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NOVEL ANTI-HLA-A2 ANTIBODIES AND USES THEREOF

FIELD OF INVENTION

The present invention relates to HLA-A2 binding molecules, in particular to humanized
anti-HL A-A2 antibodies. The present invention further relates to recombinant molecules
comprising said HLA-A2 binding molecules, such as, for example, chimeric antigen
receptors (CAR). Another object of the present invention is an engineered immune cell,

e.g., aregulatory T cell comprising said CAR, and uses thereof in therapeutic methods.

BACKGROUND OF INVENTION

Class I HLA antigens are polymorphic proteins expressed on all nucleated cells and are
critical targets for immune recognition in the context of transplantation. Indeed, the
development of HLA class I specific T cells and/or antibodies are major risk factors for
acute and chronic rejection of allograft, and the presence of pre-formed anti-donor HLA
Class I antibodies can result in hyper-acute rejection. Thus, finding ways to control the
immune response to HLA Class I proteins would be a major breakthrough in

transplantation.

Classical HL A Class I molecules are polymorphic and encoded by many different alleles
which have evolved in response to evolutionary pressure from infections. There are three
loci that encode the classical HLA Class I proteins, which are named the A, B and C loci.
Within the HLA-A locus, the HLA-A2 family of alleles is the largest and most diverse
family, with at least 31 different HLA-A2 alleles known to exist in humans. Interestingly,
contrary to many other HL A allele families, HLA-A2 is frequent in all ethnic groups, and
is found in 50% of Caucasians and 35% of African-Americans. Many HLA-A2 alleles
differ by only 1 to 9 amino acids, with the majority of the polymorphism centered around
the peptide binding grove. HLA-A2 alleles are sub-grouped into two main branches: those

derived via interallelic gene conversion events from A*0201 or A*0205.
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Adoptive immunotherapy with T regulatory (Treg) cells as a way to control unwanted
immunity to HLA proteins, and other antigens that drive transplant rejection is a
promising treatment for allograft rejection and graft-versus-host disease (GVHD). The
use of polyclonal Treg cell transfer in the prevention of graft-versus-host disease (GVHD)
after allogeneic hematopoietic stem cell transplantation (HSCT) has been reported. The
use of Treg cell transfer in the maintenance of c-peptide levels in type 1 diabetes has also
been reported. Notably, however, it has been reported that there may be a transient risk
of generalized immunosuppression associated with the use of polyclonal Treg cells for

such cell therapy.

Data from animal studies indicate that the potency and specificity of cell therapy with
Treg cells can be significantly enhanced by the use of antigen-specific cells. For example,
in models of autoimmunity, antigen-specific Treg cells are superior to polyclonal Treg
cells in reducing disease: Treg cells isolated from pancreatic lymph nodes or pulsed with
islet antigen are significantly better at preventing or curing type 1 diabetes than are
polyclonal Treg cells, and Treg cells expressing an autoantigen-specific transgenic T cell
receptor (TCR) are superior to polyclonal Treg cells at suppressing central nervous
system inflammation in a model of experimental autoimmune encephalomyelitis (EAE).
Similarly, alloantigen-specific Treg cells, enriched by alloantigen-stimulated expansion
in vitro, or engineered to express a TCR transgene, are more effective than polyclonal
Treg cells at preventing rejection of organ and tissue grafts. There is some evidence that
Treg cells expanded with alloantigens effectively prevent GVHD and that in vivo
induction of antigen-specific Treg cells promotes acceptance of hematopoietic allografts
without GVHD. Humanized mouse models have shown similar results: alloantigen-
expanded human Treg cells are more potent suppressors of skin graft rejection than are

polyclonal Treg cells.

An alternate approach to over-expressing transgenic TCRs or antigen-stimulated
expansion to enrich for antigen-specific T cells is the use of chimeric antigen receptors
(CARs). In cell-based adoptive immunotherapy, immune cells isolated from a patient can
be modified to express synthetic proteins that enable the cells to perform new therapeutic

functions after they are subsequently transferred back into the patient. An example of
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such a synthetic protein is a CAR. An example of a currently used CAR is a fusion of an
extracellular recognition domain (e.g., an antigen-binding domain), a transmembrane
domain, and one or more intracellular signaling domains. Upon antigen engagement, the
intracellular signaling portion of the CAR can initiate an activation-related response in an

immune cell.

The present invention relates to immune cells, in particular immune regulatory cells,

expressing a CAR that specifically binds HLA-A2, and to therapeutic uses thereof.

SUMMARY

The present invention relates to a humanized anti-HLA-A2 antibody having less
reactivity to an HLA-A subtype selected from the group comprising A03, A11, A23, A25,
A26, A29, A30, A31, A33, A34 and any combination thereof, preferably from the group
comprising A25, A29, A30 and any combination thereof, as compared to the antibody
BB7.2 or to an antibody comprising the VH and VL of the BB7.2 antibody, wherein

- the variable region of the heavy chain comprises at least one of the following

CDRs:
VH-CDR1: SYHIQ (SEQ ID NO: 1) or GYTFTSY (SEQ ID NO: 4)

VH-CDR2: WIYPGDGSTQYNEKFKG (SEQ ID NO: 2) or YPGDGS (SEQ
ID NO: 5)

VH-CDR3: EGTYYAMDY (SEQ ID NO: 3)

or any CDR having an amino acid sequence that shares at least 60% identity

with SEQ ID NO: 1-5, and/or

- the variable region of the light chain comprises at least one of the following

CDRs:

VL-CDR1: RSSQSIVHSNGNTYLE (SEQ ID NO: 6)
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VL-CDR2: KVSNRFS (SEQ ID NO: 7)
VL-CDR3: FQGSHVPRT (SEQ ID NO: 8)

or any CDR having an amino acid sequence that shares at least 60% identity

with SEQ ID NO: 6-8.

In one embodiment, the variable region of the heavy chain comprises at least one of the
CDRs defined in claim 1, and the variable region of the light chain comprises at least one

of the CDRs defined 1in claim 1.

In one embodiment,

- the variable region of the heavy chain comprises the following CDRs: SYHIQ
(SEQ ID NO: 1), WIYPGDGSTQYNEKFKG (SEQ ID NO: 2) and
EGTYYAMDY (SEQ ID NO: 3); or GYTFTSY (SEQ ID NO: 4), YPGDGS
(SEQ ID NO: 5) and EGTYYAMDY (SEQ ID NO: 3) or any CDRs having
an amino acid sequence that shares at least 60% identity with said SEQ ID
NO: 1-5, and

- the variable region of the light chain comprises the following CDRs:
RSSQSIVHSNGNTYLE (SEQ ID NO: 6), KVSNRFS (SEQ ID NO: 7) and
FQGSHVPRT (SEQ ID NO: 8) or any CDRs having an amino acid sequence
that shares at least 60% identity with said SEQ ID NO: 6-8.

In one embodiment, the amino acid sequence of the heavy chain variable region is SEQ
ID NO: 9, or any amino acid sequence that shares at least 60% identity with said SEQ ID
NO: 9.

In one embodiment, the amino acid sequence of the light chain variable region is SEQ ID
NO: 10, or any amino acid sequence that shares at least 60% identity with said SEQ ID
NO: 10, wherein X1is Vorl, XaisTor S, XsisLorSor A, XaisSor T, Xsis P or S,
XsisTorS,X7isLorP, XgisEorD, XoisPorR, XwnisAorV, XirisSor T, Xiz2is L
orQ,Xi3isSorA XuuisVorl, XisisKor T, XisisVor L, Xi7is Aor P, Xisis L or F
and X191s G or A.
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In one embodiment, the amino acid sequence of the light chain variable region is selected
from the group comprising SEQ ID NO: 11, SEQ ID NO: 12 and SEQ ID NO: 13 or any
amino acid sequence that shares at least 60% identity with said SEQ ID NO: 11-13.

In one embodiment, the amino acid sequence of the heavy chain variable region is SEQ
ID NO: 9 or any amino acid sequence that shares at least 60% identity with said SEQ ID
NO: 9, and the amino acid sequence of the light chain variable region is SEQ ID NO: 10
wherein X1is Vorl, XoisTor S, XzsisLorSorA, XsisSorT, XsisPor S, Xe¢is T or
S, X7isLorP,XgsisEorD, XoisPorR, Xwis AorV, XmrisSor T, Xi2is L or Q, Xi3
isSorA, XisisVorL XisisKor T, Xisis Vor L, Xi7is A or P, Xisis L or F and Xio
is G or A, preferably the amino acid sequence of the light chain variable region is selected
from the group comprising SEQ ID NO: 11, SEQ ID NO: 12 and SEQ ID NO: 13 or any
amino acid sequence that shares at least 60% identity with said SEQ ID NO: 10-13.

In one embodiment, said antibody is a whole antibody, a single chain antibody, a dimeric
single chain antibody, a Fv, ascFv, a Fab, a F(ab)"2, a defucosylated antibody, a bi-specific
antibody, a diabody, a triabody, a tetrabody, an antibody fragment selected from the group
consisting of a unibody, a domain antibody, and a nanobody or an antibody mimetic
selected from the group consisting of an affibody, an affilin, an affitin, an adnectin, an
atrimer, an evasin, a DARPin, an anticalin, an avimer, a fynomer, a versabody or a

duocalin.

In another embodiment, said antibody is a whole antibody, a single chain antibody, a
dimeric single chain antibody, a Fv, a scFv, a Fab, a F(ab)2, a defucosylated antibody, a
bi-specific antibody, a diabody, a triabody, a tetrabody, an antibody fragment selected
from the group consisting of a unibody, a domain antibody, and a nanobody or an
antibody mimetic selected from the group consisting of an affibody, an alphabody, an
armadillo repeat protein based scaffold, a knottin, a kunitz domain peptide, an affilin, an
affitin, an adnectin, an atrimer, an evasin, a DARPin, an anticalin, an avimer, a fynomer,

a versabody or a duocalin.

In one embodiment, said antibody is a scFv, preferably a scFv having the sequence SEQ

ID NO: 70-72 or 74-76.
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The present invention further relates to a chimeric antigen receptor (CAR) comprising:
- an extracellular domain comprising the humanized anti-HLA-A2 antibody as
described hereinabove,
- atransmembrane domain, and

- acytoplasmic domain comprising an intracellular signaling domain.

Another object of the present invention is a nucleic acid sequence encoding the CAR as

described hereinabove.

Another object of the invention is an immune cell comprising the CAR as described
hereinabove or the nucleic acid sequence as described hereinabove, wherein said immune

cell is preferably a regulatory T cell.

The present invention further relates to a composition comprising immune cells as
described hereinabove, wherein preferably said composition is a pharmaceutical

composition and further comprises a pharmaceutically acceptable excipient.

The present invention further relates to an immune cell as described hereinabove, for use
in inducing immune tolerance in a subject in need thereof, wherein preferably said

tolerance is tolerance to a transplanted organ or tissue.

The present invention further relates to an immune cell as described hereinabove, for use

in treating organ or tissue transplant rejection or graft versus host disease (GVHD).
In one embodiment, the subject is further receiving an immunosuppressive agent.

The present invention further relates to a combination of an immune cell as described in
the present invention with at least one immunosuppressive agent for inducing immune
tolerance in a subject in need thereof, or for treating organ or tissue transplant rejection

or graft versus host disease (GVHD) in a subject in need thereof.

The present invention further relates to a kit of part comprising, in a first part, an immune
cell as described in the present invention and/or reagents (e.g., a nucleic acid or vector
encoding an anti-HLA-A antibody or CAR of the present disclosure) for making such

immune cells and in a second part at least one immunosuppressive agent.
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The present invention further relates to a method for inducing immune tolerance in a
subject in need thereof, wherein said method comprises administering an immune cell
according to the present invention to the subject, wherein preferably said tolerance is

tolerance to a transplanted organ or tissue.

The present invention further relates to a method for treating organ or tissue transplant
rejection or graft versus host disease (GVHD) in a subject in need thereof, wherein said
method comprises administering an immune cell as described in the present invention to

the subject.

In one embodiment, the method of the invention further comprises administering at least

one immunosuppressive agent to the subject.

DEFINITIONS
In the present invention, the following terms have the following meanings:

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

refers to guanine, "T" refers to thymine, and "U" refers to uracil.

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

or more than one element.

The term “about” when referring to a measurable value such as an amount, a temporal
duration, and the like, is meant to encompass variations of +20% or in some instances
+10%, or in some instances +5%, or in some instances +1%, or in some instances +0.1%
from the specified value, as such variations are appropriate to perform the disclosed

methods.

The term “activation” as used herein, refers to the state of a T cell (e.g., a regulatory T

cell) that has been sufficiently stimulated to induce a detectable cellular response.
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Activation can also be associated with detectable effector function(s) such as, for
example, cytokine production or suppressive activity. The term “activated” regulatory T
cells refers to, among other things, regulatory T cells that are capable of suppressing an

immune response.

“Adnectins”, also known as monobodies, are well known in the art and refer to proteins
designed to bind with high affinity and specificity to antigens. They belong to the class

of molecules collectively called “antibody mimetics™.

As used herein, an “alphabody”, that may also be referred to as Cell-Penetrating
Alphabodies, refers to a type of antibody mimetics consisting of small 10 kDa proteins
engineered to bind to a variety of antigens. Alphabodies are able to reach and bind to

intracellular protein targets.

An “affibody” is well known in the art and refers to affinity proteins based on a 58 amino
acid residue protein domain, derived from one of the IgG binding domain of

staphylococcal protein A.

As used herein, the term “affinity” refers to the equilibrium constant for the reversible
binding of two agents and is expressed as a dissociation constant (Kd). Affinity can be at
least 1-fold greater, at least 2-fold greater, at least 3-fold greater, at least 4-fold greater,
at least 5-fold greater, at least 6-fold greater, at least 7-fold greater, at least 8-fold greater,
at least 9-fold greater, at least 10-fold greater, at least 20-fold greater, at least 30-fold
greater, at least 40-fold greater, at least 50-fold greater, at least 60-fold greater, at least
70-fold greater, at least 80-fold greater, at least 90-fold greater, at least 100-fold greater,
or at least 1000-fold greater, or more, than the affinity of an antibody for unrelated amino
acid sequences. Affinity of an antibody to a target protein can be, for example, from about
100 nanomolar (nM) to about 0.1 nM, from about 100 nM to about 1 picomolar (pM), or

from about 100 nM to about 1 femtomolar (fM) or more.

“Affilins” are well known in the art and refer to artificial proteins designed to selectively
bind antigens. They resemble antibodies in their affinity and specificity to antigens but

not in structure which makes them a type of antibody mimetic.
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The term “allogeneic” refers to any material derived from a different individual of the
same specie as the individual to whom the material is introduced. Two or more individuals
are said to be allogeneic to one another when the genes at one or more loci are not
identical. In some aspects, allogeneic material from individuals of the same species may

be sufficiently unlike genetically to interact antigenically.

The terms “antibody” and “immunoglobulin” (Ig) are used interchangeably, and refer
to a protein, or polypeptide sequence derived from an immunoglobulin molecule which
specifically binds with an antigen. Antibodies can be polyclonal or monoclonal, multiple
or single chain, or intact immunoglobulins, and may be derived from natural sources or
from recombinant sources. The term “antibody” also includes multispecific antibodies
(e.g., bispecific antibodies), and antibody fragments, so long as they exhibit the desired
biological activity. Antibodies can also be multimers of immunoglobulin molecules, such

as tetramers of immunoglobulin molecules.

The basic four-chain antibody unit is a heterotetrameric glycoprotein composed of two
identical light (L) chains and two identical heavy (H) chains. The L chain from any
vertebrate species can be assigned to one of two clearly distinct types, called kappa
([kappa]) and lambda (J[lambdal]), based on the amino acid sequences of their constant
domains (CL). Depending on the amino acid sequence of the constant domain of their
heavy chains (CH), immunoglobulins can be assigned to different classes or isotypes.
There are five classes of immunoglobulins: IgA, IgD, IgE, IgG, and IgM, having heavy
chains designated alpha (Jalpha]), delta ([delta]), epsilon (|epsilon]), gamma (|gammal])
and mu ([mu]), respectively. The [gamma] and [alpha] classes are further divided into
subclasses on the basis of relatively minor differences in CH sequence and function, e.g.,
humans express the following subclasses: [gG1, 1gG2, I1gG3, IgG4, IgAl, and IgA2. Each
L chain is linked to an H chain by one covalent disulfide bond, while the two H chains
are linked to each other by one or more disulfide bonds depending on the H chain isotype.
Each H and L chain also has regularly spaced intrachain disulfide bridges. Each H chain
has at the N-terminus, a variable domain (VH) followed by three constant domains (CH)
for each of the [alpha] and [gamma] chains and four CH domains for [mu] and [epsilon]
isotypes. Each L chain has at the N-terminus, a variable domain (VL) followed by a

constant domain (CL) at its other end. The VL is aligned with the VH and the CL is
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aligned with the first constant domain of the heavy chain (CH1). Particular amino acid
residues are believed to form an interface between the light chain and heavy chain
variable domains. The pairing of a VH and VL together forms a single antigen-binding
site. An IgM antibody consists of five of the basic heterotetramer units along with an
additional polypeptide called a J chain, and therefore, contains ten antigen binding sites,
while secreted IgA antibodies can polymerize to form polyvalent assemblages comprising
2-5 of the basic 4-chain units along with J chain. In the case of IgGs, the 4-chain unit is
generally about 150,000 Daltons. For the structure and properties of the different classes
of antibodies, see, e.g., Basic and Clinical Immunology, 8th edition, Daniel P. Stites,
Abba l. Terr and Tristram G. Parslow (eds.), Appleton & Lange, Norwalk, Conn., 1994,
page 71, and Chapter 6.

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. Examples of
antibody fragments include, but are not limited to, Fab, Fab', F(ab")2, Fv fragments, single
chain antibody molecules, in particular scFv antibody fragments, disulfide-linked Fvs
(sdFv), a Fd fragment consisting of the VH and CHI domains, linear antibodies, single
domain antibodies such as, for example, sdAb (either VL or VH), camelid VHH domains,
multi-specific antibodies formed from antibody fragments such as, for example, a
bivalent fragment comprising two Fab fragments linked by a disulfide bridge at the hinge
region, and an isolated CDR or other epitope binding fragments of an antibody. An
antigen binding fragment can also be incorporated into single domain antibodies,
maxibodies, minibodies, nanobodies, intrabodies, diabodies, triabodies, tetrabodies, v-
NAR and bis-scFv (see, e.g., Hollinger and Hudson, Nature Biotechnology 23:1126-
1136, 2005). Antigen binding fragments can also be grafted into scaffolds based on
polypeptides such as a fibronectin type III (see U.S. Patent No.: 6,703,199, which
describes fibronectin polypeptide minibodies). Papain digestion of antibodies produces
two identical antigen-binding fragments, called “Fab” fragments, and a residual “Fc”
fragment, a designation reflecting the ability to crystallize readily. The Fab fragment

consists of an entire L chain along with the variable region domain of the H chain (VH),
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and the first constant domain of one heavy chain (CH1). Each Fab fragment is monovalent
with respect to antigen binding, i.e., it has a single antigen-binding site. Pepsin treatment
of an antibody yields a single large F(ab')2 fragment that roughly corresponds to two
disulfide linked Fab fragments having divalent antigen-binding activity and is still
capable of crosslinking antigen. Fab' fragments differ from Fab fragments by having
additional few residues at the carboxy terminus of the CH1 domain including one or more
cysteines from the antibody hinge region. Fab'-SH is the designation herein for Fab' in
which the cysteine residue(s) of the constant domains bear a free thiol group. F(ab'):
antibody fragments originally were produced as pairs of Fab' fragments that have hinge

cysteines between them. Other chemical couplings of antibody fragments are also known.

As used herein, a “functional fragment or analog of an antibody” is a compound having
qualitative biological activity in common with a full-length antibody. For example, a
functional fragment or analog of an anti-IgE antibody is one that can bind to an IgE
immunoglobulin in such a manner so as to prevent or substantially reduce the ability of

such molecule from having the ability to bind to the high affinity receptor, Fc[epsilon]RI.

The term “antibody heavy chain™ refers to the larger of the two types of polypeptide
chains present in antibody molecules in their naturally occurring conformations, and

which normally determines the class to which the antibody belongs.

The term “antibody light chain refers to the smaller of the two types of polypeptide
chains present in antibody molecules in their naturally occurring conformations. Kappa

(K) and lambda (3) light chains refer to the two major antibody light chain isotypes.

“Anticalins” are well known in the art and refer to an antibody mimetic technology,
wherein the binding specificity is derived from lipocalins. Anticalins may also be

formatted as dual targeting protein, called Duocalins.

The term “antigen” or “Ag” refers to a molecule that provokes an immune response. This
immune response may involve either antibody production, or the activation of specific
immunologically-competent cells, or both. The skilled artisan will understand that any
macromolecule, including virtually all proteins or peptides, can serve as an antigen.
Furthermore, antigens can be derived from recombinant or genomic DNA. A skilled

artisan will understand that any DNA, which comprises a nucleotide sequence or a partial
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nucleotide sequence encoding a protein that elicits an immune response therefore encodes
an “antigen” as that term is used herein. Furthermore, one skilled in the art will understand
that an antigen does not necessarily need to be encoded solely by a full-length nucleotide
sequence of a gene. It is readily apparent that the present invention includes, but is not
limited to, the use of partial nucleotide sequences of more than one gene and that these
nucleotide sequences are arranged in various combinations to encode polypeptides that
elicit the desired immune response. Moreover, a skilled artisan will understand that an
antigen does not necessarily need to be encoded by a “gene” at all. It is readily apparent
that an antigen can be synthesized or can be derived from a biological sample, or might
be macromolecule besides a polypeptide. Such a biological sample can include, but is not

limited to a tissue sample, a cell or a fluid with other biological components.

The term “antigen presenting cell” or “APC” refers to an immune system cell such as
an accessory cell (e.g., a B-cell, a dendritic cell, and the like) that displays a foreign
antigen complexed with major histocompatibility complexes (MHCs) on its surface. T-
cells may recognize these complexes using their T-cell receptors (TCRs). APCs process

antigens and present them to T-cells.

As used herein, an “armadillo repeat protein-based scaffold” refers to a type of
antibody mimetics corresponding to artificial peptide binding scaffolds based on
armadillo repeat proteins. Armadillo repeat proteins are characterized by an armadillo
domain, composed of tandem armadillo repeats of approximately 42 amino acids, which

mediates interactions with peptides or proteins.

“Atrimers” are well known in the art and refer to binding molecules for target protein
that trimerize as a perquisite for their biological activity. They are relatively large

compared to other antibody mimetic scaffolds.

The term “autologous” refers to any material derived from the same individual to whom

1t 1s later to be re-introduced.

“Avimers” are well known in the art and refer to an antibody mimetic technology.
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“DARPins” (Designed Ankyrin Repeat Proteins) are well known in the art and refer to
an antibody mimetic DRP (designed repeat protein) technology developed to exploit the
binding abilities of non-antibody polypeptides.

The term “BB7.2” as used herein, refers to a murine hybridoma identified as ATCC
Deposit HB-82. The BB7.2 hybridoma cells secrete a murine monoclonal antibody of
IgG2b kappaisotype (e.g., BB7.2 antibody), which has been characterized by Parham, P.
et al. and Hilton ef al. (Parham, P. ef al, 1981; Hilton ef al., 2013). The BB7.2 antibody
is commercially available, such as, for example, from Abcam (Catalog reference number:
ab74674), Thermo Fisher Scientific (Catalog reference number: 17-9876-42) or Santa
Cruz Biotechnology (Catalog reference number: sc-32236). The amino acid sequences of
the six complementarity determining regions (CDRs) of the BB7.2 antibody are as

follows:

- Heavy chain CDR1 (HCDRI1): SYHIQ (SEQ ID NO: 62);

- Heavy chain CDR2 (HCDR2): WIYPGDGSTQYNEKFKG (SEQ ID NO: 63);
- Heavy chain CDR3 (HCDR3): EGTYYAMDY (SEQ ID NO: 64);

- Light chain CDR1 (LCDR1): RSSQSIVHSNGNTYLE (SEQ ID NO: 65)

- Light chain CDR2 (LCDR2): KVSNRFS (SEQ ID NO: 66);

- Light chain CDR3 (LCDR3): FQGSHVPRT (SEQ ID NO: 67).

As used herein, a “BB7.2 antibody” is an antibody having the VH (SEQ ID NO: 9) and
VL (SEQ ID NO: 10) of the monoclonal antibody secreted by BB7.2. A BB7.2 antibody
may be a whole antibody or a fragment thereof having the VH and VL of the monoclonal
antibody secreted by BB7.2, such as an scFv having the VH and VL of the monoclonal
antibody secreted by BB7.2.

The term “binding” 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. Non-specific
binding would refer to binding with an affinity of less than 10”7 M, e.g., binding with an
affinity of 10°° M, 10> M, 104 M, etc.
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As used herein, a “5' cap” (also termed an RNA cap, an RNA 7-methylguanosine cap or
an RNA m7G cap) is a modified guanine nucleotide that has been added to the “front” or
5" end of a eukaryotic messenger RNA shortly after the start of transcription. The 5' cap
consists of a terminal group which is linked to the first transcribed nucleotide. Its presence
is critical for recognition by the ribosome and protection from RNases. Cap addition is
coupled to transcription, and occurs co-transcriptionally, such that each one influences
the other. Shortly after the start of transcription, the 5' end of the mRNA being synthesized
is bound by a cap-synthesizing complex associated with RNA polymerase. This
enzymatic complex catalyzes the chemical reactions that are required for mRNA capping.
Synthesis proceeds as a multi-step biochemical reaction. The capping moiety can be
modified to modulate functionality of mRNA such as its stability or efficiency of

translation.

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)).

The terms “chimeric receptor” or “chimeric antigen receptor” or “CAR” refer to one
polypeptide or to a set of polypeptides, typically two in the simplest embodiments, which
when in an immune cell, provides the cell with specificity for a target ligand and with
intracellular signal generation. In some embodiments, the set of polypeptides are

contiguous with each other. In some embodiments, the chimeric receptor is a chimeric
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fusion protein comprising the set of polypeptides. In some embodiments, the set of
polypeptides include a dimerization switch that, upon the presence of a dimerization
molecule, can couple the polypeptides to one another, e.g., can couple a ligand binding
domain to an intracellular signaling domain. In one embodiment, the chimeric receptor
comprises an optional leader sequence at the amino-terminus (N-ter) of the chimeric
receptor fusion protein. In one embodiment, the chimeric receptor further comprises a
leader sequence at the N-terminus of the extracellular ligand binding domain, wherein the
leader sequence is optionally cleaved from the ligand binding domain during cellular

processing and localization of the chimeric receptor to the cellular membrane.

The term “conservative sequence modifications™ refers to amino acid modifications that
do not significantly affect or alter the biologic function of the protein containing the
amino acid sequence. Such conservative modifications include amino acid substitutions,
additions and deletions. Modifications can be introduced into a protein by standard
techniques known in the art, such as site-directed mutagenesis and PCR-mediated
mutagenesis. A "conservative substitution" is one in which an amino acid is substituted
for another amino acid that has similar properties, such that one skilled in the art of
peptide chemistry would expect the secondary structure and hydropathic nature of the
polypeptide to be substantially unchanged. Amino acid substitutions are generally
therefore based on the relative similarity of the amino acid side-chain substituents, for
example, their hydrophobicity, hydrophilicity, charge, size, and the like. Exemplary
substitutions that take various of the foregoing characteristics into consideration are well
known to those of skill in the art and include: arginine and lysine; glutamate and aspartate;
serine and threonine; glutamine and asparagine; and valine, leucine and isoleucine.
Amino acid substitutions may further be made on the basis of similarity in polarity,
charge, solubility, hydrophobicity, hydrophilicity and/or the amphipathic nature of the
residues. For example, negatively charged amino acids include aspartic acid and glutamic
acid; positively charged amino acids include lysine and arginine; and amino acids with
uncharged polar head groups having similar hydrophilicity values include leucine,
isoleucine and valine; glycine and alanine; asparagine and glutamine; and serine,
threonine, phenylalanine and tyrosine. Other groups of amino acids that may represent

conservative changes include: (1) ala, pro, gly, glu, asp, gln, asn, ser, thr; (2) cys, ser, tyr,



CA 03076547 2020-03-19

WO 2019/056106 PCT/CA2018/051174

10

15

20

25

30

16

thr; (3) val, ile, leu, met, ala, phe; (4) lys, arg, his; and (5) phe, tyr, trp, his. Other families
of amino acid residues having similar side chains have been defined in the art. These
families include amino acids with basic side chains (e.g., lysine, arginine, histidine),
acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g.,
glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine, tryptophan),
nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine,
methionine), beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic
side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, one or more amino
acid residues within an antibody or chimeric receptor of the invention can be replaced
with other amino acid residues from the same side chain family and the altered antibody

or chimeric receptor can be tested for binding to HLA-A2.

The term “constitutive promoter” refers to a nucleotide sequence which, when operably
linked with a polynucleotide which encodes or specifies a gene product, causes the gene

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

The term “costimulatory molecule” refers to a cognate binding partner on a T cell that
specifically binds with a costimulatory ligand, thereby mediating a costimulatory
response by the T cell, such as, but not limited to, proliferation. Costimulatory molecules
are cell surface molecules other than antigen receptors or their ligands that contribute to
an efficient immune response. A costimulatory signaling domain can be the intracellular
portion of a costimulatory molecule. A costimulatory molecule can be represented in the
following protein families: TNF receptor proteins, Immunoglobulin-like proteins,
cytokine receptors, integrins, signaling lymphocytic activation molecules (SLAM

proteins), and activating NK cell receptors.

A “cytotoxic cell” includes cytotoxic CD8" T cells, natural-killer (NK) cells, and

neutrophils, which cells are capable of mediating cytotoxicity responses.

“Derived from” as that term is used herein, indicates a relationship between a first and a
second molecule. It generally refers to structural similarity between the first molecule and
the second molecule and does not connote or include a process or source limitation on a
first molecule that is derived from a second molecule. For example, in the case of an

intracellular signaling domain that is derived from a CD3zeta molecule, the intracellular
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signaling domain retains sufficient CD3zeta structure such that is has the required
function, namely, the ability to generate a signal under the appropriate conditions. It does
not connote or include a limitation to a particular process of producing the intracellular
signaling domain, e.g., it does not mean that, to provide the intracellular signaling
domain, one must start with a CD3zeta sequence and delete unwanted sequence, or

impose mutations, to arrive at the intracellular signaling domain.

The term “diabodies” refers to small antibody fragments prepared by constructing scFv
fragments with short linkers (about 5-10 residues) between the VH and VL domains such
that inter-chain but not intra-chain pairing of the V domains is achieved, resulting in a
bivalent fragment, i.e., fragment having two antigen binding sites. Bispecific diabodies
are heterodimers of two “crossover” scFv fragments in which the VH and VL domains of
the two antibodies are present on different polypeptide chains. Diabodies are described
more fully in, for example, EP 0404097, WO 93/11161; and Holliger et al., Proc. Natl.
Acad. Sci. USA, 90:6444-6448 (1993).

A “domain antibody” is well known in the art and refers to the smallest functional
binding units of antibodies, corresponding to the variable regions of either the heavy or

light chains of antibodies.

The term “encoding” refers to the inherent property of specific sequences of nucleotides
in a polynucleotide, such as, for example, a gene, a cDNA, or an mRNA, to serve as
templates for synthesis of other polymers and macromolecules in biological processes
having either a defined sequence of nucleotides (e.g., IRNA, tRNA and mRNA) or a
defined sequence of amino acids and the biological properties resulting therefrom. Thus,
a gene, cDNA, or RNA, encodes a protein if transcription and translation of mRNA
corresponding to that gene produces the protein in a cell or other biological system. Both
the coding strand, the nucleotide sequence of which is identical to the mRNA sequence
and is usually provided in sequence listings, and the non-coding strand, used as the
template for transcription of a gene or cDNA, can be referred to as encoding the protein
or other product of that gene or cDNA. Unless otherwise specified, a “nucleotide
sequence encoding an amino acid sequence” includes all nucleotide sequences that are

degenerate versions of each other and that encode the same amino acid sequence. The
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phrase “nucleotide sequence that encodes a protein or an RNA” may also include introns
to the extent that the nucleotide sequence encoding the protein may in some version

contain an intron(s).

The term “endogenous” refers to any material from or produced inside an organism, cell,

tissue or system.

The terms “engineered” or “modified” are used interchangeably and refer to a cell that

has been transfected, transformed or transduced.

“Evasins” are well known in the art and refer to a class of chemokine-binding proteins.

The term “exogenous” refers to any material introduced in or produced outside an

organism, cell, tissue or system.

The term “expression” refers to the transcription and/or translation of a particular

nucleotide sequence driven by a promoter.

The term “expression vector” refers to a vector comprising a recombinant polynucleotide
comprising expression control sequences operatively linked to a nucleotide sequence to
be expressed. An expression vector comprises sufficient cis-acting elements for
expression; other elements for expression can be supplied by the host cell or in an in vitro
expression system. Expression vectors include all those known in the art, including,
without limitation, cosmids, plasmids (e.g., naked or contained in liposomes) and viruses
(e.g.., lentiviruses, retroviruses, adenoviruses, and adeno-associated viruses) that

incorporate the recombinant polynucleotide.

The “F¢” fragment of an antibody comprises the carboxy-terminal portions of both H
chains held together by disulfides. The effector functions of antibodies are determined by
sequences in the Fc region, which region is also the part recognized by Fc receptors (FcR)

found on certain types of cells.

“Framework” or “FR” residues are those variable domain residues other than the

hypervariable region residues herein defined.

“Fv” is the minimum antibody fragment that contains a complete antigen-recognition and
-binding site. This fragment consists of a dimer of one heavy- and one light-chain variable

region domain in tight, non-covalent association. From the folding of these two domains
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emanate six hypervariable loops (three loops each from the H and L chain) that contribute
the amino acid residues for antigen binding and confer antigen binding specificity to the
antibody. However, even a single variable domain (or half of an Fv comprising only three
CDRs specific for an antigen) has the ability to recognize and bind antigen, although at a

lower affinity than the entire binding site.

“Fynomers” are well known in the art and refer to proteins that belong to the class of
antibody mimetic. They are attractive binding molecules due to their high thermal

stability and reduced immunogenicity.

The term “graft-versus-host disease” or “GVHD” as used herein refers to a medical
complication following the receipt of transplanted tissue from a genetically different
person. Immune cells in the donated tissue (the graft) recognize the recipient (the host) as
foreign. The transplanted immune cells then attack the host's body cells. GVHD is
commonly associated with stem cell transplant; however, the term includes GVHD

arising from other forms of tissue graft. GVHD may also occur after a blood transfusion.

An “HLA-A subtype” as used herein refers to a protein encoded by an allele of the HLA-
A gene. The term “HLA-A*25:01" as used herein refers to an HLA protein with the
designation “HLA-A*25:01" according to the HL A naming system developed in 2010 by
the WHO Committee for Factors of the HLA System. The terms “HLA-A*29:02” and
“HLA-A*30:01 refer to HLA proteins with designations “HLA-A*29:02” and “HLA-
A*30:017, respectively.

The term “HLA-A2" as used herein refers to human leukocyte antigen (HLA) proteins
including cell surface proteins, encoded by the HLA-A*02 allele family at the HLA-A
locus of the HLA gene complex. HLA proteins encompassed by the term “HLA-A2”
include HLA proteins identified as belonging to the HLA-A*02 antigen type by
serological testing or genotyping. Additional names for the HLA-A*02 antigen type
include “HLA-A2”, HLA-A02” and “HLA-A*2". Different naming systems have been
developed which identify HLA proteins encoded by this family of alleles including the
HLA naming system developed in 2010 by the WHO Committee for Factors of the HLA
System. The term “HLA-A2” refer to HLA proteins encoded by alleles having

designations according to this naming system which begin with “HLA-A*02", including
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but not limited to designations which begin with “HLA-A*02:01", “HLA-A*02:027,
“HLA-A*02:03”, “HLA-A*02:04”, “HLA-A*02:05", “HLA-A*02:06", “HLA-
A*02:077, “HLA-A*02:08”, “HLA-A*02:09”, “HLA-A*02:10", and “HLA-A*02:11".
The allele designations may be italicized. The allele designations which begin with
“HLA-A*02.” followed by 2, 3 or 4 additional digits may constitute the complete
designation or a beginning portion of the designation. The term “HLA-A2" also refer to
HLA proteins identified with designations which begin with “HLA-A*02" according to
this naming system, including but not limited to the designations “HLA-A*02:017,
“HLA-A*02:02”, “HLA-A*02:03”", “HLA-A*02:04", “HLA-A*02:05", “HLA-
A*02:06”, “HLA-A*02:07”, “HLA-A*02:08”, “HLA-A*02:09”", “HLA-A*02:10”, and
“HLA-A*02:11".

The term “anti-HLA-A2 antibody” as used herein refers to an antibody that
preferentially or specifically binds to HLA-A2.

The term “HLA-A*03” as used herein refers to HLA proteins including cell surface
proteins, encoded by the HLA-A*03 allele family at the HLA-A locus of the HLA gene
complex. HLA proteins encompassed by the term “HLA-A*03" include HLA proteins
identified as belonging to the HLA-A*03 antigen type by serological testing or
genotyping. Additional names for the HLA-A*03 antigen type include “HLA-A03” and
“HLA-A3”. The term “HLA-A*03" refers to HLA proteins encoded by alleles having
designations according to the HLA naming system developed in 2010 by the WHO
Committee for Factors of the HLA System which begin with “HLA-A*03:”.

The terms “HLA-A*117, “HLA-A11" and “Al1” as used herein each refer to HLA
proteins including cell surface proteins, encoded by the HLA-A*11 allele family at the
HLA-A locus of the HLA gene complex. HL A proteins encompassed by the terms “HL A-
A*117, “HLA-A11" and “A11” include HLA proteins identified as belonging to the
HLA-A*11 antigen type by serological testing or genotyping. Additional names for the
HLA-A*11 antigen type include “HLA-A11". The terms “HLA-A*11", “HLA-A11" and
“Al11” refer to HLA proteins encoded by alleles having designations according to the
HLA naming system developed in 2010 by the WHO Committee for Factors of the HLA
System which begin with “HLA-A*11:”.
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The terms “HLA-A*23”, “HLA-A23” and “A23” as used herein each refer to HLA
proteins including cell surface proteins, encoded by the HLA-A*23 allele family at the
HLA-A locus of the HLA gene complex. HL A proteins encompassed by the terms “HL A-
A*23”, “HLA-A23” and “A23” include HLA proteins identified as belonging to the
HLA-A*23 antigen type by serological testing or genotyping. Additional names for the
HLA-A*23 antigen type include “HLA-A23". The terms “HLA-A*23”, “HLA-A23" and
“A23” refer to HLA proteins encoded by alleles having designations according to the
HLA naming system developed in 2010 by the WHO Committee for Factors of the HLA
System which begin with “HLA-A*23:”.

The terms “HLA-A*25, “HLA-A25" and “A25” as used herein each refer to HLA
proteins including cell surface proteins, encoded by the HLA-A*25 allele family at the
HLA-A locus of the HLA gene complex. HL A proteins encompassed by the terms “HLA-
A*257, “HLA-A25" and “A25” include HLA proteins identified as belonging to the
HLA-A*25 antigen type by serological testing or genotyping. Additional names for the
HLA-A*25 antigen type include “HLA-A25". The terms “HLA-A*25”, “HLA-A25" and
“A25” refer to HLA proteins encoded by alleles having designations according to the
HLA naming system developed in 2010 by the WHO Committee for Factors of the HLA
System which begin with “HLA-A*25:”.

The terms “HLA-A*26", “HLA-A26" and “A26” as used herein each refer to HLA
proteins including cell surface proteins, encoded by the HLA-A*26 allele family at the
HLA-A locus of the HLA gene complex. HL A proteins encompassed by the terms “HL A-
A*26”, “HLA-A26" and “A26” include HLA proteins identified as belonging to the
HLA-A*26 antigen type by serological testing or genotyping. Additional names for the
HLA-A*26 antigen type include “HLA-A26". The terms “HLA-A*26", “HLA-A26" and
“A26” refer to HLA proteins encoded by alleles having designations according to the
HLA naming system developed in 2010 by the WHO Committee for Factors of the HLA
System which begin with “HLA-A*26:".

The terms “HLA-A*29”, “HLA-A29” and “A29” as used herein each refer to HLA
proteins including cell surface proteins, encoded by the HLA-A*29 allele family at the
HLA-A locus of the HLA gene complex. HL A proteins encompassed by the terms “HLA-
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A*297, “HLA-A29” and “A29” include HLA proteins identified as belonging to the
HLA-A*29 antigen type by serological testing or genotyping. Additional names for the
HLA-A*29 antigen type include “HLA-A29". The terms “HLA-A*29”, “HLA-A29” and
“A29” refer to HLA proteins encoded by alleles having designations according to the
HLA naming system developed in 2010 by the WHO Committee for Factors of the HLA
System which begin with “HLA-A*29:”.

The terms “HLA-A*307, “HLA-A30” and “A30” as used herein each refer to HLA
proteins including cell surface proteins, encoded by the HLA-A*30 allele family at the
HLA-A locus of the HLA gene complex. HL A proteins encompassed by the terms “HLA-
A*307, “HLA-A30” and “A30” include HLA proteins identified as belonging to the
HLA-A*30 antigen type by serological testing or genotyping. Additional names for the
HLA-A*30 antigen type include “HLA-A30". The terms “HLA-A*30”, “HLA-A30" and
“A30” refer to HLA proteins encoded by alleles having designations according to the
HLA naming system developed in 2010 by the WHO Committee for Factors of the HLA
System which begin with “HLA-A*30:”.

The terms “HLA-A*317, “HLA-A31" and “A31” as used herein each refer to HLA
proteins including cell surface proteins, encoded by the HLA-A*31 allele family at the
HLA-A locus of the HLA gene complex. HL A proteins encompassed by the terms “HLA-
A*317, “HLA-A31” and “A31” include HLA proteins identified as belonging to the
HLA-A*31 antigen type by serological testing or genotyping. Additional names for the
HLA-A*31 antigen type include “HLA-A31". The terms “HLA-A*31”, “HLA-A31" and
“A31” refer to HLA proteins encoded by alleles having designations according to the
HLA naming system developed in 2010 by the WHO Committee for Factors of the HLA
System which begin with “HLA-A*31:”.

The terms “HLA-A*33”, “HLA-A33” and “A33” as used herein each refer to HLA
proteins including cell surface proteins, encoded by the HLA-A*33 allele family at the
HLA-A locus of the HLA gene complex. HL A proteins encompassed by the terms “HLA-
A*33”, “HLA-A33” and “A33” include HLA proteins identified as belonging to the
HLA-A*33 antigen type by serological testing or genotyping. Additional names for the
HLA-A*33 antigen type include “HLA-A33". The terms “HLA-A*33”, “HLA-A33" and
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“A33” refer to HLA proteins encoded by alleles having designations according to the
HLA naming system developed in 2010 by the WHO Committee for Factors of the HLA
System which begin with “HLA-A*33:”.

The terms “HLA-A*34”, “HLA-A34" and “A34” as used herein each refer to HLA
proteins including cell surface proteins, encoded by the HLA-A*34 allele family at the
HLA-A locus of the HLA gene complex. HL A proteins encompassed by the terms “HLA-
A*34”, “HLA-A34" and “A34” include HLA proteins identified as belonging to the
HLA-A*34 antigen type by serological testing or genotyping. Additional names for the
HLA-A*34 antigen type include “HLA-A34". The terms “HLA-A*34”, “HLA-A34" and
“A34” refer to HLA proteins encoded by alleles having designations according to the
HLA naming system developed in 2010 by the WHO Committee for Factors of the HLA
System which begin with “HLA-A*34:”.

“Humanized” forms of non-human (e.g., murine) antibodies are chimeric
immunoglobulins, immunoglobulin chains or fragments thereof (such as, for example,
Fv, scFv, Fab, Fab', F(ab')2 or other antigen-binding subsequences of antibodies) which
contain minimal sequence derived from non-human immunoglobulin. For the most part,
humanized antibodies and antibody fragments thereof are 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, 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
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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.

“Fully human” refers to an immunoglobulin, such as, for example, an antibody or
antibody fragment, where the whole molecule is of human origin or consists of an amino
acid sequence identical to a human form of the antibody or immunoglobulin. Such
antibodies can be obtained from transgenic mice or other animals that have been
engineered to produce specific human antibodies in response to antigenic challenge (see,
e.g., Green et al., (1994) Nature Genet 7:13; Lonberg et 5 al., (1994) Nature 368:856;
Taylor et al., (1994) Int Immun 6:579, the entire teachings of which are herein
incorporated by reference). A fully human antibody can be constructed by genetic or
chromosomal transfection methods, as well as phage display technology, all of which are
known in the art (see, e.g., McCafferty et al., (1990) Nature 348:552-553). Human
antibodies may also be generated by in vitro activated B cells (see, e.g., U.S. Pat.

Nos. 5,567,610 and 5,229,275, which are incorporated in their entirety by reference).

The term “hypervariable region” when used herein refers to the amino acid residues of
an antibody that are responsible for antigen binding. The hypervariable region generally
comprises amino acid residues from a “complementarity determining region” or “CDR”
(e.g., around about residues 24-34 (1), 50-56 (1.2) and 89-97 (L3) in the VL, and around
about 31-35 (H1), 50-65 (H2) and 95-102 (H3) in the VH when numbered in accordance
with the Kabat numbering system; Kabat et al., Sequences of Proteins of Immunological
Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda, Md.
(1991)); and/or those residues from a "hypervariable loop" (e.g., residues 24-34 (L 1), 50-
56 (L2) and 89-97 (L3) in the VL, and 26-32 (H1), 52-56 (H2) and 95-15 101 (H3) in the
VH when numbered in accordance with the Chothia numbering system; Chothia and
Lesk, J. Mol. Biol. 196:901-917 (1987)). and/or those residues from a “hypervariable
loop”/CDR (e.g., residues 27-38 (L.1), 56-65 (L2) and 105-120 (L3) in the VL, and 27-38
(H1), 56-65 (H2) and 105-120 (H3) in the VH when numbered in accordance with the
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IMGT numbering system; Lefranc, M. P. et al., Nucl. Acids Res. 27:209-212 (1999),
Ruiz, M. et al,, Nucl. Acids Res. 28:219-221 (2000)). Optionally the antibody has
symmetrical insertions at one or more of the following points 28, 36 (L1), 63, 74-75 (L2)
and 123 (L3) in the VL, and 28, 36 (H1), 63, 74-75 (H2) and 123 (H3) in the VH when
numbered in accordance with AHo (Honneger, A. and Plunkthun, A. J. Mol. Biol.
309:657-670 (2001)).

The term “identity” or “hemology”, when used in a relationship between the sequences
of two or more polypeptides or nucleic acid sequences, refers to the degree of sequence
relatedness between polypeptides or nucleic acid sequences, as determined by the number
of matches between strings of two or more amino acid residues or nucleotide residues.
“Identity” measures the percent of identical matches between the smaller of two or more
sequences with gap alignments (if any) addressed by a particular mathematical model or
computer program (i.e., “algorithms™). When a subunit position in both of the two
molecules is occupied by the same monomeric subunit; e.g., if a position in each of two
DNA molecules is occupied by adenine, then they are homologous or identical at that
position. The homology between two sequences is a direct function of the number of
matching or homologous positions; e.g., if half (e.g., five positions in a polymer of ten
subunits in length) of the positions in two sequences are homologous, the two sequences
are 50% homologous; if 90% of the positions (e.g., 9 of 10), are matched or homologous,
the two sequences are 90% homologous. Identity of related polypeptides or nucleic acid
sequences can be readily calculated by known methods. Such methods include, but are
not limited to, those described in Computational Molecular Biology, Lesk, A. M, ed.,
Oxford University Press, New York, 1988; Biocomputing: Informatics and Genome
Projects, Smith, D. W, ed., Academic Press, New York, 1993; Computer Analysis of
Sequence Data, Part 1, Griffin, A. M., and Griffin, H. G., eds., Humana Press, New 10
Jersey, 1994; Sequence Analysis in Molecular Biology, von Heinje, G., Academic Press,
1987; Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M. Stockton Press,
New York, 1991; and Carillo et al., SIAM J. Applied Math. 48, 1073 (1988). Preferred
methods for determining identity are designed to give the largest match between the
sequences tested. Methods of determining identity are described in publicly available

computer programs. Preferred computer program methods for determining identity
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between two sequences include the GCG program package, including GAP (Devereux et
al., Nucl. Acid. Res. \2, 387 (1984); Genetics Computer Group, University of Wisconsin,
Madison, Wis.), BLASTP, BLASTN, and FASTA (Altschul et al., J. Mol. Biol. 215, 403-
410 (1990)). The BLASTX program is publicly available from the National Center for
Biotechnology Information (NCBI) and other sources (BLAST Manual, Altschul et al.,
NCB/NLM/NIH Bethesda, Md. 20894; Altschul et al., supra). The well-known Smith

Waterman algorithm may also be used to determine identity.

As used herein, the term “immune cells” generally includes white blood cells
(leukocytes) which are derived from hematopoietic stem cells (HSC) produced in the
bone marrow. Examples of immune cells include, but are not limited to, lymphocytes (T
cells, B cells, and natural killer (NK) cells) and myeloid-derived cells (neutrophil,

eosinophil, basophil, monocyte, macrophage, dendritic cells).

As used herein, the term “immune effector cell” refers to a cell of the immune system

which is in a form that is capable of mounting a specific immune response.

As used herein, the term “immune response” includes T cell mediated and/or B cell
mediated immune responses. Exemplary immune responses include T cell responses, e.g.,
cytokine production and cellular cytotoxicity. In addition, the term immune response
includes immune responses that are indirectly effected by T cell activation, e.g., antibody
production (humoral responses) and activation of cytokine responsive cells, e.g.,
macrophages. Immune cells involved in the immune response include lymphocytes, such
as B cells and T cells (CD4", CD8", Thl and Th2 cells); antigen presenting cells (e.g.,
professional antigen presenting cells such as dendritic cells, macrophages, B
lymphocytes, Langerhans cells, and non-professional antigen presenting cells such as
keratinocytes, endothelial cells, astrocytes, fibroblasts, oligodendrocytes); natural killer
cells; myeloid cells, such as macrophages, eosinophils, mast cells, basophils, and

granulocytes.

As used herein, the term “immune accommodation” refers to a condition of a transplant
recipient in which an organ or tissue transplant functions normally despite the presence

of antibodies in the recipient which are specific for the organ or tissue transplant.
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As used herein, the term "immunological tolerance" or “immune tolerance” refers to
methods performed on a proportion of treated subjects in comparison with untreated
subjects where: a) a decreased level of a specific immunological response (thought to be
mediated at least in part by antigen-specific effector T lymphocytes, B lymphocytes,
antibody, or their equivalents); b) a delay in the onset or progression of a specific
immunological response; or ¢) a reduced risk of the onset or progression of a specific
immunological response. “Specific” immunological or immune tolerance occurs when
immunological or immune tolerance is preferentially invoked against certain antigens in

comparison with others.

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

the promoter is present in the cell.

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

by the recipient.

An “intact” antibody is one which comprises an antigen-binding site as well as a CL and
at least heavy chain constant domains, CH1, CH2 and CH3. The constant domains may
be native sequence constant domains (e.g. human native sequence constant domains) or

amino acid sequence variants thereof.

An “intracellular signaling domain”, as the term is used herein, refers to an intracellular
portion of a molecule. The intracellular signaling domain generates a signal that promotes

an immune function of the chimeric receptor containing cell. Examples of immune
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function in a chimeric receptor-T cell may include cytolytic activity, suppressive activity

and helper activity, including the secretion of cytokines.

As used herein, “in vitro transcribed RNA” refers to RNA, preferably mRNA, that has
been synthesized in vitro. Generally, the in vitro transcribed RNA is generated from an
in vitro transcription vector. The in vitro transcription vector comprises a template that is

used to generate the in vitro transcribed RNA.

The term “isolated” means altered or removed from the natural state. For example, a
nucleic acid or a peptide naturally present in a living animal is not isolated, but the same
nucleic acid or peptide partially or completely separated from the coexisting materials of
its natural state is isolated. An isolated nucleic acid or peptide can exist in substantially
purified form, or can exist in a non-native environment such as, for example, a host cell.
Typically, a preparation of isolated nucleic acid or peptide contains the nucleic acid or
peptide at least about 80% pure, at least about 85% pure, at least about 90% pure, at least
about 95% pure, greater than 95% pure, greater than 96% pure, greater than 97% pure,

greater than 98% pure, or greater than 99% pure.

An “isolated antibody” is one that has been separated and/or recovered from a
component of its natural environment. Contaminant components of its natural
environment are materials that may interfere with diagnostic or therapeutic uses of the
antibody, and may include enzymes, hormones, and other proteinaceous or non-
proteinaceous components. In preferred embodiments, the antibody is purified: (1) to
greater than 95% by weight of antibody as determined by the Lowry method, and most
preferably more than 99% by weight; (2) to a degree sufficient to obtain at least 15
residues of N-terminal or internal amino acid sequence by use of a spinning cup
sequenator; or (3) to homogeneity as shown by SDS-PAGE under reducing or non-
reducing conditions and using Coomassie blue or, preferably, silver staining. Isolated
antibody includes the antibody in siru within recombinant cells since at least one
component of the antibody's natural environment will not be present. Ordinarily,

however, isolated antibody will be prepared by at least one purification step.

An “isolated nucleic acid” or “isolated nucleic sequence” is a nucleic acid that is

substantially separated from other genome DNA sequences as well as proteins or
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complexes such as ribosomes and polymerases, which naturally accompany a native
sequence. The term embraces a nucleic acid sequence that has been removed from its
naturally occurring environment, and includes recombinant or cloned DNA isolates and
chemically synthesized analogues or analogues biologically synthesized by heterologous
systems. A substantially pure nucleic acid includes isolated forms of the nucleic acid. Of
course, this refers to the nucleic acid as originally isolated and does not exclude genes or

sequences later added to the isolated nucleic acid by the hand of man.

An “isolated polypeptide” is one that has been identified and separated and/or recovered
from a component of its natural environment. In preferred embodiments, the isolated
polypeptide will be purified (1) to greater than 95% by weight of polypeptide as
determined by the Lowry method, and most preferably more than 99% by weight, (2) to
a degree sufficient to obtain at least 15 residues of N-terminal or internal amino acid
sequence by use of a spinning cup sequenator, or (3) to homogeneity by SDS-PAGE under
reducing or non-reducing conditions using Coomassie blue or, preferably, silver staining.
Isolated polypeptide includes the polypeptide in situ within recombinant cells since at
least one component of the polypeptide's natural environment will not be present.
Ordinarily, however, isolated polypeptide will be prepared by at least one purification

step.

As used herein, an “knottin” (that may also be referred to as inhibitor cystine not) refers
to an antibody mimetic comprising a protein structural motif containing three disulfide

bridges.

As used herein, an “kunitz domain peptide” refers to a type of antibody mimetics, and

is based on the active domains of proteins inhibiting the function of proteases.

The term “lentivirus” refers to a genus of the Retroviridae family. Lentiviruses are unique
among the retroviruses in being able to infect non-dividing cells; they can deliver a
significant amount of genetic information into the DNA of the host cell, so they are one
of the most efficient methods of a gene delivery vector. Examples of lentiviruses include,

but are not limited to, HIV, SIV, and FIV.

The term “lentiviral vector” refers to a vector derived from at least a portion of a

lentivirus genome, including especially a self-inactivating lentiviral vector as provided in
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Milone et al., Mol. Ther. 17(8): 1453-1464 (2009). Other examples of lentivirus vectors
that may be used in the clinic, include but are not limited to, the LENTIVECTOR® gene
delivery technology from Oxford BioMedica, the LENTIMAX™ vector system from
Lentigen and the like. Nonclinical types of lentiviral vectors are also available and would

be known to one skilled in the art.

The term “ligand” refers to a member of a pair ligand/receptor, and binds to the other

member of the pair.

The term “monoclonal antibody™ as used herein refers to an antibody obtained from a
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. Monoclonal antibodies are highly
specific, being directed against a single antigenic site. Furthermore, in contrast to
polyclonal antibody preparations that include different antibodies directed against
different determinants (epitopes), each monoclonal antibody is directed against a single
determinant on the antigen. In addition to their specificity, the monoclonal antibodies are
advantageous in that they may be synthesized uncontaminated by other antibodies. The
modifier “monoclonal” is not to be construed as requiring production of the antibody by
any particular method. For example, a monoclonal antibody may be prepared by the
hybridoma methodology first described by Kohler et al., Nature, 256:495 (1975), or may
be made using recombinant DNA methods in bacterial, eukaryotic animal or plant cells
(see, e.g., U.S. Pat. No. 4,816,567). A “monoclonal antibody” may also be isolated from
phage antibody libraries using the techniques described in Clackson et al., Nature,
352:624-628 (1991) and Marks et al., J. Mol. Biol., 222:581-597 (1991), for example.

The monoclonal antibodies herein include “chimeric” antibodies.

The term “nucleic acid” or “polynucleotide” refers to a polymer of nucleotides
covalently linked by phosphodiester bonds, such as deoxyribonucleic acids (DNA) or
ribonucleic acids (RNA), in either single- or double-stranded form. Unless specifically
limited, the term encompasses nucleic acids containing known analogues of natural
nucleotides that have similar binding properties as the reference nucleic acid and are
metabolized in a manner similar to naturally occurring nucleotides. Unless otherwise

indicated, a particular nucleic acid sequence also implicitly encompasses conservatively
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modified variants thereof (e.g., degenerate codon substitutions), alleles, orthologs, SNPs,
and complementary sequences as well as the sequence explicitly indicated. Specifically,
degenerate codon substitutions may be achieved by generating sequences in which the
third position of one or more selected (or all) codons is substituted with mixed-base and/or
deoxyinosine residues (Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsukaet al., J.
Biol. Chem. 260:2605-2608 (1985); and Rossolini et al., Mol. Cell. Probes 8:91-98
(1994)).

A “nanobody” is well known in the art and refers to an antibody-derived therapeutic
protein that contains the unique structural and functional properties of naturally-occurring
heavy chain antibodies. These heavy chain antibodies contain a single variable domain

(VHH) and two constant domains (CH2 and CH3).

A “native sequence” polynucleotide is one that has the same nucleotide sequence as a
polynucleotide derived from nature. A “native sequence” polypeptide is one that has the
same amino acid sequence as a polypeptide (e.g., antibody) derived from nature (e.g.,
from any species). Such native sequence polynucleotides and polypeptides can be isolated

from nature or can be produced by recombinant or synthetic means.

The terms “operably linked” or “transcriptional control” refer to functional linkage
between a regulatory sequence and a heterologous nucleic acid sequence resulting in
expression of the latter. For example, a first nucleic acid sequence is operably linked with
a second nucleic acid sequence when the first nucleic acid sequence is placed in a
functional relationship with the second nucleic acid sequence. For instance, a promoter is
operably linked to a coding sequence if the promoter affects the transcription or
expression of the coding sequence. Operably linked DNA sequences can be contiguous
with each other and, e.g., where necessary to join two protein coding regions, are in the

same reading frame.

As used herein, the term “operational tolerance” refers to a clinical situation where there
is a stable graft function lacking histological signs of rejection, including acute or chronic
rejection, in the absence of any immunosuppressive drug therapies for at least 1 year, in

an immunocompetent host capable of responding to other challenges including infections.
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RIS

The terms “peptide”, “polypeptide” and “protein” are used interchangeably, and refer
to a compound comprised of amino acid residues covalently linked by peptide bonds. A
polypeptide is not limited to a specific length: it must contain at least two amino acids,
and no limitation is placed on the maximum number of amino acids that can comprise a
polypeptide's sequence. Peptides, oligopeptides, and proteins are included within the
definition of polypeptide, and such terms may be used interchangeably herein unless
specifically indicated otherwise. As used herein, the term refers to both short chains,
which also commonly are referred to in the art as peptides, oligopeptides and oligomers,
for example, and to longer chains, which generally are referred to in the art as proteins,
of which there are many types. In one embodiment, as used herein, the term “peptides™
refers to a linear polymer of amino acids linked together by peptide bonds, preferably
having a chain length of less than about 50 amino acids residues; a “polypeptide” refers
to a linear polymer of at least 50 amino acids linked together by peptide bonds; and a
protein specifically refers to a functional entity formed of one or more peptides or
polypeptides, optionally glycosylated, and optionally of non-polypeptides cofactors. This
term also does not refer to or exclude post-expression modifications of the polypeptide,
for example, glycosylations, acetylations, phosphorylations and the like, as well as other
modifications known in the art, both naturally occurring and non-naturally occurring. A
polypeptide may be an entire protein, or a subsequence thereof. “Polypeptides™ include,
for example, biologically active fragments, substantially homologous polypeptides,
oligopeptides, homodimers, heterodimers, variants of polypeptides, modified
polypeptides, derivatives, analogs, fusion proteins, among others. A polypeptide includes
a natural peptide, a recombinant peptide, or a combination thereof. Particular
polypeptides of interest in the context of this invention are amino acid subsequences

comprising CDRs and being capable of binding an antigen.

The term “pharmaceutically acceptable excipient” or “pharmaceutically acceptable
carrier” refers to an excipient that does not produce an adverse, allergic or other
untoward reaction when administered to an animal, preferably a human. It includes any
and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic

and absorption delaying agents and the like. For human administration, preparations
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should meet sterility, pyrogenicity, general safety and purity standards as required by
regulatory offices, such as, for example, FDA Office or EMA.

As used herein, a “poly(A)” is a series of adenosines monophosphate attached to the
mRNA. In a preferred embodiment of a construct for transient expression, the polyA is
between 50 and 5000 adenosines monophosphate, preferably greater than or equal to 64,
more preferably greater than or equal to 100, most preferably greater than or equal to 300
or 400 adenosines monophosphate. Poly(A) sequences can be modified chemically or
enzymatically to modulate mRNA functionality such as localization, stability or

efficiency of translation.

As used herein, “polyadenylation” refers to the covalent linkage of a polyadenylyl
moiety, or its modified variant, to a messenger RNA molecule. In eukaryotic organisms,
most messenger RNA (mRNA) molecules are polyadenylated at the 3' end. The 3' poly
(A) tail is a long sequence of adenine nucleotides (often several hundred) added to the
pre-mRNA through the action of an enzyme, polyadenylate polymerase. In higher
eukaryotes, the poly(A) tail is added onto transcripts that contain a specific sequence, the
polyadenylation signal. The poly(A) tail and the protein bound to it aid in protecting
mRNA from degradation by exonucleases. Polyadenylation is also important for
transcription termination, export of the mRNA from the nucleus, and translation.
Polyadenylation occurs in the nucleus immediately after transcription of DNA into RNA,
but additionally can also occur later in the cytoplasm. After transcription has been
terminated, the mRNA chain is cleaved through the action of an endonuclease complex
associated with RNA polymerase. The cleavage site is usually characterized by the
presence of the base sequence AAUAAA near the cleavage site. After the mRNA has

been cleaved, adenosine residues are added to the free 3' end at the cleavage site.

The term “promoter/regulatory sequence” refers to a nucleic acid sequence (such as,
for example, a DNA sequence) recognized by the synthetic machinery of the cell, or
introduced synthetic machinery, required to initiate the specific transcription of a
polynucleotide sequence, thereby allowing the expression of a gene product operably
linked to the promoter/regulatory sequence. In some instances, this sequence may be the
core promoter sequence and in other instances, this sequence may also include an

enhancer sequence and other regulatory elements which are required for expression of the
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gene product. The promoter/regulatory sequence may, for example, be one which

expresses the gene product in a tissue specific manner.

The term “reactivity” as used herein refers to the ability of an antibody to react with (that
is, bind to) a molecule (e.g., specifically bind to the molecule). A first antibody has “less
reactivity” to a molecule (e.g., an HLA molecule) than a second antibody when the first
antibody exhibits reduced binding to the molecule as compared to the second antibody.
Approaches for readily comparing the reactivities of first and second antibodies to one or
more particular HLA molecules are known. One example approach is provided in the
Examples section herein, where FlowPRA® Single Antigen beads (One Lambda) were
employed to interrogate antibodies for the ability to react with (or bind to) particular HLA
molecules. Such flow cytometric approaches are amenable to high-throughput antibody

reactivity analyses.

The term “recombinant protein or peptide” refers to a protein or peptide (e.g., an
antibody or a CAR) which is generated using recombinant DNA technology, such as, for
example, a protein or peptide (e.£., an antibody or a CAR) expressed by a bacteriophage
or yeast expression system. The term should also be construed to mean a protein or
peptide (e.g., an antibody or a CAR) which has been generated by the synthesis of a DNA
molecule encoding the protein or peptide (e.g., the antibody or CAR) and which DNA
molecule expresses a protein or peptide (e.g., an antibody or a CAR), or an amino acid
sequence specifying the protein or peptide (e.g., the antibody or CAR), wherein the DNA
or amino acid sequence has been obtained using recombinant DNA or amino acid

sequence technology which is available and well known in the art.

As used herein, the term “regulatory immune cell” refers to an immune cell that acts in
a “regulatory” way to suppress activation of the immune system and thereby maintains
immune system homeostasis and tolerance to self-antigens. “Regulatory immune cells”
may also have effects on non-immune cells that result in an improved clinical state such
as promoting tissue repair or regeneration. Regulatory immune cells may include, without
limitation, regulatory T cells, CD4" regulatory T cells, CD8" regulatory T cells,
regulatory y& T cells, regulatory DN T cells, regulatory B cells, regulatory NK cells,

regulatory macrophages, and regulatory dendritic cells.
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“Regulatory T lymphocyte”, “regulatory T cell,”, "T regulatory cell", “Treg cell” or
“Treg” as used in the present invention are synonymous and are intended to have its
standard definition as used in the art. Treg cells are a specialized subpopulation of T cells
that act in a “regulatory” way to suppress activation of the immune system and thereby
maintain immune system homeostasis and tolerance to self-antigens. Tregs have
sometimes been referred to as suppressor T-cells. Treg cells are often, but not always,
characterized by expression of the forkhead family transcription factor Foxp3 (forkhead
box p3). They may also express CD4 or CD8 surface proteins. They may also express
CD25. As used in the present invention, and unless otherwise specified, Tregs include
“natural” Tregs which develop in the thymus, induced/adaptive/peripheral Tregs that
arise via a differentiation process which takes place outside the thymus (e.g., in tissues or
secondary lymphoid organs, or in the laboratory setting under defined culture conditions),
and Tregs that have been created using recombinant DNA technology. Naturally-
occurring Treg cells (CD4"CD25"Foxp3*) arise like all other T cells in the thymus. In
contrast, induced/adaptive/peripheral Treg cells (which include CD4"CD25*Foxp3*
Tregs, Trl cells, Th3 cells and others) arise outside the thymus. One way to induce Tregs
is by exposure of T effector cells to IL-10 or TGF-B. T-cells may also be converted to
Treg cells by transfection or transduction of the Foxp3 gene into a mixed population of
T-cells. A T-cell that is caused to express Foxp3 adopts the Treg phenotype and such

recombinant Tregs are also defined herein as “Tregs”.

The term “rejection” refers to a state in which a transplanted organ or tissue is not
accepted by the body of the recipient. Rejection results from the recipient's immune
system attacking the transplanted organ or tissue. Rejection can occur days to weeks after

transplantation (acute) or months to years after transplantation (chronic).

The term “single-chain Fv” or “scFv” refers to a fusion protein comprising at least one
antibody fragment comprising a variable region of a light chain (VL) and at least one
antibody fragment comprising a variable region of a heavy chain (VH), wherein the light
and heavy chain variable regions are contiguously linked into a single polypeptide chain.
In one embodiment, the scFv polypeptide further comprises a polypeptide linker between
the VH and VL domains that enables the scFv to form the desired structure for antigen

binding, e.g., a synthetic linker, e.g., a short flexible polypeptide linker. A scFv is thus
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capable of being expressed as a single chain polypeptide, and 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.

2 <

As used herein, an antibody or a CAR is said to be “immunospecific”, “specific for” or
to “specifically bind” an antigen if it reacts at a detectable level with the antigen,
preferably with an affinity constant, Ka, of greater than or equal to about 10* M-, or
greater than or equal to about 10° M1, greater than or equal to about 10° M™!, greater than
or equal to about 107 M"1, or greater than or equal to 108 M™!, or greater than or equal to
10° M1, or greater than or equal to 10 M-, Affinity of an antibody for its cognate antigen
is also commonly expressed as a dissociation constant Kd, and in certain embodiments,
an antibody specifically binds to antigen if it binds with a Kd of less than or equal to 10
4 M, less than or equal to about 10> M, less than or equal to about 10 M, less than or
equal to 107 M, or less than or equal to 10® M, or less than or equal to 5.10° M, or less
than or equal to 10 M, or less than or equal to 5.10°1° M, or less than or equal to 101
M. Affinities of antibodies or CAR can be readily determined using conventional
techniques, for example, those described by Scatchard et al., (Ann. N.Y. Acad. Sci. USA
51:660 (1949)). Binding properties of an antibody to antigens, cells or tissues thereof may
generally be determined and assessed using immunodetection methods including, for
example, immunofluorescence-based assays, such as immunohistochemistry (IHC)
and/or fluorescence-activated cell sorting (FACS). In one embodiment, the term
“specifically binds” refers to an antibody, a CAR or aligand, which recognizes and binds
with a binding partner present in a sample, but which antibody or CAR or ligand does not

substantially recognize or bind other molecules in the sample.

The term “signal transduction pathway” refers to the biochemical relationship between
a variety of signal transduction molecules that play a role in the transmission of a signal

from one portion of a cell to another portion of a cell.

The term “signaling domain™ refers to the functional portion of a protein which acts by

transmitting information within the cell to regulate cellular activity via defined signaling
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pathways by generating second messengers or functioning as effectors by responding to

such messengers.

As used herein, the term “stem cell” generally includes pluripotent or multipotent stem
cells. “Stem cells™ include, without limitation, embryonic stem cells (ES); mesenchymal
stem cells (MSC); induced-pluripotent stem cells (iPS); and committed progenitor cells

(hematopoeitic stem cells (HSC); bone marrow derived cells, etc.).

The term “stimulation” refers to a primary response induced by binding of a stimulatory
molecule (e.g., a TCR/CD3 complex or chimeric receptor) with its cognate ligand thereby
mediating a signal transduction event, such as, but not limited to, signal transduction via
the TCR/CD3 complex or signal transduction via signaling domains of the chimeric

receptor. Stimulation can mediate altered expression of certain molecules.

The term “stimulatory molecule” refers to a molecule expressed by an immune cell (e.g.,
T cell, NK cell, or B cell) that provides the cytoplasmic signaling sequence(s) that
regulate activation of the immune cell in a stimulatory way for at least some aspect of the
immune cell signaling pathway. In one aspect, the signal is a primary signal that is
initiated by, for instance, binding of a TCR/CD3 complex with an MHC molecule loaded
with peptide, and which leads to mediation of a T cell response, including, but not limited
to, proliferation, activation, differentiation, and the like. A primary cytoplasmic signaling
sequence (also referred to as a “primary signaling domain™) that acts in a stimulatory
manner may contain a signaling motif which is known as immunoreceptor tyrosine-based

activation motif or ITAM.

The term “subject” is intended to include living organisms in which an immune response
can be elicited. In one embodiment, the subject is a warm-blooded animal, preferably a
mammal (including humans, domestic and farm animals, and zoo, sports, or pet animals,
such as dogs, cats, cattle, horses, sheep, pigs, goats, rabbits, etc...), and more preferably
a human. In one embodiment, a subject may be a “patient”, i.e., a warm-blooded animal,
more preferably a human, who/which is awaiting the receipt of, or is receiving medical
care or was/is/will be the object of a medical procedure, or is monitored for the
development of the targeted disease or condition. In one embodiment, the subject is an

adult (for example a subject above the age of 18). In another embodiment, the subject is
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a child (for example a subject below the age of 18). In one embodiment, the subject is a

male. In another embodiment, the subject is a female.

The term “substantially purified cell” refers to a cell that is essentially free of other cell
types. A substantially purified cell also refers to a cell which has been separated from
other cell types with which it is normally associated in its naturally occurring state. In one
embodiment, a substantially purified cell refers to a cell which is at least about 75% free,
80% free, or 85% free, and preferably about 90%, 95%, 96%, 97%, 98%, or 99% free,
from other cell types with which it is normally associated in its naturally occurring state.
In some instances, a population of substantially purified cells refers to a homogenous
population of cells. In one embodiment, a population of substantially purified cells refers
to a population of cells at least about 75% homogenous, 80% homogenous, or 85%
homogenous, and preferably about 90%, 95%, 96%, 97%, 98%, or 99% homogenous. In
other instances, this term refers simply to cells that have been separated from the cells
with which they are naturally associated in their natural state. In some aspects, the cells

are cultured in vitro. In other aspects, the cells are not cultured in vitro.

The term “T cell” includes all types of immune cells expressing CD3 including T-helper
cells (CD4" cells), CD8" T-cells (e.g., cytotoxic CD8" T cell, regulatory CD8" T cell), T-

regulatory cells (Treg), gamma-delta T cells, and double negative T cells.

The terms “therapeutically effective amount™ refer to an amount of immune cells or
composition as described herein effective to achieve a particular biological result. Thus,
the terms “effective amount™ or “therapeutically effective amount” mean a level or
amount of cells or compositions that is aimed at, without causing significant negative or
adverse side effects to the target, (1) delaying or preventing the onset of the targeted
disease or condition; (2) slowing down or stopping the progression, aggravation, or
deterioration of one or more symptoms of the targeted disease or condition; (3) bringing
about ameliorations of the symptoms of the targeted disease or condition; (4) reducing
the severity or incidence of the targeted disease or condition; or (5) curing the targeted
disease or condition. A therapeutically effective amount may be administered prior to the
onset of the targeted disease or condition, for a prophylactic or preventive action.
Alternatively, or additionally, the therapeutically effective amount may be administered

after initiation of the targeted disease or condition, for a therapeutic action.
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The term “transfected” or “transformed” or “transduced” refers to a process by which
exogenous nucleic acid is transferred or introduced into a host cell. A “transfected™ or
“transformed” or “transduced” cell is one which has been transfected, transformed or
transduced with exogenous nucleic acid. The cell includes the primary subject cell and its
progeny.

The term “transfer vector” refers to a composition of matter which comprises an isolated
nucleic acid and which can be used to deliver the isolated nucleic acid to the interior of a
cell. Numerous vectors are known in the art including, but not limited to, linear
polynucleotides, polynucleotides associated with ionic or amphiphilic compounds,
plasmids, and viruses. Thus, the term “transfer vector” includes an autonomously
replicating plasmid or a virus. The term should also be construed to further include non-
plasmid and non-viral compounds which facilitate transfer of nucleic acid into cells, such
as, for example, a poly lysine compound, liposome, and the like. Examples of viral
transfer vectors include, but are not limited to, adenoviral vectors, adeno-associated virus

vectors, retroviral vectors, lentiviral vectors, and the like.

As used herein, “transient” refers to expression of a non-integrated transgene for a period
of hours, days or weeks, wherein the period of time of expression is less than the period
of time for expression of the gene if integrated into the genome or contained within a

stable plasmid replicon in the host cell.

A “transplant” as used herein, refers to cells, tissue, or organ that is introduced into an
individual. The source of the transplanted material can be cultured cells, cells from
another individual, or cells from the same individual (e.g., after the cells are cultured in
vitro). Exemplary organ transplants are kidney, liver, heart, lung, and pancreas. An
exemplary tissue transplant is islets. An exemplary cell transplant is allogeneic

hematopoietic stem cell transplantation.

“Treating” or “treatment” refers to both therapeutic treatment and prophylactic or
preventative measures; wherein the object is to prevent or slow down (lessen) the targeted
pathologic condition or disorder. Thus, in one embodiment, these terms refer to the
reduction or amelioration of the progression, severity and/or duration of a targeted disease

or condition, or the amelioration of one or more symptoms (preferably, one or more
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discenible symptoms) of a targeted disease or condition, resulting from the
administration of one or more therapies (e.g., one or more therapeutic agents such as a
Treg cell of the invention). In specific embodiments, the terms “treating” and “treatment”
refer to the amelioration of at least one measurable physical parameter of a targeted
disease or condition. In other embodiments, the terms “treating” and “treatment” refer to
the inhibition of the progression of a targeted disease or condition, either physically by,
e.g., stabilization of a discernible symptom, or physiologically by, e.g., stabilization of a
physical parameter, or both. Those in need of treatment include those already with the
disorder as well as those prone to have the disorder or those in whom the disorder is to be
prevented. A subject is successfully “treated” if, after receiving a therapeutic amount of
cells or compositions according to the present invention, the subject shows observable
and/or measurable reduction in the number of pathogenic cells; reduction in the percent
of total cells that are pathogenic; relief to some extent of one or more of the symptoms
associated with the specific disease or condition; reduced morbidity and mortality, and/or
improvement in quality of life issues. The above parameters for assessing successful
treatment and improvement in the disease are readily measurable by routine procedures

familiar to a physician.

A “unibody” is well known in the art and refers to an antibody fragment lacking the hinge
region of IgG4 antibodies. The deletion of the hinge region results in a molecule that is
essentially half the size of traditional IgG4 antibodies and has a univalent binding region

rather than the bivalent biding region of IgG4 antibodies.

The term “variable” refers to the fact that certain segments of the V domains differ
extensively in sequence among antibodies. The V domain mediates antigen binding and
defines specificity of a particular antibody for its particular antigen. However, the
variability is not evenly distributed across the 110 to 130-amino acid span of the variable
domains. Instead, the V regions consist of relatively invariant stretches called framework
regions (FRs) of 15-30 amino acids separated by shorter regions of extreme variability
called “hypervariable regions™ that are each 9-12 amino acids long. The variable domains
of native heavy and light chains each comprise four FRs, largely adopting a [beta]-sheet
configuration, connected by three hypervariable regions, which form loops connecting,

and in some cases forming part of, the [beta]-sheet structure. The hypervariable regions
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in each chain are held together in close proximity by the FRs and, with the hypervariable
regions from the other chain, contribute to the formation of the antigen-binding site of
antibodies (see Kabat et al., Sequences of Proteins of Immunological Interest, Sth Ed.
Public Health Service, National Institutes of Health, Bethesda, Md. (1991)). The constant
domains are not involved directly in binding an antibody to an antigen, but exhibit various
effector functions, such as participation of the antibody in antibody dependent cellular

cytotoxicity (ADCC).

The “variable region” or “variable domain” of an antibody refers to the amino-terminal
domains of the heavy or light chain of the antibody. The variable domain of the heavy
chain may be referred to as “VH” or “Vu”. The variable domain of the light chain may
be referred to as “VL” or “VL”. These domains are generally the most variable parts of

an antibody and contain the antigen-binding sites.

A polynucleotide “variant”, as the term is used herein, is a polynucleotide that typically
differs from a polynucleotide specifically disclosed herein in one or more substitutions,
deletions, additions and/or insertions. Such variants may be naturally occurring or may
be synthetically generated, for example, by modifying one or more of the polynucleotide
sequences of the invention and evaluating one or more biological activities of the encoded
polypeptide as described herein and/or using any of a number of techniques well known
in the art. A polypeptide “variant”, as the term is used herein, is a polypeptide that
typically differs from a polypeptide specifically disclosed herein in one or more
substitutions, deletions, additions and/or insertions. Such variants may be naturally
occurring or may be synthetically generated, for example, by modifying one or more of
the above polypeptide sequences and evaluating one or more biological activities of the
polypeptide as described herein and/or using any of a number of techniques well known
in the art. Modifications may be made in the structure of the polynucleotides and
polypeptides of the present invention and still obtain a functional molecule that encodes
a variant or derivative polypeptide with desirable characteristics. When it is desired to
alter the amino acid sequence of a polypeptide to create an equivalent, or even an
improved, variant or portion of a polypeptide of the invention, one skilled in the art will
typically change one or more of the codons of the encoding DNA sequence. For example,

certain amino acids may be substituted for other amino acids in a protein structure without
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appreciable loss of its ability to bind other polypeptides (e.g., antigens) or cells. Since it
is the binding capacity and nature of a protein that defines that protein's biological
functional activity, certain amino acid sequence substitutions can be made in a protein
sequence, and, of course, its underlying DNA coding sequence, and nevertheless obtain
a protein with similar properties. It is thus contemplated that various changes may be
made in the peptide sequences of the present invention, or corresponding DNA sequences
that encode said peptides without appreciable loss of their biological utility or activity. In
many instances, a polypeptide variant will contain one or more conservative substitutions.
A variant may also, or alternatively, contain nonconservative changes. In a preferred
embodiment, variant polypeptides differ from a native sequence by substitution, deletion
or addition of five amino acids or fewer. Variants may also (or alternatively) be modified
by, for example, the deletion or addition of amino acids that have minimal influence on

the immunogenicity, secondary structure and hydropathic nature of the polypeptide.

“Versabodies” are well known in the art and refer to another antibody mimetic
technology. They are small proteins of 3-5 kDa with >15% cysteines, which form a high
disulfide density scaffold, replacing the hydrophobic core the typical proteins have.

The term “xenogeneic” refers to any material derived from an individual of a different
species. The term “xenograft” refers to a graft derived from an individual of a different

species.

The term “zeta” or alternatively “zeta chain”, “CD3-zeta” or “TCR-zeta” is defined as
the protein provided as GenBank Acc. No. BAG36664.1, or the equivalent residues from
a non-human species, e.g., mouse, rodent, monkey, ape and the like, and a “zeta
stimulatory domain™ or alternatively a “CD3-zeta stimulatory domain” or a “TCR-zeta
stimulatory domain” is defined as the amino acid residues from the cytoplasmic domain
of the zeta chain, or functional derivatives thereof, that are sufficient to functionally
transmit an initial signal necessary for T cell activation. In one embodiment, the
cytoplasmic domain of zeta comprises residues 52 through 164 of GenBank Acc. No.
BAG36664.1 or the equivalent residues from a non-human species, e.g., mouse, rodent,

monkey, ape and the like, that are functional orthologs thereof.
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DETAILED DESCRIPTION

A first object of the present invention is an antibody directed to HLA-A2, preferably a
humanized antibody directed to HLA-A2.

In one embodiment, the antibody of the invention competes for binding to HLA-A2 with
an antibody comprising: a heavy chain complementarity determining region 1 (HCDRI1)
having the amino acid sequence of SEQ ID NO: 62; a heavy chain complementarity
determining region 2 (HCDR2) having the amino acid sequence of SEQ ID NO: 63; a
heavy chain complementarity determining region 3 (HCDR3) having the amino acid
sequence of SEQ ID NO: 64; a light chain complementarity determining region 1
(LCDRI1) having the amino acid sequence of SEQ ID NO: 65; a light chain
complementarity determining region 2 (LCDR2) having the amino acid sequence of SEQ
ID NO: 66; and a light chain complementarity determining region 3 (LCDR3) having the
amino acid sequence of SEQ ID NO: 67.

In one embodiment, the antibody of the invention binds to the same HLA-A2 epitope as
an antibody comprising: a heavy chain complementarity determining region 1 (HCDRI1)
having the amino acid sequence of SEQ ID NO: 62; a heavy chain complementarity
determining region 2 (HCDR2) having the amino acid sequence of SEQ ID NO: 63; a
heavy chain complementarity determining region 3 (HCDR3) having the amino acid
sequence of SEQ ID NO: 64; a light chain complementarity determining region 1
(LCDRI1) having the amino acid sequence of SEQ ID NO: 65; a light chain
complementarity determining region 2 (LCDR2) having the amino acid sequence of SEQ
ID NO: 66; and a light chain complementarity determining region 3 (LCDR3) having the
amino acid sequence of SEQ ID NO: 67.

In one embodiment, the anti-HLLA-A2 antibody of the invention competes for binding to

HLA-A2 with and/or binds to the same HLA-A2 epitope as the BB7.2 antibody.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to an
HLA-A subtype selected from the group comprising A03, Al1l, A23, A25, A26, A29,
A30, A31, A33, A34 and any combination thereof as compared to the antibody BB7.2 or
as compared to an antibody comprising the VH and VL of the BB7.2 antibody, preferably
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as compared to the BB7.2 scFv. In one embodiment, the anti-HLA-A2 antibody of the
invention has less reactivity to an HLA-A subtype selected from the group comprising
A03:01, A11:01, A23:01, A25:01, A26:01, A29:02, A30:01, A31:01, A33:01, A34:01
and any combination thereof as compared to the antibody BB7.2 or as compared to an
antibody comprising the VH and VL of the BB7.2 antibody, preferably as compared to
the BB7.2 scFv.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLA-A subtype selected from one or more of A03, A11, A23, A25, A26, A29,
A30, A31, A33 and A34 as compared to the antibody BB7.2 or as compared to an
antibody comprising the VH and VL of the BB7.2 antibody, preferably as compared to
the BB7.2 scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less
reactivity to at least one HLA-A subtype selected from one or more of A03:01, A11:01,
A23:01, A25:01, A26:01, A29:02, A30:01, A31:01, A33:01 and A34:01 as compared to
the antibody BB7.2 or as compared to an antibody comprising the VH and VL of the
BB7.2 antibody, preferably as compared to the BB7.2 scFv.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLA-A subtype selected from two or more of A03, Al1, A23, A25, A26, A29,
A30, A31, A33 and A34 as compared to the antibody BB7.2 or as compared to an
antibody comprising the VH and VL of the BB7.2 antibody, preferably as compared to
the BB7.2 scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less
reactivity to at least one HLA-A subtype selected from two or more of A03:01, A11:01,
A23:01, A25:01, A26:01, A29:02, A30:01, A31:01, A33:01 and A34:01 as compared to
the antibody BB7.2 or as compared to an antibody comprising the VH and VL of the
BB7.2 antibody, preferably as compared to the BB7.2 scFv.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HL A-A subtype selected from three or more of A03, A11, A23, A25, A26, A29,
A30, A31, A33 and A34 as compared to the antibody BB7.2 or as compared to an
antibody comprising the VH and VL of the BB7.2 antibody, preferably as compared to
the BB7.2 scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less
reactivity to at least one HLA-A subtype selected from three or more of A03:01, A11:01,
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A23:01, A25:01, A26:01, A29:02, A30:01, A31:01, A33:01 and A34:01 as compared to
the antibody BB7.2 or as compared to an antibody comprising the VH and VL of the
BB7.2 antibody, preferably as compared to the BB7.2 scFv.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLLA-A subtype selected from four or more of A03, A11, A23, A25, A26, A29,
A30, A31, A33 and A34 as compared to the antibody BB7.2 or as compared to an
antibody comprising the VH and VL of the BB7.2 antibody, preferably as compared to
the BB7.2 scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less
reactivity to at least one HLA-A subtype selected from four or more of A03:01, A11:01,
A23:01, A25:01, A26:01, A29:02, A30:01, A31:01, A33:01 and A34:01 as compared to
the antibody BB7.2 or as compared to an antibody comprising the VH and VL of the
BB7.2 antibody, preferably as compared to the BB7.2 scFv.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HL A-A subtype selected from five or more of A03, Al11, A23, A25, A26, A29,
A30, A31, A33 and A34 as compared to the antibody BB7.2 or as compared to an
antibody comprising the VH and VL of the BB7.2 antibody, preferably as compared to
the BB7.2 scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less
reactivity to at least one HLA-A subtype selected from five or more of A03:01, A11:01,
A23:01, A25:01, A26:01, A29:02, A30:01, A31:01, A33:01 and A34:01 as compared to
the antibody BB7.2 or as compared to an antibody comprising the VH and VL of the
BB7.2 antibody, preferably as compared to the BB7.2 scFv.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLA-A subtype selected from six or more of A03, Al11, A23, A25, A26, A29,
A30, A31, A33 and A34 as compared to the antibody BB7.2 or as compared to an
antibody comprising the VH and VL of the BB7.2 antibody, preferably as compared to
the BB7.2 scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less
reactivity to at least one HLA-A subtype selected from six or more of A03:01, A11:01,
A23:01, A25:01, A26:01, A29:02, A30:01, A31:01, A33:01 and A34:01 as compared to
the antibody BB7.2 or as compared to an antibody comprising the VH and VL of the
BB7.2 antibody, preferably as compared to the BB7.2 scFv.
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In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLA-A subtype selected from seven or more of A03, All, A23, A25, A26,
A29, A30, A31, A33 and A34 as compared to the antibody BB7.2 or as compared to an
antibody comprising the VH and VL of the BB7.2 antibody, preferably as compared to
the BB7.2 scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less
reactivity to at least one HL A-A subtype selected from seven or more of A03:01, A11:01,
A23:01, A25:01, A26:01, A29:02, A30:01, A31:01, A33:01 and A34:01 as compared to
the antibody BB7.2 or as compared to an antibody comprising the VH and VL of the
BB7.2 antibody, preferably as compared to the BB7.2 scFv.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLA-A subtype selected from eight or more of A03, A11, A23, A25, A26, A29,
A30, A31, A33 and A34 thereof as compared to the antibody BB7.2 or as compared to
an antibody comprising the VH and VL of the BB7.2 antibody, preferably as compared
to the BB7.2 scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has
less reactivity to at least one HLA-A subtype selected from eight or more of A03:01,
Al11:01, A23:01, A25:01, A26:01, A29:02, A30:01, A31:01, A33:01 and A34:01 as
compared to the antibody BB7.2 or as compared to an antibody comprising the VH and
VL of the BB7.2 antibody, preferably as compared to the BB7.2 scFv.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HL A-A subtype selected from nine or more of A03, A11, A23, A25, A26, A29,
A30, A31, A33 and A34 as compared to the antibody BB7.2 or as compared to an
antibody comprising the VH and VL of the BB7.2 antibody, preferably as compared to
the BB7.2 scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less
reactivity to at least one HLA-A subtype selected from nine or more of A03:01, A11:01,
A23:01, A25:01, A26:01, A29:02, A30:01, A31:01, A33:01 and A34:01 as compared to
the antibody BB7.2 or as compared to an antibody comprising the VH and VL of the
BB7.2 antibody, preferably as compared to the BB7.2 scFv.

In one embodiment, the anti-HLLA-A2 antibody of the invention has less reactivity from
each of HLA-A subtype selected from the group comprising A03, A11, A23, A25, A26,
A29, A30, A31, A33 and A34 as compared to the antibody BB7.2 or as compared to an
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antibody comprising the VH and VL of the BB7.2 antibody, preferably as compared to
the BB7.2 scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less
reactivity from each of HLA-A subtype selected from the group comprising A03:01,
Al11:01, A23:01, A25:01, A26:01, A29:02, A30:01, A31:01, A33:01 and A34:01 as
compared to the antibody BB7.2 or as compared to an antibody comprising the VH and
VL of the BB7.2 antibody, preferably as compared to the BB7.2 scFv.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to an
HLA-A subtype selected from the group comprising A25, A29, A30 and any combination
thereof as compared to the antibody BB7.2 or as compared to an antibody comprising the
VH and VL of the BB7.2 antibody, preferably as compared to the BB7.2 scFv. In one
embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to an HLA-
A subtype selected from the group comprising A25:01, A29:02, A30:01 and any
combination thereof as compared to the antibody BB7.2 or as compared to an antibody
comprising the VH and VL of the BB7.2 antibody, preferably as compared to the BB7.2

scFv.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLA-A subtype selected from one or more of A25, A29 and A30 as compared
to the antibody BB7.2 or as compared to an antibody comprising the VH and VL of the
BB7.2 antibody, preferably as compared to the BB7.2 scFv. In one embodiment, the anti-
HLA-A2 antibody of the invention has less reactivity to at least one HLA-A subtype
selected from one or more A25:01, A29:02 and A30:01 as compared to the antibody
BB7.2 or as compared to an antibody comprising the VH and VL of the BB7.2 antibody,
preferably as compared to the BB7.2 scFv.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLA-A subtype selected from two or more of A25, A29 and A30 as compared
to the antibody BB7.2 or as compared to an antibody comprising the VH and VL of the
BB7.2 antibody, preferably as compared to the BB7.2 scFv. In one embodiment, the anti-
HLA-A2 antibody of the invention has less reactivity to at least one HLA-A subtype
selected from two or more of A25:01, A29:02 and A30:01 as compared to the antibody
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BB7.2 or as compared to an antibody comprising the VH and VL of the BB7.2 antibody,
preferably as compared to the BB7.2 scFv.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity from
each of HLA-A subtype selected from the group comprising A25, A29 and A30 as
compared to the antibody BB7.2 or as compared to an antibody comprising the VH and
VL of the BB7.2 antibody, preferably as compared to the BB7.2 scFv. In one
embodiment, the anti-HLA-A2 antibody of the invention has less reactivity from each of
HLA-A subtype selected from the group comprising A25:01, A29:02 and A30:01 as
compared to the antibody BB7.2 or as compared to an antibody comprising the VH and
VL of the BB7.2 antibody, preferably as compared to the BB7.2 scFv.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to
HLA-A25 as compared to the antibody BB7.2 or as compared to an antibody comprising
the VH and VL of the BB7.2 antibody, preferably as compared to the BB7.2 scFv. In one
embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to HLA-A29
as compared to the antibody BB7.2 or as compared to an antibody comprising the VH
and VL of the BB7.2 antibody, preferably as compared to the BB7.2 scFv. In one
embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to HLA-A30
as compared to the antibody BB7.2 or as compared to an antibody comprising the VH
and VL of the BB7.2 antibody, preferably as compared to the BB7.2 scFv. In one
embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to HLA-A3
as compared to the antibody BB7.2 or as compared to an antibody comprising the VH
and VL of the BB7.2 antibody, preferably as compared to the BB7.2 scFv. In one
embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to HLA-A11
as compared to the antibody BB7.2 or as compared to an antibody comprising the VH
and VL of the BB7.2 antibody, preferably as compared to the BB7.2 scFv. In one
embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to HLA-A26
as compared to the antibody BB7.2 or as compared to an antibody comprising the VH
and VL of the BB7.2 antibody, preferably as compared to the BB7.2 scFv. In one
embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to HLA-A31
as compared to the antibody BB7.2 or as compared to an antibody comprising the VH
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and VL of the BB7.2 antibody, preferably as compared to the BB7.2 scFv. In one
embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to HLA-A32
as compared to the antibody BB7.2 or as compared to an antibody comprising the VH
and VL of the BB7.2 antibody, preferably as compared to the BB7.2 scFv. In one
embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to HLA-A33
as compared to the antibody BB7.2 or as compared to an antibody comprising the VH
and VL of the BB7.2 antibody, preferably as compared to the BB7.2 scFv. In one
embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to HLA-A34
as compared to the antibody BB7.2 or as compared to an antibody comprising the VH
and VL of the BB7.2 antibody, preferably as compared to the BB7.2 scFv.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to
HLA-A25:01 as compared to the antibody BB7.2 or as compared to an antibody
comprising the VH and VL of the BB7.2 antibody, preferably as compared to the BB7.2
scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity
to HLA-A29:02 as compared to the antibody BB7.2 or as compared to an antibody
comprising the VH and VL of the BB7.2 antibody, preferably as compared to the BB7.2
scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity
to HLA-A30:01 as compared to the antibody BB7.2 or as compared to an antibody
comprising the VH and VL of the BB7.2 antibody, preferably as compared to the BB7.2
scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity
to HLA-A03:01 as compared to the antibody BB7.2 or as compared to an antibody
comprising the VH and VL of the BB7.2 antibody, preferably as compared to the BB7.2
scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity
to HLA-A11:01 as compared to the antibody BB7.2 or as compared to an antibody
comprising the VH and VL of the BB7.2 antibody, preferably as compared to the BB7.2
scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity
to HLA-A26:01 as compared to the antibody BB7.2 or as compared to an antibody
comprising the VH and VL of the BB7.2 antibody, preferably as compared to the BB7.2
scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity
to HLA-A31:01 as compared to the antibody BB7.2 or as compared to an antibody
comprising the VH and VL of the BB7.2 antibody, preferably as compared to the BB7.2
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scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity
to HLA-A33:01 as compared to the antibody BB7.2 or as compared to an antibody
comprising the VH and VL of the BB7.2 antibody, preferably as compared to the BB7.2
scFv. In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity
to HLA-A34:01 as compared to the antibody BB7.2 or as compared to an antibody
comprising the VH and VL of the BB7.2 antibody, preferably as compared to the BB7.2

scFv.

Methods for measuring the reactivity of an HLA-A2 antibody to HLA-A subtypes are
well known to the skilled artisan, and include, without limitation, single antigen assays,
such as, for example, the FlowPRA Single Antigen Antibody provided by ONE
LAMBDA.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to an
HLA-A subtype selected from the group comprising A03, Al1l, A23, A25, A26, A29,
A30, A31, A33, A34 and any combination thereof as compared to the antibody BB7.2 or
to an antibody comprising the VH and VL of the BB7.2 antibody when measured in the

conditions of Test A.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to an
HLA-A subtype selected from the group comprising A25, A29, A30 and any combination
thereof as compared to the antibody BB7.2 or to an antibody comprising the VH and VL
of the BB7.2 antibody when measured in the conditions of Test A.

Test A:

0.25.109 T cells expressing a CAR comprising the anti-HLA-A2 antibody or the BB7.2
antibody, or the VH and VL of the BB7.2 antibody (mA2 CAR)) are incubated with
FlowPRA single antigen antibody beads panel (FL1HDO1, FL1HDO02, FL1HDO3,
FL1HDO4, FLIHDO6 and FL1IHDOS, One Lambda) and fixable viability dye (FVD,
ThermoFisher, 65-0865-14, eBioscience) for 30 minutes at room temperature. Samples
are washed, fixed with 0.5% formaldehyde and analyzed via flow cytometry. Two
hundred negative control beads are acquired per sample. Beads alone were used as a

negative control. For analysis, dead cells are first eliminated using the fixable viability
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dye. Single antigen beads are then gated after exclusion of dead cells and doublets. Then,
the number of beads per HLA is determined by their respective PE intensity peak. Data
are normalized by multiplying the number of beads of interest in each HLA-peak by 200,
divided by the number of negative beads in the sample. For each HLA-peak the percent
relative binding of CAR Tregs compared to control (non-CAR-expressing cells) is
determined by subtracting the number of beads in the CAR-Treg from the number of
beads in the control sample then dividing the average number of beads in the non-CAR-

expressing control, times 100.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to an
HLA-A subtype selected from the group comprising A03, Al1l, A23, A25, A26, A29,
A30, A31, A33, A34 and any combination thereof as compared to the antibody BB7.2 or
as compared to an antibody comprising the VH and VL of BB7.2 when measured in the

conditions of Test B.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to an
HLA-A subtype selected from the group comprising A25, A29, A30 and any combination
thereof as compared to the antibody BB7.2 or as compared to an antibody comprising the

VH and VL of BB7.2 when measured in the conditions of Test B.
Test B:

0.25.10° T cells expressing an anti-HLA-A?2 antibody or the BB7.2 antibody or the VH
and VL of the BB7.2 antibody or a truncated NGFR transduction marker (NGFR) on the
cell surface (such as, for example, as part of a chimeric antigen receptor as described
herein) are incubated with FlowPRA single antigen antibody beads (FL1HD, One
Lambda) and fixable viability dye (FVD, 65-0865-14, eBioscience), then fixed with 0.5%
formaldehyde and analyzed via flow cytometry. For analysis, dead cells are first
eliminated using the fixable viability dye. Single beads are then gated after exclusion of
dead cells and doublets. Then, the number of beads per HLA is determined by their
respective PE intensity. Data are normalized by dividing the number of negative beads in
the sample by the number of negative beads in the Treg-NGFR sample, multiplied by the

number of negative beads in the Treg-NGFR specimen. Percent relative binding is the
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number of beads in the NGFR specimen for one specific HLA minus the normalized
number of beads in the specimen for that HLA, divided by the number of beads in the
NGFR specimen time 100.

In one embodiment, the anti-HLLA-A2 antibody of the invention has a reactivity to at least
one HL A-A subtype selected from the group comprising A03, A11, A23, A25, A26, A29,
A30, A31, A33, A34 statistically inferior to the one of the antibody BB7.2 or statistically
inferior to an antibody comprising the VH and VL of the BB7.2 antibody, preferably

when measured in the conditions of Test A or Test B.

In one embodiment, the anti-HLLA-A2 antibody of the invention has a reactivity to at least
one HLA-A subtype selected from the group comprising A25, A29, A30 statistically
inferior to the one of the antibody BB7.2 or statistically inferior to an antibody comprising
the VH and VL of the BB7.2 antibody, preferably when measured in the conditions of
Test A or Test B.

In one embodiment, the term “statistically inferior” means that the reactivity (i.e., for
example, the relative binding in the conditions of Test A or of Test B) measured for the
anti-HLA-A2 antibody of the invention is inferior to the reactivity measured for the
BB7.2 antibody or for an antibody comprising the VH and VL of the BB7.2 antibody,
with a p value of at most about 0.05, preferably of at most about 0.01, more preferably of
at most about 0.005, and even more preferably of at most about 0.001, in particular when

analyzed by 2-way ANOV A, Dunnett post-test.

In one embodiment, the anti-HLLA-A2 antibody of the invention has a reactivity to at least
one HL A-A subtype selected from the group comprising A03, A11, A23, A25, A26, A29,
A30, A31, A33, A34 inferior to the one of the BB7.2 antibody or to the one of an antibody
comprising the VH and VL of the BB7.2 antibody, preferably the anti-HL.A-A2 antibody
of the invention has a relative binding for at least one HLA-A subtype selected from the
group comprising A03, A11, A23, A25, A26, A29, A30, A31, A33, A34 inferior to the
one of the BB7.2 antibody or to the one of an antibody comprising the VH and VL of the
BB7.2 antibody when measured in the conditions of Test A or Test B, more preferably

the relative binding measured for the anti-HLA-A2 antibody of the invention is at most
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about 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10% or less of the relative binding
measured for the BB7.2 antibody or for an antibody comprising the VH and VL of the
BB7.2 antibody.

In one embodiment, the anti-HLLA-A2 antibody of the invention has a reactivity to at least
one HLA-A subtype selected from the group comprising A25, A29, A30 inferior to the
one of the BB7.2 antibody or to the one of an antibody comprising the VH and VL of the
BB7.2 antibody, preferably the anti-HLA-A2 antibody of the invention has a relative
binding for at least one HLA-A subtype selected from the group comprising A25, A29,
A30 inferior to the one of the BB7.2 antibody or to the one of an antibody comprising the
VH and VL of the BB7.2 antibody when measured in the conditions of Test A or Test B,
more preferably the relative binding measured for the anti-HLA-A2 antibody of the
invention is at most about 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10% or less of
the relative binding measured for the BB7.2 antibody or for an antibody comprising the

VH and VL of the BB7.2 antibody.
In an embodiment, said antibody is a monoclonal antibody.
In another embodiment, said antibody is a polyclonal antibody.

In one embodiment, the variable region of the heavy chain comprises at least one of the

following CDRs:

VH-CDR1: SYHIQ (SEQ ID NO: 1)

VH-CDR2: WIYPGDGSTQYNEKFKG (SEQ ID NO: 2)
VH-CDR3: EGTYYAMDY (SEQ ID NO: 3)

CDR numbering and definition are according to the Kabat definition.

In one embodiment, the variable region of the heavy chain comprises at least one of the

following CDRs:

VH-CDR1: GYTFTSY (SEQ ID NO: 4)
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VH-CDR2: YPGDGS (SEQ ID NO: 5)
VH-CDR3: EGTYYAMDY (SEQ ID NO: 3)
CDR numbering and definition are according to the Chothia definition.

In one embodiment, the variable region of the light chain comprises at least one of the

following CDRs:

VL-CDR1: RSSQSIVHSNGNTYLE (SEQ ID NO: 6)

VL-CDR2: KVSNRFS (SEQ ID NO: 7)

VL-CDR3: FQGSHVPRT (SEQ ID NO: 8)

CDR numbering and definition are according to the Kabat or Chothia definition.

In one embodiment of the invention, the anti-HLA-A2 antibody comprises in its heavy
chain one VH-CDR1 (SYHIQ (SEQ ID NO: 1)), one VH-CDR2
(WIYPGDGSTQYNEKFKG (SEQ ID NO: 2)) and/or one VH-CDR3 (EGTYYAMDY
(SEQ ID NO: 3)).

In one embodiment of the invention, the anti-HLA-A2 antibody comprises in its heavy
chain the 3 CDRs: VH-CDR1 (SYHIQ (SEQ ID NO: 1)), VH-CDR2
(WIYPGDGSTQYNEKFKG (SEQ ID NO: 2)) and VH-CDR3 (EGTYYAMDY (SEQ
ID NO: 3)).

In one embodiment of the invention, the anti-HLA-A2 antibody comprises in its heavy
chain one VH-CDR1 (GYTFTSY (SEQ ID NO: 4)), one VH-CDR2 (YPGDGS (SEQ
ID NO: 5)) and/or one VH-CDR3 (EGTYYAMDY (SEQ ID NO: 3)).

In one embodiment of the invention, the anti-HLA-A2 antibody comprises in its heavy
chain the 3 CDRs: VH-CDR1 (GYTFTSY (SEQ ID NO: 4)), VH-CDR2 (YPGDGS
(SEQ ID NO: 5)) and VH-CDR3 (EGTYYAMDY (SEQ ID NO: 3)).
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In one embodiment of the invention, the anti-HLA-A2 antibody comprises in its light
chain one VL-CDR1 (RSSQSIVHSNGNTYLE (SEQ ID NO: 6)), one VL-CDR2
(KVSNREFS (SEQ ID NO: 7)) and/or one VL-CDR3 (FQGSHVPRT (SEQ ID NO: 8)).

In one embodiment of the invention, the anti-HLA-A2 antibody comprises in its light
chain the 3 CDRs: VL-CDR1 (RSSQSIVHSNGNTYLE (SEQ ID NO: 6)), VL-CDR2
(KVSNREFS (SEQ ID NO: 7)) and VL-CDR3 (FQGSHVPRT (SEQ ID NO: 8)).

In one embodiment of the invention, the anti-HLA-A2 antibody comprises:
- inits heavy chain the 3 CDRs SEQ ID NO: 1, SEQ ID NO: 2 and SEQ ID NO: 3;
and

- in its light chain the 3 CDRs SEQ ID NO: 6, SEQ ID NO: 7 and SEQ ID NO: 8.

In one embodiment of the invention, the anti-HLA-A2 antibody comprises:
- inits heavy chain the 3 CDRs SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 3;
and

- in its light chain the 3 CDRs SEQ ID NO: 6, SEQ ID NO: 7 and SEQ ID NO: 8.

According to the invention, any of the CDRs 1, 2 and 3 of the heavy and light chains may
be characterized as having an amino acid sequence that shares at least about 60%, 70%,
75%, 80%, 90%, 95%, 96%, 97%, 98%, 99% of identity with the particular CDR or sets
of CDRs listed in the corresponding SEQ ID NO: 1-8.

In one embodiment of the invention, the antibody anti-HLA-A2 comprises the heavy

chain variable region of sequence SEQ ID NO: 9.
(SEQ ID NO: 9)

QVQLVQSGPEVKKPGASVKVSCKASGY TFTSYHIQWVRQAPGQGLEWIGWIYP
GDGSTQYNEKFKGRVTITADKSTSTAYMELSSLTSEDTAVYYCAREGTYYAMD
YWGQGTSVTVSS

In one embodiment of the invention, the heavy chain variable region of the antibody anti-
HLA-AZ2 has a sequence that has at least about 60%, 70%, 75%, 80%, 90%, 95%, 96%.,
97%, 98%, 99% of identity with SEQ ID NO: 9.
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In one embodiment of the invention, the antibody anti-HLA-A2 comprises the light chain

variable region of sequence SEQ ID NO: 10.
(SEQ ID NO: 10)

DX1VMTQX2PX3X4LX5VX6X7GX8X0X10X11ISCRSSQSIVHSNGNTYLEWY X12QKP
GQX3PRLLIYKVSNRFSGX14PDRFSGSGSGTDFTL X 1sISRX16EX17EDX18X10VY'Y
CFQGSHVPRTFGGGTKLEIKR

wherein X1is Vorl, XoisTor S, XsisLorSorA, XsisSorT, XsisPor S, Xs1s T or
S, X7isLorP,XsisEorD, XoisPorR, Xiois AorV, Xitis Sor T, Xi2is L or Q, Xi3
isSorA, XisisVorL XisisKor T, Xisis Vor L, Xi7is A or P, Xisis L or F and Xio
is G or A.

In one embodiment of the invention, the light chain variable region of the antibody anti-
HLA-AZ2 has a sequence that has at least about 60%, 70%, 75%, 80%, 90%, 95%., 96%,
97%, 98%, 99% of identity with SEQ ID NO: 10.

In one embodiment, the light chain region has a sequence SEQ ID NO: 11, or any
sequence that has at least about 60%, 70%, 75%, 80%, 90%, 95%, 96%, 97%., 98%, 99%
of identity with SEQ ID NO: 11.

(SEQ ID NO: 11)

DVVMTQTPLSLPVTLGEPASISCRSSQSIVHSNGNTYLEWYLQKPGQSPRLLIYK
VSNRFSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYYCFQGSHVPRTFGGGTKL
EIKR

In one embodiment, the light chain region has a sequence SEQ ID NO: 12, or any
sequence that has at least about 60%, 70%, 75%, 80%, 90%, 95%, 96%, 97%., 98%, 99%
of identity with SEQ ID NO: 12.

(SEQ ID NO: 12)
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DVVMTQSPSSLSVTLGDRVSISCRSSQSIVHSNGNTYLEWY QQKPGQSPRLLIYK
VSNRFSGVPDRFSGSGSGTDFTLTISRVEPEDLGVYYCFQGSHVPRTFGGGTKLE
IKR

In one embodiment, the light chain region has a sequence SEQ ID NO: 13, or any
sequence that has at least about 60%, 70%, 75%, 80%, 90%, 95%, 96%, 97%., 98%, 99%
of identity with SEQ ID NO: 13.

(SEQ ID NO: 13)

DIVMTQSPATLSVSPGERATISCRSSQSIVHSNGNTYLEWYQQKPGQAPRLLIYK
VSNRFSGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCFQGSHVPRTFGGGTKLEI
KR

In one embodiment, the HLA-A2 antibody of the invention comprises a heavy chain
variable region having a sequence SEQ ID NO: 9 and a light chain variable region having
a sequence SEQ ID NO: 10 wherein X1is Vorl, X2is Tor S, XsisLorSor A, X4is S
orT,XsisPorS,XsisTorS, X7isLorP, XsisEorD, Xois PorR, X1w01is A or V, X11
isSorT, XppisLorQ,XizisSorA, XwisisVorl XisisKorT,Xisis VorL, Xi7is A
or P, Xisis L or F and X190 1s G or A, or any sequence that shares at least about 60%, 70%,
75%, 80%, 90%, 95%, 96%, 97%, 98%, 99% of identity with SEQ ID NO: 9-10.

In one embodiment, the HLA-A2 antibody of the invention comprises a heavy chain
variable region having a sequence SEQ ID NO: 9 and a light chain variable region having
a sequence SEQ ID NO: 11, or any sequence that shares at least about 60%, 70%, 75%,
80%, 90%, 95%, 96%, 97%, 98%, 99% of identity with SEQ ID NO: 9 and 11.

In one embodiment, the HLA-A2 antibody of the invention comprises a heavy chain
variable region having a sequence SEQ ID NO: 9 and a light chain variable region having
a sequence SEQ ID NO: 12, or any sequence that shares at least about 60%, 70%, 75%,
80%, 90%, 95%, 96%, 97%, 98%, 99% of identity with SEQ ID NO: 9 and 12.

In one embodiment, the HLA-A2 antibody of the invention comprises a heavy chain

variable region having a sequence SEQ ID NO: 9 and a light chain variable region having
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a sequence SEQ ID NO: 13, or any sequence that shares at least about 60%, 70%, 75%,
80%. 90%, 95%, 96%, 97%, 98%, 99% of identity with SEQ ID NO: 9 and 13.

According to the invention, one, two, three, four or more of the amino acids of the heavy

chain or light chain variable regions may be substituted by a different amino acid.

In one embodiment, in the antibody of the invention, the specified variable region and
CDR sequences may comprise conservative sequence modifications. Conservative
sequence modifications refer to amino acid modifications that do not significantly affect
or alter the binding characteristics of the antibody containing the amino acid sequence.
Such conservative modifications include amino acid substitutions, additions and
deletions. Modifications can be introduced into an antibody of the invention by standard
techniques known in the art, such as site-directed mutagenesis and PCR-mediated

mutagenesis.

Another object of the invention is an isolated nucleic sequence encoding the heavy chain
variable region of sequence SEQ ID NO: 9. In one embodiment, said nucleic acid

sequence is SEQ ID NO: 86.
(SEQ ID NO: 86)

CAGGTCCAGCTAGTACAAAGCGGCCCTGAAGTAAAGAAACCTGGTGCCTCT
GTGAAGGTGAGCTGCAAGGCCAGCGGCTACACCTTCACCAGCTACCACATC

CAGTGGGTTCGACAGGCCCCTGGACAGGGACTAGAGTGGATCGGCTGGATC
TATCCTGGCGACGGCAGCACCCAGTACAACGAGAAGTTCAAGGGCAGAGTT
ACCATCACCGCCGACAAGAGCACCAGCACAGCCTATATGGAGCTGAGCAGC
CTGACCAGCGAGGACACAGCTGTTTACTATTGTGCCAGAGAGGGCACCTAC

TACGCAATGGATTATTGGGGCCAGGGGACCAGCGTGACCGTTTCTTCT

Another object of the invention is an isolated nucleic sequence encoding the light chain
variable region of sequence SEQ ID NO: 11. In one embodiment, said nucleic acid

sequence is SEQ ID NO: 87.

(SEQ ID NO: 87)
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GATGTTGTAATGACCCAGACACCTCTGAGCCTGCCTGTGACCCTGGGAGAA
CCAGCATCCATCAGCTGTCGGAGCAGCCAGAGCATCGTTCACAGCAACGGC
AACACCTACCTGGAATGGTATCTACAGAAGCCCGGACAGAGCCCCAGGCTG
CTGATCTACAAGGTGTCCAACCGCTTCAGTGGTGTGCCCGATAGATTTTCTG
GCAGCGGCTCTGGCACCGACTTCACCCTGAAGATCTCCAGAGTGGAAGCCG
AGGACCTGGGCGTGTACTACTGCTTCCAAGGCAGCCATGTGCCAAGAACCT
TTGGTGGAGGCACAAAGCTGGAAATCAAGCGG

Another object of the invention is an isolated nucleic sequence encoding the light chain
variable region of sequence SEQ ID NO: 12. In one embodiment, said nucleic acid

sequence is SEQ ID NO: 88.
(SEQ ID NO: 88)

GATGTTGTAATGACCCAGAGCCCTAGTAGCCTGTCTGTGACCCTGGGAGATC
GAGTATCCATCAGCTGTCGGAGCAGCCAGAGCATCGTTCACAGCAACGGCA
ACACCTACCTGGAATGGTATCAACAGAAGCCCGGACAGAGCCCCAGGCTGC
TGATCTACAAGGTGTCCAACCGCTTCAGTGGTGTGCCCGATAGATTTTCTGG
CAGCGGCTCTGGCACCGACTTCACCCTGACGATCTCCAGAGTGGAACCAGA
GGACCTGGGCGTGTACTACTGCTTCCAAGGCAGCCATGTGCCAAGAACCTTT
GGTGGAGGCACAAAGCTGGAAATCAAGCGG

Another object of the invention is an isolated nucleic sequence encoding the light chain
variable region of sequence SEQ ID NO: 13. In one embodiment, said nucleic acid

sequence is SEQ ID NO: 89
(SEQ ID NO: 89)

GATATTGTAATGACCCAGAGCCCTGCAACACTGTCTGTGTCCCCTGGAGAAC
GAGCAACAATCAGCTGTCGGAGCAGCCAGAGCATCGTTCACAGCAACGGCA
ACACCTACCTGGAATGGTATCAACAGAAGCCCGGACAGGCCCCCAGGCTGC
TGATCTACAAGGTGTCCAACCGCTTCAGTGGAATACCCGATAGATTTTCTGG
CAGCGGCTCTGGCACCGACTTCACCCTGACGATCTCCAGATTAGAACCAGA



CA 03076547 2020-03-19

WO 2019/056106 PCT/CA2018/051174

10

15

20

25

60

GGACTTTGCAGTGTACTACTGCTTCCAAGGCAGCCATGTGCCAAGAACCTTT
GGTGGAGGCACAAAGCTGGAAATCAAGCGG

Another object of the invention is an expression vector comprising the nucleic sequences

encoding the anti-HLA-A2 antibody of the invention.

Another object of the invention is an isolated host cell comprising said vector. Said host

cell may be used for the recombinant production of the antibodies of the invention.

In one embodiment, said antibody is an antibody molecule selected from the group
consisting of a whole antibody, a humanized antibody, a single chain antibody, a dimeric
single chain antibody, a Fv, ascFv, aFab, aF(ab)", a defucosylated antibody, a bi-specific

antibody, a diabody, a triabody, a tetrabody.

In another embodiment, said antibody is an antibody fragment selected from the group

consisting of a unibody, a domain antibody, and a nanobody.

In another embodiment, said antibody is an antibody mimetic selected from the group
consisting of an affibody, an alphabody, an armadillo repeat protein-based scaffold, a
knottin, a kunitz domain peptide, an affilin, an affitin, an adnectin, an atrimer, an evasin,

a DARPiIn, an anticalin, an avimer, a fynomer, a versabody and a duocalin.

Fragments and derivatives of antibodies of this invention (which are encompassed by the
term “antibody” as used in this application, unless otherwise stated or clearly contradicted
by context), can be produced by techniques that are known in the art. “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
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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.

For instance, Fab or F(ab')2 fragments may be produced by protease digestion of the
isolated antibodies, according to conventional techniques. It will be appreciated that
immunoreactive fragments can be modified using known methods, for example to slow
clearance in vivo and obtain a more desirable pharmacokinetic profile the fragment may
be modified with polyethylene glycol (PEG). Methods for coupling and site-specifically
conjugating PEG to a Fab' fragment are described in, for example, Leong et al., Cytokines
16 (3): 106-119 (2001) and Delgado et al., Br. J. Cancer 5 73 (2): 175- 182 (1996), the

disclosures of which are incorporated herein by reference.
In one embodiment, the antibody of the invention is a scFv or a scFab, preferably a scFv.

In one embodiment, the antibody of the invention is a scFv, comprising a sequence SEQ
ID NO: 9 and a sequence SEQ ID NO: 10 wherein X1is Vorl, X2is Tor S, XsisL or S
orA, XsisSorT,XsisPorS,XsisTorS, X7isL orP, Xsis E or D, Xois P or R, X1o
IsAorV, XnisSorT, XizisLorQ,XizisSorA, XuisVorl, XisisKor T, Xisis V
orL, X171s A or P, Xisis L or F and Xi9is G or A, in either order to the N-terminal and
C-terminal ends of the scFv. Preferably, the antibody of the invention is a scFv,
comprising a sequence SEQ ID NO: 9 and a sequence SEQ ID NO: 11, 12 or 13 in either

order to the N-terminal and C-terminal ends of the scFv.

In one embodiment, the sequence SEQ ID NO: 9 is N-terminal, and the sequence SEQ
ID NO: 10, 11, 12 or 13 is C-terminal.

In one embodiment, the scFv of the invention comprises, from N-terminal to C-terminal:
SEQ ID NO: 9, an optional linker, SEQ ID NO: 10 wherein X1is Vorl, X2is T or S, X3
isLorSorA, XsisSorT,XsisPorS, XsisTorS,X7isLorP, Xsis Eor D, Xois P
orR, XwnisAorV,XunnisSorT, XizisLorQ, Xizis Sor A, Xusis Vor I, Xisis K or
T, Xwsis VorL, X17is A or P, Xisis L or F and X191s G or A (preferably one of SEQ ID
NO: 11-13).
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In one embodiment, the scFv of the invention comprises, from N-terminal to C-terminal:
SEQ ID NO: 10 wherein X1is Vor I, Xois Tor S, XsisLor Sor A, X4is Sor T, X5 is
PorS,XsisTorS, X7isLorP, XsisEorD, XoisPorR, Xiois AorV, Xi1is Sor T,
XpisLorQ,XmizisSorA, XuuisVorl XisisKor T, Xisis Vor L, X17is A or P, Xis
is L or F and X190 is G or A (preferably one of SEQ ID NO: 11-13), an optional linker,
SEQ ID NO: 9.

In one embodiment, the scFv comprises a linker. Examples of linkers include, but are not
limited to, GS linkers as described herein. In one embodiment, the linker comprises or

consists in a sequence GGGGSGGGGSGGGGS (SEQ ID NO: 18).

In one embodiment, the scFv of the invention comprises or consists in a sequence SEQ
ID NO: 69, or any amino acid sequence with at least about 95-99% identity with SEQ ID
NO: 69

(SEQ ID NO: 69)

QVQLVQSGPEVKKPGASVKVSCKASGYTFTSYHIQWVRQAPGQGLEWIGWIYP
GDGSTQYNEKFKGRVTITADKSTSTAYMELSSLTSEDTAVYYCAREGTYYAMD
YWGQGTSVTVSSGGGGSGGGGSGGGGSDX1VMTQXoPX5X4L X5V X6 X7GX X0 X1
0X11ISCRSSQSIVHSNGNTYLEWYX12QKPGQX1sPRLLIYKVSNRFSGX14PDRFSG
SGSGTDFTLXi1sISRX16EX17EDX18X19VYY CFQGSHVPRTFGGGTKLEIKR

wherein X1is Vorl, XoisTor S, XzsisLorSorA, XsisSorT, XsisPor S, Xe¢is T or
S, X7isLorP,XgsisEorD, XoisPorR, Xwis AorV, XmrisSor T, Xi2is L or Q, Xi3
1IsSorA, XuuisVorl, XisisKor T, Xisis Vor L, Xi171s A or P, Xisis L or F and Xi9
is G or A. SEQ ID NO: 69 consists in, from N-terminal to C-terminal, SEQ ID NO: 9,
SEQ ID NO: 18 and SEQ ID NO: 10.

In one embodiment, the scFv of the invention comprises or consists in a sequence SEQ
ID NO: 70, 71 or 72, or any amino acid sequence with at least about 95-99% identity with
SEQ ID NO: 70, 71 or 72. SEQ ID NO: 70-72 consist in, from N-terminal to C-terminal,
SEQ ID NO: 9, SEQ ID NO: 18 and SEQ ID NO: 11-13 respectively.

(SEQ ID NO: 70)
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QVQLVQSGPEVKKPGASVKVSCKASGYTFTSYHIQWVRQAPGQGLEWIGWIYP
GDGSTQYNEKFKGRVTITADKSTSTAYMELSSLTSEDTAVYYCAREGTYYAMD
YWGQGTSVTVSSGGGGSGGGGSGGGGSDVVMTQTPLSLPVTLGEPASISCRSS
QSIVHSNGNTYLEWYLQKPGQSPRLLIYKVSNRFSGVPDRFSGSGSGTDFTLKIS
RVEAEDLGVYYCFQGSHVPRTFGGGTKLEIKR

(SEQ ID NO: 71)

QVQLVQSGPEVKKPGASVKVSCKASGYTFTSYHIQWVRQAPGQGLEWIGWIYP
GDGSTQYNEKFKGRVTITADKSTSTAYMELSSLTSEDTAVYYCAREGTYYAMD
YWGQGTSVTVSSGGGGSGGGGSGGGGSDVVMTQSPSSLSVTLGDRVSISCRSS
QSIVHSNGNTYLEWYQQKPGQSPRLLIYKVSNRFSGVPDRFSGSGSGTDFTLTIS
RVEPEDLGVYYCFQGSHVPRTFGGGTKLEIKR

(SEQ ID NO: 72)

QVQLVQSGPEVKKPGASVKVSCKASGYTFTSYHIQWVRQAPGQGLEWIGWIYP
GDGSTQYNEKFKGRVTITADKSTSTAYMELSSLTSEDTAVYYCAREGTYYAMD
YWGQGTSVTVSSGGGGSGGGGSGGGGSDIVMTQSPATLSVSPGERATISCRSSQ
SIVHSNGNTYLEWYQQKPGQAPRLLIYKVSNRFSGIPDRFSGSGSGTDFTLTISR
LEPEDFAVYYCFQGSHVPRTFGGGTKLEIKR

In one embodiment, the scFv of the invention further comprises a S residue in N-terminal,

in order to facilitate the cleavage of an optional leader sequence.

Therefore, in one embodiment, the scFv of the invention has a sequence 73 wherein X1 is
VorL XoisTorS, XzsisLorSorA XsisSorT,XsisPorS, XeisTor S, X7is L or
P,XsisEorD,XoisPorR, Xwwis AorV, Xm1isSorT, XizisLor Q, Xizis S or A, Xu4
isVorl,XisisKorT, Xisis VorL, Xi7is A or P, Xisis L or F and Xi91s G or A.

In one embodiment, the scFv of the invention comprises or consists in a sequence SEQ

ID NO: 74, 75 or 76.

(SEQ ID NO: 74)
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SQVQLVQSGPEVKKPGASVKVSCKASGYTFTSYHIQWVRQAPGQGLEWIGWIY
PGDGSTQYNEKFKGRVTITADKSTSTAYMELSSLTSEDTAVYYCAREGTYYAM
DYWGQGTSVTVSSGGGGSGGGGSGGGGSDVVMTQSPSSLSVTLGDRVSISCRS
SQSIVHSNGNTYLEWYQQKPGQSPRLLIYKVSNRFSGVPDRFSGSGSGTDFTLTI
SRVEPEDLGVYYCFQGSHVPRTFGGGTKLEIKR

(SEQ ID NO: 75)

SQVQLVQSGPEVKKPGASVKVSCKASGYTFTSYHIQWVRQAPGQGLEWIGWIY
PGDGSTQYNEKFKGRVTITADKSTSTAYMELSSLTSEDTAVYYCAREGTYYAM
DYWGQGTSVTVSSGGGGSGGGGSGGGGSDVVMTQSPSSLSVTLGDRVSISCRS
SQSIVHSNGNTYLEWYQQKPGQSPRLLIYKVSNRFSGVPDRFSGSGSGTDFTLTI
SRVEPEDLGVYYCFQGSHVPRTFGGGTKLEIKR

(SEQ ID NO: 76)

SQVQLVQSGPEVKKPGASVKVSCKASGYTFTSYHIQWVRQAPGQGLEWIGWIY
PGDGSTQYNEKFKGRVTITADKSTSTAYMELSSLTSEDTAVYYCAREGTYYAM
DYWGQGTSVTVSSGGGGSGGGGSGGGGSDIVMTQSPATLSVSPGERATISCRSS
QSIVHSNGNTYLEWYQQKPGQAPRLLIYKVSNRFSGIPDRFSGSGSGTDFTLTIS
RLEPEDFAVYYCFQGSHVPRTFGGGTKLEIKR

Another object of the invention is a composition comprising, consisting essentially of or

consisting of at least one anti-HL A-A2 antibody of the invention.

As used herein, "consisting essentially of", with reference to a composition, means that
at least one anti-HLA-A2 antibody of the invention as described here above is the only

one therapeutic agent or agent with a biologic activity within said composition.

Another object of the invention is a pharmaceutical composition comprising at least one

anti-HLA-A2 antibody of the invention, and a pharmaceutically acceptable carrier.

Examples of pharmaceutically acceptable carriers include, but are not limited to, media,
solvents, coatings, isotonic and absorption delaying agents, additives, stabilizers,

preservatives, surfactants, substances which inhibit enzy matic degradation, alcohols, pH
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controlling agents, antioxidants; chelating agents such as EDTA or glutathione; adjuvants

(e.g., aluminum hydroxide); preservatives and propellants.

Examples of pharmaceutically acceptable media include, but are not limited to, water,
neutral buffered saline, phosphate buffered saline, normal saline or other physiologically
buffered saline, or other solvent such as glycol, glycerol, and oil such as olive oil or an
injectable organic ester. A pharmaceutically acceptable medium can also contain

liposomes or micelles.
Examples of coating materials include, but are not limited to, lecithin.

Examples of isotonic agents include, but are not limited to, sugars, sodium chloride, and
the like.

Examples of agents that delay absorption include, but are not limited to, aluminum

monostearate and gelatin.

Examples of additives include, but are not limited to, mannitol, dextran, carbohydrates
(such as, for example, glucose, mannose, sucrose or dextrans); glycine, lactose or
polyvinylpyrrolidone or other additives such as antioxidants or inert gas, stabilizers or

recombinant proteins (e. g. human serum albumin) suitable for in vivo administration.

Examples of suitable stabilizers include, but are not limited to, sucrose, gelatin, peptone,

digested protein extracts such as NZ- Amine or NZ-Amine AS.

Pharmaceutically acceptable carriers that may be used in these compositions further
include, but are not limited to, ion exchangers, alumina, aluminum stearate, lecithin,
serum proteins, such as human serum albumin, buffer substances such as phosphates,
glycine, sorbic acid, potassium sorbate, partial glyceride mixtures of saturated vegetable
fatty acids, water, salts or electrolytes, such as protamine sulfate, disodium hydrogen
phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts, colloidal silica,
magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based substances, polyethylene
glycol, sodium carboxymethylcellulose, polyacrylates, waxes,

polyethylenepolyoxypropylene-block polymers, polyethylene glycol and wool fat.
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Another object of the invention is a medicament comprising, consisting or consisting
essentially of at least one anti-HLA-A2 antibody of the invention, as described

hereinabove.

Another object of the invention is the use of at least one anti-HLA-A2 antibody of the
invention for detecting HLA-A2 in a sample, preferably in a biological sample, in vitro

or in vivo.

Examples of assays in which the anti-HLA-A2 antibody of the invention may be used,
include, but are not limited to, ELISA, sandwich ELISA, RIA, FACS, tissue

immunohistochemistry, Western-blot, and immunoprecipitation.

Another object of the invention is a method for detecting HLA-A2 in a sample,
comprising contacting the sample with an anti-HLA-A2 antibody of the invention and
detecting the anti-HLA-A2 antibody bound to HLA-A2, thereby indicating the presence
of HLA-A2 in the sample.

In one embodiment of the invention, the sample is a biological sample. Examples of
biological samples include, but are not limited to, bodily fluids, preferably blood, more
preferably blood serum, plasma, synovial fluid, bronchoalveolar lavage fluid, sputum,
lymph, ascitic fluids, urine, amniotic fluid, peritoneal fluid, cerebrospinal fluid, pleural
fluid, pericardial fluid, and alveolar macrophages, tissue lysates and extracts prepared

from diseased tissues or from a transplant.

In one embodiment of the invention, the term "sample" is intended to mean a sample

taken from an individual prior to any analysis.

In one embodiment of the invention, the anti-HLA-A2 antibody of the invention is
directly labeled with a detectable label and may be detected directly. In another
embodiment, the protein of the invention is unlabeled (and is referred as the first/primary
antibody) and a secondary antibody or other molecule that can bind the anti-HLA-A2
antibody is labeled. As it is well known in the art, a secondary antibody is chosen to be

able to specifically bind the specific species and class of the primary antibody.
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The presence of anti-HLA-A2 antibody / HLA-A2 complex in the sample can be detected
and measured by detecting the presence of the labeled secondary antibody. For example,
after washing away unbound secondary antibody from a well comprising the primary
antibody/antigen complex or from a membrane (such as a nitrocellulose or nylon
membrane) comprising the complex, the bound secondary antibody can be developed and

detected based on chemiluminescence of the label for example.

Labels for the anti-HLA-A2 antibody or the secondary antibody include, but are not
limited to, various enzymes, prosthetic groups, fluorescent materials, luminescent
materials, magnetic agents and radioactive materials. Examples of such enzymes include
but are not limited to, horseradish peroxidase, alkaline phosphatase, beta-galactosidase or
acetylcholinesterase; examples of prosthetic group complexes include but are not limited
to, streptavidin/biotin and avidin/biotin; examples of fluorescent materials include but are
not limited to, umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine,
dichlorotriazinylamine fluorescein, dansyne chloride or phycoerythrin; examples of
luminescent material include but are not limited to, luminal; examples of magnetic agents
include gadolinium; and examples of suitable radioactive material include 21, 1311, S

or 3H.

Another object of the invention is a kit comprising at least one anti-HLLA-A2 antibody of

the invention, preferably a monoclonal anti-HLA-A2 antibody.

By “kit” is intended any manufacture (e.g., a package or a container) comprising at least

one reagent, preferably an antibody, for specifically detecting the expression of HLA-A2.

The kit may be promoted, distributed, or sold as a unit for performing the methods of the
present invention. Furthermore, any or all of the kit reagents may be provided within

containers that protect them from the external environment, such as in sealed containers.
The kits may also contain a package insert describing the kit and methods for its use.

Kits for performing a sandwich ELISA generally comprise a capture antibody, optionally

immobilized on a solid support (e.g., a microtiter plate), and a revelation antibody coupled
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with a detectable substance, such as, for example HRP, a fluorescent label, a radioisotope,

beta -galactosidase, and alkaline phosphatase.

In another embodiment, the detectable substance is immobilized on a solid support (e.g.,

a microtiter plate).

The present invention further relates to a chimeric antigen receptor (CAR) specific for
HLA-A2. CARs are chimeric protein molecules that combine antibody-based specificity

for a target antigen with an immune cell receptor-activating intracellular domain.

According to the present invention, the CAR comprises, in one or more polypeptides (i)
an extracellular HLA-A2 binding domain, wherein said extracellular domain comprises
or consists in the anti-HLA-A2 antibody (preferably the anti-HLA-A2 scFv) of the
present invention, (ii) optionally an extracellular hinge domain, (iii) optionally a
transmembrane domain, and (iv) an intracellular signaling domain. In one embodiment,

the chimeric receptor further comprises a Tag and/or a leader sequence.

In one embodiment, the CAR of the present invention competes for binding to HLA-A2
with an antibody comprising: a heavy chain complementarity determining region 1
(HCDR1) having the amino acid sequence of SEQ ID NO: 62; a heavy chain
complementarity determining region 2 (HCDR2) having the amino acid sequence of SEQ
ID NO: 63; a heavy chain complementarity determining region 3 (HCDR3) having the
amino acid sequence of SEQ ID NO: 64; a light chain complementarity determining
region 1 (LCDR1) having the amino acid sequence of SEQ ID NO: 65; a light chain
complementarity determining region 2 (LCDR2) having the amino acid sequence of SEQ
ID NO: 66; and a light chain complementarity determining region 3 (LCDR3) having the
amino acid sequence of SEQ ID NO: 67.

In one embodiment, the CAR of the present invention binds to the same HLA-A?2 epitope
as an antibody comprising: a heavy chain complementarity determining region 1
(HCDR1) having the amino acid sequence of SEQ ID NO: 62; a heavy chain
complementarity determining region 2 (HCDR2) having the amino acid sequence of SEQ
ID NO: 63; a heavy chain complementarity determining region 3 (HCDR3) having the

amino acid sequence of SEQ ID NO: 64; a light chain complementarity determining
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region 1 (LCDR1) having the amino acid sequence of SEQ ID NO: 65; a light chain
complementarity determining region 2 (LCDR2) having the amino acid sequence of SEQ
ID NO: 66; and a light chain complementarity determining region 3 (LCDR3) having the
amino acid sequence of SEQ ID NO: 67.

In one embodiment, the CAR of the invention competes for binding to HLA-A2 with
and/or binds to the same HLLA-A2 epitope as the BB7.2 antibody.

In one embodiment, the CAR of the invention has less reactivity to an HLA-A subtype
selected from the group comprising A03, Al1, A23, A25, A26, A29, A30, A31, A33,
A34 and any combination thereof as compared to a CAR comprising BB7.2 or to a CAR
comprising the VH and VL of the BB7.2 antibody. In one embodiment, the CAR of the
invention has less reactivity to an HLA-A subtype selected from the group comprising
A03:01, A11:01, A23:01, A25:01, A26:01, A29:02, A30:01, A31:01, A33:01, A34:01
and any combination thereof as compared to a CAR comprising BB7.2 or to a CAR

comprising the VH and VL of the BB7.2 antibody.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLA-A subtype selected from one or more of A03, A11, A23, A25, A26, A29,
A30, A31, A33 and A34 as compared to a CAR comprising BB7.2 or to a CAR
comprising the VH and VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2
antibody of the invention has less reactivity to at least one HLA-A subtype selected from
one or more of A03:01, A11:01, A23:01, A25:01, A26:01, A29:02, A30:01, A31:01,
A33:01 and A34:01 as compared to a CAR comprising BB7.2 or to a CAR comprising
the VH and VL of the BB7.2 antibody.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLA-A subtype selected from two or more of A03, Al1, A23, A25, A26, A29,
A30, A31, A33 and A34 as compared to a CAR comprising BB7.2 or to a CAR
comprising the VH and VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2
antibody of the invention has less reactivity to at least one HLA-A subtype selected from

two or more of A03:01, A11:01, A23:01, A25:01, A26:01, A29:02, A30:01, A31:01,
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A33:01 and A34:01 as compared to a CAR comprising BB7.2 or to a CAR comprising
the VH and VL of the BB7.2 antibody.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HL A-A subtype selected from three or more of A03, A11, A23, A25, A26, A29,
A30, A31, A33 and A34 as compared to a CAR comprising BB7.2 or to a CAR
comprising the VH and VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2
antibody of the invention has less reactivity to at least one HLA-A subtype selected from
three or more of A03:01, A11:01, A23:01, A25:01, A26:01, A29:02, A30:01, A31:01,
A33:01 and A34:01 as compared to a CAR comprising BB7.2 or to a CAR comprising
the VH and VL of the BB7.2 antibody.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLLA-A subtype selected from four or more of A03, A11, A23, A25, A26, A29,
A30, A31, A33 and A34 as compared to a CAR comprising BB7.2 or to a CAR
comprising the VH and VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2
antibody of the invention has less reactivity to at least one HLA-A subtype selected from
four or more of A03:01, A11:01, A23:01, A25:01, A26:01, A29:02, A30:01, A31:01,
A33:01 and A34:01 as compared to a CAR comprising BB7.2 or to a CAR comprising
the VH and VL of the BB7.2 antibody.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HL A-A subtype selected from five or more of A03, Al11, A23, A25, A26, A29,
A30, A31, A33 and A34 as compared to a CAR comprising BB7.2 or to a CAR
comprising the VH and VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2
antibody of the invention has less reactivity to at least one HLA-A subtype selected from
five or more of A03:01, A11:01, A23:01, A25:01, A26:01, A29:02, A30:01, A31:01,
A33:01 and A34:01 as compared to a CAR comprising BB7.2 or to a CAR comprising
the VH and VL of the BB7.2 antibody.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLA-A subtype selected from six or more of A03, Al11, A23, A25, A26, A29,
A30, A31, A33 and A34 as compared to a CAR comprising BB7.2 or to a CAR
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comprising the VH and VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2
antibody of the invention has less reactivity to at least one HLA-A subtype selected from
six or more of A03:01, A11:01, A23:01, A25:01, A26:01, A29:02, A30:01, A31:01,
A33:01 and A34:01 as compared to a CAR comprising BB7.2 or to a CAR comprising
the VH and VL of the BB7.2 antibody.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLA-A subtype selected from seven or more of A03, All, A23, A25, A26,
A29, A30, A31, A33 and A34 as compared to a CAR comprising BB7.2 or to a CAR
comprising the VH and VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2
antibody of the invention has less reactivity to at least one HLA-A subtype selected from
seven or more of A03:01, A11:01, A23:01, A25:01, A26:01, A29:02, A30:01, A31:01,
A33:01 and A34:01 as compared to a CAR comprising BB7.2 or to a CAR comprising
the VH and VL of the BB7.2 antibody.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLA-A subtype selected from eight or more of A03, A11, A23, A25, A26, A29,
A30, A31, A33 and A34 thereof as compared to a CAR comprising BB7.2 or to a CAR
comprising the VH and VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2
antibody of the invention has less reactivity to at least one HLA-A subtype selected from
eight or more of A03:01, A11:01, A23:01, A25:01, A26:01, A29:02, A30:01, A31:01,
A33:01 and A34:01 as compared to a CAR comprising BB7.2 or to a CAR comprising
the VH and VL of the BB7.2 antibody.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HL A-A subtype selected from nine or more of A03, A11, A23, A25, A26, A29,
A30, A31, A33 and A34 as compared to a CAR comprising BB7.2 or to a CAR
comprising the VH and VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2
antibody of the invention has less reactivity to at least one HLA-A subtype selected from
nine or more of A03:01, A11:01, A23:01, A25:01, A26:01, A29:02, A30:01, A31:01,
A33:01 and A34:01 as compared to a CAR comprising BB7.2 or to a CAR comprising
the VH and VL of the BB7.2 antibody.
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In one embodiment, the anti-HLLA-A2 antibody of the invention has less reactivity from
each of HLA-A subtype selected from the group comprising A03, A11, A23, A25, A26,
A29, A30, A31, A33 and A34 as compared to a CAR comprising BB7.2 or to a CAR
comprising the VH and VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2
antibody of the invention has less reactivity from each of HLA-A subtype selected from
the group comprising A03:01, A11:01, A23:01, A25.01, A26:01, A29:02, A30:01,
A31:01, A33:01 and A34:01 as compared to a CAR comprising BB7.2 or to a CAR
comprising the VH and VL of the BB7.2 antibody.

In one embodiment, the CAR of the invention has less reactivity to an HLA-A subtype
selected from the group comprising A25, A29, A30 and any combination thereof as
compared to the antibody BB7.2, preferably as compared to the BB7.2 scFv or as
compared to an antibody comprising the VH and VL of the BB7.2 antibody. In one
embodiment, the CAR of the invention has less reactivity to an HLA-A subtype selected
from the group comprising A25:01, A29:02, A30:01 and any combination thereof as
compared to the antibody BB7.2, preferably as compared to the BB7.2 scFv or as
compared to an antibody comprising the VH and VL of the BB7.2 antibody.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLA-A subtype selected from one or more of A25, A29 and A30 as compared
to a CAR comprising BB7.2 or to a CAR comprising the VH and VL of the BB7.2
antibody. In one embodiment, the anti-HLA-A2 antibody of the invention has less
reactivity to at least one HLA-A subtype selected from one or more A25:01, A29:02 and
A30:01 as compared to a CAR comprising BB7.2 or to a CAR comprising the VH and
VL of the BB7.2 antibody.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to at
least one HLA-A subtype selected from two or more of A25, A29 and A30 as compared
to a CAR comprising BB7.2 or to a CAR comprising the VH and VL of the BB7.2
antibody. In one embodiment, the anti-HLA-A2 antibody of the invention has less
reactivity to at least one HLA-A subtype selected from two or more of A25:01, A29:02
and A30:01 as compared to a CAR comprising BB7.2 or to a CAR comprising the VH
and VL of the BB7.2 antibody.
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In one embodiment, the anti-HLLA-A2 antibody of the invention has less reactivity from
each of HLA-A subtype selected from the group comprising A25, A29 and A30 as
compared to a CAR comprising BB7.2 or to a CAR comprising the VH and VL of the
BB7.2 antibody. In one embodiment, the anti-HLA-A2 antibody of the invention has less
reactivity from each of HLA-A subtype selected from the group comprising A25:01,
A29:02 and A30:01 as compared to a CAR comprising BB7.2 or to a CAR comprising
the VH and VL of the BB7.2 antibody.

In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to
HLA-A25 as compared to a CAR comprising BB7.2 or to a CAR comprising the VH and
VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2 antibody of the
invention has less reactivity to HLA-A29 as compared to a CAR comprising BB7.2 or to
a CAR comprising the VH and VL of the BB7.2 antibody. In one embodiment, the anti-
HLA-AZ2 antibody of the invention has less reactivity to HLA-A30 as compared to a CAR
comprising BB7.2 or to a CAR comprising the VH and VL of the BB7.2 antibody. In one
embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to HLA-A3
as compared to a CAR comprising BB7.2 or to a CAR comprising the VH and VL of the
BB7.2 antibody. In one embodiment, the anti-HLA-A2 antibody of the invention has less
reactivity to HLA-A11 as compared to a CAR comprising BB7.2 or to a CAR comprising
the VH and VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2 antibody
of the invention has less reactivity to HLA-A26 as compared to a CAR comprising BB7.2
or to a CAR comprising the VH and VL of the BB7.2 antibody. In one embodiment, the
anti-HLA-A2 antibody of the invention has less reactivity to HLA-A31 as compared to a
CAR comprising BB7.2 or to a CAR comprising the VH and VL of the BB7.2 antibody.
In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to
HLA-A32 as compared to a CAR comprising BB7.2 or to a CAR comprising the VH and
VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2 antibody of the
invention has less reactivity to HLA-A33 as compared to a CAR comprising BB7.2 or to
a CAR comprising the VH and VL of the BB7.2 antibody. In one embodiment, the anti-
HLA-AZ2 antibody of the invention has less reactivity to HLA-A34 as compared to a CAR
comprising BB7.2 or to a CAR comprising the VH and VL of the BB7.2 antibody.
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In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to
HLA-A25:01 as compared to a CAR comprising BB7.2 or to a CAR comprising the VH
and VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2 antibody of the
invention has less reactivity to HLA-A29:02 as compared to a CAR comprising BB7.2 or
to a CAR comprising the VH and VL of the BB7.2 antibody. In one embodiment, the
anti-HLA-A2 antibody of the invention has less reactivity to HLA-A30: as compared to
a CAR comprising BB7.2 or to a CAR comprising the VH and VL of the BB7.2 antibody.
In one embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to
HLA-A03:01 as compared to a CAR comprising BB7.2 or to a CAR comprising the VH
and VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2 antibody of the
invention has less reactivity to HLA-A11:01 as compared to a CAR comprising BB7.2 or
to a CAR comprising the VH and VL of the BB7.2 antibody. In one embodiment, the
anti-HLA-A2 antibody of the invention has less reactivity to HLA-A26:01 as compared
to a CAR comprising BB7.2 or to a CAR comprising the VH and VL of the BB7.2
antibody. In one embodiment, the anti-HLA-A2 antibody of the invention has less
reactivity to HLA-A31:01 as compared to a CAR comprising BB7.2 or to a CAR
comprising the VH and VL of the BB7.2 antibody. In one embodiment, the anti-HLA-A2
antibody of the invention has less reactivity to HLA-A33:01 as compared to a CAR
comprising BB7.2 or to a CAR comprising the VH and VL of the BB7.2 antibody. In one
embodiment, the anti-HLA-A2 antibody of the invention has less reactivity to HLA-
A34:01 as compared to a CAR comprising BB7.2 or to a CAR comprising the VH and
VL of the BB7.2 antibody.

Methods for measuring the reactivity of a CAR to HLA-A subtypes are well known to
the skilled artisan, and include, without limitation, single antigen assays, such as, for

example, the FlowPRA Single Antigen Antibody provided by ONE LAMBDA.

In one embodiment, the CAR of the invention has less reactivity to an HLA-A subtype
selected from the group comprising A03, Al1, A23, A25, A26, A29, A30, A31, A33,
A34 and any combination thereof as compared to a CAR comprising the antibody BB7.2
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or as compared to a CAR comprising the VH and VL of the BB7.2 antibody when

measured in the conditions of Test A.

In one embodiment, the CAR of the invention has less reactivity to an HLA-A subtype
selected from the group comprising A25, A29, A30 and any combination thereof as
compared to the antibody BB7.2 or as compared to an antibody comprising the VH and
VL of the BB7.2 antibody when measured in the conditions of Test A.

Test A:

0.25.10° T cells expressing a CAR comprising the anti-HLA-A2 antibody or the BB7.2
antibody or the VH and VL of the BB7.2 antibody (mA2 CAR)) are incubated with
FlowPRA single antigen antibody beads panel (FL1HDO1, FL1HDO02, FL1HDO3,
FL1HDO4, FL1HDO6 and FL1HDOS, One Lambda) and fixable viability dye (FVD,
ThermoFisher, 65-0865-14, eBioscience) for 30 minutes at room temperature. Samples
are washed, fixed with 0.5% formaldehyde and analyzed via flow cytometry. Two
hundred negative control beads are acquired per sample. Beads alone were used as a
negative control. For analysis, dead cells are first eliminated using the fixable viability
dye. Single antigen beads are then gated after exclusion of dead cells and doublets. Then,
the number of beads per HLA is determined by their respective PE intensity peak. Data
are normalized by multiplying the number of beads of interest in each HLA-peak by 200,
divided by the number of negative beads in the sample. For each HLA-peak the percent
relative binding of CAR Tregs compared to control (non-CAR-expressing cells) is
determined by subtracting the number of beads in the CAR-Treg from the number of
beads in the control sample then dividing the average number of beads in the non-CAR-

expressing control, times 100.

In one embodiment, the CAR of the invention has less reactivity to an HLA-A subtype
selected from the group comprising A03, Al1, A23, A25, A26, A29, A30, A31, A33,
A34 and any combination thereof as compared to a CAR comprising the antibody BB7.2
or as compared to a CAR comprising the VH and VL of the BB7.2 antibody, when

measured 1n the conditions of Test B.
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In one embodiment, the CAR of the invention has less reactivity to an HLA-A subtype
selected from the group comprising A25, A29, A30 and any combination thereof as
compared to the antibody BB7.2 or as compared to an antibody comprising the VH and
VL of the BB7.2 antibody, when measured in the conditions of Test B.

Test B:

0.25.10° T cells expressing an anti-HLA-A?2 antibody or the BB7.2 antibody or the VH
and VL of the BB7.2 antibody or a truncated NGFR transduction marker (NGFR) on the
cell surface (such as, for example, as part of a chimeric antigen receptor as described
herein) are incubated with FlowPRA single antigen antibody beads (FL1HD, One
Lambda) and fixable viability dye (FVD, 65-0865-14, eBioscience), then fixed with 0.5%
formaldehyde and analyzed via flow cytometry. For analysis, dead cells are first
eliminated using the fixable viability dye. Single beads are then gated after exclusion of
dead cells and doublets. Then, the number of beads per HLA is determined by their
respective PE intensity. Data are normalized by dividing the number of negative beads in
the sample by the number of negative beads in the Treg-NGFR sample, multiplied by the
number of negative beads in the Treg-NGFR specimen. Percent relative binding is the
number of beads in the NGFR specimen for one specific HLA minus the normalized
number of beads in the specimen for that HLA, divided by the number of beads in the
NGFR specimen time 100.

In one embodiment, the CAR of the invention has a reactivity to at least one HLA-A
subtype selected from the group comprising A03, A11, A23, A25, A26, A29, A30, A31,
A33, A34 statistically inferior to the one of a CAR comprising the antibody BB7.2 or to
the one of a CAR comprising the VH and VL of the BB7.2 antibody, preferably when

measured in the conditions of Test A or Test B.

In one embodiment, the CAR of the invention has a reactivity to at least one HLA-A
subtype selected from the group comprising A25, A29, A30 statistically inferior to the
one of the antibody BB7.2 or to the one of an antibody comprising the VH and VL of the
BB7.2 antibody, preferably when measured in the conditions of Test A or Test B.
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In one embodiment, the term “statistically inferior” means that the reactivity (i.e., for
example, the relative binding in the conditions of Test A or Test B) measured for the CAR
of the invention is inferior to the reactivity measured for the BB7.2 antibody or for an
antibody comprising the VH and VL of the BB7.2 antibody, with a p value of at most
about 0.05, preferably of at most about 0.01, more preferably of at most about 0.005, and
more preferably of at most about 0.001, in particular when analyzed by 2-way ANOVA,

Dunnett post-test.

In one embodiment, the CAR of the invention has a reactivity to at least one HLA-A
subtype selected from the group comprising A03, A11, A23, A25, A26, A29, A30, A31,
A33, A34 inferior to the one of a CAR comprising the BB7.2 antibody or to the one of a
CAR comprising the VH and VL of the BB7.2 antibody, preferably the CAR of the
invention has a relative binding for at least one HLA-A subtype selected from the group
comprising A03, Al1, A23, A25, A26, A29, A30, A31, A33, A34 inferior to the one of
a CAR comprising the BB7.2 antibody or to the one of a CAR comprising the VH and
VL of the BB7.2 antibody when measured in the conditions of Test A or Test B, more
preferably the relative binding measured for the anti-HLA-A2 antibody of the invention
1s at most about 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10% or less of the relative
binding measured for the BB7.2 antibody or for an antibody comprising the VH and VL
of the BB7.2 antibody.

In one embodiment, the CAR of the invention has a reactivity to at least one HLA-A
subtype selected from the group comprising A25, A29, A30 inferior to the one of a CAR
comprising the BB7.2 antibody or to the one of a CAR comprising the VH and VL of the
BB7.2 antibody, preferably the CAR of the invention has a relative binding for at least
one HLA-A subtype selected from the group comprising A25, A29, A30 inferior to the
one of a CAR comprising the BB7.2 antibody or to the one of a CAR comprising the VH
and VL of the BB7.2 antibody when measured in the conditions of Test A or Test B, more
preferably the relative binding measured for the anti-HLA-A2 antibody of the invention
1s at most about 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10% or less of the relative
binding measured for the BB7.2 antibody or for an antibody comprising the VH and VL
of the BB7.2 antibody.
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The present invention further relates to a nucleic acid sequence encoding a CAR as
described hereinabove, wherein said nucleic acid sequence comprises 1) a nucleic acid
sequence of a HLA-A2 binding domain (preferably wherein said HLA-A2 binding
domain is an anti-HLA-A2 antibody, preferably an anti-HLA-A2 scFv as described
hereinabove), (i1) optionally a nucleic acid sequence of an extracellular hinge domain,
(i11) optionally a nucleic acid sequence of a transmembrane domain, (iv) one or more
nucleic acid sequence(s) of an intracellular signaling domain. In one embodiment, the
nucleic acid sequence further comprises a sequence encoding a Tag and/or a leader

sequence.

In one embodiment, the HLA-A2 binding domain comprised in the CAR of the invention
is a scFv, comprising a sequence SEQ ID NO: 9 and a sequence SEQ ID NO: 10 wherein
XiisVor,XoisTor S, XsisLorSorA, Xs4isSorT, XsisPorS, Xeis Tor S, X7is
LorP,XsisEorD,XoisPorR, Xiois AorV,XnisSorT, Xizis L or Q, Xi3is S or
A, XuuisVorl, XisisKor T, Xisis Vor L, Xi71s A or P, Xisis L or F and Xi91s G or
A, in either order to the N-terminal and C-terminal ends of the scFv. Preferably, the HLA-
A2 binding domain comprised in the CAR of the invention is a scFv, comprising a
sequence SEQ ID NO: 9 and a sequence SEQ ID NO: 11, 12 or 13 in either order to the

N-terminal and C-terminal ends of the scFv.

In one embodiment, the sequence SEQ ID NO: 9 is N-terminal, and the SEQ ID NO: 10,
11, 12 or 13 is C-terminal.

In one embodiment, the HLA-A2 binding domain comprised in the CAR of the invention
comprises, from N-terminal to C-terminal: SEQ ID NO: 9, an optional linker, SEQ ID
NO: 10 wherein Xiis VorI, X2isTor S, XzisLorSorA, XsisSor T, XsisPor S, Xs
isTorS,XsisLorP,XgsisEorD,XoisPorR, Xiwois AorV,Xi1is Sor T, Xi2is L or
Q, XizisSorA, XuuisVorl XisisKorT, Xisis VorL, Xi17is Aor P, Xisis L or F
and X191s G or A (preferably one of SEQ ID NO: 11-13).

In one embodiment, the HLA-A2 binding domain comprised in the CAR of the invention
comprises, from N-terminal to C-terminal: SEQ ID NO: 10 wherein X1is Vorl, Xois T
orS,XzisLorSorA XsisSorT,XsisPorS, XeisTorS, X7isL or P, Xsis E or D,
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XoisPorR, XwisAorV, XunnisSorT, XizisLor Q, Xizis Sor A, Xwsis Vor I, Xus
isKorT, Xicis VorL, Xi17is Aor P, Xisis L or F and Xi91s G or A (preferably one of
SEQ ID NO: 11-13), an optional linker, SEQ ID NO: 9.

In one embodiment, the HLA-A2 binding domain comprised in the CAR of the invention
comprises a linker. Examples of linkers include, but are not limited to, GS linkers as
described herein. In one embodiment, the linker comprises or consists in a sequence

GGGGSGGGGSGGGGS (SEQ ID NO: 18).

In one embodiment, the HLA-A2 binding domain comprised in the CAR of the invention
comprises or consists in a sequence SEQ ID NO: 69 wherein X1is VorI Xois T or S,
XzisLorSorA XsisSorT,XsisPorS, XeisTorS, X7is L or P, Xgis E or D, Xo is
PorR XpisAorV,XnnisSorT, XizisLorQ, Xizis Sor A, Xwsis Vorl, Xi5is K or
T, XwsisVorL, Xi7is A or P, Xigsis L or F and X191s G or A. SEQ ID NO: 69 consists
in, from N-terminal to C-terminal, SEQ ID NO: 9, SEQ ID NO: 18 and SEQ ID NO: 10.

In one embodiment, the HLA-A2 binding domain comprised in the CAR of the invention
comprises or consists in a sequence SEQ ID NO: 70, 71 or 72. SEQ ID NO: 70-72 consist
in, from N-terminal to C-terminal, SEQ ID NO: 9, SEQ ID NO: 18 and SEQ ID NO: 11-

13 respectively.

In one embodiment, the HLA-A2 binding domain comprised in the CAR of the invention
further comprises a S residue in N-terminal, in order to facilitate the cleavage of an

optional leader sequence.

Therefore, in one embodiment, the HLA-A2 binding domain comprised in the CAR of
the invention has a sequence 73 wherein Xiis Vorl, XoisTor S, XsisL or S or A, X4
iIsSorT,XsisPorS,XeisTorS,X7isLorP, XsisEorD, XoisPorR, Xiois AorV,
XnisSorT,XppisLorQ, XizisSorA, XuisVorl, XaisisKor T, Xisis V or L, X17
1s AorP, Xigis L or F and Xi91s G or A.

In one embodiment, the HLA-A2 binding domain comprised in the CAR of the invention

comprises or consists in a sequence SEQ ID NO: 74, 75 or 76.
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In one embodiment, the HLA-A2 binding domain may be connected to a transmembrane

domain by a hinge domain.

In one embodiment, a short oligo- or polypeptide linker, preferably having a length
ranging from 2 and 10 amino acids may form the hinge domain. In one embodiment, the

term “linker” refers to a flexible polypeptide linker.

For example, a glycine-serine doublet provides a particularly suitable hinge domain (GS
linker). In one embodiment, the hinge domain is a Gly/Ser linker. Examples of Gly/Ser

linkers include, but are not limited to, GS linkers, G2S linkers, GsS linkers, GaS linkers.
Examples of G2S linkers include, but are not limited to, GGS.

Gs3S linkers comprise the amino acid sequence (Gly-Gly-Gly-Ser), also referred to as
(GGGS)u or (SEQ ID NO: 14),, where n is a positive integer equal to or greater than 1
(such as, example, n=1, n=2, n=3. n=4, n=5, n=6, n=7, n=8, n=9 or n=10). Examples of

GsS linkers include, but are not limited to, GGGSGGGSGGGSGGGS (SEQ ID NO: 15).

Examples of GaS linkers include, but are not limited to, (Glys Ser) corresponding to
GGGGS (SEQ ID NO: 16); (Glys Ser)2 corresponding to GGGGSGGGGS (SEQ ID
NO: 17); (GlysSer)s corresponding to GGGGSGGGGSGGGGS (SEQ ID NO: 18); and
(Gly4 Ser)4 corresponding to GGGGSGGGGSGGGGSGGGGS (SEQ ID NO: 19).

Also included within the scope of the invention are hinge domains described in

WO02012/138475, incorporated herein by reference.

In one embodiment, the hinge domain comprises the amino acid sequence
AGSSSSGGSTTGGSTT (SEQ ID NO: 20), the amino acid sequence
GTTAASGSSGGSSSGA  (SEQ ID NO: 21), the amino acid sequence
SSATATAGTGSSTGST (SEQ ID NO: 22), and/or the amino acid sequence
TSGSTGTAASSTSTST (SEQ ID NO: 23).

In one embodiment, the hinge domain is encoded by a nucleotide sequence of

GGTGGCGGAGGTTCTGGAGGTGGAGGTTCC (SEQ ID NO: 24).
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In another embodiment, the hinge domain is a KIR2DS: hinge corresponding to
KIRRDSS (SEQ ID NO: 25).

In one embodiment, the hinge domain comprises or consists in the amino acid sequence
of a CD8 hinge (SEQ ID NO: 26) or an amino acid sequence with 95-99% identity to
SEQ ID NO: 26. In one embodiment, the hinge domain is a CD8 hinge encoded by the
nucleic acid sequence SEQ ID NO: 27 or a nucleic acid sequence with 95-99% identity
to SEQ ID NO: 27.

(SEQ ID NO: 26)
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD
(SEQ ID NO: 27)

ACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCCACCATCGCGTCG
CAGCCCCTGTCCCTGCGCCCAGAGGCGTGCCGGCCAGCGGCGGGGGGCGCA
GTGCACACGAGGGGGCTGGACTTCGCCTGTGAT

In another embodiment, the hinge domain comprises or consists in the amino acid
sequence of an IgG4 hinge (SEQ ID NO: 28), or an amino acid sequence with 95-99%
identity to SEQ ID NO: 28. In one embodiment, the hinge domain is an IgG4 hinge
encoded by the nucleic acid sequence SEQ ID NO: 29 or a nucleic acid sequence with

95-99% identity to SEQ ID NO: 29.
(SEQ ID NO: 28)

ESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEV

QFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVS

NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGKM

(SEQ ID NO: 29)
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GAGAGCAAGTACGGCCCTCCCTGCCCCCCTTGCCCTGCCCCCGAGTTCCTGG
GCGGACCCAGCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGAT
CAGCCGGACCCCCGAGGTGACCTGTGTGGTGGTGGACGTGTCCCAGGAGGA
CCCCGAGGTCCAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAACGC
CAAGACCAAGCCCCGGGAGGAGCAGTTCAATAGCACCTACCGGGTGGTGTC
CGTGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTG
TAAGGTGTCCAACAAGGGCCTGCCCAGCAGCATCGAGAAAACCATCAGCAA
GGCCAAGGGCCAGCCTCGGGAGCCCCAGGTGTACACCCTGCCCCCTAGCCA
AGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGCCTGGTGAAGGGCTT
CTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGA
ACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGACGGCAGCTTCTTCCT
GTACAGCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGAGGGCAACGTCTT
TAGCTGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGAG
CCTGAGCCTGTCCCTGGGCAAGATG

In another embodiment, the hinge domain comprises or consists in the amino acid
sequence of an IgD hinge (SEQ ID NO: 30) or an amino acid sequence with 95-99%
identity to SEQ ID NO: 30. In one embodiment, the hinge domain is an IgD hinge
encoded by the nucleic acid sequence SEQ ID NO: 31 or a nucleic acid sequence with

95-99% identity to SEQ ID NO: 31.
(SEQ ID NO: 30)

RWPESPKAQASSVPTAQPQAEGSLAKATTAPATTRNTGRGGEEKKKEKEKEEQ
EERETKTPECPSHTQPLGVYLLTPAVQDLWLRDKATFTCFVVGSDLKDAHLTW
EVAGKVPTGGVEEGLLERHSNGSQSQHSRLTLPRSLWNAGTSVTCTLNHPSLPP
QRLMALREPAAQAPVKLSLNLLASSDPPEAASWLLCEVSGFSPPNILLMWLEDQ
REVNTSGFAPARPPPQPGSTTFWAWSVLRVPAPPSPQPATYTCVVSHEDSRTLL
NASRSLEVSYVTDH

(SEQ ID NO: 31)

AGGTGGCCCGAAAGTCCCAAGGCCCAGGCATCTAGTGTTCCTACTGCACAG
CCCCAGGCAGAAGGCAGCCTAGCCAAAGCTACTACTGCACCTGCCACTACG
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CGCAATACTGGCCGTGGCGGGGAGGAGAAGAAAAAGGAGAAAGAGAAAG
AAGAACAGGAAGAGAGGGAGACCAAGACCCCTGAATGTCCATCCCATACC
CAGCCGCTGGGCGTCTATCTCTTGACTCCCGCAGTACAGGACTTGTGGCTTA
GAGATAAGGCCACCTTTACATGTTTCGTCGTGGGCTCTGACCTGAAGGATGC
CCATTTGACTTGGGAGGTTGCCGGAAAGGTACCCACAGGGGGGGTTGAGGA
AGGGTTGCTGGAGCGCCATTCCAATGGCTCTCAGAGCCAGCACTCAAGACT
CACCCTTCCGAGATCCCTGTGGAACGCCGGGACCTCTGTCACATGTACTCTA
AATCATCCTAGCCTGCCCCCACAGCGTCTGATGGCCCTTAGAGAGCCAGCC
GCCCAGGCACCAGTTAAGCTTAGCCTGAATCTGCTCGCCAGTAGTGATCCCC
CAGAGGCCGCCAGCTGGCTCTTATGCGAAGTGTCCGGCTTTAGCCCGCCCA
ACATCTTGCTCATGTGGCTGGAGGACCAGCGAGAAGTGAACACCAGCGGCT
TCGCTCCAGCCCGGCCCCCACCCCAGCCGGGTTCTACCACATTCTGGGCCTG
GAGTGTCTTAAGGGTCCCAGCACCACCTAGCCCCCAGCCAGCCACATACAC
CTGTGTTGTGTCCCATGAAGATAGCAGGACCCTGCTAAATGCTTCTAGGAGT
CTGGAGGTTTCCTACGTGACTGACCATT

In another embodiment, the hinge region comprises or consists in the amino acid sequence
of a CD28 hinge (SEQ ID NO: 32) or an amino acid sequence with 95-99% identity to
SEQ ID NO: 32. In one embodiment, the hinge domain is a CD28 hinge encoded by the
nucleic acid SEQ ID NO: 33 or a nucleic acid sequence with 95-99% identity to SEQ
ID NO: 33.

(SEQ ID NO: 32)
IEVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKP
(SEQ ID NO: 33)

ATTGAAGTTATGTATCCTCCTCCTTACCTAGACAATGAGAAGAGCAATGGA
ACCATTATCCATGTGAAAGGGAAACACCTTTGTCCAAGTCCCCTATTTCCCG
GACCTTCTAAGCCC

Examples of transmembrane domains that may be used in the chimeric receptor of the

invention include, but are not limited to, transmembrane domains of an alpha, beta or zeta
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chain of a T-cell receptor, or of CD28, CD3 gamma, CD3 delta, CD3 epsilon, CD3 zeta,
CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134,
CD137, CD154, KIRDS2, 0X40, CD2, CD27, LFA-1 (CD1 la, CD18), ICOS (CD278),
4-1BB (CD137), GITR, CD40, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80 (KLRFI),
CD160, CD19, IL2R beta, IL2R gamma, IL7R a, ITGA1, VLAI1, CD49a, ITGA4, 1A4,
CD49D, ITGA6, VLA-6, CD49f, ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a,
LFA-1, ITGAM, CD11b, PD1, ITGAX, CDIlc, ITGB1, CD29, ITGB2, CD18, LFA-1,
ITGB7, TNFR2, DNAMI1 (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile),
CEACAML1, CRT AM, Ly9 (CD229), CD160 (BY55), PSGL1, CDIOO (SEMA4D),
SLAMF6 (NTB-A, Lyl08), SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMFS),
SELPLG (CD162), LTBR, PAG/Cbp, NKp44, NKp30, NKp46, NKG2D, and/or
NKG2C.

In one embodiment, the transmembrane domain comprises or consists in the amino acid
sequence of a CD8 transmembrane domain (SEQ ID NO: 34), or an amino acid sequence
with 95-99% identity to SEQ ID NO: 34. In another embodiment, the transmembrane
domain comprises or consists in an amino acid sequence having at least one, two or three
modifications but not more than 20, 10 or 5 modifications of an amino acid sequence of

SEQ ID NO: 34, or an amino acid sequence with 95-99% identity to SEQ ID NO: 34.
(SEQ ID NO: 34)
IYIWAPLAGTCGVLLLSLVITLYC

In another embodiment, the transmembrane domain is encoded by the nucleotide
sequence of a CD8 transmembrane domain (SEQ ID NO: 35), or a nucleotide sequence

with 95-99% identity to SEQ ID NO: 35.
(SEQ ID NO: 35)

ATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCTTCTCCTGTCAC
TGGTTATCACCCTTTACTGC

In another embodiment, the transmembrane domain comprises or consists in the amino

acid sequence of a CD28 transmembrane domain (SEQ ID NO: 36) or an amino acid
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sequence with 95-99% identity to SEQ ID NO: 36. In one embodiment, the
transmembrane domain is a CD28 transmembrane domain encoded by the nucleic acid
sequence SEQ ID NO: 37 or a nucleic acid sequence with 95-99% identity to SEQ
ID NO: 37.

(SEQ ID NO: 36)
FWVLVVVGGVLACYSLLVTVAFIIFWV
(SEQ ID NO: 37)

TTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTAG
TAACAGTGGCCTTTATTATTTTCTGGGTG

In one embodiment, the transmembrane domain may be recombinant, in which case it

will comprise predominantly hydrophobic amino acids such as valine or leucine.

The cytoplasmic domain which includes the intracellular signaling domain of the CAR is
responsible for activation of at least one of the effector functions of the immune cell (e.g.,
regulatory T cell) in which the CAR has been placed in. The term “effector function™
refers to a specialized function of an immune cell. For example, an effector function of a
regulatory T cell may include suppressing or downregulating the induction and/or
proliferation of other immune cells. In addition, the effector function of Tregs may
include effects on non-immune cells that result in an improved clinical state such as
promoting tissue repair or regeneration. Thus, the term “intracellular signaling domain™
refers to the portion of a protein which transduces the effector function signal and directs
the immune cell to perform its specialized function. While usually the entire intracellular
signaling domain can be employed, in many cases it is not necessary to use the entire
chain. To the extent that a truncated portion of the intracellular signaling domain is used,
such truncated portion may be used in place of the intact chain as long as it transduces
the effector function signal. The term intracellular signaling domain is thus meant to
include any truncated portion of the intracellular signaling domain sufficient to transduce

the effector function signal.
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In one embodiment, the intracellular signaling domain can comprise the entire
intracellular portion, or the entire native intracellular signaling domain, of the molecule

from which it is derived, or a functional fragment or derivative thereof.

According to one embodiment, the intracellular signaling domain comprises at least one
(such as, for example, one) T cell primary signaling domain (or a sequence derived
therefrom) and optionally one or more intracellular domain(s) of a T cell costimulatory

molecule (or sequence(s) derived therefrom).

In one embodiment, the intracellular signaling domain of the chimeric receptor of the

invention consists in at least one (such as, for example, one) primary signaling domain.

In one embodiment, the intracellular signaling domain comprises one or more
intracellular domain(s) of a T cell costimulatory molecule. In one embodiment, the
intracellular signaling domain consists in one or more intracellular domain(s) of a T cell

costimulatory molecule.

In another embodiment, the intracellular signaling domain of the chimeric receptor of the
invention comprises at least one costimulatory domain and at least one (such as, for

example, one) primary signaling domain.

In another embodiment, the intracellular signaling domain of the chimeric receptor of the
invention comprises at least two costimulatory domains and at least one (such as, for

example, one) primary signaling domain.

In one embodiment of the invention, the T cell primary signaling domain comprises a
signaling domain of a protein selected in the group of CD3 zeta, CD3 gamma, CD3 delta,
CD3 epsilon, common FcR gamma (FCER1G), FcR beta (Fc Epsilon Rib), CD79a,
CD790b, Fcgamma Rlla, DAP10, and DAP 12 and sequences derived therefrom.

In one embodiment, the T cell primary signaling domain comprises or consists in a

functional signaling domain of CD3 zeta.
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In one embodiment, the T cell primary signaling domain comprises or consists in the
amino acid sequence of the CD3-zeta domain of SEQ ID NO: 38, 39, 40 or 41, or an
amino acid sequence with 95-99% identity to SEQ ID NO: 38-41.

(SEQ ID NO: 38)

RVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK
NPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDAL
HMQALPPR

(SEQ ID NO: 39)

RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK
NPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDAL
HMQALPPR

(SEQ ID NO: 40)

RVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPQRR
KNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

(SEQ ID NO: 41)

RVKFSRSADAPAYQQGOQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPQRR
KNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

In another embodiment, the CD3 zeta primary signaling domain comprises or consists in
an amino acid sequence having at least one, two or three modifications but not more than
20, 10 or 5 modifications of an amino acid sequence of SEQ ID NO: 38-41, or an amino

acid sequence with 95-99% identity to SEQ ID NO: 38-41.

Thus, in one embodiment, the nucleic acid sequence encoding the T cell primary signaling

domain comprises or consists in the nucleic acid sequence of the CD3-zeta domain of
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SEQ ID NO: 42 or SEQ ID NO: 43, or a nucleotide sequence with 95-99% identity to
SEQ ID NO: 42 or SEQ ID NO: 43.

(SEQ ID NO: 42)

AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACAAGCAGGGCCA
GAACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGT
TTTGGACAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAA
GGAAGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATG
GCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAA
GGGGCACGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGGACACCTA
CGACGCCCTTCACATGCAGGCCCTGCCCCCTCGC

(SEQ ID NO: 43)

AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCA
GAACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGT
TTTGGACAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAA
GGAAGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATG
GCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAA
GGGGCACGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGGACACCTA
CGACGCCCTTCACATGCAGGCCCTGCCCCCTCGC

T cell primary signaling domains that act in a stimulatory manner may comprise signaling

motifs known as immunoreceptor tyrosine-based activation motifs (ITAMS).

Examples of ITAM containing T cell primary intracellular signaling domains that are of
particular use in the invention include, but are not limited to, those of (or derived from)
CD3 zeta, common FcR gamma (FCER1G), Fc gamma Rlla, FcR beta (Fc Epsilon R1b),
CD3 gamma, CD3 delta, CD3 epsilon, CD5, CD22, CD66b, CD79a, CD79b, DAP10, and
DAP12.

In one embodiment, the T cell primary signaling domain comprises a modified ITAM
domain, e.g., a mutated ITAM domain which has altered (e.g., increased or decreased)

activity as compared to the native ITAM domain. In one embodiment, a primary signaling
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domain comprises a modified ITAM-containing primary intracellular signaling domain,
e.g., an optimized and/or truncated ITAM-containing primary intracellular signaling
domain. In an embodiment, a primary signaling domain comprises one, two, three, four

or more ITAM motifs.

In one embodiment, the intracellular signaling domain of the chimeric receptor of the
invention comprises a T cell primary signaling domain (such as, for example, a CD3-zeta
signaling domain), combined with one or more costimulatory signaling domains. A
costimulatory signaling domain(s) refers to a portion of the chimeric receptor comprising
at least one intracellular domain of a costimulatory molecule. A costimulatory molecule
is a cell surface molecule other than an antigen receptor or its ligands that is required for

an efficient response of lymphocytes to an antigen.

Examples of intracellular domains of a T cell costimulatory molecule include, but are not
limited to, the signaling domains of proteins selected in the group of CD27, CD28, 4-1BB
(CD137), an MHC class I molecule, BTLA, a Toll ligand receptor, 0X40, CD30, CD40,
PD-1, ICOS (CD278), lymphocyte function-associated antigen-1 (LFA-1), CD2, CD7,
LIGHT, NKG2C, B7-H3, a ligand that specifically binds with CD83, CDS, ICAM-1,
GITR, ARHR, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80 (KLRF1), NKp44,
NKp30, NKp46, CD160 (BY55), CD19, CD19a, CD4, CD8alpha, CD8beta, IL2ra,
IL6Ra, IL2R beta, IL2R gamma, IL7R alpha, IL-13RA1/RA2, IL-33R(ILIRL1), IL-
10RA/RB, TL-4R, IL-5R (CSF2RB), IL-21R, ITGA4, VLA1, CD49a, 1ITGA4, 1A4,
CD49D, ITGA6, VLA-6, CD49f, ITGAD, CDIl11d, ITGAE, CD103, ITGAL,
CDI11a/CD18, ITGAM, CD11b, ITGAX, CD11¢, ITGBI1, CD29, ITGB2, CD18, ITGB7,
NKG2D, NKG2C, CTLA-4 (CD152), CD95, TNFR1 (CD120a/TNFRSF1A), TNFR2
(CD120b/TNFRSF1B), TGFbR1/2/3, TRANCE/RANKL, DNAMI1 (CD226), SLAMF4
(CD244, 2B4), CD84, CD96 (Tactile), CEACAM1, CRTAM, Ly9 (CD229), PSGLI,
CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Lyl08), SLAM (SLAMF1, CD150, IPO-
3), BLAME (SLAMFS8), SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp,
common gamma chain, a ligand that specifically binds with CD83, NKp44, NKp30,
NKp46, or NKG2D, and any combination thereof.
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In one embodiment of the invention, the chimeric receptor comprises at least one
intracellular domain of a T cell costimulatory molecule selected from the group
comprising 4-1BB, ICOS, CD27, 0X40, CD28, CTLA4 and PD-1 and any combination
thereof.

In one embodiment, the T cell costimulatory signaling domain comprises or consists in
the amino acid sequence of a 4-1BB intracellular domain (SEQ ID NO: 44) or an amino
acid sequence with 95-99% identity to SEQ ID NO: 44. In another embodiment, the T
cell costimulatory signaling domain comprises or consists in an amino acid sequence
having at least one, two or three modifications but not more than 20, 10 or 5 modifications

of an amino acid sequence of SEQ ID NO: 44,
(SEQ ID NO: 44)
KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

In one embodiment, the T cell costimulatory signaling domain comprises or consists in
the amino acid sequence of a CD27 intracellular domain (SEQ ID NO: 45) or an amino
acid sequence with 95-99% identity to SEQ ID NO: 45. In another embodiment, the T
cell costimulatory signaling domain comprises or consists in an amino acid sequence
having at least one, two or three modifications but not more than 20, 10 or 5 modifications

of an amino acid sequence of SEQ ID NO: 45.
(SEQ ID NO: 45)
QRRKYRSNKGESPVEPAEPCRYSCPREEEGSTIPIQEDYRKPEPACSP

In one embodiment, the T cell costimulatory signaling domain comprises or consists in
the amino acid sequence of a CD28 intracellular domain (SEQ ID NO: 46) or an amino
acid sequence with 95-99% identity to SEQ ID NO: 46. In another embodiment, the T
cell costimulatory signaling domain comprises or consists in an amino acid sequence
having at least one, two or three modifications but not more than 20, 10 or 5 modifications

of an amino acid sequence of SEQ ID NO: 46.

(SEQ ID NO: 46)
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RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS

In one embodiment of the invention, the chimeric receptor comprises a combination of at
least two intracellular domains of a T cell costimulatory molecule, preferably selected
from an intracellular domain of CD28, an intracellular domain of CD27 and an

intracellular domain of 4-1BB.

In one embodiment, the chimeric receptor comprises the amino acid sequence of a 4-1BB
intracellular domain (SEQ ID NO: 44) or an amino acid sequence with 95-99% identity
to SEQ ID NO: 44 and the amino acid sequence of a CD27 intracellular domain (SEQ
ID NO: 45) or an amino acid sequence with 95-99% identity to SEQ ID NO: 45.

In another embodiment, the chimeric receptor comprises the amino acid sequence of a 4-
1BB intracellular domain (SEQ ID NO: 44) or an amino acid sequence with 95-99%
identity to SEQ ID NO: 44 and the amino acid sequence of a CD28 intracellular domain
(SEQ ID NO: 46) or an amino acid sequence with 95-99% identity to SEQ ID NO: 46.

In yet another embodiment, the chimeric receptor comprises the amino acid sequence of
a CD27 intracellular domain (SEQ ID NO: 45) or an amino acid sequence with 95-99%
identity to SEQ ID NO: 45 and the amino acid sequence of a CD28 intracellular domain
(SEQ ID NO: 46) or an amino acid sequence with 95-99% identity to SEQ ID NO: 46.

In one embodiment, the chimeric receptor comprises the amino acid sequence of a 4-1BB
intracellular domain (SEQ ID NO: 44) or an amino acid sequence with 95-99% identity
to SEQ ID NO: 44 and the amino acid sequence of a CD27 intracellular domain (SEQ ID
NO: 45) or an amino acid sequence with 95-99% identity to SEQ ID NO: 45 and the
amino acid sequence of a CD28 intracellular domain (SEQ ID NO: 46) or an amino acid

sequence with 95-99% identity to SEQ ID NO: 46.

Thus, in one embodiment, the nucleic acid sequence encoding the T cell costimulatory
signaling domain comprises the nucleic acid sequence of a 4-1BB intracellular domain
(SEQ ID NO: 47) or a nucleic acid sequence with 95-99% identity to SEQ ID NO: 47,
and/or the nucleic acid sequence of a CD27 intracellular domain (SEQ ID NO: 48) or a
nucleic acid sequence with 95-99% identity to SEQ ID NO: 48, and/or the nucleic acid
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sequence of a CD28 intracellular domain (SEQ ID NO: 49), or a nucleic acid sequence

with 95-99% identity to SEQ ID NO: 49.
(SEQ ID NO: 47)

AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGA
CCAGTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAA
GAAGAAGAAGGAGGATGTGAACTG

(SEQ ID NO: 48)

CAACGAAGGAAATATAGATCAAACAAAGGAGAAAGTCCTGTGGAGCCTGC
AGAGCCTTGTCGTTACAGCTGCCCCAGGGAGGAGGAGGGCAGCACCATCCC
CATCCAGGAGGATTACCGAAAACCGGAGCCTGCCTGCTCCCCC

(SEQ ID NO: 49)

AGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACATGAACATGACTCCC
CGCCGCCCCGGGCCCACCCGCAAGCATTACCAGCCCTATGCCCCACCACGC
GACTTCGCAGCCTATCGCTCC

In one embodiment, the intracellular signaling domain of the chimeric receptor of the

invention comprises:

- the amino acid sequence of a 4-1BB intracellular domain of SEQ ID NO: 44 or an
amino acid sequence with 95-99% identity to SEQ ID NO: 44, and/or the amino acid
sequence of a CD27 intracellular domain of SEQ ID NO: 45 or an amino acid
sequence with 95-99% identity to SEQ ID NO: 45, and/or the amino acid sequence of
a CD28 intracellular domain of SEQ ID NO: 46 or an amino acid sequence with
95-99% identity to SEQ ID NO: 46; and

- the amino acid sequence of a CD3-zeta intracellular domain of SEQ ID NO: 38-41,
or an amino acid sequence with 95-99% identity to SEQ ID NO: 38-41;

wherein the sequences comprised in the intracellular domain are expressed in the same

frame and as a single polypeptide chain.
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Thus, in one embodiment, the nucleic acid sequence encoding the intracellular signaling
domain of the chimeric receptor of the invention comprises:

- the nucleic acid sequence of a 4-1BB intracellular domain of SEQ ID NO: 47 or a
nucleic acid sequence with 95-99% identity to SEQ ID NO: 47, and/or the nucleic
acid sequence of a CD27 intracellular domain of SEQ ID NO: 48 or a nucleic acid
sequence with 95-99% identity to SEQ ID NO: 48, and/or the nucleic acid sequence
of a CD28 intracellular domain of SEQ ID NO: 49 or a nucleic acid sequence with
95-99% identity to SEQ ID NO: 49; and

- the nucleic acid sequence of a CD3-zeta intracellular domain of SEQ ID NO: 42 or
SEQ ID NO: 43, or a sequence with 95-99% identity to SEQ ID NO: 42 or SEQ ID
NO: 43.

In one embodiment, the intracellular signaling domain of the chimeric receptor of the
invention comprises at least two different domains (e.g. a primary signaling domain and
at least one intracellular domain of a T cell costimulatory molecule) that may be linked

to each other in a random or in a specified order.

Optionally, a short oligo- or polypeptide linker, for example, between 2 and 10 amino
acids (e.g.,2.3,4,5,6,7, 8,9, or 10 amino acids) in length may form the linkage between
distinct signaling domains. In one embodiment, a glycine-serine doublet (GS) is used as
a suitable linker. In one embodiment, a single amino acid, e.g., an alanine (A), a glycine

(Q), 1s used as a suitable linker.

In another embodiment, the intracellular signaling domain of the chimeric receptor of the
invention comprise two or more, e.g., 2, 3, 4, 5, or more, costimulatory signaling domains.
In another embodiment, the two or more, e.g., 2, 3, 4, 5, or more, costimulatory signaling
domains, are separated by a linker molecule, e.g., a linker molecule as described

hereinabove.

In one embodiment, the intracellular signaling domain of the chimeric receptor of the
invention comprises the primary signaling domain of CD3-zeta (preferably SEQ ID NO:
38, 39, 40 or 41) and the co-stimulatory signaling domain of CD28 (preferably SEQ ID
NO: 46).
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In another embodiment, the intracellular signaling domain of the chimeric receptor of the
invention comprises the primary signaling domain of CD3-zeta (preferably SEQ ID
NO: 38, 39, 40 or 41) and the co-stimulatory signaling domain of 4-1BB (preferably SEQ
ID NO: 44).

In another embodiment, the intracellular signaling domain of the chimeric receptor of the
invention comprises the signaling domain of CD3-zeta (preferably SEQ ID NO: 38, 39,
40 or 41) and the signaling domain of CD27 (preferably SEQ ID NO: 45).

In one embodiment, the chimeric receptor of the invention further comprises a leader
sequence located N-terminally from the HLA-A2 binding domain. A non-limiting
example of leader sequence is a leader sequence of CD8, that may comprise or consists

in the sequence SEQ ID NO: 50.
(SEQ ID NO: 50)
MALPVTALLLPLALLLHAARP

In one embodiment, the chimeric receptor further comprises a tag, such as, for example,
a tag for quality control, enrichment, tracking in vivo and the like. Said Tag may be
localized N-terminally, C-terminally and/or internally. Examples of tags that may be used
in the chimeric receptor of the invention are well known by the skilled artisan. For
example, but without limitation, a tag used in the invention can be a tag selected from the
group comprising or consisting of Hemagglutinin Tag, Poly Arginine Tag, Poly Histidine
Tag, Myc Tag, Strep Tag, S-Tag, HAT Tag, 3x Flag Tag, Calmodulin-binding peptide
Tag, SBP Tag, Chitin binding domain Tag, GST Tag, Maltose-Binding protein Tag,
Fluorescent Protein Tag (e.g., eGFP, having the sequence SEQ ID NO: 68), T7 Tag, V5
Tag and Xpress Tag. Other examples of tag include, without limitation, NWSHPQFEK
(SEQ ID NO: 51) or SAWSHPQFEK (SEQ ID NO: 52).

(SEQ ID NO: 51)
NWSHPQFEK

(SEQ ID NO: 52)
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SAWSHPQFEK
(SEQ ID NO: 68)

MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATY GKLTLKFICTTGKL
PVPWPTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGY VQERTIFFKDDGNY
KTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKN
GIKVNFKIRHNIEDGSVQLADHY QQNTPIGDGPVLLPDNHYLSTQSALSKDPNE
KRDHMVLLEFVTAAGITLGMDELYK

In one embodiment, the chimeric receptor of the invention further comprises a ribosomal
cleavage site located C-terminally from the intracellular signaling domain. A non-limiting
example of a ribosomal cleavage site is the P2A ribosomal cleavage site sequence

ASGSGATNFSLLKQAGDVEENPGP (SEQ ID NO: 61).

According to a first embodiment, the chimeric receptor of the invention comprises a
HLA-A2 binding domain (preferably SEQ ID NO: 69 or 73 wherein X1is Vorl, X2is T
orS,XsisLorSorA, XsisSorT,XsisPorS, XeisTorS, X7isL or P, Xsis E or D,
XoisPorR, XwisAorV, XunnisSor T, XizisLor Q, Xizis Sor A, Xwsis Vor I, Xus
isKorT,Xwsis VorL, Xi7is A or P, Xisis L or F and X190 is G or A, more preferably
one of SEQ ID NO: 70-72 or 74-76), optionally an extracellular hinge domain, a

transmembrane domain, and a T cell primary signaling domain.

In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 marker
binding domain; a transmembrane domain of CD8 (preferably SEQ ID NO: 34); and a
CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).

In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 marker
binding domain; a transmembrane domain of CD28 (preferably SEQ ID NO: 36); and a
CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).

In another embodiment, the chimeric receptor of the invention comprises a HLA-A2
marker binding domain; a hinge domain of CDS8 (preferably SEQ ID NO: 26); a
transmembrane domain of CD§ (preferably SEQ ID NO: 34); and a CD3-zeta primary
signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the
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chimeric receptor of the invention comprises a HLA-A2 binding domain; a hinge domain
of CDS8 (preferably SEQ ID NO: 26); a transmembrane domain of CD28 (preferably SEQ
ID NO: 36); and a CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39,
40 or 41).

In another embodiment, the chimeric receptor of the invention comprises a HLA-A2
binding domain; a hinge domain of 1gG4 (preferably SEQ ID NO: 28); a transmembrane
domain of CD8 (preferably SEQ ID NO: 34); and a CD3-zeta primary signaling domain
(preferably SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of
the invention comprises a HLA-A2 binding domain; a hinge domain of IgG4 (preferably
SEQ ID NO: 28); a transmembrane domain of CD28 (preferably SEQ ID NO: 36); and a
CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).

In another embodiment, the chimeric receptor of the invention comprises a HLA-A2
binding domain; a hinge domain of IgD (preferably SEQ ID NO: 30); a transmembrane
domain of CD8 (preferably SEQ ID NO: 34); and a CD3-zeta primary signaling domain
(preferably SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of
the invention comprises a HLA-A2 binding domain; a hinge domain of IgD (preferably
SEQ ID NO: 30); a transmembrane domain of CD28 (preferably SEQ ID NO: 36); and a
CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).

In another embodiment, the chimeric receptor of the invention comprises a HLA-A2
binding domain; a hinge domain of CD28 (preferably SEQ ID NO: 32); a transmembrane
domain of CD8 (preferably SEQ ID NO: 34); and a CD3-zeta primary signaling domain
(preferably SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of
the invention comprises a HLA-A2 binding domain; a hinge domain of CD28 (preferably
SEQ ID NO: 32); a transmembrane domain of CD28 (preferably SEQ ID NO: 36); and a
CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).

According to a second embodiment, the chimeric receptor of the invention comprises a
HLA-A2 binding domain (preferably SEQ ID NO: 69 or 73 wherein X1is Vorl, X21s T
orS,XzisLorSorA XsisSorT,XsisPorS, XeisTorS, X7isL or P, Xsis E or D,
XoisPorR, XwisAorV, XunnisSorT, XizisLor Q, Xizis Sor A, Xwsis Vor I, Xus
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isKorT,Xwsis VorL, Xi7is A or P, Xisis L or F and X190 is G or A, more preferably
one of SEQ ID NO: 70-72 or 74-76), optionally an extracellular hinge domain, a
transmembrane domain, a single intracellular domain of a T cell costimulatory molecule

and a T cell primary signaling domain.

In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a transmembrane domain of CD8 (preferably SEQ ID NO: 34); an intracellular
domain of 4-1BB (preferably SEQ ID NO: 44); and a CD3-zeta primary signaling domain
(preferably SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of
the invention comprises a HLA-A2 binding domain; a transmembrane domain of CD8
(preferably SEQ ID NO: 34); an intracellular domain of CD27 (preferably SEQ ID NO:
45); and a CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).
In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a transmembrane domain of CD8 (preferably SEQ ID NO: 34); an intracellular
domain of CD28 (preferably SEQ ID NO: 46); and a CD3-zeta primary signaling domain
(preferably SEQ ID NO: 38, 39, 40 or 41).

In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a transmembrane domain of CD28 (preferably SEQ ID NO: 36); an intracellular
domain of 4-1BB (preferably SEQ ID NO: 44); and a CD3-zeta primary signaling domain
(preferably SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of
the invention comprises a HLA-A2 binding domain; a transmembrane domain of CD28
(preferably SEQ ID NO: 36); an intracellular domain of CD27 (preferably SEQ ID NO:
45); and a CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).
In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a transmembrane domain of CD28 (preferably SEQ ID NO: 36); an intracellular
domain of CD28 (preferably SEQ ID NO: 46); and a CD3-zeta primary signaling domain
(preferably SEQ ID NO: 38, 39, 40 or 41).

In another embodiment, the chimeric receptor of the invention comprises a HLA-A2
binding domain; a hinge domain of CD8 (preferably SEQ ID NO: 26); a transmembrane
domain of CDS8 (preferably SEQ ID NO: 34); an intracellular domain of 4-1BB
(preferably SEQ ID NO: 44); and a CD3-zeta primary signaling domain (preferably SEQ
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ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of the invention
comprises a HLA-A2 binding domain; a hinge domain of CD8 (preferably SEQ ID NO:
26); a transmembrane domain of CD8 (preferably SEQ ID NO: 34); an intracellular
domain of CD27 (preferably SEQ ID NO: 45); and a CD3-zeta primary signaling domain
(preferably SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of
the invention comprises a HLA-A2 binding domain; a hinge domain of CD8 (preferably
SEQ ID NO: 26); a transmembrane domain of CD§ (preferably SEQ ID NO: 34); an
intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-zeta primary
signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).

In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of CD8 (preferably SEQ ID NO: 26); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of 4-1BB (preferably SEQ
ID NO: 44); and a CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39,
40 or 41). In one embodiment, the chimeric receptor of the invention comprises a HLA-
A2 binding domain; a hinge domain of CD8 (preferably SEQ ID NO: 26); a
transmembrane domain of CD28 (preferably SEQ ID NO: 36); an intracellular domain of
CD27 (preferably SEQ ID NO: 45); and a CD3-zeta primary signaling domain (preferably
SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of the invention
comprises a HLA-A2 binding domain; a hinge domain of CD8 (preferably SEQ ID
NO: 26); atransmembrane domain of CD28 (preferably SEQ ID NO: 36); an intracellular
domain of CD28 (preferably SEQ ID NO: 46); and a CD3-zeta primary signaling domain
(preferably SEQ ID NO: 38, 39, 40 or 41).

In another embodiment, the chimeric receptor of the invention comprises a HLA-A2
binding domain; a hinge domain of 1gG4 (preferably SEQ ID NO: 28); a transmembrane
domain of CDS8 (preferably SEQ ID NO: 34); an intracellular domain of 4-1BB
(preferably SEQ ID NO: 44); and a CD3-zeta primary signaling domain (preferably SEQ
ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of the invention
comprises a HLA-A2 binding domain; a hinge domain of IgG4 (preferably SEQ ID NO:
28); a transmembrane domain of CD8 (preferably SEQ ID NO: 34); an intracellular
domain of CD27 (preferably SEQ ID NO: 45); and a CD3-zeta primary signaling domain
(preferably SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of
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the invention comprises a HLA-A2 binding domain; a hinge domain of IgG4 (preferably
SEQ ID NO: 28); a transmembrane domain of CD§ (preferably SEQ ID NO: 34); an
intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-zeta primary
signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).

In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of IgG4 (preferably SEQ ID NO: 28); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of 4-1BB (preferably SEQ
ID NO: 44); and a CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39,
40 or 41). In one embodiment, the chimeric receptor of the invention comprises a HLA-
A2 binding domain; a hinge domain of IgG4 (preferably SEQ ID NO: 28); a
transmembrane domain of CD28 (preferably SEQ ID NO: 36); an intracellular domain of
CD27 (preferably SEQ ID NO: 45); and a CD3-zeta primary signaling domain (preferably
SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of the invention
comprises a HLA-A2 binding domain; a hinge domain of IgG4 (preferably SEQ ID
NO: 28); atransmembrane domain of CD28 (preferably SEQ ID NO: 36); an intracellular
domain of CD28 (preferably SEQ ID NO: 46); and a CD3-zeta primary signaling domain
(preferably SEQ ID NO: 38, 39, 40 or 41).

In another embodiment, the chimeric receptor of the invention comprises a HLA-A2
binding domain; a hinge domain of IgD (preferably SEQ ID NO: 30); a transmembrane
domain of CDS8 (preferably SEQ ID NO: 34); an intracellular domain of 4-1BB
(preferably SEQ ID NO: 44); and a CD3-zeta primary signaling domain (preferably SEQ
ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of the invention
comprises a HLA-A2 binding domain; a hinge domain of IgD (preferably SEQ ID NO:
30); a transmembrane domain of CD8 (preferably SEQ ID NO: 34); an intracellular
domain of CD27 (preferably SEQ ID NO: 45); and a CD3-zeta primary signaling domain
(preferably SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of
the invention comprises a HLA-A2 binding domain; a hinge domain of IgD (preferably
SEQ ID NO: 30); a transmembrane domain of CD§ (preferably SEQ ID NO: 34); an
intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-zeta primary
signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).
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In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of IgD (preferably SEQ ID NO: 30); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of 4-1BB (preferably SEQ
ID NO: 44); and a CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39,
40 or 41). In one embodiment, the chimeric receptor of the invention comprises a HLA-
A2 binding domain; a hinge domain of IgD (preferably SEQ ID NO: 30); a
transmembrane domain of CD28 (preferably SEQ ID NO: 36); an intracellular domain of
CD27 (preferably SEQ ID NO: 45); and a CD3-zeta primary signaling domain (preferably
SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of the invention
comprises a HLA-A2 binding domain; a hinge domain of IgD (preferably SEQ ID
NO: 30); atransmembrane domain of CD28 (preferably SEQ ID NO: 36); an intracellular
domain of CD28 (preferably SEQ ID NO: 46); and a CD3-zeta primary signaling domain
(preferably SEQ ID NO: 38, 39, 40 or 41).

In another embodiment, the chimeric receptor of the invention comprises a HLA-A2
binding domain; a hinge domain of CD28 (preferably SEQ ID NO: 32); a transmembrane
domain of CDS8 (preferably SEQ ID NO: 34); an intracellular domain of 4-1BB
(preferably SEQ ID NO: 44); and a CD3-zeta primary signaling domain (preferably SEQ
ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of the invention
comprises a HLA-A2 binding domain; a hinge domain of CD28 (preferably SEQ ID NO:
32); a transmembrane domain of CD8 (preferably SEQ ID NO: 34); an intracellular
domain of CD27 (preferably SEQ ID NO: 45); and a CD3-zeta primary signaling domain
(preferably SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of
the invention comprises a HLA-A2 binding domain; a hinge domain of CD28 (preferably
SEQ ID NO: 32); a transmembrane domain of CD§ (preferably SEQ ID NO: 34); an
intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-zeta primary
signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).

In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of CD28 (preferably SEQ ID NO: 32); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of 4-1BB (preferably SEQ
ID NO: 44); and a CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39,
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40 or 41). In one embodiment, the chimeric receptor of the invention comprises a HLA-
A2 binding domain; a hinge domain of CD28 (preferably SEQ ID NO: 32); a
transmembrane domain of CD28 (preferably SEQ ID NO: 36); an intracellular domain of
CD27 (preferably SEQ ID NO: 45); and a CD3-zeta primary signaling domain (preferably
SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of the invention
comprises a HLA-A2 binding domain; a hinge domain of CD28 (preferably SEQ ID
NO: 32); atransmembrane domain of CD28 (preferably SEQ ID NO: 36); an intracellular
domain of CD28 (preferably SEQ ID NO: 46); and a CD3-zeta primary signaling domain
(preferably SEQ ID NO: 38, 39, 40 or 41).

According to a third embodiment, the chimeric receptor of the invention comprises a
HLA-A2 binding domain (preferably SEQ ID NO: 69 or 73 wherein X1is Vorl, X21s T
orS,XzisLorSorA XsisSorT,XsisPorS, XeisTorS, X7isL or P, Xsis E or D,
XoisPorR, XwisAorV, XunnisSorT, XizisLor Q, Xizis Sor A, Xwsis Vor I, Xus
isKorT,Xwsis VorL, Xi7is A or P, Xisis L or F and X190 is G or A, more preferably
one of SEQ ID NO: 70-72 or 74-76), optionally an extracellular hinge domain, a
transmembrane domain, two intracellular domains of a T cell costimulatory molecule and

a T cell primary signaling domain.

In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a transmembrane domain of CD8 (preferably SEQ ID NO: 34); an intracellular
domain of 4-1BB (preferably SEQ ID NO: 44); an intracellular domain of CD27
(preferably SEQ ID NO: 45); and a CD3-zeta primary signaling domain (preferably SEQ
ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of the invention
comprises a HLA-A2 binding domain; a transmembrane domain of CD8 (preferably SEQ
ID NO: 34); an intracellular domain of 4-1BB (preferably SEQ ID NO: 44); an
intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-zeta primary
signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the
chimeric receptor of the invention comprises a HLA-A2 binding domain; a
transmembrane domain of CD8 (preferably SEQ ID NO: 34); an intracellular domain of
CD27 (preferably SEQ ID NO: 45); an intracellular domain of CD28 (preferably SEQ ID
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NO: 46); and a CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40
or 41).

In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a transmembrane domain of CD28 (preferably SEQ ID NO: 36); an intracellular
domain of 4-1BB (preferably SEQ ID NO: 44); an intracellular domain of CD27
(preferably SEQ ID NO: 45); and a CD3-zeta primary signaling domain (preferably SEQ
ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of the invention
comprises a HLA-A2 binding domain; a transmembrane domain of CD28 (preferably
SEQ ID NO: 36); an intracellular domain of 4-1BB (preferably SEQ ID NO: 44); an
intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-zeta primary
signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the
chimeric receptor of the invention comprises a HLA-A2 binding domain; a
transmembrane domain of CD28 (preferably SEQ ID NO: 36); an intracellular domain of
CD27 (preferably SEQ ID NO: 45); an intracellular domain of CD28 (preferably SEQ ID
NO: 46); and a CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40
or 41).

In another embodiment, the chimeric receptor of the invention comprises a HLA-A2
binding domain; a hinge domain of CD8 (preferably SEQ ID NO: 26); a transmembrane
domain of CDS8 (preferably SEQ ID NO: 34); an intracellular domain of 4-1BB
(preferably SEQ ID NO: 44); an intracellular domain of CD27 (preferably SEQ ID NO:
45); and a CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).
In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of CD8 (preferably SEQ ID NO: 26); a transmembrane domain
of CD8 (preferably SEQ ID NO: 34); an intracellular domain of 4-1BB (preferably SEQ
ID NO: 44); an intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41). In one
embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of CD8 (preferably SEQ ID NO: 26); a transmembrane domain
of CD8 (preferably SEQ ID NO: 34); an intracellular domain of CD27 (preferably SEQ
ID NO: 45); an intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).
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In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of CD8 (preferably SEQ ID NO: 26); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of 4-1BB (preferably SEQ
ID NO: 44); an intracellular domain of CD27 (preferably SEQ ID NO: 45); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41). In one
embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of CD8 (preferably SEQ ID NO: 26); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of 4-1BB (preferably SEQ
ID NO: 44); an intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41). In one
embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of CD8 (preferably SEQ ID NO: 26); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of CD27 (preferably SEQ
ID NO: 45); an intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).

In another embodiment, the chimeric receptor of the invention comprises a HLA-A2
binding domain; a hinge domain of 1gG4 (preferably SEQ ID NO: 28); a transmembrane
domain of CDS8 (preferably SEQ ID NO: 34); an intracellular domain of 4-1BB
(preferably SEQ ID NO: 44); an intracellular domain of CD27 (preferably SEQ ID NO:
45); and a CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).
In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of IgG4 (preferably SEQ ID NO: 28); a transmembrane domain
of CD8 (preferably SEQ ID NO: 34); an intracellular domain of 4-1BB (preferably SEQ
ID NO: 44); an intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41). In one
embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of IgG4 (preferably SEQ ID NO: 28); a transmembrane domain
of CD8 (preferably SEQ ID NO: 34); an intracellular domain of CD27 (preferably SEQ
ID NO: 45); an intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).
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In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of [gG4 (preferably SEQ ID NO: 28); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of 4-1BB (preferably SEQ
ID NO: 44); an intracellular domain of CD27 (preferably SEQ ID NO: 45); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41). In one
embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of IgG4 (preferably SEQ ID NO: 28); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of 4-1BB (preferably SEQ
ID NO: 44); an intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41). In one
embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of IgG4 (preferably SEQ ID NO: 28); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of CD27 (preferably SEQ
ID NO: 45); an intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).

In another embodiment, the chimeric receptor of the invention comprises a HLA-A2
binding domain; a hinge domain of IgD, preferably comprising the amino acid sequence
SEQ ID NO: 30; a transmembrane domain of CD§ (preferably SEQ ID NO: 34); an
intracellular domain of 4-1BB (preferably SEQ ID NO: 44); an intracellular domain of
CD27 (preferably SEQ ID NO: 45); and a CD3-zeta primary signaling domain (preferably
SEQ ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of the invention
comprises a HLA-A2 binding domain; a hinge domain of IgD (preferably SEQ ID NO:
30); a transmembrane domain of CD8 (preferably SEQ ID NO: 34); an intracellular
domain of 4-1BB (preferably SEQ ID NO: 44); an intracellular domain of CD28
(preferably SEQ ID NO: 45); and a CD3-zeta primary signaling domain (preferably SEQ
ID NO: 38, 39, 40 or 41). In one embodiment, the chimeric receptor of the invention
comprises a HLA-A2 binding domain; a hinge domain of IgD (preferably SEQ ID NO:
30); a transmembrane domain of CD8 (preferably SEQ ID NO: 34); an intracellular
domain of CD27 (preferably SEQ ID NO: 45); an intracellular domain of CD28
(preferably SEQ ID NO: 46); and a CD3-zeta primary signaling domain (preferably SEQ
ID NO: 38, 39, 40 or 41).
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In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of IgD (preferably SEQ ID NO: 30); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of 4-1BB (preferably SEQ
ID NO: 44); an intracellular domain of CD27 (preferably SEQ ID NO: 45); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41). In one
embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of IgD (preferably SEQ ID NO: 30); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of 4-1BB (preferably SEQ
ID NO: 44); an intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41). In one
embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of IgD (preferably SEQ ID NO: 30); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of CD27 (preferably SEQ
ID NO: 45); an intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).

In another embodiment, the chimeric receptor of the invention comprises a HLA-A2
binding domain; a hinge domain of CD28 (preferably SEQ ID NO: 34); a transmembrane
domain of CDS8 (preferably SEQ ID NO: 36); an intracellular domain of 4-1BB
(preferably SEQ ID NO: 44); an intracellular domain of CD27 (preferably SEQ ID NO:
45); and a CD3-zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).
In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of CD28 (preferably SEQ ID NO: 32); a transmembrane domain
of CD8 (preferably SEQ ID NO: 34); an intracellular domain of 4-1BB (preferably SEQ
ID NO: 44); an intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41). In one
embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of CD28 (preferably SEQ ID NO: 32); a transmembrane domain
of CD8 (preferably SEQ ID NO: 34); an intracellular domain of CD27 (preferably SEQ
ID NO: 45); an intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).
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In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of CD28 (preferably SEQ ID NO: 32); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of 4-1BB (preferably SEQ
ID NO: 44); an intracellular domain of CD27 (preferably SEQ ID NO: 45); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41). In one
embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of CD28 (preferably SEQ ID NO: 32); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of 4-1BB (preferably SEQ
ID NO: 44); an intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41). In one
embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain; a hinge domain of CD28 (preferably SEQ ID NO: 32); a transmembrane domain
of CD28 (preferably SEQ ID NO: 36); an intracellular domain of CD27 (preferably SEQ
ID NO: 45); an intracellular domain of CD28 (preferably SEQ ID NO: 46); and a CD3-
zeta primary signaling domain (preferably SEQ ID NO: 38, 39, 40 or 41).

In one embodiment, the chimeric receptor of the invention comprises (i) a HLA-A2
binding domain (preferably SEQ ID NO: 69 or 73 wherein X1is Vor I, X2is Tor S, X3
isLorSorA, XsisSorT,XsisPorS, XsisTorS,X7isLorP, Xsis Eor D, Xois P
orR, XwnisAorV,XunnisSorT, XizisLorQ, Xizis Sor A, Xusis Vor I, Xisis K or
T, X1sis Vor L, Xi71s A or P, Xig is L or F and Xi9 is G or A, more preferably one of
SEQ ID NO: 70-72 or 74-76), (ii) a hinge region of human CD28, (iii) a transmembrane
domain of human CD28, (iv) an intracellular domain of human CD28 and (v) an

intracellular domain of human CD3{ chain.

In one embodiment, the part of the chimeric receptor comprising a hinge region of human
CD28, atransmembrane domain of human CD28, an intracellular domain of human CD28
and an intracellular domain of human CD3( chain corresponds to the amino acid sequence
of SEQ ID NO: 53 or 54 or an amino acid sequence with 95-99% identity to SEQ ID
NO: 53 or 54.

(SEQ ID NO: 53)
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AAAIEVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLA
CYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAY
RSRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPR
RKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMQALPPR

(SEQ ID NO: 54)

AAAIEVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLA
CYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAY
RSRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPQ
RRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMQALPPR

In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain (preferably SEQ ID NO: 69 or 73 wherein Xiis Vor I, XaisTor S, Xsis L or S
orA,XsisSorT,XsisPorS,XsisTorS, XzisL orP, Xsis Eor D, Xois P or R, X1o
isAorV,XnisSorT,XrzisLorQ,XiisSorA, XuuisVorl, XisisKor T, Xisis V
or L, Xi171s A or P, Xisis L or F and X190 is G or A, more preferably one of SEQ ID NO:
70-72 or 74-76), linked to an amino acid sequence of SEQ ID NO: 53 or 54 or a sequence
or an amino acid sequence with 95-99% identity to SEQ ID NO: 53 or 54.

In another embodiment, the chimeric receptor of the invention comprises (i) a HLA-A2
binding domain (preferably SEQ ID NO: 69 or 73 wherein X1is Vor I, X2is Tor S, X3
isLorSorA, XsisSorT,XsisPorS, XsisTorS,X7isLorP, Xsis Eor D, Xois P
orR, XwnisAorV,XunnisSorT, XizisLorQ, Xizis Sor A, Xusis Vor I, Xisis K or
T, Xisis Vor L, Xa7is A or P, Xis is LL or F and Xi9 is G or A, more preferably one of
SEQ ID NO: 70-72 or 74-76), (i1) a hinge region of human CDS, (iii) a transmembrane
domain of human CDS8, (iv) an intracellular domain of human 4-1BB and (v) an
intracellular domain of human CD3(. In one embodiment, the part of the chimeric
receptor comprising a hinge region of human CD8, a transmembrane domain of human

CD8, an intracellular domain of human 4-1BB and an intracellular domain of human
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CD3{ comprises or consists in the amino acid sequence SEQ ID NO: 55, 56, 57 or 58, or
any amino acid sequence with 95-99% identity with SEQ ID NO: 55-58.

(SEQ ID NO: 55)

TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGT
CGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRR
KNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

(SEQ ID NO: 56)

NWSHPQFEKMHTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFA
CDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGC

SCRFPEEEEGGCELTRRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDG
LYQGLSTATKDTYDALHMQALPPR

(SEQ ID NO: 57)

TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGT
CGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPQR
RKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMQALPPR

(SEQ ID NO: 58)

NWSHPQFEKMHTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFA
CDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGC

SCRFPEEEEGGCELTRRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDK
RRGRDPEMGGKPQRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHD

GLYQGLSTATKDTYDALHMQALPPR
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In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain (preferably SEQ ID NO: 69 or 73 wherein X1is VorI, X2isTor S, Xsis L or S
orA,XsisSorT,XsisPorS,XsisTorS, X7isL orP, Xsis E or D, Xois P or R, X1o
IsAorV, XnisSorT, XizisLorQ,XizisSorA, XuisVorl, XisisKor T, Xisis V
or L, Xi171s A or P, Xisis L or F and X190 is G or A, more preferably one of SEQ ID NO:
70-72 or 74-76), linked to an amino acid sequence of SEQ ID NO: 55-58 or a sequence
or an amino acid sequence with 95-99% identity to SEQ ID NO: 55-58.

In one embodiment, the chimeric receptor of the invention comprises or consists in a
sequence as set forth in SEQ ID NO: 77, or any amino acid sequence with 95-99% identity
with SEQ ID NO: 77

(SEQ ID NO: 77)

SQVQLVQSGPEVKKPGASVKVSCKASGYTFTSYHIQWVRQAPGQGLEWIGWIY
PGDGSTQYNEKFKGRVTITADKSTSTAYMELSSLTSEDTAVYYCAREGTYYAM
DYWGQGTSVTVSSGGGGSGGGGSGGGGSDX1VMTQX2PX:X4L X5V X6 X7GXsXo
X10X11ISCRSSQSIVHSNGNTYLEWY X 12QKPGQX 13PRLLIYKVSNRFSGX14PDRF
SGSGSGTDFTLX1sISRX16EX17EDX15X1oVYYCFQGSHVPRTFGGGTKLEIKRRTT
TPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCG
VLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELR
VKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN
PQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MQALPPR

wherein X1is Vorl, XoisTor S, XsisLorSorA, XsisSorT, XsisPor S, Xs1s T or
S, X7isLorP,XsisEorD, XoisPorR, Xiois AorV, Xitis Sor T, Xi2is L or Q, Xi3
iIsSorA, XusisVorL XisisKorT, Xisis VorL, X17is A or P, Xisis L or F and X9
is G or A.

In one embodiment, the chimeric receptor of the invention further comprises a leader
sequence in N-term, preferably having the sequence SEQ ID NO: 50, and comprises or
consists in a sequence SEQ ID NO: 81, wherein X1is Vorl, XoisTor S, XsisL or S or
A, XqisSorT,XsisPorS, XeisTor S, XsisLorP, Xsis E or D, Xois P or R, Xi01s
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AorV, XnnisSorT,XizisLorQ,XizsisSor A, XuuisVorl, XisisKor T, Xisis V or
L, Xi7is Aor P, Xisis L or F and X190 is G or A, or any amino acid sequence with 95-

99% identity with SEQ ID NO: 81.
(SEQ ID NO: 81)

MALPVTALLLPLALLLHAARPSQVQLVQSGPEVKKPGASVKVSCKASGYTFTS
YHIQWVRQAPGQGLEWIGWIYPGDGSTQYNEKFKGRVTITADKSTSTAYMELS
SLTSEDTAVYYCAREGTYYAMDYWGQGTSVTVSSGGGGSGGGGSGGGGSDX1
VMTQX2PX3X4L X5V X6X7GX8X0X10X11ISCRSSQSIVHSNGNTYLEWY X12QKPGQ
X13PRLLIYKVSNRFSGX14PDRFSGSGSGTDFTLX15ISRX16EX17EDX18X1VYY
CFQGSHVPRTFGGGTKLEIKRRTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGA
VHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPV
QTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGQNQLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERR
RGKGHDGLYQGLSTATKDTYDALHMQALPPR

In one embodiment, the chimeric receptor of the invention comprises or consists in a
sequence as set forth in SEQ ID NO: 78, or any amino acid sequence with 95-99% identity
with SEQ ID NO: 78

(SEQ ID NO: 78)

SQVQLVQSGPEVKKPGASVKVSCKASGYTFTSYHIQWVRQAPGQGLEWIGWIY
PGDGSTQYNEKFKGRVTITADKSTSTAYMELSSLTSEDTAVYYCAREGTYYAM
DYWGQGTSVTVSSGGGGSGGGGSGGGGSDVVMTQTPLSLPVTLGEPASISCRS
SQSIVHSNGNTYLEWYLQKPGQSPRLLIYKVSNRFSGVPDRFSGSGSGTDFTLKI
SRVEAEDLGVYYCFQGSHVPRTFGGGTKLEIKRRTTTPAPRPPTPAPTIASQPLS
LRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKK
LLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGQN
QLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAE
AYSEIGMK GERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
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In one embodiment, the chimeric receptor of the invention further comprises a leader
sequence in N-term, preferably having the sequence SEQ ID NO: 50, and comprises or
consists in a sequence SEQ ID NO: 82, or any amino acid sequence with 95-99% identity

with SEQ ID NO: 82.
(SEQ ID NO: 82)

MALPVTALLLPLALLLHAARPSQVQLVQSGPEVKKPGASVKVSCKASGYTFTS
YHIQWVRQAPGQGLEWIGWIYPGDGSTQYNEKFKGRVTITADKSTSTAYMELS
SLTSEDTAVYYCAREGTYYAMDYWGQGTSVTVSSGGGGSGGGGSGGGGSDV
VMTQTPLSLPVTLGEPASISCRSSQSIVHSNGNTYLEWYLQKPGQSPRLLIYKVS
NRFSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYYCFQGSHVPRTFGGGTKLEIK
RRTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLA
GTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEG
GCELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGK
PRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR

In one embodiment, the chimeric receptor of the invention comprises or consists in a
sequence as set forth in SEQ ID NO: 79, or any amino acid sequence with 95-99% identity
with SEQ ID NO: 79

(SEQ ID NO: 79)

SQVQLVQSGPEVKKPGASVKVSCKASGYTFTSYHIQWVRQAPGQGLEWIGWIY
PGDGSTQYNEKFKGRVTITADKSTSTAYMELSSLTSEDTAVYYCAREGTYYAM
DYWGQGTSVTVSSGGGGSGGGGSGGGGSDVVMTQSPSSLSVTLGDRVSISCRS
SQSIVHSNGNTYLEWYQQKPGQSPRLLIYKVSNRFSGVPDRFSGSGSGTDFTLTI
SRVEPEDLGVYYCFQGSHVPRTFGGGTKLEIKRRTTTPAPRPPTPAPTIASQPLSL
RPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY CKRGRKKL
LYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGQNQ
LYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEA

YSEIGMKGERRRGKGHDGLY QGLSTATKDTYDALHMQALPPR



CA 03076547 2020-03-19

WO 2019/056106 PCT/CA2018/051174

10

15

20

25

112

In one embodiment, the chimeric receptor of the invention further comprises a leader
sequence in N-term, preferably having the sequence SEQ ID NO: 50, and comprises or
consists in a sequence SEQ ID NO: 83, or any amino acid sequence with 95-99% identity

with SEQ ID NO: 83.
(SEQ ID NO: 83)

MALPVTALLLPLALLLHAARPSQVQLVQSGPEVKKPGASVKVSCKASGYTFTS
YHIQWVRQAPGQGLEWIGWIYPGDGSTQYNEKFKGRVTITADKSTSTAYMELS
SLTSEDTAVYYCAREGTYYAMDYWGQGTSVTVSSGGGGSGGGGSGGGGSDV
VMTQSPSSLSVTLGDRVSISCRSSQSIVHSNGNTYLEWY QQKPGQSPRLLIYKVS
NRFSGVPDRFSGSGSGTDFTLTISRVEPEDLGVYYCFQGSHVPRTFGGGTKLEIK
RRTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLA
GTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEG
GCELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGK
PRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR

In one embodiment, the chimeric receptor of the invention comprises or consists in a
sequence as set forth in SEQ ID NO: 80, or any amino acid sequence with 95-99% identity
with SEQ ID NO: 80

(SEQ ID NO: 80)

SQVQLVQSGPEVKKPGASVKVSCKASGYTFTSYHIQWVRQAPGQGLEWIGWIY
PGDGSTQYNEKFKGRVTITADKSTSTAYMELSSLTSEDTAVYYCAREGTYYAM
DYWGQGTSVTVSSGGGGSGGGGSGGGGSDIVMTQSPATLSVSPGERATISCRSS
QSIVHSNGNTYLEWYQQKPGQAPRLLIYKVSNRFSGIPDRFSGSGSGTDFTLTIS
RLEPEDFAVYYCFQGSHVPRTFGGGTKLEIKRRTTTPAPRPPTPAPTIASQPLSLR
PEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLL
YIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGQNQL
YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY
SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
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In one embodiment, the chimeric receptor of the invention further comprises a leader
sequence in N-term, preferably having the sequence SEQ ID NO: 50, and comprises or
consists in a sequence SEQ ID NO: 84, or any amino acid sequence with 95-99% identity

with SEQ ID NO: 84.
(SEQ ID NO: 84)

MALPVTALLLPLALLLHAARPSQVQLVQSGPEVKKPGASVKVSCKASGYTFTS
YHIQWVRQAPGQGLEWIGWIYPGDGSTQYNEKFKGRVTITADKSTSTAYMELS
SLTSEDTAVYYCAREGTYYAMDYWGQGTSVTVSSGGGGSGGGGSGGGGSDIV
MTQSPATLSVSPGERATISCRSSQSIVHSNGNTYLEWYQQKPGQAPRLLIYKVS
NRFSGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCFQGSHVPRTFGGGTKLEIKR
RTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAG
TCGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC
ELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPR
RKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMQALPPR

In another embodiment, the chimeric receptor of the invention comprises (i) a HLA-A2
binding domain (preferably SEQ ID NO: 69 or 73 wherein X1is Vor I, X2is Tor S, X3
isLorSorA, XsisSorT,XsisPorS, XsisTorS,X7isLorP, Xsis Eor D, Xois P
orR, XwnisAorV,XunnisSorT, XizisLorQ, Xizis Sor A, Xusis Vor I, Xisis K or
T, X1sis Vor L, Xi71s A or P, Xig is L or F and Xi9 is G or A, more preferably one of
SEQ ID NO: 70-72 or 74-76), (i1) a hinge region of human CDS, (iii) a transmembrane
domain of human CDS, (iv) an intracellular domain of human CD28 and (v) an
intracellular domain of human CD3(. In one embodiment, the part of the chimeric
receptor comprising a hinge region of human CD8, a transmembrane domain of human
CDS, an intracellular domain of human CD28 and an intracellular domain of human CD3{
comprises or consists in the amino acid sequence SEQ ID NO: 59 or 60, or any amino

acid sequence with 95-99% identity with SEQ ID NO: 59 or 60.

(SEQ ID NO: 59)
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MHTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLA
GTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAA
YRSTRRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGG
KPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR

(SEQ ID NO: 60)

MHTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLA
GTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAA
YRSTRRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGG
KPQRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR

In one embodiment, the chimeric receptor of the invention comprises a HLA-A2 binding
domain (preferably SEQ ID NO: 69 or 73 wherein Xiis Vor I, XaisTor S, Xsis L or S
orA,XsisSorT,XsisPorS,XsisTorS, XzisL orP, Xsis Eor D, Xois P or R, X1o
isAorV,XnisSorT,XrzisLorQ,XiisSorA, XuuisVorl, XisisKor T, Xisis V
or L, Xi171s A or P, Xisis L or F and X190 is G or A, more preferably one of SEQ ID NO:
70-72 or 74-76), linked to an amino acid sequence of SEQ ID NO: 59-60 or a sequence
or an amino acid sequence with 95-99% identity to SEQ ID NO: 59-60.

The present invention further relates to an immune cell expressing the CAR as described

hereinabove, and to a population of such immune cells.

In one embodiment, the nucleic acid encoding a CAR of the present invention is
introduced into an immune cell, thereby generating an engineered cell expressing the

CAR of the present invention on the cell surface.

According to the invention, the immune cell of the invention is genetically modified to
express a chimeric receptor recognizing HLA-A2. The immune cell of the invention may

thus be defined as a redirected immune cell.

As used herein, the term “redirected” refers to an immune cell carrying a chimeric

receptor as described herein, which confers to the immune cell the ability to bind to and
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be activated by a ligand (i.e., HLA-A2) that is different from the one the immune cell is
or would have been specific or be activated by. In one embodiment, the chimeric receptor
is capable of being expressed in an immune cell such that the immune cell is activated by

HLA-A2.

In one embodiment, the immune cell of the invention is a mammal immune cell,

preferably a human immune cell.
In one embodiment, the immune cell of the invention has been frozen and thawed.

In one embodiment, the immune cell is selected from the group comprising lymphocytes,

myeloid-derived cells, and any combination thereof.

In one embodiment, the immune cell is a lymphocyte selected from the group comprising

T cells, B cells, natural killer (NK) cells, and any combination thereof.

In one embodiment, the immune cell is a T cell. In one embodiment, the T cell is selected
from the group consisting of CD4" T cells, CD8" T cells, yd T cells, double negative (DN)

T cells, and any combination thereof.

In one embodiment, the immune cell is a CD4" T cell, such as, for example, a T helper

cell, a regulatory T cell, and any combination thereof.

In one embodiment, the immune cell is a CD4" regulatory T cell (Treg). In one
embodiment, the Treg is a thymus derived Treg or an adaptive or induced Treg. In one
embodiment, the Treg is a CD4'FOXP3" regulatory T cell or a CD4'FOXP3" regulatory
T cell (Tr1 cell), preferably a CD4'FOXP3" regulatory T cell.

In one embodiment, the immune cell is a CD8" T cell such as, for example, a cytotoxic

CDS8" T cell or a CD8" regulatory T cell.

Preferably, the immune cell is a CD8" regulatory T cell (Treg). In one embodiment, the
CDS8" regulatory T cell is selected from the group consisting of a CD8"'CD28 regulatory
T cell, aCD8"'CD103" regulatory T cell, a CD8 'FoxP3" regulatory T cell,a CD8"'CD122"

regulatory T cell, and any combination thereof.
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In one embodiment, the immune cell is an INFy*IL10'IL34" CD8'CD45RC'"*" regulatory
T cell.

In one embodiment, the immune cell is ayd T cell, preferably a regulatory vd T cell.
In one embodiment, the immune cell is a DN T cell, preferably a regulatory DN T cell.

In one embodiment, the immune cell is a B cell, preferably a regulatory B cell. In one

embodiment, the regulatory B cell is a CD19"CD24"CD38" B cell.
In one embodiment, the immune cell is a NK cell, preferably a regulatory NK cell.

In one embodiment, the immune cell is a myeloid-derived cell, preferably selected from
the group comprising neutrophils, eosinophils, basophils, monocytes, macrophages,

dendritic cells, or any combination thereof.

In one embodiment, the immune cell is a macrophage, preferably a regulatory

macrophage.

In one embodiment, the immune cell is a dendritic cell, preferably a regulatory dendritic

cell.

Preferably, the immune cell is a regulatory immune cell, such as, for example, any

regulatory immune cell suitable for use in cellular therapy.

In one embodiment, the regulatory immune cell is selected from the group consisting of
aregulatory T cell, a CD4" regulatory T cell, a CD8" regulatory T cell, a regulatory y6 T
cell, a regulatory DN T cell, a regulatory B cell, a regulatory NK cell, a regulatory

macrophage, a regulatory dendritic cell, and any combination thereof.

In one embodiment, the regulatory immune cell is a CD8" regulatory T cell. Examples of
CD8" regulatory T cells include, but are not limited to, a CD8"CD28 regulatory T cell,
a CD8'CD103" regulatory T cell, a CD8 FoxP3" regulatory T cell, a CD§'CD122"

regulatory T cell, and any combination thereof.

In one embodiment, the regulatory immune cell is a regulatory v6 T cell.
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In one embodiment, the regulatory immune cell is a regulatory DN T cell.

In one embodiment, the regulatory immune cell is a regulatory B cell. Examples of

regulatory B cells include, but re not limited to, a CD19'CD24MCD38" B cell.
In one embodiment, the regulatory immune cell is a regulatory NK cell.

In one embodiment, the regulatory immune cell is a regulatory macrophage.
In one embodiment, the regulatory immune cell is a regulatory dendritic cell.

In one embodiment, the regulatory immune cell is a regulatory T cell, in particular a
thymus derived Treg or an adaptive or induced Treg. Examples of Tregs include, but are
not limited to, a CD4'FOXP3" regulatory T cell or a CD4'FOXP3" regulatory T cell (Tr1l
cell).

In one embodiment, the regulatory immune cell has the following phenotype:
CD4*CD25%, such as, for example, CD4°CD25"CD127, such as, for example,
CD4'CD25"CD127-CD45RA". Preferably, the regulatory immune cell has the following
phenotype: FoxP3"'CD4'CD25", such as, for example, FoxP3°'CD4"'CD25"'CD127-, such
as, for example, FoxP3"CD4"'CD25"'CD127"CD45RA".

In one embodiment, the immune regulatory cell presents at least one of the following
phenotypes: CD4'CD25", FoxP3', CD127°-, CTLA-4*, CD39*, Helios", CD62L "™,
VLA4', LFA1", CD49b™ ITGb7™ PSGL-1*, ICOS', GITR", PD-1, Perf®-, CCR7". In
one embodiment, the immune regulatory cell does not express Granzyme A and/or

Granzyme B.

In one embodiment, the determination of the expression level of molecules is conducted
by flow cytometry, immunofluorescence or image analysis, for example high content
analysis. Preferably, the determination of the expression level of molecules is conducted
by flow cytometry. In one embodiment, before conducting flow cytometry analysis, cells

are fixed and permeabilized, thereby allowing detecting intracellular proteins.
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In one embodiment, the determination of the expression level of a molecule in a cell
population comprises determining the percentage of cells of the cell population
expressing the molecule (i.e. cells “+” for the molecule). Preferably, said percentage of

cells expressing the molecule is measured by FACS.

The terms "expressing (or +)" and "not expressing (or -)" are well known in the art and
refer to the expression level of the cell marker of interest, in that the expression level of
the cell marker corresponding to "+" is high or intermediate, also referred as "+/-", and

the expression level of the cell marker corresponding to "-" is null.

The term "low" or "lo" or "lo/-" is well known in the art and refers to the expression level
of the cell marker of interest, in that the expression level of the cell marker is low by
comparison with the expression level of that cell marker in the population of cells being
analyzed as a whole. More particularly, the term “lo” refers to a distinct population of
cells that express the cell marker at a lower level than one or more other distinct

population of cells.

The term "high" or "hi" or "bright" is well known in the art and refers to the expression
level of the cell marker of interest, in that the expression level of the cell marker is high
by comparison with the expression level of that cell marker in the population of cells

being analyzed as a whole.

Generally, cells in the top 2, 3, 4, or 5% of staining intensity are designated "hi", with
those falling in the top half of the population categorized as being "+". Those cells falling

below 50%, of fluorescence intensity are designated as "lo" cells and below 5% as

cells.

The expression level of the cell marker of interest is determined by comparing the Median
Fluorescence Intensity (MFI) of the cells from the cell population stained with
fluorescently labeled antibody specific for this marker to the fluorescence intensity (FI)
of the cells from the same cell population stained with fluorescently labeled antibody with
an irrelevant specificity but with the same isotype, the same fluorescent probe and
originated from the same specie (referred as Isotype control). The cells from the

population stained with fluorescently labeled antibody specific for this marker and that
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show equivalent MFI or a lower MFI than the cells stained with the isotype controls are
not expressing this marker and then are designated (-) or negative. The cells from the
population stained with fluorescently labeled antibody specific for this marker and that
show a MFI value superior to the cells stained with the isotype controls are expressing

this marker and then are designated (+) or positive.

In one embodiment, the immune cell of the invention expresses at its cell surface a CAR
of the invention, and another receptor (herein referred to as “second receptor”), that binds
to another ligand than HLA-A2. According to the invention, this second receptor
comprises an extracellular ligand binding domain, optionally a hinge, optionally a

transmembrane domain, and an intracellular signaling domain, as previously described.

In one embodiment, the second receptor is endogenous (such as, for example, the
endogenous TCR). In another embodiment, the second receptor is exogenous, and its
expression is induced in the immune cell of the invention by transformation or
transduction of a nucleic acid encoding it. Said exogenous receptor may be an exogenous
TCR or a chimeric antigen receptor. Therefore, in one embodiment, the immune cell of
the invention expresses two chimeric antigen receptors, wherein the first one recognizes

HLA-A2, and the second one recognizes a distinct ligand.

In another embodiment, the immune cell of the invention expresses at its cell surface a
CAR of the invention, and another receptor (herein referred to as “second receptor™), that
binds to another epitope in HLA-A2. According to the invention, this second receptor
comprises an extracellular ligand binding domain, optionally a hinge, optionally a

transmembrane domain, and an intracellular signaling domain, as previously described.

In another embodiment, the immune cell of the invention expresses two CARs, wherein
the first one recognizes a first epitope of HLA-A2, and the second one recognizes a

distinct epitope on HLA-A2.

In one embodiment, the CAR of the invention comprises a first intracellular signaling
domain, and the second receptor comprises a distinct second intracellular signaling

domain. In a first embodiment, the CAR of the invention comprises a T cell primary
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signaling domain (such as, for example, CD3zeta), and the second receptor comprises a
costimulatory signaling domain (such as, for example, of 4-1BB, CD28 or a combination
of costimulatory signaling domain of 4-1BB and CD28). In a second embodiment, the
CAR of the invention comprises a costimulatory signaling domain (such as, for example,
of 4-1BB, CD28 or a combination of costimulatory signaling domain of 4-1BB and
CD28), and the second receptor comprises a T cell primary signaling domain (such as,

for example, CD3zeta).

Consequently, according to these embodiments, the complete activation of the immune
cell of the invention requires both the binding of the CAR of the invention to HLA-A2,
and the binding of the second receptor to the ligand to which it is directed.

In one embodiment, the ligand recognized by the second receptor is expressed or present

at a diseased tissue or organ, or at a site of an autoimmune response.

Examples of ligands that may be recognized by the second receptor include, but are not
limited to, food antigens from the common human diet, autoantigens, inhaled allergens,

ingested allergens or contact allergens.

The term “food antigen from common human diet” refers to an immunogenic peptide,
which comes from foodstuffs common for humans, such as food antigens of the following
non-limiting list: bovine antigens such as lipocalin, Ca-binding S100, alpha-lactalbumin,
lactoglobulins such as beta-lactoglobulin, bovine serum albumin, caseins. Food-antigens
may also be atlantic salmon antigens such as parvalbumin; chicken antigens such as, for
example, ovomucoid, ovalbumin, Ag22, conalbumin, lysozyme or chicken serum
albumin; peanut antigens; shrimp antigens such as tropomyosin; wheat antigens such as
agglutinin or gliadin; celery antigens such as celery profilin; carrot antigens such as carrot
profilin; apple antigens such as thaumatin, apple lipid transfer protein, or apple profilin;
pear antigens such as pear profilin, or isoflavone reductase; avocado antigens such as
endochitinase; apricot antigens such as apricot lipid transfer protein; peach antigens such
as peach lipid transfer protein or peach profilin; soybean antigens such as HPS, soybean

profilin or (SAM22) PR-I0 prot; fragments, variants and mixtures thereof.
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In one embodiment, said autoantigen is a multiple sclerosis-associated antigen, a joint-
associated antigen, an eye-associated antigen, a human HSP antigen, a skin-associated

antigen or an antigen involved in graft rejection or GVHD

The term “multiple sclerosis-associated antigen™ refers to myelin basic protein (MBP).
myelin associated glycoprotein (MAG), myelin oligodendrocyte glycoprotein (MOG),
proteolipid protein (PLP), oligodendrocyte myelin oligoprotein (OMGP), myelin
associated oligodendrocyte basic protein (MOBP), oligodendrocyte specific protein
(OSP/Claudinl 1), heat shock proteins, oligodendrocyte specific proteins (OSP), NOGO
A, glycoprotein Po, peripheral myelin protein 22 (PMP22), 2’3'-cyclic nucleotide

3’-phosphodiesterase (CNPase), fragments, variants and mixtures thereof.

The term “joint-associated antigen” refers to citrulline-substituted cyclic and linear
filaggrin peptides, type II collagen peptides, human cartilage glycoprotein 39 (HCgp39)
peptides, HSP, heterogeneous nuclear ribonucleoprotein (hnRNP) A2 peptides, hnRNP
B1, hnRNP D, Ro60/52, HSP60, HSP65, HSP70 and HSP90, BiP, keratin, vimentin,
fibrinogen, type I, III, IV and V collagen peptides, annexin V, Glucose 6 phosphate
isomerase (GPI), acetyl-calpastatin, pyruvate dehydrogenase (PDH), aldolase,
topoisomerase I, snRNP, PARP, Scl-70, Scl-100, phospholipid antigens including anionic
cardiolipin and phosphatidylserine, neutrally charged phosphatidylethanolamine and
phosphatidylcholine, matrix metalloproteinase, fibrillin, aggreccan, fragments, variants

and mixtures thereof.

The term “eye-associated antigen™ refers to type II collagen, retinal arrestin, S-arrestin,
interphotoreceptor retinoid-binding proteins (IRBP1), beta-crystallin B1, retinal proteins,

choroid proteins and fragments, variants and mixtures thereof.

The term “human HSP antigen™ refers to human HSP60, HSP70, HSP90, fragments,

variants and mixtures thereof.

Examples of skin-associated antigens include, but are not limited to, keratinocytes
antigens, an antigen present in the dermis or epidermis, a melanocyte antigen (such as,
for example, melanin or tyrosinase), desmoglein (e.g., desmoglein 1 or 3, that may also

be referred to as Dsg1/3), BP180, BP230, plectin, integrins (e.g., integrin 04p6), collagens



CA 03076547 2020-03-19

WO 2019/056106 PCT/CA2018/051174

10

15

20

25

30

122

(e.g., collagen type VII), laminins (e.g., laminin 332 or laminin v1), plakins (e.g.,
envoplakin, periplakin, or desmoplakins), keratins (e.g., KRT5, KRT8, KRT15, KRT17

and KRT31), keratin filament-associated proteins, filaggrin, corneodesmosin, and elastin.

In one embodiment, the ligand is an antigen involved in graft rejection or GVHD.
Examples of such antigens include, but are not limited to, the MHC specific to the
transplanted tissue or to the host, f2-microglobulin, antigens from ABO system, antigens
from rhesus system (in particular antigens from the C, ¢, E et e and D system) and
isohaemagglutinins. Other examples of antigens that may be involved in graft rejection
or GVHD include, but are not limited to HLA-DR (in particular during the first six months
following grafting), HLA-B (in particular during the first two years following grafting),
minor histocompatibility antigens (miHA, e.g., HLA-E, HLA-F and HLA-G), HLAs
corresponding to MHC class 1 (B, and C), HLAs corresponding to MHC class 11 (DP,
DM, DOA, DOB, DQ, and DR) and HLAs corresponding to MHC class III (e.g.,

components of the complement system).

Other examples of autoantigens include, without limitation, aquaporin water channels
(such as, for example, aquaporin-4 water channel (AQP4)), Hu, Ma2, collapsin response-
mediator protein 5 (CRMP5), and amphiphysin, voltage-gated potassium channel
(VGKC), N-methyl-d-aspartate receptor (NMDAR), a-amino-3-hydroxy-5-methyl-4-
isoxazoleproprionic acid (AMPAR), thyroid peroxidase, thyroglobulin, anti-N-methyl-
D-aspartate receptor (NR1 subunit), Rh blood group antigens, I antigen, desmoglein 1 or
3 (Dsgl/3), BP180, BP230, Acetylcholine nicotinic postsynaptic receptors, thyrotropin
receptors, platelet integrin, Gpllb:IIla, Collagen (such as, for example, Collagen alpha-
3(IV) chain), rheumatoid factor, calpastatin, citrullinated proteins, Myelin basic protein
(MBP), Myelin oligodendrocyte glycoprotein (MOG) peptides, alpha-beta-crystallin,
DNA, histone, ribosomes, RNP, tissue transglutaminase (TG2), intrinsic factor, 65-kDa
antigen, phosphatidylserine, ribosomal phosphoproteins, anti-neutrophil cytoplasmic
antibody, Scl-70, UI-RNP, ANA, SSA, anti-SSB, antinuclear antibodies (ANA),
antineutrophil cytoplasm antibodies (ANCA), Jo-1, antimitochondrial antibodies, gp210,
p62, spl00, antiphospholipid antibodies, U1-70 kd snRNP, GQ1b ganglioside, GM]1,
asialo GM1, GDI1b, anti-smooth muscle antibodies (ASMA), anti-liver-kidney
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microsome-1 antibodies (ALKM-1), anti-liver cytosol antibody-1 (ALC-1), IgA
antiendomysial antibodies, neutrophil granule proteins, streptococcal cell wall antigen,
intrinsic factor of gastric parietal cells, insulin (IAA), glutamic acid decarboxylase (GAA
or GAD) and protein tyrosine phosphatase (such as, for example, IA2 or ICA512),
PLA2R1 and THSD7AL.

In one embodiment, said ligand is selected from the group comprising ovalbumin, MOG,

type II collagen fragments, variants and mixtures thereof.
In one embodiment, said ligand is ovalbumin, fragments, variants and mixtures thereof.
In another embodiment, said ligand is MOG, fragments, variants and mixtures thereof.

In another embodiment, said ligand is type II collagen, fragments, variants and mixtures

thereof.

In another embodiment, said ligand is IL23R, fragments, variants and mixtures thereof.

In one embodiment, the CAR of the invention further comprises an extracellular ligand
binding domain recognizing a ligand distinct from HLA-A2. In one embodiment, said

ligand binding domain is an antibody or an antigen binding fragment thereof.

In one embodiment, the ligand binding domain of the CAR of the invention is a
multifunctional antibody recognizing multiple distinct epitopes on HLA-A2. In one
embodiment, the ligand binding domain of the CAR of the invention is a bifunctional

antibody recognizing two distinct epitopes on HLA-A2.

In one embodiment, the CAR of the invention comprises an extracellular ligand binding
domain comprising a HLA-A2 binding domain and another ligand binding domain
recognizing a ligand distinct from HLA-A2. In one embodiment, said ligand binding

domain is a bifunctional antibody recognizing both HLA-A2 and the distinct ligand.

Examples of ligands distinct from HLA-A2 that may be recognized by the CAR of the

invention are listed hereinabove.
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The invention also relates to an isolated and/or substantially purified population of

immune cells as defined hereinabove.

Thus, one object of the invention is an isolated and/or substantially purified population
of immune cells, wherein the cells of the population comprise a CAR, wherein said CAR

recognizes HLA-A2.

As used herein, an "isolated population" refers to a cell population that is removed from
its natural environment (such as the peripheral blood) 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, but

which lack the cell surface markers based on which the cells were 1solated.

The present invention further relates to an enriched population of immune cells as defined

hereinabove.

In one embodiment, the isolated, purified and/or enriched immune cell population of the

mvention has been frozen and thawed.

Another object of the invention is a vector comprising the nucleic acid sequence encoding

a chimeric antigen receptor (CAR) as described hereinabove.

Examples of vectors that may be used in the present invention include, but are not limited
to, a DNA vector, a RNA vector, a plasmid, a phagemid, a phage derivative, an animal

virus and a cosmid.

Viral vector technology is well known in the art and is described, for example, in
Sambrook et al. (2001, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory, New York), and in other virology and molecular biology manuals. Viruses,
which are useful as vectors include, but are not limited to, retroviruses, adenoviruses,

adeno- associated viruses, herpes viruses, and lentiviruses.

In general, a suitable vector contains an origin of replication functional in at least one

organism, a promoter sequence, convenient restriction endonuclease sites, and one or
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more selectable markers, (e.g., as described in W001/96584; WO01/29058; and
US6,326,193 incorporated herein by reference).

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

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

Additional transcriptionally active elements, e.g., promoters and enhancers, may regulate
the frequency of transcriptional initiation. Typically, regarding core promoter, these are
located in the region 30-110 bp upstream of the start site, although a number of promoters
have recently been shown to contain functional elements downstream of the start site as
well, and enhancers elements are generally located 500-2000bp upstream of the start site.
The spacing between promoter elements frequently is flexible, so that promoter function
is preserved when elements are inverted or moved relative to one another. In the
thymidine kinase (tk) promoter, the spacing between promoter elements can be increased
to 50 bp apart before activity begins to decline. Depending on the promoter, it appears
that individual elements can function either cooperatively or independently to activate

transcription.

One example of a suitable promoter is the immediate early cytomegalovirus (CMV)
promoter sequence. This promoter sequence is a strong constitutive promoter sequence
capable of driving high levels of expression of any polynucleotide sequence operatively
linked thereto. Another example of a suitable promoter is Elongation Growth Factor - la
(EF-la). Another example of a suitable promoter is phosphoglycerate kinase (PGK)
promoter. However, other constitutive promoter sequences may also be used, including,
but not limited to the simian virus 40 (SV40) early promoter, mouse mammary tumor
virus (MMTV), human immunodeficiency virus (HIV) long terminal repeat (LTR)
promoter, MoMuLV promoter, an avian leukemia virus promoter, an Epstein-Barr virus

immediate early promoter, a Rous sarcoma virus promoter, as well as human gene
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promoters such as, but not limited to, the actin promoter, the myosin promoter, the
hemoglobin promoter, and the creatine kinase promoter. Further, the invention should not
be limited to the use of constitutive promoters. Inducible promoters are also contemplated
as part of the invention. The use of an inducible promoter provides a molecular switch
capable of turning on expression of the polynucleotide sequence which it is operatively
linked to when such expression is desired, or turning off the expression when expression
i1s not desired. Examples of inducible promoters include, but are not limited to a
metallothionine promoter, a glucocorticoid promoter, a progesterone promoter, and a
tetracycline promoter. In addition, bi-directional promoters allowing efficient and
coordinate expression of two or more genes may also be of interest in the present
invention. Examples of bi-directional promoters include but are not limited to the
promoters described in US2006200869, incorporated herein by reference, disclosing a bi-
directional promoter comprising i) a first minimal promoter sequence derived from
cytomegalovirus (CMV) or mouse mammary tumor virus (MMTYV) genomes and 1) a full

efficient promoter sequence derived from an animal gene.

In order to assess the expression of a CAR polypeptide or portions thereof, the expression
vector to be introduced into an immune cell can also contain either a selectable marker
gene such as, for example, CD34 or a reporter gene or both to facilitate identification and
selection of expressing cells from the population of cells sought to be transfected or
infected through viral vectors. In other aspects, the selectable marker may be carried on
a separate piece of DNA and used in a co-transfection procedure. Both selectable markers
and reporter genes may be flanked with appropriate regulatory sequences to enable
expression in the host cells. Useful selectable markers include, for example, antibiotic-

resistance genes, such as neo and the like.

In some embodiments of the invention, suicide gene technology may be used. Different
suicide gene technologies are described in the art depending on their mechanism of action
(Jones et al. Frontiers in Pharmacology, 2014 (5): 254). Examples of gene-directed
enzyme prodrug therapy (GDEPT) converting a nontoxic drug to a toxic drug include
herpes simplex virus thymidine kinase (HSV-TK) and cytosine deaminase (CD). Other

examples are chimeric proteins composed of a drug binding domain linked to apoptotic
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components such as for example the inducible Fas (iFas) or the inducible Caspase
9 (iCasp9) systems. Other examples include systems mediated by therapeutic antibodies
such as inducing overexpression of c-myc at the surface of the engineered cell to induce
their deletion by administration of an anti-c-myc¢ antibody. The use of EGFR is described

as a similar system compared to the c-myc system.

Reporter genes are used for identifying potentially transfected cells and for evaluating the
functionality of regulatory sequences. In general, a reporter gene is a gene that is not
present in or expressed by the recipient organism or tissue and that encodes a polypeptide
whose expression is manifested by some easily detectable property, e.g., enzymatic
activity. Expression of the reporter gene is assayed at a suitable time after the DNA has
been introduced into the recipient cells. Suitable reporter genes may include genes
encoding luciferase, beta-galactosidase, chloramphenicol acetyl transferase, secreted
alkaline phosphatase, or the green fluorescent protein gene (e.g., Ui-Tei et al., 2000 FEBS
Letters 479: 79-82). Suitable expression systems are well known and may be prepared
using known techniques or obtained commercially. In general, the construct with the
minimal 5' flanking region showing the highest level of expression of reporter gene is
identified as the promoter. Such promoter regions may be linked to a reporter gene and

used to evaluate agents for the ability to modulate promoter-driven transcription.

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

means.

Physical methods for introducing a polynucleotide into a host cell include calcium
phosphate  precipitation, lipofection, particle bombardment, microinjection,
electroporation, membrane disruption and the like. Methods for producing cells
comprising vectors and/or exogenous nucleic acids are well-known in the art. See, for
example, Sambrook et al. (2001, Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory, New York). A preferred method for the introduction of a

polynucleotide into a host cell is calcium phosphate transfection.
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Biological methods for introducing a polynucleotide of interest into a host cell include
the use of DNA and RNA vectors. Viral vectors, and especially retroviral vectors, have
become the most widely used method for inserting genes into mammalian, e.g., human
cells. Other viral vectors can be derived from lentivirus, poxviruses, herpes simplex virus
I, adenoviruses and adeno-associated viruses, and the like. See, for example, US5,350,674

and 5,585,362.

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

vesicle).

In the case where a non-viral delivery system is utilized, an exemplary delivery vehicle
is a liposome. The use of lipid formulations is contemplated for the introduction of the
nucleic acids into a host cell (in vitro, ex vivo or in vivo). In another aspect, the nucleic
acid may be associated with a lipid. The nucleic acid associated with a lipid may be
encapsulated in the aqueous interior of a liposome, interspersed within the lipid bilayer
of a liposome, attached to a liposome via a linking molecule that is associated with both
the liposome and the oligonucleotide, entrapped in a liposome, complexed with a
liposome, dispersed in a solution containing a lipid, mixed with a lipid, combined with a
lipid, contained as a suspension in a lipid, contained or complexed with a micelle, or
otherwise associated with a lipid. Lipid, lipid/DNA or lipid/expression vector associated
compositions are not limited to any particular structure in solution. For example, they
may be present in a bilayer structure, as micelles, or with a "collapsed" structure. They
may also simply be interspersed in a solution, possibly forming aggregates that are not
uniform in size or shape. Lipids are fatty substances which may be naturally occurring or
synthetic lipids. For example, lipids include the fatty droplets that naturally occur in the
cytoplasm as well as the class of compounds which contain long-chain aliphatic
hydrocarbons and their derivatives, such as fatty acids, alcohols, amines, amino alcohols,

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

complexes.

Regardless of the method used to introduce exogenous nucleic acids into a host cell, in
order to confirm the presence of the recombinant DNA sequence in the host cell, a variety
of assays may be performed. Such assays include, for example, "molecular biological"
assays well known to those of skill in the art, such as Southern and Northern blotting,
RT-PCR and PCR; "biochemical" assays, such as detecting the presence or absence of a
particular peptide, e.g., by immunological means (ELISAs and Western blots) or by

assays described herein to identify agents falling within the scope of the invention.

In one embodiment, the genetically modified immune cells of the invention are modified
through the introduction of RNA. In one embodiment, an in vitro transcribed RNA CAR

can be introduced in a cell as a form of transient transfection. The RNA may be produced
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by in vitro transcription using a polymerase chain reaction (PCR)-generated template.
DNA of interest from any source can be directly converted by PCR into a template for in
vitro mRNA synthesis using appropriate primers and RNA polymerase. The source of the
DNA can be, for example, genomic DNA, plasmid DNA, phage DNA, ¢cDNA, synthetic
DNA sequence or any other appropriate source of DNA. The desired template for in vitro

transcription is the CAR of the present invention.

In one embodiment, the DNA to be used for PCR contains an open reading frame. The
DNA can be from a naturally occurring DNA sequence from the genome of an organism.
In one embodiment, the DNA is a full-length gene of interest or a portion of a gene. The
gene can include some or all of the 5' and/or 3' untranslated regions (UTRs). The gene
can include exons and introns. In one embodiment, the DNA to be used for PCR is a
human gene. In another embodiment, the DNA to be used for PCR is a human gene
including the 5' and 3' UTRs. The DNA can alternatively be an artificial DNA sequence
that is not normally expressed in a naturally occurring organism. An exemplary artificial
DNA sequence is one that contains portions of genes that are ligated together to form an
open reading frame that encodes a fusion protein. The portions of DNA that are ligated
together can be from a single organism or from more than one organism.

PCR may be used to generate a template for in vitro transcription of mRNA which is used
for transfection. Methods for performing PCR are well known in the art. Primers for use
in PCR are designed to have regions that are substantially complementary to regions of
the DNA to be used as a template for the PCR. "Substantially complementary"”, as used
herein, refers to sequences of nucleotides where a majority or all of the bases in the primer
sequence are complementary, or one or more bases are non-complementary, or
mismatched. Substantially complementary sequences are able to anneal or hybridize with
the intended DNA target under annealing conditions used for PCR. The primers can be
designed to be substantially complementary to any portion of the DNA template. For
example, the primers can be designed to amplify the portion of a gene that is normally
transcribed in cells (the open reading frame), including 5' and 3' UTRs. The primers can
also be designed to amplify a portion of a gene that encodes a particular domain of

interest. In one embodiment, the primers are designed to amplify the coding region of a
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human cDNA, including all or portions of the 5' and 3' UTRs. Primers useful for PCR are

generated by synthetic methods that are well known in the art.

"Forward primers" are primers that contain a region of nucleotides that are substantially
complementary to nucleotides on the DNA template that are upstream of the DNA
sequence that is to be amplified. "Upstream" is used herein to refer to a location 5°, to the
DNA sequence to be amplified relative to the coding strand. "Reverse primers" are
primers that contain a region of nucleotides that are substantially complementary to a
double-stranded DNA template that are downstream of the DNA sequence that is to be
amplified. "Downstream" is used herein to refer to a location 3' to the DNA sequence to

be amplified relative to the coding strand.

Any DNA polymerase useful for PCR can be used in the methods disclosed herein. The

reagents and polymerase are commercially available from a number of sources.

Chemical structures with the ability to promote stability and/or translation efficiency may
also be used. The RNA preferably has 5' and 3' UTRs. In one embodiment, the 5' UTR is
between zero and 3000 nucleotides in length. The length of 5' and 3' UTR sequences to
be added to the coding region can be altered by different methods, including, but not
limited to, designing primers for PCR that anneal to different regions of the UTRs. Using
this approach, one of ordinary skill in the art can modify the 5' and 3' UTR lengths
required to achieve optimal translation efficiency following transfection of the transcribed
RNA. The 5' and 3' UTRs can be the naturally occurring, endogenous 5' and 3' UTRs for
the gene of interest. Alternatively, UTR sequences that are not endogenous to the gene of
interest can be added by incorporating the UTR sequences into the forward and reverse
primers or by any other modifications of the template. The use of UTR sequences that are
not endogenous to the gene of interest can be useful for modifying the stability and/or
translation efficiency of the RNA. For example, it is known that AU-rich elements in 3'
UTR sequences can decrease the stability of mRNA. Therefore, 3' UTRs can be selected
or designed to increase the stability of the transcribed RNA based on properties of UTRs

that are well known in the art.
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In one embodiment, the 5' UTR can contain the Kozak sequence of the endogenous gene.
Alternatively, when a 5' UTR that is not endogenous to the gene of interest is being added
by PCR as described above, a consensus Kozak sequence can be redesigned by adding
the 5' UTR sequence. Kozak sequences can increase the efficiency of translation of some
RNA transcripts, but does not appear to be required for all RNAs to enable efficient
translation. The requirement for Kozak sequences for many mRNAs is known in the art.
In other embodiments, the 5' UTR can be derived from an RNA virus whose RNA genome
is stable in cells. In other embodiments, various nucleotide analogues can be used in the

3'or 5' UTR to impede exonuclease degradation of the mRNA.

To enable synthesis of RNA from a DNA template without the need for gene cloning, a
promoter of transcription should be attached to the DNA template upstream of the
sequence to be transcribed. When a sequence that functions as a promoter for an RNA
polymerase is added to the 5' end of the forward primer, the RNA polymerase promoter
becomes incorporated into the PCR product upstream of the open reading frame that is to
be transcribed. In one preferred embodiment, the promoter is a T7 polymerase promoter,
as described elsewhere herein. Other useful promoters include, but are not limited to, T3
and SP6 RNA polymerase promoters. Consensus nucleotide sequences for T7, T3 and

SP6 promoters are known in the art.

In a preferred embodiment, the mRNA has both a cap on the 5' end and a 3' poly(A) tail
which determine ribosome binding, initiation of translation and stability mRNA in the
cell. On a circular DNA template, for instance, plasmid DNA, RNA polymerase produces
a long concatemeric product which is not suitable for expression in eukaryotic cells. The
transcription of plasmid DNA linearized at the end of the 3' UTR results in normal sized
mRNA which is not effective in eukaryotic transfection even if it is polyadenylated after

transcription.

On a linear DNA template, phage T7 RNA polymerase can extend the 3' end of the
transcript beyond the last base of the template (Schenborn and Mierendorf, Nuc Acids
Res., 13:6223-36 (1985), Nacheva and Berzal-Herranz, Eur. J. Biochem., 270: 1485-65
(2003).
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The conventional method of integration of polyA/T stretches into a DNA template is
molecular cloning. However, poly A/T sequence integrated into plasmid DNA can cause
plasmid instability, which is why plasmid DNA templates obtained from bacterial cells
are often highly contaminated with deletions and other aberrations. This makes cloning
procedures not only laborious and time consuming but often not reliable. That is why a
method which allows construction of DNA templates with polyA/T 3' stretch without
cloning is highly desirable.

The poly A/T segment of the transcriptional DNA template can be produced during PCR
by using a reverse primer containing a polyT tail, such as 100T tail (size can be
50-5000 T), or after PCR by any other method, including, but not limited to, DNA ligation
or in vitro recombination. Poly(A) tails also provide stability to RNAs and reduce their
degradation. Generally, the length of a poly(A) tail positively correlates with the stability
of the transcribed RNA. In one embodiment, the poly(A) tail is between 100 and

5000 adenosines.

Poly(A) tails of RNAs can be further extended following in vitro transcription with the
use of a poly(A) polymerase, such as E. coli polyA polymerase (E-PAP). In one
embodiment, increasing the length of a poly(A) tail from 100 nucleotides to between
300 and 400 nucleotides results in about a two-fold increase in the translation efficiency
of the RNA. Additionally, the attachment of different chemical groups to the 3' end can
increase mRNA stability. Such attachment can contain modified/artificial nucleotides,
aptamers and other compounds. For example, ATP analogs can be incorporated into the
poly(A) tail using poly(A) polymerase. ATP analogs can further increase the stability of
the RNA.

5' caps on RNAs also provide stability to RNA molecules. In a preferred embodiment,
RNAs produced by the methods disclosed herein include a 5' cap. The 5' cap is provided
using techniques known in the art and described herein (Cougot, et al., Trends in
Biochem. Sci., 29:436-444 (2001); Stepinski, et al., RNA, 7: 1468-95 (2001); Elango, et
al., Biochim. Biophys. Res. Commun., 330:958-966 (2005)).
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The RNAs produced by the methods disclosed herein can also contain an internal
ribosome entry site (IRES) sequence. The IRES sequence may be any viral, chromosomal
or artificially designed sequence which initiates cap-independent ribosome binding to
mRNA and facilitates the initiation of translation. Any solutes suitable for cell
electroporation, which can contain factors facilitating cellular permeability and viability

such as sugars, peptides, lipids, proteins, antioxidants, and surfactants can be included.

RNA can be introduced into target cells using any of a number of different methods, for
instance, commercially available methods which include, but are not limited to,
electroporation (Amaxa Nucleofector-Il (Amaxa Biosystems, Cologne, Germany)),
(ECM 830 (BTX) (Harvard Instruments, Boston, Mass.) or the Gene Pulser II (BioRad,
Denver, Colo.), Multiporator (Eppendort, Hamburg Germany), cationic liposome
mediated transfection using lipofection, polymer encapsulation, peptide mediated
transfection, or biolistic particle delivery systems such as "gene guns" (see, for example,

Nishikawa, et al. Hum Gene Ther., 12(8):861-70 (2001).

In one embodiment, the CAR sequences are delivered into cells using a retroviral or
lentiviral vector. CAR-expressing retroviral and lentiviral vectors can be delivered into
different types of eukaryotic cells as well as into tissues and whole organisms using
transduced cells as carriers or cell-free local or systemic delivery of encapsulated, bound
or naked vectors. The method used can be for any purpose where stable expression is

required or sufficient.

In another embodiment, the CAR sequences are delivered into cells using in vitro
transcribed mRNA. In vitro transcribed mRNA CAR can be delivered into different types
of eukaryotic cells as well as into tissues and whole organisms using transfected cells as
carriers or cell-free local or systemic delivery of encapsulated, bound or naked mRNA.
The method used can be for any purpose where transient expression is required or

sufficient.

In another embodiment, the desired CAR can be expressed in the cells by way of

transposons.
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In one embodiment, the immune cell of the invention is a T cell. Prior to expansion and
genetic modification of the T cells of the invention, a source of T cells is obtained from a
subject. T cells can be obtained from a number of sources, including peripheral blood
mononuclear cells, bone marrow, lymph node tissue, cord blood, thymus tissue, tissue
from a site of infection, ascites, pleural effusion, spleen tissue, and tumors. In certain
embodiments of the present invention, any number of T cell lines available in the art, may
be used. In certain embodiments of the present invention, T cells can be obtained from a
unit of blood collected from a subject using any number of techniques known to the
skilled artisan, such as Ficoll™ separation or Sepax separation system. In one preferred
embodiment, cells from the circulating blood of an individual are obtained by apheresis.
The apheresis product typically contains lymphocytes, including T cells, monocytes,
granulocytes, B cells, other nucleated white blood cells, red blood cells, and platelets. In
one embodiment, the cells collected by apheresis may be washed to remove the plasma
fraction and to place the cells in an appropriate buffer or media for subsequent processing
steps. In one embodiment of the invention, the cells are washed with phosphate buffered
saline (PBS). In an alternative embodiment, the wash solution lacks calcium and may lack
magnesium or may lack many if not all divalent cations. After washing, the cells may be
resuspended in a variety of biocompatible buffers, such as, for example, Ca*-free, Mg?*-
free PBS, Plasmalyte A, or other saline solution with or without buffer. Alternatively,
the undesirable components of the apheresis sample may be removed and the cells directly

resuspended in culture media.

In another embodiment, T cells are isolated from peripheral blood lymphocytes by lysing
the red blood cells and depleting the monocytes, for example, by centrifugation through
a PERCOLL™ gradient or by counterflow centrifugal elutriation. A specific
subpopulation of T cells, such as CD4'CD25", in particular, CD4'CD25'CD127%, such
as, for example, CD4'CD25'CD127"°CD45RA", can be further isolated by positive or
negative selection techniques. For example, in one embodiment, T cells are isolated by
incubation with anti-CD3/anti-CD28 (i.e., 3x28)-conjugated beads, such as
DYNABEADS® M-450 CD3/CD28 T, for a time period sufficient for positive selection
of the desired T cells. In one embodiment, the time period is about 30 minutes. In a further

embodiment, the time period ranges from 30 minutes to 36 hours or longer and all integer
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values there between. In a further embodiment, the time period is at least 1, 2, 3, 4, 5, or
6 hours. In yet another preferred embodiment, the time period is 10 to 24 hours. In one
preferred embodiment, the incubation time period is 24 hours. For isolation of T cells
from patients with leukemia, use of longer incubation times, such as 24 hours, can
increase cell yield. Longer incubation times may be used to isolate T cells in any situation
where there are few T cells as compared to other cell types, such as in isolating tumor
infiltrating lymphocytes (TIL) from tumor tissue or from immune-compromised
individuals. Thus, by simply shortening or lengthening the time T cells are allowed to
bind to the CD3/CD28 beads and/or by increasing or decreasing the ratio of beads to T
cells (as described further herein), subpopulations of T cells can be preferentially selected
for or against at culture initiation or at other time points during the process. Additionally,
by increasing or decreasing the ratio of anti-CD3 and/or anti-CD28 antibodies on the
beads or other surface, subpopulations of T cells can be preferentially selected for or
against at culture initiation or at other desired time points. The skilled artisan would
recognize that multiple rounds of selection can also be used in the context of this

invention.

In another embodiment, it may be desirable to perform the selection procedure and use
the "unselected" cells in the activation and expansion process. "Unselected" cells can also
be subjected to further rounds of selection. Enrichment of a T cell population by negative
selection can be accomplished with a combination of antibodies directed to surface
markers unique to the negatively selected cells. One method is cell sorting and/or
selection via negative magnetic immuno-adherence or flow cytometry that uses a cocktail
of monoclonal antibodies directed to cell surface markers present on the cells negatively
selected. For example, to enrich for CD4+ cells by negative selection, a monoclonal
antibody cocktail typically includes antibodies to CD14, CD20, CD11b, CD16, HLA-DR,
and CD8. In certain embodiments, it may be desirable to enrich for or positively select
for regulatory T cells having typically the following phenotype CD4", CD25", CD62LM,
GITR', and FoxP3". Alternatively, in certain embodiments, T regulatory cells are
depleted by anti-CD25 conjugated beads or other similar method of selection.
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For isolation of a desired population of cells by positive or negative selection, the
concentration of cells and surface (e.g., particles such as beads) can be varied. In certain
embodiments, it may be desirable to significantly decrease the volume in which beads
and cells are mixed together (i.e., increase the concentration of cells), to ensure maximum
contact of cells and beads. For example, in one embodiment, a concentration of 2 billion
cells/ml is used. In one embodiment, a concentration of 1 billion cells/ml is used. In a
further embodiment, greater than 100 million cells/ml is used. In a further embodiment,
a concentration of cells of 10, 15, 20, 25, 30, 35, 40, 45, or 50 million cells/ml is used. In
yet another embodiment, a concentration of cells from 75, 80, 85, 90, 95, or 100 million
cells/ml is used. In further embodiments, concentrations of 125 or 150 million cells/ml
can be used. Using high concentrations can result in increased cell yield, cell activation,
and cell expansion. Further, use of high cell concentrations allows more efficient capture
of cells that may weakly express target antigens of interest, such as CD28-negative T
cells, or from samples where there are many tumor cells present (i.e., leukemic blood,
tumor tissue, etc.). Such populations of cells may have therapeutic value and would be

desirable to obtain.

T cells for stimulation can also be frozen after a washing step. Wishing not to be bound
by theory, the freeze and subsequent thaw step provides a more uniform product by
removing granulocytes and to some extent monocytes in the cell population. After the
washing step that removes plasma and platelets, the cells may be suspended in a freezing
solution. While many freezing solutions and parameters are known in the art and will be
useful in this context, one method involves using PBS containing 20% DMSO and 8%
human serum albumin, or culture media containing 10% Dextran 40 and 5% Dextrose,
20% Human Serum Albumin and 7.5% DMSO, or 31.25% Plasmalyte-A, 31.25%
Dextrose 5%, 0.45% NaCl, 10% Dextran 40 and 5% Dextrose, 20% Human Serum
Albumin, and 7.5% DMSO or other suitable cell freezing media containing for example,
Hespan and PlasmalLyte A, the cells then are frozen to -80°C at a rate of 1°C per minute
and stored in the vapor phase of a liquid nitrogen storage tank. Other methods of
controlled freezing may be used as well as uncontrolled freezing immediately at -20°C or

in liquid nitrogen.
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In certain embodiments, cryopreserved cells are thawed and washed as described herein

and allowed to rest for one hour at room temperature prior to activation.

Also contemplated in the context of the invention is the collection of blood samples or
apheresis product from a subject at a time period prior to when the expanded cells as
described herein might be needed. As such, the source of the cells to be expanded can be
collected at any time point necessary, and desired cells, such as T cells, isolated and
frozen for later use in T cell therapy for any number of diseases or conditions that would
benefit from T cell therapy, such as those described herein. In one embodiment, a blood
sample or an apheresis is taken from a generally healthy subject. In certain embodiments,
a blood sample or an apheresis is taken from a generally healthy subject who is at risk of
developing a disease, but who has not yet developed a disease, and the cells of interest
are isolated and frozen for later use. In certain embodiments, the T cells may be expanded,

frozen, and used at a later time.

Whether prior to or after genetic modification of the T cells (preferably Treg cells) to
express a desirable CAR, the T cells can be activated and expanded generally using
methods as described, for example, in US6,352,694; 6,534,055; 6,905,680; 6,692,964
5.858.358; 6.887.466: 6,905,681: 7.144,575. 7.067318: 7,172.869; 7.232.566:
7,175,843 5,883,223: 6,905,874; 6,797,514: 6,867,041; and US20060121005,

incorporated herein by reference.

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

anti-CD28 antibody, under conditions appropriate for stimulating proliferation of the T
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cells. To stimulate proliferation of either CD4" T cells, an anti-CD3 antibody and an anti-
CD28 antibody may be used. Examples of an anti-CD28 antibody include, without being
limited to, 9.3, B-T3, XR-CD28 (Diaclone, Besancon, France). Other expansion methods
commonly known in the art can be used (Berg et al., Transplant Proc. 30(8):3975-3977,
1998; Haanen et al., J. Exp. Med. 190(9): 13191328, 1999; Garland et al., J. Immunol
Meth. 227(1-2):53-63, 1999).

In certain embodiments, the primary stimulatory signal and the co-stimulatory signal for
the cells of the T (preferably Treg) cell population may be provided by different protocols.
For example, the agents providing each signal may be in solution or coupled to a surface.
When coupled to a surface, the agents may be coupled to the same surface (i.e., in "cis"
formation) or to separate surfaces (i.e., in "trans" formation). Alternatively, one agent
may be coupled to a surface and the other agent in solution. In one embodiment, the agent
providing the co-stimulatory signal is bound to a cell surface and the agent providing the
primary activation signal is in solution or coupled to a surface. In certain embodiments,
both agents can be in solution. In another embodiment, the agents may be in soluble form,
and then cross-linked to a surface, such as a cell expressing Fc receptors or an antibody
or other binding agent which will bind to the agents. In this regard, see for example,
US20040101519 and 20060034810, incorporated herein by reference, for artificial
antigen presenting cells (aAPCs) that are contemplated for use in activating and

expanding T cells in the present invention.

In one embodiment, the two agents are immobilized on beads, either on the same bead,
i.e., "cis," or to separate beads, i.e., "trans." By way of example, the agent providing the
primary activation signal is an anti-CD3 antibody or an antigen-binding fragment thereof
and the agent providing the co-stimulatory signal is an anti-CD28 antibody or antigen-
binding fragment thereof; and both agents are co-immobilized to the same bead in
equivalent molecular amounts. In one embodiment, a 1:1 ratio of each antibody bound to
the beads for CD4+ T cell expansion and T cell growth is used. In certain aspects of the
present invention, a ratio of anti CD3:CD28 antibodies bound to the beads is used such
that an increase in T cell expansion is observed as compared to the expansion observed

using a ratio of 1:1. In one particular embodiment an increase of from about 1 to about 3
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fold is observed as compared to the expansion observed using a ratio of 1:1. In one
embodiment, the ratio of CD3:CD28 antibody bound to the beads ranges from 100:1 to
1:100 and all integer values there between. In one aspect of the present invention, more
anti-CD28 antibody is bound to the particles than anti-CD3 antibody, i.e., the ratio of
CD3:CD28 is less than one. In certain embodiments of the invention, the ratio of anti
CD28 antibody to anti CD3 antibody bound to the beads is greater than 2:1. In one
particular embodiment, a 1:100 CD3:CD28 ratio of antibody bound to beads is used. In
another embodiment, a 1:75 CD3:CD28 ratio of antibody bound to beads is used. In a
further embodiment, a 1:50 CD3:CD28 ratio of antibody bound to beads is used. In
another embodiment, a 1:30 CD3:CD28 ratio of antibody bound to beads is used. In one
preferred embodiment, a 1:10 CD3:CD28 ratio of antibody bound to beads is used. In
another embodiment, a 1:3 CD3:CD28 ratio of antibody bound to the beads is used. In
yet another embodiment, a 3:1 CD3:CD28 ratio of antibody bound to the beads is used.

Ratios of particles to cells from 1:500 to 500:1 and any integer values in between may be
used to stimulate T cells or other target cells. As those of ordinary skill in the art can
readily appreciate, the ratio of particles to cells may depend on particle size relative to the
target cell. For example, small sized beads could only bind a few cells, while larger beads
could bind many. In certain embodiments, the ratio of cells to particles ranges from 1:100
to 100:1 and any integer values in-between and in further embodiments the ratio
comprises 1:9 to 9:1 and any integer values in between, can also be used to stimulate T
cells. The ratio of anti-CD3- and anti-CD28-coupled particles to T cells that result in T
cell stimulation can vary as noted above, however certain preferred values include 1:100,
1:50, 1:40, 1:30, 1:20, 1:10, 1:9, 1:8, 1:7, 1.6, 1:5, 1:4, 1:3, 1:2, 1:1, 2:1, 3:1, 4.1, 5:1, 6:1,
7:1,8:1,9:1, 10:1, and 15:1 with one preferred ratio being at least 1:1 particles per T cell.
In one embodiment, a ratio of particles to cells of 1:1 or less is used. In one particular
embodiment, a preferred particle:cell ratio is 1:5. In further embodiments, the ratio of
particles to cells can be varied depending on the day of stimulation. For example, in one
embodiment, the ratio of particles to cells is from 1:1 to 10:1 on the first day and
additional particles are added to the cells every day or every other day thereafter for up
to 10 days, at final ratios of from 1:1 to 1:10 (based on cell counts on the day of addition).

In one particular embodiment, the ratio of particles to cells is 1:1 on the first day of
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stimulation and adjusted to 1:5 on the third and fifth days of stimulation. In another
embodiment, particles are added on a daily or every other day basis to a final ratio of 1:1
on the first day, and 1:5 on the third and fifth days of stimulation. In another embodiment,
the ratio of particles to cells is 2:1 on the first day of stimulation and adjusted to 1:10 on
the third and fifth days of stimulation. In another embodiment, particles are added on a
daily or every other day basis to a final ratio of 1:1 on the first day, and 1:10 on the third
and fifth days of stimulation. One of skill in the art will appreciate that a variety of other
ratios may be suitable for use in the present invention. In particular, ratios will vary

depending on particle size and on cell size and type.

In further embodiments of the present invention, the T cells (preferably Treg cells) are
combined with agent-coated beads, the beads and the cells are subsequently separated,
and then the cells are cultured. In an alternative embodiment, prior to culture, the agent-
coated beads and cells are not separated but are cultured together. In a further
embodiment, the beads and cells are first concentrated by application of a force, such as
a magnetic force, resulting in increased ligation of cell surface markers, thereby inducing

cell stimulation.

By way of example, cell surface proteins may be ligated by allowing paramagnetic beads
to which anti-CD3 and anti-CD28 are attached (3x28 beads) to contact the cells of the
Treg cell population. In one embodiment, the cells (for example, 10* to 10° T cells) and
beads (for example, DYNABEADS® M-450 CD3/CD28 T paramagnetic beads at a ratio
of 1: 1) are combined in a buffer, preferably PBS (without divalent cations such as,
calcium and magnesium). Again, those of ordinary skill in the art can readily appreciate
that any cell concentration may be used. For example, the target cell may be very rare in
the sample and comprise only 0.01% of the sample or the entire sample (i.e., 100%) may
comprise the target cell of interest. Accordingly, any cell number is within the context of
the present invention. In certain embodiments, it may be desirable to significantly
decrease the volume in which particles and cells are mixed together (i.e., increase the
concentration of cells), to ensure maximum contact of cells and particles. For example,
in one embodiment, a concentration of about 2 billion cells/ml is used. In another

embodiment, greater than 100 million cells/ml is used. In a further embodiment, a
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concentration of cells of 10, 15, 20, 25, 30, 35, 40, 45, or 50 million cells/ml is used. In
yet another embodiment, a concentration of cells from 75, 80, 85, 90, 95, or 100 million
cells/ml is used. In further embodiments, concentrations of 125 or 150 million cells/ml
can be used. Using high concentrations can result in increased cell yield, cell activation,
and cell expansion. Further, use of high cell concentrations allows more efficient capture
of cells that may weakly express target antigens of interest, such as CD28-negative T
cells. Such populations of cells may have therapeutic value and would be desirable to

obtain in certain embodiments.

In one embodiment of the present invention, the mixture may be cultured for several hours
(about 3 hours) to about 14 days or any hourly integer value in between. In another
embodiment, the mixture may be cultured for 21 days. In one embodiment of the
invention the beads and the T cells are cultured together for about eight days. In another
embodiment, the beads and T cells are cultured together for 2-3 days. Several cycles of
stimulation may also be desired such that culture time of T cells can be 60 days or more.
Conditions appropriate for T cell culture include an appropriate media (e.g., Minimal
Essential Media or RPMI Media 1640 or, X-vivo 15, (Lonza)) that may contain factors
necessary for proliferation and viability, including serum (e.g., fetal bovine or human
serum), interleukin-2 (IL-2), insulin, IFN-y, IL-4, IL-7, GM-CSF, IL- 10, IL-12, IL- 15,
TGFp, and TNF-a or any other additives for the growth of cells known to the skilled
artisan. Other additives for the growth of cells include, but are not limited to, surfactant,
plasmanate, and reducing agents such as N-acetyl-cysteine and 2-mercaptoethanol. Media
can include RPMI 1640, AIM-V, DMEM, MEM, a-MEM, F- 12, X-Vivo 15, and X-Vivo
20, Optimizer, with added amino acids, sodium pyruvate, and vitamins, either serum-free
or supplemented with an appropriate amount of serum (or plasma) or a defined set of
hormones, and/or an amount of cytokine(s) sufficient for the growth and expansion of T
cells. Antibiotics, e.g., penicillin and streptomycin, are included only in experimental
cultures, not in cultures of cells that are to be infused into a subject. The target cells are
maintained under conditions necessary to support growth, for example, an appropriate

temperature (e.g., 37° C) and atmosphere (e.g., air plus 5% CO2).



CA 03076547 2020-03-19

WO 2019/056106 PCT/CA2018/051174

10

15

20

25

143

T cells that have been exposed to varied stimulation times may exhibit different
characteristics. For example, typical blood or apheresed peripheral blood mononuclear
cell products have a helper T cell population (Th, CD4") that is greater than the cytotoxic
or suppressor T cell population (Tc, CD8"). Ex vivo expansion of T cells by stimulating
CD3 and CD28 receptors produces a population of T cells that prior to about days 8-9
consists predominately of Th cells, while after about days 8-9, the population of T cells
comprises an increasingly greater population of Tc cells. Accordingly, depending on the
purpose of treatment, infusing a subject with a T cell population comprising
predominately of Th cells may be advantageous. Similarly, if an antigen- specific subset
of Tc cells has been isolated it may be beneficial to expand this subset to a greater degree.
Further, in addition to CD4 and CDS8 markers, other phenotypic markers vary
significantly, but in large part, reproducibly during the course of the cell expansion
process. Thus, such reproducibility enables the ability to tailor an activated T cell product

for specific purposes.

In one embodiment of the invention, the T cells may be cultured in the presence of
rapamycin in order to obtain regulatory T cells, as described for example in
WO2007110785 incorporated herein by reference. Another method to generate regulatory
T cells is described in US2016024470 incorporated herein by reference, where T cells are
cultured with a T cell receptor (TCR)/CD3 activator such as for example TCR/CD3
antibodies, a TCR co-stimulator activator such as for example CD28, CD137 (4-1 BB),
GITR, B7-1/2, CD5, ICOS, 0X40, CD40 or CD137 antibodies, and rapamycin.

In one embodiment of the invention, the T cells genetically modified by expression of the
CAR may also have been genetically modified by expression of at least one intracellular
factor such as ROR-C, Foxol, T-bet, or Gata 3, c-Maf, AhR. In one embodiment, the

genetically modified immune cell of the invention expresses Foxol.

In one embodiment, the genetically modified cells of the present invention can be an
allogeneic immune cell, such as, for example, an allogenic T or Treg cell. For example,

the allogeneic immune cell can be an immune cell lacking expression of a functional
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human leukocyte antigen (HLA), e.g., HLA class I and/or HLA class II, or lacking

expression of a functional T cell receptor (TCR).

In one embodiment, a T cell lacking a functional TCR can be engineered such that it does
not express any functional TCR on its surface, engineered such that it does not express
one or more subunits that comprise a functional TCR or engineered such that it produces
very little functional TCR on its surface. Alternatively, the T cell can express a
substantially impaired TCR, e.g., by expression of mutated or truncated forms of one or
more of the subunits of the TCR. The term "substantially impaired TCR" means that this

TCR will not elicit an adverse immune reaction in a host.

In another embodiment, the genetically modified cells described herein can be engineered
such that it does not express a functional HLA on its surface. For example, an immune
cell described herein, can be engineered such that cell surface expression HLA, e.g., HLA

class 1 and/or HLA class II or non-classical HLA molecules is downregulated.

In another embodiment, the T cell can lack a functional TCR and a functional HLA such

as HLA class I and/or HLA class II.

Modified immune cells (such as, for example, modified T or Treg cells) that lack
expression of a functional TCR and/HLA can be obtained by any suitable means,
including a knock out or knock down of one or more subunit of TCR and/or HLA. For
example, the immune cell can include a knock down of TCR and/or HLA using siRNA,
shRNA, clustered regularly interspaced short palindromic repeats (CRISPR)
transcription-activator like effector nuclease (TALEN), zinc finger endonuclease (ZFN),
meganuclease (mn, also known as homing endonuclease), or megaTAL (combining a
TAL effector with a mn cleavage domain) (Osborn et al, “Evaluation of TCR Gene
Editing Achieved by TALENs, CRISPR/Cas9, and megaTAL Nucleases™ Mol Ther. 2016
Mar;24(3):570-81).

In one embodiment, TCR expression and/or HLA expression can be inhibited using
siRNA or shRNA that targets a nucleic acid encoding a TCR and/or HLA in a T cell.
Expression of siRNA and shRNAs in T cells can be achieved using any conventional

expression system, e.g., such as a lentiviral expression system. Exemplary siRNA and
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shRNA that downregulate expression of HLA class I and/or HLA class II genes are
described, e.g., in US2007/0036773. Exemplary shRNAs that downregulate expression
of components of the TCR are described, e.g., in US2012/0321667.

"CRISPR" or "CRISPR to TCR and/or HLA" or "CRISPR to inhibit TCR and/or HLA"
as used herein refers to a set of clustered regularly interspaced short palindromic repeats,
or a system comprising such a set of repeats. "Cas", as used herein, refers to a CRISPR-
associated protein. A "CRISPR/Cas" system refers to a system derived from CRISPR and

Cas which can be used to silence or mutate a TCR and/or HLA gene.

Naturally-occurring CRISPR/Cas systems are found in approximately 40% of sequenced
eubacteria genomes and 90% of sequenced archaea. Grissa et al. (2007) BMC
Bioinformatics 8: 172. This system is a type of prokaryotic immune system that confers
resistance to foreign genetic elements such as plasmids and phages and provides a form
of acquired immunity. Barrangou et al. (2007) Science 315: 1709-1712; Marragini et al.
(2008) Science 322: 1843-1845. The CRISPR/Cas system has been modified for use in
gene editing (silencing, enhancing or changing specific genes) in eukaryotes such as mice
or primates. Wiedenheft et al. (2012) Nature 482: 331-8. This is accomplished by
introducing into the eukaryotic cell a plasmid containing a specifically designed CRISPR
and one or more appropriate Cas. The CRISPR sequence, sometimes called a CRISPR
locus, comprises alternating repeats and spacers. In a naturally-occurring CRISPR, the
spacers usually comprise sequences foreign to the bacterium such as a plasmid or phage
sequence; in the TCR and/or HLA CRISPR/Cas system, the spacers are derived from the
TCR or HLA gene sequence. RNA from the CRISPR locus is constitutively expressed
and processed by Cas proteins into small RNAs. These comprise a spacer flanked by a
repeat sequence. The RNAs guide other Cas proteins to silence exogenous genetic
elements at the RNA or DNA level. Horvath et al. (2010) Science 327: 167-170;
Makarova et al. (2006) Biology Direct 1: 7. The spacers thus serve as templates for RNA
molecules, analogously to siRNAs. Pennisi (2013) Science 341: 833-836. The
CRISPR/Cas system can thus be used to edit a TCR and/or HLA gene (adding or deleting
a base pair), or introducing a premature stop which thus decreases expression of a TCR

and/or HLA. The CRISPR/Cas system can alternatively be used like RNA interference,



CA 03076547 2020-03-19

WO 2019/056106 PCT/CA2018/051174

10

15

20

25

30

146

turing off HLA gene in a reversible fashion. In a mammalian cell, for example, the RNA
can guide the Cas protein to a TCR and/or HLA promoter, sterically blocking RNA

polymerases.

Artificial CRISPR/Cas systems can be generated which inhibit TCR and/or HLA, using
technology known in the art, e.g., that described in US20140068797, and Cong (2013)
Science 339: 819-823. Other artificial CRISPR/Cas systems that are known in the art may
also be generated which inhibit TCR and/or HLA, e.g., that described in Tsai (2014)
Nature Biotechnol., 32:6 569-576, US8,871,445; 8,865,406; 8,795,965, 8,771,945; and
8,697.359.

"TALEN" or "TALEN to TCR and/or HLA" or "TALEN to inhibit TCR and/or HLA"
refers to a transcription activator-like effector nuclease, an artificial nuclease which can
be used to edit the TCR and/or HLA. TALENSs are produced artificially by fusing a TAL
effector DNA binding domain to a DNA cleavage domain. Transcription activator-like
effectors (TALEs) can be engineered to bind any desired DNA sequence, including a
portion of the TCR and/or HLA gene. By combining an engineered TALE with a DNA
cleavage domain, a restriction enzyme can be produced which is specific to any desired
DNA sequence, including a TCR and/or HLA sequence. These can then be introduced
into a cell, wherein they can be used for genome editing. Boch (2011) Nature Biotech.
29: 135-6; and Boch et al. (2009) Science 326: 1509-12; Moscou et al. (2009) Science
326: 3501.

TALEs are proteins secreted by Xanthomonas bacteria. The DNA binding domain
contains a repeated, highly conserved 33-34 amino acid sequence, with the exception of
the 12" and 13™ amino acids. These two positions are highly variable, showing a strong
correlation with specific nucleotide recognition. They can thus be engineered to bind to a
desired DNA sequence. To produce a TALEN, a TALE protein is fused to a nuclease (N),
which is a wild-type or mutated Fokl endonuclease. Several mutations to Fokl have been
made for its use in TALENS; these, for example, improve cleavage specificity or activity.
Cermak et al. (2011) Nucl. Acids Res. 39: e82; Miller et al. (2011) Nature Biotech. 29:
143-8; Hockemeyer et al. (2011) Nature Biotech. 29: 731-734; Wood et al. (2011) Science
333: 307, Doyon et al. (2010) Nature Methods 8: 74-79; Szczepek et al. (2007) Nature
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Biotech. 25: 786-793; and Guo et al. (2010) /. Mol. Biol. 200: 96. The Fokl domain
functions as a dimer, requiring two constructs with unique DNA binding domains for sites
in the target genome with proper orientation and spacing. Both the number of amino acid
residues between the TALE DNA binding domain and the Fokl cleavage domain and the
number of bases between the two individual TALEN binding sites appear to be important
parameters for achieving high levels of activity. Miller et al. (2011) Nature Biotech. 29:
143-8. A TCR and/or HLA TALEN can be used inside a cell to produce a double-
stranded break (DSB). A mutation can be introduced at the break site if the repair
mechanisms improperly repair the break via non-homologous end joining. For example,
improper repair may introduce a frame shift mutation. Alternatively, foreign DNA can be
introduced into the cell along with the TALEN; depending on the sequences of the foreign
DNA and chromosomal sequence, this process can be used to correct a defect in the TCR
and/or HLA gene or introduce such a defect into a wt TCR and/or HLA gene, thus
decreasing expression of TCR and/or HLA. TALENS specific to sequences in TCR and/or
HLA can be constructed using any method known in the art, including various schemes
using modular components. Zhang et al. (2011) Nature Biotech. 29: 149-53; Geibler et
al. (2011) PLoS ONE 6: el9509.

"ZFN" or "Zinc Finger Nuclease" or "ZFN to TCR and/or HLA" or "ZFN to inhibit TCR
and/or HLA" refer to a zinc finger nuclease, an artificial nuclease which can be used to
edit the TCR and/or HLA gene. Like a TALEN, a ZFN comprises a Fokl nuclease domain
(or derivative thereof) fused to a DNA-binding domain. In the case of a ZFN, the DNA-
binding domain comprises one or more zinc fingers. Carroll et al. (2011) Genetics Society
of America 188: 773-782; and Kim et al. (1996) Proc. Natl. Acad. Sci. USA 93: 1156-
1160. A zinc finger is a small protein structural motif stabilized by one or more zinc ions.
A zinc finger can comprise, for example, Cysz2Hisz, and can recognize an approximately
3-bp sequence. Various zinc fingers of known specificity can be combined to produce
multi-finger polypeptides which recognize about 6, 9, 12, 15 or 18-bp sequences. Various
selection and modular assembly techniques are available to generate zinc fingers (and
combinations thereof) recognizing specific sequences, including phage display, yeast one

-hybrid systems, bacterial one -hybrid and two-hybrid systems, and mammalian cells.
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Like a TALEN, a ZFN must dimerize to cleave DNA. Thus, a pair of ZFNs are required
to target non-palindromic DNA sites. The two individual ZFNs must bind opposite
strands of the DN A with their nucleases properly spaced apart. Bitinaite et al. (1998) Proc.
Natl. Acad. Sci. USA 95: 10570-5. Also like a TALEN, a ZFN can create a double-
stranded break in the DNA, which can create a frame-shift mutation if improperly
repaired, leading to a decrease in the expression and amount of TCR and/or HLA in a
cell. ZFNs can also be used with homologous recombination to mutate in the TCR and/or
HLA gene. ZFNs specific to sequences in TCR and/or HLA can be constructed using any
method known in the art. See, e.g., Provasi (2011) Nature Med. 18: 807-815; Torikai
(2013) Blood 122: 1341-1349; Cathomen et al. (2008) Mol. Ther. 16: 1200-7; Quo et al.
(2010) /. Mol. Biol. 400: 96; US2011/0158957; and US2012/0060230.

"Meganuclease" or "meganuclease to TCR and/or HLA" or "meganuclease to inhibit TCR
and/or HLA" refers to a monomeric endonuclease with large (>14 base pairs) recognition
sites, which can be used to edit the TCR and/or HLA gene. Meganucleases (mn) are
monomeric proteins with innate nuclease activity that are derived from bacterial homing
endonucleases and engineered for a unique target site. Homing endonucleases are DNA-
cleaving enzymes that can generate double strand breaks at individual loci in their host
genomes, and thereby drive site-specific gene conversion events. (Stoddard, Structure.
2011 Jan 12;19(1):7-15). Despite their small size, homing endonucleases recognize long
DNA sequences (typically 20 to 30 base pairs). Homing endonucleases are extremely
widespread and are found in microbes, as well as in phages and viruses. The
LAGLIDADG and His-Cys box enzymes (which are the most sequence-specific of these
enzymes) rely upon antiparallel B-sheets that dock into the major grooves of their DNA
target sites (Flick et al., 1998; Jurica et al., 1998). There they establish a collection of
sequence-specific and non-specific contacts that are distributed nonuniformly across

multiple consecutive basepairs (Chevalier et al., 2003; Scalley-Kim et al., 2007).

The LAGLIDADG homing endonuclease (LHE) family is the primary source of the
engineered enzymes used for gene targeting applications. The LHE family is primarily
encoded within archaea and in the chloroplast and mitochondrial genomes of algae and

fungi (Chevalier et al., 2005; Dalgaard et al., 1997, Sethuraman et al., 2009).
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Meganucleases that possess a single conserved LAGLIDADG motif (SEQ ID NO: 85)
per protein chain form homodimeric proteins that cleave palindromic and nearly
palindromic DNA target sequences, while those that contain two such motifs per protein
chain form larger, pseudo-symmetric monomers that can target completely asymmetric

DNA sequences.

Meganucleases can be engineered to target TCR and/or HLA and thus create a double-
stranded break in the DNA, which can create a frame-shift mutation if improperly
repaired, leading to a decrease in the expression and amount of TCR and/or HLA in a

cell.

"MegaTAL" or "megaTAL to TCR and/or HLA" or " megaTAL to inhibit TCR and/or
HLA" refers to an artificial nuclease, which can be used to edit the TCR and/or HLA
gene. MegaTALs are hybrid monomeric nucleases obtained through the fusion of
minimal TAL (transcription activator-like) effector domains to the N-terminus of
meganucleases derived from the LAGLIDADG homing endonuclease family (Nucleic
Acids Res. 2014 Feb;42(4):2591-601; Takeuchi et al, Methods Mol Biol. 2015;1239:105-
32. doi: 10.1007/978-1-4939-1862-1 6). MegaTALs thus consist of a site-specific
meganuclease cleavage head with additional affinity and specificity provided by a TAL
effector DNA binding domain. MegaTALs can be engineered to target TCR and/or HLA
and thus create a double-stranded break in the DNA, which can create a frame-shift
mutation if improperly repaired, leading to a decrease in the expression and amount of
HLA in a cell. A variant of the I-Onul meganuclease (mn) was used to design a TCRao-
megaTAL to knockout the T-cell receptor alpha (TCRa) gene. The TCRa mn was fused
to a 10.5 repeat TALE array designed to bind a DNA sequence upstream of the TCRo mn
binding site. It was found that the megaTAL targeting TCRa achieved extremely high
gene disruption with no detectable off-target cleavage in human primary T-cells

(Boissel et al, Nucleic Acids Res. 2014 Feb;42(4):2591-601).

While not wishing to be bound by any particular theory, in some embodiments, a
therapeutic T cell has short term persistence in a patient, due to shortened telomeres in
the T cell; accordingly, transfection with a telomerase gene can lengthen the telomeres of

the T cell and improve persistence of the T cell in the patient. See Carl June, "Adoptive
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T cell therapy for cancer in the clinic", Journal of Clinical Investigation, 117: 1466-1476
(2007). Thus, in an embodiment, the genetically modified immune cell of the invention
ectopically expresses a telomerase subunit, e.g., the catalytic subunit of telomerase, e.g.,
TERT, e.g., hTERT. In some aspects, this disclosure provides a method of producing a
CAR-expressing immune cell, comprising contacting an immune cell with a nucleic acid
encoding a telomerase subunit, e.g., the catalytic subunit of telomerase, e.g., TERT, e.g.,
hTERT. The cell may be contacted with the nucleic acid before, simultaneous with, or

after being contacted with a construct encoding a CAR.

Another object of the invention is a composition comprising, consisting or consisting

essentially of at least one immune cell or population of the invention.

In one embodiment, said composition comprises, consist or consists essentially of at least

one isolated and/or substantially purified immune cell population of the invention.
In one embodiment, said composition has been frozen and thawed.

Another object of the invention is a pharmaceutical composition comprising, consisting
or consisting essentially of at least one immune cell or population as described

hereinabove and at least one pharmaceutically acceptable excipient.

Another object of the invention is a medicament comprising, consisting or consisting

essentially of at least one immune cell population as described hereinabove.

In one embodiment, the pharmaceutical composition or medicament comprises an

isolated and/or substantially purified immune cell population of the invention.

As used herein, the term “consisting essentially of”, with reference to a pharmaceutical
composition or medicament, means that the at least one immune cell or population of the
invention is the only one therapeutic agent or agent with a biologic activity within said

pharmaceutical composition or medicament.

Such compositions and medicaments may comprise buffers such as neutral buffered
saline, phosphate buffered saline and the like; carbohydrates such as glucose, mannose,

sucrose or dextrans, mannitol; proteins; polypeptides or amino acids such as glycine;
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antioxidants; chelating agents such as EDTA or glutathione; adjuvants (e.g., aluminum

hydroxide); and preservatives.

The administration of the compositions may be carried out in any convenient manner,
including by aerosol inhalation, injection, ingestion, transfusion, implantation or
transplantation. The compositions described herein may be administered to a patient trans
arterially, subcutaneously, intradermally, intratumorally, intranodally, intramedullary,
intramuscularly, by intravenous (i.v.) injection, or intraperitoneally. In one aspect, the
immune cell compositions of the present invention are administered to a patient by

intradermal or subcutaneous injection.

In one embodiment, the at least one immune cell or population of the present invention

are administered by 1.v. injection.

The compositions of the present invention are thus, in one embodiment, formulated for

intravenous administration.

In one embodiment, the engineered immune cell of the invention may be used as a means
to recruit said immune cell to sites of specific immune or inflammatory response, and to
activate the immune cell to suppress the immunological activity of immune effector cells
at these sites. The CAR-mediated recruitment and activation of immune cells may thus
provide a method of preventing or treating a number of immunological diseases or

disorders for which such immune suppression activity is beneficial.

In one embodiment, the immune cell is a regulatory immune cell as described
hereinabove, preferably selected from the group comprising a regulatory T cell, a CD4"
regulatory T cell, a CD8" regulatory T cell, aregulatory vo T cell, a regulatory DN T cell,
aregulatory B cell, a regulatory NK cell, a regulatory macrophage, a regulatory dendritic

cell, and any combination thereof.

In one embodiment, the immune cell is a regulatory T cell. Although activation of
regulatory T cells is antigen-dependent, the suppressive action of these cells is antigen-,
TCR-, and MHC-independent. Accordingly, expression of CARs in regulatory T cells

redirects these cells and their activation to the appropriate target tissue so that they are
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activated in an antigen-specific manner; however, their suppressive effects take place
without a need for further recognition of disease-associated-antigens. Therefore, as long
as the regulatory T cells are in the correct vicinity of where immune effector cells are
located and mediating their undesired effects, the redirected regulatory T cells can be

triggered or activated at that location to provide their suppressive effects.

In one embodiment, the target HLA-A2 antigen may be present or expressed at a site or
target tissue of an undesirable immune or inflammatory response mediated by immune

effector cells.

In one embodiment, the CAR-engineered immune cells of the invention may be used in
the treatment of one or more diseases, disorders, symptoms, or conditions associated with
organ or tissue transplant (e.g., organ or tissue rejection/dysfunction, GVHD, and/or
conditions associated therewith). Transplant rejection involves the destruction of the
donor’s transplanted tissue by the recipient’s immune cells through an immune response.
An immune response is also involved in GVHD; however, in this case, the recipient’s
tissues are destroyed by the donor’s immune cells transferred to the recipient via the
transplant. Accordingly, CAR-mediated redirection and activation of immune cells
provide a method of suppressing rejection of mismatched cells and/or tissues by immune
effector cells in transplant recipients or inhibiting the pathogenic action of transplanted
immunocompetent cells in the case of GVHD. In one embodiment, the mismatched cells

and/or tissues comprise HLA-A2 mismatched cells and/or tissues.

Another object of the present invention is thus a method for treating one or more diseases,
disorders, symptoms, or conditions associated with organ or tissue transplant (e.g., organ
or tissue rejection/dysfunction, GVHD, and/or conditions associated therewith) in a
subject, wherein said method comprises administering to the subject a CAR-engineered

immune cell or a composition as described herein.

In one embodiment, the method is a cell therapy method. In one embodiment, the cell
therapy is autologous. In one embodiment, the cell therapy is heterologous. In one
embodiment, the cell therapy is allogenic. In one embodiment, the method is a gene

therapy method.
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Another object of the present invention is thus a CAR-engineered immune cell or a
composition as described herein for use in treating one or more diseases, disorders,
symptoms, or conditions associated with organ or tissue transplant (e.g., organ or tissue

rejection/dysfunction, GVHD, and/or conditions associated therewith) in a subject.

The CAR-modified immune cells of the invention may further be used to promote
immune tolerance, operational tolerance, and/or immune accommodation in a subject, in

particular following organ or tissue transplantation.

Another object of the present invention is thus a method of promoting immune tolerance,
operational tolerance, and/or immune accommodation in a subject, the method
comprising administering to the subject a CAR-engineered immune cell, or a
pharmaceutical composition as described herein. In one embodiment, the method may be
for promoting immune tolerance, operational tolerance, and/or immune accommodation

to a transplanted organ or tissue in a subject.

In one embodiment, the CAR-engineered immune cell (preferably the CAR-engineered
Treg cell) of the invention is administered at the same time as, before, or after the

transplantation of the organ or tissue.

In one embodiment, the CAR-engineered immune cells (preferably the C AR-engineered
Treg cells) of the present invention may be used to prevent or treat rejection of a
transplanted organ or tissue. Examples of rejection of a transplanted organ or tissue
include, but are not limited to, hyperacute rejection of a transplanted organ or tissue, and

antibody-mediated rejection of a transplanted organ or tissue.

In one embodiment, the method of the invention comprises administering CAR-
engineered immune cells (preferably the CAR-engineered Treg cells) of the present

invention to a subject exposed to a transplanted organ or tissue.

In one embodiment, the transplanted organ or tissue may encompass a bone marrow
transplant, an organ transplant, a blood transfusion or any other foreign tissue or cell that

is purposefully introduced into a subject.
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In one embodiment, the CAR-engineered immune cells (preferably the C AR-engineered
Treg cells) of the present invention may be used as a therapy to inhibit graft rejection
following transplantation, including, without limitation, allograft rejection or xenograft

rejection.

Another object of the invention is a method of preventing or treating organ or tissue
transplant rejection in a subject, the method comprising administering to the subject
CAR-engineered immune cells (preferably the CAR-engineered Treg cells) of the

invention, or a pharmaceutical composition comprising said immune cells.

Another object of the present invention is thus a C AR-engineered immune cell (preferably
the CAR-engineered Treg cells) of the invention, or a pharmaceutical composition
comprising said immune cells, for use in preventing or treating organ or tissue transplant

rejection in a subject.

Another object of the invention is a method of increasing the time period of graft survival
in a subject, the method comprising administering to the subject CAR-engineered
immune cells (preferably the CAR-engineered Treg cells) of the present invention, or a

pharmaceutical composition comprising the same.

In one embodiment, the method provides a time period of graft survival of 1 week, 2
weeks, 3 weeks, 1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 7 months,
8 months, 9 months, 10 months, 11 months, 1 year, 2 years, 3 years, 4 years, 5 years, 6
years, 7 years, 8 years, 9 years, 10 years, 20 years, 30 years, 40 years, 50 years, 60 years,

70 years, 80 years, 90 years, 100 years, or the lifetime of the subject.

In one embodiment, the subject is not undergoing any immunosuppressant agent

therapies.

In one embodiment, the administration of an immune cell or composition of the invention
allows reducing the amount of an immunosuppressant agent therapy received by the

subject.

In one embodiment, the graft is an allograft. In one embodiment, the transplant may be

exposed to the CAR-engineered immune cells (preferably the CAR-engineered Treg
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cells) of the present invention at the same time as, before, or after the transplantation of
the transplant into the recipient. In one embodiment, the organ or tissue transplant may
be a heart, heart valve, lung, kidney, liver, pancreas, intestine, skin, blood vessels, bone
marrow, stem cells, bone, or, islet cells. However, the invention is not limited to a specific

type of transplantation.

In one embodiment, the donor transplant may be “preconditioned” or “pretreated” by
treating the organ or tissue transplant prior to transplantation into the recipient with the
CAR-engineered immune cells of the invention in order to reduce the immunogenicity of

the transplant against the recipient, thereby reducing or preventing graft rejection.

In one embodiment, the transplant host or recipient is HLA-A2 negative. In one
embodiment, the transplant host or recipient is HLA-A2 negative and is positive for an
HLA-A subtype selected from the group consisting of HLA-A03, HLA-A11, HLA-A23,
HLA-A25, HLA-A26, HLA-A29, HLA-A30, HLA-A31, HLA-A33, and HLA-A34. In
one embodiment, the transplant host or recipient is HLA-A2 negative and is positive for
an HL A-A subtype selected from the group consisting of HLA-A25, HLA-A29 and HLA-
A30.

In one embodiment, the transplant is HLA-A2 positive.

In one embodiment, the CAR-engineered immune cells (preferably the C AR-engineered
Treg cells) of the present invention may be used to prevent or treat graft versus host
disease (GVHD). In one embodiment, the method comprises administering CAR-
engineered immune cells (preferably the CAR-engineered Treg cells) of the present
invention to a subject exposed to a transplanted organ or tissue. In one embodiment, the
transplanted organ or tissue may encompass a bone marrow transplant, an organ
transplant, a blood transfusion, or any other foreign tissue or cell that is purposefully
introduced into a subject. For example, GVHD may occur after heart, heart valve, lung,
kidney, liver, pancreas, intestine, skin, blood vessel, bone marrow, stem cell, bone or islet
cell transplantation. However, the invention is not limited to a specific type of

transplantation.

In one embodiment, the GVHD may occur after hematopoietic stem cell transplantation.
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Another object of the invention is thus a method of preventing or treating graft versus
host disease (GVHD) in a subject, the method comprising administering to the subject
CAR-engineered immune cells (preferably the CAR-engineered Treg cells) or a

pharmaceutical composition as described herein.

In one embodiment, the invention provides a method of contacting a donor transplant, for
example, a biocompatible lattice or a donor tissue, organ or cell, with CAR-engineered
immune cells (preferably the CAR-engineered Treg cells) of the present invention at the

same time as, before, or after the transplantation of the transplant into a recipient.

In one embodiment, the CAR-engineered immune cells (preferably the C AR-engineered
Treg cells) of the present invention may be used to ameliorate, inhibit or reduce an
adverse response by the donor transplant against the recipient, thereby preventing or

treating GVHD.

Another object of the present invention is thus a method of preventing or delaying onset
of GVHD in a subject, the method comprising administering to the subject CAR-
engineered immune cells (preferably the CAR-engineered Treg cells) or a pharmaceutical

composition as described herein.

In one embodiment, the onset of GVHD is delayed for 1 week, 2 weeks, 3 weeks, 1 month,
2 months, 3 months, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10
months, 11 months, 1 year, 2 years, 3 years, 4 years, 5 years, 6 years, 7 years, 8§ years, 9
years, 10 years, 20 years, 30 years, 40 years, 50 years, 60 years, 70 years, 80 years, 90

years, 100 years, or the lifetime of the subject.

In one embodiment, the subject is not undergoing any immunosuppressant agent

therapies.

In one embodiment, the subject is undergoing an immunosuppressant therapy. In one
embodiment, the immune cells of the invention are administered to the subject with the

aim to decrease the therapeutically effective amount of said immunosuppressant therapy.

In one embodiment, GVHD may be acute GVHD or chronic GVHD.



CA 03076547 2020-03-19

WO 2019/056106 PCT/CA2018/051174

10

15

20

25

30

157

In one embodiment, the donor transplant may be “preconditioned” or “pretreated” by
treating the transplant prior to transplantation into the recipient with CAR-engineered
immune cells (preferably the CAR-engineered Treg cells) of the invention in order to
reduce the immunogenicity of the transplant against the recipient, thereby reducing or
preventing GVHD. In one embodiment, the transplant may be contacted with cells or a
tissue from the recipient prior to transplantation in order to activate T cells that may be
associated with the transplant. Following the treatment of the transplant with cells or a
tissue from the recipient, the cells or tissue may be removed from the transplant. The
treated transplant may be then further contacted with CAR-engineered immune cells
(preferably the CAR-engineered Treg cells) of the present invention to reduce, inhibit or
eliminate the activity of the immune effector cells that were activated by the treatment of
the cells or tissue from the recipient. Following this treatment of the transplant with CAR-
engineered immune cells (preferably the CAR-engineered Treg cells) of the present
invention, the CAR-modified immune cells may be removed from the transplant prior to
transplantation into the recipient. However, some CAR-engineered immune cells (e.g.,
the CAR-engineered Treg cells) may adhere to the transplant, and therefore, may be
introduced to the recipient with the transplant. In this situation, the CAR-engineered
immune cells (e.g., the CAR-engineered Treg cells) introduced into the recipient may
suppress an immune response against the recipient caused by a cell associated with the

transplant.

In one embodiment, the transplant host or recipient is HLA-A2 negative. In one
embodiment, the transplant host or recipient is HLA-A2 negative and is positive for an
HLA-A subtype selected from the group consisting of HLA-A03, HLA-A11, HLA-A23,
HLA-A25, HLA-A26, HLA-A29, HLA-A30, HLA-A31, HLA-A33, and HLA-A34. In
one embodiment, the transplant host or recipient is HLA-A2 negative and is positive for
an HL A-A subtype selected from the group consisting of HLA-A25, HLA-A29 and HLA-
A30.

In one embodiment, the transplant is HLA-A2 positive.

Another object of the invention is a method of expanding a population of immune cells

in a subject wherein the immune cells are modified to express a chimeric antigen receptor
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(CAR) according to the invention, the method comprising administering to the subject an
engineered immune cell as described anywhere herein, wherein the administered

engineered immune cell produces a population of progeny immune cells in the subject.

In one embodiment, the immune cell is aregulatory immune cell, preferably selected from
the group comprising regulatory T cells, CD4" regulatory T cells, CD8" regulatory T
cells, regulatory yo T cells, regulatory DN T cells, regulatory B cells, regulatory NK cells,
regulatory macrophages, regulatory dendritic cells, and any combination thereof, and

more preferably regulatory T cells.

In one embodiment, the CAR-engineered Treg cells of the present invention are able to
replicate in vivo, thereby resulting in long-term persistence that can lead to sustained

suppression of an immune response of a targeted cell and immune tolerance.

Another object of the present invention is thus a method of generating a persisting
population of regulatory T cells in a subject wherein the regulatory T cells are modified
to express a chimeric antigen receptor (CAR) of the invention, the method comprising
administering to the subject a regulatory T cell as described anywhere herein, wherein the
persisting population of modified regulatory T cells persists in the subject for at least 1
day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 11 days, 12
days, 13 days, 14 days, 15 days, 16 days, 17 days, 18 days, 19 days, 20 days, 30 days, 40
days, 50 days, 60 days, 70 days, 80 days, 90 days, 100 days, 200 days, 300 days, 400
days, 500 days, 600 days, 700 days, 800 days, 900 days, or 1000 days after administration.

In one embodiment, the CAR-Treg cells of the invention may be capable of self-renewing
and being re-activated in vivo to suppress an immune response of a targeted cell. In one
embodiment, the CAR-Treg cells may be memory CAR-Treg cells that can be re-

activated to suppress an immune response of a targeted cell.

The immune cells may be obtained from any source. For example, in one embodiment,
immune cells may be obtained from the tissue donor, the transplant recipient or an
otherwise unrelated source (a different individual or species altogether) for generation of
CAR-modified immune cells of the present invention. Accordingly, CAR-modified

immune cells of the present invention may be autologous, allogeneic or xenogeneic to the
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transplant recipient or an otherwise unrelated source. In one embodiment, the CAR-Treg
cells of the present invention may be autologous, allogeneic or xenogeneic to the
transplant recipient. In one embodiment, the CAR-Treg cells of the present invention may

be autologous to the transplant recipient.

In one embodiment, the subject may be a mammal. In one embodiment, the subject may

be a human.

In one embodiment, it may be desirable to administer activated T cells to a subject and
then subsequently redraw blood (or have an apheresis performed), activate T cells
therefrom according to the present invention, and reinfuse the subject with these activated
and expanded T cells. This process can be carried out multiple times every few weeks. In
certain embodiments, T cells can be activated from blood draws of from 10 cc to 400 cc.
In certain embodiments, T cells are activated from blood draws of 20 cc, 30 cc, 40 cc, 50
cc, 60 cc, 70 cc, 80 cc, 90 cc, or 100 cc. Not to be bound by theory, using this multiple
blood draw/multiple reinfusion protocol may serve to select out certain populations of T

cells.

The CAR-engineered immune cells of the present invention may be administered either
alone or as a pharmaceutical composition in combination with diluents and/or with other

components, including, without limitation, IL-2 or other cytokines or cell populations.

In one embodiment, the pharmaceutical compositions of the present invention may
comprise a CAR-engineered immune cell or cell population as described anywhere
herein, in combination with one or more pharmaceutically or physiologically acceptable
carriers, diluents or excipients. Such compositions may comprise buffers such as neutral
buffered saline, phosphate buffered saline and the like; carbohydrates such as glucose,
mannose, sucrose or dextrans, mannitol; proteins; polypeptides or amino acids such as
glycine; antioxidants; chelating agents such as EDTA or glutathione; adjuvants (e.g.,

aluminum hydroxide); and preservatives.

The pharmaceutical compositions of the present invention may be administered to a
subject in any suitable manner, including by aerosol inhalation, injection, ingestion,

transfusion, implantation or transplantation. The pharmaceutical compositions described
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anywhere herein may be administered to a subject by parenteral administration. The
pharmaceutical compositions described anywhere herein may be administered to a subject
subcutaneously,  intradermally, intratumorally, intranodally, intramedullary,
intramuscularly, intrasternally, by intravenous (i.v.) injection, by infusion techniques or
intraperitoneally. In one embodiment, the CAR-modified immune cell compositions of
the present invention may be administered to a subject by intradermal or subcutaneous
injection. In another embodiment, the CAR-modified immune cell compositions of the
present invention may be administered by i.v. injection. In one embodiment, the
compositions of CAR-modified immune cells may be injected directly into a lymph node,

site of infection, site of inflammation or site of tissue or organ rejection.

Pharmaceutical compositions of the present invention may be administered in a manner
appropriate to the disease to be prevented or treated. The quantity and frequency of
administration will be determined by such factors as the condition of the subject, and the
type and severity of the subject's disease, although appropriate dosages may be

determined by clinical trials.

When an “effective amount™ or “therapeutic amount” is indicated, the precise amount of
the compositions of the present invention to be administered may be determined with
consideration of individual differences in age, weight, antibody titer, and condition of the
subject. It can generally be stated that a pharmaceutical composition comprising the
CAR-engineered immune cells as described anywhere herein may be administered at a
dosage of 1 x 10* to 1 x 10 cells/kg body weight or 1 x 10° to 100 x 10° cells/kg body
weight, including all integer values within those ranges. CAR-engineered immune cell
compositions may also be administered multiple times at these dosages. The CAR-
engineered immune cells can be administered by using infusion techniques that are
commonly known in immunotherapy. The optimal dosage and treatment regimen for a
particular subject can readily be determined by monitoring the subject for signs of disease

and adjusting the treatment accordingly.

In one embodiment, the at least one CAR-engineered immune cell of the invention is

administered to the subject in need thereof in combination with another active agent.
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According to one embodiment, the at least one immune cell population is administered

before, at the same time or after the administration of another active agent.

In one embodiment, the CAR-engineered immune cells of the present invention may be
administered to a subject in conjunction with (e.g., before, simultaneously or following)
any number of relevant treatment modalities, including but not limited to treatment with
agents such as antiviral therapy, chemotherapy, radiation, immunosuppressive agents,

antibodies, immunoablative agents, cytokines, and irradiation.

In one embodiment, the CAR-engineered immune cells of the present invention may be
administered in conjunction with an immunosuppressant agent. Any immunosuppressant

agent known in the art may be used.

Examples of immunosuppressant agents include, but are not limited to, calcineurin
inhibitors such as cyclosporine, tacrolimus, azathioprine, methotrexate, methoxsalen,
rapamycin, mycophenolate mofetil, mycophenolic acid, mycophenolate sodium, 6-
mercaptopurine, 6-thioguanine, rituximab, mTOR inhibitors such as sirolimus,
everolimus, basiliximab, daclizumab, belatacept, alemtuzumab, muromonab-CD3, anti-
thymocyte globulin, glucorticosteroids, or adrenocortical steroids such as prednisone and

prednisolone, or any combination thereof.

The CAR-engineered immune cells of the present invention may be administered to the

subject before, after, or concomitant with the immunosuppressant agent.

The CAR-engineered immune cells of the present invention and/or the
immunosuppressant agent may be administered to the subject after transplantation.
Alternatively, or in addition, the CAR-engineered immune cells of the present invention
and/or the immunosuppressant agent may be administered to the subject before
transplantation. The CAR-engineered immune cells of the present invention and/or the

immunosuppressant agent may be administered to the subject during transplantation

surgery.
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In one embodiment, the method of the invention of administering CAR-engineered
immune cells to the subject is carried out once immunosuppressive therapy has been

initiated.

In some embodiments, the method is carried out more than once, e.g., to monitor the
transplant recipient over time, and, if applicable, in different immunosuppressive therapy

regimes.

In some embodiments, immunosuppressive therapy is reduced if the transplant recipient
is predicted to be tolerant of the transplant. In some embodiments, no immunosuppressive
therapy is prescribed, e.g., immunosuppressive therapy is ceased, if the transplant

recipient is predicted to be tolerant of the transplant.

The present invention thus further relates to a kit of part comprising, in a first part, an
immune cell or an immune cell population of the present invention, and in a second part,
another active agent, including without limitations, antiviral therapy, chemotherapy,
radiation, immunosuppressive agents, antibodies, immunoablative agents, cytokines, and
irradiation. Preferably, the kit of part of the present invention comprises in a first part, an
immune cell or an immune cell population of the present invention, and in a second part,

one or more immunosuppressive agents.

In one embodiment, the kit of parts comprises one or more reagents (e.g., a nucleic acid
or expression vector encoding an anti-HLA-A antibody or CAR of the present disclosure)

for making the cells of the present invention.

Examples of immunosuppressive agents that may be present in the kit of the invention
include, but are not limited to, calcineurin inhibitors such as cyclosporine, tacrolimus,
azathioprine, methotrexate, methoxsalen, rapamycin, mycophenolate mofetil,
my cophenolic acid, mycophenolate sodium, 6-mercaptopurine, 6-thioguanine, rituximab,
mTOR inhibitors such as sirolimus, everolimus, basiliximab, daclizumab, belatacept,
alemtuzumab, muromonab-CD3, anti-thymocyte globulin, glucorticosteroids, or

adrenocortical steroids such as prednisone and prednisolone, or any combination thereof.
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Another object of the invention is a method of preventing or treating organ or tissue
transplant rejection in a subject, the method comprising administering to the subject (i) at
least one immunosuppressive agent and (ii) CAR-engineered immune cells (preferably
the CAR-engineered Treg cells) of the invention, or a pharmaceutical composition

comprising said immune cells.

Another object of the present invention is thus a combination of a CAR-engineered
immune cell (preferably the CAR-engineered Treg cells) of the invention, or a
pharmaceutical composition comprising said immune cells, and of at least one
immunosuppressive agent, for use in preventing or treating organ or tissue transplant

rejection in a subject.

Another object of the invention is a method of increasing the time period of graft survival
in a subject, the method comprising administering to the subject at least one
immunosuppressive agent and CAR-engineered immune cells (preferably the CAR-
engineered Treg cells) of the present invention, or a pharmaceutical composition

comprising the same.

In one embodiment, a combination of at least one immunosuppressive agent with CAR-
engineered immune cells (preferably the CAR-engineered Treg cells) of the present

invention is used to prevent or treat graft versus host disease (GVHD).
In one embodiment, the GVHD may occur after hematopoietic stem cell transplantation.

Another object of the invention is thus a method of preventing or treating graft versus
host disease (GVHD) in a subject, the method comprising administering to the subject at
least one immunosuppressive agent and CAR-engineered immune cells (preferably the

CAR-engineered Treg cells) or a pharmaceutical composition as described herein.

In one embodiment, the invention provides a method of contacting a donor transplant, for
example, a biocompatible lattice or a donor tissue, organ or cell, with at least one
immunosuppressive agent and CAR-engineered immune cells (preferably the CAR-
engineered Treg cells) of the present invention at the same time as, before, or after the

transplantation of the transplant into a recipient.
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In one embodiment, the combination of at least one immunosuppressive agent with CAR-
engineered immune cells (preferably the CAR-engineered Treg cells) of the present
invention may be used to ameliorate, inhibit or reduce an adverse response by the donor

transplant against the recipient, thereby preventing or treating GVHD.

Another object of the present invention is thus a method of preventing or delaying onset
of GVHD in a subject, the method comprising administering to the subject at least one
immunosuppressive agent and CAR-engineered immune cells (preferably the CAR-

engineered Treg cells) or a pharmaceutical composition as described herein.

In one embodiment, the CAR-engineered immune cells of the invention and the at least

one immunosuppressive agent are administered simultaneously or sequentially.

In one embodiment, the CAR-engineered immune cells of the present invention, and
optionally the at least one other active agent, preferably immunosuppressive agent, is
administered in conjunction with (e.g., before, simultaneously or following) the

transplant.

The CAR-engineered immune cells of the present invention may be administered
following a diagnosis of transplant organ or tissue rejection followed by doses of both the
CAR-engineered immune cells of the invention and an immunosuppressant agent until

symptoms of organ or tissue rejection subside.

In a further embodiment, the CAR-engineered immune cell compositions of the present
invention may be administered to a subject in conjunction with (e.g., before,

simultaneously or following) bone marrow transplantation.

In another embodiment, the CAR-engineered immune cells of the present invention may
be administered following B-cell ablative therapy such as agents that react with CD20,
e.g, Rituximab. For example, in one embodiment, subjects may undergo standard
treatment with high dose chemotherapy followed by peripheral blood stem cell
transplantation. In certain embodiments, following the transplant, subjects may receive

an infusion of the expanded CAR-engineered immune cells of the present invention. In
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an additional embodiment, expanded CAR-engineered immune cells may be administered

before or following surgery.

In one embodiment, the subject (e.g., human) receives an initial administration of the at
least one immune cell or population of the invention, and one or more subsequent
administrations, wherein the one or more subsequent administrations are administered
less than 15 days, e.g., 14, 13,12, 11, 10, 9, 8, 7, 6, 5, 4, 3, or 2 days after the previous

administration.

In one embodiment, a therapeutically effective amount of immune cells of the invention

is administered or is to be administered to the subject.

In one embodiment, the amount of immune cells of the at least one immune cell
population of the invention administered to the subject is at least of 102, 103, 10%, 10°,

10, 107, 108 or 10° cells.

In one embodiment, the amount of immune cells of the invention administered to the
subject ranges from about 10? to about 10°, from about 10° to about 10%, from about 10*

to about 107, or from about 10° to about 10° cells.

In another embodiment, the amount of immune cells of the invention administrated to the
subject ranges from about 10° to about 10°, from about 10° to 107, from about 10° to 108,
from about 107 to 10°, from about 107 to 108, from about 10% to 10°. In another
embodiment the amount of immune cells of the invention administrated to the subject is

about 10°, about 107, about 103, or is about 10°.

In one embodiment, the amount of immune cells of the at least one immune cell
population of the invention administered to the subject is at least of 102, 103, 104, 103,

109, 107, 108 or 107 cells/kg body.

In one embodiment, the amount of immune cells of the invention administered to the
subject ranges from about 10* to 10° cells/kg body weight or 10° to 103 cells/kg body

weight, including all integer values within those ranges.



CA 03076547 2020-03-19

WO 2019/056106 PCT/CA2018/051174

10

15

20

25

166

In one embodiment, more than one administration of the at least one immune cell or
population of the invention are administered to the subject (e.g., human) per week, e.g.,
2, 3, or 4 administrations of the genetically modified immune cell or population of the

invention are administered per week.

Another object of the present invention is an article of manufacture containing materials

useful for the prevention and/or treatment of transplant rejection or GVHD.

The article of manufacture may comprise a container and a label or package insert on or
associated with the container. Suitable containers include, for example, bottles, vials,
syringes, etc. The containers may be formed from a variety of materials such as glass or
plastic. The container holds a composition which is effective for preventing and/or
treating the immunological condition, such as transplant rejection or GVHD, and may
have a sterile access port (for example the container may be an intravenous solution bag
or avial having a stopper pierceable by a hypodermic injection needle). Atleast one active
agent in the composition is a CAR-engineered immune cell of the present invention,

preferably a CAR-engineered Treg.

The label or package insert may indicate that the composition is used for preventing or

treating transplant rejection or GVHD.

The article of manufacture, label or package insert may further comprise instructional
material for administering the CAR-engineered immune cell composition to the patient.
Additionally, the article of manufacture may further comprise a second container
comprising a pharmaceutically acceptable buffer, such as, for example, bacteriostatic
water for injection (BWFI), phosphate-buffered saline, Ringer's solution and dextrose
solution. It may further include other materials desirable from a commercial and user

standpoint, including other buffers, diluents, filters, needles, and syringes.

Kits are also provided that are useful for various purposes (e.g., for preventing or treating
transplant rejection or GVHD). Kits can be provided which contain the CAR-engineered
immune cells. As with the article of manufacture, the kit may comprise a container and a
label or package insert on or associated with the container. The container holds a

composition comprising at least one CAR-engineered immune cell, preferably a CAR-
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engineered Treg of the present invention. Additional containers may be included that
contain, e.g., diluents and buffers. The label or package insert may provide a description

of the composition as well as instructions for the intended use.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a combination of graphs showing the cross-reactivity of the anti-HLA-A2
CAR construct of the invention with common HLA-A and HLA-B allelic variants. GFP*
Treg cells expressing the CAR construct of the invention (or a murine anti-HLA-A2 CAR
construct) were incubated with Flow Panel Reactive Single Antigen beads and a fixable
viability dye for 30 minutes at room temperature. Samples were then washed, fixed and
analyzed via flow cytometry. Data were analyzed as described in the methods. Datain A
and B show percent binding relative to control Treg cells expressing only GFP,
normalized for the number of HL A negative beads collected by the cytometer. Data points
above the line represent values that were more than two standard deviations from the
mean of the bead-only control and thus statistically significant (p < 0.05). Data are the

average of two independent experiments. Mean = SEM.
EXAMPLES

The present invention is further illustrated by the following examples.

Example 1:

Materials and Methods

Generation of humanized HI.A-A2-specific scFvs. The sequence for HLA-A2 specific
scFv was derived from the sequence disclosed in the patent application US2013/0078243
Al. Codon optimized gene-sequences coding for the humanized scFv were synthetized
by GeneArt, Life Technologies (Regensburg) as “Strings™, using the codon optimization
algorithm provided by the supplier. ScFv’s were flanked N-terminally by a Kozak
sequence, and a CD8-Signal sequence. The constructs were further flanked by BamHI
and Mfel restriction sites which allowed in frame cloning to the CD8-hinge region of a
self-inactivating, lentiviral CAR-expression plasmid. The PGK-promoter driven CAR-

expression plasmid contained the human CD8 hinge and CDS8 transmembrane domain,
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which is followed by an intracellular human 41BB costimulatory domain fused to a
human CD3(. Following the CAR-sequence an EGFP reporter protein was connected in

frame via a self-cleavable 2 A-site for detection of gene transfer in cells.

Generation of HLA-A2-CARs. Viral vectors were generated by polyethylenimine based
transient transfection in HEK 293T cells using 3" generation packaging plasmids (Trono

lab, EPFL (Fcole polytechnique fédérale de Lausanne)).

Jurkat NFAT. Jurkat-Lucia NFAT-reporter cell lines were cultivated in RPMI (Gibco,
Life technologies) supplemented with 10% Fetal calf serum. Cells were transduced using
incubation at different concentrations of viral vectors to achieve 30-50% of transduction
to avoid multiple vector integrations. Expression and display of correctly folded CARs
was demonstrated by binding to an APC-conjugated HLA-A2-multimer (Dextramer,
WB2666, Immudex; Copenhagen, Denmark). Activation via the CAR was achieved by
coincubation of HLA-A2-specific CARs with HLA-A2 positive or HLA-A2 negative cell
lines. NFAT-activation dependent Luciferase secretion in the Medium was analyzed on a

luminometer (Glowmax, Promega) using the QUANTI-Luc substrate (Invivogen).

Treg sorting, transduction, and expansion. CD4" T cells were isolated from HLA-A2"
donors via RosetteSep (Stemcell) and enriched for CD25" cells (Miltenyi) prior to sorting
live CD4"CD127"°CD25M Tregs using a FACSAria II (BD Biosciences). Sorted Tregs
were stimulated with L cells and aCD3 mAb (OKT3; 200ng/mL) in 1000U/ml of TL-2.
One day later, cells were transduced with lentivirus at a multiplicity of infection of 10
virus particles:1 cell. At day 7, cells were re-stimulated with L cells as above and
expanded for 5 days. To test effects of HLA-A2-mediated stimulation, Tregs were
cultured overnight with limiting IL-2 (100U/mL) and subsequently re-stimulated with
irradiated anti-CD3/anti-CD28 loaded K562.64 cells or K562.64 HLA-A2 cells, at a 1:2
(K562:T cell) ratio for 24 hours.

Flow cytometry. For phenotypic analysis, cells were stained with fixable viability dye
(FVD, 65-0865-14, eBioscience; 423102, Biolegend) and for surface markers before
fix/perm with FOXP3/Transcription Factor Staining Buffer Set (eBioscience) and
staining for intracellular proteins. Samples were read on a Cytoflex (Beckman-Coulter)

and results analyzed using FlowJo Software version 9.9.4 and 10.3 (Tree Star). Surface
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staining was performed for CD3 (564465, BD Biosciences), CD4 (317410, Biolegend),
CD25 (130-091-024, Miltenyi), LAP (25-9829-42, eBioscience), CD69 (310946,
Biolegend), CD154 (555702, BD Biosciences), and CD127 (48-1278-42, eBiosciences).
Tetramer staining was performed with HLA-A*02:01 monomers made into tetramers
with streptavidin-allophycocyanin (PJ27S, Prozyme). Intracellular staining was

performed for CTLA-4 (369606, Biolegend).

HLA allele cross reactivity assay. 0.25% 10° Tregs expressing a CAR according to the
present invention, or a CAR comprising the VH and VL of the BB7.2 antibody (mA2
CAR), were incubated with FlowPRA® Single Antigen Antibody beads panel
(FL1HDO1, FL1HDO02, FL1HDO03, FLIHD04, FL1IHDO06 and FL1HDOS, One Lambda)
and fixable viability dye (FVD, ThermoFisher, 65-0865-14, eBioscience) for 30 minutes
at room temperature. Samples were washed, fixed with 0.5% formaldehyde and analyzed
via flow cytometry. Two hundred negative control beads were acquired per sample. Beads
alone were used as a negative control. For analysis, dead cells were first eliminated using
the fixable viability dye. Single antigen beads were then gated after exclusion of dead
cells and doublets. Then, the number of beads per HLA antigen was determined by their
respective PE intensity peak. Data were normalized by multiplying the number of beads
of interest in each HLA-peak by 200, divided by the number of negative beads in the
sample. For each HLA-peak the percent relative binding of CAR Tregs compared to
control (non-CAR-expressing cells) was determined by subtracting the number of beads
in the CAR-Treg from the number of beads in the control sample then dividing the

average number of beads in the non-CAR-expressing control, times 100.

Results:
Construction of humanized HI.A-A2-specific CARs

1 humanized heavy chain and 3 different humanized light chains were generated, and a
total of 3 different chimeric antigen receptors were generated by combining the

humanized heavy and light chains.
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Expression and correct folding of the CAR were verified using Jurkat NFAT-reporter cell

lines.

Cross reactivity of HLA-A2-CAR constructs on other class I HLA alleles

There are many different alleles of HLA that have evolved over time from a smaller
number of ancestor alleles. Consequently, there are allele families that may differ by only
a few amino acids and a single anti-HL A antibody may recognize multiple alleles within
an evolutionarily-related family. The mouse monoclonal antibody (BB7.2) is known to
have cross reactivity to additional HLA-A alleles (Hilton & Parham, 2013). Specifically,
when tested in a solid-phase assay, BB7.2 was found to recognize five subtypes of HLA-
A2 (*02:01,*02:02, *02:03, *02:05, *02:06) and to be cross reactive with HLA-A*69:01,
and when tested at high concentrations, also with HLA-A*23:01, A*24:02, A*24:03,
A*68:01, and A*68:02 (Hilton & Parham, 2013). To assess the cross reactivity of
humanized anti-HLA-A2 antibodies of the invention and compare to an antibody
comprising the VH and VL of the BB7.2 antibody, we adapted the ONE Lambda solid
phase assay, which is designed for measuring anti-HL A-antibodies in serum, to measure
HLA-coated bead binding to the humanized CARs of interest. GFP" Tregs expressing the
indicated humanized CARs were incubated with Flow Panel Reactive Single Antigen
beads, with binding to a single class of beads quantified as the loss of signal in the bead
gate in the forward/side scatter plot. The data were normalized to the number of negative
control beads in the sample, and the amount of relative binding to hC AR-expressing Tregs
was calculated in relation to the amount of binding by GFP+-control Tregs by the number
of negative beads in the GFP specimen multiplied by the number of negative beads in the

GFP specimen.

Results are shown on Figure 1 for the construct comprising a scFv having the sequence
SEQ ID NO: 72). This HLA-A2-CAR construct significantly bound HLA-A*02:01
(Figure 1A). Surprisingly, for the CAR construct of the invention, we did not observe
any statistically significant binding to any HLA-A or B alleles tested other than A*02:01.
(Figure 1A-B).
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CLAIMS

A humanized anti-HLA-A2 antibody having less reactivity to an HLA-A subtype
selected from the group comprising A03, Al1, A23, A25, A26, A29, A30, A31,
A33, A34 and any combination thereof as compared to the antibody BB7.2 or to an
antibody comprising the VH and VL of the BB7.2 antibody, wherein

- the variable region of the heavy chain comprises at least one of the following
CDRs:

VH-CDR1: SYHIQ (SEQ ID NO: 1) or GYTFTSY (SEQ ID NO: 4)

VH-CDR2: WIYPGDGSTQYNEKFKG (SEQ ID NO: 2) or YPGDGS (SEQ
ID NO: 5)

VH-CDR3: EGTYYAMDY (SEQ ID NO: 3)

or any CDR having an amino acid sequence that shares at least 60% identity

with SEQ ID NO: 1-5, and/or

- the variable region of the light chain comprises at least one of the following
CDRs:

VL-CDR1: RSSQSIVHSNGNTYLE (SEQ ID NO: 6)
VL-CDR2: KVSNRFS (SEQ ID NO: 7)
VL-CDR3: FQGSHVPRT (SEQ ID NO: 8)

or any CDR having an amino acid sequence that shares at least 60% identity

with SEQ ID NO: 6-8.

The humanized anti-HLA-A2 antibody according to claim 1, wherein the variable
region of the heavy chain comprises at least one of the CDRs defined in claim 1,
and wherein the variable region of the light chain comprises at least one of the

CDRs defined in claim 1.
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The humanized anti-HLA-A2 antibody according to claim 1, wherein

- the variable region of the heavy chain comprises the following CDRs: SYHIQ
(SEQ ID NO: 1), WIYPGDGSTQYNEKFKG (SEQ ID NO: 2) and
EGTYYAMDY (SEQ ID NO: 3); or GYTFTSY (SEQ ID NO: 4), YPGDGS
(SEQ ID NO: 5) and EGTYYAMDY (SEQ ID NO: 3) or any CDRs having
an amino acid sequence that shares at least 60% identity with said SEQ ID

NO: 1-5, and

- the variable region of the light chain comprises the following CDRs:
RSSQSIVHSNGNTYLE (SEQ ID NO: 6), KVSNRFS (SEQ ID NO: 7) and
FQGSHVPRT (SEQ ID NO: 8) or any CDRs having an amino acid sequence
that shares at least 60% identity with said SEQ ID NO: 6-8.

The humanized anti-HLA-A2 antibody according to claim 1, wherein the amino
acid sequence of the heavy chain variable region is SEQ ID NO: 9, or any amino

acid sequence that shares at least 60% identity with said SEQ ID NO: 9.

The humanized anti-HLA-A2 antibody according to claim 1, wherein the amino
acid sequence of the light chain variable region is SEQ ID NO: 10, or any amino
acid sequence that shares at least 60% identity with said SEQ ID NO: 10, wherein
XiisVorl,XzisTorS, XzsisLorSorA, XsisSorT,XsisPorS, Xesis TorS,
X7isLorP, XsisEorD, XoisPorR, Xois Aor V, Xiris Sor T, X12is L or Q,
XizisSorA, XuisVorl, XaisisKor T, Xisis VorL, Xi17i1s Aor P, Xigis L or F
and X190 1s G or A.

The humanized anti-HLA-A2 antibody according to claim 1, wherein the amino
acid sequence of the light chain variable region is selected from the group
comprising SEQ ID NO: 11, SEQ ID NO: 12 and SEQ ID NO: 13 or any amino
acid sequence that shares at least 60% identity with said SEQ ID NO: 11-13.

The humanized anti-HLA-A2 antibody according to claim 1, wherein the amino
acid sequence of the heavy chain variable region is SEQ ID NO: 9 or any amino

acid sequence that shares at least 60% identity with said SEQ ID NO: 9, and wherein
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the amino acid sequence of the light chain variable region is SEQ ID NO: 10
wherein Xi1is Vorl, XoisTor S, XsisLorSor A XsisSorT, Xsis P or S, Xs
isTorS, X7isLorP, XsisEorD, XoisPorR, Xiwois AorV, Xi1is S or T, Xi2
isLorQ,XiisSorA XuisVorl XisisKorT, Xisis VorL, X17is Aor P,
Xisis L or F and X191s G or A, preferably wherein the amino acid sequence of the
light chain variable region is selected from the group comprising SEQ ID NO: 11,
SEQ ID NO: 12 and SEQ ID NO: 13 or any amino acid sequence that shares at least
60% identity with said SEQ ID NO: 10-13.

The humanized anti-HLA-A2 antibody according to claim 1, wherein said antibody
is a whole antibody, a single chain antibody, a dimeric single chain antibody, a Fv,
ascFv, a Fab, aF(ab)"2, a defucosylated antibody, a bi-specific antibody, a diabody,
a triabody, a tetrabody, an antibody fragment selected from the group consisting of
a unibody, a domain antibody, and a nanobody or an antibody mimetic selected
from the group consisting of an affibody, an alphabody, an armadillo repeat protein
based scaffold, a knottin, a kunitz domain peptide, an affilin, an affitin, an adnectin,
an atrimer, an evasin, a DARPin, an anticalin, an avimer, a fynomer, a versabody

or a duocalin.

The humanized anti-HLA-A2 antibody according to claim 1, wherein said antibody

is a scFv, preferably a scFv having the sequence SEQ ID NO: 70-72 or 74-76.
A chimeric antigen receptor (CAR) comprising:

- an extracellular domain comprising the humanized anti-HLA-A2 antibody

according to claim 1,
- atransmembrane domain, and
- acytoplasmic domain comprising an intracellular signaling domain.

A nucleic acid sequence encoding the CAR according to claim 10.
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An immune cell comprising the CAR according to claim 10 or the nucleic acid
sequence according to claim 11, wherein said immune cell is preferably a regulatory

T cell.

A composition comprising immune cells according to claim 12, wherein preferably
said composition is a pharmaceutical composition and further comprises a

pharmaceutically acceptable excipient.

A method for inducing immune tolerance in a subject in need thereof, wherein said
method comprises administering an immune cell according to claim 12 to the
subject, wherein preferably said tolerance is tolerance to a transplanted organ or

tissue.

A method for treating organ or tissue transplant rejection or graft versus host disease
(GVHD) in a subject in need thereof, wherein said method comprises administering

an immune cell according to claim 12 to the subject.

The method according to claim 14 or 15, further comprising administering at least

one immunosuppressive agent to the subject.

An immune cell according to claim 12 for inducing immune tolerance in a subject

in need thereof.

An immune cell according to claim 12 for treating organ or tissue transplant

rejection or graft versus host disease (GVHD) in a subject in need thereof.

The immune cell for use according to claim 16 or 17, wherein the subject is further

receiving an immunosuppressive agent.

A combination of an immune cell according to claim 12 with at least one
immunosuppressive agent for inducing immune tolerance in a subject in need
thereof, or for treating organ or tissue transplant rejection or graft versus host

disease (GVHD) in a subject in need thereof.
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21. A kit of part comprising, in a first part, an immune cell according to claim 12 and

in a second part at least one immunosuppressive agent.
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