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Abstract:

Identification of effective targets alleviating the programmed cell removal {PrCR) of tumor cells by
macrophages is of very high interest. The present inventors have identified that the cyclin-dependent
kinase inhibitor p21 protein is a strong regulator of the macrophage-mediated PrCR. Also, they
showed that the adoptive transfer of p21 overexpressing monocytes induces macrophage PrCR and
transition from an anti-inflammatory to a pro-inflammatory phenotype <i>in vivo</i>, delays cancer
progression and increases significantly the overall survival of mice engrafted with cancer cells. The
present invention therefore concerns therapeutic compositions comprising monocytes that
over-express the cyclin-dependent kinase inhibitor p21 protein, and their use for treating mammals
suffering from cancer, especially leukemia.
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P21 expressing monocytes for cancer cell therapy

Summary

Identification of effective targets alleviating the programmed cell removal (PrCR) of tumor cells by
macrophages is of very high interest. The present inventors have identified that the cyclin-
dependent kinase inhibitor p21 protein is a strong regulator of the macrophage-mediated PrCR.
Also, they showed that the adoptive transfer of p21 overexpressing monocytes induces
macrophage PrCR and transition from an anti-inflammatory to a pro-inflammatoery phenotype in
vivo, delays cancer progression and increases significantly the overall survival of mice engrafted
with cancer cells. The present invention therefore concerns therapeutic compositions comprising
monocytes that over-express the cyclin-dependent kinase inhibitor p21 protein, and their use for

treating mammals suffering from cancer, especially leukemia.
Technical background

When properly activated, effector cells of both the innate and adaptive immune systems possess the
ability to successfully attack cancer cells. In the past, it has been proposed to inhibit negative adaptive
immune regulators (such as the cytotoxic T-lymphocyte-associated antigen 4 {CTLA-4) and the
programmed cell death protein 1 (PD-1)) or enhance the normal capacity of the patient’s immune
response using adoptive transfer of engineered patient’s own immune cells (such as chimeric antigen
receptor (CAR) T cells). Such treatment has led to significant advances in the treatment of solid
cancers and hematological disorders (Pardoll DM., Naf Rev Cancer (2012) and Sharma SH et al, Cell

(2015)).

However, there is a need of a more complete understanding of immunoregulation in order to develop

novel therapeutic cancer strategies.

Programmed cell removal (PrCR) is a process of macrophage-mediated immune surveillance by which
target cells are recognized and phagocytosed (Jaiswal et al.,, Trends Immuno! (2010)). Initially

described as a key mechanism that links programmed cell death to the removal of dying cells
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(Arandjelovic and Ravichandran, Nat Immunol (2015)), PrCR has been also involved in the clearance

of living tumor cells (Maijeti et al., Cell (2009)).

The efficacy of PrCR is determined by the balance between the recognition of pro-phagocytic (“eat
me") signals by macrophages and the inhibition of macrophages via the activation of anti-phagocytic
(“don’t eat me™) pathways by target cancer cells (Chao et al., Nat Rev Cancer (2011)). The secretion
of the “eat me” signal calreticulin (CRT) from macrophages was recently identified as a first signal that
favors PrCR through the binding of asialoglycans on target cancer cells (Feng et al.,, Nat Comm
(2018)). Inversely, the transmembrane protein CD47 has been identified as a “don’t eat me* signal that
inhibits PrCR by binding and activating signal regulatory protein alpha (SIRPa), an inhibitory receptor
of phagocytosis expressed on the macrophage membranes (Jaiswal et al., Cell (2009)). A study has
demonstrated that blocking the CD47-SIRPa axis with CD47-blocking monoclonal antibodies
selectively induces the engulfment of tumor cells and demonstrated efficacy in various preclinical
models of lymphoma, bladder cancer, colon cancer, glioblastoma, breast cancer, acute lymphocyte
leukemia and acute myeloid leukemia (Weiskopf K. Ewr J Cancer (2017)). More recently, the
combination of CD47 blockade with Rituximab showed promising activity in patients with relapsed or
refractory non Hodgkin's lymphoma (Advani R. et al., N Engl J Med (2018)), highlighting the fact that
targeting macrophage immune checkpoint (MIC) for unleashing PrCR represents a substantial

therapeutic opportunity.

Identification of effective targets alleviating the programmed cell removal (PrCR) of tumor cells by

macrophages is therefore of very high interest. The present invention addresses this need.

Detailed description of the invention

As disclosed in the examples below, the present inventors have discovered that depleting the
cyclin-dependent kinase inhibitor p21 in primary human macrophages blocks their phagocytic
capacity, and therefore diminishes their immune surveillance (figures 1j and 1k). They identified
for the first time that the p21 protein is a strong regulator of the macrophage-mediated PrCR.
They showed that overexpression of p21 can act as a macrophage immune checkpoint (MIC)

inhibitor, thanks to which tumor cells are eventually recognized, phagocytosed and destroyed.
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Accordingly, they showed that the adoptive transfer of p21 overexpressing monocytes induces
macrophage PrCR and transition from an anti-inflammatory to a pro-inflalmmatory phenotype in
vivo, delays cancer progression and increases significantly the overall survival of mice engrafted

with cancer cells (figure 1r).

The present invention concerns cell compositions and their incorporation into pharmaceutical
compositions that can be used in cancer therapy, more particularnly, in cancer immunotherapy.
Specifically, it relates to the isolation, culture, activation and genetic modification of cells of the
mononuclear phagocytic system, and their use in cell therapy, for example in adoptive

immunotherapy.

The cells of the mononuclear phagocytic system comprise peripheral blood monocytes, their bone
marrow or blood precursors and tissue macrophages. Monocytes are formed in the bone marrow,
which they leave after maturation, passing from the peripheral blood to the tissues. Human
monocytes circulating in the blood have a half-life of approximately 3 days. When it reaches the
tissues, the monocyte is called a macrophage. The total number of tissue macrophages greatly
exceeds the number of circulating monocytes, by a factor of approximately 400. Macrophages
are found everywhere in the body, but are especially numerous in the liver (Kupffer cells), in the
lymph nodes, in the lungs, in the peritoneum and in the skin (Langerhans’ cells). The passage of

monocytes from the general circulation to the tissues is imeversible.

Monocytes and macrophages are known to have numerous and important functions, including
induction of immune responses in acute phases, regulation of haematopoiesis, activation of the
immune system, coagulation, destruction of organisms and of tumour cells and tissue repair and

cicatrisation.

Monocytes-macrophages can also be used in adoptive immunotherapy for the treatment of some
types of cancer in man. Typically, these cells can be purified from the circulating blood of patients,
cultured ex vive and activated with interferon y to induce their differentiation and increase their

tumoricidal power, then reinjected into the patients. it is also possible, using suitable vectors, to
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transfer genes ex vivo into monocyte-derived macrophage cells, thereby enabling them to be

endowed with superior properties in terrms of cytotoxicity and of stimulation of the immune system.

In a first aspect, the present invention therefore relates to a pharmaceutical composition
comprising monocytes that overexpress the cyclin-dependant kinase inhibitor p21 protein. These

monocytes once engrafited in the tissues will differentiate into macrophages.

This pharmaceutical composition is hereafter referred to as the “composition of the invention”, the

“pharmaceutical composition of the invention”, or the “cell composition of the invention™.

In particular, the present invention concemns the use of monocytes that overexpress the cyclin-
dependant kinase inhibitor p21 protein, for preparing a medicament intended to strengthen a

patient's immune and haematopoietic system in order to treat cancer, specifically leukemia.

As used herein, the term “p21 protein” designates interchangeably the cyclin-dependent kinase
inhibitor 1 which is also known as “p21€ie1” “p21Wafl* “\\faf1” “CDKN1A”, "CAP20", “*CIP1~, “MDA-
g7, “SDI1” and “CDK-interacting protein 1". This protein binds to and inhibits the activity of the
cyclin-CDK1, CDK2 and CDK4/6 complexes and thus functions as a regulator of cell cycle
progression at G1 and S phase. The binding of p21 to CDK complexes occurs through p21°'s N-
terminal domain, which is homologous to the other CIP/CDK inhibitors p27 and p57. As a major
target of p53 aclivily, it is usually associated with linking DNA damage to cell cycle amrest. This
protein is encoded by the CDKN71A gene of SEQ ID NO:1 (NM_078467) located on the
chromosome 6 (6p21.2) in humans. In mice, the protein is encoded by the CDKN17A gene of SEQ
ID NG:3 (NM_007669). The human p21 protein has the amino acid sequence of SEQ ID NO:2
(NP_000380), whereas the mouse p21 protein has the amino acid sequence of SEQ ID NO:4

(NP_031695).

The term “p21 protein™ herein also encompass functional variants and/or fragments of the above-

mentioned p21 proteins.
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“Functional variants” are for example the wild-type p21 proteins of animal species other than
human or mouse {(e.gq., from horse, dog, cats, or cattle animals). These proteins are now well-
characterized and their sequence can be easily retrieved from conventional data bases.
“Functional variants” are also mutated version of the natural p21 proteins, whose amino acid
sequence share a percentage of identity of at least 75%, preferably of at least 80%, more
preferably of at least 90% with the wild-type protein of the corresponding species (for a human

therapy, with SEQ ID NO:2, for a mouse therapy, with SEQ ID NO:4, etc).

In the context of the invention, the identity percentage between said two homologous sequences
is identified by a global alignment of the sequences in their entirety, this alignment being
performed by means of an algorithm that is well known by the skilled person, such as the one
disclosed in Needleman and Wunsch (1970). Accordingly, sequence comparisons between two
amino acid sequences or two nucleotide sequences can be performed for example by using any
software known by the skilled person, such as the *needle” software using the *Gap open”

parameter of 10, the “Gap extend” parameter of 0.5 and the “Blosum 62" matrix.

“Functional fragmentis™ of the p21 protein are any fragment of the wild-type p21 protein or of
functional variants thereof, that retains the function of p21 protein to enhance the programmed

cell removal (PrCR) of tumor cells by macrophages.

In a preferred embodiment, the monocytes comprised in the pharmaceutical compaosition of the
invention contain a replication defective recombinant virus encoding the cyclin-dependent kinase
inhibitor p21 or a non-viral recombinant nucleic acid containing the gene encoding p21 placed
under the control of regulatory elements permitting its expression. This recombinant virus or
nucleic acid makes it possible to overexpress the cyclin-dependant kinase inhibitor p21 protein.
Said recombinant nucleic acid is preferably a DNA plasmid. We can also use the non-viral
Sleeping Beauty stable transposition of p21 gene from supercoiled minimal DNA vectors called
minicircles. The genetic engineering of the monocytes could also be performed by the use of the

non-viral transfer of in vitro translated p21 mRNA in the monocytes.
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By “overexpressing the cyclin-dependant kinase inhibitor p21 protein”, it is herein meant that the
overall expression level of the p21 protein is higher in the macrophages contained in the
composition of the invention than in conventional non-treated macrophages. This overexpression
can be detected by any conventional means enabling the measurement of protein levels, such as
western blot. To be used in the composition of the invention, the macrophages are genetically
modified so that the final expression of p21 is at least two or three times higher than in untreated
control macrophages. The stable integration of p21 gene in the monocyte genome ensures the
durability of the expression the cyclin-dependant kinase inhibitor p21 protein in the differentiated
macrophages engrafied in the tissues. Besides considering the long longevity of macrophages in

the tissues, the durability of p21 protein expression is further ensured.

The use of a vector {plasmid or virus or in vitro translated mRNA) makes it possible to improve
the administration of the nucleic acid encoding p21 in the target cells, and also to increase the

stability of said nucleic acid into said cells, thereby enabling a long-lasting effect to be obtained.

In a preferred embodiment, said vector is chosen in the group consisting of: adenovirus, adeno-
associated virus (AAV), herpesvirus, lentivirus, vaccinia virus, cytomegalovirus (CMV) and the
like, that have been shown to effectively transfect macrophages (Singh G. et al, F1000 research

2015).

Advantageously, said virus is a defective virus. The termn “defective virus™ denotes a virus
incapable of replicating in the target cell. Generally, the genome of the defective viruses used in
the context of the present invention hence lacks at least the sequences needed for the replication
of the said virus in the infected cell. These regions may be either removed {(wholly or partially), or
rendered non-functional, or replaced by other sequences, in particular by the recombinant nucleic
acid. Preferably, the defective virus nevertheless retains the sequences of its genome which are

needed for encapsulation of the viral particle.

In particular, the AAV vector display several advantages such as i) a long lasting expression of
synthesized genes, i) a low risk for pathogenic reactions (because they are artificially

manufactured and not toxic), iii) they trigger low immunogenic response and iv) they do not
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integrate the human genome. In order to increase the efficacy of gene expression, and prevent
the unintended spread of the virus, genetic modifications of AAV can be performed. These genetic
maodifications include the deletion of the E1 region, deletion of the E1 region along with deletion
of either the E2 or E4 region, or deletion of the entire adenovirus genome except the cis-acting
inverted terminal repeats and a packaging signal. Such vectors are advantageously
encompassed by the present invention. We can also use the non-viral Sleeping Beauty stable
transposition of p21 gene from supercoiled minimal DNA vectors called minicircles. The genetic
engineering of the monocytes could also be performed by the use of the non-viral transfer of in
vitro translated p21 mRNA in the monocytes. The plasmids in these two methods are delivered

by transfection of monocytes through electroporation.

Another advantageous vector for the preparation of the cell compositions according to the
invention is an adenoviral vector. Indeed, Haddada H. et al. Biochem. Biophys. Res. Commun
(1993} showed that adenoviruses are capable of very effectively infecting cells of the monocyte-
macrophage line, of being maintained stably therein and of expressing a therapeutic gene.
Different serotypes of adenovirus exist, the structure and properties of which vary somewhat but
which are not pathogenic for man, and in particular for non-immunosuppressed subjects.
Moreover, these viruses do not integrate in the genome of the cells they infect, and can
incorporate large fragments of exogenous DNA. Among the different serotypes, it is preferable in
the context of the present invention to use adenoviruses type 2 or 5 (Ad 2 or Ad 5). In the case of
Ad 5 adenoviruses, the sequences needed for replication are the E1A and E1B regions. These
sequences are preferable deleted from the recombinant nucleic acid used in the present

invention.

Another advantageous vector for the preparation of the cell compositions according to the
invention is a lentivirus. Lentiviruses like HIV have the capacity to infect non-dividing and dividing
cells and to integrate into the host cell genome. Due to these characteristics, HIV-based lentiviral
vectors have been proposed as good delivery system candidates for gene therapy, but the
attempt to use them in clinical trials has raised concems about their safety including the risk of

genetic recombination leading to the generation of replication-competent retrovirus in humans.
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Further modifications in the packaging and genetic components of viral genes have been camried
out to develop safer HIV-based lentiviral vector systems. Today, a number of safe HIV-based
lentiviral vectors have been designed for efficiently transducing target genes into differentiated
monocyte-derived macrophages (Leyva F. et al, BMC biofechnology (2011). Any of these vectors

can be used in the context of the present invention.

Preferred lentiviral vectors are those that have been modified so as to be safely administered into
mammals. These vectors are for example the HIV / SIV vectors known to be useful in human or
mammal gene therapy, as disclosed in Neschadim A. et al. Bicl Blood Marrow Transplant. 2007
Dec;13(12):1407-16. The most interesting vectors to use are the HIV and SIV based lentiviral Self
Inactivating vectors (Neschadim A. et al. Biol Blood Marrow Transplant. 2007 Dec;13(12):1407-
16.), the adenoviral vectors (Haddada H. et al. Biochem. Biophys. Res. Commun (1993)) and the
sleeping Beauty transposon non- viral vectors (Aronovich et al. Human. Molecular. Genetics

(2011)).

The wvector used in the example i.e., the HIV-1 based Self inactivated (SIN) lentiviral vector
encoding the p21 protein, can be used. This vector can encode the p21 protein alone or fused
with another protein such as AIP (aryl hydrocarbon receptor interacting protein) or fused to small

protein tags such Flag tag or hemagglutinin (HA) tag.

In a particularly preferred embodiment, the compaosition of the invention also contains Viral Like
Particles (VLPs) containing SIVmac-VPX to induce the degradation of factors that impair the
lentiviral infection (Berger G., Gene Therapy (2009)). The SIVmac-VPX degrades SAMHDA,
which was identified as an HIV-1 restriction factor that hydrolyzes dNTPs required for retroviral

replication (Lahouassa et al., Nat Immunol (2012)).

In an even more particularly preferred embodiment, the monocytes contained in the cell
composition of the invention have been fransduced by a SIN lentiviral vector containing the

following nucleic acid sequence SEQ ID NOG:5 encoding for p21 protein:
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ATG TCA GAA CCG GCT GGG GAT GTC CGT CAG AAC CCA
TGCGGCAGCAAGGCCTGCCGCCGCCTCTTCGGCCCAGTGGACAGCGAGCAGCTGAGCCG
CGACTGTGATGCGCTAATGGCGGGCTGCATCCAGGAGGCCCGTGAGCGATGGAACTTCG
ACTTTGTCACCGAGACACCACTGGAGGGTGACTTCGCCTGGGAGCGTGTGCGGGGCCTT
GGCCTGCCCAAGCTCTACCTTCCCACGGGGCCCCGGCGAGGCUCGGGATGAGTTGGGAG
GAGGCAGGCGGCCTGGCACCTCACCTGCTCTGCTGCAGGGGACAGCAGAGGAAGACCAT
GTGGACCTGTCACTGTCTTGTACCCTTGTGCCTCGCTCAGGGGAGCAGGCTGAAGGGTCC
CCAGGTGGACCTGGAGACTCTCAGGGTCGAAAACGGCGGCAGACCAGCATGACAGATTTC
TACCACTCCAAACGCCGGCTGATCTTCTCCAAGAGGAAGCCCTAA

As stated above, the p21 encoding gene is placed under the control of regulatory elements
permitting its expression. These regulatory elements generally consist of transcription promoter
sequences. These can be sequences which are naturally responsible for the expression of p21,
when these sequences are capable of functioning in monocytes-macrophages. They can also be
sequences of different origin (responsible for the expression of other proteins, or even synthetic
genes). In particular, they can be promoter sequences of eukaryotic or viral genes. For example,
they can be promoter sequences originating from the genome of the monocyte which it is desired
to infect. Similarly, they can be promoter sequences originating from the genome of a virus. In
this connection, the promoters E2F1 (E2 promoter binding factor 1) or the promoters of EFS
(elongation factor 1a short), SFFV (silencing-prone spleen focus forming virus), CMV
(cytomegalovirus), RSV (Rous sarcoma virus), and the like, genes may be mentioned for
example. In addition, these expression sequences may be modified by the addition of activator

sequences, regulatory sequences, and the like.

The choice of the vector and of the regulatory sequences should be done by the skilled person
keeping in mind that the final expression of p21 by the macrophages of the invention should be

enhanced by at least two or three times as compared with mock-transfected control macrophages.

Methods to construct expression vectors containing coding sequences and appropriate
transcriptionalftranslational control signals are well known in the art. These methods include, for
example, in vifro recombinant DNA techniques, synthetic techniques and in vivo

recombination/genetic recombination. The nucleic acids may be isolated and cobtained in



10

15

20

25

CA 03144509 2022- 1-17

WO 2021/013764 PCT/EP2020:/070379

10

substantial purity, then introduced into suitable host cells using a variety of techniques available

in the art.

All the techniques of construction of vectors derived from adenoviruses, lentiviruses, or from AAV,
and incorporation of heterologous nucleic acid sequences in same, have been described in the
literature and can be used in the context of the present invention. The methods traditionally used
in molecular biology, such as preparative extractions of plasmid DNA, centrifugation of plasmid
DNA in a caesium chloride gradient, agarose or acrylamide gel electrophoresis, purification of
DNA fragments by electroelution, phenol or phencl-chloroform exiraction of proteins, ethanol or
isopropanol precipitation of DNA in a saline medium, transformation in Escherichia coli, and the
like, are well known to a person skilled in the art and are amply described in the literature [Maniatis
T. et al., “Molecular Cloning, a Laboratory Manual", Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y., 1982; Ausubel F. M. et al. (eds), “Current Protocols in Molecular Biology”, John

Wiley & Sons, New York, 1987].

Once the genome of the viruses has been genetically modified, the viruses are multiplied and

recovered and purified according to standard techniques of molecular biology.

The phamaceutical composition of the invention contains monocytes that overexpress the p21

protein.

As used herein, the term “monocyte-derived macrophages” designates mononuclear cells that
have been cultivated and differentiated into macrophages from peripheral blood monocytes
(PBMCs), or from their bone marrow or blood precursors, under the conditions detailed in the
examples (see also Andressen R. et al., Cancer Res. 1990; Bartholeyns J et al., Anticancer Res.
(1991)). As precursors, it is also possible to use pluripotent stem cells, myeloid stem cells (CFU-
GEMM), myelomenocytic stem cells (CFU-GM), CFU-M, monoblasts or promonocytes. The
intravenous injections of monocytes induced their engraftment and their differentiation into

macrophages in the bone mamow, in the spleen and in the liver.
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Since PBMCs are found in the blood, a PBMCs sample can be obtained by a completely harmless

and non-invasive blood collection from the subject.

Withdrawal and isolation of PBMCs / monocyte-macrophage cells or their precursors may be
performed by any technique known to a person skilled in the art. These different techniques can
involve physical separation steps (centrifugation, cell sorting (FACS), and the like), and selection
with immunological compounds (specific antibodies for cell markers and the like) or biochemical
compounds (membrane receptor ligands), and the like. Cultivating the isolated cells may be
performed in different media known to a person skilled in the art (for example RPMI, IMDM),
supplemented, inter alia, with serum and amino acids. The culture of the cells is carried out under
sterile conditions, preferably at 37° C, as illustrated in the examples. it may be performed in

culture plates, or preferably in teflon bags.

In a preferred embodiment, the cells contained in the composition of the invention have been
obtained by cultivating PBMCs under suitable conditions permitting their differentiation. Human
blood monocyte differentiation into macrophages can for example be induced in vitro using three
different methods, namely by culturing PBMCs in 1) human serum (HS), 2) fetal bovine serum
(FBS) with granulocyte-macrophage colony-stimulating factor (GM-CSF) or 3) FBS with

macrophage colony-stimulating factor (M-CSF).

In a particular embodiment, the transduction of the purified monocytes from PBMC cells with the
recombinant nucleic acids is performed ex vivo, then the transduced cells are differentiated /
cultured into macrophages ex vivo. In this embodiment, the cell composition of the invention

contains differentiated macrophages overexpressing the p21 protein.

In another particular embodiment, the recombinant nucleic acids of the invention have been
transduced in the cells once they have been differentiated / cultured into macrophages ex vivo.
In this embodiment, the cell composition of the invention also contains differentiated
macrophages overexpressing the p21 protein, but the differentiation of the cells into macrophages

has been performed prior to the transduction with the recombinant nucleic acids of the invention.
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In another particular embodiment, the recombinant nucleic acids of the invention have been
transduced in the cells at their monocytic stage, ex vivo. Then the cells are administered to the
subject where their differentiation into macrophages occurs. In this embodiment, the cell

composition of the invention contains undifferentiated monocytes overexpressing the p21 protein.

In another particular embodiment, it is possible to administer the recombinant nucleic acid in vive

in order to have the circulating macrophages transfected in situ.

As disclosed herein, the terms “in vitro” and “ex vivo™ are equivalent and refer to studies or
experiments that are performed using biological components (e.g. cells or population of cells) that
have been isolated from their usual host organisms (e.g. animals or humans). In contrast, the
terms “in vivo” or “in situ” refer to studies that are conducted on whole living organisms {e.g.,

humans), after administration of the composition of the invention in a living subject.

In another embodiment, the cell composition of the invention contains purified monocytes from
PBMCs that have been transformed ex vivo, but have not been differentiated ex vive into
macrophages. Their differentiation will occur in vivo, in the host. In this case, the compositions of
the invention possess more than 80% of monocytes or, more preferably more than 90% of
monocytes, still more preferably more than 99% of monocytes. This means that the cell

composition of the invention contains very few other cells, if any.

The monocytes purified from PBMCs contained within the cell composition of the invention are
monocyte cells that have been recovered from the peripheral blood of an individual by
conventional means. These monocytes purified from PBMCs are positive for the markers: CD14,
CD11b and CD16 but negative for the markers CD56 (which is a marker of NK cells), CD3 (marker
of T cells) and CD20 (marker of B cells). Preferably, the cell composition of the invention contains
more than 90%, preferably more than 95% and ideally more than 99% of such cells. The presence

of these markers can be assessed by any conventional means, e.g., by cytometry (FACS).

Macrophages differentiated in the tissues after the intravenous injections of the cell composition
of the invention are monocyte-derived cells that are positive for the markers: CD14, CD11b,

CD71, CD163 and CD206, but negative for the markers CD56 (which is a marker of NK cells),
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CD3 (marker of T cells) and CD20 (marker of B cells). Preferably, the cell composition of the
invention contains more than 90%, preferably more than 95% and ideally more than 99% of such
cells. The presence of these markers can be assessed by any conventional means, e.g., by

cytometry (FACS).

The transformation of the cells to be included in the composition of the invention with the
recombinant nucleic acid of the invention is to be performed in a sterile medium, under conditions
adjusted by a person skilled in the art. Notably, the multiplicity of infection has to be adjusted in

accordance with the vector used. One example with a SIV virus is given in the examples below.

When a lentiviral vector is used, the cells to be included in the composition of the invention are
for example contacted with 50 to 250 pfu per cell of purified virus, and more preferably 50 to 100
pfu/cell. Depending on the transformation conditions, the percentage of cells modified by insertion

of the recombinant nucleic acid can vary from 30 to 95%.

The modified cells thereby obtained may then be packaged for the purpose of immediate use,
and/or stored for the purpose of subsequent use. For an immediate readministration, the cells are
generally suspended in a phosphate buffer or in physiological saline at a concentration varying
from 30x10%to 10°cells per dose. For their storage, the cells may be frozen, preferably in the

presence of preservatives such as glycerol, DMSO, and the like.

The cells transformed ex vivo according to the invention, especially by using the recombinant viral
vector disclosed above, are a tool of choice for the preparation of a pharmaceutical composition,
in particular of a composition intended to strengthen a patient's immune and haematopoietic

system.

The cells of the composition of the invention can originate from the patient himself (the
composition therefore contains autologous cells) or from a donor (the composition therefore
contains allogeneic cells). For allogeneic cells, HLA compatibility and matching between the

donor and the patient receiving the cells is required.
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The pharmaceutical composition contains, as active principle, the transformed cells described

above. It moreover contains a pharmaceutically acceptable excipient.

The termn “phamaceutically acceptable excipient” means an excipient that is useful in preparing
a pharmaceutical composition that is generally safe, non-toxic, and desirable, and includes
excipients that are acceptable for veterinary use as well as for human pharmaceutical use. Such
excipients can be solid, liquid, semisolid, or, in the case of an aerosol composition,
gaseous. Compositions for the treatment of cancer ¢can usually be administered by parenteral,
topical, intravenous, intratumoral, oral, subcutaneous, intraarterial, intracranial, intraperitoneal,
intranasal or intramuscular means. A typical route of administration is intravenous or intratumoral,

although other routes can be equally effective.

For intravenous administration, the composition of the invention will be under liquid form. It will
thus contain, apart from the cells, a pharmaceutically-acceptable diluent that does not affect the
biclogical activity of the cells of the invention. Example of such diluents are physiological
phosphate-buffered saline, Ringer's sclutions, dextrose solution, and Hank's solution. In addition,
the pharmaceutical composition or formulation may also include other carriers, adjuvants, or

nontoxic, nontherapeutic, nonimmunogenic stabilizers and the like.

In a preferred embodiment, the composition of the invention is under a liquid form.

The phammaceutical compositions of the invention can be administered alone or combined with
another pharmaceutical composition or another active principle. In particular, the pharmaceutical
compositions of the invention can contain the cell compositions of the invention as well as ancther

active principle, combined in the same container.

This active principle can be for example a chemotherapeutic agent. Exemplary chemotherapeutic
agents include, but are not limited to, aldesleukin, altretamine, amifostine, asparaginase,
bleomycin, capecitabine, carboplatin, carmustine, cladribine, cisapride, cisplatin,
cyclophosphamide, cytarabine, dacarbazine (DTIC), dactinomycin, docetaxel, doxorubicin,

dronabinol, duocarmycin, etoposide, filgrastim, fludarabine, flucrouracil, gemcitabine,
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granisetron, hydroxyurea, idarubicin, ifosfamide, interferon alpha, irinotecan, lansoprazole,
levamisole, leucovorin, megestrol, mesna, methotrexate, metoclopramide, mitomycin, mitotane,
mitoxantrone, omeprazole, ondansetron, paclitaxel (Taxol™), pilocarpine, prochloroperazine,
rituximab, saproin, tamoxifen, taxol, topotecan hydrochloride, trastuzumab, vinblastine, vincristine

and vinorelbine tartrate.

As used herein, the term “combined” does not imply that the cells of the invention and the other
active principle are necessarily administered simultaneously. It also extends to any use or

presentation involving their administration at different time intervals, or in separate containers.

In another embodiment, the cell composition of the invention is combined with a chemotherapeutic

agent for example as defined above.

In another embodiment, the cell composition of the invention is combined with {or contains) an
effective dose of an agent that increases patient hematocrit, for example erythropoietin
stimulating agents (ESA). Such agents are known and used in the art, including, for example,
Aranesp® (darbepoetin alfa), Epogen®NF/Procrit®NF (epoetin alfa), Omontys® {peginesatide),

Procrit®, etc.

Cther combination therapies include administration with cell-specific antibodies, for example

antibodies selective for tumor cell markers, radiation, surgery, and/or hormone deprivation.

Therefore, the cell composition of the invention is combined with (or contains) an effective dose

of said cell-specific antibodies.

A number of antibodies are currently in clinical use for the treatment of cancer, and others are in
varying stages of clinical development. For example, there are a number of antigens and
corresponding monoclonal antibodies for the treatment of B cell malignancies. One target antigen
is CD20. Rituximab is a chimeric unconjugated monoclonal antibody directed at the CD20 antigen.
CD20 has an important functional role in B cell activation, proliferation, and differentiation. The
CD52 antigen is targeted by the monoclonal antibody alemtuzumab, which is indicated for
treatment of chronic lymphocytic leukemia. CD22 is targeted by a number of antibodies, and has

recently demonstrated efficacy combined with toxin in chemotherapy-resistant hairy cell leukemia.
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Twe new monoclenal antibodies targeting CD20, tositumomab and ibritumomab, have been
submitted to the Food and Drug Administration (FDA). These antibodies are conjugated with
radioisotopes. Alemtuzumab (Campath) is used in the treatment of chronic lymphocytic leukemia;
Gemtuzumab (Mylotarg) finds use in the treatment of acute myelogenous leukemia; Ibritumomab
(Zevalin) finds use in the treatment of non-Hodgkin's lymphoma; Panitumumab (Vectibix)} finds

use in the treatment of colon cancer.

Angiogenesis inhibitors can also be combined with (or contained in) the compositions of the

invention.

In another embodiment, the cell composition of the invention is combined with (or contains) an
effective dose of an immune checkpoint modulator, in particular of an immune checkpoint inhibitor

(aci.

“Immune checkpoint inhibitors” {ICl) include antiPD1 antibodies (such as Nivolumab or
Pembrolizumab or Pidilizumab), anti-PD-L1 antibodies (such as Atezolizumab or Durvalumab),

anti-CTLA-4 antibodies (such as Ipilimumab or Tremelimumab) and anti-PD-L2 antibodies.

"Concomitant administration” of said active principle with the pharmaceutical composition of the
present invention means administration with the recombinant cells at such a time that both the
active principle and the composition of the present invention will have a therapeutic effect. Such
concomitant administration may involve concurrent (i.e. at the same time), prior, or subsequent
administration of the active principle with respect to the administration of a compound of the
invention. A person of ordinary skill in the art would have no difficulty determining the appropriate
timing, sequence and dosages of administration for particular drugs and compositions of the

present invention.

The in vivo delivery of the cell composition of the invention, containing the obtained p21-
expressing monocytes, in a subject in need thereof, is herein proposed as a simple and effective

way of treating cancer, specifically leukemia.
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Usually, the said subject is a human, but nonhuman mammals may also be treated, e.g.
companion animals such as dogs, cats, horses, etc., laboratory mammals such as rabbits, rmice,

rats, etc., and the like.

A “subject in need thereof”, as herein meant, is therefore a mammal, preferably a human being,
that is suffering from cancer. Said cancer can be a liquid or a solid cancer such as, without
limitation, a lymphoma, a leukemia, a carcinoma, a melanoma, a glioblastorma, a sarcoma, a
myeloma, colon rectal tumours, etc. as primary or metastatic cancers. In a particular embodiment,

said “subject in need thereof” is a human or another mammal suffering from leukemia.

The present invention encompasses treating methods in which the cell composition of the
invention is administered to said subject in need thereof by injection, preferably by intravenous
injection. A systemic injection may be also carried out by perfusion. These injections are harmless
for the treated subject. The intravenous administration of the cell compaosition of the invention is
able to increase the in vivo phagocytosis of the tumor cells present in the blood of the subject,

thereby reducing the amount of tumor cells in said subject.

A particular treatment method according to the invention comprises:

1. Withdrawal and isolation of monocytes or their precursors or pluripotent stem cells from blood

or bone marrow or umbilical cord, from the subject in need thereof or from an healthy donor,

2_ Culturing of these cells as disclosed above, so as to obtain / isolate a monocyte population,

3. Transformation of these cells with the recombinant nucleic acid as defined above,

4. Optionally, packaging and/or storage of the cells thereby obtained, and then

5. Their administration to the patient.

The treatment of the present invention affords many advantages relative to other treatments in
adoptive immunotherapy with LAK, TIL or NK (natural killers), such as, for example, the absence

of toxic mediators released by the cells, the fact that the ratio of effector to target cells for the
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cytotoxicity is lower than in other treatments, and the fact that it does not necessitate the
simultaneous injection of cytokine such as IL-2, the side effects of which are deleterious.
Furthermore, it makes it possible to infect only a defined and controlled cell population, it enables
the multiplicity of infection (number of viral particles per cell) to be chosen, it enables the tissues
to be reached ireversibly from the blood circulation, and it makes it possible to turn to good
account the central role of the macrophages in the body, both by their antitumour or anti-infectious
activity and in their activity of stimulation or regulation of the immune system, as explained above.
Besides the proinflammatory reprogramming of PrCR+ macrophages enhances the innate and
adaptive anti-cancer immune response, which in tumn establishes durable anti-tumour growth
microenvironment. In addition, and taking account of the considerable longevity of macrophages,

a handicapping repetition of treatments for the patient could be avoided.

The present invention hence affords new possibilities of more effective treatment which are less

demanding for the patient, less expensive and more reproducible.

As used herein, the terms “treat”, “treating”, “treatment”, and the like refer to reducing or
ameliorating the symptoms of a disorder {e.g., leukemia), and/ or symptoms associated therewith.
It will be appreciated that, although not precluded, treating a disorder or condition does not require

that the disorder, condition or symptoms associated therewith be completely eliminated.

Effective doses of the therapeutic entity of the present invention, e.g. for the treatment of cancer,
vary depending upon many different factors, including means of administration, target site,
physiological state of the patient, whether the patient is human or an animal, other medications
administered, and whether treatment is prophylactic or therapeutic. Treatment dosages can be

titrated to optimize safety and efficacy.

For prophylactic applications, pharmaceutical compositions or medicaments are administered to
a patient susceptible to, or otherwise at risk of disease in an amount sufficient to eliminate or
reduce the risk, lessen the severity, or delay the outset of the disease, including biochemical,
histologic and/or behavioral symptoms of the disease, its complications and intermediate

pathological phenotypes presenting during development of the disease. In these prophylactic
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applications, a relatively low dosage may be administered at relatively infrequent intervals over a

long period of time. Some patients continue to receive treatment for the rest of their lives.

Conversely, in therapeutic applications, a relatively high dosage (50x10° monocytes per injection
dose per patient) at relatively short intervals (typically each week) is sometimes required until
progression of the disease is reduced or terminated, and preferably until the patient shows partial

or complete amelioration of symptoms of disease.

Figure legends

Figure 1 shows that p21-dependent PrCR triggers pro-inflammatory reprograming of

macrophages (figures 1a to k) and favors leukemia regression (figures 1lto r).

Figure 2 shows that p21 dictates programmed cell removal of macrophages and leukemia
regression through the modulation of SIRPa (figures 2a and 2b) and confirns that p21 favors

leukemia regression (figures 2¢ and 2d).

Examples

The examples given below are not limiting but are an illustration of the feasibility of the expression

of the p21 protein into the macrophages, and of their therapeutic value in vivo.

1. Material and methods

Culture of primary macrophages with leukemic celf lines

Monocytes derived macrophages (MDM) were obtained through the differentiation of monocytes
from buffy coats into macrophages. Buffy coats from healthy donors were obtained through the
French blood bank (Etablissement Frangais du sang (EFS)) as part of EFS-INSERM Convention
in accordance with French law. Monocytes were first separated from peripheral blood
mononuclear cells (PBMCs) by adherence to the plastic and then cultured for 6 to 7 days in
hydrophobic Teflon dishes (Lumox; Duthsher) in macrophages medium (RPMI 1640
supplemented with 200 mM L-glutamine, 100 U of penigcillin, 100 pg streptomycin, 10 mM HEPES,

10 mM sodium pyruvate, 50 (M B-mercaptoethanol, 1% minimum essential medium vitamins, 1%
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non-essential amino acids) containing 15% of heat inactivated human serum AB. MDMs were
then harvested and suspended in macrophage medium containing 10% of heat inactivated fetal
bovine serum (FBS). MDMs obtained with this method are 91 to 96 % CD14 positive expressing
the differentiation markers (C11b and CD71) and the M2 macrophage polarization markers
(CD163 and CD206) when checked by Flow cytometer. The purity of MDMs was also controlled
by the negative staining for CD56 (NK cells}, CD3 (T cells) and CD20 (B celis). The primary blood
lymphocytes (PBLs) were isolated from the non-adherent PBMCs fraction using T cells negative
selection kit (STEM CELL). Lymphocytes obtained by this method were 90 to 97% CD3
expressing T cells and were cultured in RPMI medium containing 10% FBS. The differentiated
MDMs (0.125x10%) and the viable leukemic cells (0.125x10%) (Jurkat, MT4, CEM, THP1, HEL-
5320, K562 or CD34* acute myeloid leukaemia blasts (CD34*AML)) were pre-labelled
respectively with cell tracker green (CMFDA) or red (CMTMR) for one hour. The PBLs obtained
from healthy doners were used as controls. After extensive washings, MDMs and leukemic cells
were co-cultured in 8x well chamber slides in macrophage medium supplemented with 10% FBS
in the presence or absence of ZVAD-fmk pan-caspase inhibitor (100 pM) in 250 pl total volume
for 8 hours. After extensive washings non-engulfed leukemic cells by macrophages were removed
and macrophages were fixed (with 2% PFA) before confocal microscopy analysis. The
percentage of PrCR+ macrophages was determined by the number macrophages (CMFDA*) that
internalized leukemic cells (CMTMR?*) on the total number of macrophages. Time lapse video
microscopy were performed directly after the co-culture of primary macrophages with leukemic
cells. The co-culture of primary macrophages that were silenced for the cyclin-dependent kinase
inhibitor p21 with leukemic cells were performed at 24 hours after p21 silencing of MDMs.
Differentiated MDMSs were silenced for p21 gene through the transfection of 50 nM of the siRNA
against the p21 gene (siRNA p21) which is the on-target plus siRNA p21 n.12 (S8EQ ID NO6 : 5
AGA CCA GCA UGA CAG AUU U 3 obtained from Dharmacon. The siRNAs transfection was
performed using INTERFERIn kits {Pclyplus Transfection). Equal amounts of on-target plus non-
targeting siRNAs (siCo.) (Dharmacon) were added to control MDMs. The efficiency of p21 gene
knockdown in MDMs was evaluated by western blot at 24 hours after silencing that corresponded

to the time of co-culture with leukemic cells. The sorting of PrCR* macrophages by flow cytometer
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was performed after two hours of co-culture of macrophages with leukemic cells. Sorted PrCR*
macrophages (CMFDA*CMTMR*) and the PrCR- macrophages (CMFDA*) were then cultured for
further 96 hours before the analysis of the scavenger receptor CD163 membrane expression (by
flow cytometer), the IRFS expression (by westem blot) and the analysis of cytokine secretion in

the cell supernatant (by the cytokine microarray profiling).

p21-Overexpressing Engineered Human Primary Monocytes

Purified primary monocytes {15x108) were transduced with 150 pg CAp24 of a HIV-1-based Self
Inactivated (SIN) lentiviral vector enceding to p21 gene under SFFVp promoter (AIP-p21) and the
Viral Like Particles (VLPs) containing SIVmac-VPX to induce the degradation of the myeloid
restriction factor of lentiviral infections SAMHD1 protein. The control monocytes were transduced
with equal amounts of AIP vectors and VLPs-SIV-mac-VPX. The transductions were performed
by 1-hour spinoculation (at 1200 g, 22 C) and one hour at 37 C. The transduced monocytes
(15x10%) were then labelled with the Cell Trace CFSE dye for 1 hour and extensively washed prior
to their intravenous injection to 1 Gray (1 Gy) irradiated male or female NSG mouse (6 to 8 weeks
old) at 24 hours after X-Ray irradiation. MT4 mCherry* T cells (1x108) were intravenously injected
at 7 days after p21-monocyte transfer. The overall survival of the mice was monitored, until 15
days after leukemic engraftment when some mice were sacrificed to monitor the presence of
PrCR+ macrophages (CFSE*mCherry*) in the bone marrow by confocal microscopy. The pro-
inflammatory activation of PrCR* macrophages was determined by flow cytometer analysis of
CD163 membrane expression on the PrCR* macrophages (CFSE*mCherry*) and PrCR-

macrophages (CFSE) sorted from the spleen and bone marrow of the scarified mice.

During the in vivo set up model, the differentiation of the monocytes into macrophages in the NSG
mice model was verified by purifying, 7 days after the monocyte transfer, the CFSE* cells from
bone marrow, spleen, and blood and by evaluating the expressions of the differentiation markers
(CD71, CD163 and CD14) with respect to the autologous in vitro differentiated macrophages.
Some of the AIP-p21 transduced monocytes were cultured in parallel in vitro to evaluate the

upregulation of p21 expression by western blot 7 days after differentiation.



10

15

20

25

CA 03144509 2022- 1-17

WO 2021/013764 PCT/EP2020:/070379

22

Mouse Treatment Studies

NSG mice were bred and maintained under pathogen free conditions at the animal facility of
Gustave Roussy Institute. Animal experiments were performed in accordance with guidelines
established by the French Institutional Animal Committee. MT4 leukemic T cells (1x109) that
express stably mCherry fluorescent gene, through lentiviral vectors transductions and flow
cytometer sorting for mCherry expression, were intravenously injected to female or male mouse
(6—8 weeks old). The leukemic engraftment was evaluated until four weeks after injections
through the presence of mChemy*MT4 T cells in the bone marrow, spleen, liver and blood and
trough the disease progression characterized by the loss of weight, the invasion of the bone

marmrrow and the marked splenomegaly and the overall survival.

SIRPa cDNA cloning
The cDNA expressing homo sapiens SIRPa phagocytosis inhibitor was cloned in a HIV-1-based
Self Inactivated (SIN) lentiviral vector (pPRRLEF1-PGK-GFP) between the restriction sites Miul

and Nhel.

The sequence of hsSIRPa cDNA is indicated in SEQ ID NO:7.

Transduction of monocytes with lentiviral vectors expressing p21 and SIRPa

Purified primary monocytes (107) were transduced with 100 pg CAp24 of a HIV-1-based Self
Inactivated (SIN) lentiviral vector encoding to p21 gene under SFFVp promoter {AlP-p21) and/or
and 100 pg CAp24 of a HIVV-1-based Self Inactivated (SIN) lentiviral vector encoding to SIRPa
gene under EF1 promoter (PRRL-SIRPa) in the presence of Viral Like Particles (VLPs) containing
Slvmac-VPX to induce the degradation of the myeloid restriction factor of lentiviral infections
SAMHD1 protein. The control monocytes were transduced with equal amounts of AIP and/or
PRRL vectors and VLPs-SIV-mac-VPX. The transductions were performed for three hours at 37
*C in the presence of polybrene (10 yg/ml). The transduced monocytes (107) were then labelled
with the Cell Trace CFSE dye for 1 hour and extensively washed prior to their intravenous injection

to 1 Gray iradiated male or female NSG mouse (6 to 8 weeks old) at 24 hours after X-Ray
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iradiation or in vitro differentiated intoc macrophages as described before in the main patent

materials and methods.

2. Results

The present inventors investigated the molecular mechanisms by which macrophages may regulate
PrCR. They assessed the phagocytosis, by primary antiinflammatory pro-tumorigenic human
monocyte-derived macrophages (MDMs) (labeled with green fluorescent cell tracker CMFDA) of a

panel of diverse living leukemic cells {labeled with red flucrescent cell tracker CMTMR) (Fig. 1a).

Using confocal microscopy, they observed that in absence of MIC inhibitors, phagocytosis of living
tumor cells was already significantly increased during the co-cultures of human primary macrophages
with acute T lymphoblasts (Jurkat, CEM or MT4 cells, Fig. 1b and 1c), acute myeloid cells (THP1 cells,
Fig. 1c), acute megakaryoblastic cells (UT-7 cells, not shown), erythroblasts (HEL-5320, Fig. 1c¢),
chronic myeloid lymphoblasts (K562 cells, Fig. 1c) and primary transformed CD34* blasts purified from
blood of patients with acute myeloid leukemia (Fig. 1d), while living autologous or heterologous non-
transformed peripheral blood lymphoblasts (PBLs) were not affected (Fig. 1¢). The pan-caspase
inhibitor (ZVAD) did not reduce the engulfment of target cells (Fig. 1¢). These results indicate that

macrophages may also spontaneously develop PrCR in absence of MIC blockade.

The inventors then observed that, once internalized, MT4 cells are rapidly degraded by lysosomes
(Fig. 1e and 11f). They also revealed that PrCR can induce the functional reprogramming of engulfing
macrophages from an anti-inflammatory to pro-inflammatory phenotype (as revealed by the increased
expression of IRF5 transcription factor (Fig. 1g), the decreased membrane expression of CD163
scavenger receptor (Fig. 1h) and the release of pro-inflammatory cytokines {such as MCP-1, Serpin

and IL-8) (Fig. 1i) from cell-sorted engulfing “PrCR*” macrophages.

The inventors moreover showed that the cyclin-dependent kinase inhibitor p21, which is
overexpressed in primary human macrophages, is a master regulator of PrCR. This has been revealed

by the inhibition of the engulfment of living MT4 cells by p21-depleted human primary macrophages
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(Fig. 1j and 1k). Altogether, these results demonstrated that p21 expression dictates the pro-

inflammatory reprogramming of macrophages through the induction of PrCR.

The curative therapeudtic potential of manipulating PrCR through the adoptive transfer of p21-
overexpressing Engineered Human primary Monocytes (p21EHM) was then appreciated. The
biclogical effects of the adoptive transfer of p2Z1EHMSs into NOD/SCID mice were determined before
the implantation of HTLV-1 transformed MT4 cells. Control mice developed leukemia (as revealed by
the weight loss (Fig. 11), the bone marrow invasion (Fig. 1Tm) and the marked splenomegaly (Fig. 1n)
of engrafted mice). After the transfer of CFSE-labeled p21EHMs into engrafted mice, their
differentiation was observed in vivo intc macrophages (Fig. 10 and not shown) and the presence of
MT4-engulfing macrophages was detected in the engrafted mice: in the bone marrow (Fig. 1p), in the

liver and in the spleen (not shown).

It was also observed that MT4-engulfing macrophages underwent transition from an anti-inflammatory
to a pro-inflammatory phenotype (as revealed decreased the membrane expression of CD163 and the
increased secretion of IFNy and IL-1B; Fig. 1q and not shown). Interestingly, p21EHM-based cell
therapy led to the delay of disease progression in treated mice and increased significantly the overall

survival (Fig. 1r).

Alogether, these data demonstrated that the adoptive transfer of p21EHM represent a novel

therapeutic strategy to treat hematological malignancies through macrophage PrCR induction.

To further characterize the molecular link between p21 and programmed cell removal, the impact
of p21 expression was determined on the expression of the phagocyltosis inhibitor SIRPa. Primary
human monocytes were simultaneously transduced with lentiviral vectors expressing p21 and/or
SIRPa in combination or/not with their respective control empty vectors pCo. (pAIP and/or pRRL).
A fraction of monocytes was differentiated in vitro into macrophages for seven days and p21 and
SIRPa expressions were determined by western blot (Figure 2a). The efficiency of transduction
was validated in each condition. It was detected that the overexpression of p21 repressed SIRPa
expression, thus revealing that p21 expression regulates negatively SIRPa expression {Figure
2a). To determine the impact of these transduction on programmed cell removal, cocultures of

transduced macrophages were then performed with leukemic MT4 cells that expressed mCherry
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fluorescent protein and the frequency of macrophages that engulfed mCherry* MT4 cells (PrCR*
macrophages) was analyzed using fluorescence microscopy (Figure 2b). It was observed that the
increased expression of p21 and SIRPa enhanced and reduced the phagocytosis of mCherry*
MT4 cells, respectively. In addition, the increased expression of SIRPa in macrophages that were
transduced for p21 inhibited this process, thus demonstrating that p21 dictates programmed cell
removal of macrophages through the modulation of SIRPa expression. The impact of these
modulations was then analyzed on leukemia progression. Transduced monocytes (shown in
Figure 2a) were adoptively transferred to NOD/SCID mice one week before the injection of
mCherry" MT4 cells (Figure 2¢) and the overall survival of the engrafted mice was analyzed {(n=5
mice in each group) (Figure 2d). P values were calculated using Mantel-Cox test and revealed
statistical significance between analyzed groups (**p<0.001). Altogether, these results confirmed
that the adoptive transfer of p21 overexpressing monocytes (p21EHM) may delay leukemia
progression through the modulation of SIRPa-dependent programmed cell removal of

macrophages.
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CLAIMS

1. A pharmaceutical composition comprising genetically modified monocytes containing a vector
coding for the cyclin-dependent kinase inhibitor p21 protein, and a pharmaceutically acceptable

excipient.

2. The pharmaceutical composition of claim 1, wherein said monocytes contain a replication
defective recombinant virus encoding the cyclin-dependent kinase inhibitor p21 under the control

of regulatory elements permitting its expression.

3. The pharmaceutical composition of claim 2, wherein said virus is a replication defective

lentivirus.

4. The pharmaceutical composition of claim 3, wherein said replication defective lentivirus is the

HIV-1 based Self inactivated (SIN) lentiviral vector.

5. The pharmaceutical composition of any one of claims 1 to 4, wherein it is formulated in an

intravenous injectable form or in a perfusion form.

6. The pharmaceutical compositicn of any one of claims 1 to 5, wherein it contains 30x10% to 10?

of transduced monocytes per mL.

7. The pharmaceutical composition of claim 1, wherein said monocytes contain a Sleeping Beauty
transposon system encoding the cyclin-dependent kinase inhibitor p21 under the control of

regulatory elements permitling its expression.

8. The pharmaceutical composition of any one of claims 1 to 7, wherein said p21 protein is SEQ

ID NO:2, or a functional variant or fragment thereof.

9. The pharmaceutical composition of any one of claims 2 to 8, wherein said virus or said
transposon system contains the nucleic acid of SEQ ID NO:5, preferably under control of the

SFFV promoter.
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10. The pharmaceutical composition of any one of claims 1 to 9, further containing an effective
dose of an agent that increases the patient haematocrit, of a chemotherapeutic agent, of a cell-

specific antibody or of an immune checkpoint inhibitor (ICI).

11. The pharmaceutical composition as defined in any one of claims 1 to 10, for use for treating
a mammal suffering from a lymphoid or from a myeloid cancer or from a solid cancer, preferably

from leukemia.

12. The phamaceutical composition for use according to claim 11, wherein said composition
contains 50x10% monocytes per injection dose and is administered each week until progression

of the disease is reduced.

13. The pharmaceutical compaoasition for use according to claim 11 or 12, wherein said mammal

is a human.

14. A combination product comprising the pharmaceutical composition as defined in claims 1 to
9, and an effective dose of an agent that increases the haematocrit, of a chemotherapeutic agent,
of a cell-specific antibody or of an immune checkpoint inhibitor (ICl), for simultaneous or
sequential use for treating a mammal suffering from a lymphoid or from a myeloid cancer or from

a solid cancer.

15. The cambination product of claim 14, wherein said mammal is a human.
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Figure 1 (continued)
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Figure 1 (continued)
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Figure 1 (continued)
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Figure 1 (Continued)
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Figure 1 (continued)
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