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‘What 1s claimed 1s;

L.
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A method of treating cancer it a subject, the method comprising admunistering to the
subject an mmume effector cell comprising a chimerie antigen receptor (CAR),
wherein the CAR comprises an extracellilar domain comprising chlorotoxin, a
functional variant of chlorotoxin, a chlorotoxin-like peptide, a functional variant of
the chlorotoxin-like peptide or a combination thereof, a transmembrane domain and
at least one intracelhular signaling domain.

The method of claim 1, wherein the signaling domain is selected from the group
consisting of: CD3 zeta, MB1 chain, B29, FeRII, FeRi, and combinations of the
foregoing.

The method of claim 1, wherein the transmembrane domain is selected from the group
consisting of: T-cell receptor alpha chain, T-cell receptor beta chamn, T-cell receptor
zeta chain, CD28, CD3 epsilon, CD45, CDd, CD5, UD8, CD9Y, Chs, D22, CD33,
CD37, CD64, CDRO, CD8s, CD134, CD137, CD1534, KIRDS2, 0X40, CD2, CD27,
LFA-1, 1COS, 4-1BB, GITR, CD40, BAFFR, HVEM, SLAMF7, NKp80, CD160,
CD19, IL2RB, IL2R v, IL7Ra, ITGAL, VLA, CD4Ya, ITGA4, 1A4, CD49D, ITGAG,
VLA-6, CD4%f, ITGAD, CDIld. ITGAE, CD103, ITGAL, CDl la, LFA-1, ITGAM,
CDlib, TTGAX, CDI g, ITGB1, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2,
DNAMI, SLAMF4, CD84, CD96, CEACAMI, CRTAM, Ly9, CD160, PSGL1,
CD100, SLAMF6, SLAM, BLAME, SELPLG, LTBR, PAG/Chp, NKpd4, NKp30,
NKpd6, NKG2D, and NKG2C.

The method of claim 1, wherein the CAR further comprises a costunulatory domain.
The method of claim 4, wherein the costimulatory domam comprises a functional
signaling domain of a polypeptide selected from the group consisting of CD27,
D28, 4-1BB, 0X40, CDB30, D40, PD-1, ICOS, lvmphocyte function-associated
antigen-i, CD2, CB7, LIGHT, NKG2C, B7-H3, a ligand that specifically binds with
CD53, CDS, ICAM-1, GITR, BAFFR. HVEM, SLAMF7, NKp$0, CD160, CD19,
Ch4, CD8q, CD8P, ILZRY, IL2Ry, IL7Ra, ITGA4, VLAL, CD49a, ITGA4, 1A4,
CD495, ITGASG, VLA-6, CD49f, ITGAD, CDHd, ITGAE, CD103, ITGAL, CDlla,
LFA-1, ITGAM, CDI 1b, ITGAX, CDI ¢, ITGBI, CD29, ITGB2, CD18, LFA-1,
ITGB7, TNFR2, TRANCE/RANKL, DNAMI, SLAMF4, CD84, CD96, CEACAMI,
CRTAM, Ly9, CD160, PSGL1, CD100, CD69, SLAMF6, SLAM. BLAME,
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SELPLG, LTBR, LAT, GADS, SLP-76, PAG/Chp, NKpd4, NKp30, NKp46, and
NKG2D.

The method of claim 1. wherein the CAR further comprses an extraceliular spacer.
The method of claim 6, wherein the extracellular spacer comprises all or a portion of
a hinge region of human IgD or human IgG1 and optionally all or a portion of an
mmunoglobulin heavy chain constant region from human lgG1.

The method of claim 6, wherein the CAR further comprises a costimulatory domain.
The method of claim i, wherein the CAR further comprises a flexible linker and an
extraceliular spacer.

The method of claim 9, wherein the flexible linker has the sequence of SEQ 1D NO:
1 or SEQ 1D NO: 2, present from 1 to 10 copies.

The method of claim 9, wherein the extracellular spacer comprises all or a portion of
a hinge region of human gD or human IgG1 and optionally all or a portion of an

immunoglobulin heavy chain constant region from human lgG1l.

. The method of claim 9, wherein the CAR further comprises a costimuiatory domain.
. The method of claim | wherein the imumune effector cell is a T-cell.

4. The method of claim | wherein the inunune effector cell is a natural killer cell.

. The method of claim | wheren the immune effector cell is a y8T-cell.

. The method of claim 1, wherein the immune effector cell further comprises a gene

cncoding a survival factor.

. The method of claim 16, wherein the survival factor is selected from the group

consisting of. O°-Methvlguanine-DNA  methyltransferase, multidrug  resistance

protein 1, 5' nuclectidase H, dihydrofolate reductase and thynndylate synthase.

. The mothod of claim 16, wherein the immune effoctor cell naturally expresses a stross-

mduced antigen receptor.

The method of claim of claim 18, wherein the stress-induced antigen receplor 1s an
NEG2D receptor.

The method of claim 16, whercin the immune effector cell is adounisiered in

combination with an additional therapeutic treatment.

. The method of claim 20, wherein the additional therapeutic treatment is a treatment

with an agent selected from the group consisting of: trimethotrexate. temozolomide,
raltitrexed,  S-(4-Nitrobenzvl)-6-thioinosine,  6-benzyguamdine,  nitrosoureas,
fotemustine, cytarabine, camptothecin, and a therapeotic dertvative of any of the

foregoing.
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2. The method of claim 20, wherein the additional therapeotic treatment is a treatment

with an agent selected from the group consisting of temozolomide, doxorabicin,

melphalan, nitroscureas and any combination thereof,

. The method of claim 1, wherein the immune effector cell comprises a gene encoding

a stress-induced antigen receptor.

The method of claim of claim 23, wherein the stress-induced antigen receptor is an
NKGZD receptor.

The method of claim 1, wherein the immune effector cell further comprises a gene

encoding a survival factor and a gene encoding a stress-induced andigen receptor.

. The method of claim 25, wherein the swrvival factor is selected from the group

consisting of: O%-Methylguanine-DNA  methyltransferase, multidrug resistance
protein 1, 5" nucleotidase I, dihydrofolate reductase and thymudylate synthase and the

stress-induced antigen receptor is an NKG2D receptor.

7. The method of claim 25, wherein the mmune effector cell 15 administered in

combination with an additional therapeutic treatment.

The method of claim 27, wherein the additional therapeuotic treatment is a treatment
with an agent selected from the group consisting of: trimethotrexate, temozolomide,
raltitrexed,  S-(4-Nitrobenzyl)-6-thioinosine,  6-benzyguanidine,  nitrosoureas,
fotemustine, cytarabine, camptothecin, and a therapeotic dertvative of any of the
foregoing.

The method of claim 27, wherein the additional therapeutic treatment is a treatment
with an agent selected from the group consisting of temozolomide, dosorubicin,

melphalan, nitrosoureas and any combination thereof.

. The method of claim 1, wherein the immune cffector cell comprising the CAR is a

component of a composition comprising an additional immune svstem cell.

. The method of claim 30, wherein the immune effector cell comprising the CAR 1

present at greater than or equal to 60% of the total cell population in the composition.

32. The method of claim 30, wherein the immune effector cell comprising the CAR is a

v8T cell and the additional immume system cell is a natural kitler cell, an o8 T cell or
a combination of a natural killer cell and an o T cell.
The method of claim 32, whercin the v8T cell is present at greater than or equal to

60% of the total cell population in the composition.
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. The method of claim 32, wherein the oy T cells are present at fess than or equal to

5% of the total cell population and the natural killer cells are present at less than or

equal to 25% of the total cell population in the composition.

. The method of claim 1, wherein the cancer is of neurocctodermal origin.

36.

The method of claim 1, wherein the cancer 1s malignant ghoma, melanoma,
neuroblastoma, medolloblastoma or small cell lung carcinoma.

A y8T cell comprising at least one vector, the at least one vector directing the
expression of a chimeric antigen receptor (CAR) and a survival factor, wherein the
CAR comprises an extracellular domain comprising chlorotoxin, a functional vartant
of chlorotoxin, a chlorotoxin-like peptide, functional variant of the chlorotoxin-like
peptide or a combination thercof, a transmembrane domain and at least one
mtracellular signaling domain.

The v3T celi of claim 37, wherem the signaling domain is selected from the group
consisting of: CD3 zeta, MBI chain, B29, FcRIIL FcRi, and combinations of the

foregoing.

. The y8T cell of claim 37, wherein the transmembrane domain is selected from the

group consisting of T-cell receptor alpha chain, T-cell receptor beta chain, T-cell
receptor zeta chain, CDZ8, CD3 epsilon, CD45, CD4, CDS, (D3, CDY, CD16, CD22,
CD33, CD37, D64, CDB0, CDR6, CD134, CD137, CD154, KIRDSZ, OX40, CD2,
CD27, LFA-1, ICOS, 4-1BB, GITR, CD40, BAFFR, HVEM, SLAMF7, NKpS$0,
CD160, CDIS, TL2RB, IL2R y, IL7Ra, ITGAL VLAL CD49a, ITGA4, A4, CD49D,
ITGA6, VLA-6, CD49f. ITGAD, CDild, ITGAE, CD103. ITGAL, CD la, LFA-1,
ITGAM, CDilb, ITGAX, CDI I, ITGRI, CD29, ITGR2, CD18, LFA-1, ITGR7,
TNFR2, DNAMI, SLAMF4, CD84, CD96, CEACAMI, CRTAM, Ly9. CD160,
PSGL1, CD100, SLAMFS, SLAM, BLAME, SELPLG, LTBR, PAG/Cbp, NKp44,
NKp30, NKp46, NKG2D, and NKG2C.

The voT cell of claim 37, wherein the CAR further comprises a costimulatory domain.
The y8T cell of claim 40, wherein the costimulatory domain comprises a functional
signaling domain of a polypeptide selected from the group consisting oft D27,
CD28, 4-1BB (CD137), OX40, CD30, CD40, PD-1, ICOS, lymphocyte function-
assoctated antigen-1 (LFA-1}, CD2, CD7, LIGHT, NKG2C, B7-H3, a ligand that
specifically binds with CD&3, CDS, ICAM-1, GITR, BAFFR, HVEM (LIGHTR),
SLAMF7, NKp80 (KLRF1), CD160, CD19, CD4, CDBa, CD8B, 1L2RB, 1L2Ry,
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IL7Raq, ITGA4, VLAL CD49%a, ITGA4, 1A4, UD49D, ITGAS6, VLA-6, D49,
ITGAD, CDHd, ITGAE, CD103, ITGAL, CDlla, LFA-1, ITGAM, CDl 1b, ITGAX,
CDi e, ITGB1, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2, TRANCE/RANKL,
DNAMI (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAMI,
CRTAM, Ly9 (CD229), €160 (BYS5), PSGL1, CDI0O (SEMA4D), D69,
SLAMFS (NTB-A, Lyl08), SLAM (SLAMF1, CD150, IP0-3), BLAME (SLAMF®),
SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, NKpd4, NKp30,
NKpd6, and NKG2D.

2. The v6T cell of claim 37, wherein the CAR further comprises an extracellular spacer.

3. The v8T cell of claim 42, wherein the extracellular spacer comprises all or a portion

of a hinge region of human Igh or human IgG1 and optionally all or a portion of an
mmunoglobulin heavy chain constant region from human IgG1.

The voT cell of clainm 42, wherein the CAR further comprises a costimulatory domain.

. The y8T cell of claim 37, wherein the CAR. further comprises a flexible linker and an

extracellular spacer.

The 8T cell of claim 43, wherein the flexible linker has the sequence of SEQ ID NG
1 or SEQ 13 NO: 2, present from 1 to 190 copies.

The v&T cell of claim 45, wherein the extraccllular spacer comprises all or a portion
of a hinge region of human IgD or human IgG1 and optionally all or a portion of an
mmmunoglobulin heavy chain constant region from human 1gG1l.

The yo8T cell of claim 43, wherein the CAR further comprises a costimulatory domain.
The y8T cell of claim 37, wherein the survival factor is selected from the group
consisting of: O°-Methyvlguanine-DNA methyliransferase, multidrug resistance

protein 1, 5" nuclectidase H, dihydrofolate reductase and thymidylate synthase.

. The y8T cell of claim 37, wherein the y8T cell naturally expresses a stress-induced

antigen receptor.

. The v8T cell of claim of claim 50, wherein the stress-induced antigen receptor is an

NKGZP receptor.

. The y8T cell of clavm 37, wherein the survival factor allows the y8T cell to survive in

a treatment environment created by an additional therapeatic treatment.

3. The y&T cell of claim 52, wherein the additional therapeutic treatment s a treatment

with an agent selected from the group consisting of trimethotrexate, temozolomide,
raltitrexed,  S-{4-Nitrobenzyl}-6-thioinosine,  6-benzyguamdine,  nitrosoureas,

fotemusting, cytarabine, camptothecin, and anv combination of the foregoing.
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54. The v6T cell of claim 52, wherein the additional therapeutic treatment is a treatment
with an agent selected from the group consisting oft temozolomide, doxorubicin,
melphalan, nitroscureas and any combination thereof,

55. The v67 cell of claim 37, wherein the at least one vector further directs the expression

5 of a gene encoding a stress-induced antigen receptor.

56. The v8T cell of claim of claim 56, wherein the stress-induced antigen receptor is an
NKGZD receptor.

57. The y8T cell of claim 37, wherein a single vector directs the expression of the CAR
and the survival factor.

10 58. The vaT cell of claim 55, wherein a single vector directs the expression of the CAR,
the survival factor and the stress-induced antigen receptor.

59. The voT cell of claim 58, wherein the survival factor 1s selected from the group
consisting of: (%-Methvlguanine-DNA  methyltransferase, multidrug  resistance
protein 1, 5" nucleotidase 1Y, dihydrofolate reductase and thymidylate synthase and the

5 stress~-induced antigen receptor is an NKG2T receptor.

60. The v8T cell of claim 37, wherein the v8T cell is isolated.

61. A phammaceutical composition comprising a yéT ccll of anv one of claims 37 to 60
and a pharmaceutically acceptable carrier.

62. The pharmaceutical composition of claim 61 further comprising an additional immune

20 system cell.

63. The pharmaceutical composition of claim 62, wherein the y3T cell is present at greater
than or equal to 60% of the total cell population of the composition.

64. The pharmaceutical composition of claim 62, wherein the additional immune svstem
cell is a nataral killer cell, an off T cell or a combination of a natural killer cell and an

23 of Teell.

65. The pharmaccutical composition of claim 64, wherein the yoT cell is prosent at greater
than or equal to 60% of the total cell population of the composition.

66. The pharmaceutical composition of claim 64, wherein the o T cell is present at less
than or equal to 5% of the total cell population of the composition and the natural

36 killer cell is present at less than or equal to 25% of the total cell population of the

composition.
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