonstrated in this
specification e.g. in Figures 3 and 4). Furthermore, the specific modified hinge region of the invention results in improved
functionality of the multi-functional proteins/CARs according to the invention (as has been demonstrated in this specification e.g.
in Figures 4 and 5c). This improved expression and functionality of CARs according to the invention is due to the selection and
specific modification of amino acid residues 117 to 178 from the human CD8 alpha-chain as the linker region (iii) in the multi-
functional proteins. The specific modified hinge region of the invention that is used as the linker region (iii) in the multi-functional
proteins according to the invention prevents the occurence of unpaired cysteines by not including the cysteines naturally present
at amino acid positions 115 and 181 of the human CD8 alpha-chain, and replacement of the cysteine residue naturally present at
amino acid position 164 of the human CD8 alpha-chain with a chemically similar serine residue. Furthermore, the length of 62
amino acid residues of the specific modified hinge region of the invention that is used as the linker region (iii) in the multi-
functional proteins according to the invention ensures optimal spatial distance of the N-terminally attached target specific
recognition domain (ii) from the C-terminally attached transmembrane and intracellular effector domain (iv), providing high
flexibility and efficiency of target cell recognition. In contrast, prior art describes CARs employing as linker regions unmodified
fragments of the hinge region from the human CD8 alpha-chain (see, for example, Fitzer-Attas et al. 1998, WO 2008/045437) or
murine CD8 alpha-chain (see, for example, WO 95/30014) that contain naturally occuring cysteines of the CD8 alpha-chain,
which can negatively affect expression and functionality of these CARs through the formation of undesired intra- or intermolecular
disulfide bonds. Furthermore, prior art describes CARs employing as linker regions modified fragments of the hinge region from
the human CD8 alpha-chain that encompass significantly shorter amino acid sequences (such as only about 30 to about 40
amino acid residues, see, for example, US 2007/0031438), which reduces spatial distance of the target specific recognition
domain from the effector domain and can negatively affect flexibility and efficiency of target cell recognition.

(iv) The effector domain

[0048] The effector domain (iv) comprises a transmembrane region and one or more intracellular signaling domains.

[0049] The effector domain serves the coupling of the target/antigen recognition to the intracellular signaling machinery.

Binding of the target specific recognition domain (ii) of the multi-functional protein (CAR) to its cognate target on the surface of
target cells/viruses furthermore transmits a signal into the multi-functional protein (CAR)-expressing immune effector cells via the
intracellular signaling domain(s) of the multi-functional protein (which are part of the effector domain) which activates the
endogenous cytotoxic activity of such immune effector cells.

[0050] According to the invention, the effector domain (iv) comprises or consists of (is)

(b) a fusion of the transmembrane and intracellular domain of human CD28 with the intracellular domain of human CD3 zeta
chain.

[0051] The term "“functional equivalent" defines a protein or nucleotide sequence, having a different amino acid or base
sequence, compared to the sequences disclosed herein, but exhibiting the same function in vitro and in vivo. An example of a
functional equivalent is a modified or synthetic gene, encoding the expression of a protein identical or highly homologous to that
encoded by the wildtype gene or a sequence disclosed herein.

[0052] The present invention also describes:

The sequence of human T-cell surface glycoprotein CD3 zeta chain (Swiss-Prot accession number P20963 (CD3Z_HUMAN);
Isoform 3) [SEQ ID NO. 3]
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10 20 30 40 50 60
MKWKALFTAA ILQAQLPITE AQSFGLLDPK LCYLLDGILF IYGVILTALEF LRVKFSRSAD

70 80 90 100 110 120
APAYQQGONQ LYNELNLGRR EEYDVLDKRR GRDPEMGGKP RRENPQEGLY NELQKDKMAE

130 140 150 160
AYSEIGMKGE RRRGKGHDGL YQGLSTATKD TYDALHMQAL PPR

[0053] For example, an effector domain can comprise or consist of (is) an amino acid sequence with SEQ ID NO. 3 or
fragment(s) thereof (such as the transmembrane and intracellular domain of human CD3 zeta-chain, such as amino acid residues
29 to 163 of amino acid sequence with SEQ ID NO. 3) or a functional equivalent thereof, wherein a "functional equivalent" has
less sequence identity (such as at least 80 % sequence identity, such as at least 90 % sequence identity, such as at least 95 %
sequence identity or 99 % sequence identity) but is a functional zeta-chain of the CD3 complex of the T-cell receptor.

[0054] According to the invention, the zeta chain is of human origin. Within the TCR the CD3 zeta chain exists as a disulfide
homodimer. A "functional CD3 zeta chain" or "a functional zeta-chain of the CD3 complex of the T-cell receptor” is a protein which
upon expression in T cell hybridomas deficient in endogenous zeta expression is capable of restoring in said hybridomas a
functionally active TCR.

[0055] According to the invention, the fusion of a fragment of the costimulatory CD28 receptor fused to a fragment of the zeta-
chain of the CD3 complex of the T-cell receptor contains:

(b1) the transmembrane domain of human CD28;
(b2) the intracellular domain of human CD28; and

(b3) the intracellular domain of human CD3 zeta chain;

[0056] The sequence of human T-cell-specific surface glycoprotein CD28 (Swiss-Prot accession number P10747

(CD28_HUMAN)) [SEQ ID NO. 4]

10 20 30 40 50 60
MLRLLLALNL FPSIQVTGNK ILVKQSPMLV AYDNAVNLSC KYSYNLFSRE FRASLHKGLD

70 80 a0 100 110 120
SAVEVCVVYG NYSQQLQVYS KTGENCDGXL GNESVTFYLQ NLYVNQTDIY FCKIEVMYPP

130 140 150 160 170 180
PYLDNEKSNG TIIHVKGKHL CPSPLEFPGPS KPEWVLVVVG GVLACYSLLV TVAFIIFWVR

190 200 210 220
SKRSRLLHSD YMNMTPRRPG PTRKHYQPYA PPRDFAAYRS

wherein (b1) are preferably amino acid residues 151-180 of SEQ ID NO. 4, (b2) are amino acid residues 181-220 of SEQ ID NO.

4 and (b3) are amino acid residues 52-163 of SEQ ID NO. 3 ( = SEQ ID NO. 5):
KPFWVLVVVG GVLACYSLLV TVAFIIFWVR SKRSRLLHSD YMNMTPRRPG PTRKHYQPYA

PPRDFAAYRS RVKFSRSADA PRAYQQGONQL YNELNLGRRE EYDVLDKRRG RDPEMGGKPR
RKNPQEGLYN ELQOKDKMAEA YSEIGMKGER RRGKCHDGLY QGLSTATKDT YDALHMQALP PR

[0057] The effector domain (iv) comprises or consists of (is) an amino acid sequence with the amino acid sequence of SEQ ID
NO. 5 or a functional equivalent thereof, wherein a "functional equivalent" has less sequence identity (such as at least 80 %
sequence identity, preferably at least 90 % sequence identity, more preferably at least 95 % sequence identity or 99 % sequence
identity) but is a functional fusion of the costimulatory CD28 receptor fused to a fragment of the zeta-chain of the CD3 complex of
the T-cell receptor.

[0058] Preferably, the multi-functional protein according to the invention comprises or consists of the amino acid sequence of a
(cleavable) signal peptide (i), an scFv (ii), the modified hinge region (iii) (as defined herein, preferably of SEQ ID NO. 2) and the
fusion of the transmembrane and intracellular domain of human CD28 with the intracellular domain of human CD3 zeta-chain (iv)
(wherein the signal peptide is at the N-terminus and the zeta chain/fusion is at the C-terminus).

[0059] The invention describes also a protein that comprises or consists of the amino acid sequence of SEQ ID NO. 6.

[0060] The amino acid sequence of SEQ ID NO. 6 refers to the amino acid sequence of the a multi-functional protein with the
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domains:

(i) [signal peptide] - (ii)[anti-ErbB2 scFV] - (iii)[modified hinge] - (iv)[transmembrane and intracellular domain of the human CD3
zeta chain

MDWIWRILFLVGAATGAHSQVOLOQSGPELKKPGETVKISCKASGY PFTNYGMNWVEKQAPGQ
GLKWMGWINTSTGESTFADDFKGRFDFSLETSANTAYLQINNLKSEDSATYFCARNEVYHGY
VPYWGQGTTVTVSSGGGGSGGGGSGGGGSDIQLTOSHKFLS TSVGDRVSITCKASQDVYNAV
AWYQQKPGQOSPKLLIYSASSRYTGVPSRFTGSGSGPDFTFTISSVOAEDLAVYFCQOOHFRTP
FTFGSGTKLEITKALSNSIMYFSHFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEASRP

AAGGAVHTRGLDPKLCYLLDGILFIYGVILTALFLRVKFSRSADAPAYQOGONQLYNELNLG
RREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSETGMKGERRRGKGHDGL
YQGLSTATKDTYDALHMQALPPR

[0061] In a preferred embodiment, the protein according to the present invention comprises or consists of the amino acid
sequence of SEQ ID NO. 7;

or an amino acid sequence that has at least 95 % sequence identity or 99 % sequence identity to the amino acid sequence of
SEQ ID NO. 7 (under the proviso that amino acid residue no. 308 (i.e. amino acid residue no.48 of the modified hinge region
(SEQ ID NO. 2)) is not a cysteine and is a serine and under the proviso that the amino acid sequence of the modified hinge
region (i.e. amino acid residues no. 261 to 322) does not contain any cysteine residue(s).

[0062] The amino acid sequence of SEQ ID NO. 7 refers to the amino acid sequence of the multi-functional protein with the
domains:

1. (i)[signal peptide] - (ii)[anti-ErbB2 scF\ - (iii)[modified hinge] - (iv)[fusion of the fransmembrane and intracellular domain

of human CD28 with the intracellular domain of human CD3 zeta chain].
MDWIWRILFLVGAATGAHSQVOLOOSGPELKKPGETVKISCKASGY PETNYGMNWVKQAPGO

GLEWMGWINTSTGESTFADDFKGRFDFSLETSANTAYLOINNLKSEDSATYFCARWEVYHGY
VPYWGQGTTVTVSSGGGGSGGGGSGGGGSDIQLTQSHKFLSTSVGDRVSITCKASQDVYNAV
AWYQOKPGOSPKLLIYSASSRYTGVPSRFTGSGSGPDFTFTISSVOAEDLAVYFCQQHERT P
FTFGSGTKLEIFALSNSIMYFSHFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEASRP
AAGGAVHTRGLDKPIWVLVVVGGVLACYSLLVTVAFITIFWVRSKRSRLLHSDYMNMT PRRPG
PTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDTYDAL
HMOALPPR

[0063] Generally, a person skilled in the art is aware of the fact that some amino acid exchanges in the amino acid sequence of a
protein or peptide do not have any influence on the (secondary or tertiary) structure, function and activity of the protein or
peptide (at all). Amino acid sequences with such "neutral” amino acid exchanges as compared to the amino acid sequences
disclosed herein fall within the scope of the present invention.

Nucleic acids, expression constructs and host cells

[0064] As described above, the present invention provides nucleic acids/nucleic acid molecules/isolated nucleic acid molecules
encoding the proteins of the invention.

[0065] The nucleic acids according to this invention comprise DNA (such as dsDNA, ssDNA, cDNA), RNA (such as dsRNA,
ssRNA, mRNA), combinations thereof or derivatives (such as PNA) thereof.

[0066] Preferably, a nucleic acid of the invention comprises

¢ the nucleic acid encoding for the amino acid sequence of SEQ ID NO. 2;
or
¢ the nucleic acid sequence of SEQ ID NO. 8 (= nucleotide sequence encoding for the modified hinge region)

or their complementary sequences;
or sequences that have at least 95 % sequence identity or 99 % sequence identity to the above sequences (provided that amino
acid residue no. 48 of SEQ ID NO. 2 is not a cysteine and is a serine and provided that the modified hinge region does not
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contain any cysteine residues).

[0067] Preferably, a nucleic acid of the invention furthermore comprises

¢ the nucleic acid encoding for the amino acid sequence of SEQ ID NO. 5;
or
¢ the nucleic acid sequence of SEQ ID NO. 10 (=nucleotide sequence encoding for the fusion of the transmembrane and
intracellular domain of human CD28 with the intracellular domain of human CD3 zeta chain),
or their complementary sequences;
or sequences that have at least 95 % sequence identity or 99 % sequence identity to the above sequences,

preferably fused to the nucleic acid encoding for the amino acid sequence of SEQ ID NO. 2 or the nucleic acid sequence of SEQ
ID NO. 8

or to their complementary sequences;

or to sequences that have at least 95 % sequence identity or 99 % sequence identity to the above sequences SEQ ID NO. 2 or
SEQ ID NO. 8 (provided that amino acid residue no. 48 of SEQ ID NO. 2 is not a cysteine and is a serine and provided that the
modified hinge region does not contain any cysteine residues).

[0068] Preferably, a nucleic acid of the invention comprises or consists of

¢ the nucleic acid encoding for the amino acid sequence of SEQ ID NO. 7,
or

¢ the nucleic acid sequence of SEQ ID NO. 12 (=nucleotide sequence encoding for the multi-functional protein with the
domains (i) [signal peptide] - (ii)[anti-ErbB2 scFv]-(iii)[modified hinge] - (iv)[fusion of the transmembrane and intracellular
domain of human CD28 with the intracellular domain of human CD3 zeta chain]);

or their complementary sequences;

or sequences that have at least 95 % sequence identity or 99 % sequence identity to the above sequences (provided that amino
acid residue no. 48 of SEQ ID NO. 2 is not a cysteine and is a serine and under the proviso that the amino acid sequence of the
modified hinge region (i.e. amino acid residues no. 261 to 322) does not contain any cysteine residue(s)).

[0069] Preferably, the nucleic acid sequences of the present invention are codon-optimized for expression in mammalian cells,
preferably for expression in human cells. Codon-optimization refers to the exchange in a sequence of interest of codons that are
generally rare in highly expressed genes of a given species by codons that are generally frequent in highly expressed genes of
such species, such codons encoding the same amino acids as the codons that are being exchanged.

[0070] Within the scope of this invention are also the nucleotide sequences obtained due to the degeneration of the genetic
code of the above nucleotide sequences.

[0071] As described above, the present invention provides expression constructs for expressing the protein of the invention in a
cell.

[0072] Preferably, the expression constructs further comprise promoter and terminator sequences.

[0073] An "expression or gene construct" (wherein both terms are used interchangeably throughout this specification) refers to a
nucleic acid construct, usually an expression vector or plasmid, that is used to introduce a specific gene sequence into a target
cell. Once the expression or gene construct is inside the cell, the protein that is encoded by the gene is produced by the cellular
transcription and translation machinery. The expression or gene construct is designed to contain respective regulatory
sequences that act as enhancer and promoter regions and lead to efficient transcription of the gene carried on the construct,
including promoter and terminator sequences. The goal of a well-designed expression or gene construct is the production of large
amounts of stable mRNA, and therefore proteins.

[0074] The skilled artisan can select further suitable components of expression or gene constructs.

[0075] The nucleic acids and/or in particular expression constructs of the invention are capable of directing the
synthesis/expression of the multi-functional protein of the invention in a suitable host cell.

[0076] The nucleic acids and/or expression constructs of the invention are dsDNA, ssDNA, RNA or mRNA or combinations
thereof.
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[0077] As described above, the present invention provides host cells which express a protein of the invention or which comprise
a nucleic acid or an expression construct of the invention.

[0078] According to the invention, the host cell is selected from effector cells of the immune system, and wherein the effector
cells of the immune system are natural killer (NK) cells, natural killer T (NKT) cells, or a lymphocyte preparation containing NK
cells and NKT cells.

[0079] "Effector cells" of the immune system or "immune effector cells" refers to cells of hematopoietic origin including but not
limited to the cell types mentioned above that are functionally involved in the initiation and/or execution of innate and/or adaptive
immune responses.

Uses of the proteins, nucleic acids, expression constructs and host cells

[0080] As described above, the invention provides the use of the multi-functional protein, nucleic acid, or expression construct
for generating antigen-specific effector cells.

[0081] "Antigen-specific effector cells" or "target-specific effector cells" refer to effector cells of the immune system or immune
effector cells genetically modified to express the multi-functional protein of the invention by transfer of an expression construct or
nucleic acid encoding said multi-functional protein. Such antigen-specific or target-specific effector cells are versatile means, in
particular in the treatment of diseases (as described below for ACT and cancer treatment).

[0082] As described above, the invention provides the multi-functional protein, nucleic acid, expression construct or host cell for
use as a medicament.

[0083] As described above, the invention provides the multi-functional protein, nucleic acid, expression construct or host cell for
use in the treatment of cancer.

[0084] As described above, the invention provides the multi-functional protein, nucleic acid, expression construct or host cell for
use in adoptive, target-cell specific immunotherapy.

[0085] "Adoptive, target-cell specific immunotherapy" refers to a form of therapy in which immune cells are transferred to tumor-
bearing hosts. The immune cells have antitumor reactivity and can mediate direct or indirect antitumor effects.

[0086] "Adoptive, target-cell specific immunotherapy" or "adoptive cell therapy (ACT)" is a treatment that uses immune effector
cells, such as lymphocytes with anti-tumour activity, expanded in vitro and infused into the patient with cancer. ACT using
autologous tumour-infiltrating lymphocytes has emerged as the most effective treatment for patients with metastatic melanoma
and can mediate objective cancer regression in approximately 50% of patients. The use of donor lymphocytes for ACT is an
effective treatment for immunosuppressed patients who develop post-transplant lymphomas (reviewed in Rosenberg et al., 2008).
However, the ability to genetically engineer human lymphocytes and use them to mediate cancer regression in patients, which has
recently been demonstrated (see Morgan et al, 2006), has opened possibilities for the extension of ACT immunotherapy to
patients with a wide variety of cancer types and is a promising new approach to cancer treatment. Thus, genetically engineering
of lymphocytes with chimeric antigen receptors (CAR), such as provided by this invention, is very suitable for ACT and opens
more possibilities in the treatment of cancer. Especially, since studies have clearly demonstrated that the administration of highly
avid anti-tumour T cells directed against a suitable target can mediate the regression of large, vascularized, metastatic cancers in
humans and provide guiding principles as well as encouragement for the further development of immunotherapy for the treatment
of patients with cancer.

Methods of treatment
[0087] Furthermore, the invention discloses methods for generating antigen-specific effector cells.

[0088] The method for generating antigen-specific effector cells can comprise

1. (a) providing a multi-functional protein, nucleic acid, or expression construct according to the invention;
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(b) providing a host cell or cell line, which is selected from effector cells of the immune system, such as lymphocytes
including but not limited to cytotoxic lymphocytes, T cells, cytotoxic T cells, T helper cells, Th17 T cells, natural killer (NK)
cells, natural killer T (NKT) cells, mast cells, dendritic cells, killer dendritic cells, B cells;

(c) transferring the multi-functional protein, nucleic acid, or expression construct provided in step (a) into the host cell or
cell line provided in step (b);

(d) optional, selection of the transgenic (gene-modified) cells.

[0089] The present invention also discloses methods for the treatment of diseases, in particular cancer, and methods of
immunotherapy, including adoptive, target-cell specific immunotherapy.

[0090] The method for the treatment of diseases, in particular cancer, can comprises administering to a subject in a

therapeutically effective amount

1.

2.

(a) a multi-functional protein, a nucleic acid, an expression construct or a host cell (in particular an antigen-specific effector
cell) as obtained and defined herein, and
(b) optionally, respective excipient(s).

[0091] The method of immunotherapy, preferably including or utilizing adoptive, target-cell specific immunotherapy, can comprise
administering to a subject in a therapeutically effective amount

1.

2.

(a) a multi-functional protein, a nucleic acid, an expression construct or a host cell (in particular an antigen-specific effector
cell) as obtained and defined herein, and
(b) optionally, respective excipient(s).

[0092] A "therapeutically effective amount" of multi-functional protein, a nucleic acid, an expression construct or a host cell (in
particular an antigen-specific effector cell) of this invention refers to the amount that is sufficient to treat the respective disease or
achieve the respective outcome of the adoptive, target-cell specific immunotherapy.

Sequences:

[0093]

SEQ ID NO. 1 shows the amino acid sequence of the hinge region of human T-cell surface glycoprotein CD8 alpha chain (amino
acid residues 117-178 of SEQ ID NO. 13).

SEQ ID NO. 2 shows the amino acid sequence of the modified hinge region derived from the human CD8 alpha-chain hinge
region.

SEQ ID NO. 3 shows the amino acid sequence of human T-cell surface glycoprotein CD3 zeta chain (Swiss-Prot accession
number P20963 (CD3Z_HUMAN); Isoform 3.

SEQ ID NO. 4 shows the amino acid sequence of human T-cell-specific surface glycoprotein CD28 (Swiss-Prot accession humber
P10747 (CD28_HUMAN).

SEQ ID NO. 5 shows the amino acid sequence of the fusion of the transmembrane domain and the intracellular domain of human
CD28 (amino acid residues 151-220 of SEQ ID NO. 4) and the intracellular domain of human CD3 zeta chain (amino acid residues
52-163 of SEQ ID NO. 3).

SEQ ID NO. 6 shows the amino acid sequence of the multi-functional protein with the domains (i)[signal peptide] - (ii)[anti-ErbB2
scFv] - (iii)[modified hinge]-(iv)[transmembrane and intracellular domain of the human CD3 zeta chain].

SEQ ID NO. 7 shows the amino acid sequence of the multi-functional protein with the domains (i)[signal peptide] - (ii)[anti-ErbB2
scFv] - (iii)[modified hinge] - (iv) [fusion of the transmembrane and intracellular domain of human CD28 with the intracellular

domain of human CD3 zeta chain].

11
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SEQ ID NO. 8 shows the nucleotide sequence encoding for the modified hinge region in a codon-optimized form.

SEQ ID NO. 9 shows the nucleotide sequence encoding for transmembrane domain and the intracellular domain of human CD3
zeta chain in a codon-optimized form.

SEQ ID NO. 10 shows the nucleotide sequence encoding for the fusion of the transmembrane and intracellular domain of human
CD28 with the intracellular domain of human CD3 zeta chain in a codon-optimized form.

SEQ ID NO. 11 shows the nucleotide sequence encoding for the multi-functional protein with the domains (i)[signal peptide] - (ii)
[anti-ErbB2 scFv] - (iii)[modified hinge]-(iv)[transmembrane and intracellular domain of the human CD3 zeta chain] in a codon-
optimized form.

SEQ ID NO. 12 shows the nucleotide sequence encoding for the multi-functional protein with the domains (i)[signal peptide] - (ii)
[anti-ErbB2 scFv] - (iii)[modified hinge] - (iv)[fusion of the transmembrane and intracellular domain of human CD28 with the
intracellular domain of human CD3 zeta chain] in a codon-optimized form.

SEQ ID NO. 13 shows the amino acid sequence of human T-cell surface glycoprotein CD8 alpha chain (Swiss-Prot accession
number P01732 (CD8A_HUMAN)).

[0094] The following examples and drawings illustrate the present invention without, however, limiting the same thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0095]

Figure 1 Modified hinge region derived from CD8 alpha-chain.
Amino acid sequences of original and modified hinge regions derived from human CD8 alpha-chain are shown. The unpaired
cysteine and the modified residue are underlined.

Figure 2 Schematic representation of the expression construct.

1. (A) The sequence encoding the ErbB2-specific CAR is expressed under the control of a Spleen Focus Forming Virus
promoter (SFFV) and followed by an internal ribosome entry site (IRES) and cDNA encoding enhanced green fluorescent
protein (EGFP). The CAR is composed of an immunoglobulin heavy chain signal peptide (SP), an ErbB2-specific single-
chain Fv antibody fragment (scFv), unmodified or modified CD8 alpha-chain hinge region as a flexible linker (CD8 alpha),
and the transmembrane domain and the intracellular domain of CD3 zeta-chain as a signaling domain (zeta).

Figure 3 Analysis of CAR surface expression in transduced NK cells.

NK cells were transduced with lentiviral vectors encoding ErbB2-specific CAR containing either unmodified (upper panel, dark
gray) or modified CD8 alpha-chain hinge region (lower panel, dark gray). Gene-modified cells were selected by FACS-based
sorting. Expression of CAR on the surface of NK cells was investigated by FACS analysis using ErbB2-Fc fusion protein. NK cells
transduced with empty vector served as control (light gray).

Figure 4 Immunoblot analysis of CAR expression.

Lysates of transduced NK cells expressing ErbB2-specific CAR either containing the modified (lane 2) or unmodified CD8 alpha-
chain hinge region (lane 3) were subjected to SDS-PAGE under non-reducing conditions and immunoblot analysis with anti-CD3
zeta-chain antibody as indicated. Lysate of untransduced NK cells served as control (lane 1). Monomers and homodimers of
endogenous CD3 zeta-chain, CAR-CD3 zeta-chain heterodimers, and CAR homodimers are indicated.

Figure 5 Cytotoxic activity of CAR-expressing NK cells.

NK cells expressing ErbB2-specific CAR either containing the modified or unmodified CD8 alpha-chain hinge region were co-
cultured at different effector to target (E:T) ratios with NK-sensitive but ErbB2-negative K562 erythroleukemic control cells (A),
ErbB2-negative MDA-MB468 breast carcinoma cells (B), or ErbB2-positive MDA-MB453 breast carcinoma cells (C). As shown in
(C), NK cells expressing the ErbB2-specific CAR with the modified CD8 alpha-chain hinge region showed markedly enhanced
ErbB2-specific cell killing (open bars) when compared to NK cells expressing the ErbB2-specific CAR with unmodified CD8 alpha-
chain hinge region (filled bars).

Figure 6 NK cells expressing a CAR that contains CD28 and CD3 zeta chain domains.

12
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1. (A) The sequence encoding the ErbB2-specific CAR is expressed under the control of a Spleen Focus Forming Virus
promoter (SFFV) and followed by an internal ribosome entry site (IRES) and cDNA encoding enhanced green fluorescent
protein (EGFP). The CAR is composed of an immunoglobulin heavy chain signal peptide (SP), an ErbB2-specific single-
chain Fv antibody fragment (scFv), the modified CD8 alpha-chain hinge region as a flexible linker (CD8 alpha), and CD28
and CD3 zeta-chain (zeta) as signaling domains.

2. (B) NK cells were transduced with the lentiviral vector shown in (A). Gene-modified cells were selected by FACS-based

sorting. Expression of CAR on the surface of NK cells was investigated by FACS analysis using ErbB2-Fc fusion protein
(dark gray). Non-transduced NK cells served as control (light gray).
NK cells expressing ErbB2-specific CAR containing the modified CD8 alpha-chain hinge region and CD28 and CD3 zeta-
chain as signaling domains were co-cultured at different effector to target (E:T) ratios with ErbB2-negative MDA-MB468
breast carcinoma cells (C), or ErbB2-positive MDA-MB453 breast carcinoma cells (D). As shown in (D), NK cells expressing
the ErbB2-specific CAR with the modified CD8 alpha-chain hinge region and CD28 and CD3 zeta-chain as signaling
domains showed ErbB2-specific cell kiling (open bars) when compared to non-transduced NK cells included as control
(filled bars).

EXAMPLES

Example 1

[0096] Construction of CAR. A cDNA fragment encoding the hinge region derived from the human CD8 alpha-chain was
mutated by site-directed mutagenesis to replace the codon encoding the unpaired cysteine of the hinge region to a codon
encoding a serine residue (Figure 1). Sequences encoding an immunoglobulin heavy chain signal peptide, a scFv antibody
fragment specific for the tumor-associated surface antigen ErbB2, the modified hinge region derived from human CD8 alpha-
chain, and transmembrane and intracellular domains of human CD3 zeta-chain were assembled into a single open reading frame
resulting in an ErbB2-specific CAR encoding cDNA. The CAR encoding sequence was inserted into the lentiviral transfer vector
SIEW for expression in lymphocytes under the control of the Spleen Focus Forming Virus promoter (Figure 2). For comparison a
lentiviral transfer vector was produced encoding a similar CAR containing the unmodified hinge region derived from the human
CD8 alpha-chain.

[0097] Transduction of NK cells. VSV-G pseudotyped lentiviral vector particles were produced by transient triple transfection
of 293T cells with the transfer vector together with the packaging constructs pMD-VSVG and 8.91. Lentiviral vector was used for
transduction of NK cells, and transduced NK cells were enriched by two rounds of FACS sorting based on expression of enhanced
green fluorescent protein (EGFP) as a marker gene encoded by the SIEW vector.

[0098] Surface expression of CAR. Expression of CAR on the surface of transduced and FACS-sorted NK cells was
investigated by FACS analysis with an ErbB2-Fc fusion protein (R&D Systems) followed by APC-conjugated anti-human Fc F(ab) 2

fragment. NK cells transduced with CAR containing the modified CD8 alpha-chain hinge region displayed a higher overall surface
expression of CAR when compared to NK cells expressing a similar CAR containing the unmodified CD8 alpha-chain hinge region
(Figure 3).

[0099] Immunoblot analysis of CAR expression. CAR expression and multimerization in transduced and FACS-sorted NK
cells was investigated by immunoblot analysis. Proteins in cell lysates of transduced cells were separated by SDS-PAGE under
non-reducing conditions. Subsequent immunoblot analysis with anti-CD3 zeta-chain antibody demonstrated a marked reduction in
the level of unpaired endogenous zeta-chain and higher levels of CAR-zeta-chain heterodimers and CAR homodimers in samples
from NK cells expressing CAR with the modified CD8 alpha-chain hinge region when compared to NK cells expressing a similar
CAR containing the unmodified CD8 alpha-chain hinge region (Figure 4).

[0100] Cytotoxic activity of CAR-expressing NK cells. The cytotoxic activity of CAR-expressing NK cells was measured in
FACS-based cytotoxicity assays. NK cells expressing ErbB2-specific CAR either containing the modified or unmodified CD8 alpha-
chain hinge region displayed similar cytotoxic activity towards NK-sensitive but ErbB2-negative K562 erythroleukemic control cells,
but were both unable to lyse NK-resistant and ErbB2-negative MDA-MB468 breast carcinoma cells. When cytotoxic activity
towards ErbB2-positive MDA-MB453 breast carcinoma cells was tested, NK cells expressing the ErbB2-specific CAR with the
modified CD8 alpha-chain hinge region showed markedly enhanced ErbB2-specific cell kiling when compared to NK cells
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expressing the ErbB2-specific CAR with unmodified CD8 alpha-chain hinge region (Figure 5). These results demonstrate that the
modified CAR posseses enhanced functionality.

Example 2

[0101] Construction of CAR containing CD28 and CD3 zeta-chain signaling domains. Sequences encoding an
immunoglobulin heavy chain signal peptide, a scFv antibody fragment specific for the tumor-associated surface antigen ErbB2,
the modified hinge region derived from human CD8 alpha-chain as described in Example 1, transmembrane and intracellular
domains of human CD28, and the intracellular domain of human CD3 zeta-chain were assembled into a single open reading
frame resulting in an ErbB2-specific CAR encoding cDNA containing CD28 and CD3 zeta-chain signaling domains. The CAR
encoding sequence was inserted into the lentiviral transfer vector SIEW for expression in lymphocytes under the control of the
Spleen Focus Forming Virus promoter (Figure 6A).

[0102] Transduction of NK cells. VSV-G pseudotyped lentiviral vector particles were produced by transient triple transfection
of 293T cells with the transfer vector together with the packaging constructs pMD-VSVG and 8.91. Lentiviral vector was used for
transduction of NK cells, and transduced NK cells were enriched by two rounds of FACS sorting based on expression of enhanced
green fluorescent protein (EGFP) as a marker gene encoded by the SIEW vector.

[0103] Surface expression of CAR containing CD28 and CD3 zeta-chain signaling domains. Expression of CAR
containing CD28 and CD3 zeta-chain signaling domains on the surface of transduced and FACS-sorted NK cells was investigated
by FACS analysis with an ErbB2-Fc fusion protein (R&D Systems) followed by APC-conjugated anti-human Fc F(ab) 2 fragment.
NK cells transduced with CAR containing the modified CD8 alpha-chain hinge region and CD28 and CD3 zeta-chain signaling
domains displayed high surface expression of CAR (Figure 6B).

[0104] Cytotoxic activity of NK cells expressing a CAR that contains CD28 and CD3 zeta-chain signaling domains. The
cytotoxic activity of NK cells expressing a CAR that contains the modified CD8 alpha-chain hinge region and CD28 and CD3 zeta-
chain signaling domains was measured in FACS-based cytotoxcity assays. NK cells expressing this ErbB2-specific CAR and
control NK cells not expressing a CAR were both unable to lyse NK-resistant and ErbB2-negative MDA-MB468 breast carcinoma
cells (Figure 6C). When cytotoxic activity towards ErbB2-positive MDA-MB453 breast carcinoma cells was tested, NK cells
expressing the ErbB2-specific CAR with the modified CD8 alpha-chain hinge region and CD28 and CD3 zeta-chain signaling
domains showed high ErbB2-specific cell killing whereas control NK cells not expressing a CAR were unable to lyse the target
cells to a significant degree (Figure 6D). These results demonstrate that the functionality of the modified CD8 alpha-chain hinge
region is retained as part of a CAR that contains CD28 and CD3 zeta-chain signaling domains.

Materials and Methods (for Example 1 and 2)

[0105] Cells and culture conditions. Human NK cells were maintained in X-VIVO10 medium supplemented with 5% human
plasma and 100 IU/mL IL-2.

[0106] Production of VSV-G pseudotyped vectors in 293T cells. Vector particles were generated by transient transfection

of 4x100 HEK-293T cells with a three plasmid system consisting of the packaging plasmid coding for the VSV-G envelope protein
(pPMD-VSVG), the glycoprotein expression plasmid encoding gag and po/ (8.91), and the transfer plasmid carrying the gene of
interest. Cells were transfected by calcium phosphate transfection using a total of 20 pg plasmid DNA consisting of 6.5 ug gag
pol, 3.5 yg VSV-G, and 10 pg of transfer plasmids. DNA-calcium phosphate-precipitates were added dropwise to cell monolayers,
and 10 mM chlorogquine were added. Cell culture supernatants containing pseudotyped lentiviral vector particles were harvested
48 h later. Supernatants were sterile filtered (0.45 pm filter) and directly used for transduction of NK cells.

[0107] Lentiviral transduction. For transduction, 5 x 105 NK cells were seeded into a single well of a 6 well plate. Vector
particles were added to the cells in the presence of 8 pg/mL polybrene and centrifuged for 60 min at 1800 rpm at 32°C. 48 h after
transduction the cells were analyzed by FACS for EGFP and CAR expression.

[0108] Flow cytometric analysis. For analysis of CAR expression, transduced NK cells were incubated with 1 pg ErbB2-Fc

fusion protein (R&D Systems) for 1 h at 4°C. Then cells were washed and stained with a secondary APC-coupled anti-human Fc
F(ab)2 antibody fragment for 20 min at 4°C. Samples were washed in FACS buffer (DPBS, 3% FCS) and resuspended in 250 pl
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for FACS analysis using a FACSCanto flow cytometer (BD Biosciences). Non-transduced NK cells or NK cells transduced with
empty SIEW lentiviral vector served as control.

[0109] Immunoblot analysis. 5x10% NK cells were harvested and pelleted. After washing twice with DPBS, 500 pL lysis buffer
(20 mM Tris, pH 7.3, 137 mM NaCl, 10% glycerol, 1% Triton X-100, 2 mM EDTA, protease inhibitors) were added to the cell pellet
and incubated for 20 min on ice. Cell debris was removed by centrifugation at 14,000 rpm for 10 min at 4°C. Lammli buffer without
addition of reducing reagents was added to the cleared supernatants, and the samples were subjected to SDS-PAGE and
immunoblot analysis with anti-CD3 zeta-chain antibody following standard procedures.

[0110] FACS-based cytotoxicity assays. To investigate cytotoxic activity of parental and genetically modified NK cells (effector
cells, E) towards different tumor cell lines (target cells, T), a FACS-based cytotoxicity assay was used. Target cells were labeled
with calcein violet AM (Molecular Probes, Invitrogen). Cells were harvested, counted and washed in calcein wash buffer
(RPMI1640). The cell number was adjusted to 4x1 0% cells/mL, and 1.5 pL calcein violet AM dissolved in 42 yL DMSO were added
to the cells. Staining of cells was performed for 30 min on ice. Then cells were washed three times with calcein wash buffer, and
the cell number was adjusted to 5x1 05 cells/mL. To test cytotoxic activity of genetically modified NK cells, effector and labeled
target cells were co-cultured at various effector to target (E/T) ratios. First, effector cells were pelleted, counted and the cell
number was adjusted to 5x1 08 cells/mL. Appropriate dilutions were prepared. For co-culture experiments target cells were
resuspended in X-VIVO medium containing 5% human plasma and 100 IU/mL of IL-2. 100 pL target cells were co-cultured with
100 pL effector cells at various E/T ratios for 2 h at 37°C. Then samples were washed once in FACS buffer. Spontaneous target-
cell lysis was determined in samples only containing labeled target cells. 250 pL propidium iodide solution (1 pg/mL) were added
to the samples shortly before measurement. Cells were analyzed in a FACSCanto flow cytometer (BD Biosciences). The
percentage of dead target cells was determined using FACSDiVa software (BD Biosciences).
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SEQUENCE LISTING

[0112]
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<110> Chemotherapeutisches Forschungsinstitut Georg-Speyer-Haus

<120> Chimeric antigen receptors with an optimized hinge region

<130> C31588PCT

<160> 13

<170> Patentln version 3.3

<210>1

<211> 62

<212> PRT

<213> Homo sapiens

<400> 1
Ala Leu Ser Asn Ser
1 1)

Leu Pro Ala Lys Pro
20

Ala Pro Thr Ile Ala
35

Arg Pro Ala Ala Gly
50

<210>2

<211> 62

<212> PRT

<213> Artificial

<220>

Ile

Thr

Ser

Gly

Met

Thr

Gln

aAla

<223> Modified hinge region

<400> 2
Ala Leu Ser Asn Ser
1 5

Leu Pro Ala Lys Pro
20

Ala Pro Thr Ile Ala
35

Arg Pro Ala Ala Gly
50

<210>3

<211> 163

<212> PRT

<213> Homo sapiens

<400>3

Ile

Thr

Ser

Gly

Met

Thr

Gln

Ala
55

Tyr

Thr

Pro

40

val

Tyr

Thr

Pro

40

val

Phe

Pro

25

Leu

His

Phe

Pro

Leu

His

Ser

10

Rla

Ser

Thr

Ser

10

Ala

Ser

Thr

His

Pro

Leu

Arg

His

Pro

Leu

Arg

Phe Val

Arg Pro

Arg Pro

45

Gly Leu

Phe Val

Arg Pro

Arg Pro
45

Gly Leu
60

Pro

Pro

30

Glu

Asp

Pro

Pro

Glu

Asp

Val Phe
15

Thr Pro

Ala Cys

Val Phe
15

Thr Pro

Ala Ser

16
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Met

Pro

Gln

65

Glu

Gly

Leu

Gly

Ser

145

Pro

Lys

Ile

Leu

Phe

50

Gln

Glu

Gly

Gln

Glu

130

Thr

Pro

<210>4
<211> 220
<212> PRT
<213> Homo sapiens

<400> 4

Met Leu Arg

1

Trp

Thr

Leu

35

Leu

Gly

Tyr

Lys

Lys

1185

Arg

Ala

Arg

Thr Gly Asn

Lys

Glu

20

Asp

Arg

Gln

Asp

Pro

100

Asp

Arg

Thr

Ala

Ala

Gly

val

Asn

Val

85

Arg

Lys

Arg

Lys

Leu

Gln

Ile

Lys

Gln

70

Leu

Arg

Met

Gly

Asp
150

Phe

Ser

Leu

Phe

55

Leu

Asp

Lys

Ala

Lys

135

Thr

Thr

Phe

Phe

40

Ser

Tyr

Lys

Asn

Glu

120

Gly

Tyr

Ala

Gly

25

Ile

Arg

Asn

Arg

Pro

105

Ala

His

Asp

Ala
10

Leu

Tyr

Ser

Glu

Arg

90

Gln

Tyr

Asp

Ala

Ile

Leu

Gly

Ala

Leu

75

Gly

Glu

Ser

Gly

Leu
155

Leu

Asp

val

Asp

Asn

Arg

Gly

Glu

Leu

140

His

Gln

Pro

Ile

45

Ala

Leu

Asp

Leu

Ile

125

TYT

Met

Ala

Lys

30

Leu

Pro

Gly

Pro

Tyr

110

Gly

Gln

Gln

Gln

15

Leu

Thr

Ala

Arg

Glu

95

Asn

Met

Gly

Ala

Leu

Cys

aAla

Tyr

Arg

80

Met

Glu

Lys

Leu

Leu
160

Leu Leu Leu Ala Leu Asn Leu Phe Pro Ser Ile Gln Val

5

10

15

Lys Ile Leu Val Lys Gln Ser Pro Met Leu Val Ala Tyr

20

25

30

17
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Asp

Arg

val

65

Lys

Phe

Lys

Gly

Phe

Tyr

Asn

Glu

50

Cys

Thr

Tyr

Ile

Gly

130

Phe

val

Trp

Met

Ala
210

<210>5
<211> 182
<212> PRT
<213> Artificial

<220>
<223> amino acid sequence of the fusion of the transmembrane domain and the intracellular domain of human CD28 (amino acid
residues 151-220 of SEQ ID NO. 4) and the intracellular domain of human CD3 zeta chain (amino acid residues 52-163 of SEQ ID
NO. 3)

<400> 5
Lys Pro Phe Trp Val Leu Val Val Val Gly Gly Val Leu Ala Cys Tyr

Ala

Phe

val

Gly

Leu

Glu

115

Thr

Pro

Leu

val

Thr

195

Pro

Val

Arg

val

Phe

Gln

100

Val

Ile

Gly

Ala

Arg

180

Pro

Pro

Asn

Ala

Tyr

Asn

85

Asn

Met

Ile

Pro

cys

165

Ser

Arg

Arg

Leu

Ser

Gly

70

Cys

Leu

Tyr

His

Ser

150

YT

Lys

Arg

Asp

Ser

Leu

55

Asn

Asp

Tyr

Pro

Val

135

Lys

Ser

Arg

Pro

Phe
215

cys

40

His

Tyr

Gly

val

Pro

120

Lys

Pro

Leu

Ser

Gly

200

Ala

Lys

Lys

Ser

Lys

Asn

105

Pro

Gly

Phe

Leu

Arg

185

Pro

Ala

Tyr

Gly

Gln

Leu

90

Gln

Tyr

Lys

Trp

val

170

Leu

Thr

Tyr

Sexr

Leu

Gln

75

Gly

Thr

Leu

His

val

155

Thr

Leu

Arg

Arg

TyT

Asp

60

Leu

Asn

Asp

Asp

Leu

140

Leu

val

His

Lys

Ser
220

Asn

45

Ser

Gln

Glu

Ile

Asn

125

Cys

val

Ala

Ser

His
205

Leu

Ala

val

Ser

Tyr

110

Glu

Pro

val

Phe

Asp

130

Tyr

Phe

val

Tyr

Val

Phe

Lys

Ser

val

Ile

175

Tyr

Gln

18

Ser

Glu

Ser

80

Thr

Cys

Ser

Pro

Gly

160

Ile

Met

Pro
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Arg

Gly

Pro

Gly
145

Gln

Gln

<210>6

Leu

Ser

Gly

50

Ala

Ala

Arg

Glu

Asn

130

Met

Gly

Ala

Leu

Arg

35

Pro

Ala

Tyr

Arg

Met

115

Glu

Lys

Leu

Leu

<211> 457
<212> PRT
<213> Artificial

<220>
<223> amino acid sequence of the multi-functional protein with the domains (i) [signal peptide] - (ii) [anti-ErbB2 scFv] - (iii)

[modified hinge] - (iv)[transmembrane and intracellular domain of the human CD3 zeta chain]

val

20

Leu

Thr

Tyr

Gln

Glu

100

Gly

Leu

Gly

Ser

Pro
180

Thr

Leu

Arg

Arg

Gln

Glu

Gly

Gln

Glu

Thr

165

Pro

val

His

Lys

Ser

70

Gly

Tyr

Lys

Lys

Arg

150

Ala

Axg

Ala Phe

Ser Asp
40

His Tyr
55

Arg Val

Gln Asn

Asp Val

Pro Arg

120

Asp Lys
135

Arg Arg

Thr Lys

Ile
25

Tyr

Gln

Lys

Gln

Leu

105

Arg

Met

Gly

Asp

10

Ile

Met

Pro

Phe

Leu

Asp

Lys

Ala

Lys

Thr
170

Phe

Asn

Tyr

Ser

Tyr

Lys

Asn

Glu

Gly

155

Tyr

Trp

Met

Ala

60

Arg

Asn

Arg

Pro

Ala

140

His

Asp

Val

Thr

45

Ser

Glu

Arg

Gln

125

Tyr

Asp

Ala

Arg

30

Pro

Pro

Ala

Leu

Gly

110

Glu

Ser

Gly

Leu

15

Ser

Arg

Arg

Asp

Asn

95

Arg

Gly

Glu

Leu

His
175

Lys

Arg

Asp

Ala

Leu

Asp

Leu

Ile

Tyr

160

Met

<400> 6
Met Asp Trp Ile Trp Arg Ile Leu Phe Leu Val Gly Ala Ala Thr Gly
1 5 10 15

19
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Ala

Pro

Thr

Lys

65

Thr

Tyr

Gly

Gly

145

Lys

Thr

Thr
225

Gly

Asn

Trp

Asp

Ala

Phe

Gln

130

Gly

Lys

Ala

Gly

Gly

210

Phe

Gln

Glu

Ser

Glu

35

Tyr

Met

Phe

Tyr

Cys

118

Gly

Gly

Phe

Ser

Gln

195

val

Thr

Gln

Ile

Gln

20

Thr

Gly

Gly

Lys

Leu

100

Ala

Thr

Ser

Leu

Gln

180

Ser

Pro

Ile

His

Lys
260

val

val

Met

Trp

Gly

85

Gln

Arg

Thr

Gly

Ser

165

Asp

Pro

Ser

Ser

Phe

245

Ala

Gln

Lys

Asn

Ile

70

Arg

Ile

Trp

val

Gly

150

Thr

val

Lys

Arg

Ser

230

Arg

Leu

Leu

Ile

Trp

55

Asn

Phe

Asn

Glu

Thr

135

Gly

Ser

Tyr

Leu

Phe

215

val

Thr

Ser

Gln

Ser

40

Val

Thr

Asp

Asn

val

120

val

Gly

val

Asn

Leu

200

Thr

Gln

Pro

Asn

Gln
25

Cys

Lys

Ser

Phe

Leu

105

Tyr

Ser

Ser

Gly

Ala

185

Ile

Gly

Ala

Phe

Ser
265

Sex

Lys

Gln

Thr

Ser

g0

Lys

His

Ser

Asp

Asp

170

val

Tyr

Ser

Glu

Thr

250

Ile

Gly

Ala

Ala

Gly

75

Leu

Ser

Gly

Gly

Ile

155

Arg

Ala

Ser

Gly

Asp

235

Phe

Met

Pro

Sex

Glu

Glu

Glu

Tyr

Gly

140

Gln

Val

Trp

Ala

Ser

220

Leu

Gly

Tyr

Glu

Gly

45

Gly

Ser

Thr

Asp

val

125

Gly

Leu

Ser

Tyxr

Ser

205

Gly

Ala

Ser

Fhe

Leu

30

Tyr

Gln

Thr

Ser

Ser

110

Pro

Gly

Thr

Ile

Gln

190

Ser

Pro

Val

Gly

Ser
270

Lys

Pro

Gly

Fhe

Ala

95

Ala

Tyr

Ser

Gln

Thr

175

Gln

Arg

Asp

Tyr

Thr

255

His

Lys

Phe

Leu

Ala

80

Asn

Thxr

Trp

Gly

Ser

160

Cys

Lys

Tyr

Phe

Phe

240

Lys

Phe

20
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val Pro

Pro Pro
290

Pro Glu
305

Leu Asp

Gly val

Ala Asp

370

Gly Arg
385

Glu Gly

Ser Glu

Gly Leu

Leu His
450

<210>7

val

275

Thr

Ala

Pro

Ile

Ala

355

Leu

Asp

Leu

Ile

Tyr

435

Met

<211> 504
<212> PRT
<213> Artificial

<220>

Phe

Pro

Ser

Lys

Leu

340

Pro

Gly

Pro

Tyr

Gly

420

Gln

Gln

Leu

Ala

Arg

Leu

325

Thr

Ala

Arg

Glu

Asn

405

Met

Gly

Ala

Pro

Pro

Pro

310

Cys

Ala

Tyr

Arg

Met

380

Glu

Lys

Leu

Leu

Ala

Thr

295

Ala

Tyr

Leu

Gln

Glu

375

Gly

Leu

Gly

Ser

Pro
455

Lys

280

Ala

Leu

Phe

Gln

360

Glu

Gly

Gln

Glu

Thr

440

Pro

Pro

Ala

Gly

Leu

Leu

345

Gly

Tyr

Lys

Lys

Arg

425

Ala

Arg

Thr

Ser

Gly

Asp

330

Arg

Gln

Asp

Pro

Asp

410

Arg

Thr

Thr

Glin

Ala

315

Gly

val

Asn

val

Arg

395

Lys

Arg

Lys

Thr

Pro

300

Val

Ile

Lys

Gin

Leu

380

Arg

Met

Gly

Asp

Pro

285

Leu

His

Leu

Phe

Leu

365

Asp

Lys

Ala

Lys

Thr
445

Ala

Ser

Thr

Phe

Ser

350

Tyr

Lys

Asn

Glu

Gly

430

Tyr

Pro

Leu

Arg

Ile

335

Arg

Asn

Arg

Pro

Ala

415

His

Asp

Arg

Arg

Gly

320

Tyr

Ser

Glu

Arg

Gln
400

Tyr

Asp

Ala

DK/EP 2614077 T3

<223> amino acid sequence of the multi-functional protein with the domains (i)[signal peptide] - (ii)[anti-ErbB2 scFv] - (iii)[modified
hinge] - (iv) [fusion of the transmembrane and intracellular domain of human CD28 with the intracellular domain

<400>7

21



Met

Ala

Pro

Thxr

Lys

65

Asp

Thx

Tyxr

Gly

Gly

145

Lys

Pro

Thr

Thr
225

Asp

His

Gly

Asn

50

Trp

Asp

Ala

Phe

Gln

130

Gly

Lys

Ala

Gly

Gly

210

Phe

Gln

Trp

Ser

Glu
35

Tyr

Met

Phe

Tyr

Cys

115

Gly

Gly

Phe

Ser

Gln

195

val

Thr

Gln

Ile

Gln

20

Thr

Gly

Gly

Lys

Leu

100

Ala

Thr

Ser

Leu

Gln

180

Ser

Pro

Ile

His

val

Val

Met

Trp

Gly

85

Gln

Arg

Thr

Gly

Ser

165

Asp

Pro

Ser

Ser

Phe
245

arg

Gln

Lys

Asn

Ile

70

Arg

Ile

Trp

val

Gly

150

Thr

val

Lys

Arg

Ser

230

Arg

Ile

Leu

Ile

Trp

55

Asn

Phe

Asn

Glu

Thr

135

Gly

Ser

Tyr

Leu

Phe

215

val

Thr

Leu

Gln

Ser

40

val

Thr

Asp

Asn

val

120

Vval

Gly

val

Asn

Leu

200

Thr

Gln

Pro

Phe

Gln

2s

Cys

Lys

Sex

Phe

Leu
105

Tyr

Ser

Sex

Gly

Ala

185

Ile

Gly

Ala

Phe

Leu

10

Ser

Lys

Gln

Thr

Ser

90

Lys

His

Ser

Asp

Asp

170

val

Tyr

Ser

Glu

Thr
250

val

Gly

Ala

Ala

Cly

75

Leu

Ser

Gly

Gly

Ile

155

Arg

Ala

Ser

Gly

Asp

235

Phe

Gly

Pro

Ser

Pro

60

Glu

Glu

Glu

Tyr

Gly

140

Gln

Val

Trp

Ala

Ser

220

Leu

Gly

Ala

Glu

Gly

Gly

Ser

Thr

Asp

Val

128

Gly

Leu

Ser

Tyr

Sexr

208

Gly

Ala

Ser

Ala

Leu

30

Tyr

Gln

Thr

Sex

Ser

110

Pro

Gly

Thr

Ile

Gln

1380

Ser

Pro

val

Gly

Thx

15

Lys

Pro

Gly

Phe

Ala

95

Ala

Tyr

Ser

Gln

Thr

175

Gln

Arg

Asp

Tyr

Thr
255

Gly

Lys

Phe

Leu

Ala

80

Asn

Thr

Trp

Gly

ser

160

Cys

Lys

Tyr

Phe

Phe

240

Lys

22
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Leu

val

Pro

305

Leu

Cys

Ser

Arg

Arg

385

Asp

Arg

Gly

Glu

465

Leu

His

<210>8

Glu

Pro

Pro

290

Glu

Asp

Tyr

Lys

Arg

370

Asp

Ala

Leu

Asp

Leu

450

Ile

Tyr

Met

Ile

val

275

Thr

Ala

Lys

Ser

Arg

355

Pro

Phe

Pro

Gly

Pro

435

Tyr

Gly

Gln

Gln

<211> 186
<212> DNA
<213> Artificial

<220>

<223> nucleotide sequence encoding for the modified hinge region in a codon-optimized form
<400> 8

gcecctgagea acagcatcat gtacttcage cacttcgtge ccgtgtttct geccgecaag
cccaccacca CCCCthCCC cagaccccct accccagcecce ccacaatcgc cagccagccce

ctgagcctga ggcccgaggce cagcagacct gccgetgggg gagccgtgca caccagggge

ctggac

<210>9

<211> 408
<212> DNA
<213> Artificial

<220>
<223> nucleotide sequence encoding for transmembrane domain and the intracellular domain of human CD3 zeta chain in a

codon-optimized form

Lys

260

Phe

Pro

Ser

Pro

Leu

340

Ser

Gly

Ala

Ala

Arg

420

Glu

Asn

Met

Gly

Ala

Ala

Leu

Ala

Arg

Phe

325

Leu

Arg

Pro

Ala

Tyr

405

Arg

Met

Glu

Lys

Leu

485

Leu

Leu

Pro

Pro

Pro

310

Trp

val

Leu

Thr

Tyr

390

Gln

Glu

Gly

Leu

Gly

470

Ser

Pro

Ser

Ala

Thr

295

Ala

Vval

Thr

Leu

Arg

375

Arg

Gln

Glu

Gly

Gln

455

Glu

Thr

Pro

Asn

Lys

280

Ala

Leu

val

His

360

Lys

Ser

Gly

Lys

440

Lys

Arg

Ala

Arg

Ser

265

Pro

Ala

Gly

val

Ala

345

Ser

His

Arg

Gln

Asp

425

Pro

Asp

Arg

Thr

Ile

Thr

Ser

Gly

Val

330

Phe

Asp

Tyr

val

Asn

410

Val

Arg

Lys

Arg

Lys
490

Met

Thr

Gln

Ala

31s

Val

Ile

Tyr

Gln

Lys

395

Gln

Leu

Arg

Met

Gly

475

Asp

Tyr

Thr

Pro

300

Val

Gly

Ile

Met

Pro

380

Phe

Leu:

Asp

Lys

Ala

460

Lys

Thr

Fhe

Pro

285

Leu

His

Gly

Phe

Asn
368

Tyr

Ser

Tyr

Lys

Asn

445

Glu

Gly

Tyr

Ser

270

Ala

Ser

Thr

val

Trp

350

Met

Ala

Arg

Asn

Arg

430

Pro

Ala

His

Asp

His

Pro

Leu

Arg

Leu

335

val

Thr

Pro

Ser

Glu

415

Arg

Gln

Tyr

Asp

Ala
495

Fhe

Arg

Arg

Gly

320

Ala

Arg

Pro

Pro

Ala

400

Leu

Gly

Glu

Ser

Gly

480

Leu

23

60

120

180

186
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<400>9

cccaagctgt
ctgttectga
aaccagctgt
cgcagaggcec
ctgtataacg
ggcgagegge
aaggacacct
<210> 10

<211> 549
<212> DNA

gctacctgct
gagtgaagtt
acaacgagct
gggaccctga
aactgcagaa
gacgcggcaa

acgacgcect

<213> Artificial

<220>

ggacggcatc
cagcecgeage
gaacctgggc
gatgggcgge
agacaagatg
gggccacgac

gcacatgcag

ctgttcatct
gcegacgece
aggcgggagy
aagcecagge
gcegaggect
ggcctgtace

gccctgecte

acggcgtgat
ctgcctacca
aatacgacgt
ggaagaacce
acagcgagat
agggcctgte

ccecgttaa

cctgaccgec
gcagggccag
gctggacaag
ccaggaaggce
cggcatgaag

caccgecacce

60

120

180

240

300

360

408

DK/EP 2614077 T3

<223> nucleotide sequence encoding for the fusion of the transmembrane and intracellular domain of human CD28 with the
intracellular domain of human CD3 zeta chain in a codon-optimized form

<400> 10

aagcccttet

accgtggect

tacatgaaca
cctectaggg
cctgectace
gaatacgacg
cggaagaacc
tacagcgaga
cagggcetgt
cccegttaa
<210> 11

<211> 1374
<212> DNA

gggtgctggt

tcatcatctt

tgaccccaag
acttcgcege
agcagggcca
tgctggacaa
cccaggaagyg
teggecatgaa

ccaccgecac

<213> Artificial

<220>

cgtggtegge

ttgggtccge

gcggecaggc
ctaccggtcc
gaaccagctg
gcgecagaggce
cctgtataac
gggcgagegg

caaggacacc

ggagtgctgg

agcaagcgga

cccaccegga
agagtgaagt
tacaacgagc
cgggacectg
gaactgcaga
cgacgcggea

tacgacgecee

cctgttacag

geeggetget

agcactacca
tcagccgcag
tgaacctggg
agatgggcgg
aagacaagat
agggccacga

tgcacatgca

cctgetggte

gcacagcgac

gcecctatgece
cgccgacgec
caggcgggag
caagcccagy
ggccgaggcec
cggcctgtac

ggccctgeet
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<223> nucleotide sequence encoding for the multi-functional protein with the domains (i)[signal peptide] - (ii)[anti-ErbB2 scFv] -
(i) [modified hinge] - (iv)[transmembrane and intracellular domain of the human CD3 zeta chain] in a codon-optimized form

<400> 11

24



atggactgga
gtgcagcetgce
tgcaaggcca
ggeccagggac
gacgacttca
cagatcaaca
taccacggct
gggggctctg
cacaagttte
gacgtgtaca
atctacagcg
ggcccagact
tgccagecagce
gccctgageca
cccaccacca
ctgagcctga

ctggacccca

accgeeetgt
ggccagaace
gacaagcgca
gaaggcctgt
atgaagygcg
gccaccaagg
<210> 12

<211> 1515
<212> DNA

tctggeggat
agcagagcgyg
gcggctacce
tgaagtggat
agggcagatt
acctgaagag
acgtgeccta
geggeggagy
tgagcaccag
acgccgtgge
ccagcagecg
tcaccttcac
acttccggac
acagcatcat
cccctgcece
ggeccgaggc

agctgtgcta
tcctgagagt
agctgtacaa
gaggceggga
ataacgaact
agcggcgacg

acacctacga

<213> Artificial

<220>

tctgttectg
cectgagetg
cttcaccaac
gggctggatc
cgacttcagc
cgaggacagc
ctggggccag
atctggggga
cgtgggegac
ctggtatcag
gtacaccgge
catcagcagce
ccecttcace
gtacttcage
cagacccect
cagcagacct

cctgectggac

gaagttcagc
cgagctgaac
ccctgagatg
gcagaaagac
cggcaagggc

cgcectgeac

gtcggggetg
aagaagececg
tacggcatga
aacaccagca
ctggaaacca
gccacctact
ggcaccaccg
gggggcageg
cgggtgteca
cagaagcectg
gtgcccagca
gtgcaggccg
tteggeteeg
cacttcgtgce
accccagecce
gccgetgggg

ggcatcctgt

cgcagecgocg
ctgggcagge
ggcggcaage
aagatggceg
cacgacggec

atgcaggcce

ccacaggcge
gcgagacagt
actgggtgaa
ccggcgagag
gcgccaacac
tttgcgccag
tgaccgtgte
acatccagcet
tcacctgcaa
gccagagccce
ggttcaccgg
aggacctggc
gcaccaagct
ccgtgtttet
ccacaatcgce
gagccgtgca

tcatctacgg

acgcccctgce
gggaggaata
ccaggcggaa
aggcctacag
tgtaccaggg

tgcectocceyg

ccacagccag
caagatcagc
acaggcccca
caccttcgec
cgcctacctg
atgggaggtg
cagcggcegga
gacccagagc
ageccagecag
caagctgcetyg
cagcggcago
cgtgtacttc
ggaaatcaag
gcccgccaag
cagccagccec
caccaggggc

cgtgatccty

ctaccagcag
cgacgtgctg
gaacccccag
cgagatcgge
cctgtccacce

ttaa
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<223> nucleotide sequence encoding for the multi-functional protein with the domains (i)[signal peptide] - (ii)[anti-ErbB2 scFv] -
(iii)[modified hinge] - (iv)[fusion of the transmembrane and intracellular domain of human CD28 with the intracellular domain

<400> 12

25



atggactgga
gtgcagectgce
tgcaaggcca
ggccagggac
gacgacttca
cagatcaaca
taccacggcet
gggggctctg
cacaagttte
gacgtgtaca
atctacageg
ggcccagact
tgccagcage
gccctgagca
ccecaccacca
ctgagcctga
ctggacaagc
ctggtcaccg

agcgactaca

tatgccececte
gacgcceccty
cgggaggaat
cccaggcgga
gaggcctaca
ctgtaccagg
ctgcctecce
<210> 13

<211> 235
<212> PRT

tctggcggat
agcagagcgg
gcggctaccce
tgaagtggat
agggcagatt
acctgaagag
acgtgcccta
gcggcggagyg
tgagcaccag
acgccgtgge
ccagcageeg
tcaccttcac
acttcecggac
acagcatcat
ccecectgeeee
ggcecegaggce
ccttctgggt
tggectteat

tgaacatgac

ctagggactt
cctacecagea
acgacgtgcet
agaaccccca
gcgagatcgg
gcctgteccac

gttaa

<213> Homo sapiens

<400> 13

tctgttcctg
ccctgagetyg
cttcaccaac
gggctggatc
cgacttcage
cgaggacagce
ctggggccag
atctggggga
cgtgggegac
ctggtatcag
gtacaccggc
catcagcagce
ccecttecace
gtacttcage
cagacccccet
cagcagacct
getggtegtg
catcttttgg

cccaaggcgyg

cgccgectac
gggccagaac
ggacaagcgce
ggaaggccetg
catgaagggc

cgccaccaag

gtcggggetg
aagaagcccg
tacggcatga
aacaccagcea
ctggaaacca
gccacctact
ggcaccaccg
gggggcagcyg
cgggtgtcca
cagaagccetyg
gtgcccagea
gtgcaggceg
ttcggctecg
cacttcgtge
accccagcec
gccgetgggg
gtcggeggag
gtccgcagca

ccaggeccea

cggtccagag
cagctgtaca
agaggccggyg
tataacgaac
gagcggcgac

gacacctacg

ccacaggcgc
gcgagacagt
actgggtgaa
ccggegagag
gcgccaacac
tttgecgecag
tgacegtgtc
acatccagct
tcacctgcaa
gecagagecc
ggttcacegg
aggacctggce
gcaccaagct
cegtgtttet
ccacaatcgce
gagccgtgea
tgctggcctg
agcggagecg

cccggaagcea

tgaagttcag
acgagctgaa
accctgagat
tgcagaaaga
gcggcaaggg

acgccctgea

ccacagccag
caagatcagc
acaggcccca
caccttegec
cgcctacctyg
atgggaggtg
cagcggegga
gacccagagce
agccagccag
caagctgctyg
cagecggeage
cgtgtacttc
ggaaatcaag
gcccgccaag
cagccagece
caccaggggc
ttacagcctg
gctgectgcac

ctaccagccce

cecgeagegee
cctgggcagg
gggcggcaag
caagatggcc
ccacgacggce

catgcaggcec
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Ala Leu

Ala Ala

Asn Leu
35

Pro Thr
50

Ser Pro

Glu Gly

Phe Val

Phe Cys
11S

Pro Val
130

Pro Thr

Glu Ala

Asp Phe

Gly val
195

Asn Arg
210

Asp Lys

Pro

Arg

20

Gly

Ser

Thr

Leu

Leu

100

Ser

Phe

Pro

Cys

Ala

180

Leu

Arg

Pro

val

Pro

Glu

Gly

Phe

Asp

85

Thr

Ala

Leu

Ala

Arg

165

cys

Leu

Axrg

Ser

Thr

Ser

Thr

Cys

Leu

Thr

Leu

Leu

Pro

Pro
150

Pro

Asp

Leu

Val

Leu
230

Ala

Gln

val

Ser

Leu

Gln

Ser

Ser

Ala

135

Thx

Ala

Ile

Ser

Cys

215

Ser

Leu

Phe

Glu

40

Trp

Tyr

Arg

Asp

Asn

120

Lys

Ile

Ala

Tyr

Leu

200

Lys

Ala

Leu

Arg

25

Leu

Leu

Leu

Phe

Phe

105

Ser

Pro

Ala

Gly

Ile

185

val

Cys

Arg

Leu

10

val

Lys

Phe

Ser

Ser

20

Arg

Ile

Thr

Ser

Gly

170

Trp

Ile

Pro

Tyr

Pro

Ser

cys

Gln

Gln

Gly

Arg

Met

Thr

Gln
155

Ala

Ala

Thr

Arg

val
235

Leu

Pro

Gln

Pro

&0

Asn

Lys

Glu

Tyr

Thr

140

Pro

val

Pro

Leu

Pro
220

Ala

Leu

val

45

Arg

Lys

Arg

Asn

Phe

125

Pro

Leu

His

Leu

Tyr
205

Val

Leu

Asp

30

Leu

Gly

Pro

Leu

Glu

110

Ser

Ala

Ser

Thr

Ala
150

Cys

val

Leu

Arg

Leu

Ala

Lys

Gly

95

Gly

His

Pro

Leu

Arg

175

Gly

Asn

Lys

Leu

Thr

Ser

Ala

Ala

80

Asp

Tyr

Phe
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Arg
160

Gly

Thr

His

Ser
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PATENTKRAV

1. Protein omfattende

(i) et signalpeptid;

(if) et malspecifikt genkendelsesdomaene;

(ii) en linkerregion, som forbinder domaenet (ii) og domeenet (iv),

hvor linkerregionen ikke indeholder cysteinrester og er valgt blandt vilkarlige af falgende:
aminosyresekvensen ifglge SEQ ID NO. 2,
en aminosyresekvens med i det mindste 95% sekvensidentitet med SEQ ID
NO. 2 under den forudsaetning, at aminosyreresten 48 ikke er et cystein og er
et serin, og
en aminosyresekvens, som afviger ved én, to eller tre aminosyrerester fra
aminosyresekvensen ifglge SEQ ID NO. 2 under den forudseetning, at
aminosyreresten 48 ikke er et cystein og er et serin; og

(iv) et effektordomaene, som omfatter en transmembranregion og ét eller flere intra-

celluleere signaleringsdomeener,
hvor effektordomaenet (iv) omfatter eller er en fusion af transmembran- og intracellulaer-
domeenet af humant CD28 med det intracelluleere domane af den humane CD3

zetakaede.

2. Protein ifglge krav 1, hvor mélet er en celle eller en virus, og hvor det malspecifikke
genkendelsesdomeene (ii) binder et antigen, en receptor, en peptidligand eller en

proteinligand for malet.

3. Protein ifglge krav 1 eller 2, hvor det malspecifikke genkendelsesdeemone (ii) omfatter

- et antigenbindende domaene, som er afledt af et antistof imod et antigen for malet,
eller

- et peptid, som binder et antigen for malet, eller

- et peptid eller protein, som binder et antistof, som binder et antigen for malet, eller

- et peptid eller en proteinligand (sasom en vaekstfaktor, et cytokin eller et hormon),
som binder en receptor pa malet, eller

- et domeene afledt af en receptor (sdsom en vaekstfaktorreceptor, en cytokinreceptor

eller en hormonreceptor), som binder et peptid eller en proteinligand pa malet.



10

15

20

25

30

35

DK/EP 2614077 T3

4. Protein ifglge ethvert af de foregdende krav, hvor antigenet for malet er et
tumorassocieret overfladeantigen, et afstamningsspecifikt eller vaevsspecifikt overflade-

antigen eller et virusspecifikt overfladeantigen.

5. Protein ifglge ethvert af de foregaende krav, hvor det antigenbindende domeene af
domaene (ii) er afledt fra et antistof eller et antistoffragment, sdsom et enkelt kaede
Fv (scFv)-fragment, Fab-fragment, et diabody, et variabelt domaene af antistoffets tunge

kaede eller antistoffets lette keede.

6. Protein ifelge ethvert af de foregaende krav, hvor effektordomeenet (iv) omfatter eller
er en fusion af transmembran- og intracelluleerdomaenet af humant CD28 med det
intracellulzere domaene af den humane CD3 zetakaede med aminosyresekvensen ifglge
SEQ ID NO. 5; eller et funktionelt eekvivalent deraf.

7. Protein ifglge ethvert af de foregdende krav, omfattende aminosyresekvensen ifglge
SEQID NO. 7,

eller en aminosyresekvens, som har i det mindste 95% sekvensidentitet med aminosyre-
sekvensen ifglge SEQ ID NO. 7 under forudsaetning af at aminosyrerest nr. 308 ikke er

et cystein og er et serin.

8. Nukleinsyre, som koder for proteinet ifglge ethvert af kravene 1 til 7.

9. Nukleinsyre ifglge krav 8, omfattende nukleinsyren, som koder for aminosyre-
sekvensen ifglge SEQ ID NO. 2 eller som omfatter nukleinsyresekvensen ifolge SEQ
ID NO. 8, eller deres komplementaere sekvenser eller sekvenser, som har i det mindste

95% sekvensidentitet.

10. Nukleinsyre ifglge krav 8 eller 9, omfattende nukleinsyren, som koder for aminosyre-
sekvensen ifglge SEQ ID NO. 5 eller som omfatter nukleinsyresekvensen ifolge SEQ
ID NO. 10 eller deres komplementaere sekvenser eller sekvenser, som har i det mindste

95% sekvensidentitet.

11. Nukleinsyre ifglge ethvert af kravene 8 til 10, omfattende nukleinsyren, som koder
for aminosyresekvensen ifglge SEQ ID NO. 7 eller nukleinsyresekvensen ifglge SEQ ID
NO. 12, eller deres komplementaere sekvenser eller sekvenser, som har i det mindste

95% sekvensidentitet.
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12. Ekspressionskonstrukt til eksprimering af proteinet ifglge ethvert af kravene 1 til 7 i

en celle, fortrinsvis yderligere omfattende promotor- og terminatorsekvenser.

13. Veertscelle, som eksprimerer et protein ifglge ethvert af kravene 1 til 7 eller som
omfatter en nukleinsyre ifalge ethvert af kravene 8 til 11 eller et ekspressionskonstrukt
ifelge krav 12,

som er valgt blandt effektorceller for immunsystemet, og hvor effektorcellerne for
immunsystemet er naturlige killer (NK)-celler, naturlige killer T (NKT)-celler eller en

lymfocytpraeparation, som indeholder NK-celler og NKT-celler.

14. Anvendelse "in vitro" af et protein ifglge kravene 1 til 7, en nukleinsyre ifglge kravene
8 til 11 eller et ekspressionskonstrukt ifalge krav 12 til at generere malspecifikke effektor-

celler.

15. Proteinet ifglge kravene 1 til 7, nukleinsyren ifglge kravene 8 til 11, ekspressions-
konstruktet ifglge krav 12 eller veertscellen ifglge krav 13, til anvendelse som et

medikament.

16. Proteinet ifglge kravene 1 til 7, nukleinsyren ifalge kravene 8 til 11, ekspressions-
konstruktet ifglge krav 12 eller veertscellen ifglge krav 13 til anvendelse ved behand-

lingen af cancer eller til anvendelse ved adoptiv, malcellespecifik immunoterapi.
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DRAWINGS

Figure 1

Amino acid sequence of hinge region derived from CD8 alpha-chain

ALSNSIMYFSHFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD

Amino acid sequence of modified hinge derived from CD8 alpha-chain

ALSNSIMYFSHFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEASRPAAGGAVHTRGLD
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Figure 3
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Figure 5
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Figure 6
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