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IMMUNOTHERAPY OF SKELETAL MYOPATHIES USING ANTI-FAP CAR-T
CELLS

FIELD OF THE INVENTION

The invention pertains to the field of immunotherapy. The invention relates to the use of
chimeric antigen receptor (CAR) immune cells specific for Fibroblast Activation Protein in
the treatment of fibrosis in skeletal myopathies, in particular for treating skeletal muscle
fibrosis associated with muscular dystrophies. The invention also relates to the use of said
CAR immune cells in combination with gene therapy for the treatment of muscular

dystrophies.
BACKGROUND OF THE INVENTION

Skeletal muscle fibrosis is a common hallmark of chronic skeletal muscle degenerative
disorders, most prominently associated with the muscular dystrophies and aging. In muscle,
fibrosis manifests as the replacement of myofibers with fibroblasts and extracellular matrix
components. Excessive accumulation of fibrous tissue within muscle fibers results in

reduced muscle contractility and ultimately reduces its ability to regenerate and function.

In addition to worsening the general condition of patients, fibrosis can also impede the efficacy
of gene therapy approaches consisting of delivery of the functional gene, particularly via viral
vectors. Reducing fibrosis may improve the phenotype of patients with muscular dystrophy,
also should make muscle more permissive to viral vectors and improve the efficacy of gene

therapy.

To date there is no approved therapy for fibrosis in skeletal myopathies, in particular muscular

dystrophies.

Fibroblast activation protein (FAP) was identified as a target for epithelial cancer diagnostic
and treatment as it is highly expressed in stromal fibroblasts of the majority of primary and
metastatic epithelial tumors while it is generally absent from normal adult tissues. Multiple
monoclonal antibodies have been raised against FAP for research, diagnostic and therapeutic

purposes (WO 2012/02006). Chimeric antigen receptor (CAR) T cells specific for FAP were
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also generated and shown to deplete FAP+ stromal cells and reduce tumor growth in mice

(WO 2014/055442).

More recently, CAR-T cells specific for FAP were shown to reduce cardiac fibrosis in
angiotensin Il-induced model of cardiac fibrosis (Aghajanian et al., Nature, 2019, 573, 430-
433; WO 2019/067425).

While the presence of the FAP protein in cancer and cardiac fibrosis is well documented, the
relative levels of expression of FAP in muscular dystrophies and compared to other markers
are not known, and therefore it is not clear that FAP can be a possible target of immunotherapy

of muscular dystrophies.

Furthermore, to the inventors’ knowledge, the use of a CAR-T cell approach for reducing

fibrosis in a skeletal muscle disease has never been reported before.

In addition, the efficacy of CAR-T cells in vivo in both humans and mice, whether treating
solid or liquid targets (tumors or other), is highly dependent on the tissue microenvironment
and accessibility of the target tissue. It has been shown that in the case of tumors, the effect
of CAR-Ts is limited by the immunosuppressive microenvironment around the tumor, notably
the presence of regulatory T lymphocytes and macrophages which inhibit the cytolytic activity
of CAR-Ts (Sterner and Sterner, Blood, Cancer Journal, 2021, 11, 69). In muscular
dystrophies, such as Duchenne muscular dystrophy, the degeneration of muscle fibers creates
a significant inflammatory context, with the presence of macrophage cells that secrete TGF
beta (an immunosuppressive cytokine) and other cytokines, as well as regulatory T
lymphocytes (L1 et ~al, Frontiers in  Immunology, — March 2018,  doi:
10.3389/fimmu.2018.00585; Juban et al., Cell Reports, 2018, 25, 2163-2176). This
immunosuppressive microenvironment has not been reported in the case of induced cardiac
fibrosis, and presumably is not present considering the short time frame of induction of cardiac

fibrosis by pharmacological agents in the study of Aghajanian et al., Nature, 2019, 573, 430-
433 and WO 2019/067425.

SUMMARY OF THE INVENTION

The inventors have generated mRNA expression data in a murine model of Duchenne

muscular dystrophy (the severe DBA2 Mdx model) to compare the expression of several
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fibrosis-associated genes including FAP. The dystrophic mice were compared to their age-
matched littermates (WT) over time (2, 3 or 4 months of age). The results show that the FAP
gene is over-expressed in skeletal muscles of dystrophic mice at all time points compared to
WT controls. The inventors have tested the therapeutic effect of anti-FAP CAR-T cells in
muscular dystrophies. They have shown that anti-FAP CAR-T cells not only reduced skeletal
muscle fibrosis but also improved the structure of skeletal muscle fiber at the histological level

in a DBA2-mdx mouse model of Duchenne muscular dystrophy.

The inventors have also tested combined FAP-CAR-T treatment and AAV-microdystrophin
gene therapy in DMD mouse model. Results show that FAP-CAR-T cells mediated fibrosis
reduction allow to improve the level of AAV vector copies in the muscle, to improve
microdystrophin expression levels in muscle fibers in skeletal muscles in DBA2-mdx mice.
DBA2-mdx mice treated with the combined therapy show a decrease in collagen in skeletal
muscle as well as an improvement in the structural organization of skeletal muscle fibers.
These results provide a novel therapeutic option to treat skeletal muscle fibrosis in muscular
dystrophies. The results also show that FAP-CAR-T cell treatment can relieve a block in AAV
transduction and provide greater levels of transduction in muscle, possibly enabling a dose

reduction for similar effects.

It was not obvious that anti-FAP CAR-T cells would work and significantly reduce fibrosis in
muscle dystrophies because unlike induced cardiac fibrosis, fibrosis in muscle dystrophies is
characterized by an inflammatory microenvironment which is known to reduce the antitumor

efficacy of CAR-T cells.

Therefore, the invention relates to an immune cell engineered to express a chimeric antigen
receptor (CAR) which specifically binds Fibroblast Activation Protein (FAP), for use in the

treatment of skeletal muscle fibrosis in muscular dystrophies.

In some embodiments of the immune cell for use according to the invention, the CAR
comprises: (1) an extracellular domain comprising at least one antigen-binding domain that
specifically binds FAP or said other protein, (i1) a transmembrane domain, and (iii) an
intracellular domain comprising an intracellular signaling domain capable of activating an

immune cell, and optionally comprising one or more co-stimulatory signaling domains.
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In some particular embodiments of the immune cell for use according to the invention, the
antigen-binding domain is a single-chain variable fragment (scFv) of a monoclonal antibody
that specifically binds FAP. In some more particular embodiments, the single-chain variable
fragment (scFv) that binds FAP comprises a heavy chain variable domain comprising the
amino acid sequence SEQ ID NO: 1 and a light chain variable domain comprising the amino
acid sequence SEQ ID NO: 2; preferably comprising the amino acid sequence SEQ ID NO:
8.

In some particular embodiments of the immune cell for use according to the invention, the

extracellular domain further comprises a hinge domain, preferably from IgG4 heavy chain.

In some particular embodiments of the immune cell for the use according to the invention, the

transmembrane domain is from CD28.

In some particular embodiments of the immune cell for the use according to the invention, the

intracellular signaling domain is a CD3 zeta signaling domain.

In some particular embodiments of the immune cell for the use according to the invention, the
intracellular domain further comprises one or more co-stimulatory signaling domains,

preferably both CD28 and 4-1BB co-stimulatory signaling domains.

In some preferred embodiments of the immune cell for the use according to the invention, the
CAR comprises from its N- to C-terminus: a signal peptide from mouse Ig-kappa light chain;
a scFv fragment from an anti-FAP monoclonal antibody, a modified hinge domain from IgG4
heavy chain; a transmembrane domain from human CD28, a first co-stimulatory domain from
human CD28, a second co-stimulatory domain from human 4-1BB and an intracellular
signaling domain from human CD3 zeta chain; preferably the CAR comprises the amino acid

sequence SEQ ID NO:16.

In some particular embodiments, the immune cell for use according to the invention is a
lymphocyte such as T cell and/or NK cell, preferably a cytolytic lymphocyte such as a
cytolytic T cell.

In some particular embodiments, the immune cell for use according to the invention is

modified with an expression vector comprising a nucleic acid construct encoding the CAR,
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preferably chosen from a lipid nanoparticle packaging an RNA molecule and a lentiviral

vector, more preferably a self-inactivating and/or VSV G-pseudotyped lentiviral vector.

In some particular embodiments, the immune cell for use according to the invention reduces

the expression level of at least one biomarker of fibrosis; preferably Collagen type IIL

In some particular embodiments, the immune cell for use according to the invention is for use
in combination with a vector for gene therapy of muscular dystrophies, preferably a
recombinant AAYV vector. In some more particular embodiments, the combination therapy
comprises the administration of a reduced dose of vector for gene therapy compared to the use

of the vector for gene therapy without the immune cell.

In some particular embodiments, the immune cell for use according to the invention is for the
treatment of muscular dystrophies chosen from Dystrophynopathies, Limb-girdle muscular

dystrophies and Congenital muscle dystrophies; preferably Duchenne muscular dystrophy.
DETAILED DESCRIPTION OF THE INVENTION

The invention provides an immunotherapeutic approach for treating skeletal muscle fibrosis
in muscular dystrophies, using chimeric antigen receptor (CAR) immune cells specific for
Fibroblast Activation Protein (FAP) that can recognize and deplete the fibrotic cells in skeletal

muscle.
Chimeric antigen receptor (CAR)

Chimeric antigen receptors (CARs) are well-known in the art (Review for example in;
Mehrabagi et al., Biomedicine and Pharmacotherapy, 2022, 146; Rafiq et al., Nat. Rev.
Clinical Oncology, 2020, 17, 150-). CARs are synthetic antigen receptors that generally
incorporate an extracellular antigen-binding domain with intracellular signaling motifs
involved in lymphocyte activation (Sadelain et al., Nat. Rev. Cancer, 2003, 3, 35-45). CARs
comprise three major domains: an extracellular domain, a transmembrane domain, and an
intracellular domain. The extracellular domain comprises a target antigen-binding region
(FAP-binding region in the present invention) and is responsible for antigen recognition. The
extracellular domain optionally comprises a signal peptide (SP) so that the CAR can be
glycosylated and anchored in the cell membrane of the immune effector cell via its

transmembrane domain. The optional signal peptide is at the N-terminus of the extracellular
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domain. The transmembrane domain connects the extracellular domain to the intracellular
domain and resides within the cell membrane when expressed by a cell. An optional hinge
domain consisting of a flexible linker that provides flexibility to the binding domain may be
inserted between the extracellular domain and the transmembrane domain. The intracellular
domain of the CAR transmits an activation signal to the immune effector cell after antigen
recognition and usually comprises an intracellular signaling domain (activation domain) and
optionally one or more co-stimulatory signaling domains (co-stimulatory domains). An
intracellular signaling domain generally contains immunoreceptor tyrosine-based activation
motifs (ITAMs) that activate a signaling cascade when the ITAM is phosphorylated. The term
“co-stimulatory signaling domain” refers to intracellular signaling domain(s) from
costimulatory protein receptors, such as CD28, 4-1BB, ICOS and others, that are able to
enhance T-cell activation by T-cell receptors. The different domains are linked to each other

by a peptide bond or linker.

CARs have been categorized into fifth distinct generations depending on the structure of the
intracellular domain. The first generation of CARs only contain the CD3 chain from the CD3
TCR (CD3 zeta or CD3() or Fc receptor chain (FcR), but the second generation includes an
additional costimulatory signaling domain (CD28 or 4-1BB). The third-generation CARs
were generated by combining multiple co-stimulatory domains, such as CD28-41BB or
CD28-0X40, to enhance CAR-T cells potency. The fourth generation, also called T cell
redirected for universal cytokine-mediated killing or TRUCKS, was generated by further
genetic modification, including additional transgenes for cytokine secretion (e.g., IL-2, IL-5,
IL-12) or additional co-stimulatory ligands, to the base of the second-generation constructs.
The fifth generation CAR-T cells contain an extra intracellular domain than their
predecessors. The CARs comprise truncated intracellular domains of cytokine (e.g., IL-2R

chain fragment) with a motif for binding transcription factors such as STAT-3/5.

Fibrosis, also known as fibrotic scarring, is a pathological process resulting generally from
chronic inflammation and in which connective tissue replaces normal parenchyme tissue,
leading to considerable tissue remodeling and the formation of permanent scar tissue. Fibrosis
is defined as excessive extracellular matrix deposition that leads to tissue destruction and
impairment of organ function. Fibrosis is characterized by the activation and proliferation

offibroblasts and the accumulation of extracellular matrix components including collagen and
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glycosaminoglycans into the surrounding connective tissue, in response to injury, infection or
other known or unknown disease processes. In fibrosis, the accidental excessive accumulation
of extracellular matrix components, such as the collagen produced by fibroblasts, leads to the

formation of a permanent fibrotic scar.

The term “overexpressed in muscular dystrophies” as used herein refers to a FAP protein
encoded by a FAP gene having an expression level in skeletal muscles that is increased in
subjects suffering from muscular dystrophies compared to normal subjects. The gene
expression level is preferably increased by at least 1.5 fold; in particular 1.5; 2; 2.5; 3 to 20
folds, in skeletal muscles from subjects suffering from muscular dystrophies compared to
normal subjects. Gene expression levels may be measured in mouse models of muscular
dystrophies that are well-known in the art such as the DBA2-mdx mice disclosed in the

examples.

As used herein, the term "gene expression level" refers to an amount or a concentration of a
transcription product (or transcript), for instance mRNA, or of a translation product, for
instance a protein or polypeptide. Typically, a level of mRNA expression can be expressed in
units such as transcripts per cell or nanograms per microgram of tissue. A level of a
polypeptide can be expressed as nanograms per microgram of tissue, for example.
Alternatively, relative units can be employed to describe a gene expression level. Typically,
gene expression levels may be determined according to the routine techniques, well-known of
the person skilled in the art and disclosed in the examples of the present application. Methods
for determining the quantity of mRNA are well known in the art. For example, the mRNA
contained in the sample is first extracted according to standard methods, for example using
lytic enzymes or chemical solutions or extracted by nucleic-acid-binding resins following the
manufacturer's instructions. The extracted mRNA present in the sample is then detected by
any suitable method such as with no limitations: spectrophotometric methods; Hybridization
such as Northern Blotting, Microarray, in situ hybridization such as RNAscope; Sequencing
such as next generation sequencing (NGS) and Single-molecule sequencing; micro and
nanosensor-based electrochemical, electrical, mechanical or optical detection and Nucleic
acid amplification techniques. Nucleic acid amplification methods include isothermal and
polymerase chain reaction (PCR)-based techniques such as for example, reverse transcription-

PCR (RT-PCR), quantitative PCR (Q-PCR) in particular real time Q-PCR, RT-qPCR, droplet
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digital PCR (ddPCR), PCR-HM (High Resolution DNA Melting, PCR coupled to ligase
detection reaction based on fluorescent microspheres (Luminex® microspheres). RNA-Seq
(RNA-sequencing) also called whole transcriptome shotgun sequencing (WTSS) is a
technique that can examine the quantity and sequences of RNA in a sample using next
generation sequencing (NGS) (Review in Wang et al., Nat. Rev. Genet., 2009, 10, 57-63). It
analyzes the transcriptome of gene expression patterns encoded within RNA. The level of the
protein may be determined by any suitable methods known by skilled persons. Usually, these
methods comprise contacting a cell sample, preferably a cell lysate, with a binding partner
capable of selectively interacting with the protein present in the sample. The binding partner
is generally a polyclonal or monoclonal antibody, preferably monoclonal. The methods
generally include suitable labels such as fluorescent, chemiluminescent, radioactive,
enzymatic labels or dye molecules, or other methods for detecting the amount of complex
formed between the protein and the antibody or antibodies reacted therewith. The quantity of
the protein may be measured, for example, by semi-quantitative Western blots, enzyme-
labelled and mediated immunoassays, such as ELISAs, biotin/avidin type assays,
radioimmunoassay, immune-electrophoresis, mass spectrometry, immunoprecipitation or by

protein or antibody arrays.

The term “muscular dystrophies” as used herein refer to muscular dystrophies which affect
skeletal muscles, in particular muscular dystrophies which primarily affect skeletal muscles.
Muscular dystrophies include muscular dystrophies that affect essentially skeletal muscles;
muscular dystrophies that affect exclusively skeletal muscles; muscular dystrophies that do
not affect cardiac muscle (heart) and/or muscular dystrophies that are not associated with a

heart disease (cardiomyopathy).

The term “Fibroblast Activation Protein” (Fibroblast Activation Protein Alpha, Prolyl
Endopeptidase FAP or FAP), also known as Seprase, refers to a protein encoded by the FAP
gene in a mammalian genome. FAP is a homodimeric cell surface glycoprotein belonging to
the serine protease family. Representative examples of FAP include without limitation, human
(NCBI Gene ID: 2191), mouse (NCBI Gene ID: 14089) and other functional orthologs
thereof. Human FAP has the 760 amino acid sequence UniProtKB/Swiss-Prot Q12884. Mouse
FAP has the 761 amino acid sequence UniProtKB/Swiss-Prot P97321.
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The term “functional ortholog” as used herein, refers to a gene from another species which
encodes a protein having substantially the same activity than that of the initial gene. In the
following description, the amino acid residues are designated by the standard one letter amino

acid code.

[ > B4

a”, “an”, and “the” include plural referents, unless the context clearly indicates otherwise. As
such, the term “a” (or “an”), “one or more” or “at least one” can be used interchangeably

herein; unless specified otherwise, “or” means “and/or”.

As with other CARs, the CARs used in the present invention comprise an extracellular
domain, a transmembrane domain, and an intracellular domain. The extracellular domain
comprises an antigen-binding domain that can specifically bind FAP The antigen-binding
domain may be derived from any ligand of FAP that binds FAP on cells and/or that binds the
extracellular region of FAP. The ligand (anti-FAP binding agent) may be a natural ligand, a
synthetic ligand, or a variant and/or fragment thereof capable of specifically binding FAP.
Natural ligands include antibodies specific for FAP (anti-FAP antibodies) and antigen-binding
fragments thereof. Synthetic ligands include for example, oligonucleotides and peptides such
as aptamers, and DARPins (designed ankyrin repeat proteins) that may be selected by
screening a library of random oligonucleotide or peptide sequences for their ability to

specifically bind FAP by standard assays that are well-known in the art.

A specified ligand specifically binds to (or is specific for) its particular target (FAP) when it
does not bind in significant amount (detectably bind) to other proteins present in the sample
or to other proteins to which the ligand may come into contact in an organism, while detectably
binding to its target. The specific binding of a ligand to its target may be determined by
standard assays such as immunoassay in the case of an antibody. A ligand specifically binds
to its target when it has a dissociation constant (KD) of 1 uM or less for its target in a standard
KD determination assay. KD values are expressed as molar concentration (M); KD for

antibodies are usually determined by Surface plasmon resonance using Biacore assay.

By the term "specifically binds," as used herein with respect to an antibody, is meant an
antibody or antibody fragment, which recognizes and binds with a specific antigen, but does
not substantially recognize or bind other molecules in a sample. For example, an antibody that

specifically binds to an antigen from one species may also bind to that antigen from one or
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more species. But, such crossspecies 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," or "specifically binds," 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 "antibody" as used herein refers to immunoglobulin molecules and immunologically
active portions of immunoglobulin molecules, i1.e., molecules that contain an antigen binding
site that immunospecifically binds an antigen. As such, the term antibody encompasses not
only whole antibody molecules, but also antibody fragments as well as variants (including

derivatives) of antibodies.

The term "antibody fragment", as used herein, refers to a fragment of an antibody that retain
the ability to specifically bind an antigen (e.g., FAP). Examples of binding fragments
encompassed within the term "antigen-binding fragment" of an antibody include a Fab
fragment, a monovalent fragment consisting of the VL, VH, CL and CH1 domains; a F(ab)2
fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide bridge at
the hinge region; a Fd fragment consisting of the VH and CHI1 domains; a Fv fragment
consisting of the VL and VH domains of a single arm of an antibody; a dAb fragment (Ward
et al., 1989 Nature 341:544-546), which consists of a VH domain; a nanobody, camelid VHH
single-domain antibody fragment, and other fragments and any fusion proteins comprising
such antigen-binding fragments. Furthermore, although the two domains of the Fv fragment,
VL and VH, are coded for by separate genes, they can be joined, using recombinant methods,
by a synthetic linker that enables them to be made as a single chain protein in which the VL
and VH regions pair to form a monovalent molecule (known as single chain variable fragment

or scFv); see e.g., Bird et al., 1988 Science 242:423-426; and Huston et al., 1988 Proc. Natl.
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Acad. Sci. 85:5879-5883). Suitable linkers for scFv are known in the art and include for
example linkers comprising Glycine and Serine residues and others. Such single chain
antibodies are also intended to be encompassed within the term "antigen-binding fragment"
of an antibody. These antibody fragments are obtained using conventional techniques known

to those of skill in the art.

The term "monoclonal antibody" as used herein refers to a preparation of antibody molecules
of single specificity. A monoclonal antibody displays a single binding specificity and affinity
for a particular epitope. Accordingly, the term "human monoclonal antibody" refers to an
antibody displaying a single binding specificity which has variable and constant regions
derived from or based on human germline immunoglobulin sequences or derived from
completely synthetic sequences. The method of preparing the monoclonal antibody is not

relevant for the binding specificity.

As used herein, the term "recombinant antibody" refers to antibodies which are produced,
expressed, generated or isolated by recombinant means, such as antibodies which are
expressed using a recombinant expression vector transfected into a host cell; antibodies
isolated from a recombinant combinatorial antibody library; antibodies isolated from an
animal (e.g. a mouse) which is transgenic due to human immunoglobulin genes; or antibodies
which are produced, expressed, generated or isolated in any other way in which particular
immunoglobulin gene sequences (such as human immunoglobulin gene sequences) are
assembled with other DNA sequences. Recombinant antibodies include, for example,

chimeric and humanized antibodies.

Various anti-FAP antibodies and derived CARs have been described in the art and can be used
in the CARs according to the invention. Non-limiting examples of known anti-FAP antibodies
including anti-human or murine FAP antibodies, as well as chimeric, fully human and
humanized versions thereof and derived CARs are discosed in the following references. The
well-characterized F19 anti-human FAP monoclonal antibody (ATCC number HB 8269) is
described in WO 93/05804. Sibrotuzumab (BIBHB1) is a humanized version of the F19
antibody that specifically binds human FAP as described in WO 99/57151. WO 99/57151
discloses humanized version of the F19 antibody that specifically binds human FAP and
comprising the variable light chain region (VL) of SEQ ID NO: 2 or 20 and the variable heavy
chain region (VH) of SEQ ID NO: 8, 10, 12, 14 or 22 (see also Figure 24 and 25). Further
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humanized or fully human antibodies against the FAP antigen with F19 epitope specificity
were developed (described in Mersmann et al., Int. J. cancer, 2001, 92, 240-248; Schmidt et
al., Eur. J. Biochem., 2001, 268, 1730-1738; WO 01/68708). The OS4 antibody is another
humanized (CDR-grafted) version of the F19 antibody (Wtiest et al., J. Biotech., 2001, 92,
159-168), while scFv MO33 and scFv MO36 have a different binding specificity from F19
and are cross-reactive for the human and mouse FAP proteins (Brocks et al., Mol. Med., 2001,
7,461-469). The VH, VL and 6CDR sequences of scFv MO33 and scFv MO36 are disclosed
in Figure 2 of Brocks et al. (Mol. Med;, 2001, 7, 461-469). Second generation CAR derived
from scFv MO36 is disclosed in Kakarla, Mol. Ther., 2013, 21, 1611-1620. Other anti-human
or murine FAP antibodies, as well as chimeric, fully human and humanized versions thereof
are described in WO 2007/077173; Ostermann et al., Clin. Cancer Res. 2008, 14, 4584-4592;
WO 2012/020006; WO 2014/055442; Wang et al., Cancer Immunol. Res., 2014, 2, 154-166).
In particular, Ostermann et al., Clin. Cancer Res. 2008 discloses the monoclonal antibody
FAP5-DM1 that targets a shared epitope of human, mouse and cynomolgus monkey FAP-
alpha. Third generation CAR-T cells derived from mAb FAPS or Sibrotuzumab are disclosed
in Tran et al., J. Exp. Med., 2013, 210, 1125-1135. An anti-mouse FAP antibody (clone 73.3)
is described in WO 2014/055442 and Wang et al., Cancer Immunol. Res., 2014, 2, 154-166).
A review of FAP-targeted CAR-T is provided in Bughda et al., Immunotargets Ther., 2021,
313-323.

Alternatively, new anti-FAP antibodies may be obtained by standard methods that are well-
known in the art. Antibodies of the present disclosure can be produced by immunization of a
laboratory animal with an antigen (FAP protein or fragment thereof, eventually coupled to a
carrier) to induce the production of anti-FAP antibodies by the B cells of said mammal; and
recovery of the antibodies from the serum of the immunized animal. To obtain monoclonal
antibodies, B cells are isolated from the spleen of the immunized animals and immortalized
according to standard hybridoma production techniques. Antibodies of the present disclosure
can also be obtained by screening of a phage display library. In particular, VH and VL
fragments of the anti-FAP antibodies may be screened from a phage display library using a
peptide antigen and recombinant antibodies may be produced according to standard
techniques which are well-known in the art. Antibody VH and VL sequences may be obtained
by single-cell B-cell receptor sequencing using high throughput sequencing techniques as

disclosed in Goldstein et al., Communications Biology, 2019, 2, 304. Antibodies of the present
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disclosure can also be produced in a host cell transfectoma using, for example, a combination
of recombinant DNA techniques and gene transfection methods as is well known in the art
(Morrison, Science, 1985, 229, 1202-1207). For expression of the light and heavy chains, the
expression vector(s) encoding the heavy and light chains is transfected into a host cell by
standard techniques. The various forms of the term "transfection" are intended to encompass
a wide variety of techniques commonly used for the introduction of exogenous DNA into a
prokaryotic or eukaryotic host cell, e.g., electroporation, calcium-phosphate precipitation,
DEAE-dextran transfection and the like. When recombinant expression vectors encoding
antibody genes are introduced into host cells, in particular eukaryotic cells such as mammalian
cells, the antibodies are produced by culturing the host cells for a period of time sufficient for
expression of the antibody in the host cells and, optionally, secretion of the antibody into the
culture medium in which the host cells are grown. Antibodies can be recovered and purified
for example from the culture medium after their secretion using standard protein purification
methods (Shukla et al., Journal of Chromatography, 2007, 848, 28-39). In some embodiments,
the antigen-binding domain is an antibody fragment that specifically binds FAP, in particular
a Fab, nanobody, or single-chain variable fragment (scFv). The antibody or antibody fragment
may specifically bind human FAP; may specifically bind mouse FAP; or may be cross-
reactive for the human and murine FAP proteins. In some embodiments, the antibody or
antibody fragment specifically binds human FAP or is cross-reactive for the human and

murine FAP proteins.

In some particular embodiments, the antigen-binding domain is a scFv comprising a variable
heavy (VH) domain and a variable light (VL) domain having one to six CDR sequences (VH-
CDRI1, VH-CDR2, VH-CDR3, VL-CDR1, VL-CDR2, VL-CDR3) from the scFv comprising
a variable heavy (VH) domain comprising the amino acid sequence SEQ ID NO:1 and a
variable light (VL) domain comprising the amino acid sequence SEQ ID NO: 2. The scFv
comprising the VH of SEQ ID NO: 1 and the VL of SEQ ID NO: 2 corresponds to the clone
73.3 described in WO 2014/055442 and has VH-CDRI1 sequence of SEQ ID NO: 3, VH-
CDR2 sequence of SEQ ID NO: 4, VL-CDRI1 sequence of SEQ ID NO: 5, VL-CDR2
sequence of SEQ ID NO: 6 and VL-CDR3 sequence of SEQ ID NO: 7. In some preferred
embodiments, the scFv comprises a variable heavy (VH) domain comprising the amino acid
sequence SEQ ID NO:1 and a variable light (VL) domain comprising the amino acid sequence

SEQ ID NO: 2 or functional variants of said VH and VL sequences. In some preferred



10

15

20

25

30

WO 2024/074727 PCT/EP2023/077925

14

embodiments, the scFv comprises the amino acid sequence SEQ ID NO: 8 or a functional

variant thereof.

In some particular embodiments, the antigen-binding domain is from a monoclonal antibody
that binds to human and murine FAP. The antibody or antibody fragment may comprise one
to six of the CDRs chosen the sequences SEQ ID NO : 3,5, 7,9, 11, 13, 15, 17, 19, 21, 23,
25,27, 29,31, 33, 35,37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73,
75,77, 79, 81, 83, 85, 87, 89, 91, 93,95, 97, 99, 101, 103, 105, 107, 109, 11, 113, 115, 117,
119, 121, 123, 125, 127, 129, 131, 133, 135, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155,
157, 159, 161, 163, 165, 167, 169, 171, 173, 175 and 177 as disclosed in WO 2012/020006.
In some specific embodiments, the antibody comprises an antibody heavy chain variable
region or domain (VH) and/or an antibody light chain variable region or domain (VL),
particularly both a VH and a VL, selected from the following sequences : SEQ ID NO : 193,
195, 197, 199, 201, 203, 205, 207, 209, 211, 213, 215, 217, 219, 221, 223, 225, 227, 229,
231,233,235, 237, 239, 241, 243, 245, 247, 249, 251, 253, 255, 257, 259, 261, 263, 265, 267,
269, 271,273, 275,277, 279, 281, 283, 285, 287, 289, 291, 293, 295, 297, 299, 301, 303, 305,
307,309 and 311 as disclosed in WO 2012/020006.

As used herein, the term “variant” refers to a polypeptide comprising an amino acid sequence
having at least 70% sequence identity with the native sequence. The term “variant” refers to a
functional variant having the activity of the native sequence. The activity of a variant or
fragment may be assessed using methods well-known by the skilled person such as
immunoassays with FAP protein for monoclonal antibodies or antigen-binding fragment

thereof.

In particular, it is contemplated that monoclonal antibodies or antigen-binding fragment
thereof may have 1, 2, 3, 4, 5, 6, or more alterations (i.e., mutations) in the amino acid
sequence of 1, 2, 3, 4, 5, or 6 CDRs of monoclonal antibodies provided herein. The amino
acid mutation may be an insertion, deletion, or substitution with a conserved or non-conserved
amino acid. In some particular embodiments, the monoclonal antibodies or antigen-binding
fragment have 1 or 2 conservative substitutions in the amino acid sequence of 1, 2, 3, 4, 5, or
6 CDRs of monoclonal antibodies provided herein. Examples of conservative substitutions
are within the groups of basic amino acids (arginine, lysine and histidine), acidic amino acids

(glutamic acid and aspartic acid), polar amino acids (glutamine and asparagine), hydrophobic
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amino acids (methionine, leucine, isoleucine and wvaline), aromatic amino acids
(phenylalanine, tryptophan and tyrosine), and small amino acids (glycine, alanine, serine and

threonine).

The percent amino acid sequence or nucleotide sequence identity is defined as the percent of
amino acid residues or nucleotides in a Compared Sequence that are identical to the Reference
Sequence after aligning the sequences and introducing gaps if necessary, to achieve the
maximum sequence identity and not considering any conservative substitutions for amino acid
sequences as part of the sequence identity. Alignment for purposes of determining percent
amino acid sequence identity can be achieved in various ways known to a person of skill in
the art, for instance using publicly available computer software such as the GCG (Genetics
Computer Group, Program Manual for the GCG Package, Version 7, Madison, Wisconsin)
pileup program, or any of sequence comparison algorithms such as BLAST (Altschul ef al.,
J. Mol. Biol., 1990, 215, 403-), FASTA or CLUSTALW. When using such software, the

default parameters, are preferably used.

The extracellular domain may comprise or consist of the FAP antigen-binding domain, in

particular an anti-FAP antibody scFv fragment as described herein.

In some embodiments, the extracellular domain further comprises a hinge domain. The hinge
domain consists of a flexible linker that provides flexibility to the antigen-binding domain.
The hinge domain may be a natural or synthetic sequence; it may be derived from any suitable
protein. The hinge domain is inserted between the extracellular domain and the
transmembrane domain. Examples of hinge domain include the hinge domain from
immunoglobulin superfamily of proteins such as Ig (heavy chain), in particular IgG1 and
IgG4;, CD3, CD4, CD28, and CD8 alpha, and modified hinge domains thereof (Fujiwara et
al., Cells, 2020, 9, 1182-; Peters et al, J. Biol. Chem., 2012, 287, 24525-24533). A particular
IgG4 hinge domain is a modified human IgG4 hinge domain containing the S225P mutation,
corresponding to the sequence SEQ ID NO: 9. In some particular embodiments, the hinge
domain is from a molecule selected from the group consisting of: immunoglobulin
superfamily of proteins such as IgG4, IgG1, CD28, CD3 and CD8. In some more particular
embodiments, the hinge domain is from IgG4 heavy chain; preferably comprising the

sequence SEQ ID NO: 9.
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The extracellular domain may optionally comprise a signal peptide at its N-terminus. Non-
limiting examples of signal peptides are signal peptides from immunoglobulin molecules, in
particular Ig-kappa light chain, more particularly the signal peptide of SEQ ID NO: 10. The
extracellular domain may also optionally comprise one or more additional antigen-binding
domains which specifically bind different antigens. The extracellular domain may comprise
at least two antigen-binding domains which specifically bind different F AP proteins according
to the present disclosure. Alternatively, the extracellular domain may comprise at least one
first antigen-binding domain which specifically binds a FAP protein according to the present
disclosure. The additional antigen-binding domain may be an antibody scFv fragment or
another ligand such as a cytokine that binds a cytokine receptor present on a target cell. For
example, Tandem CAR (TanCAR) systems consist of a single CAR polypeptide comprising
two antigen-binding domains that bind to two different antigens from the same target cell to

increase safety and/or efficacy of the CAR-T cells.

The transmembrane domain may be derived from any transmembrane protein or may be a
synthetic sequence. The transmembrane region may be derived (i.e., comprise at least the
transmembrane region(s) of the alpha or beta chain of the T-cell receptor, CD3 zeta, CD28,
CD3 epsilon, CD45, CD4, CDS5, CD8 (e.g., CD8 alpha (CD8a), CD8 beta), CD9, CDI16,
CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137, CD154, KIRDS2, 0X40, CD2,
CD27, LFA-1 (CD11a, CD18), ICOS (CD278), 4-1BB (CD137), GITR, CD40, BAFR,
HVEM (LIGHTR), SLAMF7, NKp80 (KLRF1), CD160, CD19, IL2R beta, IL2R gamma,
IL7R alpha, ITGA1, VLA1, CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f, ITGAD,
CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-1, ITGAM, CD11b, ITGAX, CD11c, ITGBI,
CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2, DNAMI (CD226), SLAMF4 (CD244, 2B4),
CD84, CD96, CEACAM1, CRTAM, Ly9 (CD229), CD160 (BY55), PSGL1, CD100
(SEMA4D), SLAF6 (NTB-A, Lyl108), SLAM (SLAMF1, CD150, IPO-3), BLAME
(SLAMEF8), SEPLG (CD162), LTBR, PAG/Cpb, and modified versions thereof (e.g.,
functional variants thereof). Alternatively, the transmembrane domain may be synthetic and
comprise predominantly hydrophobic residues such as leucine and valine. The CAR may have
more than one transmembrane domain, which can be the repeat of the same transmembrane
domain or can be different transmembrane domains. The transmembrane domain may be
linked to the intracellular domain via a short sequence, preferably of up to 10 amino acids in

length. Examples of transmembrane domain include the transmembrane domain from the CD3
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zeta chain, CD8a or CD28 molecule, in particular human CD3 zeta, CD8a or CD28 molecule.
A particular example of transmembrane domain from human CD28 comprises the sequence
SEQ ID NO: 11. In some embodiments, the transmembrane domain is from a molecule
selected from the group consisting of: human CD28 and human CD8a; in particular human

CD28 transmembrane comprising the sequence SEQ ID NO: 11.

As with other CARs, the CAR used in present invention comprises a transmembrane domain
and an intracellular domain capable of activating an immune effector cell. The intracellular
domain is the functional end of the CAR that after antigen recognition transmits a signal to
the immune effector cell, activating at least one of the normal effector functions of the immune
effector cell. Effector function of a T cell, for example may be cytolytic activity or helper
activity including the secretion of cytokines. Immune effector cell activity may be evaluated
by standard assays that are well-known in the art such as proliferation assays, cytokine assays
and cytotoxicity assays. The intracellular domain may comprise the intracellular signaling
domain of a T cell receptor (TCR) and optional co-receptors. The term “co-stimulatory
signaling domain” refers to the intracellular signaling domain from a costimulatory molecule.
A costimulatory molecule is a cell surface molecule (protein receptor) other than an antigen

receptor or their ligands that is required for an efficient response of lymphocytes to an antigen.

Cytoplasmic signaling sequences that regulate primary activation of the TCR complex that
act in a stimulatory manner may contain signaling motifs which are known as immunoreceptor
tyrosine-based activation motifs (ITAMs). Examples of ITAM containing cytoplasmic
signaling sequences include those derived from CD8, CD3 zeta, CD3 delta, CD3 gamma, CD3
epsilon, CD32 (Fc gamma RlIla), DAP10, DAP12, CD79a, CD79, FcgammaRIgamma
(FcyRIy), FcgammaRIllgamma (FcyRIIy), FcRepsilonRIbeta (FceRIB or FCERIB), and
FcepsilonRIgamma (FceRly or FCERIG). Example of costimulatory molecules include
CD27, CD28, 4-1BB (CD137), 0X40, CD30, CD40, ICOS, lymphocyte-function associated
antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, KIR2DS2, and a ligand that
specifically binds CD123, CD8, CD4, b2c, CD80, CD86, DAP10, DAP12, MYDS88, BTNL3
and NKG2D.

T-cell surface glycoprotein CD3 Zeta (CD3C) chain, also known as T-cell receptor T3 zeta
chain, TCR zeta Chain or CD247 is encoded by the CD247 gene (Gene ID 919 in human).
Human CD3 zeta protein has the amino acid sequence UniProtKB/Swiss-Prot P20963.
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T-cell-specific surface Glycoprotein CD28 is encoded by the CD28 gene (Gene ID 940 in
human). Human CD28 protein has the amino acid sequence UniProtKB/Swiss-Prot P10747.

4-1BB (CD137) also known as TNF Receptor Superfamily Member 9 or TNFRO is expressed
on the surface of activated T cells and encoded by the 7NFRSF9 gene (Gene ID 3604 in
human). Human 4-1BB protein has the amino acid sequence UniProtKB/Swiss-Prot Q07011.

The intracellular domain comprises an intracellular signaling domain (activation domain) and
optionally one or more co-stimulatory signaling domains (co-stimulatory domains). The co-
stimulatory signaling region may contain 1, 2, 3, 4 or more cytoplasmic domains of one or
more intracellular signaling and/or costimulatory molecules. The co-stimulatory signaling
region may contain one or more mutations in the cytoplasmic domains of the one or more
intracellular signaling and/or costimulatory molecules that enhance signaling. While usually
the entire signaling domain is used, a truncated signaling domain may be used instead as long
as it transduces the effector function signal. The intracellular signaling domain is usually at
the C-terminus of the intracellular signaling domain and the CAR and the co-stimulatory

signaling domains are at the N-terminus of the intracellular signaling domain.

In some embodiments, the intracellular signaling domain is a CD3 zeta signaling domain; in

particular human CD3 zeta signaling domain comprising the sequence SEQ ID NO: 12.

In some embodiments, the intracellular domain further comprises one or more co-stimulatory
signaling domains from molecules selected from the group consisting of: CD28 and 4-1BB;
preferably from human CD28 or 4-1BB. A particular example of co-stimulatory signaling
domain from human CD28 comprises the sequence SEQ ID NO: 13. A particular example of
co-stimulatory signaling domain from human 4-1BB comprises the sequence SEQ ID NO: 14.
The intracellular domain preferably comprises both CD28 and 4-1BB co-stimulatory signaling
domains, more preferably from human CD28 and 4-1BB.

The CAR may be any generation of CAR, preferably other than the first generation, more
preferably a third or fourth generation CAR.

The CAR may be any one of the various CAR constructs such as for example a Multi-chain

CAR, TRUCK, Universal CAR, Self-driving CAR, Armored CAR, Self-destruct CAR,
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Conditional CAR, Marked CAR, tandem CAR (TanCAR), Dual CAR, safety CAR (sCAR)

and others.

A multi-chain CAR comprises separate extracellular ligand binding and signaling domains in
different transmembrane polypeptides. The signaling domains can be designed to assemble in
juxta membrane position. For example, the multi-chain CAR can comprise a part of an FCERI
alpha chain and a part of an FCERI beta chain such that the FCERI chains spontaneously
dimerize together to form a CAR.

Armored CAR are CAR T cells engineered to be resistant to immunosuppression and may be
genetically modified to no longer express various immune check-point molecules (for
example, cytotoxic T lymphocyte-associated antigen 4 (CTLA-A4) or programmed cell death
protein 1(PD-1), with an immune check-point switch receptor, or may be administered with a

monoclonal antibody that blocks immune checkpoint signaling.

A self-destructing CAR may be designed using RNA delivered by electroporation to encode
the CAR. Alternatively, inducible apoptosis of the T cell may be achieved based on
ganciclovir binding to thymidine kinase gene-modified lymphocytes or a system of activation

of human caspase 9 by a small-molecule dimerizer.

A safety CAR (sCAR) consists of an extracellular scFv fused to an intracellular inhibition
domain. sCAR T cells co-expressing a standard CAR become activated only when

encountering target cells that possess the standard CAR target but lack the sCAR target.

A dual CAR T cell expresses two separate CARs with different ligand binding targets; one
CAR includes only the CD3 zeta domain and the other CAR includes only the co-stimulatory

domains. Dual CAR T cell activation requires co-expression of both targets.

A tandem CAR (TanCAR T) T cell expresses a single CAR consisting of two linked single-
chain variable fragments (scFv) that have different antigen specificities fused to intracellular
co-stimulatory domain(s) and a CD3 zeta domain; TanCAR T cell activation is achieved only

when target cell co-express both targets.

A conditional CAR T is by default unresponsive or switched off until the addition of a small
molecule to complete the circuit, enabling thus transduction of both signal 1 and signal 2,

thereby activating the CAR T cell. Alternatively, T cells may be engineered to express an
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adaptor-specific receptor with affinity for subsequently administered secondary antibodies

directed to target antigen.

In some embodiments, the CAR comprises human sequences, e.g; sequences from human

molecules or humanized molecules.

As with other CARs, the CAR used in the present invention may comprise additional

sequences.

In some particular embodiments, the CAR comprises from its N- to C-terminus: a signal
peptide from mouse Ig-kappa light chain (SEQ ID NO: 10); a scFv fragment from an anti-
FAP monoclonal antibody (anti-FAP scFv of SEQ ID NO: 8 comprising the VH of SEQ ID
NO: 1 and the VL of SEQ ID NO: 2 joined by the linker of SEQ ID NO: 15), a modified hinge
domain from human IgG4 heavy chain (SEQ ID NO: 9); a transmembrane domain from
human CD28 (SEQ ID NO: 11), a first co-stimulatory domain from human CD28 (SEQ ID
NO: 13), a second co-stimulatory domain from human 4-1BB (SEQ ID NO: 14) and an
intracellular signaling domain from human CD3 zeta chain (SEQ ID NO: 12); preferably the
CAR comprises the amino acid sequence SEQ ID NO:16.

The CAR is generally delivered to the immune cells in the form of a nucleic acid construct
comprising a nucleotide sequence encoding the CAR as described herein. The nucleic acid
construct may comprise or consist of DNA, RNA or a synthetic or semi-synthetic nucleic acid
which is expressible in the individual’s target cells (immune cells). The sequence encoding
the CAR may be codon-optimized for expression in the individual’s immune cells, preferably
a human individual. Appropriate software for codon optimization in the desired individual are
well-known in the art and publicly available. In some embodiments, the nucleotide sequence
encoding the CAR comprises the sequence SEQ ID NO: 17. SEQ ID NO: 17 is the nucleotide
sequence encoding the CAR amino acid sequence SEQ ID NO: 16.

The nucleic acid construct comprises an expression cassette wherein the coding sequence is
operably linked to appropriate regulatory sequences for expression of a transgene in the
individual’s target cells (immune cells). Such sequences which are well-known in the art
include in particular a promoter, and further regulatory sequences capable of further

controlling the expression of a transgene, such as without limitation, enhancer; terminator;
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intron; silencer, in particular tissue-specific silencer such as miRNAs; and post-translational

regulatory element.

The promoter may be a tissue-specific, ubiquitous, constitutive or inducible promoter that is
functional in the individual’s target cells. Examples of constitutive promoters which can be
used in the present invention include without limitation: phosphoglycerate kinase promoter
(PGK); elongation factor-1 alpha (EF-1 alpha) promoter including the short form of said
promoter (EFS); dihydrofolate reductase promoter; B-actin promoter; viral promoters such as
cytomegalovirus (CMV) immediate early enhancer and promoter, cytomegalovirus
enhancer/chicken beta actin (CAG) promoter, SV40 early promoter and retroviral 5 and 3’
LTR promoters including hybrid LTR promoters. Preferred ubiquitous promoter is EF-1 alpha
promoter. Examples of inducible promoters which can be used in the present invention include
Tetracycline-regulated promoters. The promoters are advantageously human promoters, i.e.,
promoters from human cells or human viruses. Such promoters are well-known in the art and

their sequences are available in public sequence data base.

Moreover, transgene expression levels can be improved by the inclusion, in the transgene
expression cassette, of post-transcriptional regulatory elements such as the Woodchuck
hepatitis virus (WHV) post-transcriptional regulatory element (WPRE), able to increase

transcript levels and/or stability.
Engineered immune cell

The immune cell comprise any leukocyte involved in defending the body against foreign
invaders. The immune cell can comprise lymphocytes, monocytes, monocytes, macrophages,
dendritic cells, mast cells, neutrophils, basophils, eosinophils, or any combinations thereof.
Immune cell as used herein includes immune effector cell and precursors thereof. Immune
effector cell precursors have greater proliferative capacity. Therefore, the population of
engineered immune cells preferably contains effector cells as well as less differentiated cell

subsets that have greater proliferative capacity.

In some embodiments, the immune cells are lymphocytes, in particular T cells and/or NK
cells. Lymphocytes include T lymphocytes, such as alpha-beta T cells and gamma-delta T
cells; Natural Killer (NK) cells; Natural Killer T (NKT) cells; cytokine induced killer cells;
cytotoxic T lymphocytes (CTLs); lymphokine activated killer (LAK) cells. Effector function
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of a lymphocyte such as T cell or NK cells may be a cytolytic activity. Effector function of a
T cell may also be a helper activity. Effector function of a T cell (cytolytic or helper) includes
the secretion of cytokines. T cells are CD3+ cells. NK cells are CD56+CD3-cells. Cytotoxic
T cells (or CTLs) are CD8+ T cells T helper cells are CD4+ T cells. T cell precursors include

naive T cells, stem cell memory T (Tscum) cells and central memory T (Tewm) cells.

In some particular embodiments, the immune effector cells are cytolytic lymphocytes, more
particularly cytolytic T cells. The immune cells may comprise CD8+ T cells or a mixture of
CD4+ T cells and CD8+ T cells, for example comprising a 1:1 CD4+ to CD8+ T cell ratio.
The T cells preferably contain a high percentage of less differentiated T cell subsets that have
greater proliferative capacity, such as naive T cells, stem cell memory T (Tscum) cells and

central memory T (Tcwm) cells.

Immune cells are preferably obtained from the subject to be treated (autologous). However,
in some embodiments, immune effector cell lines or donor effector cells (allogenic) may be

used. Allogenic refers to histocompatible (HLA-compatible) cells.

As used herein, the term “individual”, “subject” or “patient” includes human and other
mammalian subjects. Preferably, a patient, individual or subject according to the invention is

a human.

Immune cells (including effector cells and/or precursors thereof) can be obtained from a
number of sources such as blood or other body fluid and lymphoid tissue or organs (bone
marrow, spleen, lymph node, cord blood, thymus) and others that are well-known in the art.
In some embodiments, the immune cells are obtained from blood collected from a subject, in

particular the subject to be treated.

Immune cells are isolated and cultured using standard methods that are well-known in the art.
Immune cells may be isolated by leukapheresis, usually using differential centrifugation
technique to separate leukocytes from whole blood. Specific sub-population of immune cells,
in particular T cells, can be further isolated by positive or negative selection techniques, for
example using flow cytometry assisted cell sorting or magnetic activated cell separation. For
example, immune cells, in particular T cells, can be isolated using a combination of antibodies
directed to surface markers unique to the positively selected cells, e.g., by incubation with

antibody-conjugated beads for a time sufficient for positive selection of the desired immune
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cells. Alternatively, enrichment of immune cells, in particular T cells, can be performed by
negative selection using a combination of antibodies directed to surface markers unique to the
negatively selected cells. The isolated immune cells, in particular T cells, preferably contain
a high percentage of less differentiated cell subsets that have greater proliferative capacity,

such as naive T cells, stem cell memory T (Tscum) cells and central memory T (Tcwm) cells.

The isolated immune cells, in particular T cells, are cultured in appropriate culture medium,
for example supplemented with cytokines such as IL-7 and IL-15 for T cells, and optionally
activated. Then, the isolated immune cells, in particular T cells are genetically modified with
a CAR construct so as to express the CAR on their surface. The genetically modified (i.e.,
engineered) immune cells expressing the CAR may be expanded in appropriate culture
medium, for example supplemented with cytokines such as IL-7 and IL-15 for T cells, before
administration to the patient. The immune cells may be engineered in the presence of kinase
inhibitors to generate CAR T cells with a less differentiated phenotype so as to improve

engraftment, in vivo proliferation and effector activity of these cells.

The immune cells are genetically modified using standard nucleic acid delivery agents or
systems suitable for the delivery and expression of nucleic acid into individual’s immune
effector cells, in particular suitable for gene therapy. The invention may use chemical,
biological or physical delivery methods or a combination thereof. Such vectors that are well-
known in the art include viral and non-viral vectors, wherein said vectors may be integrative

or non-integrative; replicative or non- replicative.

The vector comprises the nucleic acid construct comprising the CAR in expressible form as
described above. In order to assess the expression of a CAR polypeptide, 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 with the expression vector. The selectable marker or
reporter gene may be expressed from the same promoter as the CAR or from a different
promoter. To express the CAR and the selectable marker or reporter gene from the same
promoter, an Internal Ribosome Entry Site (IRES) or a viral 2A peptide (T2A) is inserted
between the two coding sequences. The viral 2A peptide is a self-cleavable peptide. For
example, the vector may further comprise CD19 or a detectable fragment thereof (e.g.

detectable with CD19-specific antibodies).
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Non-viral vector includes the various (non-viral) agents which are commonly used to either
introduce or maintain nucleic acid into individual’s cells. Agents which are used to introduce
nucleic acid into individual’s cells by various means include in particular polymer-based,
particle-based, lipid-based, peptide-based delivery vehicles or combinations thereof, such as
with no limitations cationic polymer, dendrimer, micelle, liposome, exosome, microparticle
and nanoparticle including lipid nanoparticle (LNP); and cell penetrating peptides (CPP). CPP
are in particular cationic peptides such as poly-L-Lysine (PLL), oligo-arginine, Tat peptides,
Penetratin or Transportan peptides and derivatives thereof such as for example Pip. Agents
which are used to maintain nucleic acid into individual’s cells (either integrated into
chromosome(s) or else in extrachromosomal form) include in particular naked nucleic acid
vectors such as plasmids, transposons and mini-circles, and gene-editing and RNA-editing
systems. Transposon includes in particular the hyperactive Sleeping Beauty (SB100X)
transposon system (Mates et al. 2009). Gene-editing and RNA-editing systems may use any
site-specific endonuclease such as Cas nuclease, TALEN, meganuclease, zinc finger nuclease
and the like. Nucleic acid may also be introduced into individual’s cells by physical means
such as particle bombardment, microinjection, electroporation, and the like. In addition, these
approaches can advantageously be combined to introduce and maintain the nucleic acid of the

invention into individual’s cells.

Viral vectors are by nature capable of penetrating into cells and delivering nucleic acid(s) of
interest into cells, according to a process named as viral transduction. As used herein, the term
“viral vector” refers to a non-replicating, non-pathogenic virus engineered for the delivery of
genetic material into cells. In viral vectors, viral genes essential for replication and virulence
are replaced with an expression cassette for the transgene of interest. Thus, the viral vector
genome comprises the transgene expression cassette flanked by the viral sequences required
for viral vector production. As used herein, the term “recombinant virus” refers to a virus, in
particular a viral vector, produced by standard recombinant DNA technology techniques that
are known in the art. As used herein, the term “virus particle” or “viral particle” is intended
to mean the extracellular form of a non-pathogenic virus, in particular a viral vector, composed
of genetic material made from either DNA or RNA surrounded by a protein coat, called the
capsid, and in some cases an envelope derived from portions of host cell membranes and

including viral glycoproteins. As used herein, a viral vector refers to a viral vector particle.
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A first type of vector for delivering the nucleic acid (nucleic acid construct) of the invention
is a viral vector, in particular suitable for gene therapy of individual’s immune cells. In
particular, the viral vector may be derived from a non-pathogenic parvovirus such as adeno-
associated virus (AAYV), a retrovirus such as a gammaretrovirus, spumavirus and lentivirus,
and an adenovirus. The viral vector is preferably an integrating vector such as AAV or
lentivirus vector, preferably lentivirus vector. The vector comprises the viral sequences
required for viral vector production such as the lentiviral LTR sequences or the AAV ITR
sequences flanking the expression cassette. Lentivirus vector may be pseudotyped with
another envelope glycoprotein, preferably another viral envelope glycoprotein such as VSV-
G. Pseudoptyped lentiviral vector improves the transduction of individual’s immune cells.
Lentiviral vector is advantageously a self-inactivating (SIN) lentiviral vector (3™ generation)
as originally described in Zufferey et al. (J. Virol., 1998, 72, 9873-9880). In some particular
embodiments, the lentiviral vector is derived from the lentiviral transfer plasmid of SEQ ID

NO: 19 or 20.

Another type of vector for delivering the nucleic acid (nucleic acid construct) of the invention
is a particle or vesicle, macromolecule complexes, nanocapsules, microspheres, beads, and
lipid-based systems including oil-in-water emulsions, micelles, mixed micelles, in particular
lipid-based micro- or nano- vesicle or particle such as liposome or lipid nanoparticle (LNP).
In more particular embodiments, the nucleic acid is RNA and the vector is a particle or vesicle

as described above.

In the case where a non-viral delivery system is utilized, an exemplary delivery vehicle is a
liposome. The use of lipid formulations is contemplated for the introduction of the nucleic
acids into a host cell (in vitro, ex vivo or in vivo). In another aspect, the nucleic acid may be
associated with a lipid. The nucleic acid associated with a lipid may be encapsulated in the
aqueous interior of a liposome, interspersed within the lipid bilayer of a liposome, attached to
a liposome via a linking molecule that is associated with both the liposome and the
oligonucleotide, entrapped in a liposome, complexed with a liposome, dispersed in a solution
containing a lipid, mixed with a lipid, combined with a lipid, contained as a suspension in a
lipid, contained or complexed with a micelle, or otherwise associated with a lipid. Lipid,
lipid/DNA or lipid/expression vector associated compositions are not limited to any particular

structure in solution. For example, they may be present in a bilayer structure, as micelles, or
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with a "collapsed" structure. They may also simply be interspersed in a solution, possibly
forming aggregates that are not uniform in size or shape. Lipids are fatty substances which
may be naturally occurring or synthetic lipids. For example, lipids include the fatty droplets
that naturally occur in the cytoplasm as well as the class of compounds which contain long-
chain aliphatic hydrocarbons and their derivatives, such as fatty acids, alcohols, amines, amino

alcohols, and aldehydes.

Lipids suitable for use can be obtained from commercial sources. For example, dimyristyl
phosphatidylcholine ("DMPC") can be obtained from Sigma, St. Louis, MO; dicetyl
phosphate ("DCP") can be obtained from K & K Laboratories (Plainview, NY); cholesterol
("Choi") can be obtained from Calbiochem-Behring; dimyristyl phosphatidylglycerol
("DMPG") and other lipids may be obtained from Avanti Polar Lipids, Inc. (Birmingham,
AL). Stock solutions of lipids in chloroform or chloroform/methanol can be stored at about -
20DC. Chloroform is used as the only solvent since it is more readily evaporated than
methanol. "Liposome" is a generic term encompassing a variety of single and multilamellar
lipid vehicles formed by the generation of enclosed lipid bilayers or aggregates. Liposomes
can be characterized as having vesicular structures with a phospholipid bilayer membrane and
an inner aqueous medium. Multilamellar liposomes have multiple lipid layers separated by
aqueous medium. They form spontaneously when phospholipids are suspended in an excess
of aqueous solution. The lipid components undergo self-rearrangement before the formation
of closed structures and entrap water and dissolved solutes between the lipid bilayers (Ghosh
et al., 1991 Glycobiology 5: 505-10). However, compositions that have different structures in
solution than the normal vesicular structure are also encompassed. For example, the lipids
may assume a micellar structure or merely exist as nonuniform aggregates of lipid molecules.

Also contemplated are lipofectaminenucleic acid complexes.

Therapeutic use

The engineered immune cell according to the present disclosure is used in Adoptive cell

therapy (ACT) of skeletal muscle fibrosis associated with muscular dystrophies.

Adoptive cell therapy (ACT) also called adoptive T cell therapy, adoptive cell transfer, cellular
adoptive immunotherapy or T-cell transfer therapy is a type of immunotherapy in which

immune cells, in particular T cells, are engineered to recognize an antigen of interest for



10

15

20

25

30

WO 2024/074727 PCT/EP2023/077925

27

therapy (redirected T cell immunotherapy, CAR T cell therapy) administered to a patient to

help the immune system fight diseases.

The immune cells used in adoptive cell therapy may be autologous or allogenic immune cells.
Allogenic refers to histocompatible (HLA-compatible) cells. For example, a population of
immune cells, in particular lymphocytes such as T cells, obtained from a subject sample is
engineered to express a CAR specific for FAP according to the present disclosure and re-
administered to the subject having muscular dystrophy-associated skeletal fibrosis.
Alternatively, a population of allogenic immune cells, in particular T cells obtained from a
donor sample is engineered to express a CAR specific for FAP according to the present
disclosure and administered to a recipient subject having a muscular dystrophy-associated

skeletal fibrosis.

The engineered immune cells may be delivered to the individual in need thereof by any
appropriate mean such as for example by intravenous injection (infusion or perfusion), or

injection in the tissue of interest (implantation).

Skeletal muscle fibrosis is a common hallmark of chronic skeletal muscle degenerative
disorders, such as muscular dystrophies. Muscular dystrophies are a genetically and clinically
heterogeneous group of neuromuscular diseases that cause progressive weakness and
breakdown of skeletal muscles over time. Despite the variations in clinical manifestations, the
dystrophies share a common histological appearance characterized by variation in muscle
fiber size and myofiber necrosis. Muscular dystrophies are caused by spontaneous or inherited
mutations in a variety of genes, involved in muscle development or function. Muscular

dystrophies may be X-linked recessive, autosomal recessive or autosomal dominant.

Over 30 different disorders are classified as muscular dystrophies Of those, Duchenne
muscular dystrophy (DMD) accounts for approximately 50% of cases and affects males
beginning around the age of four. Other relatively common muscular dystrophies
include Becker muscular dystrophy (BMD); facio-scapulo-humeral muscular dystrophy and
myotonic dystrophy, whereas limb-girdle muscular dystrophy and congenital muscular

dystrophy are themselves groups of several, usullay ultrarare, genetic disorders.

— Dystrophinopathies are a spectrum of X-linked muscle diseases caused by pathogenic

variants in DMD gene, which encodes the protein dystrophin. Dystrophinopathies
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comprises Duchenne muscular dystrophy (DMD) and Becker muscular dystrophy
(BMD).

The Limb-girdle muscular dystrophies (LGMDs) are a group of disorders that are
clinically similar to DMD but occur in both sexes as a result of autosomal recessive
and autosomal dominant inheritance. Limb-girdle dystrophies are caused by mutation
of genes that encode sarcoglycans and other proteins associated with the muscle cell
membrane, which interact with dystrophin. The term LGMD1 refers to genetic types
showing dominant inheritance (autosomal dominant), whereas LGMD?2 refers to types
with autosomal recessive inheritance. Pathogenic variants at more than 50 loci have
been reported (LGMDI1A to LGMDI1G; LGMD2A to LGMD2W). Calpainopathy
(LGMD2A) is caused by mutation of the gene CAPN3 with more than 450 pathogenic
variants described. Contributing genes to LGMD phenotype include: anoctamin 5
(ANOS), blood vessel epicardial substance (BVES), calpain 3 (CAPN3), caveolin 3
(CAV3), CDP-L-ribitol pyrophosphorylase A (CRPPA), dystroglycan 1 (DAGI),
desmin (DES), DnalJ heat shock protein family (Hsp40) homolog, subfamily B,
member 6 (DNAJB), dysferlin (DYSF), fukutin related protein (FKRP), fukutin
(FFKTN), GDP-mannose pyrophosphorylase B (GMPPB), heterogeneous nuclear
ribonucleoprotein D like (HNRNPDL), LIM zinc finger domain containing 2 (LIMS?2),
laminin  A/C (LMNA), myotilin (MYOT), plectin (PLEC), protein O-
glucosyltransferase 1 (PLOGLUTI), protein  O-linked mannose N-
acetylglucosaminyltransferase 1 (beta 1,2-) (POMGNTY), protein O-mannose kinase
(POMK), protein O-mannosyltransterase 1 (POMT1), protein O-mannosyltransferase
2 (POMT?2), sarcoglycan alpha (SGCA), sarcoglycan beta (SGCB), sarcoglycan delta
(SGCD), sarcoglycan gamma (SGCG), titin-cap or telethonin (7CAP), transportin 3
(TNPQO3), torsin 1A interacting protein (TORIAIPI), trafficking protein particle
complex 11 (TRAPPC11), E3-ubiquitin ligase or tripartite motif containing 32 (TRIM
32) and titin (77N). Major contributing genes to LGMD phenotype include CAPN3,
DYSF, FKRP and ANO5 (Babi Ramesh Reddy Nallamilli et al., Annals of Clinical and
Translational Neurology, 2018, 5, 1574-1587.
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The Emery-Dreifuss Muscular Dystrophy (EDMD) caused by defects in one of the
gene including the FMD gene (coding for emerin), the //HL/ gene and the LMNA gene
(encoding lamin A and C).

Nesprin-1 and Nesprin-2 related muscular dystrophy caused by defects in the SYNE{
and SYNE?2 gene, respectively; LUMA related muscular dystrophy caused by defects
in the TMEM43 gene, LAPI1B related muscular dystrophy caused by defects in the
TORIAIPI gene.

Facio-scapulo-humeral muscular dystrophy, type 1 (FSHD1A), such as associated
with defect in the DUX4 gene (contraction of the D4Z4 macrosatellite repeat in the
subtelomeric region of chromosome 4q35) or the FRG/ gene; Facio-scapulo-humeral

muscular dystrophy, type 2 (FSHD1B) caused by defects in the SMMCHD 1 gene.

Oculopharyngeal dystrophy (autosomal dominant) caused by defect in PABPN1 gene

encoding Polyadenate binding protein nuclear 1.

Myotonic dystrophy (autosomal dominant) caused by defect in DMPK gene encoding
DMI protein kinase (Type 1) or CNBP encoding CCHC-type zinc finger nucleic acid
binding protein (Type 2).

Congenital muscle dystrophies (CMDs) are a heterogeneous group of disorders
characterized by muscle weakness from birth, or shortly after, and variable clinical
manifestations of the eye and central nervous system. CMDs are autosomal recessively
inherited, except in some cases. At least 35 genes are involved in CMDs with

abnormalities at different cellular levels:

- the extracellular matrix
MDCI1A: LAMA?2 gene; Collagen 6-related dystrophies (UCMD, BM): COL6A 1,
COL6A2, COL6A3 genes; Integrinopathies: /7GA7, ITGAY genes, CMD with
hyperlaxity: /7GAY, LAMRI, ACVR2B genes.

- the dystrophin-associated glycoprotein complex: alphadystroglycanopathies
(DGP): DAG1, POMPTI1, POMPT2, POMGNTI, POMGNT2/GTDC2, FKTN,
FKRP, LARGE, ISPD, TMEMS5, B3GALNT2; B4GATI/B3GNTI, DPMI,
DPM2, DPM3, POMK/SKG 196, GMPPB, DOLK, DAGI and INPP5K genes.
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- the endoplasmic reticulum: rigid spine syndrome [RSMD1]: SEPNI gene

- the nuclear envelope: LMNA-related CMD; [L-CMD] : LMNA gene; Nesprin-
I-related CMD: SYNEI gene,

- ER to Golgi apparatus trafficking: CMD with fatty liver and infantile-onset
cataract: TRAPCC11, GOSR?2 genes.

- Other CMDs: RYRI, CHKB, MSTO1, MICUI, INPP5K, SIL-1, MCOLNI,
GGPS1, FHFLI1, ALG13, ACTAI genes.

The most common forms of CMDs are COL6-related diseases, dystroglycanopathies

(DGP), laminin-alpha 2 (LAMA?2) related dystrophies and selenoprotein N related

myopathy (SEPNT).

— Other genes: Polymerase I and transcript release factor (P7RI’), Heterogeneous
nuclear ribonucleoprotein D-like (HNRNPDL), Plectin (PLEC), Valosin-containing
protein (VCP), LIM and senescent cell antigen-like domains 2 (LIMS2).

Engineered immune cells according to the present disclosure are used for treating skeletal
fibrosis in muscular dystrophies, which means for treating skeletal muscle fibrosis associated
with muscular dystrophies. Engineered immune cells according to the present disclosure are
capable of immunologically targeting and depleting fibrotic cells in skeletal muscle of subjects
suffering from muscular dystrophy. The engineered immune cells according to the present
disclosure provides a treatment for muscular dystrophies, in particular in combination with

gene therapy.

The administration of engineered immune cells according to the present disclosure reduces
skeletal muscle fibrosis in subjects suffering from muscular dystrophy. Reduction of skeletal
muscle fibrosis may be determined using standard methods that are well-known in the art and
disclosed in the examples. These methods include in particular measuring expression levels
of fibrosis biomarkers, in particular collagen type I1I (collagen type 11l alpha 1 chain, COL341
gene) or others; histological or immunohistological analysis of skeletal muscle samples; and
a combination thereof. In some embodiments, the administration of engineered immune cells
according to the present disclosure to subjects suffering from muscular dystrophy, reduces the

levels of collagen type III (Col3) in skeletal muscles, compared to untreated controls.
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In some embodiments, the engineered immune cells are used for the treatment of muscular
dystrophies chosen from: Dystrophynopathies, Limb-girdle muscular dystrophies and and
Congenital muscle dystrophies, in particular Dystrophynopathies associated with mutations
in the DMD gene; Limb-girdle muscular dystrophies (LGMDs) associated with mutations in
CAPN3, DYSF, FKRP, ANOS5, DNAJB6, SGCA, SGCB or SGCG) genes, and Congenital
muscle dystrophies associated with mutations in COL6A1, COL6A2, COL6A3, LAMA?2 or
SEPNI genes; preferably Duchenne muscular dystrophy (DMD gene).

In some embodiments, the engineered immune cells, preferably in combination with gene
therapy, are used for the treatment of skeletal muscle disease or damage in patients suffering
from muscular dystrophies. This means that the immunotherapy with the engineered immune
cells or immunotherapy combined with gene therapy according to the present disclosure, is
used for the treatment of the skeletal muscle damage component of muscular dystrophies. The
treatment is used in particular to improve skeletal muscle function and thereby ameliorate the
symptoms associated with skeletal muscle disease such as muscle weakness, stiffness,
difficulty in walking, climbing, running, rising from a sitting or lying position, frequent falls

and others.

In some embodiments, the engineered immune cells are used for the treatment of the forms of
muscular dystrophies that affect essentially skeletal muscles or that affect exclusively skeletal
muscles (skeletal muscle dystrophies). In some embodiments, the engineered immune cells
are used for the treatment of the forms of muscular dystrophies that do not affect cardiac
muscle (heart) and/or are not associated with cardiac disease (cardiomyopathy). In some
embodiments, the engineered immune cells are used for the treatment of muscular dystrophies

in subjects who do not have a cardiomyopathy.

“Treatment", or "treating" as used herein, is defined as the application or administration of a
therapeutic agent or combination of therapeutic agents to a patient, or application or
administration of said therapeutic agents to an isolated tissue or cell line from a patient, who
has a disease with the purpose to cure, heal, alleviate, relieve, alter, remedy, ameliorate,
improve or affect the disease, or any symptom of the disease. In particular, the terms "treat' or
treatment" refers to reducing or alleviating at least one adverse clinical symptom associated

with the disease.
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The term "treatment" or "treating" is also used herein in the context of administering the

therapeutic agents prophylactically.

In the various embodiments of the present invention, the pharmaceutical composition
comprises a therapeutically effective amount of engineered immune cell. In the context of the
invention a therapeutically effective amount refers to a dose sufficient for reversing,
alleviating or inhibiting the progress of the disorder or condition to which such term applies,
or reversing, alleviating or inhibiting the progress of one or more symptoms of the disorder or
condition to which such term applies. The term "effective dose" or "effective dosage" is

defined as an amount sufficient to achieve, or at least partially achieve, the desired effect.

The effective dose is determined and adjusted depending on factors such as the composition
used, the route of administration, the physical characteristics of the individual under
consideration such as sex, age and weight, concurrent medication, and other factors, that those
skilled in the medical arts will recognize. The effective dose can be determined by standard
clinical techniques. In addition, in vivo and/or in vitro assays may optionally be employed to

help predict optimal dosage ranges.

The precise amount of the compositions of the present invention to be administered can be
determined by a physician with consideration of individual differences in age, weight, and
condition of the patient (subject). It can generally be stated that a pharmaceutical composition
comprising the T cells described herein may be administered at a dosage of 10* to 10° cells/kg
body weight, preferably 10° to 10° cells/kg body weight, including all integer values within
those ranges. T cell compositions may also be administered multiple times at these dosages.
The cells can be administered by using infusion techniques that are commonly known in
immunotherapy (see, e.g., Rosenberg et al., New Eng. J. of Med. 319:1676, 1988). The
optimal dosage and treatment regime for a particular patient can readily be determined by one
skilled in the art of medicine by monitoring the patient for signs of disease and adjusting the

treatment accordingly.

The dosage of the above treatments to be administered to a patient will vary with the precise
nature of the condition being treated and the recipient of the treatment. The scaling of dosages

for human administration can be performed according to art-accepted practices. Strategies for
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CART cell dosing and scheduling have been discussed (Ertl et al, 2011, Cancer Res, 71 :3175-
81; Junghans, 2010, Journal of Translational Medicine, 8:55).

In certain embodiments, it may be desired to administer activated T cells to a subject and then
subsequently redraw blood (or have an apheresis performed), activate T cells therefrom
according to the present invention, and reinfuse the patient with these activated and expanded
T cells. This process can be carried out multiple times every few weeks. In certain
embodiments, T cells can be activated from blood draws of from 20cc to 400cc. In certain
embodiments, T cells are activated from blood draws of 20cc, 30cc, 40cc, 50cc, 60cc, 70cc,
80cc, 90cc, or 100cc. Not to be bound by theory, using this multiple blood draw/multiple

reinfusion protocol may serve to select out certain populations of T cells.

In the various embodiments of the present invention, the pharmaceutical composition

comprises a pharmaceutically acceptable carrier and/or vehicle.

A "pharmaceutically acceptable carrier” refers to a vehicle in which the therapeutic is
administered and that does not produce an adverse, allergic or other untoward reaction when
administered to a mammal, especially a human, as appropriate. A pharmaceutically acceptable
carrier or excipient refers to a non-toxic solid, semi-solid or liquid filler, diluent, encapsulating

material or formulation auxiliary of any type.

Preferably, the pharmaceutical composition contains vehicles, which are pharmaceutically
acceptable for a formulation capable of being injected. These may be in particular isotonic,
sterile, saline solutions (monosodium or disodium phosphate, sodium, potassium, calcium or
magnesium chloride and the like or mixtures of such salts), or dry, especially freeze-dried
compositions which upon addition, depending on the case, of sterilized water or physiological

saline, permit the constitution of injectable solutions.

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions or
suspensions. The solution or suspension may comprise additives which are compatible with
viral vectors and do not prevent viral vector particle entry into target cells. In all cases, the
form must be sterile and must be fluid to the extent that easy syringe ability exists. It must be
stable under the conditions of manufacture and storage and must be preserved against the
contaminating action of microorganisms, such as bacteria and fungi. An example of an

appropriate solution is a buffer, such as phosphate buffered saline (PBS) or Ringer lactate.
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The pharmaceutical composition may also comprise an additional therapeutic agent, in

particular an agent useful for the treatment of a disease according to the present disclosure.

The pharmaceutical composition of the present invention is generally administered according
to known procedures, at dosages and for periods of time effective to induce a therapeutic effect
in the patient. The pharmaceutical composition may be administered by any convenient route,
such as in a non-limiting manner by injection, perfusion or implantation. The administration
can be systemic, local or systemic combined with local. Systemic administration is preferably
intravascular such as intravenous (IV) or intraarterial; intraperitoneal (IP); intradermal (ID),
epidural or else. In some preferred embodiments, the administration is parenteral, preferably
intravascular such as intravenous (IV) or intraarterial. The parenteral administration is

advantageously by injection or perfusion.

The engineered immune cell or pharmaceutical composition described herein may be used in
combination with other biologically active agents, wherein the combined use is by

simultaneous, separate or sequential administration.

In some embodiments, immunotherapy according to the invention is combined with gene
therapy of muscular dystrophies. Gene therapy is advantageously performed with recombinant
AAV (rAAV) vectors, in particular those disclosed in W02019/193119, W02020/216861,
W02021/219762 W02022/003211, WO02022/053630. The recombinant AAV vector
comprises a transgene intended for use in gene replacement or gene editing of a mutated gene
associated with the muscular dystrophy to be treated in the subject. In some particular
embodiments, immunotherapy according to the invention is combined with gene therapy of
muscular dystrophies chosen from: Dystrophynopathies, Limb-girdle muscular dystrophies
and Congenital muscle dystrophies; more particularly Dystrophynopathies (DMD gene),
Limb-girdle muscular dystrophies (LGMDs) (CAPN3, DYSF, FKRP, ANOS5, DNAJB6 SGCA,
SGCB, or SGCG genes), and Congenital muscle dystrophies (COL6A1, COL6A2, COL6A3,
LAMA?2, or SEPNI genes) ; preferably Dystrophynopathies (DMD gene). In some more
particular embodiments, the combination therapy comprises the administration of a reduced
dose of vector for gene therapy compared to the use of the vector for gene therapy without the
immune cell. The possibility of lowering the dose of gene therapy vector to be administered,

potentially implies greater functional efficacy and less risk of toxicity. In some particular
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embodiments, gene therapy of the disease is performed after immunotherapy according to the

present invention.

The invention provides a pharmaceutical combination for use in the treatment of skeletal

fibrosis in a subject in need thereof, comprising therapeutically effective amounts of:
(1) an engineered immune cell according to the present disclosure; and

(1) a gene therapy vector, preferably recombinant AAV vector according to the present

disclosure.

In some embodiments, the pharmaceutical combination is for sequential use, wherein the
treatment comprises at least one initial administration of the engineered immune cell before

the administration of the gene therapy vector, preferably rAAV vector.

The invention provides a method for treating skeletal fibrosis in muscular dystrophies as
described above, comprising: administering to a patient in need thereof a therapeutically
effective amount of the pharmaceutical composition as described above; preferably futher
comprising the administration of a therapeutically effective amount of gene therapy vector, in

particular rAAYV vector, according to the present disclosure.

A further aspect of the invention relates to the use of an engineered immune cell according to
the present disclosure in the manufacture of a medicament for the treatment of skeletal fibrosis

in muscular dystrophies according to the present disclosure.

Another aspect of the invention relates to the use of an engineered immune cell according to
the present disclosure for the treatment of skeletal fibrosis in muscular dystrophies according
to the present disclosure; preferably in combination with a gene therapy vector, more

preferably rAAV vector, according to the present disclosure.

A further aspect of the invention relates to a pharmaceutical composition for treatment of
skeletal fibrosis in muscular dystrophies according to the present disclosure, comprising an

engineered immune cell according to the present disclosure as an active component.

The invention also relates to the use of the engineered immune cells according to the

disclosure in therapies that reduce fibrosis to enhance AAV gene transfer efficacy.
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The various embodiments of the present disclosure can be combined with each other and the
present disclosure encompasses the various combinations of embodiments of the present

disclosure.

The practice of the present invention will employ, unless otherwise indicated, conventional
techniques, which are within the skill of the art. Such techniques are explained fully in the

literature.

The invention will now be exemplified with the following examples, which are not limitative,

with reference to the attached drawings in which:
FIGURE LEGENDS

Figure 1: Schematic representation of the third-generation lentiviral vectors (A) pCCL-EF1a-
scFvFAP-CD28-4.1BB-CD3(-T2A-ACD19-WPRE and (B) pCCL-EFla-scFvFAP-CD28-
4.1BB-CD3(-WPRE where scFv against mFAP is fused to T-cell signaling domains CD28,
4.1BB and CD3(. The selection marker ACD19 is also indicated (A only).

Figure 2: Phenotypic multi-color flow cytometric analysis of T lymphocytes (LT) non-
transduced (left panels) or transduced (right panels) after 7 days of activation including 5 days
of transduction (PT). Cells have been immuno-labelled prior analysis with a mouse anti-CD3,

-CD4 and —CD8, and a human anti-CD19 and analysis is performed on live-gated cells.

Figure 3: Murine FAP expression in 3T3 and 3T3-FAP cells. (A) mRNA FAP expression
measured by ddPCR in 3T3, 3T3-FAP and a mixed (50:50) cells population of 3T3 and 3T3-
FAP cells. Absence of FAP expression is confirmed in 3T3 and is specifically expressed in
the stable cell line 3T3-FAP. (B) Murine FAP expression revealed by immunocytochemistry

using a murine anti-FAP antibody.

Figure 4: Luciferase assay after 24h coculture between 3T3-Luc2 or 3T3-FAP-Luc2 and T-
cells or FAP-CAR-T following ratio 1:7.5 and 1:15 (1 3T3 for 7.5 or 15 T). These results
correspond to two experiments done in triplicates (one dot corresponds to one value). p values

were calculated with Student’s T-test

Figure 5: Degranulation assay after 6h coculture between 3T3-Luc2 or 3T3-FAP-Luc2 and
T-cells or FAP-CAR-T following the ratio 1:15.
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Figure 6: Kinetic of FAP (top) and Col3 (bottom) expression relative to PO in the 7ibialis
(TA), Gastrocnemius (GA) and Extensor Digitorum Longus (EDL) from DBA2 and DBA2-
MDZX mice aged from 2 to 4 month-old. Statistical analysis: unpaired Student’s T-test.

Figure 7: Schematic representation of the FAP-CAR-T treatment and details for each study.
Two to three month-old DBA2-MDX mice receive 2 consecutive doses of FAP-CAR-T cells
(low or high) and skeletal muscles were collected 2 weeks after the second infusion for
molecular and histological analyses. The number (Nb) of T-cells injected represents the total
number of cells in the preparation of CAR-T cells. The Input is calculated from the vector
copy number (VCN) in the preparation of CAR-T cells and which represents the active
principle. These Input numbers vary depending on the separate preparations of CAR-T cells

which were made and are reported in the table for each injection.

Figure 8: mRNA expression of FAP (top) and Col3 (bottom) in the 7ibialis (TA), Extensor
Digitorum Longus (EDL) and heart from DBA2 (WT) and DBA2-MDX mice controls (white
bars) or treated with LT ( darker grey bars) or FAP-CAR-T cells at r high doses (1x10° cells
light grey bars) (n=6 mice per group). Statistical analysis: Mann and Whitney unpaired t test.

Figure 9: Sirius Red histological sections of TA, EDL and Heart from DBA2 mice, untreated
DBA2-MDX controls and treated DBA2-MDX mice. The dark intensity staining represents
collagen fibers (Obf: 10X) (A). Collagen deposit were quantified on muscle section (B).

Figure 10: Schematic representation of the combined FAP-CAR-T treatment and AAV-
microdystrophin gene therapy in MDX mice model of DMD.

Figure 11: Increase of microdystrophin mRNA expression in TA and EDL after FAP-CAR-
T treatment. MDX mice were treated as shown on figure 10. MDX mice treated only with a
10-fold higher dose of AAV-MDI1 (4x10%vg/kg) are used as positive control.
Microdystrophin mRNA levels were determined by digital droplet PCR using primers from

Table 4 and normalized to levels of murine Mpz (myelin protein zero or PO) mRNA.

Figure 12: Increase of AAV viral genome copies in TA and EDL after FAP-CAR-T treatment.
MDZX mice were treated as shown on figure 10. MDX mice treated only with a 10-fold higher
dose of AAV-MDI1 (4x10%vg/kg) are used as positive control. Viral genome copies was
determined by digital droplet PCR using primers from Table 4.
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Figure 13: Increase of microdystrophin positive fibers in TA and EDL after FAP-CAR-T
treatment. MDX mice were treated as shown on figure 10. MDX mice treated only with a 10-
fold higher dose of AAV-MD1 (4x10%vg/kg) are used as positive control. Microdystrophin

positive fibers were quantified after immunostaining on muscle sections.

Figure 14: Increase of microdystrophin protein expression in TA and EDLafter FAP-CAR-
T treatment. MDX mice were treated as shown on figure 10. MDX mice treated only with a
10-fold higher dose of AAV-MDI1 (4x10%vg/kg) are used as positive control.

Microdystrophin protein expression was quantified with simple western blot.

Figure 15: Decrease of collagen deposit area in TA and EDL after FAP-CAR-T treatment.
MDZX mice were treated as shown on figure 10. MDX mice treated only with a 10-fold higher
dose of AAV-MDI1 (4x10"vg/kg) are used as positive control. Collagen deposit were

quantified on muscle section.
EXAMPLES
Materials and Methods

1. Plasmid construction

1.1 Construction of pCCL-EF la-scIvFEAP-CD28-4. IBB-CD3(-T2A-ACD 19-WPRE

From the construct, pCCL-EFla-scFvCDI123-CD28-4.1BB-CD3(-T2A-ACD19-WPRE
previously described in Béle-Richard et al., Leukemia, 2020, 34, 3228-3241, the fragment
scFvCD123 was removed using the restriction enzymes PspXI and BstEIl generating an
acceptor backbone for the scFv FAP fragment. The fragment scFv FAP was synthetized from
the sequence of an anti-murine FAP monoclonal antibody described as SEQ ID NO: 3 in the
international application WO 2014/055442 and listed below as SEQ ID NO: 18, adding at
each extremity the restriction enzyme sequences PspXI and BstEIl. The scFvFAP fragment
was digested with the restriction enzymes PspXI and BstEIl ligated into the PspXI and
BstEll-digested acceptor pCCL backbone and the product was used to transform competent
XL10 cells. Colonies were screened by digestion and the correct clones were confirmed by
sequencing. pCCL-EF1a-scFvCD123-CD28-4.1BB-CD3({-T2A-ACD19-WPRE corresponds
to the nucleotide sequence SEQ ID NO: 19.
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1.2 Construction of pCCL-EF la-scI'vFAP-CD28-4. IBB-CD3(-WPRE

From the pCCL-EF1a-scFvFAP-CD28-4. 1BB-CD3(-T2A-ACD19-WPRE plasmid (a) a PCR
reaction was done in order to generate the fragment EcoR 1-scFv-FAP-T2A-Sal1-EcoR1, (b)
the fragment scfvFAP-CD28-4.1BB-CD3(-T2A-ACD19 was removed using the restriction
enzyme EcoRI and ( c¢) the PCR fragment generated in (a) that does not contain ACD19
anymore was ligated to the EcoR1-digested pCCL backbone obtained in (b) to generate the
pCCL-EFla-scftvFAP-CD28-4.1BB-CD3(-WPRE construct (SEQ ID NO: 20). Such product
was used to transform competent XL 10 cells. Colonies were screened by digestion and correct

clones were confirmed by sequencing.

1.3 Construction of pCCL-SFFV-mFAP-WPRE

From the construct pCCL-SFFV-Luc2-WPRE available in the laboratory, the Luciferase 2
fragment was removed using the restriction enzymes BamHI and Sall. A plasmid containing
the sequence coding for the mouse FAP protein was purchased from R&DSystems
(RDC2905) and the mFAP c¢cDNA fragment was extracted using the restriction enzymes
BamHI and Sall prior ligation into the PCCL backbone in order to obtain pCCL-SFFV-mFAP-
WPRE. The new product was used to transform competent XL10 cells. Colonies were

screened by digestion and correct clones were confirmed by sequencing.

2. Lentiviral production and generation of stably-transduced target and control cell

lines

Lentiviral vectors were produced by transient transfection of HEK293T cells using calcium
phosphate and 4 plasmids including a transfer plasmid and three accessory plasmids (HIV-1
gagpol, HIV-Rev, and VSV-G). The following transfer plasmids were used: pCCL-EF1a-
scFvFAP-CD28-4.1BB-CD3(-T2A-ACD19-WPRE, pCCL-EFla-scFvFAP-CD28-4.1BB-
CD3(-WPRE, pCCL-SFFV-mFAP-WPRE and pCCL-SFFV-Luc2-WPRE. The harvested
particles were concentrated about 500 fold by ultracentrifugation (50,000 x g, 2h, 12 °C),
suspended in phosphate buffered saline and cryopreserved at —80 °C. The infectious titer of
the vector was determined as infectious genome (IG)/mL titers on HCT116 cells using the

ddPCR provirus primers normalized to albumin (see primers and probes sequences below):
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Table 1: Oligonucleotide sequences

Oligo Sequence 5° —> 3’

Alb.fw | GCTGTCATCTCTTGTGGGCTGT (SEQ ID NO : 21)
Alb.rv | ACTCATGGGAGCTGCTGGTTC (SEQ ID NO : 22)

Alb.pr | CGCACGGCAAGAGGCGAGG (SEQ ID NO : 23)

PRO.fw | CACTCCCAACGAAGACAAGA (SEQID NO : 24)
PRO.rv | TCTGGTTTCCCTTTCGCTTT (SEQ ID NO : 25)

PRO.pr | TCTCTAGCAGTGGCGCCCGAACAGG (SEQ ID NO : 26)

The following stable cell lines expressing FAP, Luc2 or both transgenes: 3T3-FAP, 3T3-Luc2,
3T3-FAP-Luc2 were generated by lentiviral transduction in 1ml complete DMEM media (1%
glutamine, 1% Pen/Strep, 10% FBS) of the NIH-3T3 fibroblastic cell line using the vectors
described above (1x10° cells, 2x10° IG/mL). Expression of the transgenes were confirmed by

immunochemistry or bioluminescence assays.
3. FAP-CAR-T cells preparation

DBAZ2 primary murine splenic T cells were isolated using the “Pan T cell Negative Selection”
kit as suggested by the manufacturer (Miltenyi Biotec), and transduced with the indicated LV.
The cells (1x10° cells/well) were incubated in 1 mL of complete medium in 24-well plates
(complete medium = RPMI-1640 + 1% glutamine + 1% Pen/Strep + 10% FBS + 50 uM Beta-
mercaptoethanol + 50 ug/mL IL-2 + CD3/CD28 activation beads at a ratio of 1:1 (Gibco)
prepared freshly). After 48 hours, cells (1x10° cells/well in 1mL complete medium) were
mixed with FAP-CAR-T lentivirus (2x107 IG/mL) and lentiboost (0.5 mg/mL) in a 24-well
plate. After overnight incubation, cells were expanded in complete media for another 4 days.
T-cells transduction efficacy was either determined by flow cytometry using an anti-human
CD19 when using the LV pCCL-EF1la-scFvFAP-CD28-4. 1BB-CD3(-T2A-ACD19-WPRE
(see below) or by ddPCR to determine the vector copy number per cell in the case of the LV
pCCL-EFla-scFvFAP-CD28-4.1BB-CD3.-WPRE  (using provirus ddPCR  primers

referenced to murine titin).
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Table 2: Oligonucleotide sequences

mTitin-F 5’-AAAACGAGCAGTGACGTGAGC-3’ (SEQ ID NO : 27)

mTitin-R 5’-TTCAGTCATGCTGCTAGCGC-3’ (SEQ ID NO : 28)

mTitin-P 5’-TGCACGGAAGCGTCTCGTCTCAGTC-3" (SEQ ID NO : 29)

4. FAP-CAR-T cells phenotyping

After 7 days of culture, LT and FAP-CAR-T cells were incubated for 1h with the following
conjugated antibodies prior to FACS analysis: anti mouse-CD3, anti-mouse CD8 and anti-
mouse CD4 and with the anti-human CD19, when using the LV pCCL-EF 1a-scFvFAP-CD28-
4.1BB-CD3(-T2A-ACD19-WPRE. After washing cells and adding the viability marker
7AAD, cells were analyzed by flow cytometry.

S. Luciferase assay for FAP-CAR-T cell recent cytotoxic activity

5000 3T3-Luc2 control cells and 3T3-FAP-Luc2 target cells were plated in a 96 well plate
(ViewPlate, Perkin Elmer, 6005181) in 100 pL of complete DMEM media (1% glutamine,
1% Pen/Strep, 10% FBS). The following day, FAP-CAR-T cells or control non-specific T
lymphocytes (TL) were added at 2 different concentrations in 100 pL of medium containing
37,500 or 75,000 cells, to cuo-culture cells and targets for 24h. At the end of the co-culture,
100 pL of supernatant medium were removed from each well and mixed with 100 puL. of
luciferin solution (Bright-Glo Luciferase assay, Promega) to measure bioluminescence levels

extemporaneously using a luminometer (560 nm).
6. Degranulation assay to measure FAP-specific cytotoxicity

Functional cytotoxic activity of FAP-CAR T cells was measured by the detection of CD107
lysosomal-associated membrane protein (LAMP) on the surface of recently degranulated
cells. 5000 control 3T3 cells and 3T3-FAP target cells were plated in a 96 well plate in 100ul
of complete DMEM medium. The following day, 100 pLl containing 75,000 FAP-CAR-T
cells or control non-specific T lymphocytes (TL) were added to the corresponding wells
together with brefeldin-A (1/2000) and 20uL/mL of anti-CD107a. After 6h incubation at
37°C, cells were washed with PBS-1X and stained with anti-CD8 antibody. After adding the
viability marker 7AAD, cells were analyzed by flow cytometry.
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7. Mice

For this entire study, only males were used. The DBA2 controls were purchased directly from
Charles River Laboratories (DBA/2J, Ref: 625) while the DBA2/MDX are bred and obtained
from the Centre d'Exploration et de Recherche Fonctionnelle Expérimentale (CERFE; Evry,
France). Originally, the DBA2-MDX have been purchased from Jackson Laboratories
(D2 B10-Dmd™*/J, Strain # 013141) and they have been at CERFE for about 8-10

generations.
8. Expression of fibrosis marker genes

The levels of murine collagen 3al and murine FAP gene mRNAs was measured by ddPCR in
different muscle tissues and normalized to levels of murine Mpz (myelin protein zero or PO)
mRNA. Tibialis anterior (TA), gastrocnemius (GA), extensor digitorum longus (EDL) and
heart, were isolated from euthanized DBA2 and DBA2-MDX and directly conserved in
RNAlater. RNA was extracted from these tissues using the RNeasy fibrous tissue kit (Qiagen)
following manufacturer’s recommendations. RNA was then reverse transcribed using the
Verso cDNA Synthesis kit (ThermoFisher Scientific). For the ddPCR, 1X of ddPCR Supermix
for Probes no dUTP (Biorad), 16 ng of complementary DNA and the following primers sets
were used: ddPCR Gene Expression Assay:Fap, Mouse (Biorad, 10031252), ddPCR Gene
Expression Assay:Col3al, Mouse (Biorad, 10031252) and ddPCR Gene Expression
Assay:Mpz, Mouse (Biorad, 10031255).

Table 3. Amplicon sequences

Gene |Coordinates Sequence of the amplicon

mm10|chr1:1 ATCAAAAGGGCTGGGGGAGTCTCGCAAGGATAAG
Mpz | 71160004- AAATAGCGGTTAGCGGGCCGGGCGGGGGGTCGGG
171160125+ [GGTCTGCGACGGAGTCCTCCAAAGGCTCTCAGGT
GGTGGTCATCGAGATGGAGC (SEQ ID NO : 30)

mm10|chr2:6 GAGCTCTCTTTGTGTTTCCTTCAGGTTTGTAAACTC
Fap | 2556167- TTGAGGGACGTAAGACAATGCATATCACCACTAA
62573849+ [AGCAAGCGCAGCCAGGGTGGTAACTCCAAAGACA
GTTTTCAGCCATGTCTTC (SEQ ID NO : 31)
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GTGGAACCTGGTTTCTTCTCACCCTTCTTCATCCCA
mml0jchrl:4 \CTCTTATTTTGGCACAGCAGTCCAACGTAGATGAA
Col3al | 5311767- TTGGGATGCAGCCACCTTGGTCAGTCCTATGAGTC
45321568+ [ TAGAGATGTCTGGAAGCCAGAACCATGTCAAA
(SEQ ID NO : 32)

After running the PCR [95°C for 10 min + 40 x (94°C for 30 sec, 60°C for 1 min) + 98°C for
10 min], droplets are generated using the droplet generator QX200 (Biorad) and reactions are

read and analyzed using the Quantal.ife software (Biorad).
9. Mice and In vivo studies

Two to three month old anesthetized DBA2-MDX mice were injected intravenously into retro-
orbital vein with either 5X10° (Low dose) or 1x10° (high dose) of control LT or specific FAP-
CAR-T cells resuspended in 100 ul PBS-1X. Mice were reinjected one week later with the
same dose and same cells. After two weeks, age-matched control mice (DBA2) and treated

mice were euthanized and skeletal muscles collected for molecular and histological analyses.

For subsequent gene therapy, two to three month old DBA2-MDX mice were injected with
two consecutive doses (1x10°) of FAP-CAR-T cells, and after two weeks of treatment the
mice were injected with one dose (5.10'? vg/kg) of rAAV9-microdystrophin (MD1) vector.
For concomitant gene therapy, DBA2-MDX mice were injected with a first dose (1x10°) of
FAP-CAR-T cells, and after two weeks of treatment the mice were injected concomitantly
with a second dose (1x10°) of FAP-CAR-T cells and one dose (5.10'% vg/kg) of rAAV9-
microdystrophin (MD1) vector. Control DBA2-MDX mice were injected with two
consecutive doses (1x10%) of LT, and two weeks later with one dose (5.10'% vg/kg) of rAAV9-
microdystrophin (MD1) vector (Bourg et al., Int. J. Mol. Sci., 2022, 23, 2016; doi:
10.3390/1jms23042016). After 6 weeks, blood was collected, and force tests (escape test an
dTA in situ) were performed on control and treated mice (DBA2-MDX). After five weeks,
control and treated mice (DBA2-MDX) were euthanized and heart and skeletal muscles (TA,

ED) were collected for molecular and histological analyses.
10. Histological analysis

TA, GA and EDL collected from study mice were immediately snap frozen in liquid nitrogen.

Cryopreserved muscles were then sectioned (8um) using a cryostat and stained with the Sirius
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Red dye using standard procedures. Images were then acquired using the Axioscan

microscope (10X Obj, Zeiss).

Quantification of microdystrophin positive fibers

Fiber cytoplasmic region enclosed within the membrane staining (Laminin) are segmented by
morphological segmentation after contrast enhancement and artefact filtering (FiJi software
2.0.0-rc/1.52p, Morpholib plugin v 1.4.1). Fibers are enlarged according to the magnification
to capture the membrane region. Nuclei are detected from the DAPI channel using the local
maxima detection. The fluorescence intensity in each object (fibers, fibers membrane and

nuclei) is measured for each channel together with fibers shape and size.

Nuclei are associated to their parent fiber using the R software and all fluorescence and shape
datas aggregated together. Non-fiber objects are filtered-out based on shape, size and
fluorescence criteria. Positive fibers for any channel (Laminin, microdystrophin and nuclei)
are detected based on the fluorescence distribution of negative control slices or slices from

known negative condition and the percentage of microdystrophin fibers were determined

Collagen quantification on muscle section

Collagen deposits on muscle section are quantified using an open-source software for
bioimage analysis: Qupath Software. For that, we created two Pixel classifiers to train the
software on 3 muscle sections to identify representative region (collagen region) by
surrounding them. The first one is for delimiting the tissue to be analysed and the second one
is for identifying the region of collagen deposits. We quantified the surface area occupied by

the collagen in relation with the total muscle section surface area.
11. Molecular analysis

Microdystrophin mRNA expression levels and AAV vector copy number in muscle of DBA2-
MDX mice receiving combined therapy were analysed by digital droplet PCR on cDNA or

gDNA using the oligonucleotide primers and probes listed below.



WO 2024/074727 PCT/EP2023/077925
45
Table 4: Oligonucleotide sequences

Target gene Name Sequence

ITRG AAV22mers.F | CTCCATCACTAGGGGTTCCTTG
(SEQ ID NO : 33)

ITRG AAV18mers.R | GTAGATAAGTAGCATGGC
(SEQ ID NO : 34)

ITRG AAV MGB.P | TAGTTAATGATTAACCC
(SEQ ID NO : 35)

Microdystrophin | pdys.R GGTTGTGCTGGTCCAGGGCGT
(SEQ ID NO : 36)

Microdystrophin | pdys.F CCAACAAAGTGCCCTACTACATC
(SEQ ID NO : 37)

Microdystrophin | udys.P CCGAGCTGTACCAGAGCCTGGCC
(SEQ ID NO : 38)

Murine Mpz | MH181PO.F CTCCAAGCAGATGCAGCAGA

(PO) (SEQ ID NO : 39)

Murine Mpz | M267PO.R ATAGCCTTGCGCATCATGGT

(PO) (SEQ ID NO : 40)

Murine Mpz | M225PO.P CCGTGGTGCTGATGGGCAAGAA

(PO) (SEQ ID NO : 41)

Murine Titin mTitin-F AAAACGAGCAGTGACGTGAGC
(SEQ ID NO: 27)

Murine Titin mTitin-R TTCAGTCATGCTGCTAGCGC
(SEQ ID NO: 28)

Murine Titin mTitin-P TGCACGGAAGCGTCTCGTCTCAGTC
(SEQ ID NO: 29)

Quantification of microdystrophin expression with simple western blot

Muscle proteins were extracted in RIPA buffer supplemented with Protease Inhibitor Cocktail
EDTA-free (Roche) and Benzonase by homogenization. Total proteins were then quantified
by BCA method, thanks to the Pierce BCA protein assay kit (Invitrogen) accordingly to
manufacturer’s instructions. Protein detection has been performed by capillary western blot,
thanks to the JESS protein simple (Bio-techne), accordingly to manufacturer’s directions.
Micro-dystrophin detection has been performed by the antibody DysB (NCL-DYSB, Leica,

1:20) and its expression has been quantified by compass software.
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12. Statistical analyses

Differences between two groups were compared using Student’s T test. Differences between
multiple groups were compared with one-way analysis of variance (ANOVA). The statistics

were calculated using the GraphPad Prism 7 software.

Results

1. Construction of lentiviral gene transfer plasmids to produce mFAP-directed CAR

T cells

Advanced-generation HIV-1-derived lentiviral gene transfer plasmids were generated to
express third-generation chimeric antigen receptor (CAR) constructs directed against murine
fibroblast activation protein (FAP), containing the human CD28, 4. 1BB and CD3zeta chain
modules for co-stimulation, survival and signal transduction, eventually combined to a
truncated human CD19 marker (Figure 1A) or not (Figure 1B). These constructs were
obtained by replacing the single-chain variable Fragment (ScFv) immunoglobulin fusion
protein sequence of another CAR previously described in Bole-Richard et al., Leukemia,
2020, 34, 3228-3241, by a scFv specific for mFAP which was synthesized from the sequence
published in the International application WO 2014/055442. Both lentiviral plasmids shown
in Figure 1 have been used to produce lentiviral vector for this study. The vectors were
pseudotyped with VSVG and titered according to standard techniques present in the laboratory
(Corre et al., Gene Therapy, 2022, 29, 536-543).

2. Production and characterization of murine FAP-CAR-T cells

T lymphocytes (LT) isolated from spleens of 2 to 3 month-old DBA2 mice, were cultured,
activated by CD28/CD3 beads and Interleukin-2 for 48h prior to lentiviral transduction. Five
days post-transduction, the cell surface phenotype of the cells was characterized by flow
cytometry (Figure 2). Results show that after 7 days of activation, cells are mainly CD8+ and
it can be extrapolated that ~30% of cells are effectively transduced (CD19+).

3. FAP-CART cell generation and functional characterization in vitro

3.1 Generation of cells expressing mouse FAP
In order to test the specificity and efficacy of FAP-CAR-T in vitro, the murine fibroblastic

cell line NIH-3T3 cells known to lack the mouse FAP, was used as negative control and to
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generate specific target cells. A lentiviral construct encoding the murine FAP was produced
and used to transduce NIH-3T3 cells to generate the stable cell line 3T3- FAP which expresses
high levels of the mFAP mRNA (Figure 3-A) and of FAP protein (Figure 3-B).

3.2 Generation of cells for the cytotoxicity assay and validation of FAP-CAR-T cell
specific cytotoxic activity

In order to measure FAP-CAR-T cell specific killing of FAP-bearing cells in vitro, two new
stable cell lines were generated using lentiviral vectors coding for the bioluminescent marker
Luciferin 2: 3T3-Luc2 and 3T3-FAP-Luc2 (Figure 4). Results show that cell mortality
(indicated by a decreased bioluminescence relative to controls) only occurs in a
statisticallysignificant manner when FAP-CAR-T cells are cocultured with cells expressing

the FAP target.

3.3 Degranulation assay

The functional properties of FAP-CAR-T cells were also tested in vitro using CD107a
degranulation assay after coculture between 3T3 or 3T3-FAP and T-cells or FAP-CAR-T
(Figure 5). Results show that the FAP-CAR-T cells only degranulate when they are in

presence of the murine FAP target.
4. Skeletal muscle fibrosis in the DBA2-MDX model of Duchenne muscular dystrophy

Biomarkers of fibrosis such as FAP expression as well as another marker of fibrosis, Collagen
III, were quantified in skeletal muscles of interest (TA = tibialis anterior; GA= gastrocnemius;
EDL: extensor digitorum longus) in the DBA2-MDX mouse model for Duchenne muscular
dystrophy, over time and in the steady-state, using ddPCR (Figure 6). Results show that
independently of the age, these two makers of fibrosis are always overexpressed in skeletal
muscles from DBA2-MDX compared to their age-match DBA2 controls. Significant
differences are identified in the TA at 3 and 4 months, and in the GA at 2 or 3 months,
depending on the biomarker. Similar trends are also seen in the EDL although it did not reach

statistical significance. Lack of significance for some groups might be due to low mice number

per group (n=3).



10

15

20

25

30

WO 2024/074727 PCT/EP2023/077925

48

5. Effect of FAP-CAR-T cells in vivo on DBA2-MDX associated fibrosis

To test the efficacy of the FAP-CAR-T treatment on DBA2-MDX-associated fibrosis in vivo,
two to three month-old DBA2-MDX mice were injected with two consecutive doses of FAP-
CAR-T cells prepared and characterized as previously described (see schematic representation
of the protocol in Figure 7). In order to assess the effects of CAR-T cells on fibrosis, mRNA
from skeletal muscles of control or treated mice were extracted and after reverse transcription,
expression of FAP and Collagen III were determined by ddPCR (Figure 8). Results show that
FAP-CAR-T cells injected systemically are able to decrease biomarkers of fibrosis in skeletal
muscles in DBA2-MDX mice. The reduction of biomarkers by FAP-CAR T cells is more
pronounced in the TA and EDL where these two biomarkers are expressed at higher levels
compared to the GA. Results show also that injection of FAP-CAR-T cells has no significant
impact on the decrease biomarkers of fibrosis in heart in DBA2-MDX mice because FAP is

not expressed (Figure 8).

To confirm effect on fibrosis, histological sections of skeletal muscles from control and treated
mice were stained with Sirius red in order to visualize the amount of collagen fibers present
in the tissue. Results show a decrease in collagen in skeletal muscle from DBA-MDX treated
with the FAP-CAR-T as well as an improvement in the structural organization of muscle fibers

(Figure 9A and 9B).

6. Effect of FAP-CAR-T cells mediated fibrosis reduction on gene therapy in DMD
mouse model

To evaluate the effect of the FAP-CAR-T mediated fibrosis reduction on gene therapy for
Duchenne Muscular Dystrophy, two combinations of treatment are being tested: subsequent
and concomitant injections of FAP-CAR-T and rAAYV vector expressing microdystrophin. For
subsequent gene therapy, two to three-month-old DBA2-MDX mice were injected with two
consecutive doses of FAP-CAR-T cells, and after two weeks of treatment the mice were
injected with one dose of rAAV9-microdystrophin (MD1) vector. For concomitant gene
therapy, two to three-month-old DBA2-MDX mice were injected with one dose of FAP-CAR-
T cells, and after two weeks of treatment the mice were injected concomitantly with a second
dose of FAP-CAR-T cells and one dose of rAAV9-microdystrophin (MD1) vector (Figure

10). Different tests were performed to assess the expression of microdystrophin mRNA and
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protein, to assess the quantity of AAV vectors copies in muscle and to evaluate the muscle

integrity from control or treated mice.

Results of subsequent gene therapy show that FAP-CAR-T cells mediatedfibrosis reduction
systemically leads to highermicrodystrophin expression levels in muscle fibers in skeletal
muscles in DBA2-MDX mice (Figures 11 and 14). There is an increase of AAV vectors
copies in muscle and an increase of microdystrophin positive fibers (Figures 12 and 13).
These effects seem to be more pronounced in the TA and the EDL where the the fibrosis is
reduced. To confirm effect on muscle integrity, histological sections of skeletal muscles from
control and treated mice were stained with Sirius red and hemotoxylin eosine in order to
visualize the amount of collagen fibers present in the tissue. Results show a decrease in
collagen in skeletal muscle from DBA-MDX treated with the FAP-CAR-T (Figure 15) as
well as an improvement in the structural organization of muscle fibers. Functional analyses of
the skeletal muscle are being performed to confirm the efficacy of the combined therapy
approach: FAP-CAR-T cells and AAV-MD1, to improve gene therapy for Duchenne muscular
dystrophy.

For concomitant injections of FAP-CAR-T cells and AAV-MD, it is expected that levels of
dystrophin expression and reduction of collagen deposits are less important than in the case

of subsequent injections of FAP-CAR-T cells and AAV-MDI.

Description of sequences

SEQ ID NO: 1: Anti-FAP scFv VH
OQVQLKESGGGLVQPGGSLKLSCAASGFTEFSSYGMSWVRQTADKRLELVATTNNNGGVTYYPDSVKGRETISRDN
AKNTLYLOMSSLQSEDTAMYYCAR

SEQ ID NO: 2: Anti-FAP scFv VL
SDVLMTQTPLSLPVSLGDQASISCRSSQSIVHSNGNTYLEWYLQKPGQSPKLLIYKVSNRESGVPDRFESGSGSG
TDEFTVKISRVEAEDLGVYYCFQGSHVPYTEFGGGTKLEIK

SEQ ID NO: 3: Anti-FAP scFv VH-CDR1
SYGMS

SEQ ID NO: 4: Anti-FAP scFv VH-CDR2
TNNNGGVTYYPDSVKG

SEQ ID NO: 5: Anti-FAP scFv VL-CDR1
RSSQOSIVHSNGNTYLE

SEQ ID NO: 6: Anti-FAP scFv VL-CDR2
KVSNRE'S

SEQ ID NO: 7: Anti-FAP scFv VL-CDR3
FOGSHVPYT
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SEQ ID NO: 8: Anti-FAP scFv
MKLPVRLLVLMEWIPASSSQVQLKESGGGLVQPGGSLKLSCAASGEFTFSSYGMSWVRQTADKRLELVATTNNNG
GVTYYPDSVKGRFTISRDNAKNTLYLOMSSLOSEDTAMYYCARYGYYAMDYWGQGISVTVSSGGGGSGGGGSSG
GGSDVLMTQTPLSLPVSLGDQASISCRSSQSIVHSNGNTYLEWYLQKPGOSPKLLIYKVSNRESGVPDRESGSG
SGTDFTVKISRVEAEDLGVYYCFQGSHVPYTFGGGTKLEIK

SEQ ID NO:
ESKYGPPCPP

9: modified human IgG4 hinge domain

SEQ ID NO: 10: Signal peptide (mouse IgKappa)
MKLPVRLLVLMEWIPASSS

SEQ ID NO: 11: hCD28 T™ domain
FWVLVVVGGVLACYSLLVTVAFIIEFWV

SEQ ID NO: 12: hCD3-zeta activation domain
MGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPRGS

SEQ ID NO: 13: hCD28 co-stimulation domain
RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS

SEQ ID NO: 14: h4-1BB co-stimulation domain
KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCREFPEEEEGGCEL

SEQ ID NO: 15: VH-VL linker
SSGGGGSGGGGSSGGG
SEQ ID NO: 16: Anti-FAP CAR

MKLPVRLLVLMEWIPASSSQVQLKESGGGLVQPGGSLKLSCAASGEFTESSYGMSWVRQTADKRLELVATTNNNG
GVTYYPDSVKGRFTISRDNAKNTLYLOMSSLOSEDTAMYYCARYGYYAMDYWGQGISVITVSSGGGGSGGGGSSG
GGSDVLMTQTPLSLPVSLGDQASTISCRSSQSIVHSNGNTY LEWYLOKPGQSPKLLIYKVSNRESGVPDRESGSG
SGTDFTVKISRVEAEDLGVYYCFQGSHVPYTFGGGTKLEIKESKYGPPCPPCPEWVLVVVGGVLACYSLLVTVA
FITFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSKRGRKKLLYIFKQPFMRPVQTTQEEDG
CSCRFPEEEEGGCELRVKESRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLY
NELOKDKMAEAYSETIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOATLPPRGS

17: Anti-FAP CAR

SEQ ID NO:

atg aaactgcccg tgagactgct ggtgctgatg ttttggattc ccgcttccte

gagccaggtg
gctgagctgt
gaccgccgac
ctaccccgac
gtacctgcag
cggctactac
cggcggatct
acctctgagce
gagcatcgtg
gagccccaag
ctccggcage
cctgggegtyg
caagctggaa
gctggtggtg
catcttttgg
cccaagacgg
tgcagcatac
catgcggccce
ggaggaggga
ccagcaggga
cgtgctggat
cccccaggag
gatcggcatg

cagctgaaag
gctgccagcg
aagagactgg
agcgtgaagg
atgagcagcc
gccatggatt
ggcggagggyg
ctgccagtgt
cacagcaacg
ctgctgatct
ggctctggca
tactactgtt
atcaaggaga
gtgggaggcg
gtgcgcagca
cccggaccaa
cggagcaaga
gtgcagacca
ggatgcgage
cagaatcagc
aagaggagag
ggcctgtaca

aagggagagc

agtccggcgg
gcttcacctt
aactggtggce
gcagattcac
tgcagagcga
actggggcca
gatctagtgg
ccctgggega
gcaacaccta
acaaggtgtec
ccgacttcac
ttcaaggcag
gcaagdgtacgg
tgctggcctg
agcggagecyg
caaggaagca
gaggcaggaa
cacaggagga
tgagagtgaa
tgtataacga
gacgggacce
atgagctgca
ggagaagggg

aggactggtg
cagcagctac
taccaccaac
catctccaga
ggacaccgcce
gggcatcagc
cggaggctct
ccaggccagce
cctggaatgg
caacagattc
cgtgaagatc
ccacgtgccc
cccaccctge
ttattctctg
gctgctgcac
ctaccagcct
gaagctgctg
ggacggctgce
gttttctagg
gctgaatctg
cgagatggga
gaaggacaag
caagggacac

cagcctggceg
ggcatgagct
aacaacggcyg
gacaacgcca
atgtactact
gtgaccgtgt
gacgtgctga
atcagctgta
tatctgcaga
agcggecgtge
tccagggtygg
tacaccttcg
cctccatgte
ctggtgaccyg
tccgactaca
tatgcaccac
tatatcttca
tcectgtaggt
agcgccgatg
ggcaggcgcyg
ggcaagccaa
atggccgagg
gatggcctgt

gatctctgaa
gggtgcgaca
gcgtgaccta
agaacaccct
gcgccagata
ctagcggagg
tgacccagac
gaagcagcca
agcccggeca
ccgacagatt
aagccgagga
gcggaggcac
cattttgggt
tggccttcat
tgaacatgac
cccgecgattt
agcagccctt
tccectgaaga
caccagcata
aggagtacga
ggcgcaagaa
cctatagcga
accagggcct
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gtccaccgce acaaaggaca cctatgatgce cctgcacatg caggccctge ctccaagggg

cagcgg

SEQ ID NO

: 18: Anti

-FAP scFv

51

PCT/EP2023/077925

atg aaactgcccg tgagactgct ggtgctgatg ttttggattc ccgcttccte gagccaggtg
gatctctgaagctgagctgt
gggtgcgacagaccgececgac
gcgtgacctactaccccgac
agaacaccctgtacctgecag
gcgccagatacggctactac
ctagcggaggcggcggatct
tgacccagacacctctgagce
gaagcagccagagcatcgtyg
agcccggccagagceccccaag
ccgacagattctccggcage
aagccgaggacctgggegtyg
gcggaggcaccaagctggaa

cagctgaaag
gctgccagceg
aagagactgg
agcgtgaagg
atgagcagcc
gccatggatt
ggcggagggyg
ctgccagtgt
cacagcaacg
ctgctgatct
ggctctggca
tactactgtt
atcaag

SEQ ID NO
1
6l

121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
le21l
lesl
1741
1801
186l
1921
1981
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641

agtccggcgg
gcttcacctt
aactggtggce
gcagattcac
tgcagagcga
actggggcca
gatctagtgg
ccctgggega
gcaacaccta
acaaggtgtc
ccgacttcac
ttcaaggcag

: 19: pCCL-EFla-scFvFAP-CD28-4.

ccattgcata
ttaccgccat
ttagttcata
ggctgaccgce
acgccaatag
ttggcagtac
aaatggcccg
tacatctacg
gggcgtggat
gggagtttgt
ccattgacgce
ttagtgaacc
tagggaaccc
cccgtetgtt
aaatctctag
ctctcgacge
ggtgagtacg
cgtcagtatt
gggaaagaaa
cgcagttaat
acaaccatcc
cctctattgt
agaggaagag
ctggaggagg
aaattgaacc
aaagagcagt
tgggcgcagce
agcagcagaa
tctggggcat
aacagctcct
ggaatgctag
agtgggacag
aaaaccagca
ggaattggtt
gaggcttggt
agggatattc
ccgaaggaat
acggatctcg
caggggaaag
aaattacaaa
ggcagagcgc
cggtgcctag
cctttttece
ttttcgcaac
tggcctecttt

aggactggtg
cagcagctac
taccaccaac
catctccaga
ggacaccgcce
gggcatcagce
cggaggctcet
ccaggccagce
cctggaatgg
caacagattc
cgtgaagatc
ccacgtgccce

cgttgtatcc
gttgacattg
gcccatatat
ccaacgaccce
ggactttcca
atcaagtgta
cctggcatta
tattagtcat
agcggtttga
tttggcacca
aaatgggcgg
ggggtctctc
actgcttaag
gtgtgactct
cagtggcgcec
aggactcggc
ccaaaaattt
aagcggggga
aaatataaat
cctggecctgt
cttcagacag
gtgcatcaaa
caaaacaaaa
agatatgagg
attaggagta
gggaatagga
gtcaatgacg
caatttgctg
caagcagctc
ggggatttgg
ttggagtaat
agaaattaac
agaaaagaat
taacataaca
aggtttaaga
accattatcg
agaagaagaa
acggtatcgg
aatagtagac
aattcaaaat
acatcgccca
agaaggtggc
gagggtgggg

gggtttgccg
acgggttatg

cagcctggcg
ggcatgagct
aacaacggcyg
gacaacgcca
atgtactact
gtgaccgtgt
gacgtgctga
atcagctgta
tatctgcaga
agcggcgtgce
tccagggtgg
tacaccttcg

atatcataat
attattgact
ggagttccge
ccgcccattg
ttgacgtcaa
tcatatgcca
tgcccagtac
cgctattacc
ctcacgggga
aaatcaacgg
taggcgtgta
tggttagacc
cctcaataaa
ggtaactaga
cgaacaggga
ttgctgaagce
tgactagcgg
gaattagatc
taaaacatat
tagaaacatc
gatcagaaga
ggatagagat
gtaagaccac
gacaattgga
gcacccacca
gctttgttce
ctgacggtac
agggctattg
caggcaagaa
ggttgctctyg
aaatctctgg
aattacacaa
gaacaagaat
aattggctgt
atagtttttyg
tttcagaccc
ggtggagaga
ttaactttta
ataatagcaa
tttatcgatc
cagtccccga
gcggggtaaa
gagaaccgta
ccagaacaca
gcccttgegt

atgtacattt
agttattaat
gttacataac
acgtcaataa
tgggtggagt
agtacgcccce
atgaccttat
atggtgatgce
tttccaagtc
gactttccaa
cggtgggagg
agatctgagce
gcttgccttyg
gatccctcag
cttgaaagcg
gcgcacggea
aggctagaag
gcgatgggaa
agtatgggca
agaaggctgt
acttagatca
aaaagacacc
cgcacagcaa
gaagtgaatt
aggcaaagag
ttgggttctt
aggccagaca
aggcgcaaca
tcctggetgt
gaaaactcat
aacagatttg
gcttaataca
tattggaatt
ggtatataaa
ctgtacttte
acctcccaac
gagacagaga
aaagaaaagg
cagacataca
acgagactag
gaagttgggg
ctgggaaagt
tataagtgca
ggtaagtgcce
gccttgaatt

atattggctc
agtaatcaat
ttacggtaaa
tgacgtatgt
atttacggta
ctattgacgt
gggactttcc
ggttttggca
tccaccccat
aatgtcgtaa
tctatataag
ctgggagctc
agtgcttcaa
acccttttag
aaagggaaac
agaggcgagg
gagagagatg
aaaattcggt
agcagggagc
agacaaatac
ttatataata
aaggaagctt
gcggccgetg
atataaatat
aagagtggtg
gggagcagca
attattgtct
gcatctgttg
ggaaagatac
ttgcaccact
gaatcacacg
ctccttaatt
agataaatgg
attattcata
tatagtgaat
cccgagggga
cagatccatt
ggggattggg
aactaaagaa
cgctccggtyg
ggaggggtcg
gatgtcgtgt
gtagtcgccg
gtgtgtggtt
acttccacgc

1BB-CD3{-T2A-ACD19-WPRE

atgtccaaca
tacggggtca
tggccecgect
tcccatagta
aactgcccac
caatgacggt
tacttggcag
gtacatcaat
tgacgtcaat
caactccgcce
cagagctcgt
tctggctaac
gtagtgtgtg
tcagtgtgga
cagaggagct
ggcggcgact
ggtgcgagag
taaggccagg
tagaacgatt
tgggacagct
cagtagcaac
tagacaagat
atcttcagac
aaagtagtaa
cagagagaaa
ggaagcacta
ggtatagtgc
caactcacag
ctaaaggatc
gctgtgeccectt
acctggatgg
gaagaatcgc
gcaagtttgt
atgatagtag
agagttaggce
cccgacaggce
cgattagtga
gggtacagtg
ttacaaaaac
cccgtecagtyg
gcaattgaac
actggctccg
tgaacgttct

cccgecgggece
ccctggetge



10

15

20

25

30

35

40

45

50

55

60

65

WO 2024/074727

2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
516l
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601

agtacgtgat
gcgcttaagg
gccgegtgeg
ccatttaaaa
atgcgggcca
ccecgtgegte
tcggacgggg
gtatcgccce
gatggccgcet
agcgggcggyg
catgtgactc
ggagtacgtc
agtgggtgga
ccctttttga
ttcttccatt
cgccaccatg
gagccaggtg
gctgagcectgt
gaccgccgac
ctaccccgac
gtacctgcag
cggctactac
cggcggatct
acctctgagce
gagcatcgtg
gagccccaag
ctccggcage
cctgggegtg
caagctggaa
gctggtggtg
catcttttgg
cccaagacgg
tgcagcatac
catgcggccce
ggaggaggga
ccagcaggga
cgtgctggat
cccccaggag
gatcggcatg
gtccaccgcecce
cagcggagcce
accaatgcca
gccagaggag
gaagggcaca
gccattcctg
tatctggectg
aggaccacct
agagctgttt
gagctccgag
ggccaaggat
cctgaatcag
ctgtggagtg
aaagggcccce
gtgggtcatg
ctattgccac
gctgtggcac
cctgatttte
cccgataatce
gttgctcctt
tccegtatgg
gagttgtggce
cccactggtt
ctccctattg
cggctgttgg
ctgctcgcect
gccctcaatce

tcttgatcce
agcccecctteg
aatctggtgg
tttttgatga
agatctgcac
ccagcgcaca
gtagtctcaa
gccctgggceg
tcceggecect
tgagtcaccc
cacggagtac
gtctttaggt
gactgaagtt
gtttggatct
tcaggtgtcg
aaactgcccg
cagctgaaaqg
gctgccagceg
aagagactgg
agcgtgaagg
atgagcagcc
gccatggatt
ggcggagggg
ctgccagtgt
cacagcaacg
ctgctgatct
ggctctggca
tactactgtt
atcaaggaga
gtgggaggcg
gtgcgcagca
cccggaccaa
cggagcaaga
gtgcagacca
ggatgcgagc
cagaatcagc
aagaggagag
ggcctgtaca
aagggagagc
acaaaggaca
acaaacttct
cctccaaggce
ccactggtgg
agcgatggcec
aagctgtccc
tttatcttca
agcgagaagyg
cgctggaacyg
ggaccctcta
agaccagaga
tccetgtete
ccacctgaca
aagtccctgce
gagacaggcc
cggggcaacce
tggctgctga
tgtctgtgcect
aacctctgga
ttacgctatg
ctttcatttt
ccgttgtcag
ggggcattgc

ccacggcgga
gcactgacaa

gtgttgccac
cagcggacct

52

gagcttcggyg
cctegtgett

caccttcgeg
cctgctgcga
actggtattt
tgttcggcga
gctggccgge
gcaaggctgg
gctgcaggga
acacaaagga
cgggcgeegt
tggggggagg
aggccagctt
tggttcattc
tgaggaattc
tgagactgct
agtccggcgg
gcttcacctt
aactggtggce
gcagattcac
tgcagagcga
actggggcca
gatctagtgg
ccctgggega
gcaacaccta
acaaggtgtec
ccgacttcac
ttcaaggcag
gcaagdgtacgg
tgctggcctg
agcggagecyg
caaggaagca
gaggcaggaa
cacaggagga
tgagagtgaa
tgtataacga
gacgggacce
atgagctgca
ggagaagggg
cctatgatge
ccctgctgaa
tgctgttctt
tgaaggtgga
ctacccagca
tgggcctgcecce
acgtgagcca
catggcagcc
tgagcgacct
gccctagegg
tctgggaggg
aggatctgac
gcgtgtccceg
tgtctctgga
tgctgctgcecce
tgaccatgag
ggaccggagg

ccctggtggyg
ttacaaaatt

tggatacgct
ctcctecttyg
gcaacgtggce
caccacctgt
actcatcgcce
ttcecgtggtyg
ctggattctg
tcctteccecege

ttggaagtgg
gagttgaggc
cctgtectege
cgcttttttt
cggtttttgg
ggcggggect
ctgctctggt
ccecggtegge
gctcaaaatg
aaagggcctt
ccaggcacct
ggttttatgce
ggcacttgat
tcaagcctca
tgcagtcgac
ggtgctgatg
aggactggtg
cagcagctac
taccaccaac
catctccaga
ggacaccgcce
gggcatcagce
cggaggctcet
ccaggccage
cctggaatgg
caacagattc
cgtgaagatc
ccacgtgccce
cccaccctge
ttattctctg
gctgctgcac
ctaccagcct
gaagctgctg
ggacggctgce
gttttctagg
gctgaatctg
cgagatggga
gaaggacaag
caagggacac
cctgcacatg
gcaggccggce
tctgctgttt
ggagggcgac
gctgacatgg
aggcttagga
gcagatggga
tggatggacc
gggaggcctg
caagctgatg
agagccacca
catggcccce
gggccctcetyg
gctgaaggac
acgcgccaca
cttccacctg
atggaaggtg
catcctgcac
tgtgaaagat
gctttaatgce
tataaatcct
gtggtgtgca
cagctccttt
gcctgecttyg
ttgtcgggga
cgcgggacgt
ggcctgcectge

PCT/EP2023/077925

gtgggagagt
ctggcctggg
tgctttcgat
ctggcaagat
ggccgcgggce
gcgagcgcgg
gcctggectce
accagttgcg
gaggacgcgg
tccgtectca
cgattagttc
gatggagttt
gtaattctcc
gacagtggtt
ggtaccgcgg
ttttggattc
cagcctggcg
ggcatgagct
aacaacggcyg
gacaacgcca
atgtactact
gtgaccgtgt
gacgtgctga
atcagctgta
tatctgcaga
agcggcgtgce
tccagggtgg
tacaccttcg
cctccatgtce
ctggtgaccyg
tccgactaca
tatgcaccac
tatatcttca
tcctgtaggt
agcgccgatg
ggcaggcgcg
ggcaagccaa
atggccgagg
gatggcctgt
caggccctge
gatgtggagg
ctgaccccaa
aacgccgtgce
tctagagaga
atccatatga
ggcttctatc
gtgaacgtgg
ggatgtggcc
tcceccaaage
tgcctgcecte
ggctctacac
agctggaccc
gatcgccctg
gcacaggatg
gagatcacag
tccgecegtga
ctgtgacgtc
tgactggtat
ctttgtatca
ggttgctgtc
ctgtgtttgc
ccgggacttt
cccgcetgetg
aatcatcgtc
ccttctgcta
cggctctgceg

tcgaggcctt
cgctggggece
aagtctctag
agtcttgtaa
ggcgacgggg
ccaccgagaa
gcgccgecgt
tgagcggaaa
cgctcgggag
gccgtegett
tcgagectttt
ccccacactg
ttggaatttg
caaagttttt
gccecgggate
ccgcttecte
gatctctgaa
gggtgcgaca
gcgtgaccta
agaacaccct
gcgccagata
ctagcggagg
tgacccagac
gaagcagcca
agcccggeca
ccgacagatt
aagccgagga
gcggaggcac
cattttgggt
tggccttcat
tgaacatgac
cccgecgattt
agcagccctt
tccectgaaga
caccagcata
aggagtacga
ggcgcaagaa
cctatagcga
accagggcct
ctccaagggyg
agaatcctgg
tggaggtgcg
tgcagtgtct
gccctectgaa
ggcccectgge
tgtgccagcce
agggcagcgg
tgaagaaccg
tgtacgtgtg
caagggacag
tgtggctgag
acgtgcaccc
cccgggacat
ccggcaagta
ccagacccgt
ccctggecata
gacgcgaatt
tcttaactat
tgctattgct
tctttatgag
tgacgcaacc
cgcttteccce
gacaggggct
ctttcecttgg
cgtcecectteg
gcctcttecg
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6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8lel
8221
8281
8341
8401
846l
8521
8581
8641l
8701
8761
8821
8881
8941
9001
906l
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961
10021
10081
10141
10201

cgtcttecgece
agaccaatga
ctggaagggc
ctctggttag
aagcctcaat
tctggtaact
agttcatgtc
gagaggaact
ttcacaaata
gtatcttatc
ctccgecccag
aggccgaggc
gcctagggac
cgttttacaa
acatccccct
acagttgcge
ggcgggtgtg
tccttteget
aaatcggggg
acttgattag
tttgacgttg
caaccctatc
gttaaaaaat
tacaatttcc
ttctaaatac
taatattgaa
gcttgggtgg
gccgecegtgt
tccggtgecce
ggcgttectt
ttgggcgaag
tccatcatgg
gaccaccaag
gatcaggatg
ctcaaggcga
ccgaatatca
gtggcggacc
ggcgaatggg
atcgccttet
atactttaga
tttgataatc
cccgtagaaa
ttgcaaacaa
actcttttte
gtgtagccgt
ctgctaatcc
gactcaagac
acacagccca
tgagaaagcg
gtcggaacag
cctgtegggt
cggagcctat
ccttttgcte
gcctttgagt
agcgaggaag
cattaatgca
attaatgtga
cgtatgttgt
gattacgcca
tag

ttcgcecctca
cttacaaggc
taattcactc
accagatctg
aaagcttgcc
agagatccct
atcttattat
tgtttattgce
aagcattttt
atgtctggcet
ttccgecccat
cgcctcecggece
gtacccaatt
cgtcgtgact
ttcgccaget
agcctgaatg
gtggttacgc
ttcttcectt
ctccectttag
ggtgatggtt
gagtccacgt
tcggtctatt
gagctgattt
caggtggcac
attcaaatat
aaaggaagag
agaggctatt
tccggetgte
tgaatgaact
gcgcagcectgt
tgccggggca
ctgatgcaat
cgaaacatcg
atctggacga
gcatgcccga
tggtggaaaa
gctatcagga
ctgaccgctt
atcgccttcet
ttgatttaaa
tcatgaccaa
agatcaaagg
aaaaaccacc
cgaaggtaac
agttaggcca
tgttaccagt
gatagttacc
gcttggagcg
ccacgcttcc
gagagcgcac
ttcgccacct
ggaaaaacgc
acatgttctt
gagctgatac
cggaagagcg
gctggcacga
gttagctcac
gtggaattgt
agcgcgcaat

33

gacgagtcgg
agctgtagat
ccaacgaaga
agcctgggag
ttgagtgctt
cagacccttt
tcagtattta
agcttataat
ttcactgcat
ctagctatcc
tctcecgecce
tctgagctat
cgccctatag
gggaaaaccc
ggcgtaatag
gcgaatggcg
gcagcgtgac
cctttectege
ggttccgatt
cacgtagtgg
tctttaatag
cttttgattt
aacaaaaatt
ttttcgggga
gtatccgcte
tatgattgaa
cggctatgac
agcgcagggg
gcaagacgag
gctcgacgtt
ggatctcctg
gcggcggctg
catcgagcga
agagcatcag
cggcgaggat
tggccgettt
catagcgttyg
cctegtgett
tgacgagttc
acttcatttt
aatcccttaa
atcttcttga
gctaccagcg
tggcttcage
ccacttcaag
ggctgctgee
ggataaggcg
aacgacctac
cgaagggaga
gagggagctt
ctgacttgag
cagcaacgcg
tcctgegtta
cgctcgeecge
cccaatacgce
caggtttccce
tcattaggca
gagcggataa
taaccctcac

atctcccecttt
cttagccact
caagatctgc
ctctctgget
caagtagtgt
tagtcagtgt
taacttgcaa
ggttacaaat
tctagttgtg
cgcccctaac
atggctgact
tccagaagta
tgagtcgtat
tggcgttacc
cgaagaggcc
cgacgcgece
cgctacactt
cacgttcgece
tagtgcttta
gccatcgcecce
tggactcttg
ataagggatt
taacgcgaat
aatgtgcgcg
atgagacaat
caagatggat
tgggcacaac
cgcececggtte
gcagcgcggce
gtcactgaag
tcatctcacc
catacgcttg
gcacgtactc
gggctcgcege
ctcgtecgtga
tctggattca
gctacccgtyg
tacggtatcg
ttctgactgt
taatttaaaa
cgtgagtttt
gatccttttt
gtggtttgtt
agagcgcaga
aactctgtag
agtggcgata
cagcggtcgg
accgaactga
aaggcggaca
ccagggggaa
cgtcgatttt
gcctttttac
tccectgatt
agccgaacga
aaaccgccte
gactggaaag
ccccaggcett
caatttcaca
taaagggaac
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gggccgectce
ttttaaaaga
tttttgcttyg
aactagggaa
gtgcccgtct
ggaaaatctc
agaaatgaat
aaagcaatag
gtttgtccaa
tccgcccate
aatttttttt
gtgaggaggc
tacgcgcgcet
caacttaatc
cgcaccgatc
tgtagcggcyg
gccagcgecce
ggctttcccce
cggcacctcg
tgatagacgg
ttccaaactg
ttgccgattt
tttaacaaaa
gaacccctat
aaccctgata
tgcacgcagg
agacaatcgg
tttttgtcaa
tatcgtggcet
cgggaaggga
ttgctcctge
atccggctac
ggatggaagc
cagccgaact
cccatggcga
tcgactgtgg
atattgctga
ccgctcecccga
cagaccaagt
ggatctaggt
cgttccactg
ttctgcgegt
tgccggatca
taccaaatac
caccgcctac
agtcgtgtct
gctgaacggg
gatacctaca
ggtatccggt
acgcctggta
tgtgatgctce
ggttcctgge
ctgtggataa
ccgagcgecag
tcceecgegeg
cgggcagtga
tacactttat
caggaaacag
aaaagctgga

SEQ ID NO: 20: pCCL-EFla-scFvFAP-CD28-4.1BB-CD3{-WPRE

1
6l
121
181

ccattgcata
ttaccgccat
ttagttcata
ggctgaccgce

cgttgtatcc
gttgacattg
gcccatatat
ccaacgaccce

atatcataat
attattgact
ggagttccge
ccgcccattg

atgtacattt
agttattaat
gttacataac
acgtcaataa

atattggctc
agtaatcaat
ttacggtaaa
tgacgtatgt

cccgecttta
aaagggggga
tactgggtct
cccactgcett
gttgtgtgac
tagcagtagt
atcagagagt
catcacaaat
actcatcaat
ccgcccectaa
atttatgcag
ttttttggag
cactggccgt
gccttgcage
gcccttecca
cattaagcgce
tagcgccecge
gtcaagctct
accccaaaaa
tttttcgece
gaacaacact
cggcctattg
tattaacgtt
ttgtttattt
aatgcttcaa
ttctcecggece
ctgctctgat
gaccgacctg
ggccacgacyg
ctggctgcta
cgagaaagdgta
ctgcccatte
cggtcttgte
gttcgccagg
tgcctgcttyg
ccggetgggt
agagcttgge
ttcgcagecgce
ttactcatat
gaagatcctt
agcgtcagac
aatctgctge
agagctacca
tgtccttcta
atacctcgcet
taccgggttyg
gggttcgtgce
gcgtgagcta
aagcggcagg
tctttatagt
gtcagggggg
cttttgctgg
ccgtattacce
cgagtcagtyg
ttggccgatt
gcgcaacgca
gcttcecgget
ctatgaccat
gctgcaagct

atgtccaaca
tacggggtca
tggccecgect
tcccatagta
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241

301

361

421

481

541

601

661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
le21l
lesl
1741
1801
186l
1921
1981
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141

acgccaatag
ttggcagtac
aaatggcccg
tacatctacg
gggcgtggat
gggagtttgt
ccattgacgce
ttagtgaacc
tagggaaccc
cccgtetgtt
aaatctctag
ctctcgacge
ggtgagtacg
cgtcagtatt
gggaaagaaa
cgcagttaat
acaaccatcc
cctctattgt
agaggaagag
ctggaggagg
aaattgaacc
aaagagcagt
tgggcgcagce
agcagcagaa
tctggggcat
aacagctcct
ggaatgctag
agtgggacag
aaaaccagca
ggaattggtt
gaggcttggt
agggatattc
ccgaaggaat
acggatctcg
caggggaaag
aaattacaaa
ggcagagcgc
cggtgcctag
cctttttece
ttttcgcaac
tggcctecttt
agtacgtgat
gcgcttaagg
gccgegtgeg
ccatttaaaa
atgcgggcca
ccecgtgegte
tcggacgggg
gtatcgccce
gatggccgcet
agcgggcggyg
catgtgactc
ggagtacgtc
agtgggtgga
ccctttttga
ttcttccatt
tggtgctgat
gaggactggt
tcagcagcta
ctaccaccaa
ccatctccag
aggacaccgc
agggcatcag
gcggaggctce
accaggccag
acctggaatg

ggactttcca
atcaagtgta
cctggcatta
tattagtcat
agcggtttga
tttggcacca
aaatgggcgg
ggggtctctc
actgcttaag
gtgtgactct
cagtggcgcec
aggactcggc
ccaaaaattt
aagcggggga
aaatataaat
cctggecctgt
cttcagacag
gtgcatcaaa
caaaacaaaa
agatatgagg
attaggagta
gggaatagga
gtcaatgacg
caatttgctg
caagcagctc
ggggatttgg
ttggagtaat
agaaattaac
agaaaagaat
taacataaca
aggtttaaga
accattatcg
agaagaagaa
acggtatcgg
aatagtagac
aattcaaaat
acatcgccca
agaaggtggc
gagggtgggg

gggtttgccg
acgggttatg

tcttgatcce
agcccecctteg
aatctggtgg
tttttgatga
agatctgcac
ccagcgcaca
gtagtctcaa
gccctgggceg
tcceggecect
tgagtcaccc
cacggagtac
gtctttaggt
gactgaagtt
gtttggatct
tcaggtgtcg
gttttggatt
gcagcctggce
cggcatgagc
caacaacggc
agacaacgcc
catgtactac
cgtgaccgtg
tgacgtgctyg
catcagctgt
gtatctgcag
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ttgacgtcaa
tcatatgcca
tgcccagtac
cgctattacc
ctcacgggga
aaatcaacgg
taggcgtgta
tggttagacc
cctcaataaa
ggtaactaga
cgaacaggga
ttgctgaagce
tgactagcgg
gaattagatc
taaaacatat
tagaaacatc
gatcagaaga
ggatagagat
gtaagaccac
gacaattgga
gcacccacca
gctttgttce
ctgacggtac
agggctattg
caggcaagaa
ggttgctctyg
aaatctctgg
aattacacaa
gaacaagaat
aattggctgt
atagtttttyg
tttcagaccc
ggtggagaga
ttaactttta
ataatagcaa
tttatcgatc
cagtccccga
gcggggtaaa
gagaaccgta
ccagaacaca
gcccttgegt
gagcttcggg
cctegtgett
caccttcgeg
cctgctgcga
actggtattt
tgttcggcga
gctggccgge
gcaaggctgg
gctgcaggga
acacaaagga
cgggcgeegt
tggggggagg
aggccagctt
tggttcattc
tgaggaattc
ccecgcttect
ggatctctga
tgggtgcgac
ggcgtgacct
aagaacaccc
tgcgccagat
tctagcggag
atgacccaga
agaagcagcc
aagcccggece

tgggtggagt
agtacgcccce
atgaccttat
atggtgatgce
tttccaagtc
gactttccaa
cggtgggagg
agatctgagce
gcttgccttyg
gatccctcag
cttgaaagcg
gcgcacggea
aggctagaag
gcgatgggaa
agtatgggca
agaaggctgt
acttagatca
aaaagacacc
cgcacagcaa
gaagtgaatt
aggcaaagag
ttgggttctt
aggccagaca
aggcgcaaca
tcctggetgt
gaaaactcat
aacagatttg
gcttaataca
tattggaatt
ggtatataaa
ctgtacttte
acctcccaac
gagacagaga
aaagaaaagg
cagacataca
acgagactag
gaagttgggg
ctgggaaagt
tataagtgca
ggtaagtgcce
gccttgaatt
ttggaagtgg
gagttgaggc
cctgtectege
cgcttttttt
cggtttttgg
ggcggggect
ctgctctggt
ccecggtegge
gctcaaaatg
aaagggcctt
ccaggcacct
ggttttatgce
ggcacttgat
tcaagcctca
tggccaccat
cgagccaggt
agctgagctg
agaccgccga
actaccccga
tgtacctgca
acggctacta
gcggcggatce
cacctctgag
agagcatcgt
agagccccaa
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atttacggta
ctattgacgt
gggactttcc
ggttttggca
tccaccccat
aatgtcgtaa
tctatataag
ctgggagctc
agtgcttcaa
acccttttag
aaagggaaac
agaggcgagg
gagagagatg
aaaattcggt
agcagggagc
agacaaatac
ttatataata
aaggaagctt
gcggccgetg
atataaatat
aagagtggtg
gggagcagca
attattgtct
gcatctgttg
ggaaagatac
ttgcaccact
gaatcacacg
ctccttaatt
agataaatgg
attattcata
tatagtgaat

cccgagggga
cagatccatt

ggggattggg
aactaaagaa
cgctccggtyg
ggaggggtcg
gatgtcgtgt
gtagtcgccg
gtgtgtggtt
acttccacgc
gtgggagagt
ctggcctggg
tgctttcgat
ctggcaagat
ggccgcgggce
gcgagcgcgg
gcctggectce
accagttgcg
gaggacgcgg
tccgtectca
cgattagttc
gatggagttt
gtaattctcc
gacagtggtt
gaaactgccc
gcagctgaaa
tgctgccage
caagagactg
cagcgtgaaqg
gatgagcagc
cgccatggat
tggcggaggg
cctgccagtyg
gcacagcaac
gctgctgatc

aactgcccac
caatgacggt
tacttggcag
gtacatcaat
tgacgtcaat
caactccgcce
cagagctcgt
tctggctaac
gtagtgtgtg
tcagtgtgga
cagaggagct
ggcggcgact
ggtgcgagag
taaggccagg
tagaacgatt
tgggacagct
cagtagcaac
tagacaagat
atcttcagac
aaagtagtaa
cagagagaaa
ggaagcacta
ggtatagtgc
caactcacag
ctaaaggatc
gctgtgeccectt
acctggatgg
gaagaatcgc
gcaagtttgt
atgatagtag
agagttaggce
cccgacaggce
cgattagtga
gggtacagtg
ttacaaaaac
cccgtecagtyg
gcaattgaac
actggctccg
tgaacgttct
cccgecgggece
ccctggetge
tcgaggcctt
cgctggggece
aagtctctag
agtcttgtaa
ggcgacgggg
ccaccgagaa
gcgccgecgt
tgagcggaaa
cgctcgggag
gccgtegett
tcgagectttt
ccccacactg
ttggaatttg
caaagttttt
gtgagactgc
gagtccggcg
ggcttcacct
gaactggtgg
ggcagattca
ctgcagagcg
tactggggcce
ggatctagtg
tccetgggeg
ggcaacacct
tacaaggtgt
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4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
516l
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101

ccaacagatt
ccgtgaagat
gccacgtgce
gcccaccctg
gttattctct
ggctgctgca
actaccagcc
agaagctgcet
aggacggctg
agttttctag
agctgaatct
ccgagatggg
agaaggacaa
gcaagggaca
ccctgcacat
agcaggccgyg
tctggattac
gctatgtgga
cattttctce
tgtcaggcaa
cattgccacc
ggcggaactc
tgacaattcc
tgccacctgg
ggaccttcct
ccctcagacg
caaggcagct
tcactcccaa
gatctgagcc
cttgccttga
atccctcaga
tattattcag
tattgcagct
atttttttca
ctggctctag
gcccattcte
tcggcctetg
ccaattcgce
gtgactggga
ccagctggceg
tgaatggcga
ttacgcgcag
tccecttectt
ctttagggtt
atggttcacg
ccacgttctt
tctattcttt
tgatttaaca
tggcactttt
aaatatgtat
gaagagtatg
gctattcgge
gctgtcageg
tgaactgcaa
agctgtgcte
ggggcaggat
tgcaatgcgg
acatcgcatc
ggacgaagag
gcccgacgge
ggaaaatggc
tcaggacata
ccgcttecte
ccttcttgac
tttaaaactt
gaccaaaatc

cagcggcegtg
ctccagggtyg
ctacaccttc
cccteccatgt
gctggtgacc
ctccgactac
ttatgcacca
gtatatcttc
ctcctgtagg
gagcgccgat
gggcaggcgce
aggcaagcca
gatggccgag
cgatggcctg
gcaggccctg
cgatgtggag
aaaatttgtg
tacgctgett
tccttgtata
cgtggcgtgg
acctgtcagc
atcgccgcect
gtggtgttgt
attctgcgceg
tccegeggee
agtcggatct
gtagatctta
cgaagacaag
tgggagctct
gtgcttcaag
cccttttagt
tatttataac
tataatggtt
ctgcattcta
ctatcccgcece
cgccccatgg
agctattcca
ctatagtgag
aaaccctggce
taatagcgaa
atggcgcgac
cgtgaccgcet
tctcgeccacyg
ccgatttagt
tagtgggcca
taatagtgga
tgatttataa
aaaatttaac
cggggaaatg
ccgctcatga
attgaacaag
tatgactggg
caggggcgcec
gacgaggcag
gacgttgtca
ctcctgtcat
cggctgcata
gagcgagcac
catcaggggc
gaggatctcg
cgcttttctg
gcgttggcta
gtgctttacg
gagttcttct
catttttaat
ccttaacgtg
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cccgacagat
gaagccgagg
ggcggaggca
ccattttggg
gtggccttca
atgaacatga
cccegegatt
aagcagccct
ttccctgaag
gcaccagcat
gaggagtacg
aggcgcaaga
gcctatageg
taccagggcc
cctccaaggg
gagaatcctg
aaagattgac
taatgccttt
aatcctggtt
tgtgcactgt
tcctttececgg
gccttgeceg
cggggaaatc
ggacgtcctt
tgctgccggce
ccctttggge
gccacttttt
atctgetttt
ctggctaact
tagtgtgtgce
cagtgtggaa
ttgcaaagaa
acaaataaag
gttgtggttt
cctaactccg
ctgactaatt
gaagtagtga
tcgtattacg
gttacccaac
gaggcccgea
gcgccctgta
acacttgcca
ttcgccgget
gctttacgge
tcgccctgat
ctcttgttce
gggattttgce
gcgaatttta
tgcgcggaac
gacaataacc
atggattgca
cacaacagac
cggttetttt
cgcggctate
ctgaagcggg
ctcaccttge
cgcttgatce
gtactcggat
tcgcgeccage
tcgtgaccca
gattcatcga
cccgtgatat
gtatcgccge
gactgtcaga
ttaaaaggat
agttttcgtt

tctccggecag
acctgggcgt
ccaagctgga
tgctggtggt
tcatcttttg
ccccaagacg
ttgcagcata
tcatgcggcecce
aggaggaggg
accagcaggg
acgtgctgga
acccccagga
agatcggcat
tgtccaccgce
gcagcggagce
gaccagtcga
tggtattctt
gtatcatgct
gctgtctcett
gtttgctgac
gactttcgcet
ctgctggaca
atcgtccttt
ctgctacgte
tctgcggect
cgccteeceeg
aaaagaaaag
tgcttgtact
agggaaccca
ccgtectgttyg
aatctctage
atgaatatca
caatagcatc
gtccaaactc
cccatccecge
ttttttattt
ggaggctttt
cgcgctcact
ttaatcgecct
ccgatcgcece
gcggcgeatt
gcgccctage
ttccecegtcea
acctcgaccce
agacggtttt
aaactggaac
cgatttcgge
acaaaatatt
ccctatttgt
ctgataaatg
cgcaggttcect
aatcggctge
tgtcaagacc
gtggctggcce
aagggactgg
tcctgeccgag
ggctacctge
ggaagccggt
cgaactgttec
tggcgatgcce
ctgtggccgg
tgctgaagag
tccecgattceg
ccaagtttac
ctaggtgaag
ccactgagcg
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cggctctgge
gtactactgt
aatcaaggag
ggtgggaggc
ggtgcgcagc
gcccggaccea
ccggagcaag
cgtgcagacc
aggatgcgag
acagaatcag
taagaggaga
gggcctgtac
gaagggagag
cacaaaggac
cacaaacttc
cgaattcccg
aactatgttg
attgcttccc
tatgaggagt
gcaaccccca
ttcccectcee
ggggctcggce
ccttggetge
ccttecggecce
cttccgegte
cctttaagac
gggggactgg
gggtctctct
ctgcttaagc
tgtgactctg
agtagtagtt
gagagtgaga
acaaatttca
atcaatgtat
ccctaactcce
atgcagaggc
ttggaggcct
ggccgtegtt
tgcagcacat
ttcccaacag
aagcgcggcg
gcccgctcect
agctctaaat
caaaaaactt
tcgececetttyg
aacactcaac
ctattggtta
aacgtttaca
ttatttttcet
cttcaataat
ccggecgcett
tctgatgeccyg
gacctgtccg
acgacgggcg
ctgctattgg
aaagtatcca
ccattcgacc
cttgtcgatc
gccaggctca
tgcttgccga
ctgggtgtgg
cttggcggceg
cagcgcatcg
tcatatatac
atcctttttg
tcagaccccg

accgacttca
tttcaaggca
agcaagtacg
gtgctggcecct
aagcggagcce
acaaggaagc
agaggcagga
acacaggagg
ctgagagtga
ctgtataacg
ggacgggacc
aatgagctgce
cggagaaggg
acctatgatg
tccectgectga
ataatcaacc
ctccttttac
gtatggcttt
tgtggccegt
ctggttgggg
ctattgccac
tgttgggcac
tcgecctgtgt
tcaatccagce
ttcgcctteg
caatgactta
aagggctaat
ggttagacca
ctcaataaag
gtaactagag
catgtcatct
ggaacttgtt
caaataaagc
cttatcatgt
gcccagttece
cgaggccgece
agggacgtac
ttacaacgtc
cccecttteg
ttgcgcagcecce
ggtgtggtgg
ttcgctttcet
cgggggctcecce
gattagggtg
acgttggagt
cctatctecgg
aaaaatgagc
atttcccagg
aaatacattc
attgaaaaag
gggtggagag
ccgtgttecg
gtgccctgaa
ttcecttgege
gcgaagtgcce
tcatggctga
accaagcgaa
aggatgatct
aggcgagcat
atatcatggt
cggaccgcta
aatgggctga
ccttctatcecg
tttagattga
ataatctcat
tagaaaagat
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8lel
8221
8281
8341
8401
846l
8521
8581
8641l
8701
8761
8821
8881
8941
9001
906l
9121
9181

SEQ ID NO: 21: Alb.

caaaggatct
accaccgcta
ggtaactggc
aggccaccac
accagtggcet
gttaccggat
ggagcgaacg
gcttcccgaa
gcgcacgagg
ccacctctga
aaacgccagc
gttctttcct
tgataccgct
agagcgccca
gcacgacagg
gctcactcat
aattgtgagc
cgcaattaac

tcttgagatc
ccagcggtgg
ttcagcagag
ttcaagaact
gctgccagtyg
aaggcgcagc
acctacaccg
gggagaaagg
gagcttccag
cttgagcgtc
aacgcggcct
gcgttatccc
cgccgcagece
atacgcaaac
tttccecgact
taggcaccce
ggataacaat
cctcactaaa

fw

GCTGTCATCTCTTGTGGGCTGT

SEQ ID NO: 22: Alb.rv
ACTCATGGGAGCTGCTGGTTC

SEQ ID NO: 23: Alb.pr
CGCACGGCAAGAGGCGAGG

SEQ ID NO: 24:

PRO.

fw

CACTCCCAACGAAGACAAGA

SEQ ID NO: 25: PRO.rv
TCTGGTTTCCCTTTCGCTTT

SEQ ID NO: 26:

PRO.

pr

TCTCTAGCAGTGGCGCCCGAACAGG

SEQ ID NO: 27: mTitin-F
ARPMACGAGCAGTGACGTGAGC

SEQ ID NO: 28: mTitin-R
TTCAGTCATGCTGCTAGCGC

SEQ ID NO: 29: mTitin-P
TGCACGGAAGCGTCTCGTCTCAGTC

SEQ ID NO: 30: Amplicon Mpz

ATCAARAGGGCTGGGGGAGTCTCGCAAGGATAAGARATAGCGGTTAGCGGGCCGGGCEGEEEETCGGEGETCTGCE

56

ctttttttet
tttgtttgcce
cgcagatacc
ctgtagcacc
gcgataagtce
ggtcgggctg
aactgagata
cggacaggdgta
ggggaaacgc
gatttttgtg
ttttacggtt
ctgattctgt
gaacgaccga
cgcctcectece
ggaaagcggg
aggctttaca
ttcacacagg
gggaacaaaa

gcgcgtaatce
ggatcaagag
aaatactgtc
gcctacatac
gtgtcttacc
aacggggggt
cctacagcgt
tccggtaage
ctggtatctt
atgctcgtca
cctggecttt
ggataaccgt
gcgcagegag
cgcgegttgg
cagtgagcgce
ctttatgctt
aaacagctat

gctggagctyg

ACGGAGTCCTCCARAGGCTCTCAGGTGGTGGTCATCGAGATGGAGC

SEQ ID NO: 31: Amplicon FAP

GAGCTCTCTTTGTGTTTCCTTCAGGTTTGTAAACTCTTGAGGGACGTAAGACAATGCATATCACCACTAAAGCAAG

CGCAGCCAGGGTGGTAACTCCAAAGACAGTTTTCAGCCATGTCTTC

SEQ ID NO: 32: Amplicon Col3al

GTGGAACCTGGTTTCTTCTCACCCTTCTTCATCCCACTCTTATTTTGGCACAGCAGTCCAACGTAGATGAATT GGG

PCT/EP2023/077925

tgctgcttge
ctaccaactc
cttctagtgt
ctcgctectge
gggttggact
tcgtgcacac
gagctatgag
ggcagggtcg
tatagtcctg
ggggggcgga
tgctggcecctt
attaccgcct
tcagtgagcg
ccgattcatt
aacgcaatta
ccggctegta
gaccatgatt
caagcttgg

aaacaaaaaa
tttttccgaa
agccgtagtt
taatcctgtt
caagacgata
agcccagctt
aaagcgccac
gaacaggaga
tcgggtttcg
gcctatggaa
ttgctcacat
ttgagtgagce
aggaagcgga
aatgcagctg
atgtgagtta
tgttgtgtgg
acgccaagcg

ATGCAGCCACCTTGGTCAGTCCTATGAGTCTAGAGATGTCTGGAAGCCAGAACCATGTCAAA

SEQ ID NO: 33: AAV22mers.F
CTCCATCACTAGGGGTTCCTTG
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SEQ ID NO: 34: AAV18mers.R
GTAGATAAGTAGCATGGC

SEQ ID NO: 35: AAV MGB.P
TAGTTAATGATTAACCC

SEQ ID NO: 36: pdys.R
GGTTGTGCTGGTCCAGGGCGT

SEQ ID NO: 37: pndys.F
CCAACAAAGTGCCCTACTACATC

SEQ ID NO: 38: pdys.P
CCGAGCTGTACCAGAGCCTGGCC

SEQ ID NO: 39: MH181PO.F
CTCCAAGCAGATGCAGCAGA

SEQ ID NO: 40: M267PO.R
ATAGCCTTGCGCATCATGGT

SEQ ID NO: 41: M225PO.P
CCGTGGTGCTGATGGGCAAGAA

57
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58

CLAIMS

An immune cell engineered to express a chimeric antigen receptor (CAR) which
specifically binds Fibroblast Activation Protein (FAP), for use in the treatment of

skeletal muscle fibrosis in muscular dystrophies.

The immune cell for use according to claim 1, wherein the CAR comprises: (i) an
extracellular domain comprising at least one antigen-binding domain that specifically
binds FAP, (i1) a transmembrane domain, and (ii1) an intracellular domain comprising
an intracellular signaling domain capable of activating an immune cell, and optionally

comprising one or more co-stimulatory signaling domains.

The immune cell for use according to claim 1 or claim 2, wherein the antigen-binding
domain is a single-chain variable fragment (scFv) of a monoclonal antibody that

specifically binds FAP.

The immune cell for use according to claim 3, wherein the single-chain variable
fragment (scFv) that binds FAP comprises a heavy chain variable domain comprising
the amino acid sequence SEQ ID NO: 1 and a light chain variable domain comprising
the amino acid sequence SEQ ID NO: 2; preferably comprising the amino acid sequence

SEQ ID NO: 8.

The immune cell for use according to any one of claims 2 to 4, wherein the extracellular

domain further comprises a hinge domain, preferably from IgG4 heavy chain.

The immune cell for use according to any one of claims 2 to 5, wherein the

transmembrane domain is from CD28.

The immune cell for use according to any one of claims 2 to 6, wherein the intracellular

signaling domain is a CD3 zeta signaling domain.

The immune cell for use according to any one of claims 2 to 7, wherein the intracellular
domain further comprises one or more co-stimulatory signaling domains from CD28 or

4-1BB, preferably both CD28 and 4-1BB co-stimulatory signaling domains.

The immune cell for use according to any one of claims 2 to 8, wherein the CAR

comprises from its N- to C-terminus: a signal peptide from mouse Ig-kappa light chain,
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10.

11.

12.

13.

14.

15.
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a scFv fragment from an anti-F AP monoclonal antibody, a modified hinge domain from
human IgG4 heavy chain; a transmembrane domain from human CD28, a first co-
stimulatory domain from human CD28, a second co-stimulatory domain from human 4-
I1BB and an intracellular signaling domain from human CD3 zeta chain; preferably the

CAR comprises the amino acid sequence SEQ ID NO:16.

The immune cell for use according to any one of claims 1 to 9, which is a lymphocyte
such as T cell and/or NK cell, preferably a cytolytic lymphocyte such as a cytolytic T

cell.

The immune cell for use according to any one of claims 1 to 10, which is modified with
an expression vector comprising a nucleic acid construct encoding the CAR, preferably
chosen from a lipid nanoparticle packaging an RNA molecule and a lentiviral vector,

more preferably a self-inactivating and/or VSVG pseudotyped lentiviral vector.

The immune cell for use according to any one of claims 1 to 11, which reduces the

expression level of at least one biomarker of fibrosis; preferably Collagen type II1.

The immune cell for use according to any one of claims 1 to 12, which is for use in
combination with a vector for gene therapy of muscular dystrophies, preferably a

recombinant AAV vector.

The immune cell for use according to any one of claims 1 to 13, wherein the muscular
dystrophies are chosen from Dystrophynopathies, Limb-girdle muscular dystrophies

and Congenital muscle dystrophies; preferably Duchenne muscular dystrophy.

The immune cell for use according to claim 13 or 14, wherein the combination therapy
comprises the administration of a reduced dose of vector for gene therapy compared to

the use of the vector for gene therapy without the immune cell.
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