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METHOD TO GENERATE IMPROVING CAR-T CELLS

FIELD OF THE INVENTION:
The present invention relates to an immune cell characterized in that it is defective for

RINF.

BACKGROUND OF THE INVENTION:

Cancer immunotherapies are increasingly used in the treatment of cancers and
unprecedent clinical results were obtained in several malignancies. Among the novel strategies
that have been developed, two approaches that target T cells, key players in the fight against
cancer, appear particularly efficient, namely immune checkpoint inhibitors (such as anti-PD-1
or anti-CTLA4 antibodies) and chimeric antigen receptor (CAR) T-cells. In the latter approach,
T cells are isolated from cancer patients and are engineered to express an activating fusion
receptor that can recognize a cell surface target antigen that is found on tumor cells (1). The
binding of the CAR to its target triggers activation signals that permit cytotoxic T cells to kill
malignant cells. Within the past few years, clinical trials using T cells expressing CARs that
recognize malignant B cells (such as anti-CD19 and anti-CD20 CARs) have shown high rates
of response in B-cell malignancies that are refractory to chemotherapy (2). Nonetheless,
complete remission is not observed in all these patients (but only in ~50-70% of them), is
restricted to certain leukemia subtypes (B-cells leukemia/lymphoma), and this therapeutic
approach is so far disappointing in most of solid malignancies (3, 4). It is thus crucial to improve
CAR T cells efficiency. Among the main reasons that are limiting their clinical efficacy, the
lack of in vivo persistence of CAR-T cells is a major limitation that must be urgently resolved.
Lately, several groups have proposed to reprogram T-cells by targeting some epigenetic factors.
(5, 6) Unfortunately, these genes are also well-known tumor suppressor genes that are
frequently mutated in malignant hemopathies (6, 7) and their gene invalidation in mouse leads
to high rates of transformation (8, 9). Thus, identifying novel epigenetic factors whose gene
silencing (or invalidation) would improve long-term T-cells persistence and efficacy without
increasing the risk of transformation into T cells lymphoma/leukemia, would be an important
step to develop safer strategies for next generations of ACT.

In 2009, the team of the inventors has identified the CXXCS5 gene encoding a Retinoid-

Inducible Nuclear Factor (RINF) and demonstrated its role in human hematopoiesis (10).
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Indeed, the group has first demonstrated its role during terminal granulocytic differentiation in
a model of acute promyelocytic leukemia. (10) Lately, they have demonstrated its role during
erythropoiesis and shown that shRNA-mediated RINF knockdown affects human
erythropoiesis and mitigates red blood cells production (11). The last few years, other groups
using mouse models, have also suggested the involvement of Cxxc5/Rinf during the maturation
of various cell types such as neural stem cells (12), endothelial cells (13), myoblasts and
myofibroblasts (14), kidney (15), cutaneous wound healing and bone maintenance (16, 17), and
hair-regrowth (18). Of note, the number of lymphoid cells (including T cells) was not altered
in Rinf -/- KO models, suggesting the absence of function of this factor in human T-cell
proliferation (19).

The inventors have also been pioneered in studying RINF in cancer and leukemia. If the
coding sequence of this gene is not frequently mutated in malignant hemopathies (20, 21), they
have shown that RINF expression is heterogeneous and upregulated in several solid tumors
such as malignant melanoma, thyroid, breast cancer (22). Strikingly, high RINF mRNA
expression is an unfavorable prognostic factor in breast cancer (22-24) as well as in acute
myeloid leukemia (AML) (25-27). Statistical multivariate analyses have demonstrated that high
RINF mRNA expression (observed in approximately one third of the patients) is an independent
marker of known risk factors in AML (such as of cytogenetics and mutations of FLT3-ITD,
NPMI1 and CEBPA) (27). Recently, RINF expression was shown to contribute to prostate
cancer resistance to anti-androgens in a cell-intrinsic dependent manner (28).

At the molecular level, the exact mode of action of RINF remains a topic of debate and
probably depends on the cellular context. It has been suggested that RINF would inhibit the
WNT-B-catenin signaling pathway (12, 15-18, 27, 29), through a cytoplasmic interaction with
Dishevelled proteins DVL and DVL2 (12, 16, 30). However, in most of the studies, the
subcellular localization of RINF protein is mainly or exclusively nuclear and RINF contains a
Nuclear Localization Signal (10) that has been functionally validated (31). Moreover, RINF
strongly associates with chromatin (10), probably through its conserved zinc-finger domain
(CXXC) that plays a central role and provides the capacity to bind CpG islands (32). This
CXXC-domain is almost identical to the one harbored by TET1 and TET3, two epigenetic
modulators involved in the erasure of DNA-methylation marks together with TET2 (that lacks
this CXXC-domain). Thus, RINF could interfere with TET-activities, hydroxymethylation, and
gene transcription, even though these data are inconsistent even in the same model (19, 33, 34).
Other studies suggest a role as a transcriptional regulator (13, 35, 36). Since the RINF protein

does not contain any known trans-activation or trans-repression domain, it was suggested that
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it could act as a cofactor of transcription (32). Consistent with the later hypothesis, this nuclear
factor has been shown to interact with established transcription factors such as Vitamin-D3-
Receptor (VDR) (37), FOXL2 (38), and SMAD?3/4 proteins (39). Another study suggests that
RINF would be a binding partner of ATM and would mediate DNA-damage induced-activation
of TP53 (34).

SUMMARY OF THE INVENTION:

Here the inventors used a lentiviral vector approach to silence RINF expression in a
shRNA-dependent manner and evaluate the consequences of RINF silencing on human CAR-
T cells proliferation ex vivo and their functionality and capacity to eradicate tumor cells in vivo.
More, the proposed methodology to improve CAR-T cells persistence and efficacy by
disrupting RINF/CXXCS is not restricted to patients suffering from hematological or solid
cancers (anti-CD19, anti-EGFR, anti-BCMA....) but could be also used to improve the efficacy
of ACT in non-cancer diseases by such as lupus (40), cardiac fibrosis (41) or aging related-
disorders (42).

Thus, the present invention relates to an immune cell characterized in that it is defective

for RINF. Particularly, the invention is defined by its claims.

DETAILED DESCRIPTION OF THE INVENTION:

Immune cell of the invention
The inventors showed that inhibition (or knockdown or deletion) of RINF leads to an
increased number of T cells, improves CAR T cells expansion and their persistence and

efficacity in the treatment of tumor.

A First aspect of the invention relates to an immune cell characterized in that is defective
for RINF.

In one embodiment, the gene coding for RINF is deleted or silenced.

In another embodiment, the gene coding for RINF is mutated resulting on a non-viable

RNA.

According to the invention plural and singular can be used interchangeably.
As used herein the term "defective for RINF" refers to the inhibition, or blockade of

RINF activity and/or expression in the immune cell according to the invention.
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In one embodiment, the present invention relates to an immune cell characterized in that

it does not express or express reduced levels of RINF.

As used herein, the term “RINF” for “Retinoid-Inducible Nuclear Factor” also known
as CXXCS5 refers to a transcription factor (or cofactor) in the nucleus of cells, and is involved
in myelopoiesis, endothelial differentiation, vessel formation, and oligodendrocyte
differentiation. RINF is also described as a negative feedback regulator of the Wnt/B-catenin
signaling pathway functioning by direct interaction with the Dishevelled (Dvl) protein in the
cytosol. The Uniprot reference for Homo sapiens RINF protein is Q7LFL8 and the Entrez
reference for Homos sapiens RINF gene is 51523.

As used herein, the terms “expresses reduced levels of RINF” means that the immune
cell expresses less RINF compared to its wild type unmanipulated counterpart.

The term "gene" refers to a natural or synthetic polynucleotide containing at least one
open reading frame that is capable of encoding a particular polypeptide or protein after being
transcribed or translated.

As used herein the term "deleted" means a total or partial deletion of the gene. A partial
deletion can involve the removal of any amount of DNA from the target gene, from 1 base pair
(bp) up to almost the entire polypeptide coding region of the gene. A total deletion involves the
removal of the entire coding region of the gene with or without flanking sequences, which may
or may not include regulatory elements that are required for gene function, for example
transcriptional promoters. Furthermore, the deletion may result in the removal of just a
regulatory region, such as a promoter, leaving the coding region intact. The result is that no
mRNA can be produced and so the gene is rendered defective.

As used herein, the term "mutated gene" as used herein means a gene in which a
mutation has occurred. The term "mutation" as used herein means a change in the sequence of
a nucleic acid and includes a base substitution, insertion, deletion, inversion, duplication,
translocation, and the like used in genetics and the like. The region of the mutation in a mutated
gene is not limited to a transcriptional region but includes a regulatory region such as a promoter
which is required for gene expression.

As used herein, the term “non-viable RNA” relates to a RNA which is not translated
into protein.

As used herein, the terms "inhibition of RINF activity" refers to a decrease of RINF
activity of at least 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or 99% or more as compared
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to the activity or level of the RINF protein which is not inhibited. Particularly, the inhibition of
RINF activity leads to the absence in the cell of substantial detectable activity of RINF.

Inhibition of RINF activity can also be achieved through repression of RINF gene
expression or though RINF gene disruption. According to the invention, said repression reduces
expression of RINF in the immune cell of the invention by at least 50, 60, 70, 80, 90, or 95 %
as to the same cell in the absence of the repression. Gene disruption may also lead to a reduced
expression of the RINF protein or to the expression of a non-functional RINF protein. By "non-
functional" RINF protein it is herein intended a protein with a reduced activity or a lack of
detectable activity as described above.

As used herein, "repression” of gene expression refers to the elimination or reduction of
expression of one or more gene products encoded by the subject gene in a cell, compared to the
level of expression of the gene product in the absence of the repression. Exemplary gene
products include mRNA and protein products encoded by the gene. Repression in some cases
is transient or reversible and in other cases is permanent. Repression in some cases is of a
functional or full-length protein or mRNA, despite the fact that a truncated or non-functional
product may be produced. In some embodiments herein, gene activity or function, as opposed
to expression, is repressed. Gene repression is generally induced by artificial methods, i.e., by
addition or introduction of a compound, molecule, complex, or composition, and/or by
disruption of nucleic acid of or associated with the gene, such as at the DNA level. Exemplary
methods for gene repression include gene silencing, knockdown, knockout, and/or gene
disruption techniques, such as gene editing. Examples include antisense technology, such as
RNAI, siRNA, shRNA, and/or ribozymes, which generally result in transient reduction of
expression, as well as gene editing techniques which result in targeted gene inactivation or
disruption, e.g., by induction of breaks and/or homologous recombination.

As used herein, a "disruption" of a gene refers to a change in the sequence of the gene,
at the DNA level. Examples include insertions, mutations, and deletions. The disruptions
typically result in the repression and/or complete absence of expression of a normal or "wild
type" product encoded by the gene. Exemplary of such gene disruptions are insertions,
frameshift and missense mutations, deletions, knock-in, and knock-out of the gene or part of
the gene, including deletions of the entire gene. Such disruptions can occur in the coding region,
e.g., In one or more exons, resulting in the inability to produce a full-length product, functional
product, or any product, such as by insertion of a stop codon. Such disruptions may also occur

by disruptions in the promoter or enhancer or other region affecting activation of transcription,
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so as to prevent transcription of the gene. Gene disruptions include gene targeting, including

targeted gene inactivation by homologous recombination.

As used herein, the term “immune cell” denotes cell of the innate or adaptive immunity
and for example myeloid or lymphoid cells, including lymphocytes, typically T cells and/or NK
cells.

As used herein, the term T cells denotes for example CD3+ T cells, CD4+ T cells, CD8+
T cells, TILs T cells (Tumor-infiltrating lymphocytes T cells), NK T cells, Stem cell-like
memory T cells (TCSM) or Memory T cells (TCM).

The immune cell can be isolated from blood, bone marrow, lymph, lymphoid organs
(notably the thymus) peripheral blood lymphocytes (PBL), peripheral blood mononuclear cells
(PBMC) or from a biopsy when these cells are for example TILs.

In a particular embodiment, the immune cell are eukaryotic immune cells, such as
mammalian cells or human immune cells.

In a particular embodiment, the immune cell of the invention is a lymphocyte including
T cell, B cell or NK cell.

In a particular embodiment, the T cell of the invention is a CAR-T cell or T cells armed
with recombinant T Cell Receptor (TCR).

In a particular embodiment, the CAR-T cells and all immune cells of the invention are

allogenic cells.

Another object of the present invention relates to a population of immune cells of the
invention.

As used herein, the term "population" refers to a population of cells, wherein the
majority (e.g., at least about 50%, preferably at least about 60%, more preferably at least about
70%, even more preferably at least about 80% and even more preferably at least about 90%) of
the total number of cells have the specified characteristics of the cells of interest and express
the markers of interest.

In another particular embodiment, the immune cells of the invention is also
characterized in that it is defective for SUV39H1, TET1, TET2, TET3 or a combination thereof
(see for example W(02018234370 for SUV39HI1 or W02017049166 for the TET family).

Methods to obtain the cells of the invention
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Another object of the invention relates to an ex vivo or in vitro method to obtain immune
cells characterized in that it is defective for RINF comprising a step consisting in inhibiting the
expression and/or activity of RINF in the immune cells.

In one embodiment, the invention relates to an ex vivo or in vitro method to obtain
immune cells characterized in that it does not express or expresses reduced levels of RINF

comprising a step consisting in inhibiting the RINF expression in the immune cells.

Particularly, the method of the invention is particularly useful to obtain engineered
immune cells, which are defective for RINF.

Accordingly, the methods of the invention will allow to obtain engineered immune cells,
which are defective for RINF.

In one embodiment, the invention relates to an ex vivo or in vitro method to obtain
improved immune cells characterized in that it is defective for RINF comprising the following
steps:

1) Isolating immune cells from a sample obtained from a subject;

i1) Inhibiting the expression and/or activity of RINF in the immune cells.

In a particular embodiment, the invention relates to an ex vivo or in vitro method to
obtain CAR-T cells characterized in that it is defective for RINF comprising the following steps:

1) Isolating immune cells (T cells) from a sample obtained from a subject;

i1) transforming the immune cells (T cells) into CAR-T cells thanks to a known method;

ii1) inhibiting the expression and/or activity of RINF in the CAR-T cells obtained in the
step 11).

In another particular embodiment, the invention relates to an ex vivo or in vifro method
to obtain CAR-T cells characterized in that it is defective for RINF comprising the following
steps:

1) Isolating immune cells (T cells) from a sample obtained from a subject;

i1) inhibiting the expression and/or activity of RINF in the immune cells obtained in the
step 1).

ii1) transforming the immune cells (T cells) obtained in the step iii) into CAR-T cells

thanks to a known method;
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In another particular embodiment, the invention relates to an ex vivo or in vifro method
to obtain CAR-T cells characterized in that it is defective for RINF comprising the following
steps:

1) Isolating immune cells (T cells) from a sample obtained from a subject;

i1) inhibiting the expression and/or activity of RINF in the immune cells obtained in the
step 1) and transforming said cells into CAR-T cells thanks to a known method in the same step.

In this case and according to the invention, the inhibition of RINF and the transformation
of the cells in CAR-T cells can be done using the same CAR construction (for example the

same lentivirus expressing a shRNA anti-RNF and the CAR construction).

In a particular embodiment, the method to obtain CAR-T cells comprise another step of
addition of IL-7 and/or IL-15.

Thus, the invention relates to an ex vivo or in vitro method to obtain CAR-T cells
characterized in that it is defective for RINF comprising the following steps:

1) Isolating immune cells from a sample obtained from a subject;

i1) add IL-7 and/or IL-15 to the medium;

ii1) transforming the immune cells (T cells) into CAR-T cells thanks to a known method;

iv) Inhibiting the expression and/or activity of RINF in the CAR-T cells obtained in the
step 11).

An ex vivo or in vitro method to obtain improved immune cells characterized in that it
is defective for RINF comprising the following steps:

1. Isolating immune cells from a sample obtained from a subject;

ii. Inhibiting the expression of RINF in the immune cells.

An ex vivo or in vitro method to obtain CAR-T cells characterized in that it is defective
for RINF comprising the following steps:

1. Isolating an immune cells from a sample obtained from a subject;

ii. transforming the T cells into CAR-T cells thanks to a known method,

iii. inhibiting the expression of RINF in the CAR-T cells obtained in the step i1).

In a particular embodiment, the IL-7 and/or IL-15 are administrated simultaneously with
the RINF inhibitor.
After the end of the protocol and the obtention of the CAR-T cells, these cells are

injected to a subject in need thereof.
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In another particular embodiment, the invention relates to immune cells characterized
in that it is defective for RINF obtainable by the ex vivo or in vifro methods described.In one
embodiment, the invention relates to CAR-T cells characterized in that it is defective for RINF
obtainable by the ex vivo or in vifro methods described.

Asused herein, the term "subject" denotes a mammal, such as a rodent, a feline, a canine,
and a primate. Preferably, a subject according to the invention is a human.

As used herein, the term "biological sample" refers to any body fluid or tissue. In one
embodiment, the biological sample is blood, bone marrow, lymph, lymphoid organs (notably
the thymus) peripheral blood lymphocytes (PBL), peripheral blood mononuclear cells (PBMC)

or from a biopsy.

Asused herein, "isolating" refers to removal of a cell or a cell population from its natural
environment. As used herein, "isolated" refers to a cell or a cell population that is removed from
its natural environment (such as the sample according to the invention) and that is isolated,
purified or separated, and is at least about 75% free, 80% free, 85% free and preferably about
90%, 95%, 96%, 97%, 98%, 99% free, from other cells with which it is naturally present.

According to the invention, the inhibition of the expression and/or activity of RINF can
also be done by modifying genetically the immune cells and particularly the CAR-T cells of the
invention in order to silence or inactivate the RINF gene.

As used herein, the term “modifying genetically” refers to the addition, suppression or
substitution of at least one nucleic acid in the genetic material of the cell.

As used herein the term “to silence the RINF gene” refers to the total or partial
suppression of the RINF gene function. This term means that the gene coding for RINF is
deleted from the genome or mutated resulting on a non-viable RNA or not functionnaly
expressed.

According to the method of the present invention, the immune cells of the invention are

isolated from the sample. All the techniques known by the skilled man may be used.

Genetically engineered cells

In a particular embodiment, the immune cell of the invention further comprises a
genetically engineered antigen receptor that specifically binds a target antigen (TCR). In still a

particular embodiment, the genetically engineered antigen receptor is a chimeric antigen
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receptor (CAR) comprising an extracellular antigen-recognition domain that specifically binds
to the target antigen.

In some embodiments, the immune cell comprises one or more nucleic acids introduced
via genetic engineering that encode one or more antigen receptors.

Typically, the nucleic acids are heterologous, (i.e., for example which are not ordinarily
found in the cell being engineered and/or in the organism from which such cell is derived). In
some embodiments, the nucleic acids are not naturally occurring, including chimeric
combinations of nucleic acids encoding various domains from multiple different cell types.

Among the antigen receptors as per the invention are genetically engineered T cell
receptors (TCRs) and components thereof, as well as functional non-TCR antigen receptors,

such as chimeric antigen receptors (CAR).

CAR-T cells

In a particular embodiment, the immune cell of the invention is a CAR-T cell.

As used herein, the terms "Chimeric antigen receptors (CARs)” refer to artificial T cell
receptors, chimeric T cell receptors, or chimeric immunoreceptors, and encompass engineered
receptors that graft an artificial specificity onto a particular immune effector cell, i.e. the T cells
of the invention.

A CAR typically comprises an ectodomain (extracellular domain) and an endodomain
(cytoplasmic domain), joined by a transmembrane domain. The ectodomain, expressed on the
surface of the cell, comprises an antigen binding domain or receptor domain and optionally a
spacer (or hinge) region linking the antigen binding domain to the transmembrane domain. The
transmembrane domain is typically a hydrophobic alpha helix that spans across the lipid bilayer
of the cell membrane. The endodomain of the CAR is composed of an intracellular signaling
module that induces the cell activation upon antigen binding. The endodomain may include
several signaling domains, as explained infra.

Antigen binding domain

The extracellular domain of the CAR comprises an antigen binding domain that
specifically binds or recognizes a target antigen.

As used herein, "bind" or "binding" refer to peptides, polypeptides, proteins, fusion
proteins and antibodies (including antibody fragments) that recognize and contact an antigen.
Preferably, it refers to an antigen-antibody type interaction. By “specifically bind” it is meant
that the antigen binding domain of the CAR recognizes a specific antigen but does not

substantially recognize or bind other molecules in a given sample. The "specific binding" is
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dependent upon the presence of a particular structure (e.g., an antigenic determinant or epitope).
As used herein, the term “specific binding” means the contact between an antigen binding
domain of the CAR and an antigen with a binding affinity of at least 10-6 M. In certain aspects,
the antigen binding domain of the CAR binds with affinities of at least about 10-7 M, and
preferably 10-8 M, 10-9 M, 10-10 M. The binding affinity can be measured by any method
available to the person skilled in the art, in particular by surface plasmon resonance (SPR).

In one embodiment, such antigen binding domain is an antibody, preferably a single
chain antibody. Preferably, the antibody is a humanized antibody. Particularly, such antigen
binding domain is an antibody fragment selected from fragment antigen binding (Fab)
fragments, F(ab')2 fragments, Fab' fragments, Fv fragments, recombinant IgG (rlgG) fragments,
single chain antibody fragments, single chain variable fragments (scFv), single domain
antibodies (e.g., sdAb, sdFv, nanobody) fragments, diabodies, and multi-specific antibodies
formed from antibody fragments. In particular embodiments, the antibodies are single-chain
antibody fragments comprising a variable heavy chain region and/or a variable light chain
region, such as scFv. Particularly, such antigen binding domain is selected from a Fab and a
scFv.

In embodiments wherein, the antigen targeting domain is a scFv, the scFv can be derived
from the variable heavy chain (VH) and variable light chain (VL) regions of an antigen-specific
mAb linked by a flexible linker. The scFv retains the same specificity and a similar affinity as
the full antibody from which it is derived. The peptide linker connecting scFv VH and VL
domains joins the carboxyl terminus of one variable region domain to the amino terminus of
the other variable domain without compromising the fidelity of the VH-VL paring and antigen-
binding sites. Peptide linkers can vary from 10 to 30 amino acids in length. In one embodiment,
the scFv peptide linker is a Gly/Ser linker and comprises one or more repeats of these amino
acids.

The extracellular domain of the CAR may comprise one or more antigen binding
domain(s).

In a particular embodiment, the CAR specifically binds to a tumor-associated antigen
(TAA). In particular, the CAR specifically binds to any TAA expressed at the surface of a tumor
cell, particularly CD19, GD2, EGFR, CD20, CD22, CD33, CD138, CD52, CD30, ROR1,
HER2, EpCAM, MUC-1, MUC5AC, BCMA, CD38, SLAMF7/CS1, CD123, ILIRAP, IL-
13Ra2, LeY, MUC16, PSMA, more preferably the TAA is CD19, CD20, CD22, CD33, CD138,
BCMA, SLAMF7/CS1, IL-13Ra2, HER2, EGFR, CD37, CD327, CD276, CD109, or HLA-G.
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In another particular embodiment the TCR or CAR targets an intracellular oncoprotein
or an intracellular tumor-associated antigen in particular WT-1, NY-ESO-1, MAGE, PRAME,
RAS, mesothelin, c-Met, CEA, CSPG-4, EBNA3C, CA-125 or GPA7. In particular, said
intracellular oncoprotein or tumor-associated antigen are processed and expressed on the cell
surface as peptides bound to histocompatibility (HLA) molecules.

The terms "tumor-associated antigen”, “TAA”, "tumor antigen" and "cancer cell
antigen" are used interchangeably herein. In each case, the terms refer to peptides, proteins,
glycoproteins or carbohydrates that are specifically or preferentially expressed by cancer cells.

As used herein, the term “antigen” has its general meaning in the art and generally refers
to a substance or fragment thereof that is recognized and selectively bound by an antibody or
by a T cell antigen receptor, resulting in induction of an immune response. Antigens according
to the invention are typically, although not exclusively, peptides and proteins. Antigens may be
natural or synthetic and generally induce an immune response that is specific for that antigen.

As used herein, the term “HLA-A2” has its general meaning in the art and refers to a
HLA serotype within the HLA-A 'A' serotype group and is encoded by the HLA-A*02 allele
group including the HLA-A*02:01, HLA-A*02:02, HLA-A*02:03, HLA-A*02:05, HLA-
A*02:06, HLA-A*02:07 and HLA-A*02:11 gene products. HLA-A2 is very common in the
Caucasian population (40-50%) and provides an ideal cellular target for the first portion because
it will be suitable for use in a high proportion of combinations of HLA-A2+ donors and HLA-
A2- recipients.

As used herein the term "antibody" and "immunoglobulin" have the same meaning, and
will be used equally in the present invention. The term "antibody" as used herein refers to
immunoglobulin molecules and immunologically active portions of immunoglobulin molecules,
i.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 and antibody fragments. In
natural antibodies, two heavy chains are linked to each other by disulfide bonds and each heavy
chain is linked to a light chain by a disulfide bond. There are two types of light chain, lambda
(1) and kappa (k). There are five main heavy chain classes (or isotypes) which determine the
functional activity of an antibody molecule: IgM, IgD, IgG, IgA and IgE. Each chain contains
distinct sequence domains. The light chain includes two domains, a variable domain (VL) and
a constant domain (CL). The heavy chain includes three (o, 8, v) to five (i, €) domains, a
variable domain (VH) and three to four constant domains (CH1, CH2, CH3 and CH4
collectively referred to as CH). The variable regions of both light (VL) and heavy (VH) chains
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determine binding recognition and specificity to the antigen. The constant region domains of
the light (CL) and heavy (CH) chains confer important biological properties such as antibody
chain association, secretion, trans-placental mobility, complement binding, and binding to Fc
receptors (FcR). The Fv fragment is the N-terminal part of the Fab fragment of an
immunoglobulin and consists of the variable portions of one light chain and one heavy chain.
The specificity of the antibody resides in the structural complementarity between the antibody
combining site and the antigenic determinant. Antibody combining sites are made up of residues
that are primarily from the hypervariable or complementarity determining regions (CDRs).
Occasionally, residues from nonhypervariable or framework regions (FR) can participate to the
antibody binding site or influence the overall domain structure and hence the combining site.
CDRs refer to amino acid sequences which together define the binding affinity and specificity
of the natural Fv region of a native immunoglobulin binding site. The light and heavy chains of
an immunoglobulin each have three CDRs, designated L-CDR1, L-CDR2, L-CDR3 and H-
CDRI1, H-CDR2, H-CDR3, respectively. An antigen-binding site, therefore, typically includes
six CDRs, comprising the CDR set from each of a heavy and a light chain V region. Framework
Regions (FRs) refer to amino acid sequences interposed between CDRs. The residues in
antibody variable domains are conventionally numbered according to a system devised by
Kabat et al. This system is set forth in Kabat et al., 1987, in Sequences of Proteins of
Immunological Interest, US Department of Health and Human Services, NIH, USA (hereafter
“Kabat et al.”). This numbering system is used in the present specification. The Kabat residue
designations do not always correspond directly with the linear numbering of an amino acid
residues. The actual linear amino acid sequence may contain fewer or additional amino acids
than in the strict Kabat numbering corresponding to a shortening of, or insertion into, a
structural component, whether framework or complementarity determining region (CDR), of
the basic variable domain structure. The correct Kabat numbering of residues may be
determined for a given antibody by alignment of residues of homology in the sequence of the
antibody with a “standard” Kabat numbered sequence. The CDRs of the heavy chain variable
domain are located at residues 31-35B (H-CDR1), residues 50-65 (H-CDR2) and residues 95-
102 (H-CDR3) according to the Kabat numbering system. The CDRs of the light chain variable
domain are located at residues 24-34 (L-CDR1), residues 50-56 (L-CDR2) and residues 89-97
(L-CDR3) according to the Kabat numbering system.

As used herein, the terms "monoclonal antibody", "monoclonal Ab", "monoclonal
antibody composition”, "mAb", or the like, as used herein refer to a preparation of antibody

molecules of single molecular composition. A monoclonal antibody is obtained from a
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population of substantially homogeneous antibodies, i.e., the individual antibodies comprised
in the population are identical except for possible naturally occurring mutations that may be
present in minor amounts.

As used herein the term "human antibody" as used herein, is intended to include
antibodies having variable and constant regions derived from human immunoglobulin
sequences. The human antibodies of the present invention may include amino acid residues not
encoded by human immunoglobulin sequences (e.g., mutations introduced by random or site-
specific mutagenesis in vifro or by somatic mutation in vivo). However, the term "human
antibody", as used herein, is not intended to include antibodies in which CDR sequences derived
from the germline of another mammalian species, such as a mouse, have been grafted onto
human framework sequences.

As used herein, the term "chimeric antibody" refers to an antibody which comprises a
VH domain and a VL. domain of a non-human antibody, and a CH domain and a CL domain of
a human antibody. In some embodiments, a “chimeric antibody” is an antibody molecule in
which (a) the constant region (i.e., the heavy and/or light chain), or a portion thereof;, is altered,
replaced or exchanged so that the antigen binding site (variable region) is linked to a constant
region of a different or altered class, effector function and/or species, or an entirely different
molecule which confers new properties to the chimeric antibody, e.g., an enzyme, toxin,
hormone, growth factor, drug, etc.; or (b) the variable region, or a portion thereof, is altered,
replaced or exchanged with a variable region having a different or altered antigen specificity.
Chimeric antibodies also include primatized and in particular humanized antibodies.
Furthermore, chimeric antibodies may comprise residues that are not found in the recipient
antibody or in the donor antibody. These modifications are made to further refine antibody
performance. For further details, see Jones et al., Nature 321:522-525 (1986); Riechmann et al .,
Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992). (see U.S. Pat.
No. 4,816,567; and Morrison et al., Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984)).

As used herein, the term “humanized antibody” refers to an antibody having variable
region framework and constant regions from a human antibody but retains the CDRs of a
previous non-human antibody. In some embodiments, a humanized antibody contains minimal
sequence derived from non-human immunoglobulin. For the most part, humanized antibodies
and antibody fragments thereof may be human immunoglobulins (recipient antibody or
antibody fragment) in which residues from a complementary-determining region (CDR) of the
recipient are replaced by residues from a CDR of a non-human species (donor antibody) such

as mouse, rat or rabbit having the desired specificity, affinity, and capacity. In some instances,
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Fv framework region (FR) residues of the human immunoglobulin are replaced by
corresponding non-human residues. Furthermore, a humanized antibody/antibody fragment can
comprise residues which are found neither in the recipient antibody nor in the imported CDR
or framework sequences. Such antibodies are designed to maintain the binding specificity of
the non-human antibody from which the binding regions are derived, but to avoid an immune
reaction against the non-human antibody. These modifications can further refine and optimize
antibody or antibody fragment performance. In general, the humanized antibody or antibody
fragment thereof will comprise substantially all of at least one, and typically two, variable
domains, in which all or substantially all of the CDR regions correspond to those of a non-
human immunoglobulin and all or a significant portion of the FR regions are those of a human
immunoglobulin sequence. The humanized antibody or antibody fragment can also comprise at
least a portion of an immunoglobulin constant region (Fc), typically that of a human
immunoglobulin. For further details, see Jones et al., Nature, 321: 522-525, 1986; Reichmann
et al., Nature, 332: 323-329, 1988; Presta, Curr. Op. Struct. Biol., 2: 593-596, 1992.

As used herein, the term "antibody fragment" refers to at least one portion of an intact
antibody, preferably the antigen binding region or variable region of the intact antibody, that
retains the ability to specifically interact with (e.g., by binding, steric hindrance,
stabilizing/destabilizing, spatial distribution) an epitope of an antigen. “Fragments” comprise a
portion of the intact antibody, generally the antigen binding site or variable region. Examples
of antibody fragments include Fab, Fab', Fab'-SH, F(ab")2, and Fv fragments; diabodies; any
antibody fragment that is a polypeptide having a primary structure consisting of one
uninterrupted sequence of contiguous amino acid residues (referred to herein as a “single-chain
antibody fragment” or “single chain polypeptide”), including without limitation (1) single -
chain Fv molecules (2) single chain polypeptides containing only one light chain variable
domain, or a fragment thereof that contains the three CDRs of the light chain variable domain,
without an associated heavy chain moiety and (3) single chain polypeptides containing only
one heavy chain variable region, or a fragment thereof containing the three CDRs of the heavy
chain variable region, without an associated light chain moiety; and multispecific antibodies
formed from antibody fragments. Fragments of the present antibodies can be obtained using
standard methods.

As used herein, the term “scFv” refers to a fusion protein comprising at least one
antibody fragment comprising a variable region of a light chain and at least one antibody
fragment comprising a variable region of a heavy chain, wherein the light and heavy chain

variable regions are contiguously linked, e.g., via a synthetic linker, e.g., a short flexible
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polypeptide linker, and capable of being expressed as a single chain polypeptide, and wherein
the scFv retains the specificity of the intact antibody from which it is derived. Unless specified,
as used herein an scFv may have the VL and VH variable regions in either order, e.g., with
respect to the N-terminal and C-terminal ends of the polypeptide, the scFv may comprise VL-
linker-VH or may comprise VH-linker-VL.

As used herein, the term “specificity” refers to the ability of an antibody to detectably
bind target molecule (e.g. an epitope presented on an antigen) while having relatively little
detectable reactivity with other target molecules. Specificity can be relatively determined by
binding or competitive binding assays, using, e.g., Biacore instruments, as described elsewhere
herein. Specificity can be exhibited by, e.g., an about 10:1, about 20:1, about 50:1, about 100:1,
10.000:1 or greater ratio of affinity/avidity in binding to the specific antigen versus nonspecific
binding to other irrelevant molecules.

The term “affinity”, as used herein, means the strength of the binding of an antibody to
a target molecule (e.g. an epitope). The affinity of a binding protein is given by the dissociation
constant Kd. For an antibody said Kd is defined as [Ab] x [Ag] / [Ab-Ag], where [Ab-Ag] is
the molar concentration of the antibody-antigen complex, [Ab] is the molar concentration of
the unbound antibody and [Ag] is the molar concentration of the unbound antigen. The affinity
constant Ka is defined by 1/Kd. Preferred methods for determining the affinity of a binding
protein can be found in Harlow, et al., Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y ., 1988), Coligan et al., eds., Current Protocols in
Immunology, Greene Publishing Assoc. and Wiley Interscience, N.Y., (1992, 1993), and
Muller, Meth. Enzymol. 92:589-601 (1983), which references are entirely incorporated herein
by reference. One preferred and standard method well known in the art for determining the
affinity of binding protein is the use of Biacore instruments.

The term “binding” as used herein refers to a direct association between two molecules,
due to, for example, covalent, electrostatic, hydrophobic, and ionic and/or hydrogen-bond
interactions, including interactions such as salt bridges and water bridges. In particular, as used
herein, the term "binding" in the context of the binding of an antibody to a predetermined target
molecule (e.g. an antigen or epitope) typically is a binding with an affinity corresponding to a
KD of about 10-7 M or less, such as about 10-8 M or less, such as about 10-9 M or less, about
10-10 M or less, or about 10-11 M or even less.

Spacer or hinge domain

The CAR optionally comprises a spacer or hinge domain linking the antigen binding

domain to the transmembrane domain.
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In some embodiments, the CAR comprises a hinge sequence between the antigen
binding domain and the transmembrane domain and/or between the transmembrane domain and
the cytoplasmic domain. One ordinarily skilled in the art will appreciate that a hinge sequence
is a short sequence of amino acids that facilitates flexibility.

In particular, the spacer or hinge domain linking the antigen binding domain to the
transmembrane domain is designed to be sufficiently flexible to allow the antigen binding
domain to orient in a manner that allows antigen recognition.

The hinge may be derived from or include at least a portion of an immunoglobulin Fc
region, for example, an IgG1 Fc region, an IgG2 Fc region, an IgG3 Fc region, an IgG4 Fc
region, an IgE Fc region, an IgM Fc region, or an IgA Fc region. In certain embodiments, the
hinge domain includes at least a portion of an IgG1, an IgG2, an IgG3, an IgG4, an IgE, an IgM,
or an IgA immunoglobulin Fc region that falls within its CH2 and CH3 domains.

Exemplary hinges include, but are not limited to, a CD8a hinge, a CD28 hinge,
IgG1/1gG4 (hinge-Fc part) sequences, IgG4 hinge alone, IgG4 hinge linked to CH2 and CH3
domains, or IgG4 hinge linked to the CH3 domain, those described in Hudecek et al. (2013)
Clin. Cancer Res., 19:3153, international patent application publication number
WO02014031687, U.S. Pat. No. 8,822,647 or published app. No. US2014/0271635. As hinge
domain, the invention relates to all or a part of residues 118 to 178 of CD8a (GenBank
Accession No. NP 001759.3), residues 135 to 195 of CD8 (GenBank Accession No.
AAA35664), residues 315 to 396 of CD4 (GenBank Accession No. NP_000607.1), or residues
137 to 152 of CD28 (GenBank Accession No. NP_006130.1) can be used. Also, as the spacer
domain, a part of a constant region of an antibody H chain or L chain (CHI region or CL region)
can be used. Further, the spacer domain may be an artificially synthesized sequence.

In some embodiments, for example, the hinge sequence is derived from a CD8 alpha
molecule or a CD28 molecule.

Transmembrane domain

The transmembrane domain of the CAR functions to anchor the receptor on the cell
surface. The choice of the transmembrane domain may depend on the neighboring spacer and
intracellular sequences.

The transmembrane domain in some embodiments is derived either from a natural or
from a synthetic source. Where the source is natural, the domain in some aspects is derived
from any membrane -bound or transmembrane protein. Transmembrane regions include those
derived from (i.e. comprise at least the transmembrane region(s) of) the alpha, beta or zeta chain

of the T- cell receptor, CD28, CD3 zeta, CD3 epsilon, CD3 gamma, CD3 delta, CD45, CD4,
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CD5, CDS, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137, CD154,
ICOS/CD278, GITR/CD357, NKG2D, and DAP molecules. Alternatively, the transmembrane
domain in some embodiments is synthetic. In some aspects, the synthetic transmembrane
domain comprises predominantly hydrophobic residues such as leucine and valine. In some
aspects, a triplet of phenylalanine, tryptophan and valine will be found at each end of a synthetic
transmembrane domain. A transmembrane domain is thermodynamically stable in a membrane.
It may be a single alpha helix, a transmembrane beta barrel, a beta-helix of gramicidin A, or
any other structure.

Optionally, a short oligo- or polypeptide linker, preferably between 2 and 10 amino
acids in length may form the linkage between the transmembrane domain and the intracellular
signaling domain(s) of the CAR. A glycine-serine doublet may provide a suitable linker.

Intracellular domain

29 (13
2

The terms “intracellular domain”, “cytoplasmic domain” and “intracellular signaling
domain” are used interchangeably herein. The role of the intracellular domain of the CAR is to
produce an activation signal to the T cell as soon as the extracellular domain has recognized the
antigen.

Examples of intracellular domain sequences that are of particular use in the invention
include those derived from an intracellular signaling domain of a lymphocyte receptor chain, a
TCR/CD3 complex protein, an Fc receptor subunit, an IL-2 receptor subunit, CD3(, FcRy, FcRp,
CD3y, CD38, CD3¢, CD5, CD22, CD79a, CD79b, CD66d, CD278(ICOS), FesRI, DAP10, and
DAPI12. 1t is particularly preferred that the intracellular domain in the CAR comprises a
cytoplasmic signaling sequence derived from CD3(.

The intracellular domain of the CAR can be designed to comprise a signaling domain
(such as the CD3( signaling domain) by itself or combined with costimulatory domain(s). A
costimulatory molecule can be defined as a cell surface molecule that is required for an efficient
response of lymphocytes to an antigen. Examples of such molecules include CD27, CD28, 4-
1BB (CD137), 0X40 (CD134), CD30, CD40, CD244 (2B4), ICOS, lymphocyte function-
associated antigen- 1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, and a ligand that
specifically binds with CD83, CD8, CD4, b2c, CD80, CD86, DAP10, DAP12, MyD88, BTNL3,
and NKG2D. The intracellular signaling portion of the above recited co-stimulatory domains
can be used alone or in combination with other co-stimulatory domains. In particular, the CAR
can comprise any combination of two or more co-stimulatory domains from the group

consisting of CD27, CD28, 4-1BB (CD137), 0X40 (CD134), CD30, CD40, CD244 (2B4),
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ICOS, LFA-1, CD2, CD7, LIGHT, NKG2C, B7-H3, and a ligand that specifically binds with
CD83, CD8, CD4, b2c, CD80, CD86, DAP10, DAP12, MyD88, BTNL3, and NKG2D.

Thus, for example, the CAR can be designed to comprise a signaling domain such as
the CD3( signaling domain and two co-stimulatory signaling domains selected from CD28 and
CD40, CD28 and 4-1BB (CD137), CD28 and OX40 (CD134), and CD28 and LFA-1.

“First-generation CARs” contain a single signaling domain. CARs containing a
signaling domain together with one additional costimulatory domain are termed “second
generation” while those containing a signaling domain together with two additional
costimulatory domains are listed as “third generation”. For example, first-generation CARs
contain solely the CD3( chain as a single signaling domain. Second- and third-generation CARs
consist of one or two additional costimulatory signaling domains, respectively, such as CD28,
CD27, OX-40 (CD134) and 4-1BB (CD137). For example, second-generation CAR may
contain CD3({ and CD28 signaling domains, while third-generation CAR may contain CD3(,
CD28 and either 0X40 (CD134) or 4-1BB (CD137).

The CAR of the invention may be a first generation, a second generation, or a third
generation CAR as described hereabove. Preferably, the CAR-T cells is a second or third
generation CAR.

“TRUCKS” represent the recently developed ‘fourth-generation” CARs. TRUCKSs (T
cells redirected for universal cytokine killing) are CAR-redirected T cells used as vehicles to
produce and release a transgenic product that accumulates in the targeted tissue. The product,
for example a pro-inflammatory cytokine, may be constitutively produced or induced once the
T cell is activated by the CAR. Other substances such as enzymes or immunomodulatory
molecules may be produced in the same way and deposited by CAR-redirected T cells in the
targeted lesion. This strategy involves two separate transgenes expressing for example (1) the
CAR-T cells and (ii) a cell activation responsive promoter linked to a cytokine such as IL-12.
Consequently, immune stimulatory cytokine such as IL-12 is secreted upon CAR engagement.

In a particular embodiment, the CAR-T cells is a CAR-T cells of fourth generation as
defined above.

Methods to obtain a CAR-T cells

Methods and protocols to obtain CAR-T cells are well known in the art. To obtain CAR-

T cells from T cells, transfection, transposon system like the sleeping beauty method or
infection thanks to a lentivirus or retroviral vectors can be used (see for example Martinez

Marina et al., 2019).
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Methods using lentivirus able to transduce T cells to obtain CAR-T cells are well known.
For example, and as shown in the present application, a lentivirus stock can be used. Protocols
used to obtain CAR-T cells are well known in the art (see for example Okuma Atsushi, 2021.
Generation of CAR-T Cells by Lentiviral Transduction).

In this case and according to the invention, the inhibition of RINF and the transformation
of the cells in CAR-T cells using a lentivirus can be done using the same lentivirus expressing
a shRNA targeting RINF and the CAR construction.

Another method to obtain CAR-T cells from T cells is call sleeping beauty using DNA
transposons to transfect the cells (see for example Izsvak et al. 2010).

According to the invention, a retrovirus can be used to generate CAR-T cells.

According to the invention, the CAR-T cells can be CAR-T cells from the first, the
second, the third, the fourth or fifth generation.

TCRs

In a particular embodiment, the immune cell of the invention is a T cells armed with
recombinant T Cell Receptor (TCR).

In some embodiments, the genetically engineered antigen receptors include recombinant
T cell receptors (TCRs) and/or TCRs cloned from naturally occurring T cells.

A "T cell receptor" or "TCR" refers to a molecule that contains a variable o and  chains
(also known as TCRa and TCRp, respectively) or a variable y and 6 chains (also known as
TCRy and TCRS, respectively) and that is capable of specifically binding to an antigen peptide
bound to a MHC receptor. In some embodiments, the TCR is in the aff form. Typically, TCRs
that exist in aff and yo forms are generally structurally similar, but T cells expressing them may
have distinct anatomical locations or functions. A TCR can be found on the surface of a cell or
in soluble form. Generally, a TCR is found on the surface of T cells (or T lymphocytes) where
it is generally responsible for recognizing antigens bound to major histocompatibility complex
(MHC) molecules. In some embodiments, a TCR also can contain a constant domain, a
transmembrane domain and/or a short cytoplasmic tail (see, e.g., Janeway et ah,
Immunobiology: The Immune System in Health and Disease, 3 rd Ed., Current Biology
Publications, p. 4:33, 1997). For example, in some aspects, each chain of the TCR can possess
one N-terminal immunoglobulin variable domain, one immunoglobulin constant domain, a
transmembrane region, and a short cytoplasmic tail at the C-terminal end. In some embodiments,
a TCR is associated with invariant proteins of the CD3 complex involved in mediating signal

transduction. Unless otherwise stated, the term "TCR" should be understood to encompass
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functional TCR fragments thereof. The term also encompasses intact or full-length TCRs,
including TCRs in the aff form or yd form.

Thus, for purposes herein, reference to a TCR includes any TCR or functional fragment,
such as an antigen-binding portion of a TCR that binds to a specific antigenic peptide bound in
an MHC molecule, i.e. MHC-peptide complex. An "antigen-binding portion" or antigen-
binding fragment" of a TCR, which can be used interchangeably, refers to a molecule that
contains a portion of the structural domains of a TCR, but that binds the antigen (e.g. MHC-
peptide complex) to which the full TCR binds. In some cases, an antigen-binding portion
contains the variable domains of a TCR, such as variable a chain and variable  chain of a TCR,
sufficient to form a binding site for binding to a specific MHC-peptide complex, such as
generally where each chain contains three complementarity determining regions.

In some embodiments, the variable domains of the TCR chains associate to form loops,
or complementarity determining regions (CDRs) analogous to immunoglobulins, which confer
antigen recognition and determine peptide specificity by forming the binding site of the TCR
molecule and determine peptide specificity. Typically, like immunoglobulins, the CDRs are
separated by framework regions (FRs) {see, e.g., Jores et al., Pwc. Nat'TAcad. Sci. U.S.A.
87:9138, 1990; Chothia et al., EMBO J. 7:3745, 1988; see also Lefranc et al., Dev. Comp.
Immunol. 27:55, 2003). In some embodiments, CDR3 is the main CDR responsible for
recognizing processed antigen, although CDRI1 of the alpha chain has also been shown to
interact with the N-terminal part of the antigenic peptide, whereas CDR1 of the beta chain
interacts with the C-terminal part of the peptide. CDR2 is thought to recognize the MHC
molecule. In some embodiments, the variable region of the B-chain can contain a further
hypervariability (HV4) region. In some embodiments, the TCR chains contain a constant
domain. For example, like immunoglobulins, the extracellular portion of TCR chains {e.g., a-
chain, B-chain) can contain two immunoglobulin domains, a variable domain {e.g., Va or Vp;
typically amino acids 1 to 1 16 based on Kabat numbering Kabat et al., "Sequences of Proteins
of Immunological Interest, US Dept. Health and Human Services, Public Health Service
National Institutes of Health, 1991 , 5th ed.) at the N-terminus, and one constant domain {e.g.,
a-chain constant domain or Ca, typically amino acids 1 17 to 259 based on Kabat, B-chain
constant domain or Cp, typically amino acids 1 17 to 295 based on Kabat) adjacent to the cell
membrane. For example, in some cases, the extracellular portion of the TCR formed by the two
chains contains two membrane-proximal constant domains, and two membrane-distal variable
domains containing CDRs. The constant domain of the TCR domain contains short connecting

sequences in which a cysteine residue forms a disulfide bond, making a link between the two
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chains. In some embodiments, a TCR may have an additional cysteine residue in each of the a
and [ chains such that the TCR contains two disulfide bonds in the constant domains.

In some embodiments, the TCR chains can contain a transmembrane domain. In some
embodiments, the transmembrane domain is positively charged. In some cases, the TCR chains
contain a cytoplasmic tail. In some cases, the structure allows the TCR to associate with other
molecules like CD3. For example, a TCR containing constant domains with a transmembrane
region can anchor the protein in the cell membrane and associate with invariant subunits of the
CD3 signaling apparatus or complex.

Generally, CD3 is a multi-protein complex that can possess three distinct chains (y, 9,
and €) in mammals and the {-chain. For example, in mammals the complex can contain a CD3y
chain, a CD35 chain, two CD3s chains, and a homodimer of CD3( chains. The CD3y, CD35,
and CD3s chains are highly related cell surface proteins of the immunoglobulin superfamily
containing a single immunoglobulin domain. The transmembrane regions of the CD3y, CD35,
and CD3s chains are negatively charged, which is a characteristic that allows these chains to
associate with the positively charged T cell receptor chains. The intracellular tails of the CD3y,
CD35, and CD3s chains each contain a single conserved motif known as an immunoreceptor
tyrosine - based activation motif or ITAM, whereas each OO3( chain has three. Generally,
ITAMs are involved in the signaling capacity of the TCR complex. These accessory molecules
have negatively charged transmembrane regions and play a role in propagating the signal from
the TCR into the cell. The CD3- and {-chains, together with the TCR, form what is known as
the T cell receptor complex.

In some embodiments, the TCR may be a heterodimer of two chains a and B (or
optionally v and ) or it may be a single chain TCR construct. In some embodiments, the TCR
is a heterodimer containing two separate chains (a and 3 chains or y and 6 chains) that are linked,
such as by a disulfide bond or disulfide bonds.

According to the invention, the antigen binding domain used for the CAR-t cells can be

used for the T cells armed with recombinant T Cell Receptor (TCR).

RINF inhibition
Inhibition of RINF in the immune cell of the invention (notably T cell or CAR-T cell)

can be done by any compound, any agent natural (like RINF inhibitor) or any known method

such as genetically method.
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Notably, according to the present invention, the immune cell of the invention is
genetically modified in order to silence the RINF gene. In particular, the gene coding for RINF
is deleted or mutated resulting on a non-viable RNA.

All the techniques known by the skilled man may be used for silencing the RINF gene.

Inhibition of RINF in the immune cell according to the present invention can be
permanent and irreversible or transient or reversible. Preferably however, RINF inhibition is
permanent and irreversible. Inhibition of RINF in the immune cell of the invention may be

achieved prior or after injection of the cell in the targeted patient.

In one embodiment, a RINF inhibitor according to the invention may be a low molecular
weight compound, e. g. a small organic molecule (natural or not).

The term "small organic molecule" refers to a molecule (natural or not) of a size
comparable to those organic molecules generally used in pharmaceuticals. The term excludes
biological macromolecules (e. g., proteins, nucleic acids, etc.). Particular small organic
molecules range in size up to about 10000 Da, more particularly up to 5000 Da, more
particularly up to 2000 Da and most particularly up to about 1000 Da.

The present invention provides for an isolated single domain antibody, wherein said
antibody inhibit RINF.

As used herein the term “single domain antibody” has its general meaning in the art and
refers to the single heavy chain variable domain of antibodies of the type that can be found in
Camelid mammals which are naturally devoid of light chains. Such single domain antibody 1s
also called VHH or “nanobody®”. For a general description of (single) domain antibodies,
reference is also made to the prior art cited above, as well as to EP 0 368 684, Ward et al.
(Nature 1989 Oct 12; 341 (6242): 544-6), Holt et al., Trends Biotechnol., 2003, 21(11):484-
490; and WO 06/030220, WO 06/003388. The nanobody has a molecular weight approximately
one-tenth that of a human IgG molecule, and the protein has a physical diameter of only a few
nanometers. One consequence of the small size is the ability of camelid nanobodies to bind to

camelid

2

antigenic sites that are functionally invisible to larger antibody proteins, i.e.
nanobodies are useful as reagents to detect antigens that are otherwise cryptic using classical
immunological techniques, and as possible therapeutic agents. Thus yet another consequence
of small size is that a nanobody can inhibit as a result of binding to a specific site in a groove
or narrow cleft of a target protein, and hence can serve in a capacity that more closely resembles

the function of a classical low molecular weight drug than that of a classical antibody. The low
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molecular weight and compact size further result in nanobodies being extremely thermostable,
stable to extreme pH and to proteolytic digestion, and poorly antigenic. Another consequence
is that nanobodies readily move from the circulatory system into tissues, and even cross the
blood-brain barrier and can treat disorders that affect nervous tissue. Nanobodies can further
facilitated drug transport across the blood brain barrier. See U.S. patent application
20040161738 published August 19, 2004. These features combined with the low antigenicity
to humans indicate great therapeutic potential. The amino acid sequence and structure of a
single domain antibody can be considered to be comprised of four framework regions or "FRs"
which are referred to in the art and herein as "Framework region 1" or "FRI "; as "Framework
region 2" or "FR2"; as "Framework region 3 " or "FR3"; and as "Framework region 4" or “FR4”
respectively; which framework regions are interrupted by three complementary determining
regions or "CDRs", which are referred to in the art as "Complementarity Determining Region
for "CDRI”; as "Complementarity Determining Region 2" or "CDR2” and as "Complementarity
Determining Region 3" or "CDR3", respectively. Accordingly, the single domain antibody can
be defined as an amino acid sequence with the general structure: FRI - CDRI - FR2 - CDR2 -
FR3 - CDR3 - FR4 in which FRI to FR4 refer to framework regions 1 to 4 respectively, and in
which CDRI to CDR3 refer to the complementarity determining regions 1 to 3. In the context
of the invention, the amino acid residues of the single domain antibody are numbered according
to the general numbering for VH domains given by the International ImMunoGeneTics
information system aminoacid numbering (http://imgt.cines.fr/).

Camel Ig can be modified by genetic engineering to yield a small protein having high
affinity for a target, resulting in a low molecular weight antibody-derived protein known as a
"nanobody" or “VHH”. See U.S. patent number 5,759,808 issued June 2, 1998; see also
Stijlemans, B. et al. , 2004 J Biol Chem 279: 1256-1261 ; Dumoulin, M. et a/. , 2003 Nature
424: 783-788; Pleschberger, M. et al. 2003 Bioconjugate Chem 14: 440- 448; Cortez-Retamozo,
V. etal. 2002 Int J Cancer 89: 456-62; and Lauwereys, M. et al. 1998 EMBO J 17: 3512-3520.
Engineered libraries of camelid antibodies and antibody fragments are commercially available,
for example, from Ablynx, Ghent, Belgium. In certain embodiments herein, the camelid
antibody or nanobody is naturally produced in the camelid animal, i.e., is produced by the
camelid following immunization with RINF or a peptide fragment thereof, using techniques
described herein for other antibodies. Alternatively, the RINF-binding camelid nanobody is
engineered, i.e. , produced by selection for example from a library of phage displaying
appropriately mutagenized camelid nanobody proteins using panning procedures with RINF as

a target.
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In some embodiments, the single domain antibody is a “humanized” single domain
antibody.

As used herein the term “humanized” refers to a single domain antibody of the invention
wherein an amino acid sequence that corresponds to the amino acid sequence of a naturally
occurring VHH domain has been "humanized", i.e. by replacing one or more amino acid
residues in the amino acid sequence of said naturally occurring VHH sequence (and in particular
in the framework sequences) by one or more of the amino acid residues that occur at the
corresponding position(s) in a VH domain from a conventional chain antibody from a human
being. Methods for humanizing single domain antibodies are well known in the art. Typically,
the humanizing substitutions should be chosen such that the resulting humanized single domain
antibodies still retain the favourable properties of single domain antibodies of the invention.
The one skilled in the art is able to determine and select suitable humanizing substitutions or
suitable combinations of humanizing substitutions. For example, the single domain antibodies
of the invention may be suitably humanized at any framework residue that the single domain

antibodies remain soluble and do not significantly loss their affinity for RINF.

In one embodiment, the compound according to the invention is a a peptide or a
polypeptide.

In a particular embodiment the polypeptide is an antagonist of RINF and is capable to
prevent the function of RINF. Particularly, the polypeptide can be a mutated RINF protein or a
similar protein without the function of RINF.

In one embodiment, the polypeptide of the invention may be linked to a cell-penetrating
peptide” to allow the penetration of the polypeptide in the cell.

The term “cell-penetrating peptides” are well known in the art and refers to cell
permeable sequence or membranous penetrating sequence such as penetratin, TAT
mitochondrial penetrating sequence and compounds (Bechara and Sagan, 2013; Jones and
Sayers, 2012; Khafagy el and Morishita, 2012; Malhi and Murthy, 2012).

The polypeptides of the invention may be produced by any suitable means, as will be
apparent to those of skill in the art. In order to produce sufficient amounts of polypeptide or
functional equivalents thereof for use in accordance with the present invention, expression may
conveniently be achieved by culturing under appropriate conditions recombinant host cells
containing the polypeptide of the invention. Preferably, the polypeptide is produced by
recombinant means, by expression from an encoding nucleic acid molecule. Systems for

cloning and expression of a polypeptide in a variety of different host cells are well known.
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When expressed in recombinant form, the polypeptide is preferably generated by
expression from an encoding nucleic acid in a host cell. Any host cell may be used, depending
upon the individual requirements of a particular system. Suitable host cells include bacteria
mammalian cells, plant cells, yeast and baculovirus systems. Mammalian cell lines available in
the art for expression of a heterologous polypeptide include Chinese hamster ovary cells. HelLa
cells, baby hamster kidney cells and many others. Bacteria are also preferred hosts for the
production of recombinant protein, due to the ease with which bacteria may be manipulated and
grown. A common, preferred bacterial host is E coli.

In specific embodiments, it is contemplated that polypeptides used in the therapeutic
methods of the present invention may be modified in order to improve their therapeutic efficacy.
Such modification of therapeutic compounds may be used to decrease toxicity, increase
circulatory time, or modify biodistribution. For example, the toxicity of potentially important
therapeutic compounds can be decreased significantly by combination with a variety of drug
carrier vehicles that modify biodistribution. In example adding dipeptides can improve the
penetration of a circulating agent in the eye through the blood retinal barrier by using
endogenous transporters.

A strategy for improving drug viability is the utilization of water-soluble polymers.
Various water-soluble polymers have been shown to modify biodistribution, improve the mode
of cellular uptake, change the permeability through physiological barriers; and modify the rate
of clearance from the body. To achieve either a targeting or sustained-release effect, water-
soluble polymers have been synthesized that contain drug moieties as terminal groups, as part
of the backbone, or as pendent groups on the polymer chain.

Polyethylene glycol (PEG) has been widely used as a drug carrier, given its high degree
of biocompatibility and ease of modification. Attachment to various drugs, proteins, and
liposomes has been shown to improve residence time and decrease toxicity. PEG can be coupled
to active agents through the hydroxyl groups at the ends of the chain and via other chemical
methods; however, PEG itself is limited to at most two active agents per molecule. In a different
approach, copolymers of PEG and amino acids were explored as novel biomaterials which
would retain the biocompatibility properties of PEG, but which would have the added advantage
of numerous attachment points per molecule (providing greater drug loading), and which could
be synthetically designed to suit a variety of applications.

Those of skill in the art are aware of PEGylation techniques for the effective
modification of drugs. For example, drug delivery polymers that consist of alternating polymers

of PEG and tri-functional monomers such as lysine have been used by VectraMed (Plainsboro,
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N.J.). The PEG chains (typically 2000 daltons or less) are linked to the a- and e-amino groups
of lysine through stable urethane linkages. Such copolymers retain the desirable properties of
PEG, while providing reactive pendent groups (the carboxylic acid groups of lysine) at strictly
controlled and predetermined intervals along the polymer chain. The reactive pendent groups
can be used for derivatization, cross-linking, or conjugation with other molecules. These
polymers are useful in producing stable, long-circulating pro-drugs by varying the molecular
weight of the polymer, the molecular weight of the PEG segments, and the cleavable linkage
between the drug and the polymer. The molecular weight of the PEG segments affects the
spacing of the drug/linking group complex and the amount of drug per molecular weight of
conjugate (smaller PEG segments provides greater drug loading). In general, increasing the
overall molecular weight of the block co-polymer conjugate will increase the circulatory half-
life of the conjugate. Nevertheless, the conjugate must either be readily degradable or have a
molecular weight below the threshold-limiting glomular filtration (e.g., less than 60 kDa).

In addition, to the polymer backbone being important in maintaining circulatory half-
life, and biodistribution, linkers may be used to maintain the therapeutic agent in a pro-drug
form until released from the backbone polymer by a specific trigger, typically enzyme activity
in the targeted tissue. For example, this type of tissue activated drug delivery is particularly
useful where delivery to a specific site of biodistribution is required and the therapeutic agent
is released at or near the site of pathology. Linking group libraries for use in activated drug
delivery are known to those of skill in the art and may be based on enzyme kinetics, prevalence
of active enzyme, and cleavage specificity of the selected disease-specific enzymes. Such
linkers may be used in modifying the protein or fragment of the protein described herein for

therapeutic delivery.

In another embodiment, the RINF inhibitor according to the invention is an inhibitor of
RINF gene expression. Particularly, ribozymes, antisense oligonucleotides, siRNAs, miRNA
or shRNAs are used for silencing the RINF gene.

Small inhibitory RNAs (siRNAs) can also function as inhibitors of rinf expression for
use in the present invention. RINF gene expression can be reduced by contacting a subject or
cell with a small double stranded RNA (dsRNA), or a vector or construct causing the production
of a small double stranded RNA, such that rinf gene expression is specifically inhibited (i.e.
RNA interference or RNA1). Methods for selecting an appropriate dSRNA or dsRNA-encoding
vector are well known in the art for genes whose sequence is known (e.g. see for example

Tuschl, T. et al. (1999); Elbashir, S. M. et al. (2001); Hannon, GJ. (2002); McManus, MT. et
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al. (2002); Brummelkamp, TR. et al. (2002); U.S. Pat. Nos. 6,573,099 and 6,506,559; and
International Patent Publication Nos. WO 01/36646, WO 99/32619, and WO 01/68836).

A short hairpin RNA (shRNA) is a sequence of RNA that makes a tight hairpin turn that
can be used to silence gene expression via RNA interference. shRNA is generally expressed
using a vector introduced into cells, wherein the vector utilizes the U6 promoter ( or the H1
promoter) to ensure that the shRNA is always expressed. The shRNA hairpin structure is
cleaved by the cellular machinery into siRNA, which is then bound to the RNA-induced
silencing complex (RISC). In particular SEQ ID NO: 2 may be used. This complex binds to
and cleaves mRNAs that match the siRNA to which it is bound. Small interfering RNA (siRNA),
sometimes known as short interfering RNA or silencing RNA, are a class of 20-25 nucleotide-
long double-stranded RNA molecules that play a variety of roles in biology. Most notably,
siRNA is involved in the RNA interference (RNAi) pathway whereby the siRNA interferes
with the expression of a specific gene.

Ribozymes can also function as inhibitors of rinf gene expression for use in the present
invention. Ribozymes are enzymatic RNA molecules capable of catalyzing the specific
cleavage of RNA. The mechanism of ribozyme action involves sequence specific hybridization
of the ribozyme molecule to complementary target RNA, followed by endonucleolytic cleavage.
Engineered hairpin or hammerhead motif ribozyme molecules that specifically and efficiently
catalyze endonucleolytic cleavage of RINF mRNA sequences are thereby useful within the
scope of the present invention. Specific ribozyme cleavage sites within any potential RNA
target are initially identified by scanning the target molecule for ribozyme cleavage sites, which
typically include the following sequences, GUA, GUU, and GUC. Once identified, short RNA
sequences of between about 15 and 20 ribonucleotides corresponding to the region of the target
gene containing the cleavage site can be evaluated for predicted structural features, such as
secondary structure, that can render the oligonucleotide sequence unsuitable. The suitability of
candidate targets can also be evaluated by testing their accessibility to hybridization with
complementary oligonucleotides, using, e.g., ribonuclease protection assays.

Both antisense oligonucleotides and ribozymes useful as inhibitors of rinf gene
expression can be prepared by known methods. These include techniques for chemical synthesis
such as, e.g., by solid phase phosphoramadite chemical synthesis. Alternatively, anti-sense
RNA molecules can be generated by in vitro or in vivo transcription of DNA sequences
encoding the RNA molecule. Such DNA sequences can be incorporated into a wide variety of
vectors that incorporate suitable RNA polymerase promoters such as the T7 or SP6 polymerase

promoters. Various modifications to the oligonucleotides of the invention can be introduced as
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a means of increasing intracellular stability and half-life. Possible modifications include but are
not limited to the addition of flanking sequences of ribonucleotides or deoxyribonucleotides to
the 5' and/or 3' ends of the molecule, or the use of phosphorothioate or 2'-O-methyl rather than
phosphodiesterase linkages within the oligonucleotide backbone.

Antisense oligonucleotides, shRNAs, siRNAs and ribozymes of the invention may be
delivered in vivo alone or in association with a vector. In its broadest sense, a "vector" is any
vehicle capable of facilitating the transfer of the antisense oligonucleotide siRNA or ribozyme
nucleic acid to the cells and particularly cells expressing RINF. Particularly, the vector
transports the nucleic acid to cells with reduced degradation relative to the extent of degradation
that would result in the absence of the vector. In general, the vectors useful in the invention
include, but are not limited to, plasmids, phagemids, viruses, other vehicles derived from viral
or bacterial sources that have been manipulated by the insertion or incorporation of the antisense
oligonucleotide siRNA or ribozyme nucleic acid sequences. Viral vectors are a particular type
of vector and include, but are not limited to nucleic acid sequences from the following viruses:
retrovirus, such as moloney murine leukemia virus, harvey murine sarcoma virus, murine
mammary tumor virus, and rouse sarcoma virus; adenovirus, adeno-associated virus, SV40-
type viruses; polyoma viruses, Epstein-Barr viruses; papilloma viruses; herpes virus; vaccinia
virus; polio virus; and RNA virus such as a retrovirus. One can readily employ other vectors
not named but known to the art.

Particular viral vectors are based on non-cytopathic eukaryotic viruses in which non-
essential genes have been replaced with the gene of interest. Non-cytopathic viruses include
retroviruses (e.g., lentivirus), the life cycle of which involves reverse transcription of genomic
viral RNA into DNA with subsequent proviral integration into host cellular DNA. Retroviruses
have been approved for human gene therapy trials. Most useful are those retroviruses that are
replication-deficient (i.e., capable of directing synthesis of the desired proteins, but incapable
of manufacturing an infectious particle). Such genetically altered retroviral expression vectors
have general utility for the high-efficiency transduction of genes in vivo. Standard protocols for
producing replication-deficient retroviruses (including the steps of incorporation of exogenous
genetic material into a plasmid, transfection of a packaging cell lined with plasmid, production
of recombinant retroviruses by the packaging cell line, collection of viral particles from tissue
culture media, and infection of the target cells with viral particles) are provided in Kriegler,
1990 and in Murry, 1991).

Other vectors include plasmid vectors. Plasmid vectors have been extensively described

in the art and are well known to those of skill in the art. See e.g. Sambrook et al., 1989. In the



10

15

20

25

30

WO 2024/074713 -30- PCT/EP2023/077788
last few years, plasmid vectors have been used as DNA vaccines for delivering antigen-
encoding genes to cells in vivo. They are particularly advantageous for this because they do not
have the same safety concerns as with many of the viral vectors. These plasmids, however,
having a promoter compatible with the host cell, can express a peptide from a gene operatively
encoded within the plasmid. Some commonly used plasmids include pBR322, pUCI18, pUCI9,
pRC/CMYV, SV40, and pBlueScript. Other plasmids are well known to those of ordinary skill
in the art. Additionally, plasmids may be custom designed using restriction enzymes and
ligation reactions to remove and add specific fragments of DNA. Plasmids may be delivered by
a variety of parenteral, mucosal and topical routes. For example, the DNA plasmid can be
injected by intramuscular, eye, intradermal, subcutaneous, or other routes. It may also be
administered by intranasal sprays or drops, rectal suppository and orally. It may also be
administered into the epidermis or a mucosal surface using a gene-gun. The plasmids may be
given in an aqueous solution, dried onto gold particles or in association with another DNA
delivery system including but not limited to liposomes, dendrimers, cochleate and
microencapsulation.

In a particular embodiment, a specific construct encoding by a vector and containing a

shRNA has a sequence a set for in SED ID NO: 2 (see the examples).

In a particular embodiment, the antisense oligonucleotide, siRNA, shRNA or ribozyme
nucleic acid sequence is under the control of a heterologous regulatory region, e.g., a
heterologous promoter. The promoter may be specific for Muller glial cells, microglia cells,
endothelial cells, pericyte cells and astrocytes. For example, a specific expression in Muller
glial cells may be obtained through the promoter of the glutamine synthetase gene is suitable.
The promoter can also be, e.g., a viral promoter, such as CMV promoter or any synthetic

promoters.

In one embodiment, an endonuclease is used for silencing the RINF gene. In one
embodiment, the "CRISPR/Cas9" technology is used for silencing the RINF gene.

As used herein, the term "CRISPR" has its general meaning in the art and refers to
clustered regularly interspaced short palindromic repeats associated which are the segments of
prokaryotic DNA containing short repetitions of base sequences. In bacteria the CRISPR/Cas
loci encode RNA-guided adaptive immune systems against mobile genetic elements (viruses,
transposable elements and conjugative plasmids). Three types (I-IIT) of CRISPR systems have

been identified. CRISPR clusters contain spacers, the sequences complementary to antecedent



10

15

20

25

30

WO 2024/074713 -3l PCT/EP2023/077788
mobile elements. CRISPR clusters are transcribed and processed into mature CRISPR
(Clustered Regularly Interspaced Short Palindromic Repeats) RNA (crRNA). The CRISPR-
associated endonuclease, Cas9, belongs to the type II CRISPR/Cas system and has strong
endonuclease activity to cut target DNA. Cas9 is guided by a mature crRNA that contains about
20 base pairs (bp) of unique target sequence (called spacer) and a trans-activated small RNA
(tractrRNA) that serves as a guide for ribonuclease Ill-aided processing of pre-crRNA. The
crRNA :tracrRNA duplex directs Cas9 to target DNA via complementary base pairing between
the spacer on the crRNA and the complementary sequence (called protospacer) on the target
DNA. Cas9 recognizes a trinucleotide (NGG) protospacer adjacent motif (PAM) to specify the
cut site (the 3rd nucleotide from PAM). The ctRNA and tractRNA can be expressed separately
or engineered into an artificial fusion small guide RNA (sgRNA) via a synthetic stem loop to
mimic the natural crRNA/tractRNA duplex. Such sgRNA, like shRNA, can be synthesized or
in vitro transcribed for direct RNA transfection or expressed from U6 or HI-promoted RNA
expression vector, although cleavage efficiencies of the artificial sgRNA are lower than those
for systems with the crRNA and tractrRNA expressed separately. In some embodiments, the
CRISPR-associated endonuclease can be a Cas9 nuclease. The Cas9 nuclease can have a
nucleotide sequence identical to the wild type Streptococcus pyrogenes sequence. In some
embodiments, the CRISPR-associated endonuclease can be a sequence from other species, for
example other Streptococcus species, such as thermophilus; Pseudomona aeruginosa,
Escherichia coli, or other sequenced bacteria genomes and archaea, or other prokaryotic
microogranisms. Alternatively, the wild type Streptococcus pyrogenes Cas9 sequence can be
modified. The nucleic acid sequence can be codon optimized for efficient expression in
mammalian cells, i.e., "humanized." A humanized Cas9 nuclease sequence can be for example,
the Cas9 nuclease sequence encoded by any of the expression vectors listed in Genbank
accession numbers KM099231.1 GL669193757;, KM099232.1 GL669193761; or KM099233 .1
GL669193765. Alternatively, the Cas9 nuclease sequence can be for example, the sequence
contained within a commercially available vector such as PX330 or PX260 from Addgene
(Cambridge, MA). In some embodiments, the Cas9 endonuclease can have an amino acid
sequence that is a variant or a fragment of any of the Cas9 endonuclease sequences of Genbank
accession numbers KMO099231.1 GL669193757, KMO099232.1; GL669193761; or
KMO099233.1 GL669193765 or Cas9 amino acid sequence of PX330 or PX260 (Addgene,
Cambridge, MA). The Cas9 nucleotide sequence can be modified to encode biologically active
variants of Cas9, and these variants can have or can include, for example, an amino acid

sequence that differs from a wild type Cas9 by virtue of containing one or more mutations (e.g.,
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an addition, deletion, or substitution mutation or a combination of such mutations). One or more
of the substitution mutations can be a substitution (e.g., a conservative amino acid substitution).
For example, a biologically active variant of a Cas9 polypeptide can have an amino acid
sequence with at least or about 50% sequence identity (e.g., at least or about 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%), 97%), 98%), or 99% sequence identity) to a wild type
Cas9 polypeptide. Conservative amino acid substitutions typically include substitutions within
the following groups: glycine and alanine; valine, isoleucine, and leucine; aspartic acid and
glutamic acid; asparagine, glutamine, serine and threonine; lysine, histidine and arginine; and
phenylalanine and tyrosine. The Cas9 nuclease sequence can be a mutated sequence. For
example the Cas9 nuclease can be mutated in the conserved FiNH and RuvC domains, which
are involved in strand specific cleavage. For example, an aspartate-to-alanine (D10A) mutation
in the RuvC catalytic domain allows the Cas9 nickase mutant (Cas9n) to nick rather than cleave
DNA to yield single-stranded breaks, and the subsequent preferential repair through HDR can
potentially decrease the frequency of unwanted indel mutations from off-target double-
stranded breaks. The polypeptides that are biologically active variants of a CRISPR- associated
endonuclease can be characterized in terms of the extent to which their sequence is similar to
or identical to the corresponding wild-type polypeptide. For example, the sequence of a
biologically active variant can be at least or about 80% identical to corresponding residues in
the wild-type polypeptide. For example, a biologically active variant of a CRISPR-associated
endonuclease can have an amino acid sequence with at least or about 80% sequence identity
(e.g., at least or about 85%, 90%, 95%, 97%, 98%, or 99% sequence identity) to a CRISPR-
associated endonuclease or to a homolog or ortholog thereof. A biologically active variant of a
CRISPR-associated endonuclease polypeptide will retain sufficient biological activity to be
useful in the present methods. The biologically active variants will retain sufficient activity to
function in targeted DNA cleavage. The biological activity can be assessed in ways known to
one of ordinary skill in the art and includes, without limitation, in vitro cleavage assays or
functional assays.

It has already been successfully used to target important genes in many cell lines and
organisms, including human (Mali et al., 2013, Science, Vol. 339 : 823-826), bacteria (Fabre
et al., 2014, PLoS Negl. Trop. Dis., Vol. 8:€2671.), zebrafish (Hwang et al., 2013, PLoS One,
Vol. 8:68708.), C. elegans (Hai et al., 2014 Cell Res. doi: 10.1038/cr.2014.11.), bacteria (Fabre
et al., 2014, PLoS Negl. Trop. Dis., Vol. 8:¢2671.), plants (Mali et al., 2013, Science, Vol. 339 :
823-826), Xenopus tropicalis (Guo et al., 2014, Development, Vol. 141 : 707-714.), yeast
(DiCarlo et al., 2013, Nucleic Acids Res., Vol. 41 : 4336-4343.), Drosophila (Gratz et al., 2014
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Genetics, doi:10.1534/genetics. 113.160713), monkeys (Niu et al., 2014, Cell, Vol. 156 : 836—
843.), rabbits (Yang et al., 2014, J. Mol. Cell Biol., Vol. 6 : 97-99.), pigs (Hai et al., 2014, Cell
Res. doi: 10.1038/cr.2014.11.), rats (Ma et al., 2014, Cell Res., Vol. 24 : 122-125.) and mice
(Mashiko et al., 2014, Dev. Growth Differ. Vol. 56 : 122-129)).

In some embodiment, the endonuclease is CRISPR-Cpf1 which is the more recently
characterized CRISPR from Provotella and Francisella 1 (Cpfl) in Zetsche et al. (“Cpfl is a
Single RNA-guided Endonuclease of a Class 2 CRISPR-Cas System (2015); Cell; 163, 1-13).
In particular, SEQ ID NO: 3 and SEQ ID NO: 4 may be used.

Methods of treatment of the invention

Immune cells or CAR-T cells obtained by the methods of the invention can be used to
improve the immune response and thus can be used to boost the immune system and thus treat
diseases like cancer and infectious diseases.

Thus, another aspect of the invention relates to immune cells (or to a population of
immune cells of the invention) obtained (or produced) by a method of the invention to improve
the immune response.

Particularly, the invention relates to immune cells (or to a population of immune cells
of the invention) characterized in that it is defective for RINF for use in a method to improve

the immune response.

Particularly, the invention relates to immune cells obtained by a method of the invention
for use in the treatment of a cancer or an infectious disease.

Particularly, the invention relates to a method of treating a cancer or an infectious
disease in a subject in need thereof, said method comprising administering to the subject a
therapeutically effective amount of immune cells of the invention or of a population of immune
cells of the invention.

Particularly, the invention relates to immune cells (or of a population of immune cells
of the invention) characterized in that it is defective for RINF for use in the treatment of cancer
or an infectious disease. Particularly, the immune cells are CAR T cells or T cells armed with
recombinant T Cell Receptor (TCR).

In a particular embodiment, the immune cells or the CAR-T cells of the invention can

be used in an allogenic treatment.
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In a particular embodiment, the immune cells or the CAR-T cells of the invention can

be used in inflammatory diseases (auto-inflammatory disease) like lupus, cardiac diseases like

cardiac fibrosis, auto-immunes diseases, transplantation or aging related-disorders.

According to the invention, the population of immune cells or of CAR-T cells prepared
as described above can be utilized in methods and compositions for adoptive immunotherapy
in accordance with known techniques, or variations thereof that will be apparent to those skilled
in the art.

Methods for administration of cells for adoptive cell therapy are known and may be used
in connection with the provided methods and compositions. For example, adoptive T cell
therapy methods are described, e.g., in US Patent Application Publication No. 2003/0170238
to Gruenberg et al; US Patent No. 4,690,915 to Rosenberg; Rosenberg (201 1 ) Nat Rev Clin
Oncol. 8(10):577-85). See, e.g., Themeli et al. (2013) Nat Biotechnol. 31 (10): 928-933;
Tsukahara et al. (2013) Biochem Biophys Res Commun 438(1 ): 84-9; Davila et al. (2013)
PLoS ONE 8(4): e61338. In some embodiments, the cell therapy, e.g., adoptive cell therapy,
e.g., adoptive T cell therapy, is carried out by autologous transfer, in which the cells are isolated
and/or otherwise prepared from the subject who is to receive the cell therapy, or from a sample
derived from such a subject. Thus, in some aspects, the immune cell or population of immune
cells of the invention are derived from a subject, e.g., patient, in need of a treatment and the

cells, following isolation and processing are administered to the same subject.

In some embodiments, the cell therapy, e.g., adoptive cell therapy, e.g., adoptive T cell
therapy or adoptive CAR-T cell therapy, is carried out by allogeneic transfer, in which the cells
are isolated and/or otherwise prepared from a subject other than a subject who is to receive or
who ultimately receives the cell therapy, e.g., a first subject. In such embodiments, the cells
then are administered to a different subject, e.g., a second subject, of the same species. In some
embodiments, the first and second subjects are genetically identical. In some embodiments, the
first and second subjects are genetically similar. In some embodiments, the second subject

expresses the same HLLA class or supertype as the first subject.

According to the invention, the cancer may be a liquid or a solid cancer.
In one embodiment, the cancer may be a cancer selected from the group consisting in
adrenal cortical cancer, anal cancer, bile duct cancer (e.g. perihilar cancer, distal bile duct

cancer, intrahepatic bile duct cancer), bladder cancer, bone cancer (e.g. osteoblastoma,
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osteochrondroma, hemangioma, chondromyxoid fibroma, osteosarcoma, chondrosarcoma,
fibrosarcoma, malignant fibrous histiocytoma, giant cell tumor of the bone, chordoma), brain
and central nervous system cancer (e.g. meningioma, astocytoma, oligodendrogliomas,
ependymoma, gliomas, medulloblastoma, ganglioglioma, Schwannoma, germinoma,
craniopharyngioma), breast cancer (e.g. ductal carcinoma in situ, infiltrating ductal carcinoma,
infiltrating lobular carcinoma, lobular carcinoma in situ, gynecomastia), Castleman disease (e.g.
giant lymph node hyperplasia, angiofollicular lymph node hyperplasia), cervical cancer,
colorectal cancer, endometrial cancer (e.g. endometrial adenocarcinoma, adenocanthoma,
papillary serous adenocarcinoma, clear cell), esophagus cancer, gallbladder cancer (mucinous
adenocarcinoma, small cell carcinoma), gastrointestinal carcinoid tumors (e.g. choriocarcinoma,
chorioadenoma destruens), Hodgkin's disease, Kaposi's sarcoma, kidney cancer (e.g. renal cell
cancer), laryngeal and hypopharyngeal cancer, liver cancer (e.g. hemangioma, hepatic adenoma,
focal nodular hyperplasia, hepatocellular carcinoma), lung cancer (e.g. small cell lung cancer,
non-small cell lung cancer), mesothelioma, plasmacytoma, nasal cavity and paranasal sinus
cancer (e.g. esthesioneuroblastoma, midline granuloma), nasopharyngeal cancer,
neuroblastoma, oral cavity and oropharyngeal cancer, ovarian cancer, pancreatic cancer, penile
cancer, pituitary cancer, prostate cancer, retinoblastoma, rhabdomyosarcoma (e.g. embryonal
rhabdomyosarcoma, alveolar rhabdomyosarcoma, pleomorphic rhabdomyosarcoma), salivary
gland cancer, skin cancer (e.g. melanoma, nonmelanoma skin cancer), stomach cancer,
testicular cancer (e.g. seminoma, nonseminoma germ cell cancer), thymus cancer, thyroid
cancer (e.g. follicular carcinoma, anaplastic carcinoma, poorly differentiated carcinoma,
medullary thyroid carcinoma,), vaginal cancer, vulvar cancer, and uterine cancer (e.g. uterine

leiomyosarcoma).

According to the invention, the infectious diseases can be due to a pathogen like a virus,
bacterium, protozoan, prion, viroid, or fungus.

According to the invention, the bacterium can be selected from the group consisting of
Streptococcus pneumoniae; Staphylococcus aureus; Haemophilus influenza, Myoplasma
species, Moraxella catarrhalis, Escherichia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella,
Proteus, Salmonella, e.g., Salmonella enterica serovar, Typhimurium, Serratia, e.g., Serratia
marcescans, and Shigella, as well as Bacilli such as B. subtilis and B. licheniformis,
Pseudomonas such as P. aeruginosa, Campylobacter, Mycobacterium tuberculosis, and

Streptomyce.
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According to the invention, the fungus can be selected from the group consisting of:
aspergillus, Candida albicans and Cryptococcus neoformans.

More particularly, the infectious disease is induced by a respiratory virus.

Particularly, the respiratory virus can be Influenza virus, such as the Influenza A virus
(IAV) or the Influenza B virus (IAB), adenovirus, metapneumovirus, cytomegalovirus,
parainfluenza virus (e.g., hPIV-1, hPIV-2, hPIV-3, hPIV-4), the human rhinovirus (HRV), the
Human respiratory syncytial virus (HRSV) or a coronavirus.

As used herein, the term “coronavirus™ has its general meaning in the art and refers to
any member of the Coronaviridae family. Coronavirus is a virus whose genome is plus-stranded
RNA of about 27 kb to about 33 kb in length depending on the particular virus. The virion RNA
has a cap at the 5’ end and a poly A tail at the 3’ end. The length of the RNA makes
coronaviruses the largest of the RNA virus genomes. In particular, coronavirus RNAs encode:
(1) an RNA-dependent RNA polymerase; (2) N-protein; (3) three envelope glycoproteins; plus
(4) three non-structural proteins. In particular, the coronavirus particle comprises at least the
four canonical structural proteins E (envelope protein), M (membrane protein), N (nucleocapsid
protein), and S (spike protein). The S protein is cleaved into 3 chains: Spike protein S1, Spike
protein S2 and Spike protein S2'. Production of the replicase proteins is initiated by the
translation of ORFla and ORFlab via a —1 ribosomal frame-shifting mechanism. This
mechanism produces two large viral polyproteins, ppla and pplab, that are further processed
by two virally encoded cysteine proteases, the papain-like protease (PLpro) and a 3C-like
protease (3CLpro), which is sometimes referred to as main protease (Mpro). Coronaviruses
infect a variety of mammals and birds. They cause respiratory infections (common), enteric
infections (mostly in infants >12 mo.), and possibly neurological syndromes. Coronaviruses are
transmitted by aerosols of respiratory secretions. Coronaviruses are exemplified by, but not
limited to, human enteric coV (ATCC accession # VR-1475), human coV 229E (ATCC
accession # VR-740), human coV OC43 (ATCC accession # VR-920), Middle East respiratory
syndrome-related coronavirus (MERS-Cov) and SARS-coronavirus (Center for Disease
Control), in particular SARS-Cov1 and SARS-Cov2.

According to the invention, the coronavirus can be a MERS-CoV, SARS-CoV, SARS-

CoV-2 or any new future family members.

As used herein, the term "treatment" or "treat" refers to both prophylactic or preventive
treatment as well as curative or disease modifying treatment, including treatment of subjects at

risk of contracting the disease or suspected to have contracted the disease as well as subjects
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who are ill or have been diagnosed as suffering from a disease or medical condition, and
includes suppression of clinical relapse. The treatment may be administered to a subject having
a medical disorder or who ultimately may acquire the disorder, in order to prevent, cure, delay
the onset of, reduce the severity of, or ameliorate one or more symptoms of a disorder or
recurring disorder, or in order to prolong the survival of a subject beyond that expected in the
absence of such treatment. By "therapeutic regimen" is meant the pattern of treatment of an
illness (e.g., the pattern of dosing used during therapy). A therapeutic regimen may include an
induction regimen and a maintenance regimen. The phrase "induction regimen" or "induction
period" refers to a therapeutic regimen (or the portion of a therapeutic regimen) that is used for
the initial treatment of a disease. The general goal of an induction regimen is to provide a high
level of drug to a subject during the initial period of a treatment regimen. An induction regimen
may employ (in part or in whole) a "loading regimen", which may include administering a
greater dose of the drug than a physician would employ during a maintenance regimen,
administering a drug more frequently than a physician would administer the drug during a
maintenance regimen, or both. The phrase "maintenance regimen" or "maintenance period"
refers to a therapeutic regimen (or the portion of a therapeutic regimen) that is used for the
maintenance of a subject during treatment of an illness, e.g., to keep the subject in remission
for long periods of time (months or years). A maintenance regimen may employ continuous
therapy (e.g., administering a drug at regular intervals, e.g., weekly, monthly, yearly, etc.) or
intermittent therapy (e.g., interrupted treatment, intermittent treatment, treatment at relapse, or
treatment upon achievement of a particular predetermined criteria [e.g., disease manifestation,
etc.]).

Asused herein, the term "subject" denotes a mammal, such as a rodent, a feline, a canine,

and a primate. Preferably, a subject according to the invention is a human.

Thus, particularly, the invention also relates to an immune cell obtained by the methods
of the invention for use in the treatment of infectious disease induced by a pathogen as described

above in a subject in need thereof.

Therapeutic composition
In another aspect, the invention relates to a therapeutic composition comprising an
immune cell or a population of immune cells obtained by the methods of the invention.
Particularly, the invention relates to a therapeutic composition comprising an immune

cell or a population of immune cells according to the invention.
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Particularly, the invention relates to a therapeutic composition comprising an immune
cell or a population of immune cells obtained by the methods of the invention to improve the
immune response.
Particularly, the invention relates to a therapeutic composition comprising an immune
cell or a population of immune cells characterized in that it is defective for RINF to improve

the immune response.

In another embodiment, the invention relates to a therapeutic composition comprising
an immune cell or a population of immune cells obtained by the method of the invention for
use in the treatment of cancer and infectious disease.

In another embodiment, the invention relates to a therapeutic composition comprising
an immune cell or a population of immune cells characterized in that it is defective for RINF
for use in the treatment of cancer and infectious disease.

Particularly, the immune cell is a TCR-transgenic T cells, a modified/engineered T cells

ora CAR T cell.

According to the invention, the immune cell or the population of immune cells are
administrated in a therapeutically effective amount.

Any therapeutic agent of the invention may be combined with pharmaceutically
acceptable excipients, and optionally sustained-release matrices, such as biodegradable
polymers, to form therapeutic compositions.

As used herein, the term "therapeutically effective amount" or “effective amount” refers
to an amount effective, at dosages and for periods of time necessary, to achieve a desired
therapeutic result. A therapeutically effective amount of the immune cell or the population of
immune cells of the present invention may vary according to factors such as the disease state,
age, sex, and weight of the individual, and the ability of the the immune cell or the population
of immune cells of the present invention to elicit a desired response in the individual. A
therapeutically effective amount is also one in which any toxic or detrimental effects of the the
immune cell or the population of immune cells of the present invention are outweighed by the
therapeutically beneficial effects. The efficient dosages and dosage regimens for the
combination of the the immune cell or the population of immune cells of the present invention
depend on the disease or condition to be treated and may be determined by the persons skilled
in the art. A physician having ordinary skill in the art may readily determine and prescribe the

effective amount of the pharmaceutical composition required. For example, the physician could
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start doses of the oligomers of the present invention employed in the pharmaceutical
composition at levels lower than that required in order to achieve the desired therapeutic effect
and gradually increase the dosage until the desired effect is achieved. In general, a suitable dose
of a composition of the present invention will be that amount of the compound which is the
lowest dose effective to produce a therapeutic effect according to a particular dosage regimen.
Such an effective dose will generally depend upon the factors described above. For example, a
therapeutically effective amount for therapeutic use may be measured by its ability to stabilize
the progression of disease. Typically, the ability of the the immune cell or the population of
immune cells of the invention may, for example, be evaluated in an animal model system
predictive of efficacy to treat cancer or infectious disease. Alternatively, this property of a
composition may be evaluated by examining the ability of the compound to induce cytotoxicity
by in vitro assays known to the skilled practitioner. A therapeutically effective amount of a
therapeutic compound may decrease latent reservoirs, or otherwise ameliorate symptoms in a
subject. One of ordinary skill in the art would be able to determine such amounts based on such
factors as the subject's size, the severity of the subject's symptoms, and the particular
composition or route of administration selected. An exemplary, non-limiting range for a
therapeutically effective amount of the immune cell or the population of immune cells of the
present invention is about 0.1-100 mg/kg, such as about 0.1-50 mg/kg, for example about 0.1-
20 mg/kg, such as about 0.1-10 mg/kg, for instance about 0.5, about such as 0.3, about 1, about
3 mg/kg, about 5 mg/kg or about 8 mg/kg An exemplary, non-limiting range for a
therapeutically effective amount of the immune cell or the population of immune cells of the
present invention is 0.02-100 mg/kg, such as about 0.02-30 mg/kg, such as about 0.05-10 mg/kg
or 0.1-3 mg/kg, for example about 0.5-2 mg/kg.

In other words, the quantity of the immune cell or the population of immune cells
administered to a subject in need thereof is between 10° to 10'° cells per kg. Particularly, the
quantity of cells injected is 10° or 107 cells per kg. Particularly the unit to use the immune cell
or the population of immune cells of the invention will be most advantageously a number of
cells per kg (as shown above).

Administration may be intravenous, intramuscular, intraperitoneal, intratumoral or
subcutaneous, and for instance administered proximal to the site of the target. Dosage regimens
in the above methods of treatment and uses are adjusted to provide the optimum desired
response (e.g., a therapeutic response). For example, a single bolus may be administered,
several divided doses may be administered over time or the dose may be proportionally reduced

or increased as indicated by the exigencies of the therapeutic situation. In some embodiments,
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the efficacy of the treatment is monitored during the therapy, e.g. at predefined points in time.
In some embodiments, the efficacy may be monitored by visualization of the disease area, or
by other diagnostic methods described further herein, e.g. by performing one or more PET-CT
scans. If desired, an effective daily dose of a pharmaceutical composition may be administered
as two, three, four, five, six or more sub-doses administered separately at appropriate intervals
throughout the day, optionally, in unit dosage forms. In some embodiments, the oligomers of
the present invention are administered by slow continuous infusion over a long period, such as
more than 24 hours, in order to minimize any unwanted side effects. An effective dose of the
CAR-T cells of the present invention may also be administered using a weekly, biweekly or
triweekly dosing period. The dosing period may be restricted to, e.g., 8 weeks, 12 weeks or
until clinical progression has been established. As non-limiting examples, treatment according
to the present invention may be provided as a daily dosage of the CAR-T cells of the present
invention in an amount of about 0.1-100 mg/kg, such as 0.2, 0.5,09, 1.0, 1.1, 15,2, 3,4, 5,6,
7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 40, 45,
50, 60, 70, 80, 90 or 100 mg/kg, per day, on at least one of days 1, 2, 3,4, 5,6,7,8,9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, or 40, or alternatively, at least one of weeks 1, 2, 3,4,5,6,7, 8,9, 10, 11, 12, 13,
14, 15,16, 17, 18, 19 or 20 after initiation of treatment, or any combination thereof, using single
or divided doses every 24, 12, 8, 6, 4, or 2 hours, or any combination thereof.

In other words, the quantity of the immune cell or the population of immune cells
administered to a subject in need thereof is between 10* to 10° cells per kg. Particularly, the
quantity of cells injected is 10° or 107 cells per kg. The immune cell or the population of immune
cells of the invention can be administrated is 1, 2, 3, 4 or 5 times to the subject in need thereof.

The immune cell or the population of immune cells of the invention may be used alone
or in combination with any suitable agent.

Any therapeutic agent of the invention may be combined with pharmaceutically
acceptable excipients, and optionally sustained-release matrices, such as biodegradable
polymers, to form therapeutic compositions.

"Pharmaceutically" or "pharmaceutically acceptable" refers to molecular entities and
compositions that do 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.
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Pharmaceutical compositions of the present invention may comprise a further
therapeutic active agent. The present invention also relates to a kit comprising an inhibitor
according to the invention and a further therapeutic active agent.

For example, anti-cancer agents may be added to the pharmaceutical composition as
described below.

Anti-cancer agents may be Melphalan, Vincristine (Oncovin), Cyclophosphamide
(Cytoxan), Etoposide (VP-16), Doxorubicin (Adriamycin), Liposomal doxorubicin (Doxil) and
Bendamustine (Treanda).

Others anti-cancer agents may be for example cytarabine, anthracyclines, fludarabine,
gemcitabine, capecitabine, methotrexate, taxol, taxotere, mercaptopurine, thioguanine,
hydroxyurea, cyclophosphamide, ifosfamide, nitrosoureas, platinum complexes such as
cisplatin, carboplatin and oxaliplatin, mitomycin, dacarbazine, procarbizine, etoposide,
teniposide, campathecins, bleomycin, doxorubicin, idarubicin, daunorubicin, dactinomycin,
plicamycin, mitoxantrone, L-asparaginase, doxorubicin, Epirubicin, 5-fluorouracil, taxanes
such as docetaxel and paclitaxel, leucovorin, levamisole, irinotecan, estramustine, etoposide,
nitrogen mustards, BCNU, nitrosoureas such as Carmustine and lomustine, vinca alkaloids such
as vinblastine, vincristine and vinorelbine, imatinib mesylate, hexamethyhnelamine, topotecan,
kinase inhibitors, phosphatase inhibitors, ATPase inhibitors, tyrphostins, protease inhibitors,
inhibitors herbimycin A, genistein, erbstatin, and lavendustin A. In one embodiment, additional
anticancer agents may be selected from, but are not limited to, one or a combination of the
following class of agents: alkylating agents, plant alkaloids, DNA topoisomerase inhibitors,
anti-folates, pyrimidine analogs, purine analogs, DNA antimetabolites, taxanes,
podophyllotoxin, hormonal therapies, retinoids, photosensitizers or photodynamic therapies,
angiogenesis inhibitors, antimitotic agents, isoprenylation inhibitors, cell cycle inhibitors,
actinomycins, bleomycins, MDR inhibitors and Ca2+ ATPase inhibitors.

Additional anti-cancer agents may be selected from, but are not limited to, cytokines,
chemokines, growth factors, growth inhibitory factors, hormones, soluble receptors, decoy
receptors, monoclonal or polyclonal antibodies, mono-specific, bi-specific or multi-specific
antibodies, monobodies, polybodies.

Additional anti-cancer agent may be selected from, but are not limited to, growth or
hematopoietic factors such as erythropoietin and thrombopoietin, and growth factor mimetics
thereof.

In the present methods for treating cancer the further therapeutic active agent can be an

antiemetic agent. Suitable antiemetic agents include, but are not limited to, metoclopromide,
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domperidone, prochlorperazine, promethazine, chlorpromazine, trimethobenzamide,
ondansetron, granisetron, hydroxyzine, acethylleucine monoemanolamine, alizapride,
azasetron, benzquinamide, bietanautine, bromopride, buclizine, clebopride, cyclizine,
dunenhydrinate, diphenidol, dolasetron, meclizme, methallatal, metopimazine, nabilone,
oxypemdyl, pipamazine, scopolamine, sulpiride, tetrahydrocannabinols, thiefthylperazine,
thioproperazine and tropisetron. In a preferred embodiment, the antiemetic agent is granisetron
or ondansetron.

In another embodiment, the further therapeutic active agent can be a hematopoietic
colony stimulating factor. Suitable hematopoietic colony stimulating factors include, but are
not limited to, filgrastim, sargramostim, molgramostim and epoietin alpha.

In still another embodiment, the other therapeutic active agent can be an opioid or non-
opioid analgesic agent. Suitable opioid analgesic agents include, but are not limited to,
morphine, heroin, hydromorphone, hydrocodone, oxymorphone, oxycodone, metopon,
apomorphine, nomioiphine, etoipbine, buprenorphine, mepeddine, lopermide, anileddine,
ethoheptazine, piminidine, betaprodine, diphenoxylate, fentanil, sufentanil, alfentanil,
remifentanil, levorphanol, dextromethorphan, phenazodne, pemazocine, cyclazocine,
methadone, isomethadone and propoxyphene. Suitable non-opioid analgesic agents include, but
are not limited to, aspirin, celecoxib, rofecoxib, diclofinac, diflusinal, etodolac, fenoprofen,
flurbiprofen, ibuprofen, ketoprofen, indomethacin, ketorolac, meclofenamate, mefanamic acid,
nabumetone, naproxen, piroxicam and sulindac.

In yet another embodiment, the further therapeutic active agent can be an anxiolytic
agent. Suitable anxiolytic agents include, but are not limited to, buspirone, and benzodiazepines
such as diazepam, lorazepam, oxazapam, chlorazepate, clonazepam, chlordiazepoxide and
alprazolam.

In yet another embodiment, the further therapeutic active agent can be a checkpoint
blockade cancer immunotherapy agent.

Typically, the checkpoint blockade cancer immunotherapy agent is an agent which
blocks an immunosuppressive receptor expressed by activated T lymphocytes, such as
cytotoxic T lymphocyte-associated protein 4 (CTLA4) and programmed cell death 1 (PDCD]1,
best known as PD-1), or by NK cells, like various members of the killer cell immunoglobulin-
like receptor (KIR) family, or an agent which blocks the principal ligands of these receptors,
such as PD-1 ligand CD274 (best known as PD-L1 or B7-H1).

Typically, the checkpoint blockade cancer immunotherapy agent is an antibody.
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In some embodiments, the checkpoint blockade cancer immunotherapy agent is an
antibody selected from the group consisting of anti-CTLA4 antibodies, anti-PD1 antibodies,
anti-PDL1 antibodies, anti-PDL2 antibodies, anti-TIM-3 antibodies, anti-LAG3 antibodies,
anti-IDO1 antibodies, anti-TIGIT antibodies, anti-B7H3 antibodies, anti-B7H4 antibodies, anti-
BTLA antibodies, and anti-B7H6 antibodies.

The form of the pharmaceutical compositions, the route of administration, the dosage
and the regimen naturally depend upon the condition to be treated, the severity of the illness,
the age, weight, and sex of the subject, etc.

The pharmaceutical compositions of the invention can be formulated for a topical, oral,
intranasal, parenteral, intraocular, intravenous, intramuscular or subcutaneous administration
and the like.

Particularly, the pharmaceutical compositions contain vehicles which are
pharmaceutically acceptable for a formulation capable of being injected. These may be in
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. In particular, these may be in organic solvent such as DMSO, ethanol which
upon addition, depending on the case, of sterilized water or physiological saline permit the
constitution of injectable solutions.

In addition, other pharmaceutically acceptable forms include, e.g. tablets or other solids
for oral administration; time release capsules; and any other form currently can be used.

In each of the embodiments of the treatment methods described herein, the CAR-T cells
of the invention are delivered in a manner consistent with conventional methodologies
associated with management of the disease or disorder for which treatment is sought. In
accordance with the disclosure herein, an effective amount of the CAR-T cells of the invention
administered to a subject in need of such treatment for a time and under conditions sufficient
to prevent or treat the disease or disorder.

Nanocapsules can generally entrap compounds in a stable and reproducible way. To
avoid side effects due to intracellular polymeric overloading, such ultrafine particles (sized
around 0.1 pm) are generally designed using polymers able to be degraded in vivo.
Biodegradable polyalkyl-cyanoacrylate nanoparticles that meet these requirements are
contemplated for use in the present invention, and such particles may be easily made.

Liposomes are formed from phospholipids that are dispersed in an aqueous medium and

spontaneously form multilamellar concentric bilayer vesicles (also termed multilamellar
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vesicles (MLVs)). MLVs generally have diameters of from 25 nm to 4 um. Sonication of ML'Vs
results in the formation of small unilamellar vesicles (SUVs) with diameters in the range of 200
to 500 A, containing an aqueous solution in the core. The physical characteristics of liposomes

depend on pH, ionic strength and the presence of divalent cations.

The invention will be further illustrated by the following figures and examples. However,
these examples and figures should not be interpreted in any way as limiting the scope of the

present invention.

FIGURES:

Figure 1. The knockdown of RINF leads to an increased number of human T cells
generated in vitro. (A) Cell culture growth was monitored for primary T-cells isolated from 6
adult donors transduced with a lentiviral vector expressing either a non-target shRNA (short-
hairpin RNA) control sequence (shCtrl) or a shRNA targeting RINF expression (shRINF). Cell
growth is indicated in cumulative population doublings. To mimic chronic stimulation, the cells
have been stimulated several times with anti-CD3/CD28 (at Day 1, 10, 20 and 30, as indicated
by arrows on the time axis). A schematic representation of the lentiviral vector is indicated on
the right panel. (B and C) For each donor, the total number of cells generated at the endpoint of
the chronic stimulation assay (i.e. at day 20-34, according to the donors) was first determined
for both shCtrl and shRINF conditions. Then, the relative fold-increase between the final
number of T-cells produced with shRINF versus shCtrl was calculated for each donor. Each dot
corresponds to one donor and to the relative fold-increase in the number of cells generated for
shRINF compared to shCtrl. Cells were cultured in presence of IL2 (B) or IL7 plus IL15 (C).
The number of donors and the median (dashed line) are indicated on the graph. The number of
T cells generated is statistically increased in the shRINF condition, compared to shCtrl.
*=(p<0,05).

Figure 2. The knockdown of RINF improves anti-CD19 CAR T cells expansion in
vitro. Cell culture growth was monitored for CAR T-cells isolated from 3 adult blood donors.
Primary T cells were isolated from fresh adult blood (obtained from Etablissement Frangais du
Sang) and transduced first a lentiviral vector expressing an anti-CD19 CAR-T. The following
day, another transduction was performed with a lentiviral vector expressing either a non-target
shRNA control (shCtrl) or a shRNA targeting RINF expression (shRINF). CAR-T cells were
here cultured in presence of IL2 (100 IU/ml). The cells have been stimulated with T Cell
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TransAct™ (Miltenyi Biotec), a human polyclonal antibody mix of anti-CD3/CD28 (at Day 1,
10, and 20). A schematic representation of the lentiviral vector used to generate the CAR-T
(which drives the expression of recombinant human anti-CD19 antibody scFv fragment
(Fmc63), is shown on the right panel.

Figure 3. The knockdown of RINF improves anti-EGFR CAR T cells expansion in
vitro. Cell culture growth was monitored for CAR T-cells isolated from 3 adult blood donors.
Primary T cells were isolated from fresh adult blood donor (Etablissement Frangais du Sang)
and transduced first a lentiviral vector expressing an anti-EGFR CAR (second generation), and
one day after with another lentiviral vector expressing either a non-target sShRNA control
(shCtrl) or a shRNA targeting RINF expression (shRINF). CAR-T cells were here cultured in
presence of IL7 and IL15 (10ng/ml each). The cells have been stimulated with T Cell
TransAct™ (Miltenyi Biotec), a human polyclonal antibody mix of anti-CD3/CD28 (at Day 1,
12, 19 28). A schematic representation of the lentiviral vectors used to generate the CAR-T
(which drives the expression of recombinant human anti-EGFR antibody scFv fragment
(Nimotuzumab)), is shown on the right panel.

Figure 4. The knockdown of RINF improves CAR T cells persistence and efficacy
in vivo. (A) A schematic representation of the experimental design used to assess the CAR T
cells functionality in vivo. Briefly, 3 10" A549 cells (a cell line that endogenously expresses
the tumor antigen EGFR) were injected subcutaneously in immunocompromised 6- to 8-week-
old NSG mice (on day 0). Eleven days later, 1x10"” EGFR-CAR T cells were injected
intravenously (tail vein). (B) The CAR-T cells number was monitored by flow cytometry in
blood (left panel) or, within tumor, after mouse sacrifice (at day 105) and tumor digestion. (C)
The tumor burden (left panel) was monitored every 3 to 4 days with an electronic caliper (during
approximately 3 months; n=4 mice for PBS, n=6 mice for shCtrl, n=6 mice for shRINF). Tumor
volume was calculated by the formula: tumor volume = (length of the tumor) x (width of the
tumor)*/2. Tumors were excised and weighted at Day 105, after sacrifice (right panel). CAR T
cells (knockdown or not for RINF) were generated from the same blood donor. The number of
CAR-T cells was measured by flow cytometry in blood (at day 18, 20, 75, and 97 post-CAR-T
injection) or in tumor (after mouse sacrifice and tumor digestion), at 105 days. The tumor
weight was also determined after tumor dissection.

Figure 5. A weak knockdown of RINF (~20%) was sufficient to improve long-term
CAR-T cells efficiency. The relative mRNA expression of RINF was detected by q-RT-PCR
(normalized to GAPDH mRNA expression), and expressed in percentage of shRNA controls
cells of matched-control donors. For the five donors (19#, 28#, 30#, 31#, and #36), the observed
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know-down of RINF (compared to control cells) was ranging from ~20% to ~50% at 8-10 days
of CAR-T cells ex vivo expansion. Importantly, for Donor #36, the EGFR CAR-T shRINF cells
(that presented a RINF knockdown of ~20%* compared to its control) were used in xenograft
model and demonstrated a higher capacity to control tumor growth (this cells are the one used
in the experiment presented on Figure 4C).

Figure 6. RINF gene disruption by Crispr-Cas9 improuves (anti-EGFR and anti-
CD19) CART cells efficacy in vivo. (A) A schematic representation of the experimental design
used to assess the CAR T cells functionality in vivo. Briefly, 4 10 A549/CD19 cells (a cell
line that endogenously expresses the tumor antigen EGFR and that ectopically expresses human
CD19 (retroviral transduction)), were injected subcutaneously in 6- to 8-week-old NSG mice
(21 days before CAR-T infusion). Three weeks after A549 subcutaneous injection, ~5x10°
EGFR-CAR T cells were injected intravenously (in the tail vein) or ~1.8x10° CD19-CAR . (B)
The tumor burden was monitored one or twice a week with an electronic caliper during
approximately ten weeks for anti-EGFR CAR T cells treated mice (left panel, n=6 mice treated
with anti-EGFR CAR T/control and n=6 mice treated with anti-EGFR CAR T/RINF KO) and
eight weeks for anti-CD19 CAR T cells treated mice (right panel, n=8 mice for control- and
n=7 for RINF KO cells). Tumor volume was calculated by the formula: tumor volume = (length
of the tumor) x (width of the tumor)?/2. For each CAR-T, Crispr-Cas9 has been used to knock-

out RINF gene (white squares) or not (black rounds) before activation.

EXAMPLE:

Material & Methods

Cell lines.

A549, NALM-6, and HEK293T cell lines were obtained from the American Type
Culture Collection (ATCC). The A549/CD19 cell line was generated by retroviral transduction

and of A549 cells with the addgene vector N°. 127889 allowing the stable ectopic expression
of human CD19 has previously described (PMID : 30814732).

Cell culture and activation of human primary T-cells.

Human peripheral blood T lymphocytes (PBT) were purified from blood of healthy
donors obtained from Etablissement Francais du Sang with written informed consent for
research use, in accordance with the Declaration of Helsinki. Briefly, Peripheral Blood
Mononucleated Cells (PBMC) were separated from fresh blood by Histopaque-1077 (Sigma),

according to the manufacturer’s instructions. T-cells were thus isolated with the Pan T Cell
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isolation kit, human (Miltenyi Biotec) and cultured in serum-free TexMACS™ medium with
phenol red (Miltenyi Biotec), in presence of 100 U/ml of recombinant human IL-2 (Biolegend)
or a combination of human IL-7 and IL-15, at 10 ng/mL each (Miltenyi Biotec). T-cells were
seeded at 1 million cells per mL of medium. Cells were cultured at a temperature of 37°C in a
humid atmosphere at 5% CO2 saturation. The cells were daily monitored, cultured for up to 34
days post-activation, and kept at a concentration between 1 and 2 million cells/mL. For cell
growth monitoring, cell concentration and viability were measured twice a week by using a C-
chip disposable Hemocytometer (NanoEntek) by using the trypan blue exclusion method (Life
Technologies). Cell proliferation was represented as population doublings (PD) calculated by
the formula: PD = Log (N/No)/Log2, where N is the number of cells counted and No the number
of cells seeded at day 0. To mimic a chronic activation, T-cells were activated (at day 0) and
re-stimulated every 10 days (i.e. at day 10, 20, and 30) with 5 pl/10° cells with T Cell
TransAct™, a human polyclonal antibody mix of anti-CD3/CD28, from Miltenyi Biotec.

Lentiviral vectors driving short-hairpin-RNA or Chimeric Antigen Receptors
(CAR) expression.

For short-hairpin-RNA (shRNA)-mediated RINF knockdown experiments, we used the
pTRIPDU3/eGFP lentiviral vector (1,2) which drives the short-hairpin-RNA sequences
targeting RINF (shRINF) or a non-target sequence control (shCtrl), downstream of the H1
promoter, as previously described (3). The two respective short-hairpin-RNA sequences are

presented hereafter:

pTRIPDU3/eGFP/shCtrl (SEQ ID NO: 1):

CCGGCCTAAGGTTAAGTCGCCCTCGTTCAAGAGACGAGGGCGACTTAACC
TTAGGTTTTT

pTRIPDU3/eGFP/shRINF (SEQ ID NO: 2):

CCGGCTTTGATTCTTTCCGACCATTTCAAGAGAATGGTCGGAAAGAATCAA
AGGTTTTTT

Chimeric Antigen Receptors (CAR) constructs were designed by Creative Biolabs. The
Lenti-EF 1a-ScFv-h(BB()-IRES-EGFP-2nd-CAR drives the expression of Recombinant
Human Antibody scFv Fragment recognizing human EGFR (Nimotuzumab) or human CD19
target antigens (FMC63).

For some experiments, we used an alternative lentiviral construct enabling to monitor
the transduction rate of the cells transduced with both the CAR (mCherry) and/or the shRNA
lentiviral vectors (GFP).
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Production of lentiviral vectors and T-cells transduction.

Production of lentiviral particles were performed by transient co-transfection of
HEK?293T cells (293LTV cell line, Cell Biolabs) with Fugene HD (Roche) or PEI 40K
(Polyethylenimine Linear, MW 40000, Polysciences) with the second-generation packaging
system developed by Didier Trono's laboratory (Ecole Polytechnique Fédérale de Lausanne,
Switzerland). Briefly, Chimeric Antigen Receptors (CAR) vectors or shRNA-expressing
vectors (pTRIPDU3/GFP) were transfected along with the packaging plasmid psPAX2
(Addgene 12260) and the envelope plasmid pMD2.G (Addgene 12259). Viral supernatants
were harvested at 48 hours and 72 hours post-transfection, and viral particles were concentrated
by ultracentrifugation at 22.000 g for 2h, at 4°C, and conserved at -80°C. The lentiviral titer
was determined 3 days after transduction (based on the GFP-expression rate) and estimated at
approximately ~8. 107 lentiviral particles/mL (for activated primary T -cells). Primary T-cells
were activated 24h before transduction, 10 ul of concentrated lentiviral supernatant were
administrated for every 10° primary-T cells in culture. 24h post-transduction, cells were washed
2 times in PBS 1X (by centrifugation at 300g) and the cell pellet was resuspended in fresh
culture media.

Generation of CAR T cells silenced (by a shRNA-mediated approach) or knockout
for RINF gene (by a Crispr-Cas9-mediated approach).

Peripheral blood mononuclear cells (PBMCs) were isolated from adult healthy donors’
peripheral blood and were cultured in RPMI 1640 supplemented with 10% of inactivated fetal
bovine serum (Thermo Fisher Scientific), 2 mM GlutaMAX (Life Technologies) and activated
with 5 pl of T Cell TransAct™ per million of cells (Miltenyi Biotec). The following day (Day
1), 10° cells were transduced with 20 ul of CAR lentiviral in presence of 1:200 of total volume
Lentiboost (Sirion Biotech). One day following the lentiviral transduction of T-cells with the
CAR constructs (i.e. anti-EGFR or anti-CD19), the CAR-T cells were ready for either, (i) a
shRNA-mediated RINF' silencing, or (i1), a Crispr-Cas9-mediated RINF gene invalidation:

- (1) RINF silencing of CAR-T cells:

The day after lentiviral transduction with the CAR constructs (Day 2), 5 pl of
pTRIPDU3/shRNA lentiviral supernatant were added into the medium for 24 hours infection.
Cells were washed with PBS 1X and transferred to RPMI 1640 supplemented with 10% FBS,
10 ng/mL IL-7 and 10ng/ml IL-15 (Miltenyi Biotech) on the following day. Cells expanded for
10 to 12 days were ready for functional experiments.

- (i1) RINF invalidation by Crispr-Cas9 in CAR-T cells:



10

15

20

25

30

WO 2024/074713 -9 PCT/EP2023/077788
Nucleofection of CAR-T cells was performed on a 4D nucleofector machine (Lonza). Briefly,
one day after lentiviral transduction of CAR vectors (Day 2), approximately ~1.5 million CAR-
T cells were electroporated with CRISPR/Cas9 ribonucleoparticles (RNPs) containing 120
pmol of Cas9 protein complexed with 200 pmol of guide RNAs (gRNA) from Thermofisher.
To disrupt the coding sequence of CXXC5 gene (5'-GTTGCTTTTGTCCACCGCCA-3' (SEQ
ID NO: 3), and 5'-TGGTGTGTCATCTGCCACTG-3' (SEQ ID NO: 4)) and compared to a
non-target negative control gRNA sequence (TrueGuide sgRNA negative Control, non
targeting 1, N°® A35526, Thermofisher). After nucleofection, CAR-T were expanded in in RPMI
medium containing 10% of FBS (Life Technologies) supplemented with IL-7 and IL-15 (at 10
ng/mL) for ten more days (before infusion in mouse xenograft expanded ex vivo). The
percentage of RINF invalidation was estimated by Sanger Sequencing and deconvolution
analyses. Briefly, CRISPR/Cas9 edited cells, we proceeded to DNA extraction by (FastPure
Blood/Cell/Tissue/Bacterie DNA isolation Mini Kit-BOX2, Vazyme, DC212-02) and PCR
amplification of CXXC5 region targeted by our sgRNAs primers. PCR amplicons were
sequenced by Sanger sequencing. Deconvolution analysis with DECODR software was
performed to determine frequencies of indels causing inactivating frameshift mutations in the
target sequence.

RNA extraction and quantitative RT-PCR analysis.
CAR-T cells expanded for 8-10 days were collected and stored directly at -80°C for RNA
preparation with the TRIzol (Life Technologies) extraction protocol as indicated by the
manufacturer's instructions. First-strand cDNA synthesis (reverse transcription) was carried out
using a Transcriptor First Strand cDNA Synthesis Kit (cat. n. 489703000, Roche). RINF mRNA
expression was quantified by qRT-PCR using SYBRGreen on a Light Cycler 480 machine
(Roche) and gene expression was calculated by the 2-AACT method.

Mouse tumor xenograft models.

6- to 8-week-old NSG mice (Non-Obese Diabetic, SCID gamma mouse, from Charles
River laboratories and bred at Cochin Institute) were used to analyze CAR T cells functions in
vivo. For A549 model (a cell line that endogenously expresses human EGFR), 3 x10% A549
cells were injected subcutaneously on Day 0. Eleven days later, 1x107 EGFR-CAR T cells were
injected intravenously. The tumor burden was measured every 3 to 4 days by electronic caliper.
Tumor volume was calculated by the formula: tumor volume = (length of the tumor) x (width
of the tumor)2/2. For A549/CD19 cells (a cell line that endogenously expresses the tumor
antigen EGFR and that ectopically expresses human CD19 (retroviral transduction)), were

injected subcutaneously ~3 weeks before CAR-T intravenous injection.



10

15

20

25

30

WO 2024/074713 -0~ PCT/EP2023/077788

Flow cytometry.

60 uL of blood of NSG mice was collected by retro-orbital sampling method, and then
stained with antibodies followed by Red Blood Cell lysis (eBioscienceTM 1xRBC Lysis
Buffer) and fixed with 2% PFA for 15 minutes on ice. 10ul of the CountBright absolute
counting beads (ThermoFisher Scientific) were added into the blood FACs sample before flow
cytometry analysis. The numbers of CAR T cells in the blood were calculated by following
formula: CAR T cells number (cells/ul) = (CAR T cell events/beads events) X (beads
number/blood volume). Tumors taken from mice were minced with scissors and digested in
RPMI 1640 containing 100 pg/ml Dnase I (Roche), 100 pg/ml liberase (Roche) and 500 ug/ml
hyaluronidase (Merck) shaking in 37°C for 30 min, and then milled with 40 pm filter to obtain
the single-cell suspension. Afterwards, the cells were washed and stained with LIVE/DEAD
Fixable Blue dye (ThermoFisher Scientific) for 20 min followed by antibodies staining for 30
min in the fridge. All samples were fixed with 2% PFA before flow cytometry analysis. Data
were acquired by BD Fortessa cytometers and analyzed by FlowJo software (BD Biosciences).

T-cells surface staining and cytofluorimetric analysis.

T-cells were phenotyped at day 30 after first activation. T cells were stained with:
LIVE/DEAD™ Fixable Blue Dead Cell Stain (Thermofisher), Brilliant Violet 650™ anti-
human CD4 Antibody (clone OKT4 from Biolegend), BUV737 Mouse Anti-Human CDS8
Antibody (clone RPA-TS8, from BD Optibuild), PerCP/CyanineS.5 anti-human CD62L
Antibody (clone DREG-56, from Biolegend) and Brilliant Violet 711™ anti-human CD45RA
Antibody (clone HI100, from Biolegend). First, cells were resuspended in 50 pl of 1:1000
LIVE/DEAD™ Fixable Blue Dead Cell Stain and incubated at 4°C away from light exposure
for 15 minutes. Tubes were thus washed with 1 mL of PBS, then the cells were resuspended in
40 ul of a mix containing all the previously mentioned antibodies at a 1:200 concentration, for
30 minutes. Finally, cells were washed again with PBS then fixed by 15 minutes incubation at
4°C in PFA 2% and resuspended in 300 ul of PBS for flow cytometry analysis. Cytofluorimetric
analysis has been performed on a BD LSRFortessa™ from BD Biosciences. UltraComp
eBeads™ Compensation Beads (Thermofisher) have been stained with the different antibodies
aforementioned, to acquire a signal to be used as compensation positive control. FlowJo X
10.0.7r2 software have been used to calculate compensation and then analyze FCS data from
flow cytometry. Gating has been performed with the help of unstained controls, the same gating
has been applied to all conditions in order to allow comparisons among them.

Statistics.
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Significance in population doublings differences have been calculated with paired t-test.

Significance in fold increase in cell numbers has been calculated with one sample Wilcoxon

test. Correlation among fold change increase at day 34 was assessed by Pearson R calculation.

Results

RINF gene extinction leads to an increased number of human T cells produced ex
vivo.

To functionally assess the consequences of RINF knockdown (KD) on human primary
T-cells, T-lymphocytes were isolated from Peripheral Blood Mononucleate Cells (PBMC)
samples obtained from adult donors. For each donor, two groups of cells were transduced with
lentiviral vectors either expressing a non-target ShRNA control or a shRNA targeting RINF
expression (Figure 1). These cells underwent to an in vitro chronic stimulation (every 10 days)
assay upon TCR and CD28 engagement (i.e. by using an anti-CD3/CD28 antibody mixture),
and their expansion was followed by cell counting during approximately 5 weeks. T cells
populations exposed to chronic stimulation expanded until reaching a plateau and then started
to contract (i.e. become dysfunctional and die). Both shRINF and shCtrl, showed a similar
growth kinetic for the first 20 days but after this period of time, a proliferative advantage was
observed for T-cells knocked-down (KD) for RINF. Despite the high variability among donors
(n=6, Figure 1A), the number of T cells (here expressed in Population Doublings) became
statistically significant from day 30. At the established end point of the experiment (at day 34
after the first stimulation), an almost seven-fold (X6.8) increase was observed in the numbers
of T cells in the RINF KD condition, compared with cells transduced with shCtrl lentiviral
vector, at least in presence of IL2 (n=11, Figure 1B). This increase (triggered by the shRNA-
mediated RINF silencing) was also noticed in presence of IL7 and IL15 (n=3, Figure 1C).

RINF gene extinction improves anti-CD19 and anti-EGFR CAR T cells expansion
ex vivo.

We then wondered if similar results could be observed in T cells genetically engineered
to express Chimeric Antigen Receptor (CAR) molecules targeting surface antigens on tumor
cells. To test this hypothesis, we first transduced T cells (stimulated at Day 1, and every 10 days
with anti-CD3/CD28) with a lentiviral construct driving an anti-CD19 CAR-construct (at Day
0) and then, the following day, with a second lentiviral vector either expressing a non-target
shRNA control or a shRNA targeting RINF expression (Figure 2). After one month of cell
expansion (by Day 30), a higher number of CAR-T cells was noticed with the 3 donors tested,

indicating than the RINF silencing could increase the number of CAR-T generated ex vivo, at
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least in presence of IL2. Interestingly, similar data were observed with anti-EGFR CAR-T cells
(Figure 3) that were cultured in the presence of IL7 and IL15, indicating that this biological
effect was not restricted to anti-CD19 CAR constructs or to the type of cytokines (IL2 or
IL7/IL15) used during the cell culture expansion step. Altogether, these data indicated the RINF
knockdown could provide to both T and CAR-T cells an improved capacity of proliferation ex
vivo, at least on the long-term.

The knockdown of RINF improves CAR T cells persistence and efficacy in vivo.
To assess that the CAR-T cells silenced for RINF gene expression are still functional and not
altered in their capacity to eradicate tumors, we performed in vivo experiments by using an
immunocompromised NSG-mouse model, subcutaneously transplanted with A549 cells, a lung
cancer cell line known to endogenously express the EGFR tumor antigen. The design of the
experiment is presented on Figure 4A. Interestingly, even though the same number of CAR-T
cells (10 millions) was injected (intravenously in the tail vein) for both conditions (control
shRNA or targeting RINF), the number of CAR-T cells transduced with the shRNA-control
dropped dramatically few weeks following CAR-T injection (i.e. by 3 weeks post CAR-T
injection), while the shRNA-RINF CAR-T cells continued to expand during the following 10
weeks post CAR-T injection (Figure 4B). These data suggested than RINF targeting could
efficiently improve CAR-T cells persistence in vivo. Importantly, at the time of sacrifice (105
days) the average number of CAR-T cells was almost 1000 times higher in the tumors or blood
with the shRINF condition, compared to the control condition (Figure 4B). We also monitored
during approximately 3 months, the tumor growth of these mice non-treated with CAR-T cells
(mouse PBS control, n=4) or treated with the two types of CAR-T cells, either expressing a
shRNA-control (circle, n=5) or a shRNA-targeting RINF (square, n=6) (Figure 4C). While the
shRNA-Control CAR-T cells barely controlled the tumor size of these animals, the tumors of
the mouse treated with the SIRNA-RINF CAR-T cells were significantly smaller than the one
treated with the ShRNA-Control CAR-T cells at late stages (after 10 weeks), indicating than the
shRINF CAR-T cells were very efficient, even in a solid tumor model (that are known to be
refractory to CAR-T cells treatments). This efficacy was confirmed by tumor weighing, that
were statistically lighter for RINF knockdown conditions (compared to controls). Altogether,
these data suggest that RINF targeting (or knockdown) could improve the in vivo persistence
of CAR-T cells, in blood and within the tumors, without compromising their functional efficacy.
Interestingly, a partial knockdown of RINF of only ~20% (compared to the shControl), was
apparently sufficient to provide a long-term persistence and improved CAR-T cells efficacy, as

observed for Donor #36 (the donor used on Figure 4C and Figure 5).



10

15

20

25

30

WO 2024/074713 "3 PCT/EP2023/077788

The knockout of RINF gene by CRISPR-Cas9 improves CAR T cells efficacy in
vivo. To assess that RINI inhibition would improve CAR-T cells efficacy with another
methodological approach than the shRNA-mediated gene silencing, we used the Crispr-Cas9
technology to invalidate RINF in human CAR-T cells (Figure 6). For the presented experiments,
the percentage of RINF invalidation was high and estimated at ~90%. The CAR-T cells knock-
out for RINF gene were first amplified ex vivo during approximately 2 weeks (14 days) before
being injected in immunocompromised NSG mice subcutaneously transplanted with
AS549/CD19 cells (~4 x10 6 A549/CD19 cells, see also experimental design on Figure 6A).
Approximately 3 weeks later, when the tumors were palpable and considered big enough for
treatment with CAR-T, approximately ~5x10 6 anti-EGFR-CAR T cells (left panel) and
~1.8x10 6 anti-CD19-CAR T cells (right panel) were respectively injected intravenously to
each mouse. Thirteen mice were treated with anti-EGFR CAR T cells (left panel), seven of
which were treated with CAR-T cells invalidated for RINF' gene (white squares) and six were
treated with control CAR-T cells (black circles). Twelve mice were treated with anti-CD19
CAR-T cells (right panel), including six for each group of CAR-T cells invalidated or not for
RINF. For these experiments, we xenografted A549/CD19 cells, a cell line that express both
human CDI19 (ectopically) and EGFR (endogenously) antigens, enabling CAR-T cells
functional assessment of the anti-EGFR- (Figure 6B, left panel) or anti-CD19 CAR constructs
(Figure 6B, right panel) by using the same cell line. However, for the types of CAR constructs
(anti-EGFR or anti-CD19), CAR-T cells were generated from two distinct donors. The tumor
burden was measured once a week by electronic caliper. Tumor volume was calculated by the
formula: tumor volume = (length of the tumor) x (width of the tumor)?/2. Interestingly, for the
two CAR constructs (anti-CD19 and anti-EGFR), the CAR-T cells Knocked-out for RINF
(whites squares) arbored a better efficacy to control tumor growth on the long-term way, than

control CAR-T cells.
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10.

CLAIMS:
An immune cell characterized in that it is defective for RINF.

The immune cell according to the claim 1 wherein the gene coding for RINF is deleted

or wherein the gene coding for RINF is mutated resulting on a non-viable RNA.

The immune cell according to the claims 1 to 2 wherein the immune cell is a lymphocyte

including T cell, B cell or NK cell.

The immune cell according to the claim 3 wherein the T cell is a CAR-T cell or T cells

armed with recombinant T Cell Receptor (TCR).
A population of immune cells according to the claims 1 to 4.

An ex vivo or in vitro method to obtain improved immune cells characterized in that it

is defective for RINF comprising the following steps:
i.  Isolating immune cells from a sample obtained from a subject;
ii.  Inhibiting the expression and/or activity of RINF in the immune cells.

An ex vivo or in vitro method to obtain CAR-T cells characterized in that it is defective

for RINF comprising the following steps:
i.  Isolating an immune cells from a sample obtained from a subject;
ii.  transforming the T cells into CAR-T cells thanks to a known method,

iii.  inhibiting the expression and/or activity of RINF in the CAR-T cells obtained in
the step i1).

An ex vivo or in vitro method according to claims 6 or 7 wherein the inhibition of RINF

is obtained by a ribozyme, an antisense oligonucleotide, a siRNA, miRNA or a shRNAs.

An immune cell characterized in that it is defective for RINF for use in a method to

improve the immune response.

An immune cell characterized in that it is defective for RINF for use in the treatment of

cancer or an infectious disease.
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11. A method of treating a cancer or an infectious disease in a subject in need thereof, said
method comprising administering to the subject a therapeutically effective amount of

immune cells or of a population of immune cells according to the claims 1 to 4.

12. A therapeutic composition comprising an immune cell or a population of immune cells

according to the claims 1 to 5.
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