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o (57) Abstract: The invention provides compositions and methods for treating diseases associated with expression of a tumor antigen
as described herein by admimstration of a cell comprising a chimeric antigen receptor that binds a B-Cell antigen and a chimeric an
tigen receptor which binds a tumor antigen.



CELLS EXPRESSING MULTIPLE CHIMERIC ANTIGEN RECEPTOR (CAR)

MOLECULES AND USES THEREFORE

RELATED APPLICATIONS

This application claims priority to U.S. Provisional patent application number

62/303,466, filed March 4, 2016. The entire contents of this application are incorporated herein

by reference.

FIELD OF THE INVENTION

The present disclosure relates generally to the use of immune effector cells (e.g., T

cells, N cells) engineered to express a Chimeric Antigen Receptor (CAR) that targets B cells

and engineered to express a CAR that targets cells expressing a tumor antigen other than a B-

Cell antigen, e.g., cells expressing a solid tumor antigen, myeloid tumor antigen, or cells

expressing an antigen of a hematological tumor not of B-Cell origin, to treat a disease

associated with ex ression of the tumor antigen.

Immunotherapy is a promising approach for the treatment of tumors. Immunotherapy

with cells expressing chimeric antigen receptors (CARs) that target antigens expressed by the

tumor has the advantage of targeted therapies that can invoke a rapid and sustained immune

response against a tumor. CAR therapy has shown promising results in the clinic in treating

some hematological cancers, such as B cell malignancies (see, e.g., Sadelam et al., Cancer

Discovery 3:388-398 (2013)). The clinical results of the murine derived CART 19 (i.e.,

"CTL019") have shown promise in establishing complete remissions in patients suffering with

CLL, as well as in childhood ALL (see, e.g., Kalos et al., Sci Trans1Med 3:95ra73 (20 ) ,

Porter et al, NEJM 365:725-733 (2011), Grupp et al, NEJM 368:1509-1518 (2013)).

However, studies exploring CAR therapy for treating other cancers have demonstrated variable

efficacy, in part due to the limited persistence and proliferation of the CAR-expressing cells in

vivo.

Thus, there exists a need for CAR cell therapies with enhanced efficacy, e.g., enhanced

proliferation or prolonged persistence in a patient.



SUMMARY OF THE INVENTION

The present disclosure features, at least in part, methods and compositions for treating a

disease associated with expression of a tumor antigen, e.g., a cancer, in a subject using an

immune effector cell (e.g., T ceil) engineered to expresss a first chimeric antigen receptor

(CAR) and a second CAR, wherein the antigen binding domain of said first CAR binds to a B-

Cell antigen and the antigen binding domain of said second CAR binds to a tumor antigen other

than a B-Cell antigen, e.g., to enhance the efficacy (e.g., the persistence and/or proliferation of

the tumor antigen-targeting CAR-expressing immune effector cell in a patient) of the CAR-

expressing immune effector cell therapy. Without wishing to be bound by theory, treatment

with an immune effector cell expressing a CAR targeting a B-Ceil antigen and a CAR targeting

a tumor antigen enhances the anti tumor efficacy of the tumor antigen-targeting CAR-

expressing immune effector cell in a subject, e.g., by one or more of: increasing the

proliferation of said CAR-expressing immune effector cells and/or increasing the in vivo

persistence of said CAR expressing immune effector cells, e.g., as compared to administering

an immune effector cell expressing only the turnor-targeting CAR (e.g., not expressing the

CAR tareting a B-Cell antigen). In aspects, the B-Cell antigen and the tumor antigen other than

a B-Cell antigen are not expressed on the same cell (e.g., the B-Cell antigen is not expressed on

the cell, e.g., tumor cell, which expresses the tumor antigen).

In an aspect, the invention provides, a cell that includes a first chimeric antigen receptor (CAR)

and a second CAR, each of which includes an antigen binding domain, a transmembrane

domain, and an intracellular signaling domain, wherein the antigen binding domain of said first

CAR binds to a B-Cell antigen and the antigen binding domain of said second CAR binds to a

tumor antigen other than a B-Cell antigen. In aspects of the invention, the B-Ceil antigen

targeted by the first CAR and the tumor antigen other than a B-Ceil antigen targeted by the

second CAR are not expressed on the same cell.

In embodiments, the second CAR binds: (a) a solid tumor antigen; (b) a myeloid tumor

antigen; or (c) an antigen of a hematological tumor not of B-ceil lineage.



In embodiments, the B-Ceil antigen is selected from the group consisting of CDS, CD 10,

CD19, CD20, CD21, CD22, CD23, CD24, CD25, CD27, CD30, CD34, CD37, CD38, CD40,

CD53, CD69, CD72, CD73, CD74, CD75, CD77, CD79a, CD79b, CD80, CD81, CD82, CD83,

CD84, CD85, CD86, CD123, CD135, CD138, CD179, CD269, Flt3, ROR1, BCMA, FcRn5,

FcRn2, CS- , CXCR4, 5, 7, IL-7/3R, IL7/4/3R, and IL4R

In embodiments, the B-Ceil antigen is selected from the group consisting of CD 19, CD20,

CD22, FcRn5, FcRn2, BCMA, CS-1, and CD138

In one aspect, the cell includes a first chimeric antigen receptor that includes an antigen binding

domain that binds a B-Ceil antigen that is BCMA. In embodiments, the antigen binding domain

of said first CAR includes a heavy chain complementary determining region 1 (HC CDR1), a

heavy chain complementary determining region 2 (HC CDR2), and a heavy chain

complementary determining region 3 (HC CDR3) of any heavy chain binding domain amino

acid sequence listed in Table 12 or 3 . In embodiments, the antigen binding domain of said

first CAR further includes a light chain complementary 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 light chain binding domain amino acid sequence listed

in Table 12 or 13. In embodiments, the antigen binding domain of said first CAR includes: (i)

the amino acid sequence of any light chain variable region listed in Table 2 or 13; (ii) an

ammo acid sequence having at least one, two or three modifications but not more than 20 or 0

modifications of the amino acid sequence of any of the light chain variable regions provided in

Table 12 or ; or (iii) an amino acid sequence with 95-99% identity to the am o acid

sequence of any of the light chain variable regions provided in Table 12 or 3 . In embodiments,

the antigen binding domain of said first CAR includes: (i) the am o acid sequence of any

heavy chain variable region listed in Table 12 or 13; (ii) an amino acid sequence having at least

one, two or three modifications but not more than 20 or 0 modifications of the amino acid

sequence of any of the heavy chain variable regions provided in Table 12 or 13; or (iii) an

amino acid sequence with 95-99% identity to the amino acid sequence of any of the heavy

chain variable regions provided in Table 2 or 13. In embodiments, the antigen binding domain

of said first CAR includes a polypeptide having the amino acid sequence of any light chain

variable region listed in Table 12 or 13, and the amino acid sequence of any heavy chain



variable region listed in Table 1 or 13. In embodiments, the antigen binding domain of said

first CAR includes a polypeptide having a sequence of SEQ ID NO: 349; SEQ ID NO: 339,

SEQ ID NO: 340; SEQ ID NO: 341; SEQ ID NO: 342; SEQ ID NO: 343; SEQ ID NO: 344,

SEQ ID NO: 345, SEQ ID NO: 346, SEQ ID NO: 347, SEQ ID NO: 348, SEQ ID NO: 350,

SEQ ID NO: 351, SEQ ID NO: 352, SEQ ID NO: 353, SEQ ID NO: 429, SEQ ID NO: 430,

SEQ ID NO: 431, SEQ ID NO: 432, SEQ ID NO: 433, SEQ ID NO: 434, SEQ ID NO: 435,

SEQ ID NO: 436, SEQ ID NO: 437, SEQ ID NO: 438, SEQ ID NO: 439, SEQ ID NO: 440,

SEQ ID NO: 44 , SEQ ID NO: 442, SEQ ID NO: 443, SEQ ID NO: 444, SEQ ID NO: 445,

SEQ ID NO: 446, SEQ ID NO: 447, SEQ ID NO: 448, SEQ ID NO: 449, SEQ ID NO: 563,

SEQ ID NO: 564, SEQ ID NO: 565 or SEQ ID NO: 566

In another aspect, the cell includes a first chimeric antigen receptor that includes an antigen

binding domain that binds a B-Cell antigen that is CD 19. In embodiments, the antigen binding

domain of said first CAR includes a heavy chain complementary determining region 1 (HC

CD 1), a heavy chain complementary determining region 2 (HC CDR2), and a heavy chain

complementary determining region 3 (HC CDR3) of any heavy chain binding domain amino

acid sequence listed in Table 6, Table 7 or Table 9 . In embodiments, the antigen binding

domain of said first CAR further includes a light chain complementary 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 light chain binding domain amino acid

sequence listed in Table 6, Table 8 or Table 9 . In embodiments, the antigen binding domain of

said first CAR includes: (i) the amino acid sequence of any light chain variable region listed in

Table 6 or Table 9; (ii) an am o acid sequence having at least one, two or three modifications

but not more than 20 or 10 modifications of the am o acid sequence of any of the light chain

variable regions provided in Table 6 or Table 9; or (iii) an am o acid sequence with 95-99%

identity to the amino acid sequence of any of the light chain variable regions provided in Table

6 or Table 9 . In embodiments, the antigen binding domain of said first CAR includes: (i) the

amino acid sequence of any heavy chain variable region listed in Table 6 or Table 9; (ii) an

amino acid sequence having at least one, two or three modifications but not more than 20 or 0

modifications of the am o acid sequence of any of the heavy chain variable regions provided

in Table 6 or Table 9; or (iii) an amino acid sequence with 95-99% identity to the amino acid

sequence of any of the heavy chain variable regions provided in Table 6 or Table 9 . In



embodiments, the antigen binding domain of said first CAR includes a polypeptide having the

amino acid sequence of any light chain variable region listed in Table 6 or Table 9, and the

amino acid sequence of any heavy chain variable region listed in Table 6 or Table 9 . In

embodiments, the antigen binding domain of said first CAR includes a polypeptide having a

sequence of SEQ ID NO: 83; SEQ ID NO: 84, SEQ ID NO: 85; SEQ ID NO: 86; SEQ ID NO:

87; SEQ ID NO: 88; SEQ ID NO: 89, SEQ ID NO: 90, SEQ ID NO: 91, SEQ ID NO: 92, SEQ

ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 95, or SEQ ID NO: 112.

In another aspect (including in any of the aforementioned aspects and embodiments), the cell

includes a second CAR that includes an antigen binding domain that binds a myeloid tumor

antigen, and wherein said myeloid tumor antigen is selected from the group consisting of

CD123, CD33 and CLL-1.

In another aspect (including in any of the aforementioned aspects and embodiments), the cell

includes a second CAR that includes an antigen binding domain that binds a T cell lymphoma

antigen.

In another aspect (including in any of the aforementioned aspects and embodiments), the cell

includes a second CAR that includes an antigen binding domain that binds a solid tumor

antigen, e.g., wherein said solid tumor antigen is selected from the group consisting of

EGFRvIII, mesothelin, GD2, Tn antigen, sTn antigen, Tn-O-Glycopeptides, sTn-0~

Glycopeptides, PSMA, CD97, TAG72, CD44v6, CEA, EPCAM, KIT, IL-13Ra2, leguman,

GD3, CD1 , IL-1 Ra, PSCA, MAD-CT-1 , MAD-CT-2, VF.GFR2, LewisY, CD24, PDGFR-

beta, SSEA-4, folate receptor alpha, ERBBs (e.g., ERBB2), Her2/neu, MUC , EGFR, NCAM,

Ephrin B2, CAIX, LMP2, sLe, HMWMAA, o-acetyl-GD2, folate receptor beta, TEM1/CD248,

TEM7R, FAP, Legumam, HPV E6 or E7, ML-IAP, CLDN6, TSHR, GPRC5D, ALK,

Polysialic acid, Fos-related antigen, neutrophil elastase, TRP-2, CYP1B1, sperm protein 7,

beta human chorionic gonadotropin, AFP, thyroglobulin, PLAC1, globoH, RAGE1, M -CA

IX, human telomerase reverse transcriptase, intestinal carboxyl esterase, mut hsp 70-2, NA-17,

NY-BR-1, UPK2, HAVCR1, ADRB3, PANX3, NY-ESO-1, GPR20, Ly6k, 0R51E2, TARP,

GFRa4, and a peptide of any of these antigens presented on MHC. In embodiments, the solid

tumor antigen is selected from the group consisting of CLDN6, mesothelin and EGFRvIII.



In one aspect, the cell includes a second chimeric antigen receptor that includes an

antigen binding domain that binds EGFRvIII. In embodiments, the antigen binding domain of

said second CAR includes a heavy chain complementary determining region 1 (HC CDR1), a

heavy chain complementary determining region 2 (HC CDR2), and a heavy chain

complementary determining region 3 (HC CDR3) of any anti-EGFRvill heavy chain binding

domain amino acid sequence listed in Table 5 . In embodiments, the antigen binding domain of

said second CAR further includes a light chain complementary 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 anti-EGFRvill light chain binding

domain amino acid sequence listed in Table 5 In embodiments, the antigen binding domain of

said second CAR includes: (i) the amino acid sequence of any anti -EGFRvIII light chain

variable region listed in Table 5; (li) an amino acid sequence having at least one, two or three

modifications but not more than 20 or 10 modifications of the am o acid sequence of any of

the a t -EGFRvIII light chain variable regions provided in Table 5; or (iii) an amino acid

sequence with 95-99% identity to the amino acid sequence of any of the anti-EGFRvill light

chain variable regions provided in Table 5 . In embodiments, the antigen binding domain of

said second CAR includes: (i) the amino acid sequence of any anti-EGFRvill heavy chain

variable region listed in Table 5; (li) an amino acid sequence having at least one, two or three

modifications but not more than 20 or 10 modifications of the amino acid sequence of any of

the anti-EGFRvill heavy chain variable regions provided in Table 5; or (iii) an amino acid

sequence with 95-99% identity to the amino acid sequence of any of the anti-EGFRvHI heavy

chain variable regions provided in Table 5 . In embodiments, the antigen binding domain of

said second CAR includes a polypeptide having the am o acid sequence of any anti-EGFRvill

light chain variable region listed in Table 5, and the amino acid sequence of any anti-EGFRvill

heavy chain variable region listed in Table 5 . In embodiments, the antigen binding domain of

said second CAR includes a polypeptide having a sequence of any of SEQ ID NOS: 71-79.

In one aspect, the ceil includes a second chimeric antigen receptor that includes an

antigen binding domain that binds mesothelin. In embodiments, the antigen binding domain of

said second CAR includes a heavy chain complementary determining region 1 (HC CDR1), a

heavy chain complementary determining region 2 (HC CDR2), and a heavy chain

complementary determining region 3 (HC CDR3) of any heavy chain binding domain amino



acid sequence listed in Table 2 or 3 . In embodiments, the antigen binding domain of said

second CAR further includes a light chain complementary 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 light chain binding domain ammo acid sequence listed

in Table 2 or 4 . In embodiments, the antigen binding domain of said second CAR includes: (i)

the amino acid sequence of any light chain variable region listed in Table 2; (ii) an amino acid

sequence having at least one, two or three modifications but not more than 20 or 0

modifications of the amino acid sequence of any of the light chain variable regions provided in

Table 2; or (lii) an amino acid sequence with 95-99% identity to the amino acid sequence of

any of the light chain variable regions provided in Table 2 . In embodiments, the antigen

binding domain of said second CAR includes: (i) the amino acid sequence of any heavy chain

vanable region listed in Table 2; (ii) an amino acid sequence having at least one, two or three

modifications but not more than 20 or 10 modifications of the ammo acid sequence of any of

the heavy chain variable regions provided in Table 2; or (lii) an amino acid sequence with 95-

99% identity to the amino acid sequence of any of the heavy chain variable regions provided in

Table 2 . In embodiments, the antigen binding domain of said second CAR includes a

polypeptide having the amino acid sequence of any light chain variable region listed in Table 2,

and the amino acid sequence of any heavy chain variable region listed in Table 2 . In

embodiments, the antigen binding domain of said second CAR includes a polypeptide having a

sequence of any one of SEQ ID NOS: 46-70.

In embodiments, including in any of the aforementioned aspects and embodiments, the

antigen binding domain of said first CAR is in the format of an scFv.

In embodiments, including in any of the aforementioned aspects and embodiments, the

antigen binding domain of said second CAR is in the format of an scFv.

In embodiments, including in any of the aforementioned aspects and embodiments, the

intracellular signaling domain of said first or said second CAR includes one or more primary

signaling domains , e.g., as described herein.



In embodiments, including in any of the aforementioned aspects and embodiments, the

intracellular signaling domains of said first CAR and said second CAR include a primary

signaling domain , e.g., as described herein.

In embodiments, including in any of the aforementioned aspects and embodiments, the

intracellular signaling domain of said first or said second CAR includes one or more

costimuiatory signaling domains, e.g., as described herein.

In embodiments, including in any of the aforementioned aspects and embodiments, the

intracellular signaling domains of said first CAR and said second CAR include one or more

costimuiatory signaling domains, e.g., as described herein.

In embodiments, including in any of the aforementioned aspects and embodiments, the

primary signaling domains include a C 3-zeta stimulator}' domain, e.g., as described herein.

In embodiments, including in any of the aforementioned aspects and embodiments, the

costimuiatory signaling domain is an intracellular domain of a costimuiatory protein selected

from the group consisting of CD27, CD28, 4-1BB (CD137), OX40, GITR, CD30, CD40,

ICOS, BAFFR, HVEM, ICAM-1, lymphocyte function-associated antigen- 1 (LFA-1), CD2,

CDS, CD7, CD287, LIGHT, NKG2C, NKG2D, SLAMF7, NKp80, NKp30, \ 4. NKp46,

CD160, B7-H3, and a iigand that specifically binds with CD83.

In one embodiment of any of the methods and compositions described herein, the

transmembrane domain of the first CAR molecule, the second CAR molecule, or both the first

CAR molecule and second CAR moleucle comprises a transmembrane domain from a protein

selected from the group consisting of the alpha, beta or zeta chain of the T-cell receptor, CD28,

CD3 epsilon, CD45, CD4, CD5, CDS, CD9, ( 4) . CD22, CD33, CD37, (4)64. CD80, CD86,

CD 134, CD137 and CD 154. In some embodiments, the transmembrane domain of the first

CAR, the second CAR, or both the first CAR and second CAR comprises the amino acid

sequence of SEQ ID NO: 12, an amino acid sequence comprises at least one, two or three

modifications but not more than 20, 0 or 5 modifications of the amino acid sequence of SEQ

ID NO: 12, or a sequence with 95-99% identity to the amino acid sequence of SEQ ID NO: 12.



In embodiments, the transmembrane domains of the first CAR molecule and second

CAR molecule are the same. In other embodiments, the transmembrane domains of the first

CAR molecule and second CAR molecule are different.

In one embodiment of any of the methods and compositions described herein, the

antigen binding domain of the first CAR molecule, the antigen binding domain of the second

CAR molecule, or the antigen binding domain of both the first CAR molecule and the second

CAR molecule is connected to a transmembrane domain by a hinge region. In some

embodiments, the hinge region comprises SEQ ID NO:4, or a sequence with 95-99% identity

thereof.

in one embodiment of any of the methods and compositions described herein, the

intracellular signaling domain of the first CAR molecule, the second CAR molecule or both the

first CA molecule and second CAR molecule comprises a costimulatory signaling domain

comprising a functional signaling domain obtained from a protein selected from the group

consisting of a MHC class I molecule, a TNF receptor protein, an Immunoglobulin-like protein,

a cytokine receptor, an integrm, a signaling lymphocytic activation molecule (SLAM protein),

an activating NK cell receptor, BTLA, a Toll gand receptor, OX40, CD2, CD7, CD27, CD28,

CD30, CD40, CDS, ICAM-1, LFA-1 (CD 1 1a/CD 18), 4-1BB (CD137), B7-H3, CDS, ICAM-1,

ICOS (CD278), GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2, SLAMF7, NKp80

(KLRFl ), NKp44, NKp30, NKp46, CD 19, CD4, CDSalpha, CDSbeta, IL2R beta, IL2R

gamma, IL7R alpha, ITGA4, VLA1, CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f,

ITGAD, CD lid, ITGAE, CD 103, ITGAL, CD 11a, LFA-1, ITGAM, CD l ib, ITGAX, CD 11c,

ITGBl, CD29, ITGB2, CD 8, LFA-1, ITGB7, NKG2D, NKG2C, TNFR2, TRANCE/RANKL,

DNAM1 (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAM1, CRTAM,

Ly9 (CD229), CD 160 (BY55), PSGL1, CD 100 (SEMA4D), CD69, SLAMF6 (NTB-A,

Lyl08), SLAM (SLAMF1, CD1 50, PO 3), BLAME (SLAMF8), SELPLG (CD162), LTBR,

LAT, GADS, SLP-76, PAG/Cbp, CD 19a, and a ligand that specifically binds with CD83. In

some embodiments, the costimulatory domain comprises the amino acid sequence of SEQ ID

NO: 14, or an amino acid sequence having at least one, two or three modifications but not more

than 20, 10 or 5 modifications of the amino acid sequence of SEQ ID NO: 4, or an amino acid

sequence with 95-99% identity to the amino acid sequence of SEQ ID NO: 14. In some

embodiments, the intracellular signaling domain comprises a functional signaling domain of 4-

BB and/or a functional signaling domain of CD3 zeta. In some embodiments, the intracellular



signaling domain comprises the amino acid sequence of SEQ ID NO: 4 and/or the amino acid

sequence of SEQ ID NO: 18 or SEQ ID NO:20; or an amino acid sequence having at least one,

two or three modifications but not more than 20, 10 or 5 modifications of the amino acid

sequence of SEQ ID NO: 4 and/or the amino acid sequence of SEQ ID NO: or SEQ ID

NO: 20; or an amino acid sequence with 95-99% identity to the amino acid sequence of SEQ ID

NO: 14 and/or the amino acid sequence of SEQ ID NO: 18 or SEQ ID NO:20. In some

embodiments, the intracellular signaling domain comprises the amino acid sequence of SEQ ID

NO: 4 and the am o acid sequence of SEQ ID NO: 8 or SEQ ID NO:20, wherein the amino

acid sequences comprising the intracellular signaling domain are expressed in the same frame

and as a single polypeptide chain.

In some embodiments, the first CAR molecule (e.g., the B-Cell antigen-targeting CAR

molecule) comprises an intracellular signaling domain that comprises a costimulatory signaling

domain, e.g., as described herein, but does not comprise a primary signaling domain. In other

embodiments, the first CAR molecule (e.g., the B-Cell antigen-targeting CAR molecule)

comprises an intracellular signaling domain that comprises a costimulatory signaling domain,

e.g., as described herein, and a primary signaling domain, e.g., as described herein.

In some embodiments, the second CAR molecule (e.g., the tumor antigen-targeting

CAR molecule) comprises an intracellular signaling domain that comprises a costimulatory

signaling domain, e.g., as described herein, but does not comprise a primary signaling domain.

In some embodiments, the second CAR molecule (e.g., the tumor antigen-targeting CAR

molecule) comprises an intracellular signaling domain that comprises a primary signaling

domain, e.g., as described herein, but does not comprise a costimulatory signaling domain. In

other embodiments, the second CAR molecule (e.g., the tumor antigen-targeting CAR

molecule) comprises an intracellular signaling domain that comprises a costimulatory signaling

domain, e.g., as described herein, and a primary signaling domain, e.g., as described herein.

In a preferred embodiment, the first CAR molecule (e.g., the B-Cell antigen-targeting

CAR molecule) comprises an intracellular signaling domain that comprises a costimulatory

signaling domain, e.g., as described herein, but does not comprise a primary signaling domain,

and the second CAR molecule (e.g., the tumor antigen-targeting CAR molecule), comprises an

intracellular signaling domain that comprises a costimulatory signaling domain, e.g., as

described herein, and a primary signaling domain, e.g., as described herein.



In another preferred embodiment, the first CAR molecule (e.g., the B-Cell antigen-

targeting CAR molecule) comprises an intracellular signaling domain that comprises a

costimulatory signaling domain, e.g., as described herein, and a primary signaling domain, e.g.,

as described herein, and the second CAR molecule (e.g., the tumor antigen-targeting CAR

molecule), comprises an intracellular signaling domain that comprises a costimulatory

signaling domain, e.g., as described herein, and a primary signaling domain, e.g., as described

herein.

In one embodiment of any of the methods and compositions described herein, the first

CAR molecule, the second CAR molecule, or both the first CAR molecule and the second CAR

molecule further comprises a leader sequence comprising the ammo acid sequence of SEQ ID

NO: 2 .

In embodiments, including in any of the aforementioned aspects and embodiments, the

costimulatory domain of both said first and said second CAR include an intracellular domain of

4-IBB, e.g., as described herein.

In embodiments, including in any of the aforementioned aspects and embodiments, the

one or more of said costimulatory domains includes an intracellular domain of CD28, e.g., as

described herein.

In embodiments, including in any of the aforementioned aspects and embodiments, the

first or second CAR includes two costimulatory domains: (1) a 4- BB costimuiatoiy domain,

e.g., as described herein; and (2) a CD28 costimulatory domain, e.g., as described herein.

In an aspect (including in any of the aforementioned aspects and embodiments that

include a BCMA CAR) the antigen binding domain of said first CA binds BCMA and the

first CAR includes a polypeptide having an amino acid sequence selected from the group

consisting of SEQ ID NO: 949, SEQ ID NO: 950, SEQ ID NO: 95 , SEQ ID NO: 952, SEQ ID

NO: 953, SEQ ID NO: 954, SEQ ID NO: 955, SEQ ID NO: 956, SEQ ID NO: 957, SEQ ID

NO: 958, SEQ ID NO: 959, SEQ ID NO: 960, SEQ ID NO: 961, SEQ ID NO: 962, SEQ ID

NO: 963, SEQ ID NO: 979, SEQ ID NO: 980, SEQ ID NO: 981 , SEQ ID NO: 982, SEQ ID

NO: 983, SEQ ID NO: 984, SEQ ID NO: 985, SEQ ID NO: 986, SEQ ID NO: 987, SEQ ID

NO: 988, SEQ ID NO: 989, SEQ ID NO: 990, SEQ ID NO: 991, SEQ ID NO: 992, SEQ ID



NO: 993, SEQ ID NO: 994, SEQ ID NO: 995, SEQ ID NO: 996, SEQ ID NO: 997, SEQ ID

NO: 998, and SEQ ID NO: 999.

In an aspect (including in any of the aforementioned aspects and embodiments that

include a CD 19 CAR) the antigen binding domain of said first CAR binds CD 19 and the first

CAR includes a polypeptide having an amino acid sequence selected from the group consisting

of SEQ ID NO: 269, SEQ ID NO: 270, SEQ ID NO: 271, SEQ ID NO: 272, SEQ ID NO: 273,

SEQ ID NO: 274, SEQ ID NO: 275, SEQ ID NO: 276, SEQ ID NO: 277, SEQ ID NO: 278,

SEQ ID NO: 279, SEQ ID NO: 280, and SEQ ID NO: 281.

In an aspect (including in any of the aforementioned aspects and embodiments that

include a EGFRvIH CAR) the antigen binding domain of said second CAR binds EG Rv II

and the second CAR includes a polypeptide having an amino acid sequence selected from the

group consisting of SEQ ID NO: 1043, SEQ ID NO: 049, SEQ ID NO: 1055, SEQ ID NO:

1061, SEQ ID NO: 1067, SEQ ID NO: 1073, SEQ ID NO: 1079, SEQ ID NO: 1085, SEQ ID

NO: 1090, and SEQ ID NO: 096.

In an aspect (including in any of the aforementioned aspects and embodiments that

include a mesothelin CAR) the antigen binding domain of said second CAR binds mesothelin

and the second CAR includes a polypeptide having an amino acid sequence selected from the

group consisting of SEQ ID NO: 282, SEQ ID NO: 283, SEQ ID NO: 284, SEQ ID NO: 285,

SEQ ID NO: 286, SEQ ID NO: 287, SEQ ID NO: 288, SEQ ID NO: 289, SEQ ID NO: 290,

SEQ ID NO: 291, SEQ ID NO: 292, SEQ ID NO: 293, SEQ ID NO: 294, SEQ ID NO: 295,

SEQ ID NO: 296, SEQ ID NO: 297, SEQ ID NO: 298, SEQ ID NO: 299, SEQ ID NO: 300,

SEQ ID NO: 301, SEQ ID NO: 302, SEQ ID NO: 303, SEQ ID NO: 304, SEQ ID NO: 305,

and SEQ ID NO: 306.

in another aspect, the invention provides a cell which includes a CAR, e.g., a bispecific

CAR (e.g., as described herein), which includes a first antigen binding domain that binds a B-

Cel antigen, e.g., as described herein, a second antigen binding domain that binds a tumor

antigen, e.g., as described herein, a transmembrane domain, e.g., as described herein, and an

intracellular signaling domain, e.g., as described herein. In embodiments, the first antigen

binding domain binds CD 19, e.g., includes a CD19 binding domain described herein. In



embodiments, the first antigen binding domain binds BCMA, e.g., includes a BCMA binding

domain described herein. In embodiments, the second antigen biding domain binds a solid

tumor antigen, a myeloid tumor antigen, or an antigen of a hematological tumor not of B-Ceil

lineage. In embodiments, the second antigen binding domain binds a solid tumor antigen, e.g.,

as described herein. In embodiments, the second antigen binding domain binds EGFRvIII (e.g.,

includes a EGFRvIII binding domain described herein). In other embodiments, the second

antigen binding domain binds mesothelm (e.g., includes a mesothelm binding domain described

herein). In embodiments, the CAR includes a first antigen binding domain to CD 19, e.g., as

described herein, and a second antigen binding domain to EGFRvIII, e.g., as described herein.

In embodiments, the CA includes a first antigen binding domam to BCMA, e.g., as described

herein, and a second antigen binding domam to EGFRvIII, e.g., as described herein. In

embodiments, the CAR includes a first antigen binding domain to CD19, e.g., as described

herein, and a second antigen binding domam to mesothelm, e.g., as described herein. In

embodiments, the CAR includes a first antigen binding domain to BCMA, e.g., as described

herein, and a second antigen binding domain to mesothelm, e.g., as described herein. In

embodiments, the CAR includes an intracellular signaling domain that includes a CD3z

primary signaling domain, e.g., as described herein, and a 4-1BB costimulatory signaling

domain, e.g., as described herein. In embodiments, the CAR includes an intracellular signaling

domain that includes a CD3z primary signaling domain, e.g., as described herein, and a CD28

costimulatory signaling domain, e.g., as described herein.

In an aspect (including in any of the aforementioned aspects and embodiments), the cell

is derived from a patient diagnosed with a myeloid tumor, or a hematological tumor not of B-

Cell lineage.

In an aspect (including in any of the aforementioned aspects and embodiments), the

patient is diagnosed with a myeloid tumor expressing an antigen selected from the group

consisting of CD123, CD33 and CLL-1.

In an aspect (including in any of the aforementioned aspects and embodiments), the cell

is derived from a patient diagnosed with a solid tumor. In embodiments, the patient is

diagnosed with a solid tumor expressing an antigen selected from the group consisting of:

EGFRvIII, mesothelm, GD2, Tn Ag, PSMA, TAG72, CD44v6, CEA, EPCAM, KIT, IL-13Ra2,



GD3, CD171, IL-l lRa, PSCA, VEGFR2, LewisY, CD24, PDGFR-beta, SSEA-4, folate

receptor alpha, ERBB2, Her2/neu, MUC1, EGFR, NCAM, Ephrin B2, CAIX, 1 2. sLe,

HMWMAA, o-acetyl-GD2, folate receptor beta, TEM1/CD248, TEM7R, FAP, Legumam,

HPV E6 or E7, CLDN6, TSHR, GPRC5D, ALK, Plysiaiie acid, PLAC1, globoH, NY-BR-1,

UPK2, HAVCRI, ADRB3, PANX3, GPR20, Ly6k, OR51E2, TARP, and GFRa4.

In an aspect (including in any of the aforementioned aspects and embodiments), the cell

is a human ceil and is not derived from a patient diagnosed with a tumor.

In an aspect (including in any of the aforementioned aspects and embodiments), the cell

is a T cell, a natural killer (NK) cell, a cytotoxic T lymphocyte (CTL), a tumor infiltrating

lymphocyte (TIL), or a regulatory T ceil.

In another aspect, the invention provides a method for stimulating a T cell-mediated

immune response to a myeloid tumor cell in a mammal, the method including administering to

a mammal an effective amount of a cell as described herein, e.g., a cell of any of the

aforementioned aspects and embodiments.

In another aspect, the invention provides a method of providing an anti-myeioid tumor,

immunity in a mammal, including administering to the mammal an effective amount of a cell as

described herein, e.g., in any of the aforementioned aspects and embodiments.

In another aspect, the invention provides a method of treating a mammal having a

disease associated with expression of a myeloid tumor antigen, said method including

administering an effective amount of a cell as described herein, e.g., in any of the

aforementioned aspects and embodiments.

In embodiments of the aspects involving a method for stimulating a T cell-mediated

immune response to a myeloid tumor cell in a mammal, a method of providing an anti-myeloid

tumor, immunity in a mammal and/or a method of treating a mammal having a disease

associated with expression of a myeloid tumor antigen, the myeloid tumor expresses an antigen

selected from the group consisting of CDI23, CD33 and CLL-1. In embodiments, the mammal

has a tumor characterized as acute myeloid leukemia (AML), acute lymphoblastic B-cell

leukemia (B-cell acute lymphoid leukemia, BALL), acute lymphoblastic T-ce leukemia (T



cell acute lymphoid leukemia (TALL)), B-cell prolymphocytic leukemia, chronic lymphocytic

leukemia, chronic myeloid leukemia (CML), myelodysplastic syndrome, plasma ceil myeloma,

or a combination thereof.

In another aspect, the invention provides a method for stimulating a T cell-mediated

immune response to a hematological tumor not of B-cell lineage, e.g., a T ceil lymphoma tumor

cell in a mammal, the method including administering to a mammal an effective amount of a

cell as described herein, e.g., a cell of any of the aforementioned aspects and embodiments.

In another aspect, the invention provides a method of providing immunity to an anti-

hematological tumor not of B-cell lineage, e.g., an anti-T ceil lymphoma tumor immunity, in a

mammal, including administering to the mammal an effective amount of a cell as described

herein, e.g., in any of the aforementioned aspects and embodiments.

In another aspect, the invention provides a method of treating a mammal having a

disease associated with expression of an antigen of a hematological tumor not of B-cell lineage,

e.g., a T ceil lymphoma tumor antigen, said method including administering an effective

amount of a cell as described herein, e.g., in any of the aforementioned aspects and

embodiments.

In another aspect, the invention provides a method for stimulating a T cell-mediated

immune response to a solid tumor cell in a mammal, the method including administering to a

mammal an effective amount of a cell as described herein, e.g., a cell of any of the

aforementioned aspects and embodiments.

In another aspect, the invention provides a method of providing an anti-solid tumor,

immunity in a mammal, including administering to the mammal an effective amount of a cell as

described herein, e.g., in any of the aforementioned aspects and embodiments.

In another aspect, the invention provides a method of treating a mammal having a

disease associated with expression of a solid tumor antigen, said method including

administering an effective amount of a cell as described herein, e.g., in any of the

aforementioned aspects and embodiments.



In embodiments of the aspects involving a method for stimulating a T cell-mediated

immune response to a solid tumor cell in a mammal, a method of providing an anti-solid tumor,

immunity in a mammal and/or a method of treating a mammal having a disease associated with

expression of a solid tumor antigen, the solid tumor cell expresses an antigen selected from the

group consisting of: EGFRvIII, mesothelin, CS- , GD2, Tn Ag, PSMA, TAG72, CD44v6,

CEA, EPCAM, KIT, IL~13Ra2, GD3, CD171, L- lRa, PSCA, VEGFR2, LewisY, CD24,

PDGFR-beta, SSEA-4, folate receptor alpha, ERBB2, Her2/neu, MUC1, EGFR, NCAM,

Ephrin B2, CAIX, !.\!P2. sLe, HMWMAA, o-acetyl-GD2, folate receptor beta, TEM1/CD248,

TEM7R, FAP, Legumam, HPV E6 or E7, CLDN6, TSHR, GPRC5D, ALK, Plysialic acid,

PLACl, globoH, NY-BR-1, UPK2, HAVCR1, ADRB3, PANX3, GPR20, Ly6k, OR51E2,

TARP, and GFRa4, e.g., EGFRvIII or mesothelin. In embodiments, the mammal has a tumor

characterized as glioblastoma, ovarian cancer, lung cancer, prostate cancer, colorectal cancer,

pancreatic cancer, breast carcinoma, adenocarcinoma or mesothelioma.

In some embodiments, the solid tumor antigen s present in/on a mesothelioma (e.g., a

malignant pleural mesothelioma), a lung cancer (e.g., non-small cell lung cancer, small cell

lung cancer, squamous cell lung cancer, or large cell lung cancer), a pancreatic cancer (e.g.,

pancreatic ductal adenocarcinoma), an esophageal adenocarcinoma, an ovarian cancer, a breast

cancer, a colorectal cancer, a bladder cancer or any combination thereof, or a metastasis of any

of the aforementioned cancers. In one embodiment of any of the methods and compositions

described herein, the disease associated with expression of the tumor antigen is a pancreatic

cancer, e.g., a metastatic pancreatic ductal adenocarcinoma (PDA). In one embodiment, the

pancreatic cancer is in 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 is ovarian cancer, e.g., serous epithelial ovarian cancer, e.g., in a subject who has

progressed after at least one prior regimen of standard therapy. In one embodiment, the disease

is mesothelioma, malignant pleural mesothelioma, non-small cell lung cancer, small cell lung

cancer, squamous ceil lung cancer, or large cell lung cancer, pancreatic cancer, pancreatic

ductal adenocarcinoma, pancreatic metastatic, esophageal adenocarcinoma, breast cancer,

ovarian cancer, colorectal cancer and bladder cancer, or any combination thereof.



In embodiments, the cells are autologous to the treated mammal.

In embodiments, the cells are allogeneic to the treated mammal.

In embodiments, the mammal is a human.

In another aspect, the invention provides a method, including any of the aforementioned

methods, wherein the administering of the cells of the invention, e.g., as described herein,

results in partial or complete elimination of said tumor cells and, thereafter, continue to persist

in said subject at a level greater than, or for a length of time longer than, otherwise identical

cells that lack the first CAR.

In embodiments of the methods described herein, the mammal is administered a

lymphodepletmg therapy prior to, concurrently with, or after administration of said cells.

In embodiments of the methods described herein, mammal is not administered a

lympodepleting therapy prior to or concurrently with administration of said cells.

In embodiments of any of the methods and compositions described herein, the method

can further comprise administering a lymphodepletmg agent. In one embodiment, the

lymphodepletmg agent reduces the level of T cells, e.g., regulatory T cells, and/or regulatory B

cells, as compared to the level prior to administration of the lymphodepletmg agent. In one

embodiment, the lymphodepletmg agent comprises fludarabine, cyclophosphamide,

corticosteroids, alemtuzumab, or total body irradiation (TBI), or a combination thereof.

Any of the methods and compositions described herein can further comprise

administering an additional therapeutic agent that treats the disease associated with a tumor

antigen. In one embodiment, the additional therapeutic agent is an anti-cancer therapeutic

agent.

In another aspect, the invention provides a nucleic acid encoding the first CAR and the

second CAR of any one of the aforementioned aspects and embodiments, e.g., as described

herein. In embodiments, the sequence of said first CAR and said second CAR are separated by

an independent ribosomal entry site, a promoter element, or a sequence encoding a T2A, P2A,

E2A, or F2A element.



In another aspect, the invention provides a vector including the nucleic acid of the

aforementioned aspect and embodiments, e.g., as described herein. In embodiments, the vector

is a lentiviral vector.

In another aspect, the invention provides a composition including a first nucleic acid

encoding the first CAR (e.g., a CAR comprising a binding domain to a B-Ce antigen, e.g., as

described herein) of any one of the preceding aspects and embodiments, and a second nucleic

acid encoding the second CAR (e.g., a CAR comprising a biding domain to a tumor antigen,

e.g., as described herein) of any one of the preceding aspects and embodiments. In

embodiments, the first and the second nucleic acids are included within separate vectors. In

embodiments, the vectors are lentiviral vectors.

In another aspect, the invention provides a method of generating the cell of any one of

the aforementioned aspects and embodiments, e.g., a cell as described herein, including

introducing into said cell the nucleic acid of any one of the preceding nucleic acid aspects and

embodiments, e.g., as described herein, the vector of any one of the preceding vector aspects

and embodiments, e.g., as described herein, or the composition of any one of the preceding

composition aspects and embodiments, e.g., as described herein,.

In another aspect, the invention provides a method of generating the cell of any one of

the preceding aspects and embodiments, including introducing into said cell a first vector

including nucleic acid encoding the first CAR of any one of the aforementioned aspects and

embodiments, e.g., as described herein, and introducing into said cells a second vector

including nucleic acid encoding the second CAR of any one of the aforementioned aspects and

embodiments, e.g., as described herein. In embodiments, the introduction of said first vector

and said second vector is simultaneous. In embodiments, the introduction of said first vector

and said second vector s sequential.

In another aspect, the invention provides a cell including nucleic acid encoding the first

CAR of any one of the aforementioned aspects and embodiments, e.g., as described herein, and

the second CAR of any one of the aforementioned aspects and embodiments, e.g., as described

herein.



In another aspect, the invention provides a cell described herein, e.g., a cell expressing a

CAR which binds a B-Cell antigen, e.g., described herein, and expressing a CAR which binds a

tumor antigen other than a B-Celi antigen, e.g., described herein, for medicament. In

another aspect, the invention provides a cell described herein, e.g., a ceil expressing a CAR

which binds a B-Cell antigen, e.g., described herein, and expressing a CAR which binds a

tumor antigen other than a B-Cell antigen, e.g., described herein, for use as a medicament for

the treatment of a disease associated with the expression of the tumor antigen other than a B-

Cell antigen. In another aspect, the invention provides a cell described herein, e.g., a cell

expressing a CAR which binds a B-Cell antigen, e.g., described herein, and expressing a CAR

which binds a tumor antigen other than a B-Cell antigen, e.g., described herein, for use as a

medicament for the treatment of cancer, e.g., a cancer expressing the tumor antigen other tha a

B-Cell antigen. In another aspect, the invention provides a cell described herein, e.g., a cell

expressing a CAR which binds a B-Cell antigen, e.g., described herein, and expressing a CAR

which binds a tumor antigen other than a B-Cell antigen, e.g., described herein; a nucleic acid

described herein; or a composition described herein; for use in the manufacture of a

medicament.

Unless otherwise defined, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this invention

belongs. Although methods and materials similar or equivalent to those described herein can be

used the practice or testing of the present disclosure, suitable methods and materials are

described below. All publications, patent applications, patents, and other references mentioned

herein are incorporated by reference in their entirety. In addition, the materials, methods, and

examples are illustrative only and not intended to be limiting. Headings, sub-headings or

numbered or lettered elements, e.g., (a), (b), (i) etc, are presented merely for ease of reading.

The use of headings or numbered or lettered elements in this document does not require the

steps or elements be performed in alphabetical order or that the steps or elements are

necessarily discrete from one another. Other features, objects, and advantages of the invention

will be apparent from the description and drawings, and from the claims.



BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a diagram of a nucleic acic construct for bicistronic expression of a B-

celi antigen CAR and a solid tumor antigen CAR. The top construct encodes a CD 19 CAR (B-

cell antigen CAR) and an EGFRvIH CAR (solid tumor CAR), separated by a P2A protease

cleavage site. The bottom construct encodes a CD 19 CAR (B-cell antigen CAR) and a

Mesotheiin CAR (solid tumor CAR), separated by a P2A protease cleavage site.

Figure 2, shows a diagram of a set of nucleic acic constructs for expression of a B-cell

antigen CAR and a solid tumor antigen CAR. A first construct encodes a CD19 CAR (B-cell

antigen CAR) and a second construct encodes a EGFRvIH CAR (solid tumor CAR). The

constructs may be provided in separate vectors, e.g., separate lentiviral vectors. Cells are

transfected with the set of constructs to express both the B-cell antigen CAR and the solid

tumor antigen CAR.

DETAILED DESCRIPTION

Methods and compositions for treating a disease associated with expression of a tumor

antigen, e.g., a cancer, in a subject using an immune effector cell (e.g., T cell) engineered to

expresss a first chimeric antigen receptor (CAR) and a second CAR, wherein the antigen

binding domain of said first CAR binds to a B-Cell antigen and the antigen binding domain of

said second CAR binds to a tumor antigen other than a B-Cell antigen, e.g., to enhance the

efficacy (e.g., the persistence and/or proliferation of the CAR-expressing immune effector cell

in a patient) of the CAR-expressing immune effector cell therapy. Without wishing to be

bound by theory, treatment with an immune effector cell expressing a CAR targeting a B-Cell

antigen and a CAR targeting a tumor antigen enhances the anti tumor efficacy of the CAR-

expressing immune effector cell in a subject, e.g., by one or more of: increasing the

proliferation of said CAR-expressing immune effector cells and/or increasing the in vivo

persistence of said CAR expressing immune effector cells, e.g., as compared to administering

an immune effector cell expressing only the tumor-targeting CAR (e.g., not expressing the

CAR tareting a B-Cell antigen).

Definitions

Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which the invention

pertains.



The term "a" and "an" refers 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 "Chimeric Antigen Receptor" or alternatively a "CAR" refers to a

recombinant polypeptide construct comprising at least an extracellular antigen binding domain,

a transmembrane domain and a cytoplasmic signaling domain (also referred to herein as "an

intracellular signaling domain") comprising a functional signaling domain derived from a

stimulatory molecule as defined below. In some embodiments, the domains in the CAR

polypeptide construct are in the same polypeptide chain, e.g., comprise a chimeric fusion

protein. In some embodiments, the domains in the CAR polypeptide construct are not

contiguous with each other, e.g., are in different polypeptide chains, e.g., as provided in an

RCAR as described herein.

In one aspect, the stimulatory molecule is the zeta chain associated with the T cell

receptor complex. In one aspect, the cytoplasmic signaling domain comprises a primary

signaling domain (e.g., a primary signaling domain of CD3-zeta). In one aspect, the

cytoplasmic signaling domain further comprises one or more functional signaling domains

derived from at least one costimuiatory molecule as defined below. In one aspect, the

costimuiatory molecule is chosen from 4-1BB (i.e., CD 137), CD27, ICOS, and/or CD28. In

one aspect, the CAR comprises a chimeric fusion protein comprising an extracellular antigen

binding domain, a transmembrane domain and an intracellular signaling domain comprising a

functional signaling domain derived from a stimulatory molecule. In one aspect, the CAR

comprises a chimeric fusion protein comprising an extracellular antigen binding domain, a

transmembrane domain and an intracellular signaling domain comprising a functional signaling

domain derived from a co-stimulatory molecule and a functional signaling domain derived

from a stimulatory molecule. In one aspect, the CAR comprises a chimeric fusion protein

comprising an extracellular antigen binding domain, a transmembrane domain and an

intracellular signaling domain comprising two functional signaling domains derived from one

or more co-stimulatory molecule(s) and a functional signaling domain derived from a



stimulator}' molecule. In one aspect, the CAR comprises a chimeric fusion protein comprising

an extracellular antigen binding domain, a transmembrane domain and an intracellular

signaling domain comprising at least two functional signaling domains derived from one or

more co-stimulatory molecule(s) and a functional signaling domain derived from a stimulator}'

molecule. In one aspect the CAR comprises an optional leader sequence at the amino-terminus

(N-ter) of the CAR fusion protein. In one aspect, the CAR further comprises a leader sequence

at the N-terminus of the extracellular antigen binding domain, wherein the leader sequence is

optionally cleaved from the antigen recognition domain (e.g., a scFv) during cellular processing

and localization of the CAR to the cellular membrane.

A CAR that comprises an antigen binding domain (e.g., a scFv, or TCR) that targets,

e.g., binds to, a specific antigen X, such as those described herein, is also referred to as XCAR,

X-CAR or X-targeing CAR. For example, a CAR that comprises an antigen binding domain

that targets CD 19 is referred to as CD ISCAR. A CAR that comprises an antigen binding

domain (e.g., a scFv or TCR) that targets a specific tumor antigen (TA), such as those described

herein, is also referred to as TA CAR. A CAR that comprises an antigen binding domain (e.g.,

a scFv or TCR) that targets a specific B cell antigen (BCA), such as those described herein (e.g.

in connection with the first CAR molecule of the compositions of the invention), is also

referred to as BCA CAR.

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

pathways by generating second messengers or functioning as effectors by responding to such

messengers. In some aspects, the signaling domain of the CAR described herein is derived

from a stimulator}' molecule or co-stimulatory molecule described herein, or is a synthesized or

engineered signaling domain.

The term "antibody," as used herein, refers 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.

Antibodies can be tetramers of immunoglobulin molecules.

The term "antibody fragment" refers to at least one portion of an intact antibody, or

recombinant variants thereof, and refers to the antigen binding domain, e.g., an antigenic

determining variable region of an intact antibody, that is sufficient to confer recognition and



specific binding of the antibody fragment to a target, such as an antigen. Examples of antibody

fragments include, but are not limited to, Fab, Fab', F(ab') 2, and Fv fragments, scFv antibody

fragments, linear antibodies, single domain antibodies such as sdAb (either VL or VH), camelid

VHH domains, and multi-specific antibodies formed from antibody fragments such as a

bivalent fragment comprising two Fab fragments linked by a disulfide brudge 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-NARand bis-scFv

(see, e.g., Hollinger and Hudson, Nature Biotechnology 23: 1126-1 36, 2005). Antigen binding

fragments can also be grafted into scaffolds based on polypeptides such as a fibronectin type III

(Fn3)(see U.S. Patent No.: 6,703,1 99, which describes fibronectin polypeptide minibodies).

The term "scFv" refers to a fusion protein comprising at least one antibody fragment

comprising a variable region of a light chain and at least one antibody fragment comprising a

variable region of a heavy chain, wherein the light and heavy chain variable regions are

contiguously linked via a short flexible polypeptide linker, and capable of being expressed as a

single chain polypeptide, and wherein the scFv retains the specificity of the intact antibody

from which it is derived. Unless specified, as used herein an scFv may have the VL and VH

variable regions in either order, e.g., with respect to the N-terminal and C-terminal ends of the

polypeptide, the scFv may comprise VL- linker- H or may comprise VH-linker-VL.

The term "complementarity determining region" or "CDR," as used herein, refers to the

sequences of am o acids within antibody variable regions which confer antigen specificity and

binding affinity. For example, in general, there are three CDRs in each heavy chain variable

region (e.g., HCDR1, HCDR2, and HCDR3) and three CDRs in each light chain variable

region (LCDR1, LCDR2, and LCDR3). The precise ammo acid sequence boundaries of a

given CDR can be determined using any of a number of well-known schemes, including those

described by Kabat et al. ( 91), "Sequences of Proteins of Immunological Interest," 5th Ed.

Public Health Service, National Institutes of Health, Bethesda, MD ("Kabat" numbering

scheme), Al-Lazikani et al, (1997) JMB 273,927-948 ("Chothia" numbering scheme), or a

combination thereof. Under the Kabat numbering scheme, in some embodiments, the CDR

amino acid residues in the heavy chain variable domain (VH) are numbered 31-35 (HCDR1),

50-65 (HCDR2), and 95-102 (HCDR3); and the CDR amino acid residues in the light chain

variable domain (VL) are numbered 24-34 (LCDR1), 50-56 (LCDR2), and 89-97 (LCDR3).



Under the Chothia numbering scheme, in some embodiments, the CDR amino acids in the VH

are numbered 26-32 (HCDR1), 52-56 (HCDR2), and 95-102 (HCDR3); and the CDR amino

acid residues in the VL are numbered 26-32 (LCDRl), 50-52 (LCDR2), and 91-96 (LCDR3).

In a combined Kabat and Chothia numbering scheme, in some embodiments, the CDRs

correspond to the amino acid residues that are part of a Kabat CDR, a Chothia CDR, or both.

For instance, in some embodiments, the CDRs correspond to amino acid residues 26-35

(HCDR1), 50-65 (HCDR2), and 95-102 (HCDR3) in a VH, e.g., a mammalian VH, e.g., a

human VH; and am o acid residues 24-34 (LCDRl), 50-56 (LCDR2), and 89-97 (LCDR3) in

a VL, e.g., a mammalian VL, e.g., a human VL.

The portion of the CAR of the invention comprising an antibody or antibody fragment

thereof may exist in a variety of forms where the antigen binding domam is expressed as part of

a contiguous polypeptide chain including, for example, scFv antibody fragments, linear

antibodies, single domain antibodies such as sdAb (either VL or VH), camelid VHH domains ,a

humanized antibody, a bispecific antibody, an antibody conjugate (Harlow et al., 1999, In:

Using Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, NY; Harlow

et al, 1989, In: Antibodies: A Laboratory Manual, Cold Spring Harbor, New York; Houston et

al, 88, Proc. Natl. Acad. Sci. USA 85:5879-5883; Bird et al, 1988, Science 242:423-426).

In one aspect, the antigen binding domain of a CAR of the invention comprises an antibody

fragment. In a further aspect, the CAR comprises an antibody fragment that comprises a scFv.

As used herein, the term "binding domain" or "antibody molecule" (also referred to

herein as "anti-target (e.g., CD 19) binding domain") refers to a protein, e.g., an

immunoglobulin chain or fragment thereof, comprising at least one immunoglobulin variable

domain sequence. The term "binding domain" or "antibody molecule" encompasses antibodies

and antibody fragments. In an embodiment, an antibody molecule is a multispecific antibody

molecule, e.g., it comprises a plurality of immunoglobulin variable domain sequences, wherein

a first immunoglobulin variable domain sequence of the plurality has binding specificity for a

first epitope and a second immunoglobulin variable domain sequence of the plurality has

binding specificity for a second epitope. In an embodiment, a multispecific antibody molecule

is a bispecific antibody molecule. A bispecific antibody has specificity for no more than two

antigens. A bispecific antibody molecule is characterized by a first immunoglobulin variable

domain sequence which has binding specificity for a first epitope and a second

immunoglobulin variable domain sequence that has binding specificity for a second epitope.



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 "anti body light chain," refers to the smaller of the two types of polypeptide

chains present in antibody molecules in their naturally occurring conformations. Kappa (κ) and

lambda (λ) light chains refer to the two major antibody light chain isotypes.

The term "recombinant antibody" refers to an antibody which is generated using

recombinant DNA technology, such as, for example, an antibody expressed by a bacteriophage

or yeast expression system. The term should also be construed to mean an antibody which has

been generated by the synthesis of a DNA molecule encoding the antibody and which DNA

molecule expresses an antibody protein, or an amino acid sequence specifying the antibody,

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.

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 ail 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 sequences or a partial 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 need

not be encoded solely by a full length nucleotide sequence of a gene. It is readily apparent that

the present disclosure 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 need not be encoded by a "gene" at all. It is readily apparent that an

antigen can be generated 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 tumor sample, a cell or a fluid with other biological components.

The term "anti-tumor effect" or "anti-tumor activity" refers to a biological effect which

can be manifested by various means, including but not limited to, e.g., a decrease in tumor



volume, a decrease in the number of tumor cells, a decrease in the number of metastases, an

increase in life expectancy, decrease in tumor cell proliferation, decrease in tumor ceil survival,

or amelioration of various physiological symptoms associated with the cancerous condition. An

"anti-tumor effect" can also be manifested by the ability of the peptides, polynucleotides, cells

and antibodies of the invention in prevention of the occurrence of tumor in the first place.

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

it is later to be re-introduced into the individual.

The term "allogeneic" refers to any material derived from a different animal of the same

species 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 term "xenogeneic" refers to a graft derived from an animal of a different species.

The term "apheresis" as used herein refers to an extracorporeal process by wh h the

blood of a donor or patient s removed from the donor or patient and passed through an

apparatus that separates out selected particular constituents s) and returns the remainder to the

circulation of the donor or patient, e.g., by retransfusion. Thus, in the context of "an apheresis

sample" refers to a sample obtained using apheresis.

The term "cancer" refers to a disease characterized by the uncontrolled growth of

aberrant cells. Cancer includes all types of cancerous growths or oncogenic processes,

metastatic tissues or malignantly transformed cells, tissues or organs irrespective of the

histopathologic type or stage of invasiveness. Cancer cells can spread locally or through the

bloodstream and lymphatic system to other parts of the body. Examples of various cancers are

described herein and include but are not limited to, breast cancer, prostate cancer, ovarian

cancer, cervical cancer, skin cancer, pancreatic cancer, colorectal cancer, renal cancer, liver

cancer, brain cancer, lymphoma, leukemia, lung cancer and the like.

"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 a

second molecule and does not connotate 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 signaling domain

retains sufficient CD3zeta structure such that s has the required function, namely, the ability to



generate a signal under the appropriate conditions. It does not connotate 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 phrase "disease associated with expression of a tumor antigen" includes, but is not

limited to, a disease associated with expression of a tumor antigen as described herein or

condition associated with cells which express a tumor antigen as described herein including,

e.g., proliferative diseases such as a cancer or malignancy or a precancerous condition such as a

myelodysplasia, a myelodysplastic syndrome or a preleukemia; or a noncancer related

indication associated with cells which express a tumor antigen as described herein. In one

aspect, a cancer associated with expression of a tumor antigen as described herein is a

hematological cancer. In one aspect, a cancer associated with expression of a tumor antigen as

described herein is a solid cancer. Further diseases associated with expression of a tumor

antigen described herein include, but not limited to, e.g., atypical and/or non-classical cancers,

malignancies, precancerous conditions or proliferative diseases associated with expression of a

tumor antigen as described herein. Non-cancer related indications associated with expression

of a tumor antigen as described herein include, but are not limited to, e.g., autoimmune disease,

(e.g., lupus), inflammatory disorders (allergy and asthma) and transplantation.

The term "conservative sequence modifications" refers to am o acid modifications that

do not significantly affect or alter the binding characteristics of the antibody or antibody

fragment containing the amino acid sequence. Such conservative modifications include amino

acid substitutions, additions and deletions. Modifications can be introduced into an antibody or

antibody fragment of the invention by standard techniques known in the art, such as site-

directed mutagenesis and PCR-mediated mutagenesis. Conservative amino acid substitutions

are ones in which the amino acid residue is replaced with an ammo acid residue having a

similar side chain. Families of amino aci d 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, glutamme, 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 ammo ac d



residues within a CAR of the invention can be replaced with other am o acid residues from the

same side chain family and the altered CAR can be tested using the functional assays described

herein.

The term "stimulation," refers to a primary response induced by binding of a

stimulatory molecule (e.g., a TCR/CD3 complex or CAR) with its cognate ligand (or tumor

antigen in the case of a CAR) thereby mediating a signal transduction event, such as, but not

limited to, signal transduction via the TCR/CD3 complex or signal transduction via the

appropriate NR receptor or signaling domains of the CAR. Stimulation can mediate altered

expression of certain molecules, such as downregulation of TGF-β, and/or reorganization of

cytoskeletal structures, and the like.

The term "stimulatory molecule," refers to a molecule expressed by an immune effector

cell (e.g., a T cell, NK cell, B cell) that provides the cytoplasmic signaling sequence(s) that

regulate activation of the immune effector cell in a stimulatory way for at least some aspect of

the immune effector cell signaling pathway, e.g., the T cell signaling pathway. In one aspect,

the signal s a primary signal that s 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. Examples of an ITAM containing primary cytoplasmic

signaling sequence that is of particular use in the invention includes, but is not limited to, those

derived from CD3 zeta, common FcR gamma (FCER1G), Fc gamma R a, FcR beta (Fc

epsilon l b), CD3 gamma, CD3 delta , CD3 epsilon, CDS, CD22, CD79a, CD79b, CD278

(also known as "ICOS"), FcsRI, DAP 10, DAP12, and CD66d. In a specific CAR of the

invention, the intracellular signaling domain in any one or more CARs of the invention

comprises an intracellular signaling sequence, e.g., a primary signaling sequence of CD3-zeta

In a specific CAR of the invention, the primary signaling sequence of CD3-zeta is the sequence

provided as SEQ ID NO: 18, or the equivalent residues from a non-human species, e.g., mouse,

rodent, monkey, ape and the like. In a specific CAR of the invention, the primary signaling

sequence of CD3-zeta is the sequence as provided in SEQ ID NO:20, or the equivalent residues

from a non-human species, e.g., mouse, rodent, monkey, ape and the like.



The term "antigen presenting ceil" or "APC" refers to an immune system cell such as an

accessory cell (e.g., a B-eeli, a dendritic ceil, and the like) that displays a foreign antigen

complexed with major histocompatibility complexes (MHC's) on its surface. T-cells may

recognize these complexes using their T-cell receptors (TCRs). APCs process antigens and

present them to T-cells.

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 effector function of the CAR-expressingceil, e.g., a CART cell or CAR-expressing NK

cell. Examples of immune effector function, e.g., in a CART cell or CAR-expressing NK cell,

include cytolytic activity and helper activity, including the secretion of cytokines. While the

entire intracellular signaling domain can be employed, in many cases it s 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 t transduces the

effector function signal The term intracellular signaling domain s thus meant to include any

truncated portion of the intracellular signaling domain sufficient to transduce the effector

function signal.

In an embodiment, the intracellular signaling domain can comprise a primary

intracellular signaling domain. Exemplary primary intracellular signaling domains include

those derived from the molecules responsible for primary stimulation, or antigen dependent

simulation. In an embodiment, the intracellular signaling domain can comprise a costimulatory

intracellular domain. Exemplar}' costimulatory intracellular signaling domains include those

derived from molecules responsible for costimulatory signals, or antigen independent

stimulation. In an embodiment, the intracellular signaling domain is synthesized or engineered.

For example, in the case of a CAR-expressing immune effector cell, e.g., CART cell or CAR-

expressing NK ceil, a primary intracellular signaling domain can comprise a cytoplasmic

sequence of a T cell receptor, a primary intracellular signaling domain can comprise a

cytoplasmic sequence of a T cell receptor, and a costimulatory intracellular signaling domain

can comprise cytoplasmic sequence from co-receptor or costimulatory molecule.

A primary intracellular signaling domain can comprise a signaling motif which is

known as an immunoreceptor tyrosine-based activation motif or ITAM. Examples of ITAM

containing primary cytoplasmic signaling sequences include, but are not limited to, those

derived from CD3 zeta, common FcR gamma (FCERIG), Fc gamma RHa, Fc beta, CD3



gamma, CDS delta, CD3 epsilon, CDS, CD22, CD79a, CD79b, CD278 ("ICOS"), FCERI

CD66d, DAI 0 and DAP12.

The term "zeta" or alternatively "zeta chain", "CD3-zeta" or "TCR-zeta" is defined as

the protein provided as GenBan 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 that are

sufficient to functionally transmit an initial signal necessary for T cell activation. In one aspect

the cytoplasmic domain of zeta compri ses residues 52 through 4 of GenBank Acc. No.

BAG36664. or the equivalent residues from a non-human species, e.g., mouse, rodent,

monkey, ape and the like, that are functional orthologs thereof. In one aspect, the "zeta

stimulatory domain" or a "CD3-zeta stimulator}' domain" is the sequence provided as SEQ ID

NO: 18. In one aspect, the "zeta stimulatory domain" or a "CD3-zeta stimulatory domain" is

the sequence provided as SEQ ID NO:20. Also encompassed herein are CDS zeta domains

comprising one or more mutations to the amino acid sequences described herein, e.g., SEQ ID

NO: 20.

The term "costimulatory molecule" refers to the 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 are required for an efficient immune

response. Costimulatory molecules include, but are not limited to an MHC class I molecule, a

TNF receptor protein, an Immunoglobulin-like protein, a cytokine receptor, an integrm, a

signaling lymphocytic activation molecule (SLAM protein), an activating NK cell receptor,

BTLA, a Toll ligand receptor, OX40, CD2, CD7, CD27, CD28, CD30, CD40, CDS, ICAM-1,

LFA-1 (CD1 la/CD18), 4-1BB (CD137), B7-H3, CDS, ICAM-1, ICOS (CD278), GITR,

BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2, SLAMF7, NKp80 (KLRF1), NKp44, NKp30,

NKp46, CD 19, CD4, CDSalpha, CDSbeta, IL2R beta, IL2R gamma, IL7R alpha, ITGA4,

VLA , CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f, ITGAD, CD l id, ITGAE,

CD 03, ITGAL, CD! la, LFA-1, ITGAM, CD I lb, ITGAX, CD1 lc, ITGB1, CD29, ITGB2,

CD 8, LFA- , ITGB7, NKG2D, NKG2C, TNFR2, TRANCE/RANKL, DNAMl (CD226),

SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAMl, CRTAM, Ly9 (CD229), CD 160

(BY55), PSGLl, CD 100 (SEMA4D), CD69, SLAMF6 (NTB-A, Lyl08), SLAM (SLAMFI,



CD 150, IPO-3), BLAME (SLAMF8), SELPLG (CD 162), LTBR, LAT, GADS, SLP-76,

PAG/Cbp, CD 19a, and a ligand that specifically binds with CD83.

A costimulatory intracellular signaling domain or costimulatory signaling domain can

be the intracellular portion of a costimulatory molecule. 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 thereof.

The term "4- IBB" refers to a member of the TNFR superfamily with an amino acid

sequence provided as GenBank Acc. No. AAA62478.2, or the equivalent residues from a non-

human species, e.g., mouse, rodent, monkey, ape and the like; and a "4- IBB costimulatory

domain" is defined as amino acid residues 214-255 of GenBank Acc. No. AAA62478.2, or the

equivalent residues from a non-human species, e.g., mouse, rodent, monkey, ape and the like

n one aspect, the "4- BB costimulatory domain" is the sequence provided as SEQ ID NO: 4

or the equivalent residues from a non-human species, e.g., mouse, rodent, monkey, ape and the

like.

"Immune effector cell," as that term is used herein, refers to a cell that is involved in an

immune response, e.g., in the promotion of an immune effector response. Examples of immune

effector cells include T cells, e.g., alpha/beta T cells and gamma/delta T cells, B cells, natural

killer (NK) cells, natural killer T (NKT) cells, mast cells, and myeloid-derived phagocytes.

"Immune effector function or immune effector response," as that term is used herein,

refers to function or response, e.g., of an immune effector ceil, that enhances or promotes an

immune attack of a target cell. E.g., an immune effector function or response refers a property

of a T or NK cell that promotes killing or the inhibition of growth or proliferation, of a target

cell. In the case of a T cell, primary stimulation and co-stimulation are examples of immune

effector function or response.

The term "effector function" refers to a specialized function of a ceil. Effector function

of a T cell, for example, may be cytolytic activity or helper activity including the secretion of

cytokines.

The term "encoding" refers to the inherent property of specific sequences of nucleotides

in a polynucleotide, such as 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., rRNA, 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 rnRNA 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 tha are degenerate versions of each other and that encode the

same amino acid sequence. The phrase nucleotide sequence that encodes a protein or a 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 "effective amount" or "therapeutically effective amount" are used

interchangeably herein, and refer to an amount of a compound, formulation, material, or

composition, as described herein effective to achieve a particular biological result.

The term "endogenous" refers to any material from or produced inside an organism,

cell, tissue or system.

The term "exogenous" refers to any material introduced from 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 "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 ceil. Numerous vectors are known in the art including, but not limited to, linear

polynucleotides, polynucleotides associated with ionic or amphiphilic compounds, piasmids,

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

polylysine 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.

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 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 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. HIV, SIV, and FIV are all examples of

lentiviruses.

The term "lentivirai vector" refers to a vector derived from at least a portion of a

lentivirus genome, including especially a self-inactivating lentivirai vector as provided in

Milone et a ., Mo . Ther. 7(8): 1453-1464 (2009) Other examples of lentivirus vectors that

may be used in the clinic, include but are not limited to, e.g., the LENTTVECTOR® gene

delivery technology from Oxford BioMedica, the LENTIMAX™ vector system from Lentigen

and the like. Nonclinical types of lentivirai vectors are also available and would be known to

one skilled in the art.

The term "homologous" or "identity" refers to the subunit sequence identity between

two polymeric molecules, e.g., between two nucleic acid molecules, such as, two DNA

molecules or two RNA molecules, or between two polypeptide molecules. 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 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.

"Humanized" forms of non-human (e.g., murine) antibodies are chimeric

immunoglobulins, immunoglobulin chains or antibody fragments thereof (such as Fv, 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) n 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. These modifications can further refine and optimize antibody or

antibody fragment performance. In general, the humanized antibody or antibody fragment

thereof will comprise substantially all of at least one, and typically two, variable domains, in

which all or substantially all of the CDR regions correspond to those of a non-human

immunoglobulin and all or a significant portion of the FR regions are those of a human

immunoglobulin sequence. The humanized antibody or antibody fragment can also comprise at

least a portion of an immunoglobulin constant region (Fc), typically that of a human

immunoglobulin. For further details, see Jones et al, Nature, 32 : 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 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.

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 protein can exist in substantially purified

form, or can exist in a non-native environment such as, for example, a host cell.

In the context of the present disclosure, the following abbreviations for the commonly

occurring nucleic acid bases are used. "A" refers to adenosine, "C" refers to cytosine, "G"

refers to guanosine, "T" refers to thymidine, and "U" refers to uridine.

The term "operably linked" or "transcriptional control" refers 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.

The term "parenteral" administration of an immunogenic composition includes, e.g.,

subcutaneous (s.c), intravenous (i.v.), intramuscular (i.m.), or intrasternal injection,

intratumoral, or infusion techniques.

The term "nucleic acid" or "polynucleotide" refers to deoxyribonucleic acids (DNA) or

ribonucleic acids (RNA) and polymers thereof 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 i a manner similar to naturally occurring nucleotides. Unless otherwise indicated,

a particular nucleic acid sequence also implicitly encompasses conservatively 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 s substituted with mixed-base and/or deoxyinosine residues

(Batzer et al, Nucleic Acid Res. 19:5081 (1991); Ohtsuka et al., J . Biol. Chem. 260:2605-2608

(1985); and Rossolini et al., Mol. Cell. Probes 8:91-98 (1994)).

The terms "peptide," "polypeptide," and "protein" are used interchangeably, and refer

to a compound comprised of am o acid residues covalently linked by peptide bonds. A protein

or peptide must contain at least two amino acids, and no limitation is placed on the maximum

number of amino acids that can comprise a protein's or peptide's sequence. Polypeptides

include any peptide or protein comprising two or more amino acids joined to each other by

peptide bonds. 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.

"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.

The term "promoter" refers to 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.



The term "promoter/regulatory sequence" refers to a nucleic ac d sequence which is

required for 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 regulator}' elements which are

required for expression of the gene product. The promoter/regulator}' sequence may, for

example, be one which expresses the gene product in a tissue specific manner.

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 "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.

The term "tissue-specific" promoter refers to a nucleotide sequence which, when

operably linked with a polynucleotide encodes or specified by a gene, causes the gene product

to be produced in a cell substantially only if the cell is a cell of the tissue type corresponding to

the promoter.

The terms "B cell antigen" or "B-Cell antigen" are used interchangeably, and refer to a

molecule (typically a protein, carbohydrate or lipid) that is preferentially and specifically

expressed on the surface of a B cell which can be targeted with an agent which binds thereto.

The B cell antigen of particular interest is preferentially expressed on B cells compared to other

non-B ceil tissues of a mammal. The B cell antigen may be expressed on one particular B cell

population, e.g., B cell precursors or mature B cells, or on more than one particular B cell

population, e.g., both precursor B ceils and mature B cells. Exemplary B cell surface markers

include: CDS, CDIO, CD19, CD20, CD21, CD22, CD23, CD24, CD25, CD27, CD30, CD34,

CD37, CD38, CD40, CD53, CD69, CD72, CD73, CD74, CD75, CD77, CD79a, CD79b, CD80,

CD81, CD82, CD83, CD84, CD85, CD86, CD! 3 . CD135, CD138, CD179, CD269, Flt.3,

ROR1, BCMA, FcRn5, FcRn2, CS-1, CXCR4, 5, 7, XL-7/3R, IL7/4/3R, and A R Particularly

preferred B-Cell antigens include: CD 19, CD20, CD22, FcRn5, FcRn2, BCMA, CS-1 and

CD 38. In embodiments, the B-Cell antigen is CD 19. In embodiments, the B-Cell antigen is

CD20. In embodiments, the B-Cell antigen is CD22. In embodiments, the B-Cell antigen is

BCMA. In embodiments, the B-Cell antigen is FcR . In embodiments, the B-Cell antigen is



FcRn2. In embodiments, the B-Ce antigen is CS-1. In embodiments, the B-Ce antigen is

CD 138.

The terms "cancer associated antigen" or "tumor antigen" interchangeably refers to a

molecule (typically a protein, carbohydrate or lipid) that is expressed on the surface of a cancer

cell, either entirely or as a fragment (e.g., MHC/peptide), and which is useful for the

preferential targeting of a pharmacological agent to the cancer cell. In some embodiments, a

tumor antigen is a marker expressed by both normal cells and cancer cells, e.g., a lineage

marker, e.g., CD on B cells. In some embodiments, a tumor antigen is a cell surface

molecule that is overexpressed in a cancer cell in comparison to a normal cell, for instance, 1-

fold over expression, 2-fold overexpression, 3-fold overexpression or more in comparison to a

normal cell. In some enbodiments, a tumor antigen is a cell surface molecule that s

inappropriately synthesized in the cancer cell, for instance, a molecule that contains deletions,

additions or mutations in comparison to the molecule expressed on a normal cell. In some

embodiments, a tumor antigen will be expressed exclusively on the cell surface of a cancer cell,

entirely or as a fragment (e.g., MHC/peptide), and not synthesized or expressed on the surface

of a normal cell. In some embodiments, the CARs of the present disclosure includes CARs

comprising an antigen binding domain (e.g., antibody or antibody fragment) that binds to a

MHC presented peptide. Normally, peptides derived from endogenous proteins fill the pockets

of Major histocompatibility complex (MHC) class I molecules, and are recognized by T cell

receptors (TCRs) on CDS + T lymphocytes. The MHC class I complexes are constitutively

expressed by all nucleated cells. In cancer, virus-specific and/or tumor-specific peptide/MHC

complexes represent a unique class of cell surface targets for immunotherapy. TCR-like

antibodies targeting peptides derived from viral or tumor antigens in the context of human

leukocyte antigen (HLA)-Al or HLA-A2 have been described (see, e.g., Sastry et al, J Virol.

201 1 85(5): 1935-1942: Sergeeva et al, Blood, 201 117(16):4262-4272; Verma et al, J

Immunol 2010 184(4):2156-2165; Willemsen et al, Gene Ther 2001 8(21) :1601-1608 ; Dao et

al, Sci Transl Med 2013 5(176) :I76ra33 ; Tassev et al, Cancer Gene Ther 2012 19(2): 84-

100). For example, TCR-like antibody can be identified from screening a library, such as a

human scFv phage displayed library. Accordingly, the present disclosure provides CARs that

comprise an antigen binding domain tha binds to a MHC presented peptide of a molecule

selected from the group of WT1, NY-ESO-1, LAGE-la, MAGE- A1 and RAGE-1.



The terms "solid tumor antigen" or "solid tumor cell antigen" refer to a molecule

(typically a protein, carbohydrate or lipid) that is preferentially and specifically expressed on

the surface of a solid tumor cell which can be targeted with an agent which binds thereto. The

solid tumor antigen of particular interest is preferentially expressed on a solid tumor cell

compared to other non-tumor tissues of a mammal. The solid tumor antigen may be expressed

on one particular solid tumor cell population, e.g., on mesothelioma tumor cells, or on more

than one particular solid tumor cell population, e.g., both mesothelioma tumor cells and ovarian

cancer cells. Exemplar}' solid tumor antigens include: EGFRvIII, mesothelin, GD2, Tn Ag,

PSMA, TAG72, C D - - 6. CEA, EPCAM, KIT, IL-13Ra2, leguman , GD3, CD171, L- Ra,

PSCA, MAD-CT- , MAD-CT-2, VEGFR2, Lewis Y, CD24, PDGFR-beta, SSEA-4, folate

receptor alpha, ERBBs (e.g., ERBB2), Her2/neu, MUCl, EGFR, NCAM, Ephrin B2, CAIX,

LMP2, sLe, HMWMAA, o-acetyl-GD2, folate receptor beta, TEM1/CD248, TEM7R, FAP,

Legumain, HPV E6 or E7, ML-IAP, CLDN6, TSHR, GPRC5D, ALK, Polysialic acid, Fos-

related antigen, neutrophil elastase, TRP-2, CYPIB1, sperm protein 7, beta human chorionic

gonadotropin, AFP, thyroglobulin, PLACl, globoH, R AGE , MN-CA IX, human telomerase

reverse transcriptase, intestinal carboxyi esterase, mut hsp 70-2, NA-17, NY-BR-1, UPK2,

HAVCR1, ADRB3, PANX3, GPR20, Ly6k, OR51E2, TARP, GFRa4, and a peptide of any of

these antigens presented on MHC. Particularly preferred solid tumor antigens include:

CLDN6, mesothelin and EGFRvIII.

The terms "myeloid tumor antigen" or "myeloid tumor cell antigen" refer to a molecule

(typically a protein, carbohydrate or lipid) that is preferentially and specifically expressed on

the surface of a myeloid tumor cell which can be targeted with an agent which binds thereto.

The myeloid tumor antigen of particular interest is preferentially expressed on a myeloid tumor

cell compared to other non-tumor tissues of a mammal. The myeloid tumor antigen may be

expressed on one particular myeloid tumor cell population, e.g., on acute myeloid leukemia

(AML) tumor cells, or on more than one particular myeloid tumor cell population. Exemplary

myeloid tumor antigens include: CD123, CD33 and CLL-1.

The term "antigen of a hematological tumor not of B-Cell lineage" refers to a molecule

(typically a protein, carbohydrate or lipid) that is preferentially and specifically expressed on

the surface of a tumor or cancer of hematopoietic or lymphoid tissue origin, other than of B-

Ce origin. These include tumors of myeloid lineage origin, e.g., tumors derived from

granulocyte, erythrocyte, thrombocyte, macrophage and/or mast cell origin, or any of their



precursor cell populations, and tumors of lymphoid origin other than B-Ce origin, e.g., T cell,

NK ceil and/or plasma cell origin, or any of their precursor ce l populations.

The term "flexible polypeptide linker" or "linker" as used in the context of a scFv refers

to a peptide linker that consists of amino acids such as glycine and/or serine residues used alone

or in combination, to link variable heavy and variable light chain regions together. In one

embodiment, the flexible polypeptide linker is a Gly/Ser linker and comprises the amino acid

sequence (Gly-Gly-Gly-Ser)n, where n is a positive integer equal to or greater than 1. For

example, n=l, n=2, n=3, n=4, n=5 and n=6, n=7, n=8, n=9 and n=10 (SEQ ID NO:28). In one

embodiment, the flexible polypeptide linkers include, but are not limited to, (Gly4 Ser)4 (SEQ

ID NO: 29) or (Gly4 Ser)3 (SEQ ID NO:30). In another embodiment, the linkers include multiple

repeats of (Glv2Ser), (GlySer) or (GlysSer) (SEQ ID NO;31). Also included within the scope

of the invention are linkers described in WO201 2/138475, incorporated herein by reference).

As used herein, a 5' cap (also termed an RNA cap, an RNA 7-methylguanosine cap or

an RNA m'G 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 s coupled to

transcription, and occurs co-transcriptionally, such that each 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.

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.

As used herein, a "poly(A)" is a series of adenosines attached by polyadenylation to the

mRNA. In the preferred embodiment of a construct for transient expression, the poly A is

between 50 and 5000 (SEQ ID NO: 34), preferably greater than 64, more preferably greater

than 100, most preferably greater than 300 or 400. Poly(A) sequences can be modified



chemically or enzymatically to modulate mRNA functionality such as localization, stability or

efficiency of translation.

As used herein, "poiyadenylation" refers to the covalent linkage of a polyadenylyl

moiety, or its modified variant, to a messenger R A 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 poiyadenylation signal. The poly(A)

tail and the protein bound to it aid in protecting mRNA from degradation by exonucleases.

Poiyadenylation is also important for transcription termination, export of the mRN from the

nucleus, and translation. Poiyadenylation 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.

As used herein, "transient" refers to expression of a non-integrated transgene for a

period of hours, days or weeks, wherem 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.

As used herein, the terms "treat", "treatment" and "treating" refer to the reduction or

amelioration of the progression, severity and/or duration of a proliferative disorder, or the

amelioration of one or more symptoms (preferably, one or more discernible symptoms) of a

proliferative disorder resulting from the administration of one or more therapies (e.g., one or

more therapeutic agents such as a CAR of the invention). In specific embodiments, the terms

"treat," "treatment" and "treating" refer to the amelioration of at least one measurable physical

parameter of a proliferative disorder, such as growth of a tumor, not necessarily discernible by

the patient. In other embodiments the terms "treat", "treatment" and "treating" -refer to the

inhibition of the progression of a proliferative disorder, either physically by, e.g., stabilization

of a discernible symptom, physiologically by, e.g., stabilization of a physical parameter, or

both. In other embodiments the terms "treat", "treatment" and "treating" refer to the reduction

or stabilization of tumor size or cancerous cell count.



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 phrase "cell surface receptor" includes

molecules and complexes of molecules capable of receiving a signal and transmitting signal

across the membrane of a cell.

The term "subject" is intended to include living organisms in which an immune

response can be elicited (e.g., mammals, human).

The term, a "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 n its naturally occurring state n some

instances, a population of substantially purified cells refers to a homogenous population of

cells. In other instances, this term refers simply to cell 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 "therapeutic" as used herein means a treatment. A therapeutic effect s

obtained by reduction, suppression, remission, or eradication of a disease state.

The term "tolerance" or "immune tolerance" as used herein refers to a state in which a

subject has a reduced or absent immune response to a specific antigen or group of antigens to

which the subject s normally responsive to. Tolerance is achieved under conditions that

suppress the immune reaction and is not just the absence of an immune response. In an

embodiment, tolerance in a subject can be characterized by one or more of the following: a

decreased level of a specific immunological response (e.g., mediated by antigen-specific

effector T lymphocytes, B lymphocytes, or antibody); 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, as compared to untreated subjects.

The term "prophylaxis" as used herein means the prevention of or protective treatment

for a disease or disease state.

The term "transfected" or "transformed" or "transduced" refers to a process by which

exogenous nucleic acid is transferred or introduced into the 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 "specifically binds," refers to an antibody, or a ligand, which recognizes and

binds with a cognate binding partner (e.g., a stimulator}' and/or costimulatory molecule present

on a T cell) protein present in a sample, but which antibody or ligand, does not substantially

recognize or bind other molecules in the sample.

"Regulatable chimeric antigen receptor (RCAR),"as used herein, refers to a set of

polypeptides, typically two in the simplest embodiments, which when in an immune effector

cell, provides the cell with specificity for a target cell, typically a cancer cell, and with

regulatable intracellular signal generation. In some embodiments, an RCAR comprises at least

an extracellular antigen binding domain, a transmembrane and a cytoplasmic signaling domain

(also referred to herein as "an intracellular signaling domain") comprising a functional

signaling domain derived from a stimulatory molecule and/or costimulatory molecule as

defined herein in the context of a CAR molecule. In some embodiments, the set of

polypeptides in the RCAR are not contiguous with each other, e.g., are in different polypeptide

chains. In some embodiments, the RCAR includes a dimerization switch that, upon the

presence of a dimerization molecule, can couple the polypeptides to one another, e.g., can

couple an antigen binding domain to an intracellular signaling domain. In some embodiments,

the RCAR s expressed in a cell (e.g., an immune effector cell) as described herein, e.g., an

RCAR-expressing cell (also referred to herein as "RCARX cell"). In an embodiment the

RCARX cell is a T cell, and is referred to as a RCART cell. In an embodiment the RCARX cell

is an N cell, and is referred to as a RCARN cell. The RCAR can provide the RCAR-

expressing cell with specificity for a target cell, typically a cancer ceil, and with regulatable

intracellular signal generation or proliferation, which can optimize an immune effector property

of the RCAR-expressing cell. In embodiments, an RCAR cell relies at least in part, on an

antigen binding domain to provide specificity to a target cell that comprises the antigen bound

by the antigen binding domain.

"Membrane anchor" or "membrane tethering domain", as that term is used herein, refers

to a polypeptide or moiety, e.g., a myristoyl group, sufficient to anchor an extracellular or

intracellular domain to the plasma membrane.

"Switch domain," as that term is used herein, e.g., when referring to an RCAR, refers to

an entity, typically a polypeptide-based entity, that, in the presence of a dimerization molecule,

associates with another switch domain. The association results in a functional coupling of a

first entity linked to, e.g., fused to, a first switch domain, and a second entity linked to, e.g.,



fused to, a second switch domain. A first and second switch domain are collectively referred to

as a dimerization switch. In embodiments, the first and second switch domains are the same as

one another, e.g., they are polypeptides having the same primary amino acid sequence, and are

referred to collectively as a homodimerization switch. In embodiments, the first and second

switch domains are different from one another, e.g., they are polypeptides having different

primary amino acid sequences, and are referred to collectively as a heterodimerization switch.

In embodiments, the switch is intracellular. In embodiments, the switch is extracellular. In

embodiments, the switch domain is a polypeptide-based entity, e.g., FKBP or FRB-based, and

the dimerization molecule is small molecule, e.g., a rapaiogue. In embodiments, the switch

domain s a polypeptide-based entity, e.g., an scFv that binds a yc peptide, and the

dimerization molecule s a polypeptide, a fragment thereof, or a mu timer of a polypeptide, e.g.,

a myc ligand or mul timers of a myc ligand that bind to one or more myc scFvs. In

embodiments, the switch domain is a polypeptide-based entity, e.g., myc receptor, and the

dimerization molecule s an antibody or fragments thereof, e.g., myc antibody.

"Dimerization molecule," as that term is used herein, e.g., when referring to an RCAR,

refers to a molecule that promotes the association of a first switch domain with a second switch

domain. In embodiments, the dimerization molecule does not naturally occur in the subject, or

does not occur in concentrations that would result in significant dimerization. In embodiments,

the dimerization molecule is a small molecule, e.g., rapamycin or a rapaiogue, e.g, RADOOl.

The term "bioequivalent" refers to an amount of an agent other than the reference

compound (e.g., RADOOl), required to produce an effect equivalent to the effect produced by

the reference dose or reference amount of the reference compound ( e.g., RADOOl). In an

embodiment the effect is the level of niTOR inhibition, e.g., as measured by P70 S6 kinase

inhibition, e.g., as evaluated in an in vivo or in vitro assay, e.g., as measured by an assay

described herein, e.g., the Boulay assay, or measurement of phosphoryiated S6 levels by

western blot. In an embodiment, the effect is alteration of the ratio of PD-1 positive/PD- 1

negative T cells, as measured by cell sorting. In an embodiment a bioequivalent amount or

dose of an mTOR inhibitor is the amount or dose that achieves the same level of P70 S6 kinase

inhibition as does the reference dose or reference amount of a reference compound. In an

embodiment, a bioequivalent amount or dose of an mTOR inhibitor is the amount or dose that

achieves the same level of alteration in the ratio of PD-1 positive/PD- 1 negative T cells as does

the reference dose or reference amount of a reference compound.



The term "low, immune enhancing, dose" when used in conjuction with an mTOR

inhibitor, e.g., an allosteric mTOR inhibitor, e.g., RAD0Q1 or rapamycin, or a catalytic mTOR

inhibitor, refers to a dose of mTOR inhibitor that partially, but not fully, inhibits mTOR

activitj', e.g., as measured by the inhibition of P70 S6 kinase activity. Methods for evaluating

mTOR activity, e.g., by inhibition of P70 S6 kinase, are discussed herein. The dose is

insufficient to result in complete immune suppression but is sufficient to enhance the immune

response. In an embodiment, the low, immune enhancing, dose of mTOR inhibitor results in a

decrease in the number of PD-1 positive T cells and/or an increase in the number of PD-1

negative T cells, or an increase in the ratio of PD-1 negative T cells/PD-1 positive T cells. In an

embodiment, the low, immune enhancing, dose of mTOR inhibitor results in an increase i the

number of naive T cells. In an embodiment, the low, immune enhancing, dose of mTOR

inhibitor results in one or more of the following;

an increase in the expression of one or more of the following markers: CD62L ,

CD127 , CD27 , and BCL2, e.g., on memory T cells, e.g., memory T cell precursors;

a decrease in the expression of KLRG 1, e.g., on memory T cells, e.g., memory T cell

precursors; and

an increase in the number of memory T cell precursors, e.g., cells with any one or

combination of the following characteristics: increased CD62L , increased C 27 ,

increased CD27 ' , decreased KLRG1, and increased BCL2;

wherein any of the changes described above occurs, e.g., at least transiently, e.g., as

compared to a non-treated subject.

"Refractory" as used herein refers to a disease, e.g., cancer, that does not respond to a

treatment. In embodiments, a refractory cancer can be resistant to a treatment before or at the

beginning of the treatment. In other embodiments, the refractory cancer can become resistant

during a treatment. A refractory cancer is also called a resistant cancer.

"Relapsed" or "relapse" as used herein refers to the return or reappearance of a disease

(e.g., cancer) or the signs and symptoms of a disease such as cancer after a period of

improvement or responsiveness, e.g., after prior treatment of a therapy, e.g., cancer therapy.

The initial period of responsiveness may involve the level of cancer cells falling below a

certain threshold, e.g., below 20%, 1%, 10%, 5%, 4%, 3%, 2%, or 1% The reappearance may

involve the level of cancer cells rising above a certain threshold, e.g., above 20%, 1%, 10%,

5%, 4%, 3%, 2%, or 1%. For example, e.g., in the context of B-ALL, the reappearance may



involve, e.g., a reappearance of blasts in the blood, bone marrow (> 5%), or any extramedullar

site, after a complete response. A complete response, in this context, may involve < 5% BM

blast. More generally, in an embodiment, a response (e.g., complete response or partial

response) can involve the absence of detectable IVIED (minimal residual disease). In an

embodiment, the initial period of responsiveness lasts at least 1, 2, 3, 4, 5, or 6 days; at least 1,

2, 3, or 4 weeks; at least 1, 2, 3, 4, 6, 8, 0, or 2 months; or at least 1, 2, 3, 4, or 5 years.

Ranges: throughout this disclosure, various aspects of the invention can be presented in

a range format. It should be understood that the description in range format is merely for

convenience and brevity and should not be construed as an inflexible limitation on the scope of

the invention. Accordingly, the description of a range should be considered to have specifically

disclosed all the possible subranges as well as individual numerical values within that range.

For example, description of a range such as from 1 to 6 should be considered to have

specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from

2 to 6, from 3 to 6 etc., as well as individual numbers within that range, for example, 1, 2, 2.7,

3, 4, 5, 5.3, and 6 . As another example, a range such as 95-99% identity, includes something

with 95%, 96%, 97%, 98% or 99% identity, and includes subranges such as 96-99%, 96-98%,

96-97%, 97-99%, 97-98% and 98-99% identity. This applies regardless of the breadth of the

range.

Description

Provided herein are compositions and methods of use for the treatment of a disease,

such as cancer, comprising the use of a cell, e.g., an immune effector cell (e.g., an NK cell or T

cell) engineered to express a first CAR molecule that targets a B-Ceil antigen (e.g., a BCA

CAR) and a second CAR molecule that targets a tumor antigen (e.g., a TA CAR). In an

embodiment, the disease is a cancer, such as a solid tumor, myeloid tumor or hematological

tumor not of B-Ceil lineage. In an embodiment, the tumor is a solid tumor. In an

embodiement, the tumor is a myeloid tumor. In an embodiment, the tumor is a hematological

tumor not of B-Ceil lineage.

In embodiments, the compositions and methods described herein result in a tumor-

targeting CAR-expressing immune effector cell with enchanced proliferation and/or with

increased or prolonged in vivo persistence, relative to the same cell which does not express the

BCA CAR.



Without wishing to be bound by theory, treatment with a ceil, e.g., an immune effector

cell expressing a CAR targeting a B-Ceil antigen (BCA CAR) on an immune effector ceil

expressing a CAR targeting a tumor antigen (TA CAR) enhances the anti tumor efficacy of the

TA CAR-expressing immune effector cell in a subject, e.g., by one or more of: increasing the

proliferation of said CAR-expressing immune effector cells and/or increasing the in vivo

persistence of said CAR expressing immune effector cells, e.g., as compared to administering

an immune effector cell expressing only the TA CAR (e.g., not expressing the BCA CAR).

Without being bound by theory, CAR cell therapies targeting, e.g., solid tumors, may suffer

from lack of persistence in vivo as cells expressing the tumor antigen targeted by the CAR

become inaccessible, or drop in number due to the effect of the CAR expressing cell. In

contrast, CAR-T cell therapy targeting B-Cell antigens such as, for example, CD 19, exhibit

rapid and significant expansion in vivo, followed by long-term persistence. Without being

bound by theory, these beneficial effects observed for CAR-T cell therapy targeting B-Cell

antigens may be mediated by the widespread (i.e., circulating) availability of B-Ceils which

allows cells expressing a B-Cell antigen-targeting CAR to be exposed to, and be stimulated by,

this readily available cell population and may further be enhanced by the natural immune-

stimulatory effects of B-cell/T-ceil interaction. Thus, without being bound by theory, inclusion

of a CAR targeting a B-ceil antigen is beneficial in that it mediates rapid expansion and

persistence of the CART ceil expressing said CAR, and that when the CAR cell further

expresses a tumor antigen, such cell benefits from those effects relative to a CAR T cell which

only expresses the tumor antigen-targeting CAReven when populations of ceils expressing the

tumor antigen are low, inaccessible or non-existent, thereby allowing the CART cells be

primed for mediating improved cytotoxicity against the tumor antigen-expressing cell, e.g.,

cancer, and to persist through periods of remission and can then become effective in periods of

relapse, without having to readminister cells. Thus, administering ceils, e.g., immune effector

cells, expressing both a BCA CAR and a TA CAR can enhance the efficacy of a TA CAR-

expressing cell for treating a disease, e.g., cancer.

The cells of the present disclosure are genetically engineered to express a first CAR

molecule, wherein the first CAR molecule comprises an antigen binding domain specific for a

B-Cell antigen, and genetically engineered to express a second CAR molecule, wherein the

second CAR molecule comprises an antigen binding domain specific for a tumor antigen. In

embodiments, the B-ceil antigen is not expressed on the cell which expresses the tumor antigen.



The antigen binding domain binds to a B cell antigen described herein or a tumor antigen

described herein. A CAR molecule that binds to a B cell antigen is also referred to herein as

"BCA CAR". A CAR molecule that binds to a tumor antigen other than a B-Ce antigen, e.g.,

a solid tumor antigen, a myeloid tumor antigen, or an antigen of a hematological tumor not of

B-Cell origin, is also referred to herein as "TA CAR". The CAR may further comprise a

transmembrane domain and an intracellular signaling domain comprising a costimulatory

domain and/or a primary signaling domain, e.g., as described herein. In an embodiment, the

intracellular signaling domain of the BCA CAR and/or TA CAR includes, but is not limited to,

one or more of a CD3~zeta chain, 4-IBB, CD27, ICOS, and CD28 signaling modules and

combinations thereof.

In one aspect, the invention provides an immune effector cell (e.g., T cell, NK cell)

engineered to express a TA CAR and engineered to express a BCA CAR, wherein the

engineered immune effector cell exhibits an antitumor property, e.g., reduces tumor volume,

stimulates tumor regression, decreases tumor burden, or increases overall survival; while at the

same time having increased persistence in vivo, or increased proliferation, relative to the same

cell which does not express the BCA CAR.

Also described herein are methods of using said ceils engineered to express a BCA

CAR and a TA CAR.

Also described herein are methods of making or selecting a cell engineered to express a

BCA CAR and a TA CAR, methods for administering the ceils for treating a disease associated

with a tumor antigen, and additional combination therapies for use with the ceils of the

invention.

tumeric Antieen ece

The present disclosure encompasses immune effector cells (e.g., T cells or NK cells)

comprising one or more recombinant nucleic acid constructs comprising sequences encoding a

CAR molecule that binds to a tumor antigen (e.g., a TA CAR) and a CAR molecule that binds

to a B cell antigen (e.g., a BCA CAR), wherein the TA CAR comprises an antigen binding

domain (e.g., antibody or antibody fragment, TCR or TCR fragment) that binds specifically to a

tumor antigen described herein and the BCA CAR comprises an antigen binding domain (e.g.,

antibody or antibody fragment, TCR or TCR fragment) that binds specifically to a B cell



antigen described herein, e.g., wherein the sequence of the antigen binding domain is

contiguous with and in the same reading frame as a nucleic acid sequence encoding an

intracellular signaling domain. The intracellular signaling domain can comprise a

costimulatory signaling domain and/or a primary signaling domain, e.g., a zeta chain. The

costimulatory signaling domain refers to a portion of the CAR comprising at least a portion of

the intracellular domain of a costimulatory molecule.

In one aspect, the CARs of the invention comprise at least one intracellular signaling

domain selected from the group of a CD137 (4- IBB) signaling domain, a CD28 signaling

domain, a CD27 signaling domain, an ICOS signaling domain, a CD3zeta signal domain, and

any combination thereof. In one aspect, the CARs of the invention comprise at least one

intracellular signaling domain is from o e or more costimulatory molecule(s) selected from

CD137 (4-lBB),CD28, CD27, or ICOS.

Sequences of non-limiting examples of various components that can be part of a CAR

molecule, e.g., a TA CAR or a BCA CAR described herein, are listed in Table 1, where "aa"

stands for amino acids, and "na" stands for nucleic acids that encode the corresponding peptide.

Table Sequences of various components of CAR (aa - ammo acids, na - nucleic acids that

encodes the corresponding protein)



AGCTGGCCGGCCTGCTCTGGTGCCTGGCCTCGCGCCGCCGT
GTATCGCCCCGCCCTGGGCGGCAAGGCTGGCCCGGTCGGCA
CCAGTTGCGTGAGCGGAAAGATGGCCGCTTCCCGGCCCTGC
TGCAGGGAGCTCAAAATGGAGGACGCGGCGCTCGGGAGAG
CGGGCGGGTGAGTCACCCACACAAAGGAAAAGGGCCTTTC
CGTCCTCAGCCGTCGCTTCATGTGACTCCACGGAGTACCGG
GCGCCGTCCAGGCACCTCGATTAGTTCTCGAGCTTTTGGAGT
ACGTCGTCTTTAGGTTGGGGGGAGGGGTTTTATGCGATGGA
GTTTCCCCACACTGAGTGGGTGGAGACTGAAGTTAGGCCAG
CTTGGCACTTGATGTAATTCTCCTTGGAATTTGCCCTTTTTG
AGTTTGGATCTTGGTTCATTCTCAAGCCTCAGACAGTGGTTC
AAAGTTTTTTTCTTCCATTTCAGGTGTCGTGA

Leader (aa) MALPVTALLLPLALLLHAARP
Leader (na) ATGGCCCTGCCTGTGACAGCCCTGCTGCTGCCTCTGGCTCTG

CTGCTGCATGCCGCTAGACCC
-2 Leader (na- ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTT

v2) CTGCTCCACGCCGCTCGGCCC
CD 8 hinge TTTPAPRPPTPAPnASQPLSLRPEACRPAAGGAVHTRGLDFAC
(aa) D
CDS hinge ACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCCA
(na) CCATCGCGTCCK:AGC:CCCTGTCCCTCK::GCCCAGAGGCGTC}C

CGGCCAGCGGCGGGGGGCGCAGTGCACACGAGGGGGCTGG
ACTTCGCCTGTGAT

Ig4 hinge ESKYGPPCPPCPAPEFLGGPSVT LFPPKPKD ISRTPEVTCW
(aa) VDVSOEDPEVOFNWY\TDGVEVHNAKTKPREEQFNSTYRVVS

VLTVLHQDWLNGKEYKCKVSNKGLPSSIEMSKAKGQPREPQ
VY^PPSQEEMTKNQVSLTCLVT<GFYPSDIA\T;WESNGQPENN
YK PPVLDSDGSFFLYSRLTVDKSRWQEGNWSCSVMHEAL
HNHYTQK SLSLSLGKM

/ Ig4 hinge GAGAGCAAGTACGGCCCTCCCTGCCCCCCTTGCCCTGCCCC
(na) CGAGTTCCTGGGCGGACCCAGCGTGTTCCTGTTCCCCCCCA

AGCCCAAGGACACCCTGATGATCAGCCGGACCCCCGAGGTG
ACCTGTGTGGTGGTGGACGTGTCCCAGGAGGACCCCGAGGT
CCAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAACG
CCAAGACCAAGCCCCGGGAGGAGCAGTTCAATAGCACCTA
CCGGGTGGTGTCCGTGCTGACCGTGCTGCACCAGGACTGGC
TGAACGGCAAGGAATACAAGTGTAAGGTGTCCAACAAGGG
CCTGCCCAGCAGCATCGAGAAAACCATCAGCAAGGCCAAG
GGCCAGCCTCGGGAGCCCCAGGTGTACACCCTGCCCCCTAG
CCAAGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGCC
TGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGTGG
GAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCC
CCCCTGTGCTGGACAGCGACGGCAGCTTCTTCCTGTACAGC
CGGCTGACCGTGGACAAGAGCCGGTGGCAGGAGGGCAACG
TCTTTAGCTGCTCCGTGATGCACGAGGCCCTGCACAACCAC
TACACCCAGAAGAGCCTGAGCCTGTCCCTGGGCAAGATG

IgD hinge RWPESPKAQASSVPTAQPQAEGSLAKATTAPATTRNTGRGGE



(aa) EKKKEKEKEEQEERETKTPECPSHTQPLGVYLLTPAVQDLWLR
DKATFTCFWGSDLKDAHLTWEVAGKVPTGGVEEGLLERHSN
GSQSQHSRLTLPRSLWNAGTSVTCTLNHPSLPPQRLMALREPA
AQAPVKLSLNLLASSDPPEAASWLLCEVSGFSPPNILLMWLED
QREVNTSGFAPARPPPQPGSTTFWAWSVLRVPAPPSPQPATYT
CWSHEDSRTLLNASRSLEVSYVTDH

gD hinge AGGTGGCCCGAAAGTCCCAAGGCCCAGGCATCTAGTGTTCC
(na) TACTGCACAGCCCCAGGCAGAAGGCAGCCTAGCCAAAGCT

ACTACTGCACCTGCCACTACGCGCAATACTGGCCGTGGCGG
GGAGGAGAAGAAAAAGGAGAAAGAGAAAGAAGAACAGGA
AGAGAGGGAGACCAAGACCCCTGAATGTCCATCCCATACCC
AGCCGCTGGGCGTCTATCTCTTGACTCCCGCAGTACAGGAC
TTGTGGCTTAGAGATAAGGCCACCTTTACATGTTTCGTCGTG
GGCTCTGACCTGAAGGATGCCCATTTGACTTGGGAGGTTGC
CGGAAAGGTACCCACAGGGGGGGTTGAGGAAGGGTTGCTG
GAGCGCCATTCCAATGGCTCTCAGAGCCAGCACTCAAGACT
CACCCTTCCGAGATCCCTGTGGAACGCCGGGACCTCTGTCA
CATGTACTCTAAATCATCCTAGCCTGCCCCCACAGCGTCTGA
TGGCCCTTAGAGAGCCAGCCGCCCAGGCACCAGTTAAGCTT
AGCCTGAATCTGCTCGCCAGTAGTGATCCCCCAGAGGCCGC
CAGCTGGCTCTTATGCGAAGTGTCCGGCTTTAGCCCGCCCA
ACATCTTGCTCATGTGGCTGGAGGACCAGCGAGAAGTGAAC
ACCAGCGGCTTCGCTCCAGCCCGGCCCCCACCCCAGCCGGG
TTCTACCACATTCTGGGCCTGGAGTGTCTTAAGGGTCCCAGC
ACCACCTAGCCCCCAGCCAGCCACATACACCTGTGTTGTGT
CCCATGAAGATAGCAGGACCCTGCTAAATGCTTCTAGGAGT
CTGGAGGTTTCCTACGTGACTGACCATT

GS GGGGSGGGGS
hinge/linke
r (aa)
GS GGTGGCGGAGGTTCTGGAGGTGGAGGTTCC
hinge/linke
r (na)
CD8TM IYIWAPLAGTCGVLLLSLVITLYC
(aa)
C TM ATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCTT
(na) CTCCTGTCACTGGTTATCACCCTTTACTGC
CDS TM ATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTG
(na-v2) CTGCTTTCACTCGTGATCACTCTTTACTGT
4- BB KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL
intracellula
r domain
(aa)
4- BB AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACC
intracellula ATTTATGAGACCAGTACAAACTACTCAAGAGGAAGATGGCT
r domain GTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGA
(na) ACTG



-2 4- BB AAGCGCGGTCGGAAGAAGCTGCTGTACATCTTTAAGCAACC
intracellula CTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCT
r domain GTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGA
(na-v2) ACTG
CD27 QRRKYRSNKGESPVEPAEPCRYSCPREEEGSTIPIQEDYRKPEP
intracellula ACSP
r domain
(aa)
CD27 AGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACATGA
intracellula ACATGACTCCCCGCCGCCCCGGGCCCACCCGCAAGCATTAC
r domain CAGCCCTATGCCCCACCACGCGACTTCGCAGCCTATCGCTC

C
CD3-zeta RVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGR
(aa) DPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRR

GKGHDGLYQGLSTATKDTYDALHMQALPPR
CD3-zeta AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACA
(na) AGCAGGGCCAGAACCAGCTCTATAACGAGCTCAATCTAGGA

CGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGTGGCC
GGGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACCC
TCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATG
GCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCC
GGAGGGGCAAGGGGCACGATGGCCTTTACCAGGGTCTCAGT
ACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGC
CCTGCCCCCTCGC

-2 CD3-zeta CGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAA
(na-v2) GCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTC

GGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACG
GGACCCAGAAATGGGCGGGAAGCCGCGCAGAAAGAATCCC
CAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGG
CAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGCAG
AAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGC
ACCGCCACCAAGGACACCTATGACGCTCTTCACATGCAGGC
CCTGCCGCCTCGG

CD3-zeta RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGR
(aa) DPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRR

GKGHDGLYQGLSTATKDTYDALHMQALPPR
CD3-zeta AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACC
(na) AGCAGGGCCAG

AACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGG
AGTACGATGTTT
TGGACAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAA
GCCGAGAAGGA
AGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGA
TAAGATGGCGG
AGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAG
GGGCAAGGGGC
ACGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGGAC





In specific aspects, a CAR construct of the invention (a CAR that binds to a B cell

antigen or a CAR that binds to a tumor antigen) comprises a scFv domain, wherein the scFv

may be preceded by an optional leader sequence such as provided in SEQ ID NO: 2, and

followed by an optional hinge sequence such as provided in SEQ ID NO:4 or SEQ ID NO: 6 or



SEQ ID NO: 8 or SEQ ID NO: 10, a transmembrane region such as provided in SEQ ID NO: 12,

an intracellular signalling domain that includes SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO:

42, or SEQ ID NO:44 and a CDS zeta sequence that includes SEQ ID NO: 18 or SEQ ID

NO: 20, e.g., wherein the domains are contiguous with and in the same reading frame to form a

single fusion protein.

In one aspect, an exemplary CAR constructs comprise an optional leader sequence (e.g.,

a leader sequence described herein), an extracellular antigen binding domain (e.g., an antigen

binding domain described herein), a hinge (e.g., a hinge region described herein), a

transmembrane domain (e.g., a transmembrane domain described herein), and an intracellular

stimulatory domain (e.g., an intracellular stimulator}' domain decribed herein). In one aspect,

an exemplary CAR construct comprises an optional leader sequence (e.g., a leader sequence

described herein), an extracellular antigen binding domain (e.g., an antigen binding domain

described herein), a hinge (e.g., a hinge region described herein), a transmembrane domain

(e.g., a transmembrane domain described herein), an intracellular costimulatory signaling

domain (e.g., a costimulatory signaling domain described herein) and/or an intracellular

primary signaling domain (e.g., a primary signaling domain described herein).

An exemplary leader sequence is provided as SEQ ID NO: 2 . An exemplar}'

hinge/spacer sequence is provided as SEQ ID NO: 4 or SEQ ID NO: 6 or SEQ ID NO: 8 or SEQ

ID NO: 10. An exemplary transmembrane domain sequence is provided as SEQ ID NO: 12. An

exemplary sequence of the intracellular signaling domain of the 4-1BB protein is provided as

SEQ ID NO: 14. An exemplary sequence of the intracellular signaling domain of CD27 is

provided as SEQ ID NO: 16. An exemplary sequence of the intracellular signaling domain of

CD28 is provided as SEQ ID NO:42. An exemplary sequence of the intracellular signaling

domain of CD28 is provided as SEQ ID NO:44. An exemplary CD3zeta domain sequence is

provided as SEQ ID NO: 18 or SEQ ID NO:20.

The nucleic acid sequences coding for the desired molecules can be obtained using

recombinant methods known in the art, such as, for example by screening libraries from cells

expressing the nucleic acid molecule, by deriving the nucleic acid molecule from a vector

known to include the same, or by isolating directly from cells and tissues containing the same,

using standard techniques. Alternatively, the nucleic acid of interest can be produced

synthetically, rather than cloned.



The present disclosure includes retroviral and lentiviral vector constructs expressing a

CAR that can be directly transduced into a cell. Methods for viral transduction are described

herein, and are well known in the art.

The present disclosure also includes an R A construct that can be directly transfected

into a cell. A method for generating mRNA for use in transfection involves in vitro

transcription (IVT) of a template with specially designed primers, followed by polyA addition,

to produce a construct containing 3' and 5' untranslated sequence ("UTR") (e.g., a 3' and/or 5'

UTR described herein), a 5' cap (e.g., a 5' cap described herein) and/or Internal Ribosome

Entry Site (IRES) (e.g., an IRES described herein), the nucleic acid to be expressed, and a

polyA tail, typically 50-2000 bases in length (SEQ ID NO:32) RNA so produced can

efficiently transfect different kinds of cells. In o e embodiment, the template includes

sequences for the CAR. In an embodiment, an RNA CAR vector is transfected into a cell, e.g.,

a T cell or a NK cell, by electroporation.

Antigen binding domain

In one aspect, the CAR-expressmg cells of the invention comprise a target-specific

binding element otherwise referred to as an antigen binding domain. The choice of moiety

depends upon the type and number of ligands that define the surface of a target cell. For

example, the antigen binding domain may be chosen or engineered to recognize a ligand that

acts as a cell surface marker on target cells associated with a particular disease state, e.g., a

tumor antigen associated with a particular cancer (e.g., an antigen binding domain that binds to

a tumor antigen). In other embodiments, the antigen binding domain is chosen or engineered to

recognize normal B cells, or a subpopulation of B cells, for depleting normal B cells or a target

B cell population (e.g., an antigen binding domain that binds to a B cell antigen).

The antigen binding domain can be any domain that binds to the antigen including but

not limited to a monoclonal antibody, a polyclonal antibody, a recombinant antibody, a

bispecific antibody, a conjugated antibody, a human antibody, a humanized antibody, and a

functional fragment thereof, including but not limited to a single-domain antibody such as a

heavy chain variable domain (VH), a light chain variable domain (VL) and a variable domain

(VHH) of camelid derived nanobody, and to an alternative scaffold known in the art to

function as antigen binding domain, such as a recombinant fibronectin domain, a T cell

receptor (TCR), a recombinant TCR with enhanced affinity, or a fragment there of, e.g., single



chain TCR, and the like. In some instances, it is beneficial for the antigen binding domain to be

derived from the same species in which the CAR will ultimately be used in. For example, for

use in humans, it may be beneficial for the antigen binding domain of the CAR to comprise

human or humanized residues for the antigen binding domain of an antibody or antibody

fragment.

Tumor antigens

The present disclosure provides immune effector cells (e.g., T cells, N K cells) that are

engineered to contain one or more CARs that direct the immune effector cells to cancer cell.

This is achieved through an antigen binding domain on the CAR that is specific for a tumor

antigen. There are two classes of tumor antigens (tumor antigens) that can be targeted by the

CARs of the instant invention; (1) a tumor antigen that is expressed on the surface of cancer

cells; and (2) a tumor antigen that itself is intracellar, however, a fragment of such antigen

(peptide) is presented on the surface of the cancer cells by MHC (major histocompatibility

complex).

In one embodiment, the tumor antigen is expressed on both normal cells and cancer

cells, but is expressed at lower levels on normal cells. In one embodiment, the method further

comprises selecting a TA CAR that binds a tumor antigen with an affinity that allows the cell

engineered to express the TA CAR to bind and kill the cancer cells expressing a tumor antigen

but less than 30%, 25%, 20%, %, 10%, 5% or less of the normal cells expressing a tumor

antigen are killed, e.g., as determined by an assay described herein. For example, a killing

assay such as flow cytometry based on Cr51 CTL can be used. In one embodiment, the

selected TA CAR has an antigen binding domain that has a binding affinity of 10 4 M to

M, e.g., M to 10 ' M, e.g., 10 M or 0 ' M, for the target antigen. In one embodiment,

the selected antigen binding domain has a binding affinity that is at least five-fold, 10-fold, 20-

fold, 30-fold, 50-fold, 100-fold or 1,000-fold less than a reference antibody, e.g., an antibody

described herein.

Accordingly, the cells of the invention are engineered to express, e.g., express, a TA

CAR comprising an antigen binding domain that can target, e.g., bind to, any one of the

exemplary tumor antigens (tumor antigens): CD123, CD30, CD171, CS-1, CLL-1 (CLECL1),

CD33, EGFRvIII, GD2, GD3, Tn Ag , sTn Ag, Tn-O-Glycopeptides, Stn-O-Glycopeptides,

PSMA, FLT3, FAP, TAG72, CD44v6, CEA, EPCAM, B7H3, KIT, IL-I3Ra2, Mesothelm, II.-

1 Ra, PSCA, VEGFR2, LewisY, PDGFR-beta, PRSS21, SSEA-4, Folate receptor alpha,



ERBB2 (Her2/neu), MUC , EGFR, NCAM, Prostase, PAP, ELF2M, Ephrm B2, IGF-I

receptor, CAIX, LMP2, gplOO, bcr-abl, tyrosinase, EphA2, Fucosyl GM1, sLe, GM3, TGS5,

HMWMAA, o-acetyl-GD2, Folate receptor beta, TEM1/CD248, TEM7R, CLDN6, TSHR,

GPRC5D, CXORF61, CD97, CD179a, ALK, Plysialic acid, PLAC1, GloboH, NY-BR-1,

UPK2, HAVCRl, ADRB3, PANX3, GPR20, LY6K, OR51E2, TARP, WT1, NY-ESO-1,

LAGE-la, legumam, HP E6,E7, MAGE-A1, MAGE Al, ETV6-AML, sperm protein 17,

XAGE1, Tie 2, MAD-CT-1, MAD-CT-2, Fos-related antigen 1, p53, p53 mutant, prostem,

survivin and telomerase, PCTA-l/Galectin 8, MelanA/MARTl, Ras mutant, hTERT, sarcoma

translocation breakpoints, ML~IAP, ERG (TMPRSS2 ETS fusion gene), NA17, PAX3,

Androgen receptor, Cyclm B , MYCN, RhoC, TRP-2, CYPIBI, BORIS, SART3, X5, OY-

TES1, LCK, AKAP-4, SSX2, RAGE-1, human telomerase reverse transcriptase, RUl, RU2,

intestinal carboxyl esterase, mut hsp70-2, LAIR1, FCAR, LILRA2, CD300LF, CLEC12A,

BST2, EMR2, 1.Y75, GPC3, FCRL5, IGLL1, and peptides of these antigens presented on

MHC.

In embodiments, the antigen binding domain of a TA CAR, e.g., a TA CAR expressed

by a cell of the invention, targets a tumor antigen that s associated with a solid tumor, e.g.,

expressed by a solid tumor cell, referred to herein as a solid tumor associated antigen, e.g., an

antigen associated with 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), esophageal

adenocarcinoma, ovarian cancer, breast cancer, colorectal cancer and bladder cancer or any

combination thereof. In one embodiment, the disease is pancreatic cancer, e.g., metastatic

pancreatic ductal adenocarcinoma (PDA), e.g., in 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 is ovarian cancer, e.g., serous epithelial ovarian

cancer, e.g., in a subject who has progressed after at least one prior regimen of standard

therapy.

Examples of solid tumor associated antigens (i.e., solid tumor antigens) include, without

limitation: EGFRvIII, mesothelin, GD2, Tn antigen, sTn antigen, Tn-O-Glycopeptides, sTn-O-

Glycopeptides, PSMA, CD97, TAG72, CD44v6, CEA, EPCAM, KIT, II,-!3Ra2, leguman,

GD3, CD171, IL-1 IRa, PSCA, MAD-CT-1, MAD-CT-2, VEGFR2, LewisY, CD24, PDGFR-



beta, SSEA-4, folate receptor alpha, ERBBs (e.g., ERBB2), Her2/neu, MUC1, EGFR, NCAM,

Ephrm B2, CAIX, LMP2, sLe, HMWMAA, o-acetyl-GD2, folate receptor beta, TEM1/CD248,

TEM7R, FAP, Legumain, PY E6 or E7, ML-IAP, CLDN6, TSHR, GPRC5D, Λ. .Κ..

Polysialic acid, Fos-related antigen, neutrophil elastase, TRP-2, CYP1B1, sperm protein 17,

beta human chorionic gonadotropin, AFP, thyroglobulin, PLACl, globoH, RAGE1, M -CA

IX, human telomerase reverse transcriptase, intestinal carboxyl esterase, mut hsp 70-2, NA-17,

NY-BR-1, UPK2, HAVCRI, ADRB3, PANX3, NY-ESO-1, GPR20, Ly6k, OR51E2, TARP.

GFRa4, and a peptide of any of these antigens presented on MHC.

In an embodiment, the antigen binding domain of a TA CAR, e.g., a TA CAR expressed

by a cell of the invention, binds to human mesothelm. In an embodiment, the antigen binding

domain is a murine scFv domain that binds to human mesothelin, e.g., SS or SEQ ID NO: 46.

In an embodiment, the antigen binding domain is a humanized antibody or antibody fragment,

e.g., scFv domam, derived from the murine SSI scFv. In an embodiment, the antigen binding

domain s a human antibody or antibody fragment that binds to human mesothelm. Exemplary

human scFv domains (and their sequences) and the murine SSI scFv that bind to mesothelin

are provided in Table 2 . CDR sequences are underlined. The scFv domain sequences provided

in Table 2 include a light chain variable region (VL) and a heavy chain variable region (VH).

The VL and VH are attached by a linker comprising the sequence GGGGSGGGGSGGGGS

(SEQ ID NO: 30) (e.g., as shown in SS scFv domains) or GGGGSGGGGSGGGGSGGGGS

(SEQ ID NO: 29) (e.g., as shown in Ml, M2, M3, M4, M5, M6, M7, M8, M9, M10, M l 1,

M12, M13, M 4, Ml 5, M l 6, M l 7, Ml 8, Ml 9, M20, M21, M22, M23, or M24 scFv domains).

The scFv domains listed in Table 2 are in the following orientation: VL-linker-VH.

Table 2. Antigen binding domains that bind to mesothelin



mesothelin ssl Q V Q L Q Q S G P E L E K P G A V K I S C K A S

(murine) G Y s F T G Y T M N W V K Q S H G K S L E w I G L

I T P Y N G A S S Y N Q K F R G K A T L T V D K

S s T A Y D L L S L T s E D S A V Y F C A R G G
Y D G R G F D Y G Q G T T V T V S S G G G G S G

G G G S G G G G s D I E L T Q S P A I M S A s P G

E K V T M T C S A S S S V S Y M H W Y Q Q K G T

S P K R W I Y D T S K L A S G V P G R F S G S G S

G N Y S L T I S S V E A E D D A T Y Y C Q Q W S
G Y P L T F G A G T K L E I

mesothelin M l QVQLQQS GAEVKKP GAS VKVS CKAS GYT F T GYYMHWVRQAP GQGLEWMGR

(human) NFNS GGTN YAQKFQ GRVTMT RDT S STAYME L S RL RS EDTAVYYCARGR

Y GMDVWG GT V V S SGGGGS GGGGSGGGGS GGGGS EIVLTQS PATLSL
S P GERA S CRAS QSV S SNFA YQQ RP GQAP RLL YDASN AT G P PRFS

GSGSGTDFTLT I S SLEPE D AAYYCHQRS LYTFGQGT K K

mesothelin M 2 QVQLVQ S GAEVKKP GAS VKVS CKAS GYT F T GYYM W QA G GLEWMGW

(human) NFNS GGTN YAQKFQ GRVTMT RDT S ST YME L S RL RS DDTAVYYCARDL

RRTWT P RAYYGMDV WGQGTTVTVS SGGGGS GGGGS GGGGS GGGGS DIQL
T 0 S P S T L SA SVGDRVT T CQASQDI SNSLNW YQQKAGKAP KLL YDASTL
E GV P SRFSGS GS G DF S T S S L E T YYC HD L L FGQGTKV

mesothelin V LVQS GAEVKKP GAP VKVS CKAS GYT F T GYYMHWVRQAP GO GLEWMGW

(human) P S GGT YAQKFQ GRVTMT RD S S A YME L S RL RS DDTAVYYCARG E

WDGSYYYDYWGQGTLVTVS S GGGGS GGGGS GGGGS GGGGS D VLTQT P S S

LSASVGDRVTI TCRASQS N NW QHKP GKA P K I YAAS S LQS GVPS

RFSGS GSGTDFTLTI S SLQPEDFATYYCQQS F S PLT FGGGTKLEI K

mesothelin QVQLVE S GGGLVQP GGS L RL S CAAS GFT F S SY MH VRQV P GKGLVWVSR
T DGSTT YAP SVE GRF T S RDNAKNT LYLQMN S L RDD DTAVYYC VGGH(human)

AW GQGT TVTV S S GGGGS GGGGS GGGGS GGGGS QMT QS P S T L SA SVG
D VT T CRAS QS S DRIAWYQQ KP GKA KLL YKAS SLE S GV P S RF S GS G

S GTEFTLT S S LQPDDFAVYYCQQYGHLPMYT FGQGTKVEI K

mesothelin M6 QVQ LVQS GAEVKKP GAS VKVS CKAS GYT F T S YMHWVRQAP GQGLEWMGI

(human) INPSGGST SY QKFQG VTMT RDT S STVYME L S S L RS EDTAVYYCARYR

LIAVAGDYYYYGMDVWGQGTMVTVS S GGGGS GGGGS GGGGS GGGGS DIQM

TQS P S SVASVGDRVT T CRASQGVGRWLA WYQQKPGTAPKLLI YAASTLQ
S GVPS RFS GSGSGTDFTLTINNLQPEDFATYYCQQAN S FPLTFGGGTRLE

K

mesothelin M 7 OVQLVQS GGGWQ P GRS L RL S CAAS GFT F S S YAMHWVRQA P GKGLEWVAV

(human) I S YDG SNKYYAD S KGRF S RDN S KNT L YLQMN S L RAE DTAV YYCARWK

V S S S S PAFDYW GQGTLVTVS SGGGGSGGGGSGGGGS GGGGSEIVLTQS PA
T L S L S GE RAI L S CPAS QSVYT KYL GWYQQKP GQAP RLL I DA ST RAT G

FDRFS GSGSGTDFTLTINRLEPEDFAVYYC OHYGGS P L T FGQGTRLEI K

mesothelin M 8 QVQLQQSGAEVKKPGASVKVSCKTS GYPFTGYSLHW VRQAPGQGLEWMGW

(human) NFNS GGTN YAQKFQ GRVTMT RDT S ST YME L S RL RS DDTAVYYCARDH

YGGNS LFY WGQGTLVTVS SGGGGSGGGGS GGGGSGGGGS DIQLTQS S S I

SASVGDTVS CRASQDS GTWLAWYQQKP GKA NLLM DA S L EDGV P S R

FSGSASGTEFTLTVMRLQPEDSATYYCQQYNS YPLT FGGGTKVDI K

mesothelin M 9 QVQLVQ S GAEVKKP GASVEVS CKAS GY T S YYMHWVRQAP GQ GLEWMGI

(human) NP S GGST GYAQKFQ GRVTMT RDT S T STVHME L S S L RS EDTAVYYCARGG

YS S S S DA F DI GQG MVT VS SGGGGSGGGGSG GGGS GGGGS I QMT 0 S P P

S L SASVGDRVT CRASQDI S SALAWYQQ KP GT P P K YDAS SLESGVP

S RFSGSGS GTD FTLT I S S LQPE DFAT Y CQQF S S YP LTFGGGTRLEI K

mesothelin M10 QVQLVQ S GAEVKKP GAS VKVS CK S G T F S YG SWVRQAP GQ GLEWMGW

(human) SAYN GNTNYAQKL0 GRVTMT T DT S T S A YME LRS L RS DDTAVY YCARVA
GGI YY GMDVWGQGT I TVS S GGGGS GGGGS GGGGS GGGGS D VMTQT P

DSLAVSLGERATI SCKS SHSVLYNRNNKNYLAWYQQKPGQPPKLLFYliAS



T RKS GV DR S GSGS GTDFTLT I S S LQPED FAT YFCQQTQTFPLTFGQGT
RLE I N

mesothelin M l 2 QVQLVQSGAEVKKPGASVKVSCKAS GYTFTGYYMHWVRQAPGQGLEWMGR 5 8

(human) NPNS GGTNYAQKF GRVTMTT DT S T S YME LRS L RS DD YYCART T
T SYAFDIWGQGTMVTVS S GGGGSGGGGSGGGGSGGGGSDIOLTOS P T L
A S G RVT T CPA SQS S T LA YQQK GK LL YKAST LE S GV P S R
S GSGS GTEFTLTI S S LQPDDFATYYCQQYNT YS PYT G GT KL E K

mesothelin M l 3 OVOLVQSGGGLVKPGGSLRLSCEAS GF FSDYYMGWI RQAPGKGLEWVSY 5 9

(human) GRS GS SMYYADSVKGRFT F S RDNAKNS L YLQMN S L RAE DTAVYYCAAS P
W AA EDF H GOGT LVTVS SGGGGSGGGGSGGGGS GGGGSDI M P
T L S L S P GE RAT L S CPAS QS T SNYLAWYQQKP GQAP RLL L FGA ST RAT G

PDRFS GSGSGTDFTLTINRLEPEDFAMYYCQQYGSAPVT FGQGTKLEI K

mesothelin M l 4 QVQLVOSGAEVRAPGASVKI SCKAS GFTFRGYYIHWVRQAPGQCrLEWMGI 6 0

(human) NP S GGS RAYAQKFQ GRVTMTRDT S T S VYME L S S L RS DDTAMYYCAR
S CGGDCYYLDYWGQGTLVT VS S GGGGS GGGGS GGGGS GGGGS D MT S P

P T L SA SVGDRVT I T CRAS E I W QQKP GKAP K I YKS SSLASGV
P SRFS GSG S GA E F L S S LQP DD AT YYC Y0 S YP L F GGGT KVD K

mesothelin M l 5 QVQLVQSGGGLVQPGRSLRLSCAAS GFTFDDYAMHWVP.QAPGKGLEWVSG 6 1

(human) S N S GS I GYADSVKGRFT I S RDNAKNS LYLQMN S L RAE DTAVYYCAKDG

S S W WGYFDYWGQGTLVTVS S GGGGS GGGGS GGGGS S S ELTQDPAVS VA
LGQTVRTTCQGDALRSYYASWYQQKPGQAPMLVI YGKNNRPSGI PDRFSG
S DSGDTAS L TGAQAEDEADYYCN SRDS SGYPVFGTGTKVTVL

mesothelin M l 6 EVQLVESGGGLVQPGRSLRLSCAAS GFTFDDYAMHWVRQAPGKGLEWVSG 6 2

(human) S N S GST GYADSVKGRFT I S RDNAKNS LYLQMN S L RAEDTAL YYCAKD S

S SWYGGGSAFDIWGQGTMVTVS SGGGGSGGGGSGGGGSS SELTQEPAVSV
ALGQTVRI TCQGDSLRSYYASWYQQKPGQAPVLVI FGRS RRPS GI PDRFS
GS S S GNTAS L GAQAE DEADYYCN S RDNTANH YVF G GT KLTVL

mesothelin M l 7 EVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRQAPGKGLEWVSG 6 3

(human) SWN S GST GYADSVKGRFT I S RDNAKNS LYLQMN S L RAEDTAL YYCAKD S

S SWYGGGSAFDIWGQGTMVTVS SGGGGSGGGGSGGGGSS SELTQDPAVSV
ALGQTVRI TCQGD3LR5YYASWYQQKFGQAPVLVI YGKNNRPS GI PDRFS

GS S S GNTAS T GAQAE DEADYYCN S RGS S GNHYVFGT GT KVTVL

mesothelin M l 8 QVQLVQSGGGLVQPGGSLRLSCAAS GFTFS SYWMHWVRQAPGKGLVWVSR

(human) INSDGS S SYADSVKGRFTI SRDNAKNTLYLQMNSLRAEDTAVYYCVRTG
WVGSYYYYMDVWGKGTTVTVS S GGGGS GGGGS GGGGS GGGGS E I VLTQS P
GTLSLS PGEPATLSCRASQSVS S YLA YQQK GQ PRLLI YDVSTRATG

PARFSGGGSGTDFTLTI SSLEPEDFAVYYCQQRSNWPPWTFGQGTKVEI
K

mesothelin Ml 9 QVQLVQ S GGGWQ P GRS L R S CAAS GFT F S SYGMHWVRQAP GKGLEWVAV 6 5

(human) S YDG SNKYYAD SVKGRFT I S RDM S KNTL YLQMN S L RAE DTAVYYCAKGY
S RYYYYGMDVWGQGTTVTVS S GGGGS GGGGS GGGGS GGGGS E VMTQS A

L S L S PGERAI LSCRASQSVYTKYLGWYQQKPGQAPRLLI YDASTRATGI
PDRFS GSGSGTDFTLTINRLEPEDFAVYYCQHYGGS L F GQGT KVD K

mesothelin M20 QVQLVQSGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSA 6 6

(human) S GS GGS T YYADSVKGRFT I S RDM S KNTL YLQMN S L RAE DTAVYYCAKRE
AAAGHDWYFDLWGRGTLVTVS S GGGGS GGGGS GGGGS GGGGS DI RVTQS P
S SLSASVGDRVTITCRASQS S SYLNWYQQKPGKAPKLLI AAS SLQSGV
P SRFS GS GS GT LT S SLQPEDFATYYCQQSYS I L FGQGTKVEI K

mesothelin M21 QVQLVQSWAEVKKPGASVKVSCKAS GYTFTSYYMHWVRQAPGQGLEWMGI

(human) P S GGST SYAQKFQ GRVTMTRDT S T STVYME LSNLRS E DTAVYYCARS
RVTTGYFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIQLTQSPST

LSASVGDRVTI TCRASQS S SWLAWYQQKPGKAPKLLI YKAS S LES G P S
RFSGS GSGTEFTLTI S SLQPDDFATYYCOOYS SYPLTFGGGTRLEI K

mesothelin M22 QVQLVQS GAEVRR P GASVKI S CRAS GDT S T RHY I H LRQAP GQ GP EWMGV 8

(human) I NPTT GPAT GS AYAQMLQGRVTMT RD S T T VYME L S LR E DTAVYYC

ARSWGRSAPYYFDYWGQGTLVTVS S GGGGS GGGGS GGGGS GGGGS D QM

T QS P S S L SASVGDRVT T CRA S QGI S DYSAWYQQKP GKAP KLL YAA ST L



SGV SR SGSGSGTDFTLTISYLQSED FATYYCQQYYSYPLTFGGGTKV
DIK

mesothelin M23 QVQLQQSGAEVKKPGASVKVSCKASGYTFTNYYMHWVRQAPGQGLEWMGI

(human) INPSGGYTTYAQKFQGRLTMTRDTSTSTVYMELSSLRSEDTAVYYCARIR
SCGGDCYYFDNWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIQLTQSP
S LSASVGDRV CRASENVN LA YQQKPG APKLL KSSSLASGV
PSRFSGSGSGAEFTLTI SSLQPDDFATYYCQQYQSYPLTFGGGTKVDIK

mesothelin M24 OITLKESGPALVKPTQTLTLTCTFSGFSLSTAGVHVGWIRQPPGKALEWL 70

(human) ALI SWADDKRYRP SLRSRLD RVTSKDQWL SMTNMQPEDTATYYCALQ
GFDGYEANWGP GTLVTVS SGGGGSGGGGS GGGGSGGGGS D TQSPSSL
SASAGDRVT TCPAS RG SSALAWYQQKP GKPPKLL YDASSLESG PSR
FSGSGSGTDFTLTIDSLEPEDFATYYCQQS YSTP FG G VD K

The sequences of the CDR sequences of the scFv domains of the mesothelin antigen

binding domains provided in Table 2 are shown in Table 3 for the heavy chain variable

domains and in Table 4 for the light chain variable domains.

Table 3. Amino acid sequences for the heavy chain (HC) CDRl, CDR2, and CDR3 regions of

human anti-mesothelin scFvs



M20 GF FSSYAMS 127 A SGSGGS ADSVKG 149 REAAAGH D YF L 174

M 1 GY F SYY H 128 INPSGGSTSYA K G 150 SPRVTTGYFDY 175

M22 GDTSTRHYIH 129 VINPTTGPATGS PAYAQMLQ 151 SWGRSAPYYFDY 176

G

M23 GYTFTNYYMH 130 NPSGGYTTYAQKFQG 152 RSCGGDC YFDN 177

M24 GFSLSTAGVHVG 131 L SWADDKRYRP SLRS 153 QGFDGYEAN 178

Table 4 Amino acid sequences for the light chain (LC) CDRl, CDR2, and CDR3 regions of

human anti-mesothelin scFvs



Any known anti-mesothelin binding domain, from, for example, a known antibody,

bispecific molecule or CAR, may be suitable for use in the TA CAR of the present invention.

For example, the antigen binding domain against mesothelin is or may be derived from an

antigen binding, e.g., CDRs or VH and VL, of an antibody, antigen-binding fragment or CAR

described in, e.g., PCT publication WO2015/090230. In embodiments, the antigen binding

domain against mesothelin is or is derived from an antigen binding portion, e.g., CDRs or VH

and VL, of an antibody, antigen-binding fragment, or CAR described in, e.g., PCT publication

WOl 997/025068, WO1999/028471, WO2005/0 4652, WO2006/099141, WO2009/045957,

WO2009/068204, WO20I3/142034, WO201 3/040557, or WO201 3/0634 19.

n one embodiment, the mesothelin binding domain comprises one or more (e.g., all

three) light chain complementary determining region 1 (LC CDRl), light chain complementary

determining region 2 (LC CDR2), and light chain complementary determining region 3 (LC

CDR3) of a mesothelin binding domain described herein, e.g., provided in Table 2 or 4, and/or

one or more (e.g., all three) heavy chain complementary determining region 1 (HC CDRl),

heavy chain complementary determining region 2 (HC CDR2), and heavy chain

complementary determining region 3 (HC CDR3) of a mesothelin binding domain described

herein, e.g., provided in Table 2 or 3 . In one embodiment, the mesothelin binding domain

comprises one, two, or all of LC CDRl, LC CDR2, and LC CDR3 of any amino acid sequences

as provided in Table 4; and one, two or three of all of HC CDRl, HC CDR2 and HC CDR3, of

any ammo acid acid sequences as provided in Table 3 .

In one embodiment, the mesothelin antigen binding domain comprises:

(i) (a) a LC CDRl amino acid sequence of SEQ ID NO: 84, a LC CDR2 amino acid

sequence of SEQ ID NO: 209, and a LC CDR3 amino acid sequence of SEQ ID

NO: 234: and

(b) a HC CDRl ammo acid sequence of SEQ ID NO: 5, a HC CDR2 amino acid

sequence of SEQ ID NO: 134, and a HC CDR3 amino acid sequence of SEQ ID

NO: 159;

(is) (a) a LC CDRl ammo acid sequence of SEQ ID NO: 190, a LC CDR2 amino acid

sequence of SEQ ID NO: 215, and a LC CDR3 amino acid sequence of SEQ ID

NO: 240; and



(b) a HC CDRl amino acid sequence of SEQ ID NO: 121, a HC CDR2 ammo acid

sequence of SEQ ID NO: 141, and a HC CDR3 amino acid sequence of SEQ ID

NO: 165:

(a) a LC CDRl ammo acid sequence of SEQ ID NO: 204, a LC CDR2 amino acid

sequence of SEQ ID NO: 229, a a LC CDR3 amino aci sequence of SEQ ID

NO: 254; and

(b) a HC CDRl am o acid sequence of SEQ ID NO: 132, a HC CDR2 amino acid

sequence of SEQ ID NO: 154, and a HC CDR.3 ammo acid sequence of SEQ ID

NO: 179;

(a) a LC CDRl amino acid sequence of SEQ D NO: 80, a LC CDR2 amino acid

sequence of SEQ ID NO: 205, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 230; and

(b) a HC CDRl ammo acid sequence of SEQ ID NO: 1 3, a HC CDR2 ammo acid

sequence of SEQ ID NO: 133, and a HC CDR3 ammo acid sequence of SEQ ID

NO: 155;

(a) a LC CDRl amino acid sequence of SEQ ID NO: 181, a LC CDR2 amino acid

sequence of SEQ ID NO: 206, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 231; and

(b) a HC CDRl ammo acid sequence of SEQ ID NO: 13, a HC CDR2 ammo acid

sequence of SEQ ID NO: 134, and a HC CDR3 ammo acid sequence of SEQ ID

NO: 156;

(a) a LC CDRl amino acid sequence of SEQ ID NO: 82, a LC CDR2 amino acid

sequence of SEQ ID NO: 207, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 232; and

(b) a HC CDRl ammo acid sequence of SEQ ID NO: 3, a HC CDR2 ammo acid

sequence of SEQ ID NO: 134, and a HC CDR3 amino acid sequence of SEQ ID

NO: 157;

(a) a LC CDRl amino acid sequence of SEQ ID NO: 3, a LC CDR2 ammo acid

sequence of SEQ ID NO: 208, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 233: and



(b) a HC CDRl amino acid sequence of SEQ ID NO: 14, a HC CDR2 amino acid

sequence of SEQ ID NO: 135, and a HC CDR3 amino acid sequence of SEQ ID

NO: 158:

(viii) (a) a LC CDRl ammo acid sequence of SEQ ID NO: 86, a LC CDR2 amino acid

sequence of SEQ ID NO: 2 0, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 235; and

(b) a HC CDRl am o acid sequence of SEQ ID NO: 1 6, a HC CDR2 amino acid

sequence of SEQ ID NO: 136, and a HC CDR3 am o acid sequence of SEQ ID

NO: 160;

(ix) (a) a LC CDRl amino ac d sequence of SEQ ID NO: 186, a LC CDR2 amino acid

sequence of SEQ ID NO: 2 , and a LC CDR3 ammo acid sequence of SEQ ID

NO: 236; and

(b) a HC CDRl ammo acid sequence of SEQ ID NO: 17, a HC CDR2 ammo acid

sequence of SEQ ID NO: 137, and a HC CDR3 ammo acid sequence of SEQ ID

NO: 161;

fx) (a) a LC CDRl amino acid sequence of SEQ ID NO: 87, a LC CDR2 amino acid

sequence of SEQ ID NO: 212, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 237; and

(b) a HC CDRl ammo acid sequence of SEQ ID NO: 18, a HC CDR2 ammo acid

sequence of SEQ ID NO: 138, and a HC CDR3 ammo acid sequence of SEQ ID

NO: 162;

(xi) (a) a LC CDRl amino acid sequence of SEQ ID NO: 88, a LC CDR2 amino acid

sequence of SEQ ID NO: 213, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 238; and

(b) a HC CDRl ammo acid sequence of SEQ ID NO: 9, a HC CDR2 ammo acid

sequence of SEQ ID NO: 139, and a HC CDR3 amino acid sequence of SEQ ID

NO: 63;

(xii) (a) a LC CDRl am o acid sequence of SEQ ID NO: 189, a LC CDR2 ammo acid

sequence of SEQ ID NO: 214, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 239; and



(b) a HC CDR amino acid sequence of SEQ ID NO: 120, a HC CDR2 amino acid

sequence of SEQ ID NO: 140, and a HC CDR3 amino acid sequence of SEQ ID

NO: 164:

(xiii) (a) a LC CDRI amino acid sequence of SEQ ID NO: 191, a LC CDR2 amino acid

sequence of SEQ ID NO: 2 6, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 241; and

(b) a HC CDR ammo acid sequence of SEQ ID NO: 12 , a HC CDR2 amino acid

sequence of SEQ ID NO: 142, and a HC CDR.3 am o acid sequence of SEQ ID

NO: 166;

(xiv) (a) a LC CDRI amino ac d sequence of SEQ ID NO: 192, a LC CDR2 amino acid

sequence of SEQ ID NO: 217, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 242; and

(b) a HC CDRI ammo acid sequence of SEQ ID NO: 122, a HC CDR2 ammo acid

sequence of SEQ ID NO: 143, and a HC CDR3 ammo acid sequence of SEQ ID

NO: 67;

(xv) (a) a LC CDRI amino acid sequence of SEQ ID NO: 193, a LC CDR2 amino acid

sequence of SEQ ID NO: 218, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 243; and

(b) a HC CDRI am o acid sequence of SEQ ID NO: 123, a HC CDR2 am o acid

sequence of SEQ ID NO: 144, and a HC CDR3 ammo acid sequence of SEQ ID

NO: 168;

(xvi) (a) a LC CDR amino acid sequence of SEQ ID NO: 94, a LC CDR2 amino acid

sequence of SEQ ID NO: 2 9, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 244; and

(b) a HC CDR am o acid sequence of SEQ ID NO: 124, a HC CDR2 ammo acid

sequence of SEQ ID NO: 145, and a HC CDR3 amino acid sequence of SEQ ID

NO: 169;

(xvii) (a) a LC CDR ammo acid sequence of SEQ ID NO: 195, a LC CDR2 ammo acid

sequence of SEQ ID NO: 220, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 245; and



(b) a HC CDR amino acid sequence of SEQ ID NO: 24, a HC CDR2 amino acid

sequence of SEQ ID NO: 146, and a HC 3 amino acid sequence of SEQ ID

NO: 170:

(xviii) (a) a LC CDRI am o acid sequence of SEQ ID NO: 196, a LC CDR2 amino acid

sequence of SEQ ID NO: 22 , and a LC CDR3 ammo acid sequence of SEQ ID

NO: 246; and

(b) a HC CDR ammo acid sequence of SEQ ID NO: 124, a HC CDR2 amino acid

sequence of SEQ ID NO: 146, and a HC CDR3 am o acid sequence of SEQ ID

NO: 17 ;

(xix) (a) a LC CDRI amino acid sequence of SEQ ID NO: 1 7, a LC CDR2 amino acid

sequence of SEQ ID NO: 222, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 247; and

(b) a HC CDRI ammo acid sequence of SEQ ID NO: 125, a HC CDR2 ammo acid

sequence of SEQ ID NO: 147, and a HC CDR3 ammo acid sequence of SEQ ID

NO: 172;

(xx) (a) a LC CDR amino acid sequence of SEQ ID NO: 198, a LC CDR2 amino acid

sequence of SEQ ID NO: 223, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 248; and

(b) a HC CDR am o acid sequence of SEQ ID NO: 126, a HC CDR2 ammo acid

sequence of SEQ ID NO: 148, and a HC CDR3 ammo acid sequence of SEQ ID

NO: 173;

(xxi) (a) a LC CDR amino acid sequence of SEQ ID NO: 99, a LC CDR2 amino acid

sequence of SEQ ID NO: 224, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 249; and

(b) a HC CDRI ammo acid sequence of SEQ ID NO: 127, a HC CDR2 ammo acid

sequence of SEQ ID NO: 149, and a HC CDR3 amino acid sequence of SEQ ID

NO: 4;

(xxii) (a) a LC CDR ammo acid sequence of SEQ ID NO: 200, a LC CDR2 ammo acid

sequence of SEQ ID NO: 225, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 250; and



(b) a HC CDR1 amino acid sequence of SEQ ID NO: 128, a HC CDR2 amino acid

sequence of SEQ ID NO: 150, and a HC CDR3 amino acid sequence of SEQ ID

NO: 75:

(xxiii) (a) a LC CDRl ammo acid sequence of SEQ ID NO: 201, a LC CDR2 amino acid

sequence of SEQ ID NO: 226, and a LC CDR3 amino acid sequence of SEQ ID

NO: 25 and

(b) a HC CDRl ammo acid sequence of SEQ ID NO: 129, a HC CDR2 amino acid

sequence of SEQ ID NO: 151, and a HC CDR3 am o acid sequence of SEQ ID

NO: 176;

(xxiv) (a) a LC CDRl amino acid sequence of SEQ ID NO: 202, a LC CDR2 amino acid

sequence of SEQ ID NO: 227, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 252; and

(b) a HC CDRl ammo acid sequence of SEQ ID NO: 130, a HC CDR2 ammo acid

sequence of SEQ ID NO: 152, and a HC CDR3 amino acid sequence of SEQ ID

NO: 177; or

(xxv) (a) a LC CDRl amino acid sequence of SEQ ID NO: 203, a LC CDR2 amino acid

sequence of SEQ ID NO: 228, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 253; and

(b) a HC CDRl ammo acid sequence of SEQ ID NO: 131, a HC CDR2 ammo acid

sequence of SEQ ID NO: 153, and a HC CDR3 am o acid sequence of SEQ ID

NO: 178.

In one embodiment, the mesotheiin binding domain comprises a light chain variable

region described herein (e.g., in Table 2) and/or a heavy chain variable region described herein

(e.g., in Table 2). In one embodiment, the mesotheiin binding domain is a scFv comprising a

light chain and a heavy chain of an amino acid sequence listed in Table 2 . In an embodiment,

the mesotheiin binding domain (e.g., an scFv) comprises: a light chain variable region

comprising an amino acid sequence having at least one, two or three modifications (e.g.,

substitutions, e.g., conservative substitutions) but not more than 30, 20 or 10 modifications

(e.g., substitutions, e.g., conservative substitutions) of an amino acid sequence of a light chain

variable region provided in Table 2, or a sequence with 95-99% identity with an amino acid

sequence provided in Table 2; and/or a heavy chain variable region comprising an amino acid

sequence having at least one, two or three modifications (e.g., substitutions, e.g., conservative



substitutions) but not more than 30, 20 or 0 modifications (e.g., substitutions, e.g.,

conservative substitutions) of an amino acid sequence of a heavy chain variable region

provided in Table 2, or a sequence with 95-99% identity to an amino acid sequence provided in

Table 2 .

In one embodiment, the mesothelin binding domain comprises an amino acid sequence

selected from a group consisting of SEQ ID NO: 46; SEQ ID NO: 47; SEQ ID NO: 48; SEQ ID

NO: 49; SEQ ID NO: 50; SEQ ID NO: 51; SEQ ID NO: 52; SEQ ID NO: 53; SEQ ID NO: 54;

SEQ ID NO: 55; SEQ ID NO: 56; SEQ ID NO: 57; SEQ ID NO: 58; SEQ ID NO: 59; SEQ ID

NO: 60; SEQ ID NO: 61; SEQ ID NO: 62; SEQ ID NO: 63; SEQ ID NO: 64; SEQ ID NO: 65;

SEQ ID NO: 66; SEQ ID NO: 67, SEQ ID NO: 68; SEQ ID NO: 69; and SEQ ID NO: 70; or

an amino acid sequence having at least one, two or three modifications (e.g., substitutions, e.g.,

conservative substitutions) but not more than 30, 20 or 0 modifications (e.g., substitutions,

e.g., conservative substitutions) to any of the aforesaid sequences; or a sequence with 95-99%

identity to any of the aforesaid sequences. In one embodiment, the mesothelin binding domain

s a scFv, and a light chain variable region comprising an amino acid sequence described

herein, e.g., in Table 2, is attached to a heavy chain variable region comprising an am o acid

sequence described herein, e.g., in Table 2, via a linker, e.g., a linker described herein. In one

embodiment, the mesothelin binding domain includes a (Gly4-Ser)n linker, wherein n is 1, 2, 3,

4, 5, or 6, preferably 4 (SEQ ID NO: 80). The light chain variable region and heavy chain

variable region of a scFv can be, e.g., in any of the following orientations: light chain variable

region-linker-heavy chain variable region or heavy chain variable region-linker-light chain

variable region.

In an embodiment, the antigen binding domain of a TA CAR, e.g., a TA CAR expressed

by a cell of the invention, binds to human EGFRvIII. In an embodiment, the antigen binding

domain is a murine scFv domain that binds to human EGFRvIII such as, e.g., mu310C. In an

embodiment, the antigen binding domain is a humanized antibody or antibody fragment, e.g.,

scFv domain, derived from the murine mu3 10C scFv. Exemplary humanized scFv domains

(and their sequences) and murine SS scFv that bind to EGFRvIII are provided in Table 5 .

In an embodiment, the antigen binding domain of a TA CAR, e.g., a TA CAR expressed

by a cell of the inveniton, binds to human claudin 6 (CLDN6). In an embodiment, the antigen

binding domain is a murine scFv domain that binds to human CLDN6. In an embodiment, the

antigen binding domain is a humanized antibody or antibody fragment. Exemplary scFv



domains (and their sequences) that bind to CLDN6 are provided in Table 5 . The scFv domain

sequences provided in Table 5 include a light chain variable region (VL) and a heavy chain

variable region (VH). The VL and VH are attached by a linker comprising the sequence

GGGGSGGGGSGGGGSGGGGS (SEQ ID NO: 29), e.g., in the following orientation: VL-

linker-VH.

Table 5. Antigen binding domains that bind to the tumor antigen EGFRvIII



TSPKLCIYSTSNLASGVPARFSGRGSGTSYSLTISRVAAEDAATYY

CQQRSNYPPWTFGGGTKLEIK

Claudin6 mAb206 EVQLQQSGPELVKPGASMKISCKASGYSFTGYTMNWVKQSHGK

-LCC NLEWTGLINPYNGGTIYNQKFKGKATLTVDKSSSTAYMELLSLTS 99

EDSAVYYCARDYGFVLDYWGQGTTLTVSSGGGGSGGGGSGGGG

SGGGGSQIVLTQSPAIMSASPGEKVTITCSASSSVSYLHWFQQKPG

TSPKLWVYSTSNLPSGVPARFGGSGSGTSYSLTISRMEAEDAATY

YCQQRSTYPPWTFGGGTKLEIK

CIaudin6 mAb206 EVQLQQSGPELVKPGASMKISCKASGYSFTGYTMNWWQSHGK

-SUBG NLEWIGLINPYNGGTIYNQKFKGKATi;rVDKSSSTAYMELLSLTS 00

EDSAVYYCARDYGFVLDYWGQGTTLTVSSGGGGSGGGGSGGGG

SGGGGSQIVXTQSPSIMSVSPGEKVTITCSASSSVSYMHWFQQKPG

TSPKLGIYSTSNLASGVPARFSGRGSGTSYSLTISRVAAEDAATYY

CQQRSNYPPWTFGGGTKLEIK

In one embodiment, the EGFRvIII binding domain comprises one or more (e.g., all

three) light chain complementary determining region 1 (LC CDRl), light chain complementary

determining region 2 (LC CDR2), and light chain complementary determining region 3 (LC

CDR3) of a EGFRviii binding domain described herein, e.g., provided in Table 5, and/or one

or more (e.g., all three) heavy chain complementary determining region 1 (HC CDRl), heavy-

chain complementary determining region 2 (HC CDR2), and heavy chain complementary

determining region 3 (HC CDR3) of an EGFRvIII binding domain described herein, e.g.,

provided in Table 5 .

In one embodiment, the EGFRvIII binding domain comprises a light chain variable

region described herein (e.g., in Table 5) and/or a heavy chain variable region described herein

(e.g., in Table 5). In one embodiment, the EGFRvIII binding domain is a scFv comprising a

light chain and a heavy chain of an amino acid sequence listed in Table 5 . In an embodiment,

the EGFRvIII binding domain (e.g., an scFv) comprises: a light chain variable region

comprising an amino acid sequence having at least one, two or three modifications (e.g.,

substitutions, e.g., conservative substitutions) but not more than 30, 20 or 10 modifications

(e.g., substitutions, e.g., conservative substitutions) of an ammo acid sequence of a light chain

variable region provided in Table 5, or a sequence with 95-99% identity with an amino acid

sequence provided in Table 5; and/or a heavy chain variable region comprising an amino acid

sequence having at least one, two or three modifications (e.g., substitutions, e.g., conservative



substitutions) but not more than 30, 20 or 0 modifications (e.g., substitutions, e.g.,

conservative substitutions) of an amino acid sequence of a heavy chain variable region

provided in Table 5, or a sequence with 95-99% identity to an amino acid sequence provided in

Table 5 .

In one embodiment, the EGFRvIII binding domain comprises an amino acid sequence

selected from a group consisting of SEQ ID NO: 71; SEQ ID NO: 72; SEQ ID NO: 73; SEQ ID

NO: 74; SEQ ID NO: 75; SEQ ID NO: 76; SEQ ID NO: 77; SEQ ID NO: 78; and SEQ ID NO:

79; or an amino acid sequence having at least one, two or three modifications (e.g.,

substitutions, e.g., conservative substitutions) but not more than 30, 20 or 0 modifications

(e.g., substitutions, e.g., conservative substitutions) to a y of the aforesaid sequences; or a

sequence with 95-99% identity to any of the aforesaid sequences. In one embodiment, the

EGFRvIII binding domain is a scFv, and a light chain variable region comprising an amino acid

sequence described herein, e.g., in Table 5, is attached to a heavy chain variable region

comprising an ammo acid sequence described herein, e.g., in Table 5, via a linker, e.g., a linker

described herein. In one embodiment, the EGFRvIII binding domain includes a (Gly4-Ser)n

linker, wherein n is 1, 2, 3, 4, 5, or 6, preferably 4 (SEQ ID NO: 80). The light chain variable

region and heavy chain variable region of a scFv can be, e.g., in any of the following

orientations: light chain variable region-linker-heavy chain variable region or heavy chain

variable region-linker-light chain variable region.

In one embodiment, the ciaudm-6 binding domain comprises one or more (e.g., all

three) light chain complementary determining region 1 (LC CDRl), light chain complementary

determining region 2 (LC CDR2), and light chain complementary determining region 3 (LC

CDR3) of an EGFRvIII binding domain described herein, e.g., provided in Table 5, and/or one

or more (e.g., all three) heavy chain complementary determining region 1 (HC CDRl), heavy

chain complementary determining region 2 (HC CDR2), and heavy chain complementary

determining region 3 (HC CDR3) of an claudin-6 binding domain described herein, e.g.,

provided in Table 5 .

In one embodiment, the claudin-6 binding domain comprises a light chain variable

region described herein (e.g., in Table 5) and/or a heavy chain variable region described herein

(e.g., in Table 5). In one embodiment, the claudin-6 binding domain is a scFv comprising a

light chain and a heavy chain of an amino acid sequence listed in Table 5 . In an embodiment,

the claudin-6 binding domain (e.g., an scFv) comprises: a light chain variable region



comprising an amino acid sequence having at least one, two or three modifications (e.g.,

substitutions, e.g., conservative substitutions) but not more than 30, 20 or 10 modifications

(e.g., substitutions, e.g., conservative substitutions) of an amino acid sequence of a light chain

variable region provided in Table 5, or a sequence with 95-99% identity with an amino acid

sequence provided in Table 5; and/or a heavy chain variable region comprising an ammo acid

sequence having at least one, two or three modifications (e.g., substitutions, e.g., conservative

substitutions) but not more than 30, 20 or 10 modifications (e.g., substitutions, e.g.,

conservative substitutions) of an ammo acid sequence of a heavy cham variable region

provided in Table 5, or a sequence with 95-99% identity to an amino acid sequence provided in

Table 5 .

In one embodiment, the claudin-6 binding domain comprises an amino acid sequence

selected from a group consisting of SEQ ID NO: 98; SEQ ID NO: 99; and SEQ ID NO: 00; or

an amino acid sequence having at least one, two or three modifications (e.g., substitutions, e.g.,

conservative substitutions) but not more than 30, 20 or 0 modifications (e.g., substitutions,

e.g. , conservative substitutions) to any of the aforesaid sequences; or a sequence with 95-99%

identity to any of the aforesaid sequences. In one embodiment, the claudin-6 binding domain is

a scFv, and a light chain variable region comprising an am o acid sequence described herein,

e.g., in Table 5, s attached to a heavy chain variable region comprising an am o acid sequence

described herein, e.g., in Table 5, via a linker, e.g., a linker described herein. In one

embodiment, the claudin-6 binding domain includes a (Gly4-Ser)n linker, wherein n is 1, 2, 3,

4, 5, or 6, preferably 4 (SEQ ID NO: 80). The light chain variable region and heavy chain

variable region of a scFv can be, e.g., in any of the following orientations: light chain variable

region-linker-heavy chain variable region or heavy chain variable region-linker-light chain

variable region.

In one embodiment, an antigen binding domain against GD2 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Mujoo et al., Cancer Res. 47(4): 1098-

1104 (1987); Cheung et al., Cancer Res 45(6):2642-2649 (1985), Cheung et al, J Clin Oncol

5(9): 1430-1440 (1987), Cheung et al., J Clin Oncol 16(9):3053-3060 (1998), Handgretinger et

al, Cancer Immunol Immunother 35(3):199-204 (1992). In some embodiments, an antigen

binding domain against GD2 is an antigen binding portion of an antibody selected from mAb

14 18, 14G2a, chl4. 18, hul4.18, 3F8, hu3F8, 3G6, 8B6, 60C3, I0B8, ME36.I, and 8H9, see

e.g., WO2012033885, WO201 3040371, WO2013192294, WO2013061273, WO2013123061,



WO201 307491 6, and WO201385552. In some embodiments, an antigen binding domain

against GD2 is an antigen binding portion of an antibody described in US Publication No.:

20 00 509 0 or PCX Publication No. : WO 20 60 9 .

In one embodiment, an antigen binding domain against the Tn antigen, the sTn antigen,

a Tn-O-glycopeptide antigen, or a sTn-O-glycopeptide antigen is an antigen binding portion,

e.g., CDRs, of an antibody described in, e.g., US 2014/0178365, WO2015/120180,

US8,440,798, EP 2083868 A2, Brooks et al., PNAS 107(22): 10056-1 0061 (2010), and Stone et

al, Oncolmmunology 1(6):863-873(2012).

In one embodiment, an antigen binding domain against PSMA is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Parker et al., Protein Expr Purif

89(2): 136-145 (2013), US 20110268656 (J59I ScFv); Frigerio et al, European J Cancer

49(9):2223-2232 (2013) (scFvD2B); WO 2006125481 (mAbs 3/A12, 3/ 7 and 3/F11) and

single chain antibody fragments (scFv A5 and D7).

in one embodiment, an antigen binding domain against CD97 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., US6, 846,91 ;de Groot et al. , J Immunol

183(6):4127-4134 (2009); or an antibody from R&D:MAB3734.

In one embodiment, an antigen binding domain against TAG72 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Hombach et al, Gastroenterology

13(4): 63- 70 (1997); and Abeam ab691.

In one embodiment, an antigen binding domain against CD44v6 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Casucci et al, Blood 122(20):3461-3472

(2013).

In one embodiment, an antigen binding domain against CEA is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Chmielewski et al, Gastoenterology

143(4): 1095-1 107 (2012).

In one embodiment, an antigen binding domain against EPCAM is an antigen binding

portion, e.g., CDRS, of an antibody selected from MT 0, EpCAM-CD3 bispecific Ab (see,

e.g., clinicaltrials.gov/ct2/show/NCT00635596); Edrecolomab; 3622W94; ING-1; and

adecatumumab (MT201).

In one embodiment, an antigen binding domain against KIT is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., US7915391, US20120288506 , and

several commercial catalog antibodies.



In one embodiment, an antigen binding domain against IL-13Ra2 is an antigen binding

portion, e.g., CDRs, of an antibody described , e.g., WO2008/14691 1, WO2004087758,

several commercial catalog antibodies, and WQ2Q04087758.

In one embodiment, an antigen binding domain against CD 171 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Hong et al., J Immunother 37(2):93~I04

(20 4)

In one embodiment, an antigen binding domain against PSCA is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Morgenroth et al., Prostate 67(10): 1121-

1131 (2007) (scFv 7F5); Nejatollahi et al, J ofOncology 2013(2013), article ID 839831 (scFv

C5-II); and US Pat Publication No. 200903 11181.

In one embodiment, an antigen binding domain against MAD-CT-2 is an antigen

binding portion, e.g., CDRs, of an antibody described in, e.g., PM D: 2450952; US7635753.

In one embodiment, an antigen binding domain against Folate receptor alpha is an

antigen binding portion, e.g., CDRs, of the antibody IMGN853, or an antibody described in

US201 200091 8 ; US4851332, LK26: US5952484.

In one embodiment, an antigen binding domain against ERBB2 (Her2/neu) is an antigen

binding portion, e.g., CDRs, of the antibody trastuzumab, or pertuzumab.

In one embodiment, an antigen binding domain against M JC is an antigen binding

portion, e.g., CDRs, of the antibody SAR566658.

In one embodiment, the antigen binding domain against EGFR is antigen binding

portion, e.g., CDRs, of the antibody cetuxiniab, panitumumab, zalutumumab, nimotuzumab, or

matuzumab.

In one embodiment, an antigen binding domain against NCAM is an antigen binding

portion, e.g., CDRs, of the antibody clone 2-2B: MAB5324 (EMD Miilipore)

In one embodiment, an antigen binding domain against CA X is an antigen binding

portion, e.g., CDRs, of the antibody clone 303123 (R&D Systems).

In one embodiment, an antigen binding domain against Fos-related antigen I is an

antigen binding portion, e.g., CDRs, of the antibody 12F9 (Novus Biologicals).

In one embodiment, an antigen binding domain against SSEA-4 is an antigen binding

portion, e.g., CDRs, of antibody MC813 (Cell Signaling), or other commercially available

antibodies.



In one embodiment, an antigen binding domain against PDGFR-beta is an antigen

binding portion, e.g., CDRs, of an antibody Abeam ab32570.

In one embodiment, an antigen binding domain against ALK is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Mino-Kenudson et al, Clm Cancer Res

16(5): 1561 -1571 (2010).

In one embodiment, an antigen binding domain against plysialic acid is an antigen

binding portion, e.g., CDRs, of an antibody described in, e.g., Nagae et al., J Biol Chem

288(47):33784-33796 (2013).

In one embodiment, an antigen binding domain against PLA is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Ghods et al., Biotechnol Appl Biochem

20 3 doi:10. 1002/bab. H77.

In o e embodiment, an antigen binding domain against GloboH is an antigen binding

portion of the antibody VK9; or an antibody described in, e.g., Kudryashov V et al, Glycoconj

J.15(3):243~9 ( 1998), Lou et al, Proc Natl Acad Sci USA 1 1 1(7):2482-2487 (2014) ; MBrl:

Bremer E-G et a J Biol Chem 259: 14773-1 4777 ( 984).

In one embodiment, an antigen binding domain against NY-BR-1 is an antigen binding

portion, e.g., CDRs of an antibody described in, e.g., Jager et al, Appl Immunohistochem Mo

Morphol 15(l):77-83 (2007).

In one embodiment, an antigen binding domain against sperm protein 7 is an antigen

binding portion, e.g., CDRs, of an antibody described in, e.g., Song et al, Target Oncol 2013

Aug 14 (PMID: 23943313); Song et a , Med Oncol 29(4):2923-2931 (2012).

In one embodiment, an antigen binding domain against TRP-2 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Wang et al, J Exp Med. 184(6):2207-16

(1996).

In one embodiment, an antigen binding domain against CYP1B1 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Maecker et al, Blood 102 (9): 3287-3294

(2003)

In one embodiment, an antigen binding domain against RAGE-1 is an antigen binding

portion, e.g., CDRs, of the antibody MAB5328 (EMD M ll pore)

In one embodiment, an antigen binding domain against human telomerase reverse

transcriptase is an antigen binding portion, e.g., CDRs, of the antibody cat no: LS-B95-100

(Lifespan Biosciences)



In one embodiment, an antigen binding domain against intestinal carboxyl esterase is an

antigen binding portion, e.g., CDRs, of the antibody 4F12: cat no: LS-B6190-50 (Lifespan

Biosciences).

In one embodiment, an antigen binding domain against mut hsp70-2 is an antigen

binding portion, e.g., CDRs, of the antibody Lifespan Biosciences: monoclonal: cat no: LS-

CI33261-100 (Lifespan Biosciences).

In one embodiment, an antigen binding domain against MAD-CT-2 is an antigen

binding portion, e.g., CDRs, of an antibody described in, e.g., ΡΜ : 2450952; US7635753.

In one embodiment, the antigen binding domain comprises one, two three (e.g., all

three) heavy chain CDRs, HC CDR1, HC CDR2 and HC CDR3, from an antibody listed above,

and/or one, two, three (e.g., all three) light chain CDRs, LC CDR1, LC CDR2 and L CDR3,

from an antibody listed above. In one embodiment, the antigen binding domain comprises a

heavy chain variable region and/or a variable light chain region of an antibody listed above.

Myeloid TumorAntigens

The present disclosure provides immune effector cells (e.g., T cells, NK cells) that are

engineered to contain (in addition to one or more BCA CAR molecules) one or more CAR

molecules that target a tumor antigen in one aspect the tumor antigen is an antigen expressed

on a myeloid tumor (either a surface antigen or as a cornples with MHC), and the cells of the

invention comprise a CAR that recognizes a myeloid tumor antigen.

In an embodiment, the myeloid tumor antigen is an antigen that is preferentially or

specifically expressed on the surface of a myeloid tumor cell.

The present disclosure provides CARs that can target the following myeloid tumor

antigens: CD 123, CD34, Flt3, CD33 and CLL-1. In embodiments, the myeloid tumor antigen

is selected from CD 123, CD33 and CLL-1. In embodiments, the myeloid tumor antigen is

CD 123. In embodiments, the myeloid tumor antigen is CD3 3 . In embodiments, the myeloid

tumor antigen is CD34. In embodiments, the myeloid tumor antigen is Fit3. In embodiments,

the myeloid tumor antigen is CLL-1. In embodiments, the antigen binding domain targets the

human antigen.

In one embodiment, the antigen-binding domain of a TA CAR, e.g., the TA CAR

expressed by a cell of the invention (e.g., a cell that also expresses a BCA CAR), can be chosen

such tha a myeloid tumor population is targeted. Alternatively, when targeting of more than



one type of myeloid tumor is desired, an antigen binding domain that targets a myeloid tumor

antigen that is expressed by more than one, e.g., all, of the myeloid tumors to be targeted can be

selected.

In one aspect, the antigen-bmding domain of a TA CAR, e.g., the TA CAR

expressed by a cell of the invention, binds to CDI23, e.g., human CD123. Any known CD123

binding domain may be used in the invention. In one embodiment, an antigen binding domain

against CD 123 is an antigen binding portion, e.g., CDRs or VH and VL, of an antibody,

antigen-binding fragment or CAR described in, e.g., PCX publication WO2014/130635. In one

embodiment, an antigen binding domain against CD 123 is an antigen binding portion, e.g.,

CDRs or VH and VL, of an antibody, antigen-binding fragment or CAR described in, e.g., PC

publication WO/2016/028896. In one embodiment, an antigen binding domain against CD 123

is an antigen binding portion, e.g., CDRs, of an antibody, antigen-binding fragment, or CAR

described in, e.g., PCX publication WO1997/024373, WO2008/1 27735 (e.g., a CD123 binding

domain of 26292, 32701, 37716 or 32703), WO2014/138805 (e.g., a CD 123 binding domain of

S . 62). WO2014/138819, WO201 3/1 73820, WO20 14/144622, WO2001/66139,

WO2010/126066 (e.g., the CD123 binding domain of any of Oid4, Qld5, 01dl7, 01dl9,

Newl02, or Oid6), WO20 14/1 44622, or US2009/0252742. In embodiments, the antigen

binding domain is or is derived from a murine anti-human CD 123 binding domain. In

embodiments, the antigen binding domain is a humanized antibody or antibody fragment, e.g.,

scFv domain. In an embodiment, the antigen binding domain is a human antibody or antibody

fragment that binds to human CD 123. In embodiments, the antigen binding domain is an scFv

domain which includes a light chain variable region (VL) and a heavy chain variable region

(VH). Xhe V and VH may attached by a linker described herein, e.g., comprising the

sequence GGGGSGGGGSGGGGS (SEQ ID NO: 30), and may be in any orientation, e.g., VL-

linker-VH or VH-linker-VL.

In one aspect, the antigen-binding domain of a TA CAR, e.g., the TA CAR

expressed by a cell of the invention, binds to CD33, e.g., human CD33. Any known CD33

binding domain may be used in the invention. In one embodiment, an antigen binding domain

against CD33 is an antigen binding portion, e.g., CDRs or VH and VL, of an antibody, antigen-

binding fragment or CAR described in, e.g., PCT publication WO201 6/0 4576, the contents of

which are incorporated herein in their entirety. In one embodiment, an antigen binding domain

against CD33 is an antigen binding portion of or derived from Gemtuzurnab ozogamiem (e.g.,



comprising an antigen binding domain comprising one or more, e.g., one, two, or three, CDRs

of the heavy chain variable domain and/or one or more, e.g., one, two, or three, CDRs of the

light chain variable domain, or the VH or VL, or the scFv sequence, of the scFv sequence of

Gemtuzumab ozogamicin) (previously marketed as Mylotarg), e.g., Bross et al., Clin Cancer

Res 7(6): 1490-1496 (2001) (Gemtuzumab Ozogamicin, hP67.6). n one embodiment, an

antigen binding domain against CD33 is an antigen binding portion of or derived from (e.g.,

comprising an antigen binding domain comprising one or more, e.g., one, two, or three, CDRs

of the heavy chain variable domain and/ r one or more, e.g., one, two, or three, CDRs of the

light chain variable domain, or the VH or VL, or the scFv sequence) of the scFv sequence

encoded by GenBank reference no. AM402974.1 (See, Wang et al., Mol. Then, vol. 23: 1, pp.

84- 9 1 (201 5), hereby incorporated by reference. In one embodiment, an antigen binding

domain against CD33 is an antigen binding portion, e.g., CDRs, of an antibody described m„

e.g., Caron et al., Cancer Res 52(24): 6761 -6767 (1992) (Lintuzumab, HuM195), Lapusan et

al, Invest New Drugs 30(3): 21-1 131 (201 2) (AVE9633), Aigner et al., Leukemia 27(5):

1107-1 115 (2013) (AMG330, CD33 BiTE), Dutour et al., Adv hematol 2012:683065 (2012),

and Pizzitoia et al, Leukemia doi:10.1038/Lue.2014.62 (2014). In embodiments, the antigen

binding domain is or is derived from a murine anti-human CD33 binding domain. In

embodiments, the antigen binding domain is a humanized antibody or antibody fragment, e.g.,

scFv domain. In an embodiment, the antigen binding domain is a human antibody or antibody

fragment that binds to human CD33. In embodiments, the antigen binding domain is an scFv

domain which includes a light chain variable region (VL) and a heavy chain variable region

(VH). The VL and VH may attached by a linker described herein, e.g., comprising the

sequence GGGGSGGGGSGGGGS (SEQ ID NO: 30), and may be in any orientation, e.g., VL-

linker-VH, or VH-linker-VL.

In one aspect, the antigen-binding domain of a TA CAR, e.g., the TA CAR

expressed by a cell of the invention, binds to CLL-1, e.g., human CLL-1 . Any known CLL-1

binding domain may be used in the invention. In one embodiment, an antigen binding domain

against CLL-1 is an antigen binding portion, e.g., CDRs or VH and VL, of an antibody,

antigen-binding fragment or CAR described in, e.g., PCX publication WO201 6/014535, the

contents of which are incorporated herein in their entirety. In one embodiment, an antigen

binding domain against CLL-1 is an antigen binding portion, e.g., CDRs, of an antibody

available from R&D, ebiosciences, Abeam, for example, PE-CLLl-hu Cat# 353604



(BioLegend); and PE-CLL1 (CLEC12A) Cat# 562566 (BD). In embodiments, the antigen

binding domain is or is derived from a murine anti-human CLL-1 binding domain. In

embodiments, the antigen binding domain is a humanized antibody or antibody fragment, e.g.,

scFv domain. In an embodiment, the antigen binding domain is a human antibody or antibody

fragment that binds to human CLL-1. In embodiments, the antigen binding domain is an scFv

domain which includes a light chain variable region (VL) and a heavy chain variable region

(VH). The VL and VH may attached by a linker described herein, e.g., comprising the

sequence GGGGSGGGGSGGGGS (SEQ ID NO: 30), and may be in any orientation, e.g., VL-

linker-VH, or VH-linker-VL.

B CellAntigens

The present disclosure provides immune effector cells (e.g., T cells, NK cells) that are

engineered to contain (in addition to one or more TA CAR molecules) one or more CAR

molecules that target a B-Cell antigen. This is achieved through an antigen binding domain on

the CAR that is specific for a B cell antigen. Such a C R may be referred to herein as a BCA

CAR.

In an embodiment, the B cell antigen is an antigen that is preferentially or specifically

expressed on the surface of the B cell. The antigen can be expressed on the surface of any one

of the following types of B cells: progenitor B cells (e.g., pre-B cells or pro-B cells), early pro-

B cells, late pro-B ceils, large pre-B cells, small pre-B cells, immature B cells, e.g., naive B

cells, mature B cells, plama B cells, plasmablasts, memory B ceils, B-l cells, B-2 cells,

marginal-zone B cells, follicular B ceils, germinal center B cells, or regulatory B cells (Bregs).

The present disclosure provides CARs that can target the following B ceil antigens:

CD10, CD19, CD20, CD21, CD22, CD23, CD24, CD25, CD37, CD38, CD53, CD72, CD73,

CD74, CD75, CD77, CD79a, CD79b, CD80, CD81, CD82, CD83, CD84, CD85, ROR1,

BCMA, CD86, and CD 179b. Other B cell antigens that can be targeted by a CAR described

herein include: CD! a . CD lb, CDlc, CDld, CD2, CDS, CD6, CD9, CD 1 1a, CD lib, CD c,

CD 7 . CD18, CD26, CD27, CD29, CD30, CD31, CD32a, CD32b, CD35, CD38, CD39, CD40,

CD44, CD45, CD45RA, CD45RB, CD45RC, CD45RO, CD46, CD47, CD48, CD49b, CD49c,

CD49d, CD50, CD52, CD54, CD55, CD58, CD60a, CD62L, CD63, CD63, CD68 CD69,

CD70, CD85E, CD85I, CD85J, CD92, CD95, CD97, CD98, CD99, CD100, (" 02. CD108,

CD119, CD120a, CD120b, CD! 2 b, CD122, CD! 24, CD! 25, CD126, CD! 30, CD132,



CD 37. CD138, CD139, CD147, CD148, CD150, CD152, CD162, CD164, CD166, CD167a,

CD170, !75. CD175s, CD180, CD184, CD185, CD192, CD196, CD 197, CD200, CD205,

CD210a, CDw210b, CD212, CD213al, CD213a2, CD215, CD2I7, CD218a, CD218b, CD220,

CD221, CD224, CD225, CD226, CD227, CD229, CD230, CD232, CD252, CD253, CD257,

CD258, CD261, CD262, CD263, CD264, CD267, CD268, CD269, CD270, CD272, CD274,

CD275, CD277, CD279, CD283, CD289, CD290, CD295, CD298, CD300a, CD300c, CD305,

CD306, CD307a, CD307b, CD307c, CD307d, CD307e, CD314, CD315, CD316, CD317,

CD319, CD321, CD327, CD328, CD329, CD338, CD351, CD352, CD353, CD354, CD355,

CD357, CD358, CD360, CD361, CD362, and CD363.

n another embodiment, the B cell antigen targeted by the BCA CAR is chosen from

CD19, BCMA, CD20, CD22, FcR , FcRn2, CS-1 and CD138. n an embodiment, the B-Cell

antigen targeted by the BCA CAR is CD 19. In an embodiment, the B-Cell antigen targeted by

the BCA CAR is CD20. In an embodiment, the B-Cell antigen targeted by the BCA CAR is

CD22. In an embodiment, the B-Cell antigen targeted by the BCA CAR is BCMA. In an

embodiment, the B-Cell antigen targeted by the BC CAR s FcRn5. In an embodiment, the

B-Cell antigen targeted by the BCA CAR is FcRn2. In an embodiment, the B-Cell antigen

targeted by the BCA CAR is CS-1 . In an embodiment, the B-Ce!l antigen targeted by the BCA

CAR is CD 138 .

In one embodiment, the antigen-binding domain of a BCA CAR, e.g., the BCA CAR

expressed by a cell of the invention (e.g., a cell that also expresses a TA CAR), can be chosen

such that a preferred B cell population is targeted. For example, in an embodiment where

targeting of B regulatory cells is desired, an antigen binding domain is selected that targets a B

cell antigen that is expressed on regulatory B cells and not on other B cell populations, e.g.,

plasma B cells and memory B cells. Cell surface markers expressed on regulatory B cells

include: CD 19, CD24, CD25, CD38, or CD86, or markers described in He et al, 2014, J

Immunology Research, Article ID 2 547 . When targeting of more than one type of B cells is

desired, an antigen binding domain that targets a cell antigen that is expressed by all of the B

cells to be targeted can be selected.

In an embodiment, the antigen-binding domain of a BCA CAR, e.g., the BCA CAR

expressed by a cell of the invention, binds to CD 19. CD 19 is found on Fi cells throughout

differentiation of the lineage from the pro/pre-B cell stage through the terminally differentiated

plasma cell stage. In an embodiment, the antigen binding domain is a murme scFv domain that



binds to human CD19, e.g., CTL019 (e.g., SEQ ID NO: 95). In an embodiment, the antigen

binding domain is a humanized antibody or antibody fragment, e.g., scFv domain, derived from

the murine CTL019 scFv. In an embodiment, the antigen binding domain is a human antibody

or antibody fragment that binds to human CD 19. Exemplary scFv domains (and their

sequences, e.g., CDRs, VL and VH sequences) that bind to CD19 are provided in Table 6 . The

scFv domain sequences provided in Table 6 include a light chain variable region (VL) and a

heavy chain variable region (VH). The VL and VH are attached by a linker comprising the

sequence GGGGSGGGGSGGGGS (SEQ ID NO: 30), e.g., in the following orientation: VL~

linker-VH.

Table 6. Antigen Binding domains that bind B cell antigen CD 9



LL I YHT SRLHS G PARFS GS GS GTDYTLT S S LQPEDFAVYFCQQ
GNTLPY FGQGTKLE I K

CD 19 uscFv E VM QS PAT LS LS P GE RAT L S CRAS QD I SKYLN YQQKP GQAPR
LL I YHT SRLHS G PARFS GS GS GTDYTLT S S LQPEDFAVYFCQQ
GNTLP YT FGQGTKLE I KGGGG S GGGGS GGGGS GGG GS QVQLQE S G 87
PGLVKPSE TLS LTCTVS GVS L PDYGVSWI RQPPGKGLEWI GVI G

S ETTYYS S S LKS RVT SKDNS KNQVS LKL S SVTAADTAVYYCAKH
YYYGGS YAMDYWGQGTLVTVSS

CD 19 huscFv6 E IVMTQS PATLS LS PGERATL S CRAS QD I SKYLNWYQQKPGQAPR
LL Y T SRLHS GI PARFS GS GS GTDYTLT I S S LQPEDFAVYFCQQ
GNTLP YT FGQGTKLE I KGGGG S GGGGS GGGGS GGGGS QVQLQE S G 88
PGLVKPSE LS LTCTVS GVS L PDYGVSWI RQPPGKGLEWI GVIWG
S ETTYYQS S LKSRV SKDNS KNQVS LKLS SVTAADTAVYYCAKH
YYYGGS YAMDYWGQGTLVTVSS

CD 9 huscFv? QVQL QE S GP GLVKP SETLS LTCTVS GVS LP DYGVS RQP P GKGL

EWI GVI GSET YYS S S LKSRVT SKDNSKNQVS LKLS SV ADT
AVYYCAKHYYYGGS YAMDYWGQGTLVTVSS GGGGS GGGGS GGGGS 89
GGGGSE I VMT QS PAT LS LS P GERAT LS CRAS QD S KYLN QQKP
GQAPRLL I YHT SRLHS GI PARFS GS GS GTDYTL I S S LQPE DFAV
YFCQQGNT LPY FGQGTKLE I K

CD 19 huscFv8 QVQL QE S GP GLVKP SETLS LTCTVS GVS L DYGVS WI RQP P GKGL
EW GV GSETTYYQS S LKSRVT SKDN SKNQVS LKLS SVTAADT
AVYYCAKHYYYGGS YAMDYWGQGTLVTVSS GGGGS GGGGS GGGGS 90
GGGGSE IVMTQS PATLS LS PGERATLS CRAS QDI S KYLNWYQQKP
GQAPRLL I YHT SRLHS GI PARFS GS GS GTDYTLT I S S LQPE DFAV
YFCQQGNT L YT FGQGTKLE K

CD 19 huscFv9 E I VMT QS PAT LS LS P GE RA L S CRAS QD I SKYL WYQQKP GQAPR
LL I YHT SRLHS GI PARFS GS GS GTDYTLT I S S LQPEDFAVYFCQQ
GNTLP YT FGQGTKLE KGGGG S GGGGS GGGGS GGGGS QVQLQE S G 91
PGLVKPSE TLS LTCTVS GVS L PDYGVSWI RQPPGKGLEWI GVI WG

S ETT YNS S LKS RV I SKDNS KNQVS LKL S SVTAADTAVYY CAKH
YYYGGS YAMDYWGQGTLVTVSS

CD19 Hu QVQL QE S GP GLVKP SETLS LTCTVS GVS LP DYGVS RQP GKG L

scFvlO E I GVI WG SETT YNS S LKS RV SKDNS KNQVS LKL S SVT AADT

AVYYCAKHYYYGGS YAMDYWGQGTLVTVSS GGGGS GGGGS GGGGS 92
GGGGSE IVMTQS PATLS LS PGERATLS CRAS QDI S KYLNWYQQKP
GQAPRLL I YHT SRLHS GI PARFS GS GS GTDYTLT S S LQPE DFAV
YFCQQGNT LPYT F GQGTKLE I K

CD 19 Hu E VMT QS ATLS LS P GE RAT L S CRAS QD I SKYLNWYQQKP GQAPR

scFvll LL YHT SRLHS GI PARFS GS GS GTDYTLT I S S LQPEDFAVYFCQQ
GNTLP YT FGQGTKLE KGGGGS GGGGS GGGGS QVQLQE S GPGLVK 93
P SETLS LTCTVS GVS LP DYGVSW RQP P GKGLEW GV WG S ETTY
YNS S LKS RVT I SKDNS KNQVS LKL S S ADTAVY CAKHYYYGG

S YAMDYWGQGTLVTVS S

CD19 Hu QVQL QE S GP GLVKP SETLS LTCTVS GVS LP DYGVS W RQP GKG L

scFvl2 E WI GVI WG SETTYYNS S LKS RV SKDNS KNQVS LKL S SVT AADT 94

AVYYCAKHYYYGGS YAMDYWGQGTLVTVSS GGGGS GGGGS GGGGS



E M QSPATLSLSPGERA LSCRASQDISKYLN YQQKPGQAPR
LLIYHTSRLHSGIPARFSGSGSGTDYTLTISSLQPEDFAVYFCQQ
GNTLPYTFGQGTKLEIK

The sequences of the CDR sequences of the scFv domains of the CD 19 antigen binding

domains provided in Table 6 are shown in Table 7 for the heavy chain variable domains and in

Table 8 for the light chain variable domains. "ID" stands for the respective SEQ ID NO for

each CDR.

Table 7. Heavy Chain Variable Domain CDRs

Table 8 Light Chain Variable Domain CDRs

Description FW LCDR1 ID LCDR2 ID !LCDR3 I D

murine CART RASQD SKYLN 26 1 H S RLHS 262 QQGNTL PYT 263

:humanized_CART19 a VK3 RASQD S KYLN 26 1 HT S RLHS :262iQQGNTL PYT 263

[humanized CART 19 b VK3 RASQD SKYLN 26 1 HT S RLHS 262 QQGNTL PYT 263

;humanized__CART19 c VK3 RASQD S KYLN 26 1 H S RLHS |262jQQGNT LP T 2 63

In an embodiment, the antigen binding domain comprises an anti-CD 19 antibody, or

fragment thereof, e.g., an scFv. For example, the antigen binding domain comprises a variable

heavy chain and a variable tight chain listed in Table 9 . The linker sequence joining the

variable heavy and variable light chains can be any of the linker sequences described herein, or

alternatively, can be GSTSGSGKPGSGEGSTKG (SEQ ID NO: 81). The light chain variable

region and heavy chain variable region of a scFv can be, e.g., in any of the following

orientations: light chain variable region-linker-heavy chain variable region or heavy chain

variable region-linker- light chain variable region.

Table 9. Additional Anti-CD 19 antibody binding domains



Ab
VH Sequence VL Sequence

Name

SJ25-C1 QVQLLE S GAE LVRPGS SVKI SCKA E LVLTQS PKFMS T SVGDRVS CKAS
S GYAFS S YWMNWVKQRPGQGLEWI QNVGTNVAWYQQKPGQS PKPL I YSAT

GQI YPGDGDTN Y GKF KGQA T L TA YRNS GV P DR F T GS GS GTDFTLT I V

DKS S S TAYMQL S GLT S E DSAVYS C QSKDLADYFYFCQYNRYPYT S GGGTK

ARK I S SWDFYFDYWGQGTTVT L E I KRRS ( SEQ I D NO : 9 7 )

( SEQ I D NO : 9 6 )

ScFv Sequence
SJ25-C1 QVQLLE S GAELVRPGS SVKI S CKAS GYAFS S YWMNWKQRPGQGLEW I GQI Y

scFv PGDGDTNYNGKFKGQAT LTADKS S S TAYMQL S GL SEDSAVYS CARKT S SV

VDFYFDYWGQGTTVTGS S GS GKPGS GEGS KGE LVL QS PKFMS SVGDRV

SVTCKAS QNVGTNVAWYQQKPGQS PKPL I YSA TYRNS GVPDRFT GS GS GTDF

TLT I TNVQSKDLADYFYFCQYNRY PYT S GGGTKLE I KRRS ( S E Q I D NO :
1 1 2 )

n one embodiment, the CD19 binding domain comprises one or more (e.g., all three)

light chain complementary determining region 1 (LC CDRl), light chain complementary

determining region 2 (LC CDR2), and light chain complementary determining region 3 (LC

CDR3) of a CD19 binding domain described herein, e.g., provided in Table 6 or 7, and/or one

or more (e.g., all three) heavy chain complementary determining region 1 (HC CDRl), heavy

chain complementary determining region 2 (HC CDR2), and heaw chain complementary

determining region 3 (HC CDR3) of a CD19 binding domain described herein, e.g., provided in

Table 6 or 8 . In one embodiment, the mesothelin binding domain comprises one, two, or ail of

LC CDRl, LC CDR2, and LC CDR3 of any ammo acid sequences as provided in Table 8,

incorporated herein by reference; and one, two or all of HC CDRl, HC CDR2, and HC CDR3

of any ammo acid sequences as provided in Table 7 .

In one embodiment, the CD 19 antigen binding domain comprises:

(i) (a) a LC CDRl amino acid sequence of SEQ ID NO: 261, a LC CDR2 amino acid

sequence of SEQ ID NO: 262, and a LC CDR3 amino acid sequence of SEQ ID

NO: 263; and

(b) a HC CDRl ammo acid sequence of SEQ ID NO: 255, a HC CDR2 ammo acid

sequence of SEQ ID NO: 256, and a HC CDR3 amino acid sequence of SEQ ID

NO: 260



(ii) (a) a LC CDRl amino acid sequence of SEQ ID NO: 261, a LC CDR2 ammo acid

sequence of SEQ ID NO: 262, and a LC CDR3 amino acid sequence of SEQ ID

NO: 263: and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 255, a HC CDR2 amino acid

sequence of SEQ ID NO: 257, and a HC CDR3 amino acid sequence of SEQ ID

NO: 260;

(lii) (a) a LC CDRl amino acid sequence of SEQ ID NO: 261, a LC CDR2 amino acid

sequence of SEQ ID NO: 262, and a LC CDR3 amino acid sequence of SEQ ID

NO: 263; and

(b) a HC CDRl ammo acid sequence of SEQ ID NO: 255, a HC CDR2 ammo acid

sequence of SEQ ID NO: 258, and a HC CDR3 amino acid sequence of SEQ ID

NO: 260; or

(iv) (a) a LC CDRl amino acid sequence of SEQ ID NO: 26 , a LC CDR2 amino acid

sequence of SEQ ID NO: 262, and a LC CDR3 amino acid sequence of SEQ ID

NO: 263; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 255, a HC CDR2 amino acid

sequence of SEQ ID NO: 259, and a HC CDR3 amino acid sequence of SEQ ID

NO: 260.

In one embodiment, the CD 19 binding domain comprises a light chain variable region

described herein (e.g., in Table 6 or 9) and/or a heavy chain variable region described herein

(e.g., in Table 6 or 9). In one embodiment, the mesothelm binding domain is a scFv

comprising a light chain and a heavy chain of an ammo acid sequence listed in Table 3 or 4 . In

an embodiment, the CD19 binding domain (e.g., an scFv) comprises: a light chain variable

region comprising an amino acid sequence having at least one, two or three modifications (e.g.,

substitutions, e.g., conservative substitutions) but not more than 30, 20 or 0 modifications

(e.g., substitutions, e.g., conservative substitutions) of an am o acid sequence of a light chain

variable region provided in Table 6 or 9, or a sequence with 95-99% identity with an ammo

acid sequence provided in Table 6 or 9; and/or a heavy chain variable region comprising an

amino acid sequence having at least one, two or three modifications (e.g., substitutions, e.g.,

conservative substitutions) but not more than 30, 20 or 0 modifications (e.g., substitutions,

e.g., conservative substitutions) of an amino acid sequence of a heavy chain variable region



provided in Table 6 or 9, or a sequence with 95-99% identity to an amino acid sequence

provided in Table 6 or 9 .

In one embodiment, the CD 19 binding domain comprises an amino acid sequence

selected from a group consisting of SEQ ID NO: 83; SEQ ID NO: 84, SEQ ID NO: 85; SEQ ID

NO: 86; SEQ ID NO: 87; SEQ ID NO: 88; SEQ ID NO: 89, SEQ ID NO: 90, SEQ ID NO: 9 ,

SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 95, and SEQ ID NO: 2; or

an amino acid sequence having at least one, two or three modifications (e.g., substitutions, e.g.,

conservative substitutions) but not more than 30, 20 or 0 modifications (e.g., substitutions,

e.g., conservative substitutions) to any of the aforesaid sequences; or a sequence with 95-99%

identity to any of the aforesaid sequences. In one embodiment, the CD1 binding domain is a

scFv, and a light chain variable region comprising an amino acid sequence described herein,

e.g., in Table 6 or 9, s attached to a heavy chain variable region comprising a amino acid

sequence described herein, e.g., in Table 6 or 9, via a linker, e.g., a linker described herein. In

one embodiment, the CD19 binding domain includes a (Gly4-Ser)n linker, wherein n is 1, 2, 3,

4, 5, or 6, preferably 4 (SEQ ID NO: 80). The light chain variable region and heavy chain

variable region of a scFv can be, e.g., in any of the following orientations: light chain variable

region-linker-heavy chain variable region or heavy chain variable region- linker- light chain

variable region.

Any known CD19 CAR, e.g., the CD19 antigen binding domain of any known CD19

CAR, in the art can be used in accordance with the instant invention to construct a CAR. For

example, LG-740; CD19 CAR described in the US Pat. No. 8,399,645; US Pat. No. 7,446,190;

Xu et a ., Leuk Lymphoma. 2013 54(2):255-260(2012); Cruz et al., Blood 122(17):2965-2973

(2013); Brentjens et al, Blood, 118(1 8):481 7-4828 (2011); Kochenderfer et al., Blood

6(20):4099- 102 (2010); Kochenderfer et al, Blood 122 (25):4129-39(2013); and 16th Annu

Meet Am Soc Gen Ceil T er (ASGCT) (May 5-18, Salt Lake City) 20 3, Abst 0 . In one

embodiment, an antigen binding domain against CD19 is an antigen binding portion, e.g.,

CDRs, of a CAR, antibody or antigen-binding fragment thereof described in, e.g., PCT

publication WO201 2/079000; PCT publication WO201 4/1 53270 ; Kochenderfer, IN. et al, J .

Immunother 32 (7), 689-702 (2009); Kochenderfer, J.N., et al, Blood, 116 (20), 4099-4102

(2010); PCT publication WO2014/03 1687 ; Bejcek, Cancer Research, 55, 2346-2351, 1995; or

U.S. Patent No. 7,446,190.



In an embodiment, the antigen-binding domain of a BCA CAR, e.g., the BCA CAR

expressed by a ceil of the invention, binds to BCMA. BCMA is found preferentially expressed

in mature B lymphocytes. In an embodiment, the antigen binding domain is a murine scFv

domain that binds to human BCMA. In an embodiment, the antigen binding domain is a

humanized antibody or antibody fragment, e.g., scFv domain, that binds human BCMA. In an

embodiment, the antigen binding domain is a human antibody or antibody fragment that binds

to human BCMA. Exemplary scFv domains (and their sequences, e.g., CDRs, VL and VH

sequences) that bind to BCMA are provided in Table 12, Table 13, Table 14 and Table 5 . The

scFv domain sequences provided in Table 2 and Table 13 include a light chain variable region

(VL) and a heavy chain variable region (VH). The VL and VH are attached by a linker, e.g., in

the following orientation: VH-linker-VL.

Table 2. Antigen Binding domains that bind th B-Cell antigen BCMA

The amino acid sequences variable heavy chain variable light chain sequences for each

scFv is also provided.

Description

349 EVQLVE S GGGLVQPGGS LRLS CAVS GFAL SNHGMS V AP GKGL

ScFv EWVS GIVYS GS TYYAASWGRFT I SRDNS RNTLYLQMNS LRPEDT

A TYYC SAHGGE S DVWGQGTTVTVS SA S GGGGS GGRAS GGGGS DTQ
LT QS P S S L SA SVGDRVT I CRAS QS I S S YLNWYQQKPGKAPKLL I
YAAS S LQS G P S RF S GS GS G D L I S S LQP E DF Y CQQS YS
T PYT FGQGTKVE K

364 GAAGTGCAAT TGGTGGAAT CAGGGGGAGGAGTTG GCAGCCT GGA

ScFv GGATCGCT GAGACTGTCATGTGCCGTGTCCGGCTT TGCCCTGTCC

AAC CACGGGAT GTCCTGGGTCCGC CGCGCGCCTGGAAAG GGCCTC
GAA TGGGT GTCGGGTATTGTGTACAGCGGTAGCACCTACTAT GCC
GC CCGT GAAGGGGAGAT TCA CCAT C GCCGGGA CAAC TCC GG
AACAC TCT GTACCTC CAAAT GAAT TCGCT GAGGCCAGAGGACACT
GCCAT CTACTACTGCTCCGCGCAT GGCGG G GTCCG CGTCTGG
GGACAGGGGACCACCGTGACCGTGTCTAGCGCGTCCGGCGGAGGC
GGCAGCGGGGGTCGGGCAT CAGGGGGCGGCGG TCGGACATCCAG
CT CACCCAGTCCCCGAGCTCGCTGTCCGCCTCCGT GGGAGAT CGG

GT CACCAT CACGTGCCGCGCC GCCAGTCGAT TTCCTCCTACCTG
AAC TGGTAG C ACAGAAG CCCGGAAAAGCCCCGAAGCTTCTCAT C
TAG GCCGCCTCGAGCCTGCAGT CAGGAGT GCCCTCACGGTTCTCC

GGCTCCGGTTCCGGTACTGAT T TCACCCT G CCAT TTCCTCCCTG

CAACCGGAGGACTTCGCTACTTACTACTGCCAGCAGTCGTACTCC



ACCCCCTACACTTTCGGA AAG GCACCAAG GTCGAA ATCAAG

139109- aa 379 EVQL VESGGGLVQPGGSLRLSCAVSGFAL SNHGMS VRRAP GKGL
VH EWVSGIVYSGSTYYAASVKGRFTISRDNSRNTLYLQMNSLRPEDT

A TYYC SAHGGE SDVWGQGTTVTVS S
139109- aa 394 DIQLTQSPSS LSAS GDRV ITCRAS QSISSYLNWYQQKPGKAPK

VL LLIYAAS SLQSGVPS RFS GSGSGTDFTLT SSLQPEDFAT YYCQQ
SYST Y FGQGTKVE IK

139 3

139103- aa 339 QVQLVE SGGGLVQPGRS LRLS CAAS GFT FSNYAMS WVRQAPGKGL

ScFv GWVSGISRSGENTYYADSVKGRFTISRDNSKNTLYLQMNSLRDED

domain TAVYYCARSPAHYYGGMDVWGQGTTVTVSSASGGGGSGGRASGGG
GSDIVLTQSPG LSLSPGERAT LSCR SQSISSSFLA YQQKPGQ
APRLL YGAS RRAT GIPDRF SGSGSGTDFTL ISRLE PEDSAVY Y
CQQYISSPS TFGQGTKLE IK

139103- t 354 CAA GTGC ACTCGTGGAATCTGGTGGAGGACTCGTGCAAC CCGGA

ScFv AGATCGCTTAGAC TGTCGTGTGCCGCCAGCGGGTTCACTTTCTCG

domain AACTACGCGATGTCCTGGGTCCGCCAGGCACCCGGAAAGGGACTC
GGTTGGGTGTCCGGCATTTCCCGGTCCGGCGAAAA TACCTAG TAG
GCCG CTCCGTGAAGGGCCGCTTCACCATCTC AGGGACAACAGC
AAAAAC ACCCTGTACTTGCAAAT GAAC TCCCTGCGGGATGAAGAT
ACAGCCGTGTACTATTGCGCCCGGTCGCCTGCCCATTACTACGGC
GGAAT GGAC GTCTGGGGACAGGG ACC CTGTGAC TGTCAGCAGC
GCGTCGGGTGGCGGCGGCTCAGGGGGTCGGGCCTCCGGGGGGGGA
GGGTCCGACATCGTGCTGACCCAGTCCCCGGGAAC CCTGAGCCTG
AGCCCGGGAGAGCGCGCGACCCTGTCATGCCGGGCATCCCAGAGC
ATTAGCTCCTCCTTTCT CGCCTGGTATCAGCAGAA GCCCGG C G
GCCCCGAG GCTGCTGAT CTACGGCGCTAGC GAAGGGCTAGCGGA
ATCCCAGAC CGGTTCTCCGGCTCCGGTTCCGGGAC CGA TTCACC
CTTACTATCTCGCGCCTGGAACCTGAGGACTCCGCCGTCTACTAC
TGCCAGCAGTACC CTCATCCCCGTCGTGGACGTTCGGACAGGGC
ACCAAGCT GGAGAT TAAG

139103- aa 369 QVQLVE SGGGLVQPGRS LRLS CAAS GFT FSNYAMS WVRQAPGKGL

VH GWVS G SRSGEN YYADS VKGR F ISRD SKN LYLQMNS LRDE D
TAVYYCARS PAHYYGGMD VWGQGTTVTVS S

139103- aa 384 DIVLTQS PGTLSLS PGERATLS CRASQS ISSSFLAWYQQKPGQAP

VL RLL IYGAS RRATGIPDRFSGSGS GTDFTLT ISRLEPEDSAVYYCQ
QYHS SPS TFGQGTKLE IK

139105
139105- aa 340 QVQLVE SGGGLVQPGRS LRLS CAAS GF FDDYAMH WVRQAPGKGL
ScFv EWVSG SWNSGS GYADSVKGR TISRDNAK SLYLQMN SLRAE D

d TALYYC SVHSFLAYWGQGT LVTVSSASGGGGS GGRAS GGGGS DIV
MTQTPLSLPVTPGEPAS ISCRS SQSLLHSNGYNYLDWYLQKPGQS
PQLLI YLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYC
MQALQT YTFGQGTKVE IK

139105- t 355 CAAG TGC ACTCGTCG A CCGGTGGAGGTCTGGTCC ACCTGGT

ScFv AGAAGCCTGAGACTGTCGTGTGCGGCCAGCGGATTCACCTTTGAT

domain GAC TATGCTATGCACTGGGTGC GGCAGGC CCCAGGAAAGGGC CTG



GAA GGG GTCGGGAAT AGC GGAAC CCGGGTC CAT TGGCTAC
GCCGA TCCGTGAAGGGCCGCTTCACCATCTCCCGCGA AA CGCA
AAGAAC TCCCTG ACTTGCAAAT GAAC TCGCTCAGGGCTGAG GAT
ACCGCGCTGTACTACTGCTCCGTGCATTCCTTCCTGGCCTACTGG
GG CAGGGAAC TCTGGTCACCGTGTCG GCGCCTCCGG CGGCGGG
GGCTCGGGTGGACGGGCCTCGGGCGGAGGGGGGTCCGACATCGTG
ATGAC CCA GACCCCGCTGAG CTTGCCCGTGAC TCCCGGAGAGCCT
GCATCCATCTCCTGCCGGTCATCCCAGTCCCTTCTCCACTCCAAC
GG C AC CCTCG CTGGTACCTCC G AGCCGGGACAGAGC
CCTCAGCTTCTGAT CTACCTGGGGTCAAAT AGAG CCTCAGGAGTG
CCGGAT CGGTTCAGCGGAT CTGGTTCGGGAAC TGA TTCACTCTG
AAGAT TTCCCGCGTGGAAG CCGAG GAC GTGGGCGTC ACTACTGT
ATGCAGGCGCTGCAGAC CCCCTATACCTTCGGCC A GGGAC GAAA
GTGGAG ATCAA G

139105- aa 370 QVQLVE SGGGLVQPGRS LRLS CAAS GF FDDYAMH WVRQAPGKGL

VH EWVS G S SGS GYADSVKGR TISRDNAK SLYLQM SLRAE D
TALYYCSVHSFLAYWGQGTLVTVSS

139105- aa 385 D M QTPLSL V PGEPAS ISCRSSQSLLHS GYNYLD YLQKP

VL GQSPQLLIYLGSNRAS GVP DRF SGSGSGTDFTLKI SRVEAEDVGV
YYCMQALQT PYTFGQGTKVE IK

139111
139111- aa 341 EVQLLESGGGLVQPGGSLRLSCAVSGFALSNHGMS WVRRAPGKGL

ScFv EWVSGTVYSGSTYYAASVKGRFTISRDNSRNTLYLQMNSLRPEDT

d A IYYCSAHGGE SDWGQGTTVT VSSAS GGGGS GGRAS GGGGS DIV

T QT PLS LSVTPGQPAS SCKS SQS LLRNDGKT P YWYLQKAGQP
PQLL YEVSNRFSGVPDRFS GSGSGTDFTLKI SRVEAEDVGAYYC
MQ IQFPS FGGGTKLE IK

139111- t 356 GAAGTGCAATTGTTGGAATCTGGAGGAGGACTTGTGCAGCCTGGA

ScFv GGATCACTGAGACTTTCGTGTGCGGTGTCAGGCTTCGCCCTGAGC
domain AAC CACGGCAT GAG CTGGGTGC GGAGAG CCCCGGGGA GGGTCTG

GAAT GGGTGTCCGGGAT CGTCTAG TCCGGTTCAAC T ACTACGCC

GCAAGCGTGAAGGGTCGCTTCACCATTTCCCGCGATAACTCCCGG
AAC ACCCTGT CTCCAAAT GAAC TCCCTGCGGCCCG GGACACC
GCCAT CTAG TACT GTTCCGC GCATGGAG GAG AGTCCGAT GTCTGG
GGACAGGGCACTAG CGTGAC CGTGTCGAGCGCCTCG GGGGGA GGA
GGCTCCGGCGGTCGCGCCTCCGGGGGGGGTGGCAGCGACATTGTG
ATGACGCAGACTCCACTCTCGCTGTCCGTGACCCCGGGACAGCCC
GCGTCCAT CTCGTGCAAGAG CTCCC G GCCTGCTGAG GAAC GAC
GGA AGACTCCTCTGTATTGGTACCTCC G AGGCTGGACAGCCC
CCGCAAC GCTCAT CTAG GAAG TG CAAAT CGCTTCTCCGGGGTG
CCGGATCGGTTTTCCGGCTCGGGATCGGGCACCGACTTCACCCTG
AAAAT CTCCAGGGTCGAGGC CGAGGACGT GGGAGC CT C ACTGC
ATGCAAAA.CATCCAGTTCCCTTCCTTCGGCGGCG GCACAAAG CTG
GAGATTAAG

139111- aa 371 EVQLLE SGGGLVQPGGS LRLS CAVS GFAL SNHGMS WVRRAPGKGL

VH EWVSGIVYSGSTYYAASVKGRFTISRDNSRNTLYLQMNSLRPEDT
A IY CSAHG GESDVWGQGT TVTVSS



139111- aa 386 DI M QTPLSLS TPGQPAS ISCKSSQSLLRNDGKT PLY YLQKA
VL GQPPQLLIYEVSNRFSG PDRFSGSGSGTDFT LKISRVEAEDVG

YYCMQNI QFPSFGGGTKLE IK
139100
139100- aa 342 QVQL QSGAE RK GASVKVSCKASGYIFD FG VRQAPGQGL
ScFv EWMGWINPKNNNTNYAQKFQGRVTITADESTNTAYMEVSSLRSED
domain TAVYYCARGP YYYQSYMDVWGQGTMVTVS SASGGGGSGGRASGGG

GSDIVMTQT PLSLPVTPGE ASISCRSSQSLLHSNGYNYLNWYLQ
KPGQSPQLLI YLGSKRASGVPDRFSGSGSGTDFTLHI TRVGAEDV
GVYYCMQALQ PYTFGQGTKLE K

139100- t t 357 C AG CC ACTCGTCGAG CCGGCGC G AG CAG AAAACCGGT
ScFv GCTAGCGTG AAG GTCCTGCAAGGCCTCCGGC C TTCGAT
domain AACTTCGG A C ACTGGGTC G C GGCCCCGGGCC GGGGCTG

GAATGGATGGGATGGATCAACCCCAAGAACAACAACAC CAAC AG
GCACAGAAGTTCCAGGGCCGCGTGACTATCACCGCCGATGAATCG
ACCAAT CCGCCTAC GGAGGTGTCCTCCCTG CGGTCGGAGGAC
ACTGCCGTGTATTACTGCGCGAGGGGCCCATACT C CCAAAG C

CA GGACGTCTGGGGAC GGGAACCATGGTGACCGTGTCATCC
GCCTCCGGTGGTGGAGGCTCCGGGGGGCGGGCTTCAGGAGGCGGA
GGAAGCGATATTGTGATGACCCAGACTCCGCTTAGCCTGCCCGTG
ACTCCTGGAGAAC CGGCCTCCATTTCCTGCCGGTCCTC GC ATC
CTCCTGCA TCCAACGGTTAGAACTAGCTGAATTGGTACCTCCAG
AAGCCTGGCCAGTCGCCCCAGTTGCTGA CTATCTGGGCTCGAAG
CGCGCCTCCGGGGTGCCTGACCGGTTTAGCGGATCTGGGAGCGGC
ACGGACTTC CTCTCC C CACCCGCGTGG GAGCGGAGGACGTG
GGAGTGTACTACTGTATGCAGGCGCTGCAGACTCCGTACACATTC
GGACAGGGC CCAAGCTGGAGAT CAAG

139100- aa 372 CVQLVQSGAEVRKTGASVKVSCKASGYIFDNFGINWVRQAPGQGL

VH E MG NPKNNNTNYAQKFQGRVT ITADESTNTAYME SSLRSED
TAVYYCARGPYYYQS YMDVWGQGTMVTVS S

139100- aa 387 DIVMTQTPLSLP TPGEPAS ISCRSSQSLLHSNGY YL WYLQKP
VL GQSPQLLIYLGSKRASGVPDRFSGSGSGTDFTLHITRVGAEDVGV

YYCMQALQTPYT FGQGTKLE IK
139101
139101- aa 343 QVQLQESGGGLVQPGGS LRLSCAASGFTFSSDAMTWVRQAPGKGL

ScFv EWVSVISGSGGTTYYADSVKGRFTISRDNSKNTLYLQMNSLRAED

domain TAVYYCAKLDSSGYYYARGPRYWGQGTLVTVSSAS GGGGSGGRAS
GGGGSDIQLTQS PSSLSASVGDRVT ITCRASQS SSYLNWYQQKP
GKAPKLLIYGASTLASGVPARFSGSGSGTHFTLTINSLQSEDSAT
YYCQQSYKRASFGQGTKVE K

139101- nt 358 CAAGTGCAACTTCAAGAAT CAGGCGGAGGACTCGTGC GCCCGGA
ScFv GGATCATTGCGGCTCTCGTGCGCCGCCTCGGGCTTCACCTTCTCG
domain AGCGACGCCATGACCTGGG CCGCCAGGCCCCGGGGAAGGGGCTG

GAATGGGTGTCTGTGATTTCCGGCTCCGGGGGAACTACGTACTAC
GCCGATTCCGTGAAAGGTCGCTTCACTA CTCCCGGGACAACAGC
AAGAACACCCTTTATCTGCAAATGAATTCCCTCCGCGCCGAGGAC
ACCGCCGTGTAGTAGTGCGCCAAGCTGGACTCCTCGGGCTAGTAG



A TGCCCGGGGTCCGAGAT ACTGGGGAGA GGGA A CCCTCGTGAG C
GTGTCCTCCGCGTC CGGCGGAGGAGGGTCGGGAG GGCGGGCCTC C
GGCGGCGGCGGTTCGGACATCGAG CTGACC AGTCCCCAT CCTCA
CTGAG CGCAAG CGTGGGCGACAGAG TCACCAT TAGATGCAGGGCG
TCC AGAGCATCAGCTCCTACCTGAAC TGGTACC7AACAGAAG CCT
GGAAAG GCTCCTAAG CTGTTGAT CTAG GGGGCTTC GAC CCTGGCA
TCCGGGGTGCCCGCGAG GTTTAG CGGAAG CGGTAG CGGCACTCAC
TTCACTCTGACCAT TAACAG CCTCCAGTCCGAG GA TTCAGCCACT
TAG TAG TGTCAGCAGTCCTACAAG CGGGCC GCTTCGGACAGGGC
ACTAAGGT CGAGAT CAAG

139101- a a 373 QVQLQE SGGGLVQPGGS LRLS CAAS GFT FSSDAMT WVRQAPGKGL

V H EWVSVISGSGGTTYYADSVKGRFTISRDNSKNTLYLQMNSLRAED
TAVYYCAKLDSSGYYYARGPRYWGQGTLVTVSS

139101- a a 388 DIQLTQSPSS LSAS VGDRVT ITCRAS QSISSYLNWYQQKPGKAPK

V L LLIYGAS TLAS GVPARFS GSGSGTHFTL INSLQS EDSATYYCQQ
SYKRAS FGQGTKVE IK

139102

139102- a 344 QVQL QSG EVKK PGASVKVSCKAS GYTFS G T VRQAP GQGL

ScFv EWMGWI SAYNGNTNYAQKFQGRVTMTRNT SISTAYMELS SLRSED

om a i TAVYYCARGP YYYYMDVWGKGTMVTVS SAS GGGGS GGRAS GGGGS
EI MTQSPLSLP TPGEPAS ISCRSSQSLL YSNGY Y D YLQK
GQSPQLLI YLGSNRASGVPDRFSGSGSGTDFKLQI SRVEAEDVGI
YYCMQGRQFP YSFGQGTKVE IK

139102- t t 359 CAAG TCC ACTGGTCCAGAG CGGTGCAGAAG TGAAG AAG CCCGGA

ScFv GCGAG CGTG AAGTGTCCTGCAAG GCTTCCGGGT C CCTTCTCC

d a AAC TAG GGCATCACTTGGGTGCGC CAGGCCCCGGGAC AGGGCCTG
GAAT GGAT GGGGTGGAT TTCCGCGTAGAAC GGCAAT ACGAAC TAG
GCTCAGAAG TTCCAGGGTAGAGTGAC CAT GAC TAG GAAC ACCTCC
AT TTCC CCGCCTAC GGAAC TGTCCTCCCTGCGGAG CGAG GAC
ACCGCCGTGTACTATTGCGCCCGGGGAC CA CTA CTAG TAGATG
GAT GTCTGGGGGAAG GGGAC TAT GGTCACCGTGTCAT CCGCCTCG
GGAGGCGGCGGATCAGGAGGACGCGCCTCTGGTGGTGGAGGATCG
GAGATCGTGATGAC CCAGAG CCCTCTCTCCTTGCCCGT GAC TCCT
GGGGAG CCCGCAT CCAT TTCATGCCGGAG CTCCCAGTC CTTCTC
TACT CCAAC GGCTATAAC TACGTGGAT TGGTACCTCC AAAGCCG
GGCCAGAGCCCGC GCTGCTGAT CTAG CTGGGCTCGAAC AGGGCC
AGCGGAGTGCCTGACCGGTTCTCCGGGTCGGGAAGCGGGACCGAC
TTCAAGCT GCAA A CTCGAGA GTGGAG GCCGAG G CGTGGG A C

C CTGTATGCAGGGCCGCCAGTTTCCGTAG TCGTTCGGACAG
GGCACCAAAG GGAAAT CAAG

139102- a a 374 QVQLVQSGAEVKP[PGASVKVSCKASGYTFSNYGITWVRQAPGQGL

V H EWMGWI SAYNGNTNYAQKFQGRVTMTRNT SISTAYMELSSLRSED
TAVYYCARGP YYYYMDVWGKGTMVTVS S

139102- a a 389 EIVMT QSPLSLP TPGE SISCRSSQSLL YSNGY YVD YLQKP

V L GQSPQLLI YLGSNRASGVPDRFSGSGSGTDFKLQI SRVEAEDVGI
YYCMQGRQFP YSFGQGTKVE IK

139104



139104- aa 345 EVQL LETGGGLVQPGGSLRLSCAVS GFALSNHGMSWVRRAP GKGL

ScFv EWVSGIWSGSTYYAASVKGRFTISRDNSRNTLYLQMNSLRPEDT

domain AIYYCSAHGGE SDV GQGT SSASGGGGS GGRAS GGGG SEI
LTQSPATLSVSPGESATLSCRASQSVSSNLAWYQQKPGQAPRLLI
YGAS TRASGIPDRFSGSGSGTDFTLTISSLQAEDVAVY YCQQYGS
SLTFGGGTKVEIK

139104- s t 360 GAAG TGCAAT TGCTCGAAAC TGG GGAGGTCTGGTG C ACCTGGA

ScFv GGATCACTTCGCCTGTCCTGCGCCGTGTCGGGCTTTGCCCTGTCC

domam AAC CATGGAAT GAGCTGGGTCCGCCGCGCGCCGGGGAAGGGCCTC
GAATGGGTGTCCGGCATCGTCTACTCCGGCTCCACCTACTACGCC
GCGTCCGTGAAGGGCCGGTTCACGATTTCACGGG CAAC TCGCGG
AC CCCTGTACCTCC AA GAATTCCCTTCGG CCGG GGATACT
GCCATCTAGTAGTGCTCCGCCCACGGTGGCGAATCCGACGTCTGG
GGCCAGGGAAC CACCGTGACCGTGTCCAGCGCGTCCGGGGGAGGA
GGAAGCGGGGGTAGAGCATCGGGTGGAGGCGGATCAGAGATCGTG
CTGACCC GTCCCCCGCCACCTTGAGCGTGTCACCAGGAGAG TCC
GCCACCCTGTCATGCCGCGCC GCCAGTCCGTGTCCTC CA CCTG
GCTTGGTAGCAGC GAAG CCGGGGCAGGCCCCTAGACTCCTGATC
TATGGGGCGTCGACCCGGGCATCTGGAATTCCCGATAGGTTCAGC
GGATCGGGCTCGGGCACTGACTTCACTCTGACCATCTCCTCGCTG
CAAG CCGAGGACGTGGCTGT GTACTAGTGTC GCAGTACGGAAG C
TCCCTGACTTTCGGTGGCGGGACCAAAG TCGAGATTAAG

139104- aa 375 E QLLETGGGL QPGGSLRLSCAVS G ALSNHGMSWVRRAP GKGL

VH E SG YSGSTYYAAS VKGRFT ISRDNS R TLYLQM SLRPE DT
AIYYCSAHGGE SDVWG QGTT T SS

139104- aa 390 EIVLTQS PATLS SPGESATLS CRASQSVS SNLAWYQQKPGQAPR

VL LLIYGASTRASGIPDRFSGSGSGTDFTLT ISSLQAE DVAVY YCQQ
YGS SLTFGGGTKVE IK

139106
139106- aa 346 E QLVETGGGLVQPGGSLRLSCAVS G ALSN GMSWVRRAP G GL

ScFv E SG YSGSTYYAAS VKGRF ISRDNS RNTLYLQMNSLRPE DT

domain A YYCSAHGGE SDVWGQGTT VTVSSASGGGGS GGRAS GGGG SE V
M QSPATLSVSPGERATLSCRASQSVSSKLAWYQQKPGQAPRLLM
YGAS IRATGIPDRFS GSGSGTEFTLTI SSLEPEDFAVYYCQQYGS
SS TFGQGTKVE IK

139106- nt 361 GAAGT GCAAT TGGTG GAAAC TGGAGGAGGACTTGTGC ACC GGA

ScFv GGATCATTGAGAC TGAGCTGCGCAGTGTCGGGATTCGCCCTGAGC
doma n AAC CATGGAAT GTCCTGGGTCAGAAG GGCCCCTGGAAAAG GCCTC

GAATGGGTGTCAGGGATCGTGTACTCCGGTTCCACTTACTACGCC
GCCTCCGTGAAGGGGCGCTTCACTATCTCACGGGATAAC TCCCGC
AT CCCTGTACCTCCAAA GA CAGCCTGCGGCCGGAGGATACC
GCCATCTAGTAGTGTTCCGCCCACGGTGGAGAG TCTGACGTCTGG
GGCCAGGGAACTACCGTGACCGTGTCCTCCGCGTCCGGCGGTGGA
GGGAGCGGCGGCCGCGCCAGCGGCGGCGGAGGCTCCGAGAT CGTG
ATGACCCAGAGCCCCGCTAGTCTGTCGGTGTCGC CCGGA GAAA GG
GCGACCCTGTCCTGCCGGGCGTCGCAGTCCG GAGCAGCAAG CTG
GCTTGG CCAGC GAAG CCGGGCCAGGCACCACGCCTGCTTATG



TACGGTGCCTCCATTCGGGCCACCGGAATCCCGGACCGGTTCTCG
GGGTCGGGGT CCGG ACCGAG CACACTGAGCATTTCCTCGCTC
GAGCCCGAGGACTTTGCCGTC AT AGTGCCAGCAG ACGGCTCC
TCCTCATGGACGTTCGGCCAGGGGACC AGGTCGAAA CAAG

139106- aa 376 EVQLVE TGGGLVQPGGSLRLSCAVSGFALSN GMS VRRAPGKGL
VH E VSG YSGS YYAAS KGRF ISRDNSRNTLYLQM SLRPEDT

AIYYCSAHGGESDWGQGTTVTVSS
139106- aa 391 E VMTQS PATLS SPGERATLS CRASQSVS SKLAWYQQKPGQAPR
VL LLMYGAS IRATGI PDRFSGSGSGTEFTLT SSLEPEDFAVYY CQQ

YGSSS TFGQGTKVE IK
139107
139107- aa 347 EVQLVE TGGGWQ PGGSLRLSCAVSGFALSNHGMS VRRAPGKGL
ScFv E VSG VYSGS YYAASVKGRF ISRDNSRNTLYLQMNSLRPEDT
domain A YYCSAHGGE SDVWGQGTTVT VSSASGGGGSGGRASGGGGSEIV

LTQSPGTLSLSPGERATLSCRASQSVGSTNLAWYQQKPGQAPRLL
IYDASNRA GI DRFSGGGSG DF L ISR E EDFAVYYCQQYG
SSPP FGQGTKVE IK

139107- t 362 GAAGTGCAATTGGTGGAGACTGGAGGAGGAGTGGTGC ACC GGA
ScFv GGAAGCCTGAGACTGTCATGCGCGGTGTCGGGCTTCGCCCTCTCC
domain AACCACGGAATGTCCTGGGTCCGCCGGGCCCCTGGGAAAGGACTT

GAATGGGTGTCCGGCATCGTGTACTCGGGTTCCACCTACTACGCG
GCCTCAGTGAAGGGCCGGTTTACTATTAGCCGCGACAACTCCAGA
AACACACTGTAGCTCCAAATGAACTCGCTGCGGCCGGAAGATACC
GCTATCTACTACTGCTCCGCCCATGGGGGAGAGTCGGACGTCTGG
GGACAGGGC C CACTGTCACTGTGTCCAGCGCTTCCGG CGGTGGT
GGAAGCGGGGGACGGGCCTCAGGAGGCGGTGGCAGCGAGATTGTG
CTGACCCAGTCCCCCGGGACCCTGAGCCTGTCCCCGGGAGAAAG G
GCCACCCTCTCCTGTCGGGCATCCCAGTCCGTGGGGTCTACTAAC
CTTGCATGGTACCAGCAGAAGCCCGGCCAGGCCCCTCGCCTGCTG
ATCTACGACGCGTCCAATAGAG CCACCGGCATCCCGGATCGCTTC
AGCGGAGGCGGATCGGGC CCGACTTCACCCTCACCATTTCAAGG
CTGGAACCGGAGGACTTCGCCGTGTACTACTGCCAGCAGTATGGT
TCGTCCCCACCCTGGACGTTCGGCCAGGGGAC AGGTCGAGATC
AAG

139107- aa 3 / / EVQLVETGGGVVQPGG SLRLSCAVSGFALSNHGMSWVRRAPGKGL
VH EWVSGTVYS GSTYYAASVKGRFT ISRDNSRNTLYLQMNSLRPEDT

AIYYCSAHGGESDWGQGTTVTVSS
139107- aa 392 EIVLTQSPGTLSLS PGERATLS CRASQSVGSTNLAWYQQKPGQAP
VL RLLIYDASNRATGI DRFSGGGSGTDFTLTISRLE PEDFAVYYCQ

QYGSSPP FGQGTKVE IK
139108
139108- aa 348 QVQLVESGGGLVKPGG SLRLSCAASGFTFSDYYMS IRQAPGKGL
ScFv EWVSYI SSSGST YYADSVKGRFT ISRDNAKNS LYLQMNSLRAED
d TAVYYCARESGDGMDVWGQGTT VTVS SASGGGGSGGRASGGGGSD

IQMTQS PSSLSASVGDRV ITCRASQS ISSYLNWYQQKPGKAPKL
LIYAASSLQSGVPSRFSGSGSGTDFTLTI SSLQPEDFATYYCQQS
YTLAFGQGTKVDI K



139108- nt 363 CAAG GC AC CG GG A CTGG GGAG G TCG GAAAC C GG

ScFv GGATCAT TGAGAC TGTCAT GCGCGGCCTC GGGAT TCACGTT CTCC

domain GAT TAG ACA GAG CTGGAT TCGCCAGGCTCCGGGGAAG GGACTG
GAATGGGTGTCCTACATTTCCTCATCCGGCTCCACCATCTACTAC
GCGGAC TCCGTGA GGGGAG TCACCAT T GCCGCG AAC GCC
AAG AAC AGCCTGTACCTTCA GA TGAAC TCCCTGCGGGCT GAA GAT
ACTGCCGTCTAG CTGCGCAAG GGAGAG CGGAGATGGGAT GGAC
GTCTGGGGACAGGGTACCACTGTGACCGTGTCGTCGGCCTCCGGC
GG GGGGGTTCGGGTGGAAG GGCCAGCGGCGGCGGAG GCAGCGAC
ATCCAGATGACCCAGTCCCCC CATCGCTGTCCGCCTCCGTGG GC
GAC CGCGTC CCAT CACATGCCGGGCCTCACAGTCGAT CTCCTCC
TACCTCAAT TGGTAT CAGCAGAAG CCCGGAAAG GCCCCTAAG CTT
CTGAT CTAG GCAGCGTCCTCCCTG CAAT CCGGGGTCCCAT CTCGG
TTCTCCGGCTCGGGCAGCGGTAG CGAC TTC CTCTGAC CAT CTCG
AGCCTGC GCCGGAGGACTTCGCC CTTACTACTGTCAGC AAGC
TAGACCCTCGCGTTTGGCCAGGGCACCAAAG TGGACATCAAG

139108- aa 378 QVQLVE SGGGLVKPGGS LRLS CAAS GFTFS DYYMS IRQAPGKGL

VH E VSY SSSGS YYADSVKGRFT SRDNAKNS LYLQMNS LRAED
TAV YCARE SGDGMDVWGQG TTVT SS

139108- aa 393 D QMTQS PSSLSASVGDRV ITCRAS QSISSYLNWYQQKPGKAPK

VL LLI YAASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQ
SYTLAFGQGTKVD IK

139110
139110- aa 350 QVQLVQS GGGLVKPGGS LRLS CAAS GFTFS DYYMS TRQAPGKGL

ScFv EWVS Y SSSGNT YYADSVKGRFT SRDNAKNS LYLQMNS LRAED
domain TAVYYCARSTMVREDYWGQGTLVTVSSASGGGGSGGRASGGGGSD

IVLTQSPLSLPVTLGQPASISCKSSESLVHNSGKTYLNWFHQRPG
QSPRRL IYEVSNRDS GVPDRFT GSGSGTDFTLKI SRVEAEDVGVY
YCMQG TH PGTFGQGTKLE IK

139110- nt 365 CAAGT GCAAC TGGTGCAAAG CGGAG GAG GAT TGGT CAAACC CGGA

ScFv GGAAG CCTGAGAC TGTCAT GCGCGGCCTCTGGAT TCACCTTCTCC

domain GAT TAG TAGATGTCAT GGAT CAGAC AGGCCCCGGG GAAG GGCCTC
GAAT GGGTGTCCT ATCTCGTCCTCCGG GAACACCAT CTACTAC
GCCGACAGCGTG GGGCCGCTTTAG CATTTCCCGCGACA CGCA
AAG AAC TCGCTGTACCTTCA GA TGAAT TCCCTGCGGGCT GAA GAT
ACCGCGGTGTAG A TGCGCCCGGTCCAC A GGTCCGGGAG GAC
TACTGGGGACAGGGCACACTCGTGACCGTGTCCAGCGCGAGCGGG
GGTGGAGGCAGCGGTGGACGCGCCTCCGGCGGCGGCGGTTCAGAC
ATCGTGCTGACTCAGTCGCCCCTGTCGCTGCCGGTCACCCTGGGC
CAAC CGGCCTCAAT TAGCTGCAAG TCCTCGGAGAG CCTGGTGCAC
AAC TCAGGAAAGAC TTAG CTGAAC TGGTTCCAT CAGCGGCCTGGA
CAGTCCCCACGGAGGCTCA CTATGAAG TGTCCAAC AGGGATTCG
GGGGTGCCC GAC CGCTTCACTGGCTCCGGGTC CGGCACCGAC TTC
ACCTTGAAAA CTCCAGAG TGGAAG CCGAG GAC GTGGGCGTGTAG
TACTGTAT GCAGGGTACCCACTGGCCTGGAAC CTTTGGACAAG GA
ACTAAG CTCGAGAT AAG

139110- aa 380 QVQL QSGGGL KPGGSLRLSCAAS GFTFSDYYMS RQAP GKGL



VH EWVSYI SSSGN YYADS KGRF ISRDNAKNSLYLQMNSLRAED
TAVYYCARS TMVREDYWGQGTL VSS

139110- aa 395 D VLTQSPLSLPVTLGQPAS ISCKSSESLVHNSGK YLNWFHQRP
VL GQSPRRLIYEVS RDSG PDRFTGSGSGTDFTLKIS RVEAEDVGV

YYCMQGTHWPGTFGQGTKLEIK
139112
139112- aa 35 QVQL ESGGGLVQPGGSLRLSCAVSGFALSNHGMS VRRAPGKGL
ScFv EWVSGIWSGSTYYAAS VKGRFT ISRDNSRNTLYLQMNSLRPEDT
domaisi ATYYCSAHGGE SDVWGQGTTVTVSSASGGGGSGGRASGGGGSDTR

LTQSPSPLSASVGDRVTITCQASEDINKFLNWYHQTPGKAPKLLI
YDASTLQTGVPSRFSGSGSGTDFTLTINSLQPEDIGTYYCQQYES
LPLTFGGGTKVEIK

139112- t t 366 C AGTGC ACTCGTGG ATCTGGTGGAGG CTCGTGC ACCCGGT
ScFv GG AGCCTTAGGCTGTCGTGC GCCGTC GCGGGTTTGCTCT GAGC
domain AACCATGG ATGTCCTGGGTCCGC CGGGCACCGGGAAAAGGGCTG

GAATGGGTGTCCGGCATCGTGTAC GCGGGTCAACCTATTACGCC
GCGTCCGTGAAGGGCAGATTCACTATCTCAAGAGACAACAGCCGG
AACACCCTGTACTTGCAAATGAATTCCCTGCGCCCCGAGGACACC
GCCATC C CTGCTCCGCCCACGGAGGAGAGTCGGACGTGTGG
GGCCAGGGAACGACTGTGACTGTGTCCAGCGCATCAGGAGGGGGT
GGTTCGGGCGGCCGGGCCTCGGGGGGAGGAGGTTCCG CATTCGG
CTGACCCAGTCCCCGTCCCCACTGTCGGCCTCCGTCGGCGACCGC
GTGACCA CACTTGTCAGGCGTCCGAGGACAT TAACAAG CCTG
AACTGGTAGC CCAGACCCCTGG AAGGCCCCCAAGCTGCTGATC
TAGGATGCCTCGACCCTTCAAAC TGGAGTGCCTAGCCGGTTCTCC
GGGTCCGGCTCCGGCACTGATTTCACTCTGACCAT CAACTCATTG
CAGCCGGAAGATATCGGGACCTACTATTGCCAGC G GGAA CC
CTCCCGCTCACATTCGGCGGGGGAACCAAGGTCGAGATTAAG

139112- aa 381 QVQLVESGGGLVQPGGS LRLSCAVSGFALSNHGMSWVRRAPGKGL
VH EWVSGIVYSGSTYYAASVKGRFTISRDNSRNTLYLQMNSLRPEDT

AIYYCSAHGGE SDV GQGTTVTVSS
139112- aa 396 D RLTQS SPLSASVGDRVT ITCQASEDI KFLN YHQ PGKAPK
VL LLIYDASTLQ GVPSRFSGSGSGTDFTLTI SLQPEDIGTYYCQQ

YESLPLTFGGGTKVEIK
139113
139113- aa 352 E QL ETGGGLVQPGGSLRLSC VSGFALSN GMS VRRAPGKGL
ScFv EWVSGIVYSGSTYYAASVKGRFTISRDNSRNTLYLQMNSLRPEDT

domaisi ATYYCSAHGGE SDVWGQGTTVTVSSASGGGGSGGRASGGGGSETT
LTQSPATLS SPGERATLSCRASQSVGSNLAWYQQKPGQGPRLL I
YGASTRATGIPARFSGSGSGTEFTLTISSLQPEDFAVYYCQQYND
WLPVTFGQGTKVE IK

139113- sit 367 GAAGTGC A TGGTGG AACTGGAGGAGG CTTGTGC ACCTGGA
ScFv GGATCATTGCGGCTCTCATGCGCTGTCTCCGGCTTCGCCCTGTC
domaisi AATCACGGGATGTCGTGGGT C G CGGGCCCCGGGAAAGGGTCTG

GAATGGGTGTCGGGGATTGTGTAGAGCGGCTCCACCTAGTAGGCC
GCTTCGGTCAAGGGCCGCTTCACTATTTCACGGGACAACAGCCGC
AACACCCTCTATCTGCAAA GAACTCTCTCCGCCCGGAGGATACC



GCCATCTACTACTGCTCCGCACACGGCGGCGAATCCG CG GTGG
GGACAGGG ACCACTGTCACCGTGTCGTCCGCATCCGGTGGCG GA
GGATCGGGTGGCCGGGCCTCCGGGGGCGGCGGCAGCGAGACTACC
CTGACCCAGTCCCCTGCCACTCTGTCCGTGAGCCCGGGAGAGAGA
GCCACCCTTAGCTGCCGGGCC GCCAGAG CGTGGGCTC CAAC CTG
GCCTGGTAGCAGC G AGCCAGGACAGGGTCCCAGGCTGCTGATC
AGGGAGCCTCCACTCGCGCGACCGGCA CCCCGCGAGGTTCTCC
GGGTCGGGTTCCGGGACCGAGTTCACCCTGACCATCTCCTCCCTC
CAACCGGAGGACTTCGCGGTGTACTACTGTCAGCAGTACAACGAT
TGGCTGCC CGTGACAT TTGGACAGGGGACGAAGG GGAAAT CAAA

139113- aa 382 EVQLVETGGGLVQPGGSLRLSCAVSGFALSNHGMSWVRRAPGKGL
VH EWVSGIVYSGSTYYAASVKGRFTISRDNSRNTLYLQMNSLRPEDT

AIYYCSAHGGE SDV GQGTT T SS

139113- aa 397 ETTLTQSPATLSVSPGERATLSCRASQSVGSNLAWYQQKPGQGPR
VL LLIYGASTRATG PARF SGSGSGTEFTLTI SSLQ EDF VYYCQQ

YND LP TFGQGTKVE IK
139114
139114- a 353 E QL ESGGGLVQPGGSLRLS CA SGFALSNHGMS VRRAP GKGL
ScFv EWVSGIVYSGSTYYAASVKGRFTISRDNSRNTLYLQMNSLRPEDT

domai ATYYCSAHGGE SDVWGQGTTVTVSSASGGGGS GGRAS GGGGS E
LTQSPGTLSLSPGE RATLSCR SQSIGSSSLA YQQKPGQAPRLL
MYGASSRASGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYA
GSPPFTFGQGT K IK

139114- t t 368 GAAG TGC A TGGTGG A CTGGTGGAGG CTTGTGC ACCTGGA
ScFv GGATCACTG GACTGTCATGCGCGGTGTCCGGTTTTGCCCT GAGC

domam AAT CATGGGATGTCGTGGGTCCGGCGCGCCC CCGGAAAG GGTCTG
GAAT GGGTGTCGGGTATCGTCTACTCCGGG GCACTTAGTAGGCC
GCGAGCGTGAAGGGCCGCTTCACCATTTCCCGCGATAACTCCCGC
AAC CCCTGTACTTGC AA GAAC TCGCTCCGGCCTGAGGACACT
GCCATCTACTACTGCTCCGCACACGGAGGAG ATCCGACGTGTGG
GGCCAGGGAAC TAGCGTGACCGTCAGCAGCGCCTCCGGCGGCGGG
GGCTCAGGCGGACGGGCTAGCGGCGGCGGTGGCTCCGAGATCGTG
CTGACCC GTCGCCTGGCACTCTCTCGCTG GCCCCGGGG AAGG
GCAAC CCTGTCCTGTCGGGC C GCCAGTCCATTGGATCATCCTCC
CTCGCCTGGT TCAGCAGAAACCGGGACAGGCTCCGCGGCTGCTT
ATGTATGGGGCCAGCTCAAGAGCCTCCGGC TCCCGACCGGTTC
TCCGGGTCCGGTTCCGGCACCGATTTCACCCTGACTATCTCGAGG
CTGGAGCCAGAGG CTTCGCCGTGTAGTAGTGCC GC G CGCG
GGGTCCCCGCCGTTCACGTTCGGACAGGGAAC C A GGTCGAGATC
AAG

139114- aa 383 EVQLVE SGGGLVQPGGS LRLSCAVS GFAL SNHGMS WVRRAPGKGL

VH E SG YSGSTYYAASVKGRFT ISRDNS RNTLYLQM SLRPE DT
AIYYCSAHGGE SDVWG QGTT T SS

139114- aa 398 EI LTQSPGTLSLSPGERA LSCRASQSIGSSSL YQQK PGQAP
VL RLLMYGASSRASGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQ

QYAGSPPFTFGQGTKVEIK

149362



149362-aa 429 QVQL QE S GPG LVK P S E L SLTC VS GGS I S S SYYYWGW I RQPPGK

ScFv GLE GS I YYS GSAYY P S LKS RV I SVDT SKNQF S LRL S SV AA

DTAVYYCARHWQEWPDAFDIWGQGTMVTVS S GGGGS GGGGS GGGG
SE TLTQS A FMSA PGDKVI I S CKAS QD I DDAMNWYQQKPGEAP
L F 11QSAT S P P GI PRF S GS GFGTDFS L T I N E SE DAAYYF CL
QHDNFPLT FGQGTKLE I K

149362-nt 450 C A GTGGAGCTTC GG A GCGG CCGGGCCTGGT C AGCC CC

ScFv GAAACTCT CTCCCTGACTTGC CTGTGTCTGGCGGTTC CAT CTCA

domain TCGTCGTAG TAG CTGGGGCT GGAT GGCAGCCGCCCGGAAAG

GGACTGGAGTGGATCGGAAGCATCTACTATTCCGGCTCGGCGTAC
TACAACCCTAGCCTCAAGTCGAGAGTGACCATCTCCGTGGATACC

TCCAAGAAC CAGTTT TCCCTGCGCCT G GCTCCGT GACCGCCGCT
GAC CCGCCGTGTAG TAGTGTGCTCGGCAT TGGC GGAATGGCCC

GAT GCCTT CGACATT TGGGGCCAGGGCACTAT GGT CACTGTGTCA
TCCGGGGGTGGAGGCAGCGGGGGAGGAGGGTCCGGGGGGGGAGGT

TCAGAGACAACCTTGACCCAGTCACCCGCATTCATGTCCGCCACT
CCGGGAGACAAGG CAT CAT CT CGT GCAAAGCGT CCCAGGA ATC
GACGATGCCAT G A TGGTAGCAGCAGAAG CCTGGCGAAGCGCCG
CT GTTCAT TATCCAATCCGCAACCTCGCCCGTGCCTGGAATCCCA

CCGCGGTT C GCGGCAGCGGTT TCGGAACCGACTT TTCCC GACC
AT T ACAACATTGAGTCCGAGGACGCCGCCTAGTA CTTCTGCCTG
CAAC CGACAAC TTCCCTCTCA CGTTCGGCCAGGGAACCAAG CTG

GAAATCAAG

149362-aa 471 QVQL QE S GP GLVK S E TL S LTCTVS GGS I S S S YY G I RQP P GK

VH GLEWI GS YYS GSAYYNPS LKS RVT SVDT SKNQFS LRLS SVTAA
DTAVYYCARHWQE DAFD GQGTMV V S S

149362-aa 492 E T TLTQS PAFMSAT PGDKVT I S CKAS QDI DDAMNWYQQKPGEAPL

V F 1QSAT S VP G P RF S GS GF GTDF S LT NN E S E DAAYY CLQ
HDNFPLT FGQGTKLE I K

1 4 93 63
149363~aa 430 QVNLRE S GP L KP T QT LTLTCT F S GF S LR S GMCVS I RQP P GK

ScFv ALE LAR I DWDE DKF YS T S LKT RL SKDT S DNQWLRMTNMDPA

domain D A YYCARS GAGGT SATAFDI WGPGTMVTVS S GGGGS GGGGS GG
GGS DI QMT QS P S S L S SVGDRV I TCRAS QDI YNNLAWFQLKPGS
APRS LMYAANKS QS GVP SRF S GSA S GTDF TLT I S S LQPED A YY
CQH YYRFP YS FGQGTKLE K

149363-nt 4 5 1 CAAG TCAAT CTGCGCGAA CCGGCCCCGCCTTGGT CAAGCCTACC

ScFv CAGACCCT CACTCTGACCTGTACTTTCTCCGGCTT CTCCCTGCGG

domain AC TTCCGGGATGTGCGTGTCCT GGATC G C GCCTCCGGG AAG
GCCCTGGAGTGGCTCGCTCGCATTGACTGGGATGA GGACAAG TTC
TAG TCCACCTCACTCAAGAC CA GGCTGACCAT CAGCAAAGAT ACC
TCTGACAAC C AGTGGTGCTCCG CAT GACCAACAT GGACCCA GCC

GACACTGCCACTTACTACTGCGCGAGGAGCGGAGCGGGCGGAACC
TCCGCCACCGCCTTCGATATTT GGGGCCCGGG TAG CAT GGTCACC
GT GTCAAGCGGAGGAGGGGGGT CCGGGGGCGGCGGTTCCGGGGGA
GGCGGATCGGACATT CAGAT GACTCAGTCACCAT CGTCCCTGAGC

GCTAGCGT GGGCGACAGAGTGACAAT C C TTGCCGGGCAT CCCAG
GACAT CTATAACAAC CTTGCGT GGT TCCAGCT GAAGCC TGGT TCC



GCACCGCGGTCACTTATGTACGCCGCCAA.CAAGAGCCAGTCGGGA
GTGCCGTCCCGGTTTTCCGGTTCGGCCTCGGGAACTGACTTCACC
CTGAC GA CTCCAGCCTGCAAC CCGAG GAT TTCGCCACCTAG TAG
TGCCAGCACTACTACCGCTTTCCCTACTCGTTCGGACAGGGAACC
AAGCT GGAAA CAAG

149363~aa 472 QVNLRESGPALVKPTQTLTLTCTFSGFSLRTSGMCVSWIRQPPGK

V H ALE LARIDWDE DKF YSTSLKT RL SKDT SDNQWLRMTNMDPA
DTAT YYCARS GAGGT SATA FDI GPGT V VSS

149363-aa 493 DIQMTQS PSSLSAS VGDRVT ITCRAS QDI YNNLAWFQLKPGS APR

VL SLMYAANK SQSG PSRFSGSASGTDFTLTISSLQPEDFATYYCQH
YYRFP YSFGQGTKLE IK

149364

149364-aa 431 EVQLVE SGGGLVKPGG SLRLS CAAS GFT FSSYSMNWVRQAPGKGL

ScFv EWVS S SSSSSY YYADSVKGR FTISRDNAKNS LYLQMNS LRAE D

domain TAVYYCAKT lAAVYAFDI WGQGTTVTVS SGGGGS GGGGS GGGGSE
IVLTQS PLSLPV PEE PAS SCRS SQSLLHSNGYNYLDWYLQKPG
QSPQLL YLGSNRAS GVPDRFS GSGSGTDFTLKI SRVEAEDVGVY
YCMQALQTPYT FGQGTKLE IK

149364-nt 452 GAAG TGCA GCTTGTCGAAT CCGGGGGGGGAC TGGTCAAG CCGGGC

ScFv GGATCACTGAGACTGTCCTGCGCCGCGAGCGGCTTCACGTTCTCC

domain TCCTAG TCCAT GAAC TGGGTCCGCCAAG CCCCCGGGAAG GG CTG
GAAT GGGTGTCCTCTATCTCCTCGTCGTCGTCCTA CAT CTAG TAG
GCCGAC TCCGTGAAG GGAAGAT TCACCAT TTCCCGCGACAAC GCA
AAGAAC TCACTGTACTTGCAAA GAAC TCACTCCGGGCC GAAGAT
ACTGCTGTGTAG T TTGCGCCAAGAC T TTGCCGCCGTCTACGCT
TTCGACATCTGGGGCCAGGG ACC CCGTGACTGTGTCGTCCGGT
GGTGGTGGCTCGGGCGGAG GAG GAAG CGGCGGCGGGGGGTCCGAG
ATTGTGCTGACCCAGTCGCCACTGAGCCTCCCTGTGACCCCCGAG
GAAC CCGCCAGCAT CAGCTGCCGGTCC G CCAGTCCCTGCTC CAC
TCCAAC GGATACAAT TACCTCGAT TGGTAG CTTCA GA GCCTGGA
C AAGCCCGCAGCTGCTC C ACTTGGGAT C AACCGCGCGTCA
GGAGTGCCTGACCGGTTCTCCGGCTCGGGCAGCGGTACCGATTTC
ACCCTG AAA CTCCAGGGTGGAG GCAGAGGAC GTGGGAG TGTAT
TA CTGTATGCAGGCGCTGCA GA CTCCGTAGACATTTGGGCAGGGC
ACCAAGCT GGAGAT CAAG

149364-aa 473 EVQLVE SGGGLVKPGGS LRLS CAAS GFT FSSYSMNWVRQAPGKGL

VH E VSS SSSSSYIYYADS VKGR FTISRDNAKNS LYLQMNS LRAE D
TAVYYCAKT lAAVYAFDI WGQGTTVTVS S

149364-aa 494 EIVLTQSPLSL VTPEEPAS ISCRS SQSLLHSNGYNYL D YLQKP

VL GQSPQLLI YLGSNRAS GVPDRFSGSGSGTDFTLKI SRVEAEDVGV
YYCMQALQTPYT FGQGTKLE IK

149365

149365-aa 432 EVQLVE SGGGLVKPGGS LRLS CAAS GFT FSDYYMS W RQAPGKGL

ScFv EWVS Y SSSGSTIYYADS VKGR FTISRDNAKNS LYLQMNS LRAE D

domain TAVYYCARDLRGAFD WGQGTMVTVSS GGGGS GGGGS GGGGS SYV
LTQSPSVSAAP GY ISCGGN IGTKSV QQK PGQAP LLV IR
DDSVRPSKIPGRFSGSNSGNMATLTISGVQAGDEADFYCQVWDSD



SEHWFGGGTKLTVL

149365-nt 453 GAAG CCAG CTCG GGAG CCGGCGGAGGCCTTG GAAGCCT GGA

ScFv GGTTCGCT GAGACTGTCCTGCGCCGCCTCCGGCTT CACCTTCTCC

domain GACTACTACATGTCCTGGATCAGACAGGCCCCGGGAAAGGGCCTG
GAAT GGGT GTCC A ATC CG CA CGGGCAGCAC ATCTAG TAG

GCGGACTCAGTGAAGGGGCGGT CACCA TTCCCGGGATAACGCG
AAGAAC TCGCTG T CTGC AA GAACTCACTGAGGGCCGAGGAC
ACCGCCGT GTAGTACTGCGCCCGCGATCT CCGCGGGG CAT TT GAC

AT CTGGGGACAGGGAACCAT GGTCACAGT GTCCAGCGGAGGGGG
GGATCGGGTGGCGGAGGTTCCGGGGGTGGAGGCTCCTCCTACGTG
CT GACTCAGAGCCCAAG CGTCAGCGCTGCGCCCGGTT ACGGC

ACCAT CTCCTGTGG CGGAAACAACATTGGG CCA GTCTGTGCAC
TGGTAT CAGCAGAAG CCGGGCCAAGCTCCCCTGTT GGTGATCCGC

GAT GACTCCGTGCGGCCTAGCAAAAT TCCGGGACGGTTCTCCGGC
TCCAACAGCGGCAAT ATGGCC CTCTC CC TCTCGGGAGTGCAG
GCCGGAGAT GAAGCCGACTTCTACTGCCAAGTCTGGG CTC GAC
TCCGAGC TGTGGTGTTCGGGGGCG GAACCAAGCT GACTGTGCTC

149365-aa 474 EVQLVE S GGGLVKPGGS LRLS CAAS GFT F S DYYMSWI RQAPGKGL

VH E VSY S S S GS T I YYADSVKGRFT I SRDNAKNS LYLQMNS LRAE D
TAVY YCARDLRGAFD GQGTMVTVS S

149365-aa 495 SY LTQS P SVSAAP GYTAT S CGGN I GTKSV YQQKP GQA P LL

VL V I RDDSVRPSKI PGRFS GSNS G MATLT I S GVQAGDEADFYCQW
DS DSEHWFGGGTKLTVL

1 4 9 3 6 6

149366-aa 433 QVQLVQS GAEVKKPGAS VKVS CKPS GYTVT SHYI HWVRRAP GQGL

ScFv EWMGMINP S GGVTAY S QTLQGRVTMT S DT S S S T YME L S S LRSED

domain TAMYYCAREGS GS GWYFDFWGRGTLVTVS S GGGG S GGGGS GGGGS
SYVLTQPP SVSVS PGQTAS I TCS GDGLSKKYVSWYQQKAGQS PW
L I SRDKERPS GI PDRFS GSNSADTATLT I S GTQAMDEADYYCQAW
DDTTWFGGGTKLTVL

149366-nt 454 CAAG TGCAGCTGGTGCAGAGCGGGGCCGAAGTCAAGAAGCCGGGA

ScFv GCCTCCGT GAAAGTGTCCTGCAAGCCTTCGGGATACACCGTGACC

domain TCCCACT C TTCAT TGGGTCCGCCGCGCCCCCGGCCAAGGACTC
GAGTGGAT GGGCATGAT CAAC CCTAGCGGCG GAGT GACCGCGTAC
AGCCAG CGCTGC GGGACGCGTGACTAT GACCTCGG T CCTCC
TCCTCCACCGTCTATATGGAACTGTCCAGCCTGCGGTCCGAGGAT
ACCGCCAT GTAGT CTGCGCCCGGGAAGGAT CAGGCTCCGGGTGG
TATTTCGACTTCTGGGGAAGAGGCACCCT CGTGACTGTGTCATCT
GGGGGAGGGGGTTCCGGTG GTGGCGGATCGGGAGGAGGCGGT TC
TCCTAGGT GCTGACCCAGCCACCCTCCGT GTCCGT GAGCCCCGGC
CAG-ACTGCAT CGATTAGATGTAG CGGCGACGGCCT CTCCAAGAAA

TACGTGTCGTGGTACCAGCAGAAGGCCGGACAGAGCCCGGTGGTG
CT GATCTC AGAGAT AGGAGCGGCCT GCGGAAT CCCGGACAGG
TT CTCGGGTTC CAAC TCCGCGGAC CTGCTACTCT GACCAT CTCG
GGGACCCAGGCTAT GGACGAAGCCGATTAG TAGTGCCAAGCCTGG
GACGACACTACTGTCGTGTTTGGAGGGGGCACCAAGTTGACCGTC
CT T



149366-aa 475 QVQLVQS GAEVKKPGAS VKVSCKPSGYTV SHYIHWVRRAPGQGL
VH EWMGMINP SGGV AYSQTLQGRVTMT SDTSSSTVYMELSSLRSED

TAMYYCAREGSGSGWYFDFWGRGTLVTVSS
149366-aa 496 SYVLTQPP SVSVSPGQTAS I CSGDGLSKKYVSWY QQKAGQS PW
VL LISRDKERPSGIPDRFSGSNSADTATLTI SGTQAMDEADYYCQAW

DDTTWFGGGTKLTVL
149367
149367-aa 434 QVQLQESGPGLVKPSQTLSLTCTVSGGSI SSGGYYWSWIRQHPGK
ScFv GLE IGYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAA
domain D AVYYCARAG IAARLRGAFD I GQGTMV SSGGGGSGGGGSGG

GGSDIVMTQSPSSVSASVGDRVT ITCRASQGIRNWLAWYQQKPGK
APNLLIYAASNLQSGVPSRFSGSGSGADFTLTISSLQPEDVATYY
CQKYNSAP TFGPGTKVDI K

149367-nt 455 C AGTGGAGCTTC GG GAGCGGCCCGGGACTCGTG AGCCGTCC
ScFv AGACCCTGTCCCTGACTTGC CCGTGTCGGGAGG AGCATCTCG
d a AGCGGAGGCTAGTATTGGTCGTGGATTCGGCAGCACCCTGGAAAG

GGCCTGGAATGGATCGGC A ATC CTAGTCCGGCTCGACCTAG
TACAACCCATCGCTGAAGTCCAGAGTGACAATCTCAGTGGACACG
TCCAAGAAT CAGTTCAGCCTGAAGCTCTCTTCCGTGACTGCGGCC
G C CCGCCGTGTACTACTGCGCACGCGCTGGAATTGCCGCCCGG
CTGAGGGGTGCCTTCG CATTTGGGGACAGGGCACCATGGTCACC
GTGTCCTCCGGCGGCGGAGGTTCCGGGGGTGGAGGCTCAGGAGGA
GGGGGGTCCGAC CGTCATGACTCAGTCGCCCTC AGCGTCAGC
GCGTCCGT CGGGGACAGAGTGATCATCACCTGTCGGGCGTCC CAG
GGAATTCGCAACTGGCTGGCCTGG CAGCAGAAG CCCGGAAAG
GCCCCCAACCTGTTGATCTACGCCGCCTCAAACCTCCAATCCGGG
GTGCCGAGCCGCTTCAGCGGCTCCGGTTCGGGTGCCGATTTCACT
CTGACCATCTCCTCCCTGC ACCTGAAGATGTGGCTAGCTAGTAG
TGCCAAAAG TACAACTCCGCACCTTTTAGTTTCGG CCGGGGACC
AAAG TGGACAT AAG

149367-aa 476 QVQLQESGPGLVKPSQTLSLTCTVSGGSI SSGGYYWSWIRQHPGK
VH GLEWI GYI YYSGSTYYNPS LKSRVTISVDTSKNQFSLKLSSVTAA

DTAVYYCARAG AARLRGAFD IWGQGTMVT VSS
149367-aa 497 DIVMTQSPSSVS S GDRV ITCRASQGIRNWLAW YQQKPGKAPN
VL LLIYAASNLQSGVPSRFSGSGSGADFTLTISSLQPEDVATYYCQK

Y SAPFTFGPGTKVD IK
149368
149368-aa 435 CV QLVQSGAEVKP[PGSSVKVSCKASGGTFSSYAISWVRQAPGQGL
ScFv EWMGG 1P FGTANYAQKFQGRVT ITADESTSTAYMELSSLRSED
domain TAVYYCARRGGYQLLRWDVGLLRSAFDIWGQGTMVTVSS GGGGSG

GGGSGGGGSSYVLTQPPSVSVAPGQTARI CGGN IGSKSVHWYQ
QKPGQAPVLVL YGKNNRP SGVPDRFSGSRSGTTAS LTITGAQAED
EAD YCSSRDSSGDHLRVFGTGTKVTVL

149368-nt 456 CAAGTGC GCTGGTCCAGTCGGGCGCCGAGGTCAAGAAG CCCGGG
ScFv AGCTCTGTGAAAGTGTCCTGCAAGGCCTCCGGGGGCACC TT GC
domain TCCTACGCCATCTCCTGGGTCCGCCAAGCACCGGGTCAAGGCCTG

GAGTGGAT GGGGGGAAT TATCCCTA CTTCGGCACTGCCAACTAG



GCCCAGAAGTTCCAGGGACGCGTGACCATTACCGCGGACGAATCC
ACCTC ACCGCT A ATGGAG CTG CCAGCTTGCGCTCG GAAGAT
ACCGCCGTGTAG TAG TGCGCCCGGAG GGGTGGA A CCAGCTGCTG
AGATGGGACGTGGGCCTCCTGCGGTCGGCGTTCGACATCTGGGGC
CAGGGCACTATGGTCACTGTGTCCAGCGGAGGAGGCGGATCGGGA
GGCGGCGGATCAGGGGGAGGCGGTTCCAGCTACGTGCTTACTCAA
CCCCCTTCGGTGTCCGTGGCCCCGGGACAGAC CGCCAGAAT CACT
TGCGGAG GAAAC AAC A TGGG CCAAGAG CGTGCAT TGGTAG CAG
CAGAAG CCAGGACAGGCCCCTGTGCTGGTGCTCT CGGGAAG AAC
A TCGGCCCAGCGGAG TGCCGGACAGGTTCTCGGGTTCACGCTCC
GGTAGAAC CGCTTCA CTGAC TAT CACCGGGGCCC GGCAGAG GAT
GAAG CGGAC TAG TAG TGTTCCTCCCGGGAT TCAT CCGGCGAC CAC
CTCCGGGTGTTCG GAAC CGG ACGAAG GTC CCGTGCTG

149368~aa 477 Q QLVQS GAE KPGSSVKYS CKAS GGTFSSYA SWVRQAPGQGL

V H E MGGHPT FGTANYAQKFQGRVT I ADESTSTAYME LSSLRSED

TAVYYCARRGGYQLLRWDVGLLRSAFDIWGQGTMVTVSS

149368-aa 498 SYVLTQPPSVSVAPGQTARITCGGNNIGSKSVHWYQQKPGQAPVL

VL VLYGKNNR SGVP DRF SGSRSGTTA SLTITGAQAE DEADYYCSSR
DSSGDHLRVFGTGTKVTVL

149369

149369~aa 436 EVQLQQSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSR

ScFv GLEWLGRTYYRSKWYSFYAISLKSRI INPDTSKNQFSLQLKSVT

domain PEDTAVYYC ARS SPEGLFL YWFDPWGQGT LVTVS SGGDGS GGGGS
GGGGSSSELTQDPAVSVALGQTIRITCQGDSLGNYYATWYQQKPG
QAPVLVI YGTNNRPS GIPDRFSAS SSGNTASLT TGAQAE DEADY
YCNSRDSSGHHLLFGTGTKVTVT,

149369-nt 457 GAAG TGCA GCTCC AC GTCAGGAC CGGGGCTCGTGAAG CC CC

ScFv CAGACCCTGTCCCTGACTTGTGCCATCTCGGGAGATAGCGTGTCA

domain TCG ACTCCGCCGCCTGGAACTGGAT TCGGC GAGCCCGTCCCGC
GGACT GGAGT GGC TTGGAAG GAC CTAG TAG CGGTC CAAGT GGTAC
TCTTTCTAG GCGAT CTCGCTGAAG TCCCGCAT TAT CAT TAAC CCT
GATACCTCCAAGAAT CAGTTCTCCCTC CAAC TGAAA CCGTCACC
CCCGAGGACACAGCAGTGTATTACTGCGCACGGAGCAGCCCCGAA
GGACTGTTCCTGTATTGGTTTGACCCCTGGGGCCAGGGGACTCTT
GTGACCGTGTCGAG CGGCGGAGATGGGTCCGGTGGCGGTGGTTCG
GGGGGCGGCGGAT CAT CAT CCGAAC TGAC CCAGGAC CCGGCTGTG

TCCGTGGCGCTGGGACAAACCATCCGCATTACGTGCCAGGGAGAC
TCCCTGGGCAACTACTACGCCACTTGGTACCAGCAGAAGCCGGGC
CAAGCCC CTGTGTTGGT CAT CTACGGGAC CAAC CAGACCTTC C
GGCAT CCCCGAC CGGTTCAGCGCTTCGTCCTCCGGCAAC ACTGCC
AGCCTGAC CAT CACTGGAG CGCAGGCCGAAGAT GAG GCCGAC TAG
TACTGCAACAGCAGAGACTCCTCGGGTCATCACCTCTTGTTCGGA
ACTGGAAC CAAGG C CCGTGC TG

149369-aa 478 EVQLQQSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSR

VH GLEWLGRTYYRSKWYSFYAISLKSRI INPDTSKNQFSLQLKSVT
PEDTAVYYCARS SPEGLFL YWFDPWGQGT LVTVS S

149369-aa 499 SSELTQDPAVSVALGQTIRITCQGDSLGNYYATWYQQKPGQAPVL



VL V YGTNNRPS G PDRFSASSSGN SL I GAQAEDEADYYC SR
DSSGHHLLFGTGTKVTVL

BCMA EBB-C1978-A4
BCMA EB 437 EVQLVESGGGL QPGGSLRLSCAASG FSSYAMS VRQAPGKGL
B-C1978-A4 EWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAED

TAVYYCAKVEGS GSLDY GQG LVTVSSGGGGSGGGGSGGGGSE I

ScFv VMTQSPG LSLSPGERATLSCRASQSVSSAYLAWYQQKPGQP PRL

domain L SGASTRATGI PDRFGGSGSGTDFTLTI SRLEPEDFAVYYCQHY
GSSFNGSSLFTFGQGTRLEIK

BCMA EB 458 GAAGTGCAGCTCGTGGAGTCAGGAGGCGGCCTGG CCAGCCGGGA
B-C1978-A4 GGGTCCCTTAGACTGTCATGCGCCGCAAGCGGATTCACTTTCTCC
- t CC ATGCCA GAGCTGGGTCCGC CAAGCCCCCGG AAGGG CTG

ScFv GAATGGGTGTCCGCCATCTCGGGGTCTG GAGGCTCAACTTAGTAG
domain GCTGAGTCCGTGAAGGGAGGGTTCACC GCCGCGACAACTCC

AAGAACACCCTCTAGCTCCAAATGAACTCCCTGCGGGCCGAGGAT
ACCGCCGTCTACT CTGCGCCAAAGTGGAAGGTTCAGGATCGCTG
GACTACTGGGGACAGGGTACTCTCGTGACCGTGTCATCGGGCGGA
GGAGGTTCCGGCGGTGGCGGCTCCGGCGGCGGAGGGTCGGAGATC
GTGATGACCCAGAGCCCTGGTAGTCTGAGCCTTTCGCCGGGAGAA
AGGGCCACCCTGTCCTGCCGCGCTTCCCAATCCGTGTCCTCCGCG
TACTTGGCGTGGT CC GCAGAAG CCGGGACAGCCCCCTCGGCTG
CTGATCAGCGGGGCCAGCACCCGGGCAACCGGAATCCC G CAGA
TTCGGGGGTTCCGGCAGCGGCACAGATTTC CCCTGACTATTTCG
AGGTTGGAGCCCGAGGACTTTGCGGTGTATTAGTGTCAGCACTAG
GGGTCGTCCTT A GGCTCCAGCCTGTTC CGTTCGGACAGGGG
ACCCGCC GGAAATCAAG

BCMA EB 479 EVQL ESGGGL QPGGSLRLSCAASG TFSSYAMS VRQAPG GL
B-C1978-A4 EWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAED

- Ά Ά TA YYCAKVEGSGSLDY GQG L VSS

VH
BCMA EB 500 E VMTQSPGTLSLSPGERATLSCRASQSVSSAYLAWYQQKPGQP P
B-C1978-A4 RLLI SGASTRATGI PDRFGGSGSGTDFTLTI SRLEPEDFAVYYCQ

HYGSSFNGSSLFTFGQGTRLE IK

VL
BCMA EBB-C1978-G1
BCMA EB 438 EVQLVE TGGGLVQPGG SLRLSCAASG TFSRYPMSWVRQAPGKG L

B-C1978-G1 EWVSG SDSGVSTYYADSAKGR FTISRDNSKNTLFLQMSSLRDED
- aa TAWYCVTRAGSEASDIWGQGTMVTVSS GGGGSGGGGSGGGGSE I
ScFv VLTQSPATLSLSPGERATLSCFASQSVS SLA YQQKPGQAPRLL

domam IYDASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAI YYCQQFG
TSSGL FGGGTKLE IK

BCMA EB 459 GAAGTGCAACTGGTGGAAACCGGTGGCGGCCTGGTGCAGCCTGGA

B-C1978-G1 GGATCATTGAGGCTGTCATGCGCGGCCAGCGGTATTACCTTCTCC

- nt CGGTAGCCCATGTCCTGGGTCAGACAGGCCCCGGGG AAGGGCTT

ScFv GAATGGGTGTCCGGGATCTCGGACTCCGGTGT CAGCACTTACTAG

domain GCCGACTCCGCCAAGGGACGCTTCACCATTTCCCGGGACAACTCG
AAGAAC CCCTGTTCCTCCAAATGAGCTCCCTCCGGGACGAGGAT



ACTGCAGTGTACTACTGCGTGACCCGCGCCGGGTCCGAGGCGTCT
GACAT TTGGGGAC AGGGCACT ATGGTCACCGTGTCGTCCGGC GGA
GGGGGCTCGGGAGGCGGTGGCAGCGGAGGAG GAGGGTCCGAGATC
GTGCTGACCCAATCCCCGGCCACCCTCTCGCTGAGCCCTGGAGAA
AGGGC ACCTTGTCCTGTCGCG CGAGCCAGTCCGTGAGCAAC TCC
CTGGCCTGG TACCAGCAGAAG CCCGGACAGGCTCCGA GA CTTCTG
ATCTAGGAC GCTTCGAG CCGGGCCACTGGAAT CCCCGACCGCTTT
TCGGGGTCCGGCTCAGGAACCGATTTCACCCTGACAATCTCACGG
CTGGAGCCAGAGG TTCGCCAT CTATTAG TGCC GC GTTCGGT
ACTTCCTCCGGCCTGACTTTCGGAGGCGGCACGAA GCTCGAAATC
AAG

BCMA EB 480 E QLV TGGGLVQPGGSLRLSC SG TFSRYPMSWVRQAP G GL

B-C1978-G1 E SG SDSGVSTYYAD SAKGRFT ISRD SKN LFLQMS SLRDE D

- aa TAVYY C TRAG SEASDI GQGTMV VSS

VH
BCMA EB 501 E LTQSPA LSLSPGERA LSCRAS QSVSNS LA YQQKPGQAPR

B-C1978-G1 LLIYDASSRATGTPDRFSGSGSGTDFTLTTSRLEPEDFAI YYCQQ

- aa FGTS SGLT FGGGTKLE I

VL

BCMA EBB-C1979-C1
BCMA EB 439 QVQL VE SGGGLVQPGGSLRLSCAAS GFTFSSYAMS VRQAPGKGL

B-C1979-C1 E VSA SGSGGSTYYADS VKGR FTISRDNAKNS LYLQMNS LRAE D

- aa TAIYYC RATYKRELRYYYGMDVWGQGTMVTVS SGGGGS GGGGS G

ScFv GGGSE IVMTQS PGTVSLS PGERATLSCRASQSVS SSFLAWYQQKP

d a GQAPRLLI YGASSRATGIPDRFSGSGSGTDFTLTI SRLEPEDSAV
YYCQQYHS SPS FGQGTRLE IK

BCMA EB 460 CAAG TGCAGCTCGTGGAA CGGGTGGCGGAC TGGTGCAGCCGGGG

B-C1979-C1 GGCTCACTTAGACTGTCCTGCGCGGCCAGCGGATTCACTTTCTCC

~ i TCCTACGCCATGTCCTGGGTCAGACAGGCCCCTGGAAA GGGCCTG

ScFv GAAT GGGTGTCCGCAAT CAGCGGCAGCGGCGGCTCGACCTAT TAC

domain GCGGATTCAGTGAAG GGCAGAT TCACCAT TTCCCGGGACAAC GCC
AAG AAC TCCTTGTAG CTTCAAA GAAC TCCCTCCGCGCGGAA GAT
ACCGCAAT CTACTAC TGCGC TCGGGCCAC TTACAAGAGGGAA.CT G
CGCTAGTAG TAGGGGAT GGACGTCTGGGGCCAGGGAAC CATGGTC
ACCGTGTCCAGCGGAGGAGGAGGATCGGGAGGAGGCGGTAGCGGG
GGTGGAGGGTCGG G CGTGAT GACCC GTCCCCCGGCACTGTG
TCGCTGTC CCCCGGCG ACGGGCCACCCTGTCATGTCGGGCCAGC
CAGTCAGTGTCGTCAAG CTTCCTCGCCTGGTAGC GCAGAAAC CG
GGACAAG CTCCCCGCCTGCTGAT CTAGGGAG CCAGCAGCCGGGCC
ACCGGTATTCCTGACCGGTTCTCCGGTTCGGGGTCCGGGACCGAC
TTTAGTCTG CTATCTCTCGCCTC GAGCCAGAGG CTCCGCCGTG
TAT TAGTGCCAGC GTAGCACTCCTCCCCGTCCTGGACGTTCGGA
CAGGGCACAAG GCTGGAGA AAG

BCMA EB 481 QVQL VESGGGLVQ GGSLRLSCAAS GFTFSSYAMS WVRQAP GKGL

B-C1979-C1 EWVSAI SGSGGS YYADS VKGRF ISRDNAK SLYLQMNS LRAED

- aa TAI YYCARAT YKRELRYYYGMDVWGQGTMVTVS S

VH



BCMA EB 502 E TQS PGTVS L S PGERATLS CRAS QSVS S S F LA YQQK GQAP

B-C1979-C1 RL L I YGAS SRAT GI P DRFS GS GS GT DFT L I SRLE PE DSAVYYCQ

- aa QYHS S P SWT FGQGTR.LE I K

VL
BCMA EBB-C1978-C7
BCMA EB 440 EVQLVE TGGGL Q GGS LRL S CAAS GF T F S SYAMSWVRQAP GKGL

B-C1978-C7 E V SA I S GS GGS YYADSVKGRF I SRD SKNT LYLQMNT LKAE D

- aa TAVYYCARATYKRELRYYYGMDVWGQGTTVTVS S GGGGS GGGGS G

ScFv GGGSE IVLTQS S L S L S PGE SATLS CRAS QSVS FLAWYQQKP

domain GQAPRLL I YGS SNRATGI PDRFS GS GS GT DFTLT I RRLE PEDFAV
YYCQQYHS S P S T FGQGTKVE I K

BCMA EB 461 GAGGTGCAGCTTGTGG AACCGGTGGCGGA TGGT GC GCCCGG

B-C1978-C7 GGAAGCCT CAGGCTGTCCTGCGCCGCGTCCGGCTT CACCTTCTCC

- nt TCGTAGGCC TGTCCTGGGTCCGCGAGGCCCCCGGAAAGGGCCTG

ScFv GAATGGGT GTCCGCCATCTCTGGAAGCGGAGGTTCCACGTACTAC

domain GCGGACAGCGTCAA GGGA GGT TCAC T CTCCCGCG A TCG
AAGAACACTCTGTAGCT CAAA GAACACCC GAAGGCCGAGGAC

ACTGCTGT GTAG CTGCGCACGGGCC CCTACAAGAGAGAGCTC
CGGTACTACTACGGAATGGACGTCTGGGGCCAGGGAACTACT GTG
ACCGTGTCCTCGGGAGGGGGTGGCTCCGGGGGGGGCGGCTCCGGC
GGAGGCGGTTCC GAGATTGTGCTGACCC GTCACCTTCAACT CTG
TCGCTGTCCCCGGGAGAGAGCGCTAGTCT GAGCTGCCGGGCCAGC
CAGTCCGT GTCCACCACCTTCCTCGCCTGGTATCAGCAGAAGCCG
GGGCAGGCACCACGGCTCTTGATCTAGGGGTCAAGC AC G GCG
ACCGGAAT TCCTGACCGCTTCT CGGGGAGCGGTTCAGGCACCGAC

TT CACCCT GACTAT CCGGCGCCTGGAACCCGAAGATTTCGCCGTG
TATTACTGTCAACAGTACCACT CCTCGCCGTCCTGGACCTTT GGC

CAAGGAACCAAAGTGGAAAT CAAG

BCMA EB 482 E QL E TGGGL QP GGS LRL S CAAS G T F S S YAMSW RQA P GKGL

B-C1978-C7 EWVSAI S GS GGS YYADSVKGRF I SRDNSKNTLYLQMNTLKAED
TAVYYCARATYKRELRYYYGMDVWGQGTTVTVS S

VH
BCMA EB 503 E I VLTQS P S TL S L S P GE SAT L S CRA.S QSVS TT FLAWYQQKPGQAP

B-C1978-C7 RL L I YGS SNRAT GI P DRF S GS GS GTDF TL T I RRL E PE DFAVYYCQ

- aa QYHS S P S T FGQGTKVE I K

VL
BCMA £BB-C1978-D10
BCMA EB 441 EVQLVETGGGLVQPGRS LRLS CAAS GFT FDDYAMHWVRQAPGKGL

B-C1978- EWVS GI SWNS GS I GYADSVKGRFT I SRDNAKNS LYLQMNS LRDED

D10 - aa TAVYYCARVGKAVPDVWGQGTTVTVS S GGGGS GGGGS GGGG S DIV

ScFv MT QT P S S L S S GDRV I CRAS QS S SYLNWYQQKPGKAPKLL I

domain YAAS S LQS GVPSRFS GS GS GTDFTLT I S S LQPEDFAT YYCQQS YS
T PYS FGQGTRLE I K

BCMA_EB 462 GAAGTGC GCTCGTGGAAACTGGAGGTGGACTCGT GCAGCCT GGA

B-C1978- CGGTCGCT GCGGCTGAGCTGCGCTGCAT CCGGCTT CACCTTCGAC

D10- nt GATTAT GCCAT GCACTGGGTCAGACAGGCGCCAGGGAAGGGACTT

ScFv GAGTGGGTGTCCGGTATCAGCTGGAATAGCGGCTCAATCGGATAC



domain GCGGACTCCGTGAAGGGAAGGTTCACCATTTCCCGCGACAACGCC
AAGAAC TCCCTG ACTTGCAAAT GAAC AGCCTCCGGGAT GAG GA
ACTGCCGTG AG AGTGCGCCCGCG CGGAAAAG CTG GCCCGA
GTCTGGGGCCAGGGAACCACTGTGACCGTGTCCAGCGGCGGGGGT
GGAT CGGGCGGTGGAG GGTCCGG GGAG GGGGCTCAG A G G
ATGACCCA G CCCCCTCGTCCCTGT CCGCCTCGGT CGGCGAC CGC
GTGAC TAT CACATGTAGAG CCTCGCAGAG C TCTCCAGCTAG CTG
AACTGGTATCAGCAGAAGCCGGGGAAGGCCCCGAAGCTCCTGATC
TAG GCGGCAT CAT C CTGC A TCGGGAG TGCCGAG CCGGTTTTCC
GGGTCCGGCT CCGGCACCGAC TTCACGCTGAC CAT TTCTTCCCTG
CAAC CCGAG GAC TTCGCCACTTAG TAG TGCCAGC GTCCTAG TCC
ACCCCTTAG TCCTTCGGCCAAG GAAC CAGGCTGGAAAT CAAG

BCMA EB 483 EVQLVETGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRQAPGKGL

B-C1978- EWVSGISWNSGSIGYADSVKGRFTISRDNAKNSLYLQMNSLRDED

D10 - aa TAVYYCARVGKAVPDVWGQGTTVTVS S

VH
BCMA EB 504 D M QTPSSLS S GDRV ITCRAS QSISSYLN YQQKPGKAPK

B-C1978- LLIYAAS SLQS GVPS RFS GSGSGTDFTLT SSLQPEDFAT YYCQQ

D10- aa SYSTPYSFGQGTRLE IK

VL
BCMA EBB-C1979-C12
BCMA_EB 442 EVQLVE SGGGLVQPGRS LRLS C ASGFT FDDYAMHWVRQRPGKGL

B-C1979- EWVASINWKGNSLAYGDSVKGRFAISRDNAKNTVFLQMNSLRTED

C12- aa TAVYYCASHQGVAYYNYAMDVWGRGTLVTVSSGGGGSGGGGSGGG

ScFv GSEIVLTQSPGTLSLSPGERATLSCRATQSIGSSFLAWYQQRPGQ

domain A PRLL YGA SQRAT GIPDRFSGRGSGTDFT LT SF V E PEDSAVY Y
CQHYE SSPS TFGQGTKVE IK

BCMA EB 463 GAAGTGCAGCTCGTGGAGAGCGGGGGAGGATTGGTGCAGCCCGGA

B-C1979- AGGTCCCTGCGGCTCTCCTGCACTGCGTCTGGCTTCACCTTCGAC

C12 - nt GAC TAG GCGA GCACTGGGTCAGAC AGCGCCCGGGAAAG GGCCTG

ScFv GAATGGGTCGCCTCAATCAACTGGAAGGGAAACTCCCTGGCCTAT

domain GGCGAC AGCGTG GGGCCGCTTC GCC TTTCGCGC G C ACGCC
AAGAAC ACCGTGTTTCTG C AA GAAT TCCCTGCG GAC CGAG GAT
ACCGCTGTGTAG CTGCGCCA GCCACCA GGGCGTGGCATACTAT
AACTACGCCATGGACGTGTGGGGAAGAGGGACGCTCGTCACCGTG
TCCTCCGG GGGCGGTGGAT CGGGTGGAG GAG GAAG CGGTGGCGGG
GGC GCG AA CGTGCTGAC TCAGAGCCCGGGAAC TCTTTCACTG
TCCCCGGGAGAAC GGGCCACTCTCTCGTGCCGGGCCACCCAGTCC
ATCGGCTCCTCCTTCCTTGCCTGGTACCAGCAGAGGCCAGGACAG
GCGCCCCGCCTGCTGAT CTACGGTGCTTCCCAAC GCGCCACTGGC
ATTCCTGAC CGGTTCAGCGGC G GGGTCGGGAAC CGAT TTCACA
CTGAC CATTTCCCGGGTG GAG CCCGAAG ATTCGGCAGTCTAG TAG
TGTCAGCATTACGAGTCCTCCCCTTCATGGACCTTCGGTCAAGGG
ACC AAG GGAGAT CAAG

BCMA EB 484 EVQLVE SGGGLVQPGRS LRLS CTAS GF FDDYAMHWVRQRPGKGL

B-C1979- EWVASINWKGNSLAYGDSVKGRFAISRDNAKNTVFLQMNSLRTED
TAVYYCAS HQGVAYYNYAMDVWGRGTLVTVS S



VH
BCMA EB 505 EIVLTQSPGTLSLSPGERATLS CRATQS GSSFLAWYQQRPGQAP
B-C1979- RLLIYGASQRATGIPDRFSGRGSGTDFTLTISRVEPEDSAVYYCQ

HYESSPS FGQGTKVE IK
VL
BCMA EBB-C1980-G4
BCMA EB 443 EVQLVE SGGGLVQPGG SLRLSCAASGF FSSYAMSWVRQAPGKGL
B- C1980- EWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAED
G4- aa TAWYC AKWRDGMDVWGQGTT VTVSSGGGGSGGGGSGGGGSEIV
ScFv LTQSPATLSLS GERATLSCRASQS SSSYLA YQQKPGQAPRLL

domam IYGASSRATGIPDRFSGNGSGTDFTLTISRLEPEDFAVYYCQQYG
SPPRFTFGPGT VDIK

BCMA EB 464 GAGGTGGAGTTGGTCGAAAGCGGGGGCGGGCTTGTGGAGCCTGGC
B- C1980- GGATCACTGCGGCTGTCCTGCGCGGCATCAGGCTTCACGTTTTCT
G4~ t t TCCTAGGCCATGTCCTGGGTGCGCGAGGCCCCTGGAAAGGG CTG

ScFv GAATGGGTGTCCGCGATTTCGGGGTCCGGCGG GAGGAGCTAGTAG
domain GCCGA TCCGTGAAGGGCCGCTTGAGTATCTCGCGGGACAACTCC

AAGAACACCCTCTACCTCCAAATGAATAGCCTGCGGGCCGAGGAT
ACCGCCGTCTACT TTGCGC AGGTCGTGCGCG CGGAATGGAG
GTGTGGGGACAGGGTACGACCGTGACAGT GTCCTCGGGGGGAGGC
GGTAGCGGCGGAGGAGGAAGCGGTGGTGGAGGTTCCG GA TGTG
CTGACTCAATCACCCGCGACCCTGAGCCTGTCCCCCGGCGAAAGG
GCCACTCTGTCCTGTCGGG CCAGCC A C G CTCCTCCTCG C
CTGGCCTGGTACCAGCAGA GCC GGAC GGCTCCGAGACTCCTT
ATC GGCGCATCCTCCCGCGCCACCGGAATCCCGGA AGGTTC
TCGGGAAACGGATCGGGGACCGACTTCACTCTCACCATCTCCCGG
CTGGAACCGGAGGACTTCGCCGTGTACTACTGCCAGCAGTACGGC
AGCCCGCCTAGATT ACTTTCGGCCCCGGCACCAAAG TGGAGATC
AAG

BCMA EB 485 EVQLVESGGGLVQPGGSLRLSCAASGFTFSS YAMSWVRQAPGKGL
B- C1980- EWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAED
G4- aa TAVYYCAKWRDGMD VWGQGTTVTVSS

VH
BCMA EB 506 E LTQSPATLSLSPGERATLSCRASQSVS SSYLAWYQQKPGQAP
B- C1980- RLLIYGAS SRATGIPDRFSGNGSGTDFTLTIS RLE PEDFAVYYCQ
G4- aa QYGSPPRFTFGPGTKVDIK

VL
BCMA EBB-C1980-D2
BCMA EB 444 EVQLLESGGGLVQPGGSLRLSCAASGFTFSS AMSWVRQAPGKGL
B C1980- EWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAED
D2- aa TAVYYCAKIPQTGT FDYWGQGTLVTVSSGGGGS GGGGS GGGGSE

ScFv VLTQS PG LS SPGERATLSCRASQSVSSSYLAWYQQRPGQAPRL

domam LIYGASSRATGIPDRFSGSGSGTDFTLTI SRLEPEDFAVYYCQHY
GSSPS TFGQGTRLE K

BCMA EB 465 GAAGTGCAGCTGCTGGAGTCCGGCGGTGG TGGTGCAACCGGGG
B- C1980- GGATCGCTCAGACTGTCCTGTGCG GCGTGAGGCTTCACCTTCTCG
D2- AGCTAGGCCATGTCATGGGTCAGACAGGC CCCTGGAAAGGGT GTG



ScFv GAAT GGGT GTCCGCCATTTCCGGGAGCGGGGGATC AGATAC G

do ai s GCCGATAGCGTGAAGGGCCGCT TCACCAT TTCCCGGGA AACTCC
AAGAACACTCTCTAT CTGCAAAT GAACTCCCTCCGCGCTGAGGAC

ACTGCCGT GTACTACTGCGCCAAAATCCCTCAGACCGGCACCTTC
GACTAGTGGGGAC GGGGACTCTGGTC CCGTCAGCAGCGGT GGC
GGAGGTTCGGGGGGAGGAGG AGCGGCGGCG GAGGGTCCGAGATT
GT GCTGACCCAGTCACCCGGCACTTTGTCCCTGTCGCCTGGAG A
AGGGCCACCCTTTCCTGCCGGGCATCCCAATCCGT GTCCTCCTCG
TAG CTGGCCTGGT CC GCAGAGGCCCGGACAGGCCCCACGGCTT
CT GATCTACGGAGCAAGCAGCCGCGCGACCGGTAT CCCGGACCGG
TT TTCGGGCTCGGGCTCAGGAACTGACTT CACCCT CACCAT CTCC
CGCCTGGAACCCGAAGATTTCGCTGTGTAT TAGTGCC GCACTAG
GGCAGCTCCCCGTCCT GGACGT TCGGCCAGGGAACTCGGCTGGAG

AT CAAG

BCMA EB 486 EVQLLESGGGLVQPGGSLRLSCAASGFTFS SYAMSWVRQAPGKGL

B- C1980- E VSA TS GS GGS TYYADSVKGRFT I SRDNSKNTLYLQMNS LRAED

D2- aa TAVYYCAK PQTGT FDYWGQGTLVTVS S

VH
BCMA EB 507 E I VLTQS PGTLS L S PGERATLS CRAS QSVS S S YLAWYQQRPGQAP

B- C1980- RLL I YGAS SRATG I PDRFS GS GS GTDFTLT I SRLE PEDFAVYYCQ

D2- aa HYGS S S FGQGTRLE I

VL
BCMA EBB-C1978-A10
BCMA EB 445 EVQL VE TGGGL QP GGS LRL S CAAS G T F S S YAMS RQAP GKGL

B- C1978- EWVSAI S GS GGS TYYADSVKGRFTMSRENDKNSVFLQMNS LRVED

AIO- aa TGVYYCARANYKRELRYYYGMDWGQGTMVTVS S GGGGS GGGGS G

ScFv GGGSE I\7MTQS PGTL S L S PGE SATLS CRAS QRVASNYLAWYQHKP

domain GQAP S LL I S GAS SRAT G P DRF S GS GS GT D TLAI SRLE PE DSAV
YYCQHYDS S P S T FGQGTKVE I K

BCMA EB 466 GAAGTGCAAC TGGTGGAAAC CGGTGGAGGACTCGT GC GCCT GGC

B- 978 GGCAGCCT CCGGCTGAGCTGCGCCGCTTCGGGATT CACCTTT TCC

A10- nt TCCTAGGCG GTCT TGGG C G C GGCCCCCGGAAAGGGGCTG

ScFv GAAT GGGT GTCAGCCAT CTCCGGCTCCGGCG GATCAAC GTAG TAG

domain GCCGACTCCGTGAAAGGCCGGT TCACCAT GTCGCGCGAGAAT GAC
AAGAACTCCGTGTTCCTGCAAATGAACTCCCTGAGGGTGGAGGAC
ACCGGAGT GTACTAT TGTGCGCGCGCCAAC TACAA GAGAGAGCTG
CGGTAGTAG TAGGGAAT GGACGTCTGGGGAC GGGAACTAT GGTG
ACCGTGTCAT CCGGT GGAGGGGGAAGCGGCGGTGGAGGCAGCGGG
GGCGGGGGTTCAGAAATTGTCATGACCCAGTCCCCGGGAACT CTT
TCCCTCTCCCCCGGGGAATCCGCGACTTT GTCCTGCCGGG CCAGC
CAGCGCGT GGCCTCGAACTAGCTCGCAT GGTACCAGCATAAGCCA
GGCCAAGCCCCTTCCCTGCT GAT TTCCGGGGCTAGCAGCCGCGCC
ACTGGCGT GCCGGATAGGTTCT CGGGAAGCGGCTCGGGTACCGAT

T CACCCT GGCAATCTCGCGGCTGGAACCGGAGGATTCGGCCGTG
TAG TAGTGCCAGCACTATGACT CAT CCCCCTCCTGGACATTCGG
CAGGGCAC CAAGGTC GAGATCAAG

BCMA EB 487 EVQL E TGGGL QP GGS LRL S C S G T F S SYAMSWVRQAP G GL



B- C1978- EWVSAISGSGGSTYYADSVKGRFTMSRENDKNSVFLQMNSLRVED
A10- aa TGVYYCARANYKRELRYYYGMDVWGQGTMVTVSS
VH
BCMA EB 508 E M QSPGTLSLSPGESATLS CRASQRVAS YLA YQHKPGCAP
B- C1978- SLLISGASSRATGVPDRFSGSGSGTDFTLAISRLEPEDSAVYYCQ
AIO- aa HYDSSPS FGQGTKVE IK
VL
BCMA EBB-C1978-D4
BCMA EB 446 EVQLLETGGGL QPGGSLRLSCAASGFSFSSYAMS VRQAPGKGL
B- C1978- EWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAED
D4- aa T VYYCAKALVGATGAFDI GQGTLVTVSSGGGGSGGGGSGGGGS
ScFv E LTQSPGTLSL S GERATLSCRASQSLSS FLA YQQKPGQAP

domain GLLIYGASNWATGTPDRFSGSGSGTDFTLTITRLEPEDFAVYYCQ
YYGTSPMY FGQGTKVE IK

BCMA EB 467 GAAG GCAG CTGCTCGAAACCGG GGAGGGCTGG GCAGCCAGGG
B- C1978- GGCTCCC G GGCTT CATGCGCCGC GCGGATTCTCCTTCTCC
D4- nt TC ACGCCATGTCGTGGGTCCGC CAAGCCCCTGGAAAAG GCCTG

ScFv GAATGGGTGTCCGCGATTTCCGGGAGCGGAGGTTCGACCTATTAG

domain GCCGACTCCGTGAAGGGCCGCTTTACCATCTCCCGGGATAACTCC
AAGAACACTCTGTACCTCCAAA GAACTCGCTGAGAGCCGAGGAC
ACCGCCGTGTATT CTGCGCGAAGGCGCTGGTCGGCGCGACTGGG
GCATTCGACATCTGGGGACAGGG ACTCTTGTGACCGTGTCGAGC
GG GGCGGCGGCTCCGGCGGAGGAGGGAGCGGGGGCGGTGGTTCC
GAAATCGTGTTGACTCAGTCCCCGGGAACCCTGAGCTTGTCACCC
GGGGAGCGGGCCACTCTCTCCTGTCGCGCCTCCCAATCGCTCTC
TCCAATTTCCTGGCCTGG TACCAGC G AGCCCGGACAGGCCCCG
GGCCTGCTC CTACGGCGCTTCAAACTGGGCAACGGGAACCCCT
GATCGGTTCAGCGGAAGCGGATCGGGTACTGACTTTACCCTGACC
ATCACCAG CTGGAACCGGAGGACTTCGCCGTGT CT CTGCCAG
TAGTAGGGCACCTCCCCCATG AC C TCGGACAGGGTACCAAG
GTCGAGATTAAG

BCMA EB 488 EVQLLETGGGLVQPGGSLRLSCiU^GFSFSSYAMSWVRQAPGKGL

B- C1978- EWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAED
D4- aa TAVYYCAKALVGAT GAFD GQG LV VSS

VH
BCMA EB 509 EIVLTQSPGTLSLSPGE RA LSC A SQSLSS FLA YQQK GQAP
B- C1978- GLLIYG S A G PDRFSGSGSGTDFTLTIT RLEPEDF VYYCQ
D4- aa YYGTSPMYTFGQGTKVE I

VL
BCMA £BB-C1980-A2
BCMA EB 44 E QLLESGGGL QPGGSLRLSC ASG TFSSYAMSWVRQAPG GL
B C1980- EWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAED
A2- aa TAVYYCVLWFGEGFDPWGQGTLVTVSSGGGGSGGGGSGGGGSDIV

ScFv LTQSPLSLPVTPGEPAS SCRS SQSLLHSNGYNYLDWYLQKPGQS
domain PQLLIYLGS RASGVPDRFSGSGSGTDFTLKI SRVEAEDVGVYYC

MQALQT PLTFGGGTKVDI
BCMA EB 468 G AGTGCAGCTGCTTG GAGCGGTGGAGGTCTGGTG C GCCCGGG



B- 80- GGATCACT GCGCCTGTCCTGTGCCGCGTCCGGTTT CACTTTCTCC
ϊ ί TCG AGGCCATGTCGTGGGT CAGACAGGCACCGGGAAAGGGAGTG

ScFv GAATGGGTGTCAGCCATTTCGGGTTCGGGGGGCAGCACC C C

domain GCTGACTCCGTGAAGGGCCGGT TCACCAT TTCCCGCGACAACTCC
AAGAACACCTTG CCTCC AA GAACTCCCTGCGGGCCGAAGAT
ACCGCC GT GTAT TAGTGCGT GCTGT GGT TCGGAGAGGGA TCGAC

CCGTGGGGACAAGGAACACTCGTGACTGTGTCATCCGGCGGAGGC
GGCAGCGGTGGCGGCGGTTCCGGCGGCGGCGGATCTGACATCGTG
TTGACCCAGTCCCCT C GAGCCTGCCGGT CACTCCTGGCGAACC
GCC GCATCTCCTGCCGGTCGAGCCAGTCCCTCC GCACTCCAAT
GGG A AACTAGCTCGATTGGTAT CTGCAAAAGCCGGGCCAGAGC
CCCCAGCTGCTGATCTAGCTTGGGTCAAACCGCGCTTCCGGGGTG
CCTGATAG TCTCCGGGTCC GGGAGCGGAACCG CTTTAGCCTG
Α ΑΑΤ CTCG GGGTGGAGGCCGAGGACGTCGGAGTGT CTACTGC
ATGCAGGCGCTCCAGACTCCCCTG CCTTCGGAGGAGGAACGA G
GT CGACATCAAGA

BCMA EB 489 EVQLLE SGGGLVQPGGS LRLSCAAS GFT F S SYAMSWVRQAPGKGL

- C1980- E SAI SGSGGSTYYADSVKGRFT I SRDN SK TLYLQM SLRAE D

A2- a a TAVYYCVLWFGEGFDPWGQGTL VTVSS
VH
BCMA E B 5 10 D LTQS P LSL V P GE PAS I S CRS SQS LLHSNGYNYL D YL QKP

B- C1980- GQS PQLL I YLGSNRAS GVP R F SGS GS GT DFTLKI SRVEAEDVGV

A2- a a YYCMQALQT PLT FGGGTKVDI K

VL
BCMA EBB- C1981-C

BCMA_EB 448 QVQLVESGGGLVQPGGS LRLSCAASGFTFSSYAMSWVRQAPGKGL
B- 9 - EWVSAI SGS GGS YYADSV GRF I SRDNSKNTLYLQMNS LRAED

C - ¾¾ TAVYYCAKVGYDSSGYYRDYYGMDVWGQGTTVTVS SGGGGS GGGG

ScFv SGGGGSE IVLTQS PGTLS LS PGERATLS CRAS QSVS S S LA YQQ

domain KP GQAPRLL I YGTS S ATGI SDRFS GS GS GTDFTLT SRLE PEDF
AVYYCQHYGNS PPKFT FGPGTKLE I K

BCMA E B 469 C AGTGC GCTCGTGG GTC GGCGGAGGACTGGTGC GCCCGGG

B- C1981- GGCTCCCT GAGACTT TCCTGCGCGGCATCGGGTTT TACCTTC TCC

C3- nt TCCTAT GCTAT GTCCTGGGTGCGCCAGGCCCCGGGAAAGGGACTG

ScFv GAATGGGTGTCCGCAATCAGCGGTAGCGGGGGCTCAACATACTAC

domain GCCGACTCCGTC AGGGTCGCT CACTATTTCCCGGGACAACTCC
AAGAATACCCTGTACCTCCAAAT GAACAGCCTCAGGGCCGAGGAT
ACTGCCGTGTAGTAGTGCGCCAAAGTCGGATACGA AGCTCCGGT
TAGTAGCGGGACTAGTAGGGAATGGACGTGTGGGGACAGGGCACC
ACCGTG CCGTGTCAAGCGGCGG GGCGGTTCAGGAGGGGG GGC
TCCGGCGGTGGAGGGTCCGAAATCGTCCT GACTCAGTCGCCT GGC

ACTCTGTCGTTGTCCCCGGGGGAGCGCGCTACCCT GTCGTGT CGG
GCGTCGCAGTCCGTGTCGAGCT CCTACCT CGCGTGGTACCAGCAG
AAGCCCGGACAGGCCCCTAGACTTCTGAT CTACGGCACTTCT TCA
CGCGCC CCGGGATCAGCGACAGGTTC GCGGCTCCGGCTCCGGG
ACCGACTTCACCCTGACCATTAGCCGGCTGGAGCCTGAAGATTTC
GCCGTGTAT TAGTGCCAACACTAGGGAAACTCGCCGCCAAAGTTC



ACGTTCGGACCCGGAACCAAGCTGGAAAT CAAG

BCMA EB 490 QVQLVE S GGGLVQP GGS LRL S CAAS GF F S S YAMS VRQAP GKGL

B C1981- EWVSAI S GS GGS TYYADSVKGRFT I SRDNSKNTLYLQMNS LRAED

C3- a a TAVYYCAKVGYDS S GYYRDYYGMDWGQGTTVTVS S

V
BCMA EB 511 E I VLTQS PGTLS L S PGERATLS CRAS QSVS S SYLAWYQQKPGQAP

B- C1981- RL L I YGT S SRAT GI S DRF S GS GS G DFTLT I SRLE PED FA YYCQ

C3- a a HYGNS PKF FGPGTKLE K

VL
BCMA EBB- C1978-G4
BCMA EB 449 EVQLVE S GGGLVQPGG S LRLS CAAS GF F S SYAMSWVRQAPGKGL

B- 978 EWVSAI S GS GGS TYYADSVKGRFT I SRDNSKNTLYLQMNS LRAED

G4- a a TAVYYCAKMG S S GYLGAF DI GQGTTVTVS S GGGGS GGGGS GGG

ScFv GS E I VLTQS P G L S L S P GERAT L S CR S QSVAS S F LA YQQKP GQ

domain AP RLL I YGAS GRA G P DRF S GS GS GTDF LT SRLE PED FAVYY
CQHYGG S PRLT FGGGTKVDI K

BCMA EB 470 GAAGTCCAAC TGGTGG GTCCGGGGGAGGGCTCGT GGAGCCCGG

B- C1978- GGCAGCCT TCGGCTGTCGTGCGCCGCCTCCGGGTT CACGTTCTCA

G4- s t TCCTAGGCGATGTCGTGGGTCAGACAGGCACCAGGAAAGGG CTG

ScFv GAATGGGT GTCCGCCAT TAGCGGCTCCGGCGG TAGCACCTAGTAT

domain GCCGACTCAGTGAAGGGAAGGT TCACTAT CTCCCGC GACAACAGC
AAGAAC CCCTGTAGCTCCAAAT GAACTCTCTGCGGGCCGAGGAT
ACCGCGGT GTACTA TGCGCCAAGATGGGTTGGTCCAGCGGATAC
TT GGGAGCCTTCGACATTTGGGGAC GGGC C CTGTGACCGTG
TCCTCCGGGGGTGGCGGATCGGGAGGCGGCGGCTCGGGTGGAGGG
GGTTCCGAAA CGTGTTGACCCAGTCACCGGGAACCCTCTCGCTG
TCCCCGGGAGAACGGGCTACACTGTCATGTAGAGCGTCCCAGTCC
GT GGCTTCCTCGTT CCTGGCCT GGTAGC GCAGA GCCGGGAC G
GCACCCCGCCTGCTCATCTACGGAGCCAGCGGCCGGGCGACCGGC
AT CCCTGACCGCTTCTCCGGTT CCGGCTCGGGCACCG CTTT CT
CT GACCAT TAGCAGGCTTGAGCCCGAGGATTTTGCCGTG TAGTAG
TGCC AC CT GGGGGGAGCCCTCGCCT GACCTT CGGAGGCGGA

ACTAAGGT CGAT TCAAAA

BCMA EB 491 EVQLVE S GGGLVQPGGS LRLS CAAS GFT F S SYAMSWVRQAPGKGL

B- C1978- E VSA SGSGGSTYYADSVKGRFT SRDNSKNTLYLQMNSLRAED

G4- a a TAVYYCAKMGWSS GYLGAFDI WGQGTTVTVS S

VH
BCMA EB 512 E I VLTQS PGTLS L S PGERATLS CRAS QSVAS S FLAWYQQKPGQAP

B- C1978- RL L I YGAS GRAT GI DRF S GS GS GT DF TL I SRLE PE DFAVY YCQ

G4- a a HYGGS PRLT FGGGTKVDI K

VL

In embodiments, additional exemplary BCMA CAR constructs are generated using

the VH and VL sequences from PCX Publication WO2012/0 163805 (the contents of which are

hereby incorporated by reference in its entirety). In embodiments, additional exemplary



BCMA CAR constructs are generated using the VH and VL sequences from PCX Publication

WO201 6/014565 (the contents of which are hereby incorporated by reference in its entirety).

In embodiments, additional exemplar}' BCMA CAR constructs are generated using the VH and

VL sequences from PCX Publication WO2014/122144 (the contents of which are hereby

incorporated by reference in its entirety). In embodiments, additional exemplary BCMA CAR

constructs are generated using the CAR molecules, and/or the VH and VL sequences from PCX

Publication W 20 6/01 4789 (the contents of which are hereby incorporated by reference in its

entirety). In embodiments, additional exemplar}' BCMA CAR constructs are generated using

the CAR molecules, and/or the VH and VL sequences from PCX Publication WO2014/089335

(the contents of which are hereby incorporated by reference in its e tirety) in embodiments,

additional exemplary BCMA CAR constructs are generated using the CAR molecules, and/or

the VH and VL sequences from PCX Publication WO201 4/1 40248 (the contents of which are

hereby incorporated by reference in its entirety).

In embodiments, additional exemplary BCMA CAR constructs can also be

generated using the VH and VL sequences found in Xable 13. The amino acid sequences of

exemplaiy scFv domains comprising the VH and VL domains and a linker sequence, and full-

length CARs are also found in Table 13.

Table 13. Additional exemplary BCMA binding domain sequences



C1 1D5 . 3 DIVLTQSPASLAMSLGKRATISCRASESVSVIGAHLIHWYQQKPGQPPKLLIYLASNLETG 560
VL VPARFSGSGSGTDFTLTIDPVEEDDVAI YSCL SR F R FGGG KLE K

C11D5.3 QIQLVQSGPELKKPGETVKI SCKASGY F DYS VKRAPGKGLK MG N E REPAYA 564

YDFRGRFAFSLETSASTAYLQINNLKYEDTATYFCALDYSYAMDYWGQGTSVTVS SGGGGS
scFv GGGGSGGGGSQIQLVQSGPELKKPGETVKISCKASGYTFTDYSINWVKRAPGKGLKWMGWI

domain NTETREPAYAYDFRGRFAFSLETSASTAYLQINNLKYEDTATYFCALDYSYAMDYWGQGTS
VTVSS

C12A3 .2 QIQLVQSGPELKKPGETVKI SCKASGYTFRHYSMNWVKQAPGKGLKWMGRINTESGVPIYA 557
VH DDFKGRFAFSVETSASTAYLVINNLKDEDTASYFCSNDYLYSLDFWGQGTALTVS S

DIVLTQSPPSLAMSLGKPATISCRASESVTILGSHLIYWYQQKPGQPPTLLIQLASNVQTG 561
VL VPARFSGSGSRTDFTLTIDPVEEDDVAVYYCLQSRTI PR FGGG KLE K

C12A3.2 QIQLVQSGPELKKPGETVKISCKASGYTFRHYSMNWVKQAPGKGLKWMGRINTESGVPI YA 565
DDFKGRFAFSVETSASTAYLVINNLKDEDTASYFCSNDYLYSLDFWGQGTALTVS SGGGGS

scFv GGGGSGGGGS IVLTQS SLAMSLGK A ISCR SESVTILGSHLIY YQQKPGQPPTLL

doma IQLASNVQTGVPARFSGSGSRTDFTLTI DPVEEDDVAVYYCLQSRTI PRTFGGGTKLEI K

C13F12 , QIQLVQSGPELKKPGETVKI SCKASGYTFTHYSMNWVKQAPGKGLKWMGRINTETGEPLYA 558
1 VH DDFKGRFAFSLETSASTAYLVINNLKNEDTATFFCSNDYLYSCDYWGQGTTLTVS S

C13F12 . DIVLTQSPPSLAMSLG A ISCR SESV LGSHLIY Y Q PG PPTLL QL SNV TG 562
1 VL VPARFSGSGSRTDFTLTI DPVEEDDVAVYYCLQSRTI PRTFGGGTKLEIK

C13F12.1 QIQLVQSGPELKKPGETVKI SCKASGYTFTHYSMNWVKQAPGKGLKWMGRINTETGEPLYA 566
DDFKGRFAFS LE SASTAYLVINNLKNEDTATFFCSNDYLYSCDYWGQGTTLTVS SGGGGS

scFv GGGGSGGGGSD VLTQSPPSL SLGK T SCR SESV LGSHL Y YQQKPGQPPTLL

doma IQLASNVQTGVPARFSGSGSRTDFTLTI DPVEEDDVAVYYCLQSRTI PRTFGGGTKLEIK

The sequences of human CDR sequences of the scFv domains are shown in Table 14

for the heavy chain variable domains and in Table 5 for the light chain variable domains.

"ID" stands for the respective SEQ ID NO for each CDR. The CDRs are shown according to

the Kabat definition, however, the CDRs under other convention, for example, Chothia or the

combined Kabat/Chothia definitions may be readily deduced based on the VH and VL

sequences above.

Table 14: Heavy Chain Variable Domain CDRs according to the Kabat numbering scheme

(Kabat et al. (1991), "Sequences of Proteins of Immunological Interest," 5th Ed. Public Health

Service, National Institutes of Health, Bethesda, MD)





C 1979-C12 VKG

BCMA EBB- 713 AISGSGGSTYYADS 753 793
SYAMS WRDGMDV

C1980-G4 VKG
BCMA EBB- 714 AISGSGGSTYYADS 754 794

SYAMS 1PQTGTFDY
C1980-D2 VKG
BCMA EBB- 715 AISGSGGSTYYADS 755 ANYKRELRY YYGM 795

SYAMS
C1978-A1 0 VKG DV
BCMA EBB- 716 AISGSGGSTYYADS 756 796

SYAMS ALVGATGAFDI
C1978-D4 VKG
BCMA EBB- 717 AISGSGGSTYYADS 757 797

SYAMS WFGEGFDP
C1980-A2 VKG
BCMA EBB- 718 AISGSGGSTYYADS 758 VGYDSSGYYRDYYG 798

SYAMS
C1981-C3 VKG MDV
BCMA EBB- 719 AISGSGGSTYYADS 759 799

SYAMS MGWSSGYLGAFDI
C 1978-G4 VKG

720 WINTYTGESYFADD 760 800
A7D12.2 NFGMN GEIYYGYDGGFAY

FKG
721 WIN 'IETREPAYAYD 76 80 1

C 11D5.3 DYSIN DYSYAMDY
FRG

722 RINTESGVPIYADDF 762 802
C12A3.2 HYSMN DYLYSLDF

KG
723 RINTETGEPLY ADDF 763 803

C13F12. 1 HYSMN DYLYSCDY
KG

Table 5 : Light Chain Variable Domain CDRs according to the Kabat numbering scheme

(Kabat et al. (1991), "Sequences of Proteins of Immunological Interest," 5th Ed. Public Health

Service, National Institutes of Health, Bethesda,



822 862 QVWDSDSEHV 902
149365 GGNNTGTKSVH DDSVRPS

V
149366 SGDGLSKKYVS 823 RDKERPS 863 QAWDDTTW 903

149367 RASQGIRNWLA 824 AASNLQS 864 QKYNSAPFT 904

825 865 SSRDSSGDHLR 905
149368 GGNNIGSKSVH GKNNRPS

V
149369 QGDSLGNYYAT 826 GTNNRPS 866 NSRDSSGHHLL 906

BCMA EBB- 827 867 QHYGSSFNGSS 907
RASQSVSSAYLA GASTRAT

C1978-A4 LFT
BCMA EBB- 828 868 908

RASQSVSNSLA DASSRAT QQFGTSSGLT
C 1978-G1
BCMA EBB- 829 869 909

RASQSVSSSFLA GASSRAT QQYHSSPSWT
C 1979-C1
BCMAJEBB- 830 870 910

RASQSVSTTFLA GSSNRAT QQYHSSPSWT
C 978-C7
BCMA EBB- 83 1 871 911

RASQSISSYLN AASSLQS QQSYSTPYS
C1978-D10
BCMA EBB- 832 872 912

RATQ SIGSSFLA GASQRAT QHYESSPSWT
C1979-C12
BCMA EBB- 833 873 913

RASQSVSSSYLA GASSRAT QQYGSPPRFT
C1980-G4
BCMA EBB- 834 874 9 4

RASQSVSSSYLA GASSRAT QHYGSSPSWT
C1980-D2
BCMA EBB- 835 875 915

RASQRVASNYLA GASSRAT QHYDSSPSWT
C1978-A10
BCMA EBB- 836 876 916

RASQSLSSNFLA GASNWAT QYYGTSPMYT
C1978-D4
BCMA EBB- 837 877 917

RSSQSLLHSNGYNYLD LGSNRAS MQALQTPLT
C 1980-A2
BCMA EBB- 838 878 918

RASQSVSSSYLA GTSSRAT QHYGNSPPKFT
C 1981-C3
BCMA EBB- 839 879 919

RASQSVASSFLA GASGRAT QHYGGSPRLT
C 1978-G4
A7D12.2 RASQDVNTAVS 840 SASYRYT 880 QQHYSTPWT 920

C 11D5.3 RASESVSV1GAHLIH 841 LASNLET 88 1 LQSRJFPRT 921

C12 A3.2 RASESVTILGSHLIY 842 LAS VQT 882 LQSRTTPRT 922

C13F12. 1 RASESVTILGSHLIY 843 LASNVQT 883 LQSRTTPRT 923

In one embodiment, the BCMA binding domain comprises one or more (e.g., all three)

light chain complementary determining region 1 (LC CDRl), light chain complementary

determining region 2 (LC CDR2), and light chain complementary determining region 3 (LC

CDR3) of a BCMA binding domain described herein, e.g., provided in Table 12, 13 or 15,

and/or one or more (e.g., all three) heavy chain complementary determining region 1 (HC

CDRl), heavy chain complementary determining region 2 (HC CDR2), and heavy chain

complementary determining region 3 (HC CDR3) of a BCMA binding domain described

herein, e.g., provided in Table 12, 13 or 14. In one embodiment, the BCMA binding domain



comprises one, two, or all of LC CDRL LC CDR2, and LC CDR3 of any amino acid sequences

as provided in Table 12, incorporated herein by reference; and one, two or ail of HC CDRl, HC

CDR2, and HC CDR3 of any amino acid sequences as provided in Table 12.

In one embodiment, the BCMA antigen binding domain comprises:

(v) (a) a LC CDRl ammo acid sequence of SEQ ID NO: 8 , a LC CDR2 amino acid

sequence of SEQ ID NO: 854, and a LC CDR3 amino acid sequence of SEQ ID

NO: 894; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 694, a HC CDR2 amino acid

sequence of SEQ ID NO: 734, and a HC CDR3 am o acid sequence of SEQ ID

NO: 774

(vi) (a) a LC CDRl amino acid sequence of SEQ ID NO: 804, a LC CDR2 amino acid

sequence of SEQ ID NO: 844, and a LC CDR3 amino acid sequence of SEQ ID

NO: 884; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 684, a HC CDR2 ammo acid

sequence of SEQ ID NO: 724, and a HC CDR3 amino acid sequence of SEQ ID

NO: 764

(vii) (a) a LC CDRl amino acid sequence of SEQ ID NO: 805, a LC CDR2 amino acid

sequence of SEQ ID NO: 845, and a LC CDR3 amino acid sequence of SEQ ID

NO: 885; and

(b) a HC CDRl am o acid sequence of SEQ ID NO: 685, a HC CDR2 ammo acid

sequence of SEQ ID NO: 725, and a HC CD amino acid sequence of SEQ ID

NO: 765

(viii) (a) a LC CDRl amino acid sequence of SEQ ID NO: 806, a LC CDR2 amino acid

sequence of SEQ ID NO: 846, and a LC CDR3 amino acid sequence of SEQ ID

NO: 886; and

(b) a HC CDRl ammo acid sequence of SEQ ID NO: 686, a HC CDR2 am o acid

sequence of SEQ ID NO: 726, and a HC CDR.3 amino acid sequence of SEQ ID

NO: 766

(ix) (a) a LC CDRl amino acid sequence of SEQ ID NO: 807, a LC CDR2 ammo acid

sequence of SEQ ID NO: 847, and a LC CDR3 amino acid sequence of SEQ ID

NO: 887; and



(b) a HC CDRl amino acid sequence of SEQ ID NO: 687, a HC CDR2 amino acid

sequence of SEQ ID NO: 727, and a HC CDR3 amino acid sequence of SEQ ID

NO: 767

(x) (a) a LC CDRl amino acid sequence of SEQ ID NO: 808, a LC CDR2 amino acid

sequence of SEQ ID NO: 848, and a LC CDR3 amino acid sequence of SEQ ID

NO: 888; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 688, a HC CDR2 amino acid

sequence of SEQ ID NO: 728, and a HC CDR3 amino ac d sequence of SEQ ID

NO: 768

(xi) (a) a LC CDRl ammo acid sequence of SEQ ID NO: 809, a LC CDR2 ammo acid

sequence of SEQ ID NO: 849, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 889; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 689, a HC CDR2 amino acid

sequence of SEQ ID NO: 729, and a HC CDR3 amino acid sequence of SEQ ID

NO: 769

(xii) (a) a LC CDRl ammo acid sequence of SEQ ID NO: 810, a LC CDR2 am o acid

sequence of SEQ ID NO: 850, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 890; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 690, a HC CDR2 amino acid

sequence of SEQ ID NO: 730, and a HC CDR3 am o acid sequence of SEQ ID

NO: 770

(xiii) (a) a LC CDRl amino acid sequence of SEQ ID NO: 8 , a LC CDR2 ammo acid

sequence of SEQ ID NO: 851, and a LC CDR3 amino acid sequence of SEQ ID

NO: 891; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 691, a HC CDR2 amino acid

sequence of SEQ ID NO: 731, and a HC CDR3 amino acid sequence of SEQ ID

NO: 771

(xiv) (a) a LC CDRl amino acid sequence of SEQ ID NO: 812, a LC CDR2 amino acid

sequence of SEQ ID NO: 852, and a LC CDR3 amino acid sequence of SEQ ID

NO: 892; and



(b) a HC CDRl amino acid sequence of SEQ ID NO: 692, a HC CDR2 amino acid

sequence of SEQ ID NO: 732, and a HC CDR3 amino acid sequence of SEQ ID

NO: 772

(xv) (a) a LC CDRl amino acid sequence of SEQ ID NO: 3, a LC CDR2 amino acid

sequence of SEQ ID NO: 853, and a LC CDR3 amino acid sequence of SEQ ID

NO: 893; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 693, a HC CDR2 amino acid

sequence of SEQ ID NO: 733, and a HC CDR3 amino ac d sequence of SEQ ID

NO: 773

(xvi) (a) a LC CDRl ammo acid sequence of SEQ ID NO: 815, a LC CDR2 ammo acid

sequence of SEQ ID NO: 855, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 895; and

(b) a HC CDRl amino acid sequence of SEQ ID NO 695, a HC CDR2 amino acid

sequence of SEQ ID NO: 735, and a HC CDR3 amino acid sequence of SEQ ID

NO: 775

(xvii) (a) a LC CDRl ammo acid sequence of SEQ ID NO: 816, a LC CDR2 am o acid

sequence of SEQ ID NO: 856, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 896; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 696, a HC CDR2 amino acid

sequence of SEQ ID NO: 736, and a HC CDR3 am o acid sequence of SEQ ID

NO: 776

(xviii) (a) a LC CDRl amino acid sequence of SEQ ID NO: 817, a LC CDR2 ammo acid

sequence of SEQ ID NO: 857, and a LC CDR3 amino acid sequence of SEQ ID

NO: 897; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 697, a HC CDR2 amino acid

sequence of SEQ ID NO: 737, and a HC CDR3 amino acid sequence of SEQ ID

NO: 777

(xix) (a) a LC CDRl amino acid sequence of SEQ ID NO: 8 8, a LC CDR2 amino acid

sequence of SEQ ID NO: 858, and a LC CDR3 amino acid sequence of SEQ ID

NO: 898; and



(b) a HC CDRl amino acid sequence of SEQ ID NO: 698, a HC CDR2 amino acid

sequence of SEQ ID NO: 738, and a HC CDR3 amino acid sequence of SEQ ID

NO: 778

(xx) (a) a LC CDRl amino acid sequence of SEQ ID NO: 9, a LC CDR2 amino acid

sequence of SEQ ID NO: 859, and a LC CDR3 amino acid sequence of SEQ ID

NO: 899; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 699, a HC CDR2 amino acid

sequence of SEQ ID NO: 739, and a HC CDR3 am o ac d sequence of SEQ ID

NO: 779

(xxi) (a) a LC CDRl ammo acid sequence of SEQ ID NO: 820, a LC CDR2 ammo acid

sequence of SEQ ID NO: 860, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 900; and

(b) a HC CDRl amino acid sequence of SEQ ID NO 700, a HC CDR2 amino acid

sequence of SEQ ID NO: 740, and a HC CDR3 amino acid sequence of SEQ ID

NO: 780

(xxii) (a) a LC CDRl ammo acid sequence of SEQ ID NO: 821, a LC CDR2 am o acid

sequence of SEQ ID NO: 861, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 901; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 70 , a HC CDR2 amino acid

sequence of SEQ ID NO: 741, and a HC CDR3 am o acid sequence of SEQ ID

NO: 781

(xxiii) (a) a LC CDRl amino acid sequence of SEQ ID NO: 822, a LC CDR2 ammo acid

sequence of SEQ ID NO: 862, and a LC CDR3 amino acid sequence of SEQ ID

NO: 902; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 702, a HC CDR2 amino acid

sequence of SEQ ID NO: 742, and a HC CDR3 amino acid sequence of SEQ ID

NO: 782

(xxiv) (a) a LC CDRl amino acid sequence of SEQ ID NO: 823, a LC CDR2 amino acid

sequence of SEQ ID NO: 863, and a LC CDR3 amino acid sequence of SEQ ID

NO: 903; and



(b) a HC CDRl amino acid sequence of SEQ ID NO: 703, a HC CDR2 amino acid

sequence of SEQ ID NO: 743, and a HC CDR3 amino acid sequence of SEQ ID

NO: 783

(xxv) (a) a LC CDRl amino acid sequence of SEQ ID NO: 824, a EC CDR2 amino acid

sequence of SEQ ID NO: 864, and a LC CDR3 amino acid sequence of SEQ ID

NO: 904; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 704, a HC CDR2 amino acid

sequence of SEQ ID NO: 744, and a HC CDR3 am o ac d sequence of SEQ ID

NO: 784

(xxvi) (a) a LC CDRl ammo acid sequence of SEQ ID NO: 825, a LC CDR2 amino acid

sequence of SEQ ID NO: 865, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 905; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 705, a HC CDR2 amino acid

sequence of SEQ ID NO: 745, and a HC CDR3 amino acid sequence of SEQ ID

NO: 785 or

(xxvii) (a) a LC CDRl am o acid sequence of SEQ ID NO: 826, a LC CDR2 am o acid

sequence of SEQ ID NO: 866, and a LC CDR3 ammo acid sequence of SEQ ID

NO: 906; and

(b) a HC CDRl amino acid sequence of SEQ ID NO: 706, a HC CDR2 amino acid

sequence of SEQ ID NO: 746, and a HC CDR3 am o acid sequence of SEQ ID

NO: 786.

In one embodiment, the BCMA binding domain comprises a light chain variable region

described herein (e.g., in Table 12 or 13) and/or a heaw chain variable region described herein

(e.g., in Table 12 or 13). In one embodiment, the BCMA binding domain is a scFv comprising

a light chain and a heavy chain of an amino acid sequence listed in Table 1 or 13 . In an

embodiment, the BCMA binding domain (e.g., an scFv) comprises: a light chain variable

region comprising an amino acid sequence having at least one, two or three modifications (e.g.,

substitutions, e.g., conservative substitutions) but not more than 30, 20 or 0 modifications

(e.g., substitutions, e.g., conservative substitutions) of an amino acid sequence of a light chain

variable region provided in Table 2 or 13, or a sequence with 95-99% identity with an amino

acid sequence provided in Table 12 or 3; and/or a heavy chain variable region comprising an

ammo acid sequence having at least one, two or three modifications (e.g., substitutions, e.g.,



conservative substitutions) but not more than 30, 20 or 10 modifications (e.g., substitutions,

e.g., conservative substitutions) of an amino acid sequence of a heavy chain variable region

provided in Table 12 or 13, or a sequence with 95-99% identity to an ammo acid sequence

provided in Table 12 or 13.

In one embodiment, the BCMA binding domain comprises an amino acid sequence

selected from a group consisting of SEQ ID NO: 349; SEQ ID NO: 339, SEQ ID NO: 340;

SEQ ID NO: 341; SEQ ID NO: 342; SEQ ID NO: 343; SEQ ID NO: 344, SEQ ID NO: 345,

SEQ ID NO: 346, SEQ ID NO: 347, SEQ ID NO: 348, SEQ ID NO: 350, SEQ ID NO: 351,

SEQ ID NO: 352, SEQ ID NO: 353, SEQ ID NO: 429, SEQ ID NO: 430, SEQ ID NO: 431,

SEQ ID NO: 432, SEQ ID NO: 433, SEQ ID NO: 434, SEQ ID NO: 435, SEQ ID NO: 436,

SEQ ID NO: 437, SEQ ID NO: 438, SEQ ID NO: 439, SEQ ID NO: 440, SEQ ID NO: 44 ,

SEQ ID NO: 442, SEQ ID NO: 443, SEQ ID NO: 444, SEQ ID NO: 445, SEQ ID NO: 446,

SEQ ID NO: 447, SEQ ID NO: 448, SEQ ID NO: 449, SEQ ID NO: 563, SEQ ID NO: 564,

SEQ ID NO: 565 and SEQ ID NO: 566; or an amino acid sequence having at least one, two or

three modifications (e.g., substitutions, e.g., conservative substitutions) but not more than 30,

20 or 10 modifications (e.g., substitutions, e.g., conservative substitutions) to any of the

aforesaid sequences; or a sequence with 95-99% identity to any of the aforesaid sequences. In

one embodiment, the BCMA binding domain is a scFv, and a light chain variable region

comprising an amino acid sequence described herein, e.g., in Table 12 or 13, is attached to a

heavy chain variable region comprising an amino acid sequence described herein, e.g., in Table

12 or 3, via a linker, e.g., a linker described herein. In one embodiment, the BCMA binding

domain includes a (Giy4-Ser)n linker, wherein n is 1, 2, 3, 4, 5, or 6, preferably 4 (SEQ ID NO:

80). The light chain variable region and heavy chain variable region of a scFv can be, e.g., in

any of the following orientations: light chain variable region-linker-heavy chain variable region

or heavy chain variable region-linker-light chain variable region.

Any known BCMA CAR, e.g., the BMCA antigen binding domain of any known

BCMA CAR, in the art can be used in accordance with the instant invention to construct a BCA

CAR. For example, those described herein. As another example, the BCMA CAR comprises

an anti-BCMA binding domain or portion thereof, e.g., CDRs, of a CAR or antigen binding

domain described in, e.g., WO20 16/094304, WO201 6/0 14789, or US9,034,324 (e.g., CI ID5 of

US9,034,324), the contents of each of which are hereby incorporated by reference in their

entirety.



In one embodiment, an antigen binding domain against ROR1 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Hudecek et al., Clin Cancer Res

19(12):3153-3164 (2013); WO 2011 159847; and US20130101607.

In one embodiment, an antigen binding domain against CD22 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Haso et al, Blood, 121(7): 1 165-11 74

(2013); Wayne et al, C n Cancer Res 16(6): 1894-1903 (2010); Kato et al, Leuk Res

37(1): 83-88 (2013); Creative BioMart (creativebiomart.net): MOM-18047-S(P). In an aspect,

an antigen binding domain against CD22 is an antigen binding portion, e.g., CDRs, VL and

VH, or scFV, of an antigen binding domain or CAR described in, e.g., WO2016/1 64731 (e.g.,

as described in Table 6A of WO201 6/1 6473 ), the contents of which is hereby incorporated by

reference in ts entirety.

in o e embodiment, an antigen binding domain against CD20 s an antigen binding

portion, e.g., CDRs, of the antibody Rituxirnab, Ofatumumab, Ocrelizumab, Veltuzumab, or

GA101, or derivatives thereof In an aspect, an antigen binding domain against CD20 s an

antigen binding portion, e.g., CDRs, VL and VII, or scFV, of an antigen binding domain or

CAR described in, e.g., WO201 6/164731 (e.g., as described in Table 1 1A or 1IB of

WO201 6/1 64731), the contents of which is hereby incorporated by reference in its entirety.

In one embodiment, the antigen binding domain comprises one, two three (e.g., all

three) heavy chain CDRs, HC CDRl, HC CDR2 and HC CDR3, from an antibody listed above,

and/or one, two, three (e.g., ail three) light chain CDRs, LC CDRl, LC CDR2 and LC CDR3,

from an antibody that binds a tumor antigen or a B cell antigen listed above. In one

embodiment, the antigen binding domain comprises a heavy chain variable region and/or a

variable light cham region of an antibody that binds a tumor antigen or a B cell antigen listed

above.

In one embodiment, the antigen binding domain of a CAR, e.g., a TA CAR and/or a

BCA CAR, described herein is a scFv antibody fragment. In one aspect, such antibody

fragments are functional in that they retain the equivalent binding affinity, e.g., they bind the

same antigen with comparable efficacy, as the IgG antibody from which it is derived. In other

embodiments, the antibody fragment has a lower binding affinity, e.g., it binds the same

antigen with a lower binding affinity than the antibody from which it is derived, but is

functional in that it provides a biological response described herein. In one embodiment, the

CAR molecule comprises an antibody fragment that has a binding affinity of 10 4 M to !0 8



M , e.g., M to 10 ' M, e.g., 10 M or 10 ' M, for the target antigen. In one embodiment, the

antibody fragment has a binding affinity that is at least five-fold, 10-fold, 20-fold, 30-fold, 50-

fold, 100-fold or 1,000-fold less than a reference antibody, e.g., an antibody described herein.

In one embodiment, the antigen binding domain comprises a non-human antibody or

antibody fragment e.g., a mouse antibody or antibody fragment.

In another embodiment, the antigen binding domain comprises a humanized antibody or

an antibody fragment. In some aspects, a non-human antibody is humanized, where specific

sequences or regions of the antibody are modified to increase similarity to an antibody naturally

produced in a human or fragment thereof. In one aspect, the antigen binding domain is

humanized compared to the murine sequence of the antibody or antibody fragment, e.g., scFv,

from which it is derived.

A humanized antibody can be produced using a variety of techniques known in the art,

including but not limited to, CDR-grafting (see, e.g., European Patent No. EP 239,400;

International Publication No WO 91/09967; and U.S. Pat. Nos 5,225,539, 5,530,101, and

5,585,089, each of which s incorporated herein in its entirety by reference), veneering or

resurfacing (see, e.g., European Patent Nos. EP 592,106 and EP 519,596; Padlan, 1991,

Molecular Immunology, 28(4/5):489-498; Studnicka et a!., 1994, Protein Engineering,

7(6):805-814; and Roguska et al., 1994, PNAS, 91:969-973, each of which is incorporated

herein by its entirety by reference), chain shuffling (see, e.g., U.S. Pat. No. 5,565,332, which is

incorporated herein in its entirety by reference), and techniques disclosed in, e.g., U.S. Patent

Application Publication No. US2005/0042664, U.S. Patent Application Publication No.

US2005/0048617, U.S. Pat. No. 6,407,213, U.S. Pat. No. 5,766,886, International Publication

No. WO 9317105, Tan et al., J . Immunol, 169: 19-25 (2002), Caldas et al, Protein Eng.,

13(5):353-60 (2000), Morea et al, Methods, 20(3):267-79 (2000), Baca et al, J . Biol. Chem.,

272(16): 10678-84 (1997), Roguska et al, Protein Eng., 9(10):895-904 (1996), Couto et al,

Cancer Res., 55 (23 Supp):5973s-5977s (1995), Couto et al., Cancer Res., 55(8):1717-22

(1995), Sandhu J S, Gene, 150(2):409-10 (1994), and Pedersen et al, I Mol. Biol, 235(3):959-

73 (1994), each of which is incorporated herein in its entirety by reference. Often, framework

residues in the framework regions will be substituted with the corresponding residue from the

CDR donor antibody to alter, for example improve, antigen binding. These framework

substitutions are identified by methods well-known in the art, e.g., by modeling of the

interactions of the CDR and framework residues to identify framework residues important for



antigen binding and sequence comparison to identify unusual framework residues at particular

positions. (See, e.g., Queen et al., U.S. Pat. No. 5,585,089; and Riechmann et al., 1988, Nature,

332:323, which are incorporated herein by reference in their entireties.)

A humanized antibody or antibody fragment has one or more amino acid residues

remaining in it from a source which is nonhuman. These nonhuman amino acid residues are

often referred to as "import" residues, which are typically taken from an "import" variable

domain. As provided herein, humanized antibodies or antibody fragments comprise one or

more CDRs from nonhuman immunoglobulin molecules and framework regions wherein the

amino acid residues comprising the framework are derived completely or mostly from human

germline. Multiple techniques for humanization of antibodies or antibody fragments are well-

known in the art and can essentially be performed following the method of Winter and co

workers (Jones et al, Nature, 32 :522-525 (1986); Riechmann et al., Nature, 332:323-327

( 988); Verhoeyen et al, Science, 239: 1534-1 536 ( 988)), by substituting rodent CDRs or

CDR sequences for the corresponding sequences of a human antibody, i.e., CDR-grafting (EP

239,400; PCT Publication No. WO 91/09967; and U.S. Pat Nos. 4,816,567; 6,331,41 5;

5,225,539; 5,530,101; 5,585,089; 6,548,640, the contents of which are incorporated herein by

reference herein in their entirety). In such humanized antibodies and antibody fragments,

substantially less than an intact human variable domain has been substituted by the

corresponding sequence from a nonhuman species. Humanized antibodies are often human

antibodies in which some CDR residues and possibly some framework (FR) residues are

substituted by residues from analogous sites in rodent antibodies. Humanization of antibodies

and antibody fragments can also be achieved by veneering or resurfacing (EP 592,106; EP

519,596; Padlan, 1991, Molecular Immunology, 28(4/5):489-498; Studmcka et al., Protein

Engineering, 7(6):805-814 (1994); and Roguska et al, PNAS, 91:969-973 (1994)) or chain

shuffling (U.S. Pat. No. 5,565,332), the contents of which are incorporated herein by reference

herein in their entirety.

The choice of human variable domains, both light and heavy, to be used in making the

humanized antibodies is to reduce antigenicity. According to the so-called "best-fit" method,

the sequence of the variable domain of a rodent antibody is screened against the entire library

of known human variable-domain sequences. The human sequence which is closest to that of

the rodent is then accepted as the human framework (FR) for the humanized antibody (Sims et

al, J . Immunol , 151:2296 (1993); Chothia e al., J . Mol. Biol , 196:901 (1987), the contents of



which are incorporated herein by reference herein in their entirety). Another method uses a

particular framework derived from the consensus sequence of ail human antibodies of a

particular subgroup of light or heavy chains. The same framework may be used for several

different humanized antibodies (see, e.g., Nicholson et al. Mol. Immun. 34 (16-17): 57- 65

( 97); Carter et al, Proc. Natl. Acad. Sci. USA, 89:4285 (1992); Presta et al., J . Immunol,

151:2623 (1993), the contents of which are incorporated herein by reference herein in their

entirety). In some embodiments, the framework region, e.g., all four framework regions, of the

heavy chain variable region are derived from a VH4_4-59 germline sequence. In one

embodiment, the framework region can comprise, one, two, three, four or five modifications,

e.g., substitutions, e.g., from the amino acid at the corresponding murine sequence. In one

embodiment, the framework region, e.g., all four framework regions of the light chain variable

region are derived from a VK3_1.25 germline sequence. In one embodiment, the framework

region can comprise, one, two, three, four or five modifications, e.g., substitutions, e.g., from

the amino acid at the corresponding murine sequence.

In some aspects, the portion of a CAR of the invention, e.g., a TA CAR and/or a BCA

CAR described herein, that comprises an antibody fragment is humanized with retention of

high affinity for the target antigen and other favorable biological properties. According to one

aspect of the invention, humanized antibodies and antibody fragments are prepared by a

process of analysis of the parental sequences and various conceptual humanized products using

three-dimensional models of the parental and humanized sequences. Three-dimensional

immunoglobulin models are commonly available and are familiar to those skilled in the art.

Computer programs are available which illustrate and display probable three-dimensional

conformational structures of selected candidate immunoglobulin sequences. Inspection of these

displays permits analysis of the likely role of the residues in the functioning of the candidate

immunoglobulin sequence, e.g., the analysis of residues that influence the ability of the

candidate immunoglobulin to bind the target antigen. In this way, FR residues can be selected

and combined from the recipient and import sequences so that the desired antibody or antibody

fragment characteristic, such as increased affinity for the target antigen, is achieved. In general,

the CDR residues are directly and most substantially involved in influencing antigen binding.

A humanized antibody or antibody fragment may retain a similar antigenic specificity

as the original antibody, e.g., in the present disclosure, the ability to bind human a tumor

antigen as described herein. In some embodiments, a humanized antibody or antibody fragment



may have improved affinity and/or specificity of binding to a tumor antigen as described herein

or a B cell antigen as described herein. In some embodiments, a humanized antibody or

antibody fragment may have lower affinity and/or specificity of a tumor antigen as described

herein or a B cell antigen as described herein.

In one aspect, the antigen binding domain of the invention is characterized by particular

functional features or properties of an antibody or antibody fragment. For example, in one

aspect, the portion of a CAR of the invention that comprises an antigen binding domain

specifically binds a tumor antigen as described herein or a B cell antigen as described herein.

In one aspect, the antigen binding domain is a fragment, e.g., a single chain variable

fragment (scFv). In one aspect, the anti- tumor antigen as described herein binding domain s a

Fv, a Fab, a (Fab')2, or a bi-functional (e.g. bi-specific) hybrid antibody (e.g., Lanzavecchia et

al, Eur. J . Immunol. 17, 105 (1987)). In one aspect, the antibodies and fragments thereof of the

invention binds a tumor antigen as described herein protein with wild-type or enhanced affinity.

In some instances, scFvs can be prepared according to method known in the art (see, for

example, Bird et al, (1988) Science 242:423-426 and Huston et al, (1988) Proc. Natl Acad.

Sci. USA 85:5879-5883). ScFv molecules can be produced by linking VH and VL regions

together using flexible polypeptide linkers. The scFv molecules comprise a linker (e.g., a Ser-

Gly linker) with an optimized length and/or amino acid composition. The linker length can

greatly affect how the variable regions of a scFv fold and interact. In fact, if a short polypeptide

linker is employed (e.g., between 5-10 amino acids) mtrachain folding is prevented. Interchain

folding is also required to bring the two variable regions together to form a functional epitope

binding site. For examples of linker orientation and size see, e.g., Hollmger et al. 93 Proc

Natl Acad. Sci. U.S.A. 90:6444-6448, U.S. Patent Application Publication Nos. 2005/0100543,

2005/0175606, 2007/0014794, and PCT publication Nos. WO2006/020258 and

WO2007/02471 5, is incorporated herein by reference.

An scFv can comprise a linker of at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,

16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, or more amino acid residues between its VL and VH

regions. The linker sequence may comprise any naturally occurring amino acid. In some

embodiments, the linker sequence comprises amino acids glycine and serine. In another

embodiment, the linker sequence comprises sets of glycine and serine repeats such as

(Gly4Ser)n, where n is a positive integer equal to or greater than 1 (SEQ ID NO: 22). In one

embodiment, the linker can be (Gly Ser)4 (SEQ ID NO:29) or (Gly4Ser) (SEQ ID NO:30).



Variation in the linker length may retain or enhance activity, giving rise to superior efficacy in

activity studies.

In another aspect, the antigen binding domain is a T cell receptor ("TCR"), an

engineered TCR, or a fragment thereof, for example, a single chain TCR (scTCR). Methods to

make such TCRs are known in the art. See, e.g., Willemsen RA et al, Gene Therapy 7 : 1369-

377 (2000); Zhang T et al, Cancer Gene Ther 11: 487-496 (2004); Aggen et al, Gene Ther

19(4): 365-74 (2012) (references are incorporated herein by its entirety). For example, scTCR

can be engineered that contains the Va and ν βgenes from a T cell clone linked by a linker

(e.g., a flexible peptide). This approach is very useful to cancer associated target that itself is

intracellular, however, a fragment of such antigen (peptide) is presented on the surface of the

cancer cells by MHC.

n one aspect, the antigen binding domain of the CAR comprises an amino acid

sequence that s homologous to an antigen binding domain amino acid sequence described

herein, and the antigen binding domain retains the desired functional properties of the antigen

binding domain described herein.

n one specific aspect, the CAR composition of the invention comprises an antibody

fragment. In a further aspect, the antibody fragment comprises a scFv. In a further aspect, the

antibody fragment comprises a variable heavy chain (VH) only.

In various aspects, the antigen binding domain of the CAR is engineered by modifying

one or more amino acids within one or both variable regions (e.g., VH and/or VL), for example

within one or more CDR regions and/or within one or more framework regions. In one specific

aspect, the CAR composition of the invention comprises an antibody fragment. In a further

aspect, the antibody fragment comprises an scFv.

It will be understood by one of ordinary skill in the art that the antibody or antibody

fragment of the invention may further be modified such that they vary in amino acid sequence

(e.g., from wild-type), but not in desired activity. For example, additional nucleotide

substitutions leading to amino acid substitutions at "non-essential" amino acid residues may be

made to the protein. For example, a nonessential amino acid residue in a molecule may be

replaced with another amino acid residue from the same side chain family. In another

embodiment, a string of amino acids can be replaced with a structurally similar string that

differs in order and/or composition of side chain family members, e.g., a conservative



substitution, in which an ammo acid residue is replaced with an amino acid residue having a

similar side chain, may be made.

Families of amino acid residues having similar side chains have been defined in the art,

including 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), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine,

proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., threonine,

valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan,

histidine).

Percent identity in the context of two or more nucleic acids or polypeptide sequences,

refers to two or more sequences that are the same. Two sequences are "substantially identical"

if two sequences have a specified percentage of ammo acid residues or nucleotides that are the

same (e.g., 60% identity, optionally 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,

80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,

96%, 97%, 98%, 99% identity over a specified region, or, when not specified, over the entire

sequence), when compared and aligned for maximum correspondence over a comparison

window, or designated region as measured using one of the following sequence comparison

algorithms or by manual alignment and visual inspection. Optionally, the identity exists over a

region that is at least about 50 nucleotides (or 0 am o acids) in length, or more preferably

over a region that is 100 to 500 or 1000 or more nucleotides (or 20, 50, 200 or more am o

acids) in length.

For sequence comparison, typically one sequence acts as a reference sequence, to which

test sequences are compared. When using a sequence comparison algorithm, test and reference

sequences are entered into a computer, subsequence coordinates are designated, if necessary,

and sequence algorithm program parameters are designated. Default program parameters can

be used, or alternative parameters can be designated. The sequence comparison algorithm then

calculates the percent sequence identities for the test sequences relative to the reference

sequence, based on the program parameters. Methods of alignment of sequences for

comparison are well known in the art. Optimal alignment of sequences for comparison can be

conducted, e.g., by the local homology algorithm of Smith and Waterman, (1970) Adv. Appl.

Math. 2:482c, by the homology alignment algorithm of Needleman and Wunsch, (1970) J . Mol.

Biol. 48:443, by the search for similarity method of Pearson and Lipman, (1988) Proc. Nat'l.



Acad. Sci. USA 85:2444, by computerized implementations of these algorithms (GAP,

BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics

Computer Group, 575 Science Dr., Madison, W ), or by manual alignment and visual

inspection (see, e.g., Brent et al, (2003) Current Protocols in Molecular Biology).

Two examples of algorithms that are suitable for determining percent sequence identity

and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described in

Altschul et al, ( 77) Nuc. Acids Res. 25:3389-3402; and Altschul et al., (1990) J . Mol. Biol.

2 5:403- 0, respectively. Software for performing BLAST analyses is publicly available

through the National Center for Biotechnology Information.

The percent identity between two amino acid sequences can also be determined using

the algorithm of E . Meyers and W. Miller, (1988) Comput. Appl. Biosci. 4: -17) which has

been incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue

table, a gap length penalty of 2 and a gap penalty of 4 . In addition, the percent identity

between two amino acid sequences can be determined using the Needleman and Wunsch

( 970) J . Mol Biol. 48:444-453) algorithm which has been incorporated into the GAP program

in the GCG software package (available at www.gcg.com), using either a Blossom 62 matrix or

a PAM250 matrix, and a gap weight of 16, 4, 2 , 10, 8, 6, or 4 and a length weight of 1, 2, 3,

4, 5, or 6 .

In one aspect, the present disclosure contemplates modifications of the starting antibody

or fragment (e.g., scFv) amino acid sequence that generate functionally equivalent molecules.

For example, the VH or VL of an antigen binding domain to -a tumor antigen described herein,

e.g., scFv, comprised in the CAR can be modified to retain at least about 70%, 71%. 72%.

73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%,81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identity of the starting VH or

VL framework region of the antigen binding domain to the tumor antigen described herein,

e.g., scFv. The present disclosure contemplates modifications of the entire CAR construct, e.g.,

modifications in one or more amino acid sequences of the various domains of the CAR

construct in order to generate functionally equivalent molecules. The CAR construct can be

modified to retain at least about 70%, 71%. 72% 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%,

81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, 99% identity of the starting CAR construct.



Bispecific CAEs

In an embodiment a multispecific antibody molecule is a bispecific antibody molecule.

A bispecific antibody has specificity for no more than two antigens. A bispecific antibody

molecule is characterized by a first immunoglobulin variable domain sequence which has

binding specificity for a first epitope and a second immunoglobulin variable domain sequence

that has binding specificity for a second epitope. In an embodiment the first and second

epitopes are on the same antigen, e.g., the same protein (or subunit of a multimeric protein). In

an embodiment the first and second epitopes overlap. In an embodiment the first and second

epitopes do not overlap. In an embodiment the first and second epitopes are on different

antigens, e.g., different proteins (or different subunits of a multimeric protein). In an

embodiment a bispecific antibody molecule comprises a heavy chain variable domain sequence

and a light chain variable domain sequence which have binding specificity for a first epitope

and a heavy chain variable domain sequence and a light chain variable domain sequence which

have binding specificity for a second epitope. In an embodiment a bispecific antibody

molecule comprises a half antibody having binding specificity for a first epitope and a half

antibody having binding specificity for a second epitope. In an embodiment a bispecific

antibody molecule comprises a half antibody, or fragment thereof, having binding specificity

for a first epitope and a half antibody, or fragment thereof, having binding specificity for a

second epitope. In an embodiment a bispecific antibody molecule comprises a scFv, or

fragment thereof, have binding specificity for a first epitope and a scFv, or fragment thereof,

have binding specificity for a second epitope.

In certain embodiments, the antibody molecule is a multi-specific {e.g., a bispecific or a

trispecific) antibody molecule. Protocols for generating bispecific or heterodimeric antibody

molecules are known in the art; including but not limited to, for example, the "knob in a hole"

approach described in, e.g., US 5731 168; the electrostatic steering Fc pairing as described in,

e.g., WO 09/089004, WO 06/106905 and WO 2010/129304; Strand Exchange Engineered

Domains (SEED) heterodimer formation as described in, e.g., WO 07/110205; Fab arm

exchange as described in, e.g., WO 08/1 19353, WO 201 1/131746, and WO 2013/060867;

double antibody conjugate, e.g., by antibody cross-linking to generate a bi-specific structure

using a heterobifunctional reagent having an amine-reactive group and a sulfhydryl reactive

group as described in, e.g., US 4433059; bispecific antibody determinants generated by

recombining half antibodies (heavy-light chain pairs or Fabs) from different antibodies through



cycle of reduction and oxidation of disulfide bonds between the two heaw chains, as described

in, e.g., US 4444878; trifunctionai antibodies, e.g., three Fab' fragments cross-linked through

sulfhdryl reactive groups, as described in, e.g., US5273743; biosvnthetic binding proteins, e.g.,

pair of scFvs cross-linked through C-terminai tails preferably through disulfide or amine-

reactive chemical cross-linking, as described in, e.g., US5534254; Afunctional antibodies, e.g.,

Fab fragments with different binding specificities dimerized through leucine zippers (e.g., c-fos

and c-jun) that have replaced the constant domain, as described in, e.g., US5582996; bispeeifie

and oligospecific mono-and oligovalent receptors, e.g., VH-CH1 regions of two antibodies

(two Fab fragments) linked through a polypeptide spacer between the CHI region of one

antibody and the V region of the other antibody typically with associated light chains, as

described in, e.g., US5591828; bispeeifie DNA-antibody conjugates, e.g., crossl inking of

antibodies or Fab fragments through a double stranded piece of DNA, as described in, e.g.,

US5635602; bispeeifie fusion proteins, e.g., an expression construct containing two scFvs with

a hydrophilic helical peptide linker between them and a full constant region, as described in,

e.g., US5637481 ; multivalent and multispecific binding proteins, e.g., dimer of polypeptides

having first domain with binding region of Ig heavy chain variable region, and second domain

with binding region of Ig light chain variable region, generally termed diabodies (higher order

structures are also encompassed creating for bispecifc, tnspecific, or tetraspecific molecules, as

described in, e.g., US5837242; minibody constructs with linked VL and VII chains further

connected with peptide spacers to an antibody hinge region and CH3 region, which can be

dimerized to form bispecific/multivalent molecules, as described in, e.g., US5837821; VH and

VL domains linked with a short peptide linker (e.g., 5 or 10 am o acids) or no linker at all in

either orientation, which can form dimers to form bispeeifie diabodies; trimers and tetramers,

as described in, e.g., US5844094; String of VH domains (or VL domains in family members)

connected by peptide linkages with crosslinkable groups at the C-terminus futher associated

with VL domains to form a series of FVs (or scFvs), as described in, e.g., US5864019; and

single chain binding polypeptides with both a VH and a VL domain linked through a peptide

linker are combined into multivalent structures through non-covalent or chemical crosslinking

to form, e.g., homobivalent, heterobivalent, trivalent, and tetravalent structures using both scFV

or diabody type format, as described in, e.g., US5869620. Additional exemplary multispecific

and bispeeifie molecules and methods of making the same are found, for example, in

US5910573, US5932448, US5959083, US5989830, US6005079, US6239259, US6294353,



US6333396, US6476198, US6511663, US6670453, US6743896, US6809185, US6833441,

US7129330, US7183076, US7521056, US7527787, US7534866, US7612181,

US2002004587A1, US2002076406A1, US2002103345A1, US2003207346A1,

US200321 1078A1, US2004219643A1, US2004220388A1, US2004242847A1,

US2005003403A1, US2005004352A1, US2005069552A1, US2005079170A1,

US2005 100543A!, US2005 36049A1 , US2005 13605 1Al , US2005 163782A1 ,

US2005266425A1, US2006083747A1, US2006120960A1, US2006204493A1,

US2006263367A1, US2007004909A1, US2007087381A1, US2007128150A1,

US2007141049A1, US2007154901 Al, US2007274985A1, US2008050370A1,

US2008069820A1, US20081 52645Al, US2008171855A1, US2008241884A1,

US2008254512A1, US2008260738A1, US2009130106A1, US2009148905A1,

US2009155275A1, US2009162359A1, US2009162360A1, US20091 75851A1,

US2009175867A1, US2009232811A1, IJS20Q9234105A1, US2009263392A1,

US2009274649A1, EP346087A2, WO0006605A2, WO02072635A2, WO04081051 Al,

WO06020258A2, WO2007044887A2, WO2007095338A2, WO20071 37760A2,

WO2008119353A1, WO2009021754A2, WO2009068630A1, WO9103493A1,

W09323537A1, 40 . W09412625A2, WO9509917A1, W09637621 A2,

WO9964460A1. The contents of the above-referenced applications are incorporated herein by

reference in their entireties.

Within each antibody or antibody fragment (e.g., scFv) of a bispecific antibody

molecule, the VH can be upstream or downstream of the VL. In some embodiments, the

upstream antibody or antibody fragment (e.g., scFv) is arranged with its VH (V¾) upstream of

its VL (VL ) and the downstream antibody or antibody fragment (e.g., scFv) is arranged with

its VL (VL?.) upstream of its VH (VH2), such that the overall bispecific antibody molecule has

the arrangement VH1-VL - 2-VH2. In other embodiments, the upstream antibody or antibody

fragment (e.g., scFvj is arranged with its VL (VL ) upstream of its VH (V¾) and the

downstream antibody or antibody fragment (e.g., scFv) is arranged with its VH (VH ) upstream

of its VL (VL 2), such that the overall bispecific antibody molecule has the arrangement VL -

VH1-VH2-VL2. Optionally, a linker is disposed between the two antibodies or antibody

fragments (e.g., scFvs), e.g., between VL and VL if the construct is arranged as VH -VL -

VL2-VH 2, or between VH¾ and V¾ if the construct is arranged as VLi -VHi-VH2-VL2. The

linker may be a linker as described herein, e.g., a (Gly4-Ser)n linker, wherein n s 1, 2, 3, 4, 5,



or 6, preferably 4 (SEQ ID NO: 80). In general, the linker between the two scFvs should be

long enough to avoid mispairing between the domains of the two scFvs. Optionally, a linker is

disposed between the VL and VH of the first scFv. Optionally, a linker is disposed between the

VL and VH of the second scFv. In constructs that have multiple linkers, any two or more of

the linkers can be the same or different. Accordingly, in some embodiments, a bispecific CAR

comprises VLs, VHs, and optionally one or more linkers in an arrangement as described herein.

In one aspect, the invention provides a chimeric antigen receptor comprising a

bispecific antigen binding domain, a transmembrane domain (e.g., as described herein), and an

intracellular signaling domain (e.g., as described herein). In embodiments, the bispecific

antigen binding domain comprises a first immunoglobulin variable domain sequence, e.g., an

scFv (or comprises the light chain CDRs and/or heavy chain CDRs from a scFv described

herein), which binds a B-cell antigen, e.g., as described herein, e.g., (a C 9 binding domain or

BCMA binding domain described herein, e.g., in Table 6 or Table 2), and a second

immunoglobulin variable domain sequence, e.g., a scFv (or comprises the light chain CDRs

and/or heavy chain CDRs from a scFv described herein), which has binding specificity for one

or more tumor antigens described herein, e.g., a solid tumor antigen, e.g., comprises a scFv as

described herein, e.g., comprising a mesothelin binding domain or EGFRvIII binding domain

(e.g., as described in Table 2 or Table 5). In embodiments, the bispecific antigen binding

domain comprises a CD 19 binding domain described herein and a mesothelin binding domain

described herein. In embodiments, the bispecific antigen binding domain comprises a BCMA

binding domain described herein and a mesothelin binding domain described herein. In

embodiments, the bispecific antigen binding domain comprises a CD 19 binding domain

described herein and a EGFRvIII binding domain described herein. In embodiments, the

bispecific antigen binding domain comprises a BCMA binding domain described herein and a

EGFRvIII binding domain described herein. In another aspect, the invention provides a cell

(e.g., a population of cells), e.g., an immune effector cell, e.g., a T cell or NK cell, e.g., as

described herein, which is engineered to express (e.g., comprises) a bispecific CAR as

described herein, e.g., a bispecific CAR comprising a B-cell antigen binding domain described

herein and a tumor antigen (e.g., a solid tumor antigen) described herein. Without being bound

by any theory, it is believed that cells expressing such bispecific CARs (e.g., comprising a B-

cell antigen binding domain, e.g., as described herein, and a tumor antigen binding domain,

e.g., as described herein) are useful in the methods and compositions described herein.



Chimeric TCR

In one aspect, the antigen binding domains described herein, e.g., the antibodies and

antibody fragments, e.g., provided in the Tables herein, can be grafted to one or more constant

domain of a T cell receptor ("TCR") chain, for example, a TCR alpha or TCR beta chain, to

create an chimeric TCR that binds specificity to a tumor antigen or B cell antigendescribed

herein. Without being bound by theory, it is believed that chimeric TCRs will signal through

the TCR complex upon antigen binding. For example, a mesothelin or CD 19 scFv or a

fragment there of, e.g., a V domain, or VH domain, as disclosed herein, can be grafted to the

constant domain, e.g., at least a portion of the extracellular constant domain, the

transmembrane domain and the cytoplasmic domain, of a TCR cham, for example, the TCR

alpha chain and/or the TCR beta chain. As another exampie, the CDRs of an antibody or

antibody fragment, e.g., the CDRs of anyantibody or antibody fragment as described in Tables

provided herein may be grafted into a TCR alpha and/or beta cha to create a chimeric TC

that binds specifically to a tumor antigen or a B cell antigen described herein. For example, the

LCDRs disclosed herein may be grafted into the variable domain of a TCR alpha chain and the

HCDRs disclosed herein may be grafted to the variable domain of a TCR beta chain, or vice

versa. Such chimeric TCRs may be produced by methods known in the art (For example,

Willemsen RA et al, Gene Therapy 2000; 7 : 1369-1377; Zhang T et ai, Cancer Gene Ther

2004 11: 487-496; Aggen et al, Gene Ther. 2012 Apr; 19(4): 365-74).

With respect to the transmembrane domain, in various embodiments, a CAR, e.g., a TA

CAR and/or a BCA CAR, can be designed to comprise a transmembrane domain that is

attached to the extracellular domain of the CAR, e.g., the antigen binding domain. A

transmembrane domain can include one or more additional ammo acids adjacent to the

transmembrane region, e.g., one or more amino acid associated with the extracellular region of

the protein from which the transmembrane was derived (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 up to 15

amino acids of the extracellular region) and/or one or more additional amino acids associated

with the intracellular region of the protein from which the transmembrane protein is derived

(e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 up to 5 amino acids of the intracellular region). In one aspect,

the transmembrane domain is one that is associated with one of the other domains of the CAR,



for example, the transmembrane domam is from the same protein as the intracellular signalling

domain, e.g., the costimulatory domain. In some instances, the transmembrane domain can be

selected or modified by amino acid substitution to avoid binding of such domains to the

transmembrane domains of the same or different surface membrane proteins, e.g., to minimize

interactions with other members of the receptor complex. In one aspect, the transmembrane

domain is capable of homodimerization with another CAR on the cell surface of a CAR-

expressing cell. In a different aspect, the amino acid sequence of the transmembrane domain

may be modified or substituted so as to minimize interactions with the binding domains of the

native binding partner present in the same CAR-expressing cell.

The transmembrane domain may be derived either from a natural or from a recombinant

source. Where the source is natural, the domain may be derived from any membrane-bound or

transmembrane protein. In one aspect the transmembrane domain is capable of signaling to the

intracellular domam(s) whenever the CAR has bound to a target. transmembrane domain of

particular use in this invention may include at least the transmembrane region(s) of e.g., the

alpha, beta or zeta chain of the T-cell receptor, CD28, CD27, CDS epsilon, CD45, CD4, CDS,

CDS, CD9, CD 16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137, CD154. In

some embodiments, a transmembrane domain may include at least the transmembrane region(s)

of, e.g., KIRDS2, OX40, CD2, CD27, LFA-1 (CD a, CD18), ICOS (CD278), 4-1BB

(CD137), GITR, CD40, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80 (KLRFl), NKp44,

NKp3 0, NKp46, CD 60, CD 9, IL2R beta, IL2R gamma, IL7R a, ITGA1 , VLA1 , CD49a,

ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f, ITGAD, CD1 Id, ITGAE, CD103, ITGAL,

CDl la, LFA-1, ITGAM, CD l ib, ITGAX, CD 11c, ITGB1, CD29, ITGB2, CD 18, LFA-1,

ITGB7, TNFR2, DNAM1 (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile),

CEACAMl, CRTAM, Ly9 (CD229), CD160 (BY55), PSGL1, CD100 (SEMA4D), SLAMF6

(NTB-A, Ly 108), SLAM (SLAMF 1, CD 150, IPG-3), BLAME (SLAMF8), SELPLG (CD 162),

LTBR, PAG/Cbp, NKG2D, N G2C.

In some instances, the transmembrane domain can be attached to the extracellular

region of the CAR, e.g., the antigen binding domain of the CAR, via a hinge, e.g., a hinge from

a human protein. For example, in one embodiment, the hinge can be a human g

(immunoglobulin) hinge, e.g., an IgG4 hinge, or a CD8a hinge. In one embodiment, the hinge

or spacer comprises (e.g., consists of) the amino acid sequence of SEQ ID NO:4. In one aspect,



the transmembrane domain comprises (e.g., consists of) a transmembrane domain of SEQ ID

NO: 12.

In one aspect, the hinge or spacer comprises an IgG4 hinge. For example, in one

embodiment, the hinge or spacer comprises a hinge of the am o acid sequence SEQ ID NO: 6 .

In some embodiments, the hinge or spacer comprises a hinge encoded by a nucleotide sequence

of SEQ ID NO: 7 . In one aspect, the hinge or spacer comprises an IgD hinge. For example, in

one embodiment, the hinge or spacer comprises a hinge of the amino acid sequence SEQ ID

NO: 8 . In some embodiments, the hinge or spacer comprises a hinge encoded by a nucleotide

sequence of SEQ ID NO: 9 .

n o e aspect, the transmembrane domain may be recombinant, in which case it will

comprise predominantly hydrophobic residues such as leucine and valine. In one aspect a triplet

of phenylalanine, tryptophan and valine can be found at each end of a recombinant

transmembrane domain.

Optionally, a short oligo- or polypeptide linker, between 2 and 0 amino acids in length

may form the linkage between the transmembrane domain and the cytoplasmic region of the

CAR. A glycine-serine doublet provides a particularly suitable linker. For example, in one

aspect, the linker comprises the am o acid sequence of GGCKJSGGCKJS (SEQ ID NO: 10). In

some embodiments, the linker is encoded by a nucleotide sequence of

GGTGGCGGAGGTTCTGGAGGTGGAGGTTCC (SEQ ID NO: 11).

In one aspect, the hinge or spacer comprises a KIR2DS2 hinge.

Cytoplasmic domain

The cytoplasmic domain or region of the CAR, e.g., the TA CAR and/or the BCA CAR,

includes an intracellular signaling domain. An intracellular signaling domain is generally

responsible for activation of at least one of the normal effector functions of the immune cell in

which the CAR has been introduced. The term "effector function" refers to a specialized

function of a cell. Effector function of a T cell, for example, may be cytolytic activity or helper

activity including the secretion of cytokines. Thus the term "intracellular signaling domain"

refers to the portion of a protein which transduces the effector function signal and directs the

cell to perform a 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.

Examples of intracellular signaling domains for use in the CAR of the invention include

the cytoplasmic sequences of the T cell receptor (TCR) and co-receptors that act in concert to

initiate signal transduction following antigen receptor engagement, as well as any derivative or

variant of these sequences and any recombinant sequence that has the same functional

capability.

t is known that signals generated through the TCR alone are insufficient for full

activation of the T cell and that a secondary and/or costimulatory signal is also required. Thus,

T cell activation can be said to be mediated by two distinct classes of cytoplasmic signaling

sequences: those that initiate antigen-dependent primary activation through the TCR (primary

intracellular signaling domains) and those that act in an antigen-independent manner to provide

a secondary or costimulatory signal (secondary cytoplasmic domain, e.g., a costimulatory

domain).

A primary signaling domain regulates primary activation of the TCR complex either in

a stimulatory way, or in an inhibitory way. Primary intracellular signaling domains that act in a

stimulatory manner may contain signaling motifs which are known as immunoreceptor

tyrosine-based activation motifs or ITAMs.

Examples of ITAM containing primary intracellular signaling domains that are of

particular use in the invention include those of TCR zeta, FcR gamma, FcR beta, CD3 gamma,

CD3 delta , CD3 epsiion, CDS, CD22, CD79a, CD79b, CD278 (also known as "ICOS"),

FceRI, DAP 10, DAP12,and CD66d. In one embodiment, a CAR of the invention comprises an

intracellular signaling domain, e.g., a primary signaling domain of CD3-zeta, e.g., a CD3-zeta

sequence described herein.

In one embodiment, a 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 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.

The intracellular signaling domain of the CAR can comprise the CD3-zeta signaling

domain by itself or it can be combined with any other desired intracellular signaling domain(s)

useful in the context of a CAR of the invention. For example, the intracellular signaling domain

of the CAR can comprise a CDS zeta chain portion and a costimulatory signaling domain. The

costimulatory signaling domain refers to a portion of the CAR comprising the 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 such molecules include CD27, CD28, 4- BB ( D 37), OX40,

CD30, CD40, PD-1, ICOS, lymphocyte function-associated antigen- (LFA-1), CD2, CD7,

LIGHT, NKG2C, B7-FI3, and a ligand that specifically binds with CD83, and the like. For

example, CD27 costimulation has been demonstrated to enhance expansion, effector function,

and survival of human CART cells in vitro and augments human T cell persistence and

antitumor activity in vivo (Song et al. Blood. 20 2; 9(3):696-706). Further examples of such

costimulatory molecules include an MHC class I molecule, a TNF receptor protein, an

Immunoglobulin-like protein, a cytokine receptor, an integrin, a signaling lymphocytic

activation molecule (SLAM protein), an activating N cell receptor, BTLA, a Toll ligand

receptor, OX40, CD2, CD7, CD27, CD28, CD30, CD40, CDS, ICAM-1, LFA-1

(CDlla/CD18), 4-IBB (CD137), B7-H3, CDS, ICAM-1, ICOS (CD278), GITR, BAFFR,

LIGHT, ΗΥΈ Μ (LIGHTR), KIRDS2, SLAMF7, NKp80 (KLRF1), NKp44, NKp30, NK 46,

CD 19, CD4, CDSalpha, CDSbeta, IL2Rbeta, IL2R gamma, IL7R alpha, ITGA4, VLAl,

CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f, ITGAD, CD ld, ITGAE, CD103,

ITGAL, CD1 a, LFA-1, ITGAM, CD1 lb, ITGAX, CDllc, ITGB1, CD29, ITGB2, CD 18,

LFA-1, ITGB7, NKG2D, NKG2C, TNFR2, TRANCE/RANKL, DNAM1 (CD226), SLAMF4

(CD244, 2B4), CD84, CD96 (Tactile), CEACAMl, CRTAM, Ly9 (CD229), CD160 (BY55),

PSGL1, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Lyl08), SLAM (SLAMF1, CD150,

IPO-3), BLAME (SLAMF8), SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp,

CD 19a, and a ligand that specifically binds with CD83.

The intracellular signaling sequences within the cytoplasmic portion of the CAR of the

invention may be linked to each other in a random or specified order. Optionally, a short oligo-

or polypeptide linker, for example, between and 0 amino acids (e.g., 2, 3, 4, 5, 6, 7, 8, 9, or



0 amino acids) in length may form the linkage between intracellular signaling sequence. In

one embodiment, a glycine-serine doublet can be used as a suitable linker. In one embodiment,

a single ammo acid, e.g., an alanine, a glycine, can be used as a suitable linker.

In one aspect, the intracellular signaling domain is designed to comprise two or more,

e.g., 2, 3, 4, 5, or more, costimulatory signaling domains. In an 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 described herein. In one embodiment, the intracellular signaling domain

comprises two costimulatory signaling domains. In some embodiments, the linker molecule is

a glycine residue. In some embodiments, the linker is an alanine residue.

in one aspect, the intracellular signaling domain s designed to comprise the signaling

domain of CD3-zeta and the signaling domain of CD28. In one aspect, the intracellular

signaling domain is designed to comprise the signaling domain of CD3-zeta and the signaling

domain of 4-1BB. In one aspect, the signaling domain of 4-IBB s a signaling domain of SEQ

ID NO: 14. In one aspect, the signaling domain of €D3-zeta is a signaling domain of SEQ ID

NO: 8 .

In one aspect, the intracellular signaling domain is designed to comprise the signaling

domain of CD3-zeta and the signaling domain of CD27. In one aspect, the signaling domain of

CD27 comprises an ammo acid sequence of SEQ ID NO: 6 . In one aspect, the signalling

domain of CD27 is encoded by a nucleic acid sequence of SEQ ID NO: 17.

In one aspect, the intracellular is designed to comprise the signaling domain of CD3-

zeta and the signaling domain of CD28. In one aspect, the signaling domain of CD28

comprises an am o acid sequence of SEQ ID NO: 44. In one aspect, the signaling domain of

CD28 is encoded by a nucleic acid sequence of SEQ ID NO: 45.

In one aspect, the intracellular is designed to comprise the signaling domain of CD3-

zeta and the signaling domain of ICOS. In one aspect the signaling domain of ICOS comprises

an amino acid sequence of SEQ ID NO: 42. In one aspect, the signaling domain of ICOS is

encoded by a nucleic acid sequence of SEQ ID NO: 43.

In one aspect, the cell of the invention, e.g., described herein, e.g., a cell expressing

both a TA CAR and a BCA CAR, includes a TA CAR that includes an antigen binding domain

that binds a target tumor antigen described herein, a transmembrane domain, a primary

signaling domain, and a costimulatory signaling domain, and a BCA CAR that includes an

antigen binding domain that binds a target B-Cell antigen described herein, a transmembrane



domain, a primary signaling domain, and a costimulatory signaling domain. In other aspects,

the cell of the invention, e.g., described herein, e.g., a cell expressing both a TA CAR and a

BCA CAR, includes a TA CAR that includes an antigen binding domain that binds a target

tumor antigen described herein, a transmembrane domain, a primary signaling domain, and a

costimulatory signaling domain, and a BCA CAR that includes an antigen binding domain that

binds a target B-Cell antigen described herein, a transmembrane domain, and a costimulatory

signaling domain, but does not include a primary signaling domain. Without being bound by

theory, it is believed that providing a BCA CAR comprising a costimulatory signaling domain,

but not a primary signaling domain, may allow the cell of the invention to persist and or

proliferate in response to circulating B cells, but may minimize the cytotoxicity against said B

cells.

n one aspect, the CAR-expressing cell described herein, e.g. a cell expressing both a

TA CAR and a BCA CAR can further comprise another TA CAR, e.g., another TA CAR that

includes a different antigen binding domain, e.g., to the same target or a different target (e.g., a

target other than a tumor antigen described herein or a different tumor antigen described

herein). For example, in an embodiment where the cell of the invention expresses a second TA

CAR, the second TA CAR includes an antigen binding domain to a target expressed the same

cancer cell type as the tumor antigen targeted by the first TA CAR. In one embodiment, the

CAR-expressing cell comprises a first TA CAR that targets a first tumor antigen and includes

an intracellular signaling domain having a costimulatory signaling domain but not a primary

signaling domain, and a second TA CAR that targets a second, different, tumor antigen and

includes an intracellular signaling domain having a primary signaling domain but not a

costimulatory signaling domain. While not wishing to be bound by theory, placement of a

costimulatory signaling domain, e.g., 4-1BB, CD28, CD27 or OX-40, onto the first TA CAR,

and the primary signaling domain, e.g., CDS zeta, on the second TA CAR can limit the CAR

activity to cells where both targets are expressed. In one embodiment, the cell of the inveniton

comprises a first tumor antigen (TA) CAR that includes an antigen binding domain that binds a

target antigen described herein, a transmembrane domain and a costimulatory domain and a

second TA CAR that targets a different target antigen (e.g., an antigen expressed on that same

cancer cell type as the first target antigen) and includes an antigen binding domain, a

transmembrane domain and a primary signaling domain. In another embodiment, the cell of

the invention comprises (i.e., s genetically engineered to express) a first T CAR that includes



an antigen binding domain that binds a target antigen described herein, a transmembrane

domain and a primary signaling domain and a second TA CAR that targets a tumor antigen

other than the first target antigen (e.g., an antigen expressed on the same cancer ceil type as the

first target antigen) and includes an antigen binding domain to the antigen, a transmembrane

domain and a costimulatory signaling domain. In another embodiment, the cell of the invention

comprises (i.e., is genetically engineered to express) a first TA CAR that includes an antigen

binding domain that binds a target antigen described herein, a transmembrane domain, a

costimulatory signaling domain and a primary signaling domain, and a second TA CAR that

targets a tumor antigen other than the first target antigen (e.g., an antigen expressed on the

same cancer cell type as the first target antigen) and includes an antigen binding domain to the

antigen, a transmembrane domain, a costimulatory signaling domain and a primary signaling

domain. In embodiments where both the first and second TA CAR include a costimulatory

signaling domain, the costimulatory signaling domain of the first TA CA and the second TA

CAR may be derived from the same protein, e.g., from a costimulatory protein described

herein, e.g., 4-1 BB, CD28, or ICOS. in other embodiments, the costimulatory signaling

domain of the first TA CAR and the second TA CAR may be derived from the different

proteins, e.g., the first TA CAR includes a costimulatory signaling domain described herein,

e.g., of 4- BB, and the second TA CAR includes a different costimulatory signaling domain

described herein, e.g., of CD28.

In one embodiment, the CAR-expressing cell comprises a TA CAR described herein, a

BCA CAR described herein, and an inhibitory CAR. In one embodiment, the inhibitor}' CAR

comprises an antigen binding domain that binds an antigen found on normal cells but not

cancer cells, e.g., normal cells that also express the tumor antigen targeted by the TA CAR. In

one embodiment, the inhibitory CAR comprises the antigen binding domain, a transmembrane

domain and an intracellular domain of an inhibitory molecule. For example, the intracellular

domain of the inhibitor}' CAR can be an intracellular domain of PD1, PD-L1, CTLA4, Τ Μ 3,

LAG3, VISTA, BTLA, T G T, LAIR1 , CD 60. 2B4, CD80, CD86, B7-H3 (CD276), B7-H4

(VTCNl), HVEM (TNFRSF14 or CD270), KIR A2aR, MHC class I, MHC class II, GAL9,

adenosine, or TGF beta.

In one embodiment, the antigen binding domains of the different CARs (e.g., of the TA

CAR and of the BCA CAR) can be such tha the antigen binding domains do not interact with

one another. For example, a cell expressing a first and second CAR can have an antigen



binding domain of the first CAR, e.g., as a fragment, e.g., an scFv, that does not form an

association with the antigen binding domain of the second CAR, e.g., the antigen binding

domain of the second CAR is a VHH.

In some embodiments, the antigen binding domain comprises a single domain antigen

binding (SDAB) molecules include molecules whose complementary determining regions are

part of a single domain polypeptide. Examples include, but are not limited to, heavy chain

variable domains, binding molecules naturally devoid of light chains, single domains derived

from conventional 4-chain antibodies, engineered domains and single domain scaffolds other

than those derived from antibodies. SDAB molecules may be any of the art, or any future single

domain molecules. SDAB molecules may be derived from any species including, but not

limited to mouse, human, camel, llama, lamprey, fish, shark, goat, rabbit, and bovine. This term

also includes naturally occurring single domain antibody molecules from species other than

Camelidae and sharks.

In one aspect, an SDAB molecule can be derived from a variable region of the

immunoglobulin found in fish, such as, for example, that which s derived from the

immunoglobulin isotype known as Novel Antigen Receptor (NAR) found in the serum of

shark. Methods of producing single domain molecules derived from a variable region of NAR

("IgNARs") are described in WO 03/014161 and Streltsov (2005) Protein Sci. 14:2901-2909.

According to another aspect, an SDAB molecule is a naturally occurring single domain

antigen binding molecule known as heavy chain devoid of light chains. Such single domain

molecules are disclosed in WO 9404678 and Hamers-Casterman, C . et al. (1993) Nature

363:446-448, for example. For clarity reasons, this variable domain derived from a heavy chain

molecule naturally devoid of light chain is known herein as a VHH or nanobody to distinguish

it from the conventional V of four chain immunoglobulins. Such a VHH molecule can be

derived from Camelidae species, for example in camel, llama, dromedary, alpaca and guanaco.

Other species besides Camelidae may produce heavy chain molecules naturally devoid of light

chain; such VHHs are within the scope of the invention.

The SDAB molecules can be recombinant, CDR-grafted, humanized, camelized, de-

immunized and/or in vitro generated (e.g., selected by phage display).

It has also been discovered, that cells having a plurality of chimeric membrane

embedded receptors comprising an antigen binding domain that interactions between the

antigen binding domain of the receptors can be undesirable, e.g., because t inhibits the ability



of one or more of the antigen binding domains to bind its cognate antigen. Accordingly,

disclosed herein are ceils having a first and a second non-naturally occurring chimeric

membrane embedded receptor comprising antigen binding domains that minimize such

interactions. Also disclosed herein are nucleic acids encoding a first and a second non-naturally

occurring chimeric membrane embedded receptor comprising a antigen binding domains that

minimize such interactions, as well as methods of making and using such cells and nucleic

acids. In an embodiment the antigen binding domain of one of said first said second non-

naturally occurring chimeric membrane embedded receptor, comprises 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.

In some embodiments, the claimed invention comprises a first and second CAR (e.g., a

TA CAR and a BCA CAR), wherein the antigen binding domain of one of the first CAR and

the second CAR does not comprise a variable light domain and a variable heavy domain. In

some embodiments, the antigen binding domain of one of the first CAR and the second CAR s

an scFv, and the other is not an scFv. In some embodiments, the antigen binding domain of one

of the first CAR and the second 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.

In some embodiments, the antigen binding domain of one of the first CAR and the second CAR

comprises a nanobody. In some embodiments, the antigen binding domain of one of the first

CAR and the second CAR comprises a camelid VHH domain.

In some embodiments, the antigen binding domain of one of the first CAR and the

second CAR comprises 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. In some embodiments, the antigen binding domain of one of the first CAR and the

second CAR comprises an scFv, and the other comprises a nanobody. In some embodiments,

the antigen binding domain of one of the first CAR and the second CAR comprises comprises

an scFv, and the other comprises a camelid VHH domain.

In some embodiments, when present on the surface of a cell, binding of the antigen

binding domain of the first CAR to its cognate antigen is not substantially reduced by the

presence of the second CAR. In some embodiments, binding of the antigen binding domain of

the first CAR to its cognate antigen in the presence of the second CAR is 85%, 90%, 95%,



96%, 97%, 98% or 99% of binding of the antigen binding domain of the first CAR to its

cognate antigen in the absence of the second CAR.

In some embodiments, when present on the surface of a cell, the antigen binding

domains of the first CAR and the second CAR, associate with one another less than if both

were scFv antigen binding domains. In some embodiments, the antigen binding domains of said

first CAR said second CAR, associate with one another 85%, 90%, 95%, 96%, 97%, 98% or

99% less than if both were scFv antigen binding domains.

In another aspect, the CAR-expressing cell described herein can further express another

agent, e.g., an agent which enhances the activity of a CAR-expressing cell. For example, in

one embodiment, the agent can be an agent which inhibits an inhibitory molecule. Inhibitory

molecules, e.g., PDl, can, in some embodiments, decrease the ability of a CAR-expressing cell

to mount an immune effector response. Examples of inhibitory molecules include PDl, PD-LI,

CTLA4, ΤΓΜ3, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5), LAGS,

VISTA, BTLA, TIGIT, LAIRl, CD 160, 2B4, CD80, CD86, B7-H3 (CD276), B7-H4

(VTCNI), HVEM (TNFRSF14 or CD270), KIR, A2aR, MHC class I, MHC class II, GAL9,

adenosine, and TGF beta.

In one embodiment, the agent which inhibits an inhibitory molecule, e.g., is a molecule

described herein, e.g., an agent that comprises a first polypeptide, e.g., an inhibitory molecule,

associated with a second polypeptide that provides a positive signal to the cell, e.g., an

intracellular signaling domain described herein. In one embodiment, the agent comprises a first

polypeptide, e.g., of an inhibitor}' molecule such as PDl, PD-LI, CTLA4, TIMS, CEACAM

(e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIRl,

CD160, 2B4, CD80, CD86, B7-H3 (CD276), B7-H4 (VTCNI), HVEM (TNFRSF14 or

CD270), KIR, A2aR, MHC class I, MHC class II, GAL9, adenosine, and TGF beta, or a

fragment of any of these (e.g., at least a portion of an extracellular domain of any of these), and

a second polypeptide which is an intracellular signaling domain described herein (e.g.,

comprising a costimulatory domain (e.g., 41BB, CD27 or CD28, e.g., as described herein)

and/or a primary signaling domain (e.g., a CD3 zeta signaling domain described herein). In

one embodiment, the agent comprises a first polypeptide of PD or a fragment thereof (e.g., at

least a portion of an extracellular domain of P ), and a second polypeptide of an intracellular

signaling domain described herein (e.g., a CD28 signaling domain described herein and/or a

CD3 zeta signaling domain described herein). PDl is an inhibitory member of the CD28



family of receptors that also includes CD28, CTLA-4, ICOS, and BTLA. PD-1 is expressed on

activated B cells, T cells and myeloid cells (Agata et al. 96 Int. Immunol 8:765-75). Two

ligands for PDl, PD-L1 and PD-L2 have been shown to downregulate T cell activation upon

binding to PDl (Freeman et a . 2000 J Exp Med 192:1027-34; Latchman et al. 2001 Nat

Immunol 2:261-8; Carter et al. 2002 Eur J Immunol 32:634-43). PD-L1 is abundant in human

cancers (Dong et al. 2003 J Mol Med 81:281-7; Blank et al. 2005 Cancer Immunol.

Immunother 54:307-314; Konishi et al. 2004 Clin Cancer Res 10:5094). Immune suppression

can be reversed by inhibiting the local interaction of PD l with PD-L1 .

In one embodiment, the agent comprises the extracellular domain (ECD) of an

inhibitory molecule, e.g., Programmed Death 1 (PDl), fused to a transmembrane domain and

intracellular signaling domains such as 4 BB and CD3 zeta (also referred to herein as a PDl

CAR). In one embodiment, the P CAR, when used incombinations with a XCAR described

herein, improves the persistence of the T cell. In o e embodiment, the CAR is a PDl CAR

comprising the extracellular domain of PDl indicated as underlined in SEQ ID NO: 26. In one

embodiment, the PDl CAR comprises the amino acid sequence of SEQ ID NO:26. In one

embodiment, the PDl CAR comprises the amino acid sequence of SEQ ID NO:39).

In one embodiment, the agent comprises a nucleic acid sequence encoding the PDl

CAR, e.g., the PDl CAR described herein. In one embodiment, the nucleic acid sequence for

the P CAR is shown as SEQ ID NO: 27 in Table 1, with the sequence for PD ECD

underlined.

In another aspect, the present disclosure provides a population of CAR-expressing cells.

In some embodiments, the population of CAR-expressing ceils comprises a mixture of ceils

expressing different CARs. For example, in one embodiment, the population of CART cells

can include a first cell expressing a CAR having an antigen binding domain to a tumor antigen

described herein, and a second cell expressing a CAR having a different antigen binding

domain, e.g., an antigen binding domain to a different tumor antigen described herein, e.g., an

antigen binding domain to a tumor antigen described herein that differs from the tumor antigen

bound by the antigen binding domain of the CAR expressed by the first cell. As another

example, the population of CAR-expressing cells can include a first cell expressing a CAR that

includes an antigen binding domain to a tumor antigen described herein, and a second cell

expressing a CAR that includes an antigen binding domain to a target other than a tumor

antigen as described herein. In one embodiment, the population of CAR-expressing cells



includes, e.g., a first cell expressing a CAR that includes a primary intracellular signaling

domain, and a second cell expressing a CAR that includes a secondaiy signaling domain.

In another aspect, the present disclosure provides a population of cells wherein at least

one ceil in the population expresses a CAR having an antigen binding domain to a tumor

antigen described herein, and a second cell expressing another agent, e.g., an agent which

enhances the activity of a CAR-expressing cell. For example, in one embodiment, the agent

can be an agent which inhibits an inhibitory molecule. Inhibitory molecules, e.g., PD-1, can, in

some embodiments, decrease the ability of a CAR-expressing cell to mount an immune effector

response. Examples of inhibitor}' molecules include PD-1, PD-Ll, CTLA4, TIMS, CEACAM

(e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5), LAGS, VISTA, BTLA, T G T, LAIRI,

CD 160, 2B4, CD80, CD86, B7-H3 (CD276), B7-H4 (VTCNl), HVEM (TNFRSF14 or

CD270), KIR, A2aR, MHC class I, MHC class II, GAL9, adenosine, and TGF beta.. In one

embodiment, the agent which inhibits an inhibitory molecule, e.g., s a molecule described

herein, e.g., an agent that comprises a first polypeptide, e.g., an inhibitory molecule, associated

with a second polypeptide that provides a positive signal to the cell, e.g., an intracellular

signaling domain described herein. In one embodiment the agent comprises a first

polypeptide, e.g., of an inhibitory molecule such as PD-1, PD-Ll, CTLA4, TIMS, CEACAM

(e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5), LAGS, VISTA, BTLA, TIGIT, LAIRI,

CD 160, 2B4, CD80, CD86, B7-H3 (CD276), B7-H4 (VTCNl), HVEM (TNFRSF14 or

CD270), KIR, A2aR, MHC class I, MHC class II, GAL9, adenosine, and TGF beta, or a

fragment of any of these, and a second polypeptide which is an intracellular signaling domain

described herein (e.g., comprising a costimuiatory domain (e.g., 41BB, CD27, OX40 or CD28,

e.g., as described herein) and/or a primary signaling domain (e.g., a CDS zeta signaling domain

described herein). In one embodiment, the agent comprises a first polypeptide of PD-1 or a

fragment thereof, and a second polypeptide of an intracellular signaling domain described

herein (e.g., a CD28 signaling domain described herein and/or a CDS zeta signaling domain

described herein).

In one aspect, the present disclosure provides methods comprising administering a

population of CAR-expressing cells, e.g., a mixture of cells expressing different CARs, in

combination with another agent, e.g., a kinase inhibitor, such as a kinase inhibitor described

herein. In another aspect, the present disclosure provides methods comprising administering a

population of cells wherein at least one cell in the population expresses a CAR having an



antigen binding domain of a tumor antigen described herein, and a second cell expressing

another agent, e.g., an agent which enhances the activity of a CAR-expressing ceil, in

combination with another agent, e.g., a kinase inhibitor, such as a kinase inhibitor described

herein.

Exemplary CAR Molecules

In one aspect, the BCA CAR comprises a CAR molecule comprising an antigen binding

domain that binds to a B cell antigen. In one embodiment, the BCA CAR comprises a CAR

molecule comprising a CD 19 antigen binding domain (e.g., a murine, human or humanized

antibody or antibody fragment that specifically binds to CD 19), a transmembrane domain, and

an intracellular signaling domain (e.g., an intracellular signaling domain comprising a

costimulatory domain and/or a primary signaling domain).

Exemplary CAR molecules of a BCA CAR described herein are provided in Table 0 .

The CAR molecules in Table 10 comprise a CD19 antigen binding domain, e.g., an amino acid

sequence of any CD 19 antigen binding domain provided in Table 6 .

Table 10. Exemplary CD1 9 CAR molecules

SE

an igen

CD 19 CTLOl MALPVTALLLPLAL LH A.R PD QMT TTSSLSA SLGDRVT SCPA SQD SKYL

9 NWYQQKPDGTVKLLI:YHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYF
CQQGNTLPYTFGGGl ?KLE GGGGSGGGGSGGGGSEVKLQESG GL PSQSLS
VTCTVSGVSLPDYG\ S V RQP PRKGLEWLGVI GSETTYYNSALKS RLT KDN
S KS VFLKMN S LQT DTA IYYCAKH YYYGGSYAMD Y GQGTSVTV SST TPAP R 28

P PTPAPTIASQPLSI R Ξ CRPAAG GAVHTRG LDFAC D Y A PLA G CGVL LL
S LV TLYCKRG RKKI LYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF
S P.SADAPAYKQGQNC LYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL
YNELQK KMAEAYSE GMKGERRRG KGHDGLYQGL S ATKDT YDAL MQA PPR

CD 19 CAR 1 A VTAL LLP LALLLHAA P E VMTQS PAT L SLS PGERATL SCRASQDI SKYL
YQ KPGQAP P.LL YHT SRLHSG PAR SGS GSG YT L S SLQPEDFAVY F

C QGN LP GQGT KLE KGGGGS GGGGSGGGGSQVQLQES GPGLVKP SETLS
LTCTVS G VSLP DYGVS RQP PGKGLE G GS ETTYYS S SLKS RV I SKDN

SKNQVSLKLS SVTAADTAVYYC^VKHYYYGGS YAMDYWGQGTL -VTVS STTTPAPR
P PT P ASQPLSLRPEACR AGGAVHTRGLDFAC Y .A LAGTC GVLLL
S LV TLYCKRGRKKL L I FKQ P FMRPVQTTQEEDGCSCRFPE EEEGGCELRVKF
S RSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMG GKPRRKNPQEGL
YNELOKDKMAEAYSEI GMKGERRRGKGHDGLYOGLSTATKDTYDALHMOALP P R

CD 19 CAR 2 MALPVTALLLPLALLLHAARPEIVMTQS PATLSLS PGERATLSCRASQDI SKYL
NWYQQKPGQAPRLLI YH SRLHSGI PARFSGS GSGTDYTLTI S SLQPEDFAVY F
CQQGN LPY F GQG KLE I KGGGGS GGGGSGGGGSQVQLQES GPGLVKP SE L S
LTCTVSGVSLPDYGVSWI QP PGKGLEWI GVI GS ETTYYQS SLKS RVT SKDN 270
S KNQVSLKLS SVTAADTAVYYCAKHYYYGGS YAMDYVJGQGTLVTVS STTTPAPR
P PTPAPTIASQPLS LRPE CRPAAGGAVHTRGLDFACD Y A LAGTC GVLLL
S L TLYCKRGRKKL LY FKQ P FMRPVQTTQEEDG cCSCRF PEEEEGGCELPVKF
S RSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL



YNELQKDKMAEAYS E GMKGERRRG KGHDGLYQGL STATKDT YDALHMQALP PR

CD 19 CAR 3 MALPVTALLL LALLLHAAR P0VQLQESGPGLVKPSETLSLTC VSGVSLPDYG
VSWI RQPPGKGLEWI GV GSETTYYSSSLKS RVT SKDNSKNQVS LKLSSVTA
ADTAWyCAKHYYYGGSYAMDYWGQGTLVTVSSGGGGSGGGGSGGGGSEIVMTQ
SPA LSLSPGERATLSCRASQD SKYLNWYQQ KPGQAPRLL YH SRLHSGI PA
RFSGSGSGTDYTLT SSLQPED YFCQQGNTLPYTFGQGTKLE KTTTPAPR 27

PPT AP ASQPLSLRPΞ CRPAAGGAVHTRGLDFACD Y APLAGTCGVLLL
SLVITLYCKRGRKKLLY FK FMR VQ TQEE GCSCRF EEEEGGCELRVK
SRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL
YNELQKDKMAEAYS EIGMKGERRRG KGHDGLYQGL STA KD YDALHMQALP PR

CD 19 CAR 4 MALPVTALLLPLALLLHAARPQVQLQESGPGLVKPSETLSLTCTVSGVSLPDYG
VSWI RQPPGKGLEWI GVI GSETTYYQS SLKS RVT ISKDNSKNQVS LKLSSVTA
ADTAVYYCAKHYYYGGSYAMDYWGQGTLVTVS SGGGGSGGGGSGGGGSEIVMTQ
SPATLSLS PGERATLSCRASQDI SKYLNWYQQKPGQAPRLLI YHTSRLHSGI PA
RFSGSGSGTDYTLTISSLQPED AV QQGNTLPYTFGQGT LEIKTTTPAPR 272

PAPTIASQPLSLR EACRPAAGGAVHTRGLDFAC IY APLAGTCGVLLL
SLVITLYCKRGRKKLLYI FKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF
SRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL
YNELQKDKMAEAYS E GMKGERRRG KGHDGLYQGL STATKDTYDALHMQALP PR

CD19 CAR 5 MALPVTALLLP ALLLHAA PE VMTQSPATLSLSPGERATLSC ASQ SKYL
NWYQQKP GQAPRLLIYHTSRLHSGI PARFSGSGSGTDYTLTI SSLQPEDFAVYF
CQQGNTLPYTFGQGTKLEIKGGGGSGGGGSGGGGSGGGGSQVQLQESGPGLVKP
SETLSLTCTVSGVSLPDYGVSWIRQPPGKGLEWIGVIWGSETTYYSSSLKSRVT
ISKDNSKNQVS LKLS SVTAADTAVYYCAKHYYYGGSYAMDYWGQGTLVTVSSTT 273
TPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYI APLAGTC
GVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQTTQEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN
PQEGLYNELQKDKMAEAYSEI GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQ
ALPPR

CD 19 CAR 6 MALPVTALLLPLALLLHAARPEIVMTQS PATLSLS PGERATLSCRASQDI SKYL
NWYQQKPGQAPRLLI YHTSRLHSGI PARFSGSGSGTDYTLTI SSLQPEDEAVYF
CQQGNTLPYTFGQGTKLEIKGGGGSGGGGSGGGGSGGGGSQVQLQESGPGLVKP
SETLSLTCTVSGVSLPDYGVSWIRQPPGKGLEWIGVIWGSETTYYQSSLKSRVT
ISKDNSKNQVS LKLS SVTAADTAVYYCAKHYYYGGSYAMDYWGQGTLVTVSSTT 274
TPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYI APLAGTC
GVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQTTQEEDGCSCRFPEEEEGGCB
LRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN
PQEGLYNELQKDKMAEAYSEI GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQ
ALP PR

CD 19 CAR 7 MALPVTALLLPLALLLHAARPQVQLQESGPGLVKPSETLSLTCTVSGVSLPDYG
VSWI RQPPGKGLEWI GVIWGS ETTYYSSSLKS RVT ISKDNSKNQVS LKLSSVTA
ADTAVYYCAKHYYYGGSYAMDYWGQGTLVTVS SGGGGSGGGGSGGGGSGGGGSE
IVMTQS PATLSLS PGERATLSCRASQDI SKYLNWYQQKPGQAPRLLI YHTSRLH
SG PARFSGSGSGTDYTLTI SSLQPEDFAVYFCQQ GNTLPYTFGQGTKL EIKTT 275
TPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYI A LAGTC
GVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQTTQEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN
PQEGLYNELQKDKMAEAYSEI GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQ
ALP PR

CD 19 CAR 8 MAL VTALLLPLALLLHAAR QVQ QESG GLV PSETLSL C VSGVS DYG
VSW QPPGKGLEWI GV WGS ETTYYQS SLKS RVT SKDNSKNQVSLKLSSVTA
ADTAVYYCAKHYYYGGSYAMDYWGQGTLVTVS SGGGGSGGGGSGGGGSGGGGSE
IVMTQS PATLSLS PGERATLSCRASQDI SKYLNWYQQKPGQAPRLLI YHTSRLH 276
SGIPARFSGSGSGTDYTLTIS SLQPEDFAVYFCQQ GNTLPYTFGQGTKL E KTT
TPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYI WAPLAGTC
GVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQTTQEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN



PQEGLYNELQKDKMAEAYSEI GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQ
ALP PR

CD19 CAR 9 LPVTAJ.,LLPLALLLHAARPE MTQSPATLSLSPGERATLSCRASQDISKYL
NWYQQKPGQAPRLLI H SRLHSG PARFSGSGSGTDYTLTI SSLQPEDFAVYF
CQQGNTLPYTFGQGTKLEIKGGGGSGGGGSGGGGSGGGGSQVQLQESGPGLVKP
SETLSLTCTVSGVSLPDYGVSWIRQPPGKGLEWIGVIWGSETTYYNS SLKSRVT
ISKDNSKNQVSLKLS SWAADTAVYYCAKHYYYGGSYAMDYWGQGTLVTVSSTT 277
TPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDI APLAG C
GVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQTTQEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN
PQEGLYNELQKDKMAEAYSEI GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQ
ALPPR

CD 19 CAR MAL VTALLLPLA LHAARPE VM QSPATLSLSPGE RATLSCR SQD SKYL

10 NWYQQKPGQAPRLLI H SRLHSGIPARFSGSGSGTDYTLTI SSLQPEDFAVYF
CQQGNTLPYTFGQGT LEI KGGGGSGGGGSGGGGSGGGGSQVQLQESGPGLVKP
SETLSLTCTVSGVSLPDYGVSWIRQPPGKGLEWIGVIWGSETTYYNS SLKSRVT
ISKDNSKNQVSLKLS SVTAADTAVYYCAKHYYYGGSYAMDYWGQGTLVTVSSTT 278
TPAPR AP IASQPLSLRPEACP.PAAGGAVHTRGLDFACDI YI APLAG C
GVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCB
LRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN
PQEGLYNELQKDKMAEAYSEI GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQ
ALP PR

CD 19 CAR MALPVTALLLPLALLLHAARPQVQLQESGPGLVKPSETLSLTCTVSGVSLPDYG

11 VSWI ROPPGKGLEWI GVIWGS ETTYYNS SLKS RVT ISKDNSKNQVS LKLSSVTA
ADTAVYYCAKHYYYGGSYAMDYWGQGTLVTVS SGGGGSGGGGSGGGGSGGGGSE
IVMTQSPATLSLSPGERATLSCRASQDI SKYLNWYQQKPGQAPRLLI H SRLH
SGI PARFSGSGSGTDYTLTI SSLQPEDFAVYFCQQGN L Y FGQG KLE K 279
PAPRPP PAP IASQPLSLRPEACRPAAGGAVHTRGLDFACDI IWAP AG C

GVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQTTQEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN
PQEGLYNELQKDKMAEAYSEI GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQ
ALP PR

CD 19 CAR MAL V LLLPLALLLHAAR E VMTQSPATLSLS PGEPATLSCRASQDI SKYL

12 NWYQQKPGQAPRLLI YHTSRLHSGI PARFSGSGSGTDYTLTI SSLQPEDFAVYF
CQQGNTLPYTFGQGTKLEIKGGGGSGGGGSGGGGSQVQLQESGPGLVKPSETLS
LTCTVSGVSLPDYGVSWIRQPPGKGLEWIGVIWGS ETTYYNS SLKS VT SKDN
SKNQVSLKLSSVTAADTAVY YCAKHYYYGGS YAMDYWGQGTLVTVS STTT A R 280

PPT PTIASQPLSLRP ACRPAAG GAVH RGLDFACDIY WAPLAGTCGVLLL
SLV TLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCR EEEEGGCELRVKF
SRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL
YNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

In one embodiment, the CAR molecule of the BCA CAR comprises (e.g., consists of)

an amino acid sequence as provided in Table 0, or in Table 3 of International Publication No.

WO201 4/1 53270, filed March 15, 2014; incorporated herein by reference. In one embodiment,

the CAR molecule of the BCA CAR comprises (e.g., consists of) an amino acid sequence of

SEQ ID NO: 269, SEQ ID NO: 270, SEQ ID NO: 271, SEQ ID NO: 272, SEQ ID NO: 273,

SEQ ID NO: 274, SEQ ID NO: 275, SEQ ID NO: 276, SEQ ID NO: 277, SEQ ID NO: 278,

SEQ ID NO: 279, SEQ ID NO: 280, or SEQ ID NO: 281; or an amino acid sequence having at

least one, two, three, four, five, 10, 15, 20 or 30 modifications (e.g., substitutions, e.g.,



conservative substitutions) but not more than 60, 50, or 40 modifications (e.g., substitutions,

e.g., conservative substitutions) of an amino acid sequence of SEQ ID NO: 269, SEQ ID NO:

270, SEQ ID NO: 271, SEQ ID NO: 272, SEQ ID NO: 273, SEQ ID NO: 274, SEQ ID NO:

275, SEQ ID NO: 276, SEQ ID NO: 277, SEQ ID NO: 278, SEQ ID NO: 279, SEQ ID NO:

280, or SEQ ID NO: 281; or an am o acid sequence having 85%, 90%, 95%, 96%, 97%, 98%,

99% identity- to an ammo acid sequence of SEQ ID NO: 269, SEQ ID NO: 270, SEQ ID NO:

271 , SEQ ID NO: 272, SEQ ID NO: 273, SEQ ID NO: 274, SEQ ID NO: 275, SEQ ID NO:

276, SEQ ID NO: 277, SEQ ID NO: 278, SEQ ID NO: 279, SEQ ID NO: 280, or SEQ ID NO:

281 .

in o e aspect, the BCA CAR comprises a CAR molecule comprising an antigen binding

domain that binds to a B cell antigen in one embodiment, the BCA CAR comprises a CAR

molecule comprising a BCMA antigen binding domain (e.g., a murine, human or humanized

antibody or antibody fragment that specifically binds to BCMA, e.g., human BCMA), a

transmembrane domain, and an intracellular signaling domain (e.g., an intracellular signaling

domain comprising a costimulatory domain and/or a primary signaling domain).

Exemplary CAR molecules of a BCA CAR described herein are provided in Table 16,

or Table 1 of WO2016/014565, or as otherwise described herein. The CAR molecules in Table

16 comprise a BCMA antigen binding domain, e.g., an amino acid sequence of any BCMA

antigen binding domain provided in Table 2 or 13.

16. Exemplary BCMA CAR molecules. Sequences are provided with a leader sequence.



GGGAGATTCACCATCAGCCGGGACAACTCCAGGAACACTCTGTACCTCCAA
ATGAATTCGCTGAGGCCAGAGGAC ACTGCCATCTAGTAGTGCTCCGCGCAT
GGCGGAGAGTCCGACGTCTGGGGACAGGGGACCACCGTGACCGTGTCTAGC
GCGTCCGGCGGAGGCGGCAGCGGGGGTCGGGCATCAGGGGGCGGCGGATCG
GACATCCAGCTCACCCAGTCCCCGAGCTCGCTGTCCGCCTCCGTGGGAGAT
CGGGTCACCATCACGTGCCGCGCCAGCCAGTCGATTTCCTCCTACCTGAAC
TGGTACCAACAGAAGCCCGGAAAAGCCCCGAAGCTTCTCATCTACGCCGCC
TCGAGCCTGCAGTCAGGAGTGCCCTCACGGTTCTCCGGCTCCGGTTCCGGT
ACTGATTTCACCCTGACCATTTCCTCCCTGCAACCGGAGGACTTCGCTACT
TACTACTGCCAGCAGTCGTACTCCACCCCCTACACTTTCGGACAAGGCACC
AAGGTCGAAATCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCT
CCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGTAGACCC
GCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATC
TACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTC
GTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTT
AAGCAACCC TTCATGAGGCCTGTGCAGAC ACTCAA GAGGAGGACGGCTGT
TCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGCGTGAAA
TTCAGCCGCAGCGCAGATGCTCCAGCC ACAAGCAGGGGCAGAACCAGCTC
TACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAG
CGGAGAGGACGGGAC CCAGAAATGGGCGGGAAGCCGCGCAGAAAGAAT CCC
CAAGAGGGCCTGTACAAC GAGCTCCAAAAGGATAAGATGGCAGAAGCCTAT
AGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGA
CTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCTCTTCAC
ATGCAGGCCCTGCCGCCTCGG

139103

139103- aa 949 MALPVTALLLPLALLLHAARPQVQLVESGGGLVQPGRSLRLSCAASGFTFS
Full CAR YAMSWVRQAPGKGLGWVSGISRSGENT YYADSVKGRFT SRD SK TLYL

OMNSLRDEDTAVYYCARS PA YYGGMDVWGQGTTV VSSASGGGGSGGRAS
GGGGSD VLTQSPGTLSLSPGERATLSCRAS S SSSFLAWYQQKPGQAPR
LL YGASRPATG PDRFSGSGSGTDFTLT SRLEPEDSAVYYCQQYHSSPS
WTFGQGTKLEIKTTTPAPRPPTPAPT lASQPLSLRPEACRPAAGGAVHTRG
LDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQT
TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERR
RGKGHDGLYQGLSTATKDTYDALHMQALPPR

139103- t 964 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCCAAGTGCAACTCGTGGAATCTGGTGGAGGACTCGTGCAA

CCCGGAAGATC GCTTAGACTGTCGTGT GCCGCCAGCGGGTTCACTTTCTCG
AACTACGCGATGTCCTGGGTCCGCCAGGC CCCGGAAAGGGACT CGGTTGG
GTGTCCGGCATTTCCCGGTCCGGCGAAAATACCTACTACGCCGACTCCGTG
AAGGGCC GCTTCACCATCTCAAGGGACAAC AGCAAAAACACCCTGTACTTG
CAAATGAACTCCCTGCGGGATGAAGATACAGCCGTGTACTATTGCGCCCGG
TCGCCTGCCCATTACTACGGCGGAATGGACGTCTGGGGACAGGGAACCACT
GTGACTGTCAGCAGCGCGTCGGGTGGCGGCGGCTCAGGGGGTCGGGCCTCC
GGGGGGGGAGGGTCCGACATCGTGCTGACCCAGTCCCCGGGAACCCTGAGC
CTGAGCCCGGGAGAGCGCGCGACCCTGTCATGCCGGGCATCCCAGAGCATT
AGCTCCTCCTTTCTCGCCTGGTATCAGCAGAAGCCCGGACAGGCCCCGAGG
CTGCTGATCTACGGCGCTAGCAGAAGGGCTACCGGAATCCCAGACCGGTTC
TCCGGCTCCGGTTCCGGGACCGATTTCACCCTTACTATCTCGCGCCTGGAA
CCTGAGGACTCCGCCGTCTACTACTGCCAGCAGTACCACTCATCCCCGTCG
TGGACGTTCGGACAGGGCACCAAGCTGGAGATTAAGACCACTACCCCAGCA
CCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTG



CGTCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGT
CTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGC
GGGGTCCTGCTGCTTTCACTCGT GATCACTCTTTACT GTAAGCGCGGTCGG
AAGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAG ACT
ACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGC
GGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCT AC
AAGCAGGGGCAGAAC CAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAG
GAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGG
AAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAG
GATAAGATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGA
AGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAG
GACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

139105
139105- aa 950 MALPVTALLLPLALLLHAARPQVQLVESGGGLVQPGRSLRLSCAASGFTFD
Full CAR DYAMHWVRQAPGKGLEWVSGISWNSGS IGYADSVKGRFT SRD AK SLYL

QMNSLRAEDTALYYCSVHSFLAYWGQGTLVTVSSASGGGGSGGRASGGGGS
D V TQTPLSLPVTPGEPASISCRSSQSLLHSNGYN LDWYLQKPGQSPQL
LIYLGSNRASGVPDRFSGSGSGTDFTLKI SRVEAEDVGVYYCMQALQTPYT
FGQGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD
FACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQ
EEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRG
KGHDGLYQGLSTATKDTYDALHMQAL PPR

139105- t 965 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCCAAGTGCAACTCGTCGAATCCGGTGGAGGTCTGGTCCAA

CCTGGTAGAAGCCTGAGACTGTCGTGTGCGGCCAGCGGATTCACCTTTGAT
GACTATGCTATGCACTGGGTGCGGCAGGCCCCAGGAAAGGGCCTGGAATGG
GTGTCGGGAATTAGCTGGAACTCCGGGTCCATTGGCTACGCCGACTCCGTG
AAGGGCCGCTTCACCATCTCCCGCGACAACGCAAAGAACTCCCTGTACTTG
CAAATGAACTCGCTCAGGGCTGAGGATACCGCGCTGTACTACTGCTCCGTG
CATTCCTTCCTGGCCTACTGGGGACAGGGAACTCTGGTCACCGTGTCGAGC
GCCTCCGGCGGCGGGGGCTCGGGTGGACGGGCCTCGGGCGGAGGGGGGTCC
GACATCGTGATGACCCAGACCCCGCTGAGCTTGCCCGTGACTCCCGGAGAG
CCTGCATCCATCTCCTGCCGGTCATCCCAGTCCCTTCTCCACTCCAACGGA
TACAACTACCTCGACTGGTACCTCCAGAAGCCGGGACAGAGCCCTCAGCTT
CTGATCTACCTGGGGTCAAATAGAGCCTCAGGAGTGCCGGATCGGTTCAGC
GGATCTGGTTCGGGAACTGATTTCACTCTGAAGATTTCCCGCGTGGAAGCC
GAGGACGTGGGCGTCTACTACTGTATGCAGGCGCTGCAGACCCCCTATACC
TTCGGCCAAGGGACGAAAGTGGAGATCAAGACCACTACCCCAGCACCGAGG
CCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCG
GAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGAC
TTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTC
CTGCTGCTTTCACTCGTGATCACTCTTTACTG AAGCGCGGTCGGAAGAAG
CTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAA
GAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGC
GAACTGCGCGTGAAATTCAGCCGCAGCGCAGAT GCTCCAGCCTACAAGCAG
GGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTAG
GACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCG
CGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAG
ATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGC
AAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACC
TATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG



139111
139111- aa 951 MALPVTALLLPLALLLHAARPEVQLLESGGGLVQPGGSLRLSCAVSGFALS
Full CAR NHGMS V A GKGLE SGIVYSGSTYY AASVKGRFTIS RD SRNTLYLQ

MNSLRPEDTAIYYCSAHGGESD V G G V SSASGGGGSGGRASGGGGS
DIVMTQTPLSLSVTPGQPAS ISCKSSQSLLRNDGKTPLYWYLQKAGQPPQL
LIYEVSNRFSGVPDRFSGSGSGTDFTLKIS RVEAEDVGAYYCMQNIQ F SF
GGGTKLEIKTTTPAPRPPTPAPT IASQPLSLRPEACRPAAGGAVHTRGLDF
ACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQTTQE
EDGCSCRFPEEEEGGCEL RVKFSRSADAPAYKQGQNQL EL LGRREEYD
VLDKRRGRDPEMGGKPRRKNPOEGLYNELQKDKMAEAYSE GMKGERRRGK
GHDGLYQGLSTATKDTYDALHMQAL P R

139111- nt 966 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCGAAGTGCAATTGTTGGAATCTGGAGGAGGACTTGTGCA G

CCTGGAGGATCACTGAGACTTTCGTGTGCGGTGTCAGGCTTCGCCCT GAGC
AACCACGGCATGAGCTGGGTGCGGAGAGCCCCGGGGAAGGGTCTGGAATGG
GTGTCCGGGATCGTCTACTCCGGTTCAACTTACTACGCCGCAAGCGTGAAG
GGTCGCTTCACCATTTCCCGCGATAACTCCCGGAACACCCTGTACCTCCAA
ATGAACTCCCTGCGGCCCGAGGACACCGCCATCTACTACTGTTCCGCGCAT
GGAGGAGAGTCC GATGTCTGGGGACAGGGC ACTACCGTGACCGTGTC GAGC
GCCTCGGGGGGAGGAGGCTCCGGCGGTCGCGCCTCCGGGGGGGGTGGCAGC
GACA GTGATGACGCAGAC TCCACTCTCGCTGTCCGT GACCCCGGGACAG
CCCGCGTC CATCTCGTGCAAGAGCT CCCAGAGCCTGCTGAGGAACGACGGA
AAGACTCCTCTGTATTGGTACCTCCAGAAGGCTGGACAGCCCCCGCAACTG
CTCATCTACGAAGTGTCAAATCGCTTCTCCGGGGTGCCGGATCGGTTTTCC
GGCTCGGGATCGGGCACCGACTTCACCCTGAAAATCTCCAGGGTCGAGGCC
GAGGACGTGGGAGCCTACTACTGCATGCAAAACATCCAGTTCCCTTCCTTC
GGCGGCGGCACAAAGCTGGAGATTAAGACCACTACCCCAGCACCGAGGCCA
CCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAG
GCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTC
GCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTG
CTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTG
CTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAG
GAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAA
CTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGG
CAGAACCAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGAC
GTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCGCGC
AGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATG
GCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAA
GGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTAT
GACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

139100
139100- aa 952 MALPVTALLLPLALLLHAARPQVQLVQSGAEVRKTGASVKVSCKASGYIFD
Full CAR NFGINWVRQAPGQGLEWMGWINPKNNNTNYAQKFQGRVT ITADESTNTAYM

EVSSLRSEDTAVYYCARGPYYYQSYMDVWGQGTMVTVSSASGGGGSGGRAS
GGGGSDIVMTQTPLSLPVTPGEPAS SCRS SOSLLHSNGYNYLNWYLQKPG
QSPQLL IYLGSKRASGVPDRFSGSGSGTDFTLHITRVGAEDVGVYYCMQAL
OTPY FGQGTKLE IKTTT PAPRPPT PAPT IASQPLSLRPEACRPAAGGAVH
TRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQPFMRP
VQTTQEEDGCSCRFP EEEEGGCELRV SRSADAPAYKQGQNQLYNELNL G
RREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKG
ERRRGKGHDGLYQGLSTAT DTYDALHMQALPPR

139100- nt 967 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC



Full CAR GCCGCTCGGCCCCAAGTCCAACTCGTCCAGTCCGGCGCAGAAGTCAGAAAA
ACCGGTGCTAGCGTGAAAGTGTCCTGCAAGGCCTCCGGCTACATTTTCGAT
AACTTCGGAATCAACTGGGTCAGACAGGCCCCGGGCCAGGGGCTGGAATGG
ATGGG TGGATCAACCCCAAGAACAACAACACC ACTAGGCACAGAAGTTC
CAGGGCCGCGTGACTATCACCGCCGATGAATCGACCAATACCGCCTACATG
GAGGTGTCCTCCCTGCGGTC GGAGGACAC GCCGTGTATTACTGCGCGAGG
GGCCCATACTACTACCAAAGCTACATGGACGTCTGGGGACAGGGAACCATG
GTGACCGTGTCATCCGCCTCCGGTGGTGGAGGCTCCGGGGGGCGGGCTTCA
GGAGGCGGAGGAAGCGATATTGTGATGACCCAGACTCCGCTTAGCCTGCCC
GTGACTCCTGGAGAACCGGCCTCCATTTCCTGCCGGTCCTCGCAATCACTC
CTGCATTCCAACGGTTACAACTACCTGAATTGGTACCTCCAGAAGCCTGGC
CAGTCGCCCCAGTTGCTGATCTATCTGGGCTCGAAGCGCGCCTCCGGGGTG
CCTGACCGGTTTAGCGGATCTGGGAGCGGCACGGACTTCACTCTCCACATC
ACCCGCGT GGGAGCGGAGGACGT GGGAGTGTACTACT G ATGCAGGCGCTG
CAGACTCCGTACACATTCGGACAGGGCACCAAGCTGGAGATCAAGACCACT
ACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCT
CTGTCCCTGCGTCCGGAGGCAT GTAGACCCGCAGCT GGTGGGGCCGT GCAT
ACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCT
GGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAG
CGCGGTCGGAAGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCT
GTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAG
GAGGAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCT
CCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGT
CGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAA
ATGGGCGGGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAG
CTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGG
GAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACC
GCCACCAAGGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

139101
139101- aa 953 MALPVTALLLPLALLLHAARPQVQLQESGGGLVQPGGSLRLSCAASGFTFS
Full CAR SDAMTWVRQAPGKGLEWVSVISGSGGTT YYADSVKGRFT SRDNSKNTLYL

OMNSLRAEDTAVYYCAKLDSSGYYYARGPRYWGQGTLVTVS SASGGGGSGG
RASGGGGSDIQLTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKA
PKLL YGASTLASGVPARFSGSGSGTHFTLTINSLQSEDSATYY CQ SYKR
ASFGQGTKVE KTTTPAPRPPTPAPT ASQPLSLRPEACRPAAGGAV TRG
LDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQT
TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGONQLYNELNLGRRE
EYDVLDKRRGRDPEM GGKPRRKNPQ EGLY E QKDKMAEAYSEIGMKGERR
RGKGHDGL YQGLSTATKDTYDALHMQALPPR

139101- nt 968 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCCAAGTGCAACTTCAAGAATCAGGCGGAGGACTCGTGCAG

CCCGGAGGATCATTGCGGCTCTCGTGCGCCGCCTCGGGCTTCACCTTCTCG
AGCGACGCCATGACCTGGGTCCGCCAGGCCCCGGGGAAGGGGCTGGAATGG
GTGTCTGTGATTTCCGGCTCCGGGGGAACTACGTACTACGCCGATTCCGTG
AAAGGTCGCTTC CTATCTCCCGGGAC AC GC AGAAC CCCTTT TCTG
CAAATGAATTCCCTCCGCGCC GAGGACACCGCCGTGTACTACTGCGCCAAG
CTGGACTCCTCGGGCTACTACTATGCCCGGGGTCCGAGATACTGGGGACAG
GGAACCCTCGTGACCGTGTCCTCCGCGTCCGGCGGAGGAGGGTCGGGAGGG
CGGGCCTCCGGCGGCGGCGGTTCGGACATCCAGCTGACCCAGTCCCCATCC
TCACTGAGCGCAAGCGTGGGCGACAGAGTCACCATTACATGCAGGGCGTCC
CAGAGCATCAGCTCCTACCTGAACTGGTACCAACAGAAGCCTGGAAAGGCT
CCTAAGCTGTTGATCTACGGGGCTTCGACCCTGGCATCCGGGGTGCCCGCG



AGGTTTAGCGGAAGCGGTAGCGGCACTCACTTCACTCTGACCATTAACAGC
CTCCAGTCCGAGGATTCAGCCACTTACTACTGTCAGCAGTCCTACAAGCGG
GCCAGCTTCGGACAGGGCACTAAGGTCGAGATCAAGACCACTACCCCAGCA
CCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTG
CGTCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGT
CTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGC
GGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGG
AAGAAGCT GCTGTACA CT AAGCAACCCT CATGAGGCCTGTGCAGACT
ACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGC
GGCTGCGAACTGCGCGTGAAAT CAGCCGC GCGC GATGCTCCAGCCTAG
AAGCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGGAGA GAG
GAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGG
AAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAG
GATAAGATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGA
AGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAG
GACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

139102
139102- aa 954 MALPVTALLLPLALLLHAARPQVQLVQSGAEVKKPGASVKVSCKASGYTFS
Full CAR NYGITWVRQAPGQGLEWMGWISAYNGNTNYAQKFQGRVTMTRNTSI STAYM

ELSSLRSEDTAVYYCARGPY YYYMDVWGKGTMVTVS SASGGGGSGGRASGG
GGSE VMTQSPLSLPVTPGEPAS SCRSSQSLLYSNGYNYVDWYLQKPGQS
PQLLIYLGSNRASGVPDRFSGSGSGTDFKLQISRVEAEDVGIYYCMQGRQF
PYSFGQGTKVE IKTTTPAPRPPT PAPT IASQPLSLRPEACRPAAGGAVHTR
GLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQ
TTQEEDGCSCRFPEEEEGGC ELRVKFSRSADAPAYKQGQNQLYNELNLGRR
EEYDVLDKR RGRDPEMGGKPR RK PQEGLYNELQKD KMAEAYSEIGMKGER
RRGKGHDGL YQGL STATKDT YDALHMQAL PPR

139102- t 969 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCCAAGTCCAACTGGTCCAGAGCGGTGCAGAAGT GAAGAAG

CCCGGAGCGAGCGTGAAAGTGTCCTGCAAGGCTTCCGGGTACACCTTCTCC
AACTACGGCATCACTTGGGTGCGCCAGGCCCCGGGACAGGGCCTGGAATGG
ATGGGGTGGATTTCCGCGTACAACGGCAATACGAACTACGCTCAGAAGTTC
CAGGGTAGAGTGACCATGACTAGGAACACCTCCATTTCCACCGCCTACATG
GAACTGTCCTCCCTGCGGAGCGAGGACACCGCCGTGTACTATTGCGCCCGG
GGACCATACTACTACTACATGGATGTCTGGGGGAAGGGGACTATGGTCACC
GTGTCATCCGCCTCGGGAGGCGGCGGATCAGGAGGACGCGCCTCTGGTGGT
GGAGGATCGGAGATCGTGATGACCCAGAGCCCTCTCTCCTTGCCCGTGACT
CCTGGGGAGCCCGCATCCATTTCATGCCGGAGCTCCCAGTCACTTCTCTAC
TCCAACGGCTATAACTACGTGGATTGGTACCTCCAAAAGCCGGGCCAGAGC
CCGCAGCTGCTGATCTACCTGGGCTCGAACAGGGCCAGCGGAGTGCCTGAC
CGGTTCTCCGGGTCGGGAAGCGGGACCGACTTCAAGCTGCAAATCTC GAGA
GTGGAGGCCGAGGACGTGGGAATCTACTACTGTATGCAGGGCCGCCAGTTT
CXGTACTCGTT CGGACAGGGCACCAAAGTGGAAATCAAGACCACTACCCC A
GCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCC
CTGCGTCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGG
GGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACT
TGCGGGGTCCTGCTGCTTTC ACTCGTGATCACTCTTTACTGTAAGCGCGGT
CGGAAGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAG
ACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAA
GGCGGCTGCGAAC GCGCGTGAAATTCAGCCGC GCGC GATGCTCCAGCC
TACAAGCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGGAGA
GAGGAGTACGACGTGCTGGACAAGC GGAGAGGACGGGACCCAGAA TGGGC



GGGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAA
AAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGC
AGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACC
AAGGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

139104
139104- aa 955 MALPVTALLLPLALLLHAARPEVQLLETGGGLVQPGGSLRLSCAVSGFALS
Full CAR NHGMSW RRAPGKGLE VSGIVYSGSTYYAASVKGRFTISRDNSRNTLYLQ

MNSLRPEDTAIYYCSAHGGESD V G0GTTVTVSSASGGGGSGGRASGGGGS
EIVLTQSPATLSVSPGESATLSCRASQSVSSNLAWYQQKPG APRLL YGA
ST A SGIPDRFSGSGSGTDFTLT SSLQAEDVAVYYCQQYGSSLTFGGGTK
YEIKTTTPAPRPPTPAPT IASQPLSLRPEACRPAAGGAVHTRGLDFACDI Y
IWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQTTQEEDGCS
CRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREE YDVLDKR
RGRDPEMGGKPRRKNPOEGLYNELQKDKMAEAYSE GMKGERRRGKGHDGL
YQGLSTATKDTYDALHMQALPPR

139104- nt 970 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCC GAAGTGCAATTGCTCGAAAC GGAGGAGG CTGGTGCAA

CCTGGAGGATCACTTCGCCTGTCCTGCGCCGTGT CGGGCTTTGCCCTGT CC
AACCATGGAATGAGCTGGGTCCGCCGCGCGCCGGGGAAGGGCC TCGAATGG
GTGTCCGGCATCGTCTACTCCGGCTCCACCTACTACGCCGCGTCCGTGAAG
GGCCGGTTCACGATTTCACGGGACAACTCGCGGAACACCCTGTACCTCCAA
ATGAATTCCCTTCGGCCGGAGGATACTGCCATCTACTACTGCTCCGCCCAC
GGTGGCGAATCCGACGTCTGGGGCCAGGGAACCACCGTGACCGTGTCCAGC
GCGTCCGGGGGAGGAGGAAGCGGGGGTAGAGCATCGGGTGGAGGCGGATCA
GAGATCGTGCTGACCCAGTCCCCCGCCACCTTGAGCGTGTCACCAGGAGAG
TCCGCCACCCTGTCATGCCGCGCCAGCCAGTCCGTGTCCTCCAACCTGGCT
TGGTACCAGCAGAAGCCGGGGCAGGCCCCTAGACTCCTGATCTATGGGGCG
TCGACCCGGGCATCT GGAATTCCCGATAGGTTCAGCGGATCGGGCTCGGGC
ACTGACTTCACTCTGACCATCTCCTCGCTGCAAGCCGAGGACGTGGCTGTG
TACTACTGTCAGCAGTACGGAAGCTCCCTGACTTTCGGTGGCGGGACCAAA
GTCGAGATTAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCT
ACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGTAGACCCGCA
GCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTAC
ATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTG
ATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTTAAG
CAACCCTTCAT GAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCA
TGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGCGTGAAATTC
AGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTAC
AACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGG
AGAGGACGGGACCCAGAAATGGGCGGGAAGCCGCGCAGAAAGAATCCCCAA
GAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCT ATAGC
GAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTG
TACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCTCTTCACATG
CAGGCCCTGCCGCCTCGG

139106
139106- aa 956 MALPVTALLLPLALLLHAARPE QL ETGGGL QPGGSLRLSCAVSGFALS
Full CAR NHGMSWVRRAPGKGLEWVSGIVYSGSTYYAASVKGRFTISRDNSRNTLYLQ

MNSLRPEDTAIYYCSAHGGESD V G0GTTVT SSASGGGGSGGRASGGGGS
E M QSPATLS SPGERATLSCRA SQSVSSKLAWYQQKPGQAPRLL MYGA
SIRATGIPDRFSGSGSGTE TLT SSLEPEDFA YYCQQYGSSSWTFGQGT
KVEIKTTTPAPP .PPTPAPT AS0PLSLRPEACRPAAGGAVHTRGLDFACDI
Y WAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGC



SCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDK
RRGRD PEMGGK PRRKNPQEGLYN ELQKDKMAEAYS EIGMKGERRRGKGHDG
LYQGLSTATKDTYDALHMQALPPR

139106- nt 97 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCGAAGTGCAATTGGTGGAAACTGGAGGAGGACTTGTGCAA

CCTGGAGGATCATTGAGACTGAGCTGCGCAGTGTCGGGATTCGCCCTGAGC
AACCATGGAATGTCCTGGGTCAGAAGGGCCCCTGGAAAAGGCCTCGAATGG
GTGTCAGGGATCGTGTACTCCGGTTCCACTTACTACGCCGCCTCCGT GAAG
GGGCGCTTCACTATCTCACGGGATAACTCCCGCAATACCCTGTACCTCCAA
ATGAACAGCCTGCGGCCGGAGGATACCGCCATCTACTACTGTTCCGCCCAC
GGTGGAGAGTCTGACGTCTGGGGCCAGGGAACTACCGTGACCGTGTCCTCC
GCGTCCGGCGGTGGAGGGAGCGGCGGCCGCGCCAGCGGCGGCGGAGGCTCC
GAG TCGTGATGACCCAGAGCCCCGCTACTCTGTCGGTGTCGCCCGGAGAA
AGGGCGACCCTGTCCTGCCGGGCGTCGCAGTCCGTGAGCAGCAAGCTGGCT
TGGTACCAGCAGAAGCCGGGCCAGGCACCACGCCTGCTTATGTACGGTGCC
TCCATTCGGGCCACCGGAATCCCGGACCGGTTCTCGGGGTCGGGGTCCGGT
ACCGAGTTCACACTGACCATTTCCTCGCTCGAGCCCGAGGACTTTGCCGTC
TATTACTGCCAGCAGTACGGCTCCTCCTCATGGACGTTCGGCCAGGGGACC
AAGGTCGAAATCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCT
CCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGTAGACCC
GCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATC
TACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTC
GTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTT
AAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGT
CATGCCGGTTCCCAGAGGAGGAGGAAGGC GGCTGCGAACTGCGCGTGAAA

TTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTC
TACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAG
CGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCGCGCAGAAAGAAT CCC
CAAGAGGGC CTGT C ACGAGCTCC AAAGGA AGATGGCAGAAGCCT T
AGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGA
CTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCTCTTCAC
ATGCAGGCCCTGCCGCCTCGG

139107
139107- aa 957 MALPVTALLLPLALLLH ARPEVQLVETGGGVVQPGGSLRLSCAVSGFALS
Full CAR NHGMSWVRRAPGKGLEWVSGIVYSGSTYYAASVKGRFTISRDNSRNTLYLQ

MNSLRPEDTAI YYCSAHGGESDVWGOGTTVTVSSASGGGGSGGRASGGGGS
E LTQSPGTLSLSPGE ATLSCRASQSVGSTNLAWYQQKPGQAPRLL YD
AS RATGIPDRFSGGGSG TDFTLTISRLEPEDFAVYYCQQYGSSPP TFG0
GTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFAC
DIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEED
GCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQ EGL YNELQK DKMAEAYSE GMKGERRRGKGH
DGLYQGLS ATKDTYDALHMQALPPR

139107- nt 972 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCC GAAGTGCAATTGGTGGAGACTGGAGGAGGAGTGGTGCAA

CCTGGAGGAAGCCTGAGACTGTCATGCGCGGTGTCGGGCTTCGCCCTCTCC
AACCACGGAATGTCCTGGGTCCGCCGGGCCC CTGGGAAAGGACTTGAATGG
GTGTCCGGCATCGTGTACTCGGGTTCCACCTACTACGCGGCCTCAGTGAAG
GGCCGGTTTACTATTAGCCGCGACAACTCCAGAAACACACTGTACCTCCAA
ATGAACTCGCTGCGGCCGGAAGATACCGCTATCTACTACTGCTCCGCCCAT
GGGGGAGAGTCGGACGTCTGGGGACAGGGCACCACTGTCACTGTGTCCAGC
GCTTCCGGCGGTGGTGGAAGCGGGGGACGGGCCTCAGGAGGCGGTGGCAGC



GAGATTGTGCTGACCCAGTCCCCCGGGACCCTGAGCCTGTCCCCGGGAGAA
AGGGCCACCCTCTCCTGTCGGGCATCCCAGTCCGTGGGGTCTACTAACCTT
GCATGGTACCAGCAGAAGCCCGGCCAGGCCCCTCGCCTGCTGATCTACGAC
GCGTCCAATAGAGCCACCGGCATCCCGGATCGCTTCAGCGGAGGCGGATCG
GGCACCGACTTCACCCTCACCATTTCAAGGCTGGAACCGGAGGACTTCGCC
GTGTACTACTGCCAGCAGTATGGTTCGTCCCCACCCTGGACGTTCGGCCAG
GGGACTAAGGTCGAGATCAAGACCACTACCCCAGCACCGAGGCCACCCACC
CCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGT
AGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGC
GATATCTACATTTGGGCCCCTCT GGCTGGTACTTGCGGGGTCCTGCTGCTT
TCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTAC
ATCTTTAAGCAAC CCTTCAT GAGGCCTGTGCAGACTACTCAAGAGGAGGAC
GGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGC
GTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAAC
CAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTG
GACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCGCGCAGAAAG
AATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAA
GCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCAC
GACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCT
CTTCACATGCAGGCCC GCCGCCTCGG

139108
139108- aa 958 MALPVTALLLPLALLLHAARPQVQLVESGGGLVKPGGSLRLSCAASGFTFS
Full CAR DYYMSWIRQAPGKGLEWVS SSSGST YADS KGRF SRDNAKNSLYL

QMNSLRAEDT V C RESGDGMDVWGQGT TVTVSSASGGGGSGGRASGGG
GSDIQMTQSP SSLSASVGDRVT ITC ASQS SSYL WY QKPGKAPKLL Y
AASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQSYTLAFGQGT
KVDIKTTTPAPRPPTPAPT IASOPLSLRPEACRPAAGGAVHTRGLDFACDI
Y WAPLAGTCGVLLLS L ITLYCKRGRKKLLYI KQPFMRPVQTTQEE DGC
SCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNEL KDKMAEAYSE GMKGERRRGKGHDG
LYQGLSTATKDTYDALHMQAL PPR

139108- nt 973 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCCAAGTGCAACTCGTGGAATCTGGTGGAGGACTCGTGAAA

CCTGGAGGATCATTGAGACTGTCATGCGCGGCCTCGGGATTCACGTTCTCC
GATTACTACATGAGCTGGATTCGCCAGGCTCCGGGGAAGGGACTGGAATGG
GTGTCCTACATTTCCTCATCCGGCTCCACCATCTACTACGCGGACTCCGTG
AAGGGGAGATT CACC TTAGCCGCGATAACGCCAAGAACAGCCTGTACCTT
CAGATGAACTCCCTGCGGGCTGAAGATACTGCCGTCTACTACTGCGCAAGG
GAGAGCGGAGATGGGATGGACGTCTGGGGACAGGGTACCACTGTGACCGTG
TCGTCGGCCTCCGGCGGAGGGGGTTCGGGTGGAAGGGCCAGCGGCGGCGGA
GGCAGCGACATCCAGATGACCCAGTCCCCCTCATCGCTGTCCGCCTCCGTG
GGCGACCGCGTCACCATCACATGCCGGGCCTCACAGTCGATCTCCTCCTAC
CTCAATTGGTATCAGCAGAAGCCCGGAAAGGCCCCTAAGCTTCTGATCTAC
GCAGCGTCCTCCCTGCAATCCGGGGTCCCATCTCGGTTCTCCGGCTCGGGC
AGCGGTACCGACTTCACTCTGACCATCTCGAGCCTGCAGCCGGAGGACTTC
GCCACTTACTACTGTCAGCAAAGCTACACCCTCGCGTTTGGCCAGGGCACC
AAAGTGGACATCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCT
CCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGTAGACCC
GCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATC
TACATTTGGGCCCCTCT GGCTGGT CTTGCGGGGTCCTGCTGCTTTC CTC
GTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTT
AAGCAACCCT CA GAGGCCTGTGCAG CTACTCAAGAGGAGGAC GGCTGT



TCATGCCGGTTCCCAGAGG GG GG AGGCGGCTGCGAACTGCGCGTGA
TTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTC
TACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAG
CGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCGCGCAGAAAGAATCCC
CAAGAGGGCCTGTACAAC GAGCTCCAAAAGGATAAGATGGCAGAAGCCTAT
AGCGAGAT TGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGAC GGA
CTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCTCTTCAC
ATGCAGGCCCTGCCGCCTCGG

139110

139110- aa 960 MALPVTALLLPLALLLHAARPQVQLVQSGGGLVKPGGSLRLSCAASGFTFS
Full CAR DYYMSWIRQAPGKGLEWVS Y SSSG YYADSVKGRFT SRDNAKNSLYL

Q NS RAEDTAVYYCARSTMVREDYWGQGTLVTVSSASGGGGSGGRASGGG
GSDIVLTQSPLSLPVTLGQPAS SCKSSESLVHNSGKT YLNWFHORPGQSP
RRL YEVS RDSGVPDRFT GSGSGTDFTLK SRVEAEDVGVYYCMQGT HWP
GTFGQGTKLE KTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRG
LDFACD Y APLAGTCGVLLLSL TLYCKRGRKKLLY KQPFMRPVQT
TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERR
RGKGHDGLYQGLSTATKDT YDALHMQALPPR

139110- n t 975 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCCAAGTGCAACTGGTGCAAAGCGGAGGAGGATTGGTCA A

CCCGGAGGAAGCCTGAGACTGTCATGCGCGGCCTCTGGATTCACCTTCTCC
GATTACTACATGTCATGGATCAGACAGGCCCCGGGGAAGGGCCTCGAATGG
GTGTCCTACATCTCGTCCTCCGGGAACACCATCTACTACGCCGACAGCGTG
AAGGGCCGCTTTACCATTTCCCGCGACAACGCAAAGAACTCGCTGTACCTT
CAGATGAATTCCCTGCGGGCTGAAGATACCGCGGTGTACTATTGCGCCCGG
TCCAC TGGTCCGGGAGGACTACTGGGGACAGGGCAC CTCGTGACCGTG
TCCAGCGCGAGCGGGGGTGGAGGCAGCGGTGGACGCGCCTCCGGCGGCGGC
GGTTCAGACATCGTGCTGACTCAGTCGCCCCTGTCGCTGCCGGTCACCCTG
GGCCAACCGGCCTCAATTAGCTGCAAGTCCTCGGAGAGCCTGGTGCACAAC
TCAGGA AGACTTACCTGAACTGGTTCCATCAGCGGCCTGGACAGTCCCCA
CGGAGGCTCATCTATGAAGTGTCCAACAGGGATTCGGGGGTGCCCGACCGC
TTCACTGGCTCCGGGTCCGGCACCGACTTCACCTTGAAAATCTCCAGAGTG
GAAGCCGAGGACGTGGGCGTGTACTACTGTATGCAGGGTACCCACTGGCCT
GGAACCTTTGGACAAGGAACTAAGCTCGAGATTAAGACCACTACCCCAGCA
CCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTG
CGTCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGT
CTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGC
GGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGG
AAGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACT
ACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGC
GGCTGCG ACTGCGCGTGAAATTCAGCCGCAGCGC G TGCTCCAGCCT G
AAGCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAG
GAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGG
AAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAG
GATAAGATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGA
AGAGGC AAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAG
GACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

5

3 . 961 MALPVTALLLPLALLLHAARPQVQLVESGGGLVQPGGSLRLSCAVSGFALS
Full CAR NHGMS VRPA PGKGLEWVSG YSGSTYYAASVKGRFT SP .DNSRNTLYLQ

MNSLRPEDTAIYYCSAHGGESDVWGQGTTVTVSS ASGGGGSGGRASGGGGS



D RLTQSPSPLS SVGDRVT TCQASED NKFLNWYHQT PGKAPKLL YDA
STLQTGVPSRFSGSGSGTDFTLTINSLQPEDIGTYYCQQYESLPLTFGGGT
KVEIKTTTPAPRPPTPAPT IASQPLSLRPEACRPAAGGAVHTRGLDFACDI
YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGC
SCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDG
L GLSTA KDTYD LHMQALPP

139112- nt 976 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCC AAGTGCAACTCGTGGAATCTGGTGG GG CTCGTGCAA

CCCGGTGGAAGCCTTAGGCTGTCGTGCGCCGTCAGCGGGTTTGCTCTGAGC
AACC TGGAATGTCCTGGGTCCGCCGGGCACCGGGAAAAGGGC TGGAATGG
GTGTCCGGCATCGTGTACAGCGGGTCAACCTATTACGCCGCGTCCGTGAAG
GGCAGATTCACTATCTCAAGAGACAACAGCCGGAACACCCTGTACTTGCAA
ATGAATTCCCTGCGCCCCGAGGACACCGCCATCTACTACTGCTCCGCCCAC
GGAGGAGAGTC GGACGTGTGGGGCCAGGGAACGACTGTGACTGTGTCCAGC
GCATCAGGAGGGGGTGGTTCGGGCGGCCGGGCCTCGGGGGGAGGAGGTTCC
GACATTCGGCTGACCCAGTCCCCGTCCCCACTGTCGGCCTCCGTCGGCGAC
CGCGTGACCATCACTTGTCAGGCGTCCGAGGACATTAACAAGTTCCTGAAC
TGGTACCACCAGACCCCTGGAAAGGCCCCCAAGCTGCTGATCTACGATGCC
TCGACCCTTCAAACTGGAGTGCCTAGCCGGTTCTCC GGGTCCGGCTCC GGC
ACTGATTTCACTCTGACCATCAACTCATTGCAGCCGGAAGATATCGGGACC
TACTATTGCCAGCAGTACGAATCCCTCCCGCTCACATTCGGCGGGGGAACC
AAGGTCGAGATTAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCT
CCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGTAGACCC
GCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATC
TACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTC
GTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTT
AAGCAACCCTTCATGAGGCCTGTGCAGAC ACTCAA GAGGAGGACGGCTGT
TCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGCGTGAAA
TTCAGCCGCAGCGCAGATGCTCC GCCTAGAAGCAGGGGCAGAACCAGCT C
TACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAG
CGGAGAGGACGGGAC CC GAAA GGGCGGGAAGCCGCGCAGAAAGAAT CCC
CAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTAT
AGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGA
CTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCTCTTCAC
ATGCAGGCCCTGCCGCCTCGG

139113
JL JL 962 MALPVTALLLPLALLLHAARPEVQLVETGGGLVQPGGSLRLSCAVSGFALS
Full CAR NHGMSWVRRAPGKGLEWVSGIVYSGSTYYAASVKGRFTISRDNSRNTLYLQ

MNSL RPEDTA YYCSAHGGE SDV GQGT VTVSSASGGGGSGGRASGGGGS
ETTLTQSPATLSVSPGERATLSCRASQSVGSNLAWYQQKPGQGPRLLIYGA
STRA GI ARFSGSGSGTE TLTISS QPEDFAVYYCQQY DWLPV GQG
TKVEIKTTTPAPRPPTPAPT IASQPLSLRPEACRPAAGGAVHTP.GLDFACD
YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQTTQEEDG

CSCRFPEE EEGGCELR KFS SADAPAYKQGQNQLYNELNLG RREEYDVLD
KRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHD
GLYQGLSTATKDTYDALHMQALPPR

139113- nt 977 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCGAAGTGCAATTGGTGGAAACTGGAGGAGGACTTGTGCAA.

CCTGGAGGATCATTGCGGCTCTCATGCGCTGTCTCCGGCTTCGCCCTGTCA
AATCACGGGATGTCGT GGGTCAGACGGGCCCCGGGAAAGGGTCT GGAATGG
GTGTCGGGGATTGTGTACAGCGGCTCCACCTACTACGCCGCTTCGGTCAAG



GGCCGCTTCACTATTTCACGGGACAACAGCCGCAACACCCTCTATCTGCAA
AT GAACTCTCTCC GCCCGGAGGATACCGCCATCTACTACT GCTCCGCACAC
GGCGGCGAATCCGACGTGT GGGGACAGGGAACCACT GTCACCGT GTCGTCC

GCATCCGGTGGCGGAGGATCGGGTGGCCGGGCCTCCGGGGGCGGCGGCAGC
GAGACTACCC GACCCAGTCCCCTGCCACTC G CCGTGAGCCCGGGAGAG
AGAGCCACCCTTAGCT GCCGGGCCAGCCAGAGCGTGGGCTCCAACCT GGCC
T GGTACCAGCAGAAGCCAGGACAGGGTCCCAGGCTGCTGATCTACGGAGCC
TCCACTCGCGCGACCGGCATCCCCGCGAGGTTCTCCGGGTCGGGTTCCGGG

ACCGAGTTCACCCTGACCATCTCCTCCCTCCAACCGGAGGACTTCGCGGTG
TACT ACTGT CAGCAGTACAACGATT GGCT GCCCG GAC TTTGGACAGGGG
ACGAAGGT GGAAATCAAAACCACTACCCCAGCACCGAGGCCACCCACCCCG
GCTCCTACCATCGCCTCCCAGC CTCT GTCCCT GCGT CCGGAGGCAT GTAGA
CCCGCAGCT GGT GGGGCCGT GCATACCCGGGGTCTT GACTTCGCCT GCGAT

ATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCA
CTCGT GATCACTCTT AGT GTAAGCGCGGT CGGAAGAAGCT GC T GTAC TC
TTTAAGCAACCC TTCATGAG GCC GT GCAGAC ACT CAAGAGGAGGACGGC

TGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGCGTG
AAAT TCAGCCGCAGC GCAGAT GCTCCAGCC ACAAGCAGGGGCAGAACCAG
CTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGT GCT GGAC
AAGCGGAGAGGACGGGAC CCAGAAAT GGGC GGGAAGCC GC GCAGAAAGA T
CCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGAT GGCAGAAGCC

TATAGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGAC
GGACT GTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCTCTT
CACAT GCAGGCCCTGCCGCCTCGG

139114
L L 4 9 6 3 MALPVTALLLPLALLLHAARPEVQLVE SGGGLVQPGGSLRL SCAVS GFAL S
Full CAR NHGMSWVRRAPGKGLEWVSG IVYSGSTYYAASVKGRFT I SRDNSRNTLYLQ

MNSL RP DTA YYCSAHGGE SDVWGQGTTVTVS SAS GGGGS GGRAS GGGGS
E IVLTQS PGTL SL S PGERATLSCRASQS GS S SLAWYQQKPGQAPRLLMYG
AS SRAS G PDRFS GS GSGT DFTLT S RLE ED YYCQQYAGSPPFT FGQ
GT KVE KTTT PAPRP PT PAPT IASQPL SLRPEACRPAAGGAVHT RGLDFAC
D APLAGT CGYL LL SLV I TL YC KRGRKKL L YI KQP FMRPVOT T0 EED
GC SCR FPEEEEGGCEL R KF SRSADA P YKQGQNQLYNELNL GRREE DVL
DKRRGRDPEMGGKPRRKNPOEGLYNELQKDKMAEAYS E I GMKGERRRGKGH
DGLYQGL STAT KDT DALHMQAL P P R

139114- nt 9 7 8 AT GGCCCTCCCT GTCACCGCCCT GCT GCTTCCGCTGGCTCTTCT GCTCCAC
Full CAR GCCGCTCGGCCCGAAGTGCAATT GGT GGAATCT GGT GGAGGACTTGT GCAA.

CCTGGAGGATCACTGAGACT GTCAT GCGCGGT GTCCGGTTTTGCCCT GAGC

AATCATGGGATGTCGTGGGTCCGGCGCGCCCCCGGAAAGGGTCTGGAATGG
GT GT CGGGTATCGTCTACTCCGGGAGCACTTACTACGCCGCGAGCGT GAAG
GGCCGCTTCACCATTTCCCGCGATAACTCCCGCAACACCCT GTACTT GCAA
AT GAACTCGCTCC GGCCT GAGGACACT GCCATCTACTACT GCTCCGCACAC
GGAGGAGAATCCGACGTGT GGGGCCAGGGAACTACCGTGACCGT CAGCAGC

GCCTCCGGCGGCGGGGGCTCAGGCGGACGGGCTAGCGGCGGCGGTGGCTCC
GAGATCGT GCT GACCCAGTCGCCTGGCACTCTCTCGCTGAGCCCCGGGGAA
AGGGCAACCCT GTCCT GTCGGGCCAGCCAGTCCATT GGATCATCCTCCCTC
GCCT GGTATCAGCAGAAACCGGGACAGGCTCCGC GGCT GCTT AT GTAT GGG

GCCAGCTCAAGAGCCTCCGGCATTCCCGACCGGTTCTCCGGGTCCGGTTCC
GGCACCGATTTCACCCTGACTATCTCGAGGCT GGAGCCAGAGGACTTCGCC
GT GTACTACTGCCAGCAGTACGCGGGGTCCCCGCCGTTCAC GTTCGGACAG
GGAACCAAGGTCGAGATCAAGACCACTACCCCAGCACCGAGGCCACCCACC

CCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGT



AGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGC

GATATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTT
TCACTCGTGAT CACT CTTTACT GTAAGC GCGGTCGGAAGAAGC TGCTGTAC

ATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGAC
GGCTGTTCATGCCGGTTCCCAGA GGA GGA GGAA GGCGGCTGCGAACTGCGC

GTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAAC

CAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTG

GACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCGCGCAGAAAG

AATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAA

GCCT ATAGC GAGATT GGT ATGAAAGGGGAACGCAGAAGAGGCAAAGGCCAC
GACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCT

CTTCACATGCAGGCCCTGCCGCCTCGG

149362
149362-aa 979 MALPVTALLLPLALLLHAARPQVQLQESGPGLVKPSETLSLTCTVSGGSIS
Full CAR SSYYYWGWIRQPPGKGLEWIGSI YYSGSAYYNPSLKSRVT ISVDTSKNQFS

LRLSSVTAADTAVYYCARHWQEWPDAFDIWGQGTMVTVSSGGGGSGGGGSG

GGGSETTLTQSPAFM SATPGDK SCKA S D DD M YQ KPGEA PLF

IQSATSPVPGIPPRFSGSGFGTDFSLTINNIESEDAAYYFCLQHDNFPLTF

GQGTKLEIKTTTPAPRPPTPAPT IASQPLSLRPEACRPAAGGAVHTRGLDF

ACD YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQE

EDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYD
VLDKRRGRDPEMGGKPRPJ\NPQE GLYNEJ QKDKM AEA YSE GMKGERRRGK

GHDGL YQGL STAT KDT YDALHMQAL PPR

149362-nt 1001 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC

Full CAR GCCGCTCGGCCCCAAGTGCAGCTTCAGGAAAGCGGACCGGGCCTGGTCAAG

CCATCCGAAACTCTCTCCCTGACTTGCACTGTGTCTGGCGGTTCCATCTCA
TCGTCGTACTACTACTGGGGCT GGAT TAGGCAGCC GCCC GGAAAGGGACT G

GAGTGGATCGGAAGCATCTACTATTCCGGCTCGGCGTACTACAACCCTAGC

CTCAAGTCGAGAGTGACCATCTCCGTGGATACCTCCAAGAACCAGTTTTCC

CTGC GCCT GAGCTCCGTGACCGCCGCTGACACCGCCGTGT ACT ACT GTGCT

CGGCATTGGCAGGAATGGCCCGATGCCTTCGACATTTGGGGCCAGGGCACT
ATGGT CACT GTGTCAT CCGGGGGT GGAGGC AGC GGGGGAGGAGGGT CCGGG

GGGGGAGGTTCAGAGACAACCTTGACCCAGTCACCCGCATTCATGTCCGCC

ACTCCGGGAGACAAGGTCATCATCTCGTGCAAAGCGTCCCAGGATATCGAC
GAT GCCATGAAT TGGT ACCAGC AGAAGCC TGGC GAAGC GCCGCTGTTCAT T

ATCCAAT CCGCAACC TCGCCCGTGCCTGGAAT CCCACCGCGGT TCAGC GGC

AGC GGT TTCGGAACC GAC TTTTCCCTGACCAT TAAC AAC ATTGAG']?CCGAG

GAC GCCGCCTAG TAG T CTGCC GCAAC ACGAC AAC TTCCCTCTCACGTTC

GGCCAGGGAACCAAGCTGGAAATCAAGACCACTACCCCAGCACCGAGGCCA
CCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAG

GCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTC

GCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTG

CTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTG

CTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAG
GAGGAC GGCT GTTCAT GCC GGT TCCCA GA GGA GGAG GAA GGCGGCTGCGAA

CTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGG

CAGAACCAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGAC
GTGCTGGACAAGCGGA GAGGAC GGGACCCAGAAATGGGCGGGAAGCCGCGC

AGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATG

GC GA AGCCTAT AGC GAGAT TGG ATGAAAGGGGAAC GCAGAAGAGGC AAA
GGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTAT

GACGCTCTTCACATGCAGGCCCTGCCGCCTCGG



9363
149363~aa 980 MALPVTALLLPLALLLHAARPQVNLRESGPALVKPTQTLTLTCTFSGFSLR
Full CAR TSGMC S IRQPPGKALE L R D DEDKFYSTSLKTRLTISKDTSD QW

LRMTNMDPADTAT YYCARSGAGGTSATAFDIWGPGTMVTVSSGGGGSGGGG
SGGGGSD QMTQSPSSLSAS GDRVT CRASQD YNNLA LKPGSAPR
SLMYA KSQSGVPSRFSGSASGTDFTLTI SSLQPED TYYC HYYR PY
SFGQGTKLEIKTTTPAPRPPTPAPT IASQPLSLRPEACRPAAGGAVHTRGL
D ACD APLAGTCGVLLLSLVITL CKRGRKKLLYIFKQPFMRPVQT
QEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRR
GKG DGLYQGLSTATKDTYDALHMQAL PP

149363-nt 1002 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCCAAGTCAATCTGCGCGAATCCGGCCCCGCCTTGGTCAAG

CCTACCCAGACCCTCACTCTGACCTGTACTTTCTCCGGCTTCTCCCTGCGG
ACTTCCGGGATGTGCGTGTCCTGGATCAGACAGCCTCCGGGAAAGGCCCTG
GAGTGGCTCGCTCGCATTGACTGGGATGAGGACAAGTTCTACTCCACCTCA
C CAAGAGCAGGC GACCATCAGCAAAGATACCTCTGACAACCAAGT GGTG
CTCCGCATGACCAACATGGACCCAGCCGACACTGCCACTTACTACTGCGCG
AGGAGCGGAGCGGGCGGAACCTCCGCCACCGCCTTCGATATTTGGGGCCCG
GGTACCATGGTCACCGTGTCAAGCGGAGGAGGGGGGT CCGGGGGCGGC GGT
TCCGGGGGAGGCGGATCGGACATTCAGATGACTCAGTCACCATCGTCCCTG
AGCGCTAGCGTGGGCGACAGAGTGACAATCACTTGCCGGGCATCCCAGGAC
ATCTATAACAACCTTGCGTGGTTCCAGCTGAAGCCTGGTTCCGCACCGCGG
TCACTTATGTACGCCGCCAACAAGAGCCAGTCGGGAGTGCCGTCCCGGTTT
TCCGGTTC GGCCTCGGGAAC GACTTCACCCTGACGATCTCCAGCCTGCAA
CCCGAGGATTTCGCCACCTACTACTGCCAGCACTACTACCGCTTTCCCTAC
TCGTTCGGACAGGGAACC AAGCT GGAAATCAAGACCACTACCCCAGCACCG
AGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGT
CCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTT
GACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGG
GTCCTGCTGCTTTCACTCGT GATCACTCTT TACTGTAAGCGCGGTCGGAAG
AAGCT GCTGTACATCTTTAAGCAACCCTTCATGAGGCCT GTGCAGACTACT
CAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGC
TGCGAACT GCGCGTGAAATTCAGCCGCAGCGCAGAT GCTCCAGCCTACAAG
CAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAG
T CG C TGCTGGACAAGC GGAGAGGACGGGACCCAGAAAT GGGCGGGAAG
CCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGAT
AAGAT GGCAGAAGCCT A AGCGAGATT GG ATGAAAGGGGAACGCAGAAGA
GGCAAAGGCCAC GACGGACTGTACCAGGGACT CAGCACCGCCACCAAGGAC
ACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

149364
149364~aa 981 MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFS
Full CAR SYSMNWVRQAP GKGLBWVSS SSSSSY YYADSVKGRFT SRDNAKNSLYL

QMNSLRAEDTAVYYCAKT AAVYAFD WGQGTTVTVSSGGGGSGGGGSGGG
GSEIVLTQSPLSLPVTPEEPASISCRSSOSLLHSNGYNYLDWYLQKPGQSP
QLLI YLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQALQTP
YTFGQGTKLEIKTTTP P PPTP P SQPLSLRPEACRPAAGGAVHT RG
LDFACD IYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQT
TQEEDGCSCRFP EEEEGGCELRVKFSRSADAP YKQG QLY EL LGRRE
EYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELQKDKMAEAYSEIGMKGERR
RGKGHDGLYQGLSTATKDT YDALHMQALPPR

149364-nt 1003 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC



Full CAR GCCGCTCG GCCCG ΆGTGC GCTTGTCG ATCCGGGGGGGG CTGG CΑΆ G
CCGGGCGGATCACTGAGACTGTCCTGCGCCGCGAGCGGCTTCACGTTCTCC
TCCTACTCCAT GAACTGGGTCCGCC AAGCCCCCGG GAAGGGACTGGAATGG
GTGTCCTCTATCTCCTCGTCGTCGTCCTACATCTACTACGCCGACTCCGTG
AAGGGAAGAT CACCA TTCCCGCGACAACGCAAAGAAC CACTG ACTTG
CAAATGAACTCACTCCGGGCCGAAGAT ACTGCTGTGTACTATTGCGCCAAG
ACTATTGCCGCCGTCTACGCTTTCGACATCTGGGGCCAGGGAACCACCGTG
ACTGTGTCGTCCGGTGGTGGTGGCTCGGGCGGAGGAGGAAGCGGCGGCGGG
GGGTCCGAGATTGTGCTGACCCAGTCGCCACTGAGCCTCCCTGTGACCCCC
GAGGAACCC GCCAGCATCAGCTGCCGGTCCAGCCAGT CCCTGCTCCACTCC
AACGGATACAATTACCTCGATTGGTACCTTCAGAAGCCTGGACAAAGCCCG
CAGCTGCTCATCTACTTGGGATCAAACCGCGCGTCAGGAGTGCCTGACCGG
TTCTCCGGCTCGGGCAGCGGTACCGATTTCACCCTGAAAATCTCCAGGGTG
GAGGCAGAGGACGTGGGAGTGTATTACTGTATGCAGGCGCTGCAGACTCCG
TACACATTTGGGCAGGGCACCAAGCTGGAGATCAAGACCACTACCCCAGCA
CCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTG
CGTCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGT
CTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGC
GGGGTCCT GCTGCTTTCACTCGT GATCACTCTTTACT G AAGCGCGGTCGG
AAGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACT
ACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGC
GGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCT AC
AAGCAGGGGCAGAAC CAGCTCTACAAC GAACTCAATCTTGGTCGGAGAGAG
GAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGG
AAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAG
GATAAGATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGA
AG GGCAAAGGC CACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAG
GACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

149365
149365-aa 982 MALPVTALLLPLALLL AARPEV LVESGGGLVKPGGSLRLSCAASGFTFS
Full CAR D YM SWIRQAPGKGLEWVS Y SSSGST YYADSVKGRFT SRDNAKNSLYL

QMNSLRAEDTAVYYCARDLRGAFDIWGQGTMVTVSSGGGGSGGGGSGGGGS
SYVLTQSPSVSAAPGYTAT ISCGGN GTKSVHWYQQKPGQAPLLVI RODS
VRPSK PGP .FSGSNSGNMATLTISGVQAGDEADFYCQV DSDSEHW FGGG
TKLTVLTTTPAPRPPTPAPT IASQPLSLRPEACRPAAGGAVHTRGLDFACD
I APLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRP QTTQEEDG
CSCRFPEEEEGGCELRVKFSRS ADAPAYKQGONQLYNELNLGRREE YDVLD
KRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY.SE IGMKGERRRGKGHD
GL YOGLSTATKDTYDALHMQALΡPR

149365~nt 1004 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCGAAGTCCAGCTCGTGGAGTCCGGCGGAGGCCTTGTGAAG

CCTGGAGGTTCGCTGAGACTGTCCTGCGCCGCCTCCGGCTTCACCTTCTCC
GACTACTACATGTCCTGGATCAGACAGGCCCCGGGAAAGGGCCTGGAATGG
GTGTCCTACATCTCGTCATCGGGCAGCACTATCTACTACGCGGACTCAGTG
AAGGGGCGGTTCACCATTTCCCGGGAT AACGCGAAGAACTCGCTGTATCTG
CAAATGAACTCACTGAGGGCCGAGGACACCGCCGTGTACTACTGCGCCCGC
GATCTCCGCGGGGCATTTGACATCTGGGGACAGGGAACCATGGTCACAGTG
TCCAGCGGAGGGGGAGGAT CGGGTGGCGGAGGTTCCGGGGGTGGAGGCTCC
TCCTACGTGCTGACTCAGAGCCCAAGCGTCAGCGCTGCGCCCGGTTACACG
GCAACCATCTCCTGTGGCGGAAACAACATTGGGACCAAGTCTGTGCACTGG
TATCAGCAGAAGCCGGGCCAAGCTCCCCTGTTGGTGATCCGCGATGACTCC
GTGCGGCCTAGCAAAATTCCGGGACGGTTCTCCGGCTCCAACAGCGGCAAT



ATGGCCACTCTCACCATCTCGGGAGTGCAGGCCGGAGAT GAAGCCGACTTC
TACTGCCAAGTCTGGGACTCAGACTCCGAGCATGTGGTGTTCGGGGGCGGA
ACCAAGCT GA TGTGCTCACCACTAGCCCAGCACCGAGGCCACCCACCCCG
GCTCCTACCATCGCCΊ CCCAGCCTCTGTCCCTGCGTCCGGAGGCATGTAGA
CCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGAT
ATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCA
CTCGTGATCACTCTTTACTGTAAGC GCGGTCGGAAGAAGC TGCTGTACATC
T TAAGCAACCCTTCA GAGGCCTGTGCAGACTACTCAAGAGGAGGAC GGC
TGTTCATGCCGGTTCCCAGAGGAGGAGGAAGG CGGCTGCGAACTGCGCGTG
AAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAG
CTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTAC GACGTGCTGGAC
AAGCGGAGAGGACGGGACCCAGAAAT GGGCGGGAAGCCGCGCAGAAAGAAT
CCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCC
TATAGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGAC
GGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCTCTT
CACATGCAGGCCCTGCCGCCTCG G

1493 66

149366~aa 983 MALPVTALLLPLALLLHAARPQVQLVQSGAEVKKPGASVKVSCKPSGYTVT
Full CAR SHYIHWVRRAPGQGLEWMGMINPSGGVTAYSQTLQGRVTMTSDTSSSTVYM

ELSSLRSEDTAMYYCAREGSGSGWYFDFWGRGTLVTVSSGGGGSGGGGSGG
GGSSYVLTQPPSVSVSPGQTASITCSGDGLSKKYVSWYQQKAGQS P L S
RDKERPSGI PDRFSGSNSADTATLT SGT MDEADY CGAWDDTT GG
GTKLTVLTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFAC
D Y WAPLAGT CGVLLLSLVITLYCKRGRKKLL IFKQPFMRPVQTTQEED
GCSCRFPEEEEGGC ELR KFSRSADAPAYKQGQNQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGL YNELQKDKMAEAYSEIGMKGERRRGKGH
DGLYQGLSTATKDTYDALHMQAL PPR

149366-nt 1005 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCCAAGTGCAGCTGGTGCAGAGCGGGGCCGAAGTCAAGAAG

CCGGGAGCCTCCGTGAAAGTGTCCTGCAAGCCTTCGGGATACACCGTGACC
TCCCACTAGATTCATTGGGTCCGCCGCGCCCCCGGCC AAGGAGTCGAGTGG
ATGGGCATGATCAACCCTAGCGGCGGAGTGACCGCGTACAGCCAGACGCTG
CAGGGACGCGTGACTATGACCTCGGATACCTCCTCCTCCACCGTCTATATG
GAACTGTCCAGCCTGCGGTCCGAGGATACCGCCATGTACTACTGCGCCCGG
GAAGGATCAGGCTCCGGGTGGTATTTCGACTTCTGGGGAAGAGGCACCCTC
GTGACTGTGTCATCTGGGGGAGGGGGTTCCGGTGGTGGCGGATCGGGAGGA
GGCGGTTCATCCTACGTGCTGACCCAGCCACCCTCCGTGTCCGTGAGCCCC
GGCCAGACTGCATCGATTAGATG AGCGGCGACGGCCTCTCCAAGAAAT AC
GTGTCGTGGTACCAGCAGAAGGCCGGACAGAGCCCGGTGGTGCTGATCTCA
AGAGATAAGGAGCGGCCTAGCGGAATCCCGGACAGGTTCTCGGGTTCCAAC
TCCGCGGACACTGCTACTCTGACCATCTCGGGGACCCAGGCTATGGACGAA
GCCGATTACTACTGCCAAGCCT GGGACGACACTACTGTCGTGTTTGGAGGG
GGCACCAAGTTGACCGTCCTTACCACTACCCCAGCACCGAGGCCACCCACC
CCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGG CATGT
AGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGC
GATATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTT
TCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTAC
ATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGAC
GGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGC
GTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAAC
CAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTG
GACAAGCGGAGAGGACGGGACC CAGAAAT GGGCGGGAAGCCGCGCAGAAAG



AATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAA
GCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCAC
GACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCT
CT CACATGCAGGCCCTGCCGCCTCGG

149367
149367-aa 984 MALPVTALLLPLALLLHAARPQVQLQESGPGLVKPSQTLSLTCTVSGGSIS
Full CAR SGGYYWSWIRQHPGKGLEWIGYI YYSGST YY PSLKSRVT ISVDTSKNQFS

LKLSSVTAAD VYYCARAG AARLRGAFD WGQG V VSSGGGGSGGGG
SGGGGSD V T SPSSVSASVGD TC ASQG LA YQQKPGKAPN
LL YAASNLQSGVPSRFSGSGSGADFTLTISSLQPEDVATYYCQKYNSAPF
TFGPGTKVDIKTTTPAPRPPTPAPT IASQPLSLRPEACRPAAGGAVHTRGL
DFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQTT
QEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRR
GKGH DGLYQGLSTATKDTYDALHMQAL P

149367-nt 1006 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCC AAGTGCAGCTTCAGGAGAGCGGCCCGGGACTCGTG AG

CCGTCCCAGACCCTGTCCCTGAC TGCACCGTGTCGGGAGGAAGCATCTCG
AGCGGAGGCTACTATTGGTCGTGGATTCGGCAGCACCCTGGAAAGGGCCTG
GAATGGATCGGCTACATCTACTACTCCGGCTCGACCTACTACAACCCATCG
CTGAAGTCCAGAGTGACAATCTCAGTGGACACGTCCAAGAATCAGTTCAGC
CTGAAGCTCTCTTCCGTGACTGCGGCCGACACCGCCGTGTACTACTGCGCA
CGCGCTGGAATTGCCGCCCGGCTGAGGGGTGCCTTCGACATTTGGGGACAG
GGCACCATGGTCACCGTGTCCTCCGGCGGCGGAGGTTCCGGGGGTGGAGGC
TCAGGAGGAGGGGGGTCCGACATCGTCATGACTCAGTCGCCCTCAAGCGTC
AGCGCGTCCGTCGGGGACAGAGTGATCATCACCTGTCGGGCGTCCCAGGGA
ATTCGCAACTGGCTGGCCTGGTATCAGCAGAAGCCCGGAAAGGCCCCCAAC
CTGTTGATCTACGCCGCCTCAAACCTCCAATCCGGGGTGCCGAGCCGCTTC
AGCGGCTCCGGTTCGGGTGCCGATTTCACTCTGACCATCTCCTCCCTGCAA
CCTGAAGATGTGGCTACCTACTACTGCCAAAAGTACAACTCCGCACCTTTT
ACTTTCGGACCGGGGACCAAAGTGGACATTAAGACCACTACCCCAGCACCG
AGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGT
CCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTT
GACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGG
GTCCTGCTGCTTTCACTCGT GATCACTCTTTACTGTAAGCGCGGTCGGAAG
AAGCTGCT GTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACT
CAAGAGGAGGAC GGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGC GGC
TGCGAACTGCGCGTGAAAT CAGCCGCAGCGCAGATGCTCCAGCCTACAAG
CAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAG
TACGAC G GCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAG
CCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAAC GAGCTCCAAAAGGAT
AAGAT GGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAAC GCAGAAGA
GGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGAC
ACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

149368
149368-aa 985 MALPVTALLLPLALLLHAARPOVQLVQSGAEVKKPGSSVKVSCKASGGTFS
Full CAR SYA S V QAPGQGLE MGG P FGTANYAQKFQGRVT ITADEST STAYM

ELSSLRSEDTAVYYCARRGGYQLLRWDVGLLRSAFDIWGQGTMVTVSSGGG
GSGGGGSGGGGSSYVLTQPPSVSVAPGQTARITCGGNNIGSKSVHWYQQKP
GQAPVLVLYGKN RPSGVPD SGSRSGTTASLTITGAQAEDEADYYCSSR
DSSGDHLRVFGTGTKVTVLTTTPAPRPPTPAP ASQPLSLRPEACP .PAAG
GAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQP



FMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNE
LNLGRREEYDVLDKR RGRDPEMGGKP KNPQEGLYNELQKD K AEAYSE
GMKGERRRGKGHDGL YQGLS ATKDTYDALHMQAL PPR

149368-nt 1007 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCCAAGTGCAGCTGGTCCAGTCGGGCGCCGAGGTCAAGAAG

CCCGGGAGCTCTGTGAAAGTGTCCTGCAAGGCCTCCGGGGGCACCTTTAGC
TCCTACGCCATCTCCTGGGTCCGCCAAGCACCGGGTCAAGGCCTGGAGTGG
ATGGGGGGAATTATCCCTATCTTCGGCACTGCCAACTACGCCCAGAAGTTC
CAGGGACGCGTGACCATTACCGCGGACGAATCCACCTCCACCGCTTATATG
GAGCTGTCCAGCTTGCGCTCGGAAGATACCGCCGTGTACTACTGCGCCCGG
AGGGGT GGAT CCAGCTGCTGAG TGGGAC GTGGGCCTCCTGCGGTCGGCG
TTCGACATCTGGGGCCAGGGCACTATGGTCACTGTGTCCAGCGGAGGAGGC
GGATCGGGAGGC GGCGGATCAGGGGGAGGC GG TCCAGCTACGTGCT AC
CAACCCCCTTCGGTGTCCGTGGCCCCGGGACAGACCGCCAGAATCACTTGC
GGAGGAAACAACATTGGGTCCAAGAGCGTGCATTGGTACCAGCAGAAGCCA
GGACAGGCCCCTGTGCTGGTGCTCTACGGGAAGAACAATCGGCCCAGCGGA
GTGCCGGACAGGTTCTCGGGTTCACGCTCCGGTACAACCGCTTCACTGACT
ATCACCGGGGCCCAGGCAGAGGATGAAGCGGACTACTACTGTTCCTCCCGG
GATTC TCCGGCGACCACCTCCGGGTGTTCGG ACCGG ACGAAGGTCACC
GTGCTGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATC
GCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGTAGACCCGCAGCTGGT
GGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGG
GCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACT
CTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTTAAGCAACCC
TTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGG
TTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGC
AGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAACGAA
CTCAATCTTGGTCGGAGAGAGGAGT ACGACGTGCTGGACAAGC GGAGAGGA
CGGGACCCAGAAATGGGC GGGAAGCCGCGC AGAAAGAATCCXX;AAGAGGGC
CTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATT
GGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAG
GGACTCAGCACCGCCACCAAGGACACCTATGACGCTCTTCACATGCAGGCC
CTGCCGCCTCGG

149369
149369-aa 986 MALPVTALLLPLALLL AARPEVQL QSGPGLVKPSQTLSLTCA SGDSVS
Full CAR SNSAA N RQSPSRGLEWLGRTYYRSKWYSFYA SLKSR PDTSKNQ

FSLQLKSVTPEDTAVYYCARSSPEGLFLYWFDPWGQGTLVTVSSGGDGSGG
GGSGGGGS SSELTQDPAVSVALGQT RITCQGDSLGNYYATWYQOKPGQAP
VL YGTNNRPSG PDRFSASSSGNTASLT TGAQAEDEADYYCNSRDSSG
HHLLFGTGT VTVLTTTPAPRPPTPAPT SQPLSLRPEACRPAAGG VHT
RGLD ACD Y APLAGTCGVLLLSL TLYCKRGRKKL LY KOPFMRP
QTTQEEDGCSCRFPE EEEGGCELRVK SRSADAPAYKQGQNQLYNELNLG R
REEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEI GMKGE
RRRGKGHDGL YQGLSTATKDTYDALHMQAL PPR

149369~nt 1008 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
Full CAR GCCGCTCGGCCCGAAGTGCAGCTCCAACAGTCAGGACCGGGGCTCGTGAAG

CCATCCCAGACCCTGTCCCTGACTTGTGCCATCTCGGGAGATAGCGTGTCA
TCGAACTCCGCCGCCTGGAACTGGATTCGGCAGAGCCCGTCCCGCGGACTG
GAGTGGCTTGGAAGGACC TACTACCGGTCCAAGT GGTACTCTTTCTACGCG
ATCTCGCTGAAGTCCCGCATTATCATTAACCCTGATACCTCCAAGAATCAG
TTCTCCCTCCAACTGAAATCCGTCACCCCCGAGGACACAGCAGTGTATTAC
TGCGCACGGAGCAGCCCCGAAGGACTGTTCCTGTATTGGTTTGACCCCTGG



GGCCAGGGGACTCTTGTGACCGTGTCGAGCGGCGGAGATGGGTCCGGTGGC
GGTGGTTCGGGGGGCGGCGGATCATCATCCGAACTGACCCAGGACCCGGCT
GTGTCCGTGGCGCTGGGACAAACCATCCGCATTACGTGCCAGGGAGACTCC
CTGGGCAACTACTACGCCACTTGGTACCAGCAGAAGCCGGGCCAAGCCCCT
GTGTTGGTCATCTACGGGACCAACAACAGACCTTCCGGCATCCCCGACCGG
TTCAGCGCTTCGTCCTCCGGCAACACTGCCAGCCTGACCATCACTGGAGCG
CAGGCC GAAGATGAGGCCGAC AC ACTGCAACAGCAGAGACT CCTCGGGT
CATCACCTCTTGTTCGGAACTGGAACCAAGGTCACCGTGCTGACCACTACC
CCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTG
TCCCTGCGTCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACC
CGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGT
ACTT GCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTT C GTAAGCGC
GGTCGGAAGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTG
CAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAG
GAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCA
GCCTACAAGCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGG
AGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATG
GGCGGGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTC
CAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAA
CGCAGAAGAGGC AAAGGC C CG CGGACTGTACCAGGGACT CAGCACCGCC
ACCAAGGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

BCMA EBB-C1978-A4
BCMA EBB- 987 MALPVTALLLPLALLLHAARPEVQLVESGGGLVQPGGSLRLSCAASGFTFS
C1978-A4 SYAMS VRQAPGKGLEWVSAISGSGGST YYADSVKGRFT SRDNSKNTLYL

QMNSLRAEDTAVYYCAKVEGSGSLDYWGQGTLVTVSSGGGGSGGGGSGGGG
Full CART SE VMTQSPGTLSLSPGEPATLSCPA SQSVSSAYLA YQ KPGQPPRLL S

GASTRATGI PDRFGGSGSGTDFTLT SRLEPEDFAVYYCQHYGS SFNGSSL
FTFGQGTRLE KTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRG
LDFACD Y APLAGTCGVLLLSL TLYCKRGRKKLLY KQPFMRPVQT
TQEEDGCSCRFP EEEEGGCELRVKFSRSADAPA KQGQ LY E LG RE
EYDVLDKRRGRDPEMGGKPRRKNPQEGL YNELQKDKMAEAYSE IGMKGERR
RGKGHDGLYQGLSTATKDT YDALHMQALPPR

BCMA_EBB- 1009 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
C1978-A4 GCCGCTCG GCCCGAAGTGCAGCTCGTGG GTCAGGAGGCGGCCTGGTCCAG
nt CCGGGAGGGTCCCTTAGACTGTCATGCGCCGCAAGC GGAT CACTTTCTCC
Full CART TCCTATGCCAT GAGCTGGGTCCGCCAAGCCCCCGGAAAGGGACTGGAATGG

GTGTCCGCCATCTCGGGGTCTGGAGGCTCAACTTACTACGCTGACTCCGTG
AAGGGACGGTTCACCATTAGCCGCGACAACTCCAAGAACACCCTCTACCTC
CAAATGAACTCCCTGCGGGCCGAGGATACCGCCGTCTACTACTGCGCCAAA
GTGGAAGGTTCAGGATCGCTGGACTACTGGGGACAGGGTACTCTCGTGACC
GTGTCATCGGGCGGAGGAGGTTCCGGC GGTGGCGGCTCCGGCGGCGGAGGG
TCGGAGATCGTGATGACCCAGAGCCCTGGTACTCTGAGCCTTTCGCCGGGA
GAAAGGGCCACCCTGTCCT GCCGCGCTTCCC TCCGTGTCCTCCGCG AC
TTGGCGTGGTACCAGCAGAAGCCGGGACAGCCCCCTCGGCTGCTGATCAGC
GGGGCC GCACCCGGGCAACCGGAATCCC AGACAGATTCGGGGGTTCC GGC
AGCGGCACAGATTTCACCCTGACTATTTCGAGGTTGGAGCCCGAGGACTTT
GCGGTGTATTACTGTCAGCACTACGGGTCGTCCTTTAATGGCTCCAGCCTG
TTCACGTTCGGACAGGGGACCCGCCTGGAAATCAAGACCACTACCCCAGCA
CCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTG
CGTCCGGAGGC TGTAGACCCGCAGCT GGTGGGGCCGTGC TACCCGGGGT
CTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGC
GGGGTCCTGCTGCTTTCACTCGT GATCACTCTTTACT GTAAGCGCGGTCGG



AAGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACT
ACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGC
GGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTAC
AAGCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAG
GAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGG
AAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAG
GATAAGAT GGCAGAAGCC A AGCGAGAT TGG ATGAAAGGGGAAC GCAGA
AGAGGCAAAGGCCACGAGGGAC GTACCAGGGACTCAGCACCGCC CC G
GACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

BC A EBB-C1978-G1
BCMA_EBB- 988 MALPVTALLLPLALLLHAARPEVQLVETGGGLVQPGGSLRLSCAASGITFS
C1978-G1 RYPMS VRQAPGKGLBWVS SDSGVSTYYADSAKGRFT SRDNSKNTLFL
aa QMSSLRDED AVY CVTRAGS ASDI GQGT V VSSGGGGSGGGGSGGGG
Full CART SEIVLTQSPATLSLSPGERATLSCRASQSVSNSLAWYQQKPGQAPRLLI YD

ASSRATGIPDRFSGSGSGTDF TLTIS LEPEDF IYYCQQFGTSS GLT GG
GTKLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFAC
D Y WAPLAGTCGV L SLV T YCKRGRKKLLY KQ FMRPVQTTQEED
GCSCRFPEEEEGGCEL RVKFSRSADAPAYKQGQNQLYNELNLG RREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGH
DGL QGLST TKDTYDALHMQAL PPR

BCMA_EBB- 1010 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
C1978-G1 - GCCGCTCGGCCCGAAGTGCAACTGGTGGAAACCGGTGGCGGCCTGGTGCAG
nt CCTGGAGGATCATTGAGGCTGTCATGCGCGGCCAGCGGTATTACCTTCTCC
Full CART CGGTACCCCATGTCCTGGGTCAGACAGGCCCCGGGGAAAGGGCTTGAATGG

GTGTCCGGGATCTCGGACTCCGGTGTCAGCACTTACTACGCCGACTCCGCC
AAGGGACGCTTCACC TTTCCCGGGACAACTCGAAGAACACCCTGTTCCTC
CAAATGAGCTCCCTCCGGGACGAGGATACTGCAGTGTACTACTGCGTGACC
CGCGCCGGGTCCGAGGCGTCTGACATTTGGGGACAGGGCACTATGGTCACC
GTGTCGTCCGGCGGAGGGGGCT CGGGAGGCGGTGGC GCGGAGGAGGAGGG
TCCGAGATCGTGCTGACCCAATCCCCGGCCACCCTCTCGCTGAGCCCTGGA
GAAAGGGCAACCTTGTCCTGTCGCGCGAGCCAGTCCGTGAGCAACTCCCTG
GCCTGGTACCAGCAGAAGCCCGGACAGGCTCCGAGACTTCTGATCTACGAC
GCTTCGAGCCGGGCCACTGGAATCCCCGACCGCTTTTCGGGGTCCGGCTCA
GGAACCGATTTCACCCTGACAATCTCACGGCTGGAGCCAGAGGATTTCGCC
ATCTATTACTGCCAGCAGTTCGGTACTTCCTCCGGCCTGACTTTCGGAGGC
GGCACGAAGCTCGAAATCAAGACCACTACCCCAGCACCGAGGCCACCCACC
CCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGT
AGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGC
GATATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTT
TCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGT C
ATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGAC
GGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGC
GTGAAATTCAGCCGCAGCGC GA GCTCC GCCTAGAAGCAGGGGCAGAAC
CAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTG
G CAAGCGG GAGGACGGGACCCAGAAATGGGCGGGAAGCCGCGC GAAAG
AATCCCCAAGAGGGCCTGT ACAACGAGCTCCAAAAGGAT AAGAT GGCAGAA
GCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCAC
GACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCT
CTTCACATGCAGGCCCTGCCGCC CGG

BCM EBB-C1979-C1
BCMA__EBB~ 989 MALPVTALLLPLALLLHAARPQVQLVESGGGLVQPGGSLRLSCAASGFTFS
C1979-C1 SYAMSWVRQAPGKGL E J SA SGSGGSTYYADSVKGRFT SRDNAKNSLYL



aa QMNSLRAEDTAI YYCARATYKRELRYYYGMDVWGQGTMVTVSSGGGGSGGG
Full CART GSGGGGSEIVMTQSPGTVSLSPGERATLSCRASQSVSSS LA YQQKPGQA

PRLL YGASSRATGIPDRFSGSGSGTDFTLTISRLEPEDSAVYYCQOYHSS
PSWTFGQGTRLE KTTTPAPRPPTPAPT ASQPLSLRPEACRPAAGGAVHT
RGLDFACDI APLAGTCGVLLLSL LYCKRGRKKLLΥΊ KOPFMRPV
QTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGR
REEYDVLDKRRGRDP EMGGKPRRKNPQEGLYNELQKD KMAE YSE GMKGE
RRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

BCMA_EBB- 1011 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
C1979-C1 - GCCGCTCGGCCCCAAGTGCAGCTCGTGGAATCGGGTGGCGGACTGGTGCAG
nt CCGGGGGGCTCACTTAGACTGTCCTGCGCGGCCAGCGGATTCACTTTCTCC
Full CART TCCTACGCCATGTCCTGGGTCAGACAGGCCCCTGGAAAGGGCCTGGAATGG

GTGTCCGCAATCAGCGGCAGCGGCGGCTCGACCTATTACGCGGATTCAGTG
AAGGGCAGATTCACCATTTCCCGGGACAACGCCAAGAACTCCTTGTACCTT
CAAATGAACTCCCTCCGCGCGGAAGATACCGCAATCTACTACTGCGCTCGG
GCCACTTACAAGAGGGAACTGCGCTACTACTACGGGATGGACGTCTGGGGC
CAGGGAACC GGTC CCG GTCCAGCGGAGGAGGAGGAT CGGGAGGAGGC
GGTAGCGGGGGTGGAGGGTCGGAGATCGTGATGACCCAGTCCCCCGGCACT
GTGTCGCTGTCCCCCGGCGAACGGGCCACCCTGTCATGTCGGGCCAGCCAG
TCAGTGTCGTCAAGCTTCCTCGCCTGGTACCAGCAGAAACCGGGACAAGCT
CCCCGCCTGCTGATCTACGGAGCCAGC AGCCGGGCC CCGGT TTCCTGAC
CGGTTCTCCGGTTCGGGGTCCGGGACCGACTTTACTCTGACTATCTCTCGC
CTCGAGCCAGAGGACTCCGCCGTGTATTACTGCCAGCAGTACCACTCCTCC
CCGTCCTGGACGTTCGGACAGGGCACAAGGCTGGAGATTAAGACCACTACC
CCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTG
TCCCTGCGTCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACC
CGGGGTCTTGACTTCGCCTGCGATA CTACATTTGGGCCCCTC GGCTGGT
ACTTGCGGGGTCCTGCTGCTTTCACTCGT GATCACTCTT TACTGTAAGCGC
GGTCGGAAGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTG
CAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAG
GAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCA
GCCTACAAGCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGG
AGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATG
GGCGGGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTC
CAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAA
CGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCC
ACCAAGGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

BCMA EBB-C1978-C7
BC A EBB- 990 MALPVTALLLPLALLLHAARPEVQLVETGGGLVQPGGSLRLSCAASGFTFS
C1978-C7 - SYAMSWVRQAPGKGLEWVSAISGSGGST YYADSVKGRFT SRDNSKNTLYL

QMNTLKAEDTAVYYCARAT YKRELRYYYGMDVWGQGTTVTVSSGGGGSGGG
Full CART GSGGGGSEIVLTQSPSTLSLSPGESATLSCRASQSVSTTFLA YQQKPGQA

PRLLI YGSSNRATGIPDRFSGSGSGTDFTLTIRRLEPEDFAVYYCQQYHSS
PSWTFGQGTKVEIKTTTPAPRPPTPAPTI SQPLSLRPEACRPAAGGAVHT
RGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQPFMRPV
QTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGR
REEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGE
RRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

BCMA__EBB- 1012 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
C1978-C7 - GCCGCTCGGCCCGAGGTGCAGCTTGTGGAAACCGGTGGCGGACTGGTGCAG
nt CCCGGAGGAAGCCTCAGGCTGTCCTGCGCCGCGTCCGGCTTCACCTTCTCC
Full CART TCGTACGCCATGTCCTGGGTCCGCCAGGCCCCCGGAAAGGGCCTGGAATGG



GTGTCCGCCATCTCTGGAAGCGGAGGTTCCACGTACTACGCGGACAGCGTC
AAGGGAAGGTTCACAATCTCCCGCGAT AATTCGAAGAACACTCTGTACCTT
CAAATGAACACCCTGAAGGCCGAGGACACTGCTGTGTACTACTGCGCACGG
GCCACCTACAAGAGAGAGCTCCGGTACTACTACGGAATGGACGTCTGGGGC
CAGGGAACTACTG GACCG GTCCTCGGGAGGGGGTGGCTCCGGGGGGGG C
GGCTCCGGCGGAGGCGGTTCCGAGATTGTGCTGACCCAGTCACCTTCAACT
CTGTCGCTGTCCCCGGGAGAGAGCGCTACTCTGAGCTGCCGGGCCAGCCAG
TCCGTGTCCACCACCTTCCTCGCCTGGTATCAGCAGAAGCCGGGGCAGGCA
CCACGGC CT GATCT CGGGTCAAGC AC GAGCGACCGGAATTCCTGAC
CGCTTCTCGGGGAGCGGTTCAGGCACCGACTTCACCCTGACTATCCGGCGC
CTGGAACCCGAAGATTTCGCCGTGTATTACTGTCAACAGTACCACTCCTCG
CCGTCCTGGACCTTTGGCCAAGGAACCAAAGTGGAAATCAAGACCACTACC
CCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTG
TCCCTGCGTCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACC
CGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGT
ACTTGCGGGGTCCTGCTGCTTTCACTCGT GATCACTCTT TACTGTAAGCGC
GGTCGGAAGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTG
CAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAG
GAAGGC GGCTGCGAACTGCGCGTGAAATTCAGCCGC AGCGCAGATGCT CCA
GCCTACAAGCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGG
AGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATG
GGCGGGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTC
CAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAA
CGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCC
ACCAAGGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

BCMA EBB-C1978-D10
BCMA_EBB- 991 MALPVTALLLPLALLLHAARPEVQLVETGGGLVQPGRSLRLSCAASGFTFD
C1978-D10 DYAMHWVRQAPGKGLEWVSGISWNSGS IGYADSVKGRFT SRD AK SLYL

OMNSLRDEDTAVY YCARVGKAVP DVWGQGTTVTVSSGGGGSGGGGSGGGGS
Full CART D VMTQTPSSLSASVGDRV CR SQS SSYLNWYQQKPGK PKLL YAA

SSLQSGVPSRFSGSGS G DFTLTISSLQPEDF ATYYC SYSTPYSFGQG
RLEIKTTTPAPRPPTPAPT IASQPLSLRPEACRPAAGGAVHTRGLDFACDI
YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY FKQPFMRPVQTTQEEDGC
SCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDG
LYQGLS TKDTYDALHMQAL PPR

BCMA EBB- 1013 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
C1978--D10 GCCGCTCGGCCCGAAG GCAGCTCG GGAAACTGGAGGTGGACTCGTGCAG
- t CCTGGACGGTCGCTGCGGCTGAGCTGCGCTGCATCC GGC TCACCTTC GAC
Full CART GATTATGCCATGCACTGGGTCAGACAGGCGCCAGGGAAGGGACTTGAGTGG

GTGTCCGGTATCAGCTGGAATAGCGGCTCAATCGGATACGCGGACTCCGTG
AAGGGAAGGTTCACCATTTCCCGCGACAACGCCAAGAACTCCCTGTACTTG
CAAATGAACAGCCTCCGGGATGAGGACAC GCCGTGTACTACTGCGCCCGC
GTCGGAAAAGCTGTGCCCGACGTCTGGGGCCAGGGAACCACTGTGACCGTG
TCCAGC GGCGGGGGTGGATCGGGCGGT GGAGGGT CCGGTGGAGGGGGCTC A
GATATTGTGAT GACCCAGACCCCCTCGTCCCTGTCCGCCTCGGTCGGCGAC
CGCGTGACTATCACATGTAGAGCCTCGCAGAGCATCTCCAGCTACCTGAAC
TGGTATCAGCAGAAGCCGGGGAAGGCCCCGAAGCTCCTGATCTACGCGGCA
TCATCACTGCAATCGGGAGTGCCGAGCCGGTTTTCCGGGTCCGGCTCCGGC
ACCGACTTCACGCTGACCATTTCTTCCCTGCA CCCGAGGACTTCGCCACT
TACTACTGCCAGCAGT CCTACTCCACCCCT TACTCCTTCGGCCAAGGAACC
AGGCTGGAAATCAAGACC ACTACCCCAGCACCGAGGCCACCCACCCC GGCT



CCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGTAGACCC
GCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATC
TACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTC
GTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTT
AAGCAACCCT CATGAGGCCTGTGCAGACTAGTCAAGAGGAGGAC GGC GT
TCATGCCGGTTCCCAGAGGAGGAGGAAGG CGGCTGCGAACTGCGCGTGAAA
TTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTC
TACAAC GAACTCAATCTTGGTCGGAGAGAGGAGT ACGACGTGCTGGACAAG
CGGAGAGGACGGGACCCAGAAAT GGGCGGG AGCCGCGCAGAAAGAAT CCC
CAAGAGGGC CTG ACAACGAGCTCCAAAAGGAT AGATGGCAGAAGC C AT
AGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGA
CTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCTCTTCAC
ATGCAGGCCCTGC CGCC CGG

BCMA EBB~C1979-~C12
BCMA EBB- 992 MALPVTALLL PLALLLHAARPEVQLVE SGGGLVQPGRSLRL SCTASGFTFD
C1979-C12 DYAMHWVRQRPGKGLEWVAS INWKGNSLAYGDSVKGRFAI SRDNAKNTVFL
- aa QMNSLRTEDTAVYYCASHQGVAYYNYAMDVWGRGTLVTVSSGGGGSGGGGS
Full CART GGGGSE LTQSPGTLSLSPGERATLSCRAT0S GSSFLA YQQRPGQAPR

LL YGASQRATGI PDRFSGRGSGTDFTLT SRVEPEDSAVYYCQHYES SPS
WTFGQGTKVEI KTTT PAPRP TPAPT SQPLSLR EAC PAAGGAV RG
LDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQT
TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDK MAEAYSEIGMKGERR
RGKGHDGLYQGLSTATKDT YDALHMOALPPR

BCMA EBB- 1014 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
C1979-C12 GCCGCTCGGCCCGAAGTGCAGCTCGTGGAGAGCGGGGGAGGATTGGTGCAG

t CCCGGAAGGTCCCTGCGGCTCTCCTGCACTGCGTCTGGCTTCACCTTCGAC
Full CART GACTACGCGATGCACTGGGTCAGACAGCGCCCGGGAAAGGGCCTGGAATGG

GTCGCCTCA TC ACTGGAAGGGAAACTCCCTGGCCTATGGCGACAGCGTG
AAGGGCC GCTTCGCCAT TCGCGCGACAACGCCAAGAACACCGTGTTTCTG
CAAATGAATTCCCTGCGGACCGAGGATACCGCTGTGTACTACTGCGCCAGC
CACCAGGGCGTGGCATACTATAACTACGCCATGGACGTGTGGGGAAGAGGG
ACGCTCGTCACCGTGTCCTCCGGGGGCGGTGGATCGGGTGGAGGAGGAAGC
GGTGGCGGGGGCAGCGAAATCGTGCTGAC CAGAGCCCGGGAACTCTT CA
CTGTCCCCGGGAGAACGGGCCACTCTCTCGTGCCGGGCCACCCAGTCCATC
GGCTCCTCCTTCCTTGCCTGGTACCAGCAGAGGCCAGGACAGGCGCCCCGC
CTGCTGATCTACGGTGCTTCCCAACGCGCCACTGGCATTCCTGACCGGTTC
AGCGGCAGAGGGTCGGGAACCGATTTCACACTGACCATTTCCCGGGTGGAG
CCCGAAGATTCGGCAGTCTACTACTGTCAGCATTACGAGTCCTCCCCTTCA
TGGACCTTCGGTCAAGGGACCAAAGTGGAGATCAAGACCACTACCCCAGCA
CCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTG
CGTCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGT
CTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGC
GGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGG
AAGAAGCTGCTGTAC TCTTT AGCAACCCTTC TG GGCCTGTGCAGACT
ACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGC
GGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCT C
AAGCAGGGGCAGAACCAGCTCT ACAAC GAACTCAATCTTGGTCGGAGAGAG
GAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAAT GGGCGGG
AAGCCGCGCAG AAGAATCCCCA GAGGGCCTGT CA CG GCTCC AA G
GATAAGATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGA
AGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAG



GACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG
BCM EBB-C198Q-G4
BCMA_EBB- 993 MALPVTALLLPLALLLHAARPEVQLVESGGGLVQPGGSLRLSCAASGFTFS
C198G~G4~ SYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYL

QMNSLRAEDTAVYYCAKVVRDGMDVWGQGTTVTVSSGGGGSGGGGSGGGGS
Full CART EIVLTQSPATLSLSPGERATLSCRASQSVSSS YLAWYQQKPGQAPRLLI G

ASSRAT PDRFSGNGSGTD TLTISRLBPED F V YCQQYGSPPRFTFGP
GTKVDIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFAC
D APLAGTCGVLLLSLV TLYCKRGRKKLL IFK PFMRPVQTTQEED
GCSCRFPEEEEGGCEL RVKFSRSADA YKQGQNQLYNELNL GRREEYDVL
DKRRGRDPEMGGKPRRKNPOEGLYNELQKDKMAEAYSE GMKGERRRGKGH
DGLYQGLSTATKDTYDALHMQALPPR

BCMA_EBB- 1015 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
C1980-G4- GCCGCTCGGCCCGAGGTGCAGTTGGTCGAAAGCGGGGGCGGGCTTGTGCAG
nt CCTGGCGGATCACTGCGGCTGTCCTGCGCGGCATCAGGCTTCACGTTTTCT
Full CART TCCTACGCCATGTCCTGGGTGCGCCAGGCCCCTGGAAAGGGACTGGAATGG

GTGTCCGCGATTTCGGGGTCCGGCGGGAGCACCTACTACGCCGATTCCGTG
AAGGGCCGCTTCACTATCTCGCGGGACAACTCCAAGAACACCCTCTACCTC
CAAATGAATAGCCTGCGGGCCGAGGATACCGCCGTCTACTATTGCGCTAAG
GTCGTGCGCGACGGAATGGACGTGTGGGGACAGGGTACCACCGTGACAGTG
TCCTCGGGGGGAGGCGGTAGCGGCGGAGGAGGAAGCGGTGGTGGAGGTTCC
GAGATTGTGCTGACTCAATCACCCGCGACCCTGAGCCTGTCCCCCGGCGAA
AGGGCCACTCTGTCCTGTCGGGCCAGCCAATCAGTCTCCTCCTCGTACCTG
GCCTGGTACCAGCAGAAGCCAGGACAGGCTCCGAGACTCCTTATCTATGGC
GCATCCTCCCGCGCCACCGGAATCCCGGATAGGTTCTCGGGAAACGGATCG
GGGACCGACTTCACTCTCACCATCTCCCGGCTGGAACCGGAGGACTTCGCC
GTGTACTACTGCCAGCAGTACGGCAGCCCGCCTAGATTCACTTTCGGCCCC
GGCACCAAAGTGGACATCAAGACCACTACCCCAGCACCGAGGCCACCCACC
CCGGCTCCTAGCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGT
AGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGC
GATATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTT
TCACTCGTGATCACTCTTTACTG AAGCGCGGTCGGAAGAAGC TGCTGTAC
ATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGAC
GGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGC
GTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAAC
CAGCTCTACAACGAACTCAATCTTGGTCG GAGAGAGGAGT ACGACGTGCTG
GACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCGCGCAGAAAG
AATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAA
GCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCAC
GACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCT
C TCACATGCAGGCCCTGCCGCCTCGG

BCM EBB-C198Q-D2
BCMA EBB- 994 MALPVTALLLPLALLLHAARPEVQLLESGGGLVQPGGSLRLSCAASGFTFS
C198G~D2~ SYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYL

QMNSLRAEDTAVYYCAKI PQTGTFDYWGQGTLVTVSSGGGGSGGGGSGGGG
Full CART SEIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQRPGQAPRLLIY

GASSRATGIPDRFSGSGSGTDFTLTI SR EPEDFAV YCQHYGSSPSWTF
QGTRLE KTTTPAPP .PPTPAPT AS0PLSLRPEACRPAAGGAVHTRGLDFA
CDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQ.EE
DGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKG
HDGLYQGLSTATKDTYDALHMQALPPR



BCMA_EBB- 101 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
C1980 ~D2 ~ GCCGCTCGGCCCGAAGTGCAGCTGCTGGAGTCCGGCGGTGGATTGGTGCAA
nt CCGGGGGGATCGCTCAGACTGTCCTGTGCGGCGTCAGGCTTCACCTTCTCG
Full CART AGCTACGCCATGTCATGGGTCAGACAGGCCCCTGGAAAGGGTCTGGAATGG

GTGTCCGCCATTTCCGGGAGCGGGGGATCTACATACTACGCCGATAGCGTG
AAGGGCCGCTTCACC ATTTCCCGGGACAACTCC AAGAACACTCTCT ATCTG
CAAATGAACTCCCTCCGCGCTGAGGACACTGCCGTGTACTACTGCGCCAAA
ATCCCTCAGACCGGCACCTTCGACTACTGGGGACAGGGGACTCTGGTCACC
GTCAGCAGC GGTGGCGGAGGTTCGGGGGGAGGAGGAAGC GGCGGCGGAGGG
TCCGAGATTGTGCTGACCCAGTCACCCGGCACTTTGTCCCTGTCGCCTGGA
GAAAGGGCCACCCTTTCCTGCCGGGCATCCCAATCCGTGTCCTCCTCGTAC
CTGGCCTGGTACCAGCAGAGGCCCGGACAGGCCCCACGGCTTCTGATCTAC
GGAGCAAGCAGCCGCGCGACCGGTATCCCGGACCGGTTTTCGGGCTCGGGC
TCAGG ACTGAGTTCACCC CACCATCTCCCGCCTGGAACCCGAAGATTTC
GCTGTGTATTACTGCCAGCACTACGGCAGCTCCCCGTCCTGGACGTTCGGC
CAGGGAACT CGGCTGGAGATCAA GACCACTACCCCAGCACCGAGGCCACCC
ACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCA
TGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCC
TGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTG
CTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTG
TACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAG
GACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTG
CGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAG
AACCAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTG
CTGGAC GCGGAGAGGAC GGGACCC GAAATGGGCGGG AGCCGCGC GA
AAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCA
GAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGC
CACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGAC
GCTCTTCACATGCAGGCCCTGCCGCCTCGG

BCMA EBB~C1978-~A10
BCMA_EBB- 995 MALPVTALLLPLALLLHAARPEVQLVETGGGLVQPGGSLRLSCAASGFTFS
C1978~-A1Q- SYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRFTMSRENDKNSVFL

QMNSLRVEDTGV C RA KRBLRY G DV GQGT V SSGGGGSGGG
Full CART GSGGGGSEIVMTQSPGTLSLSPGESATLSCRASQRVASNYLAWYQHKPGQA

PSLLISGASSRATGVPDRFSGSGSGTDFTLAISRLEPEDSAVYYCQHYDSS
PSWTFGQGT KVE IKTTT PAP RPPTPAPT IASQ PLSLRPE CRPAAGGAVHT
RGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPV
QTTQEEDGCSCRFPEEEE GGCELRVKFSR SADAPAYK G LY EL GR
REEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGE
RRRGKGHDGL QGLSTATKDTYDALHMQAL PPR

BCMA__EBB~ 1017 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
C1978-A10- GCCGCTCGGCCCGAAGTGCAACTGGTGGAAACCGGTGGAGGACTCGTGCAG
nt CCTGGCGGCAGCCTCCGGCTGAGCTGCGCCGCTTCGGGATTCACCTTTTCC
Full CART TCCTACGCGATGTCTTGGGTCAGACAGGCCCCCGGAAAGGGGCTGGAATGG

GTGTCAGCCATCTCCGGCTCCGGCGGATCAACGTACTACGCCGACTCCGTG
AAAGGC CGGTTCACCATGTCGCGCGAGAAT GACAAGAAC TCCGTGTTCCTG
CAAATGAACTCCCTGAGGGTGGAGGACACCGGAGTGTACTATTGTGCGCGC
GCCAACTACAAGAGAGAGCTGCGGTACTACTACGGAATGGACGTCTGGGGA
CAGGGAACTATGGTGACCGTGTCATCCGGTGGAGGGGGAAGCGGCGGTGGA
GGCAGC GGGGGCGGGGGTTC GAAATTGTCATGACCCAGTCCCCGGGAACT
C TTCCC CTCCCCCGGGGAATCCGCGACTT GTCCTGCCGGGC CAGCCAG
CGCGTGGCCTCGAACTACCTCGC ATGG ACCAGCATAAGCCAGGCCAAGCC



CCTTCCCTGCTGATTTCCGGGGCTAGCAGCCGCGCCACTGGCGTGCCGGAT
AGGTTCTCGGGAAGC GGCTCGGGTACCGATTTCACCCT GGCAATCTCGCGG
CTGGAACCGGAGGATTCGGCCGTGTACTACTGCCAGCACTATGACTCATCC
CCCTCCTGGACATTCGGACAGGGCACCAAGGTCGAGATCAAGACCACTACC
CCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTG
TCCCT GCGTCCGGAGGCAT GTAGACCCGCAGCT GGTGGGGCCGT GCATACC
CGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGT
ACTTGCGGGGTCCTGCTGCTTTCACTCGT GATCACTCTT TACTGTAAGCGC
GGTCGGAAGAAGCTGCTGTACATCTTT AAGCAACCCTTCATGAGGCCTGTG
CAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAG
GAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCC GCAGCGCAGAT GCTCCA
GCCTACAAGCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGG
AGAGAGGAGTACGACGTGCT GGACAAGCGGAGAGGACGGGACCC AGAAATG
GGCGGGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTC
CAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAA
CGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCC
ACCAAGGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

BCMA EBB-C1978-D4
BCMA_EBB~ 996 MAL PVTALLLPLALLLHAARPEVQLLETGGGLVQ PGGSLRLSCAASGFSFS
C1978-D4- SYAMSWVRQAPGKGLEWVSAI SGSGGSTY YADSVKGRFT ISRDNSKNTLYL

QMNSLRAEDTAVYYCAKALVGATGAFDIWGQGTLVTVSSGGGGSGGGGSGG
Full CART GGSEIVLTQSPGTLSLSPGERATLSCRASQSLSSNFLAWYQQKPGQAPGLL

YGAS TGT PDRFSGSGS GTD TLTITRLEPED A CQ YGTSPMYT
FGQGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD
FACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQ
EEDGCSCRFPEEEEGGCEL RVKFSRSADAPAYKQGQNQLYNELNLGR REEY
DVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRG
KGHDGLYQGLSTATKDT DALHM AL PR

BCMA EBB- 1018 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
C1978 ~D4-- GCCGCTCGGCCCGAAGTGCAGCTGCTCGAAACCGGTGGAGGGCTGGTGCAG
nt CCAGGGGGCTCCCTGAGGCTTTCATGCGCCGCTA GCGGATTCTCCTTCT CC
Full CART TCTTACGCCATGTCGTGGGTCCGCCAAGCCCCTGGAAAAGGCCTGGAATGG

GTGTCCGCGATTTCCGGGAGCGGAGGTTCGACCTATTACGCCGACTCCGTG
AAGGGCCGCTTTACCATCTCCCGGGATAACTCCAAGAACACTCTGTACCTC
CAAAT GAACTCGCTGAGAGC CGAGGACACCGCCGTG ATTACTGCGCGAAG
GCGCTGGTCGGCGCGACT GGGGCATTCGACATCTGGGGACAGGGAACT CTT
GTGACCGTGTCGAGCGGAGGCGGCGGCTCCGGCGGAGGAGGGAGCGGGGGC
GGTGGTTCCGAAATCGTGTTGACTCAGTCCCCGGGAACCCTGAGCTTGTCA
CCCGGGGAGCGGGCCACTCTCTCCTGTCGCGCCTCCCAATCGCTCTCATCC
AATTTCCTGGCCTGGTACCAGCAGAAGCCCGGACAGGCCCCGGGCCT GCTC
ATCTACGGCGCTTCAAACTGGGCAACGGGAACCCCTGATCGGTTCAGCGGA
AGCGGATCGGGTACTGACTTTACCCTGACCATCACCAGACTGGAACCGGAG
GACTTCGCCGTGTACTACTGCCAGTACTACGGCACCTCCCCCATGTACACA
TTCGGACAGGGTACCAAGGTCGAGATTAAGACCACTACCCCAGCACCGAGG
CCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCG
GAGGCATGTAGACCCGCAGCT GGTGGGGCCGTGCA ACCCGGGGTCTT GAC
TTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTC
CTGCTGCTTTCACTCGTGATCACTCTTTAGTG AAGC GCGGTCGGAAGAAG
CTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAA
GAGGAGGAC GGCTGTTCATGCCGGTTCCC GAGGAGGAGGAAGGCGGCTGC
GAACTGCGCGTGAAATTCAGCC GCAGC GCAGAT GCTCCAGCCTACAAGCAG
GGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTAC



GACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCG
CGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAG
ATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGAA GAGGC
AAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACC
TATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

BCMA EBB-C1980-A2
BC A EBB- 997 MALPVTALLLPLALLLHAARPEVQLLESGGGLVQPGGSLRLSCAASGFTFS
C1980~A2~ SYAMSWVRQAPGKGLE VS Ϊ SGSGGST YADSVKGRFT SRDNSKNTLYL
aa QMNSLRAEDTAVYYCVLWFGEGFDPWGQGTLVTVSSGGGGSGGGGSGGGGS
Full CART DIVLTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLQKPGQSPQL

L YLGSNRASGVPDRFSGSGSGTDFTLKI SRVEAEDVGVYYCMOALOTPLT
FGGGTKVDI KTTTPAPRPPTPAPT ASQPLSLRPEACRPAAGGA VHTRGLD
FACD YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQ
EEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRG
KGHDGLYQGLSTATKDTYDALHMQALPPR

BCMA_EBB- 1019 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
C1980-A2- GCCGCTCG GCCCGAAGTGCAGCTGCTTGAGAGCGGTGGAGGTCTGGTGC AG
nt CCCGGGGGATCACTGCGCCTGTCCTGTGCCGCGTCCGGTTTCACTTTCTCC
Full CART TCGTACGCCATGTCGTGGGT CAGACAGGCACCGGGAAAGGGACT GGAATGG

GTGTCAGCCATTTCGGGTTCGGGGGGCAGCACCTACTACGCTGACTCCGTG
AAGGGCCGGTTCACCATTTCCCGCGACAACTCCAAGAACACCTTGTACCTC
CAAATGAACTCCCTGCGGGCCGAAGATACCGCCGTGTATTACTGCGTGCTG
TGGTTCGGAGAGGGATTCGACCCGTGGGGACAAGGAACACTCGTGACTGTG
TCATCCGGCGGAGGCGGCAGCGGTGGCGGCGGTTCCGGCGGCGGCGGATCT
GACATCGTGTTGACCCAGTCCCCTCTGAGCCTGCCGGTCACTCCTGGCGAA
CCAGCCAGCATCTCCTGCCGGTCGAGCCAGTCCCTCCTGCACTCCAATGGG
TACAACTACCTCGATTGGTATCTGCAAAAGCCGGGCCAGAGCCCCCAGCTG
CTGATCTACCTTGGGTCAAACCGCGCTTCCGGGGTGCCTGATAGATTCTCC
GGGTCCGGGAGCGGAACCGACTTTACCCTGAAAATCTCGAGGGTGGAGGCC
GAGGACGTCGGAGTGTACTACTGCATGCAGGCGCTCCAGACTCCCCTGACC
TTCGGAGGAGGAACGAAGGTCGACATCAAGACCACTACCCCAGCACCGAGG
CCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCG
GAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGAC
TTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTC
CTGCTGCTTTCACTCGTGATCACTCTTTACTG AAGC GCGGTCGGAAGAAG
CTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTAGTCAA
GAGGAGGAC GGCT GTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCT GC

GAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAG
GGGCAGAACCAGCTCTACAACGAACT CAA CTTGGTCGGAGAGAGGAGT AC
GACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCG
CGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAG
ATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGC
AAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACC
TATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

BCMA EBB-C1981-C3
BCMA_EBB- 998 MALPVTALLLPLALLLHAARPQVQLVESGGGLVQPGGSLRLSCAASGFTFS
C 98 —C3— SYAMSWVRQAPGKGLEWVS Ϊ SGSGGST ADSVKGRFT SRDNSKNTLYL

OMNSLRAEDTAVYYCAKVG DSSGYYRDYYGMDVWGQGTTVTVS SGGGGSG
Full CART GGGSGGGGSEIVLTQSPGTLSLSPGERATLSCRASQSVSSS YLAWYQQKPG

QAPRLLIYGTSSRATGISDRFSGSGSGTDFTLTISRLEPEDFAVYYCQHYG
NSPPKFTFGPGT LE KTTTPAPRPPT PAPT ASQPLSLRPEACRPAAGGA



VHTRGLDFACDIYI PL G CGVLLLSLVITLYCKRGRKKL LYIFK PFM
RPVQTTQEEDGCSCRFPE EEEGGCEL K SRS DAPAYKQGQNQLYNELN
LGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGM
KGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

BCMA_EBB- 1020 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
C1981-C3- GCCGCTCGGCCCCAAGTGCAGCTCGTGGAGTCAGGCGGAGGACTGGTGCAG
nt CCCGGGGGCTCCCTGAGACTTTCCTGCGCGGCATCGGGTTTTACCTTCTCC
Full CART TCCTATGCTATGTCCTGGGT GCGCCAGGCCCCGGGAAAGGGAGTGGAATGG

GTGTCCGCAATCAGCGGTAGCGGGGGCTCAACATACTACGCCGACTCCGTC
AAGGGTCGCTTCACTATTTCCCGGGACAACTCCAAGAATACCCTGTACCTC
CAAATGAACAGCCTCAGGGCCGAGGATACTGCCGTGTACTACTGCGCCAAA
GTCGGATACGATAGCTCCGGTTACTACCGGGACTACTACGGAATGGACGTG
TGGGGACAGGGCACCACCGTGACCGTGTCAAGCGGCGGAGGCGGTTCAGGA
GGGGGAGGCTCCGGCGGTGGAGGGTCCGAAATCGTCCTGACTCAGTCGCCT
GGCACTCTGTCGTTGTCCCCGGGGGAGCGCGCTACCCTGTCGTGTCGGGCG
TCGCAGTCCGTGTCGAGCTCCTACCTCGCGTGGTACCAGCAGAAGCCCGGA
CAGGCCCCTAGACTTCTGATCTACGGCACTTCTTCACGCGCCACCGGGATC
AGCGACAGGTTCAGCGGCTCCGGCTCCGGGACCGACTTCACCCTGACCATT
AGCCGGCTGGAGCCTGAAGATTTCGCCGTGTATTACTGCCAACACTACGGA
AACTCGCCGCCAAAGTTCACGTTCGGACCCGGAACCAAGCTGGAAATCAAG
ACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCC
CAGCCTCTGTCCCTGCGTCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCC
GTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCT
CTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTAC
TGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTTAAGCAACCC TCATG
AGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCA
GAGGAGGAGGAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCA
GATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAACGAACTCAAT
CTTGGTCGGAG GAGGAG ACGACGT GCTGGAC AGCGGAGAGGACGGGAC
CCAGAAATGGGCGGGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTAC
AACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTATG
AAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTC
AGCACCGCCACCAAGGACACCTATGACGCTCTTCACATGCAGGCCCTGCCG
CCTCGG

BCMA EBB-C1978-G4
BCMA_EBB- 999 MALPVTALLLPLALLLHAARPEVQLVESGGGLVQPGGSLRLSCAASGFTFS
C1978-G4- SYAMSWVRQAPGKGLEWVSAISGSGGST YYADSVKGRFT SRDNSKNTLYL
aa OMNSLRAEDT V C K GWSSGYLGAFD GQGT TVSSGGGGSGGGGS
Full CART GGGGSEIVLTQSPGTLSLSPGERATLSCRASQSVASSFLAWYQQKPGQAPR

LLIYGASGRATGIPDRFSGSGSGTDFTL ISRLEPEDFAVYYCQHYGGSPR
LTFGGGTKVD KTTTPAPRPPTP PT ASQPLSLRPE CRPAAGGAVHT RG
LDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQT
TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQL Y EL LGRRE
EYDVLDKRRGRDPEM GGKPRRKNPQEGLY E QKDKMAEAYSEIGMKGERR
RGKGHDGLYQGLSTATKDTYDALHMQALP R

BCMA EBB- 1021 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCAC
C1978~G4~ GCCGCTCGGCCCGAAG CC ACTGG GG GTCCGGGGG GGGCTCGTGCAG
nt CCCGGAGGCAGCCTTCGGCTGTCGTGCGCCGCCTCCGGGTTCACGTTCTCA
Full CART TCCT CGCGATGTCGTGGGTCAGACAGGCACCAGGAAAGGGACT GGAATGG

GTGTCCGCCATTAGCGGCTCCGGCGGTAGCACCTACTATGCCGACTCAGTG
AAGGGAAGGTTCACTATCTCCCGCGACAACAGCAAGAACACCCTGTACCTC
CAAATGAACTCTCTGCGGGCCGAGGATACCGCGGTGTACTATTGCGCCAAG



AT GGGTTGGTCCAGCGGATACTT GGGAGCCTTCGACATTT GGGGACAGGGC
ACTACT GT GACCGTGTCCTCCGGGGGT GGCGGATCGGGAGGCGGCGGCTCG
GGTGGAGGGGGTTCCGAAATCGT GTT GACCCAGTCACCGGGAACCCTCTCG
CT GTCCCCGGGAGAACGGGCTACACT GTCATGTAGAGCGTCCCAGTCCGT G
GCTTCCTCGTTCCTGGCCT GGTACCAGCAGAAGCCGGGACAGGCACCCCGC
CT GCTCATCTACGGAGCCAGCGGCCGGGCGACCGGCATCCCTGACCGCTTC
TCCGGTTCC GGCTCGGGCACCGACTTTACTCT GACCATTAGCAGGCTT GAG

CCCGAGGATTTT GCCGTGTACTACT GCCAACACTACGGGGGGAGCCCTCGC
CT GACCTTCGGAGGCGGAACTAAGGTCGATATCAAAACCACTACCCCAGCA
CCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCT GTCCCT G
CGTCCGGAGGCAT GTAGACCCGCAGCT GGT GGGGCCGTGCATACCCGGGGT
CTT GACTTC GCCTGC GATATCTACATT GGGCCCCTCTGGCTGGTACTTGC
GGGGTCCT GCT GCTTTCACTCGT GATCACTCTTTACT GTAAGCGCGGTCGG
AAGAAGCT GCT GTACATCTTTAAGCAACCCTTCATGAGGCCTGT GCAGACT
ACTCAAGAGGAGGACGGCT GTTCAT GCCGGTTCCCAGAGGAGGAGGAAGGC
GGCT GCGAACT GCGCGTGAAATTCAGCCGCAGCGCAGAT GCTCCAGCCTAC
AAGCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTT GGTCGGAGAGAG
GAGTACGACGT GCTGGACAAGCGGAGAGGACGGGACCCAGAAAT GGGCGGG
AAGCCGCGCAGAAAGAATCCCCAAGAGGGCCT GTACAACGAGCTCCAAAAG

GATAAGAT GGC GAAGCC AGCGAGAT T GG TGAAAGGGGAACGCAGA
AGAGGCAAAGGCCACGAC GGACT GTACCAGGGACTCAGCACCGCC CC G
GACACCTAT GACGCTCTTCACAT GCAGGCCCT GC. CGC. CTCGG

In one embodiment, the CAR molecule of the BCA CAR comprises (e.g., consists of)

an amino acid sequence provided in Table 16, or Table I of WO201 6/014565, or as otherwise

described herein. In one embodiment, the CAR molecule of the BCA CAR comprises (e.g.,

consists of) an ammo ac d sequence of SEQ ID NO: 949, SEQ ID NO: 950, SEQ ID NO: 951,

SEQ ID NO: 952, SEQ ID NO: 953, SEQ ID NO: 954, SEQ ID NO: 955, SEQ ID NO: 956,

SEQ ID NO: 957, SEQ ID NO: 958, SEQ ID NO: 959, SEQ ID NO: 960, SEQ ID NO: 961,

SEQ ID NO: 962, SEQ ID NO: 963, SEQ ID NO: 979, SEQ ID NO: 980, SEQ ID NO: 981,

SEQ ID NO: 982, SEQ ID NO: 983, SEQ ID NO: 984, SEQ ID NO: 985, SEQ ID NO: 986,

SEQ ID NO: 987, SEQ ID NO: 988, SEQ ID NO: 989, SEQ ID NO: 990, SEQ ID NO: 991,

SEQ ID NO: 992, SEQ ID NO: 993, SEQ ID NO: 994, SEQ ID NO: 995, SEQ ID NO: 996,

SEQ ID NO: 997, SEQ ID NO: 998, or SEQ ID NO: 999; or an am o acid sequence having at

least one, two, three, four, five, 10, 15, 20 or 30 modifications (e.g., substitutions, e.g.,

conservative substitutions) but not more than 60, 50, or 40 modifications (e.g., substitutions,

e.g., conservative substitutions) of an amino acid sequence of SEQ ID NO: 949, SEQ ID NO:

950, SEQ ID NO: 951, SEQ ID NO: 952, SEQ ID NO: 953, SEQ ID NO: 954, SEQ ID NO:

955, SEQ ID NO: 956, SEQ ID NO: 957, SEQ ID NO: 958, SEQ ID NO: 959, SEQ ID NO:

960, SEQ ID NO: 961, SEQ ID NO: 962, SEQ ID NO: 963, SEQ ID NO: 979, SEQ ID NO:



980, SEQ ID NO: 981, SEQ ID NO: 982, SEQ ID NO: 983, SEQ ID NO: 984, SEQ ID NO:

985, SEQ ID NO: 986, SEQ ID NO: 987, SEQ ID NO: 988, SEQ ID NO: 989, SEQ ID NO:

990, SEQ ID NO: 991, SEQ ID NO: 992, SEQ ID NO: 993, SEQ ID NO: 994, SEQ ID NO:

995, SEQ ID NO: 996, SEQ ID NO: 997, SEQ ID NO: 998, or SEQ ID NO: 999: or an am o

acid sequence having 85%, 90%, 95%, 96%, 97%, 98%, 99% identity to an am o acid

sequence of SEQ ID NO: 949, SEQ ID NO: 950, SEQ ID NO: 95 , SEQ ID NO: 952, SEQ ID

NO: 953, SEQ ID NO: 954, SEQ ID NO: 955, SEQ ID NO: 956, SEQ ID NO: 957, SEQ ID

NO: 958, SEQ ID NO: 959, SEQ ID NO: 960, SEQ ID NO: 961, SEQ ID NO: 962, SEQ ID

NO: 963, SEQ ID NO: 979, SEQ ID NO: 980, SEQ ID NO: 981, SEQ ID NO: 982, SEQ ID

NO: 983, SEQ ID NO: 984, SEQ ID NO: 985, SEQ ID NO: 986, SEQ ID NO: 987, SEQ ID

NO: 988, SEQ ID NO: 989, SEQ ID NO: 990, SEQ ID NO: 991 , SEQ ID NO: 992, SEQ ID

NO: 993, SEQ ID NO: 994, SEQ ID NO: 995, SEQ ID NO: 996, SEQ ID NO: 997, SEQ ID

NO: 998, or SEQ ID NO: 999.

in o e aspect the cell of the invention (e.g., a cell comprising both a TA CAR and a

BCA CAR ) comprises a TA CAR molecule comprising an antigen binding domain that binds to

a tumor antigen. In one embodiment, the TA CAR comprises a CAR molecule comprising a

mesothelin antigen binding domain (e.g., a murine, human or humanized antibody or antibody

fragment that specifically binds to mesothelin), a transmembrane domain, and an intracellular

signaling domain (e.g., an intracellular signaling domain comprising a costimulatory domain

and/or a primary signaling domain).

Exemplary TA CAR molecules that target mesothelin are described herein, and are

provided in Table . The CAR molecules in Table comprise a mesothelin antigen binding

domain, e.g., an amino acid sequence of any mesothelm antigen binding domain provided in

Table 2 . The leader sequence is in bold and underlined, CDRs are underlined, and the linker

sequence between the heavy and light chain of the antigen binding region is shaded in grey.

Table 11. Exemplary mesothelin CAR molecules



KPRRKNPQEGLYNELQKDKMAEAYS E GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQ
ALP PR

Mil
CAR APGQGLEWMGW I N SGGTNYAQNFQGRVTMTRDTS S AYMELRRL S DDTAVYYCASG

WDFDYWGQGTLVTVS I R TQS P S S LSASVGDRVT ITCR
ASQSI BYYLSWYQQKPGKAPKLLIYTASI LQNGVPSRFSGSGSGTDFTLTI SSLQPEDFA
TYYCLQTYTTPDFGPGTKVEI KTTT PAPRPPT PAPT IASQPLS LRPEACRPAAGGAVHTR 292

GLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI K P FM P QT EEDGCS
CRFPEEEEGGCELRVKFS RSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGG
KPRRKNPQEGLYNELQKDKMAEAYS EI GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQ
ALP PR

SS MALPVTALLLPLALLLHAARPQVQLQQS GPELEKPGASVKI S CKASGYS F G TMN VK

CAR QSHGKS LEWI GL PYNGAS SYNQKFRGKATLTVDKS S S AYMDLL SL SEDSAVYFCA
RGGYDGRGFDYWGQGTTVTVS S ELTQS PAIMSAS PGEKVTMT
CSAS S SVSYMHWYQQKSGTS PKRWI YDTS KLASGVPGRFSGSGSGNSYS LTI S SVEAED 3 6
DATYYCQQWSGYPLT FGAGTKLEITTTPAPRP PTPAPTIASQPLSLRPEACRPAAGGAV
HTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQTTQEE
DGCSCRFPEEEEGGCEL RVKF S RSADA A

M l MA VT LLP LALLLHAAR V LO S GAEVKKPGASVKVS CKASGYT F GYY iHWVRQ

CAR APGQGLEWMGRINPNSGGTNYAQKFQGRVTMTRDTS I STAYMELSRLRS EDTAVYYCARG
RYYGMDWGQGTMVTVSS<5X^S<^GGSGi^S<¾^SEIVLTQSPATLSLSPGERATI S
CRASQSVS SNFAWYQQRPGQAPRLLI YDASNRATGI PPRFSGS GSGTDFTLTI S SLEPED
FAAYYCHQRSNWLYTFGQGTKVDIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAV 282

HTRGLDFACDI YI A LAGTCGVLLLS LVITLYCKRGRKKLL Y FKQPFMRPVQTTQEED
GCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPE
MGGKP RRKNPQEGL YNELQKDKMAEAYS E GMKGERRRG KGHDGLYQGLSTAT KDT YDAL
HMQALPPR

M2
CAR APGQGLEWMGW I SGGTNYAQKFQGRVTMTRDTS I STAYMELSRLRS DDTAVYYCARD

LRRT T P RAYYGMDVWGQGTTVTVSSS S S XXX S GG G DI QLTQ S FSTLSA
SVGDRVTI CQAS D SNSLNWYQQKAGKAPKLLI YDASTLETGVP SRFSGSGSGTDFS F
T S SLQPEDIATYYCQQHDNLPLTFGQGTKVEI KTTTPAPRPPTPAPTIASQPLSLRPEA 283

CRPAAGGAVHTRGLDFACDI I WAPLAGTCGVLLLS V TLYCKRGRKKLLYI FK MR
PVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEI GMKGERRRGKGHDGLYQGLST
ATKDT YDALHMQAL PR

M3
CAR

T ITCRASQS INTYLNWYQHKPGKAPKLLI YAAS SLQSGVPSRFSGS GSGTDFTLTI S SLQ
P EDFAT YYCQQS S LT F GGGT KLE I KT T A T A I A SQP LSLRPEACR AAGG 284

AVHTRGLDFACDI I WAPLAGTCGVLLLS LVI TLYCKRG RKKLLYI FKQPFMRPVQTTQE
EDGCS CRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEI GMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQAL R

M4 MALPVTALLLPLALLLHAARPQVO LVES GGGLV GGS LRLS CAA SGFT S SYWMHWVRQ

CAR VPGKGLVWVSRINTDGSTTTYADSVEGRFTI S RDNAKNTLYLQMNS LRDDDTAVYYCVGG
AV GQGTTVTVS SGGGGSGGGGSGGGGSGGG6S QMT S P STL SAS VGDRVT TCRA

SQS I S DRLAWYQQKPGKAPKLLIYKAS SLESGVPSRFSGSGSGTEFTLT I S SLQPDDFAV
YYCQQYGHLPMYTFGQGTKVEI KTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHT 285

RGLDFACDIYI WAPLAGTCGVLLLS LVITLYCKRGRKKLLYI FKQP FMRPVQTTQEEDGC
S CRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMG
GKPRRKNPQEGLYNELQKDKMAEAYSEI GMKGERRRGKGHDGLYQGLSTATKDTYDALHM
QALP P R

M6 ALPVTAILLPLALLLHAARPOVOLVOSGAEVKKP GASVKVS CKAS GYT FT SYYMHWVRO 287
APGQGLEWMGI INPS GGSTSYAQKFQGRVTMTRDTSTSTVYMELS S LRS EDTAVYYCARY





AGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQT

TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRR

GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD

TYDALHMQALPPR

M l4
CAR A PGQGLE MG INPSGGSRAYAQKFQGRVTMTRDTSTSTVYMELSSLRSDDTAMYYCART

ASCGGDCYYLDYWGQGTLVTVSSiil |I||||I||||||:|||lDIQMTQSPPTLSASVGD
RV C SE VN LAW YQQ KPGKAP KLL YKSSSLAS GVP SRFSGSGSGA EF L SS

LQPDDFATYYCQQYQSYPLTFGGGTKVDI KTTTPAPRPPTPAPTIASQPLSLRPEACRPA. 295

AGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI K MRPVQT

TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD

TYDALHMQALP R

M l5
CAR APGKGLEWVSGI S N SGSIGYADSVKGRFTI SRDNAKNSLYLQMNSLRAEDTAVYYCAKD

GSSSWSWGYFDYWGQGTLVTVSSQQG^SGGGG-SGGGfiSSSELTQDPAVSVALGQTVRTTC

QGDALRSYYASWYQQKPGQAPMLVI YGKNNRPSGI PDRFSGSDSGDTASLTITGAQAEDE

ADYYCNSRDSSGYPVFGTGTKVTVLTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAV 296

HTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQTTQEED
GCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPE

MGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDA.L

HMQALPPR

M l6
CAR APGKGLEWVSGI SWNSGS TGYADSVKGRFT SRDNAKNSLYLQMNSLRAEDTALYYCAKD

SSSWYGGGSAFDIWGQGTMVTVSSGGGGSGGGGSGGGGSSSELTQEPAVSVALGQTVRIT
CQGDSLRS YYAS WYQQKP GQAPVLVI FGRSRRPS GIPDRFSGSSS GNTAS LIITGAOAED

EADYYCNSRDNTANHYVFGTGTKLTVLTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG 297

AVHTRGLDFACDI YIWA.PLAGTCGVLLLSLVITLYCKRGRKKLLYI FKOPFMRPVQTTQE
EDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRD

PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEI GMKGERRP.GKGHDGLYQGLSTATKDT YD

ALHMQALPPR

M l7
CAR APGKGLEWVSGI SWNSGSTGYADSVKGP.FTI SRDNAKNSLYLQMNSLRAEDTALYYCAKD

SSSWYGGGSAFDIWGQGTMWV3 3 GGGS * SS SSELTQDPAV SVALGQTVRIT
CQGDS LRS YYAS YQQKPGQAPVLVI YGKNNRP SG PDRFS GSSSGNTAS LT TGAQAED

EADYYCNSRGS SGNHYVFGTGTKVTVLTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG 298

AVHTRGLDFACDI YIWAP LAGTCGVLLLSLVI TLYCKRGRKKL LYI FKQPFMRPVQTTQE
EDGCSCRFPEEEEGGCELRVKFSRSADAPA.YKQGQNQLYNELNLGRREEYDVLDKRRGRD

PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEI GMKGERRRGKGHDGLYQGLSTATKDT YD

ALHMQALPPR

M l8
CAR APGKGLVWVSRINSDGSSTSYADSVKGRFTISRDNAKNTLYLQMMSLBAEDTAVyycVRT

GWVGSYYYYMDV¾GKGTTVTVSS<3<3GGSGGGGS0303S<3GGGSEIVLTQSPGTLSLSPGE

RATLSCRASQSVSSNYLAWYQQKPGQPPRLLI YDVSTRATGI PARFSGGGSGTDFTLTI S

SLEPEDFAVYYCQQRSNWPPWTFGQGTKVEIKTTTPAPRPPTPAPTIASQPLSLP.PEACR 299

PAAGGAVHT RGLD FACD IYIWAP LAGTCGVLLLSLVI TLYCKRGRKKLLYI FKQPFMRPV

QTTQEEDGCSCP.FPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDK

RRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTAT
KDT YDALHMQAL R

M l9
CA APGKGLEWVAVI SYDGSNKYYADSVKGRFTI SRDNSKNTLYLQMNSLRAEDTAVYYCAKG

YSRYYYYGMDVWGQGTTVTV SS GSGGGG GG E VMTQS AT SLSPGER
A ILSCRAS QSVYT KYLGW YQQ KPGQA PRLLIYDAS TRAT GIPDRFSGSGSGTDFTLTINR 300
LE EDFAV YYCQ YGGSPLITFGQGTKVD KTTTP R PT A P IA SQPLSL PE CR

AAGGAVHT RGLDFACDI YIWAP LAGTCGVLLLSLVI TLYCKRGRKKLLYI FKQPFMRPVQ

TTQEEDGCSCRFPEEEEGGCELRVK FSRSADA PAY KQGQN LYNELNLGRRE E DV LDKR

RGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEI GMKGERRRGKGHDGLYQGLSTATK



DTYDALHMQAL PPP .

M20
CAR APGKGLEWVSAI SGSGGSTYYADSVKGP.FTI SRDNSKNTLYLQMNSLRAEDTAVYYCAKR

EAAAGHDWYFDLWGRGTLVTVS SGGGGSGGGGSGGGGSGGGGSPT RVTQSPSS LSASVGD
RVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSLQSGVPSRFSGSGSGTDFTLTISS
LQPEDFATYYCQQSYSI L FGQG VE KTTTPAPRPPTPAPTIASQPLSLRPEACRPA 301

AGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQPFMRPVQT

TQEEDGCSCRFPEEEEGGCELBVKFSRSADAPAYKQGQNQLYNELNLGBREEYDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD

YDALHMQALP PR

M21
CAR APGQGLEWMGIINPSGGSTSYAQKFQGRVTMTRDTSTSTVYMELSNLRSEDTAVYYCARS

PRVTT GYFDYWGQGT LVTV ¾ S666 S S 3 »6SDI LTQSPSTLSASVGDRV
TITCRASQSISSWLAWYQQKPGKAPKLLI YKASSLESGVPSP.FSGSGSGTEFTLTI SSLQ
PDDFATYYCQQYSSYPLTFGGGTRLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAG 302

GAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQPFMP.PVQTTQ
EEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMQALPPR

M22
CAR A GQGPE MGV GP GSPAYAQMLQGRVTMTRDTSTRTVYMELRSLRFEDTAVYY

CARSWGRSAPYYFDYWGQGTLVTVSSGGGGS<S<S<S<SS<3<3GGSGGGGSDIQMTQSPSSLSA
SVGDRV CRA SQG SDYSAWYQQKPGKAPKLLI YAASTLQSGVPSRFSGSGSGTDFTL
T SYLQSEDFATYYCQQYYS YPL FGGG VD KTT PA PR T A P A SQPLSLRPEA 303

CRPAAGGAVHTRGLDFACDIYI A PLAGTCGVLLLSLVI TLYCKRGRKKLLYI FK MR
PVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEI GMKGERRRGKGHDGLYQGLST
A TKDT YDALHMQAL PR

M23
CAR APGQGLEWMGI INPSGGYTTYAQKFQGRLTMTRDTSTSTVYMELSSLRSEDTAVYYCARI

RSCGGDCYYFD GQGTLVTV SS GGSG G G DIQLTQSPSTLSA SVGD
RVTITCRASENVNIWLAWYQQKPGPCAPKLLIYKSSSLASGVPSRFSGSGSGAEFTLTISS
LQPDDFATYYCQQYQS Y L FGGG VD KTT A R A P A SQPLSLRPEA CRPA 304

AGGAVHTRGLDFACDI Y A PLAGTCGVLLLSLVI TLYCKRGRKKLLYI FKQPFMRPVQT
TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD
YDALHMQALP R

M24
CAR RQPPGKAL EWLA LIS A DDKRYRPSLRSRLDI RVT SKDQVVL SMTNMQ PEDTATYYCA L

QGFDGYFJYNWGPGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIVMTQSPS SLSASAGDRVT
ITCRASRGISSALAWYQQKPGKPPKLLIYDASSLESGVPSRFSGSGSGTDFTLTIDSLEP
EDFAT YYCQQSYSTPWTFGQGTKVD IKTTTP PRPPTPA TI SQPLSLRPEA C PAAG G 3 5

AVHTRGLDFACDI I A LAGTCGVLLLSLVI TLYCKRGRKKLLYI FKQPFMRPVQTTQE
EDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEI GMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

In one embodiment, the cell of the invention (e.g., a ceil comprising both a TA CAR

and a BCA CAR) comprises a TA CAR molecule that binds niesothelin, and comprises (e.g.,

consists of) an amino ac d sequence as provided in Table and Table 2 of International

Publication No. WO201 5/090230, filed December 19, 2014; incorporated herein by reference.

In one embodiment, the TA CAR molecule comprises (e.g., consists of) an amino acid



sequence of SEQ ID NO: 282, SEQ ID NO: 283, SEQ ID NO: 284, SEQ ID NO: 285, SEQ ID

NO: 286, SEQ ID NO: 287, SEQ ID NO: 288, SEQ ID NO: 289, SEQ ID NO: 290, SEQ ID

NO: 291, SEQ ID NO: 292, SEQ ID NO: 293, SEQ ID NO: 294, SEQ ID NO: 295, SEQ ID

NO: 296, SEQ ID NO: 297, SEQ ID NO: 298, SEQ ID NO: 299, SEQ ID NO: 300, SEQ ID

NO: 30 , SEQ ID NO: 302, SEQ ID NO: 303, SEQ ID NO: 304, SEQ ID NO: 305, or SEQ ID

NO: 306; or an amino acid sequence having at least one, two, three, four, five, 10, 5, 20 or 30

modifications (e.g., substitutions, e.g., conservative substitutions) but not more than 60, 50, or

40 modifications (e.g., substitutions, e.g., conservative substitutions) of an ammo acid sequence

of SEQ ID NO: 282, SEQ ID NO: 283, SEQ ID NO: 284, SEQ ID NO: 285, SEQ ID NO: 286,

SEQ ID NO: 287, SEQ ID NO: 288, SEQ ID NO: 289, SEQ ID NO: 290, SEQ ID NO: 291 ,

SEQ ID NO: 292, SEQ ID NO: 293, SEQ ID NO: 294, SEQ ID NO: 295, SEQ ID NO: 296,

SEQ ID NO: 297, SEQ ID NO: 298, SEQ ID NO: 299, SEQ ID NO: 300, SEQ ID NO: 301,

SEQ ID NO: 302, SEQ ID NO: 303, SEQ ID NO: 304, SEQ ID NO: 305, or SEQ ID NO: 306;

or an amino acid sequence having 85%, 90%, 95%, 96%, 97%, 98%, 99% identity to an ammo

acid sequence of SEQ ID NO: 282, SEQ ID NO: 283, SEQ ID NO: 284, SEQ ID NO: 285,

SEQ ID NO: 286, SEQ ID NO: 287, SEQ ID NO: 288, SEQ ID NO: 289, SEQ ID NO: 290,

SEQ ID NO: 291, SEQ ID NO: 292, SEQ ID NO: 293, SEQ ID NO: 294, SEQ ID NO: 295,

SEQ ID NO: 296, SEQ ID NO: 297, SEQ ID NO: 298, SEQ ID NO: 299, SEQ ID NO: 300,

SEQ ID NO: 301, SEQ ID NO: 302, SEQ ID NO: 303, SEQ ID NO: 304, SEQ ID NO: 305, or

SEQ ID NO: 306.

In one aspect, the cell of the invention (e.g., a cell comprising both a TA CAR and a

BCA CAR) comprises a TA CAR molecule comprising an antigen binding domain that binds to

a tumor antigen. In one embodiment, the TA CAR comprises a CAR molecule comprising a

EGFRvin antigen binding domain (e.g., a murine, human or humanized antibody or antibody

fragment that specifically binds to mesothelin), a transmembrane domain, and an intracellular

signaling domain (e.g., an intracellular signaling domain comprising a costimulatory domain

and/or a primary signaling domain).

Exemplary TA CAR molecules that target EGFRvin are described herein, and are provided in

Table 7, or in Table 2 of WO/20 14/1 30657 or as described in WO201 6/014789.

Table 17. Humanized EGFRvIII CAR Constructs. Sequences are provided with a leader, and

the CDRs are underlined. Nt stands for nucleic acid and aa stands for amino acid



Sequence

CAR 1

atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgctcggcccg

agatccagctggtgcagtcgggagctgaagtcaaaaagcctggcgcaaccgtcaagatctcg

tgcaaaggatcagggttcaacatcgaggactactacatccattgggtgcaacaggcacccgg

aaaaggcctggagtggatggggaggattgacccagaaaatgacgaaaccaagtacggacc

gatcttccaaggacgggtgaccatcacggctgacacttccactaacaccgtctacatggaact

ctcgagccttcgctcggaagataccgcggtgtactactgcgcctttagaggtggagtctactgg

ggacaagggactaccgtcaccgtgtcgtcaggtggcggaggatcaggcggaggcggctcc

ggtggaggaggaagcggaggaggtggctccgacgtggtgatgacgcagtcaccggactcc

ttggcggtgagcctgggtgaacgcgccactatcaactgcaagagctcccagagcttgctgga

ctccgatggaaagacttatctcaattggctgcaacagaagcctggccagccgccaaagagac

tcatctcactggtgagcaagctggatagcggagtgccagatcggttttcgggatcgggctcag

gcaccgacttcaccctgactatttcctccctccaagccgaggatgtggccgtctactactgttgg

caggggactcacttcccggggaccttcggtggaggcactaaggtggagatcaaaaccactac

cccagcaccgaggccacccaccccggctcctaccatcgcctcccagcctctgtccctgcgtc

cggaggcatgtagacccgcagctggtggggccgtgcatacccggggtcttgacttcgcctgc

gatatctacatttgggcccctctggctggtacttgcggggtcctgctgctttcactcgtgatcact

ctttactgtaagcgcggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcctgt

gcagactactcaagaggaggacggctgttcatgccggttcccagaggaggaggaaggcgg

ctgcgaactgcgcgtgaaattcagccgcagcgcagatgctccagcctacaagcaggggcag

aaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaagcg

gagaggacgggacccagaaatgggcgggaagccgcgcagaaagaatccccaagagggc

ctgtacaacgagctccaaaaggataagatggcagaagcctatagcgagattggtatgaaagg

ggaacgcagaagaggcaaaggccacgacggactgtaccagggactcagcaccgccacca

aggacacctatgacgctcttcacatgcaggccctgccgcctcgg

CAR 1 - 1043 malpvtalllplalllhaarpeiqlvqsgaevldcpgatvkisckgsgfhiedwihwvqqap

Full - aa gkglewmgridpendetkygpifqg rvtitadtstntvymelsslrsedtavTVcafrgg

vywgqgttvtvssggggsggggsggggsggggsdvvmtqspdslavslgeratinckss

qslldsdgktyln wlqqkpgqppkrlis lvsklds pdrfsgsgsgtdftltisslqaedva

v cwqgthfpgtf gggtkveiktttpaprpptpaptiasqplslrpeacrpaaggavhtrg



ldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifk q f vqttqeedgcscrfpe

eeeggcelrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrk

npqeglynelqkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalpp

r

CAR 2

CAR 2 - 1048 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgctcggcccg

Full - nt acgtggtcatgactcaaagcccagattccttggctgtctcccttggagaaagagcaacgatcaa

ttgcaaaagctcgcagtccctgttggactccgatggaaaaacctacctcaactggctgcagca

gaagccgggacaaccaccaaagcggctgatttccctcgtgtccaagctggacagcggcgtg

ccggatcgcttctcgggcagcggctcgggaaccgattttactctcactatttcgtcactgcaagc

ggaggacgtggcggtgtattactgctggcagggcactcacttcccgggtacttttggtggagg

taccaaagtcgaaatcaagggtggaggcgggagcggaggaggcgggtcgggaggagga

ggatcgggtggcggaggctcagaaatccagctggtgcagtcaggtgccgaagtgaagaag

cctggggccacggtgaagatctcgtgcaaggggagcggattcaacatcgaggattactacat

ccattgggtgcaacaggcccctggcaaagggctggaatggatgggaaggatcgaccccga

gaatgacgagactaagtacggcccgatcttccaaggacgggtgaccatcactgcagacactt

caaccaacaccgtctacatggaactctcctcgctgcgctccgaggacaccgccgtgtactact

gtgctttcagaggaggagtctactggggacagggaacgaccgtgaccgtcagctcaaccact

accccagcaccgaggccacccaccccggctcctaccatcgcctcccagcctctgtccctgcg

tccggaggcatgtagacccgcagctggtggggccgtgcatacccggggtcttgacttcgcct

gcgatatctacalttgggcccctctggctggtacttgcggggtcctgGtgctttcactcgtgatca

ctctttocigtaagcgcggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcci

gtgcagactactcaagaggaggacggctgttcatgccggttcccagaggaggaggaaggcg

gctgcgaactgcgcgtgaaattcagccgcagcgcagatgctccagcctacaagcaggggca

gaaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaagc

ggagaggacgggacccagaaatgggcgggaagccgcgcagaaagaatccccaagaggg

cctgtacaacgagctccaaaaggataagatggcagaagcctatagcgagattggtatgaaag

gggaacgcagaagaggcaaaggccacgacggactgtaccagggactcagcaccgccacc

aaggacacctatgacgctcttcacatgcaggccctgccgcctcgg

CAR 2 - 1049 malDvtalllDlalllhaarpdwmtqspdslavslgeratinckssaslldsdektvlnwlq

Full - aa qkpgqppkrlislvskldsaypdrfsesesetdftltisslaaedvavvvcwaethfDetfe



ggtkveikggggsggggsggggsggggseiqlvqsgaevkkpgat\4isckgsgfnied

vvihwvqqapgkglevsmieridDendetkvgpifqer 4itadtstntvvmelsslrsed

tavvvcafr w at 'tvss ttDa r aptias lslr eacr aag avhtra

ldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgcscrfpe

eeeggcelrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrk

npqeglynelqkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalpp

r

CAR 3

CAR 3 1054 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgctcggcccg

Full - nt aaatccagctggtgcaaagcggagccgaggtgaagaagcccggagaatccctgcgcatctc

gtgtaagggttccggctttaacatcgaggattactacatccactgggtgagacagatgccggg

caaaggtctggaatggatgggccgcatcgacccggagaacgacgaaaccaaatacggacc

aatcttccaaggacatgtgactatttccgcggatacctccatcaacactgtctacttgcagtgga

gctcgctcaaggcgtcggataccgccatgtactactgcgcattcagaggaggtgtgtactggg

gccagggcactacggtcaccgtgtcctcgggaggtggagggtcaggaggcggaggctcgg

gcggtggaggatcaggcggaggaggaagcgatgtggtcatgactcaatccccactgtcact

gcctgtcactctggggcaaccggcttccatctcatgcaagtcaagccaatcgctgctcgactcc

gacggaaaaacctacctcaattggcttcagcagcgcccaggccagtcgcctcggaggctgat

ctcactcgtgtcgaagcttgactccggggtgccggatcggtitagcggaagcggatcgggga

ccgacttcacgttgaagattagccgggtggaagccgaggacgtgggagtctattactgctggc

aggggacccacttcccggggactttcggaggaggcaccaaagtcgagattaagaccactac

cccagcaccgaggccacccaccccggctcctaccatcgcctcccagcctcigtccctgcgic

cggaggcatgtagacccgcagctggtggggccgtgcatacccggggtcttgacttcgcctgc

gatatctacatttgggcccctctggctggtacttgcggggtcctgctgctttcactcgtgatcact

ctttactgtaagcgcggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcctgt

gcagactactcaagaggaggacggctgttcatgccggttcccagaggaggaggaaggcgg

ctgcgaactgcgcgtgaaattcagccgcagcgcagatgctccagcctacaagcaggggcag

aaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaagcg

gagaggacgggacccagaaatgggcgggaagccgcgcagaaagaatccccaagagggc

ctgtacaacgagctccaaaaggataagatggcagaagcctatagcgagattggtatgaaagg

ggaacgcagaagaggcaaaggccacgacggactgtaccagggactcagcaccgccacca



aggacacctatgacgctcttcacatgcaggccctgccgcctcgg

CAR 3 - 1055 malpvlalllplalllhaarpeiqlvqsgaevkkpgeslrisckgsgfniedyyihwvrqmp

Full - aa gkglewmgridpendetkyepifaehvtisadtsintvvlqwsslkasdtamvvcafre

S ^wgqgttv-tvssggggsggggsggggsggggsdwmtqsplslpvtlgqpasiscks

saslldsdijktvlnwlqqrpaqsprrlislvskldsevpdrfsasgsetdftlkisrveaedv

S VC gt f atfaaatkveiktttpaDrpptDa tias plslr eacr aaggavhtr

gldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfn!rpvqttqeedgcscrfp

eeeeggcelrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprr

knpqeglynelqkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalp

pr

CAR 4

CAR 4 - 060 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgctcggcccg

Full - nt acgtcgtcatgacccaatcccctctctccctgccggtcaccctgggtcagccggcgtcgatctc

atgcaaaagctcacagtccctgctggattcggacggaaaaacctactigaactggctccaaca

gaggccgggtcagtcccctcgcagactgatctcgctggtgagcaagctcgactcgggtgtgc

cggatcggttctccgggtcaggatcgggcaccgactttacgctcaagatttcgagagtggagg

ccgaggatgtgggagtgtactattgctggcagggcacgcatttccccgggacctttggaggc

gggactaaggtggaaatcaagggaggtggcggatcaggcggaggaggcagcggcggag

gtggatcaggaggcggagggtcagagatccagctggtccaaagcggagcagaggtgaaga

agccaggcgagtcccttcgcatttcgtgcaaagggagcggcttcaacattgaagattactacat

ccactgggtgcggcaaatgccaggaaagggtctggaatggatgggacggatcgacccaga

aaatgatgaaactaagtacggaccgatcttccaaggacacgtcactatctccgcggacacttc

gatcaacaccgtgtacctccagtggagcagcttgaaagcctccgacaccgctatgtactactgt

gccttccgcggaggagtctactggggacaggggactactgtgaccgtgtcgtccaccactac

cccagcaccgaggccacccaccccggctcctaccatcgcctcccagcctctgtccctgcgtc

cggaggcatgtagacccgcagctggtggggccgtgcatacccggggtcttgacttcgcctgc

gatatctacatttgggcccctctggctggtacttgcggggtcctgctgctttcactcgtgatcact

ctttactgtaagcgcggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcctgt

gcagactactcaagaggaggacggctgttcatgccggttcccagaggaggaggaaggcgg

ctgcgaactgcgcgtgaaattcagccgcagcgcagatgctccagcctacaagcaggggcag

aaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaagcg



gagaggacgggacccagaaatgggcgggaagccgcgcagaaagaatccccaagagggc

ctgtocaacgagctccaaaaggaiaagatggcagaagcctatagcgagattggtatgaaagg

ggaacgcagaagaggcaaaggccacgacggactgtaccagggactcagcaccgccacca

aggacacctatgacgctcttcacatgcaggccctgccgcctcgg

C R 4 - 1061 malDvtalllDlalllhaarodwmtqsplslpvtleqpasisckssaslldsdektvlnwlq

Full - aa qrpgqsprrlislvskldsevpdrfsgsesgtdfflkisrveaedvgvvvcwq^thfpgtfa

ggtkveikggggsggggsggggsggggseiqlvqsgaevkkpgeslrisckgsgfniedy

Yih\wrqmpgkglewmgridpeMdetkvgpifqgh\4isadtsint\ viqwsslkasd

tarnYYcafrggvYwgqgttvtvsstttpaprpptpaptiasqplslrpeacrpaaggavhtr

gldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfn1 vqttqeedgcscrfp

eeeeggcelrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprr

knpqeglynelqkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalp

pr

CAR S

CAR 5 1066 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgctcggcccg

Full - nt aaatccagctcgtgcagagcggagccgaggtcaagaaaccgggtgctaccgtgaagatttca

tgcaagggatcgggcttcaacatcgaggattactacatccactgggtgcagcaggcaccagg

aaaaggacttgaatggatgggccggatcgacccggaaaatgacgagactaagtacggccct

atcttccaaggacgggtgacgatcaccgcagacactagcaccaacaccgtctatatggaactc

tcgtccctgaggtccgaagatactgccgtgtactactgtgcgtttcgcggaggtgtgtactggg

gacagggtaccaccgtcaccgtgtcatcgggcggtggaggctccggtggaggagggtcag

gaggcggtggaagcggaggaggcggcagcgacgtggtcatgactcaatcgccgctgtcgc

tgcccgtcactctgggacaacccgcgtccatcagctgcaaatcctcgcagtcactgcttgactc

cgatggaaagacctacctcaactggctgcagcaacgcccaggccaatccccaagacgcctg

atctcgttggtgtcaaagctggactcaggggtgccggaccggttctccgggagcgggtcggg

cacggatttcactctcaagatctccagagtggaagccgaggatgtgggagtctactactgctg

gcagggaacccatttccctggaacttttggcggaggaactaaggtcgagattaaaaccactac

cccagcaccgaggccacccaccccggctcctaccatcgcctcccagcctctgtccctgcgtc

cggaggcatgtagacccgcagctggtggggccgtgcatacccggggtcttgacttcgcctgc

gatatctacatttgggcccctctggctggtacttgcggggtcctgctgctttcactcgtgatcact

ctttactgtaagcgcggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcctgt



gcagactactcaagaggaggacggctgttcatgccggttcccagaggaggaggaaggcgg

ctgcgaactgcgcgtgaaattcagccgcagcgcagatgctccagcctacaagcaggggcag

aaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaagcg

gagaggacgggacccagaaatgggcgggaagccgcgcagaaagaatccccaagagggc

ctgtacaacgagctccaaaaggataagatggcagaagcctatagcgagattggtatgaaagg

ggaacgcagaagaggcaaaggccacgacggactgtaccagggactcagcaccgccacca

aggacacctatgacgctcttcacatgcaggccctgccgcctcgg

CAR - i 1067 malpvtalllplalllhaarpeiqlvqsgaevldcpgatvkisckgsgfhiedwihwvqqap

Full - aa i ! gkglewmgridpendetkygpifqg rvtitadtstntvvmelsslrsedtavTVcafrgg

Yjwgqgltvtvssggggsggggsggggsggggsdvvmtqsplslp^lgqpasisckss

qsl1dsdgktyln wlqqrpgqsprrlis lvskldsg vpdrfsgsgsgtdftlkisr\ eaedvg

vvvcwqgthfpgt fgggtkveiktttpaprpptpaptiasqplslrpeacrpaaggavhtrg

ldfacdiyiwaplagtcgvl slvitlyckrgrkkllyifk q f vqttqeedgcscrfpe

eeeggcelrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrk

npqeglynelqkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalpp

r

CAR 6

CAR6 - 072 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgctcggcccg

Full - nt agattcagctcgtgcaatcgggagcggaagtcaagaagccaggagagtccttgcggatctca

tgcaagggtagcggctttaacatcgaggattactacatccactgggtgaggcagatgccggg

gaagggactcgaatggatgggacggatcgacccagaaaacgacgaaactaagtacggtcc

gatcttccaaggccatgtgactattagcgccgatacttcaatcaataccgtgtatctgcaatggtc

ctcattgaaagcctcagataccgcgatgtactactgtgctttcagaggaggggtctactgggga

cagggaactaccgtgactgtctcgtccggcggaggcgggtcaggaggtggcggcagcgga

ggaggagggtccggcggaggtgggtccgacgtcgtgatgacccagagccctgacagcctg

gcagtgagcctgggcgaaagagctaccattaactgcaaatcgtcgcagagcctgctggactc

ggacggaaaaacgtacctcaattggctgcagcaaaagcctggccagccaccgaagcgcctt

atctcactggtgtcgaagctggattcgggagtgcccgatcgcttctccggctcgggatcgggt

actgacttcaccctcactatctcctcgcttcaagcagaggacgtggccgtctactactgctggca

gggaacccactttccgggaaccttcggcggagggacgaaagtggagatcaagaccactacc

ccagcaccgaggccacccaccccggctcctaccatcgcctcccagcctctgtccctgcgtcc



ggaggcatgtagacccgcagctggtggggccgtgcatacccggggtcttgacttcgcctgcg

alatctacatttgggcccctciggctggtacttgcggggtcctgcigctttcactcgigatcactct

ttactgtaagcgcggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcctgtg

cagactactcaagaggaggacggctgttcatgccggttcccagaggaggaggaaggcggct

gcgaactgcgcgtgaaattcagccgcagcgcagatgctccagcctacaagcaggggcaga

accagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaagcgg

agaggacgggacccagaaatgggcgggaagccgcgcagaaagaatccccaagagggcct

gtacaacgagctccaaaaggataagatggcagaagcctatagcgagattggtatgaaaggg

gaacgcagaagaggcaaaggccacgacggactgtaccagggactcagcaccgccaccaa

ggacacctatgacgctcttcacatgcaggccctgccgcctcgg

CAR6 - 073 malpvtalllplalllhaarpeiqlvqsgaevkkpgeslrisckgsgfniedvvihwvrqmp

Full - aa gkg e mgridpendetkvfipifQfihvtisadtsintvvlciwsslkasdtamvvcafra

gvxvvgqgttvlvssggggsggggsggggsggggsdvvmtqspdslavslgeratincte

sqslldsdgktvliiwlqqkpgqppkrlislYskldsgvpdrfsgsgsgtdftltisslqaedv

avwcwqethfDstfgggtkveiktttpaprpptpaptiasqplslrpeacrpaaeeavhtr

gklfacdiyiwaplagtcgvlllslvitlycla-grldcllyiflcqpfmrpvqtiqeedgcscrfp

eeeeggcelrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprr

knpqeglynelqkdkmaeayseignikgerrrgkghdglyqglstatkdtydalhniqalp

pr

CAR 7

CAR 7 1078 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgctcggcccg

Full - nt acgtggtgatgactcagtcgcctgactcgctggctgtgtcccttggagagcgggccactatca

attgcaagtcatcccagtcgctgctggattccgacgggaaaacctacctcaattggctgcagca

aaaaccgggacagcctccaaagcggctcatcagcctggtgtccaagttggacagcggcgtg

ccagaccgcttctccggttcgggaagcggtactgatttcacgctgaccatctcatccctccaag

cggaggatgtggcagtctactactgttggcagggcacgcattttccgggcacttttggaggag

ggaccaaggtcgaaatcaagggaggaggtggctcgggcggaggaggctcgggaggagg

aggatcaggaggcggtggaagcgagattcaactggtccagagcggcgcagaagtcaagaa

gccgggtgaatcgctcagaatctcgtgcaaaggatcgggaticaacatcgaggactactacat

tcactgggtcagacaaatgccgggcaaagggctggaatggatggggaggatcgaccccga

aaacgatgaaaccaagtacggaccaatcttccaagggcacgtgaccatttcggcggacacct



caaicaacactgtgtacctccagtggagctcacttaaggccagcgataccgccatgtaciattg

cgctttccgcggaggggtgtactggggacagggcactactgtgaccgtgtcatccaccactac

cccagcaccgaggccacccaccccggctcctaccatcgcctcccagcctctgtccctgcgtc

cggaggcatgtagacccgcagctggtggggccgtgcatacccggggtcttgacttcgcctgc

gatatctacatttgggcccctctggctggtacttgcggggtcctgctgctttcactcgtgatcact

ctttactgtaagcgcggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcctgt

gcagactactcaagaggaggacggctgttcatgccggttcccagaggaggaggaaggcgg

ctgcgaactgcgcgtgaaattcagccgcagcgcagatgctccagcctacaagcaggggcag

aaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaagcg

gagaggacgggacccagaaatgggcgggaagccgcgcagaaagaatccccaagagggc

ctgtacaacgagctccaaaaggataagatggcagaagcctatagcgagattggtatgaaagg

ggaacgcagaagaggcaaaggccacgacggactgtaccagggactcagcaccgccacca

aggacacctatgacgctcttcacatgcaggccctgccgcctcgg

CAR 7 1079 malpvtalllplalllhaarpdvvmtqspdslavslgeratinckssQslldsdgktvlnwlq

Full - aa qkpgqppkriislvskldsavpdrfsasasgtdfiltisslqaedvavvvcwqgthfpgtfg

ggtkveikggggsggggsggggsggggseiqlvqsgaevkkpgeslnsckgsgfniedj;

vihwvrqmpgkglewmRridDeiidetkveDifaehvtisadtsinlvylqwsslkasd

tamvvcafreavvwgqgttvtvsstttpaprpptpaptiasqplslrpeacrpaaaaavhtr

gldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgcscrfp

eeeeggcelrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprr

knpqeglynelqkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalp

pr

CAR 8

CAR 8 - 1084 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgctcggcccg

Full - nt atgtggtcatgacgcagtcaccactgtccctccccgtgacccttggacagccagcgtcgatta

gctgcaagtcatcccaatccctgctcgattcggatggaaagacctatctcaactggctgcagca

aagacccggtcagagccctaggagactcatctcgttggtgtcaaagctggacagcggagtgc

cggaccggttttccggttcgggatcggggacggacttcactctgaagatttcacgggtggaag

ctgaggatgtgggagtgtactactgctggcagggaacccatttccctggcacttttggcggag

gaactaaggtcgaaatcaagggaggaggtggctcgggaggaggcggatcgggcggaggc

gggagcggcggaggagggtccgaaatccaacttgtccagtcaggagccgaagtgaagaaa



ccgggagccaccgtcaaaatcagctgtaagggatcgggattcaaiatcgaggaciactacatc

cactgggtgcagcaagctccgggcaaaggactggagtggatggggcgcatcgacccagag

aacgacgaaaccaaatacggcccgatcttccaagggcgggtgaccatcaccgcggacacct

caactaacactgtgtacatggagctgagctccctgcgctccgaagatactgcagtctactactg

cgccttccgcggtggtgtgtactggggacagggcaccactgtgactgtcagctcgaccactac

cccagcaccgaggccacccaccccggctcctaccatcgcctcccagcctctgtccctgcgtc

cggaggcatgtagacccgcagctggtggggccgtgcatacccggggtcttgacttcgcctgc

gatatctacatttgggcccctctggctggtacttgcggggtcctgctgctttcactcgtgatcact

ctttactgtaagcgcggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcctgt

gcagactactcaagaggaggacggctgttcatgccggttcccagaggaggaggaaggcgg

ctgcgaactgcgcgtgaaattcagccgcagcgcagatgctccagcctacaagcaggggcag

aaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaagcg

gagaggacgggacccagaaatgggcgggaagccgcgcagaaagaatccccaagagggc

ctgtacaacgagctccaaaaggataagatggcagaagcctatagcgagattggtatgaaagg

ggaacgcagaagaggcaaaggccacgacggactgtaccagggactcagcaccgccacca

aggacacctatgacgctcttcacatgcaggccctgccgcctcgg

CAR 8 1085 malpvtalllplalllhaarpdwmtqsplslpvtlgqpasisckssqslldsdaktvlnwlq

Full - aa qrpaqsprrlislvskldsavpdrfsgsgsgtdftlkisrveaedvavvvcwqsthfpatfg

ggikveikggggsggggsggggsggggseiqlvqsgaevkkpgatvkisckgsgfnied

vvihwvqqapgkglewmgridpendetkvepifqervtitadtstntvvnielsslrsed

tavwcafreevywgqgttvtvsstttpaprpptpaptiasqplslrpeacrpaaggavhtrg

klfacdiyiwaplagtcgvlllslvitlyckrgrkkllyiflcqpfmrpvqttqeedgcscrfpe

eeeggceln kfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrk

npqeglynelqkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalpp

r

CAM 9 Mouse anti-EGFRv clone 3C1 0

CAR 9 - 1089 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgctcggcccg

Full - nt agatccagctccaacagagcggagccgaactggtcaaaccgggagcgtcggtgaagttgtc

atgcactggatcgggcttcaacatcgaggattactacatccactgggtcaagcaacgcaccga

gcaggggctggaatggatcggacggatcgaccccgaaaacgatgaaaccaagtacgggcc

tatcttccaaggacgggccaccattacggctgacacgtcaagcaataccgtctacctccagctt



tccagcctgacciccgaggacactgccgtgtactactgcgccttcagaggaggcgtgtactgg

ggaccaggaaccacttigaccgtgtccagcggaggcggtggatcaggaggaggaggctca

ggcggtggcggcicgcacatggacgtggtcatgactcagtccccgctgacGctgtcggtggc

aattggacagagcgcatccatctcgtgcaagagctcacagtcgctgctggattccgacggaaa

gacttatctgaactggctgctccaaagaccagggcaatcaccgaaacgccttatctccctggtg

tcgaaactcgactcgggtgtgccggatcggtttaccggtagcgggtccggcacggacttcact

ctccgcatttcgagggtggaagcggaggatctcgggatctactactgttggcagggaaccca

cttccctgggacttttggaggcggaactaagctggaaatcaagaccactaccccagcaccga

ggccacccaccccggctcctaccatcgcctcccagcctctgtccctgcgtccggaggcatgta

gacccgcagctggtggggccgtgcatacccggggtcttgacttcgcctgcgatatctacatttg

ggcccctctggctggtacttgcggggtcctgctgctttcactcgtgatcactctttactgtaagcg

cggtcggaagaagctgctgtacatctttaagcaacccttcatgaggcctgtgcagactactcaa

gaggaggacggctgttcatgccggttcccagaggaggaggaaggcggctgcgaactgcgc

gtgaaattcagccgcagcgcagatgctccagcctacaagcaggggcagaaccagctctaca

acgaactcaatcttggtcggagagaggagtacgacgtgctggacaagcggagaggacggg

acccagaaatgggcgggaagccgcgcagaaagaatccccaagagggcctgtacaacgag

ctccaaaaggataagatggcagaagcctatagcgagattggtatgaaaggggaacgcagaa

gaggcaaaggccacgacggactgtaccagggactcagcaccgccaccaaggacacctatg

acgctcttcacatgcaggccctgccgcctcgg

CAR 9 1090 malpvlalllplalllhaarpeiqlqqsgaelvkpRasvklsctgsgfniedyyihwvkqrte

l ull - aa

gpgttlt ssggggsggggsggggshmdw mtqspltlsvaigqsasisckssqs ldsdg

ktylnwllqrpgqspkrlislvskldsavpdrftgsgsgtdftlrisrveaedlgivvcwqgt

hfpgtfgggtkleiktttpaprpptpaptiasqplslrpeacrpaaggavhtrgldfacdiyiw

aplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgcscrfpeeeeggcelrv

kfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrknpqeglynel

qkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

CAR1 0 Anti-EGFRvIII clone 139

CAR 10 1095 atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgctcggcccg

Full - nt atatccaaatgactcagagcccttcatccctgagcgccagcgtcggagacagggtgaccatc

acgtgccgggcatcccaaggcattagaaataacttggcgtggtatcagcaaaaaccaggaaa



ggccccgaagcgcctgatctacgcggcctccaaccttcagtcaggagtgccctcgcgcttca

ccgggagcggtagcggaactgagtttacccttatcgtgtcgtccctgcagccagaggacttcg

cgacctactactgcctccagcatcacicgtacccgltgacttcgggaggcggaaccaaggtcg

aaatcaaacgcactggctcgacgtcagggtccggtaaaccgggatcgggagaaggatcgga

agtccaagtgctggagagcggaggcggactcgtgcaacctggcgggtcgctgcggctcag

ctgtgccgcgtcgggttttactttcagctcgtacgctatgtcatgggtgcggcaggctccggga

aaggggctggaatgggtgtccgctatttccggctcgggtggaagcaccaattacgccgactc

cgtgaagggacgcttcaccatctcacgggataactccaagaatactctgtacctccagatgaa

ctcgctgagagccgaggacaccgcagtgtactactgcgcagggtcaagcggctggtccgaa

tactggggacagggcaccctcgtcactgtcagctccaccactaccccagcaccgaggccac

ccaccccggctcctaccatcgcctcccagcctctgtccctgcgtccggaggcatgtagacccg

cagctggtggggccgtgcatacccggggtcttgacttcgcctgcgatatctacatttgggcccc

tctggctggtacttgcggggtcctgctgctttcactcgtgatcactctttactgtaagcgcggtcg

gaagaagctgctgtacatctttaagcaacccttcatgaggcctgtgcagactactcaagagga

ggacggctgttcatgccggttcccagaggaggaggaaggcggctgcgaactgcgcgtgaa

attcagccgcagcgcagatgctccagcctacaagcaggggcagaaccagctctacaacgaa

ctcaatcttggtcggagagaggagtacgacgtgctggacaagcggagaggacgggaccca

gaaatgggcgggaagccgcgcagaaagaatccccaagagggcctgtacaacgagctccaa

aaggataagatggcagaagcctatagcgagattggtatgaaaggggaacgcagaagaggc

aaaggccacgacggactgtaccagggactcagcaccgccaccaaggacacctatgacgctc

ttcacatgcaggccctgccgcctcgg

CAR 10 1096 malpvtainplalllhaarpdiqmtqspsslsasvgdrvtitcrasqgirnnlawyqqkpgk

Full - aa apkrliyaasiilqsgvpsrftgsgsgteftlivsslqpedfatyyclqhhsypltsgggtkveik

rtgstsgsgkpgsgegsevqvlesggglvqpggslrlscaasgftfssyamsw\ rqapgkg

lewvsaisgsggstnyadsvkgrftisrdnskntlylqmnslraedta^ycagssgwsey

wgqgtlvtvsstttpaprpptpaptiasqplslrpeacrpaaggavhtrgldfacdiyiwapla

gtcgvlllslvitlyckrgrkkUyifkqpfnirpvqttqeedgcscrfpeeeeggcelrvkfsrs

adapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrknpqeglynelqkdk

maeayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr



In one embodiment, the cell of the invention (e.g., a ceil comprising both a TA CAR

and a BCA CAR) comprises a TA CAR molecule that binds EGFRvIII that comprises (e.g.,

consists of) an amino ac d sequence as provided in Table 7 . In one embodiment, the TA CAR

that binds EGFRvIII comprises (e.g., consists of) an amino acid sequence of SEQ ID NO:

043, SEQ ID NO: 049, SEQ ID NO: 1055, SEQ ID NO: 106 , SEQ ID NO: 1067, SEQ ID

NO: 1073, SEQ ID NO: 1079, SEQ ID NO: 1085, SEQ ID NO: 1090, or SEQ ID NO: 1096; or

an amino acid sequence having at least one, two, three, four, five, 10, 5, 20 or 30

modifications (e.g., substitutions, e.g., conservative substitutions) but not more than 60, 50, or

40 modifications (e.g., substitutions, e.g., conservative substitutions) of an amino acid sequence

of SEQ ID NO: 043, SEQ ID NO: 049, SEQ ID NO: 055, SEQ ID NO: 061, SEQ ID NO:

067, SEQ ID NO: 073, SEQ ID NO: 079, SEQ ID NO: 085, SEQ ID NO: 1090, or SEQ

ID NO: 1096; or an ammo acid sequence having 85%, 90%, 95%, 96%, 97%, 98%, 99%

identity to an ammo acid sequence of SEQ ID NO: 043, SEQ ID NO: 1049, SEQ ID NO:

1055, SEQ ID NO: 1061, SEQ ID NO: 1067, SEQ ID NO: 1073, SEQ ID NO: 1079, SEQ ID

NO: 085, SEQ ID NO: 090, or SEQ ID NO: 096.

In one aspect, the cell of the invention (e.g., a cell comprising both a TA CAR and a

BCA CAR comprises a TA CAR molecule comprising an antigen binding domain that binds to

a tumor antigen. In one embodiment, the TA CAR comprises a CAR molecule comprising a

CD 123 antigen binding domain (e.g., a murine, human or humanized antibody or antibody

fragment that specifically binds to mesothelin), a transmembrane domain, and an intracellular

signaling domain (e.g., an intracellular signaling domain comprising a costimulatory domain

and/or a primary signaling domain).

Exemplary TA CAR molecules that target CD 123 are described herein, and are

provided in Tables 2, 6 and 9 of WO201 6/028896. Other exemplary TA CAR molecules that

target CD123 are described in WO/2014/1 30635 (e.g., Table 1 of WO/2014/130635). Other

exemplary TA CAR molecules that target CD123 are described in WO/20 14/1 44622.

In one aspect, the ceil of the invention (e.g., a cell comprising both a TA CAR and a

BCA CAR) comprises a TA CAR molecule comprising an antigen binding domain that binds to

a tumor antigen. In one embodiment, the TA CAR comprises a CAR molecule comprising a

CD33 antigen binding domain (e.g., a murine, human or humanized antibody or antibody

fragment that specifically binds to mesothelin), a transmembrane domain, and an intracellular



signaling domain (e.g., an intracellular signaling domain comprising a costimulatory domain

and/or a primary signaling domain). Exemplary TA CAR molecules that target CD 3 are

described herein, and are provided in WO2016/014576, e.g., in Table 2 of WO201 6/0 14576.

In one aspect, the ceil of the invention (e.g., a cell comprising both a TA CAR and a

BCA CAR) comprises a TA CAR molecule comprising an antigen binding domain that binds to

a tumor antigen. In one embodiment, the TA CAR comprises a CAR molecule comprising a

CLL-1 antigen binding domain (e.g., a murine, human or humanized antibody or antibody

fragment that specifically binds to mesothelin), a transmembrane domain, and an intracellular

signaling domain (e.g., an intracellular signaling domain comprising a costimulatory domain

and/or a primary signaling domain). Exemplary TA CAR molecules that target CLL-1 are

described herein, and are provided in WO/2016/014535, e.g., in Table 2 of WO20 6/ 0 14535.

Natural Killer Ce l Receptor (NKR) CARs

n an embodiment, the CAR molecule described herein, e.g., the CAR molecule that

targets a tumor antigen (TA CAR ) or the CAR molecule that targets a B cell antigen (BCA

CAR), comprises one or more components of a natural killer cell receptor (NKR), thereby

forming an NKR-CAR. The NKR component can be a transmembrane domain, a hinge domain,

or a cytoplasmic domain from any of the following natural killer cell receptors; killer cell

immunoglobulin-like receptor (KIR), e.g., KIR2DL1, KIR2DL2/L3, KIR2DL4, KIR2DL5A,

KIR2DL5B, KIR2DS , KIR2DS2, KIR2DS3, KIR2DS4, DIR2DS5, KIR3DL1/S , KIR3DL2,

KIR3DL3, KIR2DP1, and KIRS DPI; natural cyotoxicity receptor (NCR), e.g., NKp30, NKp44,

NKp46; signaling lymphocyte activation molecule (SLAM) family of immune cell receptors,

e.g., CD48, CD229, 2B4, CD84, NTB-A, CRACC, BLAME, and CD2F-10; Fc receptor (FcR),

e.g., CD 16, and CD64; and Ly49 receptors, e.g., LY49A, LY49C. The NKR-CAR molecules

described herein may interact with an adaptor molecule or intracellular signaling domain, e.g.,

DAP12. Exemplary configurations and sequences of CAR molecules comprising NKR

components are described in International Publication No. WO20 14/1 45252, the contents of

which are hereby incorporated by reference.

Split CAR



In some embodiments, the CAR-expressing cell, e.g., the cell expressing a BCA CAR

and a TA CAR, described herein, uses a split CAR. The split CAR approach is described in

more detail in publications WO201 4/05 5442 and WO2014/055657, incorporated herein by

reference. Briefly, a split CAR system comprises a cell expressing a first CAR having a first

antigen binding domain and a costimulatory domain (e.g., 4 IBB), and the cell also expresses a

second CAR having a second antigen binding domain and an intracellular signaling domain

(e.g., CDS zeta). When the cell encounters the first antigen, the costimulatory domain is

activated, and the cell proliferates. When the cell encounters the second antigen, the

intracellular signaling domain is activated and cell-killing activity begins. Thus, the CAR

expressing cell is only fully activated in the presence of both antigens in embodiments the first

antigen binding domain recognizes the tumor antigen or B cell antigen described herein, e.g.,

comprises an antigen binding domain described herein, and the second antigen binding domain

recognizes a second antigen, e.g., a second tumor antigen or a second B cell antigen described

herein.

Strategies for Regulating Chimeric Antigen Receptors

There are many ways CAR activities can be regulated. In some embodiments, a

regulatable CAR (RCAR) where the CAR activity can be controlled s desirable to optimize the

safety and efficacy of a CAR therapy. For example, inducing apoptosis using, e.g., a caspase

fused to a dimenzation domain (see, e.g., D et al., N Engl. J . Med. 20 LNov. 3; 365(1 ):1673-

1683), can be used as a safety switch in the CAR therapy of the instant invention. In another

example, CAR-expressing cells can also express an inducible Caspase-9 (iCaspase-9) molecule

that, upon administration of a dimerizer drug (e.g., rimiducid (also called AP1903 (Bellicum

Pharmaceuticals) or AP20187 (Ariad)) leads to activation of the Caspase-9 and apoptosis of the

cells. The iCaspase-9 molecule contains a chemical inducer of dimerization (CID) binding

domain that mediates dimerization in the presence of a CID. This results in inducible and

selective depletion of CAR-expressing cells. In some cases, the iCaspase-9 molecule is

encoded by a nucleic acid molecule separate from the CAR-encoding vector(s). In some cases,

the iCaspase-9 molecule is encoded by the same nucleic acid molecule as the CAR-encoding

vector. The iCaspase-9 can provide a safety switch to avoid any toxicity of CAR-expressing

cells. See, e.g., Song et al. Cancer Gene Ther 2008; 5(10):667-75; Clinical Trial Id. No.

NCT02107963; and D Stasi et a . N . Engl J . Med. 201 1; 365: 673-83



Alternative strategies for regulating the CAR therapy of the instant invention include

utilizing small molecules or antibodies that deactivate or turn off CAR activity, e.g., by deleting

CAR-expressing cells, e.g., by inducing antibody dependent cell-mediated cytotoxicity

(ADCC). For example, CAR-expressmg cells described herein may also express an antigen that

is recognized by molecules capable of inducing cell death, e.g., ADCC or complement-induced

cell death. For example, CAR expressing cells described herein may also express a receptor

capable of being targeted by an antibody or antibody fragment. Examples of such receptors

include EpCAM, VEGFR, integrins (e.g., integnns ανβ3, α4, αΙ¾β3, α4β7, 5 β1, νβ3, αν),

members of the TNF receptor superfamily (e.g., TRAXL-R1 , TRAIL-R2), PDGF Receptor,

interferon receptor, folate receptor, GPNMB, CAM- , HLA-DR, CEA, CA-125, MUC! ,

TAG-72, L-6 receptor, 5T4, GD2, GD3, CD2, CD3, CD4, CDS, CD1 1 , GDI 1 a/LFA-1 ,

CD1 5, CD18/ITGB2, CD 19, CD20, CD22, CD23/lgE Receptor, CD25, CD28, CD30, CD33,

CD38, CD40, CD41 , CD44, CD51 , CD52, CD62L, CD74, CD80, CD125, CD147/basigm,

CD152/CTLA-4, CD1 54/CD40L, CD195/CCR5, CD3 9/SLAMF7, and EGFR, and truncated

versions thereof (e.g., versions preserving one or more extracellular epitopes but lacking one or

more regions within the cytoplasmic domain).

For example, a CAR-expressing cell described herein may also express a truncated

epidermal growth factor receptor (EGFR) which lacks signaling capacity but retains the epitope

that is recognized by molecules capable of inducing ADCC, e.g., cetuximab (ERBITUX®),

such that administration of cetuximab induces ADCC and subsequent depletion of the CAR-

expressmg cells (see, e.g., WQ2Q1 1/056894, and Jonnalagadda et al, Gene Ther. 2013;

20(8)853-860). Another strategy includes expressing a highly compact marker/suicide gene

that combines target epitopes from both CD32 and CD20 antigens in the CAR-expressmg cells

described herein, which binds rituximab, resulting in selective depletion of the CAR-expressing

cells, e.g., by ADCC (see, e.g., Philip et al, Blood. 2014; 124(8)1277-1287). Other methods

for depleting CAR-expressing cells described herein include administration of CAMPATH, a

monoclonal anti-CD52 antibody that selectively binds and targets mature lymphocytes, e.g.,

CAR-expressing cells, for destruction, e.g., by inducing ADCC. In other embodiments, the

CAR-expressing cell can be selectively targeted using a CAR ligand, e.g., an anti-idiotypic

antibody. In some embodiments, the anti-idiotypic antibody can cause effector cell activity,

e.g, ADCC or ADC activities, thereby reducing the number of CAR-expressing cells. In other

embodiments, the CAR ligand, e.g., the anti-idiotypic antibody, can be coupled to an agent that



induces cell killing, e.g., a toxin, thereby reducing the number of CAR-expressing cells.

Alternatively, the CAR molecules themselves can be configured such that the activity can be

regulated, e.g., turned on and off, as described below.

In other embodiments, a CAR-expressing ceil described herein may also express a

target protein recognized by the T cell depleting agent. In one embodiment, the target protein

is CD20 and the T cell depleting agent is an anti-CD20 antibody, e.g., rituximab. In such

embodiment, the T cell depleting agent is administered once it is desirable to reduce or

eliminate the CAR-expressing cell, e.g., to mitigate the CAR induced toxicity. In other

embodiments, the T cell depleting agent is an anti-CD52 antibody, e.g., alemtuzumab.

In other embodiments, a RCAR comprises a set of polypeptides, typically two in the

simplest embodiments, in which the components of a standard CAR described herein, e.g., a

antigen binding domain and an intracellular signaling domain, are partitioned on separate

polypeptides or members. In some embodiments, the set of polypeptides include a dirnerization

switch that, upon the presence of a dirnerization molecule, can couple the polypeptides to one

another, e.g., can couple an antigen binding domain to an intracellular signaling domain.

Additional description and exemplary configurations of such regulatable CARs are provided

herein and in International Publication No. WO 2015/090229, hereby incorporated by reference

in its entirety.

Co-expression of CAR with a Chemokine Receptor

In embodiments, the CAR-expressing cell (e.g., the cell expressing both a TA CAR and

a BCA CAR) described herein further comprises a chemokine receptor molecule. Transgenic

expression of chemokine receptors CCR2b or CXCR2 in T ceils enhances trafficking to CCL2-

or CXCL1 -secreting solid tumors including melanoma and neuroblastoma (Craddock et al, J

Immimother. 2010 Oct; 33(8):780-8 and Kershaw et . i m Gene Ther. 2002 Nov 1;

13(16): 1971-80). Thus, without wishing to be bound by theory, it is believed that chemokine

receptors expressed in CAR-expressing cells (e.g., the cell expressing both a TA CAR and a

BCA CAR) that recognize chemokines secreted by tumors, e.g., solid tumors, can improve

homing of the CAR-expressing cell (e.g., the cell expressing both a TA CAR and a BCA CAR)

to the tumor, facilitate the infiltration of the CAR-expressing cell to the tumor, and enhances

antitumor efficacy of the CAR-expressing cell (e.g., the cell expressing both a TA CAR and a

BC CAR). The chemokine receptor molecule can comprise a naturally occurring or



recombinant chemokine receptor or a chemokine-binding fragment thereof. A chemokine

receptor molecule suitable for expression in a CAR-expressing cell (e.g., the ceil expressing

both a TA CAR and a BCA CAR) described herein include a CXC chemokine receptor (e.g.,

CXCR1, CXCR2, CXCR3, CXCR4, CXCR5, CXCR6, or CXCR7), a CC chemokine receptor

(e.g., CCR1, CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CCR9, CCR10, or CCR1 1), a

CX3C chemokine receptor (e.g., CX3CR1), a XC chemokine receptor (e.g., XCR1), or a

chemokine-binding fragment thereof. In one embodiment, the chemokine receptor molecule to

be expressed with a CAR described herein is selected based on the chemokine(s) secreted by

the tumor. In one embodiment, the CAR-expressing cell (e.g., the cell expressing both a TA

CAR and a BC CAR) described herein further comprises, e.g., expresses, a CCR2b receptor

or a CXCR2 receptor n an embodiment, the CAR described herein (e.g., the cell expressing

both a TA CAR and a BCA CAR) and the chemokine receptor molecule are on the same vector

or are on two different vectors n embodiments where the CA described herein and the

chemokine receptor molecule are on the same vector, the CAR e.g., the cell expressing both a

TA CAR and a BCA CAR) and the chemokine receptor molecule are each under control of two

different promoters or are under the control of the same promoter.

Nucleic Acid Constructs Encoding a CAR

The present disclosure also provides nucleic acid molecules encoding one or more of

the CAR constructs targeting a tumor antigen and/or a B cell antigen described herein. In one

aspect, the nucleic acid molecule is provided as a messenger RNA transcript. In one aspect, the

nucleic acid molecule is provided as a DNA construct.

Accordingly, in one aspect, the invention pertains to a nucleic acid molecule encoding a

chimeric antigen receptor (CAR), wherein the CAR comprises an antigen binding domain that

binds to a tumor antigen described herein or a B cell antigen described herein, a transmembrane

domain (e.g., a transmembrane domain described herein), and an intracellular signaling domain

(e.g., an intracellular signaling domain described herein) comprising a stimulatory domain, e.g.,

a costimulatory signaling domain (e.g., a costimulatory signaling domain described herein)

and/or a primary signaling domain (e.g., a primary signaling domain described herein, e.g., a

zeta chain described herein). In one embodiment, the transmembrane domain is

transmembrane domain of a protein selected from the group consisting of the alpha, beta or zeta



chain of the T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CDS, CDS, CD9, CD 16, CD22,

CD33, CD37, CD64, CD80, CD86, CDl 34, CD137 and CDl 54. In some embodiments, a

transmembrane domain may include at least the transmembrane region(s) of, e.g., KIRDS2,

OX40, CD2, CD27, LFA-1 (CDl a, CD18), COS (CD278), 4-1BB (CD137), GITR, CD40,

BAFFR, HVEM (LIGHTR), SLAMF7, NKp80 (KLRF1), NKp44, N p30, N p46, CD 60,

CD 19, IL2R beta , IL2R gamma, IL7R a, ITGA1, VLAl, CD49a, ITGA4, IA4, CD49D,

ITGA6, VLA-6, CD49f, ITGAD, CD lid, ITGAE, CD 103, ITGAL, CD1 la, LFA-1, ITGAM,

CD1 lb, ITGAX, CD I c, ITG , CD29, ITGB2, CD 8, LFA-1, ITGB7, NKG2D, NKG2C,

TNFR2, DNAMl (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAMI,

CRTAM, Ly9 (CD229), CDl 60 (BY55), PSGL1, CD1 00 (SEMA4D), SLAMF6 (NTB-A,

Lyl08), SLAM (SLAMF1, CD1 50, IPO-3), BLAME (SLAMF8), SELPLG (CD 162), LTBR,

PAG/Cbp , NKG2D, and NKG2C,

In one embodiment, the transmembrane domain comprises a sequence of SEQ ID NO:

12, or a sequence with 95-99% identity thereof. In one embodiment, the antigen binding

domain is connected to the transmembrane domain by a hinge region, e.g., a hinge described

herein. In one embodiment, the hinge region comprises SEQ ID NO:4 or SEQ ID NO: 6 or SEQ

ID NO: 8 or SEQ ID NO: 10, or a sequence with 95-99% identity thereof. In one embodiment,

the isolated nucleic acid molecule further comprises a sequence encoding a costimulatory

domain. In one embodiment, the costimulatory domain is a functional signaling domain of a

protein selected from the group consisting of OX40, CD27, CD28, CDS, C -l . LFA-1

(CD1 la/CD18), ICOS (CD278), and 4-1BB (CD137). Further examples of such costimulatory

molecules include CDS, ICAM-l, GITR, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80

(KLRF1), NKp44, NKp30, NKp46, CD 160, CD19, CD4, CDSalpha, CD8beta, IL2R beta,

IL2R gamma, IL7R alpha, ITGA4, V'LAl, CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6,

CD49f, ITGAD, CD1 d, ITGAE, CD103, ITGAL, CD1 la, LFA-1, ITGAM, CD1 lb, ITGAX,

CDl c, ITGB , CD29, ITGB2, CD 8, LFA-1, ITGB7, NKG2D, NKG2C, TNFR2,

TRANCE/RANKL, DNAMl (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile),

CEACAMI, CRTAM, Ly9 (CD229), CD160 (BY55), PSGL1, CD 00 (SEMA4D), CD69,

SLAMF6 (NTB-A, Lyl08), SLAM (SLAMFl, CDl 50, IPO-3), BLAME (SLAMF8), SELPLG

(CD 62), LTBR, LAT, GADS, SLP-76, PAG/Cbp, NKG2D, and NKG2C. In one

embodiment, the costimulatory domain comprises a sequence of SEQ ID NO: 16, or a sequence

with 95-99% identity thereof. In one embodiment, the intracellular signaling domain comprises



a functional signaling domain of 4-IBB and a functional signaling domain of CDS zeta. In one

embodiment, the intracellular signaling domain comprises the sequence of SEQ ID NO: 14 or

SEQ ID NO: 16, 42, or 44, or a sequence with 95-99% identity thereof, and the sequence of

SEQ ID NO: 18 or SEQ ID NO: 20, or a sequence with 95-99% identity thereof, wherein the

sequences comprising the intracellular signaling domain are expressed in the same frame and as

a single polypeptide chain.

In another aspect, the invention pertains to an isolated nucleic acid molecule encoding

a CAR construct comprising a leader sequence of SEQ ID NO: 2, a scFv domain as described

herein, a hinge region of SEQ ID NO: or SEQ ID NO: or SEQ ID NO: 8 or SEQ ID NO: 10

(or a sequence with 95-99% identity thereof), a transmembrane domain having a sequence of

SEQ ID NO: 12 (or a sequence with 95-99% identity thereof), a 4-IBB costiraulatory domain

having a sequence of SEQ ID NO: 14, a CD27 costimulatory domain having a sequence of SEQ

ID NO: 16 (or a sequence with 95-99% identity thereof), a ICOS costimulatory domain having a

sequence of SEQ ID NO: 42 (or a sequence with 95-99% identity thereof) or a CD28

costimulatory domain having a sequence of SEQ ID NO:44, and a CDS zeta stimulatory

domain having a sequence of SEQ ID NO: 18 or SEQ ID NO: 20 (or a sequence with 95-99%>

identity thereof).

The nucleic acid sequences coding for the desired molecules can be obtained using

recombinant methods known in the art, such as, for example by screening libraries from ceils

expressing the gene, by deriving the gene from a vector known to include the same, or by

isolating directly from cells and tissues containing the same, using standard techniques.

Alternatively, the gene of interest can be produced synthetically, rather than cloned.

The present disclosure also provides vectors in which a nucleic acid of the present

disclosure is inserted. Vectors derived from retroviruses such as the lentivirus are suitable tools

to achieve long-term gene transfer since they allow long-term, stable integration of a transgene

and its propagation in daughter cells. Lentiviral vectors have the added advantage over vectors

derived from onco-retroviruses such as murine leukemia viruses in that they can transduce non-

proliferating cells, such as hepatocytes. They also have the added advantage of low

immunogenicity.

In another embodiment, the vector comprising the nucleic acid encoding the desired

CAR of the invention is an adenoviral vector (A5/35). In another embodiment, the expression

of nucleic acids encoding CARs can be accomplished using of transposons such as sleeping



beauty, crisper, CAS9, and zinc finger nucleases. See below June et al. 2 9Nat re Review's

Immunology 9.10: 704-716, is incorporated herein by reference.

In brief summary, the expression of natural or synthetic nucleic acids encoding CARs is

typically achieved by operably linking a nucleic acid encoding the CAR polypeptide or

portions thereof to a promoter, and incorporating the construct into an expression vector. The

vectors can be suitable for replication and integration eukaryotes. Typical cloning vectors

contain transcription and translation terminators, initiation sequences, and promoters useful for

regulation of the expression of the desired nucleic acid sequence.

The expression constructs of the present disclosure may also be used for nucleic acid

immunization and gene therapy, using standard gene delivery protocols. Methods for gene

deliver are known in the art. See, e.g., U.S. Pat. Nos 5,399,346, 5,580,859, 5,589,466,

incorporated by reference herein in their entireties. In another embodiment, the invention

provides a gene therapy vector.

The nucleic acid can be cloned into a number of types of vectors. For example, the

nucleic acid can be cloned into a vector including, but not limited to a plasmid, a phagemid, a

phage derivati ve, an animal virus, and a cosmid. Vectors of particular interest include

expression vectors, replication vectors, probe generation vectors, and sequencing vectors.

Further, the expression vector may be provided to a cell in the form of a viral vector.

Viral vector technology is well known in the art and is described, for example, in Sambrook et

al, 2012, MOLECULAR CLONING: A LABORATORY MANUAL, volumes 1 -4, Cold

Spring Harbor Press, NY), 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 ientiviruses. 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 more selectable markers, (e.g., WO 01/96584; WO

01/29058; and U.S. Pat No. 6,326,193).

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, ientivirus vectors are used.

Additional promoter elements, e.g., enhancers, regulate the frequency of transcriptional

initiation. Typically, these are located in the region 30-110 bp upstream of the start site,

although a number of promoters have been shown to contain functional elements downstream

of the start site as well. 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.

Exemplary promoters include the CMV IE gene, EF- , b qu tm C, or phosphoglycerokinase

(PGK) promoters.

An example of a promoter that s capable of expressing a CAR encoding nucleic acid

molecule in a mammalian T cell is the EF1 a promoter. The native EFla promoter drives

expression of the alpha subunit of the elongation factor- 1 complex, which is responsible for the

enzymatic delivery of aminoacyl tRNAs to the ribosome. The EFla promoter has been

extensively used in mammalian expression plasmids and has been shown to be effective in

driving CAR expression from nucleic acid molecules cloned into a lentiviral vector. See, e.g.,

Milone et al., Mol. Ther. 17(8): 1453-1464 (2009). In one aspect, the E a promoter

comprises the sequence provided as SEQ ID NO: .

Another example of a 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 operativeiy linked thereto.

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 promoters such as, but not limited to, the actin

promoter, the myosin promoter, the elongation factor- l a 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 when such expression is desired, or

turning off the expression when expression is 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.

Another example of a promoter is the phosphoglycerate kinase (PGK) promoter. In

embodiments, a truncated PGK promoter (e.g., a PGK promoter with one or more, e.g., 1, 2, 5,

, 100, 200, 300, or 400, nucleotide deletions when compared to the wild-type PGK promoter

sequence) may be desired. The nucleotide sequences of exemplary PGK promoters are

provided below.

WT PGK Promoter

ACCCCTCTCTCCAGCCACTAAGCCAGTTGCTCCCTCGGCTGACGGCTGCACGCGAG
GCCTCCGAACGTCTTACGCCTTGTGGCGCGCCCGTCCTTGTCCCGGGTGTGATGGC
GGGGTGTGGGGCGGAGGGCGTGGCGGGGAAGGGCCGGCGACGAGAGCCGCGCGG
GACGACTCGTCGGCGATAACCGGTGTCGGGTAGCGCCAGCCGCGCGACGGTAACG
AGGGACCGCGACAGGCAGACGCTCCCATGATCACTCTGCACGCCGAAGGCAAATA
GTGCAGGCCGTGCGGCGCTTGGCGTTCCTTGGAAGGGCTGAATCCCCGCCTCGTCC
TTCGCAGCGGCCCCCCGGGTGTTCCCATCGCCGCTTCTAGGCCCACTGCGACGCTT
GCCTGCACTTCTTACACGCTCTGGGTCCCAGCCGCGGCGACGCAAAGGGCCTTGGT
GCGGGTCTCGTCGGCGCAGGGACGCGTTTGGGTCCCGACGGAACCTTTTCCGCGTT
GGGGTTGGGGC ACCATAAGCT {SEQ ID NO: 0 )

Exemplary truncated PGK Promoters:

PG 00:

ACCCCTCTCTCCAGCCACTAAGCCAGTTGCTCCCTCGGCTGACGGCTGCACGCGAG
GCCTCCGAACGTCTTACGCCTTGTGGCGCGCCCGTCCTTGTCCCGGGTGTGATGGC
GGGGTG (SEQ ID NO: 102)

PGK200:

ACCCCTCTCTCCAGCCACTAAGCCAGTTGCTCCCTCGGCTGACGGCTGCACGCGAG
GCCTCCGAACGTCTTACGCCTTGTGGCGCGCCCGTCCTTGTCCCGGGTGTGATGGC
GGGGTGTGGGGCGGAGGGCGTGGCGGGGAAGGGCCGGCGACGAGAGCCGCGCGG
GACGACTCGTCGGCGATAACCGGTGTCGGGTAGCGCCAGCCGCGCGACGGTAACG
(SEQ ID NO: 103)

PG 300:

ACCCCTCTCTCCAGCCACTAAGCCAGTTGCTCCCTCGGCTGACGGCTGCACGCGAG
GCCTCCGAACGTCTTACGCCTTGTGGCGCGCCCGTCCTTGTCCCGGGTGTGATGGC
GGGGTGTGGGGCGGAGGGCGTGGCGGGGAAGGGCCGGCGACGAGAGCCGCGCGG
GACGACTCGTCGGCGATAACCGGTGTCGGGTAGCGCCAGCCGCGCGACGGTAACG



AGGGACCGCGACAGGCAGACGCTCCCATGATCACTCTGCACGCCGAAGGCAAATA
GTGCAGGCCGTGCGGCGCTTGGCGTTCCTTGGAAGGGCTGAATCCCCG (SEQ ID
NO: 104)

PGK400:

ACCCCTCTCTCCAGCCACTAAGCCAGTTGCTCCCTCGGCTGACGGCTGCACGCGAG
GCCTCCGAACGTCTTACGCCTTGTGGCGCGCCCGTCCTTGTCCCGGGTGTGATGGC
GGGGTGTGGGGCGGAGGGCGTGGCGGGGAAGGGCCGGCGACGAGAGCCGCGCGG
GACGACTCGTCGGCGATAACCGGTGTCGGGTAGCGCCAGCCGCGCGACGGTAACG
AGGGACCGCGACAGGCAGACGCTCCCATGATCACTCTGCACGCCGAAGGCAAATA
GTGCAGGCCGTGCGGCGCTTGGCGTTCCTTGGAAGGGCTGAATCCCCGCCTCGTCC
TTCGCAGCGGCCCCCCGGGTGTTCCCATCGCCGCTTCTAGGCCCACTGCGACGCTT
GCCTGCACTTCTTACACGCTCTGGGTCCCAGCCG (SEQ ID NO: 05)

A vector may also include, e.g., a signal sequence to facilitate secretion, a

polyadenylation signal and transcription terminator (e.g., from Bovine Growth Hormone

(BGH) gene), an element allowing episomal replication and replication in prokaryotes (e.g.

SV40 origin and ColEl or others known in the art) and/or elements to allow selection (e.g.,

ampicillin resistance gene and/or zeocin marker).

In order to assess the expression of a CAR polypeptide or portions thereof!, the

expression vector to be introduced into a cell can also contain either a selectable marker gene 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 a d reporter genes may be flanked with appropriate

regulator sequences to enable expression in the host cells. Useful selectable markers include,

for example, antibiotic-resistance genes, such as neo and the like.

Reporter genes are used for identifying potentially transfected cells and for evaluating

the functionality of regulatory sequences. In general, a reporter gene s a gene that is not

present in or expressed by the recipient organism or tissue and that encodes a polypeptide

whose expression s 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 ceils. 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.

In some embodiments, the a vector comprising a nuclei acid sequence encoding a CAR

molecules described herein, e.g., a TA CAR and/or a BCA CAR, can further comprises a

second nucleic acid sequence encoding a polypeptide, e.g., an agent that increases the activity

of the CAR molecule. In some embodiments a single nucleic acid molecule, or vector

comprising said nucleic acid molecule, encodes both the TA CAR, described herein, and the

BCA CAR, described herein. In some embodiments, the nucleic acid encoding the TA CAR is

under separate regulatory control (e.g., by a promoter described herein) from the nucleic acid

endocing the BCA CAR (e.g., by a promoter described herein). In other embodiments, the two

or more nucleic acid sequences are encoded by a single nucleic molecule i the same frame and

as a single polypeptide chain. In this aspect, the two or more CARs (e.g., the TA CAR and the

BCA CAR), can, e.g., be separated by one or more peptide cleavage sites (e.g., an auto-

cleavage site or a substrate for an intracellular protease). Examples of peptide cleavage sites

include the following, wherein the GSG residues are optional:

T2A: (GSG) E G R G S L L T C G D V E E N P G P (SEQ ID NO: 106)

P2A: (GSG) A T N F S L L K Q A G D V E E N P G P (SEQ ID NO: 07)

E2A: (GSG) Q C T N Y A L L K L A G D V E S N P G P (SEQ ID NO: 08)

F2A: (GSG) V K Q T L N F D L L K L A G D V E S N P G P (SEQ ID NO: 09)

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, 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, 2012, MOLECULAR CLONING: A

LABORATORY MANUAL, volumes 1 -4, Cold Spring Harbor Press, NY). A preferred



method for the introduction of a polynucleotide into a host ceil is calcium phosphate

transfection or electroporation.

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, U.S. Pat. Nos. 5,350,674 and

5,585,362.

Chemical means for introducing a polynucleotide into a host cell include colloidal

dispersion systems, such as macromolecule complexes, nanocapsules, microspheres, beads, and

lipid-based systems including oil-in-water emulsions, micelles, mixed micelles, and liposomes.

An exemplar}' colloidal system for use as a delivery vehicle in vitro and in vivo is a liposome

(e.g., an artificial membrane vesicle). Other methods of state-of-the-art targeted delivery of

nucleic acids are available, such as delivery of polynucleotides with targeted nanoparticles or

other suitable sub-micron sized delivery system.

In the case where a non-viral delivery system is utilized, an exemplary delivery vehicle

s 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 iipid/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.



Lipids suitable for use can be obtained from commercial sources. For example,

dimyristyl phosphatidylcholine ("DMPC") can be obtained from Sigma, St. Louis, MO; dieetyi

phosphate ("DCP") can be obtained from K & K Laboratories (Plainview, NY); cholesterol

("Choi") can be obtained from Calbiochem-Behring; dimyristyl phosphatidylglyeerol

("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 abou -

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 Mayers 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 a d entrap water and dissolved solutes between the lipid bilayers (Ghosh et al., 9 1

Glycobiologv 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 or

otherwise expose a ceil to the inhibitor of the present disclosure, 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.

The present disclosure further provides a vector comprising a CAR encoding nucleic

acid molecule. In one embodiment, the vector comprises a TA CAR encoding nucleic acid

molecule, e.g., as described herein. In one embodiment, the vector comprises a BCA CAR

encoding nucleic acid molecule, e.g., as described herein. In one embodiment, the vector

comprises a BCA CAR encoding nucleic acid molecule and a TA CAR encoding nucleic acid

molecule in one aspect, the one or more CAR vectors (e.g., the vector comprising the TA



CAR encoding nucleic acid molecule and the vector comprising the BCA CAR encoding

nucleic acid molecule, or the vector comprising the TA CAR encoding nucleic acid and the

BCA CAR encoding nucleic acid) can be directly transduced into a cell, e.g., a T cell or a NK

cell. In one aspect, the vector is a cloning or expression vector, e.g., a vector including, but not

limited to, one or more plasmids (e.g., expression plasmids, cloning vectors, minicircles,

minivectors, double minute chromosomes), retroviral and lentiviral vector constructs. In one

aspect, the vector is capable of expressing the CAR construct in mammalian immune effector

cells (e.g., T cells, NK cells).

In one embodiment, where stable expression of a TA CAR and/or a BCA CAR is

desired, a vector comprising a TA CAR- and/or BCA CAR-encoding nucleic acid molecule is

transduced into an immune effector cell. For example, immune effector cells with stable

expression of a TA CAR and a BCA CAR can be generated using lentiviral vectors. Cells that

exhibit stable expression of a TA CAR and a BCA CAR express the TA CAR and BCA CAR

for at least 1 week, weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 3 months,

6 months, 9 months, or 2 months after transduction.

In one embodiment, where transient expression of a TA CAR and/or a BCA CAR is

desired, a TA CAR- and/or BCA CAR-encoding nucleic acid molecule is transfected into an

immune effector cell. The TA CAR- and/or BCA CAR-encoding nucleic acid molecule may

be a vector comprising a TA CAR- and/or BCA-CAR encoding nucleic acid molecule, or an in

vitro transcribed RNA encoding TA CAR and/or BCA CAR. In vitro transcribed RNA CARs

and methods for transfection into immune effector cells are further described below. Cells that

exhibit transient expression of a TA CAR and/or a BCA CAR express the TA CAR and/or

BCA CAR for 4, 5, 6, 7, 8, 9, 10, 1, 12, 13, 14, 15 days after transfection.

RNA Transfection

Disclosed herein are methods for producing an in vitro transcribed RNA CAR, e.g., an

in vitro transcribed RNA TA CAR and/or an in vitro transcribed RNA BCA CAR. The present

disclosure also includes a CAR encoding RNA construct that can be directly transfected into a

cell. A method for generating mRNA for use in transfection can involve in vitro transcription

(TVT) of a template with specially designed primers, followed by polyA addition, to produce a

construct containing 3' and 5' untranslated sequence ("UTR"), a 5' cap and/or Internal



Ribosome Entry Site (IRES), the nucleic ac d to be expressed, and a polyA tail, typically 50-

2000 bases in length (SEQ ID NO: 32). RNA so produced can efficiently transfect different

kinds of ceils. In one aspect, the template includes sequences for the CAR.

In one aspect, a CAR of the present disclosure, e.g., a TA CAR and/or a BCA CAR, is

encoded by a messenger RNA (mRNA). In one aspect, the mRNA encoding a TA CAR

described herein and/or a BCA CAR described herein is introduced into a T cell or a NK cell

for production of a cell that expresses both a TA CAR and a BCA CAR.

In one embodiment, the in vitro transcribed RNA CAR can be introduced to a cell as a

form of transient transfection. The RNA is produced by in vitro transcription using a

polymerase chain reaction (PCR)-generated template. DN 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 a CAR described herein. For example,

the template for the RNA CAR comprises an extracellular region comprising a single chain

variable domain of an antibody to a tumor antigen or B cell antigen described herein; a hinge

region (e.g., a hinge region described herein), a transmembrane domain (e.g., a transmembrane

domain described herein such as a transmembrane domain of CD8a); and a cytoplasmic region

that includes an intracellular signaling domain, e.g., an intracellular signaling domain described

herein, e.g., comprising the signaling domain of CD3-zeta and the signaling domain of 4-1BB.

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 nucleic acid can include some or all of the 5 and/or 3' untranslated

regions (UTRs). The nucleic acid can include exons and introns. In one embodiment, the DNA

to be used for PCR is a human nucleic acid sequence. In another embodiment, the DNA to be

used for PCR is a human nucleic acid sequence 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.



PGR is 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 nucleic acid 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

nucleic acid that encodes a particular domain of interest. In one embodiment, the primers are

designed to amplify the coding region of a human cDNA, including all or portions of the 5 and

3' UTRs. Primers useful for PCR can be 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 one 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

nucleic acid of interest. Alternatively, UTR sequences that are not endogenous to the nucleic



acid 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 nucleic acid 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.

In one embodiment, the 5' UTR can contain the Kozak sequence of the endogenous

nucleic acid. Alternatively, when a 5' UTR that is not endogenous to the nucleic acid of interest

is being added by PGR 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 5'UTR of 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

concatameric 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 mRN A 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).

The conventional method of integration of polyA/T stretches into a DNA template is

molecular cloning. However polyA/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 highly desirable.

The polyA/T segment of the transcriptional DNA template can be produced during PGR

by using a reverse primer containing a polyT tail, such as lOOT tail (SEQ ID NO 35) (size can

be 50-5000 T (SEQ ID NO: 265)), or after PGR 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 s between 00 and 5000

adenosines (SEQ ID NO: 82).

Poly(A) tails of RNAs can be further extended following in vitro transcription with the

use of a poly (A) polymerase, such as E . coll polyA polymerase (E-PAP). In one embodiment,

increasing the length of a poly(A) tail from 100 nucleotides to between 300 and 400

nucleotides (SEQ ID NO: 38) 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 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 a .. 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))

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- Π (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).

Non-viral delivery methods

In some aspects, non-viral methods can be used to deliver a nucleic acid encoding a

CAR described herein, e.g., a TA CAR and/or a BCA CAR, into a cell or tissue or a subject.

In some embodiments, the non-viral method includes the use of a transposon (also called a

transposable element). In some embodiments, a transposon is a piece of DNA that can insert

itself at a location in a genome, for example, a piece of DNA that is capable of self-repli eating

and inserting its copy into a genome, or a piece of DNA that can be spliced out of a longer

nucleic acid and inserted into another place in a genome. For example, a transposon comprises

a DNA sequence made up of inverted repeats flanking genes for transposition.

Exemplary methods of nucleic acid delivery using a transposon include a Sleeping Beauty

transposon system (SBTS) and a piggyBac (PB) transposon system. See, e.g., Aronovich et al.

Hum. Mol. Genet. 20. 1(201l):R14-20; Singh e al. Cancer Res. 15(2008):2961-2971; Huang

et a . Mol. Ther. 16(2008): 580-589; Grabundzija e al. Mol. Ther. 18(2010): 1200-1209;

Kebnaei et al. Blood. 122.21(2013):166; Williams. Molecular Therapy 16.9(2008): 15 1 6;

Bell et al. Nat. Protoc. 2.12(2007):3153-65; and Ding et ai. Ceil. 122.3(2005):473-83, all of

which are incorporated herein by reference.

The SBTS includes two components: 1) a transposon containing a transgene and 2) a

source of transposase enzyme. The transposase can transpose the transposon from a carrier

plasm id (or other donor DNA) to a target DNA, such as a host cell chromosome/genome. For

example, the transposase binds to the carrier plasmid/donor DNA, cuts the transposon



(including transgene(s)) out of the plasmid, and inserts it into the genome of the host cell. See,

e.g., Aronovich et al. supra.

Exemplar}' transposons include a pT2-based transposon. See, e.g., Grabundzija et al.

Nucleic Acids Res. 41.3(2013):1829-47; and Singh et al. Cancer Res. 68.8(2008): 2961-2971,

all of which are incorporated herein by reference. Exemplary transposases include a

Tel /mariner-type transposase, e.g., the SB 10 transposase or the SB 1 transposase (a

hyperactive transposase which can be expressed, e.g., from a cytomegalovirus promoter). See,

e.g., Aronovich et al.; Kebriaei et al.; and Grabundzija et al, all of which are incorporated

herein by reference.

Use of the SBTS permits efficient integration and expression of a transgene, e.g., a

nucleic acid encoding a CAR described herein. Provided herein are methods of generating a

cell, e.g., T cell or NK cell, that stably expresses a CAR described herein, e.g., using a

transposon system such as SBTS.

n accordance with methods described herein, in some embodiments, one or more

nucleic acids, e.g., plasmids, containing the SBTS components are delivered to a cell (e.g., T or

NK cell). For example, the nucleic acid(s) are delivered by standard methods of nucleic acid

(e.g., plasmid DNA) delivery, e.g., methods described herein, e.g., electroporation, transfection,

or lipofection. In some embodiments, the nucleic acid contains a transposon comprising a

transgene, e.g., a nucleic acid encoding a CAR described herein. In some embodiments, the

nucleic acid contains a transposon comprising a transgene (e.g., a nucleic acid encoding a CAR

described herein) as well as a nucleic acid sequence encoding a transposase enzyme. In other

embodiments, a system with two nucleic acids is provided, e.g., a dual-piasmid system, e.g.,

where a first plasmid contains a transposon comprising a transgene, and a second plasmid

contains a nucleic acid sequence encoding a transposase enzyme. For example, the first and the

second nucleic acids are co-delivered into a host cell.

In some embodiments, cells, e.g., T or NK cells, are generated that express a TA CAR

and BCA CAR described herein by using a combination of gene insertion using the SBTS and

genetic editing using a nuclease (e.g.. Zinc finger nucleases (ZFNs), Transcription Activator-

Like Effector Nucleases (TALENs), the CRISPR/Cas system, or engineered meganuclease re-

engineered homing endonucleases).

In some embodiments, use of a non-viral method of deliver}' permits reprogramming of

cells, e.g., T or NK cells, and direct infusion of the cells into a subject. Advantages of non-



viral vectors include but are not limited to the ease and relatively low cost of producing

sufficient amounts required to meet a patient population, stability during storage, and lack of

immunogenicity.

Sources of Cells

Prior to expansion and genetic modification, e.g., to express both a TA CAR and a BCA

CAR described herein, a source of cells, e.g., T cell or N cells, can be obtained from a

subject. The term "subject" is intended to include living organisms in which an immune

response can be elicited (e.g., mammals). Examples of subjects include humans, dogs, cats,

mice, rats, and transgenic species thereof. 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 aspects of the present disclosure, any number of T cell lines available in the

art, may be used. In certain aspects of the present disclosure, 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. In one preferred aspect, 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 aspect, 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 aspect of the invention, the cells are washed with

phosphate buffered saline (PBS). In an alternative aspect, the wash solution lacks calcium and

may lack magnesium or may lack many if not all divalent cations. Initial activation steps in the

absence of calcium can lead to magnified activation. As those of ordinary skill in the art would

readily appreciate a washing step may be accomplished by methods known to those in the art,

such as by using a semi-automated "flow-through" centrifuge (for example, the Cobe 2991 ceil

processor, the Baxter CytoMate, or the Haemonetics Cell Saver 5) according to the

manufacturer's instructions. After washing, the ceils 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.



It is recognized that the methods of the application can utilize culture media conditions

comprising 5% or less, for example 2%, human A serum, and employ known culture media

conditions and compositions, for example those described in Smith e , "Ex vivo expansion

of human T cells for adoptive immunotherapy using the novel Xeno-free CTS Immune Cell

Serum Replacement" Clinical & Translational Immunology (2015) 4, e31;

doi:10.1038/cti. 2014.31.

In one aspect, T cells are isolated from peripheral blood lymphocytes by lysing the red

blood cells and depleting the monocytes, for example, by centrifugation through a

PERCOLLTM gradient or by counterflow centrifugal elutriation. A specific subpopulation of T

cells, such as CD3+, CD28+, CD4+, CD8+, CD45RA+, and CD45RO+T cells, can be further

isolated by positive or negative selection techniques. For example, in one aspect, T cells are

isolated by incubation with anti-CD3/anti-CD28 (e.g., 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 aspect, the time period s about 30 minutes in a further aspect, the time

period ranges from 30 minutes to 36 hours or longer and all integer values there between in a

further aspect, the time period s at least 1, 2, 3, 4, 5, or 6 hours. In yet another preferred aspect,

the time period is 0 to 24 hours. In one aspect, the incubation time period is 24 hours. Longer

incubation times may be used to isolate T cells in any situation where there are fe T cells as

compared to other cell types, such in isolating tumor infiltrating lymphocytes (TIL) from tumor

tissue or from immunocompromised individuals. Further, use of longer incubation times can

increase the efficiency of capture of CD8+ T cells. 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 certain aspects, 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 immuiioadherence 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 CD 14, CD20, CD lb, CD 16,

HLA-DR, and CD8. In certain aspects, it may be desirable to enrich for or positively select for

regulatory T cells which typically express CD4+, CD25+, CD62Lhi, GITR+, and FoxP3+.

Alternatively, in certain aspects, T regulator}' cells are depleted by anti-C25 conjugated beads

or other similar method of selection.

The methods described herein can include, e.g., selection of a specific subpopulation of

immune effector cells, e.g., T cells, that are a T regulatory cell-depleted population, CD25+

depleted cells, using, e.g., a negative selection technique, e.g., described herein. Preferably, the

population of T regulatory depleted cells contains less than 30%, 25%, 20%, 15%, 10%, 5%,

4%, 3%, 2%, 1% of CD25+ cells.

In one embodiment, T regulator}' cells, e.g., CD25+ T cells, are removed from the

population using an anti-CD25 antibody, or fragment thereof, or a CD25-bindmg ligand, IL-2.

In one embodiment, the anti-CD25 antibody, or fragment thereof, or CD25-binding ligand is

conjugated to a substrate, e.g., a bead, or is otherwise coated on a substrate, e.g., a bead. In one

embodiment, the anti-CD25 antibody, or fragment thereof, is conjugated to a substrate as

described herein.

In one embodiment, the T regulatory cells, e.g., CD25+ T cells, are removed from the

population using CD25 depletion reagent from Miltenyi 1 In one embodiment, the ratio of

cells to CD25 depletion reagent is le7 ceils to 20 uL, or le7 cells tol5 uL, or le7 cells to 10

uL, or le7 cells to 5 uL, or le7 ceils to 2.5 uL, or le7 cells to 1.25 uL. In one embodiment, e.g.,

for T regulator}' cells, e.g., CD25+ depletion, greater than 500 million cells/ml is used. In a

further aspect a concentration of cells of 600, 700, 800, or 900 million cells/ml is used.

In one embodiment, the population of immune effector cells to be depleted includes

about 6 x 10J CD25+ T cells. In other aspects, the population of immune effector cells to be

depleted include about 1 x 10 to x 10 10 CD25+ T cell, and any integer value in between. I

one embodiment, the resulting population T regulatory depleted cells has 2 x 0y T regulatory



cells, e.g., CD25+ cells, or less (e.g., 1 x 109, 5 108 , 1 x 108, 5 x 107, 1 x 107, or less CD25+

cells).

In one embodiment, the T regulatory cells, e.g., CD25+ cells, are removed from the

population using the CliniMAC system with a depletion tubing set, such as, e.g., tubing 162-01.

In one embodiment, the CliniMAC system is run on a depletion setting such as, e.g.,

DEPLETION2.

Without wishing to be bound by a particular theory, decreasing the level of negative

regulators of immune cells (e.g., decreasing the number of unwanted immune cells, e.g., TREG

cells), in a subject prior to apheresis or during manufacturing of a CAR-expressing cell product

can reduce the risk of subject relapse. For example, methods of depleting T G cells are known

in the art. Methods of decreasing T s include, but are not limited to, cyclophosphamide,

anti-GITR antibody (an anti-GITR antibody described herein), CD25-dep3etion, and

combinations thereof.

In some embodiments, the manufacturing methods comprise reducing the number of

(e.g., depleting) TREG cells prior to manufacturing of the CAR-expressing cell For example,

manufacturing methods comprise contacting the sample, e.g., the apheresis sample, with an

anti-GITR antibody and/or an anti-CD25 antibody (or fragment thereof, or a CD25-bindmg

ligand), e.g., to deplete T EG cells prior to manufacturing of the CAR-expressing cell (e.g., T

cell, NK cell) product.

In an embodiment, a subject is pre-treated with one or more therapies that reduce T EG

cells prior to collection of ceils for CAR-expressing cell product manufacturing, thereby

reducing the risk of subject relapse to CAR-expressing cell treatment. In an embodiment,

methods of decreasing TREG cells include, but are not limited to, administration to the subject of

one or more of cyclophosphamide, anti-GITR antibody, CD25-depletion, or a combination

thereof. Administration of one or more of cyclophosphamide, anti-GITR antibody, CD25-

depletion, or a combination thereof, can occur before, during or after an infusion of the CAR-

expressing cell product.

In an embodiment, a subject is pre-treated with cyclophosphamide prior to collection of

cells for CAR-expressing cell product manufacturing, thereby reducing the risk of subject

relapse to CAR-expressing cell treatment. In an embodiment, a subject is pre-treated with an

anti-GITR antibody prior to collection of cells for CAR-expressing cell product manufacturing,

thereby reducing the risk of subject relapse to CAR-expressing cell treatment.



In one embodiment, the population of cells to be removed are neither the regulatory T

cells or tumor cells, but cells that otherwise negatively affect the expansion and/or function of

CART ceils, e.g. ceils expressing CD 14, CD1 lb, CD33, CD15, or other markers expressed by

potentially immune suppressive ceils. In one embodiment, such cells are envisioned to be

removed concurrently with regulator}' T cells and/or tumor cells, or following said depletion, or

in another order.

The methods described herein can include more than one selection step, e.g., more than

one depletion step. Enrichment of a T cell population by negative selection can be

accomplished, e.g., 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

immunoadherenee 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+

celis by negative selection, a monoclonal antibody cocktail can include antibodies to CD 14,

CD20, CD lib, CD! 6, HLA-DR, and CDS.

The methods described herein can further include removing cells from the population

which express a tumor antigen, e.g., a tumor antigen that does not comprise CD25, e.g., CD19,

CD30, CD38, CD123, CD20, CD14 or CDllb, to thereby provide a population of T regulatory

depleted, e.g., CD25+ depleted, and tumor antigen depleted ceils that are suitable for

expression of a CAR, e.g., a CAR described herein. In one embodiment, tumor antigen

expressing celis are removed simultaneously with the T regulatory, e.g., CD25+ cells. For

example, an anti-CD25 antibody, or fragment thereof, and an anti-tumor antigen antibody, or

fragment thereof, can be attached to the same substrate, e.g., bead, which can be used to

remove the cells or an anti-CD25 antibody, or fragment thereof, or the anti-tumor antigen

antibody, or fragment thereof, can be attached to separate beads, a mixture of which can be

used to remove the cells. In other embodiments, the removal of T regulatory ceils, e.g., CD25+

celis, and the removal of the tumor antigen expressing cells is sequential, and can occur, e.g., in

either order.

Also provided are methods that include removing cells from the population which

express a check point inhibitor, e.g., a check point inhibitor described herein, e.g., one or more

of PD1+ cells, LAG3+ cells, and TIM3+ cells, to thereby provide a population of T regulatory

depleted, e.g., CD25+ depleted cells, and check point inhibitor depleted cells, e.g., PD +,

LAG3+ and/or TIM3+ depleted ceils. Exemplar}' check point inhibitors include B7-H1 , B7- ,



CD160, P H, 2B4, PDl, TIM3, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or CEACAM-

5), LAG3, T G T, CTLA-4, BTLA and LA R . In one embodiment, check point inhibitor

expressing cells are removed simultaneously with the T regulatory, e.g., CD25+ cells. For

example, an anti-CD25 antibody, or fragment thereof, and an anti-check point inhibitor

antibody, or fragment thereof, can be attached to the same bead which can be used to remove

the cells, or an anti~CD25 antibody, or fragment thereof, and the anti-check point inhibitor

antibody, or fragment there, can be attached to separate beads, a mixture of which can be used

to remove the cells. In other embodiments, the removal of T regulatory cells, e.g., CD25+

cells, and the removal of the check point inhibitor expressing cells is sequential, and can occur,

e.g., in either order.

In one embodiment, a T cell population can be selected that expresses o e or more of

IFN- TNFa, IL-17A, IL-2, IL-3, IL-4, GM-CSF, L- 0, IL-13, granzyme B, and perform, or

other appropriate molecules, e.g., other cytokines. Methods for screening for cell expression

can be determined, e.g. , by the methods described in PCT Publication No. : WO 20 3/1 67 2 .

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

aspects, it may be desirable to significantly decrease the volume in which beads and cells are

mixed together (e.g., increase the concentration of cells), to ensure maximum contact of cells

and beads. For example, in one aspect, a concentration of 2 billion cells/ml is used. In one

aspect, a concentration of 1 billion cells/ml is used. In a further aspect, greater than 00 million

cells/ml is used. In a further aspect, a concentration of cells of 10, 15, 20, 25, 30, 35, 40, 45, or

50 million cells/ml is used. In yet one aspect, a concentration of cells from 75, 80, 85, 90, 95, or

100 million cells/ml is used. In further aspects, 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 (e.g., leukemic blood, tumor tissue, etc.).

Such populations of cells may have therapeutic value and would be desirable to obtain. For

example, using high concentration of cells allows more efficient selection of CD8+ T cells that

normally have weaker CD28 expression.

In a related aspect, it may be desirable to use lower concentrations of cells. By

significantly diluting the mixture of T cells and surface (e.g., particles such as beads),



interactions between the particles and cells is minimized. This selects for cells that express high

amounts of desired antigens to be bound to the particles. For example, CD4+ T cells express

higher levels of CD28 and are more efficiently captured than CD8+ T cells in dilute

concentrations. In one aspect, the concentration of cells used is 5 X e6/m . In other aspects,

the concentration used can be from about 1 X 105/ml to 1 X 10 /ml, and any integer value in

between.

In other aspects, the cells may be incubated on a rotator for varying lengths of time at

varying speeds at either 2~ 0 C or at room temperature.

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 PlasmaLyte A, the cells then are frozen to -80°C at a rate

of 1° 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.

In certain aspects, cryopreserved cells are thawed and washed as described herein and

allowed to rest for one hour at room temperature prior to activation using the methods of the

present disclosure.

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 aspect a blood sample or an apheresis is taken from a

generally healthy subject. In certain aspects, 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 aspects, the T

cells may be expanded, frozen, and used at a later time. In certain aspects, samples are collected

from a patient shortly after diagnosis of a particular disease as described herein but prior to any

treatments. In a further aspect, the cells are isolated from a blood sample or an apheresis from a

subject prior to any number of relevant treatment modalities, including but not limited to

treatment with agents such as natalizumab, efalizumab, antiviral agents, chemotherapy,

radiation, immunosuppressive agents, such as cyclosporin, azathioprine, methotrexate,

mycophenolate, and FK506, antibodies, or other immunoablative agents such as CAMPATH,

anti-CD3 antibodies, Cytoxan, fludarabine, cyclosporin, FK506, rapamycin, mycophenolic acid,

steroids, FR901 228, and irradiation.

In a further aspect of the present disclosure, T cells are obtained from a patient directly

following treatment that leaves the subject with functional T cells. In this regard, it has been

observed that following certain cancer treatments, in particular treatments with drugs that

damage the immune system, shortly after treatment during the period when patients would

normally be recovering from the treatment, the quality of T cells obtained may be optimal or

improved for their ability to expand ex vivo. Likewise, following ex vivo manipulation using

the methods described herein, these cells may be in a preferred state for enhanced engraftment

and in vivo expansion. Thus, it is contemplated within the context of the present disclosure to

collect blood cells, including T cells, dendritic cells, or other cells of the hematopoietic lineage,

during this recovery phase. Further, in certain aspects, mobilization (for example, mobilization

with GM-CSF) and conditioning regimens can be used to create a condition in a subject

wherein repopulation, recirculation, regeneration, and/or expansion of particular cell types is

favored, especially during a defined window of time following therapy. Illustrative cell types

include T cells, B cells, dendritic cells, and other cells of the immune system.

In one embodiment, a T cell population is diagiycerol kinase (DGK)-defieient. DGK-

deficient cells include cells that do not express DGK RNA or protein, or have reduced or

inhibited DGK activity. DGK-deficient cells can be generated by genetic approaches, e.g.,

administering RNA-interfering agents, e.g., siRNA, shRNA, miRNA, to reduce or prevent

DGK expression. Alternatively, DGK-deficient cells can be generated by treatment with DGK

inhibitors described herein.

In one embodiment, a T cell population is Ikaros-deficient. Ikaros-deficient cells

include cells that do not express Ikaros RNA or protein, or have reduced or inhibited Ikaros



activity, Ikaros-deficient ceils can be generated by genetic approaches, e.g., administering

RNA-interfering agents, e.g., siRNA, shR A, miRNA, to reduce or prevent Ikaros expression.

Alternatively, Ikaros-deficient cells can be generated by treatment with Ikaros inhibitors, e.g.,

lenaiidoniide.

In embodiments, a T cell population is DGK-deficient and Ikaros-deficient, e.g., does

not express DGK and Ikaros, or has reduced or inhibited DGK and Ikaros activity. Such DGK

and Ikaros-deficient cells can be generated by any of the methods described herein.

In an embodiment, the NK cells are obtained from the subject. In another embodiment,

the NK cells are an NK cell line, e.g., NK-92 cell line (Conkwest).

Allogeneic CAR Immune Effector Cells

In embodiments described herein, the immune effector cell can be an allogeneic

immune effector cell, e.g., T cell or NK cell. For example, the cell can be an allogeneic T cell,

e.g., an allogeneic T cell lacking expression of a functional T cell receptor (TCR) and/or human

leukocyte antigen (HI. ), e.g., HLA class I and/or HLA class II.

A T cell lacking a functional TCR can be, e.g., 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 TC or engineered such that it produces very tittle

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.

A T cell described herein can be, e.g., engineered such that it does not express a

functional HLA on its surface. For example, a T cell described herein, can be engineered such

that cell surface expression HLA, e.g., HLA class I and/or HLA class II, is downregulated.

In some embodiments, the T cell can lack a functional TCR and a functional HLA, e.g.,

HLA class I and/or HLA class II.

Modified T cells that lack expression of a functional TCR and/or HL A can be obtained

by any suitable means, including a knock out or knock down of one or more subunit of TCR or

HLA. For example, the T 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), or zinc finger endonuclease (ZFN).



In some embodiments, the allogeneic cell can be a cell which does not expresses or

expresses at low levels an inhibitory molecule, e.g. by any mehod described herein. For

example, the cell can be a cell that does not express or expresses at low levels an inhibitory

molecule, e.g., that can decrease the ability of a CAR-expressing cell to mount an immune

effector response. Examples of inhibitor}' molecules include PD , PD-L1, CTLA4, TIMS,

LAG3, VISTA, BTLA, TIGIT, LAIRl, CD 60. 2B4, CD80, CD86, B7-H3 (CD276), B7-H4

(VTCNl), HVEM (TNFRSF14 or CD270), KIR, A2aR, MHC class I, MHC class II, GAL9,

adenosine, and TGF beta. Inhibition of an inhibitory molecule, e.g., by inhibition at the DNA,

RNA or protein level, can optimize a CAR-expressing cell performance. In embodiments, an

inhibitory nucleic acid, e.g., an inhibitory nucleic acid, e.g., a dsRNA, e.g., an siRNA or

shRNA, a clustered regularly interspaced short palindromic repeats (CRISPR), a transcription-

activator like effector nuclease (TALEN), or a zinc finger endonuclease (ZFN), e.g., as

described herein, can be used.

siRNA and shRNA to inhibit TCR or HLA

In some embodiments, TCR expression and/or HLA expression can be inhibited using

siRNA or shRNA that targets a nucleic acid encoding a TCR and/or HLA, and/or an inhibitory

molecule described herem (e.g., PD1, PD-Ll, PD-L2, CTLA4, TIM3, CEACAM (e.g.,

CEACAM-I, CEACAM-3 and/or CEACAM-5), LAGS, VISTA, BTLA, TIGIT, LAIRl,

CD 160, 2B4, CD80, CD86, B7-H3 (CD276), B7-H4 (VTCNl), VEM (TNFRSF14 or

CD270), KIR, A2aR, MHC class I, MHC class II, GAL9, adenosine, and TGF beta), in a cell,

e.g., T cell.

Expression systems for siRNA and shRNAs, and exemplary shRNAs, are described, e.g., in

paragraphs 649 and 650 of International Publication WO201 5/ 42675, filed March 13, 20 5,

which is incorporated by reference in its entirety.

CRISPR to inhibit TCR or HLA

"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 herem, 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, and/or an inhibitory molecule described

herein (e.g., PD1, PD-Ll, PD-L2, CTLA4, TIM3, CEACAM (e.g., CEACAM-1, CEACAM-3

and/or CEACAM-5), LAG3, VISTA, BTLA, T G T, LAIR1, CD160, 2B4, CD80, CD86, B7-

H3 (CD276), B7-H4 (VTCN1), HVEM (TNFRSF14 or CD270), KIR, \2aR. MHC class I,

MHC class II, GAL9, adenosine, and TGF beta), in a cell, e.g., T cell.

The CRISPR/Cas system, and uses thereof, are described, e.g., in paragraphs 65 -658

of International Publication WO201 5/142675, filed March 3, 2015, which is incorporated by

reference in its entirety.

TALEN to inhibit TCR η 'ο HLA

TALEN" or "TALEN to HLA and/or TCR" or "TALEN to inhibit HLA and/or TCR"

refers to a transcription activator-like effector nuclease, an artificial nuclease which can be used

to edit the HLA and/or TCR gene, and/or an inhibitor}' molecule described herein (e.g., PD1,

PD-Ll , PD-L2, CTLA4, Ή Μ3, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or CEACAM-

5), LAG3, VISTA, BTLA, TIGIT, LAIR1, CD1 60, 2B4, CD80, CD86, B7-H3 (CD276), B7-

H4 (VTCN1), HVEM (TN RS 4 or CD270), KIR, A2aR, MHC class I, MHC class II,

GAL9, adenosine, and TGF beta), in a cell, e.g., T cell.

TALENs, and uses thereof!, are described, e.g., in paragraphs 659-665 of International

Publication WO201 5/1 42675, filed March 13, 2015, which s incorporated by reference in its

entirety.

Zincfinger nuclease to inhibit HLA and/or TCR

"ZFN" or "Zinc Finger Nuclease" or "ZFN to HLA and/or TCR" or "ZFN to inhibit

HLA and/or TCR" refer to a zinc finger nuclease, an artificial nuclease which can be used to

edit the HLA and/or TCR gene, and/or an inhibitory molecule described herein (e.g., PD1, PD-

L , PD-L2, CTLA4, Ί Ί Μ3 , CEACAM (e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5),

LAG3, VISTA, BTLA, TIGIT, LAIR1 , CD 160, 2B4, CD80, CD86, B7-H3 (CD276), B7-H4

(VTCN1), HVEM (TNFRSF14 or CD270), KIR, A2aR, MHC class I, MHC class II, GAL9,

adenosine, and TGF beta), in a cell, e.g., T cell.



ZFNs, and uses thereof, are described, e.g., in paragraphs 666-671 of International

Publication WO201 5/142675, filed March 13, 2015, which is incorporated by reference in its

entirety.

Teiomerase expression

While not wishing to be bound by any particular theory, in some embodiments, a

therapeutic T ceil has short term persistence in a patient, due to shortened telomeres in the T

cell; accordingly, transfection with a teiomerase gene can lengthen the telomeres of the T cell

and improve persistence of the T cell in the patient. See Carl June, "Adoptive T cell therapy

for cancer in the clinic", Journal of Clinical Investigation, 117:1466-1476 (2007). Thus, in an

embodiment, an immune effector cell, e.g., a T cell, ectopically expresses a teiomerase subunit,

e.g., the catalytic subunit of teiomerase, e.g., TERT, e.g., hTERT. In some aspects, this

disclosure provides a method of producing a CAR-expressing cell, comprising contacting a cell

with a nucleic acid encoding a teiomerase subunit, e.g., the catalytic subunit of teiomerase, 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.

in o e aspect, the disclosure features a method of making a population of immune

effector cells (e.g., T cells, NK cells) in an embodiment, the method comprises: providing a

population of immune effector cells (e.g., T cells or NK cells), contacting the population of

immune effector cells with a nucleic acid encoding a CAR; and contacting the population of

immune effector cells with a nucleic acid encoding a teiomerase subunit, e.g., hTERT, under

conditions that allow for CAR and teiomerase expression.

In an embodiment, the nucleic acid encoding the teiomerase subunit is DNA. In an

embodiment, the nucleic acid encoding the teiomerase subunit comprises a promoter capable of

driving expression of the teiomerase subunit.

In an embodiment, hTERT has the ammo acid sequence of GenBank Protein ID

AAC5 1724.1 (Meyerson et a ., "hEST2, the Putative Human Teiomerase Catalytic Subunit

Gene, Is Up-Regulated in Tumor Cells and during Immortalization" Cell Volume 90, Issue 4,

22 August 1997, Pages 785-795) as follows:

MPRAPRCRAVRSLLRSHYREVLPLATFVRRLGPQGWRLVQRGDPAAFRALVAQCLVC

\TWDARPPPAAPSFRQVSCLKELVAR\TQRLCERGAKNVLAFGFALLDGARGGPPEAF

TTSVRSYLPN TDALRGSGAWGLLLRRVGDDVL Ή LLARCALF\ LVAPSCAYQVCG



RSLPLPKRPRRGAAPEPERTPVGQGSWAHPGRTRGPSDRGFCVVSPARPAEEATSLEGA

LSGTRHSHPSVGRQHHAGPPSTSRPPRPWDTPCPPWAETKHFLYSSGDKEQLRPSFLL

SSL^SLTGARRLVETIFLGSRPW^GTPRRLPRLPQRYWQNIRPLFLELLGNHAQCPY

5 GVLLKIHCPLRAAVTPAAGVCAREKPQGSVAAPEEEDTOPRRLVQLLRQHSSPWQVY

GF ¾ ACLRRL PG

I . SPG\ G( l .Rl- I. !X ! IWl .\ !SY YY \ l.\ . .RS - YT - T'Q K . T Y ' R

KSYAVSKLQSIGIRQHLKRVQLREL^

DYWGARTFRREKRAERLTSRVKALFSVLNYERARRPGIXGASVLGLDDIHR^

10 VL AQD PPELYFV ^ V GAY Q LTEV AS K Q YC RRYA VQKAA

HGHVRKAFKSHVSTLTDLQPYMRQFVAHLQETSPLRDAVVIEQSSSLNEASSGLFDW

LRFMCHHA\TtntGKSYVQCQGIPQGSILSTLLCSLCY

DFLLVTPHLTHAKTFLRTLVTiG

GLFPWCGLLLDTRTLEVQSDYSSYARTSIRASLTFNRGFKAGRNMRRKLFG\XRLKCH

s SLFLDLQVNSLQTVCTNIYKILLL^

CYSILKAKNAGMSLGAKGAAGPLPSEAVQWLCHQAFLLKLTRHRVTYVPLLGSLRTA

QTQLSRKLPGTTLTALEAAANPALPSDFKTILD (SEQ ID NO: 110)

In an embodiment, the hTERT has a sequence at least 80%, 85%, 90%, 95%, 96 , 97%,

98%, or 99% identical to the sequence of SEQ ID NO: 110. In an embodiment, the hTERT has

0 a sequence of SEQ ID NO: 0 . In an embodiment, the hTERT comprises a deletion (e.g., of

no more than 5, 10, 5, 20, or 30 amino acids) at the N-terminus, the C-terminus, or both. In an

embodiment, the hTERT comprises a transgenic amino acid sequence (e.g., of no more than 5,

10, 15, 20, or 30 amino acids) at the N-terminus, the C-terminus, or both.

In an embodiment, the hTERT is encoded by the nucleic acid sequence of GenBank

5 Accession No. AF018167 (Meyerson et al., "hEST2, the Putative Human Telomerase Catalytic

Subunit Gene, Is Up-Regulated in Tumor Cells and during Immortalization" Cell Volume 90,

Issue 4, 22 August 1997, Pages 785-795) as follows:

1 caggcagcgt ggtcctgctg cgcacgtggg aagccctggc cccggccacc cccgcgatgc

6 cgcgcgctcc ccgctgccga gccgtgcgct ccctgctgcg cagccactac cgcgaggtgc

30 121 tgccgctggc cacgttcgtg cggcgcctgg ggccccaggg ctggcggctg gtgcagcgcg

8 1 gggacccggc ggctttccgc gcgctggtgg cccagtgcct ggtgtgcgtg ccctgggacg



241 eacggccgce ccccgccgcc ccctccttcc gccaggtgtc ctgcctgaag gagctggtgg

301 cccgagtgct gcagaggctg tgcgagcgcg gcgcgaagaa cgtgctggcc ttcggcttcg

361 cgctgctgga cggggcccgc gggggccccc ccgaggcctt caccaccagc gtgcgcagct

421 acctgcccaa cacggtgacc gacgcactgc gggggagcgg ggcgtggggg ctgctgttge

481 gccgcgtggg cgacgacgtg ctggttcacc tgctggcaeg ctgcgcgctc tttgtgctgg

54 tggctcccag ctgcgcctac eaggtgtgeg ggccgccgct gtaccagctc ggcgctgcca

601 etcaggeccg gcccccgcca cacgctagtg gaccccgaag gcgtctggga tgcgaacggg

66 cctggaacca tagcgtcagg gaggccgggg teccectggg cctgccagcc ccgggtgcga

721 ggaggcgcgg gggcagtgcc agccgaagtc tgccgttgcc caagaggccc aggcgtggcg

781 ctgcccctga gccggagcgg acgcccgttg ggcaggggtc ctgggcccac ccgggcagga

841 cgcgtggacc gagtgaccgt ggtttctgtg tggtgtcacc tgccagaccc gccgaagaag

901 ccacctcttt ggagggtgcg ctctctggca cgcgccactc ccacccatcc gtgggccgcc

961 agcaccacgc gggcccccca tccacatcgc ggccaccacg tccctgggac acgccttgtc

02 1 ccccggtgta cgccgagacc aagcacttcc tctactcctc aggcgacaag gagcagctgc

08 1 ggccctcctt cctactcagc tctctgaggc ccagcctgac tggcgctcgg aggctcgtgg

1141 agaccatctt tctgggttcc aggccctgga tgccagggac tccccgcagg ttgccccgcc

1201 tgccccagcg ctactggcaa atgcggcccc tgtttctgga gctgcttggg aaccacgcgc

1261 agtgccccta cggggtgctc ctcaagacgc actgcccgct gcgagctgcg gtcaccccag

2 1 cagccggtgt ctgtgcccgg gagaagcccc agggctctgt ggcggccccc gaggaggagg

1381 acacagaccc ccgtcgcctg gtgcagctgc tccgccagca cagcagcccc tggcaggtgt

1441 acggcttcgt gcgggcctgc ctgcgccggc tggtgccccc aggcctctgg ggctccaggc

1501 acaacgaacg ccgcttcctc aggaacacca agaagttcat ctccctgggg aagcatgcca

1561 agctctcgct gcaggagctg acgtggaaga tgagcgtgcg gggctgcgct tggctgcgca

1621 ggagcccagg ggttggctgt gttccggccg cagagcaccg tctgcgtgag gagatcctgg

1681 ccaagttcct gcactggctg atgagtgtgt acgtcgtcga gctgctcagg tctttctttt

74 1 atgtcacgga gaccacgttt caaaagaaca ggctcttttt ctaccggaag agtgtctgga

1801 gcaagttgca aagcattgga atcagacagc acttgaagag ggtgcagctg cgggagctgt

86 1 cggaagcaga ggtcaggcag catcgggaag ccaggcccgc cctgctgacg tccagactcc

1921 gcttcatccc caagcctgac gggctgcggc cgattgtgaa catggactac gtcgtgggag

98 1 ccagaacgtt ccgcagagaa aagagggccg agcgtctcac ctcgagggtg aaggcactgt

2041 tcagcgtgct caactacgag cgggcgcggc gccccggcct cctgggcgcc tctgtgctgg

2101 gcctggacga tatccacagg gcctggcgca ccttcgtgct gcgtgtgcgg gcccaggacc



2 61 cgccgcctga gctgtacttt gtcaaggtgg atgtgacggg cgcgtacgac accatccccc

2221 aggacaggct cacggaggtc atcgccagca tcatcaaace ccagaacacg tactgegtgc

2281 gtcggtatgc cgtggtccag aaggccgccc atgggcacgt ccgcaaggcc ttcaagagcc

2341 acgtctctac cttgacagac ctccagccgt acatgcgaca gttcgtggct cacctgcagg

240 agaccagccc gctgagggat gccgtcgtca tcgagcagag ctcctccctg aatgaggcca

2461 gcagtggcct cttcgacgtc ttcctacgct tcatgtgcca ccacgccgtg cgcatcaggg

2521 gcaagtccta cgtccagtgc caggggatcc cgcagggctc catcctctcc acgctgctct

2581 gcagcctgtg ctacggcgac atggagaaca agctgtttgc ggggattcgg cgggacgggc

2641 tgctcctgcg tttggtggat gatttcttgt tggtgacacc tcacctcacc cacgcgaaaa

2701 ccttcctcag gaccctggtc cgaggtgtcc ctgagtatgg ctgcgtggtg aacttgcgga

2761 agacagtggt gaacttccct gtagaagacg aggccctggg tggcacggct tttgttcaga

2821 tgccggccca cggcctattc ccctggtgcg gcctgctgct ggatacccgg accctggagg

2881 tgcagagcga ctactccagc tatgcccgga cctccatcag agccagtctc accttcaacc

2941 gcggcttcaa ggctgggagg aacatgcgtc gcaaactctt tggggtcttg cggctgaagt

3001 gtcacagcct gtttctggat ttgcaggtga acagcctcca gacggtgtgc accaacatct

3061 acaagatcct cctgctgcag gcgtacaggt ttcacgcatg tgtgctgcag ctcccatttc

3121 atcagcaagt ttggaagaac cccacatttt tcctgcgcgt catctctgac acggcctccc

31 1 tctgctactc catcctgaaa gccaagaacg cagggaigtc gctgggggcc aagggcgccg

3241 ccggccctct gccctccgag gccgtgcagt ggctgtgcca ccaagcattc ctgctcaagc

3301 tgactcgaca ccgtgtcacc tacgtgccac tcctggggtc actcaggaca gcccagacgc

3361 agctgagtcg gaagctcccg gggacgacgc tgactgccct ggaggccgca gccaacccgg

3421 cactgccctc agacttcaag accatcctgg actgatggcc acccgcccac agccaggccg

3481 agagcagaca ccagcagccc tgtcacgccg ggctctacgt cccagggagg gaggggcggc

3541 ccacacccag gcccgcaccg ctgggagtct gaggcctgag tgagtgtttg gccgaggcct

3601 gcatgtccgg ctgaaggctg agtgtccggc tgaggcctga gcgagtgtcc agccaagggc

3661 tgagtgtcca gcacacctgc cgtcttcact tccccacagg ctggcgctcg gctccacccc

3721 agggccagct tttcctcacc aggagcccgg cttccactcc ccacatagga atagtccatc

3781 cccagattcg ccattgttca cccctcgccc tgccctcctt tgccttccac ccccaccatc

38 1 caggtggaga ccctgagaag gaccctggga gctctgggaa tttggagtga ccaaaggtgt

3901 gccctgtaca caggcgagga ccctgcacct ggatgggggt ccctgtgggt caaattgggg

3961 ggaggtgctg tgggagtaaa atactgaata tatgagtttt tcagttttga aaaaaaaaaa

4021 aaaaaaa (SEQ ID NO: 1)



In an embodiment, the hTERT is encoded by a nucleic acid having a sequence at least

80%, 85%, 90%, 95%, 96, 97%, 98%, or 99% identical to the sequence of SEQ ID NO: 1 1 1. In

an embodiment, the hTERT is encoded by a nucleic acid of SEQ ID NO: 111.

Activation a d Expansion of Immune Effector Cells (e.g., T Cells)

Immune effector cells, such as T cells, may be activated and expanded generally using

methods as described, for example, in U.S. Patents 6,352,694; 6,534,055; 6,905,680;

6,692,964; 5,858,358; 6,887,466; 6,905,681; 7,144,575; 7,067,318; 7,172,869; 7,232,566;

7,175,843; 5,883,223; 6,905,874; 6,797,514; 6,867,041; and U.S. Patent Application

Publication No. 20060121005.

Generally, a population of immune effector cells, e.g., T cells may be 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 costimulatory molecule on the surface of the

immune effector cells, e.g., T cells. In particular, T cell populations 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 cells.

To stimulate proliferation of either CD4+ T cells or CD8+ T cells, an anti-CD3 antibody and an

anti-CD28 antibody. Examples of an anti-CD28 antibody include 9.3, B-T3, XR-CD28

(Diaclone, Besancon, France) can be used as can other methods commonly known in the art

(Berg e al.. Transplant Proc. 30(8):3975-3977, 1998; Haanen et a , J . Exp. Med.

190(9): 13 9 328, 1999; Garland et al., J . Immunol Meth. 227(1 -2): 53-63, 1999).

In certain aspects, the primary stimulatory signal and the costimulatory signal for the T

cell 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

aspect, the agent providing the costimulatory 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 aspects,

both agents can be in solution. In one aspect, 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, U.S. Patent Application

Publication Nos. 20040101519 and 20060034810 for artificial antigen presenting cells (aAPCs)

that are contemplated for use in activating and expanding T cells in the present disclosure.

In one aspect, 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 costimulatory 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 aspect, 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 disclosure, 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 aspect an increase of

from about 1 to about 3 fold is observed as compared to the expansion observed using a ratio of

1:1. In one aspect, the ratio of CD3 :CD28 antibody bound to the beads ranges from 00: to

1:100 and all integer values there between. In one aspect of the present disclosure, 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 aspects 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 aspect, a 1:100 CD3:CD28

ratio of antibody bound to beads is used. In one aspect, a 1:75 CD3:CD28 ratio of antibody

bound to beads is used. In a further aspect, a 1:50 CD3:CD28 ratio of antibody bound to beads

is used. In one aspect, a 1:30 CD3:CD28 ratio of antibody bound to beads is used. In one

preferred aspect, a 1:10 CD3:CD28 ratio of antibody bound to beads is used. In one aspect, a

1:3 CD3:CD28 ratio of antibody bound to the beads is used. In yet one aspect, 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 ar 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 aspects the ratio of cells to particles ranges from : 00 to 00: 1 and any



integer values in-between and in further aspects 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 ceils 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 particles per T cell. In one aspect, a ratio of particles to cells of 1:1 or less s used.

In one particular aspect, a preferred particle: cell ratio is 1:5. In further aspects, the ratio of

particles to cells can be varied depending on the day of stimulation. For example, in one aspect,

the ratio of particles to cells s from :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 0 days, at final ratios of

from 1 : 1 to 1:10 (based on cell counts on the day of addition). In one particular aspect, the ratio

of particles to cells is 1:1 on the first day of stimulation and adjusted to 1:5 on the third and

fifth days of stimulation. In one aspect, particles are added on a daily or every other day basis

to a final ratio of :1 on the first day, and :5 o the third and fifth days of stimulation in o e

aspect, the ratio of particles to cells s 2 : on the first day of stimulation and adjusted to 1:10 on

the third and fifth days of stimulation. In one aspect, particles are added on a daily or every

other day basis to a final ratio of 1: on the first day, and :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 the present disclosure. In particular, ratios will vary depending on particle size and on

cell size and type. In one aspect, the most typical ratios for use are in the neighborhood of 1:1,

2 : and 3:1 on the first day.

In further aspects of the present disclosure, the cells, such as T cells, are combined with

agent-coated beads, the beads and the cells are subsequently separated, and then the cells are

cultured. In an alternative aspect, prior to culture, the agent-coated beads and ceils are not

separated but are cultured together. In a further aspect, the beads and ceils 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 ig ed by allowing paramagnetic

beads to which anti-CD3 and anti-CD28 are attached (3x28 beads) to contact the T cells. In one

aspect 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, for example

PBS (without divalent cations such as, calcium and magnesium). Again, those of ordinary skill



in the art can readily appreciate any ce l 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 ceil of interest. Accordingly, any ceil number is within the

context of the present disclosure. In certain aspects, 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

aspect, a concentration of about 2 billion cells/ml is used. In one aspect, greater than 00

million cells/ml is used. In a further aspect, a concentration of cells of 10, 15, 20, 25, 30, 35,

40, 45, or 50 million cells/ml is used. In yet one aspect, a concentration of cells from 75, 80, 85,

90, 95, or 100 million cells/ml is used n further aspects, concentrations of 125 or 150 million

cells/ml can be used. Using high concentrations can result in increased cell yield, cell

activation, and ce l 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 ceils may have therapeutic value and would be desirable to obtain in

certain aspects. For example, using high concentration of cells allows more efficient selection

of CD8+ T ceils that normally have weaker CD28 expression.

In one embodiment, cells transduced with a nucleic acid encoding a CAR, e.g., a CAR

described herein, are expanded, e.g., by a method described herein. In one embodiment, the

cells are expanded in culture for a period of several hours (e.g., about 2, 3, 4, 5, 6, 7, 8, 9, 10,

15, 18, 2 1 hours) to about 14 days (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 days). In

one embodiment, the cells are expanded for a period of 4 to 9 days. In one embodiment, the

cells are expanded for a period of 8 days or less, e.g., 7, 6 or 5 days. In one embodiment, the

cells, e.g., a CAR-expressing ceil described herein, are expanded in culture for 5 days, and the

resulting ceils are more potent than the same cells expanded in culture for 9 days under the

same culture conditions. Potency can be defined, e.g., by various T ceil functions, e.g.

proliferation, target cell killing, cytokine production, activation, migration, or combinations

thereof. In one embodiment, the cells, e.g., a CAR-expressing cell described herein, expanded

for 5 days show at least a one, two, three or four fold increase in cells doublings upon antigen

stimulation as compared to the same cells expanded in culture for 9 days under the same culture

conditions. In one embodiment, the cells, e.g., the cells expressing a CAR described herein, are

expanded in culture for 5 days, and the resulting cells exhibit higher proinflammatory cytokine

production, e.g., IFN-γ and/or GM-CSF levels, as compared to the same ceils expanded in



culture for 9 days under the same culture conditions. In one embodiment, the cells, e.g., a

CAR-expressing cell described herein, expanded for 5 days show at least a one, two, three,

four, five, tenfold or more increase in pg/'m of proinflammatory cytokine production, e.g., IFN-

γ and/or GM-CSF levels, as compared to the same cells expanded in culture for 9 days under

the same culture conditions.

In one aspect of the present disclosure, the mixture may be cultured for several hours

(about 3 hours) to about 4 days or any hourly integer value in between. In one aspect, the

mixture may be cultured for 2 1 days. In one aspect of the invention the beads and the T cells

are cultured together for about eight days. In one aspect, 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 640 or, X-vivo 5, (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-γ , IL-4, IL-7, GM-CSF, IL-10, IL-

1 , IL-1 5, TGF , 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 , 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% C0 2) .

In one embodiment, the cells are expanded in an appropriate media (e.g., media

described herein) that includes one or more interleukin that result in at least a 200-fold (e.g.,

200-fold, 250-fold, 300-fold, 350-fold) increase in cells over a 14 day expansion period, e.g., as

measured by a method described herein such as flow cytometry. In one embodiment, the cells

are expanded in the presence IL-1 5 and/or IL-7 (e.g., IL-1 5 and IL-7).

In embodiments, methods described herein, e.g., CAR-expressing cell manufacturing

methods, comprise removing T regulatory cells, e.g., CD25+ T cells, from a cell population,



e.g., using an anti-CD25 antibody, or fragment thereof, or a CD25-bmding ligand, IL-2.

Methods of removing T regulatory cells, e.g., CD25+ T cells, from a cell population are

described herein. In embodiments, the methods, e.g., manufacturing methods, further comprise

contacting a cell population (e.g., a cell population in which T regulatory cells, such as CD25+

T cells, have been depleted; or a cell population that has previously contacted an anti~CD25

antibody, fragment thereof!, or CD25-binding ligand) with IL-15 and/or IL-7. For example, the

cell population (e.g., that has previously contacted an anti~CD25 antibody, fragment thereof, or

CD25-binding ligand) is expanded in the presence of IL-15 and/or IL-7.

In some embodiments a CAR-expressing cell described herein is contacted with a

composition comprising a interleukin-15 (IL-15) polypeptide, a interleukin- 15 receptor alpha

(IL-15Ra) polypeptide, or a combination of both a IL-15 polypeptide and a IL-15Ra

polypeptide e.g., hetIL-15, during the manufacturing of the CAR-expressing cell, e.g., ex vivo.

In embodiments, a CAR-expressing cell described herein is contacted with a composition

comprising a IL-15 polypeptide during the manufacturing of the CAR-expressing cell, e.g., ex

vivo. In embodiments, a CAR-expressing cell described herein is contacted with a composition

comprising a combination of both a IL-15 polypeptide and a IL-15 Ra polypeptide during the

manufacturing of the CAR-expressing cell, e.g., ex vivo. In embodiments, a CAR-expressing

cell described herein is contacted with a composition comprising hetIL-15 during the

manufacturing of the CAR-expressing cell, e.g., ex vivo.

In one embodiment the CAR-expressing cell described herein is contacted with a

composition comprising hetIL-15 during ex vivo expansion. In an embodiment, the CAR-

expressing cell described herein is contacted with a composition comprising an IL-15

polypeptide during ex vivo expansion. In an embodiment, the CAR-expressing cell described

herein is contacted with a composition comprising both an IL-15 polypeptide and an IL-15Ra

polypeptide during ex vivo expansion. In one embodiment the contacting results in the survival

and proliferation of a lymphocyte subpopulation, e.g., CD8+ T cells.

In one embodiment, the cells are cultured (e.g., expanded, simulated, and/or transduced)

in media comprising serum. The serum may be, e.g., human AB serum (hAB). In some

embodiments, the hAB serum is present at about 2%, about 5%, about 2-3%, about 3-4%, abou

4-5%, or abou 2-5%. 2% and 5% serum are each suitable levels that allow for many fold

expansion of T cells. Furthermore, as shown in Smith et al., "Ex vivo expansion of human T

cells for adoptive immunotherapy using the novel Xeno-free CTS Immune Cell Serum



Replacement" Clinical & Translational Immunology (2015) 4, e31; doi:10.1038/cti.2014.31,

medium containing 2% human AB serum is suitable for ex vivo expansion of T cells.

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 CDS 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 some embodiments, cells transduced with a nucleic acid encoding a CAR, e.g., a

CAR described herein, can be selected for administration based upon, e.g., protein expression

levels of one or more of CCL20, GM-CSF, FN , IL-10, L- 3, IL-17a, IL-2, IL-21, IL-4, L-5,

IL-6, IL-9, TNFa and/or combinations thereof. In some embodiments, cells transduced with a

nucleic acid encoding a CAR, e.g., a CAR described herein, can be selected for administration

based upon, e.g., protein expression levels of CCL20, IL-17a, IL-6 and combinations thereof.

Once a TA CAR is constructed, various assays can be used to evaluate the activity of

the molecule, such as but not limited to, the ability to expand T cells following antigen

stimulation, sustain T cell expansion in the absence of re-stimulation, and anti-cancer activities

in appropriate in vitro and animal models. Assays to evaluate the effects of a TA CAR or a cell

expressing both a BCA CAR and a TA CAR (e.g., a cell of the invention) are described in

further detail in paragraphs 695-703 of International Publication WO201 5/142675, filed March

13, 2015, which is incorporated by reference in its entirety.

Once a BCA CAR is constructed, various assays can be used to evaluate the activity of

the molecule, such as but not limited to, the ability to deplete B cells (or other preferred

populations) in appropriate in vitro and animal models, and the ability to persist upon exposure



to B cells. Assays to evaluate the effects of a BCA CAR or a cell expressing both a BCA CAR

and a TA CAR (e.g., a cell of the invention) are described in further detail below.

For example, the cytotoxicity assay described above can be modified to evaluate the

cytotoxic activity of a BCA CAR-expressing ceil (e.g., a cell expressing both a BCA CAR and

a TA CAR) in vitro. Cells of the invention (e.g., a cell expressing both a BCA CAR and a TA

CAR) can be mixed with target cells, e.g., cells expressing the B cell antigen targeted by the

BCA CAR, at varying ratios of effector to target (E:T). After sufficient incubation to allow

cell-mediated cytolvsis the supernatant from each ratio sample is harvested and then measured

for released 51Cr. To monitor cell-mediated persistence or proliferation, the cells of the

invention can be monitored by, for example, flow cytometry.

Furthermore, animal models similar to those described above can be administered a cell

of the invention (e.g., a ce expressing both a BCA CA and a TA CAR), to evaluate the

ability of the cell, including its ability to persist and/or proliferate to a greater degree or for a

longer time than the same cell which does not express the BC CAR.

Some methods for treating a disease associated with the expression of a tumor antigen

with CAR therapy have had variable success, in part due to stimulation of the immune response

of the subject to the CAR-expressing cells which can result in subsequent rejection of the CAR-

expressing cells, and/or adverse response to the CAR-expressing cells.

In one aspect, the present disclosure provides methods for treating a disease associated

with expression of a tumor antigen, e.g., a cancer, described herein, by administering a cell of

the invention (e.g., a cell expressing both a BCA CAR and a TA CAR). In some embodiments,

in some embodiments, the therapy with the cell of the invention is preceded by, or

accompanied by, lymphodepleting therapy. In other embodiments, the therapy with the cell of

the invention is not preceded by, or accompanied by, lymphdepleting therapy, e.g., the subject

is not administered lymphodepleting therapy 1 year, 9 months, 6, months, 3 months, 2 months,

1 month, 4 weeks, 3 weeks, 2 weeks, 1 week, 6 days, 5 days, 4 days, 3 days, 2 days, 1 day, or

fewer months, weeks or days than any of the foregoing, prior to administration of the cell of the

invention. Suitable examples of lymphodepleting agents include, but are not limited to,



fludarabine and cyclophosphamide, and are further described in the section entitled

"Combination Therapies".

In another aspect, the present disclosure provides methods for treating a cancer, e.g., a

solid tumor described herein, by administering an immune effector cell comprising (e.g.,

engineered to express) a TA CAE, e.g., a mesothelin CAR (as described herein) or EGFRvIII

CAR (as described herein), and comprising (e.g., engineered to express) a BCA CAR, e.g., a

CD 19 CAR (as described herein) or a BCMA CAR (as described herein), as described herein.

In embodiments, the cell therapy may be administered with an anti-cancer therapeutic agent

described herein. In one embodiment, the anti-cancer therapeutic agent is a chemotherapeutic

agent, e.g., as described in the section titled "Combination Therapies". In another embodiment,

the anti-cancer therapeutic agent is a therapeutic agent which treats a solid tumor.

in another aspect, the present disclosure provides methods for treating a cancer, e.g., a

myeloid tumor described herein, by administering an immune effector cell comprising (e.g.,

engineered to express) a TA CAR, e.g., a CD 123 CAR (as described herein), a CD33 CAR (as

described herein) or CLL-1 CAR (as described herein), and comprising (e.g., engineered to

express) a BCA CAR, e.g., a CD19 CAR (as described herein) or a BCMA CAR (as described

herein), as described herein. In embodiments, the cell therapy may be administered with an

anti-cancer therapeutic agent described herein. In one embodiment, the anti-cancer therapeutic

agent is a chemotherapeutic agent, e.g., as described in the section titled "Combination

Therapies". In another embodiment, the anti-cancer therapeutic agent is a therapeutic agent

which treats a myeloid tumor.

Administered "in combination", as used herein, means that two (or more) different

treatments are delivered to the subject during the course of the subject's affliction with the

disorder, e.g., the two or more treatments are delivered after the subject has been diagnosed

with the disorder and before the disorder has been cured or eliminated or treatment has ceased

for other reasons. In some embodiments, the delivery of one treatment is still occurring when

the delivery of the second begins, so that there is overlap in terms of administration. This is

sometimes referred to herein as "simultaneous" or "concurrent delivery". In other

embodiments, the deliver}' of one treatment ends before the delivery of the other treatment

begins. In some embodiments of either case, the treatment is more effective because of

combined administration. For example, the second treatment is more effective, e.g., an

equivalent effect s seen with less of the second treatment, or the second treatment reduces



symptoms to a greater extent, than would be seen if the second treatment were administered in

the absence of the first treatment, or the analogous situation is seen with the first treatment. In

some embodiments, delivery is such that the reduction in a symptom, or other parameter related

to the disorder is greater than what would be observed with one treatment delivered in the

absence of the other. The effect of the two treatments can be partially additive, wholly additive,

or greater than additive. The delivery can be such that an effect of the first treatment delivered

is still detectable when the second is delivered.

Anti-Cancer Therapy

In one aspect, the present disclosure provides methods of treating a disease, e.g., cancer,

by providing to the subject in need thereof a cell of the invention, e.g., an immune effector cell

(e.g., T cells, N cells) that comprises (e.g., is engineered to express) a TA CAR described

herein, and a BCA CAR described herein, wherein the diseased cells, e.g., cancer cells, express

a tumor antigen, e.g., a tumor antigen targeted by the TA CAR

Without wishing to be bound by any particular theory, the anti-tumor immunity

response elicited by the CAR-expressing cell of the invention may be an active or a passive

immune response, or alternatively may be due to a direct vs indirect immune response. In one

aspect, the CAR-expressing cell of the invention exhibits specific proinflammatory cytokine

secretion and potent cytolytic activity in response to human cancer cells expressing the tumor

antigen descnbed herein, resist inhibition by soluble tumor antigen as described herein, mediate

bystander killing and mediate regression of an established human tumor. For example, antigen-

less tumor cells with a heterogeneous field of antigen-positive tumor cells may be susceptible

to indirect destruction by the CAR-expressing cell of the invention that has previously reacted

against the adjacent antigen-positive tumor cells.

In one embodiment, the present disclosure provides methods for inhibiting the

proliferation or reducing the population of cancer cells expressing a tumor antigen described

herein, the methods comprising contacting a tumor antigen described herein-expressing cancer

cell population with a cell of the invention, e.g., an immune effector cell (e.g., T cells, NK

cells) that comprises (e.g., is engineered to express) a TA CAR described herein, and a BCA

CAR described herein, that binds to a tumor antigen described herein-expressing cell. In

certain embodiments, a cell of the invention, e.g., an immune effector cell (e.g., T cells, NK

cells) that comprises (e.g., is engineered to express) a TA CAR described herein, and a BCA



CAR described herein, reduces the quantity, number, amount or percentage of ceils and/or

cancer cells by at least 25%, at least 30%, at least 40%, at least 50%, at least 65%, at ieast 75%,

at least 85%, at ieast 95%, or at least 99% in a subject with or animal model of a cancer

associated with the expression of a tumor antigen as described herein, relative to a negative

control. In one aspect, the subject is a human.

The present disclosure also provides methods for preventing, treating and/or managing a

disease associated with a tumor antigen described herein. These methods comprise

administering to a subject in need thereof a cell of the invention, e.g., an immune effector cell

(e.g., T cells, N cells) that comprises (e.g., is engineered to express) a TA CAR described

herein, and a BCA CAR described herein, that binds to a tumor antigen-expressing cell.

The present disclosure provides methods for preventing relapse of a cancer associated

with a tumor antigen as described herein, the methods comprising administering to a subject in

need thereof a cell of the invention, e.g., an immune effector cell (e.g., T cells, cells) that

comprises (e.g., s engineered to express) a TA CAR described herein, and a BCA CAR

described herein, that binds to a tumor antigen-expressing cell Without being bound by theory,

it is believed that expression of a BCA CAR on the cell of the invention allows the cell to

persist longer in vivo, or proliferate to a greater degree in vivo, than an identical cell which

does not express the BCA CAR, thereby allowing for the generation of persisting populations

of cells expressing a TA CAR, which may effectively treat a relapse without another

administration of the cells fo the invention.

In one aspect, the methods comprise administering to the subject in need thereof an

effective amount of a CAR-expressing cell described herein (e.g., a ceil comprising (e.g.,

engineered to express) both a TA CAR and a BCA CAR) that binds to a tumor antigen-

expressing cell in combination with an effective amount of another therapy, e.g., an

administration of a therapy as described in the section titled "Combination Therapies."

In embodiments, administering of the cells of the invention (e.g., a cell comprising (e.g.,

engineered to express) both a TA CAR and a BCA CAR) results in partial or complete

elimination of said tumor cells (e.g., targeted by the TA CAR) and, thereafter, continue to

persist in said subject at a level greater than, or for a length of time longer than, otherwise

identical cells that lack the BCA CAR.

A cell of the invention (e.g., a cell comprising (e.g., engineered to express) both a TA

CAR and a BCA CAR) can stably express a TA CAR molecule that targets a tumor antigen



and/or a BCA CAR molecule. Alternatively, a cell of the invention (e.g., a ceil comprising

(e.g., engineered to express) both a TA CAR and a BCA CAR) can transiently express a TA

CAR molecule that targets a tumor antigen and/or a BCA CAR molecule. In embodiments

where the TA CAR or the BCA CAR, or both the TA CAR and the BCA CAR are transiently

expressed, multiple sequential infusions (e.g., 2, 3, 4, 5, 6, 7, 8, 9 or 10 infusions) of the cell of

the invention may be required to effectively treat or manage the disease associated with

expression of the tumor antigen. In some embodiments, stable expression of both the BCA

CAR and the TA CAR may be preferred for long-term anti-tumor activity. In various aspects,

the cell of the invention, or their progeny, persist in the subject for at least four months, five

months, six months, seven months, eight months, nine months, ten months, eleven months,

twelve months, thirteen months, fourteen month, fifteen months, sixteen months, seventeen

months, eighteen months, nineteen months, twenty months, twenty-one months, twenty-two

months, twenty-three months, two years, three years, four years, or five years after

administration of the cell. In embodiments, such persistence s substantially longer than the

persistence of an otherwise identical cell which does not express a BCA CAR, e.g. , is at least

four months, five months, six months, seven months, eight months, nine months, ten months,

eleven months, twelve months, thirteen months, fourteen month, fifteen months, sixteen

months, seventeen months, eighteen months, nineteen months, twenty months, twenty-one

months, twenty-two months, twenty-three months, two years, three years, four years, or five

years longer than the persistence of an otherwise identical molecule which does not express a

BCA CAR.

In one aspect, the ceil of the invention may be a type of vaccine for ex vivo

immunization and/or in vivo therapy in a mammal. In one aspect, the mammal is a human.

With respect to ex vivo immunization, at least one of the following occurs in vitro prior

to administering the cell into a mammal: i) expansion of the cells, ii) introducing a nucleic acid

encoding a CAR to the cells or iii) eryopreservation of the cells.

E vivo procedures are well known in the art and are discussed more fully below.

Briefly, cells are isolated from a mammal (e.g., a human) and genetically modified (i.e.,

transduced or transfected in vitro) with a vector expressing a CAR disclosed herein. The CAR-

modified cell can be administered to a mammalian recipient to provide a therapeutic benefit.

The mammalian recipient may be a human and the CAR-modified cell can be autologous with



respect to the recipient. Alternatively, the cells can be allogeneic, syngeneic or xenogeneic with

respect to the recipient.

The procedure for ex vivo expansion of hematopoietic stem and progenitor cells is

described in U.S. Pat. No. 5,199,942, incorporated herein by reference, can be applied to the

cells of the present disclosure. Other suitable methods are known in the art, therefore the

present disclosure is not limited to any particular method of ex vivo expansion of the cells.

Briefly, ex vivo culture and expansion of immune effector cells (e.g., T cells, NK cells)

comprises: (1) collecting CD34+ hematopoietic stem and progenitor cells from a mammal from

peripheral blood harvest or bone marrow explants; and (2) expanding such cells ex vivo. In

addition to the cellular growth factors described n U.S. Pat. No. 5,199,942, other factors such

as flt3-L, IL-1, IL-3 and c-kit ligand, can be used for eulturing and expansion of the cells.

Exemplary CAR-expressing cells that target a tumor antigen, e.g., expressing a solid

tumor CAR or a myeloid tumor CAR, are further described herem. Exemplar}' cells of the

invention express a CAR molecule that binds to a tumor antigen described herem, e.g., a solid

tumor associated antigen, a myeloid tumor antigen, or a hematological tumor not of B-Cell

origin, and also express a BCA CAR molecule that binds a B-Cell antigen described herein.

In one embodiment, the cell of the invention comprises (e.g., is engineered to express) a

TA CAR targeting mesothelin, as described herein, and a BCA CAR targeting CD 19, as

described herein. In one embodiment, the cell of the invention comprises (e.g., is engineered to

express) a TA CAR targeting mesothelin, as described herein, and a BCA CAR targeting

BCMA, as described herein. In one embodiment, the cell of the invention comprises (e.g., is

engineered to express) a TA CAR targeting EGFRvIII, as described herein, and a BCA CAR

targeting CD 19, as described herein. In one embodiment, the cell of the invention comprises

(e.g., is engineered to express) a TA CAR targeting EGFRvIII, as described herein, and a BCA

CAR targeting BCMA, as described herein. In one embodiment, the cell of the invention

comprises (e.g., is engineered to express) a TA CAR targeting CD 123, as described herein, and

a BCA CAR targeting CD 19, as described herein. In one embodiment, the cell of the invention

comprises (e.g., is engineered to express) a TA CAR targeting CD 123, as described herein, and

a BCA CAR targeting BCMA, as described herein. In one embodiment, the cell of the

invention comprises (e.g., is engineered to express) a TA CAR targeting CD33, as described

herein, and a BCA CAR targeting CD 19, as described herein. In one embodiment, the cell of

the invention comprises (e.g., s engineered to express) a TA CAR targeting CD33, as



described herein, and a BCA CAR targeting BCMA, as described herein. In one embodiment,

the cell of the invention comprises (e.g., is engineered to express) a TA CAR targeting CLL-1,

as described herein, and a BCA CAR targeting CD 19, as described herein. In one embodiment,

the cell of the invention comprises (e.g., is engineered to express) a TA CAR targeting CLL-1,

as described herein, and a BCA CAR targeting BCMA, as described herein. Other

embodiments are described herein as well.

Diseases associated with expression of a tumor antigen

The methods described herein relate to treating diseases associated with expression of a

tumor antigen. A disease associated with expression of a tumor antigen may be a cancer or

other proliferative disease, such as an atypical and/or non-classical cancer, malignancy, or

precancerous condition, e.g., a hyperplasia, myelodysplasia, a myelodypslastic syndrome, or a

preleukemia, associated with expression of the tumor antigen. Non-cancer related indications

associated with expression of a tumor antigen as described herein include, but are not limited

to, e.g., autimmune disease (e.g., lupus), inflammatory disorders (e.g., allergy and asthma), and

transplantation.

Methods described herein can be used to treat any of the following cancers;

Digestive/gastrointestinal cancers such as anal cancer; bile duct cancer; extrahepatic

bile duct cancer; appendix cancer; carcinoid tumor, gastrointestinal cancer; colon cancer;

colorectal cancer including childhood colorectal cancer; esophageal cancer including childhood

esophageal cancer; gallbladder cancer; gastric (stomach) cancer including childhood gastric

(stomach) cancer; hepatocellular (liver) cancer including adult (primary) hepatocellular (liver)

cancer and childhood (primary) hepatocellular (liver) cancer; pancreatic cancer including

childhood pancreatic cancer; sarcoma, rhabdomyosarcoma; islet cell pancreatic cancer; rectal

cancer; and small intestine cancer;

Endocrine cancers such as islet ceil carcinoma (endocrine pancreas); adrenocortical

carcinoma including childhood adrenocortical carcinoma; gastrointestinal carcinoid tumor;

parathyroid cancer; pheochromocytoma; pituitary tumor; thyroid cancer including childhood

thyroid cancer; childhood multiple endocrine neoplasia syndrome; and childhood carcinoid

tumor;

Eye cancers such as intraocular melanoma; and retinoblastoma;



Musculoskeletal cancers such as Ewing's family of tumors; osteosarcoma/malignant

fibrous histiocytoma of the bone; childhood rhabdomyosarcoma; soft tissue sarcoma including

adult and childhood soft tissue sarcoma; clear cell sarcoma of tendon sheaths; and uterine

sarcoma;

Breast cancer such as breast cancer including childhood and male breast cancer and

pregnancy;

Neurologic cancers such as childhood brain stem glioma; brain tumor; childhood

cerebellar astrocytoma; childhood cerebral astrocvtoma/malignant glioma; childhood

ependymoma; childhood medulloblastoma; childhood pineal and supratentorial primitive

neuroectodermal tumors; childhood visual pathway and hypothalamic glioma; other childhood

brain cancers; adrenocortical carcinoma; central nervous system lymphoma, primary; childhood

cerebellar astrocytoma; neuroblastoma; craniopharyngioma; spinal cord tumors; central

nervous system atypical teratoid/rhabdoid tumor; central nervous system embryonal tumors;

and childhood supratentorial primitive neuroectodermal tumors and pituitary tumor;

Genitourinary cancers such as bladder cancer including childhood bladder cancer; renal

cell (kidney) cancer; ovarian cancer including childhood ovarian cancer; ovarian epithelial

cancer; ovarian low malignant potential tumor; penile cancer; prostate cancer; renal cell cancer

including childhood renal cell cancer; renal pelvis and ureter, transitional cell cancer; testicular

cancer; urethral cancer; vaginal cancer; vulvar cancer; cervical cancer; Wilms tumor and other

childhood kidney tumors; endometrial cancer; and gestational trophoblastic tumor;

Germ cell cancers such as childhood extracranial germ ceil tumor; extragonadal germ

cell tumor; ovarian germ ceil tumor; and testicular cancer;

Head and neck cancers such as lip and oral cavity cancer; oral cancer including

childhood oral cancer; hypopharyngeal cancer; laryngeal cancer including childhood laryngeal

cancer; metastatic squamous neck cancer with occult primary; mouth cancer; nasal cavity and

paranasal sinus cancer; nasopharyngeal cancer including childhood nasopharyngeal cancer;

oropharyngeal cancer; parathyroid cancer; pharyngeal cancer; salivary gland cancer including

childhood salivary gland cancer; throat cancer; and thyroid cancer;

Hematological cancers such as a leukemia or a lymphoma; including, but not limited to,

e.g., one or more acute leukemias including but not limited to, e.g., B-cell acute Lymphoid

Leukemia ("BALL"), T-cell acute Lymphoid Leukemia ("TALL"), acute lymphoid leukemia

(ALL); one or more chronic leukemias including but not limited to, e.g., chronic myelogenous



leukemia (CML), Chronic Lymphoid Leukemia (CLL). Additional hematological cancers

include, but are not limited to, e.g., B ceil prolymphocyte leukemia, blastic plasmacytoid

dendritic cell neoplasm, Burkitt's lymphoma, diffuse large B cell lymphoma, Follicular

lymphoma, Hairy cell leukemia, small cell- or a large cell-follicular lymphoma, malignant

lymphoproliferative conditions, MALT lymphoma, mantle cell lymphoma. Marginal zone

lymphoma, multiple myeloma, myelodysplasia and myelodysplastic syndrome, non-Hodgkin's

lymphoma, plasmablastic lymphoma, plasmacytoid dendritic cell neoplasm, Waldenstrom

macroglobulinemia, and "preleukemia" which are a diverse collection of hematological

conditions united by ineffective production (or dysplasia) of myeloid blood cells, and the like.

Lung cancer such as non-small cell lung cancer; and small cell lung cancer;

Respiratory cancers such as malignant mesothelioma, adult; malignant mesothelioma,

childhood; malignant thymoma; childhood thymoma; thymic carcinoma; bronchial

adenomas/carcinoids including childhood bronchial adenomas/carcinoids; pleuropuimonaiy

blastoma; non-small cell lung cancer; and small cell lung cancer;

Skin cancers such as Kaposi's sarcoma; Merkel cell carcinoma; melanoma; and

childhood skin cancer;

AIDS-reiated malignancies;

Other childhood cancers, unusual cancers of childhood and cancers of unknown primary

site;

and metastases of the aforementioned cancers can also be treated or prevented in

accordance with the methods described herein. Treatment of metastatic cancers, e.g.,

metastatic cancers that express PD-L1 (Iwai et a . (2005) Int. Immunol. 17:133-144) can be

effected using the methods described herein. Exemplary cancers whose growth can be inhibited

include cancers typically responsive to immunotherapy. Additionally, refractory or recurrent

malignancies can be treated using the molecules described herein.

In one embodiment, the present disclosure provides therapy described herein wherein

cells or compostions of the invention is administered to treat a solid tumor, e.g., to inhibit the

growth of a solid tumor. In embodiments the cells comprise a TA CAR molecule that targets,

e.g., binds, to a tumor antigen present on a cell or population of cells in the solid tumor.

Examples of solid tumors that can be treated with methods disclosed herein include

malignancies, e.g., sarcomas, adenocarcinomas, and carcinomas, of the various organ systems,

such as those affecting pancreas, liver, lung, breast, ovary, lymphoid, gastrointestinal (e.g.,



colon), genitourinary tract (e.g., renal, urothelial cells), prostate, and pharynx.

Adenocarcinomas include malignancies such as most colon cancers, rectal cancer, rena -ce

carcinoma, liver cancer, non-small cell carcinoma of the lung, cancer of the small intestine and

cancer of the esophagus. In one embodiment, the solid tumor is a mesothelioma. Metastatic

lesions of the aforementioned cancers can also be treated or prevented using the methods and

compositions of the invention.

In one embodiment, the combination therapy described herein is administered to treat a

CD 19 negative cancer. A CD 9 negative cancer can be characterized by CD 9 loss (e.g., an

antigen loss mutation) or other CD 19 alteration that reduces the level of CD 19 (e.g., caused by

clonal selection of CD 19-negative clones). It shall be understood that a GD 9-negative cancer

need not have 100% loss of CD 19, and may retain some partial CD 19 expression (e.g., retain

some cancer cells that express CD 19).

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, cells) that are engineered

to express an EGFRvillCAR, wherein the cancer cells express EGFRviil. In one embodiment,

the cancer to be treated is glioblastoma.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector ceils (e.g., T cells, NK cells) that are engineered

to express a mesothelmCAR, wherem the cancer ceils express mesothelm. In one embodiment,

the cancer to be treated is mesothelioma, malignant pleural mesothelioma, non-small ceil lung

cancer, small cell lung cancer, squamous cell lung cancer, or large cell lung cancer, pancreatic

cancer, pancreatic ductal adenocarcinoma, pancreatic metatstatic, esophageal adenocarcinoma,

breast cancer, ovarian cancer, colorectal cancer and bladder cancer, or any combination thereof.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector ceils (e.g., T cells, NK cells) that are engineered

to express a GD2CAR, wherein the cancer cells express GD2. In one embodiment, the cancer

to be treated is neuroblastoma.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a TnCAR, wherein the cancer cells express Tn antigen. In one embodiment, the

cancer to be treated is ovarian cancer, colon cancer, breast cancer, or pancreatic cancer.



In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a sTnCAR, wherein the cancer cells express sTn antigen. In one embodiment, the

cancer to be treated is ovarian cancer, colon cancer, breast cancer, or pancreatic cancer.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a PSMACAR, wherein the cancer cells express PSMA. In one embodiment, the

cancer to be treated is prostate cancer.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject n need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a TAG72CAR, wherein the cancer cells express TAG72. In one embodiment, the

cancer to be treated s gastrointestinal cancer.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a CD44v6CAR, wherein the cancer cells express CD44v6. In one embodiment, the

cancer to be treated is cervical cancer, AML, or MM.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector ceils (e.g., T cells, NK cells) that are engineered

to express an EPCAMCAR, wherein the cancer cells express EPCAM. In one embodiment, the

cancer to be treated is gastrointestinal cancer.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector ceils (e.g., T cells, NK cells) that are engineered

to express a KITCAR, wherein the cancer ceils express KIT. In one embodiment, the cancer to

be treated is gastrointestinal cancer.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a IL-13Ra2CAR, wherein the cancer cells express IL-13Ra2. In one embodiment,

the cancer to be treated is glioblastoma.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a CD171CAR, wherein the cancer cells express CD 17 . In one embodiment, the



cancer to be treated is neuroblastoma, ovarian cancer, melanoma, breast cancer, pancreatic

cancer, colon cancers, or NSCLC (non-small cell lung cancer).

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a PSCACAR, wherein the cancer cells express PSCA. In one embodiment, the

cancer to be treated is prostate cancer.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a LewisYCAR, wherein the cancer cells express LewisY. In one embodiment, the

cancer to be treated s ovarian cancer, or AML.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a PDGFR-betaCAR, wherein the cancer cells express PDGFR-beta. In one

embodiment, the cancer to be treated is breast cancer, prostate cancer, GIST (gastrointestinal

stromal tumor), CML, DFSP (dermatofibrosarcoma protuberans), or glioma.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a SSEA-4CAR, wherein the cancer cells express SSEA-4. In one embodiment, the

cancer to be treated is glioblastoma, breast cancer, lung cancer, or stem cell cancer.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector ceils (e.g., T cells, NK cells) that are engineered

to express a Folate receptor alphaCAR, wherein the cancer cells express folate receptor alpha.

In one embodiment, the cancer to be treated is ovarian cancer, NSCLC, endometrial cancer,

renal cancer, or other solid tumors.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express an ERBB2CAR, wherein the cancer cells express ERBB2 (Her2/neu). In one

embodiment, the cancer to be treated is breast cancer, gastric cancer, colorectal cancer, lung

cancer, or other solid tumors.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered



to express a MUC1CAR, wherein the cancer cells express MUC1. In one embodiment, the

cancer to be treated is breast cancer, lung cancer, or other solid tumors.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express an EGFRCAR, wherein the cancer cells express EGFR. In one embodiment, the

cancer to be treated is glioblastoma, SCLC (small cell lung cancer), SCCHN (squamous cell

carcinoma of the head and neck), NSCLC, or other solid tumors.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a NCAMCAR, wherein the cancer cells express NCAM. In one embodiment, the

cancer to be treated is neuroblastoma, or other solid tumors.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a CAIXCAR, wherein the cancer cells express CAIX. In one embodiment, the

cancer to be treated is renal cancer, CRC, cervical cancer, or other solid tumors.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a HMWMAACAR, wherein the cancer cells express EDVTWMAA. In one

embodiment, the cancer to be treated is melanoma, glioblastoma, or breast cancer.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express an o-acetyl-GD2CAR, wherein the cancer cells express o-acetyl-GD2. In one

embodiment, the cancer to be treated is neuroblastoma, or melanoma.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a CLDN6CAR, wherein the cancer cells express CLDN6. In one embodiment, the

cancer to be treated is ovarian cancer, lung cancer, or breast cancer.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a TSHRCAR, wherein the cancer cells express TSHR. In one embodiment, the

cancer to be treated is thyroid cancer, or multiple myeloma.



In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a CD97CAR, wherein the cancer cells express CD97. In one embodiment, the

cancer to be treated is B cell malignancies, gastric cancer, pancreatic cancer, esophageal cancer,

glioblastoma, breast cancer, or colorectal cancer.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a Plysialic acid CAR, wherein the cancer cells express Plysialic acid. In one

embodiment, the cancer to be treated is small cell lung cancer.

in o e aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a PLAC1CAR, wherein the cancer cells express PL C . In one embodiment, the

cancer to be treated is HCC (hepatocellular carcinoma).

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a GloboHCAR, wherein the cancer cells express GloboH. In one embodiment, the

cancer to be treated is ovarian cancer, gastric cancer, prostate cancer, lung cancer, breast

cancer, or pancreatic cancer.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector ceils (e.g., T cells, NK cells) that are engineered

to express a NY-BR-1 CAR, wherein the cancer cells express NY-BR-1. In one embodiment,

the cancer to be treated is breast cancer.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector ceils (e.g., T cells, NK cells) that are engineered

to express a MAD-CT-1CAR, wherein the cancer cells express MAD-CT-1. In one

embodiment, the cancer to be treated is prostate cancer, or melanoma.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a MAD-CT-2CAR, wherein the cancer cells express MAD-CT-2. In one

embodiment, the cancer to be treated is prostate cancer, melanoma.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered



to express a Fos-related antigen 1 CAR, wherein the cancer cells express Fos-related antigen 1.

In one embodiment, the cancer to be treated is glioma, squamous cell cancer, or pancreatic

cancer.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a ML-IAP CAR, wherein the cancer cells express ML-IAP. In one embodiment, the

cancer to be treated is melanoma.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a NA17CAR, wherein the cancer cells express NA17. In one embodiment, the

cancer to be treated is melanoma.

n one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a TRP-2CAR, wherein the cancer cells express TRP-2. In one embodiment, the

cancer to be treated s melanoma.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a CYPIBICAR, wherein the cancer cells express CYPIBI. In one embodiment, the

cancer to be treated is breast cancer, colon cancer, lung cancer, esophagus cancer, skin cancer,

lymph node cancer, brain cancer, or testis cancer.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector ceils (e.g., T cells, NK cells) that are engineered

to express a RAGE- CAR, wherem the cancer ceils express RAGE-1. In one embodiment, the

cancer to be treated is RCC (renal cell cancer), or other solid tumors

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express a human telomerase reverse transcriptaseCAR, wherein the cancer cells express

human telomerase reverse transcriptase. In one embodiment, the cancer to be treated is solid

tumors.

In one aspect, the present disclosure provides methods of treating cancer by providing

to the subject in need thereof immune effector cells (e.g., T cells, NK cells) that are engineered

to express an intestinal carboxyl esteraseCAR, wherem the cancer cells express intestinal



ccaarrbbooxxyyll eesstteerraassee.. IInn oonnee eemmbbooddiimmeenntt,, tthhee ccaanncceerr ttoo bbee ttrreeaatteedd iiss tthhyyrrooiidd ccaanncceerr,, RRCCCC,, CCRRCC

((ccoolloorreeccttaall ccaanncceerr)),, bbrreeaasstt ccaanncceerr,, oorr ootthheerr ssoolliidd ttuummoorrss..

IInn oonnee aassppeecctt,, tthhee pprreesseenntt ddiisscclloossuurree pprroovviiddeess mmeetthhooddss ooff ttrreeaattiinngg ccaanncceerr bbyy pprroovviiddiinngg

ttoo tthhee ssuubbjjeecctt iinn nneeeedd tthheerreeooff iimmmmuunnee eeffffeeccttoorr cceeiillss ((ee..gg..,, TT cceellllss,, NNKK cceellllss)) tthhaatt aarree eennggiinneeeerreedd

ttoo eexxpprreessss aa mmuutt hhsspp7700--22CCAARR,, wwhheerreeiinn tthhee ccaanncceerr cceellllss eexxpprreessss mmuutt hhsspp7700~-22.. IInn oonnee

eemmbbooddiimmeenntt,, tthhee ccaanncceerr ttoo bbee ttrreeaatteedd iiss mmeellaannoommaa..

The CAR-expressing cells (e.g., a cell comprising, e.g., engineered t o express, a T A

CAR and a BCA CAR) described herein may b e used in combination with other known agents

and therapies.

The combination therapy described herein, e.g., comprising a cell o f the invention, can

b e administered in combination with a t least one additional therapeutic agent. I n a n

embodiment, a CAR-expressing cell described herein, and the a t least one additional

therapeutic agent can b e administered simultaneously, in the same o r in separate compositions,

o r sequentially. For sequential administration, the CAR-expressing cell described herein can b e

administered first, and the additional agent can b e administered second, o r the order o f

administration can b e reversed.

I n further aspects, a CAR-expressing cell described herein may b e used in a treatment

regimen in combination with surgery, chemotherapy, radiation, immunosuppressive agents,

such a s cyclosporin, azathioprine, methotrexate, mycophenolate, and FK506, antibodies, o r

other immunoablative agents such a s CAMPATH, anti-CD3 antibodies o r other antibody

therapies, cytoxin, fludarabme, cyclosporin, FK506, rapamycin, mycophenolic acid, steroids,

FR901228, cytokines, irradiation, and peptide vaccine, such a s that described in Izumoto e t al.

2008 J Neurosurg 108:963-971.

I n one embodiment, a CAR-expressing ceil described herein may b e used in

combination with a lyniphodepietmg agent. A n exemplary lymphodepieting agent reduces o r

decreases lymphocytes, e.g., B ceil lymphocytes and/or T cell lymphocytes, prior t o

immunotherapy. Exemplary lymphodepieting agents include fludarabine, cyclophosphamide,

corticosteroids, alemtuzumab, o r total body irradiation (TBI), o r a combination thereof. For

example, a combination o f fludarabine and cyclophosphamide is administered prior t o o r

simultaneously with administration o f a cell o f the invetion described herein.



In one embodiment, a CAR-expressing cell described herein may be used in

combination with an agent that treats B cell aplasia. Persistent B cell aplasia leads to

hypogammaglobulinemia and may increase the risk of infection. Agents for treating B cell

aplasia includes intravenous immunoglobulin (IVIG), e.g., FLEBOGAMMA , GAMUNEX-

C®, PRTVTGEN®, and GAMMAGARD®.

In one embodiment, a CAR-expressing cell described herein can be used in combination

with a chemotherapeutic agent. Exemplary chemotherapeutic agents include an anthracycline

(e.g., doxorubicin (e.g., liposomal doxorubicin)) a vinca alkaloid (e.g., vinblastine, vincristine,

vindesine, vinorelbine), an alkylating agent (e.g., cyclophosphamide, decarbazine, melphalan,

ifosfamide, temozolomide), an immune cell antibody (e.g., alemtuzamab, gemtuzumab,

rituximab, tositumomab), an antimetabolite (including, e.g., folic acid antagonists, pyrimidine

analogs, purine analogs and adenosine deaminase inhibitors (e.g., fludarabine)), an mTOR

inhibitor, a TNFR glucocorticoid induced TNFR related protein (GITR) agonist, a proteasome

inhibitor (e.g., aclacinomycin A, gliotoxin or bortezomib), an immunomodulator such as

thalidomide or a thalidomide derivative (e.g., lenalidomide).

General Chemotherapeutic agents considered for use in combination therapies include

anastrozole (Arimidex®), bicalutamide (Casodex®), bleomycin sulfate (Blenoxane®), busulfan

(Myleran®), busulfan injection (Busulfex®), capecitabine (Xeloda®), N4-pentoxycarbonyl-5-

deoxy-5-fluorocytidine, carboplatin (Paraplatin®), carmustine (BiCNU®), chlorambucil

(Leukeran®), cisplatin (Piatinol®), cladribine (Leustatin®), cyclophosphamide (Cytoxan® or

Neosar®), cytarabine, cytosine arabinoside (Cytosar-U®), cytarabine liposome injection

(DepoCyt®), dacarbazine (DTIC-Dome®), dactinomycin (Actinomycin D, Cosmegan),

daunorubicin hydrochloride (Cerubidine®), daunorubicin citrate liposome injection

(DaunoXome®), dexamethasone, docetaxel (Taxotere®), doxorubicin hydrochloride

(Adriamycin®, Rubex®), etoposide (Vepesid®), fludarabine phosphate (Fludara®), 5-

fluorouracil (Adrucil®, Efudex®), flutamide (Eulexin®), tezacitibine, Gemcitabine

(difluorodeoxycitidine), hydroxyurea (Hydrea®), Idarubicin (Idaniycin®), ifosfamide

(IFEX®), irinotecan (Camptosar®), L-asparaginase (ELSPAR®), leucovorin calcium,

melphalan (Alkeran®), 6-mercaptopurine (Purinethol®), methotrexate (Folex®), mitoxantrone

(Novantrone®), mylotarg, paclitaxel (Taxol®), phoenix (Yttrium90/MX-DTPA), pentostatin,

polifeprosan 20 with carmustine implant (Gliadel®), tamoxifen citrate (Nolvadex®), teniposide

(Vumon®), 6-thioguanine, thiotepa, tirapazamine (Tirazone®), topotecan hydrochloride for



injection (Hycamptin®), vinblastine (Velban®), vincristine (Oncovin®), and vinorelbine

(Navelbine®).

Exemplar}' alkylating agents include, without limitation, nitrogen mustards,

ethylenimine derivatives, alkyl sulfonates, nitrosoureas and triazenes): uracil mustard

(Aminouracil Mustard®, Chlorethaminacil®, Demethyldopan®, Desmethyldopan®,

Haemanthamine®, Nordopan®, Uracil nitrogen mustard®. Uracil!ost®, Uracilmostaza®,

Uramustin®, Uramustine®), chlormethine (Mustargen®), cyclophosphamide (Cytoxan®,

Neosar®, Clafen®, Endoxan®, Procytox®, Revimmune™), ifosfamide (Mitoxana®),

melphalan (Alkeran®), Chlorambucil (Leukeran®), pipobroman (Amedel®, Vercyte®),

triethylenemelamine (Hemel®, Hexalen®, Hexastat®), triethylenethiophosphoramine,

Temozolomide (Temodar®), thiotepa (Thioplex®), busulfan (Busilvex®, Myleran®),

carmustine (BiCNU®), lomustine (CeeNU®), streptozocin (Zanosar®), and Dacarbazine

(DTIC-Dome®). Additional exemplary alkylating agents include, without limitation,

Oxaliplatin (Eloxatin®); Temozolomide (Temodar® and Temodal®); Dactinomycin (also

known as actinomycin-D, Cosmegen®); Melphalan (also known as L-PAM, L-sarcolysin, and

phenylalanine mustard, Alkeran®); Altretamme (also known as hexamethylmelamine (HMM),

Hexalen®); Carmustine (BiCNU®); Bendamustine (Treanda®); Busulfan (Busulfex® and

Myleran®); Carboplatin (Paraplatin®); Lomustine (also known as CCNU, CeeNU®);

Cispiatin (also known as CDDP, Platinol® and Platinol®-AQ); Chlorambucil (Leukeran®);

Cyclophosphamide (Cytoxan® and Neosar®); Dacarbazine (also known as DTIC, DIC and

imidazole carboxamide, DTIC-Dome®); Aitretamine (also known as hexamethylmelamine

(HMM), Hexalen®); Ifosfamide (Ifex®); Prednumustine; Procarbazine (Matulane®);

Mechlorethamine (also known as nitrogen mustard, mustine and mechloroethamine

hydrochloride, Mustargen®); Streptozocin (Zanosar®); Thiotepa (also known as

thiophosphoamide, TESPA and TSPA, Thioplex®); Cyclophosphamide (Endoxan®,

Cytoxan®, Neosar®, Procytox®, Revimmune®); and Bendamustine HC1 (Treanda®).

Exemplary mTOR inhibitors include, e.g., temsirolimus; ridaforolimus (formally known

as deferolimus, (IR,2RAS)~4-[{2R)~2 S.US, 15R, 6E, I8i?, 19R,21R,

23S,24E,26E,28Z,30S,32S,35R)- 1,18-dihydroxy-l 9,30-dimethoxy-15,17,21,23, 29,35-

hexamethyl-2,3,10,14,20-pentaoxo-l l,36-dioxa~4~azatricyclo[30.3.1.0 *'9] hexatriaconta-

16,24,26,28-tetraen-12-yl]propyl]-2-methoxycyclohexyl dimethylphosphinate, also known as

AP23573 and MK8669, and described in PCT Publication No. WO 03/064383); everolimus



(Afimtor® or RADOOl); rapamycin (AY22989, Sirolmius®); simapimod (CAS 164301-51-3):

emsirolimus, (5-{2,4-Bis[(3»S')-3-methylmorpholin-4-yl]pyndo[2J-tf|pyrimidin-7-yl}-2-

methoxyphenyl)methanol (AZD8055); 2-Amino-8 -[tr « ,-4-(2-hydroxyethoxy)cyclohexyl]-6-

(6-methoxy-3-pyridinyl)-4-methyl-pyrido[2,3-i/]pyrimidin-7(8 H )-one (PF04691 502, CAS

1013101-36-4); and-V -[l,4-dioxo-4-[[4-(4-oxo-8-phenyl-4 H -l-benzopyran-2-

yl)mo holinium-4-yl]methoxy]butyl]-L-arginylglycyl-L- α-aspartylL-serine- (SEQ ID NO:

264), inner salt (SF 26, CAS 936487-67-1), and XL765.

Exemplary immunomodulators include, e.g., afutuzumab (available from Roche®);

pegfilgrastim (Neulasta®); lenalidomide (CC-5013, Revlimid®); thalidomide (Thalomid®),

actimid (CC4047); and IRX-2 (mixture of human cytokines including interleukin 1, inter! eukin

2, and interferon γ , C S 95 209-71 -5, availab!e from IRX Therapeutics).

Exemplary anthracyclines include, e.g., doxorubicin (Adriamycin® and Rubex®);

bleomycin (lenoxane®); daunorubicin (dauorubicin hydrochloride, daunomyem, a d

rubidomycin hydrochloride, Cerubidine®); daunorubicin liposomal (daunorubicin citrate

liposome, DaunoXome®); mitoxantrone (DHAD, Novantrone®); epirubicin (Ellence™);

idarubicin (Idamycin®, Idamycin PES®); mitomycin C (Mutamycin®); geldanamycin;

herbimycin; ravidomycin; and desacetylravidomycin.

Exemplary vinca alkaloids include, e.g., vinorelbine tartrate (Navelbine®), Vincristine

(Oncovin®), and Vindesine (Eldisine®)); vinblastine (also known as vinblastine sulfate,

vincaleukoblastine and VLB, Alkaban-AQ® and Velban®); and vinorelbine (Navelbme®).

Exemplary proteosome inhibitors include bortezomib (Velcade®); carfilzomib (PX-

7 1-007, (S )-4-Methy 1-JV-((S) -1-(((S )-4-methyl- 1-((R )-2-methyloxiran-2-y 1)- 1-oxopentan-2-

yl)amino)-l-oxo-3-phenylpropan-2-yl)-2-(( S,)-2-(2-morpholinoacetaniido)-4-

phenylbutanamido)-pentanamide); marizomib (NPI-0052); ixazomib citrate (MLN-9708);

delanzomib (CEP-18770); and 0-Methyl-iV-[(2-methyl-5-thiazolyl)carbonyl]-L-seryl-0-

methyl -N -[(LS)-2-[(2i?)-2-methyl-2-oxiranyl]-2-oxo-l-(phenylmethyl)ethyl]- L-serinamide

(ONX-0912).

In embodiments, a CAR-expressing cell described herein is administered to a subject in

combination with brentuximab. Brentuximab is an antibody-drug conjugate of anti-CD30

antibody and monomethyl auristatin E . In embodiments, the subject has Hodgkin's lymphoma

(HL), e.g., relapsed or refractor)' HL. In embodiments, the subject comprises CD30+ HL. In

embodiments, the subject has undergone an autologous stem cell transplant (ASCT). In



embodiments, the subject has not undergone an ASCT. In embodiments, brentuximab is

administered at a dosage of about 1-3 mg/kg (e.g., about 1-1.5, 1.5-2, 2-2.5, or 2.5-3 mg/kg),

e.g., intravenously, e.g., every 3 weeks.

In embodiments, a CAR-expressing ceil described herein is administered to a subject in

combination with brentuximab and dacarbazine or in combination with brentuximab and

bendamustine. Dacarbazine is an alkylating agent with a chemical name of 5-(3,3-Dimethyl-l-

triazenyl)imidazole~4~carboxamide. Bendamustine is an alkylating agent with a chemical name

of 4-[5-[Bis(2-chloroethyl)amino]-l-methylbenzimidazol-2-yl]butanoic acid. In embodiments,

the subject has Hodgkin's lymphoma (HL). In embodiments, the subject has not previously

been treated with a cancer therapy. In embodiments, the subject is at least 60 years of age, e.g.,

60, 65, 70, 75, 80, 85, or older. In embodiments, dacarbazine s administered at a dosage of

about 300-450 mg/m2 (e.g., about 300-325, 325-350, 350-375, 375-400, 400-425, or 425-450

rag/m ), e.g., intravenously in embodiments, bendamustine is administered at a dosage of

about 75-125 mg/m2 (e.g., 75-100 or 100-125 mg m ', e.g., about 90 mg m ), e.g.,

intravenously. In embodiments, brentuximab s administered at a dosage of about 1-3 mg/kg

(e.g., about 1-1.5, 1.5-2, 2-2.5, or 2,5-3 mg/kg), e.g., intravenously, e.g., every 3 weeks.

In some embodiments, a CAR-expressing cell described herein is administered to a

subject in combination with a CD20 inhibitor, e.g., an anti-CD20 antibody (e.g., an anti-CD20

mono- or bispecific antibody) or a fragment thereof. Exemplary anti-CD20 antibodies include

but are not limited to rituximab, ofatumumab, ocrelizumab, veltuzumab, obinutuzumab, TRU-

0 15 (Trubion Pharmaceuticals), ocaratuzumab, and Prol3 1921 (Genentech). See, e.g., Lim et

a . Haematologica. 95.1(2010):135-43.

In some embodiments, the anti-CD20 antibody comprises rituximab. Rituximab is a

chimeric mouse/human monoclonal antibody IgGl kappa that binds to CD20 and causes

cytolysis of a CD20 expressing cell, e.g., as described in

www.accessdata fda.gov/drugsatfda_docs/label/201 0/1 03705s53 1 lbl.pdf. In embodiments, a

CAR-expressing cell described herein is administered to a subject in combination with

rituximab. In embodiments, the subject has CLL or SLL.

In some embodiments, rituximab is administered intravenously, e.g., as an intravenous

infusion. For example, each infusion provides about 500-2000 mg (e.g., about 500-550, 550-

600, 600-650, 650-700, 700-750, 750-800, 800-850, 850-900, 900-950, 950-1000, 1000-1100,

100-1200, 1200-1300, 1300-1400, 1400-1500, 1500-1600, 1600-1700, 1700-1800, 1800-



00, or 1900-2000 mg) of rituximab. In some embodiments, rituximab is administered at a

dose of 150 mg/m 2 to 750 mg/m , e.g., about 150-175 mg/m 2, 175-200 mg/m 2, 200-225 mg/m 2,

225-250 mg/m 2, 250-300 mg/m 2, 300-325 mg/m 2, 325-350 mg/m 2, 350-375 mg/m 2, 375-400

mg/m 2, 400-425 mg/m 2, 425-450 mg/m 2, 450-475 mg/m 2, 475-500 mg/m 2, 500-525 mg/m 2,

525-550 mg/m 2, 550-575 mg/m 2, 575-600 mg/m 2, 600-625 mg/m 2, 625-650 mg/m 2, 650-675

mg/m', or 675-700 mg/m 2, where m2 indicates the body surface area of the subject. In some

embodiments, rituximab is administered at a dosing interval of at least 4 days, e.g., 4, 7, 14, 21,

28, 35 days, or more. For example, rituximab is administered at a dosing interval of at least 0.5

weeks, e.g., 0.5, 1, 2, 3, 4, 5, 6, 7, 8 weeks, or more. In some embodiments, rituximab is

administered at a dose and dosing interval described herein for a period of time, e.g., at least 2

weeks, e.g., at least 2, 3, 4, 5, 6, 7, 8, 9, 10, , 12, 13, 14, 15, 16, 17, 18, 19, 20 weeks, or

greater. For example, rituximab is administered at a dose and dosing interval described herein

for a total of at least 4 doses per treatment cycle (e.g., at least 4, 5, 6, 7, 8, 9, 0, 11, 1 , 13, 14,

15, 16, or more doses per treatment cycle).

In some embodiments, the anti-CD20 antibody comprises ofatumumab. Ofatumumab is

an anti-CD20 gG1 human monoclonal antibody with a molecular weight of approximately

49 kDa. For example, ofatumumab is generated using transgenic mouse and hybndoma

technology and is expressed and purified from a recombinant murine cell line (NSO). See, e.g.,

www.accessckta.fda.gov/dmgsatfila__docs/label/2009/125326ibl.pdf; and Clinical Trial

Identifier number NCTQ1363128, NCT01515176, NCT01626352, and NCT01397591. In

embodiments, a CAR-expressing cell described herein is administered to a subject in

combination with ofatumumab. In embodiments, the subject has CLL or SIX.

In some embodiments, ofatumumab is administered as an intravenous infusion. For

example, each infusion provides about 150-3000 mg (e.g., about 150-200, 200-250, 250-300,

300-350, 350-400, 400-450, 450-500, 500-550, 550-600, 600-650, 650-700, 700-750, 750-800,

800-850, 850-900, 900-950, 950-1000, 1000-1200, 1200-1400, 1400-1600, 1600-1800, 1800-

2000, 2000-2200, 2200-2400, 2400-2600, 2600-2800, or 2800-3000 mg) of ofatumumab. In

embodiments, ofatumumab is administered at a starting dosage of about 300 mg, followed by

2000 mg, e.g., for about 1 1 doses, e.g., for 24 weeks. In some embodiments, ofatumumab is

administered at a dosing interval of at least 4 days, e.g., 4, 7, 14, 21, 28, 35 days, or more. For

example, ofatumumab is administered at a dosing interval of at least 1 week, e.g., 1, 2, 3, 4, 5,

6, 7, 8, 9, 0, 1, 12, 24, 26, 28, 20, 22, 24, 26, 28, 30 weeks, or more. In some embodiments,



ofatumimiab is administered at a dose and dosing interval described herein for a period of time,

e.g., at least 1 week, e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 22,

24, 26, 28, 30, 40, 50, 60 weeks or greater, or 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 months or

greater, or 1, 2, 3, 4, 5 years or greater. For example, ofattmiumab is administered at a dose

and dosing interval described herein for a total of at leas 2 doses per treatment cycle (e.g., at

least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 2, 3, 14, 5, 16, 8, 20, or more doses per treatment cycle).

In some cases, the anti-CD20 antibody comprises ocrelizumab. Ocrelizumab is a

humanized anti-CD20 monoclonal antibody, e.g., as described in Clinical Trials Identifier Nos.

NCT00077870, NCT01412333, NCT00779220, NCT00673920, NCT01 194570, and Kappos et

al. Lancet 19.378(2011): 1779-87.

In some cases, the anti-CD20 antibody comprises veltuzurnab. Veltuzumab is a

humanized monoclonal antibody against CD20. See, e.g., Clinical Trial Identifier No.

NCT00547066, NCT00546793, NCT01 101581, and Goldenberg et al. Leuk Lymphoma.

51(5)(2010):747-55.

In some cases, the anti-CD20 antibody comprises GA 0 . GA101 (also called

obinutuzumab or RO5072759) is a humanized and glyco-engineered anii-CD20 monoclonal

antibody. See, e.g., Robak. Curr. Opin. Investig. Drugs. 10.6(20Q9):588-96; Clinical Trial

Identifier Numbers: NCT01995669, NCT01 889797, NCT02229422, and NCT01414205; and

www.accessdata.fda.gov/drugsatfda_docs/label/2013/125486s0001bl.pdf.

In some cases, the anti-CD20 antibody comprises AME-133v. AME-133v (also called

LY2469298 or ocaratuzumab) is a humanized IgGl monoclonal antibody against CD20 with

increased affinity for the FcyRIIIa receptor and an enhanced antibody dependent cellular

cytotoxicity (ADCC) activity compared with rituximab. See, e.g., Robak et a . BioDrugs

25.1(2011):13-25; and Forero-Torres et a . Clin Cancer Res. 18.5(2012): 1395-403.

In some cases, the anti-CD20 antibody comprises PR0131921. PR0131921 is a

humanized anti-CD20 monoclonal antibody engineered to have better binding to FcyRIIIa and

enhanced ADCC compared with rituximab. See, e.g., Robak et al. BioDrugs 25. 1(201 1): 13-25;

and Casulo et al. Clin Immunol. 154. (20 4): 37-46; and Clinical Trial Identifier No.

NCT00452127.

In some cases, the anti-CD20 antibody comprises TRU-015. TRU-015 is an anti-CD20

fusion protein derived from domains of an antibody against CD20. TRU-015 is smaller than

monoclonal antibodies, but retains Fc-mediated effector functions. See, e.g., Robak et al.



BioDrugs 25. 1(20 1): 13-25. TRU-01 5 contains an anti-CD20 single-chain variable fragment

(scFv) linked to human IgGl hinge, CH2, and CH3 domains but lacks CHI and CL domains.

In some embodiments, an anti-CD20 antibody described herein is conjugated or

otherwise bound to a therapeutic agent, e.g., a chemotherapeutic agent (e.g., Cytoxan,

fludarabme, histone deacetylase inhibitor, demethylating agent, peptide vaccine, anti-tumor

antibiotic, tyrosine kinase inhibitor, alkylating agent, anti-microtubule or anti-mitotic agent),

anti-allergic agent, anti-nausea agent (or anti-emetic), pain reliever, or cytoprotective agent

described herein.

In embodiments, a CAR-expressing cell described herein is administered to a subject in

combination with a B-cell lymphoma 2 (BCL-2) inhibitor (e.g., venetoclax, also called ABT-

9 or GDC-01 99;) and/or rituximab. In embodiments, a CAR-expressing cell described

herein is administered to a subject in combination with venetoclax and rituximab. Venetoclax

is a small molecule that inhibits the anti-apoptotic protein, BCL-2. The structure of venetoclax

(4-(4-{[2-(4-chlorophenyl)-4,4-dimethylcyclohex-l-en-l-yl]methyl}piperazin-l-yl )-N -({3-

nitro-4-[(tetrahydro-2 H-pyran-4-ylmethyl)amino]phenyl}sulfonyl)-2-(l H -pyrrolo[2,3-

2>]pyridin-5-yloxy)benzamide) is shown below.

In embodiments, the subject has CLL. In embodiments, the subject has relapsed CLL,

e.g., the subject has previously been administered a cancer therapy. In embodiments,

venetoclax is administered at a dosage of about 15-600 n g (e.g., 15-20, 20-50, 50-75, 75-100,

100-200, 200-300, 300-400, 400-500, or 500-600 mg), e.g., daily. In embodiments, rituximab

is administered at a dosage of about 350-550 g m2 (e.g., 350-375, 375-400, 400-425, 425-

450, 450-475, or 475-500 mg/m2), e.g., intravenously, e.g., monthly.

In some embodiments, a CAR-expressing cell described herein is administered in

combination with an oncolytic virus. In embodiments, oncolytic viruses are capable of



selectively replicating in and triggering the death of or slowing the growth of a cancer cell. In

some cases, oncolytic viruses have no effect or a minimal effect on non-cancer cells. An

oncolytic virus includes but is not limited to an oncolytic adenovirus, oncolytic Herpes Simplex

Viruses, oncolytic retrovirus, oncolytic parvovirus, oncolytic vaccinia virus, oncolytic Sinbis

virus, oncolytic influenza virus, or oncolytic RNA virus (e.g., oncolytic reovirus, oncolytic

Newcastle Disease Virus (NDV), oncolytic measles virus, or oncolytic vesicular stomatitis

virus (VSV)).

In some embodiments, the oncolytic virus is a virus, e.g., recombinant oncolytic virus,

described in US201 0/01 78684 Al, which is incorporated herein by reference in its entirety. In

some embodiments, a recombinant oncolytic virus comprises a nucleic acid sequence (e.g.,

heterologous nucleic acid sequence) encoding an inhibitor of an immune or inflammatory

response, e.g., as descnbed in US201 0/0178684 Al , incorporated herein by reference in its

entirety. In embodiments, the recombinant oncolytic virus, e.g., oncolytic NDV, comprises a

pro-apoptotic protein (e.g., apoptin), a cytokine (e.g., GM-CSF, interferon-gamma, interleukin-

(IL-2), tumor necrosis factor-alpha), an immunoglobulin (e.g., an antibody against ED-B

firbonectin), tumor associated antigen, a bispecific adapter protein (e.g., bispecific antibody or

antibody fragment directed against NDV HN protein and a T cell co-stimulatory receptor, such

as CD3 or CD28; or fusion protein between human IL-2 and single chain antibody directed

against NDV HN protein). See, e.g., Zamarin et al. Future Microbiol. 7.3(201 2):347-67,

incorporated herein by reference in its entirety. In some embodiments, the oncolytic virus is a

chimeric oncolytic NDV described in US 8591881 B2, US 2012/0122185 Al, or US

2014/0271677 Al, each of which is incorporated herein by reference in their entireties.

In some embodiments, the oncolytic virus comprises a conditionally implicative

adenovirus (CRAd), which is designed to replicate exclusively in cancer cells. See, e.g.,

Alemany et al. Nature Biotechnoi. 18(2000):723-27. In some embodiments, an oncolytic

adenovirus comprises one described in Table 1 on page 725 of Alemany et al., incorporated

herein by reference in its entirety.

Exemplar)' oncolytic viruses include but are not limited to the following:

Group B Oncolytic Adenovirus (ColoAdl) (PsiOxus Therapeutics Ltd.) (see, e.g., Clinical Trial

Identifier: NCT02053220); ONCOS-102 (previously called CGTG-1 02), which is an

adenovirus comprising granulocyte-macrophage colony stimulating factor (GM-CSF) (Oncos

Therapeutics) (see, e.g., Clinical Trial Identifier: NCT01 598129); VCN-01, which is a



genetically modified oncolytic human adenovirus encoding human PH20 hyaluronidase (VCN

Biosciences, S.L.) (see, e.g., Clinical Trial Identifiers: NCT02045602 and NCT02045589);

Conditionally Replicative Adenovirus CO R-5, which is a virus derived from wild-type

human adenovirus serotype 5 (Had5) that has been modified to selectively replicate in cancer

cells with a deregulated retinoblastoma/E2F pathway (Institut Catala d'Oneologia) (see, e.g.,

Clinical Trial Identifier: NCT01 864759);Celyvir, which comprises bone marrow-derived

autologous mesenchymal stem cells (MSCs) infected with ICO\TR5, an oncolytic adenovirus

(Hospital Infantil Universitario Nino Jesus, Madrid, Spam/ Ramon Alemany) (see, e.g..

Clinical Trial Identifier: NCT01844661);CG0070, which is a conditionally replicating

oncolytic serotype 5 adenovirus (Ad5) in which human E2F-1 promoter drives expression of

the essential E l a viral genes, thereby restricting viral replication and cytotoxicity to Rb

pathway-defective tumor cells (Cold Genesys, Inc.) (see, e.g., Clinical Trial Identifier:

NCT02 4 3 804); orDNX-2401 (formerly named Delta-24-RGD), which is an adenovirus that

has been engineered to replicate selectively in retinoblastoma (Rb)-pathway deficient cells and

to infect cells that express certain RGD-binding integrins more efficiently (C mca Universidad

de Navarra, Universidad de Navarra/ DNAtrix, Inc.) (see, e.g., Clinical Trial Identifier:

NCT01 956734).

In some embodiments, an oncolytic virus described herein s administering by injection,

e.g., subcutaneous, intra-arterial, intravenous, intramuscular, intrathecal, or intraperitoneal

injection. In embodiments, an oncolytic virus described herein is administered intratumoraliy,

transdermaliy, transmucosally, orally, intranasally, or via pulmonary administration.

In an embodiment, cells expressing a CAR described herein are administered to a subject in

combination with a molecule that decreases the Treg cell population. Methods that decrease

the number of (e.g., deplete) Treg cells are known in the art and include, e.g., CD25 depletion,

cyclophosphamide administration, modulating GITR function. Without wishing to be bound

by theory, it is believed that reducing the number of Treg cells in a subject prior to apheresis or

prior to administration of a CAR-expressing cell described herein reduces the number of

unwanted immune cells (e.g., Tregs) in the tumor microenvironment and reduces the subject's

risk of relapse.

In one embodiment, cells expressing a CAR described herein are administered to a

subject in combination with a molecule targeting GITR and/or modulating GITR functions,

such as a GITR agonist and/or a GITR antibody that depletes regulatory T cells (Tregs). In one



embodiment, the GITR binding molecules and/or molecules modulating GITR functions (e.g.,

GITR agonist and/or Treg depleting GITR antibodies) are administered prior to the CAR-

expressing cell. For example, in one embodiment, the GITR agonist can be administered prior

to apheresis of the cells. In one embodiment, the subject has CLL. Exemplary GITR agonists

include, e.g., GITR fusion proteins and anti-GITR antibodies (e.g., bivalent anti-GITR

antibodies) such as, e.g., a GITR fusion protein described in U.S. Patent No.: 6, ,090,

European Patent No.: 090505B1 , U.S Patent No.: 8,586,023, PCT Publication Nos.: WO

2010/0031 18 and 201 1/090754, or an anti-GITR antibody described, e.g., in U.S Patent No.:

7,025,962, European Patent No.: 194718361, U.S. Patent No.: 7,812,135, U.S. Patent No.:

8,3 88,967, U.S. Patent No. : 8,591 ,886, European Patent No. : EP 1866339, PCT Publication

No.: WO 20 1/028683, PCT Publication No.:WO 2013/039954, PCT Publication No.:

WO2005/007190, PCT Publication No.: W 2007/1 33822, PCT Publication No.:

WO2005/055808, PCT Publication No.: WO 99/401 96, PCT Publication No : WO

2001/03720, PCT Publication No.: WO99/20758, PCT Publication No.: WO2006/083289, PCT

Publication No : WO 2005/1 15451, US. Patent No : 7,618,632, and PCT Publication No. : WO

201 /05 726.

In one embodiment, a CAR expressing cell described herein s administered to a subject

in combination with an mTOR inhibitor, e.g., an mTOR inhibitor described herein, e.g., a

rapalog such as everolimus. In one embodiment, the mTOR inhibitor is administered prior to

the CAR-expressmg cell. For example, in one embodiment, the mTOR inhibitor can be

administered prior to apheresis of the cells. In one embodiment, the subject has CLL.

In one embodiment, a CAR expressing ceil described herein is administered to a subject

in combination with a GITR agonist, e.g., a GITR agonist described herein. In one

embodiment, the GITR agonist is administered prior to the CAR-expressmg cell. For example,

in one embodiment, the GITR agonist can be administered prior to apheresis of the cells. In

one embodiment, the subject has CLL.

In one embodiment, a CAR expressing cell described herein is administered to a subject

in combination with a protein tyrosine phosphatase inhibitor, e.g., a protein tyrosine

phosphatase inhibitor described herein. In one embodiment, the protein tyrosine phosphatase

inhibitor is an SHP- inhibitor, e.g., an SHP inhibitor described herein, such as, e.g., sodium

stibogluconate. In one embodiment, the protein tyrosine phosphatase inhibitor is an SHP-2

inhibitor.



In one embodiment, a CAR-expressing cell described herein can be used in combination

with a kinase inhibitor. In one embodiment, the kinase inhibitor is a CDK4 inhibitor, e.g., a

CDK4 inhibitor described herein, e.g., a CDK4/6 inhibitor, such as, e.g., 6-Acetyl-8-

cyclopen1yl-5-methyl-2-(5-piperazin-l-yl-pyridin-2-ylamino)-8 H -pyrido[2,3-J]pyrimidin-7-

one, hydrochloride (also referred to as palbociclib or PD0332991). In one embodiment, the

kinase inhibitor is a BTK inhibitor, e.g., a BTK inhibitor described herein, such as, e.g.,

ibrutinib. In one embodiment the kinase inhibitor is an mTOR inhibitor, e.g., an mTOR

inhibitor described herein, such as, e.g., rapamycin, a rapamycin analog, OSI-027. The mTOR

inhibitor can be, e.g., an mTORCl inhibitor and/or an mTORC2 inhibitor, e.g., an mTORCl

inhibitor and/or mTORC2 inhibitor described herein. In one embodiment, the kinase inhibitor

is a MNK inhibitor, e.g., a MNK inhibitor described herein, such as, e.g., 4-amino-5-(4-

fluoroanilino)-pyrazolo [3 ,4 - j pyrimidine. The MNK inhibitor can be, e.g., a MNK la,

MNKl b, MNK 2a and/or MNK2b inhibitor. In one embodiment, the kinase inhibitor is a dual

PI3K/mTOR inhibitor described herein, such as, e.g., PF-04695102.

In one embodiment, the kinase inhibitor is a CDK4 inhibitor selected from aloisine A;

flavopiridol or HMR-1275, 2-(2-chlorophenyl)-5,7-dihydrox>'-8-[(3S,4R)-3-hydroxy-l-methyl-

4-piperidinyl]-4-chromenone; crizotinib (PF-02341 066; 2-(2-Chlorophenyl)-5,7-dihydroxy-8-

[(2i ,3 S -2-(hydroxymethyl)-l -methyl-3-pyrrolidinyl - 4H -1-benzopyran-4-one, hydrochloride

(P276-00); l-methyl-5-[[2-[5-(trifluoromethyl)-l H -imidazol-2-yl]-4-pyridinyl]oxy]-iV-[4-

(trifluoromethyl)phenyl]-l H -benzimidazol-2-amine (RAF265); indisulam (E7070);

roscovitine (CYC202); palbociclib (PD0332991); dmaciciib (SCS 27 65 ; N-[5-[[(5-fc?rf-

butyloxazol-2-yl)methyl]thio]thiazol-2-yl]piperidine-4-carboxamide (BMS 387032): 4-[[9-

chloro-7-(2,6-difluorophenyl)-5 H -pyrimido[5,4-<i][2]benzazepin-2-yl]amino]-benzoic acid

(MLN8054); 5 3-(4,6-difluoro- l -benzimidazol 2 yi) -mdazol-5-yl] N-ethyl-4-methyl-3-

pyridinemethanamine (AG-024322); 4-(2,6-dichlorobenzoylamino)-lH-pyrazole-3-carboxylic

acid N-(piperidin-4~yl)amide (AT75 19); 4-[2-methyl- 1-( -methylethyl)-l H -imidazol-5-yl]-iV-

[4-(methylsulfonyl)phenyl]- 2-pynmidinamme (AZD5438); and XI. (BMS908662).

In one embodiment, the kinase inhibitor is a CDK4 inhibitor, e.g., palbociclib

(PD0332991), and the palbociclib is administered at a dose of about 50 mg, 60 n g, 70 mg, 75

mg, 80 mg, 90 mg, 100 mg, 05 mg, 110 mg, 115 mg, 120 mg, 125 mg, 130 mg, 135 mg (e.g.,

75 mg, 100 mg or 125 mg) daily for a period of time, e.g., daily for 14-21 days of a 28 day



cycle, or daily for 7-12 days of a 2 1 day cycle. In one embodiment, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,

1 , 12 or more cycles of palbociclib are administered.

In embodiments, a CAR-expressing ceil described herein is administered to a subject in

combination with a cyclin-dependent kinase (CDK) 4 or 6 inhibitor, e.g., a CDK4 inhibitor or a

CDK6 inhibitor described herein. In embodiments, a CAR-expressing cell described herein is

administered to a subject in combination with a CDK4/6 inhibitor (e.g., an inhibitor that targets

both CDK4 and CDK6), e.g., a CDK4/6 inhibitor described herein. In an embodiment, the

subject has MCL. MCL is an aggressive cancer that is poorly responsive to currently available

therapies, i.e., essentially incurable. In many cases of MCL, cyclin D (a regulator of CDK4/6)

is expressed (e.g., due to chromosomal translocation involving immunoglobulin and Cyclin D l

genes) in MCL cells. Thus, without being bound by theory, it s thought that MCL cells are

highly sensitive to CDK4/6 inhibition with high specificity (i.e., minimal effect on normal

immune cells). CDK4/6 inhibitors alone have had some efficacy in treating MCL, but have

only achieved partial remission with a high relapse rate. An exemplary CDK4/6 inhibitor is

LEE01 (also called ribociclib), the structure of which is shown below.

Without being bound by theory, t is believed that administration of a CAR-expressmg

cell described herein with a CDK4/6 inhibitor (e.g., LEE0 or other CDK4/6 inhibitor

described herein) can achieve higher responsiveness, e.g., with higher remission rates and/or

lower relapse rates, e.g., compared to a CDK4/6 inhibitor alone.

In one embodiment, the kinase inhibitor is a BTK inhibitor selected from ibrutinib (PCI-

32765); GDC-0834; RN-486; CGI-560; CGI-1764; HM-71224; CC-292; ONO-4059; ( NX-

774; and LFM-A13. In a preferred embodiment, the BTK inhibitor does not reduce or inhibit

the kinase activitj' of interleukin-2-inducible kinase (ITK), and is selected from GDC-0834;

RN-486; CGI-560; CGI-1 764; HM-71224; CC-292; ONO-4059; CNX-774; and LFM-A13.

In one embodiment, the kinase inhibitor is a BTK inhibitor, e.g., ibrutinib (PCI-32765).

In embodiments, a CAR-expressing cell described herein is administered to a subject in



combination with a BTK inhibitor (e.g., ibrutmib). In embodiments, a CAR-expressing cell

described herein is administered to a subject in combination with ibrutinib (also called PCI-

32765). The structure of ibrutinib (l-[(3i?)-3-[4-Amino-3-(4-phenoxyphenyl)-l H -

pyrazolo[3,4-d]pyrimidin-l-yl]piperidin-l-yl]prop-2-en-l-one) is shown below.

In embodiments, the subject has CLL, mantle cell lymphoma (MCL), or small

lymphocytic lymphoma (SLL). For example, the subject has a deletion in the short arm of

chromosome 17 (del(17p), e.g., in a leukemic cell). In other examples, the subject does not

have a del(17p). In embodiments, the subject has relapsed CLL or SLL, e.g., the subject has

previously been administered a cancer therapy (e.g., previously been administered one, two,

three, or four prior cancer therapies). In embodiments, the subject has refractory CLL or SLL.

In other embodiments, the subject has follicular lymphoma, e.g., relapse or refractory follicular

lymphoma. In some embodiments, ibrutinib is administered at a dosage of about 300-600

mg/day (e.g., about 300-350, 350-400, 400-450, 450-500, 500-550, or 550-600 mg/day, e.g.,

about 420 mg/day or about 560 mg/day), e.g., orally. In embodiments, the ibrutmib is

administered at a dose of about 250 mg, 300 mg, 350 mg, 400 mg, 420 mg, 440 mg, 460 mg,

480 mg, 500 mg, 520 mg, 540 mg, 560 mg, 580 mg, 600 mg (e.g., 250 mg, 420 mg or 560 mg)

daily for a period of time, e.g., daily for 2 1 day cycle cycle, or daily for 28 day cycle. In one

embodiment, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or more cycles of ibrutinib are administered.

In some embodiments, ibrutinib is administered in combination with rituximab. See,

e.g., Burger et al. (20 3) Ibrutinib In Combination With Rituximab (iR) Is Well Tolerated and

Induces a High Rate Of Durable Remissions In Patients With High-Risk Chronic Lymphocytic

Leukemia (CLL): New, Updated Results Of a Phase II Trial in 40 Patients, Abstract 675

presented at 55th ASH Annual Meeting and Exposition, New Orleans, LA 7-10 Dec. Without

being bound by theory, t is thought that the addition of ibrutmib enhances the T cell

proliferative response and may shift T cells from a T-helper-2 (Th2) to T-helper-1 (Thl)



phenotype. Thl and Th2 are phenotypes of helper T cells, with Thl versus Th2 directing

different immune response pathways. A Thl phenotype is associated with proinflammatory

responses, e.g., for killing cells, such as intracellular pathogens/viruses or cancerous cells, or

perpetuating autoimmune responses. A Th2 phenotype is associated with eosinophil

accumulation and anti-inflammatory responses.

In some embodiments of the methods, uses, and compositions herein, the BTK inhibitor

is a BTK inhibitor described in International Application WO/2015/079417, which is herein

incorporated by reference in its entirety. For instance, in some embodiments, the BTK

inhibitor is a compound of formula (I) or a pharmaceutically acceptable salt thereof;

wherein,

Rl is hydrogen, C1-C6 alkyl optionally substituted by hydroxy;

R2 is hydrogen or halogen;

R3 is hydrogen or halogen;

4 is hydrogen;

R5 is hydrogen or halogen;

or R4 and R5 are attached to each other and stand for a bond, -CH2-, -CH2-CH2- , -

C =C -, -CH=CH-CH2-; -CH2-CH=CH-; or -CH2-CH2-CH2-;

R6 and R7 stand independently from each other for H, C1-C6 alkyl optionally

substituted by hydroxyl, C3-C6 cycloalkyl optionally substituted by halogen or hydroxy, or

halogen;

R8, R9, R, R R Oand Rl 1 independently from each other stand for H, or C1-C6 alkyl

optionally substituted by C1-C6 alkoxy; or any two of R8, R9, R, R', RIO and Rl 1 together

with the carbon atom to which they are bound may form a 3 - 6 membered saturated

carbocyclic ring;



R12 is hydrogen or C1-C6 alkyl optionally substituted by halogen or C1-C6 alkoxy;

or R12 and any one of R8, R9, R, R', R Oor Rl 1 together with the atoms to which they

are bound may form a 4, 5, 6 or 7 membered azacyciic ring, which ring may optionally be

substituted by halogen, cyano, hydroxyl, C1-C6 alkyl or C1-C6 alkoxy;

n is 0 or 1; and

R13 is C2-C6 alkenyl optionally substituted by C1-C6 alkyl, C1-C6 alkoxy or N,N~di-

C1-C6 alkyl amino; C2-C6 alkynyl optionally substituted by C1-C6 alkyl or C1-C6 alkoxy; or

C2-C6 alkylenyl oxide optionally substituted by C1-C6 alkyl.

In some embodiments, the BTK inhibitor of Formula I is chosen from: N-(3-(5-((l-

Acryloylazetidin-3-yl)oxy)-6-aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-

2-fluorobenzamide; (E)-N-(3-(6-Amino-5-((l-(but-2-enoyl)azetidin-3-yl)oxy)pyrimidin-4-yl)-

5-fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N-(3-(6-Amino-5-((l-

propioloylazetidin-3-yl)oxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; N-(3-(6-Amino-5-((l-(but-2-ynoyl)azetidin-3-yl)oxy)pyrimidin-4-yl)-5-

fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N~(3~(5~((l-Acryloylpiperidm-4~

yl)oxy)-6-aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzami

N-(3-(6-Amino-5-(2-fN-methylacrylamido)ethoxy)pyrimidin-4-yr)-

4-cyclopropyl-2-fluorobenzamide; (E)-N-(3-(6-Amino-5-(2-(N-methylbut-2-

enamido)ethoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide;

N-(3-(6-Amino-5-(2-(N-methylpropiolamido)ethoxy)pyrimidin-4-yl)-5-fluoro-2-

methylphenyl)-4-cyclopropyl-2-fluorobenzamide; (E)~N-(3-(6-Amino-5-(2-(4-methoxy-N-

methyibut-2-enamido)ethoxy)pyrimidin~4-yl) 5 fiuoro-2 methyiphenyl)~4-cyclopropyl-2-

fluorobenzamide; N-(3-(6-Amino-5-(2-(N-methylbut-2-ynamido)ethoxy)pyrimidin-4-yl)-5-

fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N-(2-((4-Amino-6-(3-(4-

cyclopropyl-2-fluorobenzamido)-5~fluoro-2~methylpheiiyl)pyrimidin-5-yi)oxy)ethyl)-N-

methyloxirane-2-carboxamide; N-(2-((4-Amino-6-(3-(6-c\xlopropyl-8-fluoro-l-

oxoisoquinolin-2(lH)-yl)phenyl)pyrimidin-5-yl)oxy)ethyl)-N-methylacrylamide; N-(3-(5-(2-

Acr amidoethoxy)-6-aminopyri idin-4-yl)-5-fluoro-2- ethylphenyl)-4-cyclopropyl-2

fluorobenzamide; N-(3-(6-Amino-5-(2-(N-ethylacrylamido)ethoxy)pyrimidin-4-yl)-5-fluoro-2-

methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N-(3-(6-Amino-5-(2-(N-(2-

fluoroethyl)acrylamido)ethoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; N-(3-(5-((l-Acrylamidocyclopropyl)methoxy)-6-aminopyrirnidin-4-yl)-5-



fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; (S)-N-(3-(5-(2-

Acrylamidopropoxy)-6-aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; (S)-N-(3-(6-Amino-5-(2-(but-2-ynamido)propoxy)pyrimidin-4-yl)-5-fluoro-

2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; (S)-N-(3-(6-Amino-5-(2-(N-

methylacrylamido)propoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; (S)-N-(3-(6-Amino-5-(2-(N-methylbut-2-ynamido)propoxy)pyrimidin-4-yl)-

5-fluoro-2-methylphenyl)-4-c\'clopropyl-2-fluorobenzamide; N-(3-(6-Amino-5-(3-(N-

methylacrylamido)propoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; (S)-N-(3-(5-((l-AcryloylpynOlidin-2-yl)methoxy)-6-aminopyrimidin-4-yl)-

5-fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; (S)-N-(3-(6-Amino-5-((l -(but-2-

ynoyl)pyrrolidin-2-yl)methoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; (S)-2-(3-(5-((l-Acryloylpyrrolidin-2-yl)methoxy)-6-aminopyrimidin-4-yl)-5-

fluoro-2-(hydroxymethyl)phenyl)-6-cyclopropyl-3,4-dihydroisoquinolin-l(2H)-one; N-(2-((4-

Amino-6-(3 -(6-cyclopropy 1-1-oxo-3,4-dihydroisoquinolin-2( 1H)-yl)-5-fluoro-2-

(hy oxymethyl)phenyl)pyrimidin-5-yl)oxy)ethyl)-N-methylacrylamide; N-(3-(5-(((2S,4R)- -

Acryloyl-4-methoxypyrrolidin-2-yl)methoxy)-6-aniinopyrimidin-4-yl)-5-fluoro-2-

methylphenyl)-4-c>'clopropyl-2-fluorobenzamide; N-(3-(6-Amino-5-(((2S,4R)-l-(but-2-ynoyl)-

4-methoxypyrrolidin-2-yl)methoxy)pyrimidin-4-y^

fluorobenzamide; 2-(3-(5-(((2S,4R)-l-Acryloyl-4-methoxypyrrolidin-2-yl)methoxy)-6-

aminopyrimidin-4-yl)-5-fluoro-2-(hydroxymethyl)phenyl)-6-cyclopropyl-3,4-

dihydroisoquinolin-l(2H)-one; N-(3-(5-(((2S,4S)-l-Acryloyl-4-methoxypyrrolidin-2-

yl)melhoxy)-6-aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; N-(3-(6-Amino-5-(((2S,4S)-l-(but-2-ynoyl)-4-methoxypyrrolidin-2-

yl)methoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N-

(3-(5-(((2S,4R)-l-Acryloyl-4-fluoropyrrolidin-2-yl)methoxy)-6-aminopyrimidin-4-yl)-5-

fluoro-2-methylphenyl)-4-c\'clopropyl-2-fluorobenzamide; N-(3-(6-Amino-5-(((2S,4R)-l-(but-

2-ynoyl)-4-fluoropyirolidin-2-yl)methoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-

cyclopropyl-2-fluorobenzamide; (S)-N-(3-(5-((l-Acryloylazetidin-2-yl)methoxy)-6-

aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzaniide; (S)-N~(3-

(6-Amino-5-((l-propioloylazetidin-2-yl)methoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-

cyclopropyl-2-fiuorobenzamide; (S)-2-(3-(5-((l-Aaryloylazetidin-2-yl)m

aminopyrimidin-4-yl)-5-fluoro-2-(hydroxymethyl)phenyl)-6-cyclopropyl-3,4-



dihydroisoquinolin-l(2H)-one; (R)-N-(3-(5-((l-Acryloylazetidin-2-yl)methoxy)-6-

aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; (R)-N-(3-

(5-((l-Acryloylpiperidin-3-yl)memoxy)-6-aminopyrim

cyclopropyl-2-fluorobenzamide; N-(3-(5-(((2R,3S)-l-Acryloyl-3-methoxypyrrolidin-2-

yl)methoxy)-6-aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; N-(3-(5-(((2S,4R)-l-Acryloyl-4-cyanopyrrolidin-2-yl)methox\')-6-

aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzarnide; or N-(3-(5-

(((2S,4S)-l-Acr\doyl-4-cyanopyrrolidin-2-yl)methoxy)-6-aminopyrimidin-4-yl)-5-fluoro-2-

methylphenyl)-4-cyclopropyl-2-fluorobenzamide.

Unless otherwise provided, the chemical terms used above in describing the BTK

mhibitor of Formula I are used according to their meanings as set out in international

Application WO/20 15/0794 7, which is herein incorporated by reference in its entirety.

In one embodiment, the kinase inhibitor is an mTOR inhibitor selected from

temsirolimus; da rol mus (lR ,2R ,4S)-4-[(2R)-2 [(1R ,9S,12S , 1 5 ?,16ii , 8 , 9/?,21i?,

23 ,24E ,26E ,28Z,30S,325,3 5R)- 1, 8-dihydroxy- 9,30-dimethoxy- 15,17,21 ,23 , 29,35-

hexamethyl-2,3,10,14,20-pentaoxo-ll,36-dioxa-4-azatricyclo[30.3.1.0 '9 hexatriaconta-

16,24,26,28-tetraen-12-yllpropyl]-2-methoxycyclohexyl dimethylphosphinate, also known as

AP23573 and MK8669; everolimus (RAD001); rapamvcm (AY22989); simapimod; (5-{2,4-

bis[(3^-3-methylmorpholin-4-yi]pyrido[2,3-ii]pyrimidin-7-yl}-2-methoxyphenyr

(AZD8055); 2-amino-8-[&- « -4-(2-hydroxyethoxy)cyclohexyl]-6-(6-methoxy-3-pyridinyl)-4-

methyl-pyrido[2,3- (:f|pyrimidm-7(8H )-one (PF04691 502); and -[l ,4-dioxo-4-[[4-(4-oxo-8-

phenyl-4H -l-benzopyran-2-yl)morpholinium-4-yl]methoxy]butyl]-L-arginylglycyl-L-a-

aspartylL-serine- (SEQ ID NO: 264), inner salt (SF1126); and XL765.

In one embodiment, the kinase inhibitor is an mTOR inhibitor, e.g., rapamvcm, and the

rapamycin is administered at a dose of about 3 mg, 4 mg, 5 mg, 6 nig, 7 mg, 8 mg, 9 nig, 0 mg

(e.g., 6 mg) daily for a period of time, e.g., daily for 2 1 day cycle cycle, or daily for 28 day

cycle. In one embodiment, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or more cycles of rapamycin are

administered. In one embodiment, the kinase inhibitor is an mTOR inhibitor, e.g., everolimus

and the everolimus is administered at a dose of about 2 mg, 2.5 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7

mg, 8 mg, 9 mg, 10 mg, mg, 12 mg, 13 mg, 14 mg, 15 mg (e.g., 10 mg) daily for a period of

time, e.g., daily for 28 day cycle. In one embodiment, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or more

cycles of everolimus are administered.



In one embodiment, the kinase inhibitor is an MNK inhibitor selected from

CGP052088; 4-amino-3-(p-fluorophenylamino)-pyrazolo [3,4- j pyrimidine (CGP57380);

cercosporamide; ETC-1 780445-2; and 4-amino-5-(4-fluoroanilino)-pyrazolo [3,4- j

pyrimidine.

In one embodiment, the kinase inhibitor is a dual phosphatidylinositol 3-kinase (PI3K)

and mTOR inhibitor selected f rom 2~Amino-8-[/ra/i^-4-(2-hydroxyethoxy)cyclohexyl]~6~(6-

methoxy-3-pyridinyl)-4-methyl-pyndo[2,3-£f|pyrimidm-7(8/f)-one (PF-04691 502); jV-[4-[[4-

(Dimemylamino)-l-piperidinyl]carbonyl]phen^

yl)phenyl]urea (PF-05212384, PKI-587); 2-Methyl-2- {4-[3-methyl-2-oxo-8-(quinolin-3-yl)-

2,3-dihydro-l H -imidazo[4,5-c]quinolin-l-yl]phenyl}propanenitrile (BEZ-235); apitolisib

(GDC-0980, RG7422); 2,4-Ditluoro-N-{2-(methyloxy)-5-[4-(4-pyndazinyl)-6-quinolmyil-3-

pyridinyl}benzenesulfonamide (GSK2126458); 8-(6-methoxypyridin-3-yl)-3-methyl-l-(4-

(piperazin-l -yl)-3-(t ifl uoromethyl)phenyl)- -imi zo[4,5-c]quinolin-2(3H)-one Maleic acid

(NVP-BGT226); 3-[4-(4-Morpholinylpyndo[3',2':4,5]furo[3,2-d]pynmidm-2-yl]phenol (PI-

03); 5-(9-isopropyl-8-methyl-2-rnorpholino-9H-purin-6-yl)pyrimidin-2-arnine (VS-5584,

SB2343); and N-f2-f(3,5-Dimethoxyphenyl)amino]quinoxalin-3-yl]-4-f(4-methyl-3-

methox>'phenyl)carbonyl]aminophenylsulfonamide (XL765).

In one embodiment, the kinase inhibitor is an mTOR inhibitor, e.g., rapamycin, and the

rapamycin is administered at a dose of about 3 mg, 4 mg, 5 nig, 6 mg, 7 mg, 8 mg, 9 mg, 0 mg

(e.g., 6 mg) daily for a period of time, e.g., daily for 2 1 day cycle cycle, or daily for 28 day

cycle. In one embodiment, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or more cycles of rapamycin are

administered. In one embodiment, the kinase inhibitor is an mTOR inhibitor, e.g., everolimus

and the everolimus is administered at a dose of about 2 mg, 2.5 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7

mg, 8 mg, 9 mg, 10 mg, mg, 12 mg, 3 mg, 14 mg, 5 mg (e.g., 10 mg) daily for a period of

time, e.g., daily for 28 day cycle. In one embodiment, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or more

cycles of everolimus are administered.

In one embodiment, the kinase inhibitor is an MNK inhibitor selected from

CGP052088; 4-amino-3-(p-fluorophenylamino)-pyrazolo [3,4-i/] pyrimidine (CGP57380);

cercosporamide; ETC-1 780445-2; and 4-amino-5-(4-fluoroanilino)-pyrazolo [3,4-ii]

pyrimidine.

In embodiments, a CAR-expressing cell described herein is administered to a subject in

combination with a phosphomositide 3-kinase (PI3K) inhibitor (e.g., a PI3K inhibitor described



herein, e.g., idelalisib or duvelisib) and/or rituximab. In embodiments, a CAR-expressmg cell

described herein is administered to a subject in combination with idelalisib and rituximab. In

embodiments, a CAR-expressmg cell described herein is administered to a subject in

combination with duvelisib and rituximab. Idelalisib (also called GS-1101 or CAL-101;

Gilead) is a small molecule that blocks the delta isoform of PI3K. The structure of idelalisib

(5-Fluoro-3-phenyl-2-[(15)-l-(7 H -purin-6-ylamino)propyl]-4(3 H)-quinazolinone) is shown

below.

Duvelisib (also called P - 45; Infinity Pharmaceuticals and Abbvie) is a small

molecule that blocks ΡΙ3Κ-δ,γ The structure of duvelisib (8-Chloro-2-phenyl-3-[(l S)-1-(9H-

purin-6-ylamino)ethyl]-l(2Fi)-isoquinolinone) is shown below.

In embodiments, the subject has CLL. In embodiments, the subject has relapsed CLL,

e.g., the subject has previously been administered a cancer therapy (e.g., previously been

administered an anti-CD20 antibody or previously been administered ibrutinib). For example,

the subject has a deletion in the short arm of chromosome 17 (del(17p), e.g., in a leukemic

cell). In other examples, the subject does not have a del(l 7p). In embodiments, the subject

comprises a leukemic cell comprising a mutation in the immunoglobulin heavy-chain variable-



region (IgVn) gene. In other embodiments, the subject does not comprise a leukemic cell

comprising a mutation in the immunoglobulin heavy-chain variable-region (IgVn) gene. In

embodiments, the subject has a deletion in the long arm of chromosome (dei(l lq)). In other

embodiments, the subject does not have a del(l lq). In embodiments, idelalisib is administered

at a dosage of about 100-400 mg (e.g., 100-125, 125-150, 150-175, 175-200, 200-225, 225-250,

250-275, 275-300, 325-350, 350-375, or 375-400 mg), e.g., BID. In embodiments, duvelisib is

administered at a dosage of about 15-100 mg (e.g., about 15-25, 25-50, 50-75, or 75-100 mg),

e.g., twice a day. In embodiments, rituximab is administered at a dosage of about 350-550

mg/m2 (e.g., 350-375, 375-400, 400-425, 425-450, 450-475, or 475-500 mg/m e.g.,

intravenously.

In one embodiment, the kinase inhibitor is a dual phosphatidylinositol 3-kinase (PI3K)

and mTOR inhibitor selected from 2-Amino-8 -[tra « -4-(2-hydroxyethoxy)cyclohexyl]-6-(6-

methoxy-3-pyridinyl)-4-methyl-pyrido[2,3-if|pyrimidin-7(8 H)-one (PF-04691 502); N-[4-[[4-

(Dimethylamino)-l-piperidinyl]carbonyl]phen

yl)phenyi]urea (PF-05212384, PKI-587); 2-Methyl-2- {4-[3-methyl-2-oxo-8-(quinolin-3-y1)-

2,3-dihydro-l H-imidazof4,5-c]quinolin -l-yl ]phenyl}propanenitrile (BEZ-235); apitolisib

(GDC-0980, RG7422); 2,4-Difluoro-N-{2-(methyloxy)-5-[4-(4-pyridazinyl)-6-quinolinyl]-3-

pyridinyl} benzenesulfonamide (GSK2126458); 8-(6-methoxypyridin-3 -yi)-3-rnethyl - l -(4-

(piperazin -l-yl )-3-(trifluoromethyl)phenyl)-lH-imidazo[4,5-c]quinolin-2(3H)-one Maleic acid

(NVP-BGT226); 3-[4-(4-Morpholinylpyrido[3',2':4,5]furo[3,2-d]pyrimidm-2-yl]phenol (PI-

103); 5-(9-isopropyl-8-methyl-2-morpholino-9H-purin-6-yl)pyrimidin-2-amine (VS-5584,

SB2343); and N-[2-[(3,5-Dimethoxyphenyl)amino]quinoxalin-3-yl]-4-[(4-methyl-3-

methoxyphenyl)carbonyl]aminophenylsulfonamide (XL765).

In embodiments, a CAR-expressing ceil described herein is administered to a subject in

combination with an anaplastic lymphoma kinase (ALK) inhibitor. Exemplary ALK kinases

include but are not limited to crizotinib (Pfizer), ceritinib (Novartis), alectinib (Chugai),

brigatimb (also called AP26113; Anad), entrectinib (Ignyta), PF-06463922 (Pfizer), TSR-011

(Tesaro) (see, e.g.. Clinical Trial Identifier No. NCT02048488), CEP-37440 (Teva), and X-396

(Xcovery). In some embodiments, the subject has a solid cancer, e.g., a solid cancer described

herein, e.g., lung cancer.

The chemical name of crizotinib is 3-[(li?)-l-(2,6~dichloro-3-fluorophenyl)ethoxy]-5-

(l-piperidin-4-ylpyrazol-4-yl)pyridin-2-amine. The chemical name of ceritinib s 5-Chloro-/y-



[2-isopropoxy-5-methyl-4-(4-piperidinyl)phenyl ]-N4-[2-(isopropylsulfonyl)phenyl]-2,4-

pyrimidinediamine. The chemical name of alectinib is 9-ethyl-6,6-dimethyl-8-(4-

morpholinopiperidin- -yl)- 11-oxo-6, -dihydro-5H-benzo[b] carbazole-3-carbonitrile. The

chemical name of brigatinib is 5-Chloro-N -{4-[4-(dimethylamino)-l-piperidinyl]-2-

methoxyphenyl} -N -[2-(dimethylphosphoiyl)phenyl]-2,4-pyrimidinediamine. The chemical

name of entrectinib is N-(5-(3,5-difluorobenzyl)-lH-indazol-3-yl)-4-(4-methylpiperazin-l-yl)-

2-((tetrahydro-2H-pyran-4-yl)amino)benzamide. The chemical name of PF-06463922 is

( 10R)-7- Amino- 12-fiuoro-2, 10,16-tnmethyl~ 15-oxo- 10, 5, 6,17-tetrahydro-2H-8,4-

(metheno)pyrazolo[4,3-h][2,5,l 1]-benzoxadiazacyclotetradecine-3-carbonitrile. The chemical

structure of CEP-37440 is (S)-2-((5-chloro-2-((6-(4-(2-hydroxyethyl)piperazin-l-y1)-l-

methoxy-6,7,8,9-tetrahydro-5H-benzo[7]annulen-2-yl)amino)pyrimidin-4-yl)amino)-N-

methylbenzamide. The chemical name of X-396 is (R)-6-amino-5-(l -(2,6-dichloro-3-

fiuorophenyl)ethoxy)-N~(4-(4-m

Drugs that inhibit either the calcium dependent phosphatase calcineurin (cyclosporine

and FK506) or inhibit the p70S6 kinase that s important for growth factor induced signaling

(rapamycin). (Liu et a!., Cell 66:807-815, 1991; Henderson et a!., Immun. 73:316-321, 1991;

Bierer et a!., Can. Opin. Immun. 5:763-773, 1993) can also be used. In a further aspect, the cell

compositions of the present disclosure may be administered to a patient in conjunction with

(e.g., before, simultaneously or following) bone marrow transplantation, T cell ablative therapy

using chemotherapy agents such as, fludarabme, external-beam radiation therapy (XRT),

cyclophosphamide, and/or antibodies such as OKT3 or CAMPATH. In one aspect, the cell

compositions of the present disclosure are administered following B-cell ablative therapy such

as agents that react with CD20, e.g., Rituxan. 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 receive an

infusion of the expanded immune cells of the present disclosure. In an additional embodiment,

expanded cells are administered before or following surgery.

In embodiments, a CAR-expressing cell described herein is administered to a subject in

combination with a indoleamine 2,3-dioxygenase (IDO) inhibitor. IDO is a enzyme that

catalyzes the degradation of the amino acid, L-tryptophan, to kynurenine. Many cancers

overexpress IDO, e.g., prostatic, colorectal, pancreatic, cervical, gastric, ovarian, head, and

lung cancer. pDCs, macrophages, and dendritic cells (DCs) can express IDO. Without being



bound by theory, it is thought that a decrease in L-tryptophan (e.g., catalyzed by IDO) results in

an immunosuppressive milieu by inducing T-cell anergy and apoptosis. Thus, without being

bound by theory, it is thought that an IDO inhibitor can enhance the efficacy of a CAR-

expressmg cell described herein, e.g., by decreasing the suppression or death of a CAR-

expressing immune cell. In embodiments, the subject has a solid tumor, e.g., a solid tumor

described herein, e.g., prostatic, colorectal, pancreatic, cervical, gastric, ovarian, head, or lung

cancer. Exemplary inhibitors of IDO include but are not limited to 1-methyl-tryptophan,

indoximod (NewLink Genetics) (see, e.g., Clinical Trial Identifier Nos. NCTO 9 2 6;

NCT01 792050), and INCB024360 (Incyte Corp.) (see, e.g., Clinical Trial Identifier Nos

NCTO 604889. NCT01685255)

In embodiments, a CAR-expressing cell described herein is administered to a subject in

combination with a modulator of myeloid-derived suppressor cells (MDSCs). MDSCs

accumulate in the periphery and at the tumor site of many solid tumors. These cells suppress T

cell responses, thereby hindering the efficacy of CAR-expressing cell therapy. Without being

bound by theory, it is thought that administration of a MDSC modulator enhances the efficacy

of a CAR-expressing cell described herein. In an embodiment, the subject has a solid tumor,

e.g., a solid tumor described herein, e.g., glioblastoma. Exemplary modulators of MDSCs

include but are not limited to MCS1 10 and BLZ945. MCS1 0 is a monoclonal antibody (mAb)

against macrophage colony-stimulating factor (M-CSF). See, e.g., Clinical Trial Identifier No.

NCT00757757. BLZ945 is a small molecule inhibitor of colony stimulating factor 1 receptor

(CSF1R). See, e.g., Pyonteck et al. Nat. Med. 19(2013): 1264-72. The structure of BLZ945 is

shown below.

In embodiments, a CAR-expressing cell described herein is administered to a subject in

combination with an agent that inhibits or reduces the activity of immunosuppressive plasma

cells. Immunosuppressive plasma cells have been shown to impede T cell-dependent



immunogenic chemotherapy, such as oxaliplatin (Shalapour et al., Nature 2015, 521:94- 101).

In an embodiment, immunosuppressive plasma cells can express one or more of IgA,

inter!eukin (IL)-IO, and PD-L1. In an embodiment, the agent is a CD 1 CAR-expressing cell or

a BCMA CAR-expressing cell.

In some embodiments , a CAR-expressing cell described herein is administered to a

subject in combination with a interleukin-15 (IL-15) polypeptide, a interleukin-15 receptor

alpha (IL~I5Ra) polypeptide, or a combination of both a IL-1 5 polypepti de and a IL-15Ra

polypeptide e.g., hetIL-15 (Admune Therapeutics, LLC). hetIL-15 is a heterodimeric non-

covalent complex of IL-15 and IL~I 5Ra hetIL-1 5 is described in, e.g., U.S. 8,124,084, U.S.

2012/0177598, U.S. 2009/0082299, U.S. 2012/0141413, and U.S. 201 1/008131 1, incorporated

herein by reference. In embodiments, het-IL-1 5 is administered subcutaneously. In

embodiments, the subject has a cancer, e.g., solid cancer, e.g., melanoma or colon cancer. In

embodiments, the subject has a metastatic cancer.

in embodiments, a subject having a disease described herein, e.g., a hematological

disorder, e.g., AML or MDS, is administered a CAR-expressmg cell described herein in

combination with an agent, e.g., cytotoxic or chemotherapy agent, a biologic therapy (e.g.,

antibody, e.g., monoclonal antibody, or cellular therapy), or an inhibitor (e.g., kinase inhibitor).

In embodiments, the subject is administered a CAR-expressing cell described herein in

combination with a cytotoxic agent, e.g., CPX-351 (Celator Pharmaceuticals), cytarabme,

daunorubicin, vosaroxin (Sunesis Pharmaceuticals), sapacitabine (Cyclacel Pharmaceuticals),

idarubicin, or mitoxantrone. CPX-351 is a liposomal formulation comprising cytarabine and

daunorubicin at a 5:1 molar ratio. In embodiments, the subject is administered a CAR-

expressmg cell described herein in combination with a hypomethylatmg agent, e.g., a DNA

methyitransf erase inhibitor, e.g., azacitidine or decitabine. In embodiments, the subject is

administered a CAR-expressing cell described herein in combination with a biologic therapy,

e.g., an antibody or cellular therapy, e.g., 225Ac-lintuzumab (Actimab-A; Actinium

Pharmaceuticals), IPH2102 (Innate Pharma/Bristol Myers Squibb), SGN-CD33A (Seattle

Genetics), or gemtuzumab ozogamicin (Mylotarg; Pfizer). SGN-CD33A is an antibody-drug

conjugate (ADC) comprising a pyrrolobenzodiazepine dimer that is attached to an anti-CD33

antibody. Actimab-A is an anti-CD33 antibody (lintuzumab) labeled with actinium. IPH2102

is a monoclonal antibody that targets killer immunoglobulin-like receptors (KIRs). In

embodiments, the subject s administered a CAR-expressing cell described herein in



combination a FLT3 inhibitor, e.g., sorafenib (Bayer), midostaurin (Novartis), quizartinib

(Daiichi Sankyo), crenoianib (Arog Pharmaceuticals), PLX3397 (Daiichi Sankyo), AKN-028

(Akinion Pharmaceuticals), or ASP2215 (Astelias). In embodiments, the subject is

administered a CAR-expressing cell described herein in combination with an isocitrate

dehydrogenase (IDH) inhibitor, e.g., AG-221 (Celgene/ Agios) or AG- 120 (Agios/Celgene). In

embodiments, the subject is administered a CAR-expressing cell described herein in

combination with a cell cycle regulator, e.g., inhibitor of polo-like kinase 1 (Plkl), e.g.,

volasertib (Boehringer Ingelheim); or an inhibitor of cyclin-dependent kinase 9 (Cdk9), e.g.,

alvocidib (Tolero Pharmaceuticals/Sanofi Aventis). In embodiments, the subject is

administered a CAR-expressing cell described herein in combination with a B cell receptor

signaling network inhibitor, e.g., an imhibitor of B-cell lymphoma 2 (Bel-2), e.g., venetoclax

(Abbvie/Roche); or an inhibitor of Button's tyrosine kinase (Btk), e.g., ibrutinib

(Pharmacy clics/Johnson & Johnson Janssen Pharmaceutical). I embodiments, the subject s

administered a CAR-expressing cell described herein in combination with an inhibitor of M l

aminopeptidase, e.g., tosedostat BioPharma/Vernalis); an inhibitor of histone deacetylase

(HDAC), e.g., pracinostat (MEI Pharma); a multi-kinase inhibitor, e.g., rigosertib (Onconova

Therapeutics/Baxter/SymBio); or a peptidic CXCR4 inverse agonist, e.g., BL-8040

(BioLineRx).

In another embodiment, the subjects receive an infusion of the CAR-expressing ceil of

the invention, or compositions of the present invention, prior to transplantation, e.g., allogeneic

stem cell transplant, of cells. In a preferred embodiment, CAR expressing cells transiently

express BCA CAR and/or TA CAR, e.g., by e ectroperation of an mRNA encoding a BCA

CAR and/or TA CAR, whereby the expression of either or both CARs is terminated prior to

infusion of donor stem cells to avoid engraftment failure.

Some patients may experience allergic reactions to the compounds of the present

disclosure and/or other anti-cancer agent(s) during or after administration; therefore, anti

allergic agents are often administered to minimize the risk of an allergic reaction. Suitable ant i

allergic agents include corticosteroids, such as dexamethasone (e.g., Decadron®),

beclomethasone (e.g., Beclovent®), hydrocortisone (also known as cortisone, hydrocortisone

sodium succinate, hydrocortisone sodium phosphate, and sold under the tradenames Ala-Cort®,

hydrocortisone phosphate, Solu-Cortef®, Hydrocort Acetate® and Lanacort®), prednisolone

(sold under the tradenames Delta-Cortel®, Orapred®, Pediapred® and Prelone®), prednisone



(sold under the tradenames Deltasone®, Liquid Red®, Meticorten® and Orasone®),

methylprednisolone (also known as 6-methylprednisolone, methylprednisolone acetate,

methylprednisolone sodium succinate, sold under the tradenames Duralone®, Medralone®,

Medrol®, M-Prednisol® and Solu-Medrol®); antihistamines, such as diphenhydramine (e.g.,

Benadryl®), hydroxyzine, and cyproheptadine; and bronchodilators, such as the beta-

adrenergic receptor agonists, albuterol (e.g., Proventil®), and terbutaline (Brethine®).

Some patients may experience nausea during and after administration of the compound of the

present disclosure and/or other anti-cancer agent(s); therefore, anti-emetics are used in

preventing nausea (upper stomach) and vomiting. Suitable anti-emetics include aprepitant

(Emend®), ondansetron (Zofran®), granisetron HC1 (Kytril®), lorazepam (Ativan®.

dexamethasone (Decadron®), prochlorperazine (Compazine®), casopitant (Rezonic® and

Zunrisa®), and combinations thereof.

Medication to alleviate the pain experienced during the treatment period s often

prescribed to make the patient more comfortable. Common over-the-counter analgesics, such

Tylenol®, are often used. However, opioid analgesic drugs such as hydrocodone/paracetamol

or hydrocodone/acetaminophen (e.g., Vicodin®), morphine (e.g., Astramorph® or Avinza®),

oxycodone (e.g., OxyContin® or Percocet®), oxymorphone hydrochloride (Opana®), and

fentanyl (e.g., Duragesic®) are also useful for moderate or severe pain.

In an effort to protect normal cells from treatment toxicity and to limit organ toxicities,

cytoprotective agents (such as neuroprotectants, free-radical scavengers, cardioprotectors,

anthracycime extravasation neutralizers, nutrients and the like) may be used as an adjunct

therapy. Suitable cytoprotective agents include Amifostme (Ethyol®), glutamine, dimesna

(Tavocept®), mesna (Mesnex®), dexrazoxane (Zmecard® or Totect®), xaliproden (Xaprila®),

and leucovorin (also known as calcium leucovorin, citrovorum factor and foimic acid).

The structure of the active compounds identified by code numbers, generic or trade names may

be taken from the actual edition of the standard compendium "The Merck Index" or from

databases, e.g. Patents International (e.g. IMS World Publications).

The above-mentioned compounds, which can be used in combination with a compound

of the present disclosure, can be prepared and administered as described in the art, such as in

the documents cited above.

In one embodiment, the present disclosure provides pharmaceutical compositions

comprising at least one compound of the present disclosure (e.g., a compound of the present



disclosure) or a pharmaceutically acceptable salt thereof together with a pharmaceutically

acceptable carrier suitable for administration to a human or animal subject, either alone or

together with other anti-cancer agents.

In one embodiment, the present disclosure provides methods of treating human or

animal subjects suffering from a cellular proliferative disease, such as cancer. The present

disclosure provides methods of treating a human or animal subject in need of such treatment,

comprising administering to the subject a therapeutically effective amount of a compound of

the present disclosure (e.g., a compound of the present disclosure) or a pharmaceutically

acceptable salt thereof!, either alone or in combination with other anti-cancer agents.

in particular, compositions will either be formulated together as a combination

therapeutic or administered separately.

in combination therapy, the compound of the present disclosure and other anti-cancer

agent(s) may be administered either simultaneously, concurrently or sequentially with no

specific time limits, wherein such administration provides therapeutically effective levels of the

two compounds in the body of the patient.

In a preferred embodiment, the compound of the present disclosure and the other anti

cancer agent(s) is generally administered sequentially in any order by infusion or orally. The

dosing regimen may vary depending upon the stage of the disease, physical fitness of the

patient, safety profiles of the individual drugs, and tolerance of the individual drugs, as well as

other criteria well-known to the attending physician and medical practitioner(s) administering

the combination. The compound of the present disclosure and other anti-cancer agent(s) may

be administered within minutes of each other, hours, days, or even weeks apart depending upon

the particular cycle being used for treatment. In addition, the cycle could include

administration of one drug more often than the other during the treatment cycle and at different

doses per administration of the drug.

In another aspect of the present disclosure, kits that include one or more compound of

the present disclosure and a combination partner as disclosed herein are provided.

Representative kits include (a) a compound of the present disclosure or a pharmaceutically

acceptable salt thereof, (b) at least one combination partner, e.g., as indicated above, whereby

such kit may comprise a package insert or other labeling including directions for

administration.



A compound of the present disclosure may also be used to advantage in combination

with known therapeutic processes, for example, the administration of hormones or especially

radiation. A compound of the present disclosure may in particular be used as a radiosensitizer,

especially for the treatment of tumors which exhibit poor sensitivity to radiotherapy.

In one embodiment, the subject can be administered an agent which reduces or ameliorates a

side effect associated with the administration of a CAR-expressing cell. Side effects associated

with the administration of a CAR-expressing cell include, but are not limited to CRS, and

hemophagocytic lymphohistiocytosis (HLH), also termed Macrophage Activation Syndrome

(MAS). Symptoms of CRS include high fevers, nausea, transient hypotension, hypoxia, and the

like. CRS may include clinical constitutional signs and symptoms such as fever, fatigue,

anorexia, myalgias, arthalgias, nausea, vomiting, and headache. CRS may include clinical ski

signs and symptoms such as rash. CRS may include clinical gastrointestinal signs and

symsptoms such as nausea, vomiting and diarrhea. CRS may include clinical respiratory signs

and symptoms such as tachypnea and hypoxemia. CRS may include clinical cardiovascular

signs and symptoms such as tachycardia, widened pulse pressure, hypotension, increased

cardac output (early) and potentially diminished cardiac output (late). CRS may include

clinical coagulation signs and symptoms such as elevated d-dimer, hypofibrinogenemia with or

without bleeding. CRS may include clinical renal signs and symptoms such as azotemia. CRS

may include clinical hepatic signs and symptoms such as transaminitis and hyperbilirubinemia.

CRS may include clinical neurologic signs and symptoms such as headache, mental status

changes, confusion, delirium, word finding difficulty or frank aphasia, hallucinations, tremor,

dymetria, altered gait, and seizures.

Accordingly, the methods described herein can comprise administering a CAR-

expressing cell described herein to a subject and further administering one or more agents to

manage elevated levels of a soluble factor resulting from treatment with a CAR-expressmg cell.

In one embodiment, the soluble factor elevated in the subject is one or more of IFN-γ, TNF ,

IL-2 and IL-6. In an embodiment, the factor elevated in the subject is one or more of IL-1, GM-

CSF, IL-10, IL-8, IL-5 and fraktalkine. Therefore, an agent administered to treat this side

effect can be an agent that neutralizes one or more of these soluble factors. In one

embodiment, the agent that neutralizes one or more of these soluble forms is an antibody or

antigen binding fragment thereof. Examples of such agents include, but are not limited to a



steroid (e.g., corticosteroid), an inhibitor of TNFa, and an inhibitor of IL-6. An example of a

TNFa inhibitor is an anti-TNFa antibody molecule such as, infliximab, adalimumab,

certoiizumab pegol, and goiimumab. Another example of a TNFa inhibitor is a fusion protein

such as entanercept. Small molecule inhibitor of TNFa include, but are not limited to, xanthine

derivatives (e.g. pentoxifylline) and bupropion. An example of an IL-6 inhibitor is an anti-IL-6

antibody molecule such as tocilizumab (toe), sarilumab, elsilimomab, CNTO 328,

ALD518/BMS-945429, CNTO 36, CPSI-2364, CDP6038, VX30, ARGX-109, FE301, and

FM10I. In one embodiment, the anti-IL-6 antibody molecule is tocilizumab. An example of

an IL-1R based inhibitor is anakinra.

In some embodiment, the subject is administered a corticosteroid, such as, e.g.,

methylprednisolone, hydrocortisone, among others.

In some embodiments, the subject s administered a vasopressor, such as, e.g.,

norepinephrine, dopamine, phenylephrine, epinephrine, vasopressin, or a combination thereof.

In an embodiment, the subject can be administered an antipyretic agent. In an

embodiment, the subject can be administered an analgesic agent.

In one embodiment, the subject can be administered an agent which enhances the

activity or fitness of a CAR-expressmg cell. For example, in one embodiment, the agent can be

an agent which inhibits a molecule that modulates or regulates, e.g., inhibits, T cell function. In

some embodiments, the molecule that modulates or regulates T cell function is an inhibitory

molecule. Inhibitory molecules, e.g., Programmed Death 1 (PD-1), can, in some embodiments,

decrease the ability of a CAR-expressing ceil to mount an immune effector response.

Examples of inhibitory molecules include PD-1, PD-L1, CTLA4, TIM3, CEACAM (e.g.,

CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIR1,

CD 160, 2B4, CD80, CD86, B7-H3 (CD276), B7-H4 (VTCN1), HVEM (TNFRSF14 or

CD270), KIR, A2aR, MHC class I, MHC class II, GAL9, adenosine, and TGF beta. Inhibition

of a molecule that modulates or regulates, e.g., inhibits, T cell function, e.g., by inhibition at the

DNA, RNA or protein level, can optimize a CAR-expressing cell performance. In

embodiments, an agent, e.g., an inhibitory nucleic acid, e.g., an inhibitory nucleic acid, e.g., an

inhibitory nucleic acid, e.g., a dsRNA, e.g., an siRNA or shRNA, a clustered regularly

interspaced shor palindromic repeats (CRISPR), a transcription-activator like effector nuclease

(TALEN), or a zinc finger endonuclease (ZFN), e.g., as described herein, can be used to inhibit



expression of an inhibitory molecule in the CAR-expressing ceil. In an embodiment, the

inhibitor is an shRNA.

In an embodiment, the agent that modulates or regulates, e.g., inhibits, T-celi function is

inhibited within a CAR-expressing cell. In these embodiments, a dsRNA molecule that inhibits

expression of a molecule that modulates or regulates, e.g., inhibits, T-cell function is linked to

the nucleic acid that encodes a component, e.g., all of the components, of the CAR. In an

embodiment, a nucleic acid molecule that encodes a dsRNA molecule that inhibits expression

of the molecule that modulates or regulates, e.g., inhibits, T-cell function is operably linked to a

promoter, e.g., a HI- or a U6-derived promoter such that the dsRNA molecule that inhibits

expression of the molecule that modulates or regulates, e.g., inhibits, T-cell function is

expressed, e.g., is expressed within a CAR-expressing cell. See e.g., Tiscornia G.,

"Development of Lentiviral Vectors Expressing siRNA," Chapter 3, Gene Transfer:

Delivery and Expression of DMA and RNA (eds. Friedmann and Rossi). Cold Spring Harbor

Laboratory Press, Cold Spring Harbor, NY, USA, 2007; Brummelkamp TR, el al. (2002)

Science 296: 550-553; Miyagishi M, et al (2002) Nat Biotechnol 19: 497-500. In an

embodiment the nucleic acid molecule that encodes a dsRNA molecule that inhibits expression

of the molecule that modulates or regulates, e.g., inhibits, T-cell function is present on the same

vector, e.g., a lentiviral vector, that comprises a nucleic acid molecule that encodes a

component, e.g., all of the components, of the CAR. In such an embodiment the nucleic acid

molecule that encodes a dsRNA molecule that inhibits expression of the molecule that

modulates or regulates, e.g., inhibits, T-cell function is located on the vector, e.g., the lentiviral

vector, 5'- or 3'- to the nucleic acid that encodes a component, e.g., all of the components, of

the CAR. The nucleic acid molecule that encodes a dsRNA molecule that inhibits expression

of the molecule that modulates or regulates, e.g., inhibits, T-cell function can be transcribed in

the same or different direction as the nucleic acid that encodes a component, e.g., all of the

components, of the CAR. In an embodiment the nucleic acid molecule that encodes a dsRNA

molecule that inhibits expression of the molecule that modulates or regulates, e.g., inhibits, T-

ce function is present on a vector other than the vector that comprises a nucleic acid molecule

that encodes a component, e.g., all of the components, of the CAR. In an embodiment, the

nucleic acid molecule that encodes a dsRNA molecule that inhibits expression of the molecule

that modulates or regulates, e.g., inhibits, T-cell function it transiently expressed withm a CAR-

expressing cell. In an embodiment, the nucleic acid molecule that encodes a dsRNA molecule



that inhibits expression of the molecule that modulates or regulates, e.g., inhibits, T-cell

function is stably integrated into the genome of a CAR-expressing cell. Configurations of

exemplary vectors for expressing a component, e.g., all of the components, of the CAR with a

dsRNA molecule that inhibits expression of the molecule that modulates or regulates, e.g.,

inhibits, T-cell function, is provided, e.g., in Figure 47 of International Publication

WO20 15/090230, filed December 19, 2014, which is herein incorporated by reference.

Examples of dsRNA molecules useful for inhibiting expression of a molecule that modulates or

regulates, e.g., inhibits, T-cell function, wherein the molecule that modulates or regulates, e.g.,

inhibits, T-cell function is PD-l include RNAi agents that target PD-l, as described, e.g., in

paragraph [00489] and Tables 6 and of International Publication WO201 5/090230, filed

December 19, 2014, which s incorporated by reference in its entirety.

in one embodiment, the agent that modulates or regulates, e.g., inhibits, T-cell function

can be, e.g., an antibody or antibody fragment that binds to an inhibitory molecule. For

example, the agent can be an antibody or antibody fragment that binds to PD- , PD-Ll, PD-I.2

or CTI.A4 (e.g., ipilimumab (also referred to as MDX-010 and MDX-101, and marketed as

Yervoy®; Bristol-Myers Squibb; Tremelimumab (IgG2 monoclonal antibody available from

Pfizer, formerly known as ticilimumab, CP-675,206).). In an embodiment, the agent is an

antibody or antibody fragment that binds to TIM3. In an embodiment, the agent is an antibody

or antibody fragment that binds to LAG3.

PD-l is an inhibitory member of the CD28 family of receptors that also includes CD28,

CTLA-4, ICOS, and BTLA. PD-l is expressed on activated B cells, T cells and myeloid cells

(Agata et al. 1996 Int. Immunol 8:765-75). Two ligands for PD-l, PD-Ll and PD-L2 have

been shown to downregulate T cell activation upon binding to PD-l (Freeman et a . 2000 J Exp

Med 192: 1027-34; Latchman et al. 2001 Nat Immunol 2:261-8; Carter et a . 2002 Eur J

Immunol 32:634-43). PD-Ll is abundant in human cancers (Dong et al. 2003 J Mo Med

:28!-?; Blank et al. 2005 Cancer Immunol. Immunother 54:307-3 14; Komshi et al. 2004 Clin

Cancer Res 10:5094). Immune suppression can be reversed by inhibiting the local interaction

of PD-l with PD-Ll. Antibodies, antibody fragments, and other inhibitors of PD-l, PD-Ll and

PD-L2 are available in the art and may be used combination with a cars of the present

disclosure described herein. For example, nivolumab (also referred to as BMS-936558 or

MDX1 106; Bristol-Myers Squibb) is a fully human IgG4 monoclonal antibody which

specifically blocks PD-l. Nivolumab (clone 5C4) and other human monoclonal antibodies that



specifically bind to PD-1 are disclosed in US 8,008,449 and WO2006/121 168. Pidilizumab

(CT-011; Cure Tech) is a humanized IgGlk monoclonal antibody that binds to PD-1.

Pidilizumab and other humanized anti-PD-1 monoclonal antibodies are disclosed in

WO2009/1 16 . Pembrolizumab (formerly known as lambrolizumab, and also referred to as

MK03475; Merck) is a humanized IgG4 monoclonal antibody that binds to PD- .

Pembrolizumab and other humanized anti-PD-1 antibodies are disclosed in US 8,354,509 and

WO2009/1 14335. MEDX4736 (Medimmune) is a human monoclonal antibody that binds to

PDL , and inhibits interaction of the ligand with PD . MDPL3280A (Genentech / Roche) is a

human Fc optimized IgGl monoclonal antibody that binds to PD-Ll. MDPL3280A and other

human monoclonal antibodies to PD-Ll are disclosed in U.S. Patent No.: 7,943,743 and U S

Publication No : 20120039906. Other anti-PD-Ll binding agents include W243.55.S70

(heavy and light chain variable regions are shown in SEQ ID NOs 20 and 2 1 in

WO201 0/077634) and MDX-1 05 (also referred to as BMS-936559, and, e.g., anti-PD-Ll

binding agents disclosed in WO2007/005874). AMP-224 (B7-DCIg; Amplimmune; e.g.,

disclosed in WO201 0/027827 and WO201 1/066342), is a PD-L2 Fc fusion soluble receptor

that blocks the interaction between PD-1 and B7-H1. Other anti-PD-1 antibodies include AMP

514 (Amplimmune), among others, e.g., anti-PD-1 antibodies disclosed in US 8,609,089, US

2010028330, and/or US 20120 14649.

In one embodiment, the anti-PD-1 antibody or fragment thereof is an anti-PD-1

antibody molecule as described in US 201 5/021 0769, entitled "Antibody Molecules to PD-1

and Uses Thereof," incorporated by reference in its entirety. In one embodiment, the anti-PD-1

antibody molecule includes at least one, two, three, four, five or six CDRs (or collectively all of

the CDRs) from a heavy and light chain variable region from an antibody chosen from any of

BAP049-hum01, BAP049-hum02, BAP049-hum03, BAP049-hum04, BAP049-hum05,

BAP049-hum06, BAP049-hum07, BAP049-hum08, BAP049-hum09, BAP049-huml 0,

BAP049-huml l , BAP049-huml2, BAP049-huml3, BAP049-huml4, BAP049-huml5,

BAP049-huml6, BAP049-Clone-A, BAP049-Clone-B, BAP049-Clone-C, BAP049-Clone-D,

or BAP049-Clone-E; or as described in Table 1 of US 20 5/0210769, or encoded by the

nucleotide sequence in Table 1, or a sequence substantially identical (e.g., at least 80%, 85%,

90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the aforesaid sequences; or

closely related CDRs, e.g., CDRs which are identical or which have at least one amino acid



alteration, but not more than two, three or four alterations (e.g., substitutions, deletions, or

insertions, e.g., conservative substitutions).

In yet another embodiment, the anti-PD-1 antibody molecule comprises at least one,

two, three or four variable regions from an antibody described herein, e.g., an antibody chosen

from any of BAP049-humO , BAP049-hum02, BAP049-hum03 , BAP049-hum04, BAP049-

hum05, BAP049-hum06, BAP049-hum07, BAP049-hum08, BAP049-hum09, BAP049-humlO,

BAP049-huml l , BAP049-huml2, BAP049-huml3, BAP049-huml4, BAP049-huml5,

BAP049-huml6, BAP049-Clone-A, BAP049-Clone-B, BAP049-Clone-C, BAP049-Clone-D,

or BAP049-Cione-E; or as described in Table 1 of US 201 5/0210769, or encoded by the

nucleotide sequence in Table 1; or a sequence substantially identical (e.g., at least 80%, 85%,

90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the aforesaid sequences.

Ή Μ3 (T cell immunoglobulin-3) also negatively regulates T cell function, particularly

in IFN-g-secreting CD4+ T helper 1 and C 8+ T cytotoxic 1 cells, and plays a critical role in T

cell exhaustion. Inhibition of the interaction between TIM3 and its ligands, e.g., galectin-9

(Gal9), phosphotidyl serine (PS), and HMGB1 , can increase immune response. Antibodies,

antibody fragments, and other inhibitors of Ί ΤΜ3 and its ligands are available in the art and

may be used combination with a CD 19 CAR described herein. For example, antibodies,

antibody fragments, small molecules, or peptide inhibitors that target TIMS binds to the IgV

domain of TIM3 to inhibit interaction with its ligands. Antibodies and peptides that inhibit

Τ Μ 3 are disclosed in WO201 3/006490 and US201 00247521 . Other anti-TIM3 antibodies

include humanized versions of RMT3-23 (disclosed in Ngiow et al, 20 1, Cancer Res,

71:3540-3551), and clone 8B.2C12 (disclosed in Monney et al, 2002, Nature, 415:536-541).

Bi-specific antibodies that inhibit Μ3 and PD-1 are disclosed in US201 30 56774.

In one embodiment, the anti-TIM3 antibody or fragment thereof is an anti- ΤΓΜ3

antibody molecule as described in US 2015/0218274, entitled "Antibody Molecules to Ί Ί Μ3

and Uses Thereof," incorporated by reference in its entirety. In one embodiment, the anti-

TIMS antibody molecule includes at least one, two, three, four, five or six CDRs (or

collectively all of the CDRs) from a heavy and light chain variable region from an antibody

chosen from any of A TIMS, ABTIMS-humOl, ABTIM3-hum02, ABTIMS-humOS, ΑΒ Ί Ί Μ 3-

hum04, ABTIM3-hum05, ABTIM3-huni06, ABTIM3-hum07, ABTIM3-hum08, ΑΒΤΓΜ3-

hum09, ABTIM3-huml0, AB M3 um l l , ABTIM3-huml2, ABTIMS-humlS, ABTIM3-

huml4, ABTIMS-humlS, ABTTM3-huml6, ABTIM3-huml7, ABTIM3-huml8, ABTTM3-



huml9, ABTrM3 -hum20 , ABTIM3-huni21, ABTTM3 -hum22 , ABTIM3-hum23; or as

described in Tables 1-4 of US 2015/0218274; or encoded by the nucleotide sequence in Tables

1-4; or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%,

99% or higher identical) to any of the aforesaid sequences, or closely related CDRs, e.g., CDRs

which are identical or which have at least one amino acid alteration, but not more than two,

three or four alterations (e.g., substitutions, deletions, or insertions, e.g., conservative

substitutions).

In yet another embodiment, the anti-TTM3 antibody molecule comprises at least one,

two, three or four variable regions from an antibody described herein, e.g., an antibody chosen

from any of ABTIM3, AB T -humOl , ABTIM3~hum02, ΑΒΤΓΜ3-hum03 , ABTIM3-hum04,

ABTIM3-hum05, ABTIM3-hum06, ABTIM3-hum07, ABTIM3-hum08, ABTTM3-hum09,

ABTIM3-hum!Q, ABTIM3-huml I , ABTIM3-huml2, ABTTM3-huml3, ABTIM3-huml4,

ABTIM3-huml5, ABTIM3-huml6, ABTIM3-humI7, ABTTM3-huml 8, ABTTM3-huml9,

ABTIM3-hum20, ABTIM3-hum2I, ABTIM3~hum22, ABTTM3-hum23; or as described in

Tables 1-4 of US 201 5/02 8274; or encoded by the nucleotide sequence in Tables 1-4; or a

sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or

higher identical) to any of the aforesaid sequences.

In other embodiments, the agent which enhances the activity of a CAR-expressing cell

is a CEACAM inhibitor (e.g., CEACAM-1, CEACAM-3, and/or CEACAM-5 inhibitor). In

one embodiment, the inhibitor of CEACAM is an anti-CEACAM antibody molecule.

Exemplary anti-CEACAM- 1 antibodies are described in WO 2010/125571, WO 2013/082366

WO 2014/059251 and WO 2014/022332, e.g., a monoclonal antibody 34B1, 26H7, and 5F4; or

a recombinant form thereof, as described in, e.g., US 2004/0047858, US 7,132,255 and WO

99/052552. In other embodiments, the anti-CEACAM antibody binds to CEACAM-5 as

described in. e.g., Zheng et a . PLoS One. 2010 Sep 2;5(9). pii: el2529

(DOI:10:1371/journal.pone.0021146), or crossreacts with CEACAM-1 and CEACAM-5 as

described in, e.g., WO 2013/054331 and US 2014/0271618.

Without wishing to be bound by theory, carcinoembryonic antigen cell adhesion

molecules (CEACAM), such as CEACAM-1 and CEACAM-5, are believed to mediate, at least

in part, inhibition of an anti-tumor immune response ( ? e.g., Mark el et al. J Immunol. 2002

Mar 15;168(6):2803-10; Markel et al. J Immunol 2006 Nov 1;177(9):6062-71; Markel et al.

Immunology. 2009 Feb; 26(2): 86-200; Markel et a . Cancer Immunol Immunolher. 201 0



Feb;59(2):215-30; Ortenberg et al. M o Cancer Ther. 2012 Jun;l 1(6): 1300-10; Stern et al. J

Immunol. 2005 J m 1;174(1 1):6692-701; Zheng et al. PLoSOne. 2010 Sep 2:5(9). p : el2529).

For example, CEACAM-l has been described as a heterophilic ligand for TIM-3 and as playing

a role in TIM-3 -mediated T cell tolerance and exhaustion (see e.g., WO 2014/022332; Huang,

et al. (20 14) Nature dor.10 . 103 nature 3848). In embodiments, co-blockade of CE ACAM- 1

and TIM-3 has been shown to enhance an anti -tumor immune response in xenograft colorectal

cancer models (see e.g., W O 2014/022332; Huang, et al. (2014), supra). In other

embodiments, co-blockade of CEACAM-l and PD-1 reduce T cell tolerance as described, e.g.,

in WO 2014/059251. Thus, CEAC AM inhibitors can be used with the other

immunomodulators described herein (e.g., anti-PD-1 and/or anti-TIM-3 inhibitors) to enhance

an immune response against a cancer, e.g., a melanoma, a lung cancer (e.g., NSCLC), a bladder

cancer, a colon cancer an ovarian cancer, and other cancers as described herein.

LAG3 (lymphocyte activation gene- 3 or CD223) is a cell surface molecule expressed on

activated T cells and B cells that has been shown to play a role in CD8+ T cell exhaustion.

Antibodies, antibody fragments, and other inhibitors of LAG3 and its ligands are available in

the art and may be used combination with a CD 19 CAR described herein. For example, BMS-

986016 (Bristol-Myers Squib) s a monoclonal antibody that targets LAG3. IMP701

(Immutep) is an antagonist LAG3 antibody and IMP731 (immutep and GlaxoSmithKline) is a

depleting LAG3 antibody. Other LAG3 inhibitors include IMP321 (Immutep), which s a

recombinant fusion protein of a soluble portion of LAG3 and g that binds to MHC class II

molecules and activates antigen presenting cells (APC). Other antibodies are disclosed, e.g., in

WO201 0/01 9570.

In one embodiment, the anti-LAG3 antibody or fragment thereof is an anti-LAG3

antibody molecule as described in US 2015/0259420, entitled "Antibody Molecules to LAG3

and Uses Thereof," incorporated by reference in its entirety. In one embodiment, the anti-

LAG3 antibody molecule includes at leas one, two, three, four, five or six CDRs (or

collectively all of the CDRs) from a heavy and light chain variable region from an antibody

chosen from any of BAP050-hum01, BAP050~hum02, BAP050-hum03, BAP050-hum04,

BAP050~hum05, BAP050-hum06, BAP050-hum07, BAP050-hum08, BAP050-hum09,

BAP050-huml0, BAP050-huml 1, BAP050-huml2, BAP050-huml3, BAP050~huml4,

BAP050~huml5, BAP050-huml6, BAP050-huml7, BAP050-huml8, BAP050-huml9,

BAP050-hum20, huBAP050(Ser) (e.g., BAP050-hum01-Ser, BAP050-hum02-Ser, BAP050-



hum03-Ser, BAP050-hum04-Ser, BAP050-hum05-Ser, BAP050-hum06-Ser, BAP050-hum07-

Ser, BAP050-hum08-Ser, BAP050-hum09-Ser, BAP050-humlO-Ser, BAP050-humll-Ser,

BAP050-huml2-Ser, BAP050-huml3-Ser, BAP050-huml4-Ser, BAP050-huml5-Ser,

BAP050-huml8-Ser, BAP050-huml9-Ser, or BAP050-hum20-Ser), BAP050-Clone-F,

BAP050-Clone-G, BAP050-Clone-H, BAP050-Clone-I, or BAP050-Clone-J; or as described n

Table 1 of US 2015/0259420; or encoded by the nucleotide sequence in Table 1; or a sequence

substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher

identical) to any of the aforesaid sequences, or closely related CDRs, e.g., CDRs which are

identical or which have at least one amino acid alteration, but not more than two, three or four

alterations (e.g., substitutions, deletions, or insertions, e.g., conservative substitutions).

In yet another embodiment, the ami- LAG3 antibody molecule comprises at least one,

two, three or four variable regions from an antibody described herein, e.g., an antibody chosen

from any of BAP050-hum01 , BAP050-hum02, BAP050-hum03, BAP050-hum04, BAP050-

hum05, BAP050-hum06, BAP050-hum07, BAP050-hum08, BAP050-hum09, BAP050-huml0,

BAP050-huml 1, BAP050-huml2, BAP050-huml3, BAP050-huml4, BAP050-huml 5,

BAP050-huml6, BAP050-huml7, BAP050-huml8, BAP050-huml9, BAP050-hum20,

huBAP050(Ser) (e.g., BAP050-hum01-Ser, BAP050-hum02-Ser, BAP050-hum03-Ser,

BAP050-hum04-Ser, BAP050-hum05-Ser, BAP050-hum06-Ser, BAP050-hum07-Ser,

BAP050-hum08-Ser, BAP050-hum09-Ser, BAP050-huml0-Ser, BAP050-humll-Ser,

BAP050-huml2-Ser, BAP050-huml3-Ser, BAP050-huml4-Ser, BAP050-huml5-Ser,

BAl 050-huml8-Ser, BAl 050-huml9-Ser, or BAP050-hum20-Ser), BAP050-Clone-F,

BAP050-Clone-G, BAP050-Clone-H, BAP050-Clone-I, or BAP050-Clone-J; or as described in

Table 1 of US 2015/0259420: or encoded by the nucleotide sequence in Tables 1; or a sequence

substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher

identical) to any of the aforesaid sequences.In some embodiments, the agent which enhances

the activity of a CAR-expressing cell can be, e.g., a fusion protein comprising a first domain

and a second domain, wherein the first domain is an inhibitory molecule, or fragment thereof!,

and the second domain is a polypeptide that is associated with a positive signal, e.g., a

polypeptide comrpsing an antracellular signaling domain as described herein. In some

embodiments, the polypeptide that is associated with a positive signal can include a

costimulatory domain of CD28, CD27, ICOS, e.g., an intracellular signaling domain of CD28,

CD27 and/or ICOS, and/or a primary signaling domain, e.g., of CD3 zeta, e.g., described



herein. In one embodiment, the fusion protein is expressed by the same cell that expressed the

CAR. In another embodiment, the fusion protein is expressed by a cell, e.g., a T cell that does

not express a CAR of the present disclosure.

In one embodiment, the agent which enhances activity of a CAR-expressing cell

described herein is miR- 17-92.

In one embodiment, the agent which enhances activity of a CAR-described herein is a

cytokine. Cytokines have important functions related to T cell expansion, differentiation,

survival, and homeostatis. Cytokines that can be administered to the subject receiving a CAR-

expressing cell described herein include: IL-2, IL-4, IL-7, IL-9, IL-15, IL-18, and IL-21, or a

combination thereof. In preferred embodiments, the cytokine administered is IL-7, IL-15, or

IL-21, or a combination thereof. The cytokine can be administered once a day or more than

once a day, e.g., twice a day, three times a day, or four times a day. The cytokine can be

administered for more than one day, e.g. the cytokine s administered for 2 days, 3 days, 4 days,

5 days, 6 days, 1 week, 2 weeks, 3 weeks, or 4 weeks. For example, the cytokine is

administered once a day for 7 days.

In embodiments, the cytokine is administered in combination with CAR-expressing T

cells. The cytokine can be administered simultaneously or concurrently with the CAR-

expressing T ceils, e.g., administered on the same day. The cytokine may be prepared in the

same pharmaceutical composition as the CAR-expressing T cells, or may be prepared in a

separate pharmaceutical composition. Alternatively, the cytokine can be administered shortly

after administration of the CAR-expressing T cells, e.g., 1 day, 2 days, 3 days, 4 days, 5 days, 6

days, or 7 days after administration of the CAR-expressing T cells. In embodiments where the

cytokine is administered in a dosing regimen that occurs over more than one day, the first day

of the cytokine dosing regimen can be on the same day as administration with the CAR-

expressing T ceils, or the first day of the cytokine dosing regimen can be 1 day, 2 days, 3 days,

4 days, 5 days, 6 days, or 7 days after administration of the CAR-expressing T cells. In one

embodiment, on the first day, the CAR-expressing T cells are administered to the subject, and

on the second day, a cytokine is administered once a day for the next 7 days. In a preferred

embodiment, the cytokine to be administered in combination with CAR-expressing T cells is

IL-7, IL-15, or IL-21 .

In other embodiments, the cytokine is administered a period of time after administration

of CAR-expressing cells, e.g., at least 2 weeks, 3 weeks, 4 weeks, 6 weeks, 8 weeks, 0 weeks,



12 weeks, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, months,

months, or 1 year or more after administration of CAR-expressmg cells. In one embodiment,

the cytokine is administered after assessment of the subject's response to the CAR-expressing

cells. For example, the subject is administered CAR-expressmg cells according to the dosage

and regimens described herein. The response of the subject to CART therapy is assessed at 2

weeks, 3 weeks, 4 weeks, 6 weeks, 8 weeks, 10 weeks, 12 weeks, 4 months, 5 months, 6

months, 7 months, 8 months, 9 months, 10 months, months, or 1 year or more after

administration of CAR-expressing cells, using any of the methods described herein, including

inhibition of tumor growth, reduction of circulating tumor cells, or tumor regression. Subjects

that do not exhibit a sufficient response to CART therapy can be administered a cytokine.

Administration of the cytokine to the subject that has sub-optimal response to the CART

therapy improves CART efficacy or anti-tumor activity. In a preferred embodiment, the

cytokine administered after administration of CAR-expressing cells is II.-7.

Combination with a low dose of an mTOR inhibitor

In one embodiment, the CAR-expressing cells described herein, are administered in

combination with a low, immune enhancing dose of an mTOR inhibito, e.g., as described in

PCT publication WO/2016/014530.

In another embodiment, administration of a low, immune enhancing, dose of an mTOR

inhibitor results in increased or prolonged proliferation of CAR-expressing cells, e.g., in culture

or in a subject, e.g., as compared to non-treated CAR-expressing cells or a non-treated subject.

In embodiments, increased proliferation is associated with in an increase in the number of

CAR-expressmg cells. Methods for measuring increased or prolonged proliferation are

described in Examples 4 and 5 . In another embodiment, administration of a low, immune

enhancing, dose of an mTOR inhibitor results in increased killing of cancer cells by CAR-

expressing cells, e.g., in culture or in a subject, e.g., as compared to non-treated CAR-

expressing cells or a non-treated subject. In embodiments, increased killing of cancer cells is

associated with in a decrease in tumor volume.

In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule

described herein, are administered in combination with a low, immune enhancing dose of an

mTOR inhibitor, e.g., an allosteric mTOR inhibitor, e.g., RAD001, or a catalytic mTOR

inhibitor. For example, administration of the low, immune enhancing, dose of the mTOR



inhibitor can be initiated prior to administration of a CAR-expressmg cell described herein;

completed prior to administration of a CAR-expressing cell described herein; initiated at the

same time as administration of a CAR-expressing cell described herein; overlapping with

administration of a CAR-expressmg cell described herein; or continuing after administration of

a CAR-expressing cell described herein.

Alternatively or in addition, administration of a low, immune enhancing, dose of an

mTOR inhibitor can optimize immune effector cells to be engineered to express a CAR

molecule described herein. In such embodiments, administration of a low, immune enhancing,

dose of an mTOR inhibitor, e.g., an allosteric inhibitor, e.g., RAD001, or a catalytic inhibitor,

is initiated or completed prior to harvest of immune effector cells, e.g., T cells or NK cells, to

be engineered to express a CAR molecule described herein, from a subject.

n another embodiment, immune effector cells, e.g., T cells or NK cells, to be

engineered to express a CAR molecule described herein, e.g., after harvest from a subject, or

CAR-expressing immune effector cells, e.g., T cells or NK cells, e.g., prior to administration to

a subject, can be cultured in the presence of a low, immune enhancing, dose of an mTOR

inhibitor.

As used herein, the term "mTOR inhibitor" refers to a compound or iigand, or a

pharmaceutically acceptable salt thereof, which inhibits the mTOR kinase in a cell. In an

embodiment an mTOR inhibitor is an allosteric inhibitor. In an embodiment an mTOR

inhibitor is a catalytic inhibitor.

Allosteric mTOR inhibitors include the neutral tricyclic compound rapamycm

(siroiimus), rapamycin-related compounds, that is compounds having structural and functional

similarity to rapamycin including, e.g., rapamycin derivatives, rapamycin analogs (also referred

to as rapalogs) and other macrolide compounds that inhibit mTOR activity.

Rapamycm is a known macrolide antibiotic produced by Streptomvces hygroscopicus

having the structure shown in Formula A .



(A)

Other suitable rapamycin analogs include, but are not limited to, RAD001, otherwise

known as everolimus (Afinitor®), has the chemical ame

(1R,9S, 2S, 5R, 6E, 8R, 9R,21 R,23 S,24E,26E,28E,3 0S,3 2S,3 5R)- , 8-dihydroxy- 12- {( 1R)-

2-[(l S,3R,4R)-4-(2-hydroxyethoxy)-3-methoxycyxlohexyl]-l-m

, 17,2 ,23 ,29,3 5-hexamethyl- ,36-dioxa-4-aza-tricyclo[30. 3.1. 04,9]hexatnaconta-

6,24,26,28-tetraene-2,3,10,14,20-pentaone,sirolimus (rapamycin, AY-22989), 40-[3-hydroxy-

2-(hydroxymethyl)-2-methylpropanoate]-rapamycin (also called temsirolimus or CCI-779) and

ridaforolimus (AP-23573/MK-8669).b Other examples of allosteric mTor inhibtors include

zotarolimus (ABT578) and umirolimus as described in US2005/0101624 the contents of which

are incorporated by reference. Other suitable mTOR inhibitors are described in paragraphs 946

to 964 of International Publication WO201 5/142675, filed March 13, 2015, which is

incorporated by reference in its entirety. Low, immune enhancing doses of an mTOR inhibitor,

suitable levels of mTOR inhibition associated with low doses of an mTOR inhibitor, methods

for detecting the level of mTOR inhibition, and suitable pharmaceutical compositions thereof

are further described in paragraphs 936 to 945 and 965 to 1003 of International Publication

WO201 5/142675, filed March 13, 20 5, which is incorporated by reference in its entirety.



Pharmaceutical compositions of the present disclosure may comprise a CAR-expressing

cell, e.g., a plurality of CAR-expressing cells, as described 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. Compositions of the

present disclosure are in one aspect formulated for intravenous administration.

Pharmaceutical compositions of the present disclosure may be administered in a manner

appropriate to the disease to be treated (or prevented). The quantity and frequency of

administration will be determined by such factors as the condition of the patient, and the type

and seventy of the patient's disease, although appropriate dosages may be determined by

clinical trials.

In one embodiment, the pharmaceutical composition is substantially free of, e.g., there

are no detectable levels of a contaminant, e.g., selected from the group consisting of endotoxin,

mycoplasma, replication competent lentivirus (RCL), p24, VSV-G nucleic acid, HIV gag,

residual anti-CD3/anti-CD28 coated beads, mouse antibodies, pooled human serum, bovine

serum albumin, bovine serum, culture media components, vector packaging cell or plasmid

components, a bacterium and a fungus. In one embodiment, the bacterium is at least one

selected from the group consisting of Aicaiigenes faecalis, Candida albicans, Escherichia coli,

Haemophilus influenza, Neisseria meningitides, Pseudomonas aeruginosa, Staphylococcus

aureus, Streptococcus pneumonia, and Streptococcus pyogenes group A .

When "an immunologically effective amount," "an anti-tumor effective amount," "a

tumor-inhibiting effective amount," or "therapeutic amount" is indicated, the precise amount of

the compositions of the present disclosure to be administered can be determined by a physician

with consideration of individual differences in age, weight, tumor size, extent of infection or

metastasis, and condition of the patient (subject). It can generally be stated that a

pharmaceutical composition comprising the immune effector cells (e.g., T cells, N cells)

described herein may be administered at a dosage of 0 * to 10y cells/kg body weight, in some

instances 10s to 10 cells/kg body weight, including all integer values within those ranges. T

cell compositions may also be administered multiple times at these dosages. The cells can be



administered by using infusion techniques that are commonly known in immunotherapy (see,

e.g., Rosenberg et a New Eng. J . of Med. 319:1676, 1988).

In some embodiments, a dose of CAR-expressing cells described herein (e.g., cells

comprising, e.g., engineered to express, a TA CAR and a BCA CAR) comprises about 1 x 10 ,

1.1 x l O6, 2 106, 3.6 x i O6, 5 106, 1 x 107, 1.8 x 107, 2 x 107, 5 x 107, 1 x 108, 2 x 108, 3 x

108, or 5 x 108 cells/kg. In some embodiments, a dose of CAR cells (e.g., cells comprising, e.g.,

engineered to express, a TA CAR and a BCA CAR comprises at least about 1 x 10°, 1.1 x 106,

2 x O6, 3.6 x O6, 5 x 6, 1 x 07, 1.8 x 7, 2 x 07, 5 x 07, I x O8, 2 x 108, 3 x 08, or 5 x

08 cells/kg. In some embodiments, a dose of CAR cells (e.g., cells comprising, e.g.,

engineered to express, a TA CAR and a BCA CAR) comprises up to about I x 106, .1 x 6, 2

x I O6, 3.6 x 106, 5 O6, 1 x 107, 1.8 x O7, 2 x 1 7, 5 x 107, 1 x 108, 2 O8, 3 x 108, or 5 x 108

cells/kg. In some embodiments, a dose of CAR cells (e.g., cells comprising, e.g., engineered to

express, a TA CAR and a BCA CAR) comprises about 1.1 x 106 - 1.8 x 10 ' cells/kg. In some

embodiments, a dose of CAR cells (e.g., cells comprising, e.g., engineered to express, a TA

CA and a BCA CAR) comprises about 1 x 107, 2 x 107, 5 x 07, I x O8, 2 x 108, 3 x 108, 5 x

10 , 1 x 109, 2 x 109, or 5 x 0 cells. In some embodiments, a dose of CAR cells (e.g., cells

comprising, e.g., engineered to express, a TA CAR and a BCA CAR) comprises at least about 1

x 07, 2 x 107, 5 x 107, 1 x 108, 2 x 08, 3 x 108, 5 x 108, 1 x 109, 2 x 09, or 5 x 109 cells. In

some embodiments, a dose of CAR cells (e.g., cells comprising, e.g., engineered to express, a

TA CAR and a BCA CAR) comprises up to about 1 x 07, 2 x O7, 5 x 107, 1 x 08, 2 x 108, 3 x

O8, 5 x 10 , 1 x 09, 2 x 09, or 5 x 09 cells.

In some embodiments, a dose of CAR cells (e.g., cells comprising, e.g., engineered to

express, a TA CAR and a BCA CAR) comprises up to about 1 x 10'', 1.5 x 10', 2 x 10 ?, 2.5 x

107, 3 x 107, 3.5 x 107, 4 x 107, 5 x O7, 1 x 108, 1.5 x O8, 2 x 108, 2.5 x O8, 3 x 108, 3.5 x 10 ,

4 x 10 , 5 x 10s, 1 x 10 , 2 x 10 , or 5 x 0 ceils. In some embodiments, a dose of CAR cells

(e.g., cells comprising, e.g., engineered to express, a TA CAR and a BCA CAR) comprises up

to about 1-3 X 10 ' to 1-3 xlO8 of cells. In some embodiments, the subject is administered about

1-3 x 07 of the cells. In other embodiments, the subject is administered about 1-3 x O8 of the

cells.

The cells can be administered by using infusion techniques that are commonly known in

immunotherapy (see, e.g., Rosenberg et al, New Eng. J . of Med. 319:1676, 1988).



In certam aspects, it may be desired to administer activated immune effector cells (e.g.,

T ceils, NK ceils) to a subject and then subsequently redraw blood (or have an apheresis

performed), activate immune effector cells (e.g., T ceils, NK ceils) therefrom according to the

present disclosure, and reinfuse the patient with these activated and expanded immune effector

cells (e.g., T cells, NK cells). This process can be carried out multiple times every few weeks.

In certain aspects, immune effector cells (e.g., T cells, NK cells) can be activated from blood

draws of from Occ to 400cc. In certain aspects, immune effector cells (e.g., T cells, NK cells)

are activated from blood draws of 20cc, 30cc, 40cc, 50cc, 60cc, 70cc, 80cc, 90cc, or iOOcc.

The administration of the subject 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, subcutaneous!}', intradermal! y, intratumorally, intranodal!}', intramedullary,

intramuscularly, by intravenous (i.v.) injection, or intraperitoneal!}'. In one aspect, the T cell

compositions of the present disclosure are administered to a patient by intradermal or

subcutaneous injection. In one aspect, the T cell compositions of the present disclosure are

administered by i.v. injection. The compositions of immune effector cells (e.g., T cells, NK

cells) may be injected directly into a tumor, lymph node, or site of infection.

In a particular exemplary aspect, subjects may undergo leukapheresis, wherein

leukocytes are collected, enriched, or depleted ex vivo to select and/or isolate the cells of

interest, e.g., T cells. These T cell isolates may be expanded by methods known in the art and

treated such that one or more CAR constructs of the invention may be introduced, thereby

creating a CAR T cell of the invention. Subjects in need thereof may subsequently undergo

standard treatment with high dose chemotherapy followed by peripheral blood stem cell

transplantation. In certain aspects, following or concurrent with the transplant, subjects receive

an infusion of the expanded CAR T ceils of the present disclosure. In an additional aspect,

expanded cells are administered before or following surgery.

The dosage of the above treatments to be administered to a patient will vary with the

precise nature of the condition being treated and the recipient of the treatment. The scaling of

dosages for human administration can be performed according to art-accepted practices. The

dose for CAIVIPATH, for example, will generally be in the range 1 to about 100 mg for an adult

patient, usually administered daily for a period between 1 and 30 days. The preferred daily dose



is 1 to 10 nig per day although in some instances larger doses of up to 40 mg per day may be

used (described in U.S. Patent No. 6,120,766).

In one embodiment, the CAR is introduced into immune effector cells (e.g., T cells, NK

cells), e.g., using in vitro transcription, and the subject (e.g., human) receives an initial

administration of CAR immune effector cells (e.g., T cells, NK cells) of the invention, and one

or more subsequent administrations of the CAR immune effector cells (e.g., T cells, NK cells)

of the invention, 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, more than one administration of the CAR immune effector cells (e.g., T

cells, NK cells) of the invention are administered to the subject (e.g., human) per week, e.g., 2,

3, or 4 administrations of the CAR immune effector cells (e.g., T cells, NK cells) of the

invention are administered per week. In one embodiment, the subject (e.g., human subject)

receives more than one administration of the CAR immune effector cells (e.g., T cells, NK

cells) per week (e.g., 2, 3 or 4 administrations per week) (also referred to herein as a cycle),

followed by a week of no CAR immune effector cells (e.g. , T cells, N cells) administrations,

and then one or more additional administration of the CAR immune effector cells (e.g., T cells,

NK cells) (e.g., more than one administration of the CAR immune effector cells (e.g., T cells,

NK cells) per week) is administered to the subject. In another embodiment, the subject (e.g.,

human subject) receives more than one cycle of CAR immune effector cells (e.g., T cells, NK

cells), and the time between each cycle is less than 10, 9, 8, 7, 6, 5, 4, or 3 days. In one

embodiment, the CAR immune effector ceils (e.g., T cells, NK cells) are administered every

other day for 3 administrations per week. In one embodiment, the CAR immune effector cells

(e.g., T cells, NK cells) of the invention are administered for at least two, three, four, five, six,

The invention is further described in detail by reference to the following experimental

examples. These examples are provided for purposes of illustration only, and are not intended

to be limiting unless otherwise specified. Thus, the invention should in no way be construed as

being limited to the following examples, but rather, should be construed to encompass any and

ail variations which become evident as a result of the teaching provided herein.



Example 1

Human T lymphocytes are taken from a subject and are provided ex v vo, stimulated usmg anti-

CD3/CD28, and transduced with a lentivirus vector encoding a second-generation CD 19 CAR

(a CAR comprising a CD 19 binding domain, a transmembrane domain, and an intracellular

signaling domain comprising a CD3z primary signaling domain and a 4- IBB costimulatory

signaling domain) under the control of the EFla promoter, and with a lentiviral vector encoding

a second-generation EGFRvIII CAR (a CAR comprising a EGFRvIII binding domain, a

transmembrane domain, and an intracellular signaling domain comprising a CD3z primary

signaling domain and a 4-IBB costimulatory signaling domain) under the control of the EFla

promoter. Systems such as this, for engineering a cell to express both the CD 19 CAR and the

EGFRvIII CAR, are illustrated in Figure 2 As well, a single bicistromc lentivirus vector is

constructed which encodes a second generation CD1 CAR and a second generation EGFRvIII

CAR with an intervening P2A site, all under the control of the EFla promoter. Such a

construct, for engineering a cell to express both the CD19 CAR and the EGFRvIII CAR, is

illustrated in Figure . Cells expressing both the second-generation CD 19 CAR and the

second-generation EGFRvIII CAR are provided by transducing T cells either with a mixture of

the two lentiviral vectors (each encoding either the CD 19 CAR or the EGFRvIII CAR; Figure

2) or with the single lentiviral vector encoding the bicistronic construct (Figure 1), and CAR T

cell proliferation, cytokine release and cytotoxicity are assayed against CD19+/EGFRvIII-

celis, CD19-/EGFRvIH+ cells, CD19+/EGFRVIII+ ceils and a population of cells comprising

CD19+/EGFRvIII- cells and CD 19-/EGFRvIII+ cells, using methods disclosed herein (e.g., as

described in WO2014/130657), and the activities are compared to cells expressing only the

second-generation EGFRvIII CAR. Cells are further assayed in vivo (proliferation, long term

persistence and tumor toxicity, e.g., by methods described in WO2014/130657) by

administering the cells intravenously in xenogeneic immune-compromised

NOD/SCID/common-gamrna chain-/- mice with established EGFRvIII U87vIII glioma

tumors. Autologous B cells or immortalized B cells expressing CD 19 are co-infused with the

CAR T cells to enhance CAR T cell activation. For clinical application, autologous T cells are

transduced to express an EGFRvIII CAR and a CD 19 CAR and are administered to a patient

suffering from glioblastoma multiforme (GBM). CART cell persistence,



proliferation/expansion and anti-tumor efficacy are monitored. In patients, their normal B cells

expressing CD 19 provide a source of stimulation for the second CAR.

Example 2

Human T lymphocytes are taken from a subject and are provided ex vivo, stimulated using anti-

CD3/CD28, and transduced with a lentivirus vector encoding a second-generation BCMA CAR

(a CAR comprising a BCMA binding domain, a transmembrane domain, and an intracellular

signaling domain comprising a CD3z primary signaling domain and a 4- IBB costimulatory

signaling domain) under the control of the EFla promoter, and with a lentiviral vector encoding

a second-generation EGFRvIII CAR (a CAR comprising a EGFRvIII binding domain, a

transmembrane domain, and an intracellular signaling domain comprising a CD3z primary

signaling domain and a 4-IBB costimulatory signaling domain) under the control of the EFla

promoter. Cells expressing both the second-generation BCMA CAR and the second-generation

EGFRvIII CAR are provided, and CAR T cell proliferation, cytokine release and cytotoxicity

are assayed against BCMA- /EGFRvIII- cells, BCMA-/EGFRvIII+ cells, BCMA+/EGFRVEI+

cells and a population of cells comprising BCMA+/EGFRvHI- cells and BCMA-/EGFRvIII+

cells, using methods disclosed herein (e.g., as described in WO2014/130657), and the activities

are compared to cells expressing only the second-generation EGFRvIII CAR. Cells are further

assayed in vivo (proliferation, long term persistence and tumor toxicity, e.g., by methods

described in WO2014/130657) by administering the cells intravenously in xenogeneic immune-

compromised NOD/SCID/common-gamma chain-/- mice with established EGFRvIII U87vIII

glioma tumors. Autologous B cells or immortalized B cells expressing BCMA are co-infused

with the CAR T cells to enhance CAR T cell activation. For clinical application, autologous T

cells are transduced to express an EGFRvIII CAR and a BCMA CAR and are administered to a

patient suffering from glioblastoma multiforme (GBM). CART ceil persistence,

proliferation/expansion and anti-tumor efficacy are monitored. In patients, their normal B cells

expressing BCMA provide a source of stimulation for the second CAR.

Example 3

Human T lymphocytes are taken from a subject and are provided ex vivo, stimulated using anti-

CD3/CD28, and transduced with a lentivirus vector encoding a second-generation CD 9 CAR

(a CAR comprising a CD 19 binding domain, a transmembrane domain, and an intracellular



signaling domain comprising a CD3z primary signaling domain and a 4- IBB costimulatory

signaling domain) under the control of the EFla promoter, and with a lentiviral vector encoding

a second-generation Mesotheiin ("Meso") CAR (a CAR comprising a Meso binding domain, a

transmembrane domain, and an intracellular signaling domain comprising a CD3z primary

signaling domain and a 4- BB costimulatory signaling domain) under the control of the EF a

promoter. As well, a single bicistronic vector is constructed which encodes a second

generation CD 19 CAR and a second generation Mesotheiin CAR with an intervening P2A site,

all under the control of the EF a promoter. Cells expressing both the second-generation CD 9

CAR and the second-generation Mesotheiin CAR are provided by transducing T cells either

with a mixture of the two lentiviral vectors (each encoding either the CD19 CA or the

EGFRv CAR) or with the single lentiviral vector encoding the bicistronic construct, and

CAR T cell proliferation, cytokine release and cytotoxicity are assayed against CD19+/Meso-

cells, CD19-/Meso+ cells, CD19+/Meso+ cells and a population of cells comprising

CD19+/Meso- cells and CD19-/Meso+ cells, using methods disclosed herein (e.g., as described

in WO201 5/090230), and the activities are compared to cells expressing only the second-

generation Meso CAR. Cells are further assayed in vivo (proliferation, long term persistence

and tumor toxicity, e.g., by methods described in WO201 5/090230) by administering the cells

intravenously in xenogeneic immune-compromised NOD/SCID/common-gamma chain-/- mice

with established Meso-expressing ovarian adenocarcinoma (OVCAR8)

xenografts. Autologous B cells or immortalized B cells expressing CD 19 are co-infused with

the CAR T cells to enhance CAR T cell activation. For clinical application, autologous T ceils

are transduced to express a Meso CAR and a CD 19 CAR and are administered to patients

suffering from a mesothelin-expressing cancer such as mesothelioma, pancreatic cancer, or

ovarian cancer. CART cell persistence, proliferation''expansion and anti-tumor efficacy are

monitored. In patients, their normal B cells expressing CD 19 provide a source of stimulation

for the second CAR.

Example 4

Human T lymphocytes are taken from a subject and are provided ex vivo, stimulated using anti-

CD3/CD28, and transduced with a lentivirus vector encoding a second-generation BCMA CAR

(a CAR comprising a BCMA binding domain, a transmembrane domain, and an intracellular

signaling domain comprising a CD3z primary signaling domain and a 4- BB costimulatory



signaling domain) under the control of the EFla promoter, and with a lentiviral vector encoding

a second-generation Mesotheiin ("Meso") CAR (a CAR comprising a Meso binding domain, a

transmembrane domain, and an intracellular signaling domain comprising a CD3z primary

signaling domain and a 4-IBB costimulatory signaling domain) under the control of the EFla

promoter. Cells expressing both the second-generation BCMA CAR and the second-generation

Meso CAR are provided, and CAR T cell proliferation, cytokine release and cytotoxicity are

assayed against BCMA+/Meso- cells, BCMA-/Meso+ cells, BCMA+/Meso+ cells and a

population of cells comprising BCMA+/Meso- cells and BCMA-/Meso+ cells, using methods

disclosed herein (e.g., as described in W 20 5/090230), and the activities are compared to

cells expressing only the second-generation Meso CAR. Cells are further assayed in vivo

(proliferation, long term persistence and tumor toxicity, e.g., by methods described in

WO201 5/090230) by administering the cells intravenously in xenogeneic immune-

compromised NOD/SCID/common-gamma chain-/- mice with established Meso-expressing

ovarian adenocarcinoma (OVCAR8) xenografts. Autologous B cells or immortalized B cells

expressing BCMA are co-infused with the CAR T cells to enhance CAR T cell activation. For

clinical application, autologous T cells are transduced to express a Meso CAR and a BCMA

CAR and are administered to patients suffering from a mesothelin-expressing cancer such as

mesothelioma, pancreatic cancer, or ovarian cancer. CART cell persistence,

proliferation/expansion and anti-tumor efficacy are monitored. In patients, their normal B cells

expressing BCMA provide a source of stimulation for the second CAR.

EQUIVALENTS

The disclosures of each and every patent, patent application, and publication cited

herein are hereby incorporated herein by reference in their entirety. While this invention has

been disclosed with reference to specific aspects, it is apparent that other aspects and variations

of this invention may be devised by others skilled in the art without departing from the true

spirit and scope of the invention. The appended claims are intended to be construed to include

all such aspects and equivalent variations.



What is claimed is:

. A cell comprising a first chimeric antigen receptor (CAR) and a second CAR, each of

which comprises an antigen binding domain, a transmembrane domain, and an intracellular

signaling domain, wherein the antigen binding domain of said first CAR binds to a B-Cell

antigen and the antigen binding domain of said second CAR binds to a tumor antigen other

than a B-Cell antigen, optionally wherein the B-Cell antigen and the tumor antigen other

than a B-Cell antigen are not expressed on the same cell.

2 . The cell of claim 1, wherein the second CAR binds:

(a) a solid tumor antigen;

(b) a myeloid tumor antigen: or

(c) an antigen of a hematological tumor not of B-ceil lineage.

3. The cell of any one of claims 1 or 2, wherein said B-Cell antigen is selected from the

group consisting of CDS, CD 10, CD 19, CD20, CD , CD22, CD23, CD24, CD25, CD27,

CD30, CD34, CD37, CD38, CD40, CD53, CD69, CD72, CD73, CD74, CD75, CD77,

CD79a, CD79b, CD80, CD81, CD82, CD83, CD84, CD85, CD86, CD123, CD135, CD138,

CD179, C .? 9 . Flt3, ROR1, BCMA, FcRnS, FcRn2, CS-L CXCR4, 5, 7, IL-7/3R,

IL7/4/3R, and 1L4R.

4 . The cell of claim 3, wherein said B-Ceil antigen is selected from the group consisting of

CD 9, CD20, CD22, FcRnS, FcRn2, BCMA, CS-1, and CD138

5 . The cell of claim 3, wherein said B-Cel3 antigen is BCMA.

6 . The cell of claim 5, wherein said antigen binding domain of said first CAR comprises a

heavy chain complementary determining region 1 (HC CDR1), a heavy chain

complementary determining region 2 (HC CDR2), and a heavy chain complementary

determining region 3 (HC CDR3) of any heavy chain binding domain amino acid sequence

listed in Table 12 or 13.

7 . The cell of claim 6, wherein said antigen binding domain of said first CAR further

comprises a light chain complementary determining region 1 (LC CDR1), a light chain

complementary determining region 2 (LC CDR2), and a light chain complementary



detennining region 3 (LC CDR3) of any light chain binding domain amino acid sequence

listed in Table 12 or 13.

8 . The cell of any one of claims 5-7, wherein said antigen binding domain of said first CAR

comprises:

(i) the amino acid sequence of any light chain variable region listed in Table 12 or 13;

(ii) an amino acid sequence having at least one, two or three modifications but not more

than 20 or 10 modifications of the ammo acid sequence of any of the light chain variable

regions provided in Table 12 or 13; or

(iii) an ammo acid sequence with 95-99% identity to the amino acid sequence of any of the

light chain variable regions provided in Table 12 or 13.

9 . The cell of any one of claims 5-8, wherein said antigen binding domain of said first CAR

comprises:

(i) the amino acid sequence of any heavy chain variable region listed in Table 12 or 13;

(ii) an am ino acid sequence having at least one, two or three modifications but not more

than 20 or 1 modifications of the amino acid sequence of any of the heavy chain variable

regions provided in Table 12 or 13; or

(iii) an amino acid sequence with 95-99% identity to the amino acid sequence of any of the

heavy chain variable regions provided in Table 2 or 13.

10. The cell of any one of claims 5-9, wherein said antigen binding domain of said first

CAR comprises a polypeptide having the amino acid sequence of any light chain variable

region listed in Table 12 or 13, and the amino acid sequence of any heavy chain variable

region listed in Table 12 or 13.

11. The cell of claim 0, wherein said antigen binding domain of said first CAR comprises

a polypeptide having a sequence of SEQ ID NO: 349; SEQ ID NO: 339, SEQ ID NO: 340;

SEQ ID NO: 341; SEQ ID NO: 342; SEQ ID NO: 343; SEQ ID NO: 344, SEQ ID NO: 345,

SEQ ID NO: 346, SEQ ID NO: 347, SEQ ID NO: 348, SEQ ID NO: 350, SEQ ID NO: 351,

SEQ ID NO: 352, SEQ ID NO: 353, SEQ ID NO: 429, SEQ ID NO: 430, SEQ ID NO: 431,

SEQ ID NO: 432, SEQ D NO: 433, SEQ ID NO: 434, SEQ ID NO: 435, SEQ ID NO: 436,



SEQ ID NO: 437, SEQ ID NO: 438, SEQ ID NO: 439, SEQ ID NO: 440, SEQ ID NO: 441,

SEQ ID NO: 442, SEQ ID NO: 443, SEQ ID NO: 444, SEQ ID NO: 445, SEQ ID NO: 446,

SEQ ID NO: 447, SEQ ID NO: 448, SEQ ID NO: 449, SEQ ID NO: 563, SEQ ID NO: 564,

SEQ ID NO: 565 or SEQ ID NO: 566.

12. The cell of claim 3, wherein said B-Cell antigen is CD19.

13. The cell of claim 12, wherein said antigen binding domain of said first CAR comprises

a heavy chain complementary determining region 1 (HC CD !), a heavy chain

complementary determining region 2 (HC CDR2), and a heavy chain complementary

determining region 3 (HC CDR3) of any heavy chain binding domain amino acid sequence

listed in Table 6, Table 7 or Table 9 .

14. The cell of claim 3, wherein said antigen binding domain of said first CAR further

comprises a light chain complementary 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 light chain binding domain amino acid sequence

listed in Table 6, Table 8 or Table 9 .

15. The cell of any one of claims 12-14, wherein said antigen binding domain of said first

CAR comprises:

(i) the amino acid sequence of any light chain variable region listed in Table 6 or Table 9;

(ii) an amino acid sequence having at least one, two or three modifications but not more

than 20 or 10 modifications of the amino acid sequence of any of the light chain variable

regions provided in Table 6 or Table 9; or

(iii) an amino acid sequence with 95-99% identity to the amino acid sequence of any of the

light chain variable regions provided in Table 6 or Table 9 .

16. The cell of any one of claims 12-15, wherein said antigen binding domain of said first

CAR comprises:

(i) the amino acid sequence of any heavy chain variable region listed in Table 6 or Table 9;



(ii) an amino acid sequence having at least one, two or three modifications but not more

than 20 or 10 modifications of the amino acid sequence of any of the heavy chain variable

regions provided in 'Table 6 or Table 9; or

(iii) an amino acid sequence with 95-99% identity to the amino acid sequence of any of the

heavy chain variable regions provided in Table 6 or Table 9

7 . The cell of any one of claims 12-16, wherein said antigen binding domain of said first

CAR comprises a polypeptide having the amino acid sequence of any light chain variable

region listed in Table 6 or Table 9, and the amino acid sequence of any heavy chain variable

region listed in Table 6 or Table 9 .

. The cell of claim 7, wherein said antigen binding domain of said first CAR comprises

a polypeptide having a sequence of SEQ D NO: 83; SEQ D NO: 84, SEQ ID NO: 85;

SEQ ID NO: 86; SEQ ID NO: 87; SEQ ID NO: 88; SEQ ID NO: 89, SEQ ID NO: 90, SEQ

ID NO: 91, SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 95, or SEQ ID

NO: 112.

19. The cell of any one of claims 1-18, wherein said second CAR binds a myeloid tumor

antigen, and wherein said myeloid tumor antigen is selected from the group consisting of

CD123, CD33 and CLL-l.

20. The cell of any one of claims 1-18, wherein said second CAR binds a T cell lymphoma

antigen

21. The cell of any one of claims 1-18, wherein said second CAR binds a solid tumor

antigen, and wherein said solid tumor antigen is selected from the group consisting of

EGFRvIII, mesothelin, GD2, Tn antigen, sTn antigen, Tn-O-Glycopeptides, sTn-O-

Glycopeptides, PSMA, CD97, TAG72, CD44v6, CEA, EPCAM, KIT, IL-13Ra2, Ieguman,

GD3, CD171, L- Ra, PSCA, MAD-CT-1, MAD-CT-2, VEGFR2, LewisY, CD24,

PDGFR-beta, SSEA-4, folate receptor alpha, ERBBs (e.g., ERBB2), Her2/neu, MUC1,

EGFR, NCAM, Ephrin B2, CA X, LMP2, sLe, HMWMAA, o-acetyl-GD2, folate receptor

beta, TEM1/CD248, TEM7R, FAP, Legumain, HPV E6 or E7, ML-IAP, CLDN6, TSHR,

GPRC5D, ALK, Polysialic acid, Fos-related antigen, neutrophil elastase, TRP-2, CYP1B1,

sperm protein 7, beta human chorionic gonadotropin, AFP, thyroglobuiin, PLAC1,

globoH, RAGE1, MN-CA IX, human telomerase reverse transcriptase, intestinal carboxyl

esterase, mut hsp 70-2, NA-17, NY-BR-1 , UPK2, HAVCRl, ADRB3, PANX3, NY-ESO-l ,



GPR20, Ly6k, OR5IE2, TARP, GFRa4, and a peptide of any of these antigens presented on

MHC.

22. The cell of claim 21, wherein said solid tumor antigen is selected from the group

consisting of CLDN6, mesothelin and EGFRvIll.

23. e cell of claim 1, wherein said solid tumor antigen is EGFRvIll.

24. The cell of claim 23, wherein said antigen binding domain of said second CAR

comprises a heavy chain compiementaiy determining region 1 (HC CDR ), a heavy chain

complementary determining region 2 (HC CDR2), and a heavy chain complementary

determining region 3 (HC CDR3) of any anti -EGFRvIll heavy chain binding domain amino

acid sequence listed in Table 5 .

25. The cell of claim 24, wherein said antigen binding domain of said second CAR further

comprises a light chain complementary determining region 1 (LC CDRI), a light chain

complementary determining region 2 (LC CDR2), and a light chain compiementaiy

determining region 3 (LC CDR3) of any anti-EGFRvIII light chain binding domain amino

acid sequence listed in Table 5 .

26. The cell of any one of claims 23-25, wherein said antigen binding domain of said

second CAR comprises:

(i) the amino acid sequence of any anti-EGFRvIII light chain variable region listed in Table

5;

(ii) an am o acid sequence having at least one, two or three modifications but not more

than 20 or 10 modification s of the amino acid sequence of any of the anti-EGFRvIII light

chain variable regions provided in Table 5; or

(iii) an amino acid sequence with 95-99% identity to the amino acid sequence of any of the

anti-EGFRvIll light chain variable regions provided in Table 5 .

27. The cell of any one of claims 23-26, wherein said antigen binding domain of said

second CAR comprises:

(i) the amino acid sequence of any anti-EGFRvIII heavy chain variable region listed in

Table 5;



(ii) an amino acid sequence having at least one, two or three modifications but not more

than 20 or 10 modifications of the amino acid sequence of any of the anti-EGFRvIII heavy

chain variable regions provided in Table 5; or

(iii) an amino acid sequence with 95-99% identity to the amino acid sequence of any of the

anti-EGFRvIII heavy chain variable regions provided in Table 5

28. The cell of any one of claims 23-27, wherein said antigen binding domain of said

second CAR comprises a polypeptide having the amino acid sequence of any anti-EGFRvIIT

light chain variable region listed in Table , and the amino acid sequence of any anti-

EGFRvlll heavy chain variable region listed in Table .

29. The cell of claim 28, wherein said antigen binding domain of said second CAR

comprises a polypeptide having a sequence of any of SEQ ID NOS: 71-79.

30. The cell of claim 21, wherein said solid tumor antigen is mesothelin.

31. The cell of claim 30, wherein said antigen binding domain of said second CAR

comprises a heavy chain complementary determining region 1 (HC CDR1), a heavy chain

complementary- determining region 2 (HC CDR2), and a heavy chain complementary

determining region 3 (HC CDR3) of any heavy chain binding domain amino acid sequence

listed in Table 2 or 3.

32. The cell of claim 3 , wherein said antigen binding domain of said second CAR further

comprises a light chain complementary determining region 1 (LC CDRi), a light chain

complementary determining region 2 (LC CDR2), and a light chain complementary

determining region 3 (LC CDR3) of any light chain binding domain amino acid sequence

listed in Table 2 or 4 .

33. The cell of any one of claims 30-32, wherein said antigen binding domain of said

second CAR comprises:

(i) the am o acid sequence of any light chain variable region listed in Table 2:

(ii) an amino acid sequence having at least one, two or three modifications but not more

than 20 or 10 modifications of the amino acid sequence of any of the light chain variable

regions provided i Table 2; or



(iii) an amino acid sequence with 95-99% identity to the amino acid sequence of any of the

light chain variable regions provided in Table 2 .

34. The cell of any one of claims 30-33, wherein said antigen binding domain of said

second CAR comprises:

(i) the amino acid sequence of any heavy chain variable region listed in Table 2;

(ii) an amino acid sequence having at least one, two or three modifications but not more

than 20 or 10 modifications of the amino acid sequence of any of the heavy chain variable

regions provided in Table 2; or

(iii) an ammo acid sequence with 95-99% identity to the amino acid sequence of any of the

heavy chain variable regions provided in Table 2 .

35. The cell of any one of claims 30-34, wherein said antigen binding domain of said

second CAR comprises a polypeptide having the amino acid sequence of any light chain

variable region listed in Table 2, and the amino acid sequence of any heavy chain variable

region listed in Table 2 .

36. The cell of claim 35, wherein said antigen binding domain of said second CAR

compri ses a polypeptide having a sequence of any one of SEQ ID NOS: 46-70.

37. The cell of any one of claims 1-36, wherein said antigen binding domain of said first

CAR is in the format of an scFv.

38. The cell of any one of claims 1-37, wherein said antigen binding domain of said second

CA is in the format of an scFv.

39. The cell of any one of claims 1-38, wherein said intracellular signaling domain of said

first or said second CAR comprises one or more primary signaling domains.

40. The cell of claim 39, wherein said intracellular signaling domains of said first CAR and

said second CAR comprise a primary signaling domain.

41. The cell of any one of claims 1-40, wherein said intracellular signaling domain of said

first or said second CAR comprises one or more costimulatory signaling domains.



42. The cell of claim 41, wherein said intracellular signaling domains of said first CAR and

said second CAR comprise one or more costimulatorv signaling domains.

43. The cell of any one of claims 39-42, wherein the primary signaling domains comprise a

CD3-zeta stimulatory domain.

44. e cell of any one of claims 41-43, wherein said costimulatory signaling domain is an

intracellular domain of a costimulatory protein selected from the group consisting of CD27,

CD28, 4-1BB (CD 137), OX40, GITR, CD30, CD40, ICOS, BAFFR, HVEM, ICAM-1,

lymphocyte function-associated antigen- 1 (LFA-1), CD2, CDS, CD7, CD287, LIGHT,

NKG2C, NKG2D, SLAMF7, NKp80, NKp30, NKp44, NKp46, CD 160, B7-H3, and a

iigand that specifically binds with CD83.

45. The cell of claim 44, wherein the costimulatory domain of both said first and said

second CAR comprise an intracellular domain of 4- BB.

46. The cell of any one of claims 1-45, wherein said one or more of said costimulatory

domains comprises an intracellular domain of CD28.

47. Tire cell of any one of claims 41-45, wherein said first or second CAR comprises two

costimulatory domains:

(1) a 4-1BB costimulatory domain and a CD28 costimulatory domain;

(2) a 4- BB costimulatory domain and an ICOS costimulatory domain; or

(3) a CD28 costimulatory domain and an ICOS costimulatory domain.

48. The cell of any one of claims 1- and 19-47, wherein the antigen binding domain of

said first CAR binds BCMA and the first CAR comprises a polypeptide having an amino

acid sequence selected from the group consisting of SEQ ID NO: 949, SEQ ID NO: 950,

SEQ ID NO: 951, SEQ D NO: 952, SEQ ID NO: 953, SEQ ID NO: 954, SEQ ID NO: 955,

SEQ ID NO: 956, SEQ ID NO: 957, SEQ ID NO: 958, SEQ ID NO: 959, SEQ ID NO: 960,

SEQ ID NO: 961 , SEQ ID NO: 962, SEQ ID NO: 963, SEQ ID NO: 979, SEQ ID NO: 980,

SEQ ID NO: 9 , SEQ ID NO: 982, SEQ ID NO: 983, SEQ ID NO: 984, SEQ ID NO: 985,

SEQ ID NO: 986, SEQ ID NO: 987, SEQ ID NO: 988, SEQ ID NO: 989, SEQ ID NO: 990,

SEQ ID NO: 991, SEQ ID NO: 992, SEQ ID NO: 993, SEQ ID NO: 994, SEQ ID NO: 995,

SEQ ID NO: 996, SEQ ID NO: 997, SEQ ID NO: 998, and SEQ ID NO: 999.



49. The cell of any one of claims 1-4 and 12-47, wherein the antigen binding domain of

said first CAR binds CD19 and the first CAR comprises a polypeptide having an amino acid

sequence selected from the group consisting of SEQ ID NO: 269, SEQ ID NO: 270, SEQ

ID NO: 271, SEQ ID NO: 272, SEQ ID NO: 273, SEQ ID NO: 274, SEQ ID NO: 275, SEQ

ID NO: 276, SEQ ID NO: 277, SEQ ID NO: 278, SEQ ID NO: 279, SEQ ID NO: 280, and

SEQ ID NO: 281.

50. The cell of any one of claims 1-18, 21-29 and 37-49, wherein the antigen binding

domam of said second CAR binds EGFRvIIl and the second CAR comprises a polypeptide

having an amino acid sequence selected from the group consisting of SEQ ID NO: 043,

SEQ ID NO: 1049, SEQ ID NO: 1055, SEQ ID NO: 1061, SEQ ID NO: 1067, SEQ ID NO:

1073, SEQ ID NO: 1079, SEQ ID NO: 1085, SEQ ID NO: 1090, and SEQ ID NO: 1096.

51. The cell of any one of claims 1-18, 21, 22, and 30-49, wherein the antigen binding

domam of said second CAR binds mesothelin and the second CAR comprises a polypeptide

having an amino acid sequence selected from the group consisting of SEQ ID NO: 282,

SEQ ID NO: 283, SEQ ID NO: 284, SEQ ID NO: 285, SEQ ID NO: 286, SEQ ID NO: 287,

SEQ ID NO: 288, SEQ D NO: 289, SEQ ID NO: 290, SEQ ID NO: 291, SEQ ID NO: 292,

SEQ ID NO: 293, SEQ ID NO: 294, SEQ ID NO: 295, SEQ ID NO: 296, SEQ ID NO: 297,

SEQ ID NO: 298, SEQ ID NO: 299, SEQ ID NO: 300, SEQ ID NO: 301, SEQ ID NO: 302,

SEQ ID NO: 303, SEQ ID NO: 304, SEQ ID NO: 305, and SEQ ID NO: 306.

52. The cell of any one of claims 1-20 and 37-49, wherein said cell is derived from a

patient diagnosed with a myeloid tumor, or a hematological tumor not of B-Cell lineage.

53. Hie cell of claim 52, wherein said patient is diagnosed with a myeloid tumor expressing

an antigen selected from the group consisting of CD 123, CD33 and CLL-1.

54. The cell of any one of claims , 2 - , wherein said ceil is derived from a patient

diagnosed with a solid tumor.

55. The cell of claim 54, wherein said patient is diagnosed with a solid tumor expressing

an antigen selected from the group consisting of: EGFRvIIl, mesothelin, GD2, Tn Ag,

PSMA, TAG72, CD44v6, CEA, EPCAM, KIT, IL-13Ra2, GD3, CD1 71, L- lRa, PSCA,

VEGFR2, LewisY, CD24, PDGFR-beta, SSEA-4, folate receptor alpha, ERBB2, Her2/neu,

MUC1, EGFR, NCAM, Ephrin B2, CA X, LMP2, sLe, HMWMAA, o-acetyl-GD2, folate

receptor beta, TEM1/CD248, TEM7R, FAP, Legumain, HPV E6 or E7, CLDN6, TSHR,



GPRC5D, ALK, Plysialic acid, PLAC , globoli, NY-BR-1, UPK2, HAVCRl, ADRB3,

PANX3, GPR20, Ly6k, OR51E2, TARP, and GFRa4.

56. The cell of any one of claims 1- , wherein said cell is a human cell and is not derived

from a patient diagnosed with a tumor.

57. The cell of any one of claims 1-56, wherein said cell is a T cell, a natural killer (NK)

cell, a cytotoxic T lymphocyte (CTL), a tumor infiltrating lymphocyte (TIL), or a regulatory

T cell.

58. A method for stimulating a T cell-mediated immune response to a solid tumor cell in

a mammal, the method comprising administering to a mammal an effective amount of a cell

of any one of claims 1-18, 21-51 and 54-57.

59. A method of providing an anti-solid tumor immunity in a mammal, comprising

administering to the mammal an effective amount of a cell of any one of claims 1-18, 21-5

and 54-57.

60. A method of treating a mammal having a disease associated with expression of a

solid tumor antigen, said method comprising administering an effective amount of a cell of

any one of claims 1-18, 21-51 and 54-57.

61. A method for stimulating a T cell-mediated immune response to a myeloid tumor

cell in a mammal, the method comprising administering to a mammal an effective amount

of a ceil of any one of claims 1-19, 37-49, 52, 53 and 56-57.

62. A method of providing an anti-myeloid tumor immunity in a mammal, comprising

administering to the mammal an effective amount of a cell of any one of claims 1-19, 37-49,

52, 53 and 56-57.

63 . A method of treating a mammal having a disease associated with expression of a

myeloid tumor antigen, said method comprising administering an effective amount of a cell

of any one of claims 1-19, 37-49, 52, 53 and 56-57.

64. The method of any one of claims 58-60, wherein said solid tumor expresses an antigen

selected from the group consisting of: EGFRvIII, mesothelin, CS-1, GD2, Tn Ag, PSMA,

TAG72, CD44v6, CEA, EPCAM, KIT, IL-13Ra2, GD3, CD171, L-l Ra, PSCA,

VEGFR2, LewisY, CD24, PDGFR-beta, SSEA-4, folate receptor alpha, ERBB2, Her2/neu,



MUC1, EGFR, NCAM, Ephrin B2, CAIX, LMP2, sLe, HMWMAA, o-acetyl-GD2, folate

receptor beta, TEM1/CD248, TEM7R, FAP, Legumam, HPV E6 or E7, CLDN6, TSHR,

GPRC5D, ALK, Plysialic acid, PLACl, globoH, NY-BR-1, UPK2, HAVCR1, ADRB3,

PANX3, GPR20, Ly6k, OR51E2, TARP, and GFRa4.

65. The method of any one of claims 58-60 and 64, wherein said mammal has a tumor

characterized as glioblastoma, ovarian cancer, lung cancer, prostate cancer, colorectal

cancer, pancreatic cancer, breast carcinoma, adenocarcinoma or mesothelioma.

66. The method of any one of claims 61-63, wherein said myeloid tumor expresses an

antigen selected from the group consisting of CD 123, CD33 and CLL-1.

67. The method of any one of claims 61-63 and 66, wherein said mammal has a tumor

characterized as acute myeloid leukemia (AML), acute lymphoblastic B-celi leukemia (B-

ce acute lymphoid leukemia, BALL), acute lymphoblastic T-cell leukemia (T cell acute

lymphoid leukemia (TALL)), B-cell prolymphocytic leukemia, chronic lymphocytic

leukemia, chronic myeloid leukemia (CML), myelodysplasia" syndrome, plasma ceil

myeloma, or a combination thereof.

68. The method of any one of claims 58-67, wherein said ceils are autologous to the

treated mammal.

69. The method of any one of claims 58-67, wherein said cells are allogeneic to the treated

mammal .

70. The method of any one of claims 58-69, wherein said mammal is a human.

71. The method of any one of claims 58-70, wherein said administering of said cells results

in partial or complete elimination of said tumor cells and, thereafter, continue to persist in

said subject at a level greater than, or for a length of time longer than, otherwise identical

cells that lack said first CAR.

72. The method of any of claims 58-71, wherein said mammal is administered a

lymphodepleting therapy prior to, concurrently with, or after administration of said cells.

73. The method of any of claims 58-71, wherein said mammal is not administered a

lympodepleting therapy prior to or concurrently with administration of said cells.



74. A nucleic acid encoding the first CAR and the second CAR of any one of claims 1-5 .

75. Tire nucleic acid of claim 74, wherein the sequence of said first CAR and said second

CAR are separated by an independent ribosomai entry site, a promoter element, or a

sequence encoding a T2A, P2A, E2A, or F2A element.

76. A vector comprising the nucleic acid of claim 74 or 75.

77. The vector of claim 76, wherein said vector is a lend viral vector.

78. A composition comprising a first nucleic acid encoding the first CAR and a second

nucleic acid encoding the second CAR of any one of claims 1-51.

79. The composition of claim 78, wherein said first and said second nucleic acids are

comprised within separate vectors.

80. The composition of claim 79, wherein said vectors are lentiviral vectors.

81. A method of generating the cell of any one of claims 1-57, comprising introducing into

said ceil the nucleic acid of any one of claims 74-75, the vector of any one of claims 76-77

or the composition of any of claims 78-80.

82. A method of generating the cell of any one of claims 1-57, comprising introducing into

said cells a first vector comprising nucleic acid encoding the first CAR of any one of claims

1-51, and introducing into said cells a second vector comprising nucleic acid encoding the

second CAR of any one of claims 1-51.

83. The method of claim 82, wherein said introduction of said first vector and said second

vector is simultaneous.

84. The method of claim 82, wherein said introduction of said first vector and said second

vector is sequential.

85. A ce l comprising nucleic acid encoding the first CAR of any one of claims 1- and

the second CAR of any one of claims 1-51.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Thi s Internati onal Searchi ng Authori t y found mul t i pl e (groups of)
i nventi ons i n thi s i nternati onal appl i cati on , as fol l ows :

1. c l aims : 21-36, 50, 51 , 54, 55 , 58-60, 64, 65 (compl etely) ; 1-18,
37-49 , 56, 57 , 68-85 (parti al ly)

A cel l compri si ng a f i rst chimeri c anti gen receptor (CAR)
and a second CAR, each of whi ch compri ses an anti gen bi ndi ng
domai n , a transmembrane domai n , and an i ntracel l l ar
si gnal i ng domai n , wherei n the anti gen bi ndi ng domai n of sai d
f i rst CAR bi nds t o a B-Cel l anti gen and the anti gen bi ndi ng
domai n of sai d second CAR bi nds t o a tumor anti gen other
than a B-Cel l anti gen , opti onal l y wherei n the B-Cel l anti gen
and the tumor anti gen other than a B-Cel l anti gen are not
expressed on the same cel l , wherei n the second CAR bi nds a
sol i d tumor anti gen .
Uses of sai d eel 1.
Methods of generati ng sai d cel l s .
A nucl ei c aci d encodi ng sai d f i rst CAR and sai d second CAR.
A cel l compri si ng sai d nucl ei c aci d .
A composi t i on compri si ng a f i rst nucl ei c aci d encodi ng sai d
f i rst CAR and a second nucl ei c aci d encodi ng sai d second
CAR.

2 . c l aims : 19 , 53 , 61-63 , 66, 67 (compl etely) ; 1-18, 37-49 , 52 , 56,
57 , 68-85 (parti al ly)

A cel l compri si ng a f i rst chimeri c anti gen receptor (CAR)
and a second CAR, each of whi ch compri ses an anti gen bi ndi ng
domai n , a transmembrane domai n , and an i ntracel l l ar
si gnal i ng domai n , wherei n the anti gen bi ndi ng domai n of sai d
f i rst CAR bi nds t o a B-Cel l anti gen and the anti gen bi ndi ng
domai n of sai d second CAR bi nds t o a tumor anti gen other
than a B-Cel l anti gen , opti onal l y wherei n the B-Cel l anti gen
and the tumor anti gen other than a B-Cel l anti gen are not
expressed on the same cel l , wherei n the second CAR bi nds a
myel oi d tumor anti gen .
Uses of sai d eel 1.
Methods of generati ng sai d cel l s .
A nucl ei c aci d encodi ng sai d f i rst CAR and sai d second CAR.
A cel l compri si ng sai d nucl ei c aci d .
A composi t i on compri si ng a f i rst nucl ei c aci d encodi ng sai d
f i rst CAR and a second nucl ei c aci d encodi ng sai d second
CAR.

3 . c l aims : 20(compl etely) ; 1-18, 37-49 , 52 , 56, 57 ,
74-85 (parti al ly)

A cel l compri si ng a f i rst chimeri c anti gen receptor (CAR)
and a second CAR, each of whi ch compri ses an anti gen bi ndi ng
domai n , a transmembrane domai n , and an i ntracel l l ar
si gnal i ng domai n , wherei n the anti gen bi ndi ng domai n of sai d
f i rst CAR bi nds t o a B-Cel l anti gen and the anti gen bi ndi ng
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domai n of sai d second CAR bi nds t o a tumor anti gen other
than a B-Cel l anti gen , opti onal l y wherei n the B-Cel l anti gen
and the tumor anti gen other than a B-Cel l anti gen are not
expressed on the same cel l , wherei n the second CAR bi nds an
anti gen of a hematol ogi cal tumor not of B-cel l l i neage.
Uses of sai d eel 1.
Methods of generati ng sai d cel l s .
A nucl ei c aci d encodi ng sai d f i rst CAR and sai d second CAR.
A cel l compri si ng sai d nucl ei c aci d .
A composi t i on compri si ng a f i rst nucl ei c aci d encodi ng sai d
f i rst CAR and a second nucl ei c aci d encodi ng sai d second
CAR.
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