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SUMMARY OF THE INVENTION 

[0006] 	The present invention addresses this need by providing compositions and 

methods comprising genetically engineered immune cells that express antigen receptors 

(CARs) or T cell receptors (TCRs) which specifically target and kill cancer cells. 

	

5 	[0007] 	A CAR may comprise, for example, (i) an antigen-specific component ("antigen 

binding molecule"), (ii) one or more costimulatory domains (which includes a hinge domain), 

and (iii) one or more activating domains. Each domain may be heterogeneous, that is, 

comprised of sequences derived from different protein chains. CAR-expressing immune cells 

(such as T cells) may be used in various therapies, including cancer therapies. 

	

10 	[0008] 	As described in more detail below, including the Examples section, CARs 

comprising a costimulatory domain which includes a truncated hinge domain ("THD") 

provides unexpectedly superior properties when compared to a CAR comprising a 

costimulatory domain which includes a complete hinge domain ("CHD"). Polynucleotides 

encoding such CARs can be transduced into T cells and the CARs are expressed in T cells, e.g., 

	

15 	a patient's own T cells. When the transduced T cells are transplanted back to a patient, the 

CARS direct the T cells to recognize and bind an epitope present on the surface of cancer cells, 

thus, allowing binding of cancer cells rather than non-cancerous cells. This binding leads to 

activation of cytolytic mechanisms in the T cell that specifically kill the bound cancer cells. 

Prior to the present invention, it was unknown that a CARs comprising a THD is superior to a 

	

20 	CAR comprising a CHD. Thus, the present invention satisfies an unmet need that exists for 

novel and improved therapies for treating cancer. 

[0009] 	An aspect of the present invention is an isolated polynucleotide encoding a 

chimeric antigen receptor (CAR) or a T cell receptor (TCR), which comprises (i) an antigen 

binding molecule, (ii) a costimulatory domain, and (iii) an activating domain. The 

	

25 	costimulatory domain may comprise an extracellular domain, a transmembrane domain, and 

an intracellular domain, wherein the extracellular domain comprises a truncated hinge domain 

consisting essentially of or consisting of (i) an amino acid sequence at least about 80%, at least 

about 85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at 

least about 98%, at least about 99%, or about 100% identical to amino acids 123 to 152 of SEQ 

	

30 	ID NO: 1 and, optionally, (ii) one to six amino acids. 

[0010] 	In some embodiments, the one to six amino acids are heterologous amino acids. 
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[0011] 	In some embodiments, the truncated hinge domain consists essentially of or 

consists of an amino acid sequence at least about 80%, at least about 85%, at least about 90%, 

at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 

99%, or about 100% identical to amino acids 123 to 152 of SEQ ID NO: 1. 

	

5 	[0012] 	In some embodiments, the amino acid sequence is encoded by a nucleotide 

sequence at least about 60%, at least about 70%, at least about 80%, at least about 85%, at least 

about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at 

least about 99%, or about 100% identical to SEQ ID NO: 2. 

[0013] 	In some embodiments, the transmembrane domain is a transmembrane domain 

	

10 	of 4-1BB/CD137, an alpha chain of a T cell receptor, a beta chain of a T cell receptor, CD3 

epsilon, CD4, CD5, CD8 alpha, CD9, CD16, CD19, CD22, CD33, CD37, CD45, CD64, CD80, 

CD86, CD134, CD137, CD154, or a zeta chain of a T cell receptor, or any combination thereof 

[0014] 	In some embodiments, the transmembrane domain comprises an amino acid 

sequence at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least 

	

15 	about 96%, at least about 97%, at least about 98%, at least about 99%, or about 100% identical 

to SEQ ID NO: 5. 

[0015] 	In some embodiments, the transmembrane domain is encoded by a nucleotide 

sequence at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least 

about 96%, at least about 97%, at least about 98%, at least about 99%, or about 100% identical 

	

20 	to SEQ ID NO: 4. 

[0016] 	In some embodiments, the intracellular domain comprises a signaling region of 

4-1BB/CD137, activating NK cell receptors, B7-H3, BAFFR, BLAME (SLAMF8), BTLA, 

CD100 (SEMA4D), CD103, CD160 (BY55), CD18, CD19, CD19a, CD2, CD247, CD27, 

CD276 (B7-H3), CD29, CD3 delta, CD3 epsilon, CD3 gamma, CD30, CD4, CD40, CD49a, 

	

25 	CD49D, CD49f, CD69, CD7, CD84, CD8alpha, CD8beta, CD96 (Tactile), CD1 la, CD1 lb, CD1 

lc, CD1 ld, CDS, CEACAM1, CRT AM, cytokine receptors, DAP-10, DNAM1 (CD226), Fc 

gamma receptor, GADS, GITR, HVEM (LIGHTR), IA4, ICAM-1, ICAM-1, Ig alpha (CD79a), 

IL2R beta, IL2R gamma, IL7R alpha, Immunoglobulin-like proteins, inducible T cell 

costimulator (ICOS), integrins, ITGA4, ITGA4, ITGA6, ITGAD, ITGAE, ITGAL, ITGAM, 

30 ITGAX, ITGB2, ITGB7, ITGB1, KIRDS2, LAT, LFA-1, LFA-1, a ligand that specifically 

binds with CD83, LIGHT, LIGHT (tumor necrosis factor superfamily member 14; TNFSF14), 

LTBR, Ly9 (CD229), lymphocyte function-associated antigen-1 (LFA-1 (CD1 la/CD18), MHC 

class I molecule, NKG2C, NKG2D, NKp30, NKp44, NKp46, NKp80 (KLRF1), OX-40, 
3 



WO 2017/173256 	 PCT/US2017/025351 

PAG/Cbp, programmed death-1 (PD-1), PSGL1, SELPLG (CD162), signaling lymphocytic 

activation molecules (SLAM proteins), SLAM (SLAMF1; CD150; IPO-3), SLAMF4 (CD244; 

2B4), SLAMF6 (NTB-A; Ly108), SLAMF7, SLP-76, TNF receptor proteins, TNFR2, a Toll 

ligand receptor, TRANCE/RANKL, VLA1, or VLA-6, or a combination thereof 

	

5 	[0017] 	In some embodiments, the intracellular domain comprises a 4-1BB/CD137 

signaling region. 

[0018] 	In some embodiments, the intracellular domain comprises an amino acid 

sequence at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least 

about 96%, at least about 97%, at least about 98%, at least about 99%, or about 100% identical 

	

10 	to SEQ ID NO: 7. 

[0019] 	In some embodiments, the intracellular domain comprises an amino acid 

sequence encoded by a nucleotide sequence at least about 80%, at least about 85%, at least 

about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at 

least about 99%, or about 100% identical to SEQ ID NO: 6. 

	

15 	[0020] 	In some embodiments, the antigen binding molecule comprises a heavy chain 

variable region (VH) and a light chain variable region (VL), wherein the VH comprises 3 

complementarity determining regions (CDRs) and the VL comprises 3 CDRs. 

[0021] 	In some embodiments, the antigen binding molecule specifically binds an 

antigen selected from the group consisting of 5T4, alphafetoprotein, B cell maturation antigen 

20 (BCMA), CA-125, carcinoembryonic antigen, CD19, CD20, CD22, CD23, CD30 , CD33, 

CD56, CD123, CD138, c-Met, CSPG4, C-type lectin-like molecule 1 (CLL-1), EGFRvIII, 

epithelial tumor antigen, ERBB2, FLT3, folate binding protein, GD2, GD3, HER1-HER2 in 

combination, HER2-HER3 in combination, HER2/Neu, HERV-K, HIV-1 envelope 

glycoprotein gp41, HIV-1 envelope glycoprotein gp120, IL-11Ralpha, kappa chain, lambda 

	

25 	chain, melanoma-associated antigen, mesothelin, MUC-1, mutated p53, mutated ras, prostate- 

specific antigen, ROR1, or VEGFR2, or a combination thereof 

[0022] 	In some embodiments, the antigen binding molecule specifically binds BCMA, 

CLL-1, or FLT3. 

[0023] 	In some embodiments, the activation domain comprises an amino acid sequence 

	

30 	at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 

96%, at least about 97%, at least about 98%, at least about 99%, or about 100% identical to 

SEQ ID NO: 9 or SEQ ID NO: 251. 

4 
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[0024] 	In some embodiments, the activation domain is encoded by a nucleotide 

sequence at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least 

about 96%, at least about 97%, at least about 98%, at least about 99%, or about 100% identical 

to SEQ ID NO: 8. 

	

5 	[0025] 
	

In some embodiments, the CAR or TCR further comprises a leader peptide. 

[0026] 
	

In some embodiments, the leader peptide comprises an amino acid sequence at 

least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%, 

at least about 97%, at least about 98%, at least about 99%, or about 100% identical to SEQ ID 

NO: 11. 

	

10 	[0027] 	In some embodiments, the leader peptide is encoded by a nucleotide sequence 

at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 

96%, at least about 97%, at least about 98%, at least about 99%, or about 100% identical to 

SEQ ID NO: 10. 

[0028] 	Another aspect of the present invention is a vector comprising the 

	

15 	polynucleotide of an above aspect or embodiment. 

[0029] 	In some embodiments, the vector is an adenoviral vector, an adenovirus-

associated vector, a DNA vector, a lentiviral vector, a plasmid, a retroviral vector, or an RNA 

vector, or any combination thereof 

[0030] 	Yet another aspect of the present invention is a polypeptide encoded by the 

20 polynucleotide of an above aspect or embodiment or the vector of an above aspect or 

embodiment. 

[0031] 	In another aspect, the present invention is a cell comprising the polynucleotide 

of an above aspect or embodiment, the vector of an above aspect or embodiment, or the 

polypeptide of an above aspect or embodiment, or any combination thereof. 

	

25 	[0032] 	In some embodiments, the cell is a T cell. 

[0033] 	In some embodiments, the T cell is an allogeneic T cell, an autologous T cell, 

an engineered autologous T cell (eACTTM), or a tumor-infiltrating lymphocyte (TIL). 

[0034] 	In some embodiments, the T cell is a CD4+ T cell. 

[0035] 	In some embodiments, the T cell is a CD8+ T cell. 

	

30 	[0036] 	In some embodiments, the T cell is an in vitro cell. 

[0037] 	In some embodiments, the T cell is an autologous T cell. 

[0038] 	An aspect of the present invention is a composition comprising the 

polynucleotide of an above aspect or embodiment, comprising the vector of an above aspect or 
5 
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embodiment, comprising the polypeptide of an above aspect or embodiment, or comprising the 

cell of an above aspect or embodiment. 

[0039] 	In some embodiments, the composition is formulated to be delivered to a 

subject, optionally, comprising at least one pharmaceutically-acceptable excipient. 

	

5 	[0040] 	Another aspect of the present invention is a method of making a cell expressing 

a CAR or TCR comprising transducing a cell with the polynucleotide of an above aspect or 

embodiment under suitable conditions. 

[0041] 	In some embodiments, the method further comprises isolating the cell. 

[0042] 	Yet another aspect of the present invention is a method of inducing an immunity 

	

to 	against a tumor comprising administering to a subject an effective amount of a cell comprising 

the polynucleotide of an above aspect or embodiment, comprising the vector of an above aspect 

or embodiment, or the polypeptide of an above aspect or embodiment, or any combination 

thereof 

[0043] 	In another aspect, the present invention is a method of treating a cancer in a 

	

15 	subject in need thereof comprising administering to the subject the polynucleotide of an above 

aspect or embodiment, the vector of an above aspect or embodiment, the polypeptide of an 

above aspect or embodiment, the cell of an above aspect or embodiment, or the composition of 

an above aspect or embodiment. 

[0044] 	In some embodiments, the cancer is a hematologic cancer. 

	

20 	[0045] 	In some embodiments, the cancer is of the white blood cells. 

[0046] 	In some embodiments, the cancer is of the plasma cells. 

[0047] 	In some embodiments, the cancer is leukemia, lymphoma, or myeloma. 

[0048] 	In some embodiments, the cancer is acute lymphoblastic leukemia (ALL) 

(including non T cell ALL), acute myeloid leukemia, B cell prolymphocytic leukemia, B-cell 

	

25 	acute lymphoid leukemia ("BALL"), blastic plasmacytoid dendritic cell neoplasm, Burkitt's 

lymphoma, chronic lymphocytic leukemia (CLL), chronic myelogenous leukemia (CML), 

chronic myeloid leukemia, chronic or acute leukemia, diffuse large B cell lymphoma 

(DLBCL), follicular lymphoma (FL), hairy cell leukemia, Hodgkin's Disease, malignant 

lymphoproliferative conditions, MALT lymphoma, mantle cell lymphoma, Marginal zone 

30 lymphoma, monoclonal gammapathy of undetermined significance (MGUS), multiple 

myeloma, myelodysplasia and myelodysplastic syndrome, non-Hodgkin's lymphoma (NHL), 

plasma cell proliferative disorder (including asymptomatic myeloma (smoldering multiple 

myeloma or indolent myeloma), plasmablastic lymphoma, plasmacytoid dendritic cell 
6 
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neoplasm, plasmacytomas (including plasma cell dyscrasia; solitary myeloma; solitary 

plasmacytoma; extramedullary plasmacytoma; and multiple plasmacytoma), POEMS 

syndrome (also known as Crow-Fukase syndrome; Takatsuki disease; and PEP syndrome), 

primary mediastinal large B cell lymphoma (PMBC), small cell- or a large cell-follicular 

5 lymphoma, splenic marginal zone lymphoma (SMZL), systemic amyloid light chain 

amyloidosis, T-cell acute lymphoid leukemia ("TALL"), T-cell lymphoma, transformed 

follicular lymphoma, or Waldenstrom macroglobulinemia, or a combination thereof. 

[0049] 	Generally, the present invention relates to Engineered Autologous Cell 

Therapy, abbreviated as "eACTTM," also known as adoptive cell transfer. eACTTM, is a process 

10 	by which a patient's own T cells are collected and subsequently genetically engineered to 

recognize and target one or more antigens expressed on the cell surface of one or more specific 

cancer cells. T cells may be engineered to express, for example, a CAR or TCR. CAR positive 

(CAR+) T cells are engineered to express a CAR. CARs may comprise, e.g., an extracellular 

single chain variable fragment (scFv) with specificity for a particular tumor antigen, which is 

15 	directly or indirectly linked to an intracellular signaling part comprising at least one 

costimulatory domain, which is directly or indirectly linked to at least one activating domain; 

the components may be arranged in any order. The costimulatory domain may be derived from 

a costimulatory protein known in the art, e.g., SEQ ID NO: 1, and the activating domain may 

be derived from, e.g., any form of CD3-zeta. In some embodiments, the CAR is designed to 

20 have two, three, four, or more costimulatory domains. In some embodiments, a CAR is 

engineered such that the costimulatory domain is expressed as a separate polypeptide chain. 

Examples of CAR T cell therapies and constructs are described in U.S. Patent Publication Nos. 

2013/0287748, 2014/0227237, 2014/0099309, and 2014/0050708; International Patent 

Publications Nos. W02012033885, W02012079000, W02014127261, W02014186469, 

25 	W02015080981, W02015142675, W02016044745, and W02016090369; and Sadelain et al, 

Cancer Discovery, 3: 388-398 (2013), each of which is incorporated by reference in its entirety. 

[0050] 	Any aspect or embodiment described herein may be combined with any other 

aspect or embodiment as disclosed herein. While the present invention has been described in 

conjunction with the detailed description thereof, the foregoing description is intended to 

30 	illustrate and not limit the scope of the present invention, which is defined by the scope of the 

appended claims. Other aspects, advantages, and modifications are within the scope of the 

following claims. 

7 
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[0051] 	The patent and scientific literature referred to herein establishes the knowledge 

that is available to those with skill in the art. All United States patents and published or 

unpublished United States patent applications cited herein are incorporated by reference. All 

published foreign patents and patent applications cited herein are hereby incorporated by 

	

5 	reference. All other published references, dictionaries, documents, manuscripts and scientific 

literature cited herein are hereby incorporated by reference. 

[0052] 	Other features and advantages of the invention will be apparent from the 

Drawings and the following Detailed Description, including the Examples, and the claims. 

BRIEF DESCRIPTION OF THE FIGURES 

	

10 	[0053] 	The above and further features will be more clearly appreciated from the 

following detailed description when taken in conjunction with the accompanying drawings. 

The drawings however are for illustration purposes only; not for limitation. 

[0054] 	FIG. 1A shows a costimulatory protein having the amino acid sequence of SEQ 

ID NO: 1. The costimulatory protein's hinge domain (solid underline), transmembrane 

	

15 	domain (dotted underline), and signaling domain (dashed underline) are labeled. A novel 

truncated hinge domain ("THD") is bolded. FIGs. 1B and 1C provide ribbon diagrams of 

the extracellular domain of the costimulatory protein having the amino acid sequence of 

SEQ ID NO: 1. FIG. 1B shows an example of a region within the amino acid sequence of 

SEQ ID NO: 1 used to derive one embodiment of a hinge region in the context of CAR, i.e., 

	

20 	a region containing amino acids 114 to 152 of SEQ ID NO: 1 (herein referred to as a 

complete hinge domain or "CHD"; it is marked in black and dark grey). FIG. 1C shows the 

THD which contain amino acids 123 to 152 of SEQ ID NO: 1 (marked in black). In FIG. 

1B, the portion of the hinge region that is excluded from FIG. 1C is marked dark grey and 

circled. 

	

25 	[0055] 	FIGs. 2A-2H show CLUTSTAL W (2.83) multiple sequence alignments of 

eight example binding molecules disclosed herein. FIG. 2A shows a sequence alignment of 

example anti-CLL-1 binding molecules comprising a VH domain. CDRs and framework 

regions FRs are shown, as determined by Chothia numbering (FIG. 2A). FIG. 2B is a table 

providing the SEQ ID NO for each VH and CDR illustrated in FIG. 2A. FIG. 2C shows a 

	

30 	sequence alignment of example anti-CLL-1 binding molecules comprising a VL domain. 

CDRs and FRs are shown, as determined by Chothia numbering (FIG. 2C). FIG. 2D is a 
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table providing the SEQ ID NO for each VL and CDR sequence illustrated in FIG. 2C. FIG. 

2E shows a sequence alignment of example anti-BCMA binding molecules comprising a 

VH domain. Complementarity determining regions (CDRs) and framework regions (FRs) 

are shown, as determined by Chothia numbering (FIG. 2E). SEQ ID NOS 253-260, CDR1 

in order from top to bottom; SEQ ID NOS 261-268, CDR2 from top to bottom, SEQ ID 5 

NOS 269-276, CDR3 from top to bottom. FIG. 2F is a table providing the SEQ ID NO for 

each VH and CDR numbered by an alternative method. FIG. 2G shows a sequence 

alignment of example anti-BCMA binding molecules comprising a VL domain. CDRs and 

FRs are shown, as determined by Chothia numbering (FIG. 2G). SEQ ID NOS 37-44, CDR1 

in order from top to bottom; SEQ ID NOS 45-52, CDR2 from top to bottom, SEQ ID NOS 10 

277-284, CDR3 from top to bottom. FIG. 2H is a table providing the SEQ ID NO for each 

VL and CDR sequence numbered by an alternative method.  

[0056]   FIG. 3 depicts CAR expression in primary human T cells electroporated with 

mRNA encoding for various CARs.  Data obtained from CAR having a complete hinge 

domain (“CHD”) is shown and data obtained from CAR having a truncated hinge domain 15 

(“THD”) is shown. 

[0057]   FIGs. 4A-4X show IFNγ, IL-2, and TNFα production by electroporated anti-

FLT3 CAR T cells following 16 hours of co-culture with the indicated target cell lines. FIGs. 

4A-4B, 4G-4H, 4M-4N, and 4S-4T show IFNγ production following co-culture with 

Namalwa, EoL-1, HL60, and MV4;11 target cells, respectively. FIGs. 4C-4D, 4I-4J, 4O-4P, 20 

and 4U-4V show IL-2 production following co-culture with Namalwa, EoL-1, HL60, and 

MV4;11 target cells, respectively. FIGs. 4E-4F, 4K-4L, 4Q-4R, and 4W-4X show TNFα 

production following co-culture with Namalwa, EoL-1, HL60, and MV4;11 target cells, 

respectively. 

[0058]   FIGs. 5A-5H show cytolytic activity of electroporated anti-FLT3 CAR T cells 25 

against Namalwa (FIGs. 5A-5B), EoL1 (FIGs. 5C-5D), HL60 (FIGs. 5E-5F), and MV4;11 

(FIGs. 5G-5H) target cell lines following 16 hours of co-culture.   

[0059]   FIGs. 6A-6B depict CAR expression in lentivirus transduced primary human T 

cells from two healthy donors. 

[0060]   FIGs. 7A-7F show IFNγ (FIGs. 7A-7B), TNFα (FIGs. 7C-7D), and IL-2 (FIGs. 30 

7E-7F) production by lentivirus transduced CAR T cells from two healthy donors following 

16 hours of co-culture with the indicated target cell lines.
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[0062] 	FIGs. 9A-9B depict proliferation of CF SE-labeled lentivirus transduced CAR T 

cells from two healthy donors following 5 days of co-culture with CD3-CD28 beads or the 

indicated target cell lines. 

[0063] 	FIGs. 10A-10D depict CAR expression in lentivirus transduced primary human 

	

5 	T cells used for in vivo studies. FIGs. 10E-10F show graphical representations of measured 

bioluminescence imaging of labeled acute myeloid leukemia (AML) cells following intra-

venous injection of either control (mock) or anti-FLT3 CAR T cells (10E3-CHD, 10E3-

THD, or 8B5-THD) in a xenogeneic model, performed in duplicate. FIG. 10G provides the 

p-values for the respective data points in FIG. 10E. FIGs. 10H-10K show survival curves of 

	

10 	mice injected with mock or 10E3-CHD (FIG. 10H), mock or 10E3-THD (FIG. 101), mock 

or 8B5-THD (FIG. 10J), or 10E3-THD or 8B5-THD (FIG. 10K) CAR T cells. 

[0064] 	FIGs. 11A-11B shows CLL-1 CAR expression determined by protein L 6 hours 

post mRNA electroporation. 

[0065] 	FIGs. 12A-12C show the results from a cytokine release assay from different 

	

15 	CLL-1 CAR-T cell constructs 24 hours after mRNA electroporation. IL-2 (FIG. 12A), IFNy 

(FIG. 12B), and TNFa (FIG. 12C) production levels are shown for controls (target alone, 

mock, GFP, and CD19 CAR T cells) and anti-CLL-1 CAR T cells (24C1 HL-THD, 

24C1 HL CHD, 24C8 HL-CHD, and 24C8 HL THD) co-cultured with Namalwa, 

MV4;11, U937, HL60, and EoL-1 cells, as indicated. 

	

20 	[0066] 	FIGs. 13A-13E show cytolytic activity of different CLL-1 CAR-T cell 

constructs 24 hours after mRNA electroporation. T cells electroporated with control 

constructs (mock, GFP, and CD19 CAR) or anti-CLL-1 CAR constructs (24C8 HL-CHD 

and 24C8 HL THD) were co-cultured with Namalwa (FIG. 13A), MV;411 (FIG. 13B), 

EoL-1 (FIG. 13C), HL-60 (FIG. 13D), and U937 target cells, and the percent of specific 

	

25 	lysis of each target cell line was determined. 

[0067] 	FIGs. 14A-14C show the results from a cytokine release assay from different 

transduced anti-CLL-1 CAR T cells 16 hours after co-culture with different cell lines. IFNy 

(FIG. 14A), IL-2 (FIG. 14B), and TNFa (FIG. 14C) production levels are shown for controls 

(target alone and mock) and transduced anti-CLL-1 CAR T cells (10E3 THD and 

	

30 	24C1 LH THD) co-cultured with Namalwa, HL-60, or MV4;11 target cells, as indicated. 

[0068] 	FIGs. 15A-15C show cytolytic activity from anti-CLL-1 CAR T cells 

(C1 24C1 LH THD) 16 hours and 40 hours after co-culture with Namalwa (FIG. 15A), 

MV4;11 (FIG. 15B), or HL-60 (FIG. 15C) target cells. 
10 
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[0069]   FIGs 16A-16F shows IFNγ, TNFα, and IL-2 production by lentivirus transduced 

CAR T cells from two healthy donors following 16 hours of co-cultured with EoL-1 (Black), 

NCI-H929 (light grey), or MM1S (grey) target cell lines. FIGs. 16A and 16B show the IFNγ 

(pg/ml; y-axis) production in lentivirus transduced CAR T cells from a first donor (FIG. 6A) 

and a second donor (FIG. 16B). FIGs. 16C and 16D show the TNFα (pg/ml; y-axis) 5 

production in lentivirus transduced CAR T cells from a first donor (FIG. 16C) and a second 

donor (FIG. 16D). FIGs. 16E and 16F show the IL-2 production (pg/ml; y-axis) in lentivirus 

transduced CAR T cells from a first donor (FIG. 16E) and a second donor (FIG. 16F).  

[0070]   FIGs. 17A-17F show the average cytolytic activity (as a percentage of viable 

target cells remaining; y-axis) over time from two healthy donors expressing the indicated 10 

CARs co-cultured with EoL1 (FIGs. 17A and 17B), NCI-H929 (FIGs. 17C and 17D), or 

MM1S (FIGs. 17E and 17F) target cells for 16 hours, 40 hours, 64 hours, 88 hours, or 112 

hours. FIGs. 17A and 17B show the average cytolytic activity of transduced CAR T cells 

from a first donor (FIG. 17A) and a second donor (FIG. 17B) co-cultured with EoL1 target 

cells for 16 hours, 40 hours, 64 hours, 88 hours, or 112 hours. FIGs. 17C and 17D show the 15 

average cytolytic activity of transduced CAR T cells from a first donor (FIG. 17C) and a 

second donor (FIG. 17D) co-cultured with NCI-H929 target cells for 16 hours, 40 hours, 64 

hours, 88 hours, or 112 hours. FIGs. 17E and 17F show the average cytolytic activity of 

transduced CAR T cells from a first donor (FIG. 17E) and a second donor (FIG. 17F) co-

cultured with MM1S target cells for 16 hours, 40 hours, 64 hours, 88 hours, or 112 hours.  20 

[0071]   FIGs. 18A and 18B show proliferation of CFSE-labeled lentivirus transduced 

CAR T cells from a first healthy donor (FIG. 18A) and a second healthy donor (FIG. 18B) 

following 6 days of co-culture with CD3-CD28 beads (top row), EoL-1 (second row), NCI-

H 9 2 9  ( t h i r d  r o w ) ,  o r  M M 1 S  ( b o t t o m  r o w )  t a r g e t  c e l l  l i n e s . 

[0072]   FIG 19A and FIG. 19B are graphs showing thermostability of chimeric antigen 25 

receptors (CARs) of the present invention.  FIG. 19A: In a phosphate-buffered saline (PBS) 

solution, a CAR comprising an extracellular domain with a truncated hinge domain (“THD”)  

has a higher melting temperature relative to a CAR comprising an extracellular domain with 

a complete hinge domain (“CHD”).  FIG. 19B: In the presence of 50 mM NaCl, a CAR 

comprising an extracellular domain with a THD  has a higher melting temperature relative 30 

to a CAR comprising an extracellular domain with a CHD.  FIG. 20 is a schematic 

representation of the pGAR vector.  
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DETAILED DESCRIPTION OF THE INVENTION 

[0073] 	The present invention relates to novel polypeptides comprising a novel 

truncated hinge domain ("THD") and polynucleotides encoding the same. Some aspects of the 

invention relate to a polynucleotide encoding a chimeric antigen receptor (CAR) or a T cell 

	

5 	receptor (TCR) comprising the THD disclosed herein. The present invention also provides 

vectors (e.g., viral vectors) comprising such polynucleotides and compositions comprising such 

vectors. The present invention further provides polynucleotides encoding such CARs or TCRs 

and compositions comprising such polynucleotides. The present invention additionally 

provides engineered cells (e.g., T cells) comprising such polynucleotides and/or transduced 

	

10 	with such viral vectors and compositions comprising such engineered cells. The present 

invention provides compositions (e.g., pharmaceutical compositions) including a plurality of 

engineered T cells. The present invention provides methods for manufacturing such engineered 

T cells and compositions and uses (e.g., in treating a melanoma) of such engineered T cells and 

compositions. And, the present invention provides a method of inducing an immunity against 

	

15 	a tumor comprising administering to a subject an effective amount of a cell comprising a 

polynucleotide, a vector, or a polypeptide of the present invention. Other aspects of the 

invention relate to cells comprising the CAR or the TCR and their use in a T cell therapy, e.g., 

an autologous cell therapy (eACTTM), for the treatment of a patient suffering from a cancer. 

DEFINITIONS 

	

20 	[0074] 	In order for the present invention to be more readily understood, certain terms 

are first defined below. Additional definitions for the following terms and other terms are set 

forth throughout the Specification. 

[0075] 	As used in this Specification and the appended claims, the singular forms "a," 

"an" and "the" include plural referents unless the context clearly dictates otherwise. 

	

25 	[0076] 	Unless specifically stated or obvious from context, as used herein, the term "or" 

is understood to be inclusive and covers both "or" and "and". 

[0077] 	The term "and/or" where used herein is to be taken as specific disclosure of each 

of the two specified features or components with or without the other. Thus, the term "and/or" 

as used in a phrase such as "A and/or B" herein is intended to include A and B; A or B; A 

	

30 	(alone); and B (alone). Likewise, the term "and/or" as used in a phrase such as "A, B, and/or 

12 
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C" is intended to encompass each of the following aspects: A, B, and C; A, B, or C; A or C; A 

or B; B or C; A and C; A and B; B and C; A (alone); B (alone); and C (alone). 

[0078] 	The terms "e.g.," and "i.e." as used herein, are used merely by way of example, 

without limitation intended, and should not be construed as referring only those items explicitly 

5 	enumerated in the specification. 

[0079] 	The terms "or more", "at least", "more than", and the like, e.g., "at least one" 

are understood to include but not be limited to at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 

15, 16, 17, 18, 19 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 

40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 

65, 66, 67, 68, 69, 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, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 

111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 

130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 

149 or 150, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000 or more than 

15 	the stated value. Also included is any greater number or fraction in between. 

[0080] 	Conversely, the term "no more than" includes each value less than the stated 

value. For example, "no more than 100 nucleotides" includes 100, 99, 98, 97, 96, 95, 94, 93, 

92, 91, 90, 89, 88, 87, 86, 85, 84, 83, 82, 81, 80, 79, 78, 77, 76, 75, 74, 73, 72, 71, 70, 69, 68, 

67, 66, 65, 64, 63, 62, 61, 60, 59, 58, 57, 56, 55, 54, 53, 52, 51, 50, 49, 48, 47, 46, 45, 44, 43, 

20 42, 41, 40, 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 

17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, and 0 nucleotides. Also included is any 

lesser number or fraction in between. 

[0081] 	The terms "plurality", "at least two", "two or more", "at least second", and the 

like, are understood to include but not limited to at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 

25 15, 16, 17, 18, 19 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 

40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 

65, 66, 67, 68, 69, 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, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 

111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 

30 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 

149 or 150, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000 or more. 

Also included is any greater number or fraction in between. 

13 
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[0082] 	Throughout the specification the word "comprising," or variations such as 

"comprises" or "comprising," will be understood to imply the inclusion of a stated element, 

integer or step, or group of elements, integers or steps, but not the exclusion of any other 

element, integer or step, or group of elements, integers or steps. It is understood that wherever 

	

5 	aspects are described herein with the language "comprising," otherwise analogous aspects 

described in terms of "consisting of and/or "consisting essentially of are also provided. 

[0083] 	Unless specifically stated or evident from context, as used herein, the term 

"about" refers to a value or composition that is within an acceptable error range for the 

particular value or composition as determined by one of ordinary skill in the art, which will 

	

10 	depend in part on how the value or composition is measured or determined, i.e., the limitations 

of the measurement system. For example, "about" or "comprising essentially of can mean 

within one or more than one standard deviation per the practice in the art. "About" or 

"comprising essentially of can mean a range of up to 10% (i.e., ±10%). Thus, "about" can be 

understood to be within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%, 0.05%, 

	

15 	0.01%, or 0.001% greater or less than the stated value. For example, about 5 mg can include 

any amount between 4.5 mg and 5.5 mg. Furthermore, particularly with respect to biological 

systems or processes, the terms can mean up to an order of magnitude or up to 5-fold of a value. 

When particular values or compositions are provided in the instant disclosure, unless otherwise 

stated, the meaning of "about" or "comprising essentially of should be assumed to be within 

	

20 	an acceptable error range for that particular value or composition. 

[0084] 	As described herein, any concentration range, percentage range, ratio range or 

integer range is to be understood to be inclusive of the value of any integer within the recited 

range and, when appropriate, fractions thereof (such as one-tenth and one-hundredth of an 

integer), unless otherwise indicated. 

	

25 	[0085] 	Units, prefixes, and symbols used herein are provided using their Systeme 

International de Unites (SI) accepted form. Numeric ranges are inclusive of the numbers 

defining the range. 

[0086] 	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 this 

	

30 	disclosure is related. For example, Juo, "The Concise Dictionary of Biomedicine and 

Molecular Biology", 2nd  ed., (2001), CRC Press; "The Dictionary of Cell & Molecular 

Biology", 5th  ed., (2013), Academic Press; and "The Oxford Dictionary Of Biochemistry And 

14 
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Molecular Biology", Cammack et al. eds., 2nd  ed, (2006), Oxford University Press, provide 

those of skill in the art with a general dictionary for many of the terms used in this disclosure. 

[0087] 	"Administering" refers to the physical introduction of an agent to a subject, 

using any of the various methods and delivery systems known to those skilled in the art. 

	

5 	Exemplary routes of administration for the formulations disclosed herein include intravenous, 

intramuscular, subcutaneous, intraperitoneal, spinal or other parenteral routes of 

administration, for example by injection or infusion. The phrase "parenteral administration" as 

used herein means modes of administration other than enteral and topical administration, 

usually by injection, and includes, without limitation, intravenous, intramuscular, intraarterial, 

	

10 	intrathecal, intralymphatic, intralesional, intracapsular, intraorbital, intracardiac, intradermal, 

intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular, 

subarachnoid, intraspinal, epidural and intrasternal injection and infusion, as well as in vivo 

electroporation. In some embodiments, the formulation is administered via a non-parenteral 

route, e.g., orally. Other non-parenteral routes include a topical, epidermal or mucosal route of 

	

15 	administration, for example, intranasally, vaginally, rectally, sublingually or topically. 

Administering can also be performed, for example, once, a plurality of times, and/or over one 

or more extended periods. 

[0088] 	The term "antibody" (Ab) includes, without limitation, a glycoprotein 

immunoglobulin which binds specifically to an antigen. In general, and antibody can comprise 

	

20 	at least two heavy (H) chains and two light (L) chains interconnected by disulfide bonds, or an 

antigen-binding molecule thereof. Each H chain comprises a heavy chain variable region 

(abbreviated herein as VH) and a heavy chain constant region. The heavy chain constant region 

comprises three constant domains, CH1, CH2 and CH3. Each light chain comprises a light 

chain variable region (abbreviated herein as VL) and a light chain constant region. The light 

	

25 	chain constant region is comprises one constant domain, CL. The VH and VL regions can be 

further subdivided into regions of hypervariability, termed complementarity determining 

regions (CDRs), interspersed with regions that are more conserved, termed framework regions 

(FR). Each VH and VL comprises three CDRs and four FRs, arranged from amino-terminus to 

carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, and FR4. The 

	

30 	variable regions of the heavy and light chains contain a binding domain that interacts with an 

antigen. The constant regions of the Abs may mediate the binding of the immunoglobulin to 

15 
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host tissues or factors, including various cells of the immune system (e.g., effector cells) and 

the first component (Clq) of the classical complement system. 

[0089] 	Antibodies can include, for example, monoclonal antibodies, recombinantly 

produced antibodies, monospecific antibodies, multispecific antibodies (including bispecific 

	

5 	antibodies), human antibodies, engineered antibodies, humanized antibodies, chimeric 

antibodies, immunoglobulins, synthetic antibodies, tetrameric antibodies comprising two 

heavy chain and two light chain molecules, an antibody light chain monomer, an antibody 

heavy chain monomer, an antibody light chain dimer, an antibody heavy chain dimer, an 

antibody light chain- antibody heavy chain pair, intrabodies, antibody fusions (sometimes 

	

10 	referred to herein as "antibody conjugates"), heteroconjugate antibodies, single domain 

antibodies, monovalent antibodies, single chain antibodies or single-chain Fvs (scFv), 

camelized antibodies, affybodi es, Fab fragments, F(ab')2 fragments, disulfide-linked Fvs 

(sdFv), anti-idiotypic (anti-Id) antibodies (including, e.g., anti-anti-Id antibodies), minibodies, 

domain antibodies, synthetic antibodies (sometimes referred to herein as "antibody mimetics"), 

	

15 	and antigen-binding fragments of any of the above. In certain embodiments, antibodies 

described herein refer to polyclonal antibody populations. 

[0090] 	An immunoglobulin may derive from any of the commonly known isotypes, 

including but not limited to IgA, secretory IgA, IgG, IgE and IgM. IgG subclasses are also well 

known to those in the art and include but are not limited to human IgGl, IgG2, IgG3 and IgG4. 

	

20 	"Isotype" refers to the Ab class or subclass (e.g., IgM or IgG1) that is encoded by the heavy 

chain constant region genes. The term "antibody" includes, by way of example, both naturally 

occurring and non-naturally occurring Abs; monoclonal and polyclonal Abs; chimeric and 

humanized Abs; human or nonhuman Abs; wholly synthetic Abs; and single chain Abs. A 

nonhuman Ab may be humanized by recombinant methods to reduce its immunogenicity in 

	

25 	man. Where not expressly stated, and unless the context indicates otherwise, the term 

"antibody" also includes an antigen-binding fragment or an antigen-binding portion of any of 

the aforementioned immunoglobulins, and includes a monovalent and a divalent fragment or 

portion, and a single chain Ab. 

[0091] 	An "antigen binding molecule," "antigen binding portion," or "antibody 

	

30 	fragment" refers to any molecule that comprises the antigen binding parts (e.g., CDRs) of the 

antibody from which the molecule is derived. An antigen binding molecule can include the 

antigenic complementarity determining regions (CDRs). Examples of antibody fragments 

include, but are not limited to, Fab, Fab', F(ab')2, and Fv fragments, dAb, linear antibodies, 
16 
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scFv antibodies, and multispecific antibodies formed from antigen binding molecules. 

Peptibodies (i.e., Fc fusion molecules comprising peptide binding domains) are another 

example of suitable antigen binding molecules. In some embodiments, the antigen binding 

molecule binds to an antigen on a tumor cell. In some embodiments, the antigen binding 

	

5 	molecule binds to an antigen on a cell involved in a hyperproliferative disease or to a viral or 

bacterial antigen. In certain embodiments, the antigen binding molecule binds to BCMA, CLL-

1, or FLT3. In further embodiments, the antigen binding molecule is an antibody fragment that 

specifically binds to the antigen, including one or more of the complementarity determining 

regions (CDRs) thereof. In further embodiments, the antigen binding molecule is a single chain 

	

10 	variable fragment (scFv). In some embodiments, the antigen binding molecule comprises or 

consists of avimers. 

[0092] 	As used herein, the term "variable region" or "variable domain" is used 

interchangeably and are common in the art. The variable region typically refers to a portion of 

an antibody, generally, a portion of a light or heavy chain, typically about the amino-terminal 

	

15 	110 to 120 amino acids in the mature heavy chain and about 90 to 115 amino acids in the 

mature light chain, which differ extensively in sequence among antibodies and are used in the 

binding and specificity of a particular antibody for its particular antigen. The variability in 

sequence is concentrated in those regions called complementarity determining regions (CDRs) 

while the more highly conserved regions in the variable domain are called framework regions 

	

20 	(FR). Without wishing to be bound by any particular mechanism or theory, it is believed that 

the CDRs of the light and heavy chains are primarily responsible for the interaction and 

specificity of the antibody with antigen. In certain embodiments, the variable region is a human 

variable region. In certain embodiments, the variable region comprises rodent or murine CDRs 

and human framework regions (FRs). In particular embodiments, the variable region is a 

	

25 	primate (e.g., non-human primate) variable region. In certain embodiments, the variable region 

comprises rodent or murine CDRs and primate (e.g., non-human primate) framework regions 

(FRs). 

[0093] 	The terms "VL" and "VL domain" are used interchangeably to refer to the light 

chain variable region of an antibody or an antigen-binding molecule thereof. 

	

30 	[0094] 	The terms "VH" and "VH domain" are used interchangeably to refer to the 

heavy chain variable region of an antibody or an antigen-binding molecule thereof 

[0095] 	A number of definitions of the CDRs are commonly in use: Kabat numbering, 

Chothia numbering, AbM numbering, or contact numbering. The AbM definition is a 
17 
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compromise between the two used by Oxford Molecular' s AbM antibody modelling software. 

The contact definition is based on an analysis of the available complex crystal structures. 

[0096] 	Table 1. CDR Numbering 

Loop Kabat AbM Chothia Contact 

Ll L24--L34 L24--L34 L24--L34 L30--L36 

L2 L50--L56 L50--L56 L50--L56 L46--L55 

L3 L89--L97 L89--L97 L89--L97 L89--L96 

H1 H31--H35B 
(Kabat Numbering) 

H26--H35B H26--H32..34 H30--H35B 

H1 H31--H35 
(Chothia Numbering) 

H26--H35 H26--H32 H30--H35 

H2 H50--H65 H50--H58 H52--H56 H47--H58 

H3 H95--H102 H95--H102 H95--H102 H93--H101 

	

5 	[0097] 	The term "Kabat numbering" and like terms are recognized in the art and refer 

to a system of numbering amino acid residues in the heavy and light chain variable regions of 

an antibody, or an antigen-binding molecule thereof In certain aspects, the CDRs of an 

antibody can be determined according to the Kabat numbering system (see, e.g., Kabat EA & 

Wu TT (1971) Ann NY Acad Sci 190: 382-391 and Kabat EA et al., (1991) Sequences of 

	

10 	Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and Human 

Services, NIH Publication No. 91-3242). Using the Kabat numbering system, CDRs within an 

antibody heavy chain molecule are typically present at amino acid positions 31 to 35, which 

optionally can include one or two additional amino acids, following 35 (referred to in the Kabat 

numbering scheme as 35A and 35B) (CDR1), amino acid positions 50 to 65 (CDR2), and amino 

	

15 	acid positions 95 to 102 (CDR3). Using the Kabat numbering system, CDRs within an antibody 

light chain molecule are typically present at amino acid positions 24 to 34 (CDR1), amino acid 

positions 50 to 56 (CDR2), and amino acid positions 89 to 97 (CDR3). In a specific 

18 
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embodiment, the CDRs of the antibodies described herein have been determined according to 

the Kabat numbering scheme. 

[0098] 	In certain aspects, the CDRs of an antibody can be determined according to the 

Chothia numbering scheme, which refers to the location of immunoglobulin structural loops 

	

5 	(see, e.g., Chothia C & Lesk AM, (1987), J Mol Biol 196: 901-917; Al-Lazikani B et al., (1997) 

J Mol Biol 273: 927-948; Chothia C et al., (1992) J Mol Biol 227: 799-817; Tramontano A et 

al., (1990) J Mol Biol 215(1): 175-82; and U.S. Patent No. 7,709,226). Typically, when using 

the Kabat numbering convention, the Chothia CDR-H1 loop is present at heavy chain amino 

acids 26 to 32, 33, or 34, the Chothia CDR-H2 loop is present at heavy chain amino acids 52 

	

10 	to 56, and the Chothia CDR-H3 loop is present at heavy chain amino acids 95 to 102, while the 

Chothia CDR-L1 loop is present at light chain amino acids 24 to 34, the Chothia CDR-L2 loop 

is present at light chain amino acids 50 to 56, and the Chothia CDR-L3 loop is present at light 

chain amino acids 89 to 97. The end of the Chothia CDR-HI loop when numbered using the 

Kabat numbering convention varies between H32 and H34 depending on the length of the loop 

	

15 	(this is because the Kabat numbering scheme places the insertions at H35A and H35B; if 

neither 35A nor 35B is present, the loop ends at 32; if only 35A is present, the loop ends at 33; 

if both 35A and 35B are present, the loop ends at 34). In a specific embodiment, the CDRs of 

the antibodies described herein have been determined according to the Chothia numbering 

scheme. 

	

20 	[0099] 	As used herein, the terms "constant region" and "constant domain" are 

interchangeable and have a meaning common in the art. The constant region is an antibody 

portion, e.g., a carboxyl terminal portion of a light and/or heavy chain which is not directly 

involved in binding of an antibody to antigen but which can exhibit various effector functions, 

such as interaction with the Fc receptor. The constant region of an immunoglobulin molecule 

	

25 	generally has a more conserved amino acid sequence relative to an immunoglobulin variable 

domain. 

[0100] 	As used herein, the term "heavy chain" when used in reference to an antibody 

can refer to any distinct type, e.g., alpha (a), delta (6), epsilon (c), gamma (y) and mu (µ), based 

on the amino acid sequence of the constant domain, which give rise to IgA, IgD, IgE, IgG and 

	

30 	IgM classes of antibodies, respectively, including subclasses of IgG, e.g., IgGi, IgG2, IgG3 and 

IgG4. 

[0101] 	As used herein, the term "light chain" when used in reference to an antibody 

can refer to any distinct type, e.g., kappa (K) or lambda (X) based on the amino acid sequence 
19 
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of the constant domains. Light chain amino acid sequences are well known in the art. In specific 

embodiments, the light chain is a human light chain. 

[0102] 	"Binding affinity" generally refers to the strength of the sum total of non-

covalent interactions between a single binding site of a molecule (e.g., an antibody) and its 

	

5 	binding partner (e.g., an antigen). Unless indicated otherwise, as used herein, "binding affinity" 

refers to intrinsic binding affinity which reflects a 1:1 interaction between members of a 

binding pair (e.g., antibody and antigen). The affinity of a molecule X for its partner Y can 

generally be represented by the dissociation constant (KD). Affinity can be measured and/or 

expressed in a number of ways known in the art, including, but not limited to, equilibrium 

	

10 	dissociation constant (KD), and equilibrium association constant (KA). The KD is calculated 

from the quotient of koff/kon, whereas KA is calculated from the quotient of kon/koff. km, refers to 

the association rate constant of, e.g., an antibody to an antigen, and koff refers to the dissociation 

of, e.g., an antibody to an antigen. The km and koff can be determined by techniques known to 

one of ordinary skill in the art, such as BIACORE®  or KinExA. 

	

15 	[0103] 	As used herein, a "conservative amino acid substitution" is one in which the 

amino acid residue is replaced with an amino acid residue having a similar side chain. Families 

of amino acid residues having side chains have been defined in the art. These families include 

amino acids with basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., 

aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine, 

	

20 	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). In certain embodiments, one or more amino acid residues within a 

CDR(s) or within a framework region(s) of an antibody or antigen-binding molecule thereof 

	

25 	can be replaced with an amino acid residue with a similar side chain. 

[0104] 	As, used herein, the term "heterologous" means from any source other than 

naturally occurring sequences. For example, a heterologous sequence included as a part of a 

costimulatory protein having the amino acid sequence of SEQ ID NO: 1, e.g., the corresponding 

human costimulatory protein, is amino acids that do not naturally occur as, i.e., do not align 

	

30 	with, the wild type human costimulatory protein. For example, a heterologous nucleotide 

sequence refers to a nucleotide sequence other than that of the wild type human costimulatory 

protein-encoding sequence. 

20 
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[0105] 	As used herein, an "epitope" is a term in the art and refers to a localized region 

of an antigen to which an antibody can specifically bind. An epitope can be, for example, 

contiguous amino acids of a polypeptide (linear or contiguous epitope) or an epitope can, for 

example, come together from two or more non-contiguous regions of a polypeptide or 

	

5 	polypeptides (conformational, non-linear, discontinuous, or non-contiguous epitope). In certain 

embodiments, the epitope to which an antibody binds can be determined by, e.g., NMR 

spectroscopy, X-ray diffraction crystallography studies, ELISA assays, hydrogen/deuterium 

exchange coupled with mass spectrometry (e.g., liquid chromatography electrospray mass 

spectrometry), array-based oligo-peptide scanning assays, and/or mutagenesis mapping (e.g., 

	

10 	site-directed mutagenesis mapping). For X-ray crystallography, crystallization may be 

accomplished using any of the known methods in the art (e.g., Giege R et al., (1994) Acta 

Crystallogr D Biol Crystallogr 50(Pt 4): 339-350; McPherson A (1990) Eur J Biochem 189: 1-

23; Chayen NE (1997) Structure 5: 1269-1274; McPherson A (1976) J Biol Chem 251: 6300-

6303). Antibody:antigen crystals may be studied using well known X-ray diffraction 

	

15 	techniques and may be refined using computer software such as X-PLOR (Yale University, 

1992, distributed by Molecular Simulations, Inc.; see e.g. Meth Enzymol (1985) volumes 114 

& 115, eds Wyckoff HW et al.,; U.S. 2004/0014194), and BUSTER (Bricogne G (1993) Acta 

Crystallogr D Biol Crystallogr 49(Pt 1): 37-60; Bricogne G (1997) Meth Enzymol 276A: 361-

423, ed Carter CW; Roversi P et al., (2000) Acta Crystallogr D Biol Crystallogr 56(Pt 10): 

	

20 	1316-1323). Mutagenesis mapping studies may be accomplished using any method known to 

one of skill in the art. See, e.g., Champe M et al., (1995) J Biol Chem 270: 1388-1394 and 

Cunningham BC & Wells JA (1989) Science 244: 1081-1085 for a description of mutagenesis 

techniques, including alanine scanning mutagenesis techniques. 

[0106] 	As used herein, an antigen binding molecule, an antibody, or an antigen binding 

	

25 	molecule thereof "cross-competes" with a reference antibody or an antigen binding molecule 

thereof if the interaction between an antigen and the first binding molecule, an antibody, or an 

antigen binding molecule thereof blocks, limits, inhibits, or otherwise reduces the ability of the 

reference binding molecule, reference antibody, or an antigen binding molecule thereof to 

interact with the antigen. Cross competition can be complete, e.g., binding of the binding 

	

30 	molecule to the antigen completely blocks the ability of the reference binding molecule to bind 

the antigen, or it can be partial, e.g., binding of the binding molecule to the antigen reduces the 

ability of the reference binding molecule to bind the antigen. In certain embodiments, an 

antigen binding molecule that cross-competes with a reference antigen binding molecule binds 
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the same or an overlapping epitope as the reference antigen binding molecule. In other 

embodiments, the antigen binding molecule that cross-competes with a reference antigen 

binding molecule binds a different epitope as the reference antigen binding molecule. 

Numerous types of competitive binding assays can be used to determine if one antigen binding 

	

5 	molecule competes with another, for example: solid phase direct or indirect radioimmunoassay 

(MA); solid phase direct or indirect enzyme immunoassay (EIA); sandwich competition assay 

(Stahli et al., 1983, Methods in Enzymology 9:242-253); solid phase direct biotin-avidin EIA 

(Kirkland et al., 1986, J. Immunol. 137:3614-3619); solid phase direct labeled assay, solid 

phase direct labeled sandwich assay (Harlow and Lane, 1988, Antibodies, A Laboratory 

	

to 	Manual, Cold Spring Harbor Press); solid phase direct label RIA using 1-125 label (Morel et 

al., 1988, Molec. Immunol. 25:7-15); solid phase direct biotin-avidin EIA (Cheung, et al., 1990, 

Virology 176:546-552); and direct labeled RIA (Moldenhauer et al., 1990, Scand. J. Immunol. 

32:77-82). 

[0107] 	As used herein, the terms "immunospecifically binds," "immunospecifically 

	

15 	recognizes," "specifically binds," and "specifically recognizes" are analogous terms in the 

context of antibodies and refer to molecules that bind to an antigen (e.g., epitope or immune 

complex) as such binding is understood by one skilled in the art. For example, a molecule that 

specifically binds to an antigen may bind to other peptides or polypeptides, generally with 

lower affinity as determined by, e.g., immunoassays, BIACORE®, KinExA 3000 instrument 

	

20 	(Sapidyne Instruments, Boise, ID), or other assays known in the art. In a specific embodiment, 

molecules that specifically bind to an antigen bind to the antigen with a KA that is at least 2 

logs, 2.5 logs, 3 logs, 4 logs or greater than the KA when the molecules bind to another antigen. 

[0108] 	In another embodiment, molecules that specifically bind to an antigen bind with 

a dissociation constant (Kd) of about 1 x 10-7  M. In some embodiments, the antigen binding 

	

25 	molecule specifically binds an antigen with "high affinity" when the Kd is about 1 x 10-9  M to 

about 5 x 10-9  M. In some embodiments, the antigen binding molecule specifically binds an 

antigen with "very high affinity" when the Kd is 1 x 10-10  M to about 5 x 1010  M. In one 

embodiment, the antigen binding molecule has a Kd of 10-9  M. In one embodiment, the off-rate 

is less than about 1 x 10-5. In other embodiments, the antigen binding molecule binds 

	

30 	human BCMA with a Kd of between about 1 x 10-7  M and about 1 x 10-13  M. In yet another 

embodiment, the antigen binding molecule binds human BCMA with a Kd of about 1 x 10-10  M 

to about 5 x 10-10  M. 
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[0109] 	In a specific embodiment, provided herein is an antibody or an antigen binding 

molecule thereof that binds to a target human antigen, e.g., human BCMA or human CLL-1, 

with higher affinity than to another species of the target antigen, e.g., a non-human BCMA or 

a non-human CLL-1. In certain embodiments, provided herein is an antibody or an antigen 

	

5 	binding molecule t thereof that binds to the target human antigen, e.g., human BCMA or human 

CLL-1, with a 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70% 

or higher affinity than to another species of the target antigen as measured by, e.g., a 

radioimmunoassay, surface plasmon resonance, or kinetic exclusion assay. In a specific 

embodiment, an antibody or an antigen binding molecule thereof described herein, which binds 

	

10 	to a target human antigen, will bind to another species of the target antigen with less than 10%, 

15%, or 20% of the binding of the antibody or an antigen binding molecule thereof to the 

human antigen as measured by, e.g., a radioimmunoassay, surface plasmon resonance, or 

kinetic exclusion assay. 

[0110] 	An "antigen" refers to any molecule that provokes an immune response or is 

	

15 	capable of being bound by an antibody or an antigen binding molecule. The immune response 

may involve either antibody production, or the activation of specific immunologically-

competent cells, or both. A person of skill in the art would readily understand that any 

macromolecule, including virtually all proteins or peptides, can serve as an antigen. An antigen 

can be endogenously expressed, i.e. expressed by genomic DNA, or can be recombinantly 

	

20 	expressed. An antigen can be specific to a certain tissue, such as a cancer cell, or it can be 

broadly expressed. In addition, fragments of larger molecules can act as antigens. In one 

embodiment, antigens are tumor antigens. In one particular embodiment, the antigen is all or a 

fragment of BCMA, FLT3, or CLL-1. 

[0111] 	The term "neutralizing" refers to an antigen binding molecule, scFv, antibody, 

	

25 	or a fragment thereof, that binds to a ligand and prevents or reduces the biological effect of that 

ligand. In some embodiments, the antigen binding molecule, scFv, antibody, or a fragment 

thereof, directly blocking a binding site on the ligand or otherwise alters the ligand's ability to 

bind through indirect means (such as structural or energetic alterations in the ligand). In some 

embodiments, the antigen binding molecule, scFv, antibody, or a fragment thereof prevents the 

	

30 	protein to which it is bound from performing a biological function. 

[0112] 	As used herein, the term "BCMA" refers to B cell maturation antigen, which 

can include, but is not limited to, native BCMA, an isoform of BCMA, or an interspecies 

BCMA homolog of BCMA. BCMA (also known as TNFRSF17, CD269, and TNFRSF13A) is 
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a member of the tumor necrosis factor (TNF)-receptor superfamily. BCMA is expressed on the 

surface of multiple myeloma cells, while highly restricted to plasma cells and a subset of mature 

B cells in healthy tissue. The amino acid sequence of human BCMA (hBCMA) is provided in 

NCBI Accession Q02223.2 (GI:313104029). As used herein, BCMA includes human BCMA 

	

5 	and non-human BCMA homologs, as well as variants, fragments, or post-transnationally 

modified forms thereof, including, but not limited to, N- and 0-linked glycosylated forms of 

BCMA. BCMA proteins may further include fragments comprising all or a portion of the 

extracellular domain of BCMA (e.g., all or a portion of amino acids 1-54 of hBCMA). 

[0113] 	As used herein, the term "CLL-1" refers to C-type lectin-like molecule-1, which 

	

10 	can include, but is not limited to native CLL-1, an isoform of CLL-1, or an interspecies CLL- 

1 homolog of CLL-1. CLL-1 (also known as C-type lectin domain family 12 member A, 

CLEC12A, dendritic cell-associated lectin 2, DCAL-2, myeloid inhibitory C-type lectin-like 

receptor, and MICL) is a cell surface receptor that modulates signaling cascades and mediates 

tyrosine phosphorylation of target MAP kinases. CLL-1 expression is observed, e.g., in acute 

15 myeloid leukemia (AML) cells. The amino acid sequence of human CLL-1 (hCLL-1) is 

provided in UniProtKB/Swiss-Prot Accession No. Q5QGZ9.3 (GI:308153619). As used 

herein, CLL-1 includes human CLL-1 and non-human CLL-1 homologs, as well as variants, 

fragments, or post-transnationally modified forms thereof, including, but not limited to, N- and 

0-linked glycosylated forms of CLL-1. 

	

20 	[0114] 	As used herein the term "FLT3" refers to Fms-like tyrosine kinase 3 (FLT-3), 

which can include, but is not limited to native FLT3, an isoform of FLT3, or an interspecies 

FLT3 homolog of FLT3. FLT3 (also known as Cluster of differentiation antigen 135 (CD135), 

receptor-type tyrosine-protein kinase FLT3, FMS-related tyrosine kinase 3, stem cell tyrosine 

kinase 1, FL cytokine receptor, growth factor receptor tyrosine kinase type III, STK1, or fetal 

	

25 	liver kinase-2 (F1k2)) is a cytokine receptor which belongs to the receptor tyrosine kinase class 

III. CD135 is the receptor for the cytokine F1t3 ligand (FLT3L). FLT3 is expressed on the 

surface of various hematopoietic progenitor cells and on the surface of acute myeloid leukemia 

(AML) cells. The amino acid sequence of human FLT3 (hFLT3) is provided in 

UniProtKB/Swiss-Prot Accession No. P36888 (GI:156630887). As used herein, FLT3 includes 

30 human FLT3 and non-human FLT3 homologs, as well as variants, fragments, or post-

transnationally modified forms thereof, including, but not limited to, N- and 0-linked 

glycosylated forms of FLT3. 
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[0115] 	The term "autologous" refers to any material derived from the same individual 

to which it is later to be re-introduced. For example, the engineered autologous cell therapy 

(eACTTM) method described herein involves collection of lymphocytes from a patient, which 

are then engineered to express, e.g., a CAR construct, and then administered back to the same 

	

5 	patient. 

[0116] 	The term "allogeneic" refers to any material derived from one individual which 

is then introduced to another individual of the same species, e.g., allogeneic T cell 

transplantation. 

[0117] 	The terms "transduction" and "transduced" refer to the process whereby foreign 

	

10 	DNA is introduced into a cell via viral vector (see Jones et al., "Genetics: principles and 

analysis," Boston: Jones & Bartlett Publ. (1998)). In some embodiments, the vector is a 

retroviral vector, a DNA vector, a RNA vector, an adenoviral vector, a baculoviral vector, an 

Epstein Barr viral vector, a papovaviral vector, a vaccinia viral vector, a herpes simplex viral 

vector, an adenovirus associated vector, a lentiviral vector, or any combination thereof 

	

15 	[0118] 	As used herein, the term "truncated" refers to anything less than the whole. For 

example, a truncated hinge domain (alternatively referred to herein as "THD") amino acid 

sequence can include any amino acid sequence shorter than the full length or complete hinge 

domain ("CHD"). In some embodiments, a THD consists essentially of or consists of amino 

acids 118-152, 119-152, 120-152, 121-152, 122-152, 123-152, 124-152, 125-152, 126-152, 

	

20 	127-152, 128-152, 129-152, or 130-152, of SEQ ID NO: 1. In one embodiment, the THD 

consists essentially of or consists of the amino acid sequence of SEQ ID NO: 3, which consists 

of amino acids 123 to 152 of SEQ ID NO: 1. 

[0119] 	A "cancer" refers to a broad group of various diseases characterized by the 

uncontrolled growth of abnormal cells in the body. Unregulated cell division and growth results 

	

25 	in the formation of malignant tumors that invade neighboring tissues and may also metastasize 

to distant parts of the body through the lymphatic system or bloodstream. A "cancer" or "cancer 

tissue" can include a tumor. Examples of cancers that can be treated by the methods of the 

present invention include, but are not limited to, cancers of the immune system including 

lymphoma, leukemia, myeloma, and other leukocyte malignancies. In some embodiments, the 

	

30 	methods of the present invention can be used to reduce the tumor size of a tumor derived from, 

for example, bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous 

or intraocular malignant melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the 

anal region, stomach cancer, testicular cancer, uterine cancer, carcinoma of the fallopian tubes, 
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carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina, carcinoma 

of the vulva, multiple myeloma, Hodgkin's Disease, non-Hodgkin's lymphoma (NHL), primary 

mediastinal large B cell lymphoma (PMBC), diffuse large B cell lymphoma (DLBCL), 

follicular lymphoma (FL), transformed follicular lymphoma, splenic marginal zone lymphoma 

	

5 	(SMZL), cancer of the esophagus, cancer of the small intestine, cancer of the endocrine system, 

cancer of the thyroid gland, cancer of the parathyroid gland, cancer of the adrenal gland, 

sarcoma of soft tissue, cancer of the urethra, cancer of the penis, chronic or acute leukemia, 

acute myeloid leukemia, chronic myeloid leukemia, acute lymphoblastic leukemia (ALL) 

(including non T cell ALL), chronic lymphocytic leukemia (CLL), solid tumors of childhood, 

	

10 	lymphocytic lymphoma, cancer of the bladder, cancer of the kidney or ureter, carcinoma of the 

renal pelvis, neoplasm of the central nervous system (CNS), primary CNS lymphoma, tumor 

angiogenesis, spinal axis tumor, brain stem glioma, pituitary adenoma, Kaposi's sarcoma, 

epidermoid cancer, squamous cell cancer, T-cell lymphoma, environmentally induced cancers 

including those induced by asbestos, other B cell malignancies, and combinations of said 

	

15 	cancers. In one particular embodiment, the cancer is multiple myeloma. The particular cancer 

can be responsive to chemo- or radiation therapy or the cancer can be refractory. A refractory 

cancer refers to a cancer that is not amendable to surgical intervention and the cancer is either 

initially unresponsive to chemo- or radiation therapy or the cancer becomes unresponsive over 

time. 

	

20 	[0120] 	An "anti-tumor effect" as used herein, refers to a biological effect that can 

present as a decrease in tumor volume, a decrease in the number of tumor cells, a decrease in 

tumor cell proliferation, a decrease in the number of metastases, an increase in overall or 

progression-free survival, an increase in life expectancy, or amelioration of various 

physiological symptoms associated with the tumor. An anti-tumor effect can also refer to the 

	

25 	prevention of the occurrence of a tumor, e.g., a vaccine. 

[0121] 	A "cytokine," as used herein, refers to a non-antibody protein that is released 

by one cell in response to contact with a specific antigen, wherein the cytokine interacts with a 

second cell to mediate a response in the second cell. A cytokine can be endogenously expressed 

by a cell or administered to a subject. Cytokines may be released by immune cells, including 

	

30 	macrophages, B cells, T cells, and mast cells to propagate an immune response. Cytokines can 

induce various responses in the recipient cell. Cytokines can include homeostatic cytokines, 

chemokines, pro-inflammatory cytokines, effectors, and acute-phase proteins. For example, 

homeostatic cytokines, including interleukin (IL) 7 and IL-15, promote immune cell survival 
26 



WO 2017/173256 	 PCT/US2017/025351 

and proliferation, and pro-inflammatory cytokines can promote an inflammatory response. 

Examples of homeostatic cytokines include, but are not limited to, IL-2, IL-4, IL-5, IL-7, IL-

10, IL-12p40, IL-12p70, IL-15, and interferon (IFN) gamma. Examples of pro-inflammatory 

cytokines include, but are not limited to, IL-la, IL-lb, IL-6, IL-13, IL-17a, tumor necrosis 

	

5 	factor (TNF)-alpha, TNF-beta, fibroblast growth factor (FGF) 2, granulocyte macrophage 

colony-stimulating factor (GM-CSF), soluble intercellular adhesion molecule 1 (sICAM-1), 

soluble vascular adhesion molecule 1 (sVCAM-1), vascular endothelial growth factor (VEGF), 

VEGF-C, VEGF-D, and placental growth factor (PLGF). Examples of effectors include, but 

are not limited to, granzyme A, granzyme B, soluble Fas ligand (sFasL), and perforin. 

	

10 	Examples of acute phase-proteins include, but are not limited to, C-reactive protein (CRP) and 

serum amyloid A (SAA). 

[0122] 	"Chemokines" are a type of cytokine that mediates cell chemotaxis, or 

directional movement. Examples of chemokines include, but are not limited to, IL-8, IL-16, 

eotaxin, eotaxin-3, macrophage-derived chemokine (MDC or CCL22), monocyte chemotactic 

	

15 	protein 1 (MCP-1 or CCL2), MCP-4, macrophage inflammatory protein la (MIP-la, MIP-1a), 

MIP-10 (MIP-1b), gamma-induced protein 10 (IP-10), and thymus and activation regulated 

chemokine (TARC or CCL17). 

[0123] 	A "therapeutically effective amount," "effective dose," "effective amount," or 

"therapeutically effective dosage" of a therapeutic agent, e.g., engineered CAR T cells, is any 

	

20 	amount that, when used alone or in combination with another therapeutic agent, protects a 

subject against the onset of a disease or promotes disease regression evidenced by a decrease 

in severity of disease symptoms, an increase in frequency and duration of disease symptom-

free periods, or a prevention of impairment or disability due to the disease affliction. The ability 

of a therapeutic agent to promote disease regression can be evaluated using a variety of methods 

	

25 	known to the skilled practitioner, such as in human subjects during clinical trials, in animal 

model systems predictive of efficacy in humans, or by assaying the activity of the agent in in 

vitro assays. 

[0124] 	The term "lymphocyte" as used herein includes natural killer (NK) cells, T cells, 

or B cells. NK cells are a type of cytotoxic (cell toxic) lymphocyte that represent a major 

	

30 	component of the inherent immune system. NK cells reject tumors and cells infected by viruses. 

It works through the process of apoptosis or programmed cell death. They were termed "natural 

killers" because they do not require activation in order to kill cells. T-cells play a major role in 

cell-mediated-immunity (no antibody involvement). Its T-cell receptors (TCR) differentiate 
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themselves from other lymphocyte types. The thymus, a specialized organ of the immune 

system, is primarily responsible for the T cell's maturation. There are six types of T-cells, 

namely: Helper T-cells (e.g., CD4+ cells), Cytotoxic T-cells (also known as TC, cytotoxic T 

lymphocyte, CTL, T-killer cell, cytolytic T cell, CD8+ T-cells or killer T cell), Memory T-cells 

	

5 	((i) stem memory TSCM  cells, like naive cells, are CD45RO—, CCR7+, CD45RA+, CD62L+ 

(L-selectin), CD27+, CD28+ and IL-7Ra+, but they also express large amounts of CD95, IL-

2R(3, CXCR3, and LFA-1, and show numerous functional attributes distinctive of memory 

cells); (ii) central memory Tcm cells express L-selectin and the CCR7, they secrete IL-2, but 

not IFNy or IL-4, and (iii) effector memory TEM cells, however, do not express L-selectin or 

	

10 	CCR7 but produce effector cytokines like IFNy and IL-4), Regulatory T-cells (Tregs, 

suppressor T cells, or CD4+CD25+ regulatory T cells), Natural Killer T-cells (NKT) and 

Gamma Delta T-cells. B-cells, on the other hand, play a principal role in humoral immunity 

(with antibody involvement). It makes antibodies and antigens and performs the role of 

antigen-presenting cells (APCs) and turns into memory B-cells after activation by antigen 

	

15 	interaction. In mammals, immature B-cells are formed in the bone marrow, where its name is 

derived from. 

[0125] 	The term "genetically engineered" or "engineered" refers to a method of 

modifying the genome of a cell, including, but not limited to, deleting a coding or non-coding 

region or a portion thereof or inserting a coding region or a portion thereof. In some 

	

20 	embodiments, the cell that is modified is a lymphocyte, e.g., a T cell, which can either be 

obtained from a patient or a donor. The cell can be modified to express an exogenous construct, 

such as, e.g., a chimeric antigen receptor (CAR) or a T cell receptor (TCR), which is 

incorporated into the cell's genome. 

[0126] 	An "immune response" refers to the action of a cell of the immune system (for 

	

25 	example, T lymphocytes, B lymphocytes, natural killer (NK) cells, macrophages, eosinophils, 

mast cells, dendritic cells and neutrophils) and soluble macromolecules produced by any of 

these cells or the liver (including Abs, cytokines, and complement) that results in selective 

targeting, binding to, damage to, destruction of, and/or elimination from a vertebrate's body of 

invading pathogens, cells or tissues infected with pathogens, cancerous or other abnormal cells, 

	

30 	or, in cases of autoimmunity or pathological inflammation, normal human cells or tissues. 

[0127] 	The term "immunotherapy" refers to the treatment of a subject afflicted with, or 

at risk of contracting or suffering a recurrence of, a disease by a method comprising inducing, 

enhancing, suppressing or otherwise modifying an immune response. Examples of 
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immunotherapy include, but are not limited to, T cell therapies. T cell therapy can include 

adoptive T cell therapy, tumor-infiltrating lymphocyte (TIL) immunotherapy, autologous cell 

therapy, engineered autologous cell therapy (eACTTM), and allogeneic T cell transplantation. 

However, one of skill in the art would recognize that the conditioning methods disclosed herein 

	

5 	would enhance the effectiveness of any transplanted T cell therapy. Examples of T cell 

therapies are described in U.S. Patent Publication Nos. 2014/0154228 and 2002/0006409, U.S. 

Patent No. 5,728,388, and International Publication No. WO 2008/081035. 

[0128] 	The T cells of the immunotherapy can come from any source known in the art. 

For example, T cells can be differentiated in vitro from a hematopoietic stem cell population, 

	

10 	or T cells can be obtained from a subject. T cells can be obtained from, e.g., peripheral blood 

mononuclear cells (PBMCs), bone marrow, lymph node tissue, cord blood, thymus tissue, 

tissue from a site of infection, ascites, pleural effusion, spleen tissue, and tumors. In addition, 

the T cells can be derived from one or more T cell lines available in the art. T cells can also be 

obtained from a unit of blood collected from a subject using any number of techniques known 

	

15 	to the skilled artisan, such as FICOLLTM separation and/or apheresis. Additional methods of 

isolating T cells for a T cell therapy are disclosed in U.S. Patent Publication No. 2013/0287748, 

which is herein incorporated by references in its entirety. 

[0129] 	The term "engineered Autologous Cell Therapy," which can be abbreviated as 

"eACTTM," also known as adoptive cell transfer, is a process by which a patient's own T cells 

	

20 	are collected and subsequently genetically altered to recognize and target one or more antigens 

expressed on the cell surface of one or more specific tumor cells or malignancies. T cells can 

be engineered to express, for example, chimeric antigen receptors (CAR) or T cell receptor 

(TCR). CAR positive (+) T cells are engineered to express an extracellular single chain variable 

fragment (scFv) with specificity for a particular tumor antigen linked to an intracellular 

	

25 	signaling part comprising at least one costimulatory domain and at least one activating domain. 

The costimulatory domain can be derived from a naturally-occurring costimulatory domain, 

e.g., having the amino acid sequence of SEQ ID NO: 1, or a variant thereof, e.g., a variant 

having a truncated hinge domain ("THD"), and the activating domain can be derived from, e.g., 

CD3-zeta. In certain embodiments, the CAR is designed to have two, three, four, or more 

	

30 	costimulatory domains. The CAR scFv can be designed to target, for example, CD19, which is 

a transmembrane protein expressed by cells in the B cell lineage, including all normal B cells 

and B cell malignances, including but not limited to NHL, CLL, and non-T cell ALL. In some 

embodiments, the CAR is engineered such that the costimulatory domain is expressed as a 
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separate polypeptide chain. Example CART cell therapies and constructs are described in U.S. 

Patent Publication Nos. 2013/0287748, 2014/0227237, 2014/0099309, and 2014/0050708, and 

these references are incorporated by reference in their entirety. 

[0130] 	A "patient" as used herein includes any human who is afflicted with a cancer 

	

5 	(e.g., a lymphoma or a leukemia). The terms "subject" and "patient" are used interchangeably 

herein. 

[0131] 	As used herein, the term "in vitro cell" refers to any cell which is cultured ex 

vivo. In particular, an in vitro cell can include a T cell. 

[0132] 	The terms "peptide," "polypeptide," and "protein" are used interchangeably, 

	

10 	and refer to a compound comprised of amino acid residues covalently linked by peptide bonds. 

A protein or peptide contains 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 

	

15 	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. The polypeptides 

	

20 	include natural peptides, recombinant peptides, synthetic peptides, or a combination thereof. 

[0133] 	"Stimulation," as used herein, refers to a primary response induced by binding 

of a stimulatory molecule with its cognate ligand, wherein the binding mediates a signal 

transduction event. A "stimulatory molecule" is a molecule on a T cell, e.g., the T cell receptor 

(TCR)/CD3 complex, that specifically binds with a cognate stimulatory ligand present on an 

	

25 	antigen present cell. A "stimulatory ligand" is a ligand that when present on an antigen 

presenting cell (e.g., an APC, a dendritic cell, a B-cell, and the like) can specifically bind with 

a stimulatory molecule on a T cell, thereby mediating a primary response by the T cell, 

including, but not limited to, activation, initiation of an immune response, proliferation, and 

the like. Stimulatory ligands include, but are not limited to, an anti-CD3 antibody (such as 

	

30 	OKT3), an MHC Class I molecule loaded with a peptide, a superagonist anti-CD2 antibody, 

and a superagonist anti-CD28 antibody. 
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[0134] 	A "costimulatory signal," as used herein, refers to a signal, which in 

combination with a primary signal, such as TCR/CD3 ligation, leads to a T cell response, such 

as, but not limited to, proliferation and/or upregulation or down regulation of key molecules. 

[0135] 	A "costimulatory ligand" as used herein, includes a molecule on an antigen 

	

5 	presenting cell that specifically binds a cognate co-stimulatory molecule on a T cell. Binding 

of the costimulatory ligand provides a signal that mediates a T cell response, including, but not 

limited to, proliferation, activation, differentiation, and the like. A costimulatory ligand induces 

a signal that is in addition to the primary signal provided by a stimulatory molecule, for 

instance, by binding of a T cell receptor (TCR)/CD3 complex with a major histocompatibility 

	

10 	complex (MHC) molecule loaded with peptide. A co-stimulatory ligand can include, but is not 

limited to, 3/TR6, 4-1BB ligand, agonist or antibody that binds Toll ligand receptor , B7-1 

(CD80), B7-2 (CD86), CD30 ligand, CD40, CD7, CD70, CD83, herpes virus entry mediator 

(HVEM), human leukocyte antigen G (HLA-G), ILT4, immunoglobulin-like transcript (ILT) 

3, inducible costimulatory ligand (ICOS-L), intercellular adhesion molecule (ICAM), ligand 

	

15 	that specifically binds with B7-H3. , lymphotoxin beta receptor, MHC class I chain-related 

protein A (MICA), MHC class I chain-related protein B (MICB), OX40 ligand, PD-L2, or 

programmed death (PD) Ll. A co-stimulatory ligand includes, without limitation, an antibody 

that specifically binds with a co-stimulatory molecule present on a T cell, such as, but not 

limited to, 4-1BB, B7-H3, CD2, CD27, CD28, CD30, CD40, CD7, ICOS, ligand that 

	

20 	specifically binds with CD83, lymphocyte function-associated antigen-1 (LFA-1), natural 

killer cell receptor C (NKG2C), OX40, PD-1, or tumor necrosis factor superfamily member 14 

(TNF SF14 or LIGHT). 

[0136] 	A "costimulatory molecule" is a cognate binding partner on a T cell that 

specifically binds with a costimulatory ligand, thereby mediating a costimulatory response by 

	

25 	the T cell, such as, but not limited to, proliferation. Costimulatory molecules include, but are 

not limited to, A "costimulatory molecule" is a cognate binding partner on a T cell that 

specifically binds with a costimulatory ligand, thereby mediating a costimulatory response by 

the T cell, such as, but not limited to, proliferation. Costimulatory molecules include, but are 

not limited to, 4-1BB/CD137, B7-H3, BAFFR, BLAME (SLAMF8), BTLA, CD 33, CD 45, 

30 CD100 (SEMA4D), CD103, CD134, CD137, CD154, CD16, CD160 (BY55), CD18, CD19, 

CD19a, CD2, CD22, CD247, CD27, CD276 (B7-H3), CD28, CD29, CD3 (alpha; beta; delta; 

epsilon; gamma; zeta), CD30, CD37, CD4, CD4, CD40, CD49a, CD49D, CD49f, CD5, CD64, 

CD69, CD7, CD80, CD83 ligand, CD84, CD86, CD8alpha, CD8beta, CD9, CD96 (Tactile), 
31 



WO 2017/173256 	 PCT/US2017/025351 

CD1-1a, CD1-1b, CD1-1c, CD1-1d, CDS, CEACAM1, CRT AM, DAP-10, DNAM1 (CD226), Fc 

gamma receptor, GADS, GITR, HVEM (LIGHTR), IA4, ICAM-1, ICAM-1, ICOS, Ig alpha 

(CD79a), IL2R beta, IL2R gamma, IL7R alpha, integrin, ITGA4, ITGA4, ITGA6, ITGAD, 

ITGAE, ITGAL, ITGAM, ITGAX, ITGB2, ITGB7, ITGB1, KIRDS2, LAT, LFA-1, LFA-1, 

5 LIGHT, LIGHT (tumor necrosis factor superfamily member 14; TNFSF14), LTBR, Ly9 

(CD229), lymphocyte function-associated antigen-1 (LFA-1 (CD1 la/CD18), MHC class I 

molecule, NKG2C, NKG2D, NKp30, NKp44, NKp46, NKp80 (KLRF1), OX40, PAG/Cbp, 

PD-1, PSGL1, SELPLG (CD162), signaling lymphocytic activation molecule, SLAM 

(SLAMF1; CD150; IPO-3), SLAMF4 (CD244; 2B4), SLAMF6 (NTB-A; Ly108), SLAMF7, 

to 	SLP-76, TNF, TNFr, TNFR2, Toll ligand receptor, TRANCE/RANKL, VLA1, or VLA-6, or 

fragments, truncations, or combinations thereof. 

[0137] 	The terms "reducing" and "decreasing" are used interchangeably herein and 

indicate any change that is less than the original. "Reducing" and "decreasing" are relative 

terms, requiring a comparison between pre- and post- measurements. "Reducing" and 

15 	"decreasing" include complete depletions. 

[0138] 	"Treatment" or "treating" of a subject refers to any type of intervention or 

process performed on, or the administration of an active agent to, the subject with the objective 

of reversing, alleviating, ameliorating, inhibiting, slowing down or preventing the onset, 

progression, development, severity or recurrence of a symptom, complication or condition, or 

20 	biochemical indicia associated with a disease. In one embodiment, "treatment" or "treating" 

includes a partial remission. In another embodiment, "treatment" or "treating" includes a 

complete remission. 

[0139] 	To calculate percent identity, the sequences being compared are typically 

aligned in a way that gives the largest match between the sequences. One example of a 

25 	computer program that can be used to determine percent identity is the GCG program package, 

which includes GAP (Devereux et al., 1984, Nucl. Acid Res. 12:387; Genetics Computer 

Group, University of Wisconsin, Madison, Wis.). The computer algorithm GAP is used to align 

the two polypeptides or polynucleotides for which the percent sequence identity is to be 

determined. The sequences are aligned for optimal matching of their respective amino acid or 

30 	nucleotide (the "matched span," as determined by the algorithm). In certain embodiments, a 

standard comparison matrix (see, Dayhoff et al., 1978, Atlas of Protein Sequence and Structure 

5:345-352 for the PAM 250 comparison matrix; Henikoff et al., 1992, Proc. Natl. Acad. Sci. 

U.S.A. 89:10915-10919 for the BLOSUM 62 comparison matrix) is also used by the algorithm. 
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[0140] 
	

Various aspects of the invention are described in further detail in the following 

subsections. 

I. 	Chimeric Antigen Receptors and T Cell Receptors 

[0141] 	Chimeric antigen receptors (CARs or CAR-Ts) and T cell receptors (TCRs) are 

	

5 	genetically engineered receptors. These engineered receptors can be readily inserted into and 

expressed by immune cells, including T cells in accordance with techniques known in the art. 

With a CAR, a single receptor can be programmed to both recognize a specific antigen and, 

when bound to that antigen, activate the immune cell to attack and destroy the cell bearing that 

antigen. When these antigens exist on tumor cells, an immune cell that expresses the CAR can 

	

10 	target and kill the tumor cell. 

[0142] 	One aspect of the present invention is directed to polynucleotides encoding 

chimeric antigen receptors (CARs) or T cell receptors (TCRs) comprising a costimulatory 

domain comprising a novel extracellular domain comprising a truncated hinge domain 

("THD"), and engineered T cells comprising a costimulatory domain comprising the novel 

15 THD. The costimulatory domain can further comprise a transmembrane domain and/or an 

intracellular domain. In some embodiments, a CAR or TCR encoded by the polynucleotide of 

the present invention further comprises an antigen binding molecule that specifically binds to 

a target antigen. In some embodiments, the CAR or TCR encoded by the polynucleotide further 

comprises an activating domain. In one particular embodiment, the CAR or TCR encoded by 

	

20 	the polynucleotide comprises (i) an antigen binding molecule that specifically binds to a target 

antigen, (ii) a costimulatory domain comprising an extracellular domain, a transmembrane 

domain, and an intracellular domain, and (iii) an activating domain, wherein the extracellular 

domain comprises, consists essentially of, or consists of a THD described herein, e.g., SEQ ID 

NO: 3. 

	

25 	[0143] 	In some embodiments, an orientation of the CARs in accordance with the 

invention comprises an antigen binding domain (such as scFv) in tandem with a costimulatory 

domain and an activating domain. The costimulatory domain can comprise one or more of an 

extracellular portion, a transmembrane portion, and an intracellular portion. In other 

embodiments, multiple costimulatory domains can be utilized in tandem. 

30 
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LA. 	Costimulatory Domain. 

[0144] 	Chimeric antigen receptors incorporates costimulatory (signaling) domains to 

increase their potency. See U.S. Patent Nos. 7,741,465, and 6,319,494, as well as Krause et al. 

and Finney et al. (supra), Song et al., Blood 119:696-706 (2012); Kalos et al., Sci Transl. Med. 

	

5 	3:95 (2011); Porter et al., N. Engl. J. Med. 365:725-33 (2011), and Gross et al., Annu. Rev. 

Pharmacol. Toxicol. 56:59-83 (2016). The costimulatory protein having the amino acid 

sequence of SEQ ID NO: 1 is a costimulatory protein found naturally on T-cells. The complete 

native amino acid sequence of this costimulatory protein is described in NCBI Reference 

Sequence: NP 006130.1. See Figure 1A. The complete native nucleic acid sequence of this 

	

10 	costimulatory protein is described in NCBI Reference Sequence: NM 006139.1. 

[0145] 	Novel Extracellular Domain: The present disclosure shows that a novel 

extracellular domain of a costimulatory protein and comprising a truncated hinge domain 

("THD") can improve one or more properties of a CAR or a TCR. In some embodiments, the 

THD domain is a truncated version of a complete hinge domain ("CHD"). In certain 

	

15 	embodiments, the isolated polynucleotide encoding a THD comprises (i) an amino acid 

sequence at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least 

about 96%, at least about 97%, at least about 98%, at least about 99%, or about 100% identical 

to amino acids 123 to 152 of SEQ ID NO: 1, wherein the THD domain does not contain amino 

acids 1 to 122 of SEQ ID NO: 1. 

	

20 	[0146] 	In other embodiments, the THD consists essentially of or consists of an amino 

acid sequence at least about 80%, at least about 85%, at least about 90%, at least about 95%, 

at least about 96%, at least about 97%, at least about 98%, at least about 99%, or about 100% 

identical to amino acids 123 to 152 of SEQ ID NO: 1. In other embodiments, the THD consists 

essentially of or consists of an amino acid sequence encoded by a nucleotide sequence at least 

	

25 	about 60%, at least about 70%, at least about 80%, at least about 85%, at least about 90%, at 

least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%, 

or about 100% identical to SEQ ID NO: 3. 

[0147] 	In some embodiments, the isolated polynucleotide encoding a THD consists 

essentially of or consists of (i) an amino acid sequence at least about 80%, at least about 85%, 

	

30 	at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 

98%, at least about 99%, or about 100% identical to amino acids 123 to 152 of SEQ ID NO: 1 

and (ii) optionally ± one amino acid, ± two amino acids, ± three amino acids, ± four amino 

acids, ± five amino acids, or ± six amino acids. In some embodiments, the isolated 
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polynucleotide encoding a THD consists essentially of or consists of (i) an amino acid sequence 

at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 

96%, at least about 97%, at least about 98%, at least about 99%, or about 100% identical to 

amino acids 123 to 152 of SEQ ID NO: 1 and (ii) optionally one or two amino acids, one to 

	

5 	three amino acids, one to four amino acids, one to five amino acids, or one to six amino acids. 

The one to six amino acids that can be added or deleted from the amino acid sequence in the 

THD can be at either the N-terminus, at the C-terminus, or both the N-terminus and the C-

terminus. 

[0148] 	In some embodiments, the isolated polynucleotide encoding a THD consists 

	

10 	essentially of or consists of (i) an amino acid sequence at least about 80%, at least about 85%, 

at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 

98%, at least about 99%, or about 100% identical to amino acids 123 to 152 of SEQ ID NO: 1 

and (ii) one additional N-terminal amino acid, two additional N-terminal amino acids, three 

additional N-terminal amino acids, four additional N-terminal amino acids, five additional N- 

	

15 	terminal amino acids, or six additional N-terminal amino acids. 

[0149] 	In some embodiments, the additional amino acids can be N-terminal amino 

acids. In some embodiments, the additional amino acids can be heterologous. In other 

embodiments, the additional amino acids are part of the naturally occurring costimulatory 

protein sequence. 

	

20 	[0150] 	In some embodiments, the THD consists essentially of or consists of an amino 

acid sequence at least about 80%, at least about 85%, at least about 90%, at least about 95%, 

at least about 96%, at least about 97%, at least about 98%, at least about 99%, or about 100% 

identical to amino acids 123 to 152 of SEQ ID NO: 1, amino acids 122 to 152 of SEQ ID NO: 

1, amino acids 121 to 152 of SEQ ID NO: 1, amino acids 120 to 152 of SEQ ID NO: 1, amino 

	

25 	acids 119 to 152 of SEQ ID NO: 1, amino acids 118 to 152 of SEQ ID NO: 1, or amino acids 

117 to 152 of SEQ ID NO: 1. 

[0151] 	In other embodiments, the THD consists essentially of or consists of an amino 

acid sequence at least about 80%, at least about 85%, at least about 90%, at least about 95%, 

at least about 96%, at least about 97%, at least about 98%, at least about 99%, or about 100% 

	

30 	identical to amino acids 124 to 152 of SEQ ID NO: 1, amino acids 125 to 152 of SEQ ID NO: 

1, amino acids 126 to 152 of SEQ ID NO: 1, amino acids 127 to 152 of SEQ ID NO: 1, amino 

acids 128 to 152 of SEQ ID NO: 1, amino acids 129 to 152 of SEQ ID NO: 1, or amino acids 

130 to 152 of SEQ ID NO: 1. 
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[0152] 	In some embodiments, the THD does not comprise amino acids 1-116 of SEQ 

ID NO: 1. In some embodiments, the THD does not comprise amino acids 1-117 of SEQ ID 

NO: 1. In some embodiments, the THD does not comprise amino acids 1-118 of SEQ ID NO: 

1. In some embodiments, the THD does not comprise amino acids 1-119 of SEQ ID NO: 1. In 

	

5 	some embodiments, the THD does not comprise amino acids 1-120 of SEQ ID NO: 1. In some 

embodiments, the THD does not comprise amino acids 1-121 of SEQ ID NO: 1. In some 

embodiments, the THD does not comprise amino acids 1-122 of SEQ ID NO: 1. In some 

embodiments, the THD does not comprise amino acids 1-123 of SEQ ID NO: 1. In some 

embodiments, the THD does not comprise amino acids 1-124 of SEQ ID NO: 1. In some 

	

10 	embodiments, the THD does not comprise amino acids 1-125 of SEQ ID NO: 1. In some 

embodiments, the THD does not comprise amino acids 1-126 of SEQ ID NO: 1. In some 

embodiments, the THD does not comprise amino acids 1-127 of SEQ ID NO: 1. In some 

embodiments, the THD does not comprise amino acids 1-128 of SEQ ID NO: 1. In some 

embodiments, the THD does not comprise amino acids 1-129 of SEQ ID NO: 1. 

	

15 	[0153] 	The corresponding amino acid sequence of the THD is set forth in SEQ ID NO. 

3 LDNEKSNGTI IHVKGKHLCP SPLFPGPSKP. A nucleotide sequence encoding the 

extracellular portion of THD is set forth in SEQ ID NO. 2 

CTTGATAATGAAAAGTCAAACGGAACAATCATTCACGTGAAGGGCAAGCACCTC 

TGTCCGTCACCCTTGTTCCCTGGTCCATCCAAGCCA. 

	

20 	[0154] 	In certain embodiments, the polynucleotide encoding a costimulatory domain 

in a CAR or TCR comprises a nucleotide sequence at least about 60%, at least about 70%, at 

least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%, 

at least about 97%, at least about 98%, at least about 99%, or about 100% identical to SEQ ID 

NO: 3, wherein the nucleotide sequence encodes a THD and wherein the CAR or TCR does 

	

25 	not comprise amino acids 1 to 122 of SEQ ID NO: 1. 

[0155] 	In one particular embodiment, the THD consists essentially of or consists of an 

amino acid sequence at least about 70%, at least about 75%, at least about 80%, at least about 

85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least 

about 98%, at least about 99%, or about 100% identical to the amino acid sequence of SEQ ID 

	

30 	NO: 3. In a specific embodiment, the polynucleotide encoding THD consists essentially of or 

consists of a nucleotide sequence at least about 60%, at least about 65%, at least about 70%, at 

least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, 
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at least about 96%, at least about 97%, at least about 98%, at least about 99%, or about 100% 

identical to the nucleotide sequence of SEQ ID NO: 2. 

[0156] 	In some embodiments, the THD further comprises some or all of a member of 

the immunoglobulin family such as IgGl, IgG2, IgG3, IgG4, IgA, IgD, IgE, IgM, or fragment 

	

5 	thereof 

[0157] 	In some embodiments, the THD is derived from a human complete hinge 

domain ("CHD"), e.g., from the costimulatory protein having the amino acid sequence of SEQ 

ID NO: 1. In other embodiments, the THD is derived from a rodent, murine, or primate (e.g., 

non-human primate) CHD of a costimulatory protein. In some embodiments, the THD is 

	

10 	derived from a chimeric CHD of a costimulatory protein. 

[0158] 	Transmembrane Domain: The costimulatory domain for the CAR or TCR of 

the invention can further comprise a transmembrane domain and/or an intracellular signaling 

domain. The transmembrane domain can be designed to be fused to the extracellular domain 

of the CAR. It can similarly be fused to the intracellular domain of the CAR. In one 

	

15 	embodiment, the transmembrane domain that naturally is associated with one of the domains 

in a CAR is used. 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 to minimize interactions with other members 

of the receptor complex. The transmembrane domain can be derived either from a natural or 

	

20 	from a synthetic source. Where the source is natural, the domain can be derived from any 

membrane-bound or transmembrane protein. Transmembrane regions of particular use in this 

invention can be derived from (i.e., comprise) 4-1BB/CD137, activating NK cell receptors, an 

Immunoglobulin protein, B7-H3, BAFFR, BLAME (SLAMF8), BTLA, CD100 (SEMA4D), 

CD103, CD160 (BY55), CD18, CD19, CD19a, CD2, CD247, CD27, CD276 (B7-H3), CD28, 

25 CD29, CD3 delta, CD3 epsilon, CD3 gamma, CD30, CD4, CD40, CD49a, CD49D, CD49f, 

CD69, CD7, CD84, CD8alpha, CD8beta, CD96 (Tactile), CD1 la, CD1 lb, CD1 lc, CD1 ld, CDS, 

CEACAM1, CRT AM, cytokine receptor, DAP-10, DNAM1 (CD226), Fc gamma receptor, 

GADS, GITR, HVEM (LIGHTR), IA4, ICAM-1, ICAM-1, Ig alpha (CD79a), IL-2R beta, IL-

2R gamma, IL-7R alpha, inducible T cell costimulator (ICOS), integrins, ITGA4, ITGA4, 

	

30 	ITGA6, ITGAD, ITGAE, ITGAL, ITGAM, ITGAX, ITGB2, ITGB7, ITGB1, KIRDS2, LAT, 

LFA-1, LFA-1, a ligand that specifically binds with CD83„ LIGHT, LIGHT, LTBR, Ly9 

(CD229), lymphocyte function-associated antigen-1 (LFA-1; CD1-la/CD18), MHC class 1 

molecule, NKG2C, NKG2D, NKp30, NKp44, NKp46, NKp80 (KLRF1), OX-40, PAG/Cbp, 
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programmed death-1 (PD-1), PSGL1, SELPLG (CD162), Signaling Lymphocytic Activation 

Molecules (SLAM proteins), SLAM (SLAMF1; CD150; IPO-3), SLAMF4 (CD244; 2B4), 

SLAMF6 (NTB-A; Ly108), SLAMF7, SLP-76, TNF receptor proteins, TNFR2, TNFSF14, a 

Toll ligand receptor, TRANCE/RANKL, VLA1, or VLA-6, or a fragment, truncation, or a 

	

5 	combination thereof 

[0159] 	Optionally, short linkers can form linkages between any or some of the 

extracellular, transmembrane, and intracellular domains of the CAR. 

[0160] 	In one specific embodiment, the nucleotide sequence of the costimulatory 

protein's transmembrane domain is set forth in SEQ ID NO. 4: 

10 TTCTGGGTGTTGGTCGTAGTGGGTGGAGTCCTCGCTTGTTACTCTCTGCTCGTCAC 

CGTGGCTTTTATAATCTTCTGGGTT 

[0161] 	In one embodiment, the polynucleotide encoding a transmembrane domain 

within a costimulatory domain comprises a nucleotide sequence at least about 60%, at least 

about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at 

	

15 	least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, 

at least about 99%, or about 100% identical to the nucleotide sequence of SEQ ID NO: 4. 

[0162] 	The amino acid sequence of the costimulatory protein's transmembrane domain 

is set forth in SEQ ID NO. 5: FWVLVVVGGV LACYSLLVTV AFIIFWV. 

[0163] 	In one particular embodiment, the transmembrane domain within a 

	

20 	costimulatory domain comprises an amino acid sequence at least about 80%, at least about 

85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least 

about 98%, at least about 99%, or about 100% identical to the amino acid sequence of SEQ ID 

NO: 5. 

[0164] 	In another embodiment, the transmembrane domain is derived from (i.e., 

	

25 	comprises) CD8. In one embodiment, the nucleotide sequence of the CD8 extracellular domain 

and transmembrane domain is set forth in SEQ ID NO: 238 

GCTGCAGCATTGAGCAACTCAATAATGTATTTTAGTCACTTTGTACCAGTGTTCTT 

GCCGGCTAAGCCTACTACCACACCCGCTCCACGGCCACCTACCCCAGCTCCTACC 

ATCGCTTCACAGCCTCTGTCCCTGCGCCCAGAGGCTTGCCGACCGGCCGCAGGGG 

30 GCGCTGTTCATACCAGAGGACTGGATTTCGCCTGCGATATCTATATCTGGGCACC 

CCTGGCCGGAACCTGCGGCGTACTCCTGCTGTCCCTGGTCATCACGCTCTATTGT 

AATCACAGGAAC. 
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[0165] 	In some embodiments, the polynucleotide encoding a transmembrane domain 

within a costimulatory domain comprises a nucleotide sequence at least about 60%, at least 

about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at 

least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, 

	

5 	at least about 99%, or about 100% identical to the nucleotide sequence of the CD8 

transmembrane domain. 

[0166] 	The amino acid sequence of the CD8 extracellular domain and transmembrane 

domain 	is 	set 	forth 	in 	SEQ 	ID 	NO. 	239 

AAALSNSIMYFSHFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVH 

10 TRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCNHRN. 

[0167] 	In one particular embodiment, the transmembrane domain within a 

costimulatory domain comprises an amino acid sequence at least about 80%, at least about 

85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least 

about 98%, at least about 99%, or about 100% identical to the amino acid sequence of the CD8 

	

15 	transmembrane domain. 

[0168] 	Intracellular (signaling) Domain: The intracellular (signaling) domain of the 

engineered T cells of the invention can provide signaling to an activating domain, which then 

activates at least one of the normal effector functions of the immune cell. Effector function of 

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

	

20 	cytokines. 

[0169] 
	

In certain embodiments, suitable intracellular signaling domain include (i.e., 

comprise), but are not limited to 4-1BB/CD137, activating NK cell receptors, an 

Immunoglobulin protein, B7-H3, BAFFR, BLAME (SLAMF8), BTLA, CD100 (SEMA4D), 

CD103, CD160 (BY55), CD18, CD19, CD19a, CD2, CD247, CD27, CD276 (B7-H3), CD28, 

25 CD29, CD3 delta, CD3 epsilon, CD3 gamma, CD30, CD4, CD40, CD49a, CD49D, CD49f, 

CD69, CD7, CD84, CD8alpha, CD8beta, CD96 (Tactile), CD1 la, CD1 lb, CD1 lc, CD1 ld, CDS, 

CEACAML CRT AM, cytokine receptor, DAP-10, DNAM1 (CD226), Fc gamma receptor, 

GADS, GITR, HVEM (LIGHTR), IA4, ICAM-1, ICAM-1, Ig alpha (CD79a), IL-2R beta, IL-

2R gamma, IL-7R alpha, inducible T cell costimulator (ICOS), integrins, ITGA4, ITGA4, 

	

30 	ITGA6, ITGAD, ITGAE, ITGAL, ITGAM, ITGAX, ITGB2, ITGB7, ITGB1, KIRDS2, LAT, 

LFA-1, LFA-1, ligand that specifically binds with CD83„ LIGHT, LIGHT, LTBR, Ly9 

(CD229), Ly108), lymphocyte function-associated antigen-1 (LFA-1; CD1-1a/CD18), MHC 

class 1 molecule, NKG2C, NKG2D, NKp30, NKp44, NKp46, NKp80 (KLRF1), OX-40, 
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PAG/Cbp, programmed death-1 (PD-1), PSGL1, SELPLG (CD162), Signaling Lymphocytic 

Activation Molecules (SLAM proteins), SLAM (SLAMF1; CD150; IPO-3), SLAMF4 

(CD244; 2B4), SLAMF6 (NTB-A, SLAMF7, SLP-76, TNF receptor proteins, TNFR2, 

TNFSF14, a Toll ligand receptor, TRANCE/RANKL, VLA1, or VLA-6, or a fragment, 

	

5 	truncation, or a combination thereof. 

[0170] 	An example of a nucleotide sequence encoding the intracellular signaling 

domain 	is 	set 	forth 	in 	SEQ 	ID 	NO. 	6: 

AGATCCAAAAGAAGCCGCCTGCTCCATAGCGATTACATGAATATGACTCCACGC 

CGCCCTGGCCCCACAAGGAAACACTACCAGCCTTACGCACCACCTAGAGATTTCG 

10 CTGCCTATCGGAGC 

[0171] 	In one embodiment, the polynucleotide encoding an intracellular signaling 

domain within a costimulatory domain comprises a nucleotide sequence at least about 60%, at 

least about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, 

at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 

	

15 	98%, at least about 99%, or about 100% identical to the nucleotide sequence of SEQ ID NO: 

6. 

[0172] 	An example of an intracellular signaling domain is set forth in SEQ ID NO. 7: 

RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS. 

[0173] 	In one particular embodiment, the intracellular signaling domain within a 

	

20 	costimulatory domain comprises an amino acid sequence at least about 80%, at least about 

85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least 

about 98%, at least about 99%, or about 100% identical to the amino acid sequence of SEQ ID 

NO: 7. 

[0174] 	In some embodiments, the costimulatory domain comprises, consists essentially 

	

25 	of, or consists of the extracellular THD, and the costimulatory proteins' s transmembrane and 

intracellular domains. For example, a nucleotide sequence encoding a costimulatory domain is 

set 	forth 	in 	SEQ 	ID 	NO. 	240: 

CTTGATAATGAAAAGTCAAACGGAACAATCATTCACGTGAAGGGCAAGCACCTC 

TGTCCGTCACCCTTGTTCCCTGGTCCATCCAAGCCATTCTGGGTGTTGGTCGTAGT 

30 GGGTGGAGTCCTCGCTTGTTACTCTCTGCTCGTCACCGTGGCTTTTATAATCTTCT 

GGGTTAGATCCAAAAGAAGCCGCCTGCTCCATAGCGATTACATGAATATGACTCC 
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ACGCCGCCCTGGCCCCACAAGGAAACACTACCAGCCTTACGCACCACCTAGAGA 

TTTCGCTGCCTATCGGAGC 

[0175] 	In some embodiments, the polynucleotide encoding a costimulatory domain 

comprises, consists essentially of, or consists of a nucleotide sequence at least about 60%, at 

	

5 	least about 65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, 

at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 

98%, at least about 99%, or about 100% identical to the nucleotide sequence of SEQ ID NO: 

240, wherein the costimulatory domain does not comprises amino acids 1 to 122 of SEQ ID 

NO: 1, amino acids 1 to 121 of SEQ ID NO: 1, amino acids 1 to 120 of SEQ ID NO: 1, amino 

	

10 	acids 1 to 119 of SEQ ID NO: 1, amino acids 1 to 118 of SEQ ID NO: 1, or amino acids 1 to 

118 of SEQ ID NO: 1. 

[0176] 	The corresponding amino acid sequence of the costimulatory domain is set forth 

in 
	

SEQ 	 ID 	 NO. 	 241: 

LDNEKSNGTIIHVKGKHLCP SPLFP GP SKPFWVLVVVGGVLACYSLLVTVAFIIFWVR 

15 SKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS 

[0177] 	In some embodiments, the costimulatory domain comprises, consists essentially 

of, or consists of a nucleotide sequence at least about 70%, at least about 75%, at least about 

80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%, at least 

about 97%, at least about 98%, at least about 99%, or about 100% identical to the amino acid 

	

20 	sequence of SEQ ID NO: 241, wherein the costimulatory domain does not comprises amino 

acids 1 to 122 of SEQ ID NO: 1, amino acids 1 to 121 of SEQ ID NO: 1, amino acids 1 to 120 

of SEQ ID NO: 1, amino acids 1 to 119 of SEQ ID NO: 1, amino acids 1 to 118 of SEQ ID 

NO: 1, or amino acids 1 to 118 of SEQ ID NO: 1. 

LB. 	Activating Domain. 

	

25 	[0178] 	CD3 is an element of the T cell receptor on native T cells, and has been shown 

to be an important intracellular activating element in CARs. In one embodiment, the CD3 is 

CD3 zeta, the nucleotide sequence of which is set forth in SEQ ID NO. 8: 

AGGGTGAAGTTTTCCAGATCTGCAGATGCACCAGCGTATCAGCAGGGCCAGAAC 

CAACTGTATAACGAGCTCAACCTGGGACGCAGGGAAGAGTATGACGTTTTGGAC 

30 AAGCGCAGAGGACGGGACCCTGAGATGGGTGGCAAACCAAGACGAAAAAACCC 

CCAGGAGGGTCTCTATAATGAGCTGCAGAAGGATAAGATGGCTGAAGCCTATTC 

TGAAATAGGCATGAAAGGAGAGCGGAGAAGGGGAAAAGGGCACGACGGTTTGT 
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ACCAGGGACTCAGCACTGCTACGAAGGATACTTATGACGCTCTCCACATGCAAG 

CCCTGCCACCTAGG 

[0179] 	In some embodiments, the polynucleotide encoding an activating domain 

comprises a nucleotide sequence at least about 60%, at least about 65%, at least about 70%, at 

	

5 	least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, 

at least about 96%, at least about 97%, at least about 98%, at least about 99%, or about 100% 

identical to the nucleotide sequence of SEQ ID NO: 8. 

[0180] 	The corresponding amino acid of intracellular CD3 zeta is set forth in SEQ ID 

NO. 	 9: 

	

10 	RVKF SR SADAPAYQ Q GQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ 

EGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQ GL S TATKDTYDALHMQALP 

PR 

[0181] 	In some embodiments, the activating domain comprises a nucleotide sequence 

at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 

	

15 	90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least 

about 99%, or about 100% identical to the amino acid sequence of SEQ ID NO: 9. 

[0182] 	In some embodiments, the activating domain comprises an amino acid sequence 

at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 

90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least 

	

20 	about 99%, or about 100% identical to the amino acid sequence of: 

RVKF SR SADAPAYKQ GQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ 

EGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQ GL S TATKDTYDALHMQALP 

PR (SEQ ID NO: 251). 

I.C. Antigen Binding Molecules 

	

25 	[0183] 	CARs can be engineered to bind to an antigen (such as a cell-surface antigen) 

by incorporating an antigen binding molecule that interacts with that targeted antigen. In some 

embodiments, the antigen binding molecule is an antibody fragment thereof, e.g., one or more 

single chain antibody fragment ("scFv"). An scFv is a single chain antibody fragment having 

the variable regions of the heavy and light chains of an antibody linked together. See U.S. 

	

30 	Patent Nos. 7,741,465, and 6,319,494 as well as Eshhar et al., Cancer Immunol Immunotherapy 

(1997) 45: 131-136. An scFv retains the parent antibody's ability to specifically interact with 

target antigen. scFvs are useful in chimeric antigen receptors because they can be engineered 
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to be expressed as part of a single chain along with the other CAR components. Id. See also 

Krause et al., J. Exp. Med., Volume 188, No. 4, 1998 (619-626); Finney et al., Journal of 

Immunology, 1998, 161: 2791-2797. It will be appreciated that the antigen binding molecule 

is typically contained within the extracellular portion of the CAR such that it is capable of 

	

5 	recognizing and binding to the antigen of interest. Bispecific and multispecific CARs are 

contemplated within the scope of the invention, with specificity to more than one target of 

interest. 

[0184] 	In some embodiments, the polynucleotide encodes a CAR or a TCR comprising 

a THD of the present invention and an antigen binding molecule that specifically binds to a 

	

10 	target antigen. In some embodiments, the target antigen is a tumor antigen. In some 

embodiments, the antigen is selected from a tumor-associated surface antigen, such as 5T4, 

alphafetoprotein (AFP), B7-1 (CD80), B7-2 (CD86), BCMA, B-human chorionic 

gonadotropin, CA-125, carcinoembryonic antigen (CEA), carcinoembryonic antigen (CEA), 

CD123, CD133, CD138, CD19, CD20, CD22, CD23, CD24, CD25, CD30, CD33, CD34, CD4, 

15 CD40, CD44, CD56, CD8, CLL-1, c-Met, CMV-specific antigen, CSPG4, CTLA-4, 

disialoganglioside GD2, ductal-epithelial mucine, EBV-specific antigen, EGFR variant III 

(EGFRvIII), ELF2M, endoglin, ephrin B2, epidermal growth factor receptor (EGFR), epithelial 

cell adhesion molecule (EpCAM), epithelial tumor antigen, ErbB2 (HER2/neu), fibroblast 

associated protein (fap), FLT3, folate binding protein, GD2, GD3, glioma-associated antigen, 

	

20 	glycosphingolipids, gp36, HBV- specific antigen, HCV-specific antigen, HER1-HER2, HER2- 

HER3 in combination, HERV-K, high molecular weight-melanoma associated antigen (HMW-

MAA), HIV-1 envelope glycoprotein gp41, HPV-specific antigen, human telomerase reverse 

transcriptase, IGFI receptor, IGF-II, IL-11Ralpha, IL-13R-a2, Influenza Virus-specific 

antigen; CD38, insulin growth factor (IGF1)-1, intestinal carboxyl esterase, kappa chain, 

	

25 	LAGA-la, lambda chain, Lassa Virus-specific antigen, lectin-reactive AFP, lineage-specific or 

tissue specific antigen such as CD3, MAGE, MAGE-Al, major histocompatibility complex 

(MHC) molecule, major histocompatibility complex (MHC) molecule presenting a tumor-

specific peptide epitope, M-CSF, melanoma-associated antigen, mesothelin, mesothelin, MN-

CA IX, MUC-1, mut hsp70-2, mutated p53, mutated p53, mutated ras, neutrophil elastase, 

30 NKG2D, Nkp30, NY-ESO-1, p53, PAP, prostase, prostase specific antigen (PSA), prostate-

carcinoma tumor antigen-1 (PCTA-1), prostate-specific antigen, prostein, PSMA, RAGE-1, 

ROR1, RU1, RU2 (AS), surface adhesion molecule, surviving and telomerase, TAG-72, the 

extra domain A (EDA) and extra domain B (EDB) of fibronectin and the Al domain of tenascin- 
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C (TnC Al) , thyroglobulin, tumor stromal antigens, vascular endothelial growth factor 

receptor-2 (VEGFR2), virus-specific surface antigen such as an HIV-specific antigen (such as 

HIV gp120), as well as any derivate or variant of these surface markers. In certain 

embodiments, the antigen binding molecule specifically binds to BCMA. In other 

	

5 	embodiments, the antigen binding molecule specifically binds to CLL-1. In other 

embodiments, the antigen binding molecule specifically binds to FLT3. 

[0185] 	In some embodiments, the antigen binding molecule specifically binds BCMA. 

In certain embodiments, the antigen binding molecule comprises (a) a VH CDR1 comprising 

an amino acid sequence selected from SEQ ID NOs: 13-20; (b) a VH CDR2 comprising an 

	

10 	amino acid sequence selected from SEQ ID NOs: 21-28; (c) a VH CDR3 comprising an amino 

acid sequence selected from SEQ ID NOs: 29-36; (d) a VL CDR1 comprising an amino acid 

sequence selected from SEQ ID NOs: 37-44; (e) a VL CDR2 comprising an amino acid 

sequence selected from SEQ ID NOs: 45-52; and/or (f) a VL CDR3 comprising an amino acid 

sequence selected from SEQ ID NOs: 53-60. 

	

15 	[0186] 	In one embodiment, the antigen binding molecule comprises (a) a VH CDR1 

comprising an amino acid of SEQ ID NO: 13; (b) a VH CDR2 comprising an amino acid 

sequence of SEQ ID NO: 21; (c) a VH CDR3 comprising an amino acid sequence of SEQ ID 

NO: 29; (d) a VL CDR1 comprising an amino acid sequence of SEQ ID NO: 37; (e) a VL 

CDR2 comprising an amino acid sequence of SEQ ID NO: 45; and/or (f) a VL CDR3 

	

20 	comprising an amino acid sequence of SEQ ID NO: 53. 

[0187] 	In another embodiment, the antigen binding molecule comprises (a) a VH 

CDR1 comprising an amino acid of SEQ ID NO: 14; (b) a VH CDR2 comprising an amino 

acid sequence of SEQ ID NO: 22; (c) a VH CDR3 comprising an amino acid sequence of SEQ 

ID NO: 30; (d) a VL CDR1 comprising an amino acid sequence of SEQ ID NO: 38; (e) a VL 

25 CDR2 comprising an amino acid sequence of SEQ ID NO: 46; and/or (f) a VL CDR3 

comprising an amino acid sequence of SEQ ID NO: 54. 

[0188] 	In another embodiment, the antigen binding molecule comprises (a) a VH 

CDR1 comprising an amino acid of SEQ ID NO: 15; (b) a VH CDR2 comprising an amino 

acid sequence of SEQ ID NO: 23; (c) a VH CDR3 comprising an amino acid sequence of SEQ 

	

30 	ID NO: 31; (d) a VL CDR1 comprising an amino acid sequence of SEQ ID NO: 39; (e) a VL 

CDR2 comprising an amino acid sequence of SEQ ID NO: 47; and/or (f) a VL CDR3 

comprising an amino acid sequence of SEQ ID NO: 55. 
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[0189] 	In another embodiment, the antigen binding molecule comprises (a) a VH 

CDR1 comprising an amino acid of SEQ ID NO: 16; (b) a VH CDR2 comprising an amino 

acid sequence of SEQ ID NO: 24; (c) a VH CDR3 comprising an amino acid sequence of SEQ 

ID NO: 32; (d) a VL CDR1 comprising an amino acid sequence of SEQ ID NO: 40; (e) a VL 

5 CDR2 comprising an amino acid sequence of SEQ ID NO: 48; and/or (f) a VL CDR3 

comprising an amino acid sequence of SEQ ID NO: 56. 

[0190] 	In another embodiment, the antigen binding molecule comprises (a) a VH 

CDR1 comprising an amino acid of SEQ ID NO: 17; (b) a VH CDR2 comprising an amino 

acid sequence of SEQ ID NO: 25; (c) a VH CDR3 comprising an amino acid sequence of SEQ 

10 	ID NO: 33; (d) a VL CDR1 comprising an amino acid sequence of SEQ ID NO: 41; (e) a VL 

CDR2 comprising an amino acid sequence of SEQ ID NO: 49; and/or (f) a VL CDR3 

comprising an amino acid sequence of SEQ ID NO: 57. 

[0191] 	In another embodiment, the antigen binding molecule comprises (a) a VH 

CDR1 comprising an amino acid of SEQ ID NO: 18; (b) a VH CDR2 comprising an amino 

15 	acid sequence of SEQ ID NO: 26; (c) a VH CDR3 comprising an amino acid sequence of SEQ 

ID NO: 34; (d) a VL CDR1 comprising an amino acid sequence of SEQ ID NO: 42; (e) a VL 

CDR2 comprising an amino acid sequence of SEQ ID NO: 50; and/or (f) a VL CDR3 

comprising an amino acid sequence of SEQ ID NO: 58. 

[0192] 	In another embodiment, the antigen binding molecule comprises (a) a VH 

20 	CDR1 comprising an amino acid of SEQ ID NO: 19; (b) a VH CDR2 comprising an amino 

acid sequence of SEQ ID NO: 27; (c) a VH CDR3 comprising an amino acid sequence of SEQ 

ID NO: 35; (d) a VL CDR1 comprising an amino acid sequence of SEQ ID NO: 43; (e) a VL 

CDR2 comprising an amino acid sequence of SEQ ID NO: 51; and/or (f) a VL CDR3 

comprising an amino acid sequence of SEQ ID NO: 59. 

25 	[0193] 	In another embodiment, the antigen binding molecule comprises (a) a VH 

CDR1 comprising an amino acid of SEQ ID NO: 20; (b) a VH CDR2 comprising an amino 

acid sequence of SEQ ID NO: 28; (c) a VH CDR3 comprising an amino acid sequence of SEQ 

ID NO: 36; (d) a VL CDR1 comprising an amino acid sequence of SEQ ID NO: 44; (e) a VL 

CDR2 comprising an amino acid sequence of SEQ ID NO: 52; and/or (f) a VL CDR3 

30 	comprising an amino acid sequence of SEQ ID NO: 60. 

[0194] 	In certain embodiments, the antigen binding molecule comprises a VH 

comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 77-84 

and a VL comprising an amino acid sequence selected from the group consisting of SEQ ID 
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NOs: 85-92. In one embodiment, the antigen binding molecule comprises a VH comprising an 

amino acid sequence of SEQ ID NO: 77 and a VL comprising an amino acid sequence of SEQ 

ID NO: 85. In another embodiment, the antigen binding molecule comprises a VH comprising 

an amino acid sequence of SEQ ID NO: 78 and a VL comprising an amino acid sequence of 

	

5 	SEQ ID NO: 86. In another embodiment, the antigen binding molecule comprises a VH 

comprising an amino acid sequence of SEQ ID NO: 79 and a VL comprising an amino acid 

sequence of SEQ ID NO: 87. In another embodiment, the antigen binding molecule comprises 

a VH comprising an amino acid sequence of SEQ ID NO: 80 and a VL comprising an amino 

acid sequence of SEQ ID NO: 88. In another embodiment, the antigen binding molecule 

	

to 	comprises a VH comprising an amino acid sequence of SEQ ID NO: 81 and a VL comprising 

an amino acid sequence of SEQ ID NO: 89. In another embodiment, the antigen binding 

molecule comprises a VH comprising an amino acid sequence of SEQ ID NO: 82 and a VL 

comprising an amino acid sequence of SEQ ID NO: 90. In another embodiment, the antigen 

binding molecule comprises a VH comprising an amino acid sequence of SEQ ID NO: 83 and 

	

15 	a VL comprising an amino acid sequence of SEQ ID NO: 91. In another embodiment, the 

antigen binding molecule comprises a VH comprising an amino acid sequence of SEQ ID NO: 

84 and a VL comprising an amino acid sequence of SEQ ID NO: 92. 

[0195] 	In one particular embodiment, the polynucleotide of the present invention 

comprises a nucleotide sequence at least about 70%, at least about 75%, at least about 80%, at 

	

20 	least about 85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, 

at least about 98%, at least about 99%, or about 100% identical to a nucleotide sequence 

selected form the group consisting of SEQ ID NOs: 61-68. In another embodiment, the 

polynucleotide of the present invention comprises a nucleotide sequence at least about 70%, at 

least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, 

	

25 	at least about 96%, at least about 97%, at least about 98%, at least about 99%, or about 100% 

identical to a nucleotide sequence selected form the group consisting of SEQ ID NOs: 69-76. 

[0196] 	Other known anti-BCMA antibodies or antigen binding molecules thereof can 

be used as antigen binding molecules of a CAR or TCR comprising a THD of the present 

invention. Non-limiting examples of such BCMA antibodies or antigen binding molecule 

	

30 	thereof include antibodies or antigen binding molecules described in W02015158671A1, 

published October 22, 2015 and W02016014565A2, published January 28, 2016. 

[0197] 	In some embodiments, the antigen binding molecule specifically binds CLL-1. 

In certain embodiments, the antigen binding molecule comprises (a) a VH CDR1 comprising 
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an amino acid sequence selected from SEQ ID NOs: 93-96; (b) a VH CDR2 comprising an 

amino acid sequence selected from SEQ ID NOs: 97-100; (c) a VH CDR3 comprising an amino 

acid sequence selected from SEQ ID NOs: 101-104; (d) a VL CDR1 comprising an amino acid 

sequence selected from SEQ ID NOs: 105-108; (e) a VL CDR2 comprising an amino acid 

	

5 	sequence selected from SEQ ID NOs: 109-112; and/or (f) a VL CDR3 comprising an amino 

acid sequence selected from SEQ ID NOs: 113-116. 

[0198] 	In one embodiment, the antigen binding molecule comprises (a) a VH CDR1 

comprising an amino acid of SEQ ID NO: 93; (b) a VH CDR2 comprising an amino acid 

sequence of SEQ ID NO: 97; (c) a VH CDR3 comprising an amino acid sequence of SEQ ID 

	

10 	NO: 101; (d) a VL CDR1 comprising an amino acid sequence of SEQ ID NO: 105; (e) a VL 

CDR2 comprising an amino acid sequence of SEQ ID NO: 109; and/or (f) a VL CDR3 

comprising an amino acid sequence of SEQ ID NO: 113. 

[0199] 	In one embodiment, the antigen binding molecule comprises (a) a VH CDR1 

comprising an amino acid of SEQ ID NO: 94; (b) a VH CDR2 comprising an amino acid 

	

15 	sequence of SEQ ID NO: 98; (c) a VH CDR3 comprising an amino acid sequence of SEQ ID 

NO: 102; (d) a VL CDR1 comprising an amino acid sequence of SEQ ID NO: 106; (e) a VL 

CDR2 comprising an amino acid sequence of SEQ ID NO: 110; and/or (f) a VL CDR3 

comprising an amino acid sequence of SEQ ID NO: 114. 

[0200] 	In one embodiment, the antigen binding molecule comprises (a) a VH CDR1 

	

20 	comprising an amino acid of SEQ ID NO: 95; (b) a VH CDR2 comprising an amino acid 

sequence of SEQ ID NO: 99; (c) a VH CDR3 comprising an amino acid sequence of SEQ ID 

NO: 103; (d) a VL CDR1 comprising an amino acid sequence of SEQ ID NO: 107; (e) a VL 

CDR2 comprising an amino acid sequence of SEQ ID NO: 111; and/or (f) a VL CDR3 

comprising an amino acid sequence of SEQ ID NO: 115. 

	

25 	[0201] 	In one embodiment, the antigen binding molecule comprises (a) a VH CDR1 

comprising an amino acid of SEQ ID NO: 96; (b) a VH CDR2 comprising an amino acid 

sequence of SEQ ID NO: 100; (c) a VH CDR3 comprising an amino acid sequence of SEQ ID 

NO: 104; (d) a VL CDR1 comprising an amino acid sequence of SEQ ID NO: 108; (e) a VL 

CDR2 comprising an amino acid sequence of SEQ ID NO: 112; and/or (f) a VL CDR3 

	

30 	comprising an amino acid sequence of SEQ ID NO: 116. 

[0202] 	In certain embodiments, the antigen binding molecule comprises a VH 

comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 125-

128 and a VL comprising an amino acid sequence selected from the group consisting of SEQ 
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ID NOs: 129-132. In one embodiment, the antigen binding molecule comprises a VH 

comprising an amino acid sequence of SEQ ID NO: 125 and a VL comprising an amino acid 

sequence of SEQ ID NO: 129. In another embodiment, the antigen binding molecule comprises 

a VH comprising an amino acid sequence of SEQ ID NO: 126 and a VL comprising an amino 

	

5 	acid sequence of SEQ ID NO: 130. In another embodiment, the antigen binding molecule 

comprises a VH comprising an amino acid sequence of SEQ ID NO: 127 and a VL comprising 

an amino acid sequence of SEQ ID NO: 131. In another embodiment, the antigen binding 

molecule comprises a VH comprising an amino acid sequence of SEQ ID NO: 128 and a VL 

comprising an amino acid sequence of SEQ ID NO: 132. 

	

10 	[0203] 	In one particular embodiment, the polynucleotide of the present invention 

comprises a nucleotide sequence at least about 70%, at least about 75%, at least about 80%, at 

least about 85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, 

at least about 98%, at least about 99%, or about 100% identical to a nucleotide sequence 

selected form the group consisting of SEQ ID NOs: 117-120. In another embodiment, the 

	

15 	polynucleotide of the present invention comprises a nucleotide sequence at least about 70%, at 

least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, 

at least about 96%, at least about 97%, at least about 98%, at least about 99%, or about 100% 

identical to a nucleotide sequence selected form the group consisting of SEQ ID NOs: 121-

124. 

	

20 	[0204] 	Other examples of anti-CLL-1 antibodies or antigen binding molecules thereof 

include antibodies or antigen binding molecules described in W02016014535, published 

January 28, 2016, and US 2016/0051651 Al, published Feb. 25, 2016. 

[0205] 	The antigen binding molecule encoded by the polynucleotide of the present 

invention can be single chained or double chained. In some embodiments, the antigen binding 

	

25 	molecule is single chained. In certain embodiments, the antigen binding molecule is selected 

from the group consisting of an scFv, an Fab, an Fab', an Fv, an F(ab')2, a dAb, and any 

combination thereof. In one particular embodiment, the antigen binding molecule comprises 

an scFv. 

[0206] 	In certain embodiments, the antigen binding molecule comprises a single chain, 

	

30 	wherein the heavy chain variable region and the light chain variable region are connected by a 

linker. In some embodiments, the VH is located at the N terminus of the linker and the VL is 

located at the C terminus of the linker. In other embodiments, the VL is located at the N 

terminus of the linker and the VH is located at the C terminus of the linker. In some 
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embodiments, the linker comprises at least about 5, at least about 8, at least about 10, at least 

about 13, at least about 15, at least about 18, at least about 20, at least about 25, at least about 

30, at least about 35, at least about 40, at least about 45, at least about 50, at least about 60, at 

least about 70, at least about 80, at least about 90, or at least about 100 amino acids. In some 

	

5 	embodiments, the linker comprises at least about 18 amino acids. In certain embodiments, the 

linker comprises an amino acid sequence that is at least about 75%, at least about 85%, at least 

about 85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at 

least about 98%, at least about 99%, or 100% identical to the amino acid sequence 

GSTSGSGKPGSGEGSTKG (SEQ ID NO: 12) or the amino acid sequence 

	

10 	GGGGSGGGGSGGGGS (SEQ ID NO: 237). In one embodiment, the linker is a Whitlow 

linker. In certain embodiments, the binding molecule comprises a single chain, wherein the 

heavy chain variable region and the light chain variable region are connected by a linker, 

wherein the linker comprises the amino acid sequence of SEQ ID NO: 12. 

[0207] 	In some embodiments, the antigen binding molecule binds a target antigen (e.g., 

	

15 	human BCMA, human FLT3, or human CLL-1) with a KD  of less than 1 x 10' M, less than 1 

x 10' M, less than 1 x 10'M, or less than 1 x 10'M. In one particular embodiment, the antigen 

binding molecule binds a target antigen (e.g., human BCMA, human FLT3, or human CLL-1) 

with a KD of less than 1 x 10' M. In another embodiment, the antigen binding molecule binds 

a target antigen (e.g., human BCMA, human FLT3, or human CLL-1) with a KD of less than 1 

	

20 	x 10-8  M. In some embodiments, the antigen binding molecule binds a target antigen (e.g., 

human BCMA, human FLT3, or human CLL-1) with a KD  of about 1 x 10' M, about 2 x 10' 

M, about 3 x 10' M, about 4 x 10' M, about 5 x 10' M, about 6 x 10' M, about 7 x 10' M, 

about 8 x 10'M, about 9 x 10' M, about 1 x 10' M, about 2 x 10' M, about 3 x 10' M, about 

4 x 10-8 M, about 5 x 10' M, about 6 x 10-8 M, about 7 x 10' M, about 8 x 10' M, about 9 x 

	

25 	10-8  M, about 1 x 10-9 M, about 2 x 10' M, about 3 x 10' M, about 4 x 10' M, about 5 x 10' 

M, about 6 x 10' M, about 7 x 10' M, about 8 x 10-9 M, about 9 x 10'M, about 1 x 101°M, or 

about 5 x 10-10  M. In certain embodiments, the KD is calculated as the quotient of koff/kon, and 

the km  and koff are determined using a monovalent antibody, such as a Fab fragment, as 

measured by, e.g., BlAcore®  surface plasmon resonance technology. In other embodiments, 

	

30 	the KD is calculated as the quotient of koff/kon, and the km  and koff are determined using a 

bivalent antibody, such as a Fab fragment, as measured by, e.g., BlAcore®  surface plasmon 

resonance technology. 
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[0208] 	In some embodiments, the antigen binding molecule binds a target antigen (e.g., 

human BCMA, human FLT3, or human CLL-1) with an association rate (km) of less than 1 x 

10-4  IVI-1  s-1, less than 2 x 10-4  M-1  s-1  less than 3 x 10-4  M-1  s-1  less than 4 x 10-4  M-1  s-1  less 

than 5 x 10-4  M-1  s-1, less than 6 x 10-4  M-1  s-1, less than 7 x 10-4  M-1  s-1, less than 8 x 10-4  M-1  

	

5 	s-1, less than 9 x 10-4  M-1  s-1, less than 1 x 10-5  M-1  s-1, less than 2 x 10-5  M-1  s-1, less than 3 x 

10-5  IVI-1  s-1, less than 4 x 10-5  M-1  s-1  less than 5 x 10-5  M-1  s-1  less than 6 x 10-5  M-1  s-1  less 

than 7 x 10-5  M-1  s-1, less than 8 x 10-5  M-1  s-1, less than 9 x 10-5  M-1  s-1, less than 1 x 10' M-1  

s-1, less than 2 x 10' M-1  s-1, less than 3 x 10' M-1  s-1, less than 4 x 10' M-1  s-1, less than 5 x 

10' M-1  s-1, less than 6 x 10' M-1  s-1  less than 7 x 10' M-1  s-i, less than 8 x 10' M-1  s-i, less 

	

10 	than 9 x 10' M-1  s-1, or less than 1 x 10-7 M-1  s-1. In certain embodiments, the kon is determined 

using a monovalent antibody, such as a Fab fragment, as measured by, e.g., BlAcore®  surface 

plasmon resonance technology. In other embodiments, the kon is determined using a bivalent 

antibody as measured by, e.g., BlAcore®  surface plasmon resonance technology. 

[0209] 	In some embodiments, the antigen binding molecule binds a target antigen (e.g., 

	

15 	human BCMA, human FLT3, or human CLL-1) with an dissociation rate (koff) of less than 1 x 

10-2  s-i, less than 2 x 10-2  s-i, less than 3 x 10-2  s-i, less than 4 x 10-2  s-i, less than 5 x 10-2  s-i, 

less than 6 x 10-2  s-i, less than 7 x 10-2  s-i, less than 8 x 10-2  s-i, less than 9 x 10-2  s-i, less than 

1 x 10-3  s-1, less than 2 x 10-3  s-1, less than 3 x 10-3  s-1, less than 4 x 10-3  s-1, less than 5 x 10-3  s-

1, less than 6 x 10-3  s-1, less than 7 x 10-3  s-1, less than 8 x 10-3  s-1, less than 9 x 10-3  s-1, less than 

	

20 	1 x 104  s-1, less than 2 x 10-4  s-1, less than 3 x 10-4  s-1, less than 4 x 10-4  s-1, less than 5 x 10-4  s- 

1, less than 6 x 10-4  s-1, less than 7 x 10-4  s-1, less than 8 x 10-4  s-1, less than 9 x 10-4  s-1, less than 

1 x 10-4  s-1, or less than 5 x 10-4  s-1  In certain embodiments, the koff is determined using a 

monovalent antibody, such as a Fab fragment, as measured by, e.g., BlAcore®  surface plasmon 

resonance technology. In other embodiments, the koff is determined using a bivalent antibody 

	

25 	as measured by, e.g., BlAcore®  surface plasmon resonance technology. 

[0210] 	In some embodiments, the polynucleotide encodes a TCR, wherein the TCR 

further comprises a fourth complementarity determining region (CDR4). In certain 

embodiments, the polynucleotide encodes a TCR, wherein the TCR further comprises a 

constant region. In some embodiments, the constant region is selected from a constant region 

	

30 	of IgGl, IgG2, IgG3, IgG4, IgA, IgD, IgE, and IgM. 
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LD. 	Switch Domain 

[0211] 	It will be appreciated that adverse events may be minimized by transducing the 

immune cells (containing one or more CARs or TCRs) with a suicide gene. It may also be 

desired to incorporate an inducible "on" or "accelerator" switch into the immune cells. Suitable 

	

5 	techniques include use of inducible caspase-9 (U.S. Appl. 2011/0286980) or a thymidine 

kinase, before, after or at the same time, as the cells are transduced with the CAR construct of 

the present invention. Additional methods for introducing suicide genes and/or "on" switches 

include TALENS, zinc fingers, RNAi, siRNA, shRNA, antisense technology, and other 

techniques known in the art. 

	

10 	[0212] 	In accordance with the invention, additional on-off or other types of control 

switch techniques may be incorporated herein. These techniques may employ the use of 

dimerization domains and optional activators of such domain dimerization. These techniques 

include, e.g., those described by Wu et al., Science 2014 350 (6258) utilizing FKBP/Rapalog 

dimerization systems in certain cells, the contents of which are incorporated by reference herein 

	

15 	in their entirety. Additional dimerization technology is described in, e.g., Fegan et al. Chem. 

Rev. 2010, 110, 3315-3336 as well as U.S. Patent Nos. 5,830,462; 5,834,266; 5,869,337; and 

6,165,787, the contents of which are also incorporated by reference herein in their entirety. 

Additional dimerization pairs may include cyclosporine-A/cyclophilin, receptor, 

estrogen/estrogen receptor (optionally using tamoxifen), glucocorticoids/glucocorticoid 

	

20 	receptor, tetracycline/tetracycline receptor, vitamin D/vitamin D receptor. Further examples 

of dimerization technology can be found in e.g., WO 2014/127261, WO 2015/090229, US 

2014/0286987, US 2015/0266973, US 2016/0046700, U.S. Patent No. 8,486,693, US 

2014/0171649, and US 2012/0130076, the contents of which are further incorporated by 

reference herein in their entirety. 

	

25 	 LE. Leader Peptide 

[0213] 	In some embodiments, the polynucleotide of the present invention encodes a 

CAR or a TCR can further comprises a leader peptide (also referred to herein as a "signal 

peptide"). In certain embodiments, the leader peptide comprises an amino acid sequence that 

is at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 

	

30 	95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%, or 100% 

identical to the amino acid sequence MALPVTALLLPLALLLHAARP (SEQ ID NO: 11). In 

some embodiments, the leader peptide comprises the amino acid sequence of SEQ ID NO: 11. 
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[0214] 	In some embodiments, the polynucleotide of the present invention encodes a 

CAR or a TCR, wherein the CAR or the TCR comprises a leader peptide (P), an antigen binding 

molecule (B), a costimulatory protein's extracellular domain (E), a transmembrane domain (T), 

a costimulatory region (C), and an activation domain (A), wherein the CAR is configured 

	

5 	according to the following: P-B-E-T-C-A. In some embodiments, the antigen binding molecule 

comprises a VH and a VL, wherein the CAR is configured according to the following: P-VH-

VL-E-T-C-A or P-VL-VH-E-T-C-A. In some embodiments, the VH and the VL are connected 

by a linker (L), wherein the CAR is configured according to the following, from N-terminus to 

C-terminus: P-VH-L-VL-E-T-C-A or P-VH-L-VL-E-T-C-A. 

	

10 	[0215] 	In some embodiments, the polynucleotide of the present invention encodes a 

CAR, wherein the CAR comprises an amino acid sequence at least about 75%, at least about 

85%, at least about 85%, at least about 90%, at least about 95%, at least about 96%, at least 

about 97%, at least about 98%, at least about 99%, or 100% identical to an amino acid sequence 

selected from Table 2. In certain embodiments, the polynucleotide of the present invention 

	

15 	encodes a CAR, wherein the CAR comprises an amino acid sequence selected from Table 2. 

[0216] 	Table 2. Example CAR Sequences 

CAR 
Construct 

Nucleotide Sequence 
SEQ 
ID 
NO: 

Amino Acid 
Sequence 

SEQ 
ID 
NO: 

10E3 CHD ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGCAGGTGACCCTCAAAGAGTCTGGA 
CCCGTGCTCGTAAAACCTACGGAGACCCT 
GACACTCACCTGCACAGTCTCCGGCTTCA 
GCCTCATCAATGCCAGGATGGGAGTTTCC 
TGGATCAGGCAACCGCCCGGAAAGGCCCT 
GGAATGGCTCGCACATATTTTCAGTAACG 
CTGAAAAAAGCTATCGGACTTCTCTGAAA 
AGTCGGCTCACGATTAGTAAGGACACATC 
CAAGAGCCAAGTGGTGCTTACGATGACTA 
ACATGGACCCTGTGGATACTGCAACCTAT 
TACTGTGCTCGAATCCCTGGTTATGGCGG 
AAATGGGGACTACCACTACTACGGTATGG 
ATGTCTGGGGCCAAGGGACCACGGTTACT 
GTTTCAAGCGGAGGGGGAGGGAGTGGGGG 
TGGCGGATCTGGCGGAGGAGGCAGCGATA 
TCCAGATGACGCAGTCCCCTAGTTCACTT 
TCCGCATCCCTGGGGGATCGGGTTACCAT 
TACATGCCGCGCGTCACAGGGTATCCGGA 
ATGATCTGGGATGGTACCAGCAGAAGCCG 
GGAAAGGCTCCTAAGCGCCTCATCTACGC 
CAGCTCCACCCTGCAGAGTGGAGTGCCCT 
CCCGGTTTTCAGGCAGTGGCTCCGGTACG 
GAGTTTACTCTTACAATTAGCAGCCTGCA 
GCCAGAAGATTTTGCAACTTACTACTGTT 

242 MALPVTALLLPLALLL 
HAARPQVTLKESGPVL 
VKPTETLTLTCTVSGF 
SLINARMGVSWIRQPP 
GKALEWLAHIFSNAEK 
SYRTSLKSRLTISKDT 
SKSQVVLTMTNMDPVD 
TATYYCARIPGYGGNG 
DYHYYGMDVWGQGTTV 
TVSSGGGGSGGGGSGG 
GGSDIQMTQSPSSLSA 
SLGDRVTITCRASQGI 
RNDLGWYQQKPGKAPK 
RLIYASSTLQSGVPSR 
FSGSGSGTEFTLTISS 
LQPEDFATYYCLQHNN 
FPWTFGQGTKVEIKRA 
AAIEVMYPPPYLDNEK 
SNGTIIHVKGKHLCPS 
PLFPGPSKPFWVLVVV 
GGVLACYSLLVTVAFI 
IFWVRSKRSRLLHSDY 
MNMTPRRPGPTRKHYQ 
PYAPPRDFAAYRSRVK 
FSRSADAPAYQQGQNQ 
LYNELNLGRREEYDVL 
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TGCAGCATAATAATTTCCCCTGGACCTTT 

G GT CAG G G CAC CAAG GT GGAGAT CAAAAG 

AGCAGCCGCCATCGAAGTAATGTATCCCC 

CCCCGTACCTT GACAATGAGAAGTCAAAT 

G GAAC CAT TAT C CAT GT TAAGGGCAAACA 

C CT CT GCC CTT CT C CACT GTT CC CT GGCC 

CTAGTAAGCCGTTTTGGGTGCTGGTGGTA 

GT CGGT GGGGT GCT GGCTT GTTACT CT CT 

T CT CGT GACCGT CGCCTTTATAAT CTTTT 

GGGTCAGATCCAAAAGAAGCCGCCTGCTC 

CATAG C GAT TACAT GAATAT GACT C CAC G 

CCGCCCTGGCCCCACAAGGAAACACTACC 

AGCCTTACGCACCACCTAGAGATTTCGCT 

GCCTATCGGAGCCGAGTGAAATTTTCTAG 

AT CAGCT GAT GCT CCCGCCTAT CAGCAGG 

GACAGAAT CAACT T TACAAT GAG C T GAAC 

CT GGGT CGCAGAGAAGAGTACGACGTTTT 

GGACAAACGCC GGGGCCGAGAT CCT GAGA 

TGGGGGGGAAGCCGAGAAGGAAGAATCCT 

CAAGAAGGCCT GTACAACGAGCTTCAAAA 

AGACAAAAT GGCT GAGGCGTACT CT GAGA 

TCGGCATGAAGGGCGAGCGGAGACGAGGC 

AAGGGTCACGATGGCTTGTATCAGGGCCT 

GAGTACAG C CACAAAG GACAC C TAT GACG 

CCCTCCACATGCAGGCACTGCCCCCACGC 

TAG 

DKRRGRDP EMGGKP RR 

KNPQEGLYNELQKDKM 

AEAYS E I GMKGERRRG 

KGHDGLYQGL S TAT KD 

TYDALHMQALPPR 

10E3 THD AT GGCACT CCCCGTAACT GCT CT GCTGCT 

GCCGTTGGCATTGCTCCTGCACGCCGCAC 

GCCCGCAAGTTACTTTGAAGGAGTCTGGA 

C CT GTACT GGT GAAGCCAACCGAGACACT 

GACACTCACGT GTACAGTGAGTGGTTTTT 

CCTT GAT CAAC GCAAGGAT GGGCGT CAGC 

T GGAT CAGGCAACCCCCT GGCAAGGCT CT 

GGAATGGCTCGCTCACATATTCAGCAATG 

CCGAAAAAAGCTACCGGACAAGCCTGAAA 

TCCCGCCTGACTATTTCCAAGGACACTTC 

TAAGT CT CAGGT GGT GCT GACCAT GACCA 

ACATGGACCCGGTGGACACCGCCACCTAT 

TACT GCGCAAGAAT CCCT GGGTAT GGT GG 

GAAT G GT GAC TAC CAT TAT TAT G G GAT GG 

AT GT GT GGGGGCAAGGCACAACCGTAACG 

GT CT CAAGCGGT GGGGGAGGCT CAGGGGG 

CGGAGGCTCCGGAGGTGGCGGCTCCGACA 

TT CAGAT GACCCAAAGCCCGT CCAGCCT G 

TCCGCCAGCCT GGGAGATAGAGTGACAAT 

CAC GT GTAGAGCTT CCCAAGGGATAAGAA 

AT GAT CT CGGGT GGTAT CAGCAGAAGCCC 

GGCAAAGCCCC CAAAAGGCTTATATAT GC 

TAGTAGTACACT GCAGT CT GGAGTT CCTT 

CCCGATTTTCAGGTAGCGGCTCCGGTACA 

GAGT T CAC C CT CAC GATAAGCT CACT C CA 

GCCTGAGGATTTCGCAACGTACTACTGCC 

TCCAGCACAACAATTTTCCCTGGACTTTC 

G G C CAG G G CAC CAAG GT GGAGAT CAAGAG 

GGCCGCTGCCCTTGATAATGAAAAGTCAA 

AC G GAACAAT CAT T CAC GT GAAGGGCAAG 

CACCT CT GT CC GT CACCCTT GTT CCCT GG 

T CCAT CCAAGCCATT CT GGGT GTT GGT CG 

TAGT GGGT GGAGT CCT CGCTT GTTACT CT 

244 MAL PVTALLL P LALLL 

HAARPQVTLKESGPVL 

VKPTETLTLTCTVSGF 

SLINARMGVSWIRQPP 

GKALEWLAHI FSNAEK 

SYRTSLKSRLTISKDT 

S KS QVVLTMTNMD PVD 

TATYYCARI PGYGGNG 

DYHYYGMDVWGQGTTV 

TVS SGGGGSGGGGSGG 

GGSDIQMTQS PS SLSA 

S LGDRVT I T CRAS QGI 

RNDLGWYQQKPGKAPK 

RLIYASSTLQSGVPSR 

FSGSGSGTEFTLTI SS 

LQPEDFATYYCLQHNN 

FPWT FGQGT KVEI KRA 

AALDNEKSNGT I I HVK 

GKHLCPSPLFPGPSKP 

FWVLVVVGGVLACYS L 

LVTVAFI I FWVRSKRS 

RLLHSDYMNMTPRRPG 

PT RKHYQ PYAP P RDFA 

AYRSRVKFSRSADAPA 

YQQGQNQLYNELNLGR 

REEYDVLDKRRGRDPE 

MGGKPRRKNPQEGLYN 

ELQKDKMAEAYSEI GM 

KGERRRGKGHDGLYQG 

L S TAT KDTYDALHMQA 

LPPR 

245 
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CT GCT CGT CACCGT GGCTTTTATAATCTT 

CT GGGTTAGAT CCAAAAGAAGCCGCCT GC 

T C CATAG C GAT TACAT GAATAT GAC T C CA 

CGCCGCCCTGGCCCCACAAGGAAACACTA 

CCAGCCTTACGCACCACCTAGAGATTTCG 

CT GCCTAT CGGAGCCGAGT GAAATTTT CT 

AGAT CAGCT GAT GCT CCCGCCTAT CAGCA 

GGGACAGAAT CAACT T TACAAT GAG CT GA 

AC CT GGGT C GCAGAGAAGAGTAC GACGT T 

TT GGACAAACGCCGGGGCCGAGAT CCT GA 

GAT GGGGGGGAAGCCGAGAAGGAAGAAT C 

CT CAAGAAGGCCT GTACAAC GAGCTTCAA 

AAAGACAAAAT GGCT GAGGCGTACT CT GA 

GAT C G G CAT GAAG G G C GAG C G GAGAC GAG 

GCAAGGGT CAC GAT GGCTT GTAT CAGGGC 

CT GAGTACAGC CACAAAG GACAC C TAT GA 

CGCCCTCCACATGCAGGCACTGCCCCCAC 

GCTAG 

8B5 CHD AT GGCACT CCCCGTAACT GCT CT GCTGCT 

GCCGTTGGCATTGCTCCTGCACGCCGCAC 

GCCCGCAGATCCAGTTGGTGGAATCAGGG 

GGCGGT GT GGT GCAGCCGGGTAGGAGCCT 

GAGACT GT CAT GCGT GGCGT CT GGCTT CA 

CAT T CAAGAACTAC GGCAT GCACT GGGT G 

CGACAGGCCCCCGGAAAGGGTTTGGAGTG 

GGT CGCCGT GAT CT GGTACGACGGATCTA 

AT GAGTATTAC GGAGAT CCT GT GAAGG GA 

AGGT T CAC CAT CT C C C GC GACAATAGCAA 

AAATATGCTCTACCTGCAAATGAACTCAC 

TCAGGGCGGAT GATACGGCGGTCTACTAT 

T GCGCT CGCT CAGGGATT GCT GT GGCCGG 

CGCATTCGATTACTGGGGACAGGGTACCC 

TGGTGACAGTATCAAGCGGAGGCGGCGGC 

T CT GGCGGCGGCGGAT CT GGCGGGGGGGG 

AAGT GAGATT GT GTT GACACAGT CT CCCG 

ATACCCT GT CACT GT CACCCGGCGAGAAG 

GCAACGCTGAGTTGCAGAGCAAGCCAGTC 

AGT CT CCT CTT CTTTT CT GGCCT GGTAT C 

AGCAAAAAC CAGGT CAGGCAC CAT CTCT C 

CT GATTTACGTT GCCAGCAGACGGGCGGC 

T GGCATT CCCGACAGGTT CT CT GGAAGCG 

GAT CT GGGACC GATTTTACCCT GACAATT 

AGCCGCTTGGAGCCCGAAGACTTTGGTAT 

GT T T TACT GC CAGCACTAC GGAAGGACAC 

CTTTCACATTT GGCCCGGGCACGAAAGTC 

GATATAAAACGCGCAGCCGCCATTGAAGT 

AAT GTAC C CAC CAC C T TAT T T GGACAAT G 

AAAAGT CCAAT G GTAC CAT TAT T CAC GT C 

AAGGGAAAGCAT CT CT GT CCAAGCCCT CT 

GTTCCCCGGCCCCTCCAAACCATTCTGGG 

T GCT GGT GGT C GT C GGC GGAGTT CT GGCC 

T GCTATT CT CT GCTCGTGACTGTTGCATT 

CAT CATTTT CT GGGTGAGATCCAAAAGAA 

GCCGCCTGCTCCATAGCGATTACATGAAT 

AT GACT CCACGCCGCCCT GGCCCCACAAG 

GAAACACTAC CAGC CT TAC GCAC CACCTA 

GAGATTTCGCT GCCTATCGGAGCCGAGTG 

AAATTTT CTAGAT CAGCT GAT GCT CCCGC 

C TAT CAGCAGGGACAGAAT CAACTTTACA 

246 MAL PVTALLL P LALLL 

HAARPQ I QLVES GGGV 

VQPGRSLRLSCVASGF 

TFKNYGMHWVRQAPGK 

GLEWVAVIWYDGSNEY 

YGDPVKGRFT I SRDNS 

KNMLYLQMNSLRADDT 

AVYY CAR S G I AVAGAF 

DYWGQGTLVTVS SGGG 

GS GGGGS GGGGS EIVL 

TQSPDTLSLSPGEKAT 

LSCRASQSVS S S FLAW 

YQQKPGQAPSLLIYVA 

SRRAAGI P DRFS GS GS 

GTDFTLTISRLEPEDF 

GMFYCQHYGRT P FT FG 

P GT KVD I KRAAAI EVM 

YPPPYLDNEKSNGTI I 

HVKGKHLCPSPLFPGP 

SKPFWVLVVVGGVLAC 

YSLLVTVAFI I FWVRS 

KRSRLLHSDYMNMTPR 

RP GPT RKHYQ PYAP P R 

DFAAYRSRVKFSRSAD 

APAYQQGQNQLYNELN 

LGRREEYDVLDKRRGR 

DP EMGGKP RRKNPQEG 

LYNELQKDKMAEAYSE 

I GMKGERRRGKGHDGL 

YQGL S TAT KDTYDALH 

MQALPPR 

247 
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AT GAGCT GAAC CT GGGT CGCAGAGAAGAG 

TACGACGTTTT GGACAAACGCCGGGGCCG 

AGATCCTGAGATGGGGGGGAAGCCGAGAA 

GGAAGAATCCTCAAGAAGGCCTGTACAAC 

GAGCTTCAAAAAGACAAAATGGCTGAGGC 

GTACT CT GAGAT CGGCAT GAAGGGCGAGC 

GGAGACGAGGCAAGGGTCACGATGGCTTG 

TAT CAGGGCCT GAGTACAGCCACAAAGGA 

CAC CTAT GAC G C C CT C CACAT GCAGGCAC 

TGCCCCCACGCTAG 

8B5 THD AT GGCACT CCCCGTAACT GCT CT GCTGCT 

GCCGTTGGCATTGCTCCTGCACGCCGCAC 

GCCCGCAGATTCAGCTCGTGGAGTCAGGT 

GGTGGCGTGGTTCAGCCCGGACGGTCCCT 

GCGACT CT CTT GT GT GGCAAGCGGATTTA 

CCTTTAAGAACTATGGCATGCACTGGGTG 

AGGCAGGCCCCTGGAAAAGGACTGGAGTG 

GGTT GCT GT GAT CT GGTACGACGGGTCCA 

AC GAATAT TAT GGC GAT C CT GT GAAGGGA 

C G GT T TACAAT CT CAC G C GATAAC T CAAA 

GAACATGCTGTACCTGCAAATGAACTCTC 

T GCGCGCT GAT GACACTGCCGTGTATTAT 

TGCGCTCGGAGTGGTATCGCCGTCGCAGG 

AGCATTTGATTATTGGGGGCAAGGGACCC 

TCGTGACAGTGAGTTCCGGAGGGGGAGGT 

T CT GGT GGAGGCGGCT CT GGT GGGGGAGG 

CAGCGAGAT CGTT CT GACCCAGT CT CCT G 

ACACACT GT CACT GT CCCCT GGT GAAAAG 

GCCACACT GT CTT GTAGAGCGT CCCAGAG 

CGTTTCCAGTTCCTTCCTTGCATGGTATC 

AACAAAAACCCGGGCAGGCTCCAAGCTTG 

CT GAT CTACGT GGCCAGCCGCCGGGCCGC 

AGGCATCCCTGATAGGTTTAGCGGTTCTG 

GGAGCGGGACGGACTTCACCTTGACAATA 

TCACGGCTGGAACCCGAAGACTTCGGAAT 

GT T T TAT T GC CAGCACTAC GGAAGAACT C 

CATTCACCTTT GGCCCGGGAACGAAGGTA 

GACATCAAGAGAGCAGCAGCCCTCGACAA 

CGAGAAAT CCAAT G GAAC CAT TAT C CAT G 

T GAAGGGGAAACAT CT CT GCCCTT CACCA 

TT GTT CCCT GGACCCAGCAAGCCTTTTT G 

GGTT CT GGT C GT GGT GGGGGGC GT C CT GG 

CTT GT TACT CC CT C CT C GT TACAGT CGCC 

TT CATAAT CTTTT GGGT TAGAT CCAAAAG 

AAGCCGCCT GCT CCATAGCGATTACAT GA 

ATATGACTCCACGCCGCCCTGGCCCCACA 

AGGAAACACTAC CAGC CT TAC GCAC CAC C 

TAGAGATTTCGCTGCCTATCGGAGCCGAG 

T GAAATTTT CTAGAT CAGCT GAT GCTCCC 

G C C TAT CAGCAGGGACAGAAT CAAC T T TA 

CAATGAGCTGAACCTGGGTCGCAGAGAAG 

AGTACGACGTTTTGGACAAACGCCGGGGC 

CGAGATCCTGAGATGGGGGGGAAGCCGAG 

AAGGAAGAAT C CT CAAGAAGGCCT GTACA 

AC GAGCTT CAAAAAGACAAAAT GGCTGAG 

GCGTACT CT GAGAT CGGCAT GAAGGGCGA 

GCGGAGACGAGGCAAGGGTCACGATGGCT 
T GTAT CAGGGC CT GAGTACAGCCACAAAG 

248 MAL PVTALLL P LALLL 

HAARPQ I QLVES GGGV 

VQPGRSLRLSCVASGF 

TFKNYGMHWVRQAPGK 

GLEWVAVIWYDGSNEY 

YGDPVKGRFT I SRDNS 

KNMLYLQMNSLRADDT 

AVYY CAR S G I AVAGAF 

DYWGQGTLVTVS SGGG 

GS GGGGS GGGGS EIVL 

TQSPDTLSLSPGEKAT 

LSCRASQSVS S S FLAW 

YQQKPGQAPSLLIYVA 

SRRAAGI P DRFS GS GS 

GTDFTLTISRLEPEDF 

GMFYCQHYGRT P FT FG 

P GT KVD I KRAAALDNE 

KSNGT I I HVKGKHLCP 

S P L FP GP SKPFWVLVV 

VGGVLACYSLLVTVAF 

I I FWVRSKRSRLLHSD 

YMNMTPRRPGPTRKHY 

Q PYAP P RDFAAYRS RV 

KFSRSADAPAYQQGQN 

QLYNELNLGRREEYDV 

LDKRRGRDPEMGGKPR 

RKNPQEGLYNELQKDK 

MAEAYS E I GMKGERRR 

GKGHDGLYQGL S TAT K 

DTYDALHMQALPPR 
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GACACCTATGACGCCCTCCACATGCAGGC 

ACT GCCCCCAC GCTAG 

FS- 

21495CARHx 

L 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 

GCCGTTGGCATTGCTCCTGCACGCCGCAC 

GCCCGGAGGTGCAGCTGTTGGAGTCTGGG 

GGAGGCTTGGTACAGCCTGGGGGGTCCCT 

GAGACT CT CCT GT GCAGCCT CT GGATT CA 

CCTTTAGCAGCTATGCCATGAGCTGGGTC 

CGCCAGGCTCCAGGGAAGGGGCTGGAGTG 

GGT CT CAGCTATTAGT GGTAGT GGT GGTA 

GCACATACTAC GCAGACT C C GT GAAGGGC 

C G GT T CAC CAT CT CCAGAGACAAT T C CAA 

GAACACGCT GTAT CT GCAAAT GAACAGCC 

T GAGAGC C GAG GACAC GGC GGT GTACTAC 

TGCGCAAGAGCCGAGATGGGAGCCGTATT 

C GACATAT GGG GT CAGGGTACAAT GGT CA 

CCGT CT CCT CAGGGT CTACAT CCGGCT CC 

GGGAAGCCCGGAAGTGGCGAAGGTAGTAC 

AAAGGGGGAAAT T GT GT T GACACAGT CT C 

CAGCCACCCT GT CTTT GT CT CCAGGGGAA 

AGAGCCACCCT CT CCT GCAGGGCCAGT CA 

GAGTGTTAGCAGGTACTTAGCCTGGTACC 

AACAGAAACCT GGCCAGGCTCCCAGGCTC 

CT CAT C TAT GAT G CAT C CAACAG G G C CAC 

TGGCATCCCAGCCAGGTTCAGTGGCAGTG 

GGT CT GGGACAGACTT CACT CT CACCAT C 

AGCAGCCTAGAGCCTGAAGATTTTGCAGT 

TTATTACT GT CAGCAGAGAAT CT CCTGGC 

CTTTCACTTTT GGCGGAGGGACCAAGGTT 

GAGATCAAACGGGCCGCTGCCCTTGATAA 

T GAAAAGT CAAACGGAACAAT CAT T CAC G 

T GAAGGGCAAGCACCT CT GT CCGT CACCC 

TT GTT CCCT GGT CCAT CCAAGCCATTCT G 

GGTGTTGGTCGTAGTGGGTGGAGTCCTCG 

CTT GTTACT CT CT GCT CGT CACCGT GGCT 

TTTATAAT CTT CT GGGT TAGAT CCAAAAG 

AAGCCGCCT GCT CCATAGCGATTACAT GA 

ATATGACTCCACGCCGCCCTGGCCCCACA 

AG GAAACAC TAC CAG C C T TAC G CAC CAC C 

TAGAGATTTCGCTGCCTATCGGAGCAGGG 

T GAAGTTTT CCAGAT CT GCAGAT GCAC CA 

GC GTAT CAGCAGGGC CAGAAC CAACT GTA 

TAACGAGCTCAACCTGGGACGCAGGGAAG 

AGTATGACGTTTTGGACAAGCGCAGAGGA 

CGGGACCCTGAGATGGGTGGCAAACCAAG 

AC GAAAAAAC C C C CAG GAG G GT CT C TATA 

AT GAGCT GCAGAAGGATAAGAT GGCTGAA 

G C C TAT T CT GAAATAG G CAT GAAAG GAGA 

G C G GAGAAG G G GAAAAG G G CAC GAC GGT T 

TGTACCAGGGACTCAGCACTGCTACGAAG 

GATACT TAT GAC GCT CT C CACAT GCAAGC 

CCTGCCACCTAGGTAA 

133 MALPVTALLLPLALLL 

HAARPEVQLLESGGGL 

VQPGGSLRLSCAASGF 

T FS SYAMSWVRQAPGK 

GLEWVSAI S GS GGS TY 

YADSVKGRFT I SRDNS 

KNTLYLQMNSLRAEDT 

AVYYCARAEMGAVFD I 

WGQGTMVTVS S GS T SG 

SGKPGSGEGSTKGEIV 

LTQS PAT LS LS P GERA 

TLSCRASQSVSRYLAW 

YQQKP GQAP RLL I YDA 

SNRAT GI PARFS GS GS 

GTDFTLTISSLEPEDF 

AVYYCQQRI SWP FT FG 

GGT KVE I KRAAALDNE 

KSNGT I I HVKGKHLCP 

S P L FP GP SKPFWVLVV 

VGGVLACYSLLVTVAF 

I I FWVRSKRSRLLHSD 

YMNMTPRRPGPTRKHY 

Q PYAP P RDFAAYRS RV 

KFSRSADAPAYQQGQN 

QLYNELNLGRREEYDV 

LDKRRGRDPEMGGKPR 

RKNPQEGLYNELQKDK 

MAEAYS E I GMKGERRR 

GKGHDGLYQGL S TAT K 

DTYDALHMQALPPR 

134 

FS- 

21495CARLx 

H 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 

GCCGTTGGCATTGCTCCTGCACGCCGCAC 

GCCCGGAAATT GT GTT GACACAGT CTCCA 

GCCACCCT GT CTTT GT CT CCAGGGGAAAG 

AGCCACCCT CT CCT GCAGGGCCAGT CAGA 

GT GTTAGCAGGTACTTAGCCT GGTACCAA 

CAGAAACCTGGCCAGGCTCCCAGGCTCCT 

135 MALPVTALLLPLALLL 

HAARPEIVLTQS PAT L 

SLSPGERATLSCRASQ 

SVSRYLAWYQQKPGQA 

P RLL I YDASNRAT GI P 

ARFS GS GS GT DFT LT I 

S S LEP EDFAVYYCQQR 
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CAT C TAT GAT G CAT C CAACAG G G C CAC T G 

GCATCCCAGCCAGGTTCAGTGGCAGTGGG 

T CT GGGACAGACTT CACT CT CACCATCAG 

CAGCCTAGAGC CT GAAGATTTT GCAGTTT 

ATTACT GT CAGCAGAGAAT CT CCT GGCCT 

TT CACTTTT GGCGGAGGGACCAAGGTT GA 

GAT CAAACGGGGGT CTACAT CCGGCTCCG 

GGAAGCCCGGAAGTGGCGAAGGTAGTACA 

AAGGGGGAGGT GCAGCT GTT GGAGT CT GG 

GGGAGGCTTGGTACAGCCTGGGGGGTCCC 

T GAGACT CT CCT GT GCAGCCT CT GGATT C 

ACCTTTAGCAGCTATGCCATGAGCTGGGT 

CCGCCAGGCTCCAGGGAAGGGGCTGGAGT 

GGGT CT CAGCTATTAGT GGTAGT GGTGGT 

AGCACATACTAC GCAGACT C C GT GAAGGG 

CCGGTT CAC CAT CT C CAGAGACAAT T C CA 

AGAACACGCT GTAT CT GCAAAT GAACAGC 

CT GAGAGCCGAGGACACGGCGGT GTACTA 

CT GCGCAAGAGCCGAGAT GGGAGCCGTAT 

TCGACATATGGGGTCAGGGTACAATGGTC 

ACCGT CT CCT CAGCCGCT GCCCTT GATAA 

T GAAAAGT CAAAC GGAACAAT CAT T CAC G 

T GAAGGGCAAGCACCT CT GT CCGT CACCC 

TT GTT CCCT GGT CCAT CCAAGCCATTCT G 

GGTGTTGGTCGTAGTGGGTGGAGTCCTCG 

CTT GTTACT CT CT GCT CGT CACCGT GGCT 

TTTATAATCTT CT GGGT TAGAT CCAAAAG 

AAGCCGCCT GCT CCATAGCGATTACAT GA 

ATATGACTCCACGCCGCCCTGGCCCCACA 

AGGAAACACTAC CAGC CT TAC GCAC CAC C 

TAGAGATTTCGCTGCCTATCGGAGCAGGG 

T GAAGTTTT CCAGAT CT GCAGAT GCAC CA 

GC GTAT CAGCAGGGC CAGAAC CAACT GTA 

TAACGAGCTCAACCTGGGACGCAGGGAAG 

AGTATGACGTTTTGGACAAGCGCAGAGGA 

CGGGACCCTGAGATGGGTGGCAAACCAAG 

AC GAAAAAAC C C C CAG GAG G GT CT C TATA 

AT GAGCT GCAGAAGGATAAGAT GGCTGAA 

G C C TAT T CT GAAATAG G CAT GAAAG GAGA 

G C G GAGAAG G G GAAAAG G G CAC GAC GGT T 

TGTACCAGGGACTCAGCACTGCTACGAAG 

GATACT TAT GAC GCT CT C CACAT GCAAGC 
CCTGCCACCTAGGTAA 

I SWP FT FGGGTKVEI K 

RGSTSGSGKPGSGEGS 

TKGEVQLLESGGGLVQ 

PGGSLRLSCAASGFT F 

S SYAMSWVRQAPGKGL 

EWVSAI S GS GGS TYYA 

DSVKGRFT I SRDNSKN 

TLYLQMNSLRAEDTAV 

YYCARAEMGAVFDIWG 

QGTMVTVS SAAALDNE 

KSNGT I I HVKGKHLC P 

S P L FP GP SKP FWVLVV 

VGGVLACYSLLVTVAF 

I I FWVRSKRSRLLHSD 

YMNMT PRRPGPTRKHY 

QPYAP P RDFAAYRS RV 

KFSRSADAPAYQQGQN 

QLYNELNLGRREEYDV 

LDKRRGRDPEMGGKPR 

RKNPQEGLYNELQKDK 

MAEAYS E I GMKGERRR 

GKGHDGLYQGL S TAT K 

DTYDALHMQALP PR 

PC- 

21497 CARHx 

L 

AT GGCACT CCC CGTAACT GCT CT GCT GCT 

GCCGTTGGCATTGCTCCTGCACGCCGCAC 

GCCCGCAGGTGCAGCTGGTGGAGTCTGGG 

GGAGGCGTGGT CCAGCCTGGGAGGTCCCT 

GAGACT CT CCT GT GCAGCGT CT GGATT CA 

CCTTCAGTAGCTATGGCATGCACTGGGTC 

CGCCAGGCTCCAGGCAAGGGGCTGGAGTG 

GGT GGCAGT TATAT C GTAT GAT GGAAGTA 

ATAAATAC TAT GCAGACT C C GT GAAGGGC 

C GAT T CAC CAT CT CCAGAGACAAT T C CAA 

GAACACGCT GTAT CT GCAAAT GAACAGCC 

T GAGAGC C GAG GACAC GGC GGT GTACTAC 

TGCGCCAGAGACGGTACTTATCTAGGTGG 

T CT CT GGTACTT CGACTTAT GGGGGAGAG 

GTACCTT GGT CACCGT CT CCT CAGGGT CT 

ACATCCGGCTCCGGGAAGCCCGGAAGTGG 

137 MAL PVTALLL P LALLL 

HAARPQVQLVESGGGV 

VQPGRSLRLSCAASGF 

T FS SYGMHWVRQAPGK 

GLEWVAVI SYDGSNKY 

YADSVKGRFT I SRDNS 

KNTLYLQMNSLRAEDT 

AVYYCARDGTYLGGLW 

YFDLWGRGTLVTVS SG 

STSGSGKPGSGEGSTK 

GDIVMTQSPLSLPVTP 

GEPASI SCRS SQSLLH 

SNGYNYLDWYLQKPGQ 

S PQLL I YLGSNRAS GV 

PDRFSGSGSGTDFTLK 

I SRVEAEDVGVYYCMQ 
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CGAAGGTAGTACAAAGGGGGATATT GT GA 

T GACT CAGT CT CCACT CT CCCT GCCCGT C 

ACCCCT GGAGAGCCGGCCT CCAT CT CCT G 

CAGGTCTAGTCAGAGCCTCCTGCATAGTA 

AT GGATACAACTAT T T GGAT T GGTACCT G 

CAGAAGCCAGGGCAGT CT CCACAGCTCCT 

GAT CTATTT GGGTT CTAAT CGGGCCTCCG 

GGGTCCCTGACAGGTTCAGTGGCAGTGGA 

T CAGGCACAGAT T T TACACT GAAAATCAG 

CAGAGTGGAGGCTGAGGATGTTGGGGTTT 

ATTACTGCATGCAGGGACTCGGCCTCCCT 

CT CACTTTT GGCGGAGGGACCAAGGTT GA 

GAT CAAACGGGCCGCT GCCCTT GATAAT G 

AAAAGT CAAAC GGAACAAT CAT T CAC GT G 

AAGGGCAAGCACCT CT GT CCGT CACCCTT 

GTTCCCTGGTCCATCCAAGCCATTCTGGG 

T GTT GGT C GTAGT GGGT GGAGT C CT CGCT 

T GT TACT CT CT GCT C GT CACC GT GGCTTT 

TATAAT CTT CT GGGTTAGATCCAAAAGAA 

GCCGCCTGCTCCATAGCGATTACATGAAT 

AT GACT CCACGCCGCCCT GGCCCCACAAG 

GAAACACTAC CAGC CT TAC GCAC CACCTA 

GAGATTTCGCT GCCTATCGGAGCAGGGTG 

AAGTTTT CCAGAT CT GCAGAT GCAC CAGC 

GTAT CAGCAGG GC CAGAAC CAACT GTATA 

AC GAGCT CAAC CT GGGACGCAGGGAAGAG 

TAT GAC GTTTT GGACAAGCGCAGAGGACG 

GGACCCT GAGAT G G GT GGCAAACCAAGAC 

GAAAAAACCCC CAG GAG G GT CT CTATAAT 

GAGCTGCAGAAGGATAAGATGGCTGAAGC 

C TAT T CT GAAATAG G CAT GAAAGGAGAGC 

G GAGAAG G G GAAAAG G G CAC GAC G GT T T G 

TACCAGGGACT CAG CAC T G C TAC GAAG GA 

TACTTAT GACGCT CT CCACAT GCAAGCCC 

TGCCACCTAGGTAA 

GLGL P LT FGGGT KVEI 

KRAAALDNEKSNGT I I 

HVKGKHLCPSPLFPGP 

SKPFWVLVVVGGVLAC 

YSLLVTVAFI I FWVRS 

KRSRLLHSDYMNMTPR 

RPGPTRKHYQPYAPPR 

DFAAYRSRVKFSRSAD 

APAYQQGQNQLYNELN 

LGRREEYDVLDKRRGR 

DP EMGGKP RRKNPQEG 

LYNELQKDKMAEAYSE 

I GMKGERRRGKGHDGL 

YQGL S TAT KDTYDALH 

MQALPPR 

PC- 

21497 CARHx 

L 

AT GGCACT CCCCGTAACT GCT CT GCTGCT 

GCCGTTGGCATTGCTCCTGCACGCCGCAC 

GCCCGGATATT GT GAT GACT CAGT CTCCA 

CT CT CCCT GCCCGT CACCCCT GGAGAGCC 

GGCCT CCAT CT CCTGCAGGTCTAGTCAGA 

GCCTCCTGCATAGTAATGGATACAACTAT 

TT GGATT GGTACCT GCAGAAGCCAGGGCA 

GT CT CCACAGCT CCT GAT CTATTT GGGTT 

CTAATCGGGCCTCCGGGGTCCCTGACAGG 

TTCAGTGGCAGTGGATCAGGCACAGATTT 

TACACT GAAAAT CAGCAGAGT G GAG GC T G 

AGGATGTTGGGGTTTATTACTGCATGCAG 

GGACTCGGCCT CCCT CT CACTTTT GGCGG 

AG G GAC CAAG GT T GAGAT CAAAC G G GG GT 

CTACATCCGGCTCCGGGAAGCCCGGAAGT 

GGCGAAGGTAGTACAAAGGGGCAGGTGCA 

GCTGGTGGAGT CT GGGGGAGGCGT GGT CC 

AGCCT GGGAGGT CCCT GAGACT CT CCT GT 

GCAGCGT CT GGATT CACCTT CAGTAGCTA 

TGGCATGCACT GGGTCCGCCAGGCTCCAG 

GCAAGGGGCTGGAGTGGGTGGCAGTTATA 

T CGTAT GAT G GAAGTAATAAATAC TAT GC 

AGACT CCGT GAAGGGCCGATT CACCAT CT 

CCAGAGACAAT T CCAAGAACACGCT GTAT 

139 MAL PVTALLL P LALLL 

HAARPDIVMTQSPLSL 

PVTPGEPASI SCRS SQ 

SLLHSNGYNYLDWYLQ 

KPGQSPQLLIYLGSNR 

AS GVP DRFS GS GS GT D 

FT LKI SRVEAEDVGVY 

YCMQGLGL P LT FGGGT 

KVEIKRGSTSGSGKPG 

SGEGSTKGQVQLVESG 

GGVVQ P GRS LRL S CAA 

S GFT FS SYGMHWVRQA 

PGKGLEWVAVI SYDGS 

NKYYADSVKGRFT I SR 

DNS KNT LYLQMNS LRA 

EDTAVYYCARDGTYLG 

GLWYFDLWGRGTLVTV 

S SAAALDNEKSNGT I I 

HVKGKHLCPSPLFPGP 

SKPFWVLVVVGGVLAC 

YSLLVTVAFI I FWVRS 

KRSRLLHSDYMNMTPR 

RPGPTRKHYQPYAPPR 

DFAAYRSRVKFSRSAD 
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CT GCAAAT GAACAGCCT GAGAG C C GAG GA 

CACGGCGGTGTACTACTGCGCCAGAGACG 

GTACTTAT CTAGGT GGT CT CT GGTACTT C 

GACTTATGGGGGAGAGGTACCTTGGTCAC 

CGT CT CCT CAGCCGCT GCCCTT GATAAT G 

AAAAGT CAAAC GGAACAAT CAT T CAC GT G 

AAGGGCAAGCACCT CT GT CCGT CACCCTT 

GTT CCCT GGT C CAT CCAAGCCATT CTGGG 

T GTT GGT C GTAGT GGGT GGAGT C CT CGCT 

T GT TACT CT CT GCT C GT CACC GT GGCTTT 

TATAAT CTT CT GGGTTAGATCCAAAAGAA 

GCCGCCTGCTCCATAGCGATTACATGAAT 

AT GACT CCACGCCGCCCT GGCCCCACAAG 

GAAACACTAC CAGC CT TAC GCAC CACCTA 

GAGATTTCGCT GCCTATCGGAGCAGGGTG 

AAGTTTT CCAGAT CT GCAGAT GCAC CAGC 

GTAT CAGCAGG GC CAGAAC CAACT GTATA 

AC GAGCT CAAC CT GGGACGCAGGGAAGAG 

TAT GAC GTTTT GGACAAGCGCAGAGGACG 

GGACCCT GAGAT G G GT GGCAAACCAAGAC 

GAAAAAACCCC CAG GAG G GT CT CTATAAT 

GAGCTGCAGAAGGATAAGATGGCTGAAGC 

C TAT T CT GAAATAG G CAT GAAAGGAGAGC 

G GAGAAG G G GAAAAG G G CAC GAC G GT T T G 

TACCAGGGACT CAG CAC T G C TAC GAAG GA 

TACTTAT GACGCT CT CCACAT GCAAGCCC 

TGCCACCTAGGTAA 

APAYQQGQNQLYNELN 

LGRREEYDVLDKRRGR 

DP EMGGKP RRKNPQEG 

LYNELQKDKMAEAYSE 

I GMKGERRRGKGHDGL 

YQGL S TAT KDTYDALH 

MQALP PR 

AJ- 

21508 CARHx 

L 

AT GGCACT CCC CGTAACT GCT CT GCTGCT 

GCCGTTGGCATTGCTCCTGCACGCCGCAC 

GCCCGCAGGTGCAGCTGGTGCAGTCTGGG 

GCTGAGGTGAAGAAGCCTGGGGCCTCAGT 

GAAGGTTTCCT GCAAGGCAT CT GGATACA 

CCTTCACCAGCTACTATATGCACTGGGTG 

CGACAGGCCCCTGGACAAGGGCTTGAGTG 

GAT GGGAATAAT CAACCCT GGT GGT GGTA 

GCACAAGCTACGCACAGAAGTTCCAGGGC 

AGAGT CAC CAT GAC CAGGGACAC GT CCAC 

GAG CACAGT CTACAT G GAG C T GAG CAG C C 

T GAGAT CT GAG GACAC GGC GGT GTACTAC 

TGCGCCAGAGAGAGTTGGCCAATGGACGT 

AT GGGGCCAGGGAACAACT GT CACCGT CT 

CCTCAGGGTCTACATCCGGCTCCGGGAAG 

CCCGGAAGTGGCGAAGGTAGTACAAAGGG 

GGAAATAGT GAT GACGCAGT CT C CAGC CA 

CCCT GT CT GT GT CT CCAGGGGAAAGAGCC 

ACCCT CT CCT GCAGGGCCAGT CAGAGT GT 

TAGCAGCAACTTAGCCTGGTACCAGCAGA 

AACCT GGCCAGGCT CCCAGGCT CCT CAT C 

TAT GGT GCAT C CACCAGGGCCACT GGTAT 

CCCAGCCAGGTTCAGTGGCAGTGGGTCTG 

GGACAGAGT T CAC T CT CAC CAT CAGCAGC 

CT GCAGT CT GAAGATTTT GCAGTTTATTA 

CT GT CAGCAGTACGCCGCCTACCCTACTT 

TT GGCGGAGGGAC CAAGGTT GAGAT CAAA 

CGGGCCGCT GC CCTT GATAAT GAAAAGT C 

AAACGGAACAAT CAT T CAC GT GAAG GG CA 

AGCACCT CT GT CCGTCACCCTTGTTCCCT 

GGT CCAT CCAAGCCATT CT GGGT GTTGGT 

CGTAGTGGGTGGAGTCCTCGCTTGTTACT 

141 MAL PVTALLL P LALLL 

HAARPQVQLVQSGAEV 

KKPGASVKVSCKASGY 

T FT SYYMHWVRQAPGQ 

GLEWMGI INPGGGST S 

YAQKFQGRVTMTRDT S 

T STVYMELS S LRS EDT 

AVYYCARESWPMDVWG 

QGTTVTVSSGSTSGSG 

KP GS GEGS T KGEIVMT 

QS PAT L SVS PGERATL 

SCRASQSVS SNLAWYQ 

QKP GQAP RLL I YGAS T 

RAT GI PARES GS GS GT 

EFTLTISSLQSEDFAV 

YYCQQYAAYPT FGGGT 

KVE I KRAAALDNEKSN 

GTIIHVKGKHLCPSPL 

FP GP SKP FWVLVVVGG 

VLACYSLLVTVAFI I F 

WVRSKRSRLLHSDYMN 

MT P RRP GP T RKHYQ PY 

AP PRDFAAYRSRVKFS 

RSADAPAYQQGQNQLY 

NELNLGRREEYDVLDK 

RRGRDPEMGGKPRRKN 

PQEGLYNELQKDKMAE 

AYSEI GMKGERRRGKG 

HDGLYQGL S TAT KDTY 

DAL HMQAL P PR 

142 
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CT CT GCT CGT CACCGT GGCTTTTATAAT C 

TT CT GGGTTAGAT CCAAAAGAAGCCGCCT 

GCTCCATAGCGATTACATGAATATGACTC 

CACGCCGCCCT GGCCCCACAAGGAAACAC 

TACCAGCCTTACGCACCACCTAGAGATTT 

CGCTGCCTATCGGAGCAGGGTGAAGTTTT 

C CAGAT CT GCAGAT GCAC CAGC GTAT CAG 

CAGGGCCAGAACCAACT GTATAAC GAG C T 

CAACCTGGGACGCAGGGAAGAGTATGACG 

TTTTGGACAAGCGCAGAGGACGGGACCCT 

GAGAT G G GT GGCAAACCAAGAC GAAAAAA 

CCCCCAGGAGGGT CT CTATAAT GAGCT GC 

AGAAGGATAAGAT GGCT GAAGCCTATT CT 

GAAATAG G CAT GAAAGGAGAGCGGAGAAG 

GGGAAAAGGGCACGACGGTTTGTACCAGG 

GACTCAGCACT GCTAC GAAGGATACT TAT 

GACGCT CT CCACAT GCAAGCCCT GCCACC 

TAGGTAA 

AJ- 

21508 CARLx 

H 

AT GGCACT CCC CGTAACT GCT CT GCT GCT 

GCCGTTGGCATTGCTCCTGCACGCCGCAC 

GCCCGGAAATAGT GAT GACGCAGT CTCCA 

GCCACCCT GT CT GT GT CT CCAGGGGAAAG 

AGCCACCCT CT CCTGCAGGGCCAGTCAGA 

GT GTTAGCAGCAACTTAGCCT GGTACCAG 

CAGAAACCTGGCCAGGCTCCCAGGCTCCT 

CAT CTAT GGT GCAT CCACCAGGGCCACT G 

GTATCCCAGCCAGGTTCAGTGGCAGTGGG 

T CT GGGACAGAGTT CACT CT CACCATCAG 

CAGCCTGCAGT CT GAAGATTTT GCAGTTT 

ATTACT GT CAGCAGTACGCCGCCTACCCT 

ACTTTTGGCGGAGGGACCAAGGTTGAGAT 

CAAACGGGGGT CTACATCCGGCTCCGGGA 

AGCCCGGAAGT GGCGAAGGTAGTACAAAG 

GGGCAGGT GCAGCT GGT GCAGT CT GGGGC 

T GAGGT GAAGAAGCCT GGGGCCT CAGT GA 

AGGTTT CCT GCAAGGCAT CT GGATACACC 

TT CACCAGCTACTATAT GCACT GGGTGCG 

ACAGGCCCCTGGACAAGGGCTTGAGTGGA 

TGGGAATAATCAACCCTGGTGGTGGTAGC 

ACAAGCTACGCACAGAAGTTCCAGGGCAG 

AGT CAC CAT GAC CAGGGACAC GT C CAC GA 

GCACAGTCTACATGGAGCTGAGCAGCCTG 

AGAT CT GAGGACACGGCGGT GTACTACT G 

CGCCAGAGAGAGTTGGCCAATGGACGTAT 

GGGGCCAGGGAACAACT GT CACCGT CT CC 

T CAGCCGCT GC CCTT GATAAT GAAAAGT C 

AAACGGAACAAT CAT T CAC GT GAAG GG CA 

AGCACCT CT GT CCGTCACCCTTGTTCCCT 

GGT CCAT CCAAGCCATT CT GGGT GTTGGT 

CGTAGTGGGTGGAGTCCTCGCTTGTTACT 

CT CT GCT CGT CACCGT GGCTTTTATAAT C 

TT CT GGGTTAGAT CCAAAAGAAGCCGCCT 

GCTCCATAGCGATTACATGAATATGACTC 

CACGCCGCCCT GGCCCCACAAGGAAACAC 

TACCAGCCTTACGCACCACCTAGAGATTT 

CGCTGCCTATCGGAGCAGGGTGAAGTTTT 

C CAGAT CT GCAGAT GCAC CAGC GTAT CAG 

CAGGGCCAGAACCAACT GTATAAC GAG C T 

CAACCTGGGACGCAGGGAAGAGTATGACG 

143 MAL PVTALLL P LALLL 

HAARPEIVMTQS PAT L 

SVS PGERATLSCRASQ 

SVS SNLAWYQQKPGQA 

P RLL I YGAS T RAT GI P 

ARFS GS GS GT EFT LT I 

S SLQSEDFAVYYCQQY 

AAYPT FGGGTKVEI KR 

GSTSGSGKPGSGEGST 

KGQVQLVQSGAEVKKP 

GASVKVSCKASGYT FT 

SYYMHWVRQAPGQGLE 

WMGI INPGGGST SYAQ 

KFQGRVTMTRDT ST ST 

VYMELS SLRSEDTAVY 

YCARESWPMDVWGQGT 

TVTVS SAAALDNEKSN 

GTIIHVKGKHLCPSPL 

FP GP SKP FWVLVVVGG 

VLACYSLLVTVAFI I F 

WVRSKRSRLLHSDYMN 

MT PRRPGPTRKHYQPY 

AP PRDFAAYRSRVKFS 

RSADAPAYQQGQNQLY 

NELNLGRREEYDVLDK 

RRGRDPEMGGKPRRKN 

PQEGLYNELQKDKMAE 

AYSEI GMKGERRRGKG 

HDGLYQGL S TAT KDTY 

DAL HMQAL P PR 

144 
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TTTTGGACAAGCGCAGAGGACGGGACCCT 

GAGAT G G GT GGCAAACCAAGACGAAAAAA 

CCCCCAGGAGGGT CT CTATAAT GAGCT GC 

AGAAGGATAAGAT GGCT GAAGCCTATT CT 

GAAATAG G CAT GAAAGGAGAGCGGAGAAG 

GGGAAAAGGGCACGACGGTTTGTACCAGG 

GACTCAGCACT GCTAC GAAGGATACT TAT 

GACGCT CT CCACAT GCAAGCCCT GCCACC 

TAGGTAA 

NM- AT GGCACT CCC CGTAACT GCT CT GCTGCT 145 MAL PVTALLL P LALLL 146 

21517 CARHx GCCGTTGGCATTGCTCCTGCACGCCGCAC HAARPQLQLQES GP GL 

L GCCCGCAGCTGCAGCTGCAGGAGTCGGGC VKPSETLSLTCTVSGG 

CCAGGACTGGT GAAGCCTTCGGAGACCCT SI SSSSYYWGWIRQPP 

GT CCCT CACCT GCACT GT CT CT GGT GGCT GKGLEWIGSISYSGST 

C CAT CAGCAGTAGTAGT TACTACT GGGGC YYNP SLKSRVT I SVDT 

TGGATCCGCCAGCCCCCAGGGAAGGGGCT S KNQ FS LKL S SVTAAD 

GGAGT GGATT GGGAGTAT CT CCTATAGT G TAVYYCARGRGYAT SL 

GGAGCAC CTACTACAAC C C GT C C CT CAAG AFDIWGQGTMVTVS SG 

AGT C GAGT CAC CATAT C C GTAGACACGT C STSGSGKPGSGEGSTK 

CAAGAACCAGTT CT CCCT GAAGCT GAGTT GEIVLTQSPATLSLSP 

CT GT GACCGCC GCAGACACGGCGGT GTAC GERATLSCRASQSVS S 

TACT GCGCCAGAGGCAGGGGATAT GCAAC YLAWYQQKPGQAPRLL 

CAGCTTAGCCTT CGATAT CT GGGGT CAGG I YDASNRAT GI PARFS 

GTACAAT GGT CACCGT CT CCT CAGGGT CT GSGSGTDFTLTISSLE 

ACATCCGGCTCCGGGAAGCCCGGAAGTGG PEDFAVYYCQQRHVWP 

C GAAGGTAGTACAAAGGGGGAAAT T GT GT PT FGGGTKVEIKRAAA 

T GACACAGT CT CCAGCCACCCT GT CTTT G LDNEKSNGT I I HVKGK 

T CT CCAGGGGAAAGAGCCACCCT CT CCT G HLCPSPLFPGPSKPFW 

CAGGGC CAGT CAGAGT GT TAGCAGCTACT VLVVVGGVLACYSLLV 

TAGCCTGGTACCAACAGAAACCTGGCCAG TVAFI I FWVRSKRSRL 

GCTCCCAGGCT CCT CAT CTAT GAT GCAT C LHSDYMNMT PRRPGPT 

CAACAGGGCCACTGGCATCCCAGCCAGGT RKHYQPYAP P RD FAAY 

TCAGTGGCAGT GGGT CT GGGACAGACTT C RS RVKFS RSADAPAYQ 

ACT CT CAC CAT CAGCAGC CTAGAGC CT GA QGQNQLYNELNLGRRE 

AGAT T T T GCAGT T TAT TACT GT CAGCAGA EYDVLDKRRGRDPEMG 

GACACGT CT GGCCT CCTACTTTT GGCGGA GKPRRKNPQEGLYNEL 

GGGACCAAGGTTGAGATCAAACGGGCCGC QKDKMAEAYSEI GMKG 

TGCCCTTGATAATGAAAAGTCAAACGGAA ERRRGKGHDGLYQGLS 

CAAT CAT T CAC GT GAAG G G CAAG CAC C T C TAT KDTYDALHMQAL P 

TGTCCGTCACCCTTGTTCCCTGGTCCATC PR 

CAAGCCATT CT GGGTGTTGGTCGTAGTGG 

GT GGAGT C CT C GCTT GT TACT CT CT GCT C 

GT CACCGT GGCTTTTATAAT CTT CT GGGT 

TAGATCCAAAAGAAGCCGCCTGCTCCATA 

GCGATTACATGAATATGACTCCACGCCGC 

CCTGGCCCCACAAGGAAACACTACCAGCC 

TTACGCACCACCTAGAGATTTCGCTGCCT 

AT CGGAGCAGGGT GAAGTTTT CCAGAT CT 

GCAGAT GCAC CAGC GTAT CAGCAGGGC CA 

GAACCAACT GTATAAC GAG C T CAAC CT GG 

GAC GCAGGGAAGAGTAT GAC GT T T T GGAC 

AAGCGCAGAGGACGGGACCCTGAGATGGG 

T GGCAAACCAAGACGAAAAAACCCCCAGG 

AG G GT CT CTATAAT GAG C T GCAGAAGGAT 

AAGAT GGCT GAAGCCTATT CT GAAATAGG 

CAT GAAAGGAGAGCGGAGAAGGGGAAAAG 

GGCACGACGGTTTGTACCAGGGACTCAGC 

ACT GCTACGAAGGATACTTAT GACGCT CT 

CCACATGCAAGCCCTGCCACCTAGGTAA 
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NM- ATGGCACTCCCCGTAACTGCTCTGCTGCT 147 MALPVTALLLPLALLL 148 

21517 CARLx GCCGTTGGCATTGCTCCTGCACGCCGCAC HAARPEIVLTQS PAT L 

H GCCCGGAAATT GT GTT GACACAGT CTCCA SLSPGERATLSCRASQ 

GCCACCCT GT CTTT GT CT CCAGGGGAAAG SVS SYLAWYQQKPGQA 

AGCCACCCT CT CCTGCAGGGCCAGTCAGA P RLL I YDASNRAT GI P 

GT GTTAGCAGCTACTTAGCCT GGTACCAA ARFS GS GS GT DFT LT I 

CAGAAACCTGGCCAGGCTCCCAGGCTCCT S S LEP EDFAVYYCQQR 

CAT C TAT GAT G CAT C CAACAG G G C CAC T G HVWP PT FGGGT KVEI K 

GCATCCCAGCCAGGTTCAGTGGCAGTGGG RGSTSGSGKPGSGEGS 

T CT GGGACAGACTT CACT CT CACCATCAG T KGQLQLQES GP GLVK 

CAGCCTAGAGC CT GAAGATTTT GCAGTTT PSETLSLTCTVSGGS I 

ATTACT GT CAGCAGAGACACGT CT GGCCT SSSSYYWGWIRQPPGK 

CCTACTTTT GGCGGAGGGACCAAGGTT GA GLEWIGSISYSGSTYY 

GAT CAAACGGGGGT CTACAT CCGGCTCCG NPSLKSRVTISVDTSK 

GGAAGCCCGGAAGTGGCGAAGGTAGTACA NQ FS LKL S SVTAADTA 

AAGGGGCAGCT GCAGCTGCAGGAGTCGGG VYYCARGRGYAT SLAF 

CCCAGGACTGGTGAAGCCTTCGGAGACCC DIWGQGTMVTVS SAAA 

T GT CCCT CACCT GCACT GT CT CT GGTGGC LDNEKSNGT I I HVKGK 

T C CAT CAGCAGTAGTAGT TACTACT GGGG HLCPSPLFPGPSKPFW 

CT GGAT CCGCCAGCCCCCAGGGAAGGGGC VLVVVGGVLACYSLLV 

TGGAGTGGATT GGGAGTAT CT CCTATAGT TVAFI I FWVRSKRSRL 

GGGAGCACCTACTACAACCCGTCCCTCAA LHSDYMNMTPRRPGPT 

GAGT C GAGT CAC CATAT C C GTAGACAC GT RKHYQ PYAP P RD FAAY 

CCAAGAACCAGTT CT CCCT GAAGCT GAGT RS RVKFS RSADAPAYQ 

T CT GT GACCGCCGCAGACACGGCGGTGTA QGQNQLYNELNLGRRE 

CTACTGCGCCAGAGGCAGGGGATATGCAA EYDVLDKRRGRDPEMG 

CCAGCTTAGCCTT CGATAT CT GGGGTCAG GKPRRKNPQEGLYNEL 

GGTACAATGGT CACCGT CT CCT CAGCCGC QKDKMAEAYSEI GMKG 

TGCCCTTGATAATGAAAAGTCAAACGGAA ERRRGKGHDGLYQGLS 

CAAT CAT T CAC GT GAAG G G CAAG CAC C T C TAT KDTYDALHMQAL P 

T GT CCGT CACCCTT GTT CCCT GGT CCAT C PR 

CAAGCCATT CT GGGTGTTGGTCGTAGTGG 

GT GGAGT C CT C GCTT GT TACT CT CT GCT C 

GT CACCGT GGCTTTTATAAT CTT CT GGGT 

TAGATCCAAAAGAAGCCGCCTGCTCCATA 

GCGATTACATGAATATGACTCCACGCCGC 

CCTGGCCCCACAAGGAAACACTACCAGCC 

TTACGCACCACCTAGAGATTTCGCTGCCT 

AT CGGAGCAGGGT GAAGTTTT CCAGAT CT 

GCAGAT G CAC CAG C GTAT CAG CAG G GC CA 

GAACCAACT GTATAAC GAG C T CAAC CT GG 

GAC GCAGGGAAGAGTAT GAC GT T T T GGAC 

AAGCGCAGAGGACGGGACCCTGAGATGGG 

T GGCAAACCAAGACGAAAAAACCCCCAGG 

AG G GT CT CTATAAT GAG C T GCAGAAGGAT 

AAGAT GGCT GAAGCCTATT CT GAAATAGG 

CAT GAAAGGAGAGC GGAGAAGGGGAAAAG 

GGCACGACGGTTTGTACCAGGGACTCAGC 

ACT GCTACGAAGGATACTTAT GACGCT CT 

CCACATGCAAGCCCTGCCACCTAGGTAA 

TS- ATGGCACTCCCCGTAACTGCTCTGCTGCT 149 MALPVTALLLPLALLL 150 

21522 CARHx GCCGTTGGCATTGCTCCTGCACGCCGCAC HAARPEVQLVESGGGL 

L GCCCGGAGGTGCAGCTGGTGGAGTCTGGG VQPGGSLRLSCAASGF 

GGAGGCTTGGTACAGCCTGGGGGGTCCCT T FS SYSMNWVRQAPGK 

GAGACT CT CCT GT GCAGCCT CT GGATT CA GLEWVSTISSSSSTIY 

CCTTCAGTAGCTATAGCATGAACTGGGTC YADSVKGRFT I SRDNA 

CGCCAGGCTCCAGGGAAGGGGCTGGAGTG KNSLYLQMNSLRAEDT 

GGT T T CAAC CAT TAGTAGTAGTAGTAGTA AVYYCARGS QEHL I FD 

C CATATACTAC GCAGACT CT GT GAAGGGC YWGQGTLVTVS S GS T S 
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C GAT T CAC CAT CT CCAGAGACAAT G C CAA 

GAACT CAC T GTAT CT GCAAAT GAACAGCC 

T GAGAGCT GAG GACAC GGC GGT GTACTAC 

T GCGCCAGAGGTT CT CAGGAGCACCTGAT 

TTTCGATTATT GGGGACAGGGTACATTGG 

T CACCGT CT CCT CAGGGT CTACAT CCGGC 

TCCGGGAAGCCCGGAAGTGGCGAAGGTAG 

TACAAAGGGGGAAATT GT GT T GACACAGT 

CT CCAGCCACC CT GT CTTT GT CT CCAGGG 

GAAAGAGCCAC CCT CT CCT GCAGGGCCAG 

TCAGAGTGTTAGCAGGTACTTAGCCTGGT 

ACCAACAGAAACCTGGCCAGGCTCCCAGG 

CT CCT CAT CTAT GAT GCAT CCAACAGGGC 

CACT GGCAT CC CAGCCAGGTT CAGT GGCA 

GT GGGT CT GGGACAGACTT CACT CT CACC 

AT CAGCAGCCTAGAGCCT GAAGATTTT GC 

AGT T TAT TACT GT CAGCAGAGAT T CTACT 

ACCCTTGGACTTTTGGCGGAGGGACCAAG 

GTT GAGAT CAAACGGGCCGCT GCCCTT GA 

TAAT GAAAAGT CAAACGGAACAAT CAT T C 

ACGT GAAGGGCAAGCACCT CT GT CCGT CA 

CCCTTGTTCCCTGGTCCATCCAAGCCATT 

CT GGGT GTT GGT CGTAGT GGGT GGAGT CC 

T C GCTT GT TACT CT CT GCT C GT CAC CGT G 

GCTTTTATAAT CTT CT GGGTTAGAT CCAA 

AAGAAGCCGCCTGCTCCATAGCGATTACA 

TGAATATGACT CCACGCCGCCCTGGCCCC 

ACAAG GAAACAC TAC CAG C C T TAC G CAC C 

ACCTAGAGATTTCGCTGCCTATCGGAGCA 

GGGT GAAGTTTT CCAGAT CT GCAGATGCA 

CCAGCGTAT CAGCAGGGCCAGAACCAACT 

GTATAAC GAGCT CAAC CT GGGAC GCAGGG 

AAGAGTATGACGTTTTGGACAAGCGCAGA 

GGACGGGACCCTGAGATGGGTGGCAAACC 

AAGAC GAAAAAAC C C C CAG GAG G GT CT CT 

ATAAT GAG C T GCAGAAGGATAAGAT GGCT 

GAAG C C TAT T CT GAAATAG G CAT GAAAGG 

AGAG C G GAGAAG G G GAAAAG G G CAC GAC G 

GTTTGTACCAGGGACTCAGCACTGCTACG 

AAGGATACTTAT GACGCT CT CCACATGCA 

AGCCCTGCCACCTAGGTAA 

GSGKPGSGEGSTKGEI 

VLTQSPATLSLSPGER 

AT L S CRAS Q SVS RYLA 

WYQQKP GQAP RLL I YD 

ASNRAT GI PARES GS G 

SGTDFTLTISSLEPED 

FAVYYCQQRFYYPWT F 

GGGT KVE I KRAAALDN 

EKSNGT I I HVKGKHLC 

PS PLFPGPSKPFWVLV 

VVGGVLACYS LLVTVA 

FI I FWVRSKRSRLLHS 

DYMNMT PRRPGPTRKH 

YQPYAP PRDFAAYRSR 

VKFSRSADAPAYQQGQ 

NQLYNELNLGRREEYD 

VLDKRRGRDPEMGGKP 

RRKNPQEGLYNELQKD 

KMAEAYS E I GMKGERR 

RGKGHDGLYQGL S TAT 

KDTYDALHMQALP PR 

TS- 

21522 CARLx 

H 

AT GGCACT CCC CGTAACT GCT CT GCTGCT 

GCCGTTGGCATTGCTCCTGCACGCCGCAC 

GCCCGGAAATT GT GTT GACACAGT CTCCA 

GCCACCCT GT CTTT GT CT CCAGGGGAAAG 

AGCCACCCT CT CCTGCAGGGCCAGTCAGA 

GT GTTAGCAGGTACTTAGCCT GGTACCAA 

CAGAAACCTGGCCAGGCTCCCAGGCTCCT 

CAT C TAT GAT G CAT C CAACAG G G C CAC T G 

GCATCCCAGCCAGGTTCAGTGGCAGTGGG 

T CT GGGACAGACTT CACT CT CACCATCAG 

CAGCCTAGAGC CT GAAGATTTT GCAGTTT 

AT TACT GT CAG CAGAGAT T CTACTACC CT 

T GGACTTTT GGCGGAGGGACCAAGGTT GA 

GAT CAAACGGGGGT CTACAT CCGGCTCCG 

GGAAGCCCGGAAGTGGCGAAGGTAGTACA 

AAGGGGGAGGT GCAGCT GGT GGAGT CT GG 

GGGAGGCTTGGTACAGCCTGGGGGGTCCC 

T GAGACT CT CCT GT GCAGCCT CT GGATT C 

151 MAL PVTALLL P LALLL 

HAARPEIVLTQS PAT L 

SLSPGERATLSCRASQ 

SVSRYLAWYQQKPGQA 

P RLL I YDASNRAT GI P 

ARES GS GS GT DFT LT I 

S S LEP EDFAVYYCQQR 

FYYPWT FGGGTKVEIK 

RGSTSGSGKPGSGEGS 

TKGEVQLVESGGGLVQ 

PGGSLRLSCAASGFT F 

S SYSMNWVRQAPGKGL 

EWVSTISSSSSTIYYA 

DSVKGRFT I SRDNAKN 

SLYLQMNSLRAEDTAV 

YYCARGS QEHL I FDYW 

GQGTLVTVS SAAALDN 

EKSNGT I I HVKGKHLC 

152 

63 
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AC CT T CAGTAG CTATAGCAT GAACT GGGT 

CCGCCAGGCTCCAGGGAAGGGGCTGGAGT 

GGGT T T CAAC CAT TAGTAGTAGTAGTAGT 

AC CATATAC TAC GCAGAC T C T GT GAAGGG 

CC GATT CAC CAT CT CCAGAGACAAT GC CA 

AGAACT CAC T GTAT CT GCAAAT GAACAGC 

CT GAGAGCT GAGGACACGGCGGT GTACTA 

CT GCGCCAGAGGT T CT CAGGAGCACCT GA 

T T T T CGAT TAT T GGGGACAGGGTACAT T G 

GT CACCGT CT C CT CAGCCGCT GCCCTT GA 

TAAT GAAAAGT CAAAC GGAACAAT CAT T C 

ACGT GAAGGGCAAGCACCT CT GT CCGT CA 

CCCT T GT T CCCT GGT CCAT CCAAGCCAT T 

CT GGGT GT T GGT CGTAGT GGGT GGAGT CC 

T C GCT T GT TACT CT CT GCT C GT CAC CGT G 

GCTTTTATAAT CT T CT GGGT TAGAT CCAA 

AAGAAGCCGCCTGCTCCATAGCGATTACA 

TGAATATGACT CCACGCCGCCCTGGCCCC 

ACAAG GAAACAC TAC CAG C C T TAC G CAC C 

ACCTAGAGATTTCGCTGCCTATCGGAGCA 

GGGT GAAGT T T T CCAGAT CT GCAGATGCA 

CCAGCGTAT CAGCAGGGCCAGAACCAACT 

GTATAAC GAGCT CAAC CT GGGAC GCAGGG 

AAGAGTAT GAC GT T T T GGACAAGCGCAGA 

GGACGGGACCCTGAGATGGGTGGCAAACC 

AAGAC GAAAAAAC C C C CAG GAG G GT CT CT 

ATAAT GAG C T GCAGAAGGATAAGAT GGCT 

GAAG C C TAT T CT GAAATAG G CAT GAAAGG 

AGAG C G GAGAAG G G GAAAAG G G CAC GAC G 

GT T T GTACCAGGGACT CAGCACT GCTACG 

AAGGATACT TAT GACGCT CT CCACATGCA 

AGCCCTGCCACCTAGGTAA 

PSPLFPGPSKPFWVLV 

VVGGVLACYSLLVTVA 

FI I FWVRSKRSRLLHS 

DYMNMT P RRP GP T RKH 

YQPYAP P RD FAAYRS R 

VKFSRSADAPAYQQGQ 

NQLYNELNLGRREEYD 

VLDKRRGRDPEMGGKP 

RRKNPQEGLYNELQKD 

KMAEAYS E I GMKGERR 

RGKGHDGLYQGL S TAT 

KDTYDALHMQALP PR 

RY- 

21527 CARHx 

L 

AT GGCACT CCC CGTAACT GCT CT GCT GCT 

GCCGTTGGCATTGCTCCTGCACGCCGCAC 

GCCCGCAGGTGCAGCTGGTGGAGTCTGGG 

GGAGGCGTGGT CCAGCCTGGGAGGTCCCT 

GAGACT CT CCT GT GCAGCGT CT GGATT CA 

CCTTCAGTAGCTATGGCATGCACTGGGTC 

CGCCAGGCTCCAGGCAAGGGGCTGGAGTG 

GGT GGCAGT TATAT C GTAT GAT GGAAGTA 

ATAAATAC TAT GCAGACT C C GT GAAGGGC 

C GAT T CAC CAT CT CCAGAGACAAT T C CAA 

GAACACGCT GTAT CT GCAAAT GAACAGCC 

T GAGAGC C GAG GACAC GGC GGT GTACTAC 

T GCGCCAGAACT GACT T CT GGAGCGGAT C 

CCCT CCAGGCT TAGAT TACT GGGGACAGG 

GTACAT T GGT CACCGT CT CCT CAGGGT CT 

ACATCCGGCTCCGGGAAGCCCGGAAGTGG 

CGAAGGTAGTACAAAGGGGGACATCCAGT 

T GACCCAGT CT CCAT CT T CCGT GT CTGCA 

T C T GTAGGAGACAGAGT CAC CAT CACT T G 

TCGGGCGAGTCAGGGTATTAGCAGCTGGT 

TAGCCTGGTAT CAGCAGAAACCAGGGAAA 

GCCCCTAAGCT CCT GAT CTAT GGT GCAT C 

CAGTTTGCAAAGTGGGGTCCCATCAAGGT 

TCAGCGGCAGT GGAT CT GGGACAGATT T C 

ACT CT CACCAT CAGCAGCCT GCAGCCT GA 

AGAT T T T GCAACT TAT TACT GT CAGCAGA 

TATACACCTTCCCTTTCACTTTTGGCGGA 

153 MAL PVTALLL P LALLL 

HAARPQVQLVESGGGV 

VQPGRSLRLSCAASGF 

T FS SYGMHWVRQAPGK 

GLEWVAVI SYDGSNKY 

YADSVKGRFT I SRDNS 

KNTLYLQMNSLRAEDT 

AVYYCART D FWS GS P P 

GLDYWGQGTLVTVS SG 

STSGSGKPGSGEGSTK 

GDIQLTQSPSSVSASV 

GDRVT I T CRAS QGI S S 

WLAWYQQKPGKAPKLL 

IYGASSLQSGVPSRFS 

GSGSGTDFTLTISSLQ 

P ED FATYYCQQ I YT FP 

FT FGGGT KVE I KRAAA 

LDNEKSNGT I I HVKGK 

HLCPSPLFPGPSKPFW 

VLVVVGGVLACYSLLV 

TVAFI I FWVRSKRSRL 

LHSDYMNMT P RRP GP T 

RKHYQPYAP P RD FAAY 

RS RVKFS RSADAPAYQ 

QGQNQLYNELNLGRRE 

EYDVLDKRRGRDPEMG 

GKPRRKNPQEGLYNEL 

154 
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GGGACCAAGGTTGAGATCAAACGGGCCGC 

TGCCCTTGATAATGAAAAGTCAAACGGAA 

CAATCATTCACGTGAAGGGCAAGCACCTC 

TGTCCGTCACCCTTGTTCCCTGGTCCATC 

CAAGCCAT T CT GGGT GT T GGT CGTAGT GG 

GT GGAGT C CT C GCT T GT TACT CT CT GCT C 

GTCACCGTGGCTTTTATAATCTTCTGGGT 

TAGATCCAAAAGAAGCCGCCTGCTCCATA 

GCGATTACATGAATATGACTCCACGCCGC 

CCTGGCCCCACAAGGAAACACTACCAGCC 

TTACGCACCACCTAGAGATTTCGCTGCCT 

AT CGGAGCAGGGT GAAGT T T T CCAGAT CT 

GCAGAT GCAC CAGC GTAT CAGCAGGGC CA 

GAACCAACT GTATAAC GAG C T CAAC CT GG 

GAC GCAGGGAAGAGTAT GAC GT T T T GGAC 

AAGCGCAGAGGACGGGACCCTGAGATGGG 

T GGCAAACCAAGAC GAAAAAACCCCCAGG 

AG G GT CT CTATAAT GAG C T GCAGAAGGAT 

AAGAT GGCT GAAGCCTAT T CT GAAATAGG 

CAT GAAAGGAGAGC GGAGAAGGGGAAAAG 

GGCACGACGGTTTGTACCAGGGACTCAGC 

ACT GCTACGAAGGATACT TAT GACGCT CT 

CCACATGCAAGCCCTGCCACCTAGGTAA 

QKDKMAEAYSEI GMKG 

ERRRGKGHDGLYQGLS 

TATKDTYDALHMQALP 

PR 

RY- 

21527 CARLx 

H 

AT GGCACT CCC CGTAACT GCT CT GCTGCT 

GCCGTTGGCATTGCTCCTGCACGCCGCAC 

GCCCGGACATCCAGTTGACCCAGTCTCCA 

T CT T CCGT GT CT GCAT CT GTAGGAGACAG 

AGT CACCAT CACT T GT CGGGCGAGT CAGG 

GTATTAGCAGCTGGTTAGCCTGGTATCAG 

CAGAAACCAGGGAAAGCCCCTAAGCTCCT 

GAT CTAT GGT GCAT CCAGT T T GCAAAGT G 

GGGTCCCATCAAGGTTCAGCGGCAGTGGA 

T CT GGGACAGAT T T CACT CT CACCATCAG 

CAGCCT GCAGC CT GAAGAT T T T GCAACT T 

AT TACT GT CAG CAGATATACACCT T CCCT 

T T CACT T T T GGCGGAGGGACCAAGGTT GA 

GAT CAAACGGGGGT CTACAT CCGGCTCCG 

GGAAGCCCGGAAGTGGCGAAGGTAGTACA 

AAGGGGCAGGT GCAGCT GGT GGAGT CT GG 

GGGAGGCGTGGTCCAGCCTGGGAGGTCCC 

T GAGACT CT CCT GT GCAGCGT CT GGAT T C 

ACCTTCAGTAGCTATGGCATGCACTGGGT 

CCGCCAGGCTCCAGGCAAGGGGCTGGAGT 

GGGT GGCAGT TATAT CGTAT GAT GGAAGT 

AATAAATAC TAT GCAGACT C C GT GAAGGG 

CC GATT CAC CAT CT CCAGAGACAAT T C CA 

AGAACACGCT GTAT CT GCAAAT GAACAGC 

CT GAGAGCCGAGGACACGGCGGT GTACTA 

CT GCGCCAGAACT GACT T CT GGAGCGGAT 

CCCCT CCAGGCT TAGAT TACT GGGGACAG 

GGTACATTGGT CACCGT CT CCT CAGCCGC 

TGCCCTTGATAATGAAAAGTCAAACGGAA 

CAATCATTCACGTGAAGGGCAAGCACCTC 

TGTCCGTCACCCTTGTTCCCTGGTCCATC 

CAAGCCAT T CT GGGT GT T GGT CGTAGT GG 

GT GGAGT C CT C GCT T GT TACT CT CT GCT C 

GTCACCGTGGCTTTTATAATCTTCTGGGT 

TAGATCCAAAAGAAGCCGCCTGCTCCATA 

GCGATTACATGAATATGACTCCACGCCGC 

155 MAL PVTALLL P LALLL 

HAARPDIQLTQS PS SV 

SASVGDRVT I T CRAS Q 

GI S SWLAWYQQKPGKA 

PKLLIYGASSLQSGVP 

S RFS GS GS GTDFTLT I 

S S LQ P EDFATYYCQQ I 

YT FP FT FGGGTKVEI K 

RGSTSGSGKPGSGEGS 

TKGQVQLVESGGGVVQ 

PGRSLRLSCAASGFT F 

S SYGMHWVRQAPGKGL 

EWVAVI SYDGSNKYYA 

DSVKGRFT I SRDNSKN 

TLYLQMNSLRAEDTAV 

YYCART DFWS GS P PGL 

DYWGQGTLVTVS SAAA 

LDNEKSNGT I I HVKGK 

HLCPSPLFPGPSKPFW 

VLVVVGGVLACYSLLV 

TVAFI I FWVRSKRSRL 

LHSDYMNMT P RRP GP T 

RKHYQPYAP P RD FAAY 

RS RVKFS RSADAPAYQ 

QGQNQLYNELNLGRRE 

EYDVLDKRRGRDPEMG 

GKPRRKNPQEGLYNEL 

QKDKMAEAYSEI GMKG 

ERRRGKGHDGLYQGLS 

TATKDTYDALHMQALP 

PR 

156 
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CCTGGCCCCACAAGGAAACACTACCAGCC 

TTACGCACCACCTAGAGATTTCGCTGCCT 

AT CGGAGCAGGGT GAAGT T T T CCAGAT CT 

GCAGAT GCAC CAGC GTAT CAGCAGGGC CA 

GAAC CAAC T GTATAAC GAGC T CAAC CT GG 

GAC GCAGGGAAGAGTAT GAC GT T T T GGAC 

AAGCGCAGAGGACGGGACCCTGAGATGGG 

T GGCAAAC CAAGAC GAAAAAAC C C C CAGG 

AGGGTCTCTATAATGAGCTGCAGAAGGAT 

AAGAT GGCT GAAGCCTAT T CT GAAATAGG 

CAT GAAAGGAGAGC GGAGAAGGGGAAAAG 

GGCACGACGGTTTGTACCAGGGACTCAGC 

ACT GCTACGAAGGATACT TAT GACGCT CT 

CCACATGCAAGCCCTGCCACCTAGGTAA 

PP- 

21528 CARHx 

L 

AT GGCACT CCC CGTAACT GCT CT GCTGCT 

GCCGTTGGCATTGCTCCTGCACGCCGCAC 

GCCCGCAGGTGCAGCTGGTGCAGTCTGGG 

GCTGAGGTGAAGAAGCCTGGGTCCTCGGT 

GAAGGT CT CCT GCAAGGCT T CT GGAGGCA 

CCTTCAGCAGCTATGCTATCAGCTGGGTG 

CGACAGGCCCCTGGACAAGGGCTTGAGTG 

GAT GGGAGGGAT CAT CCCTAT CT T T GGTA 

CAGCAAACTACGCACAGAAGTTCCAGGGC 

AGAGT CAC GAT TACCGCGGAC GAAT CCAC 

GAG CACAG C C TACAT G GAG C T GAG CAG C C 

T GAGAT CT GAG GACAC GGC GGT GTACTAC 

TGCGCCAGAACTCCTGAATACTCCTCCAG 

CATAT GGCAC TAT TAC TAC GGCAT GGAC G 

TAT GGGGCCAGGGAACAACT GT CACCGT C 

TCCTCAGGGTCTACATCCGGCTCCGGGAA 

GCCCGGAAGTGGCGAAGGTAGTACAAAGG 

GGGACAT C GT GAT GAC C CAGT CT C CAGAC 

T CCCT GGCT GT GT CT CT GGGCGAGAGGGC 

CAC CAT CAAC T GCAAGTCCAGCCAGAGTG 

TTTTATACAGCTCCAACAATAAGAACTAC 

TTAGCTTGGTACCAGCAGAAACCAGGACA 

GCCT CCTAAGCT GCT CAT T TACT GGGCAT 

CTACCCGGGAATCCGGGGTCCCTGACCGA 

T T CAGT GGCAGCGGGT CT GGGACAGAT T T 

CACT CT CACCAT CAGCAGCCT GCAGGCT G 

AAGAT GT GGCAGT T TAT TACT GT CAGCAG 

TTCGCCCACACTCCTTTCACTTTTGGCGG 

AG G GAC CAAG GT T GAGAT CAAAC G G GC C G 

CT GCCCT T GATAAT GAAAAGT CAAACGGA 

ACAAT CAT T CAC GT GAAG G G CAAG CAC C T 

CT GT CC GT CAC C CT T GT T CC CT GGT CCAT 

CCAAGCCAT T CT GGGT GT T GGT CGTAGT G 

GGTGGAGTCCT CGCT T GT TACT CT CTGCT 

CGT CACCGT GGCT T T TATAAT CT T CTGGG 

TTAGATCCAAAAGAAGCCGCCTGCTCCAT 

AG C GAT TACAT GAATAT GACT C CAC GC C G 

CCCTGGCCCCACAAGGAAACACTACCAGC 

CT TACGCACCACCTAGAGAT T T CGCTGCC 

TAT CGGAGCAGGGT GAAGT T T T CCAGAT C 

TGCAGATGCACCAGCGTATCAGCAGGGCC 

AGAACCAACTGTATAACGAGCTCAACCTG 

GGAC GCAGGGAAGAGTAT GAC GT T T T GGA 

CAAGCGCAGAGGACGGGACCCT GAGAT GG 

GT GGCAAACCAAGAC GAAAAAACCCCCAG 

157 MAL PVTALLL P LALLL 

HAARPQVQLVQS GAEV 

KKP GS SVKVS CKAS GG 

T FS SYAI SWVRQAPGQ 

GLEWMGGI I P I FGTAN 

YAQKFQGRVT I TADES 

TSTAYMELSSLRSEDT 

AVYYCART PEYS S S IW 

HYYYGMDVWGQGTTVT 

VS SGSTSGSGKPGSGE 

GSTKGDIVMTQSPDSL 

AVSLGERAT INCKS SQ 

SVLYS SNNKNYLAWYQ 

QKPGQPPKLLIYWAST 

RES GVPDRFS GS GS GT 

D FT LT I S SLQAEDVAV 

YYCQQFAHT P FT FGGG 

T KVE I KRAAALDNEKS 

NGT I IHVKGKHLCP S P 

L FP GP SKP FWVLVVVG 

GVLACYSLLVTVAFI I 

FWVRSKRSRLLHSDYM 

NMT P RRP GP T RKHYQ P 

YAP P RD FAAYRS RVKF 

SRSADAPAYQQGQNQL 

YNELNLGRREEYDVLD 

KRRGRDPEMGGKPRRK 

NPQEGLYNELQKDKMA 

EAYS E I GMKGERRRGK 

GHDGLYQGL S TAT KDT 

YDALHMQALP PR 

158 
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GAGGGTCTCTATAATGAGCTGCAGAAGGA 

TAAGATGGCTGAAGCCTATTCTGAAATAG 

G CAT GAAAGGAGAGC GGAGAAGGGGAAAA 

GGGCACGACGGTTTGTACCAGGGACTCAG 

CACTGCTACGAAGGATACTTATGACGCTC 

TCCACATGCAAGCCCTGCCACCTAGGTAA 

PP- 

21528 CARLx 

H 

AT GGCACT CCC CGTAACT GCT CT GCTGCT 

GCCGTTGGCATTGCTCCTGCACGCCGCAC 

GCCCGGACAT C GT GAT GACCCAGT CTCCA 

GACT CCCT GGCT GT GT CT CT GGGCGAGAG 

G G C CAC CAT CAACT GCAAGT CCAGCCAGA 

GT GT T T TATACAGC T C CAACAATAAGAAC 

TACT TAGCT T GGTAC CAGCAGAAAC CAGG 

ACAGCCT CCTAAGCT GCT CAT T TACTGGG 

CAT CTACCCGGGAAT CCGGGGT CCCTGAC 

CGAT T CAGT GGCAGCGGGT CT GGGACAGA 

T T T CACT CT CACCAT CAGCAGCCT GCAGG 

CT GAAGAT GT GGCAGT T TAT TACT GTCAG 

CAGT T CGCCCACACT CCT T T CACT T TT GG 

C G GAG G GAC CAAG GT T GAGAT CAAACGGG 

GGT CTACAT CC GGCT CCGGGAAGCCCGGA 

AGTGGCGAAGGTAGTACAAAGGGGCAGGT 

GCAGCT GGT GCAGT CT GGGGCT GAGGT GA 

AGAAGCCT GGGT CCT CGGT GAAGGT CT CC 

T GCAAGGCT T CT GGAGGCACCT T CAGCAG 

CTATGCTATCAGCTGGGTGCGACAGGCCC 

CT GGACAAGGGCT T GAGT GGAT GGGAGGG 

AT CAT CCCTAT CT T T GGTACAGCAAAC TA 

CGCACAGAAGT T CCAGGGCAGAGT CAC GA 

TTACCGCGGACGAATCCACGAGCACAGCC 

TACAT G GAG C T GAG CAG C C T GAGAT CT GA 

GGACACGGCGGTGTACTACTGCGCCAGAA 

CT CCT GAATACT CCT CCAGCATAT GGCAC 

TAT TACTACGGCAT GGACGTAT GGGGCCA 

GGGAACAACT GT CACCGT CT CCT CAGCCG 

CT GCCCT T GATAAT GAAAAGT CAAACGGA 

ACAAT CAT T CAC GT GAAG G G CAAG CAC C T 

CT GT CC GT CAC C CT T GT T CC CT GGT CCAT 

CCAAGCCAT T CT GGGT GT T GGT CGTAGT G 

GGTGGAGTCCT CGCT T GT TACT CT CTGCT 

CGT CACCGT GGCT T T TATAAT CT T CTGGG 

TTAGATCCAAAAGAAGCCGCCTGCTCCAT 

AG C GAT TACAT GAATAT GACT C CAC GC C G 

CCCTGGCCCCACAAGGAAACACTACCAGC 

CT TACGCACCACCTAGAGAT T T CGCTGCC 

TAT CGGAGCAGGGT GAAGT T T T CCAGAT C 

TGCAGATGCACCAGCGTATCAGCAGGGCC 

AGAACCAACT GTATAAC GAG C T CAACCT G 

GGAC GCAGGGAAGAGTAT GAC GT T T T GGA 

CAAGCGCAGAGGACGGGACCCT GAGAT GG 

GT GGCAAACCAAGAC GAAAAAACCCCCAG 

GAGGGTCTCTATAATGAGCTGCAGAAGGA 

TAAGATGGCTGAAGCCTATTCTGAAATAG 

G CAT GAAAGGAGAGC GGAGAAGGGGAAAA 

GGGCACGACGGTTTGTACCAGGGACTCAG 

CACTGCTACGAAGGATACTTATGACGCTC 

TCCACATGCAAGCCCTGCCACCTAGGTAA 

159 MAL PVTALLL P LALLL 

HAARP D IVMTQ S PDS L 

AVSLGERAT INCKS SQ 

SVLYS SNNKNYLAWYQ 

QKPGQPPKLLIYWAST 

RE S GVP DRFS GS GS GT 

D FT LT I S SLQAEDVAV 

YYCQQFAHT P FT FGGG 

TKVEIKRGSTSGSGKP 

GS GEGS T KGQVQLVQ S 

GAEVKKP GS SVKVSCK 

AS GGT FS SYAI SWVRQ 

AP GQGLEWMGGI IPIF 

GTANYAQKFQGRVT I T 

ADE S T STAYMELS SLR 

SEDTAVYYCART PEYS 

S S IWHYYYGMDVWGQG 

TTVTVS SAAALDNEKS 

NGT I IHVKGKHLCP S P 

L FP GP SKP FWVLVVVG 

GVLACYSLLVTVAFI I 

FWVRSKRSRLLHSDYM 

NMT P RRP GP T RKHYQ P 

YAP P RD FAAYRS RVKF 

SRSADAPAYQQGQNQL 

YNELNLGRREEYDVLD 

KRRGRDPEMGGKPRRK 

NPQEGLYNELQKDKMA 

EAYS E I GMKGERRRGK 

GHDGLYQGL S TAT KDT 

YDALHMQALP PR 

160 

67 



WO 2017/173256 
	

PCT/US2017/025351 

RD- ATGGCACTCCCCGTAACTGCTCTGCTGCT 161 MALPVTALLLPLALLL 162 

21530CARHx GCCGTTGGCATTGCTCCTGCACGCCGCAC HAARPQVQLVESGGGV 

L GCCCGCAGGTGCAGCTGGTGGAGTCTGGG VQPGRSLRLSCAASGF 

GGAGGCGTGGT CCAGCCTGGGAGGTCCCT T FS SYGMHWVRQAPGK 

GAGACT CT CCT GT GCAGCGT CT GGATT CA GLEWVAVI SYDGSNKY 

CCTTCAGTAGCTATGGCATGCACTGGGTC YADSVKGRFT I SRDNS 

CGCCAGGCTCCAGGCAAGGGGCTGGAGTG KNTLYLQMNSLRAEDT 

GGT GGCAGT TATAT C GTAT GAT GGAAGTA AVYYCVKGPLQEP PYD 

ATAAATAC TAT GCAGACT C C GT GAAGGGC YGMDVWGQGTTVTVS S 

C GAT T CAC CAT CT CCAGAGACAAT T C CAA GSTSGSGKPGSGEGST 

GAACACGCT GTAT CT GCAAAT GAACAGCC KGEIVMTQS PAT L SVS 

T GAGAGC C GAG GACAC GGC GGT GTACTAC PGERATLSCRASQSVS 

TGCGTCAAGGGGCCGTTGCAGGAGCCGCC SNLAWYQQKPGQAPRL 

ATAC GAT TAT G GAAT GGAC GTAT GGGGC C L I YSAS T RAT GI PARF 

AGGGAACAACT GT CACCGT CT CCT CAGGG SGSGSGTEFTLTISSL 

TCTACATCCGGCTCCGGGAAGCCCGGAAG QSEDFAVYYCQQHHVW 

TGGCGAAGGTAGTACAAAGGGGGAAATAG P LT FGGGTKVEI KRAA 

T GAT GACGCAGT CT CCAGCCACCCT GT CT ALDNEKSNGT I I HVKG 

GT GT CT CCAGGGGAAAGAGCCACCCTCT C KHLCPSPLFPGPSKPF 

CT GCAGGGCCAGT CAGAGT GTTAGCAGCA WVLVVVGGVLACYSLL 

ACTTAGCCTGGTACCAGCAGAAACCTGGC VTVAFI I FWVRSKRSR 

CAGGCT CCCAGGCT CCT CAT CTATAGCGC LLHSDYMNMT P RRP GP 

AT CCACCAGGGCCACT GGTAT CCCAGCCA TRKHYQPYAP P RD FAA 

GGTT CAGT GGCAGT GGGT CT GGGACAGAG YRS RVKFS RSADAPAY 

TT CACT CT CAC CAT CAGCAGCCT GCAGT C QQGQNQLYNELNLGRR 

T GAAGATTTT GCAGTTTATTACT GT CAGC EEYDVLDKRRGRDPEM 

AGCACCACGT CT GGCCT CT CACTTTTGGC GGKPRRKNPQEGLYNE 

G GAG G GAC CAAG GT T GAGAT CAAACGGGC LQKDKMAEAYSEI GMK 

CGCTGCCCTTGATAATGAAAAGTCAAACG GERRRGKGHDGLYQGL 

GAACAAT CAT T CAC GT GAAGGGCAAGCAC S TAT KDTYDALHMQAL 

CTCTGTCCGTCACCCTTGTTCCCTGGTCC P PR 

AT CCAAGCCATT CT GGGT GTT GGT CGTAG 

T GGGT GGAGT C CT C GCTT GT TACT CT CT G 

CT CGT CACCGT GGCTTTTATAATCTTCTG 

GGTTAGAT CCAAAAGAAGCCGCCT GCT CC 

ATAG C GAT TACAT GAATAT GACT C CAC G C 

CGCCCT GGCCC CACAAGGAAACACTAC CA 

GCCTTACGCACCACCTAGAGATTTCGCTG 

CCTATCGGAGCAGGGTGAAGTTTTCCAGA 

T CT GCAGAT GCAC CAGC GTAT CAGCAGGG 

CCAGAACCAACT GTATAAC GAG C T CAACC 

TGGGACGCAGGGAAGAGTATGACGTTTTG 

GACAAGCGCAGAGGACGGGACCCT GAGAT 

GGGTGGCAAACCAAGACGAAAAAACCCCC 

AG GAG G GT CT CTATAAT GAG C T GCAGAAG 

GATAAGAT GGCT GAAGCCTATT CT GAAAT 

AG G CAT GAAAGGAGAGCGGAGAAGGGGAA 

AAGGGCACGACGGTTTGTACCAGGGACTC 

AG CAC T GCTAC GAAG GATAC T TAT GACGC 

T CT CCACAT GCAAGCCCT GCCACCTAGGT 

AA 

RD- ATGGCACTCCCCGTAACTGCTCTGCTGCT 163 MALPVTALLLPLALLL 164 

21530CARLx GCCGTTGGCATTGCTCCTGCACGCCGCAC HAARPEIVMTQS PAT L 

H GCCCGGAAATAGT GAT GACGCAGT CTCCA SVS PGERATLSCRASQ 

GCCACCCT GT CT GT GT CT CCAGGGGAAAG SVS SNLAWYQQKPGQA 

AGCCACCCT CT CCTGCAGGGCCAGTCAGA PRLLIYSASTRATGIP 

GT GTTAGCAGCAACTTAGCCT GGTACCAG ARFS GS GS GT EFT LT I 

CAGAAACCTGGCCAGGCTCCCAGGCTCCT S SLQSEDFAVYYCQQH 

CAT CTATAGCGCAT CCACCAGGGCCACT G HVWP LT FGGGTKVEI K 
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GTATCCCAGCCAGGTTCAGTGGCAGTGGG 

T CT GGGACAGAGT T CACT CT CACCATCAG 

CAGCCTGCAGT CT GAAGAT T T T GCAGT T T 

AT TACT GT CAGCAGCACCACGT CT GGCCT 

CT CACT T T T GGCGGAGGGACCAAGGTT GA 

GAT CAAACGGGGGT CTACAT CCGGCTCCG 

GGAAGCCCGGAAGTGGCGAAGGTAGTACA 

AAGGGGCAGGT GCAGCT GGT GGAGT CT GG 

GGGAGGCGTGGTCCAGCCTGGGAGGTCCC 

T GAGACT CT CCT GT GCAGCGT CT GGAT T C 

ACCTTCAGTAGCTATGGCATGCACTGGGT 

CCGCCAGGCTCCAGGCAAGGGGCTGGAGT 

GGGT GGCAGT TATAT CGTAT GAT GGAAGT 

AATAAATAC TAT GCAGACT C C GT GAAGGG 

CC GATT CAC CAT CT CCAGAGACAAT T C CA 

AGAACACGCT GTAT CT GCAAAT GAACAGC 

CT GAGAGCCGAGGACACGGCGGT GTACTA 

CT GCGT CAAGGGGCCGT T GCAGGAGCCGC 

CATAC GAT TAT GGAAT GGACGTAT GGGGC 

CAGGGAACAACT GT CACCGT CT CCT CAGC 

CGCTGCCCTTGATAATGAAAAGTCAAACG 

GAACAAT CAT T CAC GT GAAGGGCAAGCAC 

CTCTGTCCGTCACCCTTGTTCCCTGGTCC 

AT CCAAGCCAT T CT GGGT GT T GGT CGTAG 

T GGGT GGAGT C CT C GCT T GT TACT CT CT G 

CT CGT CACCGT GGCT T T TATAAT CT TCT G 

GGT TAGAT CCAAAAGAAGCCGCCT GCT CC 

ATAG C GAT TACAT GAATAT GACT C CAC G C 

CGCCCT GGCCC CACAAGGAAACAC TAC CA 

GCCTTACGCACCACCTAGAGATTTCGCTG 

CCTATCGGAGCAGGGTGAAGTTTTCCAGA 

T CT GCAGAT GCAC CAGC GTAT CAGCAGGG 

CCAGAACCAACT GTATAAC GAG C T CAACC 

T GGGACGCAGGGAAGAGTAT GACGT TT T G 

GACAAGCGCAGAGGACGGGACCCT GAGAT 

GGGTGGCAAACCAAGACGAAAAAACCCCC 

AG GAG G GT CT CTATAAT GAG C T GCAGAAG 

GATAAGAT GGCT GAAGCCTAT T CT GAAAT 

AG G CAT GAAAGGAGAGC GGAGAAGGGGAA 

AAGGGCACGACGGTTTGTACCAGGGACTC 

AG CAC T GCTAC GAAGGATACT TAT GACGC 

T CT CCACAT GCAAGCCCT GCCACCTAGGT 
AA 

RGSTSGSGKPGSGEGS 

TKGQVQLVESGGGVVQ 

PGRSLRLSCAASGFT F 

S SYGMHWVRQAPGKGL 

EWVAVI SYDGSNKYYA 

DSVKGRFT I SRDNSKN 

TLYLQMNSLRAEDTAV 

YYCVKGPLQEP PYDYG 

MDVWGQGTTVTVS SAA 

ALDNEKSNGT I I HVKG 

KHLCPSPLFPGPSKPF 

WVLVVVGGVLACYSLL 

VTVAFI I FWVRSKRSR 

LLHSDYMNMT P RRP GP 

TRKHYQPYAP P RD FAA 

YRS RVKFS RSADAPAY 

QQGQNQLYNELNLGRR 

EEYDVLDKRRGRDPEM 

GGKPRRKNPQEGLYNE 

LQKDKMAEAYS E I GMK 

GERRRGKGHDGLYQGL 

S TAT KDTYDAL HMQAL 

P PR 

Cl one 24C1 

THD CAR 

DNA HxL 

AT GGCACT CCC CGTAACT GCT CT GCTGCT 

GCCGTTGGCATTGCTCCTGCACGCCGCAC 

GCCCGCAGGTCCAACTGCAAGAAAGCGGA 

CCCGGACTGGT GAAGCCT T CT GAGACACT 

TAGT CT GACGT GCACGGTCAGTGGCGGCT 

CCAT CT CCT CCTAT TAT T GGT CAT GGATA 

CGACAACCCCCAGGTAAGGGCCTGGAATG 

GAT T GGCTATAT CTAC TAT T CAGGAAGCA 

CGAACTACAAT C C CAGC CT GAAGT C CC GA 

GT GACAAT T T CAGTAGATACCAGTAAAAA 

CCAGT T CAGT CT TAAACT GT CAAGCGT GA 

CAGCT GCCGACACCGCT GT GTAT TACT GC 

GT CT CACT GGT GTAT T GT GGAGGGGAT T G 

T TATAGCGGGT T CGAT TAT T GGGGACAGG 

GAACCCT GGT GACT GTAT CT T CCGGCGGC 

GGCGGCTCAGGGGGTGGCGGTAGTGGCGG 

165 MAL PVTALLL P LALLL 

HAARPQVQLQE S GP GL 

VKPSETLSLTCTVSGG 

SI S SYYWSWIRQPPGK 

GLEWIGYIYYSGSTNY 

NPSLKSRVTISVDTSK 

NQ FS LKL S SVTAADTA 

VYYCVSLVYCGGDCYS 

GFDYWGQGTLVTVS SG 

GGGS GGGGS GGGGS D I 

QLTQSPSSLSASVGDR 

VS FT CQAS QD INNFLN 

WYQQKP GKAP KLL I YD 

ASNLETGVP S RFS GS G 

SGTDFTFTISSLQPED 

IATYYCQQYGNLP FT F 
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TGGGGGTTCCGATATTCAACTGACACAAT 
CCCCCAGCTCACTCAGCGCCAGCGTGGGG 
GACAGGGT TAGCT T TACCT GT CAAGCCT C 
T CAG GATATAAATAACT T T CT GAACT G GT 
AT CAACAGAAGCCT GGGAAGGCGCCCAAA 
CT CCT GAT CTAT GAT GCGT CCAACCT GGA 
AACT GGCGT GC CT T CACGCT T TAGCGGCT 
CT GGCAGT GGTACAGACT T CACT T T TACC 
AT CT CT T CACT T CAGCCGGAGGACAT CGC 
CACATAT TACT GT CAACAGTAC GGAAACT 
T GCCCT T TACT T T T GGAGGCGGCACCAAA 
GT T GAAAT CAAAAGGGCCGCT GCCCT GGA 
TAAC GAAAAGAGCAAT GGGACTATAATAC 
AT GT TAAAGGAAAACAC CT GT GT C CAT CT 
CCCCT GT T CCCT GGACCGT CAAAGCCAT T 
T T GGGT GCT C GT GGT T GT C GGT GGC GT T C 
T CGCCT GT TATAGCT T GCT GGT GACAGTA 
GCCT T CAT TAT CT T T T GGGT GAGAT CCAA 
AAGAAGCCGCCTGCTCCATAGCGATTACA 
TGAATATGACT CCACGCCGCCCTGGCCCC 
ACAAGGAAACACTAC CAGC CT TAC G CAC C 
ACCTAGAGATTTCGCTGCCTATCGGAGCA 
GGGT GAAGT T T T CCAGAT CT GCAGAT GCA 
C CAGC GTAT CAGCAGGGC CAGAAC CAACT 
GTATAAC GAGCT CAAC CT GGGAC GCAGGG 
AAGAGTAT GAC GT T T T GGACAAGCGCAGA 
GGACGGGACCCTGAGATGGGTGGCAAACC 
AAGAC GAAAAAAC C C C CAG GAG G GT CT C T 
ATAAT GAG C T G CAGAAGGATAAGAT GGCT 
GAAGC C TAT T CT GAAATAG G CAT GAAAGG 
AGAGC G GAGAA G G G GAAAAG G G CAC GAC G 
GT T T GTACCAGGGACT CAGCACT GCTACG 
AAG GATACT TAT GACGCT CT CCACAT G CA 
AGCCCTGCCACCTAGGTAA 

GGGT KVE I KRAAALDN 
EKSNGT I I HVKGKHL C 
PSPLFPGPSKPFWVLV 
VVGGVLACY S L LVT VA 
F I I FWVRSKRS RL LH S 
DYMNMT P RRP GP T RKH 
YQ P YAP P RD FAAYRS R 
VKFS RSADAPAYQQGQ 
NQLYNELNLGRREEYD 
VLDKRRGRDPEMGGKP 
RRKNPQEGLYNELQKD 
KMAEAYS E I GMKGERR 
RGKGHDGLYQ GL S TAT 
KDTYDALHMQALP PR 

(CAR1.1) 
Clone 24C1 
THD CAR 
DNA HxL 

CAGGTCCAACTGCAAGAAAGCGGACCCGG 
ACTGGTGAAGCCTTCTGAGACACTTAGTC 
TGACGTGCACGGTCAGTGGCGGCTCCATC 
TCCTCCTATTATTGGTCATGGATACGACA 
ACCCCCAGGTAAGGGCCTGGAATGGATTG 
GCTATAT C TAC TAT T CAG GAAG CAC GAAC 
TACAAT CCCAGCCT GAAGT CCC GAGT GAC 
AAT T T CAGTAGATAC CAGTAAAAAC CAGT 
T CAGT CT TAAACT GT CAAGCGT GACAGCT 
GCCGACACCGCT GT GTAT TACT GCGT CT C 
ACT GGT GTAT T GT GGAGGGGAT T GT TATA 
GCGGGT T CGAT TAT T GGGGACAGGGAACC 
CT GGT GACT GTAT CT T CCGGCGGCGGCGG 
CT CAGGGGGT GGCGGTAGT GGCGGT GGGG 
GT T CC GATAT T CAACT GACACAAT CCCCC 
AGCTCACTCAGCGCCAGCGTGGGGGACAG 
GGT TAGCT T TACCT GT CAAGCCT CT CAGG 
ATATAAATAACT T T CT GAACT GGTAT CAA 
CAGAAGCCTGGGAAGGCGCCCAAACTCCT 
GAT CTAT GAT GCGT CCAACCT GGAAACT G 
GCGT GCCT T CACGCT T TAGCGGCT CT GGC 
AGT GGTACAGACT T CACT T T TACCAT CT C 
TTCACTTCAGCCGGAGGACATCGCCACAT 
AT TACT GT CAACAGTACGGAAACT T GCCC 
TT TACT T T T GGAGGCGGCACCAAAGTT GA 

167 QVQLQESGPGLVKPSE 
TLSLTCTVSGGSISSY 
YWSWIRQPPGKGLEWI 
GYIYYSGSTNYNPSLK 
SRVTISVDTSKNQFSL 
KLS SVTAAD TAVYY CV 
S LVYCGGDCYS GFDYW 
GQ GT LVTVS S GGGGS G 
GGGS GGGGS DI Q LT Q S 
PS SL SASVGDRVS FTC 
QAS QD I NN FLNWYQQK 
P GKAP KL L I YDASNLE 
TGVPSRFSGSGSGTDF 
TETI S SLQPEDIATYY 
CQQYGNLP FT FGGGTK 
VE I KRAAALDNEKSNG 
TIIHVKGKHLCPSPLF 
P GP SKP FWVLVVVGGV 
LACYS L LVTVAF I I FW 
VRSKRS RL LH S DYMNM 
T P RRP GP T RKHYQ P YA 
P P RD FAAYRS RVKFS R 
SADAPAYQQ GQNQ LYN 
ELNL GRREEYDVL DKR 
RGRDPEMGGKPRRKNP 
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AATCAAAAGGGCCGCTGCCCTGGATAACG 
AAAAGAGCAAT GGGACTATAATACAT GT T 
AAAGGAAAACACCT GT GT CCAT CT CCCCT 
GT T CCCT GGAC CGT CAAAGCCAT T T T GGG 
T GCT C GT GGT T GT C GGT GGC GT T CT CGCC 
T GT TATAGCT T GCTGGTGACAGTAGCCTT 
CAT TAT CT T T T GGGTGAGATCCAAAAGAA 
GCCGCCTGCTCCATAGCGATTACATGAAT 
AT GACT CCACGCCGCCCT GGCCCCACAAG 
GAAACACTAC CAGC CT TAC G CAC CAC C TA 
GAGATTTCGCT GCCTATCGGAGCAGGGTG 
AAGT T T T CCAGAT CT GCAGAT GCAC CAGC 
GTAT CAGCAGGGC CAGAAC CAACT GTATA 
AC GAGCT CAAC CT GGGACGCAGGGAAGAG 
TAT GAC GT T T T GGACAAGCGCAGAGGACG 
GGAC C CT GAGAT GGGTGGCAAAC CAAGAC 
GAAAAAAC C C C CAG GAG GGT CT C TATAAT 
GAGCTGCAGAAGGATAAGATGGCTGAAGC 
C TAT T CT GAAATAG G CAT GAAAGGAGAGC 
G GAGAAG G G GAAAAG G G CAC GAC GGTTTG 
TAC CAGGGACT CAG CAC T GCTAC GAAG GA 
TACT TAT GACGCT CT CCACAT GCAAGCCC 
TGCCACCTAGG 

QEGLYNELQKDKMAEA 
YSEI GMKGERRRGKGH 
DGLYQ GL S TAT KDT YD 
AL HMQAL P PR 

( CAR1.2 ) 
Clone 24C1 
CHD CAR 
DNA HxL 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGCAGGTGCAGCTGCAGGAATCCGGA 
CCGGGGCTGGTGAAGCCCAGCGAGACTCT 
GAGTCTCACGTGTACAGTTTCTGGAGGTA 
GCATTAGCTCCTACTATTGGTCATGGATA 
AGGCAGCCCCCCGGGAAGGGATTGGAATG 
GAT CGGCTATAT T TAC TACAGT GGGAG CA 
CCAATTACAACCCCTCACTGAAGTCTAGA 
GT TACAAT CAG C GT T GACAC CT CAAAGAA 
T CAGT T CAGT T T GAAAT T GT CTAGCGT CA 
CAGCAGCT GATACAGC C GT CTAT TATT GT 
GT T T CT CT GGT CTATTGCGGTGGGGATTG 
TTACAGTGGCTTTGACTATTGGGGGCAGG 
GTACT CT GGT TACAGT T T CT T CCGGGGGG 
GGAGGCT CT GGGGGCGGAGGCT CAGGT GG 
TG GAG G CAG C GACAT C CAGT T GACACAGA 
GCCCGAGT T CCT T GT CCGCCT CCGT CGGG 
GATAGAGT GT CAT T TACCT GT CAGGCCT C 
T CAG GATAT TAATAACT T T CT GAAT T G GT 
AT CAG CAAAAGCCCGGAAAGGCACCCAAG 
CT GT T GAT T TACGACGCCAGTAACCT GGA 
GACAGGCGT GC CCT CCCGGT T TAGT GGTA 
GCGGAAGCGGTACGGAT T T TACCT T TACT 
AT CAGCT CT CT CCAACCCGAAGACATT GC 
AAC C TAC TAT T GT CAACAATAT GGAAAC C 
TGCCTTTTACATTTGGCGGCGGCACCAAG 
GT GGAGAT TAAGCGGGCGGCAGCTATT GA 
GGT GAT GTAT C CACCGCCT TACCT GGATA 
AC GAAAAGAGTAAC GGTAC CAT CAT T CAC 
GT GAAAGGTAAACACCT GT GT CCT T CT CC 
C CT CT T CCCCG GGC CAT CAAAGCC CTT CT 
GGGT T CT T GT GGT CGT GGGAGGCGT GCT T 
GCT T GT TAT T CT CT GCT C GT TACC GT GGC 
GT T TAT CAT T T T T T GGGT TAGAT CCAAAA 
GAAGCCGCCTGCTCCATAGCGATTACATG 

169 MALPVTALLLPLALLL 
HAARPQVQLQESGPGL 
VKPSETLSLTCTVSGG 
SISSYYWSWIRQPPGK 
GLEWIGYIYYSGSTNY 
NPSLKSRVTISVDTSK 
NQFSLKLSSVTAADTA 
VYYCVS LVYCGGDCYS 
GFDYWGQ GT LVTVS S G 
GGGS GGGGS GGGGS DI 
QLTQSPSSLSASVGDR 
VS FT CQAS Q D I NN FLN 
WYQQK P GKAP KL L I YD 
ASNL ET GVP S RFS GS G 
SGTDFTFTISSLQPED 
IATYYCQQYGNLP FT F 
GGGT KVE I KRAAAI EV 
MYP P PYLDNEKSNGT I 
IHVKGKHLCPSPLFPG 
PSKP FWVLVVVGGVLA 
CY S L LVTVAF I I FWVR 
SKRS RL LH S DYMNMT P 
RRP GP T RKHYQ P YAP P 
RD FAAYRS RVKFS RSA 
DAPAYQQGQNQLYNEL 
NLGRREEYDVLDKRRG 
RD P EMGGK P RRKN P Q E 
GLYNELQKDKMAEAYS 
E I GMKGERRRGKGHDG 
LYQ GL S TAT KDT YDAL 
HMQALP PR 
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AATATGACTCCACGCCGCCCTGGCCCCAC 
AAGGAAACACTAC CAGC CT TAC G CAC CAC 
CTAGAGATTTCGCTGCCTATCGGAGCAGG 
GT GAAGT T T T C CAGAT CT GCAGAT GCACC 
AG C GTAT CAGCAGGGCCAGAACCAACT GT 
ATAACGAGCTCAACCTGGGACGCAGGGAA 
GAGTAT GAC GT T T T GGACAAGCGCAGAG G 
ACGGGACCCTGAGATGGGTGGCAAACCAA 
GAC GAAAAAAC C C C CAG GAG G GT CT C TAT 
AAT GAG C T G CA GAAG GATAAGAT GGCT GA 
AG C C TAT T CT GAAATAG G CAT GAAAGGAG 
AG C GGAGAAGG G GAAAAG G G CAC GACGGT 
TTGTACCAGGGACTCAGCACTGCTACGAA 
G GATACT TAT GACGCT CT CCACAT GCAAG 
CCCTGCCACCTAGGTAA 

(CAR1.2) 
Clone 24C1 
CHD CAR 
DNA HxL 
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171 QVQLQESGPGLVKPSE 
TLSLTCTVSGGSISSY 
YWSWIRQPPGKGLEWI 
GYIYYSGSTNYNPSLK 
SRVTISVDTSKNQFSL 
KLS SVTAAD TAVYY CV 
SLVYCGGDCYS GFDYW 
GQ GT LVTVS S GGGGS G 
GGGSGGGGSDIQLTQS 
PS SL SAS VGD RVS FTC 
QAS QD I NN FLNWYQQK 
P GKAP KL L I YDASNLE 
TGVPSRFSGSGSGTDF 
TETI S SLQPEDIATYY 
CQQYGNLP FT FGGGTK 
VE I KRAAAI EVMYP P P 
YLDNEKSNGT I I HVKG 
KHLCPSPLFPGPSKPF 
WVLVVVGGVLACYSLL 
VTVAF I I FWVRSKRSR 
L LH S DYMNMT P RRP GP 
T RKHYQ P YAP P RD FAA 
YRS RVK F S RSADAPAY 
QQGQNQLYNELNLGRR 
EEYDVLDKRRGRDPEM 
GGKPRRKNPQEGLYNE 
LQKDKMAEAYS E I GMK 
GERRRGKGHDGLYQGL 
S TAT KDT YDAL HMQAL 
P PR 
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AT T CT GAAATA G G CAT GAAAGGAGAGC GG 
AGAAG G G GAAAAG G G CAC GAC G GT T T GTA 
C CAGGGACT CA G CAC T GCTAC GAAGGATA 
CTTATGACGCTCTCCACATGCAAGCCCTG 
CCACCTAGG 

(CAR1.3) 
Clone 24C1 
CD8 CAR 
DNA HxL 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGCAGGTGCAATTGCAAGAGTCCGGC 
CCCGGACTCGTTAAACCCAGTGAGACGCT 
TAGCCTGACCTGTACCGTCTCAGGGGGCA 
GCATCTCCTCTTATTACTGGAGCTGGATC 
AGGCAGCCTCCAGGAAAAGGCCTTGAATG 
GATTGGGTACATCTACTACTCTGGCTCAA 
CAAATTATAAT CCAT CCCT GAAGT CCC GC 
GT GAC TAT CT CT GT GGACACCAGCAAGAA 
T CAGT T T T CACT GAAGT T GT CTAGT GT TA 
CC GC GGCC GACACC GCC GTATACTACT GT 
GT GT CT CT T GT GTACT GT GGC GGC GACT G 
CTAT T CC GGGT T C GACTACT GGGGCCAAG 
GGACT CT GGTAACC GT GT CCT CAGGCGGC 
GGCGGGTCAGGAGGAGGCGGCAGTGGAGG 
T GGC GGCT CC GACAT CCAGCT GACACAAT 
CACCAT CT T CC CT T T CAGCT T CAGT CGGG 
GACAGAGT GT C CT T CACAT GC CAGGCCAG 
C CAG GATAT CAATAACT T CCT GAACT G GT 
AC CAACAGAAACCC GGAAAGGCT CCAAAG 
CT CCT GAT CTAT GAT GCT T CCAACCT GGA 
GACC GGC GT GC CCT CCAGGT T CAGT GGT T 
CAGGAT CAGGCACT GACT T TAC GT T CAC C 
ATAT C CAGT CT T CAGC C C GAAGACATT GC 
AAC C TAT TACT GC CAACAATAC GGGAAC C 
TTCCCTTTACATTCGGAGGCGGCACCAAG 
GT GGAAAT CAAAAGGGCT GCAG CAT T GAG 
CAACTCAATAATGTATTTTAGTCACTTTG 
TACCAGT GT T CT T GCC GGCTAAGCCTACT 
ACCACACCCGCTCCACGGCCACCTACCCC 
AGCT CCTACCAT C GCT T CACAGCCT CT GT 
CCCT GC GCCCAGAGGCT T GCC GACC GGCC 
GCAGGGGGC GCT GT T CATACCAGAGGACT 
GGATTTCGCCT GC GATAT CTATAT CT GGG 
CACCCCT GGCC GGAACCT GC GGC GTACT C 
CT GCT GT CCCT GGT CAT CAC GCT CTAT T G 
TAAT CACAGGAACAGAT C CAAAAGAAGC C 
GCCT GCT CCATAGC GAT TACAT GAATAT G 
ACT CCAC GCC GCCCT GGCCCCACAAGGAA 
ACACTACCAGC CT TAC G CAC CAC C TAGAG 
AT T T C GCT GCCTAT C GGAGCAGGGT GAAG 
T T T T CCAGAT CT GCAGAT GCACCAGCGTA 
T CAGCAGGGC CAGAAC CAACT GTATAAC G 
AGCTCAACCTGGGACGCAGGGAAGAGTAT 
GAC GT T T T GGACAAGC GCAGAGGAC GGGA 
CCCTGAGATGGGTGGCAAACCAAGACGAA 
AAAAC C C C CAG GAG G GT CT CTATAAT GAG 
CT GCAGAAG GATAAGAT GGCT GAAGCC TA 
T T CT GAAATAG G CAT GAAAG GAGAG C G GA 
GAAG G G GAAAA G G G CAC GAC G GT T T GTAC 
CAGGGACT CAG CAC T GCTAC GAAGGATAC 
T TAT GAC GCT CT CCACAT GCAAGCCCT GC 
CAC C TAG GTAA 

173 MALPVTALLLPLALLL 
HAARPQVQLQESGPGL 
VKPSETLSLTCTVSGG 
SISSYYWSWIRQPPGK 
GLEWIGYIYYSGSTNY 
NPSLKSRVTISVDTSK 
NQFSLKLSSVTAADTA 
VYYCVSLVYCGGDCYS 
GFDYWGQ GT LVTVS S G 
GGGS GGGGS GGGGS DI 
QLTQSPSSLSASVGDR 
VS FT CQAS Q D I NN FLN 
WYQQK P GKAP KL L I YD 
ASNLETGVP SRFS GS G 
SGTDFTFTISSLQPED 
IATYYCQQYGNLP FT F 
GGGT KVE I KRAAALSN 
S IMY F S H FVPVFL PAK 
PTTT PAP RP PT PAP T I 
AS QPL S L RP EACRPAA 
GGAVHT RGL D FACD I Y 
IWAPLAGTCGVLLLSL 
VI TLYCNHRNRS KRS R 
L LH S DYMNMT P RRP GP 
T RKHYQ P YAP P RD FAA 
YRS RVKFS RSADAPAY 
QQGQNQLYNELNLGRR 
EEYDVLDKRRGRDPEM 
GGKPRRKNPQEGLYNE 
LQKDKMAEAYS E I GMK 
GERRRGKGHDGLYQGL 
S TAT KDT YDAL HMQAL 
P PR 
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175 QVQLQESGPGLVKPSE 176 
Clone 24C1 TLSLTCTVSGGSISSY 
CD8 CAR YWSWIRQPPGKGLEWI 
DNA HxL GYIYYSGSTNYNPSLK 

SRVTISVDTSKNQFSL 
KLSSVTAADTAVYYCV 
SLVYCGGDCYSGFDYW 
GQGTLVTVSSGGGGSG 
GGGSGGGGSDIQLTQS 
PSSLSASVGDRVSFTC 
QASQDINNFLNWYQQK 
PGKAPKLLIYDASNLE 
TGVPSRFSGSGSGTDF 
TFTISSLQPEDIATYY 
CQQYGNLPFTFGGGTK 
VEIKRAAALSNSIMYF 
SHFVPVFLPAKPTTTP 
APRPPTPAPTIASQPL 
SLRPEACRPAAGGAVH 
TRGLDFACDIYIWAPL 
AGTCGVLLLSLVITLY 
CNHRNRSKRSRLLHSD 
YMNMTPRRPGPTRKHY 
QPYAPPRDFAAYRSRV 
KFSRSADAPAYQQGQN 
QLYNELNLGRREEYDV 
LDKRRGRDPEMGGKPR 
RKNPQEGLYNELQKDK 
MAEAYSEIGMKGERRR 
GKGHDGLYQGLSTATK 
DTYDALHMQALPPR 

(CAR1.4) ATGGCACTCCCCGTAACTGCTCTGCTGCT 177 MALPVTALLLPLALLL 178 
Clone 24C1 GCCGTTGGCATTGCTCCTGCACGCCGCAC HAARPDIQLTQSPSSL 
THD CAR GCCCGGATATCCAGCTCACGCAATCCCCC SASVGDRVSFTCQASQ 
DNA LxH TCAAGCTTGAGTGCCTCCGTGGGCGACCG DINNFLNWYQQKPGKA 

GGTGTCCTTCACATGTCAGGCAAGCCAAG PKLLIYDASNLETGVP 
ACATAAATAATTTCCTGAATTGGTACCAA SRFSGSGSGTDFTFTI 
CAAAAACCCGGCAAGGCTCCCAAACTCCT SSLQPEDIATYYCQQY 
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GATT TAT GAT GCCT CCAAT CT GGAGACCG 
GGGTCCCTTCTAGATTCAGCGGAAGTGGC 
AGC GGCACAGACT T TACAT T TACTAT CT C 
TT CT CT GCAAC CAGAG GACAT CGCCACAT 
ACTAT T GCCAGCAATACGGCAAT CT GCCC 
TTCACCTTCGGAGGCGGAACCAAGGTAGA 
AATTAAAAGGGGCGGTGGAGGCTCCGGAG 
GGGGGGGCT CT GGCGGAGGGGGCTCCCAA 
GTACAATTGCAGGAGTCAGGGCCTGGACT 
CGTGAAGCCTT CAGAAACT T T GT CACT GA 
CAT GTACAGT GT CCGGCGGAAGCAT TT CC 
AGTTACTATTGGTCCTGGATTAGACAGCC 
ACCCGGCAAAGGACTGGAATGGATTGGAT 
ATAT CTAC TACT CT GGAT CTACAAACTAT 
AAT C C CAGC CT CAAAT C CAG G GT CACTAT 
TAGT GT GGATACAT CAAAGAAT CAGTT CT 
CCTTGAAGCTGAGCTCAGTCACTGCTGCC 
GACACCGCAGT GTACTAT T GT GT GAGCCT 
GGTCTACTGCGGCGGAGATTGCTACAGCG 
GT T T CGAT TACT GGGGCCAGGGCACCCT G 
GT TACCGT TAGT T CCGCGGCT GCT CTT GA 
TAAC GAGAAGT C CAAC GGTAC GAT TAT C C 
ACGTTAAGGGTAAGCACCTTTGCCCTAGC 
CCGCT GT T CCCAGGCCCCAGTAAGCCCT T 
T T GGGT C CT C GT T GT GGTAGGT GGGGTAC 
T C GC CT GCTACT CC CT GCT C GT CACT GT C 
GCAT T CAT CAT CT T CT GGGT CAGAT CCAA 
AAGAAGCCGCCTGCTCCATAGCGATTACA 
TGAATATGACT CCACGCCGCCCTGGCCCC 
ACAAGGAAACACTAC CAGC CT TAC G CAC C 
ACCTAGAGATTTCGCTGCCTATCGGAGCA 
GGGT GAAGT T T T CCAGAT CT GCAGAT GCA 
C CAGC GTAT CAGCAGGGC CAGAAC CAACT 
GTATAAC GAGCT CAAC CT GGGAC GCAGGG 
AAGAGTAT GAC GT T T T GGACAAGCGCAGA 
GGACGGGACCCTGAGATGGGTGGCAAACC 
AAGAC GAAAAAAC C C C CAG GAG G GT CT C T 
ATAAT GAG C T G CAGAAGGATAAGAT GGCT 
GAAGC C TAT T CT GAAATAG G CAT GAAAGG 
AGAGC G GAGAA G G G GAAAAG G G CAC GAC G 
GT T T GTACCAGGGACT CAGCACT GCTACG 
AAG GATACT TAT GACGCT CT CCACAT G CA 
AGCCCTGCCACCTAGGTAA 

GNLP FT FGGGT KVE I K 
RGGGGS GGGGS GGGGS 
QVQLQES GP GLVK P S E 
TLSLTCTVSGGS I S SY 
YW SW I RQP P GKGL EW I 
GYIYYSGSTNYNPSLK 
S RVT I SVDT SKNQFS L 
KLS SVTAAD TAVYY CV 
S LVYCGGDCYS GFDYW 
GQ GT LVTVS SAAALDN 
EKSNGT I I HVKGKHL C 
PSPLFPGPSKPFWVLV 
VVGGVLACY S L LVT VA 
F I I FWVRSKRS RL LH S 
DYMNMT P RRP GP T RKH 
YQ P YAP P RD FAAYRS R 
VKFS RSADAPAYQQGQ 
NQLYNELNLGRREEYD 
VLDKRRGRDPEMGGKP 
RRKNPQEGLYNELQKD 
KMAEAYS E I GMKGERR 
RGKGHDGLYQ GL S TAT 
KDTYDALHMQALP PR 

(CAR1.4) 
Clone 24C1 
THD CAR 
DNA LxH 

GATATCCAGCTCACGCAATCCCCCTCAAG 
CTTGAGTGCCTCCGTGGGCGACCGGGTGT 
CCT T CACAT GT CAGGCAAGCCAAGACATA 
AATAATTTCCT GAATTGGTACCAACAAAA 
ACCCGGCAAGGCT CCCAAACT CCT GAT T T 
AT GAT GCCT CCAAT CT GGAGACCGGGGT C 
CCTTCTAGATT CAGCGGAAGTGGCAGCGG 
CACAGACT T TACAT T TACTAT CT CT T CT C 
T GCAAC CAGAGGACAT C GC CACATACTAT 
T GCCAGCAATACGGCAAT CT GCCCT T CAC 
CT T CGGAGGCGGAAC CAAG GTAGAAAT TA 
AAAGGGGCGGT GGAGGCTCCGGAGGGGGG 
GGCT CT GGCGGAGGGGGCT CCCAAGTACA 
AT T GCAGGAGT CAGGGCCT GGACT CGT GA 
AGCCT T CAGAAACT T T GT CACT GACAT GT 
ACAGT GT CCGGCGGAAGCAT T T CCAGT TA 

179 DIQLTQSPSSLSASVG 
DRVSFTCQASQDINNF 
LNWYQQK P GKAP KL L I 
YDASNL ET GVP S RFS G 
SGSGTDFTFTISSLQP 
ED IAT YYCQQYGNL P F 
T FGGGT KVE I KRGGGG 
S GGGGS GGGGSQVQLQ 
ES GP GLVK P S ET L S LT 
CTVS GGS I SSYYWSWI 
RQP P GKGL EW I GYI YY 
S GS TNYN P S LKS RVT I 
SVDTSKNQFSLKLSSV 
TAADTAVYYCVS LVYC 
GGDCYS GFDYWGQ GT L 
VTVS SAAALDNEKSNG 
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CTATTGGTCCT GGATTAGACAGCCACCCG 
GCAAAGGACT G GAAT G GAT T GGATATAT C 
TAC TACT CT GGAT CTACAAAC TATAAT CC 
CAGCCT CAAAT C CAG G GT CAC TAT TAGT G 
T GGATACAT CAAAGAAT CAGT T CT CCT T G 
AAGCTGAGCTCAGTCACTGCTGCCGACAC 
CGCAGT GTACTAT T GT GT GAGCCT GGT CT 
ACT GCGGCGGAGAT T GCTACAGCGGTT T C 
GAT TACT GGGGCCAGGGCACCCT GGTTAC 
CGT TAGT T CCGCGGCT GCT CT T GATAACG 
AGAAGT CCAAC GGTAC GAT TAT C CAC GT T 
AAGGGTAAGCACCTTTGCCCTAGCCCGCT 
GT T CCCAGGCC CCAGTAAGCCCT T T T GGG 
T C CT C GT T GT G GTAGGT GGGGTACT CGCC 
TGCTACTCCCT GCT CGT CACT GT CGCAT T 
CAT CAT CT T CT GGGTCAGATCCAAAAGAA 
GCCGCCTGCTCCATAGCGATTACATGAAT 
AT GACT CCACGCCGCCCT GGCCCCACAAG 
GAAACACTAC CAGC CT TAC G CAC CAC C TA 
GAGATTTCGCT GCCTATCGGAGCAGGGTG 
AAGT T T T CCAGAT CT GCAGAT GCAC CAGC 
GTAT CAGCAGGGCCAGAACCAACT GTATA 
AC GAGCT CAAC CT GGGACGCAGGGAAGAG 
TAT GAC GT T T T GGACAAGCGCAGAGGACG 
GGAC C CT GAGAT G G GT GGCAAAC CAAGAC 
GAAAAAAC C C C CAG GAG GGT CT C TATAAT 
GAGCT GCAGAAGGATAAGAT GGCT GAAGC 
C TAT T CT GAAATAG G CAT GAAAGGAGAGC 
G GAGAAG G G GAAAAG G G CAC GAC G GT T T G 
TAC CAGGGACT CAG CAC T GCTAC GAAG GA 
TACT TAT GACGCT CT CCACAT GCAAGCCC 
TGCCACCTAGG 

TIIHVKGKHLCPSPLF 
P GP SKP FWVLVVVGGV 
LACYS LLVTVAFI I FW 
VRS KRS RL LH S DYMNM 
T P RRP GP T RKHYQ P YA 
P P RD FAAYRS RVK F S R 
SADAPAYQQGQNQLYN 
ELNL GRREEYDVL DKR 
RGRDPEMGGKPRRKNP 
QEGLYNELQKDKMAEA 
YS E I GMKGERRRGKGH 
DGLYQ GL S TAT KDT YD 
AL HMQAL P PR 

( CAR1.5 ) 
Cl one 24C1 
CHD CAR 
DNA LxH 

AT GGCACT CCC CGTAACT GCT CT GCT GCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGGATAT C CAGCT GACCCAGT CT CCA 
T CCT CT T T GAGT GCCT CCGT GGGT GACCG 
CGT CT CT T T CACT T GCCAAGCCAGCCAAG 
ACAT CAACAACT T T CT GAAT T GGTAC CAG 
CAGAAACCAGGCAAAGCACCAAAGCTCCT 
CAT CTACGACGCCT CCAACCT GGAAACCG 
GGGTGCCCAGCAGGTTTAGCGGGAGCGGT 
T CT GGCACGGAT T T TACGT T CACCAT CT C 
CT CT CT GCAGC CCGAGGATATAGCTACT T 
AT TACT GT CAGCAGTACGGGAAT CT GCCA 
TT TACT T T T GGGGGT GGAACTAAGGT GGA 
AATCAAAAGGGGCGGCGGGGGAAGCGGGG 
GCGGGGGCTCAGGTGGCGGAGGGAGCCAG 
GT GCAACT CCAGGAAAGT GGCCCAGGAT T 
GGT GAAGCCCAGCGAGACCCT T T CCCT TA 
CT T GTACT GT TAGCGGAGGCAGCATAAGC 
AGCTACTATTGGTCCTGGATCAGACAGCC 
ACCAGGGAAAGGGCTTGAATGGATTGGCT 
ACAT T TACTAT T C C GGGT C CAC CAACTAC 
AACCCATCCCT CAAGTCCCGCGTGACAAT 
T T CCGT CGACACAAGCAAGAAC CAGTT CT 
CCCTGAAACTTAGTAGCGTCACTGCTGCA 
GATACAGCAGT GTACTAT T GT GT CAGC CT 
T GT CTACT GT GGCGGCGACT GCTACAGT G 
GCT T T GAT TACT GGGGACAGGGCACGCT C 

181 MAL PVTAL L L P LAL L L 
HAARPDIQLTQS PS SL 
SASVGDRVS FT CQAS Q 
D I NN FLNWYQQK P GKA 
P KL L I YDASNL ET GVP 
SRFSGSGSGTDFTFTI 
S S LQ P ED IAT YYCQQY 
GNLP FT FGGGT KVE I K 
RGGGGS GGGGS GGGGS 
QVQLQES GP GLVK P S E 
TLSLTCTVSGGSISSY 
YW SW I RQP P GKGL EW I 
GYIYYSGSTNYNPSLK 
SRVT I SVDT SKNQFS L 
KLS SVTAAD TAVYY CV 
S LVYCGGDCYS GFDYW 
GQ GT LVTVS SAAAI EV 
MYP P PYLDNEKSNGT I 
IHVKGKHLCPSPLFPG 
PSKP FWVLVVVGGVLA 
CYS LLVTVAFI I FWVR 
S KRS RL LH S DYMNMT P 
RRP GP T RKHYQ P YAP P 
RD FAAYRS RVK F S RSA 
DAPAYQQGQNQLYNEL 
NLGRREEYDVLDKRRG 
RD P EMGGK P RRKN P QE 
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GT GACAGT GT C CAGCGCT GCGGCTAT CGA 
GGTAAT GTAT C CGCCACCGTAT CT GGACA 
AC GAGAAGT CTAAT GGGACAAT CAT T CAC 
GT GAAGGGGAAGCACCT GT GT CCAT CCCC 
CCT GT T T CCGGGT CCCAGTAAACCCTT CT 
GGGT GCT T GT T GT CGT T GGCGGGGT GCT G 
GC CT GCTAT T C C CT GCT GGT GACC GT C GC 
GT T TAT TAT T T T CT GGGT TAGAT CCAAAA 
GAAGCCGCCTGCTCCATAGCGATTACATG 
AATATGACTCCACGCCGCCCTGGCCCCAC 
AAGGAAACACTAC CAGC CT TAC G CAC CAC 
CTAGAGATTTCGCTGCCTATCGGAGCAGG 
GT GAAGT T T T C CAGAT CT GCAGAT GCACC 
AG C GTAT CAGCAGGGCCAGAACCAACT GT 
ATAACGAGCTCAACCTGGGACGCAGGGAA 
GAGTAT GAC GT T T T GGACAAGCGCAGAG G 
ACGGGACCCTGAGATGGGTGGCAAACCAA 
GAC GAAAAAAC C C C CAG GAG G GT CT C TAT 
AAT GAG C T G CA GAAG GATAAGAT GGCT GA 
AG C C TAT T CT GAAATAG G CAT GAAAGGAG 
AG C GGAGAAGG G GAAAAG G G CAC GAC G GT 
TTGTACCAGGGACTCAGCACTGCTACGAA 
G GATACT TAT GACGCT CT CCACAT GCAAG 
CCCTGCCACCTAGGTAA 

GLYNELQKDKMAEAYS 
E I GMKGERRRGKGHDG 
LYQ GL S TAT KDT YDAL 
HMQALP PR 

(CAR1.5) 
Clone 24C1 
CHD CAR 
DNA LxH 

GATATCCAGCTGACCCAGTCTCCATCCTC 
TTTGAGTGCCTCCGTGGGTGACCGCGTCT 
CTTTCACTTGCCAAGCCAGCCAAGACATC 
AACAACT T T CT GAATTGGTACCAGCAGAA 
AC CAGGCAAAG CAC CAAAGCT CCT CAT CT 
ACGACGCCTCCAACCTGGAAACCGGGGTG 
CCCAGCAGGT T TAGCGGGAGCGGT T CT GG 
CACGGAT T T TACGT T CACCAT CT CCT CT C 
T GCAGCCC GAG GATATAG C TAC T TAT TAC 
T GT CAGCAGTACGGGAAT CT GCCAT TTAC 
T T T T GGGGGT GGAACTAAGGT GGAAAT CA 
AAAGGGGCGGCGGGGGAAGCGGGGGCGGG 
GGCTCAGGTGGCGGAGGGAGCCAGGTGCA 
ACT CCAGGAAAGT GGCCCAGGAT T GGT GA 
AGCCCAGCGAGACCCT T T CCCT TACTT GT 
ACT GT TAG C G GAG G CAG CATAAG CAGC TA 
CTAT T GGT C CT GGATCAGACAGCCACCAG 
GGAAAGGGCTT GAATGGATTGGCTACATT 
TACTAT T C C GG GT C CAC CAACTACAAC C C 
AT CCCT CAAGT CCCGCGTGACAATTTCCG 
T CGACACAAG CAAGAAC CAGT T CT CCCT G 
AAACTTAGTAGCGTCACTGCTGCAGATAC 
AGCAGT GTACTAT T GT GT CAGCCT T GT CT 
ACT GT GGCGGC GACT GCTACAGT GGCT T T 
GAT TACT GGGGACAGGGCACGCT CGT GAC 
AGT GT CCAGCGCT GCGGCTAT CGAGGTAA 
T GTAT CCGCCACCGTAT CT GGACAACGAG 
AAGT CTAAT GG GACAAT CAT T CAC GT GAA 
GGGGAAGCACCT GT GT CCAT CCCCCCT GT 
T T CCGGGT CCCAGTAAACCCT T CT GGGT G 
CTTGTTGTCGTTGGCGGGGTGCTGGCCTG 
CTAT T CCCT GCT GGT GACCGT CGCGTT TA 
T TAT T T T CT GGGT TAGAT CCAAAAGAAG C 
CGCCTGCTCCATAGCGATTACATGAATAT 
GACTCCACGCCGCCCTGGCCCCACAAGGA 

183 DIQLTQSPSSLSASVG 
DRVSFTCQASQDINNF 
LNWYQQKPGKAPKLLI 
YDASNL ET GVP S RFS G 
SGSGTDFTFTISSLQP 
ED IAT YYCQQYGNL P F 
T FGGGT KVE I KRGGGG 
S GGGGS GGGGSQVQLQ 
ES GP GLVK P S ET L S LT 
CTVS GGS I SSYYWSWI 
RQP P GKGL EW I GYI YY 
S GS TNYN P S LKS RVT I 
SVDTSKNQFSLKLSSV 
TAADTAVYYCVS LVYC 
GGDCYS GFDYWGQ GT L 
VTVS SAAAI EVMYP P P 
YLDNEKSNGT I I HVKG 
KHLCPSPLFPGPSKPF 
WVLVVVGGVLACYS LL 
VTVAF I I FWVRSKRS R 
L LH S DYMNMT P RRP GP 
T RKHYQ P YAP P RD FAA 
YRS RVKFS RSADAPAY 
QQGQNQLYNELNLGRR 
EEYDVLDKRRGRDPEM 
GGKPRRKNPQEGLYNE 
LQKDKMAEAYS E I GMK 
GERRRGKGHDGLYQGL 
S TAT KDT YDAL HMQAL 
P PR 
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AACACTAC CAGC CT TAC G CAC CAC CTAGA 
GAT T T CGCT GC CTAT CGGAGCAGGGT GAA 
GT T T T CCAGAT CT GCAGAT GCACCAGCGT 
AT CAGCAGGGC CAGAAC CAACT GTATAAC 
GAGCTCAACCT GGGACGCAGGGAAGAGTA 
TGACGTTTTGGACAAGCGCAGAGGACGGG 
ACC CT GAGAT GGGTGGCAAAC CAAGAC GA 
AAAAAC C C C CA G GAG GGT CT C TATAAT GA 
GCTGCAGAAGGATAAGATGGCTGAAGCCT 
AT T CT GAAATA G G CAT GAAAGGAGAGC GG 
AGAAG G G GAAAAG G G CAC GAC G GT T T GTA 
C CAGGGACT CAG CAC T GCTAC GAAGGATA 
CTTATGACGCTCTCCACATGCAAGCCCTG 
CCACCTAGG 

(CAR1.6) 
Clone 24C1 
CD8 CAR 
DNA LxH 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGGACATTCAATTGACCCAGTCCCCT 
AGCAGTCTCTCAGCAAGTGTGGGAGATAG 
GGTGTCATTCACCTGTCAGGCTTCACAGG 
ACATCAACAACTTCCTCAATTGGTATCAG 
CAGAAGCCAGGGAAGGCACCAAAGCTGCT 
CATATATGACGCTTCAAACCTTGAAACCG 
GAGTACCTAGCCGCTTCAGCGGAAGCGGA 
T CAGGGACT GACT T CACT T T TACCAT CT C 
TT CAC T GCAGC C C GAAGACAT C GC CACAT 
ACTACTGCCAGCAGTACGGAAACTTGCCT 
TTTACATTTGGGGGCGGCACCAAAGTGGA 
GAT TAAGCGAGGGGGAGGCGGCT CAGGAG 
GCGGT GGCT CC GGAGGCGGGGGT T CCCAG 
GT CCAGCT CCAGGAAT CCGGCCCAGGT CT 
GGT TAAGCCCAGT GAAACT T T GT CCCT CA 
CGT GTACT GT GAGCGGT GGT T CAAT CT CC 
T CATACTAT T GGT CT T GGATACGGCAACC 
TCCTGGAAAGGGCCTCGAGTGGATCGGCT 
ATATCTACTATAGTGGCTCCACTAATTAC 
AACCCTTCCCT CAAGTCCAGAGTCACCAT 
T T CCGT GGACACAT CTAAGAAC CAGTT CA 
GT CT GAAGT T GT CCAGCGT TACAGCCGCA 
GACACAGCCGT T TAT TACT GT GT GT CT CT 
T GT T TACT GCGGGGGAGACT GT TATAGCG 
GCT T CGAT TACT GGGGCCAGGGCACCT T G 
GT CACAGT CT CT T CCGCGGCCGCCCT CT C 
TAACAGTAT TAT GTACT T T T CT CAT TT T G 
TACCCGT GT T C CT T CCCGCTAAGCCAACT 
ACTACCCCGGCCCCACGGCCGCCTACCCC 
T GCAC C CACAATAGC CAGT CAGC CT TT GA 
GCCTGAGACCT GAGGCT T GT CGGCCGGCT 
GCT GGGGGT GCAGT GCACACACGAGGT CT 
T GAT T T T GCT T GCGACATATACAT CT GGG 
CCC CT CT GGCC GGGAC CT GT GGGGT GCT G 
CT T CT GAGCT T GGT CAT CACGCT CTAT T G 
CAAC CAT C GCAACAGAT C CAAAAGAAGC C 
GCCTGCTCCATAGCGATTACATGAATATG 
ACT CCACGCCGCCCT GGCCCCACAAGGAA 
ACACTACCAGC CT TAC G CAC CAC C TAGAG 
AT T T CGCT GCCTAT CGGAGCAGGGT GAAG 
T T T T CCAGAT CT GCAGAT GCACCAGCGTA 
T CAGCAGGGC CAGAAC CAACT GTATAAC G 
AGCTCAACCTGGGACGCAGGGAAGAGTAT 

185 MALPVTALLLPLALLL 
HAARPDIQLTQSPSSL 
SASVGDRVSFTCQASQ 
DINNFLNWYQQKPGKA 
PKLLIYDASNLETGVP 
SRFSGSGSGTDFTFTI 
S S LQ P ED IAT YYCQQY 
GNLP FT FGGGT KVE I K 
RGGGGS GGGGS GGGGS 
QVQLQESGPGLVKPSE 
TLSLTCTVSGGS I S SY 
YW SW I RQP P GKGL EW I 
GYIYYSGSTNYNPSLK 
S RVT I SVDT SKNQFS L 
KLS SVTAAD TAVYY CV 
S LVYCGGDCYS GFDYW 
GQ GT LVTVS SAAALSN 
S IMYF S H FVPVFL PAK 
PTTT PAPRP PT PAPT I 
AS QPL S L RP EACRPAA 
GGAVHT RGL D FACD I Y 
IWAPLAGTCGVLLLSL 
VI TLYCNHRNRSKRS R 
L LH S DYMNMT P RRP GP 
T RKHYQ P YAP P RD FAA 
YRS RVKFS RSADAPAY 
QQGQNQLYNELNLGRR 
EEYDVLDKRRGRDPEM 
GGKPRRKNPQEGLYNE 
LQKDKMAEAYS E I GMK 
GERRRGKGHDGLYQGL 
S TAT KDT YDAL HMQAL 
P PR 
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GACGTTTTGGACAAGCGCAGAGGACGGGA 
CCCTGAGATGGGTGGCAAACCAAGACGAA 
AAAAC C C C CAG GAG G GT CT CTATAAT GAG 
CT GCAGAAG GATAAGAT GGCT GAAGCC TA 
TT CT GAAATAGGCAT GAAAG GAGAGCG GA 
GAAG G G GAAAAG G G CAC GAC G GT T T GTAC 
CAGGGACT CAG CAC T GCTAC GAAGGATAC 
T TAT GACGCT CT CCACAT GCAAGCCCT GC 
CAC C TAG GTAA 

( CAR1.6 ) GACAT T CAAT T GACCCAGT CCCCTAGCAG 187 DIQLTQS PS SLSASVG 188 
Cl one 24C1 T CT CT CAGCAAGT GT GGGAGATAGGGT GT DRVS FT CQAS Q D I NN F 
CD8 CAR CAT T CAC CT GT CAGGCTTCACAGGACATC LNWYQQK P GKAP KL L I 
DNA LxH AACAACTTCCT CAATTGGTATCAGCAGAA YDASNLETGVP S RFS G 

GCCAGGGAAGGCACCAAAGCTGCTCATAT SGSGTDFTFTISSLQP 
AT GACGCT T CAAACCT T GAAACCGGAGTA ED IAT YYCQQYGNL P F 
CCTAGCCGCTT CAGCGGAAGCGGATCAGG T FGGGT KVE I KRGGGG 
GACT GACT T CACT T T TACCAT CT CT T CAC S GGGGS GGGGSQVQLQ 
T GCAGC C C GAAGACAT C GC CACATACTAC ES GP GLVK P S ET L S LT 
TGCCAGCAGTACGGAAACTTGCCTTTTAC CTVS GGS I SSYYWSWI 
AT T T GGGGGCGGCACCAAAGT GGAGAT TA RQP P GKGL EW I GYI YY 
AGCGAGGGGGAGGCGGCTCAGGAGGCGGT S GS TNYN P S LKS RVT I 
GGCTCCGGAGGCGGGGGTTCCCAGGTCCA SVDTSKNQFSLKLSSV 
GCTCCAGGAAT CCGGCCCAGGT CT GGT TA TAADTAVYYCVS LVYC 
AGCCCAGT GAAACT T T GT CCCT CACGT GT GGDCYS GFDYWGQ GT L 
ACT GT GAGCGGT GGT T CAAT CT CCT CATA VTVS SAAALSNS IMYF 
CTAT T GGT CT T GGATACGGCAACCTCCTG S H FVPVFL PAK P T T T P 
GAAAGGGCCTCGAGTGGATCGGCTATATC APRP PT PAPT IASQPL 
TACTATAGTGGCTCCACTAATTACAACCC S L RP EACRPAAG GAVH 
TTCCCTCAAGT CCAGAGTCACCATTTCCG T RGL D FACD I YIWAPL 
T GGACACAT CTAAGAAC CAGT T CAGT CT G AGTCGVLLLS LVI TLY 
AAGT T GT C CAG C GT TACAGC C GCAGACAC CNHRNRSKRS RL LH S D 
AGCCGT T TAT TACT GT GT GT CT CT T GT T T YMNMT P RRP GP T RKHY 
ACT GCGGGGGAGACT GT TATAGCGGCT T C Q P YAP P RD FAAYRS RV 
GAT TACT GGGGCCAGGGCACCT T GGT CAC KFS RSADAPAYQQGQN 
AGT CT CT T CCGCGGCCGCCCT CT CTAACA QLYNELNLGRREEYDV 
GTAT TAT GTACT T T T CT CAT T T T GTACCC LDKRRGRDPEMGGKPR 
GT GT T CCT T CC CGCTAAGCCAACTACTAC RKNPQEGLYNELQKDK 
CCCGGCCCCACGGCCGCCTACCCCTGCAC MAEAYS E I GMKGERRR 
CCACAATAGCCAGTCAGCCTTTGAGCCTG GKGHDGLYQ GL S TAT K 
AGACCT GAGGCT T GT CGGCCGGCT GCT GG DT YDALHMQAL P PR 
GGGT GCAGT GCACACACGAGGT CT T GAT T 
T T GCT T GCGACATATACAT CT GGGCCCCT 
CT GGCC GGGAC CT GT GGGGT GCT GCTT CT 
GAGCT T GGT CAT CACGCT CTAT T GCAACC 
AT CGCAACAGAT CCAAAAGAAGCCGCCT G 
CT C CATAGC GAT TACAT GAATAT GACT C C 
ACGCCGCCCTGGCCCCACAAGGAAACACT 
AC CAGC CT TAC G CAC CAC CTAGAGATT T C 
GCT GCCTAT CGGAGCAGGGT GAAGT TT T C 
CAGAT CT GCAGAT G CAC CAGC GTAT CAGC 
AG G G C CAGAAC CAACT GTATAAC GAGCT C 
AACCT GGGACGCAGGGAAGAGTAT GAC GT 
TTTGGACAAGCGCAGAGGACGGGACCCTG 
AGAT GGGTGGCAAAC CAAGAC GAAAAAAC 
CCCCAGGAGGGT CT CTATAAT GAGCT GCA 
GAAG GATAAGAT GGCT GAAGCCTAT T CT G 
AAATAG G CAT GAAAGGAGAGC GGAGAAGG 
GGAAAAGGGCACGACGGTTTGTACCAGGG 
ACT CAG CAC T GCTAC GAAGGATACT TAT G 
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ACGCTCTCCACATGCAAGCCCTGCCACCT 
AGG 

(CAR2.1) 
Clone 24C8 
THD CAR 
DNA HxL 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGCAGGTACAGCTGCAGGAATCTGGG 
CCCGGACTTGTCAAGCCAAGTCAGACACT 
TTCTCTTACATGTACCGTGAGCGGCGGAA 
GTATAAGCAGTGGAGGCTTTTACTGGTCT 
TGGATACGGCAGCACCCAGGCAAAGGCTT 
GGAGTGGATTGGATACATTCATCATTCAG 
GATCTACACACTATAATCCATCCCTTAAG 
TCCCGGGTCACCATTAGCATTGATACGTC 
TAAGAATCTGTTCAGTCTCAGGCTGTCCT 
CCGTCACTGCTGCCGACACAGCCGTGTAC 
TACTGCGCCTCCTTGGTTTACTGCGGAGG 
CGACTGTTATAGCGGCTTTGATTATTGGG 
GGCAGGGGACCCTCGTAACCGTGAGCTCT 
GGAGGGGGTGGGAGCGGGGGAGGAGGTTC 
AGGGGGGGGCGGCTCCGATATCCAGCTCA 
CTCAAAGCCCCTCTAGTCTCTCTGCCTCA 
GTGGGGGATCGGGTCAGTTTTACTTGTCA 
AGCTTCACAGGATATCAACAACTTCCTTA 
ATTGGTATCAGCAGAAGCCAGGAAAAGCA 
CCCAAGCTGCTCATCTATGATGCCTCAAA 
TTTGGAGACGGGTGTTCCCAGTCGATTCT 
CTGGGTCAGGGTCCGGGACCGACTTTACG 
TTTACGATCTCCTCTCTGCAGCCCGAAGA 
CAT CGCCACATACTATT GT CAACAGTACG 
GCAACTTGCCTTTCACATTTGGGGGCGGG 
ACTAAGGTTGAAATCAAGAGGGCCGCTGC 
ACT GGACAAT GAGAAGT CCAACGGCACCA 
TCATCCACGTGAAGGGCAAGCACCTGTGC 
CCTAGTCCTCTGTTCCCAGGCCCATCCAA 
ACCTTTTTGGGTTCTTGTTGTGGTCGGGG 
GGGTGCTGGCCTGCTATTCTCTGCTGGTC 
ACGGTGGCCTTCATAATTTTCTGGGTTAG 
ATCCAAAAGAAGCCGCCTGCTCCATAGCG 
ATTACATGAATATGACTCCACGCCGCCCT 
GGCCCCACAAGGAAACACTACCAGCCTTA 
CGCACCACCTAGAGATTTCGCTGCCTATC 
GGAGCAGGGTGAAGTTTTCCAGATCTGCA 
GAT GCACCAGCGTAT CAGCAGGGCCAGAA 
CCAACTGTATAACGAGCTCAACCTGGGAC 
GCAGGGAAGAGTATGACGTTTTGGACAAG 
CGCAGAGGACGGGACCCTGAGATGGGTGG 
CAAACCAAGACGAAAAAACCCCCAGGAGG 
GT CT CTATAAT GAGCTGCAGAAGGATAAG 
ATGGCTGAAGCCTATTCTGAAATAGGCAT 
GAAAGGAGAGCGGAGAAGGGGAAAAGGGC 
ACGACGGTTTGTACCAGGGACTCAGCACT 
GCTACGAAGGATACTTATGACGCTCTCCA 
CATGCAAGCCCTGCCACCTAGGTAA 

189 MALPVTALLLPLALLL 
HAARPQVQLQESGPGL 
VKPSQTLSLTCTVSGG 
SISSGGFYWSWIRQHP 
GKGLEWIGYIHHSGST 
HYNPSLKSRVTISIDT 
SKNLFSLRLSSVTAAD 
TAVYYCASLVYCGGDC 
YSGFDYWGQGTLVTVS 
SGGGGSGGGGSGGGGS 
DIQLTQSPSSLSASVG 
DRVSFTCQASQDINNF 
LNWYQQKPGKAPKLLI 
YDASNLETGVPSRFSG 
SGSGTDFTFTISSLQP 
EDIATYYCQQYGNLPF 
TFGGGTKVEIKRAAAL 
DNEKSNGTIIHVKGKH 
LCPSPLFPGPSKPFWV 
LVVVGGVLACYSLLVT 
VAFIIFWVRSKRSRLL 
HSDYMNMTPRRPGPTR 
KHYQPYAPPRDFAAYR 
SRVKFSRSADAPAYQQ 
GQNQLYNELNLGRREE 
YDVLDKRRGRDPEMGG 
KPRRKNPQEGLYNELQ 
KDKMAEAYSEIGMKGE 
RRRGKGHDGLYQGLST 
ATKDTYDALHMQALPP 
R 

190 

(CAR2.1) 
Clone 24C8 
THD CAR 
DNA HxL 

CAGGTACAGCTGCAGGAATCTGGGCCCGG 
ACTTGTCAAGCCAAGTCAGACACTTTCTC 
TTACATGTACCGTGAGCGGCGGAAGTATA 
AGCAGTGGAGGCTTTTACTGGTCTTGGAT 
ACGGCAGCACCCAGGCAAAGGCTTGGAGT 
GGATTGGATACATTCATCATTCAGGATCT 
ACACACTATAATCCATCCCTTAAGTCCCG 

191 QVQLQESGPGLVKPSQ 
TLSLTCTVSGGSISSG 
GFYWSWIRQHPGKGLE 
WIGYIHHSGSTHYNPS 
LKSRVTISIDTSKNLF 
SLRLSSVTAADTAVYY 
CASLVYCGGDCYSGFD 
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G GT CAC CAT TAG CAT T GATAC GT CTAAGA 
AT CT GT T CAGT CT CAGGCT GT CCT CCGT C 
ACT GCT GCCGACACAGCCGT GTACTACT G 
CGCCT CCT T GGT T TACT GCGGAGGCGACT 
GT TATAGCGGCT T T GAT TAT T GGGGGCAG 
GGGACCCT CGTAACCGT GAGCT CT GGAGG 
GGGTGGGAGCGGGGGAGGAGGTTCAGGGG 
GGGGCGGCT CC GATAT CCAGCT CACT CAA 
AGCCCCT CTAGT CT CT CT GCCT CAGT GGG 
GGAT CGGGT CAGT T T TACT T GT CAAGCT T 
CACAGGATATCAACAACTTCCTTAATTGG 
TAT CAGCAGAAGC CAG GAAAAG CAC C CAA 
GCT GCT CAT CTAT GAT GCCT CAAAT TT GG 
AGACGGGT GT T CCCAGT CGAT T CT CT GGG 
TCAGGGTCCGGGACCGACTTTACGTTTAC 
GAT CT CCT CT CT GCAGCCCGAAGACAT CG 
C CACATAC TAT T GT CAACAGTAC GGCAAC 
TTGCCTTTCACATTTGGGGGCGGGACTAA 
GGTTGAAATCAAGAGGGCCGCTGCACTGG 
ACAAT GAGAAGT C CAAC G G CAC CAT CAT C 
CACGT GAAGGGCAAGCACCT GT GCCCTAG 
T CCT CT GT T CC CAGGCCCAT CCAAACCT T 
T T T GGGT T CT T GT T GT GGT CGGGGGGGT G 
CT GGC CT GCTAT T CT CT GCT GGT CACGGT 
GGCCT T CATAAT T T T CT GGGT TAGAT CCA 
AAAGAAGCCGC CT GCT CCATAGCGAT TAC 
AT GAATAT GACT CCACGCCGCCCT GGCCC 
CACAAGGAAACACTAC CAGC CT TAC GCAC 
CACCTAGAGATTTCGCTGCCTATCGGAGC 
AGGGT GAAGT T T T CCAGAT CT GCAGAT GC 
AC CAGC GTAT CAGCAGGGC CAGAAC CAAC 
T GTATAAC GAG CT CAAC CT GGGAC GCAGG 
GAAGAGTAT GAC GT T T T GGACAAGCGCAG 
AGGACGGGACC CT GAGAT GGGT GGCAAAC 
CAAGAC GAAAAAAC C C C CAG GAG GGT CT C 
TATAAT GAG C T GCAGAAGGATAAGAT GGC 
T GAAGC C TAT T C T GAAATAG G CAT GAAAG 
GAGAGC G GAGAAG G G GAAAAG G G CAC GAC 
GGTTTGTACCAGGGACTCAGCACTGCTAC 
GAAG GATACT TAT GACGCT CT CCACAT GC 
AAGCCCTGCCACCTAGG 

YWGQ GT LVTVS S GGGG 
SGGGGSGGGGSDIQLT 
QS P S SLSASVGDRVS F 
T CQAS QD I NN FLNWYQ 
QK P GKAP KL L I YDASN 
LETGVPSRFSGSGSGT 
DFTFTISSLQPEDIAT 
YYCQQYGNLP FT FGGG 
T KVE I KRAAALDNEKS 
NGT I IHVKGKHLCPSP 
L F P GP SKP FWVLVVVG 
GVLACYS L LVTVAF I I 
FWVRS KRS RL LH S DYM 
NMT P RRP GP T RKHYQ P 
YAP P RD FAAYRS RVK F 
SRSADAPAYQQGQNQL 
YNELNLGRREEYDVLD 
KRRGRDPEMGGKPRRK 
NPQEGLYNELQKDKMA 
EAYS E I GMKGERRRGK 
GHDGLYQ GL S TAT KDT 
Y DAL HMQAL P PR 

(CAR2.2) 
Clone 24C8 
CHD CAR 
DNA HxL 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGCAGGTGCAGCTGCAGGAAAGCGGT 
CCGGGACTTGTCAAGCCGTCCCAAACGCT 
GAGTCTGACGTGTACTGTCTCTGGTGGCT 
CTATTTCTTCCGGGGGCTTTTATTGGTCT 
TGGATCAGACAACACCCTGGCAAAGGGCT 
GGAGT GGATAG GGTATAT T CAC CACT CT G 
G GT C CAC T CAC TACAAC C CAT CAT T GAAA 
T C CAGAGT GAC TAT CT CAAT C GACACAT C 
CAAGAACCT T T T CAGCCT GAGGT T GT CAT 
CAGTTACCGCCGCTGACACCGCGGTGTAT 
TAT T GCGCCT CT CT CGT GTACT GCGGT GG 
CGAT T GT TATAGT GGCT T T GACTACT GGG 
GGCAGGGGACATTGGTTACCGTTTCAAGT 
GGAGGCGGT GGGT CT GGCGGGGGCGGTAG 
CGGAGGT GGGGGGAGCGACATACAGCT TA 
CGCAGAGCCCCT CCAGCCT T T CAGCCT CC 

193 MALPVTALLLPLALLL 
HAARPQVQLQESGPGL 
VKPSQTLSLTCTVSGG 
SISSGGFYWSWIRQHP 
GKGLEWIGYIHHSGST 
HYNPSLKSRVTISIDT 
SKNLFS LRLS SVTAAD 
TAVYYCAS LVYCGGDC 
YS GFDYWGQ GT LVTVS 
S GGGGS GGGGS GGGGS 
DIQLTQSPSSLSASVG 
DRVS FT CQAS QD I NN F 
LNWYQQK P GKAP KL L I 
YDASNL ET GVP SRFS G 
SGSGTDFTFTISSLQP 
ED IAT YYCQQYGNL P F 
T FGGGT KVE I KRAAAI 
EVMYP P PYLDNEKSNG 
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GT GGGGGATAGGGT GT CCT T TACCT GCCA 
GGCT T CCCAG GACATAAACAACT T CCT CA 
AT T GGTAT CAG CAAAAGCCCGGGAAAG CA 
CCAAAGCTGCT CAT CTAC GAT GCCAGCAA 
CCT GGAAACCGGAGT GCCGT CT CGCTT CT 
CT GGAAGT GGCAGT GGGACCGAT T T CACT 
T T TACAAT CT CAAGT T T GCAGC CAGAAGA 
CAT T GCAACATACTACT GT CAACAGTAC G 
GCAAT CT CCCCT T TACAT T T GGGGGGGGA 
ACTAAAGTGGAGATTAAGCGCGCTGCAGC 
CAT T GAAGT TAT GTAT CCGCCCCCGTAT C 
T GGATAAC GAGAAAT CTAAT GGTAC CATA 
ATACAT GT GAAGGGGAAGCACCT CT GT CC 
AT CACCGCT GT T CCCCGGCCCT T CAAAAC 
CT T T CT GGGTACT C GT T GT C GT GGGT GGA 
GT T CT GGCCT GCTATAGT CT GCT GGT GAC 
CGT GGCGT T TAT CAT CT T CT GGGTAAGAT 
CCAAAAGAAGCCGCCTGCTCCATAGCGAT 
TACATGAATAT GACTCCACGCCGCCCTGG 
C C C CACAAGGAAACACTAC CAGC CT TAC G 
CACCACCTAGAGATTTCGCTGCCTATCGG 
AGCAGGGT GAAGT T T T CCAGAT CT GCAGA 
TG CAC CAGC GTAT CAGCAGGGC CAGAAC C 
AACT GTATAAC GAGCT CAAC CT GGGAC GC 
AGGGAAGAGTAT GAC GT T T T GGACAAGCG 
CAGAGGACGGGACCCTGAGATGGGTGGCA 
AAC CAAGAC GAAAAAAC C C C CAG GAGG GT 
CT CTATAAT GA GCT G CAGAAG GATAAGAT 
GGCT GAAGCCTAT T CT GAAATAGGCAT GA 
AAGGAGAGC GGAGAAGGGGAAAAGGGCAC 
GACGGT T T GTACCAGGGACT CAGCACT GC 
TAC GAAG GATACT TAT GACGCT CT CCACA 
TGCAAGCCCTGCCACCTAGGTAA 

TIIHVKGKHLCPSPLF 
P GP SKP FWVLVVVGGV 
LACYS L LVTVAF I I FW 
VRSKRS RL LH S DYMNM 
T P RRP GP T RKHYQ P YA 
P P RD FAAYRS RVKFS R 
SADAPAYQQGQNQLYN 
ELNL GRREEYDVL DKR 
RGRDPEMGGKPRRKNP 
QEGLYNELQKDKMAEA 
YS E I GMKGERRRGKGH 
DGLYQ GL S TAT KDT YD 
AL HMQAL P PR 

(CAR2.2) 
Clone 24C8 
CHD CAR 
DNA HxL 

CAGGTGCAGCTGCAGGAAAGCGGTCCGGG 
ACTTGTCAAGCCGTCCCAAACGCTGAGTC 
TGACGTGTACTGTCTCTGGTGGCTCTATT 
TCTTCCGGGGGCTTTTATTGGTCTTGGAT 
CAGACAACACC CT GGCAAAGGGCT GGAGT 
GGATAGGGTATAT T CACCACT CT GGGT CC 
ACT CAC TACAAC C CAT CAT T GAAAT CCAG 
AGT GAC TAT CT CAAT C GACACAT C CAAGA 
ACCT T T T CAGC CT GAGGT T GT CAT CAGT T 
ACCGCCGCT GACACCGCGGT GTAT TAT T G 
CGCCT CT CT CGT GTACT GCGGT GGCGAT T 
GT TATAGT GGCT T T GACTACT GGGGGCAG 
GGGACATTGGTTACCGTTTCAAGTGGAGG 
CGGT GGGT CT GGCGGGGGCGGTAGCGGAG 
GT GGGGGGAGC GACATACAGCT TAC GCAG 
AGCCCCTCCAGCCTTTCAGCCTCCGTGGG 
GGATAGGGT GT CCTTTACCTGCCAGGCTT 
CCCAGGACATAAACAACTTCCTCAATTGG 
TAT CAG CAAAAGCCCGGGAAAG CAC CAAA 
GCT GCT CAT CTACGAT GCCAGCAACCT GG 
AAACCGGAGT GCCGT CT CGCT T CT CT GGA 
AGTGGCAGTGGGACCGATTTCACTTTTAC 
AAT CT CAAGT T T GCAGC CAGAAGACAT T G 
CAACATACTACT GT CAACAGTAC GGCAAT 
CT CCCCT T TACAT T T GGGGGGGGAACTAA 
AGTGGAGATTAAGCGCGCTGCAGCCATTG 

195 QVQLQESGPGLVKPSQ 
TLSLTCTVSGGSISSG 
GFYWSWIRQHPGKGLE 
WIGYIHHSGSTHYNPS 
LKSRVTISIDTSKNLF 
S LRLS SVTAADTAVYY 
CAS LVYCGGDCYS GFD 
YWGQ GT LVTVS S GGGG 
SGGGGSGGGGSDIQLT 
QS PS SL SASVGDRVS F 
T CQAS QD I NN FLNWYQ 
QK P GKAP KL L I YDASN 
LETGVPSRFSGSGSGT 
DFTFTISSLQPEDIAT 
YYCQQYGNLP FT FGGG 
T KVE I KRAAAI EVMY P 
P PYLDNEKSNGT I IHV 
KGKHLCPSPLFPGPSK 
P FWVLVVVGGVLACY S 
L LVTVAF I I FWVRS KR 
S RL LH S DYMNMT PRRP 
GP T RKHYQ P YAP P RD F 
AAYRS RVKFS RSADAP 
AYQQGQNQLYNELNLG 
RREEYDVLDKRRGRDP 
EMGGKPRRKNPQEGLY 
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AAGT TAT GTAT CCGCCCCCGTAT CT GGAT 
AAC GAGAAAT CTAAT GGTAC CATAATACA 
T GT GAAGGGGAAGCACCT CT GT CCAT CAC 
CGCT GT T CCCC GGCCCT T CAAAACCTT T C 
T GGGTACT C GT T GT C GT GGGT GGAGTT CT 
GGCCT GCTATAGT CT GCT GGT GACCGT GG 
CGT T TAT CAT CT T CT GGGTAAGAT CCAAA 
AGAAGCCGCCT GCTCCATAGCGATTACAT 
GAATATGACTCCACGCCGCCCTGGCCCCA 
CAAGGAAACACTAC CAGC CT TAC G CAC CA 
CCTAGAGATTT CGCTGCCTATCGGAGCAG 
GGTGAAGTTTT CCAGAT CT GCAGAT GCAC 
CAGC GTAT CAG CAGGGC CAGAAC CAACT G 
TATAACGAGCT CAACCT GGGACGCAGG GA 
AGAGTAT GAC GT T T T GGACAAGCGCAGAG 
GACGGGACCCT GAGATGGGTGGCAAACCA 
AGAC GAAAAAACCCC CAG GAG GGT C T C TA 
TAAT GAG C T GCAGAAGGATAAGAT G GC T G 
AAGC C TAT T C T GAAATAG G CAT GAAAG GA 
GAG C GGAGAAG G G GAAAAG G G CAC GAC GG 
TTTGTACCAGGGACTCAGCACTGCTACGA 
AG GATACT TAT GACGCT CT CCACAT GCAA 
GCCCTGCCACCTAGG 

NELQKDKMAEAYSEIG 
MKGERRRGKGHDGLYQ 
GLSTATKDTYDALHMQ 
ALP PR 

(CAR2.3) 
Clone 24C8 
CD8 CAR 
DNA HxL 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGCAGGTGCAGTTGCAGGAAAGCGGG 
CCTGGCCTTGTGAAACCAAGCCAGACACT 
GAGCCTGACATGCACTGTGTCCGGCGGGT 
CCATATCTTCCGGGGGTTTTTATTGGTCC 
TGGATACGCCAGCATCCCGGGAAAGGACT 
T GAAT GGAT T GGATATAT CCAC CAT T CCG 
GAAG CAC C CAC TACAAT C CAAGC CT TAAA 
T CCCGGGT GACAAT CT CCAT CGACACCT C 
AAAGAAT CT T T T T T CCCT GCGGT T GT CT T 
CAGTAACT GCC GCCGATACCGCT GT GTAC 
TACT GT GCCAGCCT CGT CTAT T GCGGCGG 
AGAT T GT TAT T CT GGGT T CGAT TAT T GGG 
GT CAAGGCACACT GGTAACT GT CAGCAGC 
GGAGGCGGCGGTTCCGGGGGCGGGGGCAG 
T GGAGGGGGCGGAT CT GACAT T CAGCT TA 
CGCAGT CCCCAT CT T CACT TAGCGCCAGC 
GT T GGCGAT CGGGT CAGCT T CACGT GT CA 
AG CAAGT CAGGATAT CAACAAC T T T CT TA 
ACT GGTAC CAG CAGAAGC CAG G CAAGG CA 
CCCAAGTTGCT GAT T TACGAT GCT T CTAA 
CCT CGAGACGGGAGT GCCTAGCCGCTT CT 
CCGGGAGCGGCAGCGGCACAGACTTTACC 
T T TACGAT T T C CAGT CT GCAGCCAGAGGA 
TATAGCAACT TAT TACT GT CAGCAGTAT G 
GCAACCTCCCTTTTACCTTCGGTGGTGGC 
ACAAAGGT C GA GAT TAAAAGAGC C GCAGC 
GT T GT CCAACT CCATAAT GTAT T T T T CT C 
AT T T T GT GCCC GT CT T T CT GCCT GCCAAA 
CCTACCACCACCCCCGCCCCACGACCACC 
TACT CCAGCCC CCACCAT CGCCT CCCAGC 
CCCT CAGCCT GAGGCCAGAGGCT T GT CGC 
CCT GCT GCGGGGGGCGCT GT CCATACCAG 
AGGACT CGACT T CGCCT GCGATAT T TATA 
TAT GGGCCCCC CT CGCCGGCACCT GCGGA 

197 MALPVTALLLPLALLL 
HAARPQVQLQESGPGL 
VKPSQTLSLTCTVSGG 
SISSGGFYWSWIRQHP 
GKGLEWIGYIHHSGST 
HYNPSLKSRVTISIDT 
SKNLFSLRLSSVTAAD 
TAVYYCAS LVYCGGDC 
YS GFDYWGQ GT LVTVS 
S GGGGS GGGGS GGGGS 
DIQLTQSPSSLSASVG 
DRVS FT CQAS Q D I NN F 
LNWYQQK P GKAP KL L I 
YDASNL ET GVP S RFS G 
SGSGTDFTFTISSLQP 
ED IAT YYCQQYGNL P F 
T FGGGT KVE I KRAAAL 
SNS IMYFSHFVPVFLP 
AK P T T T PAP RP PT PAP 
T IAS QP L S L RP EACRP 
AAGGAVHTRGLDFACD 
I YIWAPLAGTCGVLLL 
S LVI T LYCNHRNRS KR 
S RL LH S DYMNMT PRRP 
GP T RKHYQ P YAP P RD F 
AAYRS RVKFS RSADAP 
AYQQGQNQLYNELNLG 
RREEYDVLDKRRGRDP 
EMGGKPRRKNPQEGLY 
NELQKDKMAEAYSEIG 
MKGERRRGKGHDGLYQ 
GLSTATKDTYDALHMQ 
ALP PR 
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GT CT T GCT CCT GAGCCT T GT GAT CACGCT 
T TAT T GTAAC CAT C GGAATAGAT C CAAAA 
GAAGCCGCCTGCTCCATAGCGATTACATG 
AATATGACTCCACGCCGCCCTGGCCCCAC 
AAGGAAACACTAC CAGC CT TAC G CAC CAC 
CTAGAGATTTCGCTGCCTATCGGAGCAGG 
GT GAAGT T T T C CAGAT CT GCAGAT GCACC 
AG C GTAT CAGCAGGGCCAGAACCAACT GT 
ATAACGAGCTCAACCTGGGACGCAGGGAA 
GAGTAT GAC GT T T T GGACAAGCGCAGAG G 
ACGGGACCCTGAGATGGGTGGCAAACCAA 
GAC GAAAAAAC C C C CAG GAG G GT CT C TAT 
AAT GAG C T G CA GAAG GATAAGAT GGCT GA 
AG C C TAT T CT GAAATAG G CAT GAAAGGAG 
AG C GGAGAAGG G GAAAAG G G CAC GACGGT 
TTGTACCAGGGACTCAGCACTGCTACGAA 
G GATACT TAT GACGCT CT CCACAT GCAAG 
CCCTGCCACCTAGGTAA 

(CAR2.3) 
Clone 24C8 
CD8 CAR 
DNA HxL 

CAGGTGCAGTTGCAGGAAAGCGGGCCTGG 
CCTTGTGAAACCAAGCCAGACACTGAGCC 
TGACATGCACTGTGTCCGGCGGGTCCATA 
TCTTCCGGGGGTTTTTATTGGTCCTGGAT 
ACGCCAG CAT C CCGGGAAAG GACT T GAAT 
G GAT T GGATATAT CCAC CAT T CCGGAAG C 
ACCCACTACAATCCAAGCCTTAAATCCCG 
GGT GACAAT CT C CAT C GACAC CT CAAAGA 
AT CT T T T T T CC CT GCGGT T GT CT T CAGTA 
ACT GCCGCCGATACCGCT GT GTACTACT G 
TGCCAGCCTCGTCTATTGCGGCGGAGATT 
GT TAT T CT GGGT T CGAT TAT T GGGGT CAA 
GGCACACT GGTAACT GT CAGCAGCGGAGG 
CGGCGGTTCCGGGGGCGGGGGCAGTGGAG 
GGGGCGGAT CT GACATTCAGCTTACGCAG 
T CCCCAT CT T CACT TAGCGCCAGCGTT GG 
CGAT CGGGT CAGCT T CACGT GT CAAGCAA 
GT CAG GATAT CAACAACT T T CT TAACT GG 
TAC CAGCAGAAGC CAG G CAAG G CAC C CAA 
GT T GCT GAT T TACGAT GCT T CTAACCT CG 
AGACGGGAGT GCCTAGCCGCT T CT CCGGG 
AGCGGCAGCGGCACAGACTTTACCTTTAC 
GAT T T C CAGT CT GCAGC CAGAGGATATAG 
CAACT TAT TACT GT CAGCAGTAT GGCAAC 
CT CCCT T T TAC CT T CGGT GGT GGCACAAA 
GGT CGAGAT TAAAAGAGCCGCAGCGTT GT 
CCAACT CCATAAT GTAT T T T T CT CATT T T 
GT GCCCGT CT T T CT GCCT GCCAAACCTAC 
CACCACCCCCGCCCCACGACCACCTACTC 
CAGCCCCCACCATCGCCTCCCAGCCCCTC 
AGCCT GAGGCCAGAGGCT T GT CGCCCT GC 
T GCGGGGGGCGCT GT CCATACCAGAGGAC 
TCGACTTCGCCTGCGATATTTATATATGG 
GCCCCC CT C GC C GGCAC CT GC GGAGT CT T 
GCT CCT GAGCCT T GT GAT CACGCT T TAT T 
GTAAC CAT C GGAATAGAT C CAAAAGAAGC 
CGCCTGCTCCATAGCGATTACATGAATAT 
GACTCCACGCCGCCCTGGCCCCACAAGGA 
AACACTAC CAGC CT TAC G CAC CAC CTAGA 
GAT T T CGCT GC CTAT CGGAGCAGGGT GAA 
GT T T T CCAGAT CT GCAGAT GCACCAGCGT 

199 QVQLQESGPGLVKPSQ 
TLSLTCTVSGGSISSG 
GFYWSWIRQHPGKGLE 
WIGYIHHSGSTHYNPS 
LKSRVTISIDTSKNLF 
S LRLS SVTAADTAVYY 
CAS LVYCGGDCYS GFD 
YWGQ GT LVTVS S GGGG 
SGGGGSGGGGSDIQLT 
QS P S SLSASVGDRVS F 
T CQAS QD I NN FLNWYQ 
QK P GKAP KL L I YDASN 
L ET GVP S RFS GS GS GT 
DFT FT I S SLQPEDIAT 
YYCQQYGNLP FT FGGG 
T KVE I KRAAALSNS IM 
YF S H FVPVFL PAK P T T 
T PAP RP PT PAP T IASQ 
PL S L RP EACRPAAGGA 
VHT RGL D FACD I YIWA 
PLAGTCGVLLLS LVI T 
LYCNHRNRSKRS RL LH 
S DYMNMT P RRP GP T RK 
HYQ P YAP P RD FAAYRS 
RVKFS RSADAPAYQQG 
QNQLYNELNLGRREEY 
DVLDKRRGRDPEMGGK 
PRRKNPQEGLYNELQK 
DKMAEAYS E I GMKGER 
RRGKGHDGLYQ GL S TA 
TKDTYDALHMQALP PR 
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AT CAGCAGGGC CAGAAC CAACT GTATAAC 
GAGCTCAACCT GGGACGCAGGGAAGAGTA 
TGACGTTTTGGACAAGCGCAGAGGACGGG 
ACCCT GAGAT GGGT GGCAAAC CAAGAC GA 
AAAAACCCCCAGGAGGGT CT CTATAAT GA 
GCTGCAGAAGGATAAGATGGCTGAAGCCT 
AT T CT GAAATA G G CAT GAAAGGAGAGC GG 
AGAAGGGGAAAAGGGCACGACGGTTTGTA 
C CAGGGACT CA G CAC T GCTAC GAAGGATA 
CTTATGACGCTCTCCACATGCAAGCCCTG 
CCACCTAGG 

(CAR3.1) 
Clone 
2005.1 THD 
CAR DNA 
HxL 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGCAGGTCCAACTGGTGCAGTCCGGA 
GCCGAAGTCAAGAAACCAGGTGCCTCCGT 
TAAAGTGAGTT GCAAAGT CT CT GGATACA 
CT CT GACCGAGCT CT CTAT GCACT GGGT C 
CGGCAGGCCCCCGGCAAGGGATTGGAATG 
GAT GGGCGGGT T CGAT CCT GAGGACGGAG 
AGAC TAT CTAC GCT CAAAAAT T C CAG G GA 
C GAG T GACT GT GAC C GAAGACACTAGTAC 
CGACACT GCCTACAT GGAACT T T CCT CT C 
T GC GAT CAGAAGATAC C GCAGT GTACTAC 
T GT GCTACT GAAT CTAGGGGCAT T GGAT G 
GCCCTACT T CGAT TACT GGGGT CAGGGAA 
CT CT GGT GACT GT CT CCAGCGGT GGAGGT 
GGCAGCGGTGGTGGCGGAAGCGGGGGGGG 
CGGCT CT GATAT T CAGAT GACT CAAT CT C 
CTTCTTCTCTGTCCGCTTCCGTGGGCGAT 
AGAGT GACCAT TACT T GTAGGGCGT CCCA 
GT CAAT CT CCAGT TAT T T GAAT T GGTAT C 
AG CAGAAGCCC GGGAAAG CACCTAAGCT G 
TT GAT CAGCGGGGCT T CTAGCCT GAAGAG 
TGGGGTACCTT CACGGTTCAGCGGAAGCG 
GAAGCGGAACC GAT T T CACCCT GACTAT C 
AGCAGCCTGCCACCTGAGGACTTTGCAAC 
T TACTACT GCCAACAGT CATACAG CAC T C 
CGATCACTTTCGGCCAGGGCACCCGGCTC 
GAAATCAAGCGCGCTGCTGCTTTGGACAA 
T GAGAAGT CAAAC G G CAC CAT CATACAT G 
T TAAAGGTAAACAT CT GT GT CCCT CCCCG 
CT GT T CCCC GGCC CT T C CAAACC GT T CT G 
GGT T CT GGT GGT GGT CGGAGGCGTACT CG 
CT T GCTATAGT CT GCT GGTAACT GT CGCC 
TT CAT CAT CT T T T GGGT GAGAT CCAAAAG 
AAGCCGCCT GCT CCATAGCGAT TACAT GA 
ATATGACTCCACGCCGCCCTGGCCCCACA 
AG GAAACAC TA C CAGC CT TAC G CAC CAC C 
TAGAGATTTCGCTGCCTATCGGAGCAGGG 
T GAAGT T T T CCAGAT CT GCAGAT GCAC CA 
GC GTAT CAGCAGGGC CAGAAC CAACT GTA 
TAACGAGCTCAACCTGGGACGCAGGGAAG 
AGTAT GACGT T T T GGACAAGCGCAGAG GA 
CGGGACCCTGAGATGGGTGGCAAACCAAG 
AC GAAAAAACC CCCAG GAGGGT CT CTATA 
AT GAGCT GCAGAAG GATAAGAT GGCT GAA 
GC C TAT T CT GAAATAG G CAT GAAAG GAGA 
GCGGAGAAGGGGAAAAGGGCACGACGGTT 
TGTACCAGGGACTCAGCACTGCTACGAAG 

201 MALPVTALLLPLALLL 
HAAR P QVQ LVQ S GAEV 
KKPGASVKVSCKVSGY 
TLTELSMHWVRQAPGK 
GLEWMGGFDPEDGET I 
YAQK FQ GRVTVT EDT S 
TDTAYMELS S L RS EDT 
AVYYCATES RGI GWPY 
FDYWGQ GT LVTVS S GG 
GGS GGGGS GGGGS DI Q 
MT QS PS SL SASVGDRV 
TITCRASQSISSYLNW 
YQQK P GKAP KL L I S GA 
SSLKSGVPSRFSGSGS 
GTDFTLTISSLPPEDF 
ATYYCQQSYST P I T FG 
Q GT RL E I KRAAALDNE 
KSNGT I I HVKGKHL C P 
S PL FP GP SKP FWVLVV 
VG GVLAC Y S LLVTVAF 
I I FWVRSKRS RL LH S D 
YMNMT P RRP GP T RKHY 
Q P YAP P RD FAAYRS RV 
KFS RSADAPAYQQGQN 
QLYNELNLGRREEYDV 
LDKRRGRDPEMGGKPR 
RKNPQEGLYNELQKDK 
MAEAYS E I GMKGERRR 
GKGHDGLYQ GL S TAT K 
DT YDALHMQAL P PR 
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GATACTTATGACGCTCTCCACATGCAAGC 
CCTGCCACCTAGGTAA 

(CAR3.1) 
Clone 
2005.1 THD 
CAR DNA 
HxL 
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SVKVSCKVSGYTLTEL 
SMHWVRQAPGKGLEWM 
GGFDPEDGETIYAQKF 
QGRVTVTEDTSTDTAY 
MELSSLRSEDTAVYYC 
ATESRGIGWPYFDYWG 
QGTLVTVSSGGGGSGG 
GGSGGGGSDIQMTQSP 
SSLSASVGDRVTITCR 
ASQSISSYLNWYQQKP 
GKAPKLLISGASSLKS 
GVPSRFSGSGSGTDFT 
LTISSLPPEDFATYYC 
QQSYSTPITFGQGTRL 
EIKRAAALDNEKSNGT 
IIHVKGKHLCPSPLFP 
GPSKPFWVLVVVGGVL 
ACYSLLVTVAFIIFWV 
RSKRSRLLHSDYMNMT 
PRRPGPTRKHYQPYAP 
PRDFAAYRSRVKFSRS 
ADAPAYQQGQNQLYNE 
LNLGRREEYDVLDKRR 
GRDPEMGGKPRRKNPQ 
EGLYNELQKDKMAEAY 
SEIGMKGERRRGKGHD 
GLYQGLSTATKDTYDA 
LHMQALPPR 

204 

(CAR3.2) 
Clone 
2005.1 CHD 
CAR DNA 
HxL 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGCAGGTGCAGCTTGTGCAGAGCGGG 
GCCGAGGTGAAGAAGCCCGGGGCCAGCGT 
CAAAGTGTCCTGTAAGGTCAGCGGTTACA 
CCCTCACCGAGCTGAGCATGCACTGGGTA 
CGGCAGGCTCCCGGCAAAGGTCTTGAGTG 
GAT GGGT GGAT T T GAT CCAGAAGAT GGAG 
AGACTATCTACGCCCAGAAGTTCCAGGGC 

205 MALPVTALLLPLALLL 
HAARPQVQLVQSGAEV 
KKPGASVKVSCKVSGY 
TLTELSMHWVRQAPGK 
GLEWMGGFDPEDGETI 
YAQKFQGRVTVTEDTS 
TDTAYMELSSLRSEDT 
AVYYCATESRGIGWPY 
FDYWGQGTLVTVSSGG 

206 

86 
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CGGGTCACCGTAACAGAAGACACCTCAAC 
T GACAC C GCT TACAT GGAGCT GAGT T CAC 
TGCGGTCCGAGGACACGGCCGTGTATTAT 
T GT GCCACCGAGAGCCGCGGAAT CGGAT G 
GCCT TACT T CGACTACT GGGGACAGGGTA 
CACT T GT TACAGTAT CAT CCGGGGGT GGC 
GGCT CT GGT GGGGGCGGCT CCGGAGGGGG 
TG GAT CAGATAT C CAAAT GACT CAAAGT C 
CAAGT T CCCT GT CT GCCT CAGT CGGAGAT 
AGAGT CAC CATAAC CT GCAGGGCAAGT CA 
GT CCAT CT CCT CCTAT CT GAACT GGTACC 
AACAGAAACCT GGAAAGGCGCCTAAGCTC 
CT GAT CT CCGGAGCCT CAT CT T T GAAAT C 
CGGT GT CCCAT CT CGCT T CAGT GGCT CT G 
GAAGC GGTACAGAT T T TACT T T GAC CAT T 
AGCAGCCTCCCACCGGAAGACTTTGCTAC 
ATAT TACT GC CAGCAGT CT TACT CAAC C C 
CAATCACCTTCGGGCAAGGCACCAGACTC 
GAAATAAAAAGAGCAGCT GC TAT CGAGGT 
TAT GTACCCAC CGCCGTACT T GGATAACG 
AAAAAAGCAAT GGGAC CAT CAT T CAT GT G 
AAGGGTAAGCACCTTTGCCCTAGCCCACT 
GT T T CCT GGCC CGAGTAAACCCT T T T GGG 
TACT T GT GGT C GT CGGCGGCGT GCT GGCC 
TGCTACTCACT CCTGGTTACCGTCGCATT 
CAT CAT CT T T T GGGTGAGATCCAAAAGAA 
GCCGCCTGCTCCATAGCGATTACATGAAT 
AT GACT CCACGCCGCCCT GGCCCCACAAG 
GAAACACTACCAGCCT TAC G CAC CAC C TA 
GAGATTTCGCT GCCTATCGGAGCAGGGTG 
AAGT T T T CCAGAT CT GCAGAT GCAC CAGC 
G TAT CAGCAGGGC CAGAAC CAACT G TATA 
AC GAGCT CAAC CT GGGACGCAGGGAAGAG 
TAT GACGT T T T GGACAAGCGCAGAGGACG 
GGACCCTGAGATGGGTGGCAAACCAAGAC 
GAAAAAACCCC CAG GAGGGT CT CTATAAT 
GAGCTGCAGAAGGATAAGATGGCTGAAGC 
C TAT T CT GAAATAG G CAT GAAAGGAGAGC 
GGAGAAGGGGAAAAGGGCACGACGGTTTG 
TAC CAGGGACT CAG CAC T GCTAC GAAG GA 
TACT TAT GACGCT CT CCACAT GCAAGCCC 
TGCCACCTAGGTAA 

GGS GGGGS GGGGS D I Q 
MT QS PS SL SASVGDRV 
TITCRASQS I S SYLNW 
YQQK P GKAP KL L I S GA 
SSLKSGVPSRFSGSGS 
GTDFTLTISSLPPEDF 
ATYYCQQSYST P IT FG 
Q GT RL E I KRAAAI EVM 
YP P PYLDNEKSNGT I I 
HVKGKHLCPSPLFPGP 
S K P FWVLVVVGGVLAC 
YS L LVTVAF I I FWVRS 
KRS RL LH S DYMNMT PR 
RP GP T RKHYQ P YAP PR 
DFAAYRSRVKFSRSAD 
APAYQQGQNQLYNELN 
LGRREEYDVLDKRRGR 
DPEMGGKPRRKNPQEG 
LYNELQKDKMAEAYS E 
I GMKGERRRGKGHDGL 
YQ GL S TAT KDT YDALH 
MQALP PR 

( CAR3 . 2 ) 
Cl one 
2005.1 CHD 
CAR DNA 
HxL 

CAGGT GCAGCT T GT GCAGAGCGGGGCCGA 
GGTGAAGAAGCCCGGGGCCAGCGTCAAAG 
TGTCCTGTAAGGTCAGCGGTTACACCCTC 
ACCGAGCTGAGCATGCACTGGGTACGGCA 
GGCT CCCGGCAAAGGT CT T GAGT GGAT GG 
GT G GAT T T GAT C CAGAAGAT GGAGAGACT 
AT CTACGCCCAGAAGT T CCAGGGCCGGGT 
CAC C GTAACAGAAGACAC CT CAACT GACA 
CCGCTTACATGGAGCTGAGTTCACTGCGG 
T CCGAGGACAC GGCCGT GTAT TAT T GT GC 
CACCGAGAGCCGCGGAATCGGATGGCCTT 
ACT T CGACTACT GGGGACAGGGTACACT T 
GT TACAGTAT CAT CCGGGGGT GGCGGCT C 
TGGTGGGGGCGGCTCCGGAGGGGGTGGAT 
CAGATAT C CAAAT GACT CAAAGT C CAAGT 
T CCCT GT CT GC CT CAGT CGGAGATAGAGT 
CAC CATAAC CT GCAGGGCAAGT CAGT C CA 

207 QVQLVQS GAEVK K P GA 
SVKVSCKVSGYTLTEL 
SMHWVRQAPGKGLEWM 
GGFDPEDGET I YAQKF 
Q GRVTVT EDT STDTAY 
MEL S S L RS EDTAVYYC 
AT E S RGI GWPYFDYWG 
Q GT LVTVS S GGGGS GG 
GGSGGGGSDIQMTQSP 
S S LSASVGDRVT I T CR 
AS QSI SS YLNWYQQK P 
GKAP KL L I S GAS SLKS 
GVPSRFSGSGSGTDFT 
LTISSLPPEDFATYYC 
QQSYSTPITFGQGTRL 
E I KRAAAI EVMYP P PY 
LDNEKSNGT I I HVKGK 

208 
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T CT CCT CCTAT CT GAACT GGTACCAACAG 
AAACCT GGAAAGGCGCCTAAGCT CCT GAT 
CT CCGGAGCCT CAT CT T T GAAAT CCGGT G 
T CCCAT CT CGCT T CAGT GGCT CT GGAAGC 
GGTACAGAT T T TACT T T GAC CAT TAGCAG 
CCTCCCACCGGAAGACTTTGCTACATATT 
ACT GCCAGCAGT CT TACT CAACCCCAAT C 
ACCTTCGGGCAAGGCACCAGACTCGAAAT 
AAAAAGAG CAGCT GCTAT CGAG GT TAT GT 
ACCCACCGCCGTACTTGGATAACGAAAAA 
AG CAAT GGGAC CAT CAT T CAT GT GAAGGG 
TAAGCACCTTT GCCCTAGCCCACTGTTTC 
CT GGCCCGAGTAAACCCT T T T GGGTACT T 
GT GGT C GT C GGC GGC GT GCT GGC CT GCTA 
CT CACT CCT GGT TACCGT CGCAT T CAT CA 
T CT T T T GGGT GAGAT CCAAAAGAAGCCGC 
CT GCT CCATAGCGAT TACAT GAATAT GAC 
T CCACGCCGCC CT GGCCCCACAAGGAAAC 
AC TAC CAGC CT TAC G CAC CAC CTAGAGAT 
TTCGCTGCCTATCGGAGCAGGGTGAAGTT 
T T C CAGAT CT G CAGAT GCAC CAGC GTAT C 
AG CAG G G C CAGAAC CAACT GTATAAC GAG 
CT CAACCT GGGACGCAGGGAAGAGTAT GA 
CGTTTTGGACAAGCGCAGAGGACGGGACC 
CT GAGAT GGGTGGCAAAC CAAGAC GAAAA 
AACCCCCAGGAGGGT CT CTATAAT GAGCT 
GCAGAAGGATAAGATGGCTGAAGCCTATT 
C T GAAATAG G CAT GAAAGGAGAGC G GAGA 
AGGGGAAAAGGGCACGACGGTTTGTACCA 
GGGACTCAGCACTGCTACGAAGGATACTT 
ATGACGCTCTCCACATGCAAGCCCTGCCA 
CCTAGG 

HLCPSPLFPGPSKPFW 
VLVVVGGVLACYS LLV 
TVAF I I FWVRSKRS RL 
LH S DYMNMT P RRP GP T 
RKHYQ P YAP P RD FAAY 
RS RVKFS RSADAPAYQ 
QGQNQLYNELNLGRRE 
EYDVLDKRRGRDPEMG 
GKPRRKNPQEGLYNEL 
QKDKMAEAYS E I GMKG 
ERRRGKGHDGLYQGLS 
TAT KDT YDAL HMQAL P 
PR 

(CAR3.3) 
Clone 
2005.1 CD8 
CAR DNA 
HxL 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGCAGGTGCAGTTGGTGCAAAGCGGC 
GCAGAAGTTAAGAAACCTGGGGCGTCAGT 
TAAGGTGTCTTGCAAAGTATCTGGCTATA 
CCCTCACTGAGCTGTCCATGCATTGGGTA 
AGGCAGGCTCCTGGAAAGGGGCTCGAATG 
GAT G G GAG GAT T T GAC C CT GAAGAC GGAG 
AGAC CAT CTAC GC C CAGAAAT T C CAGG GT 
AGAGTAACAGT GACT GAG GACAC TAGCAC 
T GACACAGC GTACAT GGAGCT GAGT T CT C 
T GAGAAGT GAG GACACAG C C GT T TACTAC 
TGCGCTACCGAGTCCAGAGGTATTGGCTG 
GCCATACTTCGACTATTGGGGTCAGGGCA 
CCCTGGTTACAGTGAGTTCAGGAGGCGGG 
GGCT CT GGGGGGGGCGGT T CCGGAGGGGG 
GGGCTCAGATATACAGATGACGCAGAGTC 
CAT CAAGT CT CT CAGCCAGCGT GGGAGAT 
CGCGT GACTAT TACT T GCCGCGCCAGCCA 
GAGTATTAGCT CCTAT CT GAAT T GGTACC 
AGCAAAAGCCCGGGAAGGCCCCTAAGCTT 
CT GAT T T CT GGCGCCT CCT CT T T GAAGT C 
AGGT GT GCCAAGCAGAT T TAGCGGGT CT G 
GAAGT G G CAC T GACT T TACACT TAC TAT C 
TCCAGCCTGCCCCCAGAGGATTTTGCCAC 
ATAT TACT GT CAGCAAAGCTACT CTACT C 
CAATCACTTTCGGCCAGGGCACAAGATTG 

209 MALPVTALLLPLALLL 
HAAR P QVQ LVQ S GAEV 
KKPGASVKVSCKVSGY 
TLTELSMHWVRQAPGK 
GLEWMGGFDPEDGETI 
YAQKFQGRVTVTEDTS 
TDTAYMELSSLRSEDT 
AVYYCATES RGI GWPY 
FDYWGQ GT LVTVS S GG 
GGS GGGGS GGGGS DI Q 
MT QS PS SL SASVGDRV 
TITCRASQSISSYLNW 
YQQK P GKAP KL L I S GA 
SSLKSGVPSRFSGSGS 
GTDFTLTISSLPPEDF 
ATYYCQQSYST P I T FG 
Q GT RL E I KRAAALSNS 
IMYF S H FVPVFL PAK P 
TTT PAPRP PT PAPT IA 
SQPLS L RP EACRPAAG 
GAVHT RGL D FACD I YI 
WAPLAGTCGVLLLS LV 
I TLYCNHRNRSKRS RL 
LH S DYMNMT P RRP GP T 
RKHYQ P YAP P RD FAAY 
RS RVKFS RSADAPAYQ 
QGQNQLYNELNLGRRE 

210 
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GAGATTAAGAGGGCTGCCGCACTTTCAAA 
T T CCAT CAT GTAT T T CAGCCAT T T T GT GC 
CT GT T T T T CT T CCGGCCAAACCTACAACC 
ACT CCCGCCCCACGCCCACCTACT CCCGC 
CCCTACCAT T GCCT CCCAGCCT CT GT CT C 
TTAGACCTGAGGCTTGTAGACCTGCTGCC 
GGCGGAGCCGT GCACACT CGCGGT CT GGA 
CT T CGCCT GCGACAT CTATAT CT GGGCCC 
CT CT GGCC GGCAC CT GC GGC GT T CT CCT T 
CT CT CACT CGTAAT CACACT CTAT T GCAA 
TCACAGGAACAGATCCAAAAGAAGCCGCC 
T GCT CCATAGC GAT TACAT GAATAT GAC T 
CCACGCCGCCCTGGCCCCACAAGGAAACA 
CTAC CAGC CT TAC G CAC CAC CTAGAGAT T 
TCGCTGCCTAT CGGAGCAGGGTGAAGTTT 
T C CAGAT CT GCAGAT G CAC CAGC GTAT CA 
GCAGGGC CAGAAC CAACT GTATAAC GAG C 
TCAACCTGGGACGCAGGGAAGAGTATGAC 
GT T T T GGACAAGCGCAGAGGACGGGACCC 
T GAGAT GGGTGGCAAAC CAAGAC GAAAAA 
ACCCCCAGGAGGGT CT CTATAAT GAGCT G 
CAGAAGGATAAGATGGCTGAAGCCTATTC 
T GAAATAG G CAT GAAAGGAGAGC GGAGAA 
GGGGAAAAGGGCACGACGGTTTGTACCAG 
GGACT CAG CAC T GCTAC GAAGGATACT TA 
TGACGCTCTCCACATGCAAGCCCTGCCAC 
CTAGGTAA 

EYDVLDKRRGRDPEMG 
GKPRRKNPQEGLYNEL 
QKDKMAEAYS E I GMKG 
ERRRGKGHDGLYQGLS 
TAT KDT YDAL HMQAL P 
PR 

(CAR3.3) 
Cl one 
2005.1 CD8 
CAR DNA 
HxL 

CAGGTGCAGTTGGTGCAAAGCGGCGCAGA 
AGT TAAGAAAC CT GGGGCGT CAGT TAAGG 
TGTCTTGCAAAGTATCTGGCTATACCCTC 
ACT GAGCT GT C CAT GCAT T GGGTAAGGCA 
GGCTCCTGGAAAGGGGCTCGAATGGATGG 
GAG GAT T T GAC C CT GAAGAC GGAGAGAC C 
AT CTAC GC C CAGAAAT T C CAGGGTAGAGT 
AACAGT GACT GAG GACAC TAG CAC T GACA 
CAGCGTACAT GGAGCT GAGT T CT CT GAGA 
AGTGAGGACACAGCCGTTTACTACTGCGC 
TACCGAGTCCAGAGGTATTGGCTGGCCAT 
ACT T CGACTAT T GGGGT CAGGGCACCCT G 
GT TACAGT GAGT T CAGGAGGCGGGGGCT C 
TGGGGGGGGCGGTTCCGGAGGGGGGGGCT 
CAGATATACAGAT GAC GCAGAGT C CAT CA 
AGT CT CT CAGC CAGCGT GGGAGAT CGCGT 
GACTAT TACT T GCCGCGCCAGCCAGAGTA 
TTAGCTCCTAT CT GAAT T GGTACCAGCAA 
AAGCCCGGGAAGGCCCCTAAGCT T CT GAT 
T T CT GGCGCCT CCT CT T T GAAGT CAGGT G 
T GCCAAGCAGAT T TAGCGGGT CT GGAAGT 
GGCACT GACT T TACACT TACTAT CT CCAG 
CCTGCCCCCAGAGGATTTTGCCACATATT 
ACT GT CAGCAAAGCTACT CTACT C CAAT C 
ACT T T CGGCCAGGGCACAAGAT T GGAGAT 
TAAGAGGGCTGCCGCACTTTCAAATTCCA 
T CAT GTAT T T CAGCCAT T T T GT GCCT GT T 
T T T CT T CCGGC CAAACCTACAACCACT CC 
CGCCCCACGCCCACCTACTCCCGCCCCTA 
CCAT T GCCT CC CAGCCT CT GT CT CT TAGA 
CCTGAGGCTTGTAGACCTGCTGCCGGCGG 
AGCCGT GCACACT CGCGGT CT GGACTT CG 

211 QVQ LVQ S GAEVKK P GA 
SVKVSCKVSGYTLTEL 
SMHWVRQAPGKGLEWM 
GGFDPEDGET I YAQKF 
Q GRVTVT EDT STDTAY 
MEL S S L RS EDTAVYYC 
AT E S RGI GWPYFDYWG 
Q GT LVTVS S GGGGS GG 
GGSGGGGSDIQMTQSP 
S S LSASVGDRVT I T CR 
AS QSI SS YLNWYQQK P 
GKAP KL L I S GAS SLKS 
GVP S RFS GS GS GT D FT 
LTISSLPPEDFATYYC 
QQSYST PIT FGQGTRL 
E I KRAAALSNS IMYFS 
H FVPVFL PAK P T T T PA 
PRP PT PAPT IASQPLS 
L RP EAC RPAAGGAVHT 
RGL D FACD I YIWAP LA 
GT CGVL L L S LVI TLYC 
NHRNRSKRS RL LH S DY 
MNMT P RRP GP T RKHYQ 
P YAP P RD FAAYRS RVK 
FS RSADAPAYQQGQNQ 
LYNELNLGRREEYDVL 
DKRRGRD P EMGGK P RR 
KNPQEGLYNELQKDKM 
AEAYS E I GMKGERRRG 
KGHDGLYQ GL S TAT KD 
TYDALHMQALP PR 
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CCT GCGACAT CTATAT CT GGGCCCCT CT G 
GCC GGCAC CT GC GGC GT T CT C CT T CT CT C 
ACT C GTAAT CACACT C TAT T GCAAT CACA 
GGAACAGATCCAAAAGAAGCCGCCTGCTC 
CATAGC GAT TACAT GAATAT GACT C CAC G 
CCGCCCTGGCCCCACAAGGAAACACTACC 
AGCCTTACGCACCACCTAGAGATTTCGCT 
GCCTATCGGAGCAGGGTGAAGTTTTCCAG 
AT CT GCAGAT G CAC CAG C GTAT CAGCAGG 
GC CAGAAC CAACT GTATAAC GAG C T CAAC 
CT GGGACGCAGGGAAGAGTAT GACGTT T T 
GGACAAGC G CA GAG GAC GGGAC C CT GAGA 
TGGGTGGCAAAC CAAGAC GAAAAAACC C C 
CAG GAG G GT CT CTATAAT GAG C T GCAGAA 
GGATAAGAT GGCT GAAGCCTAT T CT GAAA 
TAG G CAT GAAAGGAGAGC G GAGAAG GG GA 
AAAGGGCACGACGGTTTGTACCAGGGACT 
CAG CAC T GCTAC GAAGGATACT TAT GAC G 
CTCTCCACATGCAAGCCCTGCCACCTAGG 

(CAR4.1) 
Clone 
2005.2 THD 
CAR DNA 
HxL 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGCAGGTCCAGTTGGTCGAAAGTGGC 
GGTGGTGTAGTGCAGCCGGGCCGCAGTTT 
GAGGCTTTCCTGTGCGGCTTCAGGCTTTA 
CTTTTTCCAGCTATGGAATGCACTGGGTG 
CGGCAGGCCCCCGGCAAAGGACTTGAGTG 
GGTGGCCGTCATTTCTTATGACGGATCAG 
ATAAGTAC TAC GT GGACAGC GT CAAGGGC 
AGAT T CAC CAT CT C TAG G GACAACAGTAA 
AAATAGACT CTAC CT C CAGAT GAATAGC C 
T CAGAGCT GAAGACAC GGC C GT CTACTAT 
T GT GCT CGGGAGCGGTATAGT GGCAGAGA 
CTACTGGGGGCAGGGCACACTCGTTACAG 
TGAGTAGCGGCGGAGGAGGGAGTGGGGGC 
GGT GGCT CCGGT GGAGGAGGT T CT GAGAT 
T GT TAT GACCCAGAGT CCT GCGACCCT CT 
CAGTCAGCCCCGGGGAGCGCGCAACTTTG 
T CT T GCAGAGCTAGT CAGT CCGT GT CCT C 
T CT T CT GACAT GGTACCAGCAAAAGCCCG 
GGCAGGCT CCGCGCCT T T T GAT CT T T GGG 
GCTTCAACAAGAGCCACTGGGATTCCCGC 
ACGAT T CT CT GGCT CCGGGAGCGGTACT G 
GT T T CACCCT GACGAT TAGCAGT CT CCAG 
AGCGAGGACTT CGCCGTATACTACTGCCA 
GCAGTACGATACGT GGCCAT T CACT TT T G 
GAC CAGGGACTAAAGT G GAT T T TAAGC GC 
GC C GC C GCT CT C GATAAC GAAAAGT CAAA 
T G G CAC CATAAT C CAC GT CAAAGGCAAGC 
ACCTGTGCCCTTCCCCGCTCTTCCCCGGA 
CCCAGTAAACCAT T T T GGGT GCT GGTT GT 
T GT GGGGGGCGT GCT GGCCT GCTATAGCC 
TTTTGGTCACT GTAGCCT T CAT TAT TT T T 
TGGGTCAGATCCAAAAGAAGCCGCCTGCT 
C CATAGC GAT TACAT GAATAT GACT C CAC 
GCCGCCCTGGCCCCACAAGGAAACACTAC 
CAGCCTTACGCACCACCTAGAGATTTCGC 
TGCCTATCGGAGCAGGGTGAAGTTTTCCA 
GAT CT GCAGAT G CAC CAG C GTAT CAGCAG 
GGC CAGAAC CAACT GTATAAC GAG C T CAA 

213 MALPVTALLLPLALLL 
HAAR P QVQ LVE S GGGV 
VQPGRSLRLSCAASGF 
TFSSYGMHWVRQAPGK 
GLEWVAVISYDGSDKY 
YVDSVKGRFTISRDNS 
KNRLYLQMNSLRAEDT 
AVYYCARERYSGRDYW 
GQ GT LVTVS S GGGGS G 
GGGS GGGGS EIVMTQS 
PAT L SVS PGERATLS C 
RAS Q SVS S LLTWYQQK 
P GQAP RL L I FGAS T RA 
TGIPARFSGSGSGTGF 
TLTISSLQSEDFAVYY 
CQQYDTWP FT FGP GT K 
VD FKRAAAL DNEK SNG 
TIIHVKGKHLCPSPLF 
P GP SKP FWVLVVVGGV 
LACYS L LVTVAF I I FW 
VRSKRS RL LH S DYMNM 
T P RRP GP T RKHYQ P YA 
P P RD FAAYRS RVKFS R 
SADAPAYQQGQNQLYN 
ELNL GRREEYDVL DKR 
RGRDPEMGGKPRRKNP 
QEGLYNELQKDKMAEA 
YS E I GMKGERRRGKGH 
DGLYQ GL S TAT KDT YD 
AL HMQAL P PR 

214 
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CCTGGGACGCAGGGAAGAGTATGACGTTT 
T GGACAAGC GCAGAGGAC GGGAC C CT GAG 
AT GGGT GGCAAAC CAAGAC GAAAAAACCC 
C CAGGAGGGT CT CTATAAT GAGCT GCAGA 
AGGATAAGAT GGCT GAAGCCTAT T CT GAA 
ATAG G CAT GAAAGGAGAGC GGAGAAGGGG 
AAAAGGGCACGACGGTTTGTACCAGGGAC 
T CAG CAC T GCTACGAAGGATACT TAT GAC 
GCTCTCCACATGCAAGCCCTGCCACCTAG 
GTAA 

(CAR4.1) 
Clone 
2005.2 THD 
CAR DNA 
HxL 

CAGGTCCAGTTGGTCGAAAGTGGCGGTGG 
TGTAGTGCAGCCGGGCCGCAGTTTGAGGC 
TTTCCTGTGCGGCTTCAGGCTTTACTTTT 
TCCAGCTATGGAATGCACTGGGTGCGGCA 
GGCCCCCGGCAAAGGACTTGAGTGGGTGG 
CCGT CAT T T CT TAT GACGGAT CAGATAAG 
TACTAC GT GGACAGC GT CAAGGGCAGAT T 
CAC CAT CT C TA G G GACAACAG TAAAAATA 
GACT CTAC CT C CAGAT GAATAGC CT CAGA 
GCT GAAGACAC GGCCGT CTACTAT T GT GC 
TCGGGAGCGGTATAGTGGCAGAGACTACT 
GGGGGCAGGGCACACTCGTTACAGTGAGT 
AGCGGCGGAGGAGGGAGTGGGGGCGGTGG 
CT CCGGT GGAGGAGGT T CT GAGAT T GT TA 
TGACCCAGAGT CCT GCGACCCT CT CAGT C 
AGCCCCGGGGAGCGCGCAACT T T GT CT T G 
CAGAGCTAGT CAGT CCGT GT CCT CT CT T C 
TGACATGGTACCAGCAAAAGCCCGGGCAG 
GCTCCGCGCCTTTTGATCTTTGGGGCTTC 
AACAAGAGCCACTGGGATTCCCGCACGAT 
T CT CT GGCT CC GGGAGCGGTACT GGTT T C 
AC C CT GAC GAT TAGCAGT CT C CAGAGC GA 
GGACTTCGCCGTATACTACTGCCAGCAGT 
ACGATACGTGGCCATTCACTTTTGGACCA 
GGGACTAAAGT GGATTTTAAGCGCGCCGC 
CGCT CT CGATAAC GAAAAGT CAAAT GGCA 
C CATAAT C CAC GT CAAAG G CAAG CAC C T G 
T GCCCT T CCCC GCT CT T CCCCGGACCCAG 
TAAACCATTTT GGGT GCT GGT T GT T GT GG 
GGGGCGT GCT GGCCT GCTATAGCCT TT T G 
GT CACT GTAGC CT T CAT TAT TTTTT GGGT 
CAGATCCAAAAGAAGCCGCCTGCTCCATA 
GCGATTACATGAATATGACTCCACGCCGC 
CCTGGCCCCACAAGGAAACACTACCAGCC 
TTACGCACCACCTAGAGATTTCGCTGCCT 
AT CGGAGCAGGGT GAAGT T T T CCAGAT CT 
GCAGAT G CAC CAG C G TAT CAG CAG G G C CA 
GAACCAACTGTATAACGAGCTCAACCTGG 
GAC GCAGGGAAGAGTAT GAC GT T T T GGAC 
AAGCGCAGAGGACGGGACCCTGAGATGGG 
T GGCAAAC CAA GAC GAAAAAAC C C C CAGG 
AGGGT CT CTATAAT GAGCT GCAGAAGGAT 
AAGAT GGCT GAAGCCTAT T CT GAAATAGG 
CAT GAAAGGAGAGC GGAGAAGGGGAAAAG 
GGCACGACGGTTTGTACCAGGGACTCAGC 
ACT GCTACGAAGGATACT TAT GACGCT CT 
CCACATGCAAGCCCTGCCACCTAGG 

215 QVQLVESGGGVVQPGR 
SLRLSCAASGFTFSSY 
GMHWVRQAPGKGLEWV 
AVI SYDGSDKYYVDSV 
KGRFT I SRDNSKNRLY 
LQMNSLRAEDTAVYYC 
ARERYS GRDYWGQGTL 
VTVS S GGGGS GGGGS G 
GGGSEIVMTQS PAT L S 
VS PGERATLS CRASQS 
VS SLLTWYQQKPGQAP 
RL L I FGAS T RAT GI PA 
RFSGSGSGTGFTLTIS 
S LQ S ED FAVYYCQQYD 
TWP FT FGP GT KVD FKR 
AAALDNEKSNGT I I HV 
KGKHLCPSPLFPGPSK 
P FWVLVVVGGVLACY S 
L LVTVAF I I FWVRS KR 
S RL LH S DYMNMT PRRP 
GP T RKHYQ P YAP P RD F 
AAYRSRVKFSRSADAP 
AYQQGQNQLYNELNLG 
RREEYDVLDKRRGRDP 
EMGGKPRRKNPQEGLY 
NELQKDKMAEAYS E I G 
MKGERRRGKGHDGLYQ 
GL S TAT KDT YDALHMQ 
ALP PR 

216 

(CAR4.2) 
Clone 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 

217 MALPVTALLLPLALLL 
HAARPQVQLVES GGGV 
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2005.2 CHD 
CAR DNA 
HxL 
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VQPGRSLRLSCAASGF 
TFSSYGMHWVRQAPGK 
GLEWVAVISYDGSDKY 
YVDSVKGRFTISRDNS 
KNRLYLQMNSLRAEDT 
AVYYCARERYSGRDYW 
GQGTLVTVSSGGGGSG 
GGGSGGGGSEIVMTQS 
PATLSVSPGERATLSC 
RASQSVSSLLTWYQQK 
PGQAPRLLIFGASTRA 
TGIPARFSGSGSGTGF 
TLTISSLQSEDFAVYY 
CQQYDTWPFTFGPGTK 
VDFKRAAAIEVMYPPP 
YLDNEKSNGTIIHVKG 
KHLCPSPLFPGPSKPF 
WVLVVVGGVLACYSLL 
VTVAFIIFWVRSKRSR 
LLHSDYMNMTPRRPGP 
TRKHYQPYAPPRDFAA 
YRSRVKFSRSADAPAY 
QQGQNQLYNELNLGRR 
EEYDVLDKRRGRDPEM 
GGKPRRKNPQEGLYNE 
LQKDKMAEAYSEIGMK 
GERRRGKGHDGLYQGL 
STATKDTYDALHMQAL 
PPR 

(CAR4.2) 
Clone 
2005.2 CHD 
CAR DNA 
HxL 

CAGGTGCAGCTCGTGGAGTCTGGCGGCGG 
CGTGGTCCAGCCCGGCCGGTCCCTGCGCC 
TGTCCTGCGCCGCCAGCGGGTTTACTTTT 
TCCTCCTACGGCATGCACTGGGTGCGCCA 
GGCTCCCGGCAAGGGCCTCGAGTGGGTCG 
CCGTGATCTCATACGATGGGTCAGACAAA 
TACTATGTCGATTCTGTTAAAGGGCGGTT 
TACCATTTCAAGAGATAACTCTAAGAATA 
GGCTGTATTTGCAGATGAACAGCCTGAGG 
GCTGAAGATACCGCAGTGTACTATTGCGC 

219 QVQLVESGGGVVQPGR 
SLRLSCAASGFTFSSY 
GMHWVRQAPGKGLEWV 
AVISYDGSDKYYVDSV 
KGRFTISRDNSKNRLY 
LQMNSLRAEDTAVYYC 
ARERYSGRDYWGQGTL 
VTVSSGGGGSGGGGSG 
GGGSEIVMTQSPATLS 
VSPGERATLSCRASQS 

220 
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TAGGGAGCGGTATAGTGGCCGCGATTACT 
GGGGACAGGGTACACTGGTGACCGTGAGC 
TCTGGGGGTGGCGGAAGCGGGGGTGGCGG 
AAGCGGCGGAGGGGGTAGTGAAATTGTGA 
TGACCCAGTCTCCGGCTACACTTTCAGTC 
TCCCCTGGGGAGAGAGCTACACTGTCATG 
CAGAGCGTCCCAGTCCGTCTCTTCTCTCC 
TTACCTGGTATCAGCAGAAGCCCGGCCAG 
GCTCCTCGACTGCTGATCTTCGGTGCCTC 
CACAAGGGCGACCGGGATTCCAGCCCGCT 
TCTCAGGTTCTGGGAGCGGAACTGGTTTC 
ACTTTGACAATCAGTTCACTGCAGTCAGA 
GGATTTCGCCGTGTACTACTGCCAGCAAT 
ACGACACATGGCCATTCACTTTCGGACCC 
GGTACCAAAGTCGATTTCAAGAGAGCCGC 
GGCCATCGAGGTTATGTACCCACCACCAT 
AT C T GGACAAT GAAAAAAGCAAT GGAAC C 
AT TAT CCAT GT GAAGGGTAAACACCT CT G 
CCCTAGCCCACT T T T CCCT GGCCCAT CAA 
AGCC CT T CT GG GT CT T GGT GGT C GT GGGG 
GGT GT GCT GGC CT GT TACAGCCT T CT GGT 
GACGGT T GCT T T CAT TAT CT T CT GGGT TA 
GAT CCAAAAGAAGCCGCCT GCT CCATAG C 
GAT TACAT GAATAT GACT CCACGCCGCCC 
TGGCCCCACAAGGAAACACTACCAGCCTT 
ACGCACCACCTAGAGATTTCGCTGCCTAT 
CGGAGCAGGGT GAAGT T T T CCAGAT CT GC 
AGAT G CAC CAG C G TAT CAGCAGGGC CAGA 
AC CAACT GTATAAC GAGCT CAACCT GG GA 
CGCAGGGAAGAGTAT GAC GT TTTGGACAA 
GCGCAGAGGACGGGACCCTGAGATGGGTG 
GCAAAC CAAGAC GAAAAAAC C C C CAG GAG 
G GT CT CTATAAT GAG C T GCAGAAGGATAA 
GAT GGCT GAAGCCTAT T CT GAAATAGG CA 
T GAAAGGAGAG C GGAGAAGGGGAAAAGGG 
CAC GAC GGT T T GTACCAGGGACTCAGCAC 
TGCTACGAAGGATACTTATGACGCTCTCC 
ACATGCAAGCCCTGCCACCTAGG 

VSSLLTWYQQKPGQAP 
RLLIFGASTRATGIPA 
RFSGSGSGTGFTLTIS 
SLQSEDFAVYYCQQYD 
TWPFTFGPGTKVDFKR 
AAAIEVMYPPPYLDNE 
KSNGTIIHVKGKHLCP 
SPLFPGPSKPFWVLVV 
VGGVLACYSLLVTVAF 
IIFWVRSKRSRLLHSD 
YMNMTPRRPGPTRKHY 
QPYAPPRDFAAYRSRV 
KFSRSADAPAYQQGQN 
QLYNELNLGRREEYDV 
LDKRRGRDPEMGGKPR 
RKNPQEGLYNELQKDK 
MAEAYS E I GMKGERRR 
GKGHDGLYQ GL S TAT K 
DT YDALHMQAL P PR 

(CAR4.3) 
Clone 
2005.2 CD8 
CAR DNA 
HxL 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGCAGGTGCAGTTGGTTGAATCAGGA 
GGGGGTGTGGTGCAACCCGGTCGGTCACT 
GCGCCTCAGTTGTGCTGCTTCCGGGTTTA 
CTTTCAGCTCATATGGGATGCACTGGGTA 
CGGCAGGCTCCAGGTAAAGGCTTGGAATG 
GGTGGCGGTGATCAGCTATGACGGCTCTG 
ACAAATATTATGTGGACTCCGTGAAAGGC 
AGATTCACCATCAGTCGAGACAACTCAAA 
GAATAGACTCTACTTGCAGATGAATAGCC 
TCCGGGCCGAAGATACTGCAGTCTATTAT 
TGCGCCCGGGAGCGCTACAGTGGAAGAGA 
CTATTGGGGGCAAGGAACTCTTGTCACAG 
TCTCATCTGGCGGCGGCGGCAGCGGTGGG 
GGCGGATCTGGCGGGGGCGGCAGCGAAAT 
CGT TAT GACT CAGAGT CCT GCCACACT GA 
GCGTTAGCCCT GGTGAGAGAGCAACACTT 
AGCTGCAGAGCTAGTCAGAGTGTTTCCAG 
TCTTTTGACATGGTACCAACAGAAGCCCG 
GTCAAGCTCCACGACTGCTCATCTTCGGT 

221 MALPVTALLLPLALLL 
HAARPQVQLVESGGGV 
VQPGRSLRLSCAASGF 
TFSSYGMHWVRQAPGK 
GLEWVAVISYDGSDKY 
YVDSVKGRFTISRDNS 
KNRLYLQMNSLRAEDT 
AVYYCARERYSGRDYW 
GQGTLVTVSSGGGGSG 
GGGSGGGGSEIVMTQS 
PATLSVSPGERATLSC 
RASQSVSSLLTWYQQK 
PGQAPRLLIFGASTRA 
TGIPARFSGSGSGTGF 
TLTISSLQSEDFAVYY 
CQQYDTWPFTFGPGTK 
VD FKRAAAL SN S IMYF 
SHFVPVFLPAKPTTTP 
APRPPTPAPTIASQPL 
SLRPEACRPAAGGAVH 
T RGL D FACD I YIWAPL 
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AGTCGVLLLSLVITLY 
CNHRNRSKRSRLLHSD 
YMNMTPRRPGPTRKHY 
QPYAPPRDFAAYRSRV 
KFSRSADAPAYQQGQN 
QLYNELNLGRREEYDV 
LDKRRGRDPEMGGKPR 
RKNPQEGLYNELQKDK 
MAEAYSEIGMKGERRR 
GKGHDGLYQGLSTATK 
DTYDALHMQALPPR 

(CAR4.3) 
Clone 
2005.2 CD8 
CAR DNA 
HxL 

CAGGTGCAGTTGGTTGAATCAGGAGGGGG 
TGTGGTGCAACCCGGTCGGTCACTGCGCC 
TCAGTTGTGCTGCTTCCGGGTTTACTTTC 
AGCTCATATGGGATGCACTGGGTACGGCA 
GGCTCCAGGTAAAGGCTTGGAATGGGTGG 
CGGTGATCAGCTATGACGGCTCTGACAAA 
TATTATGTGGACTCCGTGAAAGGCAGATT 
CAC CAT CAGT C GAGACAACT CAAAGAATA 
GACTCTACTTGCAGATGAATAGCCTCCGG 
GCCGAAGATACTGCAGTCTATTATTGCGC 
CCGGGAGCGCTACAGTGGAAGAGACTATT 
GGGGGCAAGGAACTCTTGTCACAGTCTCA 
TCTGGCGGCGGCGGCAGCGGTGGGGGCGG 
ATCTGGCGGGGGCGGCAGCGAAATCGTTA 
TGACTCAGAGTCCTGCCACACTGAGCGTT 
AGCCCTGGTGAGAGAGCAACACTTAGCTG 
CAGAGCTAGTCAGAGTGTTTCCAGTCTTT 
TGACATGGTACCAACAGAAGCCCGGTCAA 
GCTCCACGACTGCTCATCTTCGGTGCATC 
CACCCGCGCAACCGGGATACCCGCCCGGT 
TTTCCGGTTCTGGAAGTGGCACAGGATTC 
ACGCTCACCATTTCTTCTCTGCAGTCTGA 
AGACTTTGCCGTGTATTACTGCCAGCAGT 
ACGATACCTGGCCCTTTACCTTTGGCCCA 
GGTACTAAAGTGGATTTTAAACGAGCTGC 
TGCACTTTCCAATAGTATTATGTACTTTT 
CACATTTTGTGCCCGTGTTCCTGCCTGCG 

223 QVQLVESGGGVVQPGR 
SLRLSCAASGFTFSSY 
GMHWVRQAPGKGLEWV 
AVISYDGSDKYYVDSV 
KGRFTISRDNSKNRLY 
LQMNSLRAEDTAVYYC 
ARERYSGRDYWGQGTL 
VTVSSGGGGSGGGGSG 
GGGSEIVMTQSPATLS 
VSPGERATLSCRASQS 
VSSLLTWYQQKPGQAP 
RLLIFGASTRATGIPA 
RFSGSGSGTGFTLTIS 
SLQSEDFAVYYCQQYD 
TWPFTFGPGTKVDFKR 
AAALSNSIMYFSHFVP 
VFLPAKPTTTPAPRPP 
TPAPTIASQPLSLRPE 
ACRPAAGGAVHTRGLD 
FACDIYIWAPLAGTCG 
VLLLSLVITLYCNHRN 
RSKRSRLLHSDYMNMT 
PRRPGPTRKHYQPYAP 
PRDFAAYRSRVKFSRS 
ADAPAYQQGQNQLYNE 
LNLGRREEYDVLDKRR 
GRDPEMGGKPRRKNPQ 
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AAGCCTACGACAACCCCAGCCCCTAGGCC 
GCCCACACCGGCCCCAACTATTGCCTCCC 
AGCCATTGTCTCTGAGACCCGAAGCTTGC 
AGACCTGCTGCTGGAGGCGCCGTTCACAC 
CCGAGGATTGGATTTCGCATGTGACATTT 
ACATCTGGGCCCCTTTGGCCGGAACCTGC 
GGTGTGCTGCTGCTGTCACTCGTGATTAC 
ACTTTACTGCAACCACCGAAACAGATCCA 
AAAGAAGCCGCCTGCTCCATAGCGATTAC 
ATGAATATGACTCCACGCCGCCCTGGCCC 
CACAAGGAAACACTACCAGCCTTACGCAC 
CACCTAGAGATTTCGCTGCCTATCGGAGC 
AGGGTGAAGTTTTCCAGATCTGCAGATGC 
ACCAGCGTATCAGCAGGGCCAGAACCAAC 
TGTATAACGAGCTCAACCTGGGACGCAGG 
GAAGAGTATGACGTTTTGGACAAGCGCAG 
AGGACGGGACCCTGAGATGGGTGGCAAAC 
CAAGACGAAAAAACCCCCAGGAGGGTCTC 
TATAATGAGCTGCAGAAGGATAAGATGGC 
TGAAGCCTATTCTGAAATAGGCATGAAAG 
GAGAGCGGAGAAGGGGAAAAGGGCACGAC 
GGTTTGTACCAGGGACTCAGCACTGCTAC 
GAAGGATACTTATGACGCTCTCCACATGC 
AAGCCCTGCCACCTAGG 

EGLYNELQKDKMAEAY 
SEIGMKGERRRGKGHD 
GLYQGLSTATKDTYDA 
LHMQALPPR 

(CAR4.4) 
Clone 
2005.2 THD 
CAR DNA 
LxH 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGGAGATTGTGATGACCCAGTCCCCT 
GCTACCCTGTCCGTCAGTCCGGGCGAGAG 
AGCCACCTTGTCATGCCGGGCCAGCCAGT 
CCGTCAGCAGTCTCCTGACTTGGTATCAG 
CAAAAACCAGGGCAGGCACCGCGGCTTTT 
GATTTTTGGTGCAAGCACACGCGCCACTG 
GCATTCCAGCTAGGTTTTCTGGAAGTGGA 
TCTGGGACAGGCTTCACTCTGACAATCAG 
TAGCCTGCAGAGTGAGGACTTTGCTGTTT 
ACTACTGTCAACAGTACGACACCTGGCCA 
TTCACATTCGGGCCCGGCACCAAGGTCGA 
CTTCAAGAGGGGCGGTGGAGGTTCAGGTG 
GTGGCGGGTCAGGCGGCGGTGGGTCTCAG 
GTTCAACTGGTGGAATCAGGTGGCGGCGT 
TGTCCAACCGGGGCGATCACTTCGACTTT 
CCTGTGCTGCCTCAGGCTTTACTTTTTCA 
TCCTATGGGAT GCACTGGGTTCGGCAGGC 
TCCCGGAAAAGGACTCGAGTGGGTTGCAG 
T GAT CT CT TAC GAT GGCT CAGACAAGTAT 
TAT GT GGACT CAGT CAAGGGGAGAT T CAC 
AATAAGCCGAGACAACTCCAAAAACCGGC 
TT TAT CT C CAGAT GAACAGC CT TAGAGC G 
GAAGATACCGC GGTATACTACT GT GCCCG 
CGAGAGGTATTCCGGCAGAGACTACTGGG 
GACAGGGCACACTGGTCACCGTGAGTTCT 
GCCGCAGCGCT CGATAACGAAAAGAGCAA 
CGGAACCATTATCCACGTTAAGGGCAAGC 
ACCT GT GCCCCAGT CCCCT CT T CCCAGGA 
CCAT CTAAACC CT T CT GGGT T CT GGTAGT 
AGT T GGAGGGGT CCT T GCAT GT TACTCCC 
T T T T GGT CACC GT C GC CT T CAT TAT TT T C 
TGGGTGAGATCCAAAAGAAGCCGCCTGCT 
C CATAGC GAT TACAT GAATAT GACT C CAC 

225 MALPVTALLLPLALLL 
HAARPEIVMTQSPATL 
SVSPGERATLSCRASQ 
SVSSLLTWYQQKPGQA 
PRLLIFGASTRATGIP 
ARFSGSGSGTGFTLTI 
SSLQSEDFAVYYCQQY 
DTWPFTFGPGTKVDFK 
RGGGGSGGGGSGGGGS 
QVQLVESGGGVVQPGR 
SLRLSCAASGFTFSSY 
GMHWVRQAPGKGLEWV 
AVISYDGSDKYYVDSV 
KGRFTISRDNSKNRLY 
LQMNSLRAEDTAVYYC 
ARERYSGRDYWGQGTL 
VTVSSAAALDNEKSNG 
TIIHVKGKHLCPSPLF 
P GP SKP FWVLVVVGGV 
LACY S L LVTVAF I I FW 
VRSKRSRLLHSDYMNM 
TPRRPGPTRKHYQPYA 
PPRDFAAYRSRVKFSR 
SADAPAYQQGQNQLYN 
ELNLGRREEYDVLDKR 
RGRDPEMGGKPRRKNP 
QEGLYNELQKDKMAEA 
YSEIGMKGERRRGKGH 
DGLYQGL S TAT KDT YD 
AL HMQAL P PR 
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GCCGCCCTGGCCCCACAAGGAAACACTAC 
CAGCCTTACGCACCACCTAGAGATTTCGC 
TGCCTATCGGAGCAGGGTGAAGTTTTCCA 
GAT CT GCAGAT G CAC CAGC G TAT CAGCAG 
GGC CAGAAC CAACT GTATAAC GAG C T CAA 
CCTGGGACGCAGGGAAGAGTATGACGTTT 
T GGACAAGC GCAGAGGAC GGGAC C CT GAG 
AT GGGT GGCAAAC CAAGAC GAAAAAACCC 
C CAGGAGGGT CT CTATAAT GAGCT GCAGA 
AG GATAAGAT GGCT GAAGCCTAT T CT GAA 
ATAG G CAT GAAAGGAGAGC GGAGAAGGGG 
AAAAGGGCACGACGGTTTGTACCAGGGAC 
T CAG CAC T GCTAC GAAGGATACT TAT GAC 
GCTCTCCACATGCAAGCCCTGCCACCTAG 
GTAA 

(CAR4.4) 
Clone 
2005.2 THD 
CAR DNA 
LxH 

GAGATTGTGATGACCCAGTCCCCTGCTAC 
CCTGTCCGTCAGTCCGGGCGAGAGAGCCA 
CCTTGTCATGCCGGGCCAGCCAGTCCGTC 
AGCAGTCTCCTGACTTGGTATCAGCAAAA 
ACCAGGGCAGGCACCGCGGCTTTTGATTT 
TTGGTGCAAGCACACGCGCCACTGGCATT 
CCAGCTAGGTTTTCTGGAAGTGGATCTGG 
GACAGGCTTCACTCTGACAATCAGTAGCC 
TGCAGAGTGAGGACTTTGCTGTTTACTAC 
TGTCAACAGTACGACACCTGGCCATTCAC 
ATTCGGGCCCGGCACCAAGGTCGACTTCA 
AGAGGGGCGGTGGAGGTTCAGGTGGTGGC 
GGGTCAGGCGGCGGTGGGTCTCAGGTTCA 
ACTGGTGGAATCAGGTGGCGGCGTTGTCC 
AACCGGGGCGAT CACT T CGACT T T CCT GT 
GCT GCCT CAGGCT T TACT T T T T CAT CCTA 
TGGGATGCACT GGGTTCGGCAGGCTCCCG 
GAAAAGGACT C GAGT GGGT T GCAGT GAT C 
T CT TAC GAT GGCT CAGACAAGTAT TAT GT 
GGACT CAGT CAAGGGGAGAT T CACAATAA 
GCCGAGACAACTCCAAAAACCGGCTTTAT 
CT C CAGAT GAACAGC CT TAGAGC GGAAGA 
TACCGCGGTATACTACT GT GCCCGCGAGA 
GGTATTCCGGCAGAGACTACTGGGGACAG 
GGCACACTGGT CACCGT GAGT T CT GCCGC 
AGCGCTCGATAACGAAAAGAGCAACGGAA 
C CAT TAT C CAC GT TAAGGGCAAGCACCT G 
T GCCCCAGT CC CCT CT T CCCAGGACCAT C 
TAAACCCT T CT GGGT T CT GGTAGTAGT T G 
GAGGGGTCCTT GCAT GT TACT CCCT TT T G 
GT CACC GT C GC CT T CAT TAT T T T CT GGGT 
GAGATCCAAAAGAAGCCGCCTGCTCCATA 
GCGATTACATGAATATGACTCCACGCCGC 
CCTGGCCCCACAAGGAAACACTACCAGCC 
TTACGCACCACCTAGAGATTTCGCTGCCT 
AT CGGAGCAGGGT GAAGT T T T CCAGAT CT 
GCAGAT G CAC CAG C G TAT CAG CAG G G C CA 
GAACCAACTGTATAACGAGCTCAACCTGG 
GAC GCAGGGAAGAGTAT GAC GT T T T GGAC 
AAGCGCAGAGGACGGGACCCTGAGATGGG 
T GGCAAAC CAA GAC GAAAAAAC C C C CAGG 
AGGGT CT CTATAAT GAGCT GCAGAAGGAT 
AAGAT GGCT GAAGCCTAT T CT GAAATAG G 
CAT GAAAGGAGAGC GGAGAAGGGGAAAAG 

227 EIVMTQSPATLSVSPG 
ERATLSCRASQSVSSL 
LTWYQQKPGQAPRLLI 
FGASTRATGIPARFSG 
SGSGTGFTLTISSLQS 
EDFAVYYCQQYDTWPF 
TFGPGTKVDFKRGGGG 
SGGGGSGGGGSQVQLV 
ESGGGVVQPGRSLRLS 
CAASGFTFSSYGMHWV 
RQAPGKGLEWVAVISY 
DGSDKYYVDSVKGRFT 
ISRDNSKNRLYLQMNS 
L RAE D TAVYY CARE RY 
S GRDYWGQ GT LVTVS S 
AAALDNEKSNGT I I HV 
KGKHLCPSPLFPGPSK 
P FWVLVVVGGVLACY S 
L LVTVAF I I FWVRS KR 
S RL LH S DYMNMT PRRP 
GP T RKHYQ P YAP P RD F 
AAYRS RVKFS RSADAP 
AYQQGQNQLYNELNLG 
RREEYDVLDKRRGRDP 
EMGGKPRRKNPQEGLY 
NELQKDKMAEAYSEIG 
MKGERRRGKGHDGLYQ 
GL S TAT KDT YDALHMQ 
ALP PR 
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GGCACGACGGTTTGTACCAGGGACTCAGC 
ACTGCTACGAAGGATACTTATGACGCTCT 
CCACATGCAAGCCCTGCCACCTAGG 

(CAR4.5) 
Clone 
2005.2 CHD 
CAR DNA 
LxH 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGGAGATCGTCATGACACAGAGTCCA 
GCTACCCTGAGCGTGTCCCCTGGAGAGAG 
AGCCACCCTGTCCTGTAGGGCTAGTCAGA 
GTGTGTCCAGCCTCCTCACCTGGTATCAA 
CAGAAGCCTGGTCAAGCTCCCCGGCTGCT 
TATCTTCGGGGCCAGCACGCGAGCCACAG 
GCATCCCGGCCAGATTCTCTGGCTCTGGC 
AGTGGCACCGGGTTCACTCTCACGATCTC 
ATCCCTGCAGTCAGAGGATTTCGCTGTGT 
ATTACTGTCAGCAGTACGATACATGGCCC 
TTCACCTTCGGCCCGGGCACAAAAGTAGA 
TTTCAAGCGCGGCGGCGGGGGTAGTGGGG 
GCGGGGGATCAGGAGGAGGGGGCTCCCAA 
GTACAGCTGGTTGAGAGCGGCGGCGGGGT 
GGTTCAGCCCGGGCGCAGCCTCAGGCTGA 
GTTGCGCAGCATCAGGATTCACATTCAGT 
TCTTATGGAATGCATTGGGTCAGACAGGC 
TCCCGGGAAGGGCCTTGAATGGGTGGCAG 
TCATTAGCTACGACGGAAGCGATAAGTAC 
TAT GT GGACT CAGT TAAAGGGAGAT TTAC 
TATCAGCCGCGACAATTCCAAAAACAGAT 
TGTATTTGCAGATGAACTCCCTCAGGGCG 
GAGGACACTGCTGTATATTACTGCGCACG 
AGAGAGATACTCCGGCCGAGACTATTGGG 
GCCAAGGAACATTGGTAACTGTGAGCTCC 
GCCGCAGCTATTGAGGTCATGTACCCCCC 
ACCTTATCTCGATAATGAGAAGAGTAATG 
GGACTATAATTCACGTAAAGGGCAAACAC 
CTGTGCCCTTCCCCGCTGTTTCCAGGTCC 
AAGTAAGCCGTTCTGGGTCCTGGTTGTGG 
TGGGAGGGGTGCTGGCCTGCTATTCTCTG 
TTGGTTACCGTGGCCTTTATCATTTTCTG 
GGT GAGAT CCAAAAGAAGCCGCCT GCT CC 
ATAGC GAT TACAT GAATAT GACT C CAC GC 
CGCCCT GGCCC CACAAGGAAACAC TAC CA 
GCCTTACGCACCACCTAGAGATTTCGCTG 
CCTATCGGAGCAGGGTGAAGTTTTCCAGA 
T CT GCAGAT GCAC CAGC GTAT CAGCAGGG 
CCAGAACCAACT GTATAAC GAG C T CAACC 
T GGGACGCAGGGAAGAGTAT GACGT TT T G 
GACAAGC GCAGAGGAC GGGAC C CT GAGAT 
GGGTGGCAAACCAAGACGAAAAAACCCCC 
AG GAG G GT CT CTATAAT GAG C T GCAGAAG 
GATAAGAT GGCT GAAGCCTAT T CT GAAAT 
AG G CAT GAAAG GAGAGC GGAGAAGGGGAA 
AAGGGCACGACGGTTTGTACCAGGGACTC 
AG CAC T GCTAC GAAGGATACT TAT GAC GC 
T CT CCACAT GCAAGCCCT GCCACCTAGGT 
AA 

229 MALPVTALLLPLALLL 
HAARPEIVMTQSPATL 
SVSPGERATLSCRASQ 
SVSSLLTWYQQKPGQA 
PRLLIFGASTRATGIP 
ARFSGSGSGTGFTLTI 
SSLQSEDFAVYYCQQY 
DTWPFTFGPGTKVDFK 
RGGGGSGGGGSGGGGS 
QVQLVESGGGVVQPGR 
SLRLSCAASGFTFSSY 
GMHWVRQAPGKGLEWV 
AVISYDGSDKYYVDSV 
KGRFTISRDNSKNRLY 
LQMNSLRAEDTAVYYC 
ARERYSGRDYWGQGTL 
VTVSSAAAIEVMYPPP 
YLDNEKSNGTIIHVKG 
KHLCPSPLFPGPSKPF 
WVLVVVGGVLACYSLL 
VTVAFIIFWVRSKRSR 
LLHSDYMNMTPRRPGP 
TRKHYQPYAPPRDFAA 
YRSRVKFSRSADAPAY 
QQGQNQLYNELNLGRR 
EEYDVLDKRRGRDPEM 
GGKPRRKNPQEGLYNE 
LQKDKMAEAYSEIGMK 
GERRRGKGHDGLYQGL 
STATKDTYDALHMQAL 
PPR 

230 

( CAR4.5 ) 
Clone 
2005.2 CHD 
CAR DNA 
LxH 

GAGAT C GT CAT GACACAGAGT CCAGCTAC 
CCTGAGCGTGTCCCCTGGAGAGAGAGCCA 
CCCTGTCCTGTAGGGCTAGTCAGAGTGTG 
TCCAGCCTCCTCACCTGGTATCAACAGAA 
GCCTGGTCAAGCTCCCCGGCTGCTTATCT 

231 EIVMTQSPATLSVSPG 
ERATLSCRASQSVSSL 
LTWYQQKPGQAPRLLI 
FGASTRATGIPARFSG 
SGSGTGFTLTISSLQS 
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TCGGGGCCAGCACGCGAGCCACAGGCATC 
CCGGCCAGATT CT CT GGCT CT GGCAGT GG 
CACCGGGT T CACT CT CACGAT CT CATCCC 
T GCAGT CAGAGGAT T T CGCT GT GTATTAC 
T GT CAGCAGTACGATACAT GGCCCT TCAC 
CT T CGGCCCGGGCACAAAAGTAGAT TT CA 
AGCGCGGCGGCGGGGGTAGTGGGGGCGGG 
GGATCAGGAGGAGGGGGCTCCCAAGTACA 
GCTGGTTGAGAGCGGCGGCGGGGTGGTTC 
AGCCCGGGCGCAGCCT CAGGCT GAGTT GC 
G CAG CAT CAG GAT T CACAT T CAGT T CT TA 
TGGAATGCATT GGGTCAGACAGGCTCCCG 
GGAAGGGCCTT GAAT GGGT GGCAGT CAT T 
AG C TAC GAC GGAAGC GATAAGTAC TAT GT 
GGACT CAGT TAAAGGGAGAT T TAC TAT CA 
GCCGCGACAATTCCAAAAACAGATTGTAT 
TTGCAGATGAACTCCCTCAGGGCGGAGGA 
CACT GCT GTATAT TACT GCGCAC GAGAGA 
GATACTCCGGCCGAGACTATTGGGGCCAA 
GGAACAT T GGTAACT GT GAGCT CCGCCGC 
AGCTAT T GAGGT CAT GTACCCCCCACCT T 
AT CT C GATAAT GAGAAGAGTAAT GGGACT 
ATAAT T CAC GTAAAGGGCAAACAC CT GT G 
CCCT T CCCCGCT GT T T CCAGGT CCAAGTA 
AGCC GT T CT GG GT C CT GGT T GT GGT GGGA 
GGGGT GCT GGC CT GCTAT T CT CT GT T GGT 
TACCGT GGCCT T TAT CAT T T T CT GGGT GA 
GAT CCAAAAGAAGCCGCCT GCT CCATAGC 
GAT TACAT GAATAT GACT C CAC GC C GC C C 
TGGCCCCACAAGGAAACACTACCAGCCTT 
ACGCACCACCTAGAGATTTCGCTGCCTAT 
CGGAGCAGGGT GAAGT T T T CCAGAT CT GC 
AGAT G CAC CAGC GTAT CAGCAGGGC CAGA 
AC CAACT GTATAAC GAG C T CAAC CT GG GA 
CGCAGGGAAGAGTAT GAC GT T T T GGACAA 
GCGCAGAGGACGGGACCCTGAGATGGGTG 
GCAAAC CAAGAC GAAAAAAC C C C CAGGAG 
G GT CT CTATAAT GAG C T GCAGAAGGATAA 
GAT GGCT GAAGCCTAT T CT GAAATAGGCA 
T GAAAGGAGAG C GGAGAAGGGGAAAAGGG 
CAC GAC GGT T T GTACCAGGGACTCAGCAC 
T GCTACGAAGGATACT TAT GACGCT CT CC 
ACATGCAAGCCCTGCCACCTAGG 

ED FAVYYCQQYDTW P F 
T FGP GT KVD FKRGGGG 
S GGGGS GGGGSQVQLV 
ES GGGVVQPGRSLRLS 
CAAS GFT FS SYGMHWV 
RQAPGKGLEWVAVI SY 
DGSDKYYVDSVKGRFT 
I SRDNSKNRLYLQMNS 
L RAE D TAVYY CARE RY 
S GRDYWGQGTLVTVS S 
AAAI EVMYP P PYLDNE 
KSNGT I I HVKGKHL C P 
S P L FP GP SKP FWVLVV 
VGGVLACYSLLVTVAF 
I I FWVRS KRS RL LH S D 
YMNMT P RRP GP T RKHY 
Q P YAP P RD FAAYRS RV 
KFSRSADAPAYQQGQN 
QLYNELNLGRREEYDV 
LDKRRGRDPEMGGKPR 
RKNPQEGLYNELQKDK 
MAEAYS E I GMKGERRR 
GKGHDGLYQGL S TAT K 
DT YDALHMQAL P PR 

(CAR4.6) 
Clone 
2005.2 CD8 
CAR DNA 
LxH 

ATGGCACTCCCCGTAACTGCTCTGCTGCT 
GCCGTTGGCATTGCTCCTGCACGCCGCAC 
GCCCGGAAATAGTGATGACTCAGTCCCCG 
GCCACCCTCAGCGTGTCCCCCGGGGAGCG 
AGCGACCCTGTCATGCAGGGCTTCCCAGA 
GTGTCAGCTCCCTGCTCACTTGGTATCAG 
CAAAAGCCGGGGCAGGCTCCCCGCCTCCT 
CATCTTCGGGGCATCAACTAGGGCCACCG 
GCATTCCTGCAAGATTTTCCGGGTCTGGC 
AGCGGCACCGGCTTCACCCTTACCATTAG 
CTCTCTGCAGTCTGAGGACTTCGCCGTTT 
ACTATTGTCAGCAGTATGATACTTGGCCC 
TTTACCTTCGGTCCCGGAACTAAGGTGGA 
CT T CAAGCGCGGGGGGGGT GGAT CT GGAG 
GT GGT GGCT CC GGGGGCGGT GGAAGCCAG 
GT CCAGT T GGT T GAGAGCGGCGGCGGAGT 

233 MALPVTALLLPLALLL 
HAARPEIVMTQSPATL 
SVSPGERATLSCRASQ 
SVSSLLTWYQQKPGQA 
PRLLIFGASTRATGIP 
ARFSGSGSGTGFTLTI 
SSLQSEDFAVYYCQQY 
DTWPFTFGPGTKVDFK 
RGGGGSGGGGSGGGGS 
QVQLVESGGGVVQPGR 
SLRLSCAASGFTFSSY 
GMHWVRQAPGKGLEWV 
AVI SYDGSDKYYVDSV 
KGRFT I SRDNSKNRLY 
LQMNSLRAEDTAVYYC 
ARERYS GRDYWGQGTL 
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GGT GCAGCCCGGGAGGT CCT T GCGGCT GA 
GCT GT GCAGCCT CCGGT T T TACT T T TT CT 
AG C TAT GGAAT G CAT T GGGTAAGACAGGC 
TCCCGGAAAAGGCCTCGAGTGGGTGGCGG 
T CAT TAG C TAT GAT G GAT CT GATAAATAC 
TAT GT GGACT CAGT TAAGGGGCGCT T CAC 
AAT C T CAAGAGACAATAGCAAAAATAGAC 
T GTACCT GCAGAT GAATAGT CT GCGCGCC 
GAGGACACT GC CGT GTACTACT GCGCCCG 
C GAGAGATACAGCGGACGGGAT TACT GGG 
GCCAGGGTACC CT CGTAACGGT GT CCT CC 
GCT GCCGCCCT TAGCAACAGCAT TAT GTA 
CT T T T CT CAT T T CGT GCCAGT CT T T CT CC 
CAGCAAAGCCCACCACTACCCCGGCCCCC 
AGGCCGCCTACTCCTGCCCCCACTATCGC 
GT CT CAGCCT CT CT CCT T GCGGCCCGAGG 
CCTGCCGGCCAGCCGCAGGGGGCGCCGTA 
CATACTCGGGGTTTGGATTTCGCTTGCGA 
CATATATATTT GGGCCCCCCTCGCCGGCA 
CAT GT GGAGT GCT GCT CCT GAGT CT CGT T 
ATAACCCTCTATTGCAACCATAGAAACAG 
AT CCAAAAGAAGCCGCCT GCT CCATAGCG 
AT TACAT GAATAT GACT CCACGCCGCCCT 
GGCCCCACAAG GAAACAC TAC CAGCCT TA 
CGCACCACCTAGAGATTTCGCTGCCTATC 
GGAGCAGGGT GAAGT T T T CCAGAT CT GCA 
GAT G CAC CAGC GTAT CAGCAGGGC CAGAA 
C CAACT GTATAAC GAG C T CAAC CT GGGAC 
G CAGGGAAGAGTAT GAC GT T T T GGACAAG 
CGCAGAGGACGGGACCCTGAGATGGGTGG 
CAAAC CAAGAC GAAAAAAC C C C CAG GAG G 
GT CT CTATAAT GAG C T GCAGAAGGATAAG 
AT GGCT GAAGC CTAT T CT GAAATAG GCAT 
GAAAGGAGAGC GGAGAAGGGGAAAAGGGC 
ACGACGGTTTGTACCAGGGACTCAGCACT 
GCTACGAAGGATACTTATGACGCTCTCCA 
CATGCAAGCCCTGCCACCTAGGTAA 

VTVS SAAALSNS IMYF 
S H FVPVFL PAK P T T T P 
AP RP PT PAP T IASQPL 
S L RP EACRPAAG GAVH 
T RGL D FACD I YIWAPL 
AGTCGVLLLS LVI TLY 
CNHRNRSKRS RL LH S D 
YMNMT P RRP GP T RKHY 
Q P YAP P RD FAAYRS RV 
KFS RSADAPAYQQGQN 
QLYNELNLGRREEYDV 
LDKRRGRDPEMGGKPR 
RKNPQEGLYNELQKDK 
MAEAYS E I GMKGERRR 
GKGHDGLYQ GL S TAT K 
DT YDALHMQAL P PR 

(CAR4.6) 
Clone 
2005.2 CD8 
CAR DNA 
LxH 

GAAATAGTGATGACTCAGTCCCCGGCCAC 
CCTCAGCGTGTCCCCCGGGGAGCGAGCGA 
CCCTGTCATGCAGGGCTTCCCAGAGTGTC 
AGCTCCCTGCTCACTTGGTATCAGCAAAA 
GCCGGGGCAGGCTCCCCGCCTCCTCATCT 
TCGGGGCATCAACTAGGGCCACCGGCATT 
CCTGCAAGATTTTCCGGGTCTGGCAGCGG 
CACCGGCTTCACCCTTACCATTAGCTCTC 
TGCAGTCTGAGGACTTCGCCGTTTACTAT 
T GT CAGCAGTAT GATACT T GGCCCT TTAC 
CT T CGGT CCCGGAACTAAGGT GGACTT CA 
AGCGCGGGGGGGGT GGAT CT GGAGGT GGT 
GGCTCCGGGGGCGGTGGAAGCCAGGTCCA 
GT T GGT T GAGAGCGGCGGCGGAGT GGT GC 
AGCCCGGGAGGT CCT T GCGGCT GAGCT GT 
GCAGCCT CCGGT T T TACT T T T T CTAGCTA 
TGGAATGCATT GGGTAAGACAGGCTCCCG 
GAAAAGGCCT C GAGT GGGT GGCGGT CAT T 
AG C TAT GAT G GAT CT GATAAATAC TAT GT 
GGACT CAGT TAAGGGGCGCT T CACAAT CT 
CAAGAGACAATAGCAAAAATAGACT GTAC 
CT GCAGAT GAATAGT CT GCGCGCCGAGGA 

235 EIVMTQSPATLSVSPG 
ERATLSCRASQSVSSL 
LTWYQQKPGQAPRLLI 
FGASTRATGIPARFSG 
SGSGTGFTLTISSLQS 
EDFAVYYCQQYDTWPF 
TFGPGTKVDFKRGGGG 
SGGGGSGGGGSQVQLV 
ESGGGVVQPGRSLRLS 
CAAS GFT FS SYGMHWV 
RQAPGKGLEWVAVI SY 
DGS DKYYVDSVKGRFT 
I S RDNSKNRLYLQMNS 
L RAE D TAVYY CARE RY 
S GRDYWGQ GT LVTVS S 
AAALSNS IMYFSHFVP 
VFL PAK P T T T PAP RP P 
TPAPTIASQPLSLRPE 
ACRPAAGGAVHTRGLD 
FACD I YIWAPLAGTCG 
VLLLS LVI TLYCNHRN 
RS KRS RL LH S DYMNMT 
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CACTGCCGTGTACTACTGCGCCCGCGAGA PRRPGPTRKHYQPYAP 

GATACAGCGGACGGGATTACTGGGGCCAG PRDFAAYRSRVKFSRS 

GGTACCCTCGTAACGGTGTCCTCCGCTGC ADAPAYQQGQNQLYNE 

CGCCCTTAGCAACAGCATTATGTACTTTT LNLGRREEYDVLDKRR 

CTCATTTCGTGCCAGTCTTTCTCCCAGCA GRDPEMGGKPRRKNPQ 

AAGCCCACCACTACCCCGGCCCCCAGGCC EGLYNELQKDKMAEAY 

GCCTACTCCTGCCCCCACTATCGCGTCTC SEIGMKGERRRGKGHD 

AGCCTCTCTCCTTGCGGCCCGAGGCCTGC GLYQGLSTATKDTYDA 

CGGCCAGCCGCAGGGGGCGCCGTACATAC LHMQALP PR 

TCGGGGTTTGGATTTCGCTTGCGACATAT 

ATATTTGGGCCCCCCTCGCCGGCACATGT 

GGAGTGCTGCTCCTGAGTCTCGTTATAAC 

CCTCTATTGCAACCATAGAAACAGATCCA 

AAAGAAGCCGCCTGCTCCATAGCGATTAC 

ATGAATATGACTCCACGCCGCCCTGGCCC 

CACAAGGAAACACTACCAGCCTTACGCAC 

CACCTAGAGATTTCGCTGCCTATCGGAGC 

AGGGTGAAGTTTTCCAGATCTGCAGATGC 

ACCAGCGTATCAGCAGGGCCAGAACCAAC 

TGTATAACGAGCTCAACCTGGGACGCAGG 

GAAGAGTATGACGTTTTGGACAAGCGCAG 

AGGACGGGACCCTGAGATGGGTGGCAAAC 

CAAGAC GAAAAAACCCCCAGGAGGGT CT C 

TATAATGAGCTGCAGAAGGATAAGATGGC 

T GAAGCCTATT CT GAAATAGGCAT GAAAG 

GAGAGCGGAGAAGGGGAAAAGGGCACGAC 

GGTTTGTACCAGGGACTCAGCACTGCTAC 

GAAGGATACTTATGACGCTCTCCACATGC 

AAGCCCTGCCACCTAGG 

[0217] 	In some embodiments, the polynucleotide of the present invention encodes a 

CAR, wherein the CAR comprises an amino acid sequence at least about 75%, at least about 

85%, at least about 85%, at least about 90%, at least about 95%, at least about 96%, at least 

5 	about 97%, at least about 98%, at least about 99%, or 100% identical to an amino acid sequence 

selected from the group consisting of SEQ ID NOs: 134, 136, 138, 140, 142, 144, 146, 148, 

150, 152, 154, 156, 158, 160, 162, 164, 166, 168, 178, 180, 190, 192, 202, 204, 214, 216, 226, 

and 228. In certain embodiments, the CAR comprises an amino acid sequence selected from 

the group consisting of SEQ ID NOs: 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 

10 156, 158, 160, 162, 164, 166, 168, 178, 180, 190, 192, 202, 204, 214, 216, 226, and 228. 

[0218] 	In some embodiments, the polynucleotide of the present invention comprises an 

nucleotide sequence at least about 50%, at least about 60%, at least about 65%, at least about 

70%, at least about 75%, at least about 85%, at least about 85%, at least about 90%, at least 

about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%, or 

15 	100% identical to an amino acid sequence selected from the group consisting of SEQ ID NOs: 

133, 135, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 157, 159, 161, 163, 165, 167, 177, 

179, 189, 191, 201, 203, 213, 215, 225, and 227. In certain embodiments, the polynucleotide 
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comprises a nucleotide sequence selected from the group consisting of SEQ ID NOs: 133, 135, 

137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 157, 159, 161, 163, 165, 167, 177, 179, 189, 

191, 201, 203, 213, 215, 225, and 227. 

II. 	Vectors, Cells, and Pharmaceutical Compositions 

	

5 	[0219] 	In certain aspects, provided herein are vectors comprising a polynucleotide of 

the present invention. In some embodiments, the present invention is directed to a vector or a 

set of vectors comprising a polynucleotide encoding a CAR or a TCR comprising the truncated 

hinge domain ("THD") domain, as described above. 

[0220] 	Any vector known in the art can be suitable for the present invention. In some 

	

10 	embodiments, the vector is a viral vector. In some embodiments, the vector is a retroviral 

vector, a DNA vector, a murine leukemia virus vector, an SFG vector, a plasmid, a RNA vector, 

an adenoviral vector, a baculoviral vector, an Epstein Barr viral vector, a papovaviral vector, a 

vaccinia viral vector, a herpes simplex viral vector, an adenovirus associated vector (AAV), a 

lentiviral vector, or any combination thereof 

	

15 	[0221] 	In an embodiment, a vector that can be employed in the context of the present 

invention is pGAR and has the coding sequence: 

CTGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCA 
GCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCT 
TCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCC 

20 TTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAG 
GGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGA 
CGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACT 
CAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCT 
ATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAAT 

25 ATTAACGCTTACAATTTGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGG 
CGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTG 
CAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAAC 
GACGGCCAGTGAATTGTAATACGACTCACTATAGGGCGACCCGGGGATGGCGCG 
CCAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTT 

30 ACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCAT 
TGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG 
ACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTG 
TATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCT 
GGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTA 

35 CGTATTAGTCATCGCTATTACCATGCTGATGCGGTTTTGGCAGTACATCAATGGG 
CGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCA 
ATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAA 
CTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATAT 
AAGCAGAGCTGGTTTAGTGAACCGGGGTCTCTCTGGTTAGACCAGATCTGAGCCT 
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GGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCC 
TTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGA 
TCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCCGAACAG 
GGACTTGAAAGCGAAAGGGAAACCAGAGGAGCTCTCTCGACGCAGGACTCGGCT 

5 TGCTGAAGCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAA 
AAATTTTGACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAGTA 
TTAAGCGGGGGAGAATTAGATCGCGATGGGAAAAAATTCGGTTAAGGCCAGGGG 
GAAAGAAAAAATATAAATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAA 
CGATTCGCAGTTAATCCTGGCCTGTTAGAAACATCAGAAGGCTGTAGACAAATAC 

10 TGGGACAGCTACAACCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTAT 
ATAATACAGTAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAGACA 
CCAAGGAAGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGACCACC 
GCACAGCAAGCCGCCGCTGATCTTCAGACCTGGAGGAGGAGATATGAGGGACAA 
TTGGAGAAGTGAATTATATAAATATAAAGTAGTAAAAATTGAACCATTAGGAGT 

is AGCACCCACCAAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGG 
GAATAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGC 
AGCGTCAATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATAGTGCA 
GCAGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACT 
CACAGTCTGGGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATA 

20 CCTAAAGGATCAACAGCTCCTGGGGATTTGGGGTTGCTCTGGAAAACTCATTTGC 
ACCACTGCTGTGCCTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAACAGATTT 
GGAATCACACGACCTGGATGGAGTGGGACAGAGAAATTAACAATTACACAAGCT 
TAATACACTCCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAGAATGAACAAG 
AATTATTGGAATTAGATAAATGGGCAAGTTTGTGGAATTGGTTTAACATAACAAA 

25 TTGGCTGTGGTATATAAAATTATTCATAATGATAGTAGGAGGCTTGGTAGGTTTA 
AGAATAGTTTTTGCTGTACTTTCTATAGTGAATAGAGTTAGGCAGGGATATTCAC 
CATTATCGTTTCAGACCCACCTCCCAACCCCGAGGGGACCCGACAGGCCCGAAG 
GAATAGAAGAAGAAGGTGGAGAGAGAGACAGAGACAGATCCATTCGATTAGTG 
AACGGATCTCGACGGTATCGGTTAACTTTTAAAAGAAAAGGGGGGATTGGGGGG 

30 TACAGTGCAGGGGAAAGAATAGTAGACATAATAGCAACAGACATACAAACTAA 
AGAATTACAAAAACAAATTACAAAATTCAAAATTTTATCGCGATCGCGGAATGA 
AAGACCCCACCTGTAGGTTTGGCAAGCTAGCTTAAGTAACGCCATTTTGCAAGGC 
ATGGAAAATACATAACTGAGAATAGAGAAGTTCAGATCAAGGTTAGGAACAGAG 
AGACAGCAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCG 

35 GCTCAGGGCCAAGAACAGATGGTCCCCAGATGCGGTCCCGCCCTCAGCAGTTTCT 
AGAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAAATGACCCTGTG 
CCTTATTTGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCT 
CCCCGAGCTCAATAAAAGAGCCCACAACCCCTCACTCGGCGCGCCAGTCCTTCGA 
AGTAGATCTTTGTCGATCCTACCATCCACTCGACACACCCGCCAGCGGCCGCTGC 

40 CAAGCTTCCGAGCTCTCGAATTAATTCACGGTACCCACCATGGCCTAGGGAGACT 
AGTCGAATCGATATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTAT 
TCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGT 
ATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGT 
TGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTG 

45 CACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAG 
CTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGC 
CGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCC 
GTGGTGTTGTCGGGGAAGCTGACGTCCTTTTCATGGCTGCTCGCCTGTGTTGCCA 
CCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGC 
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GGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCC 
TTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGGTTAATTA 
AAGTACCTTTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTT 
AAAAGAAAAGGGGGGACTGGAAGGGCGAATTCACTCCCAACGAAGACAAGATC 

5 TGCTTTTTGCTTGTACTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTC 
TCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGC 
TTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCAG 
ACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGGCATGCCAGACATGATAAGATA 
CATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATT 

10 TGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACA 
AGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGG 
GAGGTTTTTTGGCGCGCCATCGTCGAGGTTCCCTTTAGTGAGGGTTAATTGCGAG 
CTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAA 
TTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAAT 

15 GAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGG 
AAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGG 
TTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCG 
TTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCAC 
AGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGG 

20 CCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCC 
TGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGG 
ACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTT 
CCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGG 
CGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCC 

25 AAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCG 
GTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGC 
AGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTT 
CTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGC 
GCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCA 

30 AACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCG 
CAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCT 
CAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGG 
ATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTA 
TATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTAT 

35 CTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGA 
TAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCG 
AGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAG 
GGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAAT 
TGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTG 

40 TTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTC 
AGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAA 
AAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGT 
GTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCG 
TAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTG 

45 TATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCA 
CATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAA 
CTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCAC 
CCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAAC 
AGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAA 
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TACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTC
ATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCG
CGCACATTTCCCCGAAAAGTGCCAC (SEQ ID NO: 252) 
[0222]   The pGAR vector map is set forth in FIG. 20.  Suitable additional exemplary 

vectors include e.g., pBABE-puro, pBABE-neo largeTcDNA, pBABE-hygro-hTERT, 5 

pMKO.1 GFP, MSCV-IRES-GFP, pMSCV PIG (Puro IRES GFP empty plasmid), pMSCV-

loxp-dsRed-loxp-eGFP-Puro-WPRE, MSCV IRES Luciferase, pMIG, MDH1-PGK-GFP_2.0, 

TtRMPVIR, pMSCV-IRES-mCherry FP, pRetroX GFP T2A Cre, pRXTN, pLncEXP, and 

pLXIN-Luc. 

[0223]   In other aspects, provided herein are cells comprising a polynucleotide or a 10 

vector of the present invention. In some embodiments, the present invention is directed to cells, 

e.g., in vitro cells, comprising a polynucleotide encoding a CAR or a TCR comprising a TCD 

described herein. In other embodiments, the present invention is directed to cells, e.g., in vitro 

cells, comprising a polypeptide encoded by a CAR or a TCR comprising a TCD described 

herein.  15 

[0224]   Any cell may be used as a host cell for the polynucleotides, the vectors, or the 

polypeptides of the present invention. In some embodiments, the cell can be a prokaryotic cell, 

fungal cell, yeast cell, or higher eukaryotic cells such as a mammalian cell. Suitable prokaryotic 

cells include, without limitation, eubacteria, such as Gram-negative or Gram-positive 

organisms, for example, Enterobactehaceae such as Escherichia, e.g., E. coli; Enterobacter; 20 

Erwinia; Klebsiella; Proteus; Salmonella, e.g., Salmonella typhimurium; Serratia, e.g.,  
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Serratia marcescans, and Shigella; Bacilli such as B. subtilis and B. licheniformis; 

Pseudomonas such as P. aeruginosa; and Streptomyces. In some embodiments, the cell is a 

human cell. In some embodiments, the cell is an immune cell. In some embodiments, the 

immune cell is selected from the group consisting of a T cell, a B cell, a tumor infiltrating 

	

5 	lymphocyte (TIL), a TCR expressing cell, a natural killer (NK) cell, a dendritic cell, a 

granulocyte, an innate lymphoid cell, a megakaryocyte, a monocyte, a macrophage, a platelet, 

a thymocyte, and a myeloid cell. In one embodiment, the immune cell is a T cell. In another 

embodiment, the immune cell is an NK cell. In certain embodiments, the T cell is a tumor-

infiltrating lymphocyte (TIL), autologous T cell, engineered autologous T cell (eACTTM), an 

	

10 	allogeneic T cell, a heterologous T cell, or any combination thereof 

[0225] 	The cell of the present invention may be obtained through any source known in 

the art. For example, T cells can be differentiated in vitro from a hematopoietic stem cell 

population, or T cells can be obtained from a subject. T cells can be obtained from, e.g., 

peripheral blood mononuclear cells, bone marrow, lymph node tissue, cord blood, thymus 

	

15 	tissue, tissue from a site of infection, ascites, pleural effusion, spleen tissue, and tumors. In 

addition, the T cells can be derived from one or more T cell lines available in the art. T cells 

can also be obtained from a unit of blood collected from a subject using any number of 

techniques known to the skilled artisan, such as FICOLLTM separation and/or apheresis. In 

certain embodiments, the cells collected by apheresis are washed to remove the plasma fraction, 

	

20 	and placed in an appropriate buffer or media for subsequent processing. In some embodiments, 

the cells are washed with PBS. As will be appreciated, a washing step can be used, such as by 

using a semiautomated flowthrough centrifuge, e.g., the CobeTm  2991 cell processor, the Baxter 

CytoMateTm, or the like. In some embodiments, the washed cells are resuspended in one or 

more biocompatible buffers, or other saline solution with or without buffer. In certain 

	

25 	embodiments, the undesired components of the apheresis sample are removed. Additional 

methods of isolating T cells for a T cell therapy are disclosed in U.S. Patent Publication No. 

2013/0287748, which is herein incorporated by references in its entirety. 

[0226] 	In certain embodiments, T cells are isolated from PBMCs by lysing the red 

blood cells and depleting the monocytes, e.g., by using centrifugation through a PERCOLL' 

	

30 	gradient. In some embodiments, a specific subpopulation of T cells, such as CD4+, CD8+, 

CD28+, CD45RA+, and CD45R0+  T cells is further isolated by positive or negative selection 

techniques known in the art. For example, enrichment of a T cell population by negative 

selection can be accomplished with a combination of antibodies directed to surface markers 
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unique to the negatively selected cells. In some embodiments, cell sorting and/or selection via 

negative magnetic immunoadherence or flow cytometry that uses a cocktail of monoclonal 

antibodies directed to cell surface markers present on the cells negatively selected can be used. 

For example, to enrich for CD4+  cells by negative selection, a monoclonal antibody cocktail 

	

5 	typically includes antibodies to CD8, CD1 lb, CD14, CD16, CD20, and HLA-DR. In certain 

embodiments, flow cytometry and cell sorting are used to isolate cell populations of interest 

for use in the present invention. 

[0227] 	In some embodiments, PBMCs are used directly for genetic modification with 

the immune cells (such as CARs or TCRs) using methods as described herein. In certain 

	

10 	embodiments, after isolating the PBMCs, T lymphocytes are further isolated, and both 

cytotoxic and helper T lymphocytes are sorted into naive, memory, and effector T cell 

subpopulations either before or after genetic modification and/or expansion. 

[0228] 	In some embodiments, CD8+  cells are further sorted into naive, central memory, 

and effector cells by identifying cell surface antigens that are associated with each of these 

	

15 	types of CD8+  cells. In some embodiments, the expression of phenotypic markers of central 

memory T cells includes CCR7, CD3, CD28, CD45RO, CD62L, and CD127 and are negative 

for granzyme B. In some embodiments, central memory T cells are CD8+, CD45R0+, and 

CD62L+  T cells. In some embodiments, effector T cells are negative for CCR7, CD28, CD62L, 

and CD127 and positive for granzyme B and perforin. In certain embodiments, CD4+  T cells 

	

20 	are further sorted into subpopulations. For example, CD4+  T helper cells can be sorted into 

naive, central memory, and effector cells by identifying cell populations that have cell surface 

antigens. 

[0229] 	In some embodiments, the immune cells, e.g., T cells, are genetically modified 

following isolation using known methods, or the immune cells are activated and expanded (or 

	

25 	differentiated in the case of progenitors) in vitro prior to being genetically modified. In another 

embodiment, the immune cells, e.g., T cells, are genetically modified with the chimeric antigen 

receptors described herein (e.g., transduced with a viral vector comprising one or more 

nucleotide sequences encoding a CAR) and then are activated and/or expanded in vitro. 

Methods for activating and expanding T cells are known in the art and are described, e.g., in 

	

30 	U.S. Patent Nos. 6,905,874; 6,867,041; and 6,797,514; and PCT Publication No. WO 

2012/079000, the contents of which are hereby incorporated by reference in their entirety. 

Generally, such methods include contacting PBMC or isolated T cells with a stimulatory agent 

and costimulatory agent, such as anti-CD3 and anti-CD28 antibodies, generally attached to a 
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bead or other surface, in a culture medium with appropriate cytokines, such as IL-2. Anti-CD3 

and anti-CD28 antibodies attached to the same bead serve as a "surrogate" antigen presenting 

cell (APC). One example is The Dynabeade system, a CD3/CD28 activator/stimulator system 

for physiological activation of human T cells. In other embodiments, the T cells are activated 

	

5 	and stimulated to proliferate with feeder cells and appropriate antibodies and cytokines using 

methods such as those described in U.S. Patent Nos. 6,040,177 and 5,827,642 and PCT 

Publication No. WO 2012/129514, the contents of which are hereby incorporated by reference 

in their entirety. 

[0230] 	In certain embodiments, the T cells are obtained from a donor subject. In some 

	

10 	embodiments, the donor subject is human patient afflicted with a cancer or a tumor. In other 

embodiments, the donor subject is a human patient not afflicted with a cancer or a tumor. 

[0231] 	Other aspects of the present invention are directed to compositions comprising 

a polynucleotide described herein, a vector described herein, a polypeptide described herein, 

or an in vitro cell described herein. In some embodiments, the composition comprises a 

	

15 	pharmaceutically acceptable carrier, diluent, solubilizer, emulsifier, preservative and/or 

adjuvant. In some embodiments, the composition comprises an excipient. In one embodiment, 

the composition comprises a polynucleotide encoding a CAR or a TCR comprising a truncated 

hinge domain ("THD") described herein. In another embodiment, the composition comprises 

a CAR or a TCR comprising a TCD encoded by a polynucleotide of the present invention. In 

20 another embodiment, the composition comprises a T cell comprising a CAR or a TCR 

comprising a TCD described herein. 

[0232] 	In other embodiments, the composition is selected for parenteral delivery, for 

inhalation, or for delivery through the digestive tract, such as orally. The preparation of such 

pharmaceutically acceptable compositions is within the ability of one skilled in the art. In 

	

25 	certain embodiments, buffers are used to maintain the composition at physiological pH or at a 

slightly lower pH, typically within a pH range of from about 5 to about 8. In certain 

embodiments, when parenteral administration is contemplated, the composition is in the form 

of a pyrogen-free, parenterally acceptable aqueous solution comprising a composition 

described herein, with or without additional therapeutic agents, in a pharmaceutically 

	

30 	acceptable vehicle. In certain embodiments, the vehicle for parenteral injection is sterile 

distilled water in which composition described herein, with or without at least one additional 

therapeutic agent, is formulated as a sterile, isotonic solution, properly preserved. In certain 

embodiments, the preparation involves the formulation of the desired molecule with polymeric 
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compounds (such as polylactic acid or polyglycolic acid), beads or liposomes, that provide for 

the controlled or sustained release of the product, which are then be delivered via a depot 

injection. In certain embodiments, implantable drug delivery devices are used to introduce the 

desired molecule. 

	

5 	III. Methods of the Invention 

[0233] 	Another aspect of the invention is directed to a method of making a cell 

expressing a CAR or a TCR comprising transducing a cell with a polynucleotide disclosed 

herein under suitable conditions. In some embodiments, the method comprises transducing a 

cell with a polynucleotide encoding a CAR or a TCR, as disclosed herein. In some 

	

10 	embodiments, the method comprises transducing a cell with a vector comprising the 

polynucleotide encoding a CAR or a TCR. 

[0234] 	Another aspect of the present invention is directed to a method of inducing an 

immunity against a tumor comprising administering to a subject an effective amount of a cell 

comprising a polynucleotide described herein, a vector described herein, or a CAR or a TCR 

	

15 	described herein. In one embodiment, the method comprises administering to a subject an 

effective amount of a cell comprising a polynucleotide encoding a CAR or a TCR disclosed 

herein. In another embodiment, the method comprises administering to a subject an effective 

amount of a cell comprising a vector comprising a polynucleotide encoding a CAR or a TCR 

disclosed herein. In another embodiment, the method comprises administering to a subject an 

	

20 	effective amount of a cell comprising a CAR or a TCR encoded by a polynucleotide disclosed 

herein. 

[0235] 	Another aspect of the present invention is directed to a method of inducing an 

immune response in a subject comprising administering an effective amount of the engineered 

immune cells of the present application. In some embodiments, the immune response is a T 

	

25 	cell-mediated immune response. In some embodiments, the T cell-mediated immune response 

is directed against one or more target cells. In some embodiments, the engineered immune cell 

comprises a CAR or a TCR, wherein the CAR or the TCR comprises a THD described in the 

present disclosure. In some embodiments, the target cell is a tumor cell. 

[0236] 	Another aspect of the present invention is directed to a method for treating or 

	

30 	preventing a malignancy, said method comprising administering to a subject in need thereof an 

effective amount of at least one immune cell, wherein the immune cell comprises at least one 

CAR or TCR, and wherein the CAR or the TCR comprises a THD described herein. 
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[0237] 	Another aspect of the present invention is directed to a method of treating a 

cancer in a subject in need thereof comprising administering to the subject a polynucleotide, a 

vector, a CAR or a TCR, a cell, or a composition disclosed herein. In one embodiment, the 

method comprises administering a polynucleotide encoding a CAR or a TCR. In another 

	

5 	embodiment, the method comprises administering a vector comprising a polynucleotide 

encoding a CAR or a TCR. In another embodiment, the method comprises administering a 

CAR or a TCR encoded by a polynucleotide disclosed herein. In another embodiment, the 

method comprises administering a cell comprising the polynucleotide, or a vector comprising 

the polynucleotide, encoding a CAR or a TCR. 

	

10 	[0238] 	In some embodiments, the methods of treating a cancer in a subject in need 

thereof comprise a T cell therapy. In one embodiment, the T cell therapy of the present 

invention is engineered Autologous Cell Therapy (eACTTM). According to this embodiment, 

the method can include collecting blood cells from the patient. The isolated blood cells (e.g., T 

cells) can then be engineered to express a CAR or a TCR of the present invention. In a particular 

	

15 	embodiment, the CAR T cells or the TCR T cells are administered to the patient. In some 

embodiments, the CAR T cells or the TCR T cells treat a tumor or a cancer in the patient. In 

one embodiment the CAR T cells or the TCR T cells reduce the size of a tumor or a cancer. 

[0239] 	In some embodiments, the donor T cells for use in the T cell therapy are obtained 

from the patient (e.g., for an autologous T cell therapy). In other embodiments, the donor T 

	

20 	cells for use in the T cell therapy are obtained from a subject that is not the patient. 

[0240] 	The T cells can be administered at a therapeutically effective amount. For 

example, a therapeutically effective amount of the T cells can be at least about 104  cells, at 

least about 105  cells, at least about 106  cells, at least about 107  cells, at least about 108  cells, at 

least about 109, or at least about 1010. In another embodiment, the therapeutically effective 

	

25 	amount of the T cells is about 104  cells, about 105  cells, about 106  cells, about 107  cells, or 

about 108  cells. In one particular embodiment, the therapeutically effective amount of the CAR 

T cells or the TCR T cells is about 2 X 106  cells/kg, about 3 X 106  cells/kg, about 4 X 106  

cells/kg, about 5 X 106  cells/kg, about 6 X 106  cells/kg, about 7 X 106  cells/kg, about 8 X 106  

cells/kg, about 9 X 106  cells/kg, about 1 X 107  cells/kg, about 2 X 107  cells/kg, about 3 X 107  

	

30 	cells/kg, about 4 X 107  cells/kg, about 5 X 107  cells/kg, about 6 X 107  cells/kg, about 7 X 107  

cells/kg, about 8 X 107  cells/kg, or about 9 X 107  cells/kg. 
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IV. 	Cancer Treatment 

[0241] 	The methods of the invention can be used to treat a cancer in a subject, reduce 

the size of a tumor, kill tumor cells, prevent tumor cell proliferation, prevent growth of a tumor, 

eliminate a tumor from a patient, prevent relapse of a tumor, prevent tumor metastasis, induce 

	

5 	remission in a patient, or any combination thereof. In certain embodiments, the methods induce 

a complete response. In other embodiments, the methods induce a partial response. 

[0242] 	Cancers that may be treated include tumors that are not vascularized, not yet 

substantially vascularized, or vascularized. The cancer may also include solid or non-solid 

tumors. In some embodiments, the cancer is a hematologic cancer. In some embodiments, the 

	

10 	cancer is of the white blood cells. In other embodiments, the cancer is of the plasma cells. In 

some embodiments, the cancer is leukemia, lymphoma, or myeloma. In certain embodiments, 

the cancer is acute lymphoblastic leukemia (ALL) (including non T cell ALL), acute lymphoid 

leukemia (ALL), and hemophagocytic lymphohistocytosis (HLH)), B cell prolymphocytic 

leukemia, B-cell acute lymphoid leukemia ("BALL"), blastic plasmacytoid dendritic cell 

	

15 	neoplasm, Burkitt's lymphoma, chronic lymphocytic leukemia (CLL), chronic myelogenous 

leukemia (CML), chronic myeloid leukemia (CIVIL), chronic or acute granulomatous disease, 

chronic or acute leukemia, diffuse large B cell lymphoma, diffuse large B cell lymphoma 

(DLBCL), follicular lymphoma, follicular lymphoma (FL), hairy cell leukemia, 

hemophagocytic syndrome (Macrophage Activating Syndrome (MAS), Hodgkin's Disease, 

20 large cell granuloma, leukocyte adhesion deficiency, malignant lymphoproliferative 

conditions, MALT lymphoma, mantle cell lymphoma, Marginal zone lymphoma, monoclonal 

gammapathy of undetermined significance (MGUS), multiple myeloma, myelodysplasia and 

myelodysplastic syndrome (MD S), myeloid diseases including but not limited to acute myeloid 

leukemia (AML), non-Hodgkin's lymphoma (NHL), plasma cell proliferative disorders (e.g., 

	

25 	asymptomatic myeloma (smoldering multiple myeloma or indolent myeloma), plasmablastic 

lymphoma, plasmacytoid dendritic cell neoplasm, plasmacytomas (e.g., plasma cell dyscrasia; 

solitary myeloma; solitary plasmacytoma; extramedullary plasmacytoma; and multiple 

plasmacytoma), POEMS syndrome (Crow-Fukase syndrome; Takatsuki disease; PEP 

syndrome), primary mediastinal large B cell lymphoma (PMBC), small cell- or a large cell- 

	

30 	follicular lymphoma, splenic marginal zone lymphoma (SMZL), systemic amyloid light chain 

amyloidosis, T-cell acute lymphoid leukemia ("TALL"), T-cell lymphoma, transformed 

follicular lymphoma, Waldenstrom macroglobulinemia, or a combination thereof. 
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[0243] 	In one embodiment, the cancer is a myeloma. In one particular embodiment, the 

cancer is multiple myeloma. In another embodiment, the cancer is a leukemia. In one 

embodiment, the cancer is acute myeloid leukemia. 

[0244] 	In some embodiments, the methods further comprise administering a 

5 chemotherapeutic. In certain embodiments, the chemotherapeutic selected is a 

lymphodepleting (preconditioning) chemotherapeutic. Beneficial preconditioning treatment 

regimens, along with correlative beneficial biomarkers are described in U.S. Provisional Patent 

Applications 62/262,143 and 62/167,750 which are hereby incorporated by reference in their 

entirety herein. These describe, e.g., methods of conditioning a patient in need of a T cell 

10 therapy comprising administering to the patient specified beneficial doses of 

cyclophosphamide (between 200 mg/m2/day and 2000 mg/m2/day) and specified doses of 

fludarabine (between 20 mg/m2/day and 900 mg/m2/day). One such dose regimen involves 

treating a patient comprising administering daily to the patient about 500 mg/m2/day of 

cyclophosphamide and about 60 mg/m2/day of fludarabine for three days prior to 

15 	administration of a therapeutically effective amount of engineered T cells to the patient. 

[0245] 	In other embodiments, the antigen binding molecule, transduced (or otherwise 

engineered) cells (such as CARs or TCRs), and the chemotherapeutic agent are administered 

each in an amount effective to treat the disease or condition in the subject. 

[0246] 	In certain embodiments, compositions comprising CAR- and/or TCR- 

20 	expressing immune effector cells disclosed herein may be administered in conjunction with 

any number of chemotherapeutic agents. Examples of chemotherapeutic agents include 

alkylating agents such as thiotepa and cyclophosphamide (CYTOXAN'); alkyl sulfonates 

such as busulfan, improsulfan and piposulfan; aziridines such as benzodopa, carboquone, 

meturedopa, and uredopa; ethylenimines and methylamelamines including altretamine, 

25 triethylenemelamine, trietylenephosphoramide, triethylenethiophosphaoramide and 

trimethylolomelamine resume; nitrogen mustards such as chlorambucil, chlornaphazine, 

cholophosphamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide 

hydrochloride, melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil 

mustard; nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine, nimustine, 

30 	ranimustine; antibiotics such as aclacinomysins, actinomycin, authramycin, azaserine, 

bleomycins, cactinomycin, calicheamicin, carabicin, carminomycin, carzinophilin, 

chromomycins, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, 

doxorubicin, epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins, mycophenolic 
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acid, nogalamycin, olivomycins, peplomycin, potfiromycin, puromycin, quelamycin, 

rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti-

metabolites such as methotrexate and 5-fluorouracil (5-FU); folic acid analogues such as 

denopterin, methotrexate, pteropterin, trimetrexate; purine analogs such as fludarabine, 6- 

	

5 	mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 

6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine, 5-

FU; androgens such as calusterone, dromostanolone propionate, epitiostanol, mepitiostane, 

testolactone; anti-adrenals such as aminoglutethimide, mitotane, trilostane; folic acid 

replenisher such as frolinic acid; aceglatone; aldophosphamide glycoside; aminolevulinic acid; 

to amsacrine; bestrabucil; bisantrene; edatraxate; defofamine; demecolcine; diaziquone; 

elformithine; elliptinium acetate; etoglucid; gallium nitrate; hydroxyurea; lentinan; 

lonidamine; mitoguazone; mitoxantrone; mopidamol; nitracrine; pentostatin; phenamet; 

pirarubicin; podophyllinic acid; 2-ethylhydrazide; procarbazine; PSK ; razoxane; sizofiran; 

spirogermanium; tenuazonic acid; triaziquone; 2, 2',2"-tri chl orotri ethyl amine; urethan; 

	

15 	vindesine; dacarbazine; mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; 

arabinoside ("Ara-C"); cyclophosphamide; thiotepa; taxoids, e.g. paclitaxel (TAXOL', 

Bristol-Myers Squibb) and doxetaxel (TAXOTERE®, Rhone-Poulenc Rorer); chlorambucil; 

gemcitabine; 6-thioguanine; mercaptopurine; methotrexate; platinum analogs such as cisplatin 

and carboplatin; vinblastine; platinum; etoposide (VP-16); ifosfamide; mitomycin C; 

	

20 	mitoxantrone; vincristine; vinorelbine; navelbine; novantrone; teniposide; daunomycin; 

aminopterin; xeloda; ibandronate; CPT-11; topoisomerase inhibitor RF S2000; 

difluoromethylomithine (DMFO); retinoic acid derivatives such as TargretinTm  (bexarotene), 

Panretin', (alitretinoin); ONTAK' (denileukin diftitox); esperamicins; capecitabine; and 

pharmaceutically acceptable salts, acids or derivatives of any of the above. In some 

	

25 	embodiments, compositions comprising CAR- and/or TCR-expressing immune effector cells 

disclosed herein may be administered in conjunction with an anti-hormonal agent that acts to 

regulate or inhibit hormone action on tumors such as anti-estrogens including for example 

tamoxifen, raloxifene, aromatase inhibiting 4(5)-imidazoles, 4-hydroxytamoxifen, trioxifene, 

keoxifene, LY117018, onapristone, and toremifene (Fareston); and anti-androgens such as 

30 flutamide, nilutamide, bicalutamide, leuprolide, and goserelin; and pharmaceutically 

acceptable salts, acids or derivatives of any of the above. Combinations of chemotherapeutic 

agents are also administered where appropriate, including, but not limited to CHOP, i.e., 
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Cyclophosphamide (Cytoxan Doxorubicin (hydroxydoxorubicin), Vincristine (Oncovin , 

and Predni sone. 

[0247] 	In some embodiments, the chemotherapeutic agent is administered at the same 

time or within one week after the administration of the engineered cell or nucleic acid. In other 

	

5 	embodiments, the chemotherapeutic agent is administered from 1 to 4 weeks or from 1 week 

to 1 month, 1 week to 2 months, 1 week to 3 months, 1 week to 6 months, 1 week to 9 months, 

or 1 week to 12 months after the administration of the engineered cell or nucleic acid. In some 

embodiments, the chemotherapeutic agent is administered at least 1 month before 

administering the cell or nucleic acid. In some embodiments, the methods further comprise 

	

to 	administering two or more chemotherapeutic agents. 

[0248] 	A variety of additional therapeutic agents may be used in conjunction with the 

compositions described herein. For example, potentially useful additional therapeutic agents 

include PD-1 inhibitors such as nivolumab (OPDIV0°), pembrolizumab (KEYTRUDAP), 

pembrolizumab, pidilizumab (CureTech), and atezolizumab (Roche). 

	

15 	[0249] 	Additional therapeutic agents suitable for use in combination with the invention 

include, but are not limited to, ibrutinib I MBRUV IC A 4)), ofatumumab (ARZERRA°),  

rituximab (RITUXAN®), bevacizumab (AVASTIN®), trastuzumab (HERCEPTINc)), 

trastuzumab emtansine (KADCYLA(9), imatinib (GLEEVEC), cetuximab (ERBITUX®), 

panitumumab (VECTIBIX°), catumaxomab, ibritumomab, ofatumumab, tositumomab, 

	

20 	brentuximab, alemtuzumab, gemtuzumab, erlotinib, gefitinib, vandetanib, afatinib, lapatinib, 

neratinib, axitinib, masitinib, pazopanib, sunitinib, sorafenib, toceranib, lestaurtinib, axitinib, 

cediranib, lenvatinib, nintedanib, pazopanib, regorafenib, semaxanib, sorafenib, sunitinib, 

tivozanib, toceranib, vandetanib, entrectinib, cabozantinib, imatinib, dasatinib, nilotinib, 

ponatinib, radotinib, bosutinib, lestaurtinib, ruxolitinib, pacritinib, cobimetinib, selumetinib, 

25 trametinib, binimetinib, alectinib, ceritinib, crizotinib, aflibercept,adipotide, denileukin 

diftitox, mTOR inhibitors such as Everolimus and Temsirolimus, hedgehog inhibitors such as 

sonidegib and vismodegib, CDK inhibitors such as CDK inhibitor (palbociclib). 

[0250] 	In additional embodiments, the composition comprising CAR- and/or TCR-

containing immune are administered with an anti-inflammatory agent. Anti-inflammatory 

	

30 	agents or drugs can include, but are not limited to, steroids and glucocorticoids (including 

betamethasone, budesonide, dexamethasone, hydrocortisone acetate, hydrocortisone, 

hydrocortisone, methylprednisolone, prednisolone, prednisone, triamcinolone), nonsteroidal 

anti-inflammatory drugs (NSAIDS) including aspirin, ibuprofen, naproxen, methotrexate, 
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sulfasalazine, 	leflunomide, 	anti -TNF 	medications, 	cyclophosphamide 	and 

mycophenolate. Exemplary NSAIDs include ibuprofen, naproxen, naproxen sodium, Cox-2 

inhibitors, and sialylates. Exemplary analgesics include acetaminophen, oxycodone, tramadol 

of proporxyphene hydrochloride. Exemplary glucocorticoids include cortisone, 

	

5 	dexamethasone, hydrocortisone, methylprednisolone, prednisolone, or prednisone. Exemplary 

biological response modifiers include molecules directed against cell surface markers (e.g., 

CD4, CD5, etc.), cytokine inhibitors, such as the TNF antagonists, (e.g., etanercept 

(ENBREC), adalimumab (HUMIRA®) and infliximab (REMICADE®), chemokine inhibitors 

and adhesion molecule inhibitors. The biological response modifiers include monoclonal 

10 antibodies as well as recombinant forms of molecules. Exemplary DMARDs include 

azathioprine, cyclophosphamide, cyclosporine, methotrexate, penicillamine, leflunomide, 

sulfasalazine, hydroxychloroquine, Gold (oral (auranofin) and intramuscular), and 

minocycline. 

[0251] 	In certain embodiments, the compositions described herein are administered in 

	

15 	conjunction with a cytokine. "Cytokine" as used herein is meant to refer to proteins released 

by one cell population that act on another cell as intercellular mediators. Examples of cytokines 

are lymphokines, monokines, and traditional polypeptide hormones. Included among the 

cytokines are growth hormones such as human growth hormone, N-methionyl human growth 

hormone, and bovine growth hormone; parathyroid hormone; thyroxine; insulin; proinsulin; 

	

20 	relaxin; prorelaxin; glycoprotein hormones such as follicle stimulating hormone (FSH), thyroid 

stimulating hormone (TSH), and luteinizing hormone (LH); hepatic growth factor (HGF); 

fibroblast growth factor (FGF); prolactin; placental lactogen; mullerian-inhibiting substance; 

mouse gonadotropin-associated peptide; inhibin; activin; vascular endothelial growth factor; 

integrin; thrombopoietin (TPO); nerve growth factors (NGFs) such as NGF-beta; platelet- 

	

25 	growth factor; transforming growth factors (TGFs) such as TGF-alpha and TGF-beta; insulin- 

like growth factor-I and -II; erythropoietin (EPO); osteoinductive factors; interferons such as 

interferon-alpha, beta, and -gamma; colony stimulating factors (CSFs) such as macrophage-

CSF (M-CSF); granulocyte-macrophage-CSF (GM-CSF); and granulocyte-CSF (G-CSF); 

interleukins (ILs) such as IL-1, IL-lalpha, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, 

	

30 	IL-11, IL-12; IL-15, a tumor necrosis factor such as TNF-alpha or TNF-beta; and other 

polypeptide factors including LIF and kit ligand (KL). As used herein, the term cytokine 

includes proteins from natural sources or from recombinant cell culture, and biologically active 

equivalents of the native sequence cytokines. 
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[0252] 	All publications, patents, and patent applications mentioned in this specification 

are herein incorporated by reference to the same extent as if each individual publication, patent, 

or patent application was specifically and individually indicated to be incorporated by 

reference. However, the citation of a reference herein should not be construed as an 

	

5 	acknowledgement that such reference is prior art to the present invention. To the extent that 

any of the definitions or terms provided in the references incorporated by reference differ from 

the terms and discussion provided herein, the present terms and definitions control. 

[0253] 	The present invention is further illustrated by the following examples which 

should not be construed as further limiting. The contents of all references cited throughout this 

	

10 	application are expressly incorporated herein by reference. 

EXAMPLES 

EXAMPLE 1 

[0254] 	Plasmids encoding a T7 promoter, CAR construct and a beta globin stabilizing 

sequence were linearized by overnight digestion of 10 [is DNA with EcoRI and BamHI (NEB). 

	

15 	DNA was then digested for 2 hours at 50°C with proteinase K (Thermo Fisher, 600 U/ml) 

purified with phenol/chloroform and precipitated by adding sodium acetate and two volumes 

of ethanol. Pellets were then dried, resuspended in RNAse/DNAse-free water and quantified 

using NanoDrop. One 0g of the linear DNA was then used for in vitro transcription using the 

mMESSAGE mMACHINE T7 Ultra (Thermo Fisher) following the manufacturer's 

	

20 	instructions. RNA was further purified using the MEGAClear Kit (Thermo Fisher) following 

the manufacturer's instructions and quantified using NanoDrop. mRNA integrity was assessed 

using mobility on an agarose gel. PBMCs were isolated from healthy donor leukopaks 

(Hemacare) using ficoll-paque density centrifugation per manufacturer's instructions. PBMCs 

were stimulated using OKT3 (50 ng/ml, Miltenyi Biotec) in R10 medium + IL-2 (300 IU/ml, 

	

25 	Proleukin®, Prometheus® Therapeutics and Diagnostics). Seven days post-stimulation, T cells 

were washed twice in Opti-MEM medium (Thermo Fisher Scientific) and resuspended at a 

final concentration of 2.5x107  cells/ml in Opti-MEM medium. Ten 0g of mRNA was used per 

electroporation. Electroporation of cells was performed using a Gemini X2 system (Harvard 

Apparatus BTX) to deliver a single 400 V pulse for 0.5 ms in 2 mm cuvettes (Harvard 

	

30 	Apparatus BTX). Cells were immediately transferred to R10 + IL-2 medium and allowed to 

recover for 6 hours. To examine CAR expression, T cells were stained with FLT-=3-HIS (Sino 
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Biological Inc.) or biotinylated Protein L (Thermo Scientific) in stain buffer (BD Pharmingen) 

for 30 minutes at 4°C. Cells were then washed and stained with anti-HIS-PE (Miltenyi Biotec) 

or PE Streptavidin (BD Pharmingen) in stain buffer for 30 minutes at 4°C. Cells were then 

washed and resuspended in stain buffer with propidium iodide (BD Pharmingen) prior to data 

	

5 	acquisition. Expression of FLT3 CARs in electroporated T cells is shown in FIG. 3. 

[0255] 	T cells were electroporated with plasmids encoding an anti-FLT3 CAR 

comprising a 10E3, 2E7, 8B5, 4E9, or 11F11 anti-FLT3 binding molecule and a hinge region 

selected from the full length hinge domain (a complete hinge domain or "CHD") or a truncated 

hinge domain ("THD"). The electroporated anti-FLT3 CAR T cells were then co-cultured with 

	

10 	Namalwa (FLT3 negative), EoL1 (FLT3 positive), HL60 (FLT3 positive), or MV4;11 (FLT3 

positive) target cells at a 1:1 E:T ratio in R10 medium. Sixteen hours post-co-culture, 

supernatants from Namalwa (FIGs. 4A-4F), EoL1 (FIGs. 4G-4L), HL60 (FIGs. 4M-4R, and 

MV4;11 (4S-4X) were analyzed by Luminex (EMD Millipore) for production of IFNy (FIGs. 

4A, 4B, 4G, 4H, 4M, 4N, 4S, and 4T), IL-2 (FIGs. 4C, 4D, 41, 4J, 40, 4P, 4U, and 4V), and 

	

15 	TNFa (FIGs. 4E, 4F, 4K, 4L, 4Q, 4R, 4W, and 4X). 

[0256] 	Target cell viability was assessed by flow cytometric analysis of propidium 

iodide (PI) uptake by CD3-negative cells. The electroporated anti-FLT3 CAR T cells were co-

cultured with Namalwa (FIGs. 5A-5B), EoL1 (FIGs. 5C-5D), HL60 (FIGs. 5E-5F, and 

MV4;11 (5G-5H) target cells at 16 hours post-co-culture. 

	

20 	EXAMPLE 2 

[0257] 	A third generation lentiviral transfer vector containing the different CAR 

constructs was used along with the ViraPower Lentiviral Packaging Mix (Life Technologies) 

to generate the lentiviral supernatants. Briefly, a transfection mix was generated by mixing 15 

of DNA and 22.5 11.1 of polyethileneimine (Polysciences, 1 mg/ml) in 600 11.1 of OptiMEM 

	

25 	medium. The mix was incubated for 5 minutes at room temperature. Simultaneously, 293T 

cells (ATCC) were trypsinized, counted and a total of 10x106  total cells were plated in a T75 

flask along the transfection mix. Three days after the transfection, supernatants were collected 

and filtered through a 0.45 p.m filter and stored at -80°C until used. PBMCs were isolated from 

healthy donor leukopaks (Hemacare) using ficoll-paque density centrifugation per 

	

30 	manufacturer's instructions. PBMCs were stimulated using OKT3 (50 ng/ml, Miltenyi Biotec) 

in R10 medium + IL-2 (300 IU/ml, PROLEUKIN®, PROMETHEUS® Therapeutics and 

Diagnostics). Forty eight hours post-stimulation, cells were transduced using lentivirus at an 
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MOI = 10. Cells were maintained at 0.5-2.0 x 106  cells/ml prior to use in activity assays. To 

examine CAR expression, T cells were stained with FLT-3-HIS (Sino Biological Inc.) or 

biotinylated Protein L (Thermo Scientific) in stain buffer (BD Pharmingen) for 30 minutes at 

4°C. Cells were then washed and stained with anti-HIS-PE (Miltenyi Biotec) or PE Streptavidin 

	

5 	(BD Pharmingen) in stain buffer for 30 minutes at 4°C. Cells were then washed and 

resuspended in stain buffer with propidium iodide (BD Pharmingen) prior to data acquisition. 

Expression of FLT3 CARs in T cells from two healthy donors is shown in FIG. 6A-6B. 

[0258] 	T cells from two healthy donors were transduced with lentiviral vectors 

encoding anti-FLT3 CAR T cells comprising a 10E3, 8B5, or 11F11 binding molecule and a 

	

10 	hinge region selected from the complete hinge domain ("CHD"), a truncated hinge domain 

("THD"), and the CD8 hinge region. Transduced T cells were co-cultured with target cells at a 

1:1 E:T ratio in R10 medium. Sixteen hours post-co-culture, supernatants were analyzed by 

Luminex (EMD Millipore) for production of IFNy (FIGs. 7A-7B), TNFa (FIGs. 7C-7D), and 

IL-2 (FIGs. 7E-7F). 

	

15 	[0259] 	Target cell viability was assessed by flow cytometric analysis of propidium 

iodide (PI) uptake by CD3-negative cells. Average cytolytic activity of lentivirus-transduced 

CAR T cells (from two healthy donors) co-cultured with Namalwa (FIG. 8A), EoLl (FIG. 8B), 

MV4;11 (FIG. 8C), and HL60 (FIG. 8D) target cells was measured. 

[0260] 	To assess CAR T cell proliferation in response to FLT3 expressing target cells, 

	

20 	T cells were labeled with CFSE prior to co-culture with target cells at a 1:1 E:T ratio in R10 

medium. Five days later, T cell proliferation was assessed by flow cytometric analysis of CFSE 

dilution. Proliferation of FLT3 CAR T cells is shown in FIGs. 9A-9B. 

EXAMPLE 3 

[0261] 	To examine in vivo anti-leukemic activity, FLT3 CAR T cells were generated 

	

25 	for use in a xenogeneic model of human AML. CAR expression of the various effector lines 

used in the xenogeneic model of human AML are shown in FIGs. 10A-10D. Luciferase-labeled 

MV4;11 cells (2 x 106  cells/animal) were injected intravenously into 5 to 6 week-old female 

NSG mice. After 6 days, 6 x 106  T cells (-50% CAR+) in 200 11.1 PBS were injected 

intravenously, and the tumor burden of the animals was measured weekly using 

	

30 	bioluminescence imaging (FIGs. 10E-10G). Survival analysis was performed by injection of 

controls (mock) or 10E3-CHD (FIG. 10H), 10E3-THD (FIG. 101), or 8B5-THD (FIG. 10J) 

expressing CAR T cells. 
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EXAMPLE 4 

[0262] 	T cells were electroporated with plasmids encoding the anti-CLL-1 CAR 

constructs 24C8 HL-CHD CAR (comprising a complete hinge domain of the costimulatory 

protein) and 24C8 HL-THD CAR (comprising a truncated hinge domain of the costimulatory 

	

5 	protein). Anti-CLL-1 expression by electroporated T cells is shown in FIGs. 11A-11D. The 

anti-CLL-1 CART cells were then cultured with the target Namalwa (ATCC; CLL-1 negative), 

U937 (ATCC; CLL-1 positive), HL-60 (ATCC; CLL-1 positive), EoL-1 (Sigma; CLL-1 

positive), KG1a (ATCC; CLL-1 positive) and MV4;11 (ATCC; CLL-1 positive) cells at a 1:1 

E:T ratio in R10 media 6 hours after mRNA electroporation. Sixteen hours post-co-culture, 

	

10 	supernatants were analyzed by Luminex (EMD Millipore), according to the manufacturer's 

instructions, for production of IL-2 (FIG. 12A), IFNy (FIG. 12B), and TNFa (FIG. 12C). 

[0263] 	Target cell viability was assessed by flow cytometric analysis of propidium 

iodide (PI) uptake. The electroporated anti-CLL-1 CAR T cells were co-cultured with 

Namalwa (FIG. 13A), MV4;11 (FIG. 13B), EoL-1 (FIG. 13C), HL-60 (FIG. 13D), or U937 

	

15 	(FIG. 13E) target cells for 16 hours. As expected, Namalwa cells co-cultured with the anti- 

CLL-1 CART cells showed little change in target cell viability, relative to controls (FIG. 13A). 

However, increased cytolytic activity was observed in MV;411 cells co-cultured with 

24C8 HL-CHD and 24C8 HL-THD T cells, relative to controls, with a greater target cell 

cytolytic activity observed in the 24C8 HL-THD T cell co-culture (FIG. 13B). In addition, 

	

20 	increased cytolytic activity was observed in EoL-1 cells co-cultured with 24C8 HL-CHD and 

24C8 HL-THD T cells, relative to controls (FIG. 13C). Increased cytolytic activity was 

observed in HL-60 cells co-cultured with 24C8 HL-CHD and 24C8 HL-THD T cells, relative 

to controls (FIG. 13D). Increased cytolytic activity was observed in U937 cells co-cultured 

with 24C8 HL-CHD and 24C8 HL-THD T cells, relative to controls, with a greater target cell 

	

25 	cytolytic activity observed in the 24C8 HL-THD T cell co-culture (FIG. 13E). 

EXAMPLE 5 

[0264] 	T cells transduced with lentiviral vectors comprising an anti-CLL-1 CAR 

construct with a truncated hinge domain ("THD") of the costimulatory protein, 10E3 THD or 

24C1 LH THD, were co-cultured with Namalwa, U937, HL-60, EoL-1, KG1a and MV4;11 

	

30 	target cells at a 1:1 E:T ratio in R10 media 12 days after T cell stimulation. Sixteen hours post- 

co-culture, supernatants were analyzed by Luminex (EMD Millipore), according to the 

manufacturer's instructions, for production of the cytokines IFNy (FIG. 14A), IL-2 (FIG. 14B), 
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and TNFa (FIG. 14C) in co-cultures of effector 10E3 THD CART cells and 24C1 LH THD 

CAR T cells with target Namalwa, HL-60, or MVA;11 cells, as indicated. 

[0265] 	Target cell viability was assessed by flow cytometric analysis of propidium 

iodide (PI) uptake. Transduced effector 24C1 LH THD CAR T cells were co-cultured with 

	

5 	Namalwa, U937, HL-60, EoL-1, KG1a, or MV4;11 target cells for 16 hours or 40 hours. Co- 

culture of Namalwa target cells with transduced Cl 24C1 LH THD CART cells had no effect 

on the percent of viable Namalwa target cells at 16 hours and 40 hours, as compared to mock 

controls (FIG. 15A). However, C 1 24C1 LH THD CAR T cells co-cultured with either 

MV4;11 (FIG. 15B) or HL-60 (FIG. 15C) target cells resulted in a lower percent of viable 

	

10 	target cells at both 16 hours and 40 hours, as compared to mock controls. 

EXAMPLE 6 

[0266] 	CAR T cells transduced with anti-BCMA CAR constructs comprising a 

truncated hinge domain ("THD") of the costimulatory protein were cultured with target cells 

at a 1:1 effector cell to target cell (E:T) ratio in R10 media 12 days after T cell stimulation. Cell 

	

15 	lines tested included EoL-1 (Sigma; BCMA negative), NCI-H929 (Molecular Imaging; BCMA 

positive), and MM1S (Molecular Imaging; BCMA positive). Sixteen hours post-co-culture, 

supernatants were analyzed by Luminex (EMD Millipore), according to the manufacturer's 

instructions, for production of the cytokines IFNy (FIGs. 16A-16B), TNFa (FIGs. 16C-16D), 

and IL-2 (FIGs. 16E-16F). IFNy (FIGs. 16A-16B), TNFa (FIGs. 16C-16D), and IL-2 (FIGs. 

	

20 	16E-16F) were observed in the supernatant of NCI-H929 and MM1S target cell co-cultures for 

each anti-BCMA CAR T cell tested in both donors (FIGs. 16A-16B); however, IFNy (FIGs. 

16A-16B), TNFa (FIGs. 16C-16D), and IL-2 (FIGs. 16E-16F) were only observed in the 

supernatant of EoL-1 target cell co-cultures above background for the IR negative control T 

cells (FIG. 16A). 

	

25 	[0267] 	Target cell viability was assessed by flow cytometric analysis of propidium 

iodide (PI) uptake of CD3 negative cells. The anti-BCMA CAR T cells were co-cultured with 

EoL1 (FIGs. 17A-17B), NCI-H929 (FIGs. 17C-17D), or MM1S (FIGs. 17E-17F) target cells 

for 16 hours, 40 hours, 64 hours, 88 hours, or 112 hours. Little cytolytic activity was observed 

in the EoL-1 co-cultures at any time period for the anti-BCMA CAR T cells (FIG. 17A-17B). 

	

30 	However, co-culture of the anti-BCMA CAR T cells and the NCI-H929 or MM1S target cells 

resulted in a decrease in the percentage of viable target cells at each time point measured for 

each of the anti-BCMA CAR T cells. 
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[0268] 	To examine proliferation, anti-BCMA CAR T cells were labeled with 

carboxyfluorescein succinimidyl ester (CFSE) prior to co-culture with EoL-1, NCI-H929, or 

MM1S target cells at a 1:1 E:T ratio in R10 media. Five days later, T cell proliferation was 

assessed by flow cytometric analysis of CFSE dilution (FIGs. 18A-18B). 

	

5 	EXAMPLE 7 

[0269] 	Enhanced stability is a desired property of proteins. This is often assessed by 

determining the melting temperature of a protein under various conditions. Proteins with a 

higher melting temperature are generally stable for longer times. When a CAR is more 

thermostable, it may be functionally active for longer periods of time on the surface of a cell. 

	

10 	[0270] 	Thermal stability of the CAR extracellular domain (ECD) with the longer hinge 

domain, i.e., the complete hinge domain ("CHD") and the thermal stability of the CAR ECD 

with a truncated hinge domain ("THD") was measured using a Bio-Rad C1000 thermal cycler, 

CFx96 Real-Time system. Unfolding of the proteins was monitored using the fluorescent dye 

SYPRO Orange (Invitrogen) which binds to hydrophobic amino acids that become solvent 

	

15 	exposed as the protein unfolds. A temperature gradient was set up from 25 °C to 95 °C with 1 

°C / 1 minute increments. Each sample contained 10 µM recombinant CAR ECD protein and 

5X SYPRO Orange (Molecular ProbesTM SYPROTM Orange Protein Gel Stain (5,000X 

Concentrate in DMSO)). The assay was performed in PBS with or without 50 mM NaCl. 

[0271] 	As shown in FIG. 19A and FIG. 19B, a CAR's ECD which has a THD shows 

	

20 	enhanced thermostability compared to a CAR's ECD which has a CHD, e.g., including the 

IEVMYPPPY (SEQ ID NO: 250) motif. These method described in this example is a useful 

method for testing stability of mRNA encoding a CAR and the CAR itself, because once a T 

cell has been transduced with the mRNA encoding a CAR, the transduced T cell will express 

the CAR and the stability of an individual mRNA or protein cannot be readily assessed. 
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CLAIMS 

What is claimed is: 

1. An isolated polynucleotide encoding a chimeric antigen receptor (CAR) comprising (i) 

an antigen binding molecule, (ii) a costimulatory domain, and (iii) an activating domain,  

wherein the costimulatory domain comprises an extracellular domain with a hinge, a 

transmembrane domain, and an intracellular domain, characterized in that the said hinge is a 

truncated hinge domain (THD) consisting of: 

(a) amino acids 123-152 of SEQ ID NO: 1, or 

(b) a variant of (a) with one to six amino acids added to or deleted from the C-terminus of 

the 123-152 segment of SEQ ID NO: 1, or the N-terminus, or both the N-terminus and C-

terminus; or 

(c) a variant of (a) or (b), having the same length but with an amino acid sequence that has 

at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, 

or at least 99% identity to the amino acid sequence of (a) or (b). 

2. The polynucleotide of claim 1, wherein the one to six amino acids are heterologous 

amino acids in that they are not part of the naturally occurring costimulatory protein sequence 

of SEQ ID NO: 1.  

3.  The polynucleotide of claim 1 or 2, wherein the transmembrane domain is a 

transmembrane domain of 4-1BB/CD137, an alpha chain of a T cell receptor, a beta chain of a 

T cell receptor, CD3 epsilon, CD4, CD5, CD8 alpha, CD9, CD16, CD19, CD22, CD33, CD37, 

CD45, CD64, CD80, CD86, CD134, CD137, CD154, or a zeta chain of a T cell receptor, or 

any combination thereof or wherein the transmembrane domain comprises an amino acid 

sequence at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at 

least 98%, at least 99%, or 100% identical to SEQ ID NO: 5.  

4. The polynucleotide of claim 1 or 2, wherein the intracellular domain comprises a 

signaling region of 4-1BB/CD137, activating NK cell receptors, B7-H3, BAFFR, BLAME 

(SLAMF8), BTLA, CD100 (SEMA4D), CD103, CD160 (BY55), CD18, CD19, CD19a, CD2, 

CD247, CD27, CD276 (B7-H3),  CD29, CD3 delta, CD3 epsilon, CD3 gamma, CD30, CD4, 
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CD40, CD49a, CD49D, CD49f, CD69, CD7, CD84, CD8alpha, CD8beta, CD96 (Tactile), CDl 

la, CDl lb, CDl lc, CDl ld, CDS, CEACAM1, CRT AM, cytokine receptors, DAP-10, DNAM1 

(CD226), Fc gamma receptor, GADS, GITR, HVEM (LIGHTR), IA4, ICAM-1, ICAM-1, Ig 

alpha (CD79a), IL2R beta, IL2R gamma, IL7R alpha, Immunoglobulin-like proteins, inducible 

T cell costimulator (ICOS), integrins, ITGA4, ITGA4, ITGA6, ITGAD, ITGAE, ITGAL, 

ITGAM, ITGAX, ITGB2, ITGB7, ITGBl, KIRDS2, LAT, LFA-1, LFA-1, a ligand that 

specifically binds with CD83, LIGHT, LIGHT (tumor necrosis factor superfamily member 14; 

TNFSF14), LTBR, Ly9 (CD229), lymphocyte function-associated antigen-1 (LFA-1 (CDl 

la/CD18), MHC class I molecule, NKG2C, NKG2D, NKp30, NKp44, NKp46, NKp80 

(KLRF1), OX-40, PAG/Cbp, programmed death-1 (PD-1), PSGL1, SELPLG (CD162), 

signaling lymphocytic activation molecules (SLAM proteins), SLAM (SLAMF1; CD150; IPO-

3), SLAMF4 (CD244; 2B4), SLAMF6 (NTB-A; Lyl08), SLAMF7, SLP-76, TNF receptor 

proteins, TNFR2, a Toll ligand receptor, TRANCE/RANKL, VLA1, or VLA-6, or a 

combination thereof, or wherein the intracellular domain comprises an amino acid sequence at 

least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at 

least 99%, or 100% identical to SEQ ID NO: 7.  

5. The polynucleotide of claim 1 or 2, wherein the antigen binding molecule comprises a 

heavy chain variable region (VH) and a light chain variable region (VL), wherein the VH 

comprises 3 complementarity determining regions (CDRs) and the VL comprises 3 CDRs. 

6. The polynucleotide of claim 1 or 2, wherein the antigen binding molecule specifically 

binds an antigen selected from the group consisting of 5T4, alphafetoprotein, B cell maturation 

antigen (BCMA), CA-125, carcinoembryonic antigen, CD19, CD20, CD22, CD23, CD30 , 

CD33, CD56, CD123, CD138, c-Met, CSPG4, C-type lectin-like molecule 1 (CLL-1), 

EGFRvIII, epithelial tumor antigen, ERBB2, FLT3, folate binding protein, GD2, GD3, HER1-

HER2 in combination, HER2-HER3 in combination, HER2/Neu, HERV-K, HIV-1 envelope 

glycoprotein gp41, HIV-1 envelope glycoprotein gpl20, IL-llRalpha, kappa chain, lambda 

chain, melanoma-associated antigen, mesothelin, MUC-1, mutated p53, mutated ras, prostate-

specific antigen, ROR1, or VEGFR2, or a combination thereof. 

7.  The polynucleotide of claim 1 or 2, wherein the activation domain comprises an amino 

acid sequence at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, 

at least 98%, at least 99%, or 100% identical to SEQ ID NO: 9 or SEQ ID NO: 251. 
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8.  The polynucleotide of any one of claims 1 to 7, wherein the CAR further comprises a 

leader peptide, wherein the leader peptide preferably comprises an amino acid sequence at least 

80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 

99%, or 100% identical to SEQ ID NO: 11.  

9. A vector comprising the polynucleotide of any one of claims 1 to 8, wherein the vector 

is preferably an adenoviral vector, an adenovirus-associated vector, a DNA vector, a lentiviral 

vector, a plasmid, a retroviral vector, or an RNA vector, or any combination thereof. 

10. A cell comprising the polynucleotide of any one of claims 1 to 8, the vector of claim 9, 

or any combination thereof wherein the cell is preferably a T cell.  

11.  A composition comprising the polynucleotide of any one of claims 1 to 8, the vector of 

claim 9, or the cell of claim 10 which is preferably formulated to be delivered to a subject, 

optionally, comprising at least one pharmaceutically-acceptable excipient.  

12. An in vitro method of making a cell expressing a CAR comprising transducing a cell 

with the polynucleotide of any one of claims 1 to 8 under suitable conditions optionally 

comprising a further step of isolating the cell. 

13.  A polynucleotide of any one of claims 1 to 8, a vector of claim 9, a cell of claim 10, or 

a composition of claim 11 for use in therapy, preferably for inducing an immunity against a 

tumor or for treating a cancer, wherein the cancer is preferably a hematologic cancer, a cancer 

of the white blood cells or a cancer of the plasma cells.. 

14. The  polynucleotide for use of claim 13, the vector for use of claim 13, the cell for use 

of claim 13 or the composition for use of claim 13, wherein the cancer is leukemia, lymphoma, 

or myeloma or wherein the cancer is acute lymphoblastic leukemia (ALL) (including non T 

cell ALL), acute myeloid leukemia, B cell prolymphocytic leukemia, B-cell acute lymphoid 

leukemia (“BALL”), blastic plasmacytoid dendritic cell neoplasm, Burkitt's lymphoma, 

chronic lymphocytic leukemia (CLL), chronic myelogenous leukemia (CML), chronic myeloid 

leukemia, chronic or acute leukemia, diffuse large B cell lymphoma (DLBCL), follicular 

lymphoma (FL), hairy cell leukemia, Hodgkin's Disease, malignant lymphoproliferative 

conditions, MALT lymphoma, mantle cell lymphoma, Marginal zone lymphoma, monoclonal 

gammapathy of undetermined significance (MGUS), multiple myeloma, myelodysplasia and 

myelodysplastic syndrome, non-Hodgkin's lymphoma (NHL), plasma cell proliferative 
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disorder (including asymptomatic myeloma (smoldering multiple myeloma or indolent 

myeloma), plasmablastic lymphoma, plasmacytoid dendritic cell neoplasm, plasmacytomas 

(including  plasma cell dyscrasia; solitary myeloma; solitary plasmacytoma; extramedullary 

plasmacytoma; and multiple plasmacytoma), POEMS syndrome (also known as Crow-Fukase 

syndrome; Takatsuki disease;  and PEP syndrome), primary mediastinal large B cell lymphoma 

(PMBC), small cell- or a large cell-follicular lymphoma, splenic marginal zone lymphoma 

(SMZL), systemic amyloid light chain amyloidosis, T-cell acute lymphoid leukemia 

(“TALL”), T-cell lymphoma, transformed follicular lymphoma, or Waldenstrom 

macroglobulinemia, or a combination thereof.  

 


