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TARGETING CYTOTOXIC CELLS WITH CHIMERIC RECEPTORS FOR
ADOPTIVE IMMUNOTHERAPY

RELATED APPLICATIONS

This application claims priority to PCT Application No. PCT/CN2014/086694, filed
September 17, 2014, and PCT Application No. PCT/CN2014/090578, filed November 7, 2014.

The entire contents of each of these applications are incorporated herein by reference.

BACKGROUND OF THE INVENTION

With the use of gene transter technologies, T cells can be genetically modified to stably
express antibody binding domains on their surface that endow the T cells with specificities that
are 1ndependent of the constraints imposed by the major histocompatibility complex (MHC).
Chimeric antigen receptors (CARSs) represent synthetic proteins expressed on T-cells (CART
cells) that fuse an antigen recognition fragment of an antibody (e.g., an scFv, or single-chain
variable region fragment) with an intracellular domain of the CD3-zeta chain. Upon interaction
with a target cell expressing the scFv’s cognate antigen, CARs expressed on T cell cells can
trigger T-cell activation leading to target cell killing (also referred to as target cell lysis). When
combined with additional costimulatory signals such as the intracellular domain of CD137 or
CD28, these receptors are also capable of generating proliferation. However, some of this
proliferation appears to be antigen-independent, unlike normal T cell receptor (TCR) responses
(Milone et al., 2009, Mol Ther 17(8):1453-64). Artificial receptors do not fully reproduce the
intracellular signal transduction produced by natural TCR binding to antigenic peptide
complexed with MHC molecules (Brocker, 2000, Blood 96(5):1999-2001). The signaling defects
may limit the long-term survival of CART cells upon adoptive transfer in the absence of high
levels of cytokines like IL-2 (Lo et al., 2010, Clin Cancer Res 16(10):2769-80). They also have
altered regulation that might be beneficial in some anti-cancer applications (Loskog et al., 2006,
Leukemia 20(10):1819-28), but these regulatory defects also lead to potential challenges to
controlling their “off-target™ activity against normal tissues that also express antigen, even at

extremely low levels. These “off-target” etfects are a serious limitation to CAR-based
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therapeutics, and have resulted 1n probable deaths during early Phase 1 evaluation of CAR-
modified T cells (Morgan et al., 2010, Mol Ther 18(4):843-51).

Thus, there 1s a need in the art for alternative approaches for constructing CARs that
overcome the limitations to current CAR-based therapeutics. The present invention addresses

this unmet need 1n the art.

SUMMARY

In a first aspect, the invention features a purified, or non-naturally occurring, natural
killer cell immune function receptor- chimeric antigen receptor (NKR-CAR) polypeptide
comprising one, two or all of an extra-cellular antigen binding domain, a transmembrane domain,
e.g., an NKR transmembrane domain, and a cytoplasmic domain, e€.g., an NKR cytoplasmic
domain. In one embodiment, the NKR-CAR polypeptide comprises an extracellular antigen
binding domain, and one or both of: a transmembrane domain, e€.g., a NKR transmembrane
domain; or a cytoplasmic domain, e.g2., a NKR cytoplasmic domain. In one embodiment, said
NKR-CAR polypeptide comprises an extra-cellular antigen binding domain; a transmembrane
domain and an NKR cytoplasmic domain. In one embodiment, the NKR-CAR polypeptide
comprises an extracellular antigen binding domain, a NKR transmembrane domain and a
cytoplasmic domain. In one embodiment, the NKR-CAR polypeptide comprises an extracellular
antigen binding domain, a NKR transmembrane domain and a cytoplasmic domain.

In one embodiment, said NKR-CAR polypeptide comprises a KIR-CAR, e.g., an actKIR-
CAR or inhKIR-CAR, a NCR-CAR, e.g., an actNCR-CAR, a SLAMF-CAR, e.g., an
iINnhSLAMEF-CAR, a FcR-CAR, e.g., CD16-CAR, e.g., an actCD16-CAR, or CD64-CAR, e.g., an
actCD64-CAR, or a Ly49-CAR, e.g., an actLy49-CAR or inhLy49-CAR.

In one embodiment, the NKR-CAR polypeptide comprises a killer cell immunoglobulin-
like receptor chimeric antigen receptor (KIR-CAR), wherein the KIR-CAR comprises one or
both of a transmembrane domain from a KIR (a KIR transmembrane domain) or a cytoplasmic
domain comprising a functional signaling domain from a KIR (a KIR cytoplasmic domain). In

one embodiment, the KIR transmembrane domain comprises a transmembrane domain of a

protein selected from the group consisting of: KIR2DS2, KIR2DL3, KIR2DL1, KIR2DL2,
KIR2DL4, KIR2DLS5A, KIR2DL3B, KIR2DS1, KIR2DS3, KIR2DS4, KIR2DSS5, KIR3DL1,
KIR3DS1, KIR3DL?2, KIR3DL3, KIR2DPI1 and KIR3DP1. In one embodiment, the KIR
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cytoplasmic domain comprises a functional signaling domain of a protein selected from the

group consisting of: KIR2ZDS2, KIR2DL3, KIR2DL1, KIR2DL2, KIR2DL4, KIR2DL3A,
KIR2DLS5B, KIR2DS1, KIR2DS3, KIR2DS4, KIR2DS5, KIR3DL1, KIR3DS1, KIR3DL2,
KIR3DL3, KIR2DP1 and KIR3DPI1. In one embodiment, the KIR-CAR further comprises one
or more of a KIR D0 domain, a KIR D1 domain, and/or a KIR D2 domain.

In one embodiment, the NKR CAR polypeptide comprises a natural cytotoxicity receptor
chimeric antigen receptor (NCR-CAR), wherein the NCR-CAR comprises one or both of a
transmembrane domain from a NCR (a NCR transmembrane domain) or a cytoplasmic domain
comprising a functional signaling domain from a NCR (a NCR cytoplasmic domain). In one
embodiment, the NCR transmembrane domain comprises a transmembrane domain of a protein
selected from the group consisting of: NKp46, NKp30, and NKp44. In one embodiment,
wherein the NCR cytoplasmic domain comprises a functional signaling domain of a protein
selected from the group consisting of: NKp46, NKp30, and NKp44.

In one embodiment, the NKR CAR polypeptide comprises a signaling lymphocyte
activation molecule family chimeric antigen receptor (SLAMF-CAR), wherein the SLAMF-CAR
comprises one or both of a transmembrane domain from a SLAMF (a SLAMF transmembrane
domain) or a cytoplasmic domain comprising a functional signaling domain from a SLAMF (a
SLAMEF cytoplasmic domain). In one embodiment, the SLAMF transmembrane domain
comprises a transmembrane domain of a protein selected from the group consisting of: SLAM,
CD48, CD229, 2B4, CD84, NTB-A, CRACC, BLAME, and CD2F-10. In one embodiment, the
SLAMEF cytoplasmic domain comprises a functional signaling domain of a protein selected from
the group consisting of: SLAM, CD48, CD229, 2B4, CD84, NTB-A, CRACC, BLAME, and
CD2F-10.

In one embodiment, the NKR CAR polypeptide comprises a Fc receptor chimeric antigen
receptor (FCR-CAR), wherein the FCR-CAR comprises one or both of a transmembrane domain
from a FcR selected from CD16 or CD64, or a cytoplasmic domain comprising a functional
signaling domain from a FcR selected from CD16 or CD64.

In one embodiment, the NKR CAR polypeptide comprises a Ly49 receptor chimeric
antigen receptor (Ly49-CAR), wherein the Ly49-CAR comprises one or both of a
transmembrane domain from Ly49 (a Ly49 transmembrane domain) or a cytoplasmic domain

comprising a functional signaling domain from Ly49 (a Ly49 cytoplasmic domain). In one
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embodiment, the Ly4Y transmembrane domain comprises a transmembrane domain of a protein
selected from the group consisting of: Ly49A, Ly49C, Ly49H, and Ly49D. In one embodiment,
the Ly49 cytoplasmic domain comprises a functional signaling domain of a protein selected from
the group consisting of: Ly49A, Ly49C, Ly49H, and Ly49D.

In one embodiment, the transmembrane domain of the NKR-CAR polypeptide 1s a NKR
transmembrane domain, wherein the NKR transmembrane domain comprises a transmembrane
domain of a protein selected from the group consisting of KIR2DS2, KIR2DL3, NKp46, a KIR,
a NCR, a SLAMF, a FcR, and a Ly49. In one embodiment, the transmembrane domain
comprises: 1) the amino acid sequence of SEQ ID NOs: 357, 358, or 359; 11) an amino acid
sequence comprising at least one, two, or three modifications but not more than 5 modifications
of the amino acid sequence of SEQ ID NOs: 357, 338, or 359; or 111) an amino acid sequence
with 95-99% sequence identity to SEQ ID NOs: 357, 358, or 359.

In one embodiment, the encoded transmembrane domain of the NKR-CAR polypeptide 1s
a transmembrane domain €.g., a transmembrane domain of a TCAR as described herein,
comprising the transmembrane domain of a protein selected from the group consisting of TCR
zeta, FcR gamma, FcR beta, CD3 gamma, CD3 delta , CD3 epsilon, CD3J, CD22, CD79a,
CD79b, CD278 (also known as “ICOS”), FceRI, CD66d, DAP10, DAP12, the alpha, beta or zeta
chain of the T-cell receptor, a MHC class I molecule, a TNF receptor protein, an
Immunoglobulin-like protein, a cytokine receptor, an integrin, an activating NK cell receptor,
BTLA, a Toll ligand receptor, CD28, CD3 epsilon, CD45, CD4, CDS5, CD8 (CD8 alpha or CD8
beta), CD9, CD16, CD22, CD33, CD37, CD64, CD30, CD36, CD134, CD137, CD154, OX40,
CD2, CD7, CD27, CD28, CD30, CD40, CDS, ICAM-1, LFA-1 (CD11a/CD18), 4-1BB
(CD137), B7-H3, CDS, ICAM-1, ICOS (CD273), GITR, BAFFR, LIGHT, HVEM (LIGHTR),
KIRDS2, SLAMF7, NKp80 (KLRF1), NKp44, NKp30, NKp46, CD19, CD4, CD3alpha,
CD&8beta, IL2R beta, IL2R gamma, IL7R alpha, ITGA4, VLAI1, CD49a, ITGA4, IA4, CD49D,
ITGA6, VLA-6, CD491, ITGAD, CD11d, ITGAE, CD103, ITGAL, CDl11a, LFA-1, ITGAM,
CD11b, ITGAX, CDll1c, ITGB1, CD29, ITGB2, CD183, LFA-1, ITGB7, NKG2D, NKG2C,
TNFR2, TRANCE/RANKL, DNAMI (CD226), SLAMF4 (CD244, 2B4), CD84, CDY6
(Tactile), CEACAMI1, CRTAM, Ly9 (CD229), CD160 (BYS5), PSGLI1, CD100 (SEMA4D),
CD69Y, SLAMF6 (NTB-A, Lyl108), SLAM (SLAMFI1, CD150, IPO-3), BLAME (SLAMEFS),
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SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, CD19a, and a ligand that
specifically binds with CD83, or any combination thereof.

In one embodiment, the cytoplasmic domain of the NKR-CAR polypeptide 1s a NKR
cytoplasmic domain comprising one or more functional signaling domain of a protein selected
from the group consisting of KIR2DS2, KIR2DL3, NKp46, a KIR, a NCR, a SLAMF, a FcR,
and a Ly49. In one embodiment, the cytoplasmic domain comprises: 1) the amino acid sequence
of SEQ ID NOs: 360, 361, or 362; 1) an amino acid sequence comprising at least one, two, or
three modifications but not more than 20, 10, or 5 modifications of the amino acid sequence of
SEQ ID NOs: 360, 361, or 362; or ii1) an amino acid sequence with 95-99% sequence identity to
SEQ ID NOs: 360, 361.

In one embodiment, the cytoplasmic domain of the NKR-CAR polypeptide comprises an
intracellular signaling domain or adaptor molecule, e.g., DAP12. In one embodiment, the
encoded cytoplasmic domain of the NKR-CAR polypeptide comprises an adaptor molecule, e.g.,

DAPI12 or FceRY. In one embodiment, the cytoplasmic domain comprises: 1) the encoded

adaptor molecule comprises the amino acid sequence of amino acids 1-113 of SEQ ID NO: 333
or amino acids 1-86 of SEQ ID NO: 335; 1) an amino acid sequence having at least one, two or
three modifications but not more than 20, 10, or 5 modifications to amino acids 1-113 of SEQ
ID NQO: 333 or amino acids 1-86 of SEQ ID NO: 335; or i11) an amino acid sequence with 95-
99% 1dentity to amino acids 1-113 of SEQ ID NO: 333 or amino acids 1-86 of SEQ ID NO: 335.
In one embodiment, the NKR-CAR comprises an antigen binding domain described herein, a
CDg8 transmembrane domain, and a cytoplasmic domain comprising DAP12.

In one embodiment, the cytoplasmic domain of the NKR-CAR polypeptide 1s a
cytoplasmic domain e.g., of a TCAR as described herein, comprising one or more functional
signaling domain of a protein selected tfrom the group consisting of TCR zeta, FcR gamma, FcR
beta, CD3 gamma, CD3 delta , CD3 epsilon, CD5, CD22, CD79a, CD79b, CD278 (also known
as “ICOS”), FceRI, CD66d, DAP10, DAP12, the alpha, beta or zeta chain of the T-cell receptor,
a MHC class I molecule, a TNF receptor protein, an Immunoglobulin-like protein, a cytokine

receptor, an integrin, an activating NK cell receptor, BTLA, a Toll ligand receptor, CD2§, CD?3
epsilon, CD45, CD4, CD5, CD8 (CD8 alpha or CDS8 beta), CD9, CD16, CD22, CD33, CD37,

CD64, CDg0, CD36, CD134, CD137, CD154, OX40, CD2, CD7, CD27, CD28, CD30, CDA40,
CDS, ICAM-1, LFA-1 (CD11a/CD18), 4-1BB (CD137), B7-H3, CDS, ICAM-1, ICOS (CD278),
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GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2, SLAMF7, NKp80 (KLRF1), NKp44,
NKp30, NKp4d6, CD19, CD4, CD8alpha, CD8beta, IL2R beta, IL2R gamma, ILL7R alpha,
ITGA4, VLA1, CD49a, ITGA4, 1A4, CD49D, ITGA6, VLA-6, CD491, ITGAD, CD11d,
ITGAE, CDI103, ITGAL, CDl11a, LFA-1, ITGAM, CD11b, ITGAX, CDllc, ITGB1, CD29,
ITGB2, CD18, LFA-1, ITGB7, NKG2D, NKG2C, TNFR2, TRANCE/RANKL, DNAMI
(CD226), SLAMF4 (CD244, 2B4), CD384, CDY6 (Tactile), CEACAMI1, CRTAM, Ly9 (CD229),
CD160 (BY55), PSGLI1, CD100 (SEMA4D), CD69, SLAMFE6 (NTB-A, Lyl108), SLAM
(SLAMF1, CD150, 1IPO-3), BLAME (SLAMES), SELPLG (CD162), LTBR, LAT, GADS, SLP-
76, PAG/Cbp, CD19a, and a ligand that specifically binds with CD83, or any combination
thereof.

In one embodiment, the NKR-CAR polypeptide further comprises a leader sequence or
signal sequence, e.g., comprising the amino acid sequence of SEQ ID NO: 1.

In one embodiment, the NKR-CAR comprises a transmembrane domain and an extra-cellular
antigen binding domain, and further comprising a hinge domain disposed between said
transmembrane domain and said extra-cellular antigen binding domain. In one embodiment, the
hinge domain is selected from the group consisting of a GS hinge, a CDS8 hinge, an I1g(G4 hinge,
an IgD hinge, a KIR2DS2 hinge, a KIR hinge, a NCR hinge, a SLAMF hinge, a CD16 hinge, a
CD64 hinge, and a LY49 hinge. In one embodiment, the hinge domain comprises: 1) the amino
acid sequence of SEQ ID NOs: 3, 2, 3, or 4; 11) an amino acid sequence comprising at least one,
two, or three modifications but not more than 5 modifications of the amino acid sequence of
SEQ ID NOs: 3, 2, 3, or 4; or 1i1) an amino acid sequence with 95-99% identity to the amino acid
sequence of SEQ ID NOs: 5, 2, 3, or 4.

In an embodiment, the transmembrane domain and cytoplasmic domain collectively
comprise: 1) the amino acid sequence of amino acids 413-487 of SEQ ID NO: 333 or amino acids
386-454 of SEQ ID NO: 335, or SEQ ID NO: 371; 1) an amino acid sequence having at least
one, two or three modifications but not more than 30, 20 or 10 modifications to amino acids 413-
487 of SEQ ID NO: 333 or amino acids 386-454 of SEQ ID NO: 335, or SEQ ID NO: 371; or 111)
an amino acid sequence with 95-99% i1dentity to amino acids 413-487 of SEQ ID NO: 333 or
amino acids 386-454 of SEQ ID NO: 335, or SEQ ID NO: 371.

In any of the foregoing embodiments, the NKR-CAR 1is an activating NKR-CAR, and the

extra-cellular antigen binding domain 1s an antigen binding domain described herein, e.g., in
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Table 4. In any of the foregoing embodiments, the extracellular antigen binding domain 1s a non-
murine antigen binding domain that binds to mesothelin. In one embodiment, the extracellular
non-murine antigen binding domain that binds to mesothelin comprises a human or humanized
antigen binding domain that binds to mesothelin. In one embodiment, the human or humanized
antigen binding domain that binds to mesothelin 1s provided in Table 4.

In one embodiment, the human antigen binding domain that binds mesothelin comprises:
a heavy chain complementarity determining region 1 (HC CDR1), a heavy chain complementary
determining region 2 (HC CDRZ2), and a heavy chain complementary determining region 3 (HC
CDR3) of any human anti-mesothelin heavy chain amino acid sequence listed in Table 4; and/or
a light chain complementarity determining region 1 (LC CDR1), a light chain complementary
determining region 2 (LC CDR?2), and a light chain complementary determining region 3 (LC
CDR3) of any human anti-mesothelin light chain amino acid sequence listed in Table 4. In one
embodiment, the human antigen binding domain that binds mesothelin comprises: a heavy chain
variable region comprising: 1) the amino acid sequence of any human anti-mesothelin heavy
chain variable region listed in Table 4; 11) an amino acid sequence having at least at least one,
two or three modifications but not more than 30, 20 or 10 modifications to the amino acid
sequence of any human anti-mesothelin heavy chain variable region listed in Table 4; or 111) an
amino acid sequence with 95-99% identity to the amino acid sequence of any human anti-
mesothelin heavy chain variable region listed in Table 4; and/or a light chain variable region
comprising: 1) the amino acid sequence of any human anti-mesothelin light chain variable region
listed 1n Table 4; 11) an amino acid sequence having at least at least one, two or three
modifications but not more than 30, 20 or 10 modifications to the amino acid sequence of any
human anti-mesothelin light chain variable region listed in Table 4; or 111) an amino acid
sequence with 95-99% identity to the amino acid sequence of any human anti-mesothelin light
chain variable region listed 1in Table 4. In one embodiment, the human antigen binding domain
that binds mesothelin comprises: 1) the amino acid sequence of any of SEQ ID NOs: 230-253 ; 1)
an amino acid sequence having at least one, two or three modifications but not more than 30, 20
or 10 modifications to any of SEQ ID NOs: 230-253; or 111) an amino acid sequence with 935-
99% 1dentity to any of SEQ ID NOs: 230-253. In such embodiments, the NKR-CAR further
comprises, €.2., a transmembrane and cytoplasmic domain collectively comprising, the amino

acid sequence of SEQ ID NO: 371, an amino acid sequence having at least one, two or three
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modifications but not more than 10 or 5 modifications to SEQ ID NO: 371, or an amino acid
sequence having at least 95-99% sequence 1dentity to SEQ ID NO: 371.

In a first aspect, the invention features a purified, or non-naturally occurring, nucleic acid
molecule encoding a natural killer cell immune function receptor- chimeric antigen receptor
(NKR-CAR) polypeptide described herein, e.g., comprising one, two or all of an extra-cellular
antigen binding domain, a transmembrane domain, e.g., an NKR transmembrane domain, and a
cytoplasmic domain, e.g., an NKR cytoplasmic domain. In one embodiment, the nucleic acid
molecule encoding a NKR-CAR comprises an extracellular antigen binding domain, and one or
both of: a transmembrane domain, e.g., a NKR transmembrane domain; or a cytoplasmic
domain, e.g., a NKR cytoplasmic domain. In one embodiment, the nucleic acid molecule
encoding a NKR-CAR comprises an extra-cellular antigen binding domain; a transmembrane
domain and an NKR cytoplasmic domain. In one embodiment, the nucleic acid molecule
encoding a NKR-CAR comprises an extracellular antigen binding domain, a NKR
transmembrane domain and a cytoplasmic domain. In one embodiment, the nucleic acid
molecule encoding a NKR-CAR comprises an extracellular antigen binding domain, a NKR

transmembrane domain and a cytoplasmic domain.

In one embodiment, the nucleic acid molecule encodes a NKR-CAR comprising a KIR-

CAR, e.g., an actKIR-CAR or inhKIR-CAR, a NCR-CAR, e.g., an actNCR-CAR, a SLAMF-
CAR, e.g., an iInhSLAMF-CAR, a FcR-CAR, e.g., CD16-CAR, e.g., an actCD16-CAR, or
CD64-CAR, e.g., an actCD64-CAR, or a Ly49-CAR, e.g., an actLy49-CAR or inhLy49-CAR.
In one embodiment, the encoded KIR-CAR comprises one or both of a transmembrane
domain from a KIR (a KIR transmembrane domain) or a cytoplasmic domain comprising a

functional signaling domain from a KIR (a KIR cytoplasmic domain). In one embodiment, the

KIR transmembrane domain comprises a transmembrane domain of a protein selected from the
group consisting of: KIR2DS2, KIR2DL3, KIR2DL1, KIR2DL2, KIR2DL4, KIR2DL5A,

KIR2DLS3B, KIR2DS1, KIR2DS3, KIR2DS4, KIR2DSS, KIR3DL1, KIR3DS1, KIR3DL2,
KIR3DL3, KIR2DP1 and KIR3DP1. In one embodiment, the KIR cytoplasmic domain

comprises a functional signaling domain of a protein selected from the group consisting of:

KIR2DS2, KIR2DL3, KIR2DL1, KIR2DL?2, KIR2ZDLA4, KIR2DLS5A, KIR2DL3B, KIR2DS1,
KIR2DS3, KIR2DS4, KIR2DS3, KIR3DL1, KIR3DS1, KIR3DL2, KIR3DL3, KIR2DP1 and
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KIR3DPI1. In one embodiment, the KIR-CAR further comprises one or more of a KIR DO
domain, a KIR D1 domain, and/or a KIR D2 domauin.

In one embodiment, the encoded NCR-CAR comprises one or both of a transmembrane
domain from a NCR (a NCR transmembrane domain) or a cytoplasmic domain comprising a
functional signaling domain from a NCR (a NCR cytoplasmic domain). In one embodiment, the
NCR transmembrane domain comprises a transmembrane domain of a protein selected from the
group consisting of: NKp46, NKp30, and NKp44. In one embodiment, wherein the NCR
cytoplasmic domain comprises a functional signaling domain of a protein selected from the
group consisting of: NKp46, NKp30, and NKp44.

In one embodiment, the encoded SLAMF-CAR comprises one or both of a
transmembrane domain from a SLAMEF (a SLAMF transmembrane domain) or a cytoplasmic
domain comprising a functional signaling domain from a SLAMF (a SLAMEF cytoplasmic
domain). In one embodiment, the SLAMEF transmembrane domain comprises a transmembrane
domain of a protein selected from the group consisting of: SLAM, CD48, CD229, 2B4, CDg4,
NTB-A, CRACC, BLAME, and CD2F-10. In one embodiment, the SLAMF cytoplasmic
domain comprises a functional signaling domain of a protein selected from the group consisting
of: SLAM, CD43, CD229, 2B4, CD84, NTB-A, CRACC, BLAME, and CD2F-10.

In one embodiment, the encoded FcR-CAR comprises one or both of a transmembrane
domain from a FcR selected from CD16 or CD64, or a cytoplasmic domain comprising a
functional signaling domain from a FcR selected from CD16 or CD64.

In one embodiment, the encoded Ly49-CAR comprises one or both of a transmembrane
domain from Ly49 (a Ly49 transmembrane domain) or a cytoplasmic domain comprising a
functional signaling domain from Ly49 (a Ly49 cytoplasmic domain). In one embodiment, the

Ly49 transmembrane domain comprises a transmembrane domain of a protein selected from the

group consisting of: Ly49A, Ly49C, Ly49H, and Ly49D. In one embodiment, the Ly49

cytoplasmic domain comprises a functional signaling domain of a protein selected from the
group consisting of: Ly49A, Ly49C, Ly49H, and Ly49D.
In one embodiment, the encoded transmembrane domain of the NKR-CAR 1s a NKR

transmembrane domain, wherein the NKR transmembrane domain comprises a transmembrane
domain of a protein selected from the group consisting of KIR2DS2, KIR2DL3, NKp46, a KIR,
a NCR, a SLAMEF, a FcR, and a Ly49. In one embodiment, the encoded transmembrane domain
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of the NKR-CAR comprises the amino acid sequence of SEQ ID NOs: 357, 358, or 359; an

amino acid sequence comprising at least one, two, or three modifications but not more than 3
modifications of the amino acid sequence of SEQ ID NOs: 357, 358, or 359; or an amino acid
sequence with 95-99% sequence 1dentity to SEQ ID NOs: 357, 358, or 359. In one embodiment,
the nucleic acid molecule encoding a NKR-CAR comprises a nucleic acid sequence comprising
nucleotides 803-875 of SEQ ID NO: 347, or a nucleic acid sequence with 95-99% sequence
identity thereof, which encodes a transmembrane domain.

In one embodiment, the encoded transmembrane domain of the NKR-CAR polypeptide 1s
a transmembrane domain e.g., of a TCAR as described herein, comprising the transmembrane
domain of a protein selected from the group consisting of TCR zeta, FcR gamma, FcR beta, CD3
gamma, CD3 delta , CD3 epsilon, CDS, CD22, CD79a, CD79b, CD278 (also known as “ICOS"),
FceRI, CD66d, DAP10, DAP12, the alpha, beta or zeta chain of the T-cell receptor, a MHC class
I molecule, a TNF receptor protein, an Immunoglobulin-like protein, a cytokine receptor, an

integrin, an activating NK cell receptor, BTLA, a Toll ligand receptor, CD28, CD3 epsilon,
CD45, CD4, CD5, CDS8 (CD8 alpha or CD8 beta), CD9, CD16, CD22, CD33, CD37, CD64,

CDRg0, CDg6, CD134, CD137, CD154, OX40, CD2, CD7, CD27, CD28, CD30, CD40, CDS,
ICAM-1, LFA-1 (CD11a/CD18), 4-1BB (CD137), B7-H3, CDS, ICAM-1, ICOS (CD27838),
GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2, SLAMF7, NKp80 (KLRF1), NKp44,
NKp30, NKp46, CD19, CD4, CD8alpha, CD8beta, IL2R beta, IL2R gamma, IL'7R alpha,
ITGA4, VLAL, CD49a, ITGA4, 1A4, CD49D, ITGA6, VLA-6, CD491, ITGAD, CD11d,
ITGAE, CDI103, ITGAL, CDl11a, LFA-1, ITGAM, CD11b, ITGAX, CDllc, ITGB1, CD29,
ITGB2, CD18, LFA-1, ITGB7, NKG2D, NKG2C, TNFR2, TRANCE/RANKL, DNAMI
(CD226), SLAMF4 (CD244, 2B4), CD84, CDY6 (Tactile), CEACAMI1, CRTAM, Ly9 (CD229),
CD160 (BY5)5), PSGLI, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Ly108), SLAM
(SLAMF1, CD150, IPO-3), BLAME (SLAMFS), SELPLG (CD162), LTBR, LAT, GADS, SLP-
76, PAG/Cbp, CD19a, and a ligand that specifically binds with CD83, or any combination
thereof.

In one embodiment, the encoded cytoplasmic domain of the NKR-CAR 1s a NKR
cytoplasmic domain, wherein the NKR cytoplasmic domain comprises one or more functional
signaling domain of a protein selected from the group consisting of KIR2DS2, KIR2DL3,
NKp46, a KIR, a NCR, a SLAMF, a FcR, and a Ly49. In one embodiment, the encoded
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cytoplasmic domain comprises: 1) the amino acid sequence of SEQ ID NOs: 360, 361, or 362; 11)
an amino acid sequence comprising at least one, two, or three modifications but not more than
20, 10, or 5 modifications of the amino acid sequence of SEQ ID NOs: 360, 361, or 362; or iii)
an amino acid sequence with 95-99% sequence 1dentity to SEQ ID NOs: 360, 361. In one
embodiment, the nucleic acid molecule encoding a NKR-CAR comprises a nucleic acid
sequence comprising nucleotides 831-947 of SEQ ID NO: 343, nucleotides 833-1060 of SEQ ID
NO: 345, or nucleotides 876-949 of SEQ ID NO: 347, or a nucleic acid sequence with 95-99%
sequence 1dentity thereof, which encodes a cytoplasmic domain.

In one embodiment, the encoded cytoplasmic domain of the NKR-CAR polypeptide
comprises an intracellular signaling domain or adaptor molecule, e.g., DAP12. In one

embodiment, the encoded cytoplasmic domain of the NKR-CAR polypeptide comprises an
adaptor molecule, e.g., DAP12 or FceRY. In one embodiment, the encoded cytoplasmic domain

comprises: 1) the encoded adaptor molecule comprises the amino acid sequence of amino acids
1-113 of SEQ ID NO: 333 or amino acids 1-86 of SEQ ID NO: 335; 11) an amino acid sequence
having at least one, two or three modifications but not more than 20, 10, or 5 modifications to
amino acids 1-113 of SEQ ID NO: 333 or amino acids 1-86 of SEQ ID NO: 335; or 111) an amino
acid sequence with 93-99% identity to amino acids 1-113 of SEQ ID NO: 333 or amino acids 1-
86 of SEQ ID NO: 335. In one embodiment, the the nucleic acid molecule encoding a NKR-
CAR comprises a nucleic acid sequence comprising nucleotides comprises nucleotides 1-339 of
SEQ ID NO: 332 or nucleotides 1-258 of SEQ ID NO: 334, or a nucleic acid sequence
comprising 95-99% identity thereto, which encode an adaptor molecule. In one embodiment, the
NKR-CAR comprises an antigen binding domain described herein, a CD8 transmembrane
domain, and a cytoplasmic domain comprising DAP12.

In one embodiment, the encoded cytoplasmic domain of the NKR-CAR polypeptide is a
cytoplasmic domain, e.g., of a TCAR as described herein, comprising one or more functional
signaling domain of a protein selected from the group consisting of TCR zeta, FcR gamma, FcR
beta, CD3 gamma, CD3 delta , CD3 epsilon, CD35, CD22, CD79a, CD79b, CD278 (also known
as “1COS”), FceRI, CD66d, DAP10, DAP12, the alpha, beta or zeta chain of the T-cell receptor,
a MHC class I molecule, a TNF receptor protein, an Immunoglobulin-like protein, a cytokine

receptor, an integrin, an activating NK cell receptor, BTLA, a Toll ligand receptor, CD28, CD3
epsilon, CD45, CD4, CDS5, CDS8 (CDS8 alpha or CDS8 beta), CD9, CD16, CD22, CD33, CD37,
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CD64, CDg0, CD86, CD134, CD137, CD154, OX40, CD2, CD7, CD27, CD28, CD30, CDA40,
CDS, ICAM-1, LFA-1 (CD11a/CD18), 4-1BB (CD137), B7-H3, CDS, ICAM-1, ICOS (CD278),
GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2, SLAMF7, NKp80 (KLRF1), NKp44,
NKp30, NKp46, CD19, CD4, CD8alpha, CD8beta, IL2R beta, IL2R gamma, IL'7R alpha,
ITGA4, VLA1, CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6, CD491, ITGAD, CD11d,
ITGAE, CD103, ITGAL, CD11a, LFA-1, ITGAM, CD11b, ITGAX, CD11c, ITGB1, CD29,
ITGB2, CD18, LFA-1, ITGB7, NKG2D, NKG2C, TNFR2, TRANCE/RANKL, DNAMI1
(CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAMI1, CRTAM, Ly9 (CD229),
CD160 (BY55), PSGL1, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Ly108), SLAM
(SLAMF1, CD1350, IPO-3), BLAME (SLAMES), SELPLG (CD162), LTBR, LAT, GADS, SLP-
76, PAG/Cbp, CD19a, and a ligand that specifically binds with CD83, or any combination

thereof.

In one embodiment, the nucleic acid molecule encoding a NKR-CAR further comprises a
leader sequence or signal sequence which encodes the amino acid sequence of SEQ ID NO: 1.

In one embodiment, the encoded NKR-CAR comprises the extracellular antigen binding
domain connected to the transmembrane domain by a hinge domain. In one embodiment, the
hinge domain 1s selected from the group consisting of, a GS hinge, a CD8 hinge an 1g(G4 hinge,
an IgD hinge, a KIR2DS2 hinge, a KIR hinge, a NCR hinge, a SLAMF hinge, a CD16 hinge, a
CDo64 hinge, and a LY49 hinge. In one embodiment, the encoded hinge domain comprises: 1)
the amino acid sequence of SEQ ID NOs: 5, 2, 3, or 4; 11) an amino acid sequence comprising at
least one, two, or three modifications but not more than 5 modifications of the amino acid
sequence of SEQ ID NOs: 5, 2, 3, or 4; or 111) an amino acid sequence with 95-99% i1dentity to
the amino acid sequence of SEQ ID NOs: 3, 2, 3, or 4. In one embodiment, the nucleic acid
molecule encoding a NKR-CAR comprises a nucleic acid sequence comprising the nucleic acid
sequence of SEQ ID NO: 356, 16, 13, 14, or 15, or a nucleic acid sequence with 95-99% 1dentity
thereof, which encodes a hinge domain.

In an embodiment, the encoded transmembrane domain and encoded cytoplasmic domain
collectively comprise: 1) the amino acid sequence of amino acids 413-487 of SEQ ID NO: 333 or
amino acids 386-454 of SEQ ID NO: 335, or SEQ ID NO: 371; 11) an amino acid sequence

having at least one, two or three modifications but not more than 30, 20 or 10 modifications to

amino acids 413-487 of SEQ ID NO: 333 or amino acids 386-454 of SEQ ID NO: 335, or SEQ
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ID NO: 371; or 111) an amino acid sequence with 95-99% identity to amino acids 413-487 of SEQ
ID NO: 333 or amino acids 386-454 of SEQ ID NO: 335, or SEQ ID NO: 371. In one
embodiment, the nucleic acid molecule encoding a NKR-CAR comprises a nucleic acid
sequence comprising nucleotides 1237-1464 of SEQ ID NO: 332 or nucleotides 1156-13635 ot
SEQ ID NO: 334, or a sequence having 95-99% 1dentity thereof, which encodes the
transmembrane and cytoplasmic domain collectively.

In another aspect, the invention features a nucleic acid molecule, e.g., a purified or non-
naturally occurring, nucleic acid, e.g., a nucleic acid comprising a DNA, or RNA, sequence, €.g.,
a mRNA, comprising a sequence that encodes a NKR-CAR described herein.

In one embodiment, the nucleic acid molecule further comprises a nucleic acid sequence
that encodes an adaptor molecule or intracellular signaling domain that interacts with said NKR-

CAR. In one embodiment, the encoded adaptor molecule comprises a functional signaling

domain of DAP12 or FceRYy. In one embodiment, the encoded adaptor molecule comprises the

amino acid sequence of amino acids 1-113 of SEQ ID NO: 333 or amino acids 1-86 of SEQ ID
NO: 335; an amino acid sequence having at least one, two or three modifications but not more
than 20, 10, or 5 modifications to amino acids 1-113 of SEQ ID NO: 333 or amino acids 1-86 of
SEQ ID NO: 335; or an amino acid sequence with 93-99% identity to amino acids 1-113 of SEQ
ID NO: 333 or amino acids 1-86 of SEQ ID NO: 335. In one embodiment, the nucleic acid
molecule encoding a NKR-CAR comprises a nucleic acid sequence comprising the nucleotides
1-339 of SEQ ID NO: 332 or nucleotides 1-258 of SEQ ID NO: 334, or a nucleic acid sequence
comprising 95-99% identity thereof, which encodes an adaptor molecule.

In one embodiment, the nucleic acid molecule further comprises a nucleic acid sequence
encoding a TCAR or a second NKR-CAR. In one embodiment, the encoded TCAR or the
encoded second NKR-CAR comprises an antigen binding domain that binds to a target antigen
that 1s not mesothelin.

In one embodiment, the nucleic acid molecule encoding the NKR-CAR further comrpises
a nucleic acid sequence encoding a peptide cleavage site selected from the group consisting of
T2A, P2A, E2A, and F2A, wherein the nucleic acid encoding the peptide cleavage site links the
nucleic acid sequence encoding the NKR-CAR to a second nucleic acid sequence, e.g., the

nucleic acid sequence encoding the adaptor molecule. In one embodiment, the nucleic acid
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sequence encodes the peptide cleavage site encodes an amino acid sequence of SEQ 1D NOs: 57,
58, 59, or 60; or an amino acid sequence having 95-99% sequence 1dentity thereto.

In one embodiment, the nucleic acid encodes an activating NKR-CAR, and the encoded
extra-cellular antigen binding domain 1s an antigen binding domain described herein, €.g., in
Table 4. In any of the foregoing embodiments, the encoded extracellular antigen binding domain
1$ a non-murine antigen binding domain that binds to mesothelin. In one embodiment, the
encoded extracellular non-murine antigen binding domain that binds to mesothelin comprises a
human or humanized antigen binding domain that binds to mesothelin. In one embodiment, the
human or humanized antigen binding domain that binds to mesothelin 1s provided in Table 4.

In one embodiment, the encoded human antigen binding domain that binds mesothelin
comprises: a heavy chain complementarity determining region 1 (HC CDR1), a heavy chain
complementary determining region 2 (HC CDR?2), and a heavy chain complementary
determining region 3 (HC CDR3) of any human anti-mesothelin heavy chain amino acid
sequence listed 1n Table 4; and/or a light chain complementarity determining region 1 (LC
CDR1), a light chain complementary determining region 2 (LC CDR2), and a light chain
complementary determining region 3 (LC CDR3) of any human anti-mesothelin light chain
amino acid sequence listed 1in Table 4. In one embodiment, the encoded human antigen binding
domain that binds mesothelin comprises: a heavy chain variable region comprising: 1) the amino
acid sequence of any human anti-mesothelin heavy chain variable region listed in Table 4; 11) an
amino acid sequence having at least at least one, two or three modifications but not more than
30, 20 or 10 modifications to the amino acid sequence of any human anti-mesothelin heavy chain
variable region listed 1in Table 4; or 111) an amino acid sequence with 95-99% 1dentity to the
amino acid sequence of any human anti-mesothelin heavy chain variable region listed in Table 4;
and/or a light chain variable region comprising: 1) the amino acid sequence of any human anti-
mesothelin light chain variable region listed 1in Table 4; 1) an amino acid sequence having at
least at least one, two or three modifications but not more than 30, 20 or 10 modifications to the
amino acid sequence of any human anti-mesothelin light chain variable region listed in Table 4;
or 111) an amino acid sequence with 95-99% identity to the amino acid sequence of any human
anti-mesothelin light chain variable region listed in Table 4. In one embodiment, the encoded
human antigen binding domain that binds mesothelin comprises: 1) the amino acid sequence of

any of SEQ ID NOs: 230-253 ; 11) an amino acid sequence having at least one, two or three
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modifications but not more than 30, 20 or 10 modifications to any of SEQ ID NOs: 230-253; or
111) an amino acid sequence with 95-99% 1dentity to any of SEQ ID NOs: 230-253. In such
embodiments, the NKR-CAR further comprises, e€.g., a transmembrane and cytoplasmic domain
collectively comprising, the amino acid sequence of SEQ ID NO: 371, an amino acid sequence
having at least one, two or three modifications but not more than 10 or 5 modifications to SEQ
ID NO: 371, or an amino acid sequence having at least 95-99% sequence identity to SEQ ID NO:
371.

In another aspect, the invention features a vector comprising a nucleic acid molecule
encoding a NKR-CAR described herein. In one embodiment, the vector 1s a DNA vector or an
RNA vector. In one embodiment, the vector 1s selected from the group consisting of a plasmid, a
lentiviral vector, an adenoviral vector, and a retroviral vector. In one embodiment, the vector
further comprises a nucleic acid sequence that encodes an adaptor molecule or intracellular
signaling domain described herein. In one embodiment, the vector further comprises a promoter
described herein, e.g., an EF-1 promoter, e.g., comprising the sequence of SEQ ID NO: 11.

In another aspect, the invention features a cell, e.g., an immune effector cell, e.g., a
cytotoxic cell, e.g., a naturally or non-naturally occurring T cell, NK cell or cytotoxic T cell or
NK cell line comprising a NKR-CAR described herein, a nucleic acid molecule encoding a
NKR-CAR described herein, a vector described herein, or an NKR-CAR complex described
herein.

In one embodiment, the cytotoxic cell further comprises an adaptor molecule or
intracellular signaling domain that interacts with saild NKR-CAR.

In another aspect, the invention features a method of making a cell described herein, e.g.,
an immune effector cell, e.g., a cytotoxic cell, e.g., a naturally or non-naturally occurring T cell,
NK cell or cytotoxic T cell or NK cell line comprising a NKR-CAR, described herein
comprising introducing into a cytotoxic cell a nucleic acid, e.g., a mRNA, comprising a sequence
that encodes a NKR-CAR, described herein. In one embodiment, the method further comprises
making a NKR-CAR, described herein, in the cytotoxic cell. In one embodiment, the method
comprises making a population of a cell described herein, e.g., a population of immune etfector
cells, comprising an NKR-CAR described herein.

In another aspect, the invention features a method of treating a subject, e.g., a method of

providing an anti-tumor immunity in a mammal, comprising administering to the mammal an
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effective amount of a cell described herein or a population of cells described herein, e.g., a
cytotoxic cell, e.g., a naturally or non-naturally occurring T cell, NK cell or cytotoxic T cell or
NK cell line comprising a NKR-CAR described herein.

In another aspect, the invention features a method of treating a subject having a disease
associated with expression of tumor antigen, e€.g., a tumor antigen described herein (e.g., a
proliferative disease, a precancerous condition, and a noncancer related indication associated
with the expression of a tumor antigen) comprising administering to the subject an effective
amount of a cell comprising a NKR-CAR, e.g., as described herein. In one embodiment, the
NKR-CAR 1s an activating NKR-CAR and the extra-cellular antigen binding domain is an
antigen binding domain described herein, e.g., in Table 4. In one embodiment, the method
further comprises administering a cell comprising a TCAR, e.g., as described herein.

In one embodiment, the disease associated with expression of a tumor antigen 1s cancer,
e.g2., a cancer described herein. In one embodiment, the cancer 1s a solid tumor, e.g., a solid
tumor described herein.

In one embodiment, the disease or disorder 1s associated with the expression of
mesothelin, e.g., mesothelioma (e.g., malignant pleural mesothelioma), lung cancer (e.g., non-
small cell lung cancer, small cell lung cancer, squamous cell lung cancer, or large cell lung
cancer), pancreatic cancer (e.g., pancreatic ductal adenocarcinoma), ovarian cancer, colorectal
cancer and bladder cancer, or any combination thereof. In one embodiment, the disease 1s
pancreatic cancer, e.g., metastatic pancreatic ductal adenocarcinoma (PDA), e.g., 1n a subject
who has progressed on at least one prior standard therapy. In one embodiment, the disease is
mesothelioma (e.g., malignant pleural mesothelioma), e.g., in a subject who has progressed on at
least one prior standard therapy. In one embodiment, the disease 1s ovarian cancer, €.g2., serous
epithelial ovarian cancer, e.2., in a subject who has progressed after at least one prior regimen of
standard therapy.

Additional features and embodiments of the aforesaid compositions and methods include

one or more of the following:

In another aspect, the invention features a purified, or non-naturally occurring, KIR-CAR
comprising an extra-cellular antigen binding domain and a transmembrane domain, e.g., a KIR
transmembrane domain, or cytoplasmic domain, e.g., an ITIM-containing cytoplasmic domain,

or a KIR-cytoplasmic domain. In one embodiment, the KIR-CAR comprises an extra-cellular
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antigen binding domain, a transmembrane domain, and an I'TIM-containing cytoplasmic domain,
or a KIR-cytoplasmic domain.

In one embodiment, said transmembrane domain can interact with, e.g., bind, the
transmembrane domain of DAP12. In one embodiment, said transmembrane domain comprises a
positively charged moiety, e.g., an amino acid residue comprising a positively charged moiety,
e.g., side chain. In one embodiment, said transmembrane domain comprises a KIR-
transmembrane domain.

In one embodiment, said KIR-CAR 1s an activating KIR-CAR. In one embodiment, said
KIR-CAR comprises a KIR-transmembrane domain. In one embodiment, said KIR-CAR 1s an
inhibitory KIR-CAR. In one embodiment, said KIR-CAR comprises a KIR-cytoplasmic domain.
In one embodiment, said KIR-CAR comprises an extra-cellular antigen binding domain and a
transmembrane domain, e.g2., a transmembrane domain comprising a positively charged moiety,
e.g., an amino acid residue comprising a positively charged moiety, e.g., side chain, or a KIR-
transmembrane domain,

In one embodiment, a KIR-CAR described herein comprises an antigen binding domain
comprising an scFv. In one embodiment, said antigen binding domain comprises a single VH
domain, e.g., a camelid, shark, or lamprey single VH domain, or a single VH domain derived
from a human or mouse sequence, or a non-antibody scaffold, e.g., a fibronectin, e.g., a
fibronectin type 111 antibody-like molecule. In one embodiment, said antigen binding domain
comprises a nanobody. In one embodiment, said antigen binding domain comprises a camelhd
VHH domain.

In one embodiment, the KIR-CAR 1s an activating KIR-CAR, and the extra-cellular
antigen binding domain 1s an antigen binding domain described herein, €.g., 1n Table 4.

In one embodiment, a KIR-CAR described herein comprises an extracellular hinge
domain. In one embodiment, the extracellular hinge domain 1s other than a KIR hinge domain,
e.g., other than a KIR2DS2 hinge domain. In one embodiment, the extracellular hinge domain 1s
derived from a natural molecule. In one embodiment, the extracellular hinge domain 1s derived
from a natural molecule other than a KIR. In one embodiment, the extracellular hinge domain
comprises a non-naturally occurring polypeptide sequence. In one embodiment, the extracellular
hinge domain comprises the extracellular hinge from human CDg-alpha. In one embodiment, the

extracellular hinge domain comprises a synthetic extracellular hinge. In one embodiment, the
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extracellular hinge domain 1s less than 50, 20, or 10 amino acids 1n length. In one embodiment,
the extracellular hinge domain has fewer amino acids than a KIR2DS2 hinge domain.

In one embodiment, the KIR-CAR described herein 1s an actKIR-CAR. In one
embodiment, said actKIR-CAR comprises a transmembrane domain comprising a positively
charged moiety, e.g., an amino acid residue comprising a positively charged moiety, e.g., a
positively charged side chain or an actKIR transmembrane domain. In one embodiment, said
actKIR-CAR can interact with and promote signaling from an ITAM-containing polypeptide or
adaptor molecule. In one embodiment, said actKIR-CAR can interact with and promote signaling
from a DAP12 polypeptide. In one embodiment, said actKIR-CAR comprises a KIR D domain.
In one embodiment, said actKIR-CAR comprises a KIR D1 domain. In one embodiment, said
actKIR-CAR comprises a KIR D2 domain. In one embodiment, said actKIR-CAR said act KIR-
CAR does not comprise a KIR D domain. In one embodiment, said actKIR-CAR comprises a
KIR2DS2 transmembrane domain. In one embodiment, said actKIR-CAR further comprises a
KIR2DS?2 cytoplasmic domain. In one embodiment, said actKIR-CAR does not comprise a KIR
D domain.

In one embodiment, the antigen binding domain of a KIR-CAR described herein binds an
antigen present on a target cell, e.g., a cancer cell. In one embodiment, said antigen binding
domain binds an antigen that is more highly expressed on a target cell, e.g., a cancer cell, than a
non-target cell, €.g., a non-cancerous cell, e.g., a non cancerous cell of the same type as the target
cell. In one embodiment, said antigen binding domain 1s binds an antigen described herein, e.g.,
a tumor antigen described herein. In one embodiment, the tumor antigen 1s expressed on a solid
tumor, e.g., a solid tumor described herein, e.g., mesothelioma (e.g., malignant pleural
mesothelioma), lung cancer (e.g., non-small cell lung cancer, small cell lung cancer, squamous
cell lung cancer, or large cell lung cancer), pancreatic cancer (e.g., pancreatic ductal
adenocarcinoma), ovarian cancer, colorectal cancer and bladder cancer or any combination
thereof.

In one embodiment, the KIR-CAR described herein 1s an inhKIR-CAR. In one
embodiment, the inhKIR-CAR comprises an inhKIR transmembrane domain. In one
embodiment, the inhKIR-CAR 1nhKIR-CAR comprises an ITIM-containing cytoplasmic
domain, e.g., an inhKIR cytoplasmic domain, e.g., a KIR2DL or KIR3DL cytoplasmic domain.

In one embodiment, the inhKIR-CAR comprises a transmembrane other than a KIR
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transmembrane, e.g2., a transmembrane domain from PD-1, CTLA4 or ITIM-containing receptors
from ILT (CD85), Siglec, LMIR (CD300) and/ or SLAM gene families of receptors. In one
embodiment, the inhKIR-CAR comprises a cytoplasmic domain from an inhibitory receptor
other than a KIR, e.g., from PD-1, CTLA4 or ITIM-containing receptors from ILT (CD85),
Siglec, LMIR (CD300) and/ or SLAM gene families of receptors. In one embodiment, the
iInhKIR-CAR comprises a transmembrane and cytoplasmic domain from an inhibitory receptor
other than a KIR, e.g., transmembrane and cytoplasmic domain, independently, from e.g., PD-1,
CTLA4 or ITIM-containing receptors from ILT (CD85), Siglec, LMIR (CD300) and/ or SLAM
gene families of receptors. In one embodiment, said cytoplasmic domain comprises an I'TIM. In
one embodiment, the InhKIR-CAR comprises a KIR D domain. In one embodiment, the inhKIR -
CAR comprises a KIR DO domain. In one embodiment, the inhKIR-CAR comprises a KIR D1
domain. In one embodiment, the inhKIR-CAR comprises a KIR D2 domain. In one embodiment,
the inhKIR-CAR does not comprise a KIR D domain.

In one embodiment, the antigen binding domain of the inhKIR-CARSs described herein
binds an antigen not present on a target cell, e.g., a cancer cell. In one embodiment, said antigen
binding domain binds an antigen that 1s more highly expressed on a non-target cell, e.g., a non-
cancer cell, than a target cell, e.g., cancerous cell, €.g., a cancerous cell of the same type as the
target cell. In one embodiment, said antigen binding domain binds desmoglein1/3 (DSG1/3). In
an embodiment, an inhCAR, e.g., an iInhTCAR or inhNKR-CAR, e.g., an inhKIR-CAR, and an
actCAR, e.g., an actTCAR or actNKR-CAR, e.g., an actKIR-CAR, are provided in which the
inhCAR comprises an antigen binding domain that targets desmoglein1/3 (DS(G1/3) and the
actCAR comprises an antigen binding domain that targets an antigen other than DSG1/3, e.g.,
EGFR. In an embodiment, this pair 1s used to treat an EGEFR expressing cancer, €.2., an
adenocarcinoma of the lung or colon. In an embodiment the cancer cells express less DSG1/3
than non-cancer cells. In an embodiment this combination can minimize CAR-mediated attack of
skin cells or squamous cells of the GI track (1.e. oral mucosa). In one embodiment, said antigen
binding domain binds an ephrin receptor or a claudin.

In another aspect, the invention features a nucleic acid, e.g., a purified or non-naturally
occurring, nucleic acid, e.g., a nucleic acid comprising a DNA, or RNA, sequence, e.g., a
mRNA, comprising (a) a sequence that encodes a KIR-CAR, e.g., a first KIR-CAR described
herein. In one embodiment, said KIR-CAR, e.g., said first KIR-CAR, 1s an actKIR-CAR, e.g., an



10

15

20

25

30

CA 02961636 2017-03-16

WO 2016/044605 PCT/US2015/050713
20

actKIR-CAR described herein. In one embodiment, the nucleic acid encodes an actKIR-CAR,
and the encoded extra-cellular antigen binding domain 1s an antigen binding domain described
herein, e.g., in Table 4. In one embodiment, said KIR-CAR, e.g., said first KIR-CAR, 1s an
INnhKIR-CAR, e.g., an inhKIR-CAR described herein.

In one embodiment, said nucleic acid comprises a DNA sequence. In one embodiment,
said nucleic acid comprises a RNA sequence, e.g., a mRNA sequence.

In an embodiment, said nucleic acid comprises sequence that encodes a KIR-CAR, e.g.,
an actKIR-CAR, and sequence that encodes an inhibitory molecule comprising: an inhKIR
cytoplasmic domain; a transmembrane domain, e.g., a KIR transmembrane domain; and an
inhibitor cytoplasmic domain, e.g., an ITIM domain, e.g., an inhKIR ITIM domain. In an
embodiment, the inhibitory molecule 1s a naturally occurring inhKIR, or a sequence sharing at
least 50, 60, 70, 80, 85, 90, 93, or 99% homology with, or that differs by no more than 1, 2, 3, 4,
5,6,7,8,9, 10, 15, or 20 residues from, a naturally occurring inhKIR.

In an embodiment, said nucleic acid comprises sequence that encodes a KIR-CAR, e.g.,
an actKIR-CAR, and sequence that encodes an inhibitory molecule comprising: a SLAM family
cytoplasmic domain; a transmembrane domain, e.g., a SLAM family transmembrane domain;
and an inhibitor cytoplasmic domain, e.g., a SLAM family domain, e.g., an SLAM family ITIM
domain. In an embodiment, the inhibitory molecule is a naturally occurring SLAM family
member, or a sequence sharing at least 50, 60, 70, 80, 85, 90, 935, or 99% homology with, or that
differs by no more than 1, 2, 3,4, 5,6, 7,8, 9, 10, 15, or 20 residues from, a naturally occurring
SLAM family member.

In one embodiment, said nucleic acid described herein further comprises (b) a
sequence that encodes a second KIR-CAR described herein, e.g., a second KIR-CAR that 1s
different from said first KIR-CAR. In one embodiment, (a) and (b) are disposed on the same
nucleic acid molecule, e.g., the same vector, e.g., the same viral vector, e.g., a lenti-viral vector.
In one embodiment, one of (a) and (b) 1s disposed on a first nucleic acid molecule, e.g., a first
vector, e.g., a viral vector, e.g., a lenti-viral vector, and the other 1s disposed on a second nucleic
acid molecule, e.g., a second vector, e.g2., a viral vector, €.£., a lenti-viral vector. In one
embodiment, said first KIR-CAR and said second KIR-CAR 1s an actKIR-CAR. In an
embodiment, engagement of either act KIR-CAR alone 1s insufficient to trigger substantial levels

of activation. In an embodiment, engagement of both the first and second actKIR-CAR gives an
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additive, or synergistic, level of activation. In one embodiment, said first KIR-CAR and said

second KIR-CAR 1s an inhKIR-CAR. In one embodiment, one of said first KIR-CAR and said
second KIR-CAR 1s an actKIR-CAR and the other 1s an inhKIR-CAR. In one embodiment, said
actKIR-CAR 1s an actKIR-CAR described herein. In one embodiment, said inhKIR-CAR 1s an
inhKIR-CAR described herein. In one embodiment, the nucleic acid described herein comprises
an actKIR-CAR described herein and an inhKIR-CAR described herein.

In an embodiment the nucleic further comprises (¢) sequence that encodes an intracellular
signaling domain, e.g., an adaptor molecule, which can produce an activating signal. In one
embodiment, said intracellular signaling domain comprises an ITAM motit. In one embodiment,
said sequence encodes a DAP 12 polypeptide comprising a DAP 12 intracellular signaling
domain. In one embodiment, said DAP 12 polypeptide further comprises a transmembrane
domain. In one embodiment, said DAP 12 polypeptide tfurther comprises an extracellular
domain. In one embodiment, each of (a), (b), and (c) are present on the same nucleic acid
molecule, e.g., a vector, e.g., a viral vector, e.g., a lenti-viral vector. In one embodiment, one of
(a), (b), and (c) 1s encoded on a first nucleic acid molecule, e.g., a vector, e.g., a viral vector, e.g.,
a lenti-viral vector and a second and third of (a), (b), and (¢) 1s encoded on a second nucleic acid
molecule, e.g., a vector, e.g., a viral vector, e.g., a lenti-viral vector. In one embodiment (a) 1s
present on a first nucleic acid molecule, e.g., a vector, e.g., a viral vector, e.g., a lenti-viral
vector, and (b) and (c¢) are present on a second nucleic acid molecule, e.g., a vector, e.g., a viral
vector, €.g., a lenti-viral vector. In another embodiment, (b) 1s present on a first nucleic acid
molecule, e.g., a vector, e.g., a viral vector, e.g., a lenti-viral vector, and (a) and (c¢) are present
on a second nucleic acid molecule, e.g., a vector, e.g., a viral vector, e.g2., a lenti-viral vector. In
one embodiment, (¢) 1s present on a first nucleic acid molecule, e.g., a vector, e.g., a viral vector,
e.g., a lenti-viral vector, and (b) and (a) are present on a second nucleic acid molecule, e.g., a
vector, e.g., a viral vector, e.g., a lenti-viral vector. In one embodiment, each of (a), (b), and (c)
are present on different nucleic acid molecules, e.g., different vectors, e.g., viral vectors, e.g., a
lenti-viral vectors.

In an embodiment, (1) the antigen binding domain of one of said first KIR-CAR and said
second KIR-CAR does not comprise a light chain variable domain and a heavy chain variable
domain, (11) the antigen binding domain of one of said first KIR-CAR and said second KIR-

CAR 1s an scFv, and the other 1s other 1s other than an scFv, (111) when present on the surface of a
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cell, the antigen binding domains of said first KIR-CAR and said second KIR-CAR, associate
with one another less than 1f both were scFv antigen binding domains, (1v) wherein, when
present on the surface of a cell, binding of the antigen binding domain of said first KIR-CAR to
1ts cognate antigen 1s not substantially reduced by the presence of said second KIR-CAR, (v) the
antigen binding domain of one of said first KIR-CAR and said second KIR-CAR, comprises a
single VH domain, e.g., a camelid, shark, or lamprey single VH domain, or a single VH domain
derived from a human or mouse sequence, or a non-antibody scaffold, e.g., a fibronectin, e.g., a
fibronectin type Il antibody-like molecule, (v1) the antigen binding domain of one of said first
KIR-CAR and said second KIR-CAR, 1s an scFv, and the other comprises a single VH domain,
e.g., a camelid, shark, or lamprey single VH domain, or a single VH domain derived from a
human or mouse sequence or a non-antibody scaffold, e.g., a fibronectin, e.g., a fibronectin type
IIT antibody-like molecule, (vii) the antigen binding domain of one of said first KIR-CAR and
said second KIR-CAR, 1s an scFv, and the other comprises a nanobody, or (vii1) the antigen
binding domain of one of said first KIR-CAR and said second KIR-CAR, 1s an scFv, and the
other comprises a camelid VHH domain.

In one embodiment, the antigen binding domain of one of said first KIR-CAR and said
second KIR-CAR does not comprise a light chain variable domain and a heavy chain variable
domain. In one embodiment, the antigen binding domain of one of said first KIR-CAR and said
second KIR-CAR 1s an scFv, and the other 1s other than an scFv.

In one embodiment, when present on the surface of a cell, the antigen binding domains of said
first KIR-CAR and said second KIR-CAR, associate with one another less than 1f both were scFv
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