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CHIMERIC ANTIGEN RECEPTOR-MODIFIED CELLS FOR THE TREATMENT OF CLDN6
EXPRESSING CANCER

BACKGROUND OF THE INVENTION

Adoptive cell transfer (ACT) based immunotherapy can be broadly defined as a form of passive
immunization with previously sensitized T cells that are transferred to non-immune recipients
or to the autologous host after ex vivo expansion from low precursor frequencies to clinically
relevant cell numbers. The use of genetic engineering approaches to insert antigen-targeted
receptors of defined specificity into T cells has greatly extended the potential capabilities of
ACT. Chimeric antigen receptors (CARs) are a type of antigen-targeted receptor composed of
intracellular T cell signaling domains fused to extracellular antigen binding domains, most
commonly single-chain variable fragments (scFvs) from monoclonal antibodies. CARs directly

recognize cell surface antigens, independent of MHC-mediated presentation.

Attempts in treating cancer by using genetically modified T cells to target antigens expressed
on tumor cells through the expression of CARs have met with very limited success. Despite
significant responses in patients with B cell malignancies, successful clinical responses after

targeting of solid tumors using CAR T cells with various specificities is much more limited.

CAR T cell therapy for solid tumors is faced with numerous challenges. These include physical
barriers, the immunosuppressive tumor microenvironment and importantly the lack of truly

specific and safe tumor targets.

Thus, there is an urgent need in the art for effective compositions and methods for treatment

of cancer using CARs. The present invention addresses this need.

In order to implement a CAR based therapy for the treatment of solid cancers, we selected
the oncofetal antigen CLDN6 (Claudin 6) that has all features of an ideal target for CAR based
therapy. CLDNG is a tetraspin membrane protein that is involved in the formation of primitive
tight junctions during organogenesis and therefore, is exclusively expressed at significant

levels during fetal development and is absent in adult healthy tissues, but highly

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2023/105005 PCT/EP2022/085072

overexpressed in different high medical need cancers including ovarian, endometrial,

testicular and lung cancers.

CLDNG6 has drugable extracellular loops and cell surface levels are high enough to allow for
recognition by CAR T cells. Furthermore, CLDN6 expression correlates with disease
progression as it could be detected with higher frequency in metastatic lesions and de-
differentiated cells suggesting a role in oncogenic processes. Safety of CLDNG6 targeting is
suggested by a clinical phase I/l trial using the anti-CLDN6 monoclonal antibody IMABO27 in
advanced ovarian carcinoma patients (OVAR, NCT02054351), where no IMABO27-related

adverse events were detected.

Based on the results of our in vitro and in vivo experiments we selected a second generation
CAR with a 4-1BB domain (CLDN6-CAR-CD8h-BBz} as lead structure for preclinical and clinical
testing. We could demonstrate highly specific and sensitive recognition of CLDN6 expressing

target cells as well as a high potential for survival and repetitive stimulation of CAR T cells.

We further evaluated the in vivo anti-tumoral potential of the CLDN6-CAR using an ovarian
carcinoma xenograft model and could demonstrate that the adoptive transfer of CLDN6-CAR-
transduced T cells resulted in complete eradication of advanced tumors. Moreover, these
results could be reproduced with cryopreserved CAR T cells that were generated at the GMP

facility.

As it could be demonstrated in the past, that the clinical outcome of CAR T cell therapy is
positively correlated with the persistence of infused CAR T cells in the body (Robbins et al.
(2004) J Immunol. 173(12):7125-30, Huang et al. (2005) 28(3):258-67), we combined the
CLDN6-CAR therapy with our innovative CAR in-vivo expansion concept using CAR antigen

encoding liposome formulated mRNA (CARVac; WO 2016/180778).

We could demonstrate in different tumor models that the combination of adoptively
transferred CAR T cells together with RNAp-based vaccination accelerates ongoing anti-

tumoral responses and can also restore anti-tumoral efficacy of insufficient CAR T cell doses.
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Finally, in a clinical trial evaluating CAR T cell monotherapy and combination therapy with
CARVac in 3 dose levels, no dose limiting toxicities (DLTs) or serious adverse events (AEs)
related to therapy have been observed. Efficacy data revealed participants showing partial
responses and stable disease with shrinkage of target lesions. Most encouragingly, several
partial responses have been achieved in testicular cancer patients that all relapsed on recent

high-dose chemotherapy.

SUMMARY OF THE INVENTION

The present invention provides a method of treating a solid tumer in a human comprising
administering to the human immune effector cells expressing a chimeric antigen receptor
(CAR) molecule comprising:

i} a CLDNG6 antigen binding domain;

ii) a transmembrane domain; and

iii) an intracellular domain that comprises a 4-1BB costimulatory domain, and a CD3-zeta

signaling domain.

In one embodiment, the solid tumor is a CLDN6-positive solid tumor. In one embodiment, the
solid tumor is an advanced sclid tumor. In one embodiment, the solid tumor is a relapsed or
refractory advanced solid tumor. In one embodiment, the solid tumor is selected from the
group consisting of liver cancer, lung cancer, ovarian 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. In one embodiment, the solid tumor
is testicular cancer (including metastasis thereof; e.g., into lung and/or liver). In one
embodiment, treating a solid tumor in a human comprises inducing stable disease, inducing

stable disease with shrinkage of target lesion, or inducing partial response.

In one embodiment, the CLDNG6 antigen binding domain comprises an antibody, an antibody
fragment, an scFv, a Fv, a Fab, a (Fab')2, a single domain antibody (SDAB), a VH or VL domain,
or a camelid VHH domain. In one embodiment, the CLDN®6 antigen binding domain comprises
an scFv. In one embodiment, the CLDN6 antigen binding domain comprises the amino acid

sequence of SEQ ID NO: 35 or a functional variant thereof.
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In one embodiment, the 4-1BB costimulatory domain comprises the amino acid sequence of
SEQ ID NO: 30 or a functional variant thereof. In one embodiment, the CAR molecule of the

invention does not comprise a further costimulatory domain.

In one embodiment, the CD3-zeta signaling domain comprises the amino acid sequence of

SEQ.ID NO: 31 or a functional variant thereof.

In one embodiment, the transmembrane domain comprises a transmembrane domain of a
protein selected from the group consisting of the alpha, beta or zeta chain of the T cell
receptor, CD28, CD3 epsilon, CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37, CD64,
CD80, CD86, CD134, CD154, KIRDS2, OX40, CD2, CD27, LFA-1 (CD11a, CD18), ICOS (CD278), 4-
1BB (CD137), GITR, CD40, BAFFR, HVEM (LIGHTR}, SLAMF7, NKp80 (KLRF1), CD160, CD19, IL2R
beta, IL2R gamma, IL7Ra, ITGA1, VLA1, CD49a, ITGA4, |A4, CD49D, ITGA6, VLA-6, CD49H,
ITGAD, CDIld, ITGAE, CD103, ITGAL, CDlla, LFA-1, ITGAM, CDllb, ITGAX, CDllc, ITGBI, CD29,
ITGB2, CD18, LFA-1, ITGB7, TNFR2, DNAMI (CD226), SLAMF4 (CD244, 2B4), CD84, CD9%%6
(Tactile), CEACAM1, CRT AM, Ly9 (CD229), CD160 (BY55), PSGLI, CDIOO (SEMA4D), SLAMF6
(NTB-A, Lyl08), SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMF8), SELPLG (CD162), LTER,
PAG/Cbp, NKp44, NKp30, NKp46, NKG2D, and NKG2C, or a functional variant thereof.

In one embodiment, the transmembrane domain comprises a CD8a transmembrane domain.
In one embodiment, the transmembrane domain comprises the amino acid sequence of SEQ

ID NO: 28 or a functional variant thereof.

In one embodiment, the antigen binding domain is connected to the transmembrane domain
by a hinge domain. In one embodiment, the hinge domain is a CD8a hinge domain. In one
embodiment, the hinge domain comprises the amino acid sequence of SEQ ID NO: 27 or a

functional variant thereof.

In one embodiment, the CAR molecule of the invention comprises:
i) a CLDNG antigen binding domain;
ii} a CD8a hinge domain;

iii) a CD8a transmembrane domain; and
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iv) an intracellular domain that comprises a 4-1BB costimulatory domain, and a CD3-zeta

signaling domain.

In one embodiment, the CAR molecule of the invention further comprises a leader sequence.

In one embodiment, the CAR molecule of the invention comprises the amino acid sequence

of SEQ ID NO: 36 or a functional variant thereof.

in one embodiment, the CAR molecule of the invention is encoded by a nucleic acid comprising
the nucleotide sequence of SEQ ID NO: 41 or a functional variant thereof. Accordingly, in one
embodiment, immune effector cells are transfected, e.g., stably transfected, with such nucleic

acid.

The nucleic acid encoding a CAR molecule of the invention may be present in a vector. In one
embodiment, the vector is selected from the group consisting of a DNA vector, an RNA vector,
a plasmid, a lentivirus vector, an adenoviral vector, and a retrovirus vector. In one
embodiment, the vector further comprises a promoter. In one embodiment, the promoter is
chosen from an EF-1 promoter, a CMV IE gene promoter, an EF-1a promoter, an ubiquitin C

promoter, or a phosphoglycerate kinase (PGK) promoter.

In one embodiment, the immune effector cells are genetically modified to express the CAR
molecule. In one embodiment, the immune effector cells are transfected with a nucleic acid
or vector described herein. In one embodiment, the immune effector cells are selected from
the group consisting of T cells, Natural Killer (NK) cells, and cytotoxic T lymphocytes (CTL). In
one embodiment, the immune effector cells are CD8+ T cells. In one embodiment, the immune

effector cells are human cells.

In one embodiment, the immune effector cells lack expression or have low expression of a

functional TCR or a functional HLA.

The immune effector cells may be generated ex vivo and administered to the human or the

immune effector cells may be generated in the human.

5
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In one embodiment, the immune effector cells are autologous or allogeneic to the human.

in one embodiment, the method of the invention further comprises administering an agent
that increases the efficacy of the immune effector cells. in one embodiment, said agent is
chosen from one or more of:

a protein phosphatase inhibitor;

a kinase inhibitor;

a cytokine;

an inhibitor of an immune inhibitory molecule; or

an agent that decreases the level or activity of a TREG cell.

in one embodiment, the method of the invention further comprises the step of contacting the
immune effector cells, either ex vivo or in the human, with a cognate antigen molecule binding
to the CLDN6 antigen binding domain. In one embodiment, the cognate antigen molecule is
selected from the group consisting of CLDN6 or a fragment thereof, or a variant of CLDN6 or
a CLDNG6 fragment. In one embodiment, the immune effector cells are contacted with the
cognate antigen molecule under conditions such that expansion and/or activation of the
immune effector cells occurs. In one embodiment, the step of contacting the immune effector

cells with the cognate antigen molecule takes place in vivo or ex vivo.

In one embodiment, the method of the invention comprises the step of administering the
cognate antigen molecule or a nucleic acid coding therefor to the human. in one embodiment,
the nucleic acid encoding the cognate antigen molecule is expressed in cells of the human to
provide the cognate antigen molecule. In one embodiment, expression of the cognate antigen
molecule is at the cell surface. In one embodiment, the nucleic acid encoding the cognate
antigen molecule is transiently expressed in cells of the human. In one embodiment, the
nucleic encoding the cognate antigen molecule is RNA. In one embodiment, the immune
effector cells and/or the cognate antigen molecule or the nucleic acid coding therefor are
administered systemically. In one embodiment, after systemic administration of the nucleic
acid encoding the cognate antigen molecule, expression of the nucleic acid encoding the

cognate antigen molecule in spleen occurs. In one embodiment, after systemic administration

6
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of the nucleic acid encoding the cognate antigen molecule, expression of the nucleic acid
encoding the cognate antigen molecule in antigen presenting cells, preferably professional
antigen presenting cells occurs. In one embodiment, the antigen presenting cells are selected
from the group consisting of dendritic cells, macrophages and B cells. In one embodiment,
after systemic administration of the nucleic acid encoding the cognate antigen molecule, no
or essentially no expression of the nucleic acid encoding the cognate antigen molecule in lung
and/or liver occurs. In one embodiment, after systemic administration of the nucleic acid
encoding the cognate antigen molecule, expression of the nucleic acid encoding the cognate

antigen molecule in spleen is at least 5-fold the amount of expression in lung.

in one embodiment, the nucleic acid encoding the cognate antigen molecule is formulated in
a delivery vehicle. In one embodiment, the delivery vehicle comprises particles. In one
embodiment, the delivery vehicle comprises at least one lipid. In one embodiment, the at least
one lipid comprises at least one cationic lipid. In one embodiment, the lipid forms a complex
with and/or encapsulates the nucleic acid encoding the cognate antigen molecule. In one
embodiment, the lipid is comprised in a vesicle encapsulating the nucleic acid encoding the
cognate antigen molecule. In one embodiment, the nucleic acid encoding the cognate antigen

molecule is formulated in lipoplexes.

in one embodiment, the method of the invention does not comprise administering the
cognate antigen molecule or a nucleic acid coding therefor to the human. in one embodiment,
the method of the invention does not comprise administering an anti-cancer therapy other

than the immune effector cells expressing a CAR molecule to the human.

In one embodiment, the immune effector cells are administered in an amount of between
about 106 to about 10° about 5 x 105 to about 5 x 108, or about 107 to about 102. In one

embodiment, a single dose of the immune effector cells is administered.

The present invention further provides a composition or medical preparation comprising
between about 10° to about 10% about 5 x 105 to about 5 x 108, or about 107 to about 108
immune effector cells expressing a chimeric antigen receptor (CAR) molecule, the CAR

molecuie comprising:
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i) a CLDN®6 antigen binding domain;

ii) a transmembrane domain; and

iii} an intracellular domain that comprises a 4-1BB costimulatory domain, and a CD3-zeta
signaling domain. Certain embodiments of the composition or medical preparation, in
particular of the immune effector cells, are as described above for the method of the

invention.

In one embodiment, the composition or medical preparation further comprises an agent that
increases the efficacy of the immune effector cells and/or a cognate antigen molecule binding
to the CLDN6 antigen binding domain or a nucleic acid coding therefor. Certain embodiments
of the composition or medical preparation, in particular of the agent that increases the
efficacy of the immune effector cells and/or the cognate antigen molecule binding to the
CLDN6 antigen binding domain or a nucleic acid coding therefor, are as described above for

the method of the invention.

In one embodiment, the composition or medical preparation is a kit. In one embodiment, the

kit further comprises instructions for use of the kit in the methods of the invention.
In a further aspect, the invention provides the agents and compositions such as the immune
effector cells or the cognate antigen molecule or a nucleic acid coding therefor described

herein for use in the methods described herein.

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

detailed description and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: Generation and characterization of different CLDN6-CARs.

A) Four different CLDNG6-targeting CARs have been designed and generated based on the
variable domains of the heavy (Vu) and the light (Vi) chain of the CLDN6-specific antibody
IMAB206-C465S. IgG1AFc: human IgGl hinge-CH2-CH3 Fc domain with mutated IgG Fey
receptor (FcyR) binding sites to prevent activation by FcyR expressing innate immune cells
(Hombach A. et al.,, (2010) Gene Therapy 17, 1206-1213); CD28ALck: CD28 transmembrane
and cytoplasmic domain with a deletion into the Lck binding moiety of the CD28 endodomain
abrogating IL-2 induction upon CAR engagement to prevent unwanted Treg cell expansion at
the tumor site (Kofler D.M. et al., (2011} Molecular Therapy 19 (4), 760-767); 4-1BB: 4-1BB
costimulatory endodomain; CD37: CD3 signaling domain; CD3{*: CD3T with mutation Q14-3K;
CD8a: human CD8a hinge domain. B) Functional testing of different CLDN6-CARs in a PA1-
§C12-A2-eGFP tumor spheroid assay. Lysis of tumor spheroids was analyzed based on eGFP
expression after 24 h of coculture (E:T = 10:1) using the IncuCyte® live-cell imaging system.
images of wells were scanned with 4x objective lenses at start of co-culture (Oh) and 24h

thereafter and represent tumor spheroid killing of technical triplicates.

Figure 2: Dose-dependent CAR-mediated recognition and lysis of CLDN6-expressing target
cells.

A) CLDN6-CAR-BBz surface expression was analyzed on transduced T cells after staining with
a fluorochrome-conjugated IMAB206-idiotype-specific antibody. Untransduced T cells served
as a negative control. Cells were gated on single CD4* or CD8* lymphocytes. Indicated numbers
represent the frequency of parent population (in %). B) CLDN6 surface expression on Colo699-
N cells transfected with titrated amounts of CLDN6-RNA was analyzed by flow cytometry. C)
The specific lysis of RNA-transfected Colo699-N cells by CLDN6-CAR-BBz transduced T cells
was analyzed after 12 h co-culture with an E:T ratio of 20:1 using the xCELLigence device. Data

are presented as meanSD of technical triplicates.

Figure 3: Specific CLDNG-CAR-mediated lysis of CLDNG-expressing tumor cell lines.
CLDN6-CAR-BBz transduced human T cells were analyzed by flow cytometry and co-cultured

with a panel of CLDN6-postitive and -negative human tumor cell lines of different origin. A)

9
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CAR surface expression was assessed by flow cytometry before co-culture was initiated.
Indicated numbers represent the frequency of parent population (in %). B) using an E:T ratio
of 10:1. C) The specific lysis was analyzed using the xCELLligence system after 12 h co-culture
according to the formula % lysis = (Cl eGFP —Ci effector)/Cl eGFP *100; Ci: cell index. Data
represent mean+SD of technical triplicates D) CLDN6 surface expression on tumor cell lines
was analyzed by flow cytometry after staining with a CLDN6-specific antibody. Percentage of
parent population is depicted. E) Relative CLDN6 mRNA expression levels in tumor cells lines
used in (A-D) as assessed by qRT-PCR were calculated after normalization to the housekeeping

gene HPRT1. Bars represent meanSD of technical triplicates.

Figure 4: Dose-dependent proliferation mediated by CLDN6-CAR-BBz in response to CLDN6-
expressing target cells.

CAR-transduced T cells were labeled with CFSE and co-cultured with autologous DCs
transfected with titrated amounts of CLDNG6-RNA lipoplexes (RNAwp). Proliferation was
analyzed based on CFSE after 5 days of co-culture and staining with fluorochrome-conjugated
antibodies against CD4, CD8 and the CAR. A) CAR surface expression was assessed by flow
cytometry before co-culture was initiated. Indicated numbers represent the frequency of
parent population {in %). B) CLDN6 expression on the surface of transfected DCs was assessed
by flow cytometry using a fluorochrome-conjugated CLDN6-specific antibody. C) Specific
proliferation was analyzed by flow cytometry based on the dilution of the CFSE proliferation

dye. Bars show the percentage of proliferating CAR-expressing CD8" and CD4* T cells.

Figure 5: Anti-tumoral activity CLDN6-CAR-BBz transduced T cells in an advanced ovarian
cancer {OV90) xenograft tumor model.

5x10°% OV90-SC12 tumor cells were subcutaneously engrafted 25 days prior to adoptive cell
transfer (ACT) of a single dose of 1x107 i.v. administered CLDN6-CAR-BBz or eGFP transduced
human T cells (n=10/group). At this time point of T cell treatment, mice already presented
with advanced tumors 170 mm? in avarage. Tumor volume was determined three times
weekly using a caliper and calculated according to the formula V = % {length x width?) with
maximum length and width of tumors. Animals were sacrificed when the tumor volume
exceeded 1500 mm? or when the tumor ulcerated. A) Schematic overview of the conducted

mouse experiment. B} Transgene expression (GFP or CAR) of transduced human CD4* and

10
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CD8*T cells was analyzed by flow cytometry at the day of ACT. Indicated numbers represent
the frequency of parent population (in %). C) Mean tumor volumes in CLDN6-CAR-BBz and
eGFP-T cells treated animals after ACT (indicated as dotted line) until day 44 are shown. Data
are presented as meanxSEM all mice/group. D} T cell persistence and CAR surface expression
was analyzed in peripheral blood 3 weeks after ACT using flow cytometry. Representative dot

plots are shown. Numbers indicated the frequency of parental populations.

Figure 6: Repetitive elimination of tumor spheroids by 7-day and 10-day cultured CLDNG6-
CART cells.

CLDN6-CAR-transduced T cells generated within 7 and 10 days, respectively, were evaluated
for their potential to repetitively kill CLDNG and eGFP expressing tumor spheroids as assessed
by live-cell imaging. A) CAR surface expression of 7-day and 10-day cultured CLDN6-CAR T cells
was analyzed on transduced T cells after staining with a fluorochrome-conjugated IMAB206-
idiotype-specific antibody. Untransduced T cells served as a negative control. Cells were gated
on single CD4* or CD8* lymphocytes. Indicated numbers represent the frequency of parent
population (in %). B) Functional testing of 7-day and 10-day cultured CLDN6-CAR T cells was
performed using the PA1-SC12-A2-eGFP tumor spheroid assay. Lysis of tumor spheroids was
analyzed based on eGFP expression using the IncuCyte® live-cell imaging system over a total
time period of 10 days. After 5 days a new tumor spheroid was added. Values represent the

green object integrated intensities of technical triplicates as meanSD.

Figure 7: Anti-tumoral Efficacy of GMP-Manufactured CLDNG-CAR T cells

5x10°% OV90-5C12 tumor cells were subcutaneously engrafted 35 days prior to adoptive
transfer of a single dose either 1x107 CLDN6-CAR-BBz or non-transduced human T cells iv.
{n=12/group). Used T cell products were manufactured at the GMP facility in an either
standard (ten in vitro cultured days) or in a shortened manufacturing procedure (harvested
already after seven days). Non-transduced T cells, which were treated in the same way as
transduced T cells, were used as negative control. Indicated T cell products were thawed,
washed with PBS and directly injection into the mice, which already presented with advanced
tumors of 160 mm?® in average. Tumor volume was determined three times weekly using a
caliper and calculated according to the formula V = % (length x width?) with maximum length

and width of tumors. Animals were sacrificed when the tumor volume exceeded 1500 mm3 or

11
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when the tumor ulcerated. A) Schematic overview of the conducted mouse experiment. B)
The CAR surface expression on transduced human CD4* and CD8* T cells was analyzed by flow
cytometry at the day of ACT. Indicated numbers represent the frequency of parent population
{in %). C) Tumor volumes in CLDN6-CAR-BBz and control T cells-treated animals until day 57
are shown. Data are presented as meanzSEM of all mice/group. D} T cell persistence and CAR
surface expression was analyzed in peripheral blood 2 weeks after ACT using flow cytometry.
Representative dot plots are shown. Numbers indicated the frequency of parental

populations.

Figure 8: In vivo expansion via RNA(p) leads to enhanced persistence of CLDN6-CAR-BBz T
cells

2.5 Gy irradiated (XRAD320) C57BL/6BrdCrHsd-Tyr* mice (n = 2-3/group} were i.v. engrafted
with 5 x 10% CLDN6-CAR-BBz-Luc-GFP transduced C57BI/6-Thy1.1* T cells. 8 days after ACT,
mice received hCLDNG6 or Oval (ctrl RNA) encoding mRNA lipoplex vaccination (RNAwup); 20 ug,
i.v.) followed by i.p. administration of nucleoside-modified-formulated RNA encoding murine
albumin (1 pg/ mRNA/ mouse). Vaccination was repeated at day 15, 22, 50 and 85. Sequential
bioluminescence imaging was performed to monitor expansion and persistence on day 1
{baseline) up to day 92 after ACT. A) Schematic overview of the conducted mouse experiment.
B) Example of bioluminescence imaging of mice in lateral position at the indicated time point
after ACT and treatment with antigen RNAwp). Off-color images represent light intensity
{(black, least intense; white up to dark-grey, most intense) which was superimposed over the
greyscale reference images. C) Quantification of bioluminescence during and after the
expansion rounds with CLDNG6-RNAp) /ctri-RNAp in the presence of indicated nucleoside-
modified-formulated cytokine RNAs are shown {(mean+/- s.e.m.}. Gray, vertical lines indicate
the time point of RNA(p) vaccination.ACT: adoptive T cell transfer, TBI: total body irradiation,

BLI: bioluminescence imaging, Luc: effective firefly luciferase, BBz: 4-1BB; z: CD3zeta.

Figure 9: Improved anti-tumoral activity of in vivo expanded CLDN6-CAR-BBz T cells

5x10° CT26 tumor cells were subcutaneously engrafted into Balb/c mice 20 days before 4 Gy
total body irradiation and 26 days prior to ACT of a single dose of 1x10% CLDN6-CAR-BBz or
ctrl-CAR-BBz transduced Balb/c-Thyl.1+ T cells i.v. (n=10/group). At time point of T cell

treatment, mice presented with established tumors of approx. 80 mm? in avargae. Tumor

12
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volume was determined three times weekly using a caliper and calculated according to the
formula V = % (length x width?) with maximum length and width of tumors. A) Schematic
overview of the conducted mouse experiment. B) Mean tumor volumes in CLDN6-CAR-BBz
and ctrl-CAR-BBz-T cells treated animals until day 40 are shown. Data are presented as

meantSEM all mice/group. ACT is indicated as dotted line and RNAp) treatment as grey line.

Figure 10: Restored anti-tumoral efficacy of low-dose in vivo expanded CLDNG-CART celi

5x10® OV90-5C12 tumor cells were subcutaneously engrafted 30 days prior to ACT of a single
dose of either low-dose {1x10%) or high-dose {1x10%) CLDN6-CAR-BBz or 1x107 non-transduced
human T cells i.v. (n=9/group). Used T cell products were manufactured according to the
shortened transduction process (harvested already after 7 days) at the GMP facility. Non-
transduced T cells, which were treated in the same way as transduced T cells, were used as
negative control. Indicated T cell products were thawed, washed with PBS and directly
injection into tumor-bearing mice. In addition, mice that received a low-dose of CAR T cells
were further vaccinated with 20pg RNA(up) either encoding CLDNG or a control antigen as
indicated. Tumor volume was determined three times weekly using a caliper and calculated
according to the formula V = % (length x width?) with maximum length and width of tumors.
Animals were sacrificed when the tumor volume exceeded 1500 mm? or when the tumor
ulcerated. A) Schematic overview of the conducted mouse experiment. B} The CAR surface
expression on transduced human CD4* and CD8* T cells was analyzed by flow cytometry at the
day of adoptive transfer. Indicated numbers represent the frequency of parent population (in
%). C} Tumor growth curves of animals treated with different doses of CLDN6-CAR-BBz +/-
RNAp or control T cells. Data are presented as meantSEM of all mice/group. ACT is indicated
as dotted line and RNAw) treatment as grey lines. D} T cell persistence and CAR surface
expression was analyzed in peripheral blood 2.5 weeks after ACT using flow cytometry.
Representative dot plots are shown. Numbers indicated the frequency of parental

populations.
Figure 11: Dose escalation

Abbreviations: CAR-T, chimeric antigen receptor T cell; CLDNS, claudin 6; CARVac, CLDN6 RNA-

LPX vaccine to promote CAR T cells; DL, dose level; DLT, dose-limiting toxicity

13
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Figure 12: Treatment schedule

Abbreviations: ACT = adoptive cell transfer (CAR-T cell infusion), CAR-T, chimeric antigen
receptor T cell; CARVac, CLDN6 RNA-LPX vaccine to promote CAR T cells; CLDNG, claudin 6;
DLT, dose-limiting toxicity; Cy = cyclophosphamide (500 mg/m?/d}; Flu = fludarabine (30
mg/m?/d)

Figure 13: CAR-T engraftment

Figure 13 shows the CAR-T cell frequency for each dose level with an incremental tendency of
improved engraftment adding CARVac or increasing the dose. Figure 13A shows Part 1 of dose
level 1 (107 CAR T cells, without administration of CLDN6 RNA-LPX). Figure 13B shows Part 2
of dose level 1 (107 CAR T cells, with administration of CLDN6 RNA-LPX). Figure 13C shows Part
1 of dose level 2 (108 CAR T cells, without administration of CLDN6 RNA-LPX). Patients are

numbered independently for each dose level.

Figure 14: Clinical activity

Patients are numbered independently for each dose level.

Data cutoff = NOV 18, 2021. ACT = adoptive cell transfer; CR = complete response; DCR =
disease control rate; EoT = end of trial (due to PD); ORR = overall response rate; PD =
progressive disease; PR = partial response; SD = stable disease, SD+ = SD with shrinkage of

target lesions; wks = weeks; * = w/o lymphodepletion.

Figure 15: Clinical activity in selected patients

Figure 15 shows CT scans of three different patient prior to treatment and after treatment at
the indicated time. Patients are numbered independently for each dose level. The upper three
parts of the figure shows one patient who received an adoptive cell transfer at a dose of 107
cells (dose level 1) in combination with administration of CARVac/CLDN6 RNA-LPX. The four
lower parts of the figure shows two patients who received adoptive cell transfer at the higher

dose level 2 (108 cells) as a monotherapy.

Figure 16: Concept of CLDNG6 CAR-T therapy with CLDN6 RNA-LPX mediated in vivo
expansion of CLDN6 CAR-T cells
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(A) Autologous T cells are engineered to express the CLDNG-CAR and are reinfused into the
{lymphodepleted) patient. (B) Full-length CLDN6-encoding mRNA is complexed with cationic
liposomes to form lipoplexes (CLDN6 RNA-LPX). {C) RNA-LPX selectively targets APCs In
secondary lymphoid organs. The RNA sequence contains an optimized 5'cap and naturally
occurring sequence elements at 3'- and 5'- UTRs that significantly increase the intracellular
half-life and the translational efficiency of the molecule. Engagement of CAR-T cells with the
CAR target results in CAR-T cell activation and expansion. (D) CAR target-encoding RNA-LPX

can be repeatedly administered to prolong the lifetime of CAR-T cells.

APC = antigen-presenting cell; CAR = chimeric antigen receptor; CARVac = CAR-T cell
amplifying RNA Vaccine; CD = cluster of differentiation; CLDN6 = claudin 6; mRNA = messenger
ribonucleic acid; RNA = ribonucleic acid; RNA-LPX = liposomally formulated RNA; UTR =

untranslated region.

Figure 17: Schematic representation of the retroviral vector CG_CAR_001.2 RVV encoding
the CLDNG-CAR transgene CG6_CAR_001.2

CMV hybrid = chimeric 5’ promoter consisting of a human cytomegalovirus immediate-early-
enhamcer element and a murien leukemia virus (MLV)-core promoter; R, U5 = from MLV (wild
type); psi = psi-region of MLV, contains native splice donor and contains B2 variant of PBS;
psi+ = psi+ region of MLV (wild type}, start codon of gag deleted; EFS = short version of the
eukaryotic elongation factor 1-alpha promoter; pre*s = WPRE short version: woodchuck
hepatitis virus post-transcriptional regulatory element; the ** represents the deletion of ATG
in the sequence; AU3 = the enhancer elements in the U3-region of the 3’ LTR were eliminated

(including CAAT-Box], and the TATA-Box sequence was mutated.

Figure 18: Trial design

In the Phase | parts of the trial, patients are enrolled into one of two parts. Part 1 evaluates
CLDN6 CAR-T/CLDN6 CAR-T(A) monotherapy. Part 2 evaluates CLDN6 CAR-T/CLDNG CAR-T(A)
+ CLDN6 RNA-LPX. The Phase Il part of the trial will consist of expansion cohorts. One intra-
patient dose escalation step is included for CLDN6 RNA-LPX, thereafter CLDN6 RNA-LPX is
administered at a fixed dose. Part 1 and Part 2, DL1 and DL2 with CLDN6 CAR-T were complete.
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Parts 1 and 2 will now be performed using CLDN6 CAR-T(A) manufactured using an automated

process.

CAR-T = CAR-T cells manufactured using a manual process; CAR-T(A) = CAR-T cells
manufactured using an automated process; CLDN6 = claudin 6; DL = dose level; DLT = dose-
limiting toxicity; ECOG = Eastern Cooperative Oncology Group; RECIST = Response Evaluation
Criteria in Solid Tumors; RNA-LPX = ribonucleic acid-lipoplex; RP2D = recommended Phase i

dose.

Figure 19: Timeline of treatments

In Part 1 and Part 2, autologous T cells are engineered to express the CLDN6 CAR and reinfused
into the patient on Day 1. Patients enrolled in Part 2 receive additional CLDN6 RNA-LPX
treatment. From DL2, CLDN6 RNA-LPX treatment takes place on Day 24, 36, 51, 72, and 93,
and every 6 weeks thereafter. 1q3w = once every 3 weeks; CAR-T = chimeric antigen receptor
T cell; CLDNG6 = claudin 6; DLT = dose-limiting toxicities; M = month; RNA-LPX = RNA-lipoplex,

liposomally formulated RNA.

Figure 20: Serum IL-6 levels in patients with and without CRS

IL-6 levels were assessed for all 16 patients treated within four pre-defined Phase | cohorts,
DL1 and DL2 for CLDN6 CAR-T cell monotherapy (Part 1), and for the combination with CLDN6
RNA-LPX (Part 2). (A) All patients with CRS (mild to moderate, ASTCT Grade 1 to 2} showed
elevated IL-6 levels and CRS was always manageable by administration of tocilizumab. (B)

Patients that showed no signs of CRS had low to normal IL-6 levels.

ASTCT = American Society for Transplantation and Cellular Therapy; CRS = cytokine release
syndrome; DL = dose level; DL1 = 1x107 CLDN6 CAR-T cells; DL2 = 1x10° CLDN6 CAR-T cells; IL-

6 = interleukin 6.

Figure 21: CLDN6 RNA-LPX improved CAR-T engraftment and persistence at low doses
Two testicular cancer patients were treated with DL1 (upper horizontal dotted line, 10’ CLDN6
CAR-T cells). Patient (A) received multiple CLDN6 RNA-LPX (vertical dashed lines) treatments

and Patient (B) was followed without further intervention. The higher CAT-T engraftment and
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improved persistence translated into clinical benefit {partial response) in Patient A, while rapid
decline of CAR-T cells (below LLQQ, lower horizontal dotted line) resulted in fast progression
of the disease in Patient B. Both patients were re-doses with CAR-T cells (solid vertical lines

indicate first and second adoptive cell transfer.

CAR-T = chimeric antigen receptor engineered T cells; CLDNG = claudin 6; DL = dose level; LLOQ

= lower limit of quantification; RNA-PLX = ribonucleic acid-lipoplex.

Figure 22: CLDNG6 CAR-T cell engraftment per cohort

CAR-T cell frequency in peripheral blood was assessed for all patients treated. The CLDN6-CAR
transgene contains an RNA stabilizing element (WPRE) and the amount of CLDN6& CAR+ cells
within the PBMC input population was determined by quantitative PCR targeting WPRE. Total
CAR-T cell counts were calculated based on the white blood count and a supposed total
volume of 5 L. All patients showed robust CAR-T cell engraftment; data collection is ongoing
for some patients. CRS was more frequently observed at the higher CAR-T dose level (DL2).
The upper dotted lines indicate the applied CAR-T dose and the lower solid lines the LLOQ,
Part 1 and Part 2 patients are shown as black dashed and solid lines, respectively. The 16
patients included in the pre-defined cohorts are shown in black. The patient who received

reduced lymphodepletion is shown in grey, patients without lymphodepletion are not shown.

CAR = chimeric antigen receptor; CAR-T = chimeric antigen receptor engineered T cell; CLDN6
= claudin 6; DL = dose level; DL1 = 1x107 CLDN6 CAR-T cells; DL2 = 1x10% CLDN6 CAR-T cells;
LLOQ = lower limit of quantification; Part 1 = CLDN6 CAR-T monotherapy; Part 2 = CLDN6 CAR-
T + CLDN6 RNA-LPX; PBMC = peripheral blood mononuclear cell; PCR = polymerase chain
reaction; RNA = ribonucleic acid; RNA-LPX = RNA-lipoplex; WPRE = woodchuck hepatitis virus

posttranscriptional regulatory element.

Figure 23: Process flow chart for the automated Process flow chart for the automated
manufacturing of CLONG CAR-T(A) DS utilizing the Prodigy® system

Starting materials are depicted in bold. CAR-T = chimeric antigen receptor T cell; CD = cluster
of differentiation; CLDN6 = claudin 6; DS = drug substance; GMP = Good Manufacturing

Practice; IL = interleukin; MOI = multiplicity of infection; NaCl = sodium chloride.
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Figure 24: Process flow chart for the manufacturing of CLDN6 CAR-T(A) DP
[ samples are taken, but RCR testing will only be initiated after suspicion of RCR activation in
patients. CAR-T = chimeric antigen receptor T cell; CLDN6 = claudin 6; DS = drug substance; DP

= drug product; NaCl = sodium chloride; RCR = replication-competent retrovirus.
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DETAILED DESCRIPTION

The invention relates to compositions and methods for treating cancer such as solid tumors.
In particular, the present invention relates to a strategy of adoptive cell transfer of cells such
as T cells transduced to express a CAR. CARs are molecules that combine specificity for a
desired antigen (e.g., tumor antigen) which preferably is antibody-based with a T cell
receptor-activating intracellular domain to generate a chimeric protein that exhibits a
specific cellular immune activity (e.g., a specific anti-tumor cellular immune activity).
Preferably, a cell can be genetically modified to stably express a CAR on its surface,
conferring novel antigen specificity that is MHC independent. In one embodiment, the
present invention involves T cells genetically modified to stably express a desired CAR. T cells

expressing a CAR are referred to herein as CAR T cells or CAR-modified T cells.

A CAR of the invention combines a CLDN6 antigen binding domain, preferably a domain of a
specific antibody, and an intracellular domain that comprises a 4-1BB costimulatory domain
and a domain of the CD3-zeta chain into a single chimeric protein. In one embodiment, the
CAR of the invention comprises an extracellular domain comprising a CLDN6 antigen binding
domain, a transmembrane domain, and an intracellular domain that comprises a 4-1BB
costimulatory domain and a domain of the CD3-zeta chain. in one embodiment, the
transmembrane domain is not naturally associated with one of the domains in the CAR. In
one embodiment, the transmembrane domain is naturally associated with one of the
domains in the CAR. In one embodiment, the transmembrane domain is modified by amino
acid substitution to avoid binding of such domains to the transmembrane domains of the
same or different surface membrane proteins to minimize interactions with other members

of the receptor complex. Preferably, the transmembrane domain is derived from CD8a.

In one embodiment, the CAR T cells of the invention can be generated by introducing a
retroviral such as lentiviral vector comprising a desired CAR, for example a CAR comprising
anti-CLDN6, CD8a hinge and transmembrane domain, and 4-1BB and CD3zeta signaling
domains, into the cells. The CAR T cells of the invention are preferably able to replicate in

vivo resulting in long-term persistence that can lead to sustained tumor control.
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in one embodiment the invention relates generally to administering a genetically modified T
cell expressing a desired CAR for the treatment of a patient having cancer or at risk of having
cancer. Preferably, autologous cells are used in the treatment. In one embodiment,
autologous PBMCs are collected from a patient in need of treatment and T cells are
activated and expanded using the methods described herein and known in the art and then

infused back into the patient.

In one embodiment, the invention relates generally to the treatment of a human patient
having or at risk of developing CLDN6 expressing cancer such as CLDN6 expressing solid
tumor cancer. The invention includes using T cells expressing an anti-CLDN6-CAR including
both CD3-zeta and the 4-1BB costimulatory domain. The CAR T cells of the invention can
undergo robust in vivo T cell expansion, in particular if contacted with their cognate antigen,
and can persist at high levels for an extended amount of time. In some instances, the CAR T

cells of the invention infused into a patient can eliminate cancer cells in vivo in patients.

Definitions

Although the present invention is described in detail below, it is to be understood that this
invention is 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
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application should be considered disclosed by the description of the present application

unless the context indicates otherwise.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains. Although any methods and materials similar or equivalent to those described
herein can be used in the practice for testing of the present invention, the preferred
materials and methods are described herein. In describing and claiming the present

invention, the following terminology will be used.

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, i.e., the subject-
matter consists in the inclusion of a stated member, integer or step or group of members,

integers or steps.

The articles "a" and "an" are used herein to refer to one or to more than one (i.e., to at least
one) of the grammatical object of the article. By way of example, "an element" means one

element or more than one element.

"About” as used herein when referring to a measurable value such as an amount, a temporal
duration, and the like, is meant to encompass variations of £20% or + 10%, more preferably

+5%, even more preferably 1 %, and still more preferably £0.1 % from the specified value.

The term "antibody", as used herein, refers to an immunoglobulin molecule which binds,
preferably specifically binds with an antigen. Antibodies can be intact immunoglobulins
derived from natural sources or from recombinant sources and can be immunoreactive
portions or fragments of intact immunoglobulins. Antibodies are typically tetramers of

immunoglobulin molecules. The antibodies in the present invention may exist in a variety of
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forms including, for example, polyclonal antibodies, monoclonal antibodies, Fv, Fab and
F(ab),, as well as single chain antibodies and humanized antibodies (Harlow et al., 1999, In:
Using Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, NY; Harlow et
al,, 1989, in: Antibodies: A Laboratory Manual, Cold Spring Harbor, New York; Houston et al.,
1988, Proc. Natl. Acad. Sci. USA 85:5879-5883; Bird et al., 1988, Science 242:423-426).

Antibodies expressed by B cells are sometimes referred to as the BCR (B cell receptor) or
antigen receptor. The Five members included in this class of proteins are IgA, 1gG, IgM, IgD,
and IgE. IgA is the primary antibody that is present in body secretions, such as saliva, tears,
breast milk, gastrointestinal secretions and mucus secretions of the respiratory and
genitourinary tracts. IgG is the most common circulating antibody. IgM is the main
immunoglobulin produced in the primary immune response in most subjects. It is the most
efficient immunoglobulin in agglutination, complement fixation, and other antibody
responses, and is important in defense against bacteria and viruses. IgD is the
immunoglobulin that has no known antibody function, but may serve as an antigen receptor.
IgE is the immunoglobulin that mediates immediate hypersensitivity by causing release of

mediators from mast cells and basophils upon exposure to allergen.

The term "antibody fragment" refers to a portion of an intact antibody and typically

comprises the antigenic determining variable regions of an intact antibody.

Examples of antibody fragments include, but are not limited to, Fab, Fab', F{ab')2, and Fv
fragments, linear antibodies, scFv antibodies, and multispecific antibodies formed from

antibody fragments.

An "antibody heavy chain", as used herein, refers to the larger of the two types of

polypeptide chains present in antibody molecules in their naturally occurring conformations.
An "antibody light chain", as used herein, refers to the smaller of the two types of

polypeptide chains present in antibody molecules in their naturally occurring conformations,

k and A light chains refer to the two major antibody light chain isotypes.
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The term "antigen" or "Ag" as used herein is defined as a molecule that provokes an immune
response. This immune response may involve either antibody production, or the activation
of specific immunologically-competent cells, or both. The skilled artisan will understand that
any macromolecule, including virtually all proteins or peptides, can serve as an antigen.

Furthermore, antigens can be naturally occurring or recombinant antigens.

In the context of the present invention, the term "tumor antigen" refers to antigens that are

common to specific hyperproliferative disorders such as cancer.

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-termini located in the cytoplasm. The first extracellular
loop, termed EC1 or ECL1, consists on average of 53 amino acids, and the second
extracellular loop, termed EC2 or ECL2, consists of around 24 amino acids. 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 signalling.

Claudin 6 {CLDN®) is an oncofetal gene expressed in murine and human stem cells as well as
embryoid bodies committed to the epithelia cell fate (Turksen, K. et al. (2001) Dev Dyn 222,
292-300; Anderson WI. et al. (2008) Dev Dyn 237, 504-12; Turksen K. et al. (2002)
Development, 129, 1775-84; Assou S. et al. (2007) Stem Cells 25, 961-73). As a tumor-
associated antigen it can be classified as a differentiation antigen due to its expression
during early stage of epidermal morphogenesis where it is crucial for epidermal
differentiation and barrier formation. Additionally expression was observed in epithelial
tissues or neonatal normal epithelial tissue of tongue, skin, stomach and breast (Abuazza G.
et al. (2006), Am J Physiol Renal Physiol 291, 1132-1141; Troy T.C. et al. (2007), Molecular
Biotechnology 36, 166-74; Zhao L. et al. (2008), Am J Physiol Regul Integr Comp Physiol 294,
1856-1862). Besides that, own data also reveal low or very low expression of CLDN6 in
human placenta, urinary bladder, endometrium, prostate and the peripheral nerve and
frequent overexpression of CLDNG in different cancers. CLDN6 has been demonstrated to be

overexpressed in tumors, including pediatric brain tumors, gastric adenocarcinomas and
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germ cell tumors as well as visceral carcinomas such as ovarian carcinomas. It has also been
demonstrated that overexpression of CLDNG6 in gastric cancer cells results in increased
invasiveness, migration and proliferation suggesting that CLDNG6 is a marker for poor
prognosis and may play a potential role in maintaining the malignant phenotype. In addition,
it has been shown that CLDN6 functions as cancer suppressor via inhibition of cell

proliferation and induction of apoptosis in breast cancer cell lines.

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 is 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 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 CLDN6 expression is 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.
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The term "CLDN6" preferably relates to human CLDNS6, and, in particular, to a protein
comprising, preferably consisting of the amino acid sequence of SEQ ID NO: 1 or SEQ ID NO:
2 of the sequence listing or a variant of said amino acid sequence. The first extracellular loop
of CLDNG6 preferably comprises amino acids 28 to 80, more preferably amino acids 28 to 76
of the amino acid sequence shown in SEQ ID NO: 1 or the amino acid sequence shown in SEQ
ID NO: 2. 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: 1 or the amino acid sequence shown in SEQ ID
NO: 2. Said first and second extracellular loops preferably form the extracellular portion of

CLDNS6.

The term "expressed on the cell surface" or "associated with the cell surface” means that
a molecule such as CLDNG6 is associated with and located at the plasma membrane of a
cell, wherein at least a part of the molecule faces the extracellular space of said cell and is
accessible from the outside of said cell, e.g., by antibodies located outside the cell. In this
context, a part is preferably at least 4, preferably at least 8, preferably at least 12, more
preferably at least 20 amino acids. The association may be direct or indirect. For example,
the association may be by one or more transmembrane domains, one or more lipid
anchors, or by the interaction with any other protein, lipid, saccharide, or other structure
that can be found on the outer leaflet of the plasma membrane of a cell. For example, a
molecule associated with the surface of a cell may be a transmembrane protein having an
extracellular portion or may be a protein associated with the surface of a cell by

interacting with another protein that is a transmembrane protein.

"Cell surface” or "surface of a cell" 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.

"Cell-mediated immunity", "cellular immunity", "cellular immune response”, or similar terms
are meant to include a cellular response directed to cells characterized by expression of an
antigen, in particular characterized by presentation of an antigen with class | or class Il MHC.

The cellular response relates to cells called T cells or T lymphocytes which act as either
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"helpers" or "killers". The helper T cells (also termed CD4* T cells) play a central role by
regulating the immune response and the killer cells (also termed cytotoxic T cells, cytolytic T
cells, CD8* T cells or CTLs) kill diseased cells such as cancer cells, preventing the production

of more diseased cells.

The term "epitope" refers to an antigenic determinant in a molecule such as an antigen, i.e.,
to a part in or fragment of the molecule, that is recognized, i.e. bound, by the immune
system, for example, that is recognized by an antibody or CAR. For example, epitopes are the
discrete, three-dimensional sites on an antigen, which are recognized by the immune
system. Epitopes usually consist of chemically active surface groupings of molecules such as
amino acids or sugar side chains and usually have specific three dimensional structural
characteristics, as well as specific charge characteristics. Conformational and non-
conformational epitopes are distinguished in that the binding to the former but not the
latter is lost in the presence of denaturing solvents. Preferably an epitope is capable of
eliciting an immune response against the antigen or a cell expressing the antigen. Preferably,
the term relates to an immunogenic portion of an antigen. An epitope of a protein such as a
tumor antigen preferably comprises a continuous or discontinuous portion of said protein
and is preferably between 5 and 100, preferably between 5 and 50, more preferably
between 8 and 30, most preferably between 10 and 25 amino acids in length, for example,
the epitope may be preferably 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or

25 amino acids in length.

"Antigen processing" refers to the degradation of an antigen into procession products, which
are fragments of said antigen (e.g., the degradation of a protein into peptides) and the
association of one or more of these fragments (e.g., via binding) with MHC molecules for

presentation by cells, preferably antigen presenting cells to specific T cells.

An antigen-presenting cell (APC) is a cell that displays antigen in the context of major
histocompatibility complex (MHC) on its surface. T cells may recognize this complex using
their T cell receptor (TCR). Antigen-presenting cells process antigens and present themto T
cells. According to the invention, the term "antigen-presenting cell" includes professional

antigen-presenting cells and non-professional antigen-presenting cells.
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Professional antigen-presenting cells are very efficient at internalizing antigen, either by
phagocytosis or by receptor-mediated endocytosis, and then displaying a fragment of the
antigen, bound to a class Il MHC molecule, on their membrane. The T cell recognizes and
interacts with the antigen-class Il MHC molecule complex on the membrane of the antigen-
presenting cell. An additional co-stimulatory signal is then produced by the antigen-
presenting cell, leading to activation of the T cell. The expression of co-stimulatory
molecules is a defining feature of professional antigen-presenting cells. The main types of
professional antigen-presenting cells are dendritic cells, which have the broadest range of
antigen presentation, and are probably the most important antigen-presenting cells,

macrophages, B cells, and certain activated epithelial cells.

The term "macrophage" refers to a subgroup of phagocytic cells produced by the
differentiation of monocytes. Macrophages which are activated by inflammation, immune
cytokines or microbial products nonspecifically engulf and kill foreign pathogens within the
macrophage by hydrolytic and oxidative attack resulting in degradation of the pathogen.
Peptides from degraded proteins are displayed on the macrophage cell surface where they
can be recognized by T cells, and they can directly interact with antibodies on the B cell
surface, resulting in T and B cell activation and further stimulation of the immune response.
Macrophages belong to the class of antigen presenting cells. In one embodiment, the

macrophages are splenic macrophages.

The term "dendritic cell” (DC) refers to another subtype of phagocytic cells belonging to the
class of antigen presenting cells. In one embodiment, dendritic cells are derived from
hematopoietic bone marrow progenitor cells. These progenitor cells initially transform into
immature dendritic cells. These immature cells are characterized by high phagocytic activity
and low T cell activation potential. Immature dendritic cells constantly sample the
surrounding environment for pathogens such as viruses and bacteria. Once they have come
into contact with a presentable antigen, they become activated into mature dendritic cells
and begin to migrate to the spleen or to the lymph node. Immature dendritic cells
phagocytose pathogens and degrade their proteins into small pieces and upon maturation

present those fragments at their cell surface using MHC molecules. Simultaneously, they
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upregulate cell-surface receptors that act as co-receptors in T cell activation such as CD80,
CD86, and CD40 greatly enhancing their ability to activate T cells. They also upregulate CCR7,
a chemotactic receptor that induces the dendritic cell to travel through the blood stream to
the spleen or through the lymphatic system to a lymph node. Here they act as antigen-
presenting cells and activate helper T cells and killer T cells as well as B cells by presenting
them antigens, alongside non-antigen specific co-stimulatory signals. Thus, dendritic cells
can actively induce a T cell- or B cell-related immune response. In one embodiment, the

dendritic cells are splenic dendritic cells.

According to the invention, the term "CAR" (or "chimeric antigen receptor") relates to an
artificial receptor comprising a single molecule or a complex of molecules which recognizes,
i.e. binds to, a target structure (e.g. an antigen) on a target cell such as a cancer cell (e.g. by
binding of an antigen binding domain to an antigen expressed on the surface of the target
cell) and may confer specificity onto an immune effector cell such as a T cell expressing said
CAR on the cell surface. Preferably, recognition of the target structure by a CAR results in
activation of an immune effector cell expressing said CAR. A CAR may comprise one or more
protein units said protein units comprising one or more domains as described herein. The

term "CAR" does not include T cell receptors.

Adoptive cell transfer therapy with CAR-engineered T cells expressing chimeric antigen
receptors is a promising anti-cancer therapeutic as CAR-modified T cells can be engineered
to target virtually any tumor antigen. For example, patient's T cells may be genetically
engineered (genetically modified) to express CARs specifically directed towards antigens on

the patient's tumor cells, then infused back into the patient.

The term "anti-tumor" as used herein, refers to a biological effect which can be manifested
by a decrease in tumor volume, a decrease in the number of tumor cells, a decrease in the
number of metastases, a prevention of the occurrence of tumor in the first place, an
increase in life expectancy, or amelioration of various physiological symptoms associated

with the cancerous condition.
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As used herein, the term "autologous" is meant to refer to any material derived from the

same individual to which it is later to be re-introduced into the individual.

"Allogeneic” refers to a graft derived from a different animal of the same species,

"Xenogeneic" refers to a graft derived from an animal of a different species.

The term "syngeneic" is used to describe anything that is derived from individuals or tissues
having identical genotypes, i.e., identical twins or animals of the same inbred strain, or their

tissues.

The term "cancer" as used herein is defined as disease characterized by the rapid and
uncontrolled growth of aberrant cells. Cancer cells can spread locally or through the
bloodstream and lymphatic system to other parts of the body. Examples of various cancers
include but are not limited to, breast cancer, prostate cancer, ovarian cancer, cervical
cancer, skin cancer, pancreatic cancer, colorectal cancer, renal cancer, liver cancer, brain
cancer, lymphoma, leukemia, lung cancer and the like. In one embodiment, a cancer
comprises a solid tumor. In one embodiment, a cancer comprises testicular cancer. In one
embodiment, a cancer comprises cancer metastasis; e.g., testicular cancer metastasis, such
as metastasis into lung and/or liver.

As used herein, the terms "peptide”, "polypeptide", and "protein" are used interchangeably,
and refer to a compound comprised of amino acid residues covalently linked by peptide
bonds. A protein or peptide must contain at least two amino acids, and no limitation is
placed on the maximum number of amino acids that can comprise a protein's or peptide's
sequence. Polypeptides include any peptide or protein comprising two or more amino acids
joined to each other by peptide bonds. As used herein, the term refers to both short chains,
which also commonly are referred to in the art as peptides, oligopeptides and oligomers, for
example, and to longer chains, which generally are referred to in the art as proteins, of
which there are many types. "Polypeptides" include, for example, biologically active
fragments, substantially homologous polypeptides, oligopeptides, homodimers,

heterodimers, variants of polypeptides, modified polypeptides, derivatives, analogs, fusion
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proteins, among others. The polypeptides include natural peptides, recombinant peptides,

synthetic peptides, or a combination thereof.

The term "polynucleotide" as used herein is defined as a chain of nucleotides. Furthermore,
nucleic acids are polymers of nucleotides. Thus, nucleic acids and polynucleotides as used
herein are interchangeable. One skilled in the art has the general knowledge that nucleic
acids are polynucleotides, which can be hydrolyzed into the monomeric "nucleotides." The
monomeric nucleotides can be hydrolyzed into nucleosides. As used herein polynucleotides
include, but are not limited to, all nucleic acid sequences which are obtained by any means
available in the art, including, without limitation, recombinant means, i.e., the cloning of
nucleic acid sequences from a recombinant library or a cell genome, using ordinary cloning
technology and PCR™, and the like, and by synthetic means. The term "polynucleotide" as
used herein is to be interpreted broadly, and includes DNA and RNA, including modified DNA
and RNA.

In some embodiment, the peptides or polypeptides described herein such as CAR molecules
or cognate antigen molecules are encoded by a coding sequence which is codon-optimized
and/or the G/C content of which is increased compared to wild type coding sequence. This
also includes embodiments, wherein one or more sequence regions of the coding sequence
are codon-optimized and/or increased in the G/C content compared to the corresponding
sequence regions of the wild type coding sequence. In one embodiment, the codon-
optimization and/or the increase in the G/C content preferably does not change the

sequence of the encoded amino acid sequence.

The term "codon-optimized"” refers to the alteration of codons in the coding region of a
nucleic acid molecule to refiect the typical codon usage of a host organism without
preferably altering the amino acid sequence encoded by the nucleic acid molecule. Within
the context of the present invention, coding regions are preferably codon-optimized for
optimal expression in a subject to be treated using the polynucleotides described herein.
Codon-optimization is based on the finding that the translation efficiency is also determined

by a different frequency in the occurrence of tRNAs in cells. Thus, the sequence of
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polynucleotides may be modified such that codons for which frequently occurring tRNAs are

available are inserted in place of "rare codons".

In some embodiments of the invention, the guanosine/cytosine (G/C) content of the coding
region of the polynucleotides described herein is increased compared to the G/C content of
the corresponding coding sequence of the wild type polynucleotides, wherein the amino
acid sequence encoded by the polynucleotides is preferably not modified compared to the
amino acid sequence encoded by the wild type polynucleotides. This modification of the
polynucleotide sequence is based on the fact that the sequence of any polynucleotide region
to be translated is important for efficient translation of that polynucleotide. Sequences
having an increased G (guanosine)/C (cytosine) content are more stable than sequences
having an increased A (adenosine)/U (uracil) content. In respect to the fact that several
codons code for one and the same amino acid (so-called degeneration of the genetic code),
the most favorable codons for the stability can be determined (so-called alternative codon
usage). Depending on the amino acid to be encoded by the polynucleotide, there are various
possibilities for modification of the polynucleotide sequence, compared to its wild type
sequence. In particular, codons which contain A and/or U nucleotides can be modified by
substituting these codons by other codons, which code for the same amino acids but contain

no A and/or U or contain a lower content of A and/or U nucleotides.

In various embodiments, the G/C content of the coding region of the polynucleotides
described herein is increased by at least 10%, at least 20%, at least 30%, at least 40%, at
least 50%, at least 55%, or even more compared to the G/C content of the coding region of

the wild type polynucleotides.

In the present disclosure, the term "RNA" relates to a nucleic acid molecule which includes
ribonucleotide residues. In preferred embodiments, the RNA contains all or a majority of
ribonucleotide residues. As used herein, "ribonucleotide" refers to a nucleotide with a
hydroxyl group at the 2'-position of a B-D-ribofuranosyl group. RNA encompasses without
limitation, double stranded RNA, single stranded RNA, isolated RNA such as partially purified
RNA, essentially pure RNA, synthetic RNA, recombinantly produced RNA, as well as modified

RNA that differs from naturally occurring RNA by the addition, deletion, substitution and/or
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alteration of one or more nuclectides. Such alterations may refer to addition of non-
nucleotide material to internal RNA nucleotides or to the end(s) of RNA. It is also
contemplated herein that nucleotides in RNA may be non-standard nucleotides, such as
chemically synthesized nucleotides or deoxynucleotides. For the present disclosure, these

altered RNAs are considered analogs of naturally-occurring RNA.

In certain embodiments of the present disclosure, the RNA is messenger RNA (mRNA) that
relates to a RNA transcript which encodes a peptide or protein. As established in the art,
mRNA generally contains a 5' untranslated region (5'-UTR), a peptide coding region and a 3'
untranslated region (3'-UTR). In some embodiments, the RNA is produced by in vitro
transcription or chemical synthesis. In one embodiment, the mRNA is produced by in vitro
transcription using a DNA template where DNA refers to a nucleic acid that contains

deoxyribonucleotides.

In one embodiment, RNA is in vitro transcribed RNA (IVT-RNA) and may be obtained by in
vitro transcription of an appropriate DNA template. The promoter for controliing
transcription can be any promoter for any RNA polymerase. A DNA template for in vitro
transcription may be obtained by cloning of a nucleic acid, in particular cDNA, and
introducing it into an appropriate vector for in vitro transcription. The cDNA may be

obtained by reverse transcription of RNA.

In one embodiment, the RNA may have modified ribonucleotides. Examples of modified
ribonucleotides include, without limitation, 5-methylcytidine, pseudouridine and/or 1-

methyl-pseudouridine.

In some embodiments, the RNA comprises a modified nucleoside in place of at least cne
(e.g., every) uridine.
The term "uracil," as used herein, describes one of the nucleobases that can occur in the

nucleic acid of RNA. The structure of uracil is:
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The term "uridine," as used herein, describes one of the nucleosides that can occur in RNA.

The structure of uridine is:
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UTP (uridine 5’-triphosphate) has the following structure
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Pseudo-UTP (pseudouridine 5’-triphosphate) has the following structure:
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"Pseudouridine" is one example of a modified nucleoside that is an isomer of uridine, where

the uracil is attached to the pentose ring via a carbon-carbon bond instead of a nitrogen-

carbon glycosidic bond.

Another exemplary modified nucleoside is N1-methyl-pseudouridine (m1W), which has the
15 structure:
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Another exemplary modified nucleoside is 5-methyl-uridine (m5U), which has the structure:

o)
HaC
? | NH
HO :
o N0
OH OH

in some embodiments, one or more uridine in the RNA described herein is replaced by a
modified nucleoside. In some embodiments, the modified nucleoside is a modified uridine.
In some embodiments, the modified uridine replacing uridine is pseudouridine (), N1-
10 methyl-pseudouridine (m1ys), or 5-methyl-uridine (m5U).
In some embodiments, the modified nucleoside replacing one or more, e.g., all, uridine in
the RNA may be any one or more of 3-methyl-uridine (m3U), 5-methoxy-uridine (mo°U), 5-
aza-uridine, 6-aza-uridine, 2-thio-5-aza-uridine, 2-thio-uridine (s2U), 4-thio-uridine (s*U), 4-
thio-pseudouridine, 2-thio-pseudouridine, 5-hydroxy-uridine (ho®U), 5-aminoallyl-uridine, 5-
15 halo-uridine (e.g., 5-iodo-uridineor 5-bromo-uridine), uridine 5-oxyacetic acid (cmo°U),
uridine 5-oxyacetic acid methyl ester (mcmo®U), 5-carboxymethyl-uridine (cm>U), 1-

carboxymethyl-pseudouridine, 5-carboxyhydroxymethyl-uridine (chm®°U), 5-
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carboxyhydroxymethyl-uridine methyl ester (mchm>U), 5-methoxycarbonylmethyl-uridine
(mem®U), 5-methoxycarbonylmethyl-2-thio-uridine (mcm?>s2U), 5-aminomethyl-2-thio-
uridine (nm°s2U), 5-methylaminomethyl-uridine (mnm>U), 1-ethyl-pseudouridine, 5-
methylaminomethyl-2-thio-uridine {(mnm®s2U), 5-methylaminomethyl-2-seleno-uridine
(mnm®se?U), 5-carbamoylmethyl-uridine (ncm®U), 5-carboxymethylaminomethyl-uridine
(cmnm>U), 5-carboxymethylaminomethyl-2-thio-uridine {cmnm®sU), 5-propynyl-uridine, 1-
propynyl-pseudouridine, 5-taurinomethyl-uridine (tm>U), 1-taurinomethyl-pseudouridine, 5-
taurinomethyl-2-thio-uridine(tm5s2U), 1-taurinomethyl-4-thio-pseudouridine), 5-methyl-2-
thio-uridine (m>s?U), 1-methyl-4-thio-pseudouridine {(m*s*(), 4-thio-1-methyl-
pseudouridine, 3-methyl-pseudouridine (m3y), 2-thio-1-methyl-pseudouridine, 1-methyl-1-
deaza-pseudouridine, 2-thio-1-methyl-1-deaza-pseudouridine, dihydrouridine (D),
dihydropseudouridine, 5,6-dihydrouridine, 5-methyl-dihydrouridine (m>D), 2-thio-
dihydrouridine, 2-thio-dihydropseudouridine, 2-methoxy-uridine, 2-methoxy-4-thio-uridine,
4-methoxy-pseudouridine, 4-methoxy-2-thio-pseudouridine, N1-methyl-pseudouridine, 3-(3-
amino-3-carboxypropyljuridine (acp®U), 1-methyl-3-(3-amino-3-
carboxypropyl)pseudouridine (acp® ), 5-(isopentenylaminomethyljuridine (inm>U), 5-
(isopentenylaminomethyl)-2-thio-uridine (inm>s2U), a-thio-uridine, 2’-O-methyl-uridine
(Um), 5,2’-0-dimethyl-uridine (m*Um), 2’-O-methyl-pseudouridine (ym), 2-thio-2’-O-methyl-
uridine (s?Um), 5-methoxycarbonylmethyl-2’-0-methyl-uridine (mcm®Um), 5-
carbamoylmethyl-2’-O-methyl-uridine (hcm®Um), 5-carboxymethylaminomethyl-2'-O-
methyl-uridine (cmnm>Um), 3,2’-O-dimethyl-uridine {(m3Um), 5-(isopentenylaminomethyl)-
2'-O-methyl-uridine (inm>Um), 1-thio-uridine, deoxythymidine, 2'-F-ara-uridine, 2'-F-uridine,
2’-OH-ara-uridine, 5-(2-carbomethoxyvinyl) uridine, 5-[3-(1-E-propenylamino)uridine, or any
other modified uridine known in the art.

In some embodiments, RNA comprises a modified nucleoside in place of at least one uridine.
In some embodiments, RNA comprises a modified nucleoside in place of each uridine.

In some embodiments, the modified nucleoside is independently selected from
pseudouridine (), N1-methyl-pseudouridine (m1y), and 5-methyl-uridine (m5U). In some
embodiments, the modified nucleoside comprises pseudouridine (). in some embodiments,
the modified nucleoside comprises N1-methyl-pseudouridine (m1y). In some embodiments,
the modified nucleoside comprises 5-methyl-uridine (m5U). In some embodiments, RNA

may comprise more than one type of modified nucleoside, and the modified nucleosides are
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independently selected from pseudouridine (), N1-methyl-pseudouridine (m1y), and 5-
methyl-uridine (m5SU). In some embodiments, the modified nucleosides comprise
pseudouridine (1) and N1-methyl-pseudouridine {(m1y). In some embodiments, the
modified nucleosides comprise pseudouridine () and 5-methyl-uridine (m5U). In some
embodiments, the modified nucleosides comprise N1-methyl-pseudouridine (m1y) and 5-
methyl-uridine {m5U). In some embodiments, the modified nucleosides comprise
pseudouridine (), N1-methyl-pseudouridine (m1y), and 5-methyl-uridine (m5U).

In one embodiment, the RNA comprises other modified nucleosides or comprises further
modified nucleosides, e.g., modified cytidine. For example, in one embodiment, in the RNA
5-methylcytidine is substituted partially or completely, preferably completely, for cytidine. In
one embodiment, the RNA comprises 5-methylcytidine and one or more selected from
pseudouridine ({1}, N1-methyl-pseudouridine (m1y), and 5-methyl-uridine {m5U). In one
embodiment, the RNA comprises 5-methylcytidine and N1-methyl-pseudouridine (m1y¢). In
some embodiments, the RNA comprises 5-methylcytidine in place of each cytidine and N1-

methyl-pseudouridine (m1y) in place of each uridine.

In some embodiments, the RNA according to the present disclosure comprises a 5'-cap. In
one embodiment, the RNA of the present disclosure does not have uncapped 5'-
triphosphates. In one embodiment, the RNA may be modified by a 5'- cap analog. The term
"5'-cap" refers to a structure found on the 5'-end of an mRNA molecule and generally
consists of a guanosine nucleotide connected to the mRNA via a 5' to 5' triphosphate
linkage. In one embodiment, this guanosine is methylated at the 7-position. Providing an
RNA with a 5'-cap or 5'-cap analog may be achieved by in vitro transcription, in which the 5'-
cap is co-transcriptionally expressed into the RNA strand, or may be attached to RNA post-

transcriptionally using capping enzymes.

In some embodiments, the building block cap for RNA is m;”3OGppp(m12C)ApG (also

sometimes referred to as my”3 °G(5’)ppp(5’')m?-CApG), which has the following structure:
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Below is another exemplary Cap1 RNA (no cap analog):
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In some embodiments, the RNA is modified with "CapQ" structures using, in one

embodiment, the cap analog anti-reverse cap (ARCA Cap (m27? °G(5’)ppp(5’)G)) with the

structure:
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Below is an exemplary Cap0 RNA comprising RNA and m2”3 °G(5")ppp(5')G:
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In some embodiments, the "Cap0" structures are generated using the cap analog Beta-S-

ARCA (m7”2 OG(5’)ppSp(5’)G) with the structure:
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Below is an exemplary Cap0 RNA comprising Beta-S-ARCA (m272°G(5’)ppSp(5’)G) and RNA:
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A particularly preferred Cap comprises the 5’-cap m;”2°G(5’)ppSp(5°’)G. In some
embodiments, RNA described herein comprises the 5’-cap m,”?°G(5")ppSp(5’)G. The "D1"
diastereomer of Beta-S-ARCA or "Beta-S-ARCA(D1)" is the diastereomer of Beta-S-ARCA
which elutes first on an HPLC column compared to the D2 diastereomer of Beta-S-ARCA
{(Beta-S-ARCA(D2)) and thus exhibits a shorter retention time (cf., WO 2011/015347, herein

incorporated by reference). A particularly preferred cap is Beta-S-ARCA(D1) (m2”?"°GppSpG).

In some embodiments, RNA according to the present disclosure comprises a 5-UTR and/or a
3'-UTR. The term "untranslated region" or "UTR" relates to a region in a DNA molecule which
is transcribed but is not translated into an amino acid sequence, or to the corresponding
region in an RNA molecule, such as an mRNA molecule. An untranslated region (UTR) can be
present 5' (upstream) of an open reading frame (5'-UTR) and/or 3' (downstream) of an open
reading frame (3'-UTR). A 5'-UTR, if present, is located at the 5' end, upstream of the start
codon of a protein-encoding region. A 5'-UTR is downstream of the 5'-cap (if present), e.g.
directly adjacent to the 5'-cap. A 3'-UTR, if present, is located at the 3' end, downstream of
the termination codon of a protein-encoding region, but the term "3'-UTR" does preferably
not include the poly(A) tail. Thus, the 3'-UTR is upstream of the poly(A) sequence (if

present), e.g. directly adjacent to the poly(A) sequence.

A particularly preferred 5’-UTR comprises the nucleotide sequence of SEQ ID NO: 44. A

particularly preferred 3’-UTR comprises the nucleotide sequence of SEQ ID NO: 45.
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In some embodiments, RNA comprises a 5'-UTR comprising the nucleotide sequence of SEQ
ID NO: 44, or a nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or
80% identity to the nucleotide sequence of SEQ ID NO: 44.
In some embodiments, RNA comprises a 3'-UTR comprising the nucleotide sequence of SEQ
ID NO: 45, or a nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or
80% identity to the nucleotide sequence of SEQ ID NO: 45.

In some embodiments, the RNA according to the present disclosure comprises a 3'-poly(A)
sequence.

As used herein, the term "poly-A tail" or "poly-A sequence" refers to an uninterrupted or
interrupted sequence of adenylate residues which is typically located at the 3'-end of an RNA
molecule. Poly-A tails or poly-A sequences are known to those of skill in the art and may
follow the 3’-UTR in the RNAs described herein. An uninterrupted poly-A tail is characterized
by consecutive adenylate residues. In nature, an uninterrupted poly-A tail is typical. RNAs
disclosed herein can have a poly-A tail attached to the free 3'-end of the RNA by a template-
independent RNA polymerase after transcription or a poly-A tail encoded by DNA and
transcribed by a template-dependent RNA polymerase.

It has been demonstrated that a poly-A tail of about 120 A nucleotides has a beneficial
influence on the levels of RNA in transfected eukaryotic cells, as well as on the levels of
protein that is translated from an open reading frame that is present upstream (5’) of the
poly-A tail (Holtkamp et al., 2006, Blood, vol. 108, pp. 4009-4017).

The poly-A tail may be of any length. In some embodiments, a poly-A tail comprises,
essentially consists of, or consists of at least 20, at least 30, at least 40, at least 80, or at least
100 and up to 500, up to 400, up to 300, up to 200, or up to 150 A nucleotides, and, in
particular, about 120 A nucleotides. In this context, "essentially consists of" means that most
nucleotides in the poly-A tail, typically at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% by number of
nucleotides in the poly-A tail are A nucleotides, but permits that remaining nucleotides are
nucleotides other than A nucleotides, such as U nucleotides (uridylate), G nucleotides
(guanylate), or C nucleotides (cytidylate). In this context, "consists of" means that all
nucleotides in the poly-A tail, i.e., 100% by number of nucleotides in the poly-A tail, are A

nucleotides. The term "A nucleotide" or "A" refers to adenylate.
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In some embodiments, a poly-A tail is attached during RNA transcription, e.g., during
preparation of in vitro transcribed RNA, based on a DNA template comprising repeated dT
nucleotides (deoxythymidylate) in the strand complementary to the coding strand. The DNA
sequence encoding a poly-A tail (coding strand) is referred to as poly(A) cassette.

In some embodiments, the poly(A) cassette present in the coding strand of DNA essentially
consists of dA nucleotides, but is interrupted by a random sequence of the four nucleotides
(dA, dC, dG, and dT). Such random sequence may be 5 to 50, 10 to 30, or 10to 20
nucleotides in length. Such a cassette is disclosed in WO 2016/005324 A1, hereby
incorporated by reference. Any poly(A) cassette disclosed in WO 2016/005324 Al may be
used in the present invention. A poly(A) cassette that essentially consists of dA nucleotides,
but is interrupted by a random sequence having an equal distribution of the four nucleotides
(dA, dC, dG, dT) and having a length of e.g., 5 to 50 nucleotides shows, on DNA level,
constant propagation of plasmid DNA in E. coli and is still associated, on RNA level, with the
beneficial properties with respect to supporting RNA stability and translational efficiency.
Consequently, in some embodiments, the poly-A tail contained in an RNA molecule
described herein essentially consists of A nucleotides, but is interrupted by a random
sequence of the four nucleotides (A, C, G, U). Such random sequence may be 5 to 50, 10 to
30, or 10 to 20 nucleotides in length.

In some embodiments, no nucleotides other than A nucleotides flank a poly-A tail at its 3'-
end, i.e., the poly-A tail is not masked or followed at its 3'-end by a nucleotide other than A.
In some embodiments, a poly-A tail comprises the sequence of SEQ ID NO: 46.

In some embodiments, RNA comprises a poly-A tail. In some embodiments, the poly-A tail
may comprise at least 20, at least 30, at least 40, at least 80, or at least 100 and up to 500,
up to 400, up to 300, up to 200, or up to 150 nucleotides. In some embodiments, the poly-A
tail may essentially consist of at least 20, at least 30, at least 40, at least 80, or at least 100
and up to 500, up to 400, up to 300, up to 200, or up to 150 nucleotides. In some
embodiments, the poly-A tail may consist of at least 20, at least 30, at least 40, at least 80, or
at least 100 and up to 500, up to 400, up to 300, up to 200, or up to 150 nucleotides. In some
embodiments, the poly-A tail may comprise the poly-A tail shown in SEQ ID NO: 46. In some
embodiments, the poly-A tail comprises at least 100 nucleotides. In some embodiments, the
poly-A tail comprises about 150 nucleotides. In some embodiments, the poly-A tail

comprises about 120 nucleotides.
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In some embodiments, RNA comprises a poly-A tail comprising the nucleotide sequence of
SEQ ID NO: 46, or a nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 46.

In the context of the present disclosure, the term "transcription" relates to a process,
wherein the genetic code in a DNA sequence is transcribed into RNA. Subsequently, the RNA
may be translated into peptide or protein. The term "transcription" comprises "in vitro
transcription”, wherein the term "in vitro transcription” relates to a process wherein RNA, in
particular mRNA, is in vitro synthesized in a cell-free system, preferably using appropriate
cell extracts. Preferably, cloning vectors are applied for the generation of transcripts. These
cloning vectors are generally designated as transcription vectors and are according to the
present invention encompassed by the term "vector”. According to the present invention,
the RNA used in the present invention preferably is in vitro transcribed RNA (IVT-RNA) and
may be obtained by in vitro transcription of an appropriate DNA template. The promoter for
controlling transcription can be any promoter for any RNA polymerase. Particular examples
of RNA polymerases are the T7, T3, and SP6 RNA polymerases. Preferably, the in vitro
transcription according to the invention is controlled by a T7 or SP6 promoter. A DNA
template for in vitro transcription may be obtained by cloning of a nucleic acid, in particular
cDNA, and introducing it into an appropriate vector for in vitro transcription. The cDNA may

be obtained by reverse transcription of RNA.

The term "translation" relates to the process in the ribosomes of a cell by which a strand of

mRNA directs the assembly of a sequence of amino acids to make a peptide or protein.

"Encoding" refers to the inherent property of specific sequences of nucleotides in a
polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as templates for synthesis of
other polymers and macromolecules in biological processes having either a defined
sequence of nucleotides (i.e., rRNA, tRNA and mRNA) or a defined sequence of amino acids
and the biological properties resulting therefrom. Thus, a gene encodes a protein if
transcription and translation of mRNA corresponding to that gene produces the protein in a
cell or other biological system. Both the coding strand, the nucleotide sequence of which is

identical to the mRNA sequence and is usually provided in sequence listings, and the non-
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coding strand, used as the template for transcription of a gene or cDNA, can be referred to

as encoding the protein or other product of that gene or cDNA.

As used herein "endogenous" refers to any material from or produced inside an organism,

cell, tissue or system.

As used herein, the term "exogenous" refers to any material introduced from or produced

outside an organism, cell, tissue or system.

The term "expression" as used herein is defined as the transcription and/or translation of a

particular nucleotide sequence.

"Expression vector" refers to a vector comprising a recombinant polynucleotide comprising
expression control sequences operatively linked to a nucleotide sequence to be expressed.
An expression vector comprises sufficient cis-acting elements for expression; other elements
for expression can be supplied by the host cell or in an in vitro expression system. Expression
vectors include ail those known in the art, such as cosmids, plasmids {e.g., naked or
contained in liposomes) and viruses (e.g., lentiviruses, retroviruses, adenoviruses, and

adeno-associated viruses) that incorporate the recombinant polynucleotide.

"Homologous" refers to the sequence similarity or sequence identity between two
polypeptides or between two nucleic acid molecules. When a position in both of the two
compared sequences is occupied by the same base or amino acid monomer subunit, e.g., ifa
position in each of two DNA molecules is occupied by adenine, then the molecules are
homologous at that position. The percent of homology between two sequences is a function
of the number of matching or homologous positions shared by the two sequences divided by
the number of positions compared X 100. For example, if 6 of 10 of the positions in two
sequences are matched or homologous then the two sequences are 60% homologous.
Generally, a comparison is made when two sequences are aligned to give maximum
homology. Homologous sequences exhibit according to the disclosure at least 40%, in
particular at least 50%, at least 60%, at least 70%, at least 80%, at least 90% and preferably

at least 95%, at least 98 or at least 99% identity of the amino acid or nucleotide residues.
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"Fragment", with reference to an amino acid sequence (peptide or protein), relates to a part
of an amino acid sequence, i.e. a sequence which represents the amino acid sequence
shortened at the N-terminus and/or C-terminus. A fragment shortened at the C-terminus (N-
terminal fragment) is obtainable e.g. by translation of a truncated open reading frame that
lacks the 3'-end of the open reading frame. A fragment shortened at the N-terminus (C-
terminal fragment) is obtainable e.g. by translation of a truncated open reading frame that
lacks the 5'-end of the open reading frame, as long as the truncated open reading frame
comprises a start codon that serves to initiate translation. A fragment of an amino acid
sequence comprises e.g. at least 50 %, at least 60 %, at least 70 %, at least 80%, at least 90%
of the amino acid residues from an amino acid sequence. A fragment of an amino acid
sequence preferably comprises at least 6, in particular 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 from an amino acid

sequence.

By "variant” or "variant protein" or "variant polypeptide" herein is meant a protein that
differs from a parent protein by virtue of at least one amino acid modification. The parent
polypeptide may be a naturally occurring or wild type (WT) polypeptide, or may be a
modified version of a wild type polypeptide. Preferably, the variant polypeptide has at least
one amino acid modification compared to the parent polypeptide, e.g. from 1 to about 20
amino acid modifications, and preferably from 1 to about 10 or from 1 to about 5 amino acid
modifications compared to the parent. As used herein, the term "variant" may include
sequences which are modified versions and/or fragments compared to the parent or
reference sequence.

W Hof

By "parent polypeptide", "parent protein”, "precursor polypeptide", or "precursor protein"
as used herein is meant an unmodified polypeptide that is subsequently modified to
generate a variant. A parent polypeptide may be a wild type polypeptide, or a variant or

engineered version of a wild type polypeptide.
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By "wild type" or "WT" or "native" herein is meant an amino acid sequence that is found in
nature, including allelic variations. A wild type protein or polypeptide has an amino acid

sequence that has not been intentionally modified.

For the purposes of the present disclosure, "variants" of an amino acid sequence (peptide,
protein or polypeptide) comprise amino acid insertion variants, amino acid addition variants,
amino acid deletion variants and/or amino acid substitution variants. The term "variant”
includes all mutants, splice variants, posttranslationally modified variants, conformations,
isoforms, allelic variants, species variants, and species homologs, in particular those which

are naturally occurring.

Amino acid insertion variants comprise insertions of single or two or more amino acids in a
particular amino acid sequence. In the case of amino acid sequence variants having an
insertion, one or more amino acid residues are inserted into a particular site in an amino
acid sequence, although random insertion with appropriate screening of the resulting
product is also possible. Amino acid addition variants comprise amino- and/or carboxy-
terminal fusions of one or more amino acids, such as 1, 2, 3, 5, 10, 20, 30, 50, or more amino
acids. Amino acid deletion variants are characterized by the removal of one or more amino
acids from the sequence, such as by removal of 1, 2, 3, 5, 10, 20, 30, 50, or more amino
acids. The deletions may be in any position of the protein. Amino acid deletion variants that
comprise the deletion at the N-terminal and/or C-terminal end of the protein are also called
N-terminal and/or C-terminal truncation variants. Amino acid substitution variants are
characterized by at least one residue in the sequence being removed and another residue
being inserted in its place. Preference is given to the modifications being in positions in the
amino acid sequence which are not conserved between homologous proteins or peptides
and/or to replacing amino acids with other ones having similar properties. Preferably, amino
acid changes in peptide and protein variants are conservative amino acid changes, i.e.,
substitutions of similarly charged or uncharged amino acids. A conservative amino acid
change involves substitution of one of a family of amino acids which are related in their side
chains. Naturally occurring amino acids are generally divided into four families: acidic
(aspartate, glutamate), basic (lysine, arginine, histidine), non-polar (alanine, valine, leucine,

isoleucine, proline, phenylalanine, methionine, tryptophan), and uncharged polar (glycine,
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asparagine, glutamine, cysteine, serine, threonine, tyrosine) amino acids. Phenylalanine,
tryptophan, and tyrosine are sometimes classified jointly as aromatic amino acids. in one
embodiment, conservative amino acid substitutions include substitutions within the
following groups:

glycine, alanine;

valine, isoleucine, leucine;

aspartic acid, glutamic acid;

asparagine, glutamine;

serine, threonine;

lysine, arginine; and

phenylalanine, tyrosine.

In one embodiment, a fragment or variant of an amino acid sequence (peptide or protein) or
a nucleotide sequence is preferably a "functional fragment” or "functional variant". With
respect to nucleotide sequences, the term "functional fragment" or "functional variant"
designates the fact that the nucleotide sequence encodes an amino acid sequence (peptide
or protein) which is or comprises a "functional fragment" or "functional variant" of a parent
amino acid sequence.

The term "functional fragment"” or "functional variant" of an amino acid sequence relates to
any fragment or variant exhibiting one or more functional properties identical or similar to
those of the amino acid sequence from which it is derived, i.e., it is functionally equivalent.
Such functions may include binding and/or immunogenic activities displayed by the amino
acid sequence from which the fragment or variant is derived, e.g., in the case of antigens or
antigenic sequences the activity to bind to a receptor, e.g., CAR, and/or activating an
immune effector cell expressing said receptor, or in the case of an antigen binding domain
the activity to bind antigen. The term “functional fragment” or “functional variant”, as used
herein, in particular refers to a variant molecule or sequence that comprises an amino acid
sequence that is altered by one or more amino acids compared to the amino acid sequence
of the parent molecule or sequence and that is still capable of fulfilling one or more of the
functions of the parent molecule or sequence, e.g., binding and/or activating functions. In
one embodiment, the modifications in the amino acid sequence of the parent molecule or

sequence do not significantly affect or alter the characteristics of the molecule or sequence.
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In different embodiments, the function of the functional fragment or functional variant may
be reduced but still significantly present, e.g., function such as binding and/or activation of
the functional variant may be at least 50%, at least 60%, at least 70%, at least 80%, or at
least 90% of the parent molecule or sequence. However, in other embodiments, function of
the functional fragment or functional variant may be enhanced compared to the parent

molecule or sequence.

An amino acid sequence (peptide, protein or polypeptide) "derived from" a designated
amino acid sequence (peptide, protein or polypeptide) refers to the origin of the first amino
acid sequence. Preferably, the amino acid sequence which is derived from a particular amino
acid sequence has an amino acid sequence that is identical, essentially identical or
homologous to that particular sequence or a fragment thereof. Amino acid sequences
derived from a particular amino acid sequence may be variants of that particular sequence

or a fragment thereof.

Preferably the degree of similarity, preferably identity between a given amino acid sequence
and an amino acid sequence which is a variant of said given amino acid sequence will be at
least about 60%, 65%, 70%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%. The degree of similarity or identity is given
preferably for an amino acid region which is at least about 10%, at least about 20%, at least
about 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at
least about 80%, at least about 90% or about 100% of the entire length of the reference
amino acid sequence. For example, if the reference amino acid sequence consists of 200
amino acids, the degree of similarity or identity is given preferably for at least about 20, at
least about 40, at least about 60, at least about 80, at least about 100, at least about 120, at
least about 140, at least about 160, at least about 180, or about 200 amino acids, preferably
continuous amino acids. In preferred embodiments, the degree of similarity or identity is
given for the entire length of the reference amino acid sequence. The alignment for
determining sequence similarity, preferably sequence identity can be done with art known
tools, preferably using the best sequence alignment, for example, using Align, using standard

settings, preferably EMBOSS::needle, Matrix: Blosum62, Gap Open 10.0, Gap Extend 0.5.
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"Sequence similarity” indicates the percentage of amino acids that either are identical or
that represent conservative amino acid substitutions. "Sequence identity" between two
nucleic acid sequences indicates the percentage of nucleotides that are identical between
the sequences. "Sequence identity" between two amino acid sequences indicates the

percentage of amino acids that are identical between the sequences.

The terms "% identical", "% identity" or similar terms are intended to refer, in particular, to
the percentage of nucleotides or amino acids which are identical in an optimal alignment
between the sequences to be compared. Said percentage is purely statistical, and the
differences between the two sequences may be but are not necessarily randomly distributed
over the entire length of the sequences to be compared. Comparisons of two sequences are
usually carried out by comparing the sequences, after optimal alignment, with respect to a
segment or "window of comparison”, in order to identify local regions of corresponding
sequences. The optimal alignment for a comparison may be carried out manually or with the
aid of the local homology algorithm by Smith and Waterman, 1981, Ads App. Math. 2, 482,
with the aid of the local homology algorithm by Neddleman and Wunsch, 1970, J. Mol. Biol.
48, 443, with the aid of the similarity search algorithm by Pearson and Lipman, 1988, Proc.
Natl Acad. Sci. USA 88, 2444, or with the aid of computer programs using said algorithms
(GAP, BESTFIT, FASTA, BLAST P, BLAST N and TFASTA in Wisconsin Genetics Software
Package, Genetics Computer Group, 575 Science Drive, Madison, Wis.). In some
embodiments, percent identity of two sequences is determined using the BLASTN or BLASTP
algorithm, as available on the United States National Center for Biotechnology Information
(NCBI) website (e.g., at
blast.ncbi.nim.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch&BLAST_SPEC=blast2seq&LINK_LOC
=align2seq). In some embodiments, the algorithm parameters used for BLASTN algorithm on
the NCBI website include: (i) Expect Threshold set to 10; (ii) Word Size set to 28; (iii) Max
matches in a query range set to 0; (iv) Match/Mismatch Scores set to 1, -2; (v) Gap Costs set
to Linear; and (vi) the filter for low complexity regions being used. In some embodiments,
the algorithm parameters used for BLASTP algorithm on the NCBI website include: (i) Expect
Threshold set to 10; (i) Word Size set to 3; (iii) Max matches in a query range set to 0; {iv)
Matrix set to BLOSUMG62; (v) Gap Costs set to Existence: 11 Extension: 1; and (vi) conditional

compositional score matrix adjustment.
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Percentage identity is obtained by determining the number of identical positions at which
the sequences to be compared correspond, dividing this number by the number of positions
compared (e.g., the number of positions in the reference sequence) and multiplying this

result by 100.

In some embodiments, the degree of identity is given for a region which is at least about
50%, at least about 60%, at least about 70%, at least about 80%, at least about 90% or about
100% of the entire length of the reference sequence. For example, if the reference nucleic
acid sequence consists of 200 nucleotides, the degree of identity is given for at least about
100, at least about 120, at least about 140, at least about 160, at least about 180, or about
200 nucleotides, in some embodiments continuous nucleotides. In some embodiments, the
degree of identity is given for the entire length of the reference sequence.

Nucleic acid sequences or amino acid sequences having a particular degree of identity to a
given nucleic acid sequence or amino acid sequence, respectively, may have at least one
functional property of said given sequence, e.g., and in some instances, are functionally

equivalent to said given sequence.

As used herein, an "instructional material" or "instructions" includes a publication, a
recording, a diagram, or any other medium of expression which can be used to communicate
the usefulness of the compositions and methods of the invention. The instructional material
of the kit of the invention may, for example, be affixed to a container which contains the
compositions of the invention or be shipped together with a container which contains the
compositions. Alternatively, the instructional material may be shipped separately from the
container with the intention that the instructional material and the compositions be used

cooperatively by the recipient.

"Isolated” means altered or removed from the natural state. For example, a nucleic acid or a
peptide naturally present in a living animal is not "isolated", but the same nucleic acid or
peptide partially or completely separated from the coexisting materials of its natural state is
"isolated”. An isolated nucleic acid or protein can exist in substantially purified form, or can

exist in a non-native environment such as, for example, a host cell.

49



10

15

20

25

30

WO 2023/105005 PCT/EP2022/085072

The term "recombinant” in the context of the present disclosure means "made through
genetic engineering". In one embodiment, a "recombinant object" in the context of the

present disclosure is not occurring naturally.

The term "naturally occurring” as used herein refers to the fact that an object can be found
in nature. For example, a peptide or nucleic acid that is present in an organism (including
viruses) and can be isolated from a source in nature and which has not been intentionally
modified by man in the laboratory is naturally occurring. The term "found in nature" means
"present in nature" and includes known objects as well as objects that have not yet been
discovered and/or isolated from nature, but that may be discovered and/or isolated in the

future from a natural source.

In the context of the present invention, the following abbreviations for the commonly
occurring nucleic acid bases are used. "A" refers to adenosine, "C" refers to cytosine, "G"

refers to guanosine, "T" refers to thymidine, and "U" refers to uridine.

A "lentivirus" as used herein refers to a genus of the Retroviridae family. Lentiviruses are
unique among the retroviruses in being able to infect non-dividing cells; they can deliver a
significant amount of genetic information into the DNA of the host cell, so they are one of
the most efficient methods of a gene delivery vector. HIV, SIV, and FIV are all examples of
lentiviruses. Vectors derived from lentiviruses offer the means to achieve significant levels of

gene transfer in vivo.

The term "operably linked" refers to functional linkage between a regulatory sequence and a
heterologous nucleic acid sequence resulting in expression of the latter. For example, a first
nucleic acid sequence is operably linked with a second nucleic acid sequence when the first
nucleic acid sequence is placed in a functional relationship with the second nucleic acid
sequence. For instance, a promoter is operably linked to a coding sequence if the promoter
affects the transcription or expression of the coding sequence. Generally, operably linked
DNA sequences are contiguous and, where necessary to join two protein coding regions, in

the same reading frame.
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The term "overexpressed" tumor antigen or "overexpression” of the tumor antigen is
intended to indicate an abnormal level of expression of the tumor antigen in a cell from a
disease area like a solid tumor within a specific tissue or organ of the patient relative to the

level of expression in a normal cell from that tissue or organ.

The term "promoter" as used herein is defined as a DNA sequence recognized by the
synthetic machinery of the cell, or introduced synthetic machinery, required to initiate the

specific transcription of a polynucleotide sequence.

As used herein, the term "promoter/regulatory sequence" means a nucleic acid sequence
which is required for expression of a gene product operably linked to the
promoter/regulatory sequence. In some instances, this sequence may be the core promoter
sequence and in other instances, this sequence may also include an enhancer sequence and
other regulatory elements which are required for expression of the gene product. The
promoter/regulatory sequence may, for example, be one which expresses the gene product

in a tissue specific manner.

A "constitutive" promoter is a nucleotide sequence which, when operably linked with a
polynucleotide which encodes or specifies a gene product, causes the gene product to be

produced in a cell under most or all physiological conditions of the cell.

An "inducible” promoter is a nucleotide sequence which, when operably linked with a
polynucleotide which encodes or specifies a gene product, causes the gene product to be
produced in a cell substantially only when an inducer which corresponds to the promoter is

present in the cell.

A "tissue-specific" promoter is a nucleotide sequence which, when operably linked with a
polynucleotide encodes or specified by a gene, causes the gene product to be produced in a

cell substantially only if the cell is a cell of the tissue type corresponding to the promoter.

By the term "specifically binds", as used herein, is meant a molecule such as an antibody or

CAR which recognizes a specific antigen, but does not substantially recognize or bind other
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molecules in a sample or in a subject. For example, an antibody that specifically binds to an
antigen from one species may also bind to that antigen from one or more other species. But,
such cross-species reactivity does not itself alter the classification of an antibody as specific.
In another example, an antibody that specifically binds to an antigen may also bind to
different allelic forms of the antigen. However, such cross reactivity does not itself alter the
classification of an antibody as specific. In some instances, the terms "specific binding" or
"specifically binding", can be used in reference to the interaction of an antibody, a protein,
or a peptide with a second chemical species, to mean that the interaction is dependent upon
the presence of a particular structure {e.g., an antigenic determinant or epitope) on the
chemical species; for example, an antibody recognizes and binds to a specific protein
structure rather than to proteins generally. If an antibody is specific for epitope "A", the
presence of a molecule containing epitope A (or free, unlabeled A}, in a reaction containing

labeled "A" and the antibody, will reduce the amount of labeled A bound to the antibody.

The term "transfected" or "transformed" or "transduced" as used herein refers to a process
by which exogenous nucleic acid is transferred or introduced into the host cell. A
"transfected" or "transformed" or "transduced" cell is one which has been transfected,
transformed or transduced with exogenous nucleic acid. The cell includes the primary

subject cell and its progeny.

The phrase "under transcriptional control” or "operatively linked" as used herein means that
the promoter is in the correct location and orientation in relation to a polynucleotide to
control the initiation of transcription by RNA polymerase and expression of the

polynucleotide.

A "vector" is a composition of matter which comprises an isolated nucleic acid and which can
be used to deliver the isolated nucleic acid to the interior of a cell. Numerous vectors are
known in the art including, but not limited to, linear polynucleotides, polynucleotides
associated with ionic or amphiphilic compounds, plasmids, and viruses. Thus, the term
"vector" includes an autonomously replicating plasmid or a virus. The term should also be
construed to include non-plasmid and non-viral compounds which facilitate transfer of

nucleic acid into cells, such as, for example, polylysine compounds, liposomes, and the like.
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Examples of viral vectors include, but are not limited to, adenoviral vectors, adeno-

associated virus vectors, retroviral vectors, and the like.

Description

The present invention provides compositions and methods for treating cancer. The cancer
may be a solid tumor, a primary or a metatastizing tumor. In one embodiment, the cancer is
a CLDNG6 expressing cancer. In one embodiment, the cancer is selected from the group
consisting 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 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 is selected from the group consisting of ovarian cancer, lung cancer, liver
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 chimeric antigen receptor (CAR) described herein comprises an extracellular and
intracellular domain. The extracellular domain comprises a target-specific binding element
otherwise referred to as an antigen binding moiety or domain. The intracellular domain or

otherwise the cytoplasmic domain comprises a 4-1BB costimulatory signaling region and a
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CD3-zeta chain portion. The 4-1BB costimulatory signaling region refers to a portion of the
CAR comprising an intracellular domain of the costimulatory molecule 4-1BB. Costimulatory
molecules are cell surface molecules other than antigens receptors or their ligands that are

required for an efficient response of lymphocytes to antigen.

Between the extracellular domain and the transmembrane domain of the CAR, or between
the cytoplasmic domain and the transmembrane domain of the CAR, there may be
incorporated a spacer domain or region. in embodiments, a spacer domain provides for
flexibility of the antigen binding domain. As used herein, the term "spacer domain" generally
means any oligo- or polypeptide that functions to link the transmembrane domain to, either
the extracellular domain or, the cytoplasmic domain in the polypeptide chain. A spacer
domain may comprise up to 300 amino acids, preferably 10 to 100 amino acids and most
preferably 25 to 50 amino acids. In embodiments, a spacer domain has about 10 to 300
amino acids, about 10 to 200 amino acids, about 10 to 175 amino acids, about 10 to 150
amino acids, about 10 to 125 amino acids, about 10 to 100 amino acids, about 10 to 75
amino acids, about 10 to 50 amino acids, about 10 to 40 amino acids, about 10 to 30 amino
acids, about 10 to 20 amino acids, or about 10 to 15 amino acids, and including any integer
between the endpoints of any of the listed ranges. In some embodiments, the spacer
domain is derived from a hinge region of an immunoglobuilin like molecule. In embodiments,
a spacer domain comprises all or a portion of the hinge region from a human IgG1, human
1gG2, a human IgG3, or a human IgG4, and may contain one or more amino acid
substitutions. In some embodiments, the spacer domain is derived from the hinge region

sequence of CD8a.

A cell (e.g., T cell) may be engineered to express a CAR described herein wherein the CAR-
engineered cell exhibits an antitumor property. The CAR of the invention when expressed in
a cell is able to redirect antigen recognition based on the antigen binding specificity of the
CAR. In one embodiment, CLDNG6 is expressed on cells of the cancer types disclosed herein.
The CAR-engineered cell when bound to its cognate antigen, affects a tumor cell so that the
tumor cell fails to grow, is prompted to die, or otherwise is affected so that the tumor

burden in a patient is diminished or eliminated.
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In one embodiment, a CLDNG6 antigen binding moiety is fused via a hinge domain derived
from CD8a with intracellular domains comprising a combination of a 4-1BB (CD137) signaling
domain and a CD3-zeta signaling domain. Inclusion of the 4-1BB {CD137) signaling domain
significantly increases anti-tumor activity and in vivo persistence of CAR T cells compared to
an otherwise identical CAR T cell not engineered to express 4-1BB (CD137) (Milone M.C. et
al., (2009) Molecular Therapy 17 (8), 1453-1464).

Antigen binding moiety

The CAR of the invention comprises a target-specific binding element otherwise referred to
as an antigen binding moiety or antigen binding domain that is generally part of the
extracellular domain of the CAR. The antigen binding domain recognizes a ligand that acts as
a cell surface marker on target cells associated with a particular disease state. Specifically,

the CAR of the invention targets the tumor antigen CLDN6 on a tumor cell.

In one embodiment, the CLDN6 binding domain in the CAR of the invention binds specifically
to CLDNG6. In one embodiment, the CLDN6 to which the CLDNG6 binding domain in the CAR of
the invention binds is expressed in a cancer cell. In one embodiment, the CLDN6 is expressed
on the surface of a cancer cell. In one embodiment, the CLDN6 binding domain binds to an
extracellular domain or to an epitope in an extracellular domain of CLDN6. In one
embodiment, the CLDN6 binding domain binds to native epitopes of CLDN6 present on the
surface of living cells. In one embodiment, the CLDN6 binding domain binds to the first
extracellular loop of CLDNG, preferably amino acid positions 28 to 76 of CLDN6, or the
second extracellular loop of CLDN®, preferably amino acid positions 141 to 159 of CLDN®. In
particular embodiments, the CLDNG6 binding domain binds to an epitope on CLDN6 which is
not present on CLDN9. Preferably, the CLDN6 binding domain binds to an epitope on CLDN6
which is not present on CLDN4 and/or CLDN3. Most preferably, the CLDN6 binding domain
binds to an epitope on CLDN6 which is not present on a CLDN protein other than CLDN6. The
CLDNS6 binding domain preferably binds to CLDN6 but not to CLDN9 and preferably does not
bind to CLDN4 and/or CLDN3. Preferably, the CLDN6 binding domain is specific for CLDN6.
Preferably, the CLDN6 binding domain binds to CLDN6 expressed on the cell surface.



10

15

20

25

30

WO 2023/105005 PCT/EP2022/085072

In one embodiment of the invention, a CLDN6 antigen binding domain comprises a variable
region of a heavy chain of an immunoglobulin (VH) with a specificity for CLDN6 and a
variable region of a light chain of an immunoglobulin {VL) with a specificity for CLDN6. In one
embodiment, said heavy chain variable region (VH) and the corresponding light chain
variable region (VL) are connected via a peptide linker, preferably a peptide linker

comprising the amino acid sequence (GGGGS)3.

In one embodiment, a binding domain for CLDN6 comprises a heavy chain variable region
(VH) comprising an amino acid sequence selected from the group consisting of SEQ ID NOs:

3, 5, 7 and 9 or a functional variant thereof.

In one embodiment, a binding domain for CLDN6 comprises a light chain variable region (VL)
comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 4, 6,

8, 10, 23 and 24 or a functional variant thereof.

Iin one embodiment, a binding domain for CLDN6 comprises:

(i) @ heavy chain variable region (VH) comprising an amino acid sequence of SEQ ID NO: x or
a functional variant thereof, and

(it} a light chain variable region (VL) comprising an amino acid sequence of SEQ ID NO: x+1 or
a functional variant thereof;

wherein x selected from 3, 5, 7 and 9.

in one embodiment, a binding domain for CLDN6 comprises:

(i) a heavy chain variable region (VH) comprising an amino acid sequence selected from the
group consisting of SEQ ID NOs: 3, 5, 7 and 9 or a functional variant thereof, and

(i} a light chain variable region (VL) comprising an amino acid sequence selected from the

group consisting of SEQ ID NOs: 4, 6, 8, 10, 23 and 24 or a functional variant thereof.
In one embodiment, a binding domain for CLDN6 comprises:

(i) a heavy chain variable region (VH) comprising the amino acid sequence of SEQID NO: 5 or

a functional variant thereof, and
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(i) a light chain variable region (VL) comprising the amino acid sequence of SEQID NO: 4 or a

functional variant thereof.

In one embodiment, a binding domain for CLDN6 comprises:

(i) a heavy chain variable region {(VH) comprising the amino acid sequence of SEQ ID NO: 5 or
a functional variant thereof, and

(i) a light chain variable region (VL) comprising the amino acid sequence of SEQ ID NO: 23 or

a functional variant thereof.

In one embodiment, a binding domain for CLDN6 comprises:

(i) a heavy chain variable region (VH) comprising the amino acid sequence of SEQ ID NO: 5 or
a functional variant thereof, and

{ii) a light chain variable region (VL) comprising the amino acid sequence of SEQ ID NO: 24 or

a functional variant thereof.

In certain preferred embodiments, a binding domain for CLDN6 comprises a combination of
heavy chain variable region (VH) and light chain variable region (VL) selected from the
following possibilities (i) to (xi):

(i) the VH comprises an amino acid sequence represented by SEQ ID NO: 3 or a functional
variant thereof, or a fragment of the amino acid sequence or functional variant, and the VL
comprises an amino acid sequence represented by SEQ ID NO: 4 or a functional variant
thereof, or a fragment of the amino acid sequence or functional variant,

(ii) the VH comprises an amino acid sequence represented by SEQ ID NO: 5 or a functional
variant thereof, or a fragment of the amino acid sequence or functional variant, and the VL
comprises an amino acid sequence represented by SEQ ID NO: 6 or a functional variant
thereof, or a fragment of the amino acid sequence or functional variant,

(iii) the VH comprises an amino acid sequence represented by SEQ ID NO: 7 or a functional
variant thereof, or a fragment of the amino acid sequence or functional variant, and the VL
comprises an amino acid sequence represented by SEQ ID NO: 8 or a functional variant
thereof, or a fragment of the amino acid sequence or functional variant,

(iv) the VH comprises an amino acid sequence represented by SEQ ID NO: 9 or a functional

variant thereof, or a fragment of the amino acid sequence or functional variant, and the VL
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comprises an amino acid sequence represented by SEQ ID NO: 10 or a functional variant
thereof, or a fragment of the amino acid sequence or functional variant,

{v) the VH comprises an amino acid sequence represented by SEQ ID NO: 5 or a functional
variant thereof, or a fragment of the amino acid sequence or functional variant, and the VL
comprises an amino acid sequence represented by SEQ ID NO: 4 or a functional variant
thereof, or a fragment of the amino acid sequence or functional variant,

{vi) the VH comprises an amino acid sequence represented by SEQ ID NO: 5 or a functional
variant thereof, or a fragment of the amino acid sequence or functional variant, and the VL
comprises an amino acid sequence represented by SEQ ID NO: 23 or a functional variant
thereof, or a fragment of the amino acid sequence or functional variant,

(vii}) the VH comprises an amino acid sequence represented by SEQ ID NO: 5 or a functional
variant thereof, or a fragment of the amino acid sequence or functional variant, and the VL
comprises an amino acid sequence represented by SEQ ID NO: 24 or a functional variant

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

In a particularly preferred embodiment, a binding domain for CLDN6 comprises the following
combination of heavy chain variable region (VH) and light chain variable region (VL):

the VH comprises an amino acid sequence represented by SEQ ID NO: 5 or a functional
variant thereof, or a fragment of the amino acid sequence or functional variant, and the VL
comprises an amino acid sequence represented by SEQ ID NO: 24 or a functional variant

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

The term "fragment" refers, in particular, to one or more of the complementarity-
determining regions (CDRs), preferably at least the CDR3 variable region, of the heavy chain
variable region (VH) and/or of the light chain variable region (VL). In one embodiment said
one or more of the complementarity-determining regions (CDRs) are selected from a set of
complementarity-determining regions CDR1, CDR2 and CDR3. In a particularly preferred
embodiment, the term "fragment" refers to the complementarity-determining regions CDR1,
CDR2 and CDR3 of the heavy chain variable region (VH) and/or of the light chain variable

region (VL).
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In one embodiment a binding domain for CLDN6 comprising one or more CDRs, a set of CDRs
or a combination of sets of CDRs as described herein comprises said CDRs together with their
intervening framework regions. Preferably, the portion will also include at least about 50% of
either or both of the first and fourth framework regions, the 50% being the C-terminal 50%
of the first framework region and the N-terminal 50% of the fourth framework region.
Construction of binding domains made by recombinant DNA techniques may result in the
introduction of residues N- or C-terminal to the variable regions encoded by linkers
introduced to facilitate cloning or other manipulation steps, including the introduction of
linkers to join variable regions or join variable regions to further protein sequences including

sequences as described herein.

In one embodiment a binding domain comprising one or more CDRs, a set of CDRs or a
combination of sets of CDRs as described herein comprises said CDRs in a human antibody

framework.

In one embodiment a binding domain for CLDN6 comprises a heavy chain variable region
{VH) comprising at least one, preferably two, more preferably all three of the CDR sequences
of a heavy chain variable region (VH) described herein, e.g., of a heavy chain variable region
(VH) comprising an amino acid sequence selected from the group consisting of SEQ ID NOs:

3, 5, 7 and 9 or a functional variant thereof.

In one embodiment a binding domain for CLDN6 comprises a light chain variable region (VL)
comprising at least one, preferably two, more preferably all three of the CDR sequences of a
light chain variable region (VL) described herein, e.g., of a light chain variable region (VL)
comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 4, 6,

8, 10, 23 and 24 or a functional variant thereof.

In one embodiment a binding domain for CLDN6 comprises:

(i} a heavy chain variable region (VH) comprising at least one, preferably two, more
preferably all three of the CDR sequences of a heavy chain variable region (VH) of a
combination of heavy chain variable region (VH) and light chain variable region (VL)

described herein, e.g., a combination wherein the VH comprises an amino acid sequence
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represented by SEQ ID NO: 5 or a functional variant thereof, and the VL comprises an amino
acid sequence represented by SEQ ID NO: 6 or a functional variant thereof, and

(ii) a light chain variable region (VL) comprising at least one, preferably two, more preferably
all three of the CDR sequences of a light chain variable region (VL) of the combination of

heavy chain variable region (VH) and light chain variable region (VL) described herein.

In one embodiment, a binding domain for CLDN6 comprises:

(i) a heavy chain variable region (VH) comprising at least one, preferably two, more
preferably all three of the CDR sequences of a heavy chain variable region (VH) of SEQ ID NO:
x, or a functional variant thereof, and

(ii} a light chain variable region (VL) comprising at least one, preferably two, more preferably
all three of the CDR sequences of a light chain variable region (VL) of SEQ ID NO: x+1, or a
functional variant thereof;

wherein x selected from 3, 5, 7 and 9.

In one embodiment, a binding domain for CLDN6 comprises:

(i) a heavy chain variable region (VH) comprising at least one, preferably two, more
preferably all three of the CDR sequences of a heavy chain variable region (VH) of SEQ ID NO:
5, or a functional variant thereof, and

(ii} a light chain variable region (VL) comprising at least one, preferably two, more preferably
all three of the CDR sequences of a light chain variable region (VL) of SEQID NO: 6, or a

functional variant thereof.

In one embodiment, a binding domain for CLDN6 comprises:

(i} a heavy chain variable region (VH) comprising at least one, preferably two, more
preferably all three of the CDR sequences of a heavy chain variable region (VH) of SEQ ID NO:
5, or a functional variant thereof, and

(i) a light chain variable region (VL) comprising at least one, preferably two, more preferably
all three of the CDR sequences of a light chain variable region (VL) of SEQID NO: 4, or a

functional variant thereof.
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The term “at least one, preferably two, more preferably all three of the CDR sequences”
preferably relates to at least the CDR3 sequence, optionally in combination with the CDR1

sequence and/or the CDR2 sequence.

CDR1 of a heavy chain variable region (VH) selected from the group consisting of SEQ ID

NOs: 3, 5, 7 and 9 preferably includes amino acids 26 to 33 of the sequences shown in SEQ ID
NOs: 3,5, 7 and 9, respectively. CDR2 of a heavy chain variable region (VH) selected from the
group consisting of SEQ ID NOs: 3, 5, 7 and 9 preferably includes amino acids 51 to 58 of the
sequences shown in SEQ ID NOs: 3, 5, 7 and 9, respectively. CDR3 of a heavy chain variable
region (VH) selected from the group consisting of SEQ ID NOs: 3, 5, 7 and 9 preferably
includes amino acids 97 to 106 of the sequences shown in SEQ ID NOs: 3,5, 7 and 9,

respectively.

CDR1 of a light chain variable region (VL) selected from the group consisting of SEQ ID NOs:
4, 6, 8, 10, 23 and 24 preferably includes amino acids 27 to 31 of the sequences shown in
SEQID NOs: 4, 6, 8, 10, 23 and 24, respectively. CDR2 of a light chain variable region (VL)
selected from the group consisting of SEQ ID NOs: 4, 6, 8, 10, 23 and 24 preferably includes
amino acids 49 to 51 of the sequences shown in SEQ ID NOs: 4, 6, 8, 10, 23 and 24,
respectively. CDR3 of a light chain variable region (VL) selected from the group consisting of
SEQID NOs: 4, 6, 8, 10, 23 and 24 preferably includes amino acids 88 to 97 of the sequences
shown in SEQ ID NOs: 4, 6, 8, 10, 23 and 24, respectively.

In one embodiment, a binding domain for CLDN6 comprises a heavy chain variable region
(VH) comprising the CDR3 sequence Xaal Gly Xaa2 Val Xaa3, wherein Xaal is any amino acid,
preferably an aromatic amino acid, more preferably Phe or Tyr, most preferably Tyr, Xaa2 is
any amino acid, preferably an aromatic amino acid, more preferably Phe or Tyr, most
preferably Tyr, and Xaa3 is any amino acid, preferably Leu or Phe, more preferably Leu. In
one embodiment, a binding domain for CLDN6 comprises a heavy chain variable region (VH)
comprising the CDR3 sequence Asp Xaal Gly Xaa2 Val Xaa3 or Xaal Gly Xaa2 Val Xaa3 Asp,
wherein Xaal, Xaa2 and Xaa3 are as defined above. In one embodiment, a binding domain
for CLDN6 comprises a heavy chain variable region (VH) comprising the CDR3 sequence Asp

Xaal Gly Xaa2 Val Xaa3 Asp, wherein Xaal, Xaa2 and Xaa3 are as defined above. In one
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embodiment, a binding domain for CLDN6 comprises a heavy chain variable region (VH)
comprising the CDR3 sequence Ala Arg Asp Xaal Gly Xaa2 Val Xaa3 Asp Tyr, wherein Xaal,
Xaa2 and Xaa3 are as defined above. In one embodiment, a binding domain for CLDN6
according to the foregoing embodiments comprises a heavy chain variable region (VH)
comprising the CDR1 sequence according to SEQ ID NO: 16 or a functional variant thereof

and/or the CDR2 sequence according to SEQ ID NO: 17 or a functional variant thereof.

In one embodiment, a binding domain for CLDN6 comprises a light chain variable region (VL)
comprising the CDR3 sequence Arg Xaal Xaa2 Xaa3 Pro, wherein Xaal is any amino acid,
preferably Ser or Asn, most preferably Ser, Xaa2 is any amino acid, preferably Tyr, Ser, lle,
Asn or Thr, more preferably Tyr, Ser, or Asn, most preferably Asn, and Xaa3 is any amino
acid, preferably Ser or Tyr, more preferably Tyr. In one embodiment, a binding domain for
CLDN6 comprises a light chain variable region (VL) comprising the CDR3 sequence GIn Arg
Xaal Xaa2 Xaa3 Pro Pro, wherein Xaal, Xaa2 and Xaa3 are as defined above. In one
embodiment, a binding domain for CLDN6 comprises a light chain variable region (VL)
comprising the CDR3 sequence GIn GIn Arg Xaal Xaa2 Xaa3 Pro Pro Trp Thr, wherein Xaal,
Xaa2 and Xaa3 are as defined above. In one embodiment, a binding domain for CLDN6
according to the foregoing embodiments comprises a light chain variable region (VL)
comprising the CDR1 sequence according to SEQ ID NO: 21 or a functional variant thereof

and/or the CDR2 sequence of Ser Thr Ser or a functional variant thereof.

In one embodiment, a binding domain for CLDN6 comprises:

(i) a heavy chain variable region (VH) comprising a CDR3 sequence selected from the group
consisting of Xaal Gly Xaa2 Val Xaa3, Asp Xaal Gly Xaa2 Val Xaa3, Xaal Gly Xaa2 Val Xaa3
Asp, Asp Xaal Gly Xaa2 Val Xaa3 Asp, and Ala Arg Asp Xaal Gly Xaa2 Val Xaa3 Asp Tyr,
wherein Xaal is any amino acid, preferably an aromatic amino acid, more preferably Phe or
Tyr, most preferably Tyr, Xaa2 is any amino acid, preferably an aromatic amino acid, more
preferably Phe or Tyr, most preferably Tyr, and Xaa3 is any amino acid, preferably Leu or
Phe, more preferably Leu, and

(i) a light chain variable region (VL) comprising a CDR3 sequence selected from the group
consisting of Arg Xaal Xaa2 Xaa3 Pro, GIn Arg Xaal Xaa2 Xaa3 Pro Pro, GIn GIn Arg Xaal

Xaa2 Xaa3 Pro Pro Trp Thr, wherein Xaal is any amino acid, preferably Ser or Asn, most
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preferably Ser, Xaa2 is any amino acid, preferably Tyr, Ser, lle, Asn or Thr, more preferably
Tyr, Ser, or Asn, most preferably Asn, and Xaa3 is any amino acid, preferably Ser or Tyr, more

preferably Tyr.

In one embodiment, a binding domain for CLDN6 according to the foregoing embodiments
comprises (i) a heavy chain variable region (VH) comprising the CDR1 sequence according to
SEQ ID NO: 16 or a functional variant thereof and/or the CDR2 sequence according to SEQ ID
NO: 17 or a functional variant thereof and/or (ii) a light chain variable region (VL) comprising
the CDR1 sequence according to SEQ ID NO: 21 or a functional variant thereof and/or the

CDR2 sequence of Ser Thr Ser or a functional variant thereof.

In one embodiment a binding domain for CLDN6 competes for CLDN6 binding with a binding
domain for CLDN6 described above and/or has the specificity for CLDN6 of a binding domain
for CLDN6 described above. In these and other embodiment, a binding domain for CLDN6
may be highly homologous to a binding domain for CLDN6 described above. It is
contemplated that a preferred binding domain for CLDN6 has CDR regions either identical or
highly homologous to the CDR regions of a binding domain for CLDN6 described above. By
"highly homologous" it is contemplated that from 1 to 5, preferably from 1 to 4, such as 1 to

3 or 1 or 2 substitutions may be made in each CDR region.

The term “compete” refers to the competition between two binding molecules for binding
to a target antigen. If two binding molecules do not block each other for binding to a target
antigen, such binding molecules are non-competing and this is an indication that said
binding molecules do not bind to the same part, i.e. epitope, of the target antigen. It is well
known to a person skilled in the art how to test for competition of binding molecules such as
antibodies for binding to a target antigen. An example of such a method is a so-called cross-
competition assay, which may e.g. be performed as an ELISA or by flow-cytometry. For
example an ELISA-based assay may be performed by coating ELISA plate wells with one of
the antibodies; adding the competing antibody and His-tagged antigen/target and detecting
whether the added antibody inhibited binding of the His-tagged antigen to the coated
antibody, e.g., by adding biotinylated anti-His antibody, followed by Streptavidin-poly-HRP,

and further developing the reaction with ABTS and measuring the absorbance at 405 nm. For
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example a flow-cytometry assay may be performed by incubating cells expressing the
antigen/target with an excess of unlabeled antibody, incubating the cells with a sub-optimal
concentration of biotin-labelled antibody, followed by incubation with fluorescently labeled

streptavidin and analyzing by flow cytometry.

Two binding molecules have the “same specificity” if they bind to the same antigen and to
the same epitope. Whether a molecule to be tested recognizes the same epitope as a certain
binding molecule, i.e., the binding molecules bind to the same epitope, can be tested by
different methods known to the skilled person, e.g., based on the competition of the binding
molecules such as antibodies for the same epitope. The competition between the binding
molecules can be detected by a cross-blocking assay. For example, a competitive ELISA assay
may be used as a cross-blocking assay. For example, target antigen may be coated on the
wells of a microtiter plate and antigen binding antibody and candidate competing test
antibody may be added. The amount of the antigen binding antibody bound to the antigen
in the well indirectly correlates with the binding ability of the candidate competing test
antibody that competes therewith for binding to the same epitope. Specifically, the larger
the affinity of the candidate competing test antibody is for the same epitope, the smaller the
amount of the antigen binding antibody bound to the antigen-coated well. The amount of
the antigen binding antibody bound to the well can be measured by labeling the antibody

with detectable or measurable labeling substances.

Preferably, the antigen binding moiety portion in the CAR of the invention is anti-CLDN6
scFV, wherein the anti-CLDNG6 scFV preferably comprises the sequence set forth in SEQ ID

NO: 35 or a functional variant thereof.

Transmembrane domain

The CAR of the invention is designed to comprise a transmembrane domain that is fused to
the extracellular domain of the CAR. In one embodiment, the transmembrane domain is not
naturally associated with one of the domains in the CAR. In one embodiment, the
transmembrane domain is naturally associated with one of the domains in the CAR. In one
embodiment, the transmembrane domain is modified by amino acid substitution to avoid

binding of such domains to the transmembrane domains of the same or different surface
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membrane proteins to minimize interactions with other members of the receptor complex.
The transmembrane domain may be derived either from a natural or from a synthetic
source. Where the source is natural, the domain may be derived from any membrane-bound
or transmembrane protein. Transmembrane regions of particular use in this invention may
be derived from (i.e. comprise at least the transmembrane region(s) of) the alpha, beta or
zeta chain of the T cell receptor, CD28, CD3 epsilon, CD45, CD4, CD5, CD8, CD9, CD16, CD22,
CD33, CD37, CD64, CD80, CD86, CD134, CD137, CD154. Alternatively the transmembrane
domain may be synthetic, in which case it will comprise predominantly hydrophobic residues
such as leucine and valine. Preferably a triplet of phenylalanine, tryptophan and valine will

be found at each end of a synthetic transmembrane domain.

Preferably, the transmembrane domain in the CAR of the invention is the CD8a
transmembrane domain. In one embodiment, the CD8a transmembrane domain comprises

the amino acid sequence of SEQ ID NO: 28 or a functional variant thereof.

In some instances, the CAR of the invention comprises the CD8a hinge domain which forms
the linkage between the transmembrane domain and the extracellular domain. in one
embodiment, the CD8a hinge domain comprises the amino acid sequence of SEQ ID NO: 27

or a functional variant thereof.

Cytoplasmic domain

The cytoplasmic domain or otherwise the intracellular signaling domain of the CAR of the
invention is responsible for activation of at least one of the normal effector functions of the
immune cell in which the CAR has been placed in. The term "effector function" refers to a
specialized function of a cell. Effector function of a T cell, for example, may be cytolytic
activity or helper activity including the secretion of cytokines. Thus the term "intracellular
signaling domain" refers to the portion of a protein which transduces the effector function
signal and directs the cell to perform a specialized function. While usually the entire
intracellular signaling domain can be empioyed, in many cases it is not necessary to use the
entire chain. To the extent that a truncated portion of the intracellular signaling domain is
used, such truncated portion may be used in place of the intact chain as long as it transduces

the effector function signal. The term intracellular signaling domain is thus meant to include
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any truncated portion of the intracellular signaling domain sufficient to transduce the

effector function signal.

It is known that signals generated through the TCR alone are insufficient for full activation of
the T cell and that a secondary or co-stimulatory signal is also required. Thus, T cell
activation can be said to be mediated by two distinct classes of cytoplasmic signaling
sequence: those that initiate antigen-dependent primary activation through the TCR
(primary cytoplasmic signaling sequences) and those that act in an antigen-independent
manner to provide a secondary or co-stimulatory signal (secondary cytoplasmic signaling

sequences).

The CAR of the invention comprises a primary cytoplasmic signaling sequence derived from
CD3-zeta. Further, the cytoplasmic domain of the CAR of the invention is designed to
comprise the CD3-zeta signaling domain combined with a costimulatory signaling region

derived from 4-1BB.

The term "4-1BB" refers to a membrane receptor protein also termed CD137, which is a
member of the tumor necrosis factor receptor (TNFR) superfamily expressed on the surface
of activated T cells as a type of accessory molecule. 4-1BB has a molecular weight of 55 kDa,

and is found as a homodimer.

T cell surface glycoprotein CD3-zeta chain also known as T cell receptor T3 zeta chain or
CD247 is a protein that in humans is encoded by the CD247 gene. T cell receptor zeta (T},
together with T cell receptor alpha/beta and gamma/deita heterodimers and CD3-gamma, -
delta, and -epsilon, forms the T cell receptor-CD3 complex. The zeta chain plays an
important role in coupling antigen recognition to several intracellular signai-transduction

pathways. Low expression of the antigen results in impaired immune response.

The cytoplasmic signaling sequences within the cytoplasmic signaling portion of the CAR of
the invention may be linked to each other in a random or specified order. Optionally, a short
oligo- or polypeptide linker, preferably between 2 and 10 amino acids in length may form

the linkage. A glycine-serine doublet provides a particularly suitable linker.
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Thus, the cytoplasmic domain in the CAR of the invention is designed to comprise the
signaling domain of CD3-zeta and the signaling domain of 4-1BB. In one embodiment, the
cytoplasmic domain in the CAR of the invention is designed to comprise the signaling domain
of 4-1BB and the signaling domain of CD3-zeta, wherein the signaling domain of 4-1BB
comprises the amino acid sequence of SEQ ID NO: 30 or a functional variant thereof and the
signaling domain of CD3-zeta comprises the amino acid sequence of SEQID NO: 31 ora

functional variant thereof.

in one embodiment, the CAR of the invention comprises a signal peptide which directs the
nascent protein into the endoplasmic reticulum. In one embodiment, the signal peptide
precedes the antigen binding domain. In one embodiment, the signal peptide is derived from
an immunoglobulin such as IgG. In one embodiment, the signal peptide comprises the

sequence according to SEQ ID NO: 25 or a functional variant thereof.

In one embodiment, a CAR of the invention comprises the following elements in the
following order: NH2 — CLDN6 antigen binding domain - transmembrane domain — 4-1BB

costimulatory domain — CD3-zeta signaling domain — COOH.

In one embodiment, a CAR of the invention comprises the following elements in the
following order: NH2 — CLDN6 antigen binding domain - CD8a hinge - CD8a transmembrane

domain — 4-1BB costimulatory domain — CD3-zeta signaling domain — COOH.

In one embodiment, the CAR of the invention comprises the amino acid sequence of SEQ ID

NO: 36 or a functional variant thereof.

Vectors

The present invention encompasses a nucleic acid construct such as a DNA construct
comprising sequences encoding a CAR of the invention. In one embodiment, a nucleic acid
construct encoding a CAR of the invention comprises the nucleotide sequence of SEQ ID NO:

41 or a functional variant thereof.
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in one embodiment, (i) the nucleic acid construct encoding a CAR comprises the nucleotide
sequence of SEQ ID NO: 41, or a nucleotide sequence having at least 99%, 98%, 97%, 96%,
95%, 90%, 85%, or 80% identity to the nucleotide sequence of SEQ ID NO: 41; and/or (ii) a
CAR comprises the amino acid sequence of SEQ ID NO: 36, or an amino acid sequence having
at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the amino acid sequence of
SEQ ID NO: 36.

The present invention also provides vectors in which a DNA of the present invention is
inserted. Vectors derived from retroviruses such as the lentivirus are suitable tools to
achieve long-term gene transfer since they allow long-term, stable integration of a transgene
and its propagation in daughter cells. Lentiviral vectors have the added advantage over
vectors derived from onco-retroviruses such as murine leukemia viruses in that they can
transduce non-proliferating cells, such as hepatocytes. They also have the added advantage

of low immunogenicity.

In brief summary, the expression of natural or synthetic nucleic acids encoding CARs is
typically achieved by operably linking a nucleic acid encoding the CAR polypeptide or
portions thereof to a promoter, and incorporating the construct into an expression vector.
The vectors can be suitable for replication and integration in eukaryotes. Typical cloning
vectors contain transcription and translation terminators, initiation sequences, and

promoters useful for regulation of the expression of the desired nucleic acid sequence.

The nucleic acid of the invention can be cloned into a number of types of vectors. For
example, the nucleic acid can be cloned into a vector including, but not limited to a plasmid,
a phagemid, a phage derivative, an animal virus, and a cosmid or a transposon. Vectors of
particular interest include expression vectors, replication vectors, probe generation vectors,
and sequencing vectors. Further, an expression vector may be provided to a cell in the form
of a viral vector. Viral vector technology is well known in the art and is described, for
example, in Sambrook et al. (2001 , Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory, New York}, and in other virology and molecular biology manuals. Viruses,
which are useful as vectors include, but are not limited to, retroviruses, adenoviruses,

adeno-associated viruses, herpes viruses, and lentiviruses. In general, a suitable vector
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contains an origin of replication functional in at least one organism, a promoter sequence,
convenient restriction endonuclease sites, and one or more selectable markers, (e.g., WO

01/96584; WO 01/29058; and U.S, Pat. No. 6,326,193).

A number of viral based systems have been developed for gene transfer into mammalian
cells. For example, retroviruses provide a convenient platform for gene delivery systems. A
selected gene can be inserted into a vector and packaged in retroviral particles using
techniques known in the art. The recombinant virus can then be isolated and delivered to
cells of the subject either in vivo or ex vivo. A number of retroviral systems are known in the
art. In some embodiments, adenovirus vectors are used. A number of adenovirus vectors are

known in the art. In one embodiment, lentivirus vectors are used.

Additional promoter elements, e.g., enhancers, regulate the frequency of transcriptional
initiation. Typically, these are located in the region 30-110 bp upstream of the start site,
although a number of promoters have recently been shown to contain functional elements
downstream of the start site as well. The spacing between promoter elements frequently is
flexible, so that promoter function is preserved when elements are inverted or moved
relative to one another. In the thymidine kinase (tk) promoter, the spacing between
promoter elements can be increased to 50 bp apart before activity begins to decline.
Depending on the promoter, it appears that individual elements can function either
cooperatively or independently to activate transcription. One example of a suitable
promoter is the immediate early cytomegalovirus (CMV) promoter sequence. This promoter
sequence is a strong constitutive promoter sequence capable of driving high levels of
expression of any polynucleotide sequence operatively linked thereto. Another example of a
suitable promoter is Elongation Growth Factor-1a (EF-1a). However, other constitutive
promoter sequences may also be used, including, but not limited to the simian virus 40
(SV40) early promoter, mouse mammary tumor virus (MMTV), human immunodeficiency
virus (HIV) long terminal repeat (LTR) promoter, MoMuLV promoter, an avian leukemia virus
promoter, an Epstein-Barr virus immediate early promoter, a Rous sarcoma virus promoter,
as well as human gene promoters such as, but not limited to, the actin promoter, the myosin
promoter, the hemoglobin promoter, and the creatine kinase promoter. Further, the

invention should not be limited to the use of constitutive promoters, inducible promoters
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are also contemplated as part of the invention. The use of an inducible promoter provides a
molecular switch capable of turning on expression of the polynucleotide sequence which it is
operatively linked when such expression is desired, or turning off the expression when
expression is not desired. Examples of inducible promoters include, but are not limited to a
metallothionine promoter, a glucocorticoid promoter, a progesterone promoter, and a

tetracycline promoter.

In order to assess the expression of a CAR polypeptide or portions thereof, the expression
vector to be introduced into a cell can also contain either a selectable marker gene or a
reporter gene or both to facilitate identification and selection of expressing cells from the
population of cells sought to be transfected or infected through viral vectors. In other
aspects, the selectable marker may be carried on a separate piece of DNA and used in a co-
transfection procedure. Both selectable markers and reporter genes may be flanked with
appropriate regulatory sequences to enable expression in the host cells. Useful selectable

markers include, for example, antibiotic-resistance genes, such as neo and the like.

Reporter genes are used for identifying potentially transfected cells and for evaluating the
functionality of regulatory sequences. In general, a reporter gene is a gene that is not
present in or expressed by the recipient organism or tissue and that encodes a polypeptide
whose expression is manifested by some easily detectable property, e.g., enzymatic activity.
Expression of the reporter gene is assayed at a suitable time after the DNA has been
introduced into the recipient cells. Suitable reporter genes may include genes encoding
luciferase, beta-galactosidase, chloramphenicol acetyl transferase, secreted alkaline
phosphatase, or the green fluorescent protein gene. Suitable expression systems are well

known and may be prepared using known techniques or obtained commercially.

Methods of introducing and expressing genes into a cell are known in the art. In the context
of an expression vector, the vector can be readily introduced into a host cell, e.g.,
mammalian, bacterial, yeast, or insect cell by any method in the art. For example, the
expression vector can be transferred into a host cell by physical, chemical, or biological

means.
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Physical methods for introducing a polynucleotide into a host cell include calcium phosphate
precipitation, lipofection, particle bombardment, microinjection, electroporation, and the
like. A preferred method for the introduction of a polynucleotide into a host cell is calcium

phosphate transfection.

Biological methods for introducing a polynucleotide of interest into a host cell include the
use of DNA and RNA vectors. Viral vectors, and especially retroviral vectors, have become
the most widely used method for inserting genes into mammalian, e.g., human cells. Other
viral vectors can be derived from lentivirus, poxviruses, herpes simplex virus |, adenoviruses

and adeno-associated viruses, and the like.

Chemical means for introducing a polynucleotide into a host cell include colloidal dispersion
systems, such as macromolecule complexes, nanocapsules, microspheres, beads, and lipid-
based systems including oil-in-water emulsions, micelles, mixed micelles, and liposomes. An
exemplary colloidal system for use as a delivery vehicle in vitro and in vivo is a liposome (e.g.,

an artificial membrane vesicle).

Cells

The cells used in connection with the CAR system of the present invention and into which
nucleic acids (DNA or RNA) encoding the CAR system of the present invention may be
introduced include any cell with lytic potential, in particular lymphoid cells, and are
preferably T cells, in particular cytotoxic lymphocytes, preferably selected from cytotoxic T
cells, natural killer (NK) cells, and lymphokine-activated killer (LAK) cells. Upon activation,
each of these cytotoxic lymphocytes triggers the destruction of target cells. For example,
cytotoxic T cells trigger the destruction of target cells by either or both of the following
means. First, upon activation T cells release cytotoxins such as perforin, granzymes, and
granulysin. Perforin and granulysin create pores in the target cell, and granzymes enter the
cell and trigger a caspase cascade in the cytoplasm that induces apoptosis (programmed cell
death) of the cell. Second, apoptosis can be induced via Fas-Fas ligand interaction between
the T cells and target cells. The cytotoxic lymphocytes will preferably be autologous celis,

although heterologous cells or allogenic cells can be used.
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The terms "T cell” and "T lymphocyte” are used interchangeably herein and include T helper
cells (CD4+ T cells) and cytotoxic T cells (CTLs, CD8+ T cells} which comprise cytolytic T cells.
The term "antigen-specific T cell" or similar terms relate to a T cell which recognizes the
antigen to which the T cell is targeted and preferably exerts effector functions of Tcells. T
cells are considered to be specific for antigen if the cells kill target cells expressing an
antigen. T cell specificity may be evaluated using any of a variety of standard techniques, for
example, within a chromium release assay or proliferation assay. Alternatively, synthesis of

lymphokines (such as interferon-y) can be measured.

As used herein, the term "NK cell" or "Natural Killer cell” refer to a subset of peripheral
blood lymphocytes defined by the expression of CD56 or CD16 and the absence of the T cell
receptor (CD3). As provided herein, the NK cell can also be differentiated from a stem cell or

progenitor cell.

The term "effector functions" in the context of the present invention includes any functions
mediated by components of the immune system that result, for example, in the killing of
diseased cells such as tumor cells, or in the inhibition of tumor growth and/or inhibition of
tumor development, including inhibition of tumor dissemination and metastasis. Preferably,
the effector functions in the context of the present invention are T cell mediated effector
functions. Such functions comprise in the case of a helper T cell (CD4* T cell) the release of
cytokines and/or the activation of CD8* lymphocytes (CTLs) and/or B cells, and in the case of
CTL the elimination of cells, i.e., cells characterized by expression of an antigen, for example,
via apoptosis or perforin-mediated cell lysis, production of cytokines such as IFN-y and TNF-

o, and specific cytolytic killing of antigen expressing target cells.

The term "immune effector cell" or "immunoreactive cell" in the context of the present
invention relates to a cell which exerts effector functions during an immune reaction. An
"immune effector cell" preferably is capable of binding an antigen such as an antigen
expressed on the surface of a cell and mediating an immune response. For example, immune
effector cells comprise T cells (cytotoxic T cells, helper T cells, tumor infiltrating T cells), B
cells, natural killer cells, neutrophils, macrophages, and dendritic cells. Preferably, in the

context of the present invention, "immune effector cells" are T cells, preferably CD4* and/or
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CD8* T cells. According to the invention, the term "immune effector cell" also includes a cell
which can mature into an immune cell (such as T cell, in particular T helper cell, or cytolytic T
cell) with suitable stimulation. Immune effector cells comprise CD34* hematopoietic stem
cells, immature and mature T cells and immature and mature B cells. The differentiation of T
cell precursors into a cytolytic T cell, when exposed to an antigen, is similar to clonal

selection of the immune system.

Preferably, an "immune effector cell" recognizes an antigen with some degree of specificity,
in particular if present on the surface of diseased cells such as cancer cells. Preferably, said
recognition enables the cell that recognizes an antigen to be responsive or reactive. If the
cell is a helper T cell (CD4* T cell) such responsiveness or reactivity may involve the release of
cytokines and/or the activation of CD8* lymphocytes (CTLs) and/or B cells. if the cell is a CTL
such responsiveness or reactivity may involve the elimination of cells, i.e., cells characterized
by expression of an antigen, for example, via apoptosis or perforin-mediated cell lysis.
According to the invention, CTL responsiveness may include sustained calcium flux, cell
division, production of cytokines such as IFN-y and TNF-a, up-regulation of activation
markers such as CD44 and CD69, and specific cytolytic killing of antigen expressing target
cells. CTL responsiveness may also be determined using an artificial reporter that accurately
indicates CTL responsiveness. Such CTL that recognizes an antigen and are responsive or

reactive are also termed "antigen-responsive CTL" herein.

A "lymphoid cell" is a cell which, optionally after suitable modification, e.g. after transfer of a
CAR, is capable of producing an immune response such as a cellular immune response, or a
precursor cell of such cell, and includes lymphocytes, preferably T lymphocytes,
lymphoblasts, and plasma cells. A lymphoid cell may be an immune effector cell as described
herein. A preferred lymphoid cell is a T cell which can be modified to express a CAR on the
cell surface. In one embodiment, the lymphoid cell lacks endogenous expression of a T cell

receptor.

The terms "T cell” and "T lymphocyte" are used interchangeably herein and include T helper

cells (CD4+ T cells) and cytotoxic T cells (CTLs, CD8+ T cells) which comprise cytolytic T cells.
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T cells belong to a group of white blood cells known as lymphocytes, and play a central role
in cell-mediated immunity. They can be distinguished from other lymphocyte types, such as
B cells and natural killer cells by the presence of a special receptor on their cell surface called
T cell receptor (TCR). The thymus is the principal organ responsible for the maturation of T

cells. Several different subsets of T cells have been discovered, each with a distinct function.

T helper cells assist other white blood cells in immunologic processes, including maturation
of B cells into plasma cells and activation of cytotoxic T cells and macrophages, among other
functions. These cells are also known as CD4+ T cells because they express the CD4 protein
on their surface. Helper T cells become activated when they are presented with peptide
antigens by MHC class Il molecules that are expressed on the surface of antigen presenting
cells (APCs). Once activated, they divide rapidly and secrete small proteins called cytokines

that regulate or assist in the active immune response.

Cytotoxic T cells destroy virally infected cells and tumor cells, and are also implicated in
transplant rejection. These cells are also known as CD8+ T celis since they express the CD8
glycoprotein at their surface. These cells recognize their targets by binding to antigen

associated with MHC class |, which is present on the surface of nearly every cell of the body.

A majority of T cells have a T cell receptor (TCR) existing as a complex of several proteins.
The actual T cell receptor is composed of two separate peptide chains, which are produced
from the independent T cell receptor alpha and beta (TCRa and TCRB) genes and are called
a- and B-TCR chains. y6 T cells (gzamma delta T cells) represent a small subset of T cells that
possess a distinct T cell receptor (TCR) on their surface. However, in y&6 T cells, the TCR is
made up of one y-chain and one 6-chain. This group of T cells is much less common (2% of

total T cells) than the aff T cells.

All T cells originate from hematopoietic stem cells in the bone marrow. Hematopoietic
progenitors derived from hematopoietic stem cells populate the thymus and expand by cell
division to generate a large population of immature thymocytes. The earliest thymocytes
express neither CD4 nor CD8, and are therefore classed as double-negative (CD4-CD8-) cells.

As they progress through their development they become double-positive thymocytes
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(CD4+CD8+), and finally mature to single-positive (CD4+CD8- or CD4-CD8+) thymocytes that

are then released from the thymus to peripheral tissues.

T cells may generally be prepared in vitro or ex vivo, using standard procedures. For
example, T cells may be isolated from bone marrow, peripheral blood or a fraction of bone
marrow or peripheral blood of a mammal, such as a patient, using a commercially available
cell separation system. Alternatively, T cells may be derived from related or unrelated
humans, non-human animals, cell lines or cultures. A sample comprising T cells may, for

example, be peripheral blood mononuclear cells (PBMC).

The T cells to be used according to the invention may express an endogenous T cell receptor

or may lack expression of an endogenous T cell receptor.

The term "CAR targeted to an antigen" relates to a CAR which when present on an immune
effector cell such as a T cell recognizes the antigen such as on the surface of antigen
presenting cells or diseased cells such as cancer cells, such that the immune effector cell is
stimulated, primed and/or expanded or exerts effector functions of immune effector cells as

described above.

Sources of T cells

Prior to expansion and genetic modification of the T cells of the invention, a source of T cells
is obtained from a subject. T cells can be obtained from a number of sources, including
peripheral blood mononuclear cells, bone marrow, lymph node tissue, cord blood, thymus
tissue, tissue from a site of infection, ascites, pleural effusion, spleen tissue, and tumors. In
certain embodiments of the present invention, any number of T cell lines available in the art,
may be used. In certain embodiments of the present invention, T cells can be obtained from
a unit of blood collected from a subject using any number of techniques known to the skilled
artisan, such as Ficoll™ separation. In one preferred embodiment, cells from the circulating
blood of an individual are obtained by apheresis. The apheresis product typically contains
lymphocytes, including T cells, monocytes, granulocytes, B cells, other nucleated white blood
cells, red blood cells, and platelets. In one embodiment, the cells collected by apheresis may

be washed to remove the plasma fraction and to place the cells in an appropriate buffer or
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media for subsequent processing steps. In one embodiment of the invention, the cells are
washed with phosphate buffered saline (PBS). In an alternative embodiment, the wash
solution lacks calcium and may lack magnesium or may lack many if not all divalent cations.
Again, surprisingly, initial activation steps in the absence of calcium lead to magnified
activation. As those of ordinary skill in the art would readily appreciate a washing step may
be accomplished by methods known to those in the art, such as by using a semi-automated
"flow-through" centrifuge (for example, the Cobe 2991 cell processor, the Baxter CytoMate,
or the Haemonetics Cell Saver 5) according to the manufacturer's instructions. After
washing, the cells may be resuspended in a variety of biocompatible buffers, such as, for
example, Ca®*-free, Mg?*-free PBS, Plasmalyte A, or other saline solution with or without
buffer. Alternatively, the undesirable components of the apheresis sample may be removed

and the cells directly resuspended in culture media.

In another embodiment, T cells are isolated from peripheral blood lymphocytes by lysing the
red blood cells and depleting the monocytes, for example, by centrifugation through a
PERCOLL™ gradient or by counterflow centrifugal elutriation. A specific subpopulation of T
cells, such as CD3*, CD28*, CD4*, CD8*, CD45RA*, and CD45RO'T cells, can be further isolated
by positive or negative selection techniques. For example, in one embodiment, T cells are
isolated by incubation with anti-CD3/anti-CD28 (i.e., 3x28)-conjugated beads, such as
DYNABEADS® M-450 CD3/CD28 T, for a time period sufficient for positive selection of the
desired T cells. In one embodiment, the time period ranges from 30 minutes to 36 hours or
longer. The skilled artisan would recognize that multiple rounds of selection can also be used

in the context of this invention.

Enrichment of a T cell population by negative selection can be accomplished with a
combination of antibodies directed to surface markers unique to the negatively selected
cells. One method is cell sorting and/or selection via negative magnetic immunoadherence
or flow cytometry that uses a cocktail of monoclonal antibodies directed to cell surface
markers present on the cells negatively selected. For example, to enrich for CD4* cells by
negative selection, a monoclonal antibody cocktail typically includes antibodies to CD14,
CD20, CD11b, CD16, HLA-DR, and CD8. In certain embodiments, it may be desirable to enrich

for or positively select for regulatory T cells which typically express CD4*, CD25*, CD62L",
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GITR*, and FoxP3*. Alternatively, in certain embodiments, T regulatory cells are depleted by

anti-CD25 conjugated beads or other similar method of selection.

A variety of methods may be used to introduce CAR constructs into T cells including non-
viral-based DNA transfection, transposon-based systems, viral-based systems and RNA-
based systems. Non-viral-based DNA transfection has low risk of insertional mutagenesis.
Transposon-based systems can integrate transgenes more efficiently than plasmids that do
not contain an integrating element. Viral-based systems include the use of y-retroviruses
and lentiviral vectors. y-Retroviruses are relatively easy to produce, efficiently and
permanently transduce T cells, and have preliminarily proven safe from an integration
standpoint in primary human T cells. Lentiviral vectors also efficiently and permanently
transduce T cells but are more expensive to manufacture. They are also potentially safer

than retrovirus based systems.

In one embodiment of the invention, T cells or T cell progenitors are transfected either ex
vivo or in vivo with a nucleic acid encoding the CAR to provide T cells genetically modified to

express a CAR.

CAR T cells may be produced in vivo, and therefore nearly instantaneously, using
nanoparticles targeted to T cells. For example, poly(B-amino ester)-based nanoparticles may
be coupled to anti-CD3e f(ab) fragments for binding to CD3 on T cells. Upon bindingto T
cells, these nanoparticles are endocytosed. Their contents, for example plasmid DNA
encoding an anti-tumor antigen CAR, may be directed to the T cell nucleus due to the
inclusion of peptides containing microtubule-associated sequences (MTAS) and nuclear
localization signals (NLSs). The inclusion of transposons with inverted repeats (IRs) flanking
the CAR gene expression cassette and a separate plasmid encoding a hyperactive
transposase, may allow for the efficient integration of the CAR vector into chromosomes.
Such system that allows for the in vivo production of CAR T cells following nanoparticle

infusion is described in Smith et al. (2017) Nat. Nanotechnol. 12:813-820.

Another possibility is to use the CRISPR/Cas9 method to deliberately place a CAR coding

sequence at a specific locus. For example, existing T cell receptors (TCR) may be knocked
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out, while knocking in the CAR and placing it under the dynamic regulatory control of the
endogenous promoter that would otherwise moderate TCR expression; c.f., e.g., Eyquem et

al. (2017) Nature 543:113-117.

In one embodiment of all aspects of the invention, the T cells genetically modified to express
a CAR are stably or transiently transfected with nucleic acid encoding the CAR. Thus, the

nucleic acid encoding the CAR is integrated or not integrated into the genome of the T cells.

In one embodiment of all aspects of the invention, the T cells or T cell progenitors are from
the subject to be treated. In one embodiment of all aspects of the invention, the Tcellsor T

cell progenitors are from a subject which is different to the subject to be treated.

In one embodiment of all aspects of the invention, the T cells may be autologous, allogeneic
or syngeneic to the subject to be treated. The T cells may be genetically modified in vitro to

express a chimeric antigen receptor (CAR).

In one embodiment of all aspects of the invention, the T cells genetically modified to express
a CAR are inactivated for expression of an endogenous T cell receptor and/or endogenous

HLA.

Activation and Expansion of T cells
Whether prior to or after genetic modification of the T cells to express a desirable CAR, the T

cells can be activated and expanded generally using methods known in the art.

Generally, the T cells of the invention are expanded by contact with a surface having
attached thereto an agent that stimulates a CD3/TCR complex associated signal and a ligand
that stimulates a co-stimulatory molecule on the surface of the T cells. In particular, T cell
populations may be stimulated as described herein, such as by contact with an anti-CD3
antibody, or antigen binding fragment thereof, or an anti-CD2 antibody immobilized on a
surface, or by contact with a protein kinase C activator (e.g., bryostatin) in conjunction with
a calcium ionophore. For co-stimulation of an accessory molecule on the surface of the T

cells, a ligand that binds the accessory molecule is used. For example, a population of T cells
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can be contacted with an anti-CD3 antibody and an anti-CD28 antibody, under conditions

appropriate for stimulating proliferation of the T cells.

In certain embodiments, the primary stimulatory signal and the co-stimulatory signal for the
T cell may be provided by different protocols. For example, the agents providing each signal
may be in solution or coupled to a surface. When coupled to a surface, the agents may be
coupled to the same surface (i.e., in "cis" formation) or to separate surfaces (i.e., in "trans"
formation). Alternatively, one agent may be coupled to a surface and the other agent in
solution. In one embodiment, the agent providing the co-stimulatory signal is bound to a cell
surface and the agent providing the primary activation signal is in solution or coupled to a

surface. In certain embodiments, both agents can be in solution.

In one embodiment, the two agents are immobilized on beads, either on the same bead, i.e.,
“cis", or to separate beads, i.e., "trans." By way of example, the agent providing the primary
activation signal is an anti-CD3 antibody or an antigen binding fragment thereof and the
agent providing the co-stimulatory signal is an anti-CD28 antibody or antigen binding
fragment thereof; and both agents are co-immobilized to the same bead. In one
embodiment, the ratio of CD3:CD28 antibody bound to the beads ranges from 100:1 to
1:100.

Ratios of particles to cells from 1:500 to 500:1 may be used to stimulate T cells or other
target cells. As those of ordinary skill in the art can readily appreciate, the ratio of particles
to cells may depend on particle size relative to the target cell. For example, small sized beads
could only bind a few cells, while larger beads could bind many. In certain embodiments the
ratio of cells to particles ranges from 1:100 to 100:1 and in further embodiments the ratio

comprises 1.9 to 9:1.

Conditions appropriate for T cell culture include an appropriate media (e.g., Minimal
Essential Media or RPMI Media 1640 or, X-vivo 15, (Lonza)) that may contain factors
necessary for proliferation and viability, including serum {e.g., fetal bovine or human serum),
interleukin-2 (IL-2), insulin, IFN-y, IL-4, IL-7, GM-CSF, IL- 10, IL- 12, IL-15, TGFB, and TNF-a or

any other additives for the growth of cells known to the skilled artisan. Other additives for
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the growth of cells include, but are not limited to, surfactant, plasmanate, and reducing
agents such as N-acetyl-cysteine and 2-mercaptoethanol. The target cells are maintained
under conditions necessary to support growth, for example, an appropriate temperature

(e.g., 37° C) and atmosphere (e.g., air plus 5% CO).

Therapeutic Application

The present invention encompasses a cell (e.g., T cell) comprising a CAR molecule of the
invention, e.g., transduced with a retroviral such as lentiviral vector (LV) that encodes a CAR
of the invention. Therefore, in some instances, the transduced T cell can elicit a CAR-

mediated T cell response.

The invention provides the use of a CAR to redirect the specificity of a primary T cell to the
tumor antigen CLDNG6. Thus, the present invention also provides a method for stimulatinga T
cell-mediated immune response to a target cell population or tissue in a mammal comprising
the step of administering to the mammal a T cell that expresses a CAR of the invention,
wherein the CAR comprises a binding moiety that specifically interacts with CLDN6 as a

predetermined target.

In one embodiment, the present invention includes a type of cellular therapy where T cells
are genetically modified to express a CAR of the invention and the CAR T cell is infused to a
recipient in need thereof. The infused cell is able to kill tumor cells in the recipient. Unlike
antibody therapies, CAR T cells are able to replicate in vivo resulting in long-term persistence

that can lead to sustained tumor control.

In one embodiment, the CAR T cells of the invention can undergo robust in vivo T cell
expansion and can persist for an extended amount of time. In another embodiment, the CAR
T cells of the invention evolve into specific memory T cells that can be reactivated to inhibit

any additional tumor formation or growth.

Cancers that may be treated include tumors that are not vascularized, or not yet
substantially vascularized, as well as vascularized tumors. In one embodiment, cancers

comprise solid tumors.
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Solid tumors are abnormal masses of tissue that usually do not contain cysts or liquid areas.
Solid tumors can be benign or malignant. Different types of solid tumors are named for the
type of cells that form them (such as sarcomas, carcinomas, and lymphomas). Examples of
solid tumors, such as sarcomas and carcinomas, include fibrosarcoma, myxosarcoma,
liposarcoma, chondrosarcoma, osteosarcoma, and other sarcomas, synovioma,
mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma,
lymphoid malignancy, pancreatic cancer, breast cancer, lung cancers, ovarian cancer,
prostate cancer, hepatocellular carcinoma, squamous eel! carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, medullary thyroid carcinoma, papillary thyroid
carcinoma, pheochromocytomas sebaceous gland carcinoma, papillary carcinoma, papillary
adenocarcinomas, medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma,
hepatoma, bile duct carcinoma, choriocarcinoma, Wilms' tumor, cervical cancer, testicular
tumor, seminoma, bladder carcinoma, melanoma, and CNS tumors (such as a glioma (such
as brainstem glioma and mixed gliomas), glioblastoma (also known as glioblastoma
multiforme) astrocytoma, CNS lymphoma, germinoma, medulloblastoma, Schwannoma
craniopharyogioma, ependymoma, pineaioma, hemangioblastoma, acoustic neuroma,

oligodendroglioma, menangioma, neuroblastoma, retinoblastoma and brain metastases).

In one embodiment, the cancers that may be treated are CLDN6 expressing cancers such as

those that are described herein.

In one embodiment of the invention, cells are isolated from a mammal (preferably a human)
and genetically modified (i.e., transduced or transfected in vitro) with a vector expressing a
CAR disclosed herein. The CAR-modified cell can be administered to a mammalian recipient
to provide a therapeutic benefit. The mammalian recipient may be a human and the CAR-
modified cell can be autologous with respect to the recipient. Alternatively, the cells can be

allogeneic, syngeneic or xenogeneic with respect to the recipient.

Combination Therapies
The CAR-modified cells of the present invention may be administered either alone, or in

combination with other components such as IL-2 or other cytokines or cell populations. In
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one embodiment, the CAR-modified cells of the present invention are administered in
combination with a cognate antigen molecule, or a nucleic acid, in particular RNA, encoding
a cognate antigen molecule. The cognate antigen molecule may be CLDN6, recombinant
CLDNG, a CLDNG fragment, or a variant of any of the foregoing. In one embodiment a nucleic
acid, in particular RNA, encoding the cognate antigen molecule (e.g., CLDN6, recombinant
CLDN®, a CLDN6 fragment, or a variant of any of the foregoing) is administered. Preferably,
the nucleic acid encoding the cognate antigen molecule is expressed in cells of the subject
being administered the CAR-modified cells of the present invention and the nucleic acid
encoding the cognate antigen molecule to provide the cognate antigen molecule for binding
by the CAR antigen binding domain. In one embodiment, expression of the cognate antigen
molecule of the CAR antigen binding domain is at the cell surface. In one embodiment, the
nucleic acid encoding the cognate antigen molecule is transiently expressed in cells of the
subject. In one embodiment, the nucleic coding for the cognate antigen molecule is RNA.
Preferably, contacting the CAR-modified cells of the present invention with the cognate

antigen molecule results in expansion and/or activation of the cells.

The peptide and protein antigens suitable for use according to the invention typically include
a peptide or protein comprising an epitope to which the CLDN6 antigen binding domain of
the CAR of the invention binds. The peptide or protein or epitope may be derived from
CLDNG. For example, the peptide or protein antigen or the epitope contained within the

peptide or protein antigen may be CLDN6 or a fragment or variant of CLDN6.

A peptide and protein antigen provided to a subject according to the invention (either by
administering the peptide and protein antigen or a nucleic acid, in particular RNA, encoding
the peptide and protein antigen), i.e., a vaccine antigen, preferably results in stimulation,
priming and/or expansion of CAR-modified cells in the subject being administered the CAR-
modified cells and the antigen or nucleic acid. Said stimulated, primed and/or expanded
CAR-modified cells are preferably directed against the CLDNG6 target antigen, in particular
the target antigen expressed by diseased cells, tissues and/or organs, i.e., the disease-
associated antigen. Thus, a vaccine antigen may comprise the disease-associated antigen, or
a fragment or variant thereof. In one embodiment, such fragment or variant is

immunologically equivalent to the disease-associated antigen. In the context of the present
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disclosure, the term "fragment of an antigen” or "variant of an antigen" means an agent
which results in stimulation, priming and/or expansion of CAR-modified cells which
stimulated, primed and/or expanded CAR-modified cells target the disease-associated
antigen, in particular when expressed on the surface of diseased cells, tissues and/or organs.
Thus, the vaccine antigen administered according to the disclosure may correspond to or
may comprise the disease-associated antigen, may correspond to or may comprise a
fragment of the disease-associated antigen or may correspond to or may comprise an
antigen which is homologous to the disease-associated antigen or a fragment thereof. If the
vaccine antigen administered according to the disclosure comprises a fragment of the
disease-associated antigen or an amino acid sequence which is homologous to a fragment of
the disease-associated antigen said fragment or amino acid sequence may comprise an
epitope of the disease-associated antigen or a sequence which is homologous to an epitope
of the disease-associated antigen, wherein the CAR-modified cells bind to said epitope. Thus,
according to the disclosure, an antigen may comprise an immunogenic fragment of the
disease-associated antigen or an amino acid sequence being homologous to an
immunogenic fragment of the disease-associated antigen. An "immunogenic fragment of an
antigen" according to the disclosure preferably relates to a fragment of an antigen which is
capable of stimulating, priming and/or expanding CAR-modified cells. It is preferred that the
vaccine antigen (similar to the disease-associated antigen) provides the relevant epitope for
binding by the CLDN6 antigen binding domain present in the CAR of the CAR-modified cells.
Itis also preferred that the vaccine antigen (similar to the disease-associated antigen) is
expressed on the surface of a cell such as an antigen-presenting cell so as to provide the
relevant epitope for binding by the CAR. The vaccine antigen according to the invention may

be a recombinant antigen.

The term "immunologically equivalent" means that the immunologically equivalent molecule
such as the immunologically equivalent amino acid sequence exhibits the same or essentially
the same immunological properties and/or exerts the same or essentially the same
immunological effects, e.g., with respect to the type of the immunological effect. In the
context of the present disclosure, the term "immunologically equivalent” is preferably used
with respect to the immunological effects or properties of antigens or antigen variants. For

example, an amino acid sequence is immunologically equivalent to a reference amino acid
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sequence, e.g., CLDNG, if said amino acid sequence when exposed to CAR-modified cells
binding to the reference amino acid sequence or cells expressing the reference amino acid
sequence induces an immune reaction having a specificity of reacting with the reference
amino acid sequence, in particular stimulation, priming and/or expansion of CAR-modified
cells. Thus, a molecule which is immunologically equivalent to an antigen exhibits the same
or essentially the same properties and/or exerts the same or essentially the same effects
regarding the stimulation, priming and/or expansion of CAR-modified cells as the antigen to

which the CAR-modified cells are targeted.

“Activation" or "stimulation”, as used herein, refers to the state of a T cell that has been
sufficiently stimulated to induce detectable cellular proliferation. Activation can also be
associated with induced cytokine production, and detectable effector functions. The term

"activated T cells" refers to, among other things, T cells that are undergoing cell division.

The term "priming" refers to a process wherein a T cell has its first contact with its specific

antigen and causes differentiation into effector T cells.

The term "clonal expansion" or "expansion" refers to a process wherein a specific entity is
multiplied. In the context of the present disclosure, the term is preferably used in the
context of an immunological response in which lymphocytes are stimulated by an antigen,
proliferate, and the specific lymphocyte recognizing said antigen is amplified. Preferably,

clonal expansion leads to differentiation of the lymphocytes.

It is particularly preferred according to the invention that the cognate antigen is
administered in the form of RNA encoding the antigen. After administration of the RNA, at
least a portion of the RNA is delivered to a target cell. In one embodiment, at least a portion
of the RNA is delivered to the cytosol of the target cell. In one embodiment, the RNA is
translated by the target cell to produce the encoded peptide or protein. Some embodiments
involve the targeted delivery of the RNA to certain tissues. In one embodiment, the delivery
involves targeting the lymphatic system, in particular secondary lymphoid organs, more

specifically spleen. In one embodiment, the target cell is a spleen cell. In one embodiment,
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the target cell is an antigen presenting cell such as a professional antigen presenting cell in

the spleen. In one embodiment, the target cell is a dendritic cell in the spleen.

The "lymphatic system" is part of the circulatory system and an important part of the
immune system, comprising a network of lymphatic vessels that carry lymph. The lymphatic
system consists of lymphatic organs, a conducting network of lymphatic vessels, and the
circulating lymph. The primary or central lymphoid organs generate lymphocytes from
immature progenitor cells. The thymus and the bone marrow constitute the primary
lymphoid organs. Secondary or peripheral lymphoid organs, which include lymph nodes and

the spleen, maintain mature naive lymphocytes and initiate an adaptive immune response.

RNA may be delivered to spleen by so-called lipoplex formulations, in which the RNA is
bound to liposomes comprising a cationic lipid and optionally an additional or helper lipid to
form injectable nanoparticle formulations. The liposomes may be obtained by injecting a
solution of the lipids in ethanol into water or a suitable agueous phase. RNA lipoplex
particles may be prepared by mixing the liposomes with RNA. Spleen targeting RNA lipoplex
particles are described in WO 2013/143683, herein incorporated by reference. It has been
found that RNA lipoplex particles having a net negative charge may be used to preferentially
target spleen tissue or spleen cells such as antigen-presenting cells, in particular dendritic
cells. Accordingly, following administration of the RNA lipoplex particles, RNA accumulation
and/or RNA expression in the spleen occurs. Thus, RNA lipoplex particles of the disclosure
may be used for expressing RNA in the spleen. In an embodiment, after administration of the
RNA lipoplex particles, no or essentially no RNA accumulation and/or RNA expression in the
lung and/or liver occurs. In one embodiment, after administration of the RNA lipoplex
particles, RNA accumulation and/or RNA expression in antigen presenting cells, such as
professional antigen presenting cells in the spleen occurs. Thus, RNA lipoplex particles of the
disclosure may be used for expressing RNA in such antigen presenting cells. In one

embodiment, the antigen presenting cells are dendritic cells and/or macrophages.

In the context of the present disclosure, the term "particle" relates to a structured entity

formed by molecules or molecule complexes. In one embodiment, the term "particle"
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relates to a micro- or nano-sized structure, such as a micro- or nano-sized compact

structure.

As used in the present disclosure, "nanoparticle” includes a particle comprising RNA and at
least one cationic lipid and having an average diameter suitable for intravenous

administration.

In the context of the present disclosure, the term "RNA lipoplex particle" relates to a particle
that contains lipid, in particular cationic lipid, and RNA. Electrostatic interactions between
positively charged liposomes and negatively charged RNA results in complexation and
spontaneous formation of RNA lipoplex particles. Positively charged liposomes may be
generally synthesized using a cationic lipid, such as DOTMA, and additional lipids, such as

DOPE. In one embodiment, a RNA lipoplex particle is a nanoparticle.

The term "ethanol injection technique" refers to a process, in which an ethanol solution
comprising lipids is rapidly injected into an aqueous solution through a needle. This action
disperses the lipids throughout the solution and promotes lipid structure formation, for
example lipid vesicle formation such as liposome formation. Generally, the RNA lipoplex
particles described herein are obtainable by adding RNA to a colloidal liposome dispersion.
Using the ethanol injection technique, such colloidal liposome dispersion is, in one
embodiment, formed as follows: an ethanol solution comprising lipids, such as cationic lipids
like DOTMA and additional lipids, is injected into an agqueous solution under stirring. In one
embodiment, the RNA lipoplex particles described herein are obtainable without a step of

extrusion.

The term "extruding" or "extrusion" refers to the creation of particles having a fixed, cross-
sectional profile. In particular, it refers to the downsizing of a particle, whereby the particle

is forced through filters with defined pores.

As used herein, a "cationic lipid" refers to a lipid having a net positive charge. Cationic lipids
bind negatively charged RNA by electrostatic interaction to the lipid matrix. Generally,

cationic lipids possess a lipophilic moiety, such as a sterol, an acyl or diacyl chain, and the
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head group of the lipid typically carries the positive charge. Examples of cationic lipids
include, but are not limited to 1,2-di-O-octadecenyl-3-trimethylammonium propane
{DOTMA), dimethyldioctadecylammonium (DDAB); 1,2-dioleoyl-3-trimethylammonium
propane (DOTAP); 1,2-dioleoyl-3-dimethylammonium-propane (DODAP); 1,2-diacyloxy-3-
dimethylammonium propanes; 1,2-dialkyloxy-3- dimethylammonium propanes;
dioctadecyldimethyl ammonium chloride (DODAC), 2,3-di(tetradecoxy)propyl-(2-
hydroxyethyl)-dimethylazanium (DMRIE), 1,2-dimyristoyl-sn-glycero-3-ethylphosphocholine
(DMEPC), |,2-dimyristoyl-3-trimethylammonium propane (DMTAP), 1,2-dioleyloxypropyl-3-
dimethyl-hydroxyethyl ammonium bromide (DORIE), and 2,3-dioleoyloxy- N-[2(spermine
carboxamide)ethyl]-N,N-dimethyl-l-propanamium trifluoroacetate (DOSPA). Preferred are
DOTMA, DOTAP, DODAC, and DOSPA. In specific embodiments, the cationic lipid is DOTMA
and/or DOTAP.

An additional lipid may be incorporated to adjust the overall positive to negative charge
ratio and physical stability of the RNA lipoplex particles. In certain embodiments, the
additional lipid is a neutral lipid. As used herein, a "neutral lipid" refers to a lipid having a net
charge of zero. Examples of neutral lipids include, but are not limited to, 1,2-di-(92-
octadecenoyl)-sn-glycero-3-phosphoethanolamine (DOPE), 1,2-dioleoyl-sn-glycero-3-
phosphocholine (DOPC), diacylphosphatidyl choline, diacylphosphatidyl ethanol amine,
ceramide, sphingoemyelin, cephalin, cholesterol, and cerebroside. In specific embodiments,

the additional lipid is DOPE, cholesterol and/or DOPC.

In certain embodiments, the RNA lipoplex particles include both a cationic lipid and an
additional lipid. In an exemplary embodiment, the cationic lipid is DOTMA and the additional
lipid is DOPE.

In some embodiments, the molar ratio of the at least one cationic lipid to the at least one
additional lipid is from about 10:0 to about 1:9, about 4:1 to about 1:2, or about 3:1 to about
1:1. In specific embodiments, the molar ratio may be about 3:1, about 2.75:1, about 2.5:1,
about 2.25:1, about 2:1, about 1.75:1, about 1.5:1, about 1.25:1, or about 1:1. In an
exemplary embodiment, the molar ratio of the at least one cationic lipid to the at least one

additional lipid is about 2:1.
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RNA lipoplex particles described herein have an average diameter that in one embodiment
ranges from about 200 nm to about 1000 nm, from about 200 nm to about 800 nm, from
about 250 to about 700 nm, from about 400 to about 600 nm, from about 300 nm to about
500 nm, or from about 350 nm to about 400 nm. In specific embodiments, the RNA lipoplex
particles have an average diameter of about 200 nm, about 225 nm, about 250 nm, about
275 nm, about 300 nm, about 325 nm, about 350 nm, about 375 nm, about 400 nm, about
425 nm, about 450 nm, about 475 nm, about 500 nm, about 525 nm, about 550 nm, about
575 nm, about 600 nm, about 625 nm, about 650 nm, about 700 nm, about 725 nm, about
750 nm, about 775 nm, about 800 nm, about 825 nm, about 850 nm, about 875 nm, about
900 nm, about 925 nm, about 950 nm, about 975 nm, or about 1000 nm. In an embodiment,
the RNA lipoplex particles have an average diameter that ranges from about 250 nm to
about 700 nm. In another embodiment, the RNA lipoplex particles have an average diameter
that ranges from about 300 nm to about 500 nm. In an exemplary embodiment, the RNA

lipoplex particles have an average diameter of about 400 nm.

The term "average diameter" refers to the mean hydrodynamic diameter of particles as
measured by dynamic light scattering (DLS) with data analysis using the so-called cumulant
algorithm, which provides as results the so-called Zaverage with the dimension of a length, and
the polydispersity index (P}, which is dimensionless (Koppel, D., J. Chem. Phys. 57, 1972, pp
4814-4820, I1SO 13321). Here "average diameter", "diameter" or "size" for particles is used

synonymously with this value of the Zaverage.

The term "polydispersity index" is used herein as a measure of the size distribution of an
ensemble of particles, e.g., nanoparticles. The polydispersity index is calculated based on

dynamic light scattering measurements by the so-called cumulant analysis.

The electric charge of the RNA lipoplex particles of the present disclosure is the sum of the
electric charges present in the at least one cationic lipid and the electric charges present in
the RNA. The charge ratio is the ratio of the positive charges present in the at least one
cationic lipid to the negative charges present in the RNA. The charge ratio of the positive

charges present in the at least one cationic lipid to the negative charges present in the RNA
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is calculated by the following equation: charge ratio=[(cationic lipid concentration (mol)) *
{the total number of positive charges in the cationic lipid)] / [(RNA concentration (mol)) *

{the total number of negative charges in RNA)].

The spleen targeting RNA lipoplex particles described herein at physiological pH preferably
have a net negative charge such as a charge ratio of positive charges to negative charges
from about 1.9:2 to about 1:2. In specific embodiments, the charge ratio of positive charges
to negative charges in the RNA lipoplex particles at physiological pH is about 1.9:2.0, about
1.8:2.0, about 1.7:2.0, about 1.6:2.0, about 1.5:2.0, about 1.4:2.0, about 1.3:2.0, about
1.2:2.0, about 1.1:2.0, or about 1:2.0.

In one embodiment, immune effector cells expressing a CAR molecule described herein are
co-administered with RNA encoding an amino acid sequence comprising claudin 6 (CLDN6), a
functional variant thereof, or a functional fragment of the CLDNG6 or the functional variant

thereof.

In one embodiment, the RNA encoding an amino acid sequence comprising claudin 6
(CLDNS®), a functional variant thereof, or a functional fragment of the CLDN6 or the
functional variant thereof comprises as the active principle single-stranded RNA that may be
translated into the respective protein upon entering cells of a recipient. In addition to
wildtype or codon-optimized sequences encoding the amino acid sequence, the RNA may
contain one or more structural elements optimized for maximal efficacy of the RNA with
respect to stability and translational efficiency (5' cap, 5' UTR, 3' UTR, poly(A)-tail). In one
embodiment, the RNA contains all of these elements. In one embodiment, beta-S-ARCA(D1)
(m272-9GppSpG) may be utilized as specific capping structure at the 5'-end of the RNA. As 5'-
UTR sequence, the 5'-UTR sequence of the human alpha-globin mRNA, optionally with an
optimized ‘Kozak sequence’ to increase translational efficiency may be used. As 3'-UTR
sequence, a combination of two sequence elements (Fl element) derived from the "amino
terminal enhancer of split” (AES) mRNA (called F) and the mitochondrial encoded 125
ribosomal RNA (called 1) placed between the coding sequence and the poly(A)-tail to assure
higher maximum protein levels and prolonged persistence of the mRNA may be used. These

were identified by an ex vivo selection process for sequences that confer RNA stability and
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augment total protein expression (see WO 2017/060314, herein incorporated by reference).
Furthermore, a poly{A)-tail measuring 110 nucleotides in length, consisting of a stretch of 30
adenosine residues, followed by a 10 nucleotide linker sequence (of random nucleotides)

and another 70 adenosine residues may be used. This poly(A)-tail sequence was designed to

enhance RNA stability and translational efficiency.

The RNA may be complexed with liposomes to generate serum-stable RNA-lipoplexes
(RNA(LIP)) for intravenous (i.v.) administration. RNA(LIP) targets antigen-presenting cells
(APCs) in lymphoid organs which results in an efficient stimulation of CAR-expressing
immune effector cells. The RNA lipoplex particles may be prepared using liposomes that may
be obtained by injecting a solution of lipids in ethanol into water or a suitable aqueous
phase. in one embodiment, the aqueous phase has an acidic pH. In one embodiment, the
aqueous phase comprises acetic acid, e.g., in an amount of about 5 mM. Liposomes may be
used for preparing RNA lipoplex particles by mixing the liposomes with RNA. In one
embodiment, the liposomes and RNA lipoplex particles comprise at least one cationic lipid
and at least one additional lipid. In one embodiment, the at least one cationic lipid
comprises 1,2-di-O-octadecenyl-3-trimethylammonium propane (DOTMA). in one
embodiment, the at least one additional lipid comprises 1,2-di-(9Z-octadecenoyl)-sn-glycero-
3-phosphoethanolamine (DOPE). In one embodiment, the at least one cationic lipid
comprises 1,2-di-O-octadecenyl-3-trimethylammonium propane (DOTMA) and the at least
one additional lipid comprises 1,2-di-(9Z-octadecenoyl)-sn-glycero-3-phosphoethanolamine
(DOPE). In one embodiment, the liposomes and RNA lipoplex particles comprise 1,2-di-O-
octadecenyl-3-trimethylammonium propane (DOTMA) and 1,2-di-(9Z-octadecenoyl)-sn-
glycero-3-phosphoethanolamine (DOPE). In one embodiment, the molar ratio of the at least
one cationic lipid to the at least one additional lipid is about 2:1. In one embodiment, at
physiological pH, the charge ratio of positive charges to negative charges in the RNA lipoplex
particles is from about 1.6:2 to about 1:2, or about 1.6:2 to about 1.1:2. In specific
embodiments, the charge ratio of positive charges to negative charges in the RNA lipoplex
particles at physiological pH is about 1.6:2.0, about 1.5:2.0, about 1.4:2.0, about 1.3:2.0,
about 1.2:2.0, about 1.1:2.0, or about 1:2.0.
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In one embodiment, (i) the RNA encoding an amino acid sequence comprising claudin 6
(CLDN®), a functional variant thereof, or a functional fragment of the CLDN6 or the
functional variant thereof comprises the nucleotide sequence of SEQID NO: 42 or43,0ra-
nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to
the nucleotide sequence of SEQ ID NO: 42 or 43; and/or (ii) an amino acid sequence
comprising claudin 6 {CLDNG6), a functional variant thereof, or a functional fragment of the
CLDNG6 or the functional variant thereof comprises the amino acid sequence of SEQ ID NO: 1
or 2, or an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80%
identity to the amino acid sequence of SEQID NO: 1 or 2. In one embodiment, the RNA
encoding an amino acid sequence comprising claudin 6 (CLDN6), a functional variant thereof,
or a functional fragment of the CLDN6 or the functional variant thereof comprises the
nucleotide sequence of SEQ ID NO: 43. In one embodiment, the amino acid sequence
comprising claudin 6 (CLDN6), a functional variant thereof, or a functional fragment of the
CLDN6 or the functional variant thereof is encoded by a coding sequence which is codon-
optimized and/or the G/C content of which is increased compared to wild type coding
sequence, wherein the codon-optimization and/or the increase in the G/C content
preferably does not change the sequence of the encoded amino acid sequence. in one
embodiment, the RNA encoding an amino acid sequence comprising claudin 6 (CLDN6), a
functional variant thereof, or a functional fragment of the CLDN6 or the functional variant
thereof comprises the 5’ cap m2”2"9Gppsp(5')G. In one embodiment, the RNA encoding an
amino acid sequence comprising claudin 6 (CLDN6), a functional variant thereof, or a
functional fragment of the CLDN6 or the functional variant thereof comprises a 5" UTR
comprising the nucleotide sequence of SEQ ID NO: 44, or a nucleotide sequence having at
least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the nucleotide sequence of
SEQ ID NO: 44. In one embodiment, the RNA encoding an amino acid sequence comprising
claudin 6 (CLDN6), a functional variant thereof, or a functional fragment of the CLDNG6 or the
functional variant thereof comprises a 3° UTR comprising the nucleotide sequence of SEQ ID
NO: 45, or a nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or
80% identity to the nucleotide sequence of SEQ ID NO: 45. In one embodiment, the RNA
encoding an amino acid sequence comprising claudin 6 (CLDN6), a functional variant thereof,
or a functional fragment of the CLDNG6 or the functional variant thereof comprises a poly-A

sequence. In one embodiment, the poly-A sequence comprises at least 100 nucleotides. In
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one embodiment, the poly-A sequence comprises or consists of the nucleotide sequence of
SEQ ID NO: 46. In one embodiment, the RNA is formulated as a liquid, formulated as a solid,
or a combination thereof. In one embodiment, the RNA is formulated for injection. In one
embodiment, the RNA is formulated for intravenous administration. In one embodiment, the
RNA is formulated as lipoplex particles. In one embodiment, the RNA lipoplex particles are

obtainable by mixing the RNA with liposomes.

In the following, embodiments of the RNA encoding a cognate antigen are described,
wherein certain terms used when describing elements thereof have the following meanings:
hAg-Kozak: 5'-UTR sequence of the human alpha-globin mRNA with an optimized ‘Kozak
sequence’ to increase translational efficiency.

Antigen: Sequences encoding the cognate antigen.

Fl element: The 3'-UTR is a combination of two sequence elements derived from the “amino
terminal enhancer of split” (AES) mRNA (called F) and the mitochondrial encoded 125
ribosomal RNA (called 1). These were identified by an ex vivo selection process for sequences
that confer RNA stability and augment total protein expression.

A30L70: A poly(A)-tail measuring 110 nucleotides in length, consisting of a stretch of

30 adenosine residues, followed by a 10 nucleotide linker sequence and another 70
adenosine residues designed to enhance RNA stability and translational efficiency in

dendritic cells.

In one embodiment, RNA encoding a cognate antigen has the structure:

beta-S-ARCA(D1)-hAg-Kozak-Antigen-FI-A30L70

In one embodiment, hAg-Kozak comprises the nucleotide sequence of SEQ ID NO: 44. In one
embodiment, Antigen comprises a nucleotide sequence encoding an amino acid sequence of
CLDN®6 (e.g., SEQ ID NO: 1). In one embodiment, Antigen comprises the nucleotide sequence
of SEQ ID NO: 42. In one embodiment, Fl comprises the nucleotide sequence of SEQ ID NO:

45. In one embodiment, A30L70 comprises the nucleotide sequence of SEQ ID NO: 46. In one
embodiment, RNA encoding a cognate antigen comprises the nucleotide sequence of SEQ ID

NO: 43.
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The CAR-modified cells and further agents described herein may be administered in
pharmaceutical compositions or medicaments for therapeutic or prophylactic treatments

and may be administered in the form of any suitable pharmaceutical composition.

The term "pharmaceutical composition" relates to a formulation comprising a
therapeutically effective agent, preferably together with pharmaceutically acceptable
carriers, diluents and/or excipients. Said pharmaceutical composition is useful for treating,
preventing, or reducing the severity of a disease or disorder by administration of said
pharmaceutical composition to a subject. A pharmaceutical composition is also known in the

art as a pharmaceutical formulation.

The pharmaceutical compositions of the present disclosure may comprise one or more
adjuvants or may be administered with one or more adjuvants. The term "adjuvant" relates
to a compound which prolongs, enhances or accelerates an immune response. Adjuvants
comprise a heterogeneous group of compounds such as oil emulsions (e.g., Freund's
adjuvants), mineral compounds (such as alum), bacterial products (such as Bordetella
pertussis toxin), or immune-stimulating complexes. Examples of adjuvants include, without
limitation, LPS, GP96, CpG oligodeoxynucleotides, growth factors, and cyctokines, such as
monokines, lymphokines, interleukins, chemokines. The chemokines may be IL1, IL2, IL3, 1L4,
IL5, IL6, IL7, IL8, IL9, IL10, IL12, IFNa, IFNy, GM-CSF, LT-a. Further known adjuvants are
aluminium hydroxide, Freund's adjuvant or oil such as Montanide® ISA51. Other suitable

adjuvants for use in the present disclosure include lipopeptides, such as Pam3Cys.

The pharmaceutical compositions according to the present disclosure are generally applied
in a "pharmaceutically effective amount" and in "a pharmaceutically acceptable

preparation”.

The term "pharmaceutically acceptable"” refers to the non-toxicity of a material which does

not interact with the action of the active component of the pharmaceutical composition.

The term "pharmaceutically effective amount” or "therapeutically effective amount” refers

to the amount which achieves a desired reaction or a desired effect alone or together with
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further doses. In the case of the treatment of a particular disease, the desired reaction
preferably relates to inhibition of the course of the disease. This comprises slowing down the
progress of the disease and, in particular, interrupting or reversing the progress of the
disease. The desired reaction in a treatment of a disease may also be delay of the onset or a
prevention of the onset of said disease or said condition. An effective amount of the
compositions described herein will depend on the condition to be treated, the severeness of
the disease, the individual parameters of the patient, including age, physiological condition,
size and weight, the duration of treatment, the type of an accompanying therapy (if
present), the specific route of administration and similar factors. Accordingly, the doses
administered of the compositions described herein may depend on various of such
parameters. In the case that a reaction in a patient is insufficient with an initial dose, higher
doses (or effectively higher doses achieved by a different, more localized route of

administration) may be used.

The immune effector cells described herein are generally administered in an amount that
results in a desired pharmacological action, e.g., in an amount that results in a clinical effect
on a tumor such as a solid tumor which may include inducing shrinkage of target lesion,
inducing stable disease, inducing stable disease with shrinkage of target lesion, or inducing
partial response. In some embodiments, the immune effector cells described herein are
administered in an amount that results in partial, complete or essentially complete rejection
of solid tumors. In some embodiments, the immune effector cells described herein are
administered to human beings in an amount from about 10° to about 10°, from about 5 x 10°
to about 5 x 108, or from about 107 to about 10% immune effector cells, e.g., in a single or
multiple doses. Some therapeutic approaches comprise repetitive administration of CART
cells in a certain time period {e.g. less than 4 weeks). This leads to “accumulated doses”
within such time periods. Thus, the amount from about 10° to about 10°, from about 5 x 10°
to about 5 x 10%, or from about 107 to about 108immune effector cells may be an amount of
such cells administered as a single dose or accumulated doses over a time period, e.g., of at
least 2 days, at least 3 days, at least 4 days, at least 5 days, at least 6 days, at least 7 days, at
least 14 days, at least 21 days, at least 28 days or even longer. In one embodiment, the
amount from about 10° to about 10°, from about 5 x 10° to about 5 x 102, or from about 107

to about 108immune effector cells relates to a single dose of such cells. The term "single
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dose" means that one dose of a therapeutic substance is administered for a prolonged time.
The term “prolonged time” comprises a period of at least 14 days, at least 21 days, at least
28 days, at least 3 months, at least 6 months or even longer. In some embodiments, the
immune effector cells described herein are administered to human beings in an amount such
that a total amount of the immune effector cells from about 108 to about 10, from about 5

x 108 to about 5 x 10°, or about 10°is achieved in the human being.

In one embodiment, prior to administration of immune effector cells, a ymphodepleting
treatment may be applied, e.g., by administering cyclophosphamide and fludarabine. Such

treatment may increase cell persistence and the incidence and duration of clinical responses.

The term "partial response (PR)" preferably relates to at least a 30% decrease in the sum of
diameters of target lesions, taking as reference the baseline sum diameters. Partial

remission means the same as partial response.

The pharmaceutical compositions of the present disclosure may contain salts, buffers,
preservatives, and optionally other therapeutic agents. In one embodiment, the
pharmaceutical compositions of the present disclosure comprise one or more

pharmaceutically acceptable carriers, diluents and/or excipients.

Suitable preservatives for use in the pharmaceutical compositions of the present disclosure

include, without limitation, benzalkonium chloride, chlorobutanol, paraben and thimerosal.

The term "excipient" as used herein refers to a substance which may be present in a
pharmaceutical composition of the present disclosure but is not an active ingredient.
Examples of excipients, include without limitation, carriers, binders, diluents, lubricants,
thickeners, surface active agents, preservatives, stabilizers, emulsifiers, buffers, flavoring

agents, or colorants.

The term "diluent" relates a diluting and/or thinning agent. Moreover, the term "diluent”
includes any one or more of fluid, liquid or solid suspension and/or mixing media. Examples

of suitable diluents include ethanol, glycerol and water.
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The term "carrier” refers to a component which may be natural, synthetic, organic, inorganic
in which the active component is combined in order to facilitate, enhance or enable
administration of the pharmaceutical composition. A carrier as used herein may be one or
more compatible solid or liquid fillers, diluents or encapsulating substances, which are
suitable for administration to subject. Suitable carrier include, without limitation, sterile
water, Ringer, Ringer lactate, sterile sodium chloride solution, isotonic saline, polyalkylene
glycols, hydrogenated naphthalenes and, in particular, biocompatible lactide polymers,
lactide/glycolide copolymers or polyoxyethylene/polyoxy-propylene copolymers. In one
embodiment, the pharmaceutical composition of the present disclosure includes isotonic

saline.

Pharmaceutically acceptable carriers, excipients or diluents for therapeutic use are well
known in the pharmaceutical art, and are described, for example, in Remington's

Pharmaceutical Sciences, Mack Publishing Co. (A. R Gennaro edit. 1985).

Pharmaceutical carriers, excipients or diluents can be selected with regard to the intended

route of administration and standard pharmaceutical practice.

In one embodiment, pharmaceutical compositions described herein may be administered
intravenously, intraarterially, subcutaneously, intradermally or intramuscularly. In certain
embodiments, the pharmaceutical composition is formulated for local administration or
systemic administration. Systemic administration may include enteral administration, which
involves absorption through the gastrointestinal tract, or parenteral administration. As used
herein, "parenteral administration" refers to the administration in any manner other than
through the gastrointestinal tract, such as by intravenous injection. In a preferred
embodiment, the pharmaceutical compositions is formulated for systemic administration. in
another preferred embodiment, the systemic administration is by intravenous

administration. The compositions may be injected directly into a tumor or lymph node.

The term "co-administering” as used herein means a process whereby different compounds

or compositions are administered to the same patient. For example, the CAR-modified cells
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and the antigen or nucleic acid coding therefor described herein may be administered
simultaneously, at essentially the same time, or sequentially. If administration takes place
sequentially, the CAR-modified cells may be administered before or after administration of
the antigen or nucleic acid coding therefor. If administration takes place simultaneously the
CAR-modified cells and the antigen or nucleic acid coding therefor need not be administered
within the same composition. The CAR-modified cells and the antigen or nucleic acid coding
therefor may be administered one or more times and the number of administrations of each
component may be the same or different. In addition, the CAR-modified cells and the

antigen or nucleic acid coding therefor need not be administered at the same site.

The term "disease" refers to an abnormal condition that affects the body of an individual. A
disease is often construed as a medical condition associated with specific symptoms and
signs. A disease may be caused by factors originally from an external source, such as
infectious disease, or it may be caused by internal dysfunctions, such as autoimmune
diseases. In humans, "disease" is often used more broadly to refer to any condition that
causes pain, dysfunction, distress, social problems, or death to the individual afflicted, or
similar problems for those in contact with the individual. In this broader sense, it sometimes
includes injuries, disabilities, disorders, syndromes, infections, isolated symptoms, deviant
behaviors, and atypical variations of structure and function, while in other contexts and for
other purposes these may be considered distinguishable categories. Diseases usually affect
individuals not only physically, but also emotionally, as contracting and living with many
diseases can alter one's perspective on life, and one's personality.

in the present context, the term "treatment”, "treating" or "therapeutic intervention"
relates to the management and care of a subject for the purpose of combating a condition
such as a disease or disorder. The term is intended to include the full spectrum of
treatments for a given condition from which the subject is suffering, such as administration
of the therapeutically effective compound to alleviate the symptoms or complications, to
delay the progression of the disease, disorder or condition, to alleviate or relief the
symptoms and complications, and/or to cure or eliminate the disease, disorder or condition
as well as to prevent the condition, wherein prevention is to be understood as the

management and care of an individual for the purpose of combating the disease, condition
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or disorder and includes the administration of the active compounds to prevent the onset of

the symptoms or complications.

The term "therapeutic treatment” relates to any treatment which improves the health status
and/or prolongs (increases) the lifespan of an individual. Said treatment may eliminate the
disease in an individual, arrest or slow the development of a disease in an individual, inhibit
or slow the development of a disease in an individual, decrease the frequency or severity of
symptoms in an individual, and/or decrease the recurrence in an individual who currently

has or who previously has had a disease.

The terms "prophylactic treatment” or "preventive treatment" relate to any treatment that
is intended to prevent a disease from occurring in an individual. The terms "prophylactic

treatment” or "preventive treatment” are used herein interchangeably.

The terms "individual" and "subject" are used herein interchangeably. They refer to a human
or another mammal (e.g. mouse, rat, rabbit, dog, cat, cattle, swine, sheep, horse or primate)
that can be afflicted with or is susceptible to a disease or disorder (e.g., cancer) but may or
may not have the disease or disorder. In many embodiments, the individual is a human
being. Unless otherwise stated, the terms "individual" and "subject" do not denote a
particular age, and thus encompass adults, elderlies, children, and newborns. In
embodiments of the present disclosure, the "individual" or "subject" is a "patient"”, e.g., a

human patient.

The term "patient” means an individual or subject for treatment, in particular a diseased

individual or subject.

Combination strategies in cancer treatment may be desirable due to a resulting synergistic
effect, which may be considerably stronger than the impact of a monotherapeutic approach.
In one embodiment, the pharmaceutical composition is administered with an
immunotherapeutic agent. As used herein "immunotherapeutic agent" relates to any agent
that may be involved in activating a specific immune response and/or immune effector

function(s). The present disclosure contemplates the use of an antibody as an
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immunotherapeutic agent. Without wishing to be bound by theory, antibodies are capable
of achieving a therapeutic effect against cancer cells through various mechanisms, including
inducing apoptosis, block components of signal transduction pathways or inhibiting
proliferation of tumor cells. In certain embodiments, the antibody is a monoclonal antibody.
A monoclonal antibody may induce cell death via antibody-dependent cell mediated
cytotoxicity (ADCC), or bind complement proteins, leading to direct cell toxicity, known as
complement dependent cytotoxicity (CDC). Non-limiting examples of anti-cancer antibodies
and potential antibody targets (in brackets) which may be used in combination with the
present disclosure include: Abagovomab (CA-125), Abciximab (CD41), Adecatumumab
(EpCAM), Afutuzumab (CD20), Alacizumab pegol (VEGFR2), Altumomab pentetate (CEA),
Amatuximab (MORAb- 009), Anatumomab mafenatox (TAG-72), Apolizumab (HLA-DR),
Arcitumomab (CEA), Atezolizumab (PD-L1), Bavituximab {phosphatidylserine), Bectumomab
(CD22), Belimumab (BAFF), Bevacizumab (VEGF-A), Bivatuzumab mertansine (CD44 v6),
Blinatumomab (CD 19), Brentuximab vedotin (CD30 TNFRSF8), Cantuzumab mertansin
{mucin CanAg), Cantuzumab ravtansine (MUC1), Capromab pendetide (prostatic carcinoma
cells), Carlumab (CNT0888), Catumaxomab (EpCAM, CD3), Cetuximab (EGFR), Citatuzumab
bogatox (EpCAM), Cixutumumab (IGF-1 receptor), Claudiximab (Claudin), Clivatuzumab
tetraxetan (MUC1), Conatumumab (TRAIL-R2), Dacetuzumab (CD40), Dalotuzumab (insulin-
like growth factor | receptor), Denosumab (RANKL), Detumomab (B-lymphoma cell),
Drozitumab (DR5), Ecromeximab (GD3 ganglioside), Edrecolomab (EpCAM), Elotuzumab
(SLAMF7), Enavatuzumab (PDL192), Ensituximab (NPC-1C), Epratuzumab (CD22),
Ertumaxomab (HER2/neu, CD3), Etaracizumab (integrin avf3), Farletuzumab (folate receptor
1), FBTAOQS (CD20), Ficlatuzumab (SCH 900105), Figitumumab (IGF-1 receptor), Flanvotumab
(glycoprotein 75), Fresolimumab (TGF-B), Galiximab (CD80), Ganitumab (IGF-1), Gemtuzumab
ozogamicin (CD33), Gevokizumab (ILIB), Girentuximab (carbonic anhydrase 9 (CA-IX)),
Glembatumumab vedotin (GPNMB), Ibritumomab tiuxetan (CD20), Icrucumab (VEGFR-1),
igovoma (CA-125), Indatuximab ravtansine (SDC1), Intetumumab {CD51)}, Inotuzumab
ozogamicin (CD22), Ipilimumab (CD 152), Iratumumab (CD30), Labetuzumab (CEA),
Lexatumumab (TRAIL-R2), Libivirumab (hepatitis B surface antigen), Lintuzumab (CD33),
Lorvotuzumab mertansine (CD56), Lucatumumab (CD40), Lumiliximab (CD23),
Mapatumumab (TRAIL-R1), Matuzumab (EGFR), Mepolizumab (IL5), Milatuzumab (CD74),
Mitumomab (GD3 ganglioside), Mogamulizumab (CCR4), Moxetumomab pasudotox (CD22),
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Nacolomab tafenatox (C242 antigen), Naptumomab estafenatox (5T4), Namatumab (RON),
Necitumumab (EGFR), Nimotuzumab (EGFR), Nivolumab (1gG4), Ofatumumab (CD20),
Olaratumab (PDGF-R a), Onartuzumab (human scatter factor receptor kinase), Oportuzumab
monatox (EpCAM), Oregovomab (CA-125), Oxelumab (OX-40), Panitumumab (EGFR),
Patritumab (HER3), Pemtumoma (MUC1), Pertuzuma (HER2/neu), Pintumomab
(adenocarcinoma antigen), Pritumumab (vimentin), Racotumomab (N- glycolylneuraminic
acid), Radretumab (fibronectin extra domain-B), Rafivirumab (rabies virus glycoprotein),
Ramucirumab (VEGFR2), Rilotumumab (HGF), Rituximab (CD20), Robatumumab (IGF-1
receptor), Samalizumab (CD200), Sibrotuzumab (FAP), Siltuximab (IL6), Tabalumab (BAFF),
Tacatuzumab tetraxetan (alpha-fetoprotein), Taplitumomab paptox (CD 19), Tenatumomab
(tenascin C), Teprotumumab (CD221), Ticilimumab (CTLA- 4), Tigatuzumab (TRAIL-R2), TNX-
650 (IL13), Tositumomab (CD20), Trastuzumab (HER2/neu), TRBSO7 (GD2), Tremelimumab
(CTLA-4), Tucotuzumab celmoleukin (EpCAMY}, Ublituximab (MS4A1), Urelumab (4-1BB),
Volociximab (integrin a5p1}), Votumumab (tumor antigen CTAA 16.88), Zalutumumab

(EGFR), and Zanolimumab (CD4).

Citation of documents and studies referenced herein is not intended as an admission that
any of the foregoing is pertinent prior art. All statements as to the contents of these
documents are based on the information available to the applicants and do not constitute

any admission as to the correctness of the contents of these documents.

100



10

15

20

25

30

WO 2023/105005 PCT/EP2022/085072

EXAMPLES

The invention is further described in detail by reference to the following experimental
examples. These examples are provided for purposes of illustration only, and are not
intended to be limiting unless otherwise specified. Thus, the invention should in no way be
construed as being limited to the following examples, but rather, should be construed to
encompass any and all variations which become evident as a result of the teaching provided
herein.

Without further description, it is believed that one of ordinary skill in the art can, using the
preceding description and the following illustrative examples, make and utilize the
compounds of the present invention and practice the claimed methods. The following
working examples therefore, specifically point out the preferred embodiments of the
present invention, and are not to be construed as limiting in any way the remainder of the

disclosure.

Example 1: Materials and Methods

The techniques and methods used herein are described herein or carried out in a manner
known per se and as described, for example, in Sambrook et al., Molecular Cloning: A
Laboratory Manual, 2nd Edition (1989) Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y. All methods including the use of kits and reagents are carried out according to

the manufacturers’ information unless specifically indicated.

CAR construct

A gamma-retroviral self-inactivating {SIN) vector pES.12-6 was used to stably overexpress
the CLDN6-CAR-BBz in human T cells under the control of an internal eukaryotic promoter,
the short intron-less version of the human elongation factor 1-alpha promoter (EFS —
213/+31). The vector backbone contains the MLV wild type sequences of the R- und U5-
regions at the 5' and 3'-LTRs as well as the packaging region (psi and psi+). The enhancer
elements in the U3-region of the 3'-LTR were eliminated (including CAAT-Box), and the
TATA-Box sequence was mutated to prevent transcription initiation. The truncated version
of the post-transcriptional regulatory element (PRE) of the Woodchuck Hepatitis Virus

(WHV) is used to prevent the expression of unwanted viral proteins.
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The CLDN6-CAR-BBz comprises a signaling peptide of human 1g8G, a single chain Fv-fragment
of the CLDN6-specific antibody IMAB206 (Ganymed Pharmaceuticals) with a {G4S)s linker
between the heavy (Vi) and the light (Vi) chain containing a cysteine to serine substitution
at position 46 of the V| (position 45 of the V. shown in the sequence listing). The scFv
fragment is fused to human CD8a hinge and transmembrane region folliowed by human 4-

1BB and human CD3zeta (Q14K) signaling moieties.

Cell lines and reagents

The human CLDNG6 expressing teratoma cell line PA-1-5C12_A0201_luc_gfp was cultured in
MEM-GlutaMAX medium supplemented with 10% (v/v) FCS (Biochrom), 1 mM Sodium
pyruvate {Gibco), 1 mM MEM non-essential amino acids solution (Gibco) and 2% (v/v)
sodium bicarbonate solution (Gibco). The cell line overexpresses HLA-A*0201, luciferase and
GFP.

The ovarian carcinoma cell line OV-90-SC12 was cultured in 41.5% (v/v) MCDB 105 medium
(Sigma-Aldrich), 41.5% (v/v) Medium 199 (Sigma Aldrich) supplemented with 15% (v/v) FCS
and 2% (v/v) of 7.5% sodium bicarbonate solution.

The culture medium of the human melanoma cell line SK-MEL-37 is composed of 90% DMEM
GlutaMAX™ (Gibco) supplemented with 10% (v/v) FCS.

The culture medium for MDA-MB-231 is composed of 88% (v/v) RPMI 1640 GlutaMAX™
(Gibco) and was supplemented with 10% FCS, 1 mM sodium pyruvate, 1mM MEM non-
essential amino acids solution.

The human adenocarcinoma cell line 23132-87 and the human melanoma cell line MEL-526
was cultivated in 90% (v/v) RPMI 1640 GlutaMAX™ (Gibco) supplemented with 10% (v/v)
heat inactivated FCS.

The culture medium for HEK-293 was composed of 90% (v/v) Eagle's Minimum Essential
Medium (EMEM) (ATCC) and 10% (v/v) FCS.

SKOV-3 was cultured in 90% (v/v) McCoy's 5A Medium (ATCC) supplemented with 10% (v/v)
FCS.

The human ovary cell line NIH-OVCAR-3 was cultivated in 80% (v/v) RPMI 1640 GlutaMAX™
(Gibco, Cat-No. 61870) supplemented with 20% (v/v) FCS and 0.1 % (w/v) Insulin (Sigma-
Aldrich).
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The human tumor cell lines LCLC-103H, COLO-699-N, JAR and NEC-8 were cultured in 90%
(v/v) RPMI 1640 GlutaMAX™ (Gibco) supplemented with 10% (v/v) FCS.

Seeding and/ or splitting of the cell lines were done every 2 or 3 days.

Peripheral blood mononuclear cells (PBMCs) and dendritic cells (DCs)

PBMCs were isolated by Ficoll®-Hypaque (1.077 g/mL Amersham Biosciences) density
gradient centrifugation from buffy coats. Monocytes were enriched with anti-CD14
microbeads (Miltenyi Biotec). Immature DCs (iDCs) were differentiated by culture in DC
medium consisting of RPMI 1640 GlutaMAX™, 100 U/mL penicillin, 100 pg/mL streptomycin,
1 mM sodium pyruvate, nonessential amino acids, and 5% (v/v) heat-inactivated human AB
serum (all from Invitrogen, Karlsruhe, Germany) supplemented with 1000 U/mL h GM-CSF
(Essex, Lucerne, Switzerland) and 1000 U/mL h IL-4 (Strathmann Biotech, Hamburg,

Germany).

Transduction of T cells

T cells were enriched from PBMCs by magnetic separation of CD3*/CD28"&"* T cells using
Dynabeads® Human T-Expander CD3/CD28 CTS. Cells were incubated with beads to CD3* T
cell ratio of three to one and separated using a CTS DynaMag magnet. Enriched T cells were
cultured in X-VIVO 15 medium supplemented with 5% (v/v) human serum in the presence of
450 U/mL rh IL-7 and 50 U/mL rh IL-15 (both from Miltenyi Biotec). Three days later
CD3/CD28 beads were removed using a magnet and pre-activated T cells were transduced
with retroviral vectors in the presence of Protransduzin®-A at a final concentration of 25
ug/mL. Cells were expanded until day 7 or day 10 in complete culture medium and were
either directly used to assess CAR surface expression, T cell phenotype and effector

functions or were cryo-preserved.

Flow cytometric analyses in vitro cultured cells

Cell surface expression of transduced CARs was analyzed using an Alexa-Fluor-647-
conjugated idiotype-specific antibody (Ganymed Pharmaceuticals) recognizing the scFv
fragment contained in all CLDN6-CAR constructs. CLDNG6 surface expression on target cells
was analyzed by staining with an Alexa-Fluor647-conjugated CLDN6-specific antibody

IMABO027 (Ganymed Pharmaceuticals). Flow cytometric measurement was performed on a
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FACSCanto™ I flow cytometer using the FACSDiva™ software (BD Biosciences) and analysis

performed using FlowJo® V10 (treestar inc.).

Quantitative Real-Time PCR (qRT-PCR}

Total RNA was isolated from indicated cell lines using RNeasy® Mini Kit (QIAGEN). For
reverse transcription of RNA in order to obtain ¢cDNA for gRT-PCR, PrimeScript™ RT Reagent
Kit with gDNA Eraser (TAKARA) was used starting with 1 pg total RNA. Quantitative Real-
Time PCR was performed using QuantiTect SYBR® Green PCR kit (QIAGEN) with following
primers (5°-3’): CLDN6-for: CTT ATC TCC TTC GCA GTG CAG, CLDN6-rev: AAG GAG GGC GAT
GAC ACA GAG, HPRT1-for: TGA CAC TGG CAA AAC AAT GCA, HPRT1-rev: GGT CCT TTT CAC
CAG CAA GCT (annealing temperature: 62°C).

xCELLigence cytotoxicity assay

For assessment of CAR-mediated cytotoxicity the xCELLigence system (OMNI Life Science)
was used. Cell index (Cl} impedance measurements were performed according to the
instructions of the supplier. The optimal cell density resulting in an exponential growth curve
was determined for each tumor cell line. Target cells were seeded at concentrations of 2-10%
cells per well in E-plate 96 PET (ACEA Biosciences Inc.). After 24 h varying numbers of CAR-
transduced T cells were added in a final volume of 200 uL and monitored every 30 min for a
period of up to 48 h by the xCELLigence system.

The percent specific lysis was calculated as follows:

(CI Liin — Cl sampte)/Cl Lmin X 100

The standard deviation was calculated as follows:

100 X (Cl sampte / €l Lmin) X {V [ (STDEV of Cl sample/ Cl sampie)2 + (STDEV of CI Lmin/ Cl Lenin)? 1}
The maximum cell index corresponding to the minimal lysis (Lmin) was assessed after
incubating target cells with effector T cells expressing a control antigen (e.g. eGFP, control-

CAR).

CFSE (Carboxyfluorescein succinimidyl ester) proliferation assay
To determine the percentage of proliferating T cells after antigen-specific stimulation CAR-
expressing T cells were labeled with 1.6 uM of the fluorescent dye carboxyfluorescein

diacetate succinimidyl ester (CFSE) for 10 min at 37° C (protected from light}. To remove any
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free dye, pure FCS was added to the cells and incubated for further 5 minutes. Cells were
washed, resuspended in culture medium and cocultured with target cells using different
effector to target (E:T) ratios in a total volume of 200 uL DC medium in 96-well round
bottom plates. After 5 days of co-culture, cells were stained with fluorochrome-conjugated
antibodies directed e.g. against CD4, CD8 and the CAR. The percentage of proliferating T
cells was analyzed by flow cytometry based on the progressive halving of CFSE fluorescence
within daughter cells following cell divisions using a BD FACSCanto™Il flow cytometer

(Becton Dickinson).

Spheroid assay (IncuCyte®)

Tumor spheroids were generated by culturing 1x10* PA1-SC12-A2-eGFP cells per well in
MEM-GlutaMAX media supplemented with 10% (v/v) FCS, 1% (v/v) Na-Pyruvat, 1% (v/v)
MEM NEAA and 2% (v/v) Na-Bicarbonat in a Corning® Costar® Ultra-Low Attachment 96
round bottom well plate for 48 h after centrifugation. CAR T cells were added (1x10%/well)
and eGFP-expressing tumor spheroids were imaged at 4-fold magnification and an exposure
time of 300 ms to detect green fluorescence in an IncuCyte Zoom Live-content imaging
system (Essen Bioscience) at 37 °C, five % CO». Images were acquired every hour for 10 days.
Data was analyzed using IncuCyte analysis software to detect and quantify the total green
object integrated intensity (GCU x pm?/Image). Averages of green object counts with SD at

each time point were plotted using IncuCyte analysis software.

Generation of in vitro transcribed (IVT) mRNA

In vitro transcriptions of antigen encoding mRNAs were based on the pST1-T7-GG-hAg-MCS-
2hBg-A30LA70 plasmid backbones and derivative DNA-constructs. These plasmid constructs
contain beside the full length ORF the 5" human a-globin, two serial 3’ human B-globin UTR
and a poly(A) tail of 100 nucleotides, with a linker after 70 nucleotides. Antigen encoding
mRNAs were generated by in vitro transcription as described by Holtkamp S. et al. (2006)
Blood 108(13):4009-17. In vitro transcription of all described mRNA constructs was carried
out at BioNTech RNA Pharmaceuticals GmbH.

Generation of liposomal formulated antigen coding IVT RNA (RNAup) and in vitro

transfection of dendritic cells
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Complexing of antigen encoding IVT RNA with liposomes was previously described in Kranz
et al (2016) Nature 534(7607):396-401. A charge ratio of 1.3 to 2 of cationic DOTMA and
RNA was used. Besides DOTMA the lipid fraction does contain the helper lipid DOPE in a
molar ratio of 2:1 DOTMA per DOPE.

Animal Experimental Techniques

Animals

Nine to 21 week old female immunodeficient NOD.Cg-Prkdc*® 112rgt™*Wi/Sz) (NSG) mice
were used for in vivo studies. Breeding pairs were purchased from Jackson laboratory (Bar
Harbour, ME, USA) and bred in the animal facility of the BioNTech AG, Germany.
C57BL/6BrdCrHsd-Tyr* mice were purchased from Envigo Labs. Age (8-10 weeks old) and sex
(male or female) matched animals were used throughout the experiments. Congenic
C57BI/6-Thy1.1 mice were bred in the animal facility of the BioNTech AG, Germany. All
experiments were performed under specific-pathogen-free (SPF) conditions and according to

German animal experimentation regulations.

Engraftment of Tumor Cells

Either 5x1076 OV90-SC12 or 5x1075 CT26 tumor cells were subcutaneous injected (in 100 ulL
PBS) into the right-side back flank of mice. Tumor growth monitoring and volume calculation
were determined using a caliper and inserted into the formula V = % (length x width?). Prior
adoptive transfer of human CAR-engineered T cells, tumor-bearing were stratified using
Daniels’s XL Toolbox Add-in for Microsoft Excel to achieve humongous tumor volume

distributions between different treatment groups.

Adoptive Cell Transfer (ACT) of Human T cells

Different amounts of gamma-retroviral transduced total human T cells (number and
frequency of CAR or GFP transgene expressing T cells is indicated in respective figures) were
intravenously injected into the retrobular plexus in 200 L PBS. Dependent on the
experimental setting, either transduced T cells were directly used after in vitro activation

and transduction process or cryopreserved transduced T cells were thawed and directly
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adoptively transferred after 2 times of washing with PBS into mice, respectively. Viability of

every T cell product used in the experiment was >90%.

Monitoring of human CAR T cells in vivo in blood

At indicated time points 50 pL peripheral blood was retrieved from the retro-orbital vein and
collected into heparin containing reactions tubes (Sarstedt). Red blood cells were lysed using
BD FACS Lysing solution (BD). CAR expression on surface of transferred human T cells were
analyzed using hCD45-PE-Cy7 (HI30, BD), hCD4-APC-Cy7 (OKT4, BioLegend), hCD8-BV421
(RPA-T8, BD) and Alexa-Fluor 647-conjugated idiotype-specific antibody (Ganymed
Pharmaceuticals). Dead cells were discriminated from the analysis using 7-AAD (Beckmann
Coulter). Flow cytometric measurement was performed on a FACSCanto™ Il flow cytometer
using the FACSDiva™ software (BD Biosciences) and analysis performed using FlowJo® V10

{Treestar inc.).

Retroviral gene manipulation and preparation CAR T cells for adoptive T cell transfer
Splenocytes of either naive C57Bl/6-Thyl.1+ or Balb/c-Thy1.1+ were isolated and pre-
activated by Dynabeads™ Mouse T-Activator CD3/CD28 in a bead to T cell ratio of 1:1
(Invitrogen) in the presences of 5 ng/mL recombinant human (rh) IL-7 and 5 ng/mL rh IL-15
(Miltenyi Biotec). For transduction of murine cells, MLV-E-pseudotyped retroviral
supernatants were loaded onto RetroNectin (2 pg/cm?)-coated non-tissue culture treated
well plates according to the manufacturer’s instruction (Takara Bio Inc., Otsu, Japan), with 3
repeated cycles of virus loading and centrifugation (1,300 xg, 15 °C, 15 min) for increased
binding. 24h after pre-activation, 0.5-0.6x10° cells/cm? has been spun down (300 xg, 37°C,
1h) onto viral particle coated wells. After overnight cultivation, spin-down transduction was
repeated with freshly viral particles coated plates. 72h after pre-activation, Dynabeads™
Mouse T-Activator CD3/CD28 were removed from culture and cells were expanded in the
presence of 5 ng/mL rh IL-7 and 5 ng/mL rh IL-15. After ficoll cleaning, cells were washed
twice with PBS to remove serum proteins and were then prepared for adoptive cell transfer
(ACT). pES12.6 based retroviral vectors containing CLDN6-CAR-BBz encoded as well
enhanced firefly luciferase (effLuc; Rabinovich et al.BA, PNAS (2008) PNAS 105(38):14342-6)

and eGFP (enhanced green fluorescence protein) reporter gene, which expressed separately
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using 2A-splice elements {Szymczak et al. AL, Nature Biotechnology, (2004) Nat Biotechnol.
22(5):589-94) were used for transduction.

Adoptive T cells transfer of murine T cells and RNA(p) vaccination

Gamma-retroviral transduced CAR congenic Thy1.1* T cells were intravenously (i.v.)
transferred into total body irradiated (XRAD320) C57BL/6BrdCrHsd-Tyr¢ or BALB/c donor
mice, respectively. Subsequently, mice were intravenously (i.v.) vaccinated with an F12:RNA
ratio of 1.3 : 2 of antigen encoding RNAp) at various time points after ACT. CAR in vivo
expansion was analyzed via whole body bioluminescence imaging and anti-tumoral efficacy

was analyzed by tumor monitoring.

In vivo luciferase imaging (BLI)

Expansion and distribution of CAR-effLuc-GFP transduced T cells were evaluated by in vivo
bioluminescence imaging using the IVIS Lumina imaging system (Caliper Life Sciences).
Briefly, an aqueous solution of D-luciferin (80 mg/kg body weight; Perkin Elmer) was injected
i.p. at indicated time points after adoptive transfer of transduced T cells. 5 min thereafter,
emitted photons were quantified (integration time of 1 min, binning 8). In vivo
bioluminescence in regions of interest (RO1) were quantified as total flux (photons/sec) using
IVIS Living Image 4.0 Software. The intensity of transmitted light originating from luciferase
expressing cells within the animal was represented as a greyscale image, where black is the
least intense and white to dark-grey the most intense bioluminescence signal. Greyscale
reference images of mice were obtained under LED low light illumination. The images were

superimposed using the Living Image 4.0 software.

Statistical Analysis and Depiction of Data

All results are represented with mean +/- SD of technical replicates or mean +/- SEM of
biological replicates. The number of replicate-samples is stated in the figure description of
each experiment. Unpaired two-tailed student’s t-test was used for area under the curve
(AUC)-comparison of two groups. All statistical analyses were performed using GraphPad

PRISM 6.04. *** P < 0.001, **** P < 0.0001.

Example 2: Generation and in vitro characterization of CLDN6-specific CARs
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For lead structure selection we generated different CAR backbones that all share the same
scFv fragment derived from the CLDN6-specific antibody IMAB206-C46S, but differ in their
hinge and costimulatory domains (Figure 1A). As 4-1BB co-stimulation has been shown to
increase the persistence and anti-tumoral efficacy of CAR T cells, we included 2™ and 3™
generation CAR backbones containing the 4-1BB endodomain. Alternatively or in addition a
modified CD28 domain (Kofler D.M. et al., (2011) Molecular Therapy 19 (4), 760-767) was
incorporated known to deliver CD28-mediated co-stimulation to the engineered T cell in the
absence of agonistic CD28 ligands such as B7.1 and B7.2. The scFv fragments were fused to
the 4-1BB or CD28 costimulatory domains either via a modified 1gG Fc (Hombach A. et al,,
(2010) Gene Therapy 17, 1206-1213) or a CD8a hinge region.

The different CLDN6-CARs were extensively characterized in vitro for their potential to
sensitively and specifically recognize and kill CLDN6-expressing tumor cells. Among other
experiments a tumor spheroid assay was performed using CAR-transduced T cells in
combination with eGFP expressing PA1 tumor spheroids. Indeed an accelerated lysis of
CLDNG6-expressing tumor spheroids by 4-1BB containing CARs compared to a CAR carrying
the CD28 domain could be detected using IncuCyte® real-time imaging (Figure 1B).

Based on the summary of results of different functional characterization studies we selected
the CLDN6-CAR-CD8h-BBz as lead structure for preclinical and clinical testing as we could
demonstrate highly specific and sensitive recognition of CLDN6 as well as a high potential for
survival and repetitive stimulation of engineered CAR T cells. Importantly, this CAR backbone
was already successfully used in several CD19-CAR T cell trials. For stable integration of our
CLDN6-CAR into the T cell genome we selected the y-retroviral self-inactivating (SIN) vector
pES12.6 for stable integration of the therapeutic CLDN6-CAR into the T cell genome (Loew et
al., Gene Therapy (2010) 17, 272-280).

Example 3: Sensitivity of the CLDN6-CAR-BBz

In order to analyze the sensitivity of CAR mediated recognition in more detail, a CLDN6-RNA
titration experiment was conducted. To that aim the CLDN6-negative lung carcinoma cell

line Colo699-N was transfected with titrated amounts of CLDN6-RNA, and CLDN6-CAR-
mediated target cell lysis was assessed by xCELLigence cytotoxicity assay. CLDN6-CAR surface
expression on transduced T cells (Figure 2A) and CLDNG protein expression levels on

transfected Colo699-N cells (Figure 2B) were assessed by flow cytometry after staining with
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CLDNG6-CAR- and CLDN6-specific antibodies. Specific killing of CLDN6-RNA-transfected target
cells by CLDN6-CAR-expressing T cells could be observed dependent on the CLDN6-RNA dose
used for transfection of Colo699-N cells correlating with the number of CLDN6 molecules on
the target cell surface as assessed by flow cytometry (Figure 2C). CAR T cells even mediated
lysis, if very low numbers of CLDN6 molecules were expressed on the target cell surface after

transfection of only 0.01 ug CLDN6-RNA, which were hardly detectable by flow cytometry.

Example 4: Safety of the CLDN6-CAR-BBz

In order to evaluate the safety of the CLDN6-CAR-BBz a cell line screening assay was
performed. To that aim CLDN6-CAR-BBz-transduced T cells (Figure 3A) were cultured with a
panel of CLDN6-positive and CLDN6-negative tumor cell lines of different tissue origins
(Figure 3B) and recognition and lysis of target cells was analyzed by xCELLigence cytotoxicity
assay (Figure 3C). In parallel CLDN6-mRNA and protein expression level in the target cell
lines were assessed by qRT-PCR and flow cytometry, respectively (Figure 3D, E). It could be
demonstrated that recognition and lysis of target cell lines is strictly correlated with CLDN6

mMRNA and protein expression levels.

Example 5: Proliferation of CAR T cells

An essential prerequisite for the anti-tumoral efficacy of CLDN6-CAR-BBz-engineered T cells
is their ability to proliferate and persist in the patient. In order to analyze, if CLDN6-CAR T
cells efficiently proliferate in response to CLDN6 ectopically expressed in iDCs, a CFSE-based
in vitro co-culture assay was performed. CLDN6-CAR-transduced T cells were labeled with
CFSE and co-cultured with autologous iDCs transfected with titrated amounts of RNA
lipoplexes (RNAr)) encoding either CLDN6 or a control antigen. Surface expression of the
CLDN6-CAR on T cells and CLDNG6 on target cells was verified by flow cytometry (Figure 4A,
B). After five days of co-culture, the antigen-specific proliferation of CFSE-labeled CAR-
expressing CD4+ and CD8+ T cells was analyzed by flow cytometry (Figure 4C).

The CLDN6-CAR mediated dose-dependent proliferation correlating with the amount of
transfected CLDN6-RNAp), while only background proliferation could be observed, if iDCs
were transfected with control RNAwup). These data confirm that efficient antigen-specific

expansion of CLDN6-CAR-BBz T cells is induced after antigen-specific stimulation.
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Example 6: In vivo anti-tumoral efficacy of the CLDN6-CAR-BBz

After CAR-mediated antigen-specific induction of effector functions has been demonstrated
in vitro, the therapeutic potential of human CLDN6-CAR-BBz T cells was investigated in vivo
in an advanced xenograft tumor model. To this extent, immunodeficient NOD.Cg-Prkdcscid
12rgtm1Wijl/Sz) (NSG) mice were subcutaneously engrafted with endogenously CLDN6-
expressing human ovarian carcinoma cells (OV90). OV90 tumor-bearing NSG mice were then
treated with a single dose of 1x107 CLDN6-CAR or eGFP transduced T cells (approx. 5x108 T
cells/kg) administered i.v. (Figure 5 A). The CLDN6-CAR was expressed on about 16-18% of
human CD4* and CD8* T cells (Figure 5B). Of note, adoptive transfer of CLDN6-CAR T cells led
to complete regression of large tumors with a mean tumor volume of 170 mm? at the day of
adoptive transfer, while no anti-tumoral effect could be observed in the control group
(Figure 5C). This significant anti-tumoral effect correlated with persistence of CLDN6-CAR-

BBz T cells in the peripheral blood of treated mice (Figure 5D).

Example 7: In vitro functionality of short-term and long-term cultured CAR T cells

As reproducible manufacturing of high-quality, clinical-grade CAR T cell products is a
prerequisite for clinical testing, the GMP manufacturing process was optimized to achieve
high transduction efficiencies and sufficient numbers and quality of CLDN6-CAR-expressing T
cells. The transduction procedure was also simplified by reducing the number of
transductions from two to one and by shorting the ex vivo culture time from 10 to 7 days. It
has been shown that T cells cultured for a short period of time display improved efficacy
compared with long-term expanded, exhausted T cells (PMID: 30030295). Accordingly, the
shorting of the culture time not only saves time and cost, but most importantly should lead
to an enhanced potential of engineered T cells to expand and persist in the patient.

In order to compare the in vitro anti-tumoral efficacy of short-term (7 days) and long-term
(10 days) cultured CLDN6-CAR-BBz T cells, a long-term spheroid experiment was conducted.
Assessment of CAR surface expression by flow cytometry revealed nearly comparable CAR
expression levels, whereas the frequency of CAR-positive T cells was slightly lower in 7-day-
cultured T cell sample (Figure 6A). In order to analyze the potential for repetitive killing, CAR
T cells were co-cultured with CLDN6 and eGFP expressing PA1-SC12-A2-eGFP tumor
spheroids and killing of tumor spheroids was monitored in real-time based on the eGFP

signal using the IncuCyte® system. After complete eradication of the tumor spheroid a novel
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tumor spheroid was added (Figure 6B). It could be demonstrated that short-term cultured

CAR T cells have a comparable potential for repetitive killing as long-term cultured T cells.

Example 8: In vivo functionality of thawed GMP-manufactured CAR T cells

As the GMP transduction process intended for clinical use generates a cryopreserved CAR T
cell product, it was of seminal importance to validate the anti-tumoral potential of thawed
CLDNG6-CAR-BBz T cells engineered at the GMP facility. Furthermore, as the final GMP
manufacturing process could be shortened (harvest at day 7 instead of day 10), this
modification in the final protocol had to be assessed by conducting an in vivo study. Most
importantly, thawed human CLDN6-CAR-BBz T cells demonstrated significant anti-tumoral
effectivity comparable to freshly generated CAR T cells and eradicated advanced tumors with
a mean tumor volume of 160 mm?3 in the ovarian carcinoma xenograft model (Figure 7A).,
Moreover, CAR T cells harvested at day 7 or 10 that showed similar CAR surface expression
(Figure 7B) were compared for their anti-tumoral efficacy in this experiment (Figure 7C). In
correlation with the results of the long-term tumor spheroid experiment both CAR Tcell
products mediated complete tumor rejection with comparable kinetics. The anti-tumoral
responses of both products correlated with the persistence of the CLDN6-CAR-BBz T cells in

peripheral blood two weeks after adoptive transfer (Figure 7D).

Example 9: Increased persistence of CLDN6-CAR-BBz transduced T cells

The clinical success of adoptively transferred tumor reactive T cell therapy has been also
positively correlated with the persistence of those cells in vivo (Robbins et al. (2004) J
immunol. 173(12):7125-30, Huang et al. (2005) 28(3):258-67). We therefor analyzed
whether in situ antigen exposure could enhance the persistence of CLDN6-CAR-BBz T cells in
vivo. Since a xenograft model is not sufficient to study long term persistence of CAR T cells
due to graft-versus-host disease of human T cell to murine tissues as well as lacking of
competing endogenous immune cells, persistence studies of CLDN6-CAR-BBz T cells were
conducted in a murine syngeneic mouse model. Therefore, luciferase co-expressing CLDN6-
CAR-BBz CAR-transduced murine T cells were adoptively transferred into mildly irritated (2.5
Gy) mice followed by repetitive administration of RNAur) encoding either CLDNG6 or a control
antigen and expansion of the CAR T cell population was monitored sequentially by

bioluminescence imaging (Figure 8 A) .
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CLDN6-CAR-BBz T cells are able to persist (over 3 month) in vivo after repetitive vaccination
with liposomally formulated CAR antigen in vivo. CART cells disappear over time in the
control group while antigen specific restimulated CAR T cells proliferate after every RNA(up)
treatment, even after a 3-4 weeks treatment pause after 3° and 4° boosting round (Fig 8 B
and C). These data demonstrate that BioNTech’s RNAp) technology supports adequate
CLDN6-CAR-BBz T cell activation and proliferation by providing natural co-stimulation in situ,

which also lead to an increased persistence of expanded CLDN6-CAR-BBz T cells in vivo.

Example 10: Improved anti-tumoral activity of in vivo expanded CLDN6-CAR-BBz T cells
After CAR-mediated antigen-specific expansion and persistence has been demonstrated, the
question arose, whether those in vivo-expanded CLDN6-CAR-BBz T cells also show an
enhanced anti-tumoral potential compared to the non-expanded counterparts. For this
purpose Balb/c mice inoculated with CLDN69™ — expressing colon carcinoma cell line CT26
were treated with a moderate dose of either 1x10° CLDN6-CAR-BBz or Control-CAR-BBz
transduced murine T cells (3-4x10° CAR-expressing T cells). After i.v. administration of CAR T
cells, mice received an additional vaccination with 20 ug RNAp) encoding either for full-
length CLDNG6 or full-length control antigen (Figure 9A). No anti-tumoral effect has been
observed in Control-CAR-BBz treated animals treated with CLDN6-RNAup) andonly a slight
tumor regression could be achieved when mice were treated with the moderate dose of
CLDN6-CAR-BBz T cells in combination with non-relevant ctrl RNA(up). However, mice that
received the combination of the moderate CAR T cell dose together with the CLDN6-RNA(up)
vaccination to achieve in vivo expansion of CLDN6-CAR-BBz T cells showed a remarkably

enhanced tumor regression (Figure 9B).

Example 11: Restored anti-tumoral efficacy of low-dose in vivo expanded CAR T cells
Besides the potential of RNAr;-based in vivo CAR T cell expansion to improve an ongoing
anti-tumoral response, it could also be shown that this technology is well-suited to restore
the anti-tumoral potential of an insufficient CAR T cell dose. Tumor-bearing mice were
treated with a 10-fold lower CAR T cell dose than needed for tumor rejection (Figure 10A).
While tumor outgrowth was observed in mice treated with control RNA(up), all animals
showed tumor rejection that received RNA(p) encoding for the CAR antigen after the initial

transplantation (Figure 10C). Accordingly, frequencies of transplanted CAR T cells in
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peripheral blood were remarkably higher after vaccination (Figure 10D). Compensating an
insufficient CAR T cell dose after transplantation by additional treatment with RNAqp) to
achieve an in vivo expansion can be highly useful for at least two different scenarios: 1) poor
yield of GMP-manufactured CAR T cell product (e.g. due to low lymphocyte count in the
initial apheresis or other non-influenceable reasons) or 2) avoidance of SAEs by reduction of
starting CAR T cell dose (especially, if the needed CAR is known to cause toxicities or in case

of first-in-human dose-escalation studies).

Example 12: Clinical trial

Material and Methods

Construction of chimeric antigen receptors (CAR)

The CLDN6-CAR was constructed by linking the signal peptide sequence of an
immunoglobulin heavy chain variable region (Gene bank number MC18316.1) to a human
CLDN®6-specific single chain variable fragment (scFv) derived from the IMAB206-C46S
antibody (W020121560018). The scFv fragment is fused to human CD8a hinge and
transmembrane region {(Gene bank number NP _001759.3, aa 138-206) followed by human
4-1 BB (Gene bank number NP _001552.2, aa 214-255) and human CD3T {Gene bank number
NP_000725, aa 52-163, Q65K) signaling moieties. The codon-optimized and synthesized
sequences (Eurofins Genomics) were cloned into the gamma-retroviral self-inactivating (SIN)
vector pES.12-6 for stable overexpression in human and murine T cells under control of the

short intronless version of the human elongation factor 1- alpha promoter (EFS).

CLDN6 RNA-LPX

Plasmid template for in vitro transcription of Claudin-6-encoding RNAs was pST4-hAg-Kozak-
CLDNG6-FI-A30L70 vector. Similar to the vector pST1-T7-GG-hAg-MCS-2hBg-A30LA70 used for
the preclinical experiments, this vector features 5' and 3'UTRs and a poly(A) tail
pharmacologically optimized for stability and protein translation, specifically 5' human a-
globin, and a poly(A)-tail measuring 110 nucleotides in length, consisting of a stretch of 30
adenosine residues, followed by a 10 nucleotide linker sequence and another 70 adenosine.

However, in contrast to pST1-T7-GG-hAg-MCS-2hBg-A30LA70 the vector pST4-hAg-Kozak-
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CLDNG6-FI-A30L70 comprises a 3'-UTR which is a combination of two sequence elements
derived from the AES mRNA (called F) and the mitochondrial encoded 12S ribosomal RNA
(called 1). The coding sequence cloned into this vector was the codon-optimized sequence
encoding the target antigen human Claudin-6 (NP_067018.2).

In vitro transcription and capping with B-S-anti-reverse cap analog (ARCA) were performed

as described previously (Holtkamp S. et al., Blood 108, 4009-4017 (2006)).

Autologous T Cells

Autologous CD3+ T cells are enriched from patient-derived PBMCs and contain a variable
ratio of CD3+CD4+ to CD3+CD8+ cells. CD3+CD4+ as well as CD3+CD8+ cells were
characterized with respect to cell surface expression of the T stem cell and differentiation

markers CD62L, CD197, and CD45RA prior to processing and after manufacturing.

Manufacturing of CAR-T cell drug product (CLDN6 CAR-T)

The starting material for production of CAR-T cell drug substance is an autologous patient
apheresis collected from qualified apheresis centers.

The manufacturing process starts with the isolation of PBMCs (step 1) from apheresis
material. The PBMCs are cryopreserved and stored in the vapor phase of liquid nitrogen as
intermediate until further processing. PBMCs not used for initial manufacturing are stored,
and can be used to manufacture additional batches at a later time point. PBMC processing
involves thawing and isolation of the CD3+ cell population using magnetic CD3/CD28 beads
(step 2) followed by CD3+ cell stimulation and cultivation over three days (step 3). De-
beading (step 4) is performed to remove the magnetic beads. The stimulated and de-beaded
CD3+ cells are transduced with the retroviral vector containing supernatant in the presence
of the transduction enhancer RetroNectin (step 5). The transduced CD3+ cells are
transferred to G-Rex culture units and supplemented with fresh culture medium. CD3+ cells
are expanded until day seven (step 6). Finally, expanded cells are harvested, de-beaded for a
second time and pooled resulting in the CAR-T cell drug substance (step 7). CAR-T cell drug
substance is immediately manufactured into CAR-T cell drug product. The CAR-T cell drug
product comprises doses of 1x10°, 1x108% and 1x107 viable CAR-T cells in 100, 100 and 20 mL
50% Sodium Chloride solution (0.9%) and 50% Cryostor CS10 as cryoprotectant for frozen

shipment.
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All process steps are conducted in a class B clean room environment. All cell cultivation steps
are done in incubators at 37°C and 5% CO2. All remaining process steps are carried out at
room temperature. The cell culture medium is X-VIVO 15 (without Gentamicin and Phenol
Red) supplemented with 5% CTS Immune Cell Serum Replacement and 2 mM GlutaMAX.
Cytokines to promote cell expansion, i.e., Interleukin-7 (IL-7; 450 U/mL) and Interleukin-15

(IL-15; 50 U/mL), are added on day 0, day 3 and day 4 for complete volume.

Trial design

The study is a Phase |/lla, FIH, open-label, multicenter, dose escalation trial with expansion
cohorts to evaluate safety and preliminary efficacy of CLDN6 CAR-T +/- CLDN6 RNA-LPX in
patients with CLDN6-positive relapsed or refractory advanced solid tumors. All patients
undergo leukapheresis for collection of blood product to manufacture the CLDN6 CAR-T. The
actually conducted trial consists of two parts:

Part 1 is a CLDN6 CAR-T dose escalation in lymphodepleted patients until the maximum
tolerated dose (MTD) and/or recommended phase 2 dose (RP2D) of CLDN6 CAR-T are
defined.

Part 2 is a vaccine-modulated dose escalation using a bifurcated design until the MTD and/or
RP2D of CLDN6 CAR-T + CLDN6 RNA-LPX are defined. Bifurcation starts when Part 1 CLDN6
CAR-T dose level 1 (1 X 107 CLDN6 CAR-T) is deemed safe. At this point, Part 2 starts with the
cleared CLDN6 CAR-T dose level. CLDN6 RNA-LPX is administered at fixed step-up doses.
Cohorts testing CLDN6 +/- CLDN6 RNA-LPX without lymphodepletion (LD) may also be
activated in this part to inform the decision on the preferred recommended phase 2 dose
(RP2D).

Once a dose level in Part 1 is deemed safe, additional treatment with CLDN6 RNA-LPX is
possible. The dose level of CLDN6 CAR-T in Part 2 at any given time does not exceed that in
Part 1. This approach allows for rapid and safe vaccine-modulated dose escalation.

At the same time, patient safety is safeguarded by generating data on CLDN6 CAR-T before
bifurcation, and clear rules for parallel dose escalations are outlined. The enrollment of
patients into either CLDN6 CAR-T or vaccine-modulated dose escalation cohorts are
alternated. More patients can be enrolled into select dose levels for backfill in both Parts 1
and 2 to further explore safety and anti-tumor activity. The trial design and status is

illustrated in figure 1.
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Population

Patients with any of the following tumor types are screened to determine appropriate

CLDNS® status: Testicular, ovarian, gastric, endometrial, non-squamous non-small cell lung

cancer (NSCLC), advanced or metastatic cancer that fulfills other inclusion criteria and for

whom there is no available standard therapy likely to confer clinical benefit, or patient is not

a candidate for such available therapy. Only patients with > 50% positive tumor cells

expressing 2 2+ CLDNG6 protein as determined centrally are eligible to undergo further

screening to meet the remaining eligibility criteria for enroliment on this trial.

Key inclusion criteria

Patients who meet the following inclusion criteria are eligible for trial entry:

Each patient enrolled in the trial must have CLDN6-positive tumor regardless of

tumor histology defined as > 50% of tumor cells expressing 2 2+ CLDN6 protein using
a semi-quantitative immunohistochemistry (IHC) assay for specific detection of
CLDNG6 protein expression in formalin-fixed, paraffin-embedded neoplastic tissues.

Must have measurable disease per RECIST 1.1 (except for germ cell tumors).

Germ cell cancer patients without initial measurable disease per RECIST 1.1 and
evaluable by cancer antigen (CA)-125, Alpha-fetoprotein (AFP) or hCG (as applicable)
are eligible for the trial.

Must have a histologically confirmed solid tumor that is metastatic or unresectable
and for whom there is no available standard therapy likely to confer clinical benefit,

or patient who is not a candidate for such available therapy.

Key exclusion criteria

Patients who meet at least one of the following exclusion criteria are not eligible for trial

entry:

®

Have received prior CAR-T therapy, except CLDN6 CAR-T therapy.

Have received vaccination with live virus vaccines within 6 weeks prior to the start of
lymphodepletion (LD).

Receives concurrent systemic (oral or intravenous [i.v.]) steroid therapy > 10 mg

prednisolone daily, or its equivalent.
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e Current evidence of new or growing brain or spinal metastases during screening.
Patients with known brain or spinal metastases may be eligible if they:

* Have had radiotherapy or another appropriate therapy for the brain or spinal
metastases,

* Have no neurological symptoms,

« Have stable brain or spinal disease on the computer tomography or magnetic
resonance imaging scan within 4 weeks before signing of the informed
consent,

+ Are not undergoing acute corticosteroid therapy or steroid taper. Chronic
steroid therapy is acceptable provided that the dose is stable for the last 14 d
prior to screening (< 10 mg prednisolone daily or equivalent),

* Do not require steroid therapy within 7 d before the first dose of CLDN6
CART,

* Have anticipated imminent fracture or cord compression due to spinal bone
metastases.

* Has a history of another primary cancer within the 2 years prior to enroliment
except for the following: non-melanoma skin cancer, cervical carcinoma in
situ, superficial bladder cancer, prostate cancer with currently undetectable
prostate specific antigen, or other non-metastatic carcinoma that has been in

complete remission without treatment for more than 2 years.

Lymphodepleting chemotherapy
* Cyclophosphamide: 500 mg/m2/d infused i.v. according to institutional standard on
d-5, d-4, and d-3,
and
* Fludarabine: 30 mg/m2/d infused i.v. according to institutional standard on d-5, d-4,
and d-3. In case of moderate impairment of renal function, the dose should be
reduced to 50% and the patient’s renal function should be monitored daily.
A lower dose of the lymphodepleting chemotherapy may be used based on the decision of
the
Safety Review Committee (SRC):
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» Cyclophosphamide: 250 mg/m2/d infused i.v. according to institutional standard on
d-5, d-4, and d-3, and

* Fludarabine: 25 mg/m2/d infused i.v. according to institutional standard on d-5, d-4,
and d-3. In case of moderate impairment of renal function, the dose should be

reduced to 50% and the patient’s renal function should be monitored daily.

Investigational therapy

CLDN6 CAR-T are autologous CD4+ and CD8+ T cells engineered with a CAR specific for
CLDNS®6.

CLDN6 CAR-T are cryopreserved in infusible cryomedia and are administered as a single i.v.
infusion. Each bag will contain an aliquot (volume dependent upon dose) of CLDN6 CAR-T in
cryomedia containing the following infusible grade reagents (% v/v): 50% CryoStor CS10,
50% sodium chloride (0.9%). The total amount of dimethylsulfoxide is 5%.

Flat dosing via the i.v. route of administration is used for this trial. The selected starting dose
is 107 CLDN6 CAR-T, followed by two additional dose levels of 10% and 10° CLDN6 CAR-Ts.
CLDN6 RNA-LPX is a cancer vaccine, which is liposomally formulated messenger ribonucleic
acid (mRNA) to systemically deliver CLDN6-encoding mRNA to antigen presenting cells (APC)
such as dendritic cells in secondary lymphoid tissues. The CLDN6 RNA-LPX are injected as a
bolus into a peripheral vein using a peripheral venous catheter. The CLDN6 RNA-LPX
injection is performed as slowly as possible or over a time period of 2 minutes. Prior to and
after the CLDN6 RNA-LPX injection, 5 mL of isotonic sodium chloride solution (0.9%) should
be administered (flushing). The starting dose of CLDN6 RNA-LPX cancer vaccine is 25 pg,

followed by 50 pg for allsubsequent administrations.

Statistics

Statistical hypotheses

The primary objectives of Parts 1 and 2 are to assess the safety profile and to identify the

MTD and/or RP2D. Hence, no statistical hypothesis is under test for Parts 1 and 2.

Sample size determination
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The sample size for Part 1 and Part 2 is driven by the 3+3 trial design. In Part 1 and Part 2
with CLDN6 CAR-T, the sample size will be up to 18 DLT-evaluable patients in each part,

depending on the number of DLTs that may occur.

General considerations

Continuous variables are summarized by cohort using the following descriptive statistics:
number of patients (n), mean, standard deviation, median, minimum and maximum.
Categorical variables will be summarized by cohort, presenting absolute and relative

frequencies (n and %) of patients in each category.

Primary endpoints

Adverse events (AEs) are coded using the most recent version of Medical Dictionary for
Regulatory Activities (MedDRA®) coding system to get a System Organ Class (SOC) and
Preferred Term (PT) for each AE and graded for severity using National Cancer Institute
Common Terminology Criteria for Adverse Events (NCI CTCAE) v5.0.m.

A TEAE is defined as any AE with an onset date on or after the first administration of CLDN6
CAR-T (if the AE was absent before the first administration of CLDN6 CAR-T) or that
worsened after the first administration of CLDN6 CAR-T (if the AE was present before the
first administration of CLDN6 CAR-T). AEs with an onset date more than 90 d after the last
administration will be considered as treatment-emergent only if assessed by the

Investigator. TEAEs will be summarized overall and by cohort.

The number and percentage of patients reporting at least one AE are summarized by the PT
nested within SOC for each of the following AE types:

« AnyAE

*  Related AE

* Grade 2 3 AE

* Related Grade 2 3 AE

* Any serious adverse event (SAE)

« Related SAE

e SAE leading to death

¢ AE leading to dose reduction
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* AE leading to permanent discontinuation of treatment
» DIT
The number and percentage of patients with any AE are summarized by worst NCI CTCAE

grade by PT nested within SOC.
DLTs are presented in terms of listings presenting the reported term and MedDRA PT and
SOC, its time of onset, duration, and outcome, relationship, NCI CTCAE grade, and

seriousness including dose exposure data.

Secondary endpoints

Objective Response Rate

ORR is defined as the proportion of patients in whom a CR or PR (per RECIST 1.1) is observed
as best overall response. Patients not meeting the criteria for CR or PR, including those
without any post-baseline tumor assessments, are considered as non-responders. ORR is
summarized with absolute and relative frequencies along with two-sided 95% Clopper-

Pearson confidence intervals by cohort.

Disease Control Rate

DCR is defined as the proportion of patients in whom a CR or PR or SD (per RECIST 1.1, SD
assessed at least 6 weeks after first dose) is observed as best overall response. Patients not
meeting the criteria for CR or PR or SD, including those without any post-baseline tumor
assessments, are considered as non-responders.

DCR is summarized with absolute and relative frequencies along with two-sided Clopper-

Pearson 95% confidence intervals by cohort.

Duration of Response

DOR is defined as the time from first objective response (CR or PR per RECIST 1.1) to first
occurrence of PD/recurrence, or death from any cause, whichever occurs first. Only patients
in whom a CR or PR is observed are analyzed for DOR. DOR is analyzed using Kaplan-Meier

methodology by cohort.

Exploratory endpoints
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The exploratory endpoints iORR, iDCR and iDOR are analyzed in the same way as ORR, DCR
and DOR.

Progression-Free Survival
PFS is defined as the time from first dose of CLDN6 CAR-T to first confirmed PD (per RECIST
1.1, iCPD per iRECIST), or death from any cause, whichever occurs first. PFS is analyzed using

Kaplan-Meier methodology by cohort.

Overall Survival

0S is defined as the time from first dose of CLDN6 CAR-T to death from any cause. OS is
analyzed using Kaplan-Meier methodology by cohort. Patients alive or patients lost to
follow-up at date of analysis cut-off are censored at the day of their last date known to be

alive.

Results

As of the 18th of November, 15 patients have been treated suffering from different tumor
entities and extensive pre-treatments. A summary of the patient treated and observed
adverse events (AE) is presented in the table below. So far, only in one patient a single dose
dependent toxicity (DLT), namely prolonged cytopenia, has been observed, wherein the
patient has a recent history of high-dose chemotherapy followed by stem cell
transplantation. As a consequence, a lymphodepletion free cohort has been opened.
Further, only few AEs >grade 2 were observed suspected to be related to the CAR T IMP and
most of them were also linked to the lymphodepletion or asymptomatic lab elevations.
Interestingly 7 patients experienced a cytokine release syndrome (CRS) Grade 1to 2
accompanied by high IL-6 levels and manageable with tocilizumab if needed, but no signs of
neurotoxicity.

(Even 1 patient in DL1 developed CRS after administration of CARVac)

Figure 13 shows the CAR-T cell frequency for each dose level with an incremental tendency
of improved engraftment adding CARVac or increasing the dose. The CAR-T cells reach a
peak concentration of around 10° CAR-T cells which is translated into clinical activity as
shown in figure 14. Figure 14 shows the assessment of clinical efficacy. Ten of the fifteen

treated patients were evaluable for efficacy assessment at data cut off. Wherein four

122



10

WO 2023/105005 PCT/EP2022/085072

patients showed partial responses and additional four patients show stable disease with
shrinkage of target lesions, marked with a plus, besides only one patient without signs of
clinical activity.

Most encouragingly, 3 of the 4 partial responses have been achieved in testicular cancer
patients that all relapsed on recent high-dose chemotherapy.

Figure 15 shows CT scans of these three patients prior treatment and at the indicated time
points after CAR-T administration. In patient #3 who received DL2 as monotherapy and had a
high tumor burden in the liver, the tumor shrunk tremendously in line with a decrease in the
tumor marker Alpha-fetoprotein (AFP) of more than 99%.

The lung metastasis of patient #4 also receiving DL2 as monotherapy nearly disappeared
together with normalization of AFP levels. In addition to that the patient who received dose

level 1 boosted with CARVac showed a durable response on plenty metastases.
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Summary:

CLDNG6 CAR-T cells as monotherapy or combined with CARVac were well tolerated.

CRS was seen in 7 of 15 patients, but manageable, and CARVac schedule can be adapted
accordingly.

CLDNG6 CAR-T cells as monotherapy or combined with CARVac resulted in clinical efficacy as
demonstrated by partial responses and stable disease with shrinkage of target lesions.
Several partial responses were seen in testicular cancer patients that all relapsed on recent

high-dose chemotherapy.

Updated Results:

As of the 15th of June, 22 patients were treated with the CLDN6 CAR-T+/- CLDN6 RNA-LPX.
Of those, 20 patients were allocated to pre-defined cohorts (including one patient treated
with a product containing less cells than required for DL1 in combination with CLDN6 RNA-
LPX and 1 patient with a modified lymphodepletion regimen [50% reduction]) and 2 patients
were treated within an exploratory cohort with no lymphodepletion. Thirteen patients had
testicular cancer and four had ovarian cancer, with one each of fallopian tube, endometrial,
gastric cancer, sarcoma, and one cancer of unknown primary (most likely breast cancer). All
treated patients were included in the safety assessment. Two patients experienced dose-
limiting toxicities, 1/6 at DL2 Part 1 (pancytopenia) and 1/7 at DL2 Part 2 (hemophagocytic
lymphohistiocytosis). Other adverse events 2 Grade 2 were mainly related to
lymphodepletion or were asymptomatic elevations of transaminases or lipase. All but one
instances of cytokine release syndrome (CRS} were Grade 2 or lower and resolved with
appropriate management. At the data cutoff, one CRS event was documented as Grade 3 (in
one patient without lymphodepletion). However, based on the reported symptoms this
would qualify as a Grade 2 event; however, the final assessment was not complete.

Tumor response was evaluated according to response evaluation criteria in solid tumors
(RECIST) v1.1 using CT or magnetic resonance imaging. 21 patients were evaluable for
efficacy assessment (the patient that received a product containing less cells than required
for DL1 was not included in the efficacy analysis). Overall, 7/21 patients had a partial
response 6 weeks post infusion (overall response rate [ORR] 35%), while a further eight
patients had stable disease, six of whom showed shrinkage of tumor lesions (disease control

rate [DCR] 75%). Six patients had progressive disease. Focusing on testicular cancer, 5/9
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evaluable patients receiving at least 50% lymphodepletion responded at 6 weeks, with CAR-T
cell persistence and further tumor shrinkage observed. One testicular cancer patient was
assessed by the investigator as a complete responder by PET CT after 18 weeks. There was
no metabolic activity in the remaining cavernous lesion, the tumor specific marker alpha-
fetoprotein (AFP) was within normal range, and the clinical assessment of the patient did not
reveal any signs of tumor activity. However, the cavernous lesion remained measurable in
the CT and the patient still had no signs of tumor activity and the AFP remained within the

normal range.

The disclosures of each and every patent, patent application, and publication cited herein
are hereby incorporated herein by reference in their entirety. While this invention has been
disclosed with reference to specific embodiments, it is apparent that other embodiments
and variations of this invention may be devised by others skilled in the art without departing
from the true spirit and scope of the invention. The appended claims are intended to be

construed to include all such embodiments and equivalent variations.
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LIST OF ABBREVIATIONS AND TERMS

Abbreviation

Definition

AE
AFP
APC
ASTCT
CAR
CAR-T
CARVac
CD
CLDNG6
CLDNG6 CAR-T
CLDNG6 CAR-T(A)
CMV
CoA
CoC
CR
CRP
CRS
CT
CTA
CTN
DC
DCR
ddPCR
DL
DLT
DOPE
DOTMA
DSUR
ECOG
EFS
ELISA
EMA
FcyR
FDA
GLP
GMP
HREC
B
ICANS
ICOS
IFN
1gG

IL

IMP

Adverse event

alpha-fetoprotein

Antigen-presenting cell

American Society for Transplantation and Cellular Therapy
Chimeric antigen receptor

Chimeric antigen receptor T cell

CAR-T cell amplifying RNA Vaccine

Cluster of differentiation

Claudin 6

CLDN6 CAR-T cells manufactured using a manual process
CLDN®B CAR-T cells manufactured using an automated process
Cytomegalovirus

certificate of analysis

certificate of conformance

Complete remission

C-reactive protein

cytokine release syndrome

Computer tomography

Clinical Trial Approval

Clinical Trial Notification

Dendritic cell

Disease control rate

droplet digital polymerase chain reaction

Dose level

dose-limiting toxicity
1,2-dioleoyl-sn-glycero-3-phosphatidylethanolamine
(R)-N,N,N-trimethyl-2-3-dioleyloxy-1-propanaminium chloride
development safety update report

Eastern Cooperative Oncology Group

Elongation factor 1-aipha short

enzyme-linked immunosorbent assay

European Medicines Agency

Fc gamma receptor

Food and Drug Administration

Good laboratory practice

Good manufacturing practice

Human Research Ethics Committee

Investigator's brochure

Immune effector cell-associated neurotoxicity syndrome
inducible T cell costimulator

Interferon

immunoglobulin G

Interleukin

Investigational medicinal product
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Abbreviation

Definition

IMPD
IP-10
v
LLOQ
LTRs
MCB
MMLV
MLV
MoA
mRNA
NAT
008
ORR
PBMC
PCR
PD
PET
Ph. Eur.
PK
PMCC
PRE
qPCR
RCR
RECIST
RNA
RNA-LPX
RP2D
RWV
scFv
SIN
TAA
Th
TIM3
TLR
™
TNF
UTR
VH
VL
VSN
WLD
WPRE

Investigational Medicinal Product Dossier
interferon gamma-induced protein 10
Intravenous

Lower limit of quantification

long terminal repeats

master cell bank

Moloney murine leukemia virus

murine leukemia virus

mode-of-action

Messenger ribonucleic acid

nucleic acid amplification test method

out of specification

Overall response rate
peripheral blood mononuclear cell
polymerase chain reaction
Pharmacodynamics

Positron emission tomography

European Pharmacopoeia
Pharmacokinetics

Peter MacCallum Cancer Centre
Post-transcriptional regulatory element
Quantitative Polymerase Chain Reaction
Replication-competent retrovirus
Response Evaluation Criteria in Solid Tumors
Ribonucleic acid

RNA lipoplex / liposomally formulated RNA
Recommended Phase |l dose

Retroviral vector

Single chain variable fragment
Self-inactivating

Tumor-associated antigen

T helper

T cell immunoglobulin domain and mucin domain
Toll-Like-Receptor

Transmembrane

Tumor necrosis factor

Untranslated region

heavy chain variable domain

light chain variable domain

Retroviral vector containing supernatant
Without lymphodepletion

woodchuck hepatitis virus posttranscriptional regulatory element

1 Summary of the product and its development program

1.1 Product Description and Mechanism of Action

1.1.1  Product Description
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CAR-T cell therapy has shown potent anti-tumor responses especially in patients with B cell
malignancies (Porter et al. 2011, Grupp et al. 2013, Brentjens et al. 2013, Brentjens et al.
2011). Clinical efficacy of CAR-T cell approaches in solid tumors, however, is so far limited
(Fesnak et al. 2016, Scarfo and Maus 2017, Yu and Hua 2019).

Two key hurdles of CAR-T cell therapy in solid cancers are:

(i) the lack of cancer cell specific targets and,

(ii) the insufficient expansion and lack of long-term persistence of CAR-T cells in vivo. The
latter is presumably attributable to the fact that adoptively transferred CAR-T cells
against solid cancer targets do not encounter their antigens in the patient’s circulation,
which would provide survival and expansion signals.

To overcome these hurdles, a targeted immunotherapy against claudin 6 (CLDNG6), a
tetraspanin membrane protein that is involved in the formation of primitive tight junctions has
been developed. CLDNG6 has emerged as an attractive therapeutic target for cancer
immunotherapy because it is highly expressed in various cancers with high unmet medical
need and is absent from healthy, adult tissues.

In a non-clinical immunohistochemistry study of 104 testicular cancer samples, CLDN6
protein expression was detected in 97 (93%) patients. Thus, CLDNG6 is a well-suited target for
CAR-T cell therapy in testicular cancer patients.

The immunotherapy comprises two products:

s CLDNG6 CAR-T (manufactured using a manual process) or CLDN6 CAR-T(A) (manufactured
using an automated process)

o CLDNS liposomally formulated ribonucleic acid (RNA-LPX)

CLDN6 CAR-T/CLDN6 CAR-T(A) is composed of autologous patient-derived CD4+ and
CD8+ T cells expressing a CAR with specificity for CLDNG6 (for more information on the
CAR lead structure see section 3.1.3 below). The CLDN6 CAR consists of four domains: a
single chain variable fragment derived from a monoclonal CLDNG6 antibody, a CDS8 hinge
region, a 4-1BB costimulatory domain, and an intracellular CD3 zeta-domain.

CLDN6 RNA-LPX is a liposomally formulated intravenous (IV) RNA cancer vaccine with an
RNA component that encodes the CAR target antigen CLDN6. The RNA vaccine is designed
for body-wide delivery of the CAR antigen into antigen-presenting cells resident in lymphoid
compartments and subsequent stimulation of adoptively transferred CAR-T cells.

1.1.2 Mechanism of Action

An overview of the mechanism of action is shown in Figure 1,

Autologous T cells are engineered ex vivo (for more information on the retroviral vector see
section 3.1.4 below) to express the CLDN6-CAR and are reinfused into the patient. CARs
redirect T cells to eradicate tumors through specific recognition of native surface proteins
expressed on tumor cells in a non-major histocompatibility complex-restricted manner.
Therefore, CAR-T cells can be used for the treatment of all patients whose tumor expresses
the respective target, independent of the individual’s human leukocyte antigen genotype.
To improve expansion and long-term persistence of CLDN6 CAR-T cells in vivo, patients
receive CLDN6 RNA-LPX vaccinations. After injection, the RNA-LPXs are taken up by
antigen-presenting cells resident in the lymphoid compartments, the RNA is released into the
cytosol, and the RNA is translated to the encoded protein, CLDNG6, which is transiently
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expressed at the cell surface. By repetitive RNA-LPX treatment and exposure to CLDNG,
CAR-T cells are stimulated and expanded in vivo in a controlled manner resulting in CAR-T
cell persistence.

CAR antigen encoding mRNA liposomes Lipoplex (RNA-LPX)

Cape— SUTR JIEHTEEIHTHETIT - SUTR ~ AAA + —
e 200- 400
D
‘%& CLONG expression £} Low dose CART foliowed by expansion with RNA-LPX
onAPCs [ High-dose GART without vaceination
£ kLl % i
iv. RNA-LPX f z 3 4*  CARVac™ Treatment
H Dose
Expansion of 2 lﬁ\ Limiting
CART cells - Toxicity
W
E Therapsutic
% Window
R v
tnsutficient
\\‘ : : Therapstic
: Actpeity

Tieng § Posistonss

Figure 1: Concept of CLDN6 CAR-T therapy with CLDN6 RNA-LPX mediated in vivo expansion
of CLDN6 CAR-T cells

(A) Autologous T cells are engineered to express the CLDNB-CAR and are reinfused into the
(lymphodepleted) patient.

(B) Full-length CLDN6-encoding mRNA is complexed with cationic liposomes to form lipoplexes
(CLDNB RNA-LPX). (C) RNA-LPX selectively targets APCs in secondary lymphoid organs. The RNA
sequence contains an optimized 5°cap and naturally occurring sequence elements at 3"- and 5~ UTRs
that significantly increase the intracellular half-life and the translational efficiency of the molecule.
Engagement of CAR-T cells with the CAR target results in CAR-T cell activation and expansion.

(D) CAR target-encoding RNA-LPX can be repeatedly administered to prolong the lifetime of CAR-T
cells.

APC = antigen-presenting cell; CAR = chimeric antigen receptor; CARVac = CAR-T cell amplifying
RNA Vaccine; CD = cluster of differentiation; CLDN6 = claudin 6; mRNA = messenger ribonucleic
acid; RNA = ribonucleic acid; RNA-LPX = liposomally formulated RNA; UTR = untranslated region.

1.1.3 CAR Structure

A CLDNG6-specific second-generation CAR was developed which is composed of the
extracellular single chain variable fragment (scFv) of IMAB206-C468 linked via a CD8 hinge
domain to intracellular 4-1BB and CD3( signaling domains. The different domains of this
CLDN6-CAR construct (CG_CAR_001.2) and their respective functions are described in
Table 1 below:
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Table 1: Domains and their function in the CLDN6-specfic CAR-T construct CG_CAR_001.2

Domain Function CLDN6-CAR (CG_CAR_001.2)
Signal peptide Directs CAR polypeptide into the secretory Signal peptide of the human IgG heavy chain
pathway. ’

Antigen Determines antigen specificity of the CAR. scFv of the CLDNB-specific chimeric human/mouse

recognition 19G1 monoclonal antibody IMAB206-C46S. The

domain mouse VH and VL regions are connected via a
peptide linker comprising the amino acid sequence
(GGGGS)a.

Spacer domain Links antigen recognition domain and TM domain; Human CD8a; truncated extraceliular domain

mediates CAR flexibility and impacts positioning of
the binding domain during scFv-antigen
interactions (Moritz and Groner 1995, Guest et al.
2005, James et al. 2008).

TM domain Affects the cell surface expression of CARs and Human CD8a

may affect CAR function (Dotti et al. 2014).
Signalling Transmit activating signals including co-stimulation | Human 4-1BB; intracellular domain.
domains upon CAR clustering (Dotti et al. 2014)

Human CD3{; Intracellular domain; Including a point
Q14K (Patent WO-2015112626-A1)

CAR = chimeric antigen receptor; CD = cluster of differentiation; CDLNSG = claudin 6; IgG = immunoglobulin G; FcyR = Fe
gamma receptor; TM = transmembrane; scFv = single chain variable fragment; VH = heavy chain variable domain; VL = light
chain variable domain; TM = transmembrane.

1.1.4 Retroviral Vector

The gamma-retroviral SIN vector CG_CAR_001.2 RVV is used for stable integration of
CG_CAR_001.2 into the T cell genome. A schematic representation of the retroviral vector is
given in Figure 2.

§D

CG_CAR_001.2

Y g+

Figure 2: Schematic representation of the retroviral vector CG_CAR_001.2 RVV encoding the
CLDNG6-CAR transgene CG_CAR_001.2

CMV-hybrid = chimeric 5 -promoter consisting of a human cytomegalovirus immediate-
early-enhancer element and a murine leukemia virus (MLV)-core promoter; R, U5 = from
MLV (wild type); psi = psi-region of MLV, contains native splice donor and contains B2
variant of PBS; psi+ = psi+-region of MLV (wild type), start codon of gag deleted;

EFS = short version of the eukaryotic elongation factor 1-alpha promoter; pre*s =WPRE
short version: woochuck hepatitis virus post-transcriptional regulatory element, the ‘*’
represents the deletion of ATG in the sequence; AU3 = the enhancer elements in the U3-
region of the 3'-LTR were eliminated (including CAAT-Box), and the TATA-Box sequence
was mutated.

1.2 Quality Development

CLDN6 CAR-T drug substance and drug product have been manufactured using a manual
process. This process was improved to a functionally closed and automated platform with the
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capability to manufacture drug substance and drug product bulk on a single device
(CliniMACS Prodigy® instrument) and within a single process set- up resulting in CLDN6
CAR-T(A) drug substance and drug product bulk.

The product manufactured using the manual manufacturing process was named CLDN6 CAR-
T, whereas the product manufactured using the automated manufacturing process is called
CLDN6 CAR-T(A).

1.3 Non-Clinical Development
1.3.1  Key Findings

The key findings of the non-clinical studies of CLDN6 CAR-T and CLDN6 RNA-LPX are
outlined in Table .
Table 2: Summary of key findings of the non-clinical studies of CLDN6-CAR +/- RNA-LPX

Category Features

Mode-of-action e« The CLDN6 CAR mediated highly specific and sensitive recognition and
killing of CLDNG* tumor cells.
e CLDNB6 CAR-T cells were shown to repetitively kill tumor spheroids in vitro.
o CLDN6 RNA-LPX mediated transfection of DCs stimulated and expanded
CLDNG6 CAR-T cells in a dose-dependent manner in vitro.

¢ Asingle dose of CLDN6 RNA-LPX resulted in controlled and dose-
dependent in vivo expansion of adoptively transferred murine CLDN6
CAR-T cells.

e Repetitive CLDN6 RNA-LPX administration increased persistence of
adoptively transferred murine CLDN6 CAR-T cells.

Comparability s« Comparability studies using CLDN6 CAR-T cells manufactured with
studies of CLDNG manual (CLDN6 CAR-T) and automated (CLDN6 CAR-T(A)) processes
CAR-T and demonstrated that both products fulfill the acceptance criteria during
CLDN6 CAR- release testing.

T(A) s The vector copy number and accordingly the transduction efficiency were

considerably higher using the automated process.

¢ CLDN6 CAR-T(A) cells seem to have a more favorable phenotype after
thawing with regards to expression of lymphocyte homing markers, which
could be relevant for CLDN6 RNA-LPX-mediated in vivo expansion.

« Furthermore, improved expression of IL-2 receptor chains could be
relevant for engraftment, persistence, and functional efficacy. In addition,
CLDN6 CAR-T(A) cells have a more activated phenotype compared to
CLDNG6 CAR-T cells.

¢« The data from IFNy ELISA and repetitive tumor spheroid killing assays
showed that CLDN6 CAR-T(A) cells release more IFNy after antigen
challenge, have a higher potency to kill CLDN6* tumor cells and to survive
and to enrich after tumor challenge.

Anti-tumor ¢ Human CLDN6 CAR-T cells mediated complete eradication of advanced
activity in animal human CLDN6-expressing tumors in ovarian xenograft mouse models.
tumor models e Stimulation of human CLDN6 CAR-T cells by CLDN6 RNA-LPX treatment
accelerated anti-tumor activity even at low CAR-T cell doses.
Relevant animal « No relevant species exists to adequately capture the safety profile of
species CLDN6 CAR-T.
« The mouse is considered as the relevant species for RNA-LPX.
Pharmacokinetics « No biotransformation or excretion studies were conducted for CLDN6
CAR-T.

+ RNA-LPX biodistribution studies in mice revealed that RNA is rapidly
cleared from blood, and only residual amounts were found in blood and
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Category Features

organs 2 and 7 days after RNA-LPX injection.

« DOTMA was primarily found in spleen and liver confirming spleen as the
main target organ for RNA-LPX vaccination and at significantly lower levels
in plasma and other tissues. After repeat dosing in mice, DOTMA is
cleared from plasma, spleen, and liver with a terminal half-life of
approximately 7 weeks.

¢ In mice, DOTMA is not metabolized and mainly excreted via feces.

Safety o No safety pharmacology studies have been performed with CLDN6 CAR-T.

pharmacology e For RNA-LPX products, no test item or treatment-related changes in the
respiratory, neurological, and cardiovascular system were observed.

Toxicology e Absence of CLDNG protein expression in adult healthy human tissues
(EMA/FDA tissue cross-reactivity panel) was confirmed in a GLP-compliant
tissue cross-reactivity study.

« CLDNG6 CAR-T cells did not recognize related claudin family members
CLDN3, CLDN4, and CLDN9.

¢ CLDN6 CAR mediated target cell lysis, cytokine secretion and upregulation
of activation markers as analyzed in a cell line screening experiment were
exclusively induced after co-culture with CLDN6-expressing target cells.

+« No single or repeat-dose toxicity studies were conducted for CLDN6 CAR-
T.

s Treatment with RNA-LPX was very well tolerated in two 6-week and one
13-week repeat-dose toxicity studies in mice. Transient, but fully reversible,
induction of cytokines, hematological changes, and elevation of liver
enzymes were observed.

¢ RNA-LPX was also very well tolerated in a non-GLP pharmacology study
in cynomolgus monkeys (no observed clinical observation findings).

CAR(-T) = chimeric antigen receptor (engineered T cells}; CLDN = claudin; DC = dendritic cell;
DOTMA = R-N,N,N-trimethyl-2-3-dioleyloxy-1-propanaminium chloride; ELISA = enzyme-linked
immunosorbent assay; EMA = European Medicines Agency; FDA = Food and Drug Administration;
GLP = good laboratory practice; IFN = interferon; IL = interleukin; RNA = ribonucleic acid; RNA-
LPX = liposomally formulated RNA.

1.3.2 Characterization of CLDNG6 CAR-T{A)}

The manual manufacturing process has been improved to a functionally closed and automated
platform with the capability to manufacture drug substance and drug product bulk on a single

device (CliniMACS Prodi gy® instrument) and within a single process set- up.

In addition to comprehensive non-clinical data for the manually manufactured CAR-T
product presented above in Table 2, a characterization data set was generated for the CAR-
T(A) product as part of an analytical comparability exercise between the manual and the
automated manufacturing processes. In addition to characterization, a formal risk assessment,
an assessment of routine batch analyses, and functional analyses were performed. In this
respect, three representative clinical scale runs were performed using apheresis material from
the same healthy donors side-by-side using the manual and the automated processes to
manufacture CAR-T cells.

Compared to CLDN6 CAR-T cells, CLDN6 CAR-T(A) cells exhibited faster killing kinetics
of endogenously CLDNG6 expressing tumor cells and enriched more efficiently after tumor
challenge. Improved CAR-T cell enrichment coincided with a higher percentage of
CD4*CAR* T cells compared to CLDN6 CAR-T cells. In addition, the CLDN6 CAR-T(A)
cells expressed more CD25, CD218a, inducible T cell immunoglobulin domain and mucin
domain 3 (TIM3) and inducible T cell costimulator (ICOS) correlating with a more activated
phenotype. Taken together these results suggest that the CLDN6 CAR-T(A) cells could have
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cells expressed more CD25, CD218a, inducible T cell immunoglobulin domain and mucin
domain 3 (TIM3) and inducible T cell costimulator (ICOS) correlating with a more activated
phenotype. Taken together these results suggest that the CLDN6 CAR-T(A) cells could have
an improved potential to persist and eliminate tumor cells in the patient, but at the same time
may also have a higher risk for potential on-target/off-target toxicities.

1.4 Clinical Development

Clinical development started with the first-in-human trial (EudraCT No. 2019-004323-20),
which is an open-label, dose escalation Phase I/I] trial with expansion cohorts to evaluate
safety and preliminary efficacy in patients with CLDNG6 positive relapsed or refractory
advanced solid tumors.

Patients are enrolled in one of three trial parts (Figure ). The Phase I parts of the trial (Parts 1
and 2) consist of dose escalation cohorts. Part 1 evaluates CLDN6 CAR-T/CLDN6 CAR-
T(A) monotherapy and Part 2 evaluates CLDN6 CAR-T/CLDN6 CAR-T(A) + CLDN6 RNA-
LPX. The Phase II part of the trial will consist of expansion cohorts in pre-defined patient
populations.

Phase | , Phase Hi

Pre-screening {Dose escalation) . (Dose expansion)

Eorolviantof n = 3 par cohor 186 DLTS cad move i next DL

Figure 3: Trial design
In the Phase | parts of the trial, patients are enrolled into one of two parts. Part 1 evaluates CLDN6
CAR-T/CLDN6 CAR-T(A) monotherapy. Part 2 evaluates CLDN6 CAR-T/CLDN6 CAR-T(A) + CLDNB
RNA-LPX. The Phase |l part of the trial will consist of expansion cohorts. One intra-patient dose
escalation step is included for CLDN6 RNA-LPX, thereafter CLDN6 RNA-LPX is administered at a
fixed dose. Part 1 and Part 2, DL1 and DL2 with CLDN6 CAR-T were complete. Parts 1 and 2 will now
be performed using CLDN6 CAR-T(A) manufactured using an automated process.

CAR-T = CAR-T cells manufactured using a manual process; CAR-T(A) = CAR-T cells manufactured
using an automated process; CLDNG = claudin 6; DL = dose level; DLT = dose-limiting toxicity;
ECOG = Eastern Cooperative Oncology Group; RECIST = Response Evaluation Criteria in Solid
Tumors; RNA-LPX = ribonucleic acid-lipoplex; RP2D = recommended Phase |l dose.

The timelines for trial treatment are shown in Figure . In Part 1 and Part 2, a lymphodepletion
regimen is applied prior to CLDN6 CAR-T administration, consisting of cyclophosphamide
(500 mg/m2/d infused IV on Days -5, -4, and -3) and fludarabine (30 mg/m?2/d infused IV on
Days -5, -4, and -3). CLDN6 CAR-T is administered on Day 1. In Part 2 only, patients also
receive CLDN6 RNA-LPX administered at a starting dose of 25 pg and increased to 50 pg
from the second administration. Subsequent doses are administered every 2 to 3 weeks, until
5 doses have been administered. The injection intervals are then increased to 6 weeks for the
first year after CAR-T administration. Administration can be continued until the end of the trial at
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Figure 4: Timeline of treatments

In Part 1 and Part 2, autologous T cells are engineered to express the CLDNG CAR and reinfused into
the patient on Day 1. Patients enrolled in Part 2 receive additional CLDN6 RNA-LPX treatment. From
DL2, CLDN6 RNA-LPX treatment takes place on Day 24, 36, 51, 72, and 93, and every 6 weeks
thereafter. 1q3w = once every 3 weeks; CAR-T = chimeric antigen receptor T cell; CLDN6 = claudin 6;
DLT = dose-limiting toxicities; M = month; RNA-LPX = RNA-lipoplex, liposomally formulated RNA.

2 Effectsin humans

2.1 Safety and Efficacy CLDN6 CAR-T +/- CLDN6 RNA-LPX

As of the 15" June 2022, 22 patients were treated with the manually manufactured CLDN6
CAR-T+/- CLDN6 RNA-LPX. Of those, 20 patients were allocated to pre-defined cohorts
(including one patient treated with a product containing less cells than required for DL1 in
combination with CLDN6 RNA-LPX and 1 patient with a modified lymphodepletion regimen
[50% reduction]) and 2 patients were treated within an exploratory cohort with no
lymphodepletion. Thirteen patients had testicular cancer and four had ovarian cancer, with
one each of fallopian tube, endometrial, gastric cancer, sarcoma, and one cancer of unknown
primary (most likely breast cancer). All treated patients were included in the safety
assessment. Two patients experienced dose-limiting toxicities, 1/6 at DL2 Part 1
(pancytopenia) and 1/7 at DL2 Part 2 (hemophagocytic lymphohistiocytosis). Other adverse
events > Grade 2 were mainly related to lymphodepletion or were asymptomatic elevations of
transaminases or lipase. All but one instances of cytokine release syndrome (CRS) were
Grade 2 or lower and resolved with appropriate management. At the data cutoff, one CRS
event was documented as Grade 3 (in one patient without lymphodepletion). However, based
on the reported symptoms this would qualify as a Grade 2 event. At the time that this briefing
book was finalized, this event was under discussion with the site and the final assessment was
not complete.

Tumor response was evaluated by the investigator according to response evaluation criteria in
solid tumors (RECIST) v1.1 using CT or magnetic resonance imaging. At the data cutoff,

21 patients were evaluable for efficacy assessment (the patient that received a product
containing less cells than required for DL1 was not included in the efficacy analysis). Overall,
7/21 patients had a partial response 6 weeks post infusion (overall response rate [ORR] 35%),
while a further eight patients had stable disease, six of whom showed shrinkage of tumor
lesions (disease control rate [DCR] 75%). Six patients had progressive disease. Focusing on
testicular cancer, 5/9 evaluable patients receiving at least 50% lymphodepletion responded at
6 weeks, with CAR-T cell persistence and further tumor shrinkage observed. One testicular
cancer patient was assessed by the investigator as a complete responder by PET CT after

18 weeks. There was no metabolic activity in the remaining cavernous lesion, the tumor
specific marker alpha-fetoprotein (AFP) was within normal range, and the clinical assessment
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of the patient did not reveal any signs of tumor activity. However, the cavernous lesion
remained measurable in the CT. At the data cutoff, the patient stiil had no signs of tumor
activity and the AFP remained within the normal range.

2.2 Clinical Pharmacology
2.2.1  Pharmacodynamics of CLDNG6 CAR-T

During the first 28 days post infusion (DLT period), different cytokines (e.g., IFNy, IL-6, IL-
10, and tumor necrosis factor [TNFa]) and serum biomarkers (e.g., C-reactive protein [CRP]
and soluble IL-2 receptor, sIL-2R) are assessed to monitor pharmacodynamics of CLDNG6
CAR-T cells. The analyses were focused on IL-6 as a marker of cytokine release syndrome
(CRS) (Lee et al. 2019). Analyses of all other cytokines are ongoing and will be included in
the next version of the IB. CRS development (mild-to-moderate, American Society for
Transplantation and Cellular Therapy [ASTCT] Grade 1 to 2) has been observed in 8 of 16
patients in the pre-defined cohorts, especially in patients receiving CLDN6 CAR-T at DL2,
but was manageable with anti-IL-6 treatment (tocilizumab) if needed. All patients with CRS
showed elevated IL-6 levels (Figure 5).
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Figure 5 — Serum IL-6 levels in patients with and without CRS

1L-6 levels were assessed for all 16 pafients freated within four pre-defined Phase | cohors, DL1 and DL2 for CLDNG
CAR-T cell monotherapy (Part 1), and for the combination with CLONE RNA-LPX {Part 2). (A} All patients with CRS
{mild-to-moderate, ASTCT Grade 1 to 2) showed elevated IL-6 levels and CRS was always manageable by
administration of tocilizumab. (B) Patients that showed no signs of CRS had low to normal IL-6 levels.

ASTCT = American Sociely for Transplantation and Cellular Therapy; CRS = cylokine release syndrome; DL = dose
level; DL1 = 1x107 CLONG CAR-T cells; DL2 = 1x10° CLDNG CAR-T cells; IL-6 = interleukin 6.

2.2.2 Pharmacodynamics of RNA-LPX vaccines

Pharmacodynamic (PD) analyses conducted in the Lipo-MERIT clinical trial included
analyses of various cytokines as well as cellular immune responses.

RNA-LPX activates APCs via TLR signaling upon IV application. According to this MoA,
activation of an IFNa dominated pattern of cytokines including IFNy and consecutively IP-10
and also of IL-12, TL-6, and TNFa was observed. Patients had a vaccine dose- dependent
transient increase of plasma levels of this distinct spectrum of cytokines and elevation of body
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temperature. Preliminary data indicate an RNA-LPX dose- dependent, pulsatile transient
release of cytokines with peak plasma levels around 2 to 6 h after dosing and being back to
baseline latest after 24 h. In line with the self-limiting increase of ¢ytokines, the class-intrinsic
AE profile of RNA-LPX has been observed to be dominated by Grade 1 and 2 flu-like
symptoms, which mostly are manageable with antipyretics. Similar effects have been
observed where patients developed mild and transient flu-like symptoms that resolved within
24 h after additional treatment with CLDN6 RNA-LPX.

Within the Lipo-MERIT trial, immunogenicity of RNA-LPX has been shown in multiple
patients studying immune responses against the encoded antigens. RNA-LPX induced both

CD8" cytotoxic effector T cells as well as antigen-specific CD4" T helper (Th) cells.

Preliminary CLDN6 CAR-T cell count data from two patients is shown in Figure 6, The data
indicates that CLDN6 RNA-LPX may modify the kinetics of CAR-T cells. The additional
RNA-LPX treatment seemed to support CAR-T engraftment and might even prolong their
persistence.
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Figure 6: CLDN6 RNA-LPX improved CAR-T engraftment and persistence at low doses

Two testicular cancer patients were treated with DL1 (red dotted ines, 107 CLDNG CAR-T celis). Patient (Al received
muttiple CLONG RNA-LPX {green dashed lines) treatments and Patient (B} was followed without further infervention. The
higher CAR-T engrafiment and improved persistence translated into clinical benefit (partial response) in Patient A, while
rapid dedine of CAR-T cells {below LLOQ, black dofied lines) resulted in fast progression of the disease in Patient B.
Both patients were re-dosed with CAR-T cells (solid grey lines indicate first and second adoptive cell transfer}.

CAR-T = chimeric antipen receplor engineered T cells; CLONG = claudin €; DL = dose level, LLOO = lower limit of
guantification; RNA-LPX = ribonucieic acid-ipoplex.

2.2.3 Pharmacokinetics of CLDNG6 CAR-T

In all patients, CAR-T cell frequency in peripheral blood was analyzed by qPCR (based on the
RNA stabilizing Woodchuck Hepatitis Virus Posttranscriptional Regulatory Element [WPRE]
element of the CLDN6-CAR transgene). Dose-dependent, robust engraftment could be
observed in all patients (Figure 7). CAR-T cell frequency peaked between Days 10 and 17 and
declined afterwards. Addition of CLDN6 RNA-LPX treatment in Part 2, induced transient
expansions with prolonged persistence at DL1 (the patient treated with the non-conformant
product with a CLDN6 CAR-T cell dose below DL is included in the analysis and showed
comparable kinetics). CAR-T cell counts were lower in the patients that received reduced or
no lymphodepletion. In a patient with a complete remission of the disease (depicted as CR),
the CLDN6 CAR T remain detectable at a plateau for more than 200 days.
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Figure 7: CLDN6 CAR-T cell engraftment per cohort

CAR-T cell frequency in peripheral blood was assessed for all patients treated. The CLDN6-CAR
transgene contains an RNA stabilizing element (WPRE) and the amount of CLDN6 CAR+ cells within
the PBMC input population was determined by quantitative PCR targeting WPRE. Total CAR-T cell
counts were calculated based on the white blood count and a supposed total volume of 5 L. All
patients showed robust CAR-T cell engraftment; data collection is ongoing for some patients. CRS
was more frequently observed at the higher CAR-T dose level (DL2). Red dotted lines indicate the
applied CAR-T dose and the grey solid lines the LLOQ. Part 1 and Part 2 patients are shown as black
dashed and solid lines, respectively. The 16 patients included in the pre-defined cohorts are shown in
black. The patient who received reduced lymphodepletion is shown in grey, patients without
lymphodepletion are not shown.

CAR = chimeric antigen receptor; CAR-T = chimeric antigen receptor engineered T cell, CLDN6 =
claudin 6; DL = dose level, DL1 = 1x107 CLDN6 CAR-T cells; DL2 = 1x108 CLDN6 CAR-T cells;
LLOQ = lower limit of quantification; Part 1 = CLDN6 CAR-T monotherapy; Part 2 = CLDN6 CAR-T +
CLDNG6 RNA-LPX; PBMC = peripheral blood mononuclear cell; PCR = polymerase chain reaction,
RNA = ribonucleic acid; RNA-LPX = RNA-lipoplex; WPRE = woodchuck hepatitis virus
posttranscriptional regulatory element.

2.24 Pharmacokinetics of CLDN6 RNA-LPX

The lipids employed for liposome manufacturing and lipoplex formation are the naturally
occurring phospholipid DOPE and the cationic lipid DOTMA. Synthetic DOPE and DOPE
produced by the cells of the human body have the same structure and are subject to the same
degradation process. Therefore, DOPE is expected to be metabolized like the body’s own
phospholipid. The cationic DOTMA as an ether lipid is expected to be metabolized at reduced
rate compared to the phospholipid DOPE. DOTMA has been safely applied in the clinic
(Wollenberg et al. 1999, Hedman et al. 2003) and the applied doses of DOTMA in the
proposed trials are very low as compared to liposome products containing similar cationic
lipids (Fasol et al. 2012).

As synthetic lipids may accumulate in the liver, liver enzymes in patients treated with RNA-
LPX vaccines are monitored. No clinically significant changes of liver parameters related to
CLDN6 RNA-LPX have been observed.

2.3 Safety and Efficacy CLDN6 CAR-T(A)

Dose escalation with CLDN6 CAR-T(A) was started on June 14, 2022 at DLO with 1x10°
CDLNG6 CAR-T (A). Two patients have been treated at this Dose Level, one patient with a
testicular cancer, one with endometrial carcinoma. We did observe an expansion of CLDN6
CAR T(A) up to 1.65x108 (total). No DLTs have occurred. There were also no instances of
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CRS or ICANS and this Dose Level has been considered as safe by the Safety Review
Committee. Further three patients have been already treated at DL1. The DLT period is still
ongoing, so no conclusions about the safety can be made. However, no DLTs have occurred
until August 29, 2022. Statements about efficacy are not possible at this stage.

3 Manufacturing

As stated above, CLDN6 CAR-T drug substance and drug product have been manufactured
using a manual process in the trial. This process was improved to a functionally closed and
automated platform with the capability to manufacture drug substance and drug product bulk

on a single device (CliniMACS Prodigy® instrument) and within a single process set- up
resulting in CLDN6 CAR-T(A) drug substance and drug product bulk. Only final fill and
finish of the DP as well as media and transduction solution preparation are performed
manually. Both processes include the key steps of isolation of T cells, cultivation and
stimulation, transduction of T cells with the retroviral vector containing supernatant (VSN)
and expansion, harvest of transduced T cells, filling, and cryopreservation (see comparison
Table 3 below).
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Table 3: Comparison of the manual and automated manufacturing process

Manufacturing process for CLDN6 CAR-T(A) DS

Manufacturing step

Manual process [

Automated process [

Isolation of PBMCs.

(1) Isolation of PBMCs from
apharesis material with a closed
centrifugation system (Sepax).

Isolation of T cells.

(2) Thawing of PBMCs and isolation
of T cells by magnetic extraction
using CTS™ Dynabeads
CD3/CD28.

(1) Isolation of T cells from apheresis
material using CliniMACS CD4/CD8
GMP MicroBeads.

Cultivation and stimulation of T
cells.

(3) Stimulation with CTS™
Dynabeads CD3/CD28 in culture
media for 3 days.

(2) Stimulation with CD3/CD28
TransAct™ reagent in culture media
for 2 days.

De-beading of T cells.

(4) De-beading of CD3"* cells by
magnetic separation.

Transduction of T cells.

(5) Transduction overnight with VSN
at MOI 2-8 on RetroNectin-coated
bags in culture media w/o cytokines.

(3) Transduction with VSN (adapted
manufacturing process including TFF
purification) at MOI 2 by
spinoculation for 2 h in Prodigy
culture unitin X-VIVO™ 15 media
w/o supplements using Vectofusin®-
1.

Expansion of T cells.

(6) Cultivation of T cells in G-Rex
unitin 1,000 mL culture media until
Day 7.

(4) Transduction is stopped after 24 h
by washing and followed by
cultivation of T cells in Prodigy
culture unit in 200 mL culture media
until Day 5.

Medium exchage

(4) Centrifugation of cells, removal of
130 mL of medium, addition of 180
mL culture media until Day 7.

Harvest and second de-beading
of transduced T cells

(7) Aspiration of medium by
GatheRex, medium wash, second
de-beading, and concentration of
cells (Sepax).

Manufacturing process for CLDN6 CAR-T(A) DP

Manufacturing step

Manual process [1]

Automated process [']

Preparation of bulk DP

(1) Washing of DS with 0.9% NaCl
solution using a closed
centrifugation system (Sepax).

(1) Centrifugation of DS in culture
unit of Prodigy®, washing with 0.9%
NaCl solution

Filling and cryopreservation

(2) Manual dilution of bulk DP followed by fill and finish.

[1] The number in brackets correlates to the manufacturing step in the corresponding process.

CAR-T = chimeric antigen receptor T cell; CD = cluster of differentiation; CLDN6 = claudin 6; CTS™ = Cell
therapy Systems; DS = drug substance; DP = drug product; GMP = good manufacturing practice; PBMC =
peripheral blood mononuclear cell; MOI = multiplicity of infection; NaCl = sodium chloride; VSN = vector
containing supernatant;, w/o = without.

The process flow chart in Figure 8 below described the steps for the automated process and

corresponding IPC/IPMs.
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Day Material

Process steps

In-process
controls/Monitoring

Apheresis material

(i) Cell concentration

CD4 and CD8 GMP (1) Separation of CD4*/CD8"* cells (i) Viability
0 MicroBeads Enrichment of T cells by CD4 and Cd8 (i) Immune cell
purification composition
(iv) Microbial control
N2
CD3/CD28 TransAct™ 1) Stimulation of CD4* and CD8* T (i) Cell concentration
Culture media cells (il) Viability
02 L7 (37°C; 5% COq) (iii) Immune cell
IL-15 Cultivation and stimulation of T cells in composition
centricult unit of Prodigy® P
%
Viral vector
containing . . . . )
supernatant 3) Transduction of CD4" and CD8* T (i) Cell concentration

2 Vectofusin®-1
X-VIVO™ 15 media
IL-7
IL-15

Culture media

IL-7
3 IL-15

Culture media

cells
(MOI 2,400 x g, 2 h at 32°C)
Spinoculation in Prodigy® centricult unit

and viability
(ii) Microbial control

Vv

(4) Expansion of cells
Wasshing CD4* and CD8* T cells,
addition of 200 mL culture medium with
cytokines and culture of cells in culture
unit (37°C; 5% COy)

Media exchange:

Automated manufacturing process (Prodigy®system)

5 IL-7 Centrifugation of cells, removal of 130
IL-15 mL medium and addition of 180 mL
culture medium with cytokines
N
7 (5) DS

Figure 8: Process flow chart for the automated Process flow chart for the automated
manufacturing of CLDN6 CAR-T(A) DS utilizing the Prodigy®system

Note: Starting materials are depicted in bold.
CAR-T = chimeric antigen receptor T cell; CD = cluster of differentiation; CLDN6 = claudin 6; DS =

drug substance; GMP = Good

Manufacturing Practice; IL = interleukin; MOI = multiplicity of infection; NaCl = sodium chloride.

In Step 5 (Day 7) of the process, the expanded and transduced CD47/CD8" T cells in the
culture unit constitute the drug substance. Drug substance is immediately processed to drug
product per Figure 9, the DP process flow chart below.
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. In-process
Day Material Process step controlsimonitoring
Automated (1) Preparation of bulk DP
manufacturing .
process DS Washing of DS
(CliniMACS o J
Prodigy® NaCl (0.9%})
instrument) Bulk DP
7 N

{iy RCR 11

NaCl (0.9%) {2) Filling and cryopreservation

Dilution of bulk DP to final doses, transfer

grsyf OS tor® into pre-filled primary packaging, and
cryopreservation
¥
DP

Figure 9: Process flow chart for the manufacturing of CLDN6 CAR-T(A) DP

(1] Samples are taken, but RCR testing will only be initiated after suspicion of RCR activation in
patients.

CAR-T = chimeric antigen receptor T cell; CLDN6 = claudin 6; DS = drug substance; DP = drug
product; NaCl = sodium chloride; RCR = replication-competent retrovirus.
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CLAIMS

1. A method of treating a solid tumor in a human comprising administering to the human
immune effector cells expressing a chimeric antigen receptor (CAR) molecule, the CAR
molecule comprising:

i) a CLDNG6 antigen binding domain;

ii} a transmembrane domain; and

iii) an intracellular domain that comprises a 4-1BB costimulatory domain, and a CD3-zeta

signaling domain.

2. The method of claim 1, wherein the solid tumor is a CLDN6-positive solid tumor.

3. The method of claim 1 or 2, wherein the solid tumor is an advanced solid tumor.

4. The method of any one of claims 1 to 3, wherein the solid tumor is a relapsed or

refractory advanced solid tumor.

5. The method of any one of claims 1 to 4, wherein the solid tumor is testicular cancer.

6. The method of any one of claims 1 to 5, wherein treating a solid tumor in a human
comprises inducing stable disease, inducing stable disease with shrinkage of target lesion, or

inducing partial response.

7. The method of any one of claims 1 to 6, wherein the CLDN6 antigen binding domain
comprises an antibody, an antibody fragment, an scFv, a Fv, a Fab, a (Fab')2, a single domain

antibody (SDAB), a VH or VL domain, or a camelid VHH domain.

8. The method of any one of claims 1 to 7, wherein the CLDN6 antigen binding domain

comprises an scFv.

9. The method of any one of claims 1 to 8, wherein the CLDN6 antigen binding domain

comprises the amino acid sequence of SEQ ID NO: 35 or a functional variant thereof.
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10. The method of any one of claims 1 to 9, wherein the 4-1BB costimulatory domain

comprises the amino acid sequence of SEQ ID NO: 30 or a functional variant thereof.

11. The method of any one of claims 1 to 10, wherein the CAR molecule does not comprise a

further costimulatory domain.

12. The method of any one of claims 1 to 11, wherein the CD3-zeta signaling domain

comprises the amino acid sequence of SEQ ID NO: 31 or a functional variant thereof.

13. The method of any one of claims 1 to 12, wherein the transmembrane domain comprises
a transmembrane domain of a protein selected from the group consisting of the alpha, beta
or zeta chain of the T cell receptor, CD28, CD3 epsilon, CD45, CD4, CD5, CD8, CD9, CD16,
CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD154, KIRDS2, OX40, CD2, CD27, LFA-1
(CD11a, CD18), ICOS (CD278), 4-1BB (CD137), GITR, CD40, BAFFR, HVEM (LIGHTR), SLAMF7,
NKp80 (KLRF1), CD160, CD19, IL2R beta, IL2R gamma, IL7Ra, ITGAL, VLA, CD49a, ITGA4, A4,
CD49D, ITGAS, VLA-6, CD49f, ITGAD, CDIId, ITGAE, CD103, ITGAL, CDlla, LFA-1, ITGAM, CDIIb,
ITGAX, CDllc, ITGBI, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2, DNAMI (CD226), SLAMF4
(CD244, 2B4), CD84, CD96 (Tactile), CEACAM1, CRT AM, Ly9 (CD229), CD160 (BY55), PSGLI,
CDIOO (SEMAA4D), SLAMF6 (NTB-A, Lyl08), SLAM (SLAMF1, CD150, 1PO-3), BLAME (SLAMF8),
SELPLG (CD162), LTBR, PAG/Cbp, NKp44, NKp30, NKp46, NKG2D, and NKG2C, or a functional

variant thereof.

14. The method of any one of claims 1 to 13, wherein the transmembrane domain comprises

a CD8a transmembrane domain.

15. The method of any one of claims 1 to 14, wherein the transmembrane domain comprises

the amino acid sequence of SEQ ID NO: 28 or a functional variant thereof.

16. The method of any one of the preceding claims, wherein the antigen binding domain is

connected to the transmembrane domain by a hinge domain.
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17. The method of claim 16, wherein the hinge domain is a CD8a hinge domain.

18. The method of claim 16 or 17, wherein the hinge domain comprises the amino acid

sequence of SEQ ID NO: 27 or a functional variant thereof.

19. The method of any one of claims 1 to 18, wherein the CAR molecule comprises:

i) a CLDNG6 antigen binding domain;

i} a CD8a hinge domain;

iii) a CD8a transmembrane domain; and

iv) an intracellular domain that comprises a 4-1BB costimulatory domain, and a CD3-zeta

signaling domain.

20. The method of any one of claims 1 to 19, wherein the CAR molecule further comprises a

leader sequence.

21. The method of any one of claims 1 to 20, wherein the CAR molecule comprises the

amino acid sequence of SEQ ID NO: 36 or a functional variant thereof.

22. The method of any one of claims 1 to 21, wherein the immune effector cells are

genetically modified to express the CAR molecule.
23. The method of any one of claims 1 to 22, wherein the immune effector cells are selected
from the group consisting of T cells, a Natural Killer (NK) cells, and cytotoxic T lymphocytes

(CTL).

24. The method of any one of claims 1 to 23, wherein the immune effector cells are CD8+ T

cells.

25. The method of any one of claims 1 to 24, wherein the immune effector cells are human

cells.
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26. The method of any one of claims 1 to 25, wherein the immune effector cells lack

expression or have low expression of a functional TCR or a functional HLA.

27. The method of any one of claims 1 to 26, wherein the immune effector cells are

autologous or allogeneic to the human.

28. The method of any one of claims 1 to 27, said method further comprising administering

an agent that increases the efficacy of the immune effector cells.

29. The method of claim 28, wherein said agent is chosen from one or more of:
a protein phosphatase inhibitor;

a kinase inhibitor;

a cytokine;

an inhibitor of an immune inhibitory molecule; or

an agent that decreases the level or activity of a TREG cell.

30. The method of any one of claims 1 to 29, further comprising the step of contacting the
immune effector cells with a cognate antigen molecule binding to the CLDN6 antigen binding

domain.

31. The method of claim 30, wherein the cognate antigen molecule is selected from the
group consisting of CLDN6 or a fragment thereof, or a variant of CLDN6 or a CLDN6

fragment.
32. The method of claim 30 or 31, wherein the immune effector cells are contacted with the
cognate antigen molecule under conditions such that expansion and/or activation of the

immune effector cells occurs.

33. The method of any one of claims 30 to 32, wherein the step of contacting the immune

effector cells with the cognate antigen molecule takes place in vivo or ex vivo.
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34. The method of any one of claims 30 to 33, which comprises the step of administering the

cognate antigen molecule or a nucleic acid coding therefor to the human.

35. The method of claim 34, wherein the nucleic acid encoding the cognate antigen molecule

is expressed in cells of the human to provide the cognate antigen molecule.

36. The method of claim 35, wherein expression of the cognate antigen molecule is at the

cell surface.

37. The method of any one of claims 34 to 36, wherein the nucleic acid encoding the cognate

antigen molecule is transiently expressed in cells of the human.

38. The method of any one of claims 34 to 37, wherein the nucleic encoding the cognate

antigen molecule is RNA.

39. The method of any one of claims 1 to 38, wherein the immune effector cells and/or the

cognate antigen molecule or the nucleic acid coding therefor are administered systemically.

40. The method of claim 39, wherein, after systemic administration of the nucleic acid
encoding the cognate antigen molecule, expression of the nucleic acid encoding the cognate

antigen molecule in spleen occurs.

41. The method of claim 39 or 40, wherein, after systemic administration of the nucleic acid
encoding the cognate antigen molecule, expression of the nucleic acid encoding the cognate
antigen molecule in antigen presenting cells, preferably professional antigen presenting cells

occurs.

42. The method of claim 41, wherein the antigen presenting cells are selected from the

group consisting of dendritic cells, macrophages and B cells.
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43. The method of any one of claims 39 to 42, wherein, after systemic administration of the
nucleic acid encoding the cognate antigen molecule, no or essentially no expression of the

nucleic acid encoding the cognate antigen molecule in lung and/or liver occurs.
44. The method of any one of claims 39 to 43, wherein, after systemic administration of the
nucleic acid encoding the cognate antigen molecule, expression of the nucleic acid encoding

the cognate antigen molecule in spleen is at least 5-fold the amount of expression in lung.

45. The method of any one of claims 34 to 44, wherein the nucleic acid encoding the cognate

antigen molecule is formulated in a delivery vehicle.

46. The method of claim 45, wherein the delivery vehicle comprises particles.

47. The method of claim 45 or 46, wherein the delivery vehicle comprises at least one lipid.

48. The method of claim 47, wherein the at least one lipid comprises at least one cationic

lipid.

49. The method of claim 47 or 48, wherein the lipid forms a complex with and/or

encapsulates the nucleic acid encoding the cognate antigen molecule.

50. The method of any one of claims 47 to 49, wherein the lipid is comprised in a vesicle

encapsulating the nucleic acid encoding the cognate antigen molecule.

51. The method of any one of claims 34 to 50, wherein the nucleic acid encoding the cognate

antigen molecule is formulated in lipoplexes.

52. The method of any one of claims 1 to 51, wherein the immune effector cells are

administered in an amount of between 107 to 108.

53. A composition or medical preparation comprising between 10° to 10° immune effector

cells expressing a chimeric antigen receptor (CAR) molecule, the CAR molecule comprising:
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i) a CLDNG6 antigen binding domain;
ii) a transmembrane domain; and
iii) an intracellular domain that comprises a 4-1BB costimulatory domain, and a CD3-zeta

signaling domain.

54. The composition or medical preparation of claim 53, wherein the CLDNG6 antigen binding
domain comprises an antibody, an antibody fragment, an scFv, a Fv, a Fab, a (Fab')2, a single

domain antibody (SDAB}, a VH or VL domain, or a camelid VHH domain.

55. The composition or medical preparation of claim 53 or 54, wherein the CLDN6 antigen

binding domain comprises an scFv.

56. The composition or medical preparation of any one of claims 53 to 55, wherein the
CLDNG®6 antigen binding domain comprises the amino acid sequence of SEQ ID NO: 35 or a

functional variant thereof.

57. The composition or medical preparation of any one of claims 53 to 56, wherein the 4-1BB
costimulatory domain comprises the amino acid sequence of SEQ ID NO: 30 or a functional

variant thereof.

58. The composition or medical preparation of any one of claims 53 to 57, wherein the CAR

molecule does not comprise a further costimulatory domain.

59. The composition or medical preparation of any one of claims 53 to 58, wherein the CD3-
zeta signaling domain comprises the amino acid sequence of SEQ ID NO: 31 or a functional

variant thereof.

60. The composition or medical preparation of any one of claims 53 to 59, wherein the
transmembrane domain comprises a transmembrane domain of a protein selected from the
group consisting of the alpha, beta or zeta chain of the T cell receptor, CD28, CD3 epsilon,
CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD154,
KIRDS2, OX40, CD2, CD27, LFA-1 (CD11a, CD18), ICOS (CD278), 4-1BB {CD137), GITR, CD40,
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BAFFR, HVEM (LIGHTR), SLAMF7, NKp80 (KLRF1), CD160, CD19, IL2R beta, IL2R gamma,
IL7Ra, ITGA1, VLA, CD49a, ITGA4, 1A4, CD49D, ITGA6, VLA-6, CDASf, ITGAD, CDIId, ITGAE,
CD103, ITGAL, CDlla, LFA-1, ITGAM, CDlIb, ITGAX, CDllc, ITGBI, CD29, ITGB2, CD18, LFA-1,
ITGB7, TNFR2, DNAMI (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAM1, CRT
AM, Ly9 (CD229), CD160 (BY55), PSGLI, CDIOO (SEMA4D), SLAMF6 (NTB-A, Lyl08), SLAM
(SLAMF1, CD150, IPO-3), BLAME (SLAMF8), SELPLG (CD162), LTBR, PAG/Cbp, NKp44, NKp30,
NKp46, NKG2D, and NKG2C, or a functional variant thereof.

61. The composition or medical preparation of any one of claims 53 to 60, wherein the

transmembrane domain comprises a CD8a transmembrane domain.

62. The composition or medical preparation of any one of claims 53 to 61, wherein the
transmembrane domain comprises the amino acid sequence of SEQ ID NO: 28 or a functional

variant thereof.

63. The composition or medical preparation of any one of claims 53 to 62, wherein the

antigen binding domain is connected to the transmembrane domain by a hinge domain.

64. The composition or medical preparation of claim 63, wherein the hinge domain is a CD8a

hinge domain.

65. The composition or medical preparation of claim 63 or 64, wherein the hinge domain

comprises the amino acid sequence of SEQ ID NO: 27 or a functional variant thereof.

66. The composition or medical preparation of any one of claims 53 to 65, wherein the CAR
molecule comprises:

i) a CLDN®6 antigen binding domain;

ii) a CD8a hinge domain;

ili) a CD8a transmembrane domain; and

iv) an intracellular domain that comprises a 4-1BB costimulatory domain, and a CD3-zeta

signaling domain.

152



WO 2023/105005 PCT/EP2022/085072

67. The composition or medical preparation of any one of claims 53 to 66, wherein the CAR

molecule further comprises a leader sequence.

68. The composition or medical preparation of any one of claims 53 to 67, wherein the CAR
molecule comprises the amino acid sequence of SEQ ID NO: 36 or a functional variant

thereof.

69. The composition or medical preparation of any one of claims 53 to 68, wherein the

immune effector cells are genetically modified to express the CAR molecule.

70. The composition or medical preparation of any one of claims 53 to 69, wherein the
immune effector cells are selected from the group consisting of T cells, Natural Killer (NK)

cells, and cytotoxic T lymphocytes (CTL).

71. The composition or medical preparation of any one of claims 53 to 70, wherein the

immune effector cells are CD8+ T cells.

72. The composition or medical preparation of any one of claims 53 to 71, wherein the

immune effector cells are human cells.

73. The composition or medical preparation of any one of claims 53 to 72, wherein the
immune effector cells lack expression or have low expression of a functional TCR or a

functional HLA.

74. The composition or medical preparation of any one of claims 53 to 73, further

comprising an agent that increases the efficacy of the immune effector cells.

75. The composition or medical preparation of claim 74, wherein said agent is chosen from
one or more of:

a protein phosphatase inhibitor;

a kinase inhibitor;

a cytokine;
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an inhibitor of an immune inhibitory molecule; or

an agent that decreases the level or activity of a TREG cell.

76. The composition or medical preparation of any one of claims 53 to 75, further
comprising a cognate antigen molecule binding to the CLDN6 antigen binding domain or a

nucleic acid coding therefor.

77. The composition or medical preparation of claim 76, wherein the cognate antigen
molecule is selected from the group consisting of CLDN6 or a fragment thereof, or a variant

of CLDN6 or a CLDN6 fragment.

78. The composition or medical preparation of claim 76 or 77, wherein the nucleic encoding

the cognate antigen molecule is RNA.

79. The composition or medical preparation of any one of claims 76 to 78, wherein the

nucleic acid encoding the cognate antigen molecule is formulated in a delivery vehicle.

80. The composition or medical preparation of claim 79, wherein the delivery vehicle

comprises particles.

81. The composition or medical preparation of claim 79 or 80, wherein the delivery vehicle

comprises at least one lipid.

82. The composition or medical preparation of claim 81, wherein the at least one lipid

comprises at least one cationic lipid.

83. The composition or medical preparation of claim 81 or 82, wherein the lipid forms a

complex with and/or encapsulates the nucleic acid encoding the cognate antigen molecule.

84. The composition or medical preparation of any one of claims 81 to 83, wherein the lipid
is comprised in a vesicle encapsulating the nucleic acid encoding the cognate antigen

molecule.
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85. The composition or medical preparation of any one of claims 76 to 84, wherein the

nucleic acid encoding the cognate antigen molecule is formulated in lipoplexes.

86. The composition or medical preparation of any one of claims 53 to 85, which is a kit.

87. The composition or medical preparation of claim 86, which further comprises

instructions for use of the kit in the method of any one of claims 1 to 52.

155



