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WO 2018/054973 PECIFIC TRIVALENT ANTIBODIES BINDING TO CLAUPCT/EP2017/073773
CLAUDIN18.2 AND CD3 FOR TREATMENT OF CLAUDIN EXPRESSING
CANCER DISEASES

Claudins are integral membrane proteins located within the tight junctions of epithelia and
endothelia. Claudins are predicted to have four transmembrane segments with two extracellular
loops, and N- and C-termim located in the cytoplasm. The claudin (CLDN) family of
transmembrane proteins plays a critical role in the maintenance of epithelial and endothelial tight

junctions and might also play a role in the maintenance of the cytoskeleton and in cell signaling.

CLDNI18 exists in two different splice variants, which are described in mouse and in human
(Numi, Mol. Cell. Biol. 21:7380-90, 2001). The splice variants (Genbank accession number:
splice vartant 1 (CLDNI18.1): NP 057453, NM 016369, and splice variant 2 (CLDN18.2):
NM 001002026, NP _001002026) have a molecular weight of approximately 27.9 / 27.72 kD.
The splice variants CLDN18.1 and CLDN18.2 differ in the N-terminal portion which comprises
the first transmembrane (TM) region and loopl, whereas the primary protein sequence of the C-

terminus 1s identical.

In normal tissues, there 1s no detectable expression of CLDN18.2 with exception of stomach
where CLDN18.2 1s expressed exclusively on short-lived differentiated gastric epithelial cells.
CLDN18.2 1s maintained in the course of malignant transformation and thus frequently displayed
on the surface of human gastric cancer cells. Moreover, this pan-tumoral antigen is ectopically
activated at significant levels in esophageal, pancreatic and lung adenocarcinomas. The
CLDNI18.2 protein 1s also localized in lymph node metastases of gastric cancer adenocarcinomas

and 1n distant metastases especially into the ovary (so-called Krukenberg tumors).

CLDNG6 1s expressed in a series of different human cancer cells while expression in normal

tissues 1s limited to placenta.

The differential expression of claudins such as CLDN18.2 and CLDN6 between cancer and
normal cells, their membrane localization and their absence from the vast majority of toxicity
relevant normal tissues makes these molecules attractive targets for cancer immunotherapy and
the use of antibody-based therapeutics for targeting claudins in cancer therapy promises a high

level of therapeutic specificity.
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It has been an object of the invention to provide novel agents and methods for the therapy of

cancer discases.

The solution of the problem underlying the invention is based on the concept of generating a
binding agent that comprises two binding domains that are specific for a tumor-associated
claudin molecule, i.e., cancer cells. The binding agent also comprises a binding domain that is
specific for a T cell-specific antigen such as CD3 allowing to bind to T cells and to pull the T
cells into the complex, thus making it possible to target the cytotoxic effect of the T cells to the
cancer cells. Formation of this complex can induce signalling in cytotoxic T cells, either on its

own or in combination with accessory cells, which leads to the release of cytotoxic mediators.

We report for the first time that binding agents comprising two binding domains targeting a
claudin and another binding domain targeting a T cell-specific antigen such as CD3 can induce

potent T cell-mediated lysis and are effective in treating tumor diseases.

SUMMARY OF THE INVENTION

The mnvention provides a binding agent comprising at least three binding domains, wherein a first
binding domain binds to a T cell-specific antigen and a second binding domain and a third
binding domain bind to a claudin. The binding agent of the invention may bind to a T cell (e.g.,

by engaging the CD3 receptor) and a cancer cell expressing a claudin to be destroyed as a target.

In one embodiment the binding agent comprises six antibody variable domains with at least three
binding domains, wherein at least two binding domains bind to a claudin and at least one binding

domain binds to a T cell-specific antigen.

In one embodiment each of the first, second and third binding domains comprises a variable
domain of a heavy chain of an immunoglobulin (VH) and a variable domain of a light chain of

an immunoglobulin (VL).

In one embodiment the first binding domain comprises a variable domain of a heavy chain of an
immunoglobulin (VH) with a specificity for a T cell-specific antigen (VH(T)), and a variable
domain of a light chain of an immunoglobulin (VL) with a specificity for a T cell-specific

antigen (VL(T)) and the second binding domain and the third binding domain each comprise a
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variable domain of a heavy chain of an immunoglobulin (VH) with a specificity for a claudin
antigen (VH(CLDN)), and a variable domain of a light chain of an immunoglobulin (VL) with a
specificity for a claudin antigen (VL(CLDN)).

In one embodiment said heavy chain variable domain (VH) and the corresponding light chain
variable domain (VL) of one or more of the binding domains are connected via a peptide linker,
in particular a tlexible peptide linker such as a glycine-serine peptide linker. In one embodiment,

the peptide linker comprises the amino acid sequence (G4S)x, wherein x is 3, 4, 5 or 6.

In one embodiment said heavy chain variable domain (VH) and the corresponding light chain
variable domain (VL) of one or more of the binding domains have the format of a Fab molecule

and/or of an scFv molecule.

In one embodiment the first binding domain has the format of a Fab molecule and/or the second

binding domain and the third binding domain have the format of an scFv molecule.

In one embodiment the binding agent of the invention is a dimer composed of two polypeptide
chains, 1 which the first polypeptide comprises a scFv linked to an additional VL domain
through a constant domain of a light chain of an immunoglobulin (CL), and the second
polypeptide comprises a scFv linked to an additional VH domain through a constant domain 1 of
a heavy chain of an immunoglobulin (CHI). The two polypeptide chains are preferably bound
together by a disulfide bridge. The disulfide bridge is preferably formed between a Cys residue
in the CL domain and a Cys residue in the CH1 domain, such that the additional VL domain of
the first polypeptide associates with the additional VH domain of the second polypeptide in an
antigen-binding configuration, such that the binding agent as a whole includes three antigen-
binding domains. According to the invention, the VH and VL domains in the scFv moieties are
preterably connected by peptide linkers such as a peptide linker comprising the amino acid
sequence (G4S)x, wherein X is 3, 4, 5 or 6, and the Fab chains and the scFv are preferably
connected by peptide linkers such as a peptide linker comprising the amino acid sequence
DVPG2S or SGPG3RS(G4S)2. In one embodiment, the scFv moieties bind to the claudin and the

Fab moiety binds to the T cell-specific antigen.



10

15

20

25

30

CA 03034186 2015-02-14

WO 2018/054973 PCT/EP2017/073773

In one embodiment, the first binding domain is comprised by a Fab fragment and the second and
third binding domains are each comprised by a scFv wherein each chain of the Fab fragment 1s

linked to one scFv and the scFvs are preferably linked at the C-termini of the Fab fragment.

In one embodiment the binding agent comprises a first and a second polypeptide, said first and
second polypeptides comprising a VH domain with a specificity for the T cell-specific antigen
(VH(T)), a VL domain with a specificity for the T cell-specific antigen (VL(T)), a first VH
domain with a specificity for the claudin (VH(CLDN)), a second VH domain with a specificity
for the claudin (VH(CLDN)), a first VL domain with a specificity for the claudin (VL(CLDN))
and a second VL domain with a specificity for the claudin (VL(CLDN)), wherein the first

polypeptide and the second polypeptide are associated so as to form the binding agent.

In one embodiment the binding agent comprises

(a) a first polypeptide comprising a VH domain with a specificity for the T cell-specific
antigen (VH(T)), a VH domain with a specificity for the claudin (VH(CLDN)) and a VL domain
with a specificity for the claudin (VL(CLDN)); and

(b)  a second polypeptide comprising a VL domain with a specificity for the T cell-specific
antigen (VL(T)), a VH domain with a specificity for the claudin (VH(CLDN)) and a VL domain
with a specificity for the claudin (VL(CLDN)),

wherein the first polypeptide and the second polypeptide are associated so as to form the binding

agent.

In one embodiment the first polypeptide further comprises a constant domain 1 of a heavy chain
of an immunoglobulin (CH1) and the second polypeptide further comprises a constant domain of

a light chain of an immunoglobulin (CL), wherein both domains are able to associate.

In one embodiment the first polypeptide and the second polypeptide are covalently linked via a

disulfide bridge between the CH1 domain and the CL domain.

In one embodiment of the binding agent of the invention, in the first polypeptide and the second
polypeptide, the VH domain(s), the VL domain(s), the CH1 domain and the CL domain are
arranged, from N-terminus to C-terminus, in the order

: VH(T)-CH1-VH(CLDN)-VL(CLDN) and VL(T)-CL-VH(CLDN)-VL(CLDN): ot

- VH(T)-CHI-VL(CLDN)-VH(CLDN) and VL(T)-CL-VL(CLDN)-VH(CLDN): or
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: VH(T)-CH1-VH(CLDN)-VL-(CLDN) and VL(T)-CL-VL(CLDN)-VH-(CLDN): or
- VH(T)-CH1-VL(CLDN)-VH-(CLDN) and VL(T)-CL-VH(CLDN)-VL-(CLDN): or
i VH(CLDN)-CH1-VH(T)-VL(T) and VL(CLDN)-CL-VH(CLDN)-VL(CLDN): or

VH(CLDN)-CHI-VL(T)-VH(T) and VL(CLDN)-CL-VL(CLDN)-VH(CLDN); or

VH(CLDN)-CH1-VL(T)-VH(T) and VL(CLDN)-CL-VH(CLDN)-VL(CLDN): or
- VH(CLDN)-CH1-VH(T)-VL(T) and VL(CLDN)-CL-VL(CLDN)-VH(CLDN): or
i VH(CLDN)-CH1-VH(CLDN)-VL(CLDN) and VL(CLDN)-CL-VH(T)-VL(T); or

VH(CLDN)-CH1-VL(CLDN)-VH(CLDN) and VL(CLDN)-CL-VL(T)-VH(T); or
VH(CLDN)-CH1-VL(CLDN)-VH(CLDN) and VL(CLDN)-CL-VH(T)-VL(T); or
VH(CLDN)-CH1-VH(CLDN)-VL(CLDN) and VL(CLDN)-CL-VL(T)-VH(T).

In one embodiment the most N-terminal VH domain of one chain associates with the most N-
terminal VL. domain of the other chain so as to form a binding domain and each of the VH-VL or

VL-VH domains within one chain forms a binding domain.

In one embodiment the VH-VL or VL-VH domains are connected to the CH1 domain or CL
domain via a peptide linker such as a peptide linker comprising the amino acid sequence

DVPG:S or SGPG3RS(G4S)s.

In one embodiment the VH and VL domains are connected via a peptide linker to form the VH-
VL or VL-VH domains such as a peptide linker comprising the amino acid sequence (G4S)i,

wherein x 18 3, 4, 5 or 6.

In the binding agent of the invention a VH domain with a specificity for the T cell-specific
antigen (VH(T)) and a VL domain with a specificity for the T cell-specific antigen (VL(T)) are

able to associate so as to form a binding domain binding to the T cell-specific antigen.

Furthermore, in the binding agent of the invention a VH domain with a specificity for the claudin
(VH(CLDN)) and a VL domain with a specificity for the claudin (VL(CLDN)) are able to
associate so as to form a binding domain binding to the claudin. According to the invention, the
VH domains with a specificity for the claudin (VH(CLDN)) and the VL domains with a
specificity for the claudin (VL(CLDN)) each may be identical or different. In case the binding
agent of the invention comprises different VH domains with a specificity for the claudin

(VH(CLDN), VH(CLDN)*) and/or different VL. domains with a specificity for the claudin
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(VL(CLDN), VL(CLDN)*), VH(CLDN) and VL(CLDN) are able to associate so as to form a
first binding domain binding to the claudin and VH(CLDN)* and VL(CLDN)* are able to
associate so as to form a second binding domain binding to the claudin.

In one embodiment the binding agent of the invention is a bispecific dimeric binding agent.

In one embodiment the T cell-specific antigen is expressed on the surface of a T cell.

In one embodiment binding of the binding agent to the T cell-specific antigen on T cells results

in proliferation and/or activation of the T cells.

In one embodiment the T cell-specific antigen is CD3.

In one embodiment the first binding domain binds to the epsilon-chain of CD3.

In one embodiment the CD3 is expressed on the surface of a T cell. In one embodiment binding
of the binding agent to CD3 on T cells results in proliferation and/or activation of the T cells,
wherein said T cells preferably release cytotoxic factors, e.g. perforins and granzymes, and
initiate cytolysis and apoptosis of cancer cells.

In one embodiment the claudin is expressed on the surface of a cancer cell.

In one embodiment the claudin is selected from the group consisting of claudin 6 and claudin

18.2.

In one embodiment the binding agent binds to an extracellular domain of the claudin.

In one embodiment the binding agent of the invention binds to native cpitopes of the claudin
present on the surface of living cells. In one embodiment the binding agent binds to the first

extracellular loop of the claudin.

In one embodiment the binding to a T cell-specific antigen and/or the binding to a claudin is a

specific binding.
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In one embodiment the binding agent induces T cell-mediated cytotoxicity against cancer cells

expressing the claudin.

In one embodiment the binding agent induces T cell-mediated cytotoxicity against cancer cells
expressing the claudin with an EC50 of <10 nM or < 1 nM or < 500 pM or < 250 pM or < 100
pM or <50 pM.

In one embodiment the claudin is claudin 6 and the cancer cell(s) is/are from a cancer selected
from the group consisting of urinary bladder cancer, ovarian cancer, in particular ovarian
adenocarcinoma and ovarian teratocarcinoma, lung cancer, including small cell lung cancer
(SCLC) and non-small cell lung cancer (NSCLC), in particular squamous cell lung carcinoma
and adenocarcinoma, gastric cancer, breast cancer, hepatic cancer, pancreatic cancer, skin
cancer, 1n particular basal cell carcinoma and squamous cell carcinoma, malignant melanoma,
head and neck cancer, in particular malignant pleomorphic adenoma, sarcoma, in particular
synovial sarcoma and carcinosarcoma, bile duct cancer, cancer of the urinary bladder, in
particular transitional cell carcinoma and papillary carcinoma, kidney cancer, in particular renal
cell carcinoma including clear cell renal cell carcinoma and papillary renal cell carcinoma, colon
cancer, small bowel cancer, including cancer of the ileum, in particular small bowel
adenocarcinoma and adenocarcinoma of the ileum, testicular embryonal carcinoma, placental
choriocarcinoma, cervical cancer, testicular cancer, in particular testicular seminoma, testicular
teratoma and embryonic testicular cancer, uterine cancer, germ cell tumors such as a
teratocarcinoma or an embryonal carcinoma, in particular germ cell tumors of the testis, and the

metastatic forms thereof.

In one embodiment the claudin is claudin 18.2 and the cancer cell(s) is/are from a cancer selected
from the group consisting of gastric cancer, esophageal cancer, pancreatic cancer, lung cancer
such as non-small cell lung cancer (NSCLC), breast cancer, ovarian cancer, colon cancer, hepatic
cancer, head-neck cancer, cancer of the gallbladder and the metastasis thereof, a Krukenberg

tumor, peritoneal metastasis and/or lymph node metastasis.

In one embodiment the T cell-specific antigen is CD3 and VH(T) comprises or consists of an
amino acid sequence represented by SEQ ID NO: 5 or a fragment thereof or a variant of the

amino acid sequence or fragment and/or VL(T) comprises or consists of an amino acid sequence
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represented by SEQ ID NO: 6 or a fragment thereof or a variant of the amino acid sequence or

fragment.

In one embodiment the claudin is claudin 6 and VH(CLDN) comprises or consists of an amino
acid sequence represented by SEQ ID NO: 8 or a fragment thereof or a variant of the amino acid
sequence or fragment and/or VL(CLDN) comprises or consists of an amino acid sequence

represented by SEQ ID NO: 10 or a fragment thereof or a variant of the amino acid sequence or

fragment.

In one embodiment the T cell-specific antigen is CD3, the claudin is claudin 6 and

- the first polypeptide comprises or consists of an amino acid sequence represented by SEQ ID
NO: 14 or a fragment thereof or a variant of the amino acid sequence or fragment and the second
polypeptide comprises or consists of an amino acid sequence represented by SEQ ID NO: 16 or a
fragment thereof or a variant of the amino acid sequence or fragment:

- the first polypeptide comprises or consists of an amino acid sequence represented by SEQ ID
NO: 15 or a fragment thereof or a variant of the amino acid sequence or fragment and the second
polypeptide comprises or consists of an amino acid sequence represented by SEQ ID NO: 16 or a
fragment thereof or a variant of the amino acid sequence or fragment;

- the first polypeptide comprises or consists of an amino acid sequence represented by SEQ ID
NO: 17 or a fragment thereof or a variant of the amino acid sequence or fragment and the second
polypeptide comprises or consists of an amino acid sequence represented by SEQ ID NO: 19 or a
fragment thereof or a variant of the amino acid sequence or fragment; or

- the first polypeptide comprises or consists of an amino acid sequence represented by SEQ ID
NO: 18 or a fragment thereof or a variant of the amino acid sequence or fragment and the second
polypeptide comprises or consists of an amino acid sequence represented by SEQ ID NO: 19 or a

fragment thereof or a variant of the amino acid sequence or fragment.

In one embodiment the claudin is claudin 18.2 and (i) VH(CLDN) comprises or consists of an
amino acid sequence represented by SEQ ID NO: 20 or a fragment thereof or a variant of the
amino acid sequence or fragment and/or VL(CLDN) comprises or consists c:)ﬁf an amino acid
sequence represented by SEQ ID NO: 22 or a fragment thereof or a variant of the amino acid
sequence or fragment or (ii) VH(CLDN) comprises or consists of an amino acid sequence

represented by SEQ ID NO: 21 or a fragment thereof or a variant of the amino acid sequence or
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fragment and/or VL(CLDN) comprises or consists of an amino acid sequence represented by

SEQ ID NO: 23 or a fragment thereof or a variant of the amino acid sequence or fragment.

In one embodiment the T cell-specific antigen is CD3, the claudin is claudin 18.2 and

- the first polypeptide comprises or consists of an amino acid sequence represented by SEQ ID
NO: 30 or a fragment thereof or a variant of the amino acid sequence or fragment and the second
polypeptide comprises or consists of an amino acid sequence represented by SEQ ID NO: 32 or a
fragment thereof or a variant of the amino acid sequence or fragment;

- the first polypeptide comprises or consists of an amino acid sequence represented by SEQ ID
NO: 31 or a fragment thereof or a variant of the amino acid sequence or fragment and the second
polypeptide comprises or consists of an amino acid sequence represented by SEQ ID NO: 32 or a
fragment thereof or a variant of the amino acid sequence or fragment;

- the first polypeptide comprises or consists of an amino acid sequence represented by SEQ ID
NO: 33 or a fragment thereof or a variant of the amino acid sequence or fragment and the second
polypeptide comprises or consists of an amino acid sequence represented by SEQ ID NO: 35 or a
fragment thereof or a variant of the amino acid sequence or fragment;

- the first polypeptide comprises or consists of an amino acid sequence represented by SEQ ID
NO: 34 or a fragment thereof or a variant of the amino acid sequence or fragment and the second
polypeptide comprises or consists of an amino acid sequence represented by SEQ ID NO: 35 or a
fragment thereof or a variant of the amino acid sequence or fragment;

- the first polypeptide comprises or cuons-i-s-t-s of an amino acid sequence represented by SEQ ID
NO: 36 or a fragment thereof or a variant of the amino acid sequence or fragment and the second
polypeptide comprises or consists of an amino acid sequence represented by SEQ ID NO: 37 or a
fragment thereof or a variant of the amino acid sequence or fragment;

- the tirst polypeptide comprises or consists of an amino acid sequence represented by SEQ ID
NO: 38 or a fragment thereof or a variant of the amino acid sequence or fragment and the second
polypeptide comprises or consists of an amino acid sequence represented by SEQ ID NO: 39 or a
fragment thereof or a variant of the amino acid sequence or fragment;

- the first polypeptide comprises or consists of an amino acid sequence represented by SEQ ID
NO: 40 or a fragment thereof or a variant of the amino acid sequence or fragment and the second
polypeptide comprises or consists of an amino acid sequence represented by SEQ ID NO: 41 or a
fragment thereof or a variant of the amino acid sequence or fragment;

- the tirst polypeptide comprises or consists of an amino acid sequence represented by SEQ ID

NO: 42 or a fragment thereof or a variant of the amino acid sequence or fragment and the second
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polypeptide comprises or consists of an amino acid sequence represented by SEQ ID NO: 43 or a

fragment thereof or a variant of the amino acid sequence or fragment.
In different embodiments, the binding agent of the invention or one or more of the polypeptide

chains of the binding agent of the invention comprise or do not comprise secretion signals such

as N-terminal secretion signals, in particular immunoglobulin such as IgG secretion signals such
as the sequence MGWSCIILFLVATATGVHS and/or comprise or do not comprise tags, in
particular C-terminal tags such as His-tags, in particular the sequence Gly-Gly-Ser-(His)s or
(His)e, or a Strep-tag.

The invention also provides a nucleic acid encoding the binding agent of the invention.

The invention also provides a nucleic acid encoding the first polypeptide and/or the second

polypeptide as defined herein.

In one embodiment the nucleic acid of the invention is in the form of a vector or in the form of

RNA.

In one embodiment the nucleic acid of the invention is a recombinant nucleic acid.

The 1invention also provides a host cell comprising the nucleic acid of the invention.

The 1nvention also provides the binding agent of the invention, the nucleic acid of the invention

or the host cell of the invention for use as a medicament.

The invention also provides the binding agent of the invention, the nucleic acid of the invention

or the host cell of the invention for use in treating or preventing cancer.

The mvention also provides a pharmaceutical composition comprising the binding agent of the

invention, the nucleic acid of the invention or the host cell of the invention.

In one embodiment, the pharmaceutical composition further comprises a pharmaceutically

acceptable carrier and/or excipient.

10
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The invention also provides a method of treatment of a disease comprising administering a
binding agent of the invention, a nucleic acid of the invention, a host cell of the invention, or a
pharmaceutical composition of the invention to a subject in need thereof. In one embodiment, the

disease 1S cancer.

The invention also provides a method of treating or preventing cancer comprising administering,
the binding agent of the invention, the nucleic acid of the invention, the host cell of the invention

or the pharmaceutical composition of the invention to a subject in need thereof.

The nvention also provides a use of a binding agent of the invention, a nucleic acid of the
invention, a host cell of the invention, or a pharmaceutical composition of the invention for the
manutacture of a medicament. In one embodiment, the medicament is for the treatment of

CANCCT.

of binding.

In one embodiment said claudin is claudin 6 and said cancer is selected from the group
consisting of urinary bladder cancer, ovarian cancer, in particular ovarian adenocarcinoma and
ovarian teratocarcinoma, lung cancer, including small cell lung cancer (SCLC) and non-small
cell lung cancer (NSCLC), in particular squamous cell lung carcinoma and adenocarcinoma,
gastric cancer, breast cancer, hepatic cancer, pancreatic cancer, skin cancer, in particular basal
cell carcinoma and squamous cell carcinoma, malignant melanoma, head and neck cancer, in
particular malignant pleomorphic adenoma, sarcoma, in particular synovial sarcoma and
carcinosarcoma, bile duct cancer, cancer of the urinary bladder, in particular transitional cell
carcinoma and papillary carcinoma, kidney cancer, in particular renal cell carcinoma including
clear cell renal cell carcinoma and papillary renal cell carcinoma, colon cancer, small bowel
cancer, including cancer of the ileum, in particular small bowel adenocarcinoma and
adenocarcinoma of the ileum, testicular embryonal carcinoma, placental choriocarcinoma,
cervical cancer, testicular cancer, in particular testicular seminoma, testicular teratoma and
embryonic testicular cancer, uterine cancer, germ cell tumors such as a teratocarcinoma or an
embryonal carcinoma, in particular germ cell tumors of the testis, and the metastatic forms

thereof.
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In one embodiment said claudin is claudin 18.2 and said cancer is selected from the group
consisting of gastric cancer, esophageal cancer, pancreatic cancer, lung cancer such as non-small
cell lung cancer (NSCLC), breast cancer, ovarian cancer, colon cancer, hepatic cancer, head-
neck cancer, cancer of the gallbladder and the metastasis thereof, a Krukenberg tumor, peritoneal

metastasis and/or lymph node metastasis.

The invention also provides a binding agent, a nucleic acid or a host cell as described herein for
use in the methods of treatment described herein. In one embodiment, the invention provides a
pharmaceutical composition as described herein for use in the methods of treatment described

herein.

According to the invention, claudin 18.2 preferably has the amino acid sequence according to
SEQ ID NO: 1 and claudin 6 preferably has the amino acid sequence according to SEQ ID NO: 2

or 3.

Other features and advantages of the instant invention will be apparent from the following

detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1: Modular schemes illustrating the DNA-constructs and the bstb protein
targeting TAA CLDNG.

(A)Design of the bstb chains on DNA level. (B) Schematic model of the bstb molecule.

Cul 1s dertved from IgG1 in bstb_369/367 and from IgG2 in bstb 371/367.

C 1indicates constant region; CMV, Cytomegalovirus promoter; Fd, digestible fragment/heavy
chain portion of Fab (antigen binding fragment); H, heavy chain; His, 6xHis-tag; L, light chain;
L1, SGPG3RS(G4S), linker; L2, DVPG:S linker; L3, (G4S)s4 linker; S-S, disulfide bridge; scFv,

single chain variable fragment; Sec, secretion signal; Strp, Strep-tag; V, variable domain.

FIGURE 2: Purification of tagged and tag-free bstb proteins from cell culture supernatant.

Expi293F™ cells were transiently transfected with the respective bstb constructs. Supernatant
was harvested seven days post transfection and subjected to purification. (A) Chromatograms
showing the first purification step of tagged bstbs via Ni-NTA affinity chromatography
(Immobilized metal ion affinity chromatography - IMAC). mAU (milli-absorbance-units) on the
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y-ax1s are plotted against the volume in ml on the x-axis. Left, IMAC peaks of bstb 369/367,
right, IMAC peaks of bstb_371/367. The respective right peak contains the HMW species and
the respective middle peak the monomeric species. The respective left peak shows impurities. 1)
specifies the fractions pooled as main peak containing mainly monomeric species, 2) the
fractions pooled as HMW species. (B) Chromatograms showing the second purification step of
tagged bstbs. IMAC main peak pools were subjected to Strep-Tactin® affinity chromatography:.
Plot on the left, peak of bstb_369/367, plot on the right, peak of bstb 371/367. (C) Separation of
HMW species and monomer species of bstb_369/367 by size exclusion chromatography (SEC).
Pooled HMW and pooled monomer fractions are specified by square brackets. (D) SE-HPLC
analysis of tag-free bstb_5726/5725 after purification. mAU (milli-absorbance-units) on the y-
ax1s are plotted against the time in minutes on the x-axis.

Bstb indicates bispecific TriMAB; HMW, high molecular weight species; LMW, low molecular

welght species.

FIGURE 3: SDS-PAGE analysis of CLDN6 x CD3 protein bstb 369/367.

Supernatant of Expi293F'™ cells transiently expressing bstb 369/367 was purified via IMAC.
HMW species were separately eluted from the main peak. Main peak species were subsequently
subjected to a Strep-Tactin® affinity chromatography. The eluted pool was further separated by
SEC to harvest highly monomeric bstb. Aliquots of the cell culture supernatant, a reference and
ditferent purification steps were loaded under non-reducing (left) and reducing (right) conditions
on a 4-15% Tns-Glycine stain-free gel. (A) Bands were visualized on stain-free gel via
fluorescence. (B) Western Blot analysis using anti-His tag detection antibody (upper blot) or
strepMAB detection antibody. Arrows on the left specify the non-reduced monomer and HMW,
the arrows on the right the reduced bstb chains. Fd indicates digestible fragment/heavy chain
portion of Fab (antigen binding fragment); HMW, high molecular weight species; His, 6xHis
tag; IMAC, mmmobilized metal affinity chromatography; L, light chain; scFv, single chain
variable fragment; SEC, size exclusion chromatography; Strp, Strep-tag.

FIGURE 4: In vitro cytotoxicity assay to determine the specific lysis mediated by CLDNG6 x
CD3 proteins bstb_369/367 and bstb 371/367.

Human PBMC as effector cells and human stably luciferase transduced carcinoma cells as target
cells were used in an effector to target ratio of 5:1 in luciferase-based cytotoxicity assays to
determine the specific concentration-dependent lysis. CLDN6' cell lines PA-1 (ovarian

teratocarcinoma) and/or OV-90 (ovarian cancer) served as positive targets and CDLNG6" cell line
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MDA-MB-231 (breast cancer) as negative target. Mean values of triplicates including standard
deviation are shown. Half-maximal lysis values (EC50) are indicated below the corresponding
graphs. (A) Specific lysis (standard slope) mediated by bstb 369/367 and bstb 371/367 of
CLDNG6" ovarian carcinoma cells OV-90 after 48 h of incubation. (B) Comparison of specific
lysis (standard slope) mediated by bstb_369/367 and a CDLN6 x CD3specific bi-(scFv)
reference protein. Cell lines and incubation times are indicated in the single graphs. (C) Specific
lysis (variable slope) of bstb 369/367 and the impact of 5% HMW on the activity of
bstb_369/367. Left: incubation with PA-1 for 16 h; right: incubation with OV-90 for 48 h. Solid
lines specify the lysis curve of monomeric bstb 369/367, dashed lines the lysis curve of
monomeric bstb_369/367 spiked with 5% HMW species. (D) Specific lysis (standard slope) of
OV-90 after 48 h of incubation. Left plot: Lysis mediated by bstb 369/367 and the tag-free
analog bstb_5726/5725 as monomer and spiked with 5% HMW. Right plot: Lysis mediated by
bstb_369/367 as reference and by the CH1(IgG2)-carrying variant bstb 5727/5725 as monomer
and spiked with 5% HMW.,

Bstb indicates bispecific TriMAB; bi-(scFv)z, bispecific single chain variable fragment; EC50,

halt maximal effective concentration; HMW, high molecular weight species.

FIGURE 5: Target-dependent T-cell modulation mediated by CLDN6 x CD3 proteins
bstb_369/367 and bstb 371/367

CLDN6" OV-90 and PA-1 and CLDN6 MDA-MB-231 cancer cell lines were used as target
cells. Human PBMC served as effector cells in an E:T ratio of 5:1. Anti-CD3 IgG2a OKT3 was
applied 1n a concentration of 100 ng/ml as activation control. Mock samples were incubated with
DPBS to subtract the background signals from analyzed sample values. PBMC without target
cclls were used as further specificity control. All samples were set up in duplicates in a 24-well
format. Escalating concentrations of bstb proteins bstb 369/367 or bstb 371/367 (0.005—

5000 ng/ml) were applied. (A) T-cell activation: PBMC were harvested after 48 h of co-
incubation and labeled with anti-CDS5-PE-Cy7, anti-CD25-PE, anti-CD69-APC and eFluor506 to
analyze activation of viable T cells by flow cytometry. (B) T-cell proliferation: Human PBMC
were CFSE-stained prior to assay set up. PBMC were harvested after 72 h of co-incubation and
labeled with anti-CD5-APC and eFluor506 to exclude non-lymphocytes and dead cells. Decrease
ot CFSE signal indicating T-cell proliferation was analyzed by flow cytometry.

Bstb indicates bispecific TriMAB; ctrl, control.
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FIGURE 6: Binding of different CLDN6 x CD3 bispecific antibodies to the tumor specific
antigen CLDNG.

(A) Relative binding affinity of bi-(scFv), reference, bstb 369/367 and bstb 5726/5725 was
examined by flow cytometry on endogenously CLDN6-expressing PA-1 human carcinoma cells

In a concentration range of 9.77 ng/ml to 10 pg/ml. Primary antibodies were detected with

Protein L-FITC (4 pg/ml). Data are depicted as mean + standard deviation (n=2 replicates). (B)
The mmpact of high molecular weight (HMW) species on the binding of monomeric
bstb_5726/5725 was analyzed in flow cytometry with either monomeric bstb 5726/5725 or
monomeric bstb_5726/5725 spiked with ~3% or 5% HMW species (concentration range 9.77
ng/ml to 10 pg/ml). Primary antibodies were detected with Protein L-FITC (4 pg/ml). Data are

depicted as mean + standard deviation (n=2 replicates). Bstb indicates bispecific TriMAB; MFI,

median fluorescence intensity.

FIGURE 7: In vivo efficacy of CLDNG6 x CD3 protein bstb_369/367 in a mouse xenograft
tumor model.

Male and female immunodeficient NSG mice were used. (A) Injection schedule scheme. Mice
were 1noculated subcutaneously with CLDN6" human ovarian carcinoma cells OV-90 as target
cells and engrafted intraperitoneally (i.p.) with human PBMC as effector cells. Treatment started
at a mean tumor volume of ~35 mm” per group and was conducted i.p. 3-times per week. Group
I (G1) recetved vehicle buffer DPBS, group 2 (G2) a low dose bstb 369/367 of 31 pg/kg and
group 3 (G3) a higher dose of 308 pg/kg. (B) Tumor growth of all mice and groups over time.
Ireatment was applied 1.p. during the time period highlighted by a border. Top, vehicle group
G1; lower left, low bstb_369/367 dose group G2; lower right, higher bstb 369/367 dose group
G3. Each line represents an individual mouse. (C) Kaplan-Meier survival plot of all groups from
the day of treatment start until the day of euthanasia. The table below indicates the median
survival days per group and the significance of survival of G2 and G3 as compared to G1 by log-
rank (Mantel-Cox) test.

Bstb indicates bispecific TriMAB; d, days; G, group; GVHD, graft-versus-host disease; i.p.,

intraperitoneally; PBMC, peripheral blood mononuclear cells; s.c., subcutaneously.

FIGURE 8: Estimation of in vivo pharmacokinetics of CLDN6 x CD3 protein bstb_369/367.

5 mg/kg bstb_369/367 was injected i.p. into female immunodeficient NSG mice at day 0. DPBS
injection ("0 h") served as control before injection. Plasma was harvested 0.25h, 1 h, 2 h, 3 h.

6 h and 8 h post injection. Bstb 369/367 plasma concentration was detected via ELISA. The
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concentration 1s plotted in log scale on the y-axis. Each point represents the mean value with

standard deviation of three mice.

L.p. indicates intraperitoneally.

FIGURE 9: In vivo dose finding with CLDN6 x CD3-bstb protein bstb 5726/5725 in a
mouse xenograit tumor model.

Male and female immunodeficient NSG mice were inoculated subcutaneously with CLDNG6"
human ovarian carcinoma cells OV-90 as target cells and engrafted intraperitoneally (i.p.) with
human PBMC as effector cells. Treatment started at a mean tumor volume of ~150 mm?> per
group and was conducted i.p. 3-times per week. (A) Injection schedule scheme. (B) Tumor
growth plots. Dosing of groups (n=6) was as indicated in the single plots. Control group G7
(n=8) received DPBS. Plots show tumor growth of all mice and groups over time. The
treatment period 1s highlighted by a border. Each line represents an individual mouse (mouse
[D = BIO-####).

Bstb indicates bispecific TriMAB; DPBS, Dulbecco's phosphate-buffered saline; 1i.p.,

intraperitoneally; PBMC, peripheral blood mononuclear cells; s.c., subcutaneously.

FIGURE 10: Modular schemes illustrating the DNA-constructs and the bstb protein
targeting TAA CLDN18.2.

(A) Design of the bstb chains on DNA level. Anti-CLDN18.2-scFv is either oriented in the Vu-
VL order (upper scheme) or in the Vi-Vu order (lower scheme). Constructs with and without

("+/-") disulfide bridges (S-S) were designed. (B) Theoretic models of exemplified bstb
molccules with anti-CLDN18.2 scFv in Vu-VL or Vi-Vy order with tags but without disulfide

bridges (S-S) in the scFv moieties (top) and without tags but with S-S (bottom). Chl is derived
from IgG1 or [gG2.

C indicates constant region; CMV, Cytomegalovirus promoter; Fd, digestible fragment/heavy
chain portion of Fab (antigen binding fragment); H, heavy chain; His, 6xHis-tag; L, light chain;
L1, SGPG3RS(GsS), linker; L2, DVPG:S linker; L3, (G4S)s linker; L4, (G4S)s linker; S-S,
disulfide bridge; scFv, single chain variable fragment; Sec, secretion signal; Strp, Strep-tag; V,

variable domain.

FIGURE 11: In vitro cytotoxicity assay to compare the specific lysis mediated by
CLDN18.2 x CD3-bstb proteins.

Human PBMC as eftector cells and human stably luciferase transduced carcinoma cells as target

cells were used in an effector to target ratio of 5:1 in a luciferase-based cytotoxicity assay. IMAC
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and Strep-Tactin® purified bstb test items were used without further enrichment of monomeric
species via SEC. Left graph: Specific and concentration-dependent lysis of CLDN18.2" gastric
carcinoma cells NUGC-4_hCLDNI18.2 mediated by bstb 5730/5728, bstb 5731/5729,
bstb_5732/5728 and bstb_5733/5729 after 48 h of incubation. Right graph: Lysis of CDLN18.2
control cell line MDA-MB-231. Mean values of triplicates including standard deviation are

shown.

Bstb indicates bispecific TiIMAB.

FIGURE 12: SE-HPLC analysis of different CLDN18.2 x CD3-bstb proteins after
purification.

Expi293F™ cells were transiently transfected with bstb 5745/5747, bstb 5749/5751,
bstb_5746/5748 or bstb_5750/5752 constructs. Supernatant was harvested seven days post
transfection and subjected to purification. (A) SE-HPLC analysis of bstb 5745/5747 (upper plot)
and bstb_5749/5751 (lower plot) after purification (lower plot). mAU (milli-absorbance-units)
on the y-axis are plotted against the time in minutes on the x-axis. The monomer content is
strongly increased in bstb_5749/5751 which contains the extra disulfide bonds within the anti-
CLDNIS8.2 scFv moieties. (B) SE-HPLC analysis of bstb 5746/5748 (upper plot) and
bstb_5750/5752 (lower plot) after purification (lower plot). mAU (milli-absorbance-units) on the
y-axis are plotted against the time in minutes on the x-axis. The monomer content is strongly
increased in bstb_5749/5751 which contains the extra disulfide bonds within the anti-CLDN18.2
scFv moieties.

Bstb indicates bispecific TriMAB; HMW, high molecular weight species; LMW, low molecular

weight species.

FIGURE 13: In vitro cytotoxicity assay to compare the specific lysis mediated by highly
monomeric disulfide bridge containing CLDN18.2 x CD3-bstb and bi-(scFv): proteins.

Human PBMC as effector cells and human stably luciferase transduced CLDN18.2" gastric
carcinoma cells NUGC-4_hCLDN18.2 as target cells were used in an effector to target ratio of
5:1 1n a luciterase-based cytotoxicity assay. Monomeric bstb test items separated by SEC and
their bi-(scFv)2 protein analogs were used in 10-point, 5-fold serial dilutions. (A) Specific and
concentration-dependent lysis mediated by bstb 5749/5751 and bstb 5750/5752 (left graph) and
bi-scFv_5506 and bi-scFv 5538 (right graph) after 48 h of incubation. EC50 values are
summarized in the tables below. EC50 values of the "plate reference" served for normalization.

(B) Fold difference of the bivalent bstb compared to the related bi-(scFv): analogs after
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normalization to the "plate reference". Related bi-(scFv), EC50 values were set to 1 for
calculations.
Bi-scFv indicates bispecific single chain variable fragment; bstb, bispecific TriMAB; EC50, half

maximal effective concentration.

FIGURE 14: Modular schemes illustrating the RT
CD3 bstb.

NA-constructs encoding for CLDNG6 x

Design of the bstb Fd- (top) and L-chain (bottom) on RNA level.

C indicates constant region; CMV, Cytomegalovirus promoter; Fd, digestible fragment/heavy
chain portion of Fab (antigen binding fragment); H, heavy chain; His, 6xHis-tag; L, light chain;
L1, SGPG3RS(G4S), linker; L2, DVPG:S linker; L3, (G4S)s linker; S-S, disulfide bridge; scFv,

single chain variable fragment; Sec, secretion signal; Strp, Strep-tag; V, variable domain.

FIGURE 15: Western Blot analysis of IVT-ml
and bstb 436/434 in producer cells.

XNA encoded CLDN6 x CD3 bstb 435/434

Human chronic myeloid leukemia cell line K-562 was transiently transfected via electroporation
with equal IVT-mRNA amounts of the Fd- and the L-chain or with HO only (Mock). K-562
supernatants werc harvested 48 h post electroporation and cell lysates were generated. As
reference the purified protein analogs bstb 369/367 (A) or bstb 371/367 (B) were loaded as
monomeric and HMW preparation onto the gels. Gradient SDS-PAGE and Western Blot analysis

were performed for the detection of translated and purified protein products.

Both bstb variants ((A) bstb_435/434, (B) bstb_436/434) were detected in K-562 supernatant and
cell lysate by anti-6xHis-tag HRP (Fd-part) and anti-Strep-MAB-HRP (L-part). Anti-B-actin
immunoblotting served as loading control for cell lysates. Samples were loaded as indicated in
the attached sample load tables under non-reducing and reducing conditions. Arrow heads
indicate the protein bands of interest. (A) bstb _435/434, (B) bstb 436/434. In (C) both bstb
variants were detected under reducing conditions with a mixture of anti-6xHis-tag HRP and anti-
Strep-MAB-HRP to visualize the heterodimeric state of the antibody derivatives.

Bstb indicates bispecific TriMAB; Fd, digestible fragment/heavy chain portion of Fab (antigen
binding fragment); His, 6xHis-tag; HMW, high molecular weight species; HRP, horseradish

peroxidase; L, light chain portion of bstb; scFv, single chain variable fragment; SN, supernatant.
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FIGURE 16: In vitro cytotoxicity assay to determine the specific lysis mediated by CLDNG6
x CD3 bstb_435/434 and bstb 436/434.

Human PBMC as effector cells and human stably luciferase transduced carcinoma cells as target
cells were used in an effector to target ratio of 5:1 in a luciferase-based cytotoxicity assay. K-562
SN containing RNA-encoded bstb 435/434 or bstb 436/434 was applied in a 7-point, 5-fold
serial dilution. The specific concentration-dependent lysis mediated by bstb 435/434 and
bstb_436/434 of CLDN6" ovarian carcinoma cells OV-90 after 48 h of incubation is shown.
CDLNG6" breast carcinoma cells MDA-MB-231 served as negative control. Mean values of
triplicates including standard deviation are shown.

Bstb indicates bispecific TriMAB; EC50, half maximal effective concentration.

FIGURE 17: Comparison of in vivo efficacy of CLDN6 x CD3 RNA and protein bstb and
bi-(scKFv)2 in 2 mouse xenograft tumor model.

Male (black symbols) and female (white symbols) immunodeficient NSG mice were used. (A)
Injection schedule scheme. Mice were inoculated subcutaneously (s.c.) with CLDN6" human
ovarian carcinoma cells OV-90 as target cells and engrafted intraperitoneally (i.p.) with human
PBMC as effector cells. Treatment started at a mean tumor volume of ~250 mm? per group and
was conducted mtravenously (1.v.) once per week. Group 1 (G1) received RNA control complex
(luciterase RNA in TransIT), G2 bstb RNA complex and G3 bi-(scFv), RNA complex. Each
injection contained a total of 3 pg RNA. G4-6 served as protein control/reference groups: G4
received vehicle buffer (protein formulation buffer), G5 100 nug/kg bstb reference and G6
200 pg/kg bi-(scFv): reference. (B) Tumor growth of all mice and groups over time. Treatment
was applied 1.v. as indicated by arrowheads. The treatment per group is specified in the graph
titles. Each line represents an individual mouse. (C) Flow cytometric analysis of human T cells
that infiltrated xenograft tumor tissue of mice treated with control RNA (G1), bstb RNA (G2) or
bi-(scFv): RNA (G3). Each symbol represents an individual mouse, lines the mean value per
group. Symbols are in accordance with (B).

Bi-scFv indicates bispecific single chain fragment; bstb, bispecific TriMAB; d, days; G, group;
GVHD, graft-versus-host disease; i.p., intraperitoneally; i.v., intravenously; PBMC, peripheral

blood mononuclear cells; s.c., subcutaneously.
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FIGURE 18: Vn and V1L amino acid sequences according to IMGT nomenclature.

The amino acid sequences in standard one letter code of the Vi and Vi domains that were used
in the here described bstb molecules are shown. A) Vy and Vi sequences of anti-CLDN18.2 and
ant1-CLDNG6, B) Vi and V1 sequences of anti-CD3.

CDR indicates complementarity determining region; FR, framework region; IMGT, the
international ImMunoGeneTics information system; VH, variable heavy chain; VL, variable

light chain.

DETAILED DESCRI

PTION OF THE INVENTION

Although the present invention is described in detail below, it is to be understood that this
invention 1s not limited to the particular methodologies, 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.

In the following, the elements of the present invention will be described. These elements are
listed with specific embodiments, however, it should be understood that they may be combined
in any manner and in any number to create additional embodiments. The variously described
examples and preferred embodiments should not be construed to limit the present invention to
only the explicitly described embodiments. This description should be understood to support and
encompass embodiments which combine the explicitly described embodiments with any number
of the disclosed and/or preferred elements. Furthermore, any permutations and combinations of
all described elements in this application should be considered disclosed by the description of the

present application unless the context indicates otherwise.

Preferably, the terms used herein are defined as described in "A multilingual glossary of
biotechnological terms: (IUPAC Recommendations)", H.G.W. Leuenberger, B. Nagel, and H.
Ko6lbl, Eds., Helvetica Chimica Acta, CH-4010 Basel, Switzerland, (1995).

The practice of the present invention will employ, unless otherwise indicated, conventional

methods of chemistry, biochemistry, cell biology, immunology, and recombinant DNA
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techniques which are explained in the literature in the field (cf., e.g., Molecular Cloning: A

Laboratory Manual, 2" Edition, J. Sambrook et al. eds., Cold Spring Harbor Laboratory Press,
Cold Spring Harbor 1989).

Throughout this specification and the claims which follow, unless the context requires otherwise,
the word "comprise”, and variations such as "comprises” and "comprising”, will be understood to
imply the inclusion of a stated member, integer or step or group of members, integers or steps
but not the exclusion of any other member, integer or step or group of members, integers or steps
although in some embodiments such other member, integer or step or group of members, integers
or steps may be excluded, 1.e. the subject-matter consists in the inclusion of a stated member,
integer or step or group of members, integers or steps. The terms "a" and "an" and "the" and
stmilar reference used in the context of describing the invention (especially in the context of the
claims) are to be construed to cover both the singular and the plural, unless otherwise indicated
herein or clearly contradicted by context. Recitation of ranges of values herein is merely
intended to serve as a shorthand method of referring individually to each separate value falling
within the range. Unless otherwise indicated herein, each individual value is incorporated into
the specification as if 1t were individually recited herein. All methods described herein can be
performed in any suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language (e.g., "such
as"), provided herein 1s intended merely to better illustrate the invention and does not pose a
limitation on the scope of the invention otherwise claimed. No language in the specification
should be construed as indicating any non-claimed element essential to the practice of the

1nvention.

Several documents are cited throughout the text of this specification. Each of the documents
cited herein (including all patents, patent applications, scientific publications, manufacturer's
spectfications, instructions, etc.), whether supra or infra, are hereby incorporated by reference in
their entirety. Nothing herein is to be construed as an admission that the invention is not entitled

to antedate such disclosure by virtue of prior invention.

Claudins are a family of proteins that are the most important components of tight junctions,
where they establish the paracellular barrier that controls the flow of molecules in the
intercellular space between cells of an epithelium. Claudins are transmembrane proteins

spanning the membrane 4 times with the N-terminal and the C-terminal end both located in the
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cytoplasm. The first extracellular loop, termed EC1 or ECLI, consists on average of 53 amino
acids, and the second extracellular loop, termed EC2 or ECL2, consists of around 24 amino
acids. Cell surface proteins of the claudin family, such as CLDN6 and CLDN18.2, are expressed
in tumors of various origins, and are particularly suited as target structures in connection with
antibody-mediated cancer immunotherapy due to their selective expression (no expression in a

toxicity relevant normal tissue) and localization to the plasma membrane.

In the context of the present invention, the preferred claudins are CLDN6 and CLDN18.2.
CLDN6 and CLDNI8.2 have been identified as differentially expressed in tumor tissues, with
the only normal tissues expressing CLDN18.2 being stomach and the only normal tissue

expressing CLDNG6 being placenta.

CLDN18.2 is selectively expressed in normal tissues in differentiated epithelial cells of the
gastric mucosa. CLDN18.2 is expressed in cancers of various origins such as pancr-eatic
carcinoma, esophageal carcinoma, gastric carcinoma, bronchial carcinoma, breast carcinoma,
and ENT tumors. CLDN18.2 is a valuable target for the prevention and/or treatment of primary
tumors, such as gastric cancer, esophageal cancer, pancreatic cancer, lung cancer such as non-
small cell lung cancer (NSCLC), ovarian cancer, colon cancer, hepatic cancer, head-neck cancer,
and cancers of the gallbladder, and metastases thereof, in particular gastric cancer metastasis

such as Krukenberg tumors, peritoneal metastasis, and lymph node metastasis.

CLDNG6 has been found to be expressed, for example, in ovarian cancer, lung cancer, gastric
cancer, breast cancer, hepatic cancer, pancreatic cancer, skin cancer, melanomas, head neck
cancer, sarcomas, bile duct cancer, renal cell cancer, and urinary bladder cancer. CLDN6 1S a
particularly preferred target for the prevention and/or treatment of ovarian cancer, in particular
ovarian adenocarcinoma and ovarian teratocarcinoma, lung cancer, including small cell lung
cancer (SCLC) and non-small cell lung cancer (NSCLC), in particular squamous cell lung
carcinoma and adenocarcinoma, gastric cancer, breast cancer, hepatic cancer, pancreatic cancer,
skin cancer, in particular basal cell carcinoma and squamous cell carcinoma, malignant
melanoma, head and neck cancer, in particular malignant pleomorphic adenoma, sarcoma, in
particular synovial sarcoma and carcinosarcoma, bile duct cancer, cancer of the urinary bladder,
in particular transitional cell carcinoma and papillary carcinoma, kidney cancer, in particular
renal cell carcinoma including clear cell renal cell carcinoma and papillary renal cell carcinoma,

colon cancer, small bowel cancer, including cancer of the ileum, in particular small bowel
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adenocarcinoma and adenocarcinoma of the ileum, testicular embryonal carcinoma, placental
choriocarcinoma, cervical cancer, testicular cancer, in particular testicular seminoma, testicular
teratoma and embryonic testicular cancer, uterine cancer, germ cell tumors such as a
teratocarcinoma or an embryonal carcinoma, in particular germ cell tumors of the testis, and the
metastatic forms thereof. In one embodiment, the cancer disease associated with CLDNG6
expression 1s selected from the group consisting of ovarian cancer, lung cancer, metastatic
ovarian cancer and metastatic lung cancer. Preferably, the ovarian cancer is a carcinoma or an
adenocarcinoma. Preferably, the lung cancer is a carcinoma or an adenocarcinoma, and

preferably is bronchiolar cancer such as a bronchiolar carcinoma or bronchiolar adenocarcinoma.

The term "claudin" or "CLDN" includes CLDN18.2 and CLDNG6. Preferably, a claudin is a

human claudin.

The term "claudin 18" or "CLDN18" includes any variants, including claudin 18 splice variant 1

(claudin 18.1 (CLDN18.1.)) and claudin 18 splice variant 2 (claudin 18.2 (CLDN18.2)).

The term "claudin 18.2" or "CLDNI18.2" preferably relates to human CLDN18.2. and, in
particular, to a protein comprising, preferably consisting of the amino acid sequence according to
SEQ ID NO: 1 of the sequence listing or a variant of said amino acid sequence. The first
extracellular loop of CLDN18.2 preferably comprises amino acids 27 to 81, more preferably
amino acids 29 to 78 of the amino acid sequence shown in SEQ ID NO: 1. The second
extracellular loop of CLDN18.2 preferably comprises amino acids 140 to 180 or 144 to 167 of
the amino acid sequence shown in SEQ ID NO: 1. Said first and second extracellular loops

preferably form the extracellular portion of CLDN18.2.

The term "claudin 6" or "CLDNG6" preferably relates to human CLDNG®6, and, in particular, to a
protein comprising, preferably consisting of the amino acid sequence of SEQ ID NO: 2 or SEQ
ID NO: 3 of the sequence listing or a variant of said amino acid sequence. The first extracellular
toop of CLDNG6 preferably comprises amino acids 28 to 80 or 29 to 81, more preferably amino
acids 28 to 76 of the amino acid sequence shown in SEQ ID NO: 2 or the amino acid sequence
shown 1n SEQ ID NO: 3. The second extracellular loop of CLDN6 preferably comprises amino
acids 138 to 160, preferably amino acids 141 to 159, more preferably amino acids 145 to 157 of

the amino acid sequence shown in SEQ ID NO: 2 or the amino acid sequence shown in SEQ ID
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NO: 3. Said first and second extracellular loops preferably form the extracellular portion of

CLDNG.

The term "variant" according to the invention refers, in particular, to mutants, splice variants,
conformations, i1soforms, allelic variants, species variants and species homologs, in particular
those which are naturally present. An allelic variant relates to an alteration in the normal
sequence of a gene, the significance of which is often unclear. Complete gene sequencing often
identifies numerous allelic variants for a given gene. A species homolog is a nucleic acid or
amino acid sequence with a different species of origin from that of a given nucleic acid or amino
acid sequence. The term "variant" shall encompass any post translationally modified variants and

conformation variants.

The second target molecule of the binding agents described hereinisa T cell-specific antigen. A
T cell-specitic antigen is an antigen on the surface of T cells. A preferred embodiment of such T

cell-specific antigen is the CD3 (cluster of differentiation 3) complex.

The CD3 complex denotes an antigen that is expressed on mature human T-cells, thymocytes
and a subset of natural killer cells as part of the multimolecular T-cell receptor (TCR) complex.
The T-cell co-receptor is a protein complex and is composed of four distinct chains. In
mammals, the complex contains a CD3y chain, a CD38 chain, and two CD3g chains. These
chains associate with a molecule known as the T-cell receptor (TCR) and the {-chain to generate
an activation signal in T lymphocytes. The TCR, {-chain, and CD3 molecules together comprise
the TCR complex.

The human CD3 epsilon is indicated in GenBank Accession No. NM_ 000733 and comprises
SEQ ID NO: 4. The human CD3 gamma is indicated in GenBank Accession No. NM_000073.
The human CD3 delta is indicated in GenBank Accession No. NM_000732. CD3 is responsible
for the signal transduction of the TCR. As described by Lin and Weiss, Journal of Cell Science
114, 243-244 (2001), activation of the TCR complex by binding of MHC-presented specific
antigen epitopes results in the phosphorylation of immunoreceptor tyrosine-based activation
motits (ITAMs) by Src family kinases, triggering recruitment of further kinases which results in
T-cell activation including Ca** release. Clustering of CD3 on T cells, e.g. by immobilized anti-
CD3-antibodies, leads to T-cell activation similar to the engagement of the T-cell receptor, but

independent from its clone typical specificity.
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As used herein, "CD3" includes human CD3 and denotes an antigen that is expressed on human

T cells as part of the multimolecular T-cell receptor complex.

With respect to CD3, the binding agent of the invention preferably recognizes the epsilon-chain
of CD3, particular, it recognizes an epitope that corresponds to the first 27 N-terminal amino

acids of CD3 epsilon or functional fragments of this 27 amino acid stretch.

According to the invention, the term "claudin positive cancer" or similar terms mean a cancer

involving cancer cells expressing a claudin, preferably on the surface of said cancer cells.

"Cell surface" is used in accordance with its normal meaning in the art, and thus includes the

outside of the cell which is accessible to binding by proteins and other molecules

A claudin 1s expressed on the surface of cells if it is located at the surface of said cells and is

accessible to binding by claudin-specific antibodies added to the cells.

The term "extracellular portion" in the context of the present invention refers to a part of a
molecule such as a protein that is facing the extracellular space of a cell and preferably is
accessible from the outside of said cell, e.g., by antigen-binding molecules such as antibodies
located outside the cell. Preferably, the term refers to one or more extracellular loops or domains

or a -ﬁ,a-gnent thereof.

The terms "part" or "fragment" are used interchangeably herein and refer to a continuous
element. For example, a part of a structure such as an amino acid sequence or protein refers to a
continuous element of said structure. A portion, a part or a fragment of a structure preferably
comprises one or more functional properties of said structure. For example, a portion, a part or a
fragment of an epitope or peptide is preferably immunologically equivalent to the epitope or
peptide 1t 1s derived from. A part or fragment of a protein sequence preferably comprises a
sequence of at least 4, in particular at least 6, at least 8, at least 12, at least 15, at least 20, at least

30, at least 50, or at least 100 consecutive amino acids of the protein sequence.

According to the invention, CLDN18.2 is not substantially expressed in a cell if the level of

expression 18 lower compared to expresston in stomach cells or stomach tissue. Preferably, the
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level of expression is less than 10%, preferably less than 5%, 3%, 2%, 1%, 0.5%, 0.1% or 0.05%
of the expression in stomach cells or stomach tissue or even lower. Preferably, CLDN18.2 is not
substantially expressed in a cell if the level of expression exceeds the level of expression in non-
cancerous tissue other than stomach by no more than 2-fold, preferably 1.5-fold, and preferably
does not exceed the level of expression in said non-cancerous tissue. Preferably, CLDN18.2 is
not substantially expressed in a cell if the level of expression is below the detection limit and/or
it the level of expression is too low to allow binding by CLDN18.2-specific antibodies added to
the cell.

According to the mvention, CLDN18.2 is expressed in a cell if the level of expression exceeds
the level of expression in non-cancerous tissue other than stomach preferably by more than 2-
fold, preferably 10-fold, 100-fold, 1000-fold, or 10000-fold. Preferably, CLDN18.2 is expressed
in a cell 1f the level of expression is above the detection limit and/or if the level of expression is
high enough to allow binding by CLDN18.2-specific antibodies added to the cell. Preferably,

CLDNI18.2 expressed in a cell is expressed or exposed on the surface of said cell.

According to the invention, CLDNG6 is not substantially expressed in a cell if the level of
expression 18 lower compared to expression in placenta cells or placenta tissue. Preferably, the
level of expression is less than 10%, preferably less than 5%, 3%, 2%, 1%, 0.5%, 0.1% or 0.05%
of the expression in placenta cells or placenta tissue or even lower. Preferably, CLDNG6 is not
substantially expressed in a cell if the level of expression exceeds the level of expression in non-
cancerous tissue other than placenta by no more than 2-fold, preferably 1.5-fold, and preferably
does not exceed the level of expression in said non-cancerous tissue. Preferably, CLDNG6 is not
substantially expressed in a cell if the level of expression is below the detection limit and/or if
the level of expression is too low to allow binding by CLDNG6-specific antibodies added to the

cell.

According to the mvention, CLDNG6 is expressed in a cell if the level of expression exceeds the
level of expression in non-cancerous tissue other than placenta preferably by more than 2-fold,
preterably 10-fold, 100-fold, 1000-fold, or 10000-fold. Preferably, CLDNG® is expressed in a cell
if the level of expression is above the detection limit and/or if the level of expression is high
enough to allow binding by CLDN6-specific antibodies added to the cell. Preferably, CLDN6

expressed 1n a cell 1s expressed or exposed on the surface of said cell.
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According to the invention, the term "disease" refers to any pathological state, including cancer,
in particular those forms of cancer described herein. Any reference herein to cancer or particular
forms of cancer also includes cancer metastasis thereof. In a preferred embodiment, a disease to

be treated according to the present application involves cells expressing claudin (CLDN) such as

CLDN18.2 and/or CLLDNG6.

"Diseases associated with cells expressing a claudin” or similar expressions means according to
the mvention that a claudin is expressed in cells of a diseased tissue or organ. In one
embodiment, expression of a claudin in cells of a diseased tissue or organ is increased compared
to the state in a healthy tissue or organ. An increase refers to an increase by at least 10%, in
particular at least 20%, at least 50%, at least 100%, at least 200%, at least 500%, at least 1000%,
at least 10000% or even more. In one embodiment, expression is only found in a diseased tissue,
while expression in a healthy tissue is repressed. According to the invention, diseases associated
with cells expressing a claudin include cancer diseases. Furthermore, according to the invention,

cancer diseases preferably are those wherein the cancer cells express a claudin.

As used herein, a "cancer disease" or "cancer" includes a discase characterized by aberrantly
regulated cellular growth, proliferation, differentiation, adhesion, and/or migration. By "cancer
cell” 1s meant an abnormal cell that grows by a rapid, uncontrolled cellular proliferation and
continues to grow after the stimuli that initiated the new growth cease. Preferably, a "cancer
disease" is characterized by cells expressing a claudin and a cancer cell expresses a claudin. A

cell expressing a claudin preferably is a cancer cell, preferably of the cancers described herein.

The term "cancer" according to the invention comprises leukemias, seminomas, melanomas,
teratomas, lymphomas, neuroblastomas, gliomas, rectal cancer, endometrial cancer, kidney
cancer, adrenal cancer, thyroid cancer, blood cancer, skin cancer, cancer of the brain, cervical
cancer, 1ntestinal cancer, liver cancer, colon cancer, stomach cancer, intestine cancer, head and
neck cancer, gastrointestinal cancer, lymph node cancer, esophagus cancer, colorectal cancer,
pancreas cancer, ear, nose and throat (ENT) cancer, breast cancer, prostate cancer, cancer of the
uterus, ovarian cancer and lung cancer and the metastases thereof. Examples thereof are lung
carcinomas, mamma carcinomas, prostate carcinomas, colon carcinomas, renal cell carcinomas,
cervical carcinomas, or metastases of the cancer types or tumors described above. The term

cancer according to the invention also comprises cancer metastases.
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According to the invention, a "carcinoma" is a malignant tumor derived from epithelial cells.
This group represents the most common cancers, including the common forms of breast,

prostate, lung and colon cancer.

"Adenocarcinoma" 1s a cancer that originates in glandular tissue. This tissue is also part of a
larger tissue category known as epithelial tissue. Epithelial tissue includes skin, glands and a
variety ot other tissue that lines the cavities and organs of the body. Epithelium is derived
embryologically from ectoderm, endoderm and mesoderm. To be classified as adenocarcinoma,
the cells do not necessarily need to be part of a gland, as long as they have secretory properties.
This form of carcinoma can occur in some higher mammals, including humans. Well
differentiated adenocarcinomas tend to resemble the glandular tissue that they are derived from,
while poorly differentiated may not. By staining the cells from a biopsy, a pathologist will
determine whether the tumor is an adenocarcinoma or some other type of cancer.
Adenocarcinomas can arise in many tissues of the body due to the ubiquitous nature of glands
within the body. While each gland may not be secreting the same substance, as long as there is
an exocrine function to the cell, it is considered glandular and its malignant form is therefore
named adenocarcinoma. Malignant adenocarcinomas invade other tissues and often metastasize
given enough time to do so. Ovarian adenocarcinoma is the most common type of ovarian
carcinoma. It includes the serous and mucinous adenocarcinomas, the clear cell adenocarcinoma

and the endometrioid adenocarcinoma.

By "metastasis” 1s meant the spread of cancer cells from its original site to another part of the
body. The formation of metastasis is a very complex process and depends on detachment of
malignant cells from the primary tumor, invasion of the extracellular matrix, penetration of the
endothelial basement membranes to enter the body cavity and vessels, and then, after being
transported by the blood, infiltration of target organs. Finally, the growth of a new tumor at the
target site depends on angiogenesis. Tumor metastasis often occurs even after the removal of the
primary tumor because tumor cells or components may remain and develop metastatic potential.
In one embodiment, the term "metastasis" according to the invention relates to "distant
metastasis" which relates to a metastasis which is remote from the primary tumor and the
regional lymph node system. In one embodiment, the term "metastasis" according to the
invention relates to lymph node metastasis. One particular form of metastasis which is treatable

using the therapy of the invention is metastasis originating from gastric cancer as primary site. In
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preferred embodiments such gastric cancer metastasis is Krukenberg tumors, peritoneal

metastasis and/or lymph node metastasis.

Krukenberg tumor is an uncommon metastatic tumor of the ovary accounting for 1% to 2% of all
ovarian tumors. Prognosis of Krukenberg tumor is still very poor and there is no established
treatment for Krukenberg tumors. Krukenberg tumor is a metastatic signet ring cell
adenocarcinoma of the ovary. Stomach is the primary site in most Krukenberg tumor cases
(70%). Carcinomas of colon, appendix, and breast (mainly invasive lobular carcinoma) are the
next most common primary sites. Rare cases of Krukenberg tumor originating from carcinomas
of the gallbladder, biliary tract, pancreas, small intestine, ampulla of Vater, cervix, and urinary

bladder/urachus have been reported.

By "treat" 1s meant to ad<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>