10

15

20

25

WO 2025/072253

ANTIGEN BINDING POLYPEPTIDES

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit under 35 U.S. C. § 119(e) of U.S. Provisional
Application No. 63/540,332, filed September 25, 2023, and U.S. Provisional Application No.
63/618,880, filed January 8, 2024, and each of which is incorporated by reference herein in

its entirety.

STATEMENT REGARDING SEQUENCE LISTING

The Sequence Listing associated with this application is provided in XML format in
lieu of a paper copy and is hereby incorporated by reference into the specification. The name
of the XML file containing the Sequence Listing is KELO-011-WO1_ST26.xml. The XML
file is 1176 KB, was created on September 20, 2024, and is being submitted electronically

via Patent Center, concurrent with the filing of the specification.

Technical Field

The present disclosure relates to antigen binding polypeptides. More particularly,
the disclosure relates to polypeptides comprising antibodies or antigen binding fragments

thereof, nucleic acids encoding the polypeptides, and vectors for expressing the same.

Description of the Related Art

B cell maturation antigen (BCMA) is a member of the tumor necrosis factor receptor
superfamily and is also known as tumor necrosis factor receptor superfamily member 17
(TNFRSF17). BCMA is normally expressed in mature B lymphocytes and plasma cells.
BCMA expression is also detected in various lymphomas and multiple myelomas. Multiple
myeloma is an incurable plasma cell malignancy that originates in the bone marrow.

Multiple myeloma is the second most prevalent hematological malignancy after non-
lymphoma. In 2020, an estimated 176,404 people world-wide were diagnosed with multiple
myeloma and about 117,077 patients succumbed to the disease. In 2023, an estimated 35,730

PCT/US2024/048295



10

15

20

25

30

WO 2025/072253

people in the United States alone will be diagnosed with multiple myeloma and an estimated
12,590 multiple myeloma patients will pass from the disease or associated complications.
The 5-year relative survival rate for multiple myeloma in the United States is only about 58%

Multiple myeloma may initially be treated with an autologous stem cell
transplantation (ASCT) and/or various drug combinations (e.g., proteasome inhibitors
including bortezomib, carfilzomib, ixazomib; immunomodulatory drugs (IMiDs) including
pomalidomide, lenalidomide, thalidomide; and corticosteroids like dexamethasone) but
patients eventually relapse with the disease becoming refractory to treatment. Subsequent
lines of treatment include monoclonal antibodies, bispecific antibodies, e.g., BiTEs,
antibody-drug conjugates, and finally chimeric antigen receptor T cell therapy.

Autologous ex vivo chimeric antigen receptor (CAR) T cell therapy is emerging as a
late line treatment for multiple myeloma patients. Although promising, these ex vivo CAR
T cell therapies have yet to realize their potential because drug product manufacturing
timelines are long and costly, because access to the therapies is limited to a few treatment
centers with specialized expertise necessary to provide the therapies, because these therapies
are associated with high rates of cytokine release syndrome, and because most patients
eventually relapse and succumb to the disease. There remains a significant unmet need for
multiple myeloma patients for more affordable, more accessible, and more efficacious

therapies.

BRIEF SUMMARY

The present disclosure generally relates, in part, antibodies and antigen binding
fragments thereof directed against B cell maturation antigen (BCMA), polypeptides
comprising an anti-BCMA antibody or antigen binding fragment thereof, bispecific
antibodies comprising an anti-BCMA antibody or antigen binding fragment thereof and an
anti-CD3 antibody, immunoconjugates comprising an anti-BCMA antibody drug linked to a
cytotoxic agent, and anti-BCMA chimeric antigen receptors, polynucleotides encoding the
polypeptides, vectors for expressing the polynucleotides, and compositions comprising the
foregoing.

In various embodiments, the disclosure contemplates, in part, an antibody or antigen
binding fragment thereof comprising: (a) a heavy chain variable region (VH) comprising a

CDRHI1, a CDRH2, and a CDRH3 of an antibody or antigen binding fragment thereof set
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forth in Table 1; a polypeptide linker; and a light chain variable region (VL) comprising a
CDRLI, a CDRL2, and a CDRL3 of an antibody or antigen binding fragment thereof set
forth in Table 1; or (b) a VHH domain comprising a CDRHI, a CDRH2, and a CDRH3 of
an antibody or antigen binding fragment thereof set forth in Table 1.

In particular embodiments: (a) the VH comprises a CDRH1, a CDRH2, and a
CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 12, 13, and 14 and
the VL comprises a CDRL1, a CDRL2, and a CDRL3 comprising the amino acid sequences
set forth in SEQ ID NOs: 16, 17, and 18; (b) the VH comprises a CDRH1, a CDRH2, and a
CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 22, 23, and 24 and
the VL comprises a CDRL1, a CDRL2, and a CDRL3 comprising the amino acid sequences
set forth in SEQ ID NOs: 26, 27, and 28; (c) the VH comprises a CDRH1, a CDRH2, and a
CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 32, 33, and 34 and
the VL comprises a CDRL1, a CDRL2, and a CDRL3 comprising the amino acid sequences
set forth in SEQ ID NOs: 36, 37, and 38; (d) the VH comprises a CDRH1, a CDRH2, and a
CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 42, 43, and 44 and
the VL comprises a CDRL1, a CDRL2, and a CDRL3 comprising the amino acid sequences
set forth in SEQ ID NOs: 46, 47, and 48; (e) the VH comprises a CDRH1, a CDRH2, and a
CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 52, 53, and 54 and
the VL comprises a CDRL1, a CDRL2, and a CDRL3 comprising the amino acid sequences
set forth in SEQ ID NOs: 56, 57, and 58; (f) the VH comprises a CDRHI1, a CDRH2, and a
CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 62, 63, and 64 and
the VL comprises a CDRL1, a CDRL2, and a CDRL3 comprising the amino acid sequences
set forth in SEQ ID NOs: 66, 67, and 68; (g) the VH comprises a CDRH1, a CDRH2, and a
CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 72, 73, and 74 and
the VL comprises a CDRL1, a CDRL2, and a CDRL3 comprising the amino acid sequences
set forth in SEQ ID NOs: 76, 77, and 78; (h) the VH comprises a CDRH1, a CDRH2, and a
CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 82, 83, and 84 and
the VL comprises a CDRL1, a CDRL2, and a CDRL3 comprising the amino acid sequences
set forth in SEQ ID NOs: 86, 87, and 88; (i) the VH comprises a CDRHI1, a CDRH2, and a
CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 92, 93, and 94 and
the VL comprises a CDRL1, a CDRL2, and a CDRL3 comprising the amino acid sequences
set forth in SEQ ID NOs: 96, 97, and 98; (j) the VHH domain comprises a CDRHI1, a
CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 102,
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103, and 104; (k) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 106, 107, and 108; (1) the
VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino acid
sequences set forth in SEQ ID NOs: 110, 111, and 112; (m) the VHH domain comprises a
CDRHI1, a CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID
NOs: 114, 115, and 116; (n) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 118, 119, and 120; (o) the
VHH domain comprises a CDRHI1, a CDRH2, and a CDRH3 comprising the amino acid
sequences set forth in SEQ ID NOs: 122, 123, and 124; (p) the VHH domain comprises a
CDRHI1, a CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID
NOs: 126, 127, and 128; (q) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 130, 131, and 132; (r) the
VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino acid
sequences set forth in SEQ ID NOs: 134, 135, and 136; (s) the VHH domain comprises a
CDRHI, a CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID
NOs: 138, 139, and 140; or (t) the VHH domain comprises a CDRH1, a CDRH2, and a
CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 142, 143, and 144.
In a particular embodiment, the VH comprises a CDRHI1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 62, 63, and 64 and the VL
comprises a CDRLI, aCDRL2, and a CDRL3 comprising the amino acid sequences set forth
in SEQ ID NOs: 66, 67, and 68.

In some embodiments: (a) the VH comprises the amino acid sequence set forth in
SEQ ID NO: 11 and the VL comprises the amino acid sequence set forth in SEQ ID NO: 15;
(b) the VH comprises the amino acid sequence set forth in SEQ ID NO: 21 and the VL
comprises the amino acid sequence set forth in SEQ ID NO: 25; (c¢) the VH comprises the
amino acid sequence set forth in SEQ ID NO: 31 and the VL comprises the amino acid
sequence set forth in SEQ ID NO: 35; (d) the VH comprises the amino acid sequence set
forth in SEQ ID NO: 41 and the VL comprises the amino acid sequence set forth in SEQ ID
NO: 45; (e) the VH comprises the amino acid sequence set forth in SEQ ID NO: 51 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 55; (f) the VH comprises
the amino acid sequence set forth in SEQ ID NO: 61 and the VL comprises the amino acid
sequence set forth in SEQ ID NO: 65; (g) the VH comprises the amino acid sequence set
forth in SEQ ID NO: 71 and the VL comprises the amino acid sequence set forth in SEQ ID
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NO: 75; (h) the VH comprises the amino acid sequence set forth in SEQ ID NO: 81 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 85; (i) the VH comprises
the amino acid sequence set forth in SEQ ID NO: 91 and the VL comprises the amino acid
sequence set forth in SEQ ID NO: 95; or (a) the VHH domain comprises the amino acid
sequence set forth in any one of SEQ ID NOs: 101, 105, 109, 113, 117, 121, 125, 129, 133,
137, and 141. In particular embodiments, the VH comprises the amino acid sequence set
forth in SEQ ID NO: 61 and the VL comprises the amino acid sequence set forth in SEQ ID
NO: 65.

In certain embodiments, the polypeptide linker is selected from the group consisting
of: TGEKP (SEQ ID NO: 2); (GGGGS), whereinn =1, 2, 3, 4 or 5 (SEQ ID NOs: 3, and
976-979); EGKSSGSGSESKVD (SEQ ID NO: 4); KESGSVSSEQLAQFRSLD (SEQ ID
NO: 5); LRQRDGERP (SEQ ID NO: 6); LRQKDGGGSERP (SEQ ID NO: 7);
LRQKD(GGGS):ERP (SEQ ID NO: 8), GEGTSTGSGGSGGSGGAD (SEQ ID NO: 9),
and GSTSGSGKPGSGEGSTKG (SEQ ID NO: 10).

In particular embodiments, the antibody or antigen binding fragment thereof
comprises the amino acid sequence set forth in any one of SEQ ID NOs: 19, 20, 29, 30, 39,
40, 49, 50, 59, 60, 69, 70, 79, 80, 89, 90, 99, 100, 101, 105, 109, 113, 117, 121, 125, 129,
133, 137, and 141, preferably, SEQ ID NO: 69 or 70.

In various embodiments, the disclosure contemplates, in part, a bispecific antibody
comprising the antibody or antigen binding fragment thereof contemplated herein.

In some embodiments, the bispecific antibody further comprises an anti-CD3
antibody that binds CD38, CD3e, CD3y, or CD3(.

In various embodiments, the disclosure contemplates, in part, an antibody conjugate
comprising the antibody or antigen binding fragment thereof contemplated herein.

In certain embodiments, the antigen or antigen binding fragment thereof is
conjugated to a cytotoxic agent.

In particular embodiments: (a) the cytotoxic agent is a toxin selected from the group
consisting of: saporin, diphtheria toxin, pseudomonas exotoxin A, Ricin A chain derivatives,
a small molecule toxin, and combinations thereof; (b) the cytotoxic agent is a radioisotope
selected from the group consisting of: 1311, 90Y, 177Lu, 188Re, 67Cu, 213Bi, 211At, and
227Ac; (c) the cytotoxic agent is an RNA polymerase II inhibitor and/or RNA polymerase
III inhibitor selected from the group consisting of: an amatoxin, a-amanitin, - amanitin, y-

amanitin, g-amanitin, amanin, amaninamide, amanullin, amanullinic acid and any functional
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fragments, derivatives or analogs thereof; or (d) the cytotoxic agent is a DNA-damaging
agent selected from the group consisting of: an antitubulin agent, a DNA crosslinking agent,
a DNA alkylating agent and a mitotic disrupting agent.

In various embodiments, the disclosure contemplates, in part, a chimeric antigen
receptor (CAR) comprising the antibody or antigen binding fragment thereof contemplated
herein; a spacer domain; a transmembrane domain, and one or more intracellular signaling
domains.

In some embodiments, the spacer domain comprises a hinge domain or fragment
thereof selected from the group consisting of: a CD4 hinge, a CDS8 hinge, a CD8a hinge, a
CD28 hinge, a CD134 hinge, a CD137 hinge, a CD152 hinge, a CD278 hinge, an IgG1 hinge,
an IgG2 hinge, an IgG3 hinge, and an IgG4 hinge.

In particular embodiments, the spacer domain comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 145, 146, 147, 148, 149, and 150 or an amino acid sequence
at least 95% identical thereto.

In some embodiments, the transmembrane domain is isolated or derived from a
polypeptide selected from the group consisting of an alpha, beta, gamma, or delta chain of
the T-cell receptor, CD36, CD3e, CD3y, CD3(, CD4, CDS5, CD8a, CD9, CD16, CD22,
CD27, CD28, CD33, CD37, CD45, CD64, CD80, CD86, CD134, CD137, CD152, CD154,
CD278, amnionless (AMN), and programmed cell death 1 (PDCD1).

In particular embodiments, the transmembrane domain comprises an amino acid
sequence set forth in any one of SEQ ID NOs: 151, 152, 153, 154, 155, 156, and 157 or an
amino acid sequence at least 95% identical thereto.

In certain embodiments, the one or more intracellular signaling domains comprises a
primary signaling domain isolated or derived from a polypeptide selected from the group
consisting of FcRy, FcRp, CD3y, CD38, CD3¢, CD3({, CD22, CD79a, CD79b, and CD66d.

In some embodiments, the one or more intracellular signaling domains comprises a
primary signaling domain isolated from CD3(.

In certain embodiments, the primary signaling domain comprises an amino acid
sequence set forth in SEQ ID NO: 158 or an amino acid sequence at least 95% identical
thereto.

In particular embodiments, the one or more intracellular signaling domains comprises
a costimulatory signaling domain isolated or derived from a polypeptide selected from the

group consisting of TLR1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLRS, TLR9, TLR10,
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CARD11, CD2, CD7, CD27, CD28, CD30, CD40, ICAM, CDS§3, CD9%, CD134 (0X40),
CD137 (4-1BB), CD278 (ICOS), DAP10, LAT, SLP76, TRAT1, TNFR2, TNFRS14,
TNFRS18, TNFRS25, and ZAP70.

In some embodiments, the one or more intracellular signaling domains comprises a
costimulatory signaling domain comprising an amino acid sequence set forth in any one of
SEQ ID NOs: 159, 160, 161, 162, 163, and 164 or an amino acid sequence at least 95%
identical thereto.

In various embodiments, the disclosure contemplates, in part, a CAR comprising an
antibody or antigen binding fragment thereof comprises the amino acid sequence set forth in
any one of SEQ ID NOs: 39, 59, 70, 90, 101, or 117; a spacer domain comprising the amino
acid sequence set forth in any one of SEQ ID NOs: 145, 146, and 148 or an amino acid
sequence at least 95% identical thereto; a transmembrane domain comprising the amino acid
sequence set forth in SEQ ID NOs: 151 or 153; one or more intracellular signaling domains
comprising a costimulatory signaling domain comprising an amino acid sequence set forth
in any one of SEQ ID NOs: 159, 160, and 162 or an amino acid sequence at least 95%
identical thereto and further comprising a primary signaling domain comprising an amino
acid sequence set forth in SEQ ID NO: 158 or an amino acid sequence at least 95% identical
thereto.

In various embodiments, the disclosure contemplates, in part, a CAR comprising the
amino acid sequence set forth in any one of SEQ ID NOs: 165-860.

In various embodiments, the disclosure contemplates, in part, a CAR comprising the
amino acid sequence set forth in any one of SEQ ID NOs: 261, 262, 263, 264, 265, 266, 267,
268,269, 270, 271, 272, 273, 274, 275, 276, 271, 278, 279, 280, 281, 282, and 283.

In various embodiments, the disclosure contemplates, in part, a CAR comprising the
amino acid sequence set forth in any one of SEQ ID NOs: 357, 358, 359, 360, 361, 362,363,
364, 365, 360, 367, 368, 369, 370 371, 372, 373, 374, 375, 376, 377, 378, 379, and 380.

In various embodiments, the disclosure contemplates, in part, a CAR comprising the
amino acid sequence set forth in any one of SEQ ID NOs: 429, 430, 431, 432, 433, 434, 435,
436,437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449, 450, 451, and 452. In
particular embodiments, a CAR comprising the amino acid sequence set forth in SEQ ID

NO: 429 or an amino acid sequence 95% identical thereto.

PCT/US2024/048295



10

15

20

25

30

WO 2025/072253

In various embodiments, the disclosure contemplates, in part, a CAR comprising the
amino acid sequence set forth in any one of SEQ ID NOs: 525, 526, 527, 528, 529, 530, 531,
532,533, 534, 535, 536, 537, 538, 539, 540, 541, 542, 543, 544, 545, 546, 547, and 548.

In various embodiments, the disclosure contemplates, in part, a CAR comprising the
amino acid sequence set forth in any one of SEQ ID NOs: 597, 598, 599, 600, 601, 602, 603,
604, 605, 606, 607, 608, 609, 610, 611, 612, 613, 614, 615, 616, 617, 618, 619, and 620.

In various embodiments, the disclosure contemplates, in part, a CAR comprising the
amino acid sequence set forth in any one of SEQ ID NOs: 693, 694, 695, 696, 697, 698, 699,
700, 701, 702, 703, 704, 705, 706, 707, 708, 709, 710, 711, 712, 713, 714,715, and 716.

In some embodiments, the CAR further comprises a signal peptide.

In particular embodiments, the signal peptide comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 861, 862, 863, 864, 865, 866, 867, 868, 869, 870, 871, 872,
and 873.

In particular embodiments, a polynucleotide encoding a CAR, comprises a
polynucleotide sequence set forth in any one of SEQ ID NOs: 905-924.

In particular embodiments, a polynucleotide encoding a signal peptide and a CAR
comprises a polynucleotide sequence set forth in any one of SEQ ID NOs: 925-944.

In various embodiments, the disclosure contemplates, in part, a polynucleotide
encoding an antibody or antigen binding fragment thereof, a bispecific antibody, an antibody
conjugate, or a CAR contemplated herein.

In various embodiments, the disclosure contemplates, in part, a polynucleotide
encoding or comprising a promoter operably linked to a polynucleotide set forth in any one
of SEQ ID NOs: 905-944.

In certain embodiments, the promoter comprises the polynucleotide sequence set
forth in any one of SEQ ID NOs: 948, 949, 950, 951, 952, and 953, preferably SEQ ID NO:
949.

In particular embodiments, the polynucleotide further comprises a post-
transcriptional response element.

In some embodiments, the post-transcriptional response element comprises the
polynucleotide sequence set forth in any one of SEQ ID NOs: 945, 946, and 947.

In various embodiments, the disclosure contemplates, in part, a DNA comprising the

polynucleotide sequence set forth in any one of SEQ ID NOs: 945, 946, and 947.

PCT/US2024/048295



10

15

20

25

30

WO 2025/072253

In various embodiments, the disclosure contemplates, in part, an RNA encoded by
the polynucleotide sequence set forth in any one of SEQ ID NOs: 945, 946, and 947.

In various embodiments, the disclosure contemplates, in part, a vector comprising the
polynucleotide sequence set forth in any one of SEQ ID NOs: 945, 946, and 947.

In various embodiments, the disclosure contemplates, in part, a vector encoding or
comprising a promoter comprising a sequence set forth in SEQ ID NO: 950 operably linked
to a polynucleotide encoding a signal peptide and a chimeric antigen receptor comprising an
anti-BCMA antibody or antigen binding fragment thereof comprising an amino acid set forth
in any one of SEQ ID NOs: 11-144, and optionally comprising a polynucleotide comprising
a posttranscriptional regulatory element set forth in any one of SEQ ID NOs: 945-947.

In various embodiments, the disclosure contemplates, in part, a vector encoding or
comprising a promoter comprising a sequence set forth in SEQ ID NO: 950 operably linked
to a polynucleotide encoding a signal peptide and a chimeric antigen receptor comprising an
anti-BCMA antibody or antigen binding fragment thereof comprising an amino acid set forth
in any one of SEQ ID NOs: 20, 30, 39, 50, 59, 70, 80, 90, 100, 101, 105, 109, 113, 117, 121,
125, 129, 133, 137, and 141, and optionally comprising a polynucleotide comprising a
posttranscriptional regulatory element set forth in any one of SEQ ID NOs: 945-947.

In various embodiments, the disclosure contemplates, in part, a vector encoding or
comprising a promoter comprising a sequence set forth in SEQ ID NO: 950 operably linked
to a polynucleotide encoding a signal peptide and a chimeric antigen receptor comprising an
amino acid set forth in any one of SEQ ID NOs: 165-860, and optionally comprising a
polynucleotide comprising a posttranscriptional regulatory element set forth in any one of
SEQ ID NOs: 945-947.

In various embodiments, the disclosure contemplates, in part, a vector encoding or
comprising a promoter comprising a sequence set forth in SEQ ID NO: 950 operably linked
to a polynucleotide encoding a signal peptide and a chimeric antigen receptor comprising an
amino acid set forth in any one of SEQ ID NOs: 189, 237,261, 333, 357, 429, 477, 525, 573,
597, 621, 645, 669, 693, 717, 741, 765, 789, 813, and 837, and optionally comprising a
polynucleotide comprising a posttranscriptional regulatory element set forth in any one of
SEQ ID NOs: 945-947.

In various embodiments, the disclosure contemplates, in part, a vector encoding or
comprising a promoter comprising a sequence set forth in SEQ ID NO: 950 operably linked
to a polynucleotide comprising a polynucleotide sequence set forth in SEQ ID NO: 904 and
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a polynucleotide sequence set forth in any one of SEQ ID NOs: 905-924, and optionally
comprising a polynucleotide comprising a posttranscriptional regulatory element set forth in
any one of SEQ ID NOs: 945-947.

In particular embodiments, a vector encoding or comprising a promoter comprises a
sequence set forth in SEQ ID NO: 950 operably linked to a polynucleotide comprising a
polynucleotide sequence set forth in any one of SEQ ID NOs: 925-944, and optionally
comprises a polynucleotide comprising a posttranscriptional regulatory element set forth in
any one of SEQ ID NOs: 945-947.

In various embodiments, the disclosure contemplates, in part, a vector encoding or
comprising a promoter comprising a sequence set forth in SEQ ID NO: 949 operably linked
to a polynucleotide encoding a signal peptide and a chimeric antigen receptor comprising an
anti-BCMA antibody or antigen binding fragment thereof comprising an amino acid set forth
in any one of SEQ ID NOs: 11-144, and optionally comprising a polynucleotide comprising
a posttranscriptional regulatory element set forth in any one of SEQ ID NOs: 945-947.

In various embodiments, the disclosure contemplates, in part, a vector encoding or
comprising a promoter comprising a sequence set forth in SEQ ID NO: 949 operably linked
to a polynucleotide encoding a signal peptide and a chimeric antigen receptor comprising an
anti-BCMA antibody or antigen binding fragment thereof comprising an amino acid set forth
in any one of SEQ ID NOs: 20, 30, 39, 50, 59, 70, 80, 90, 100, 101, 105, 109, 113, 117, 121,
125, 129, 133, 137, and 141, and optionally comprising a polynucleotide comprising a
posttranscriptional regulatory element set forth in any one of SEQ ID NOs: 945-947.

In various embodiments, the disclosure contemplates, in part, a vector encoding or
comprising a promoter comprising a sequence set forth in SEQ ID NO: 949 operably linked
to a polynucleotide encoding a signal peptide and a chimeric antigen receptor comprising an
amino acid set forth in any one of SEQ ID NOs: 165-860, and optionally comprising a
polynucleotide comprising a posttranscriptional regulatory element set forth in any one of
SEQ ID NOs: 945-947.

In various embodiments, the disclosure contemplates, in part, a vector encoding or
comprising a promoter comprising a sequence set forth in SEQ ID NO: 949 operably linked
to a polynucleotide encoding a signal peptide and a chimeric antigen receptor comprising an
amino acid set forth in any one of SEQ ID NOs: 189, 237, 261, 333, 357, 429, 477, 525, 573,
597, 621, 645, 669, 693, 717, 741, 765, 789, 813, and 837, preferably SEQ ID NO: 429 and
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optionally comprising a polynucleotide comprising a posttranscriptional regulatory element
set forth in any one of SEQ ID NOs: 945-947.

In various embodiments, the disclosure contemplates, in part, a vector encoding or
comprising a promoter comprising a sequence set forth in SEQ ID NO: 949 operably linked
to a polynucleotide comprising a polynucleotide sequence set forth in SEQ ID NO: 904 and
a polynucleotide sequence set forth in any one of SEQ ID NOs: 905-924, preferably SEQ ID
NO: 910 and optionally comprising a polynucleotide comprising a posttranscriptional
regulatory element set forth in any one of SEQ ID NOs: 945-947.

In certain embodiments, a vector encoding or comprising a promoter comprises a
sequence set forth in SEQ ID NO: 949 operably linked to a polynucleotide comprising a
polynucleotide sequence set forth in any one of SEQ ID NOs: 925-944, preferably SEQ ID
NO: 930 and optionally comprises a polynucleotide comprising a posttranscriptional
regulatory element set forth in any one of SEQ ID NOs: 945-947.

In certain embodiments, the vector is an expression vector.

In particular embodiments, the vector is a transfer plasmid or viral vector.

In some embodiments, the vector is a plasmid.

In particular embodiments, the vector is a viral vector selected from the group
consisting of an adenoviral (Ad) vector, an adeno-associated virus (AAV) vector, a herpes
simplex virus (HSV) vector, a parvovirus vector, a rhabdovirus vector, a vesiculovirus vector,
a paramyxovirus vector, a morbillovirus vector, a henipavirus vector, an alphavirus vector, a
flavivirus vector, a retroviral vector, and a lentiviral vector (LVV).

In certain embodiments, the lentiviral vector is engineered or derived from the
genome of a lentivirus selected from the group consisting of: HIV (HIV type 1 or HIV type
2); visna-maedi virus (VMYV); caprine arthritis-encephalitis virus (CAEV); equine infectious
anemia virus (EIAV); feline immunodeficiency virus (FIV); bovine immune deficiency virus
(BIV); and simian immunodeficiency virus (SIV).

In various embodiments, the disclosure contemplates, in part, a lentiviral vector
comprising: a 5" long terminal repeat (LTR) comprising R and U5 regions; a Psi (V)
packaging signal; a cPPT/FLAP; an export element; a polynucleotide encoding or
comprising a promoter operably linked to a polynucleotide sequence set forth in SEQ ID NO:
904 and a polynucleotide sequence set forth in any one of SEQ ID NOs: 905-924 preferably
SEQ ID NO: 910; optionally a WPRE; a 3" LTR comprising U3 and R regions; a
polyadenylation signal and a poly(A) tail.
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In various embodiments, the disclosure contemplates, in part, a lentiviral vector
comprising: a 5" long terminal repeat (LTR) comprising R and U5 regions; a Psi (¥)
packaging signal; a cPPT/FLAP; an export element; a polynucleotide encoding or
comprising a promoter operably linked to a polynucleotide sequence set forth in any one of
SEQ ID NOs: 925-944 preferably SEQ ID NO: 930; optionally a WPRE; a 3" LTR
comprising U3 and R regions; a polyadenylation signal and a poly(A) tail.

In various embodiments, the disclosure contemplates, in part, an RNA comprising: a
5" long terminal repeat (L'TR) comprising R and U5 regions; a Psi (¥) packaging signal; a
cPPT/FLAP; an export element; a polynucleotide encoding a promoter operably linked to a
polynucleotide sequence set forth in SEQ ID NO: 904 and a polynucleotide sequence set
forth in any one of SEQ ID NOs: 905-924 preferably SEQ ID NO: 910; optionally a WPRE;
a 3" LTR comprising U3 and R regions; a polyadenylation signal and optionally a poly(A)
tail.

In various embodiments, the disclosure contemplates, in part, an RNA comprising: a
5" long terminal repeat (LTR) comprising R and U5 regions; a Psi (¥) packaging signal; a
cPPT/FLAP; an export element; a polynucleotide encoding a promoter operably linked to a
polynucleotide sequence set forth in any one of SEQ ID NOs: 925-944 preferably SEQ ID
NO: 930; optionally a WPRE; a 3" LTR comprising U3 and R regions; a polyadenylation
signal and optionally a poly(A) tail.

In various embodiments, the disclosure contemplates, in part, a recombinant
lentivirus comprising one or more copies of a lentiviral vector or an RNA contemplated
herein.

In various embodiments, the disclosure contemplates, in part, a composition
comprising an antibody or antigen binding fragment thereof, a bispecific antibody, an
antibody conjugate, a CAR, a polynucleotide, a vector, an RNA, or a recombinant lentivirus

contemplated herein.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

Figure 1 is a cartoon of a vector encoding a promoter operably linked to a
polynucleotide encoding an anti-BCMA CAR and an optional post-transcriptional response
element (PRE) operably linked to the 3" prime end of the polynucleotide encoding the anti-
BCMA CAR.
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Figure 2A shows Jurkat cell titer of recombinant lentiviruses comprising a viral
envelope expressing a mutated vesicular stomatitis Indiana virus envelope glycoprotein G
(VSIV-G) and a non-viral membrane-bound tropism polypeptide that binds CD3 and a
lentiviral vector encoding an MNDU3 promoter operably linked to a polynucleotide
encoding a CD8a. signal peptide and an anti-BCMA CAR and a WPRE operably linked to
the 3" prime end of the polynucleotide encoding the anti-BCMA CAR (18 anti-BCMA CARs
were evaluated).

Figure 2B shows anti-BCMA CAR expression on PBMCs transduced with
recombinant lentiviral particles comprising a viral envelope expressing a mutated VSIV-G
and a non-viral membrane-bound tropism polypeptide that binds CD3 and a lentiviral vector
encoding an MNDU3 promoter operably linked to a polynucleotide encoding a CD8a signal
peptide and an anti-BCMA CAR and a WPRE operably linked to the 3" prime end of the
polynucleotide encoding the anti-BCMA CAR (18 anti-BCMA CARs were evaluated).

Figure 2C shows the vector copy number (VCN) in PBMCs transduced with
recombinant lentiviral particles comprising a viral envelope expressing a mutated VSIV-G
and a non-viral membrane-bound tropism polypeptide that binds CD3 and a lentiviral vector
encoding an MNDU3 promoter operably linked to a polynucleotide encoding a CD8a signal
peptide and an anti-BCMA CAR and a WPRE operably linked to the 3" prime end of the
polynucleotide encoding the anti-BCMA CAR (18 anti-BCMA CARs were evaluated).

Figure 2D shows the anti-BCMA CAR activity measured as the amount of IFNy
produced in a co-culture assay. PBMCs transduced with recombinant lentiviral particles
comprising a viral envelope expressing a mutated VSIV-G and a non-viral membrane-bound
tropism polypeptide that binds CD3 and a lentiviral vector encoding an MNDU3 promoter
operably linked to a polynucleotide encoding a CD8a. signal peptide and an anti-BCMA CAR
and a WPRE operably linked to the 3" prime end of the polynucleotide encoding the anti-
BCMA CAR (18 anti-BCMA CARs were evaluated) were co-cultured with Daudi cells (low
BCMA expression) or RPMI-8226 cells (high BCMA expression) for 24 hours. After 24
hours, IFNy levels in co-culture supernatant were measured and plotted as a function of %
anti-BCMA CAR positive cells in the co-culture.

Figure 3A shows Jurkat cell functional titer of recombinant lentivirus comprising a
viral envelope expressing a mutated VSIV-G and a non-viral membrane-bound tropism
polypeptide that binds CD3 and a lentiviral vector encoding either an MNDU3 promoter, an
SFFV promoter, or an EF1a promoter operably linked to a polynucleotide encoding a CD8a.
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signal peptide and an anti-BCMA CAR (6 anti-BCMA CARs were evaluated) and either no
PRE or a wild-type or mutated WPRE operably linked to the 3" prime end of the
polynucleotide encoding the anti-BCMA CAR.

Figure 3B shows the VCN in transduced PBMCs as a function of the percentage of
PBMCs expressing an anti-BCMA CAR. Human PBMCs were transduced with a
recombinant lentivirus comprising a viral envelope expressing a mutated VSIV-G and a non-
viral membrane-bound tropism polypeptide that binds CD3 and a lentiviral vector encoding
either an MNDU3 promoter, an SFFV promoter, or an EF1a promoter operably linked to a
polynucleotide encoding a CD8a signal peptide and an anti-BCMA CAR (6 anti-BCMA
CARs were evaluated) and either no PRE or a wild-type or mutated WPRE operably linked
to the 3" prime end of the polynucleotide encoding the anti-BCMA CAR.

Figure 3C shows the amount of IFNy secreted from PBMCs expressing an anti-
BCMA CAR co-cultured with RPMI-8226 cells (BCMA expressing cells) for 24 hours as a
function of the percentage of CAR-expressing cells in the co-culture.

Figure 3D shows the amount of IL-2 secreted from PBMCs expressing an anti-
BCMA CAR co-cultured with RPMI-8226 cells (BCMA expressing cells) for 24 hours as a
function of the percentage of CAR-expressing cells in the co-culture.

Figure 3E shows the amount of IFNy secreted from PBMCs expressing an anti-
BCMA CAR in the absence of target cells. Human PBMCs were transduced with a
recombinant lentivirus comprising a viral envelope expressing a mutated VSIV-G and a non-
viral membrane-bound tropism polypeptide that binds CD3 and a lentiviral vector comprising
one of the following lentiviral vector architectures, MNDU3 promoter and wild-type WPRE,
MNDUS3 promoter and a mutated WPRE, SFFV promoter and a mutated WPRE, and EFla
promoter and no WPRE and encoding an anti-BCMA CAR (6 anti-BCMA CARs were
evaluated).

Figure 3F shows the levels of off-target transduction in BCMA expressing cells
(RPMI-8226 and KMS-11) of recombinant lentiviruses comprising a viral envelope
expressing a mutated VSIV-G and a non-viral membrane-bound tropism polypeptide that
binds CD3 and a lentiviral vector comprising one of the following lentiviral vector
architectures, MNDU3 promoter and wild-type WPRE, MNDU3 promoter and a mutated
WPRE, SFFV promoter and a mutated WPRE, and EFla promoter and no WPRE and
encoding an anti-BCMA CAR (6 anti-BCMA CARs were evaluated). Transduction was
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normalized to VCN in cells transduced with a recombinant lentivirus encoding GFP in place
of an anti-BCMA CAR.

Figure 4A shows the results from an in vivo Daudi mouse model. Mice were
administered a recombinant lentivirus comprising a viral envelope expressing a mutated
VSIV-G and a non-viral membrane-bound tropism polypeptide that binds CD3 and a
lentiviral vector encoding either an MNDU3 promoter operably linked to a polynucleotide
encoding a CD8a signal peptide and an anti-BCMA CAR (4 anti-BCMA CARs were
evaluated) and a wild-type WPRE operably linked to the 3" prime end of the polynucleotide
encoding the anti-BCMA CAR; ex vivo CAR T cells, or vehicle.

Figure 4B shows the results from an in vivo Daudi mouse model. Mice were
administered a recombinant lentivirus comprising a viral envelope expressing a mutated
VSIV-G and a non-viral membrane-bound tropism polypeptide that binds CD3 and a
lentiviral vector comprising one of the following lentiviral vector architectures, MNDU3
promoter and wild-type WPRE, MNDU3 promoter and a mutated WPRE, SFFV promoter
and a mutated WPRE, and EF1a promoter and no WPRE and encoding an anti-BCMA CAR
(5 anti-BCMA CARs were evaluated); ex vivo CAR T cells, or vehicle.

Figure 4C shows the results from an in vivo Daudi mouse model. Mice were
administered a recombinant lentivirus comprising a viral envelope expressing a mutated
VSIV-G and a non-viral membrane-bound tropism polypeptide that binds CD3 and a
lentiviral vector comprising one of the following lentiviral vector architectures, MNDU3
promoter and a mutated WPRE, SFFV promoter and a mutated WPRE, and EF1a promoter
and no WPRE and encoding an anti-BCMA CAR (4 anti-BCMA CARs were evaluated); ex
vivo CAR T cells, or vehicle.

Figure 4D shows the results from an in vivo RPMI-8226 mouse model. Mice were
administered a recombinant lentivirus comprising a viral envelope expressing a mutated
VSIV-G and a non-viral membrane-bound tropism polypeptide that binds CD3 and a
lentiviral vector comprising one of the following lentiviral vector architectures, MNDU3
promoter and a mutated WPRE, or EFla promoter and no WPRE and encoding an anti-
BCMA CAR (2 anti-BCMA CARs were evaluated); ex vivo CAR T cells, or vehicle.

Figure 4E shows the results from an in vivo RPMI-8226 mouse model. Mice were
administered three doses (1.25 x 107 IU, 5.0 x 107 IU, or 1.25 x 10® IU) of a recombinant
lentivirus comprising a viral envelope expressing a mutated VSIV-G and a non-viral

membrane-bound tropism polypeptide that binds CD3 and a lentiviral vector comprising an
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EFla promoter operably linked to a polynucleotide encoding an anti-BCMA CAR without a
PRE; ex vivo CAR T cells, or vehicle.

Figure 4F shows the results from an in vivo RPMI-8226 mouse model. Mice were
administered two doses (5.0 x 10" IU or 1.25 x 10® IU) of a recombinant lentivirus comprising
a viral envelope expressing a mutated VSIV-G and a non-viral membrane-bound tropism
polypeptide that binds CD3 and a lentiviral vector comprising an EFla promoter operably
linked to a polynucleotide encoding an anti-BCMA CAR without a PRE; ex vivo CAR T
cells, or vehicle.

Figure 4G shows the results from an in vivo Daudi mouse model. Mice were
administered a recombinant lentivirus comprising a viral envelope expressing a mutated
VSIV-G and a non-viral membrane-bound tropism polypeptide that binds CD3 and a
lentiviral vector encoding an anti-BCMA CAR and comprising one of the following lentiviral
vector architectures, MNDU3 promoter and a mutated WPRE or MNDU3 promoter and a
mutated WPRE (at 1.25 x 10® TU) or an EF10. promoter and no WPRE (5.6 x 107 TU); ex vivo
CART cells, or vehicle.

Figure 5A shows the results from a Daudi mouse model interrogated with in vivo
lentivirus. Mice were administered vehicle control or recombinant lentivirus comprising a
viral envelope expressing a mutated VSIV-G and a non-viral membrane-bound tropism
polypeptide that binds CD3 and a lentiviral vector encoding one of three anti-BCMA CARs
or a GFP control.

Figure 5B shows the results from a Daudi mouse model interrogated with ex vivo
manufactured CAR T cells. Mice were administered vehicle control, untransduced PBMCS,
or PBMC:s transduced with a recombinant lentivirus comprising a viral envelope expressing
a mutated VSIV-G and a non-viral membrane-bound tropism polypeptide that binds CD3
and a lentiviral vector and encoding one of three anti-BCMA CARs.

BRIEF DESCRIPTION OF THE SEQUENCE IDENTIFIERS

SEQ ID NO: 1 sets forth an amino acid sequence of a B cell maturation antigen
(BCMA) polypeptide.

SEQ ID NOs: 2-10 and 976-979 set forth amino acid sequences of polypeptide
linkers.

SEQ ID NOs: 11-144 set forth amino acid sequences of antibodies.
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SEQ ID NOs: 145-150 set forth amino acid sequences of spacer domains.

SEQ ID NOs: 151-157 set forth amino acid sequences of transmembrane domains.

SEQ ID NOs: 158-164 set forth amino acid sequences of intracellular signaling
domains.

SEQ ID NOs: 165-860 set forth amino acid sequences of chimeric antigen receptors
(CARs).

SEQ ID NOs: 861-873 set forth amino acid sequences of signal peptides.

SEQ ID NOs: 874-893 set forth nucleic acid sequences encoding antibodies.

SEQ ID NOs: §94-897 set forth nucleic acid sequences encoding spacer domains.

SEQ ID NOs: 898-899 set forth nucleic acid sequences encoding transmembrane
domains.

SEQ ID NOs: 900-903 set forth nucleic acid sequences encoding intracellular
signaling domains.

SEQ ID NO: 904 sets forth a nucleic acid sequence encoding a signal peptide.

SEQ ID NOs: 905-924 set forth nucleic acid sequences encoding chimeric antigen
receptors (CARs) without a signal peptide.

SEQ ID NOs: 925-944 set forth nucleic acid sequences encoding CARs comprising
a signal peptide.

SEQ ID NOs: 945-947 set forth nucleic acid sequences of post-transcriptional
response elements.

SEQ ID NOs: 948-953 set forth nucleic acid sequences of promoters.

SEQ ID NOs: 954-955 set forth amino acid sequences of anti-BCMA CARs.

SEQ ID NOs: 956-975 set forth amino acid sequences of viral self-cleaving peptides.

In the foregoing sequences, X, if present, refers to any amino acid, a specified group

of amino acids or the absence of an amino acid.

DETAILED DESCRIPTION

A. OVERVIEW

Chimeric antigen receptors (CARSs) are used to redirect immune effector cells to

target cells. Typically, immune effector cells are harvested from a patient, modified ex vivo
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with a vector to express a CAR, and then infused back into the patient where the CAR
expressing immune effector cells seek out and destroy target cells, e.g., cancer cells.

Thoughtful vector design and consideration of CAR architecture both contribute to
an effective CAR-based therapy. Vector design considerations include but are not limited to
selection of the type of vector, e.g., viral or non-viral; promoter selection; selection of post-
transcriptional regulatory elements; and the like. CARs comprise several components
including but not limited to a target antigen binding moiety, e.g., aligand, antibody or antigen
binding fragment thereof; a spacer domain that positions the target binding domain the
appropriate distance from the immune effector cell surface; a transmembrane domain that
anchors the CAR to the immune effector cell; and one or more intracellular signaling domains
that transduce extracellular signals to intracellular cell signaling cascades that provide for
durable and effective immune responses. Too much CAR expression or activity could result
in tonic signaling (activation of immune effector cells in the absence of target cells) and too
little CAR expression or activity may result in ineffective recognition and destruction of
target cells.

Recently, ex vivo CAR T cell therapies that target B cell maturation antigen (BCMA)
have been used to treat relapsed and refractory multiple myeloma. Although many multiple
myeloma patients that have been treated with ex vivo anti-BCMA CAR T cell therapies
experience partial or complete remissions, most relapse and succumb to the disease. There
is a significant unmet need for a durable, one-time, and potentially curative treatment for
multiple myeloma.

The present disclosure offers solutions to foregoing challenges and others that exist
in the field of treating multiple myeloma using anti-BCMA binding proteins.

The present disclosure generally relates to, in part, anti-BCMA binding proteins
comprising an antibody or antigen binding fragment thereof directed against BCMA. In
particular embodiments, an anti-BCMA binding protein is an anti-BCMA antibody or
antigen binding fragment thereof; a polypeptide comprising an anti-BCMA antibody or
antigen binding fragment thereof; a bispecific antibody comprising an anti-BCMA antibody
or antigen binding fragment thereof and an anti-CD3 antibody; an immunoconjugate
comprising an anti-BCMA antibody drug linked to a cytotoxic agent; or an anti-BCMA

chimeric antigen receptor.
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The present disclosure also relates, in part, polynucleotides encoding the
polypeptides, vectors for expressing the polynucleotides, and compositions comprising the
foregoing.

In particular embodiments, a chimeric antigen receptor comprises one or more anti-
BCMA antibodies or antigen binding fragments thereof. The anti-BCMA CARs provide
several advantages compared to existing anti-BCMA CARs including but not limited to
decreased immunogenicity because the CAR components are derived from human proteins;
improved cytokine profile including increased expression of interferon gamma (IFNy) and
interleukin 2 (IL-2) in the presence of BCMA expressing target cells; low or absent tonic
signaling (antigen independent signaling), and increased efficacy in mouse models when
compared to existing CARs.

Techniques for recombinant (i.e., engineered) DNA, peptide and oligonucleotide
synthesis, immunoassays, tissue culture, transformation (e.g., electroporation, lipofection),
enzymatic reactions, purification and related techniques and procedures may be generally
performed as described in various general and more specific references in microbiology,
molecular biology, biochemistry, molecular genetics, cell biology, virology and immunology
as cited and discussed throughout the present specification. See, e.g., Sambrook et al.,
Molecular Cloning: A Laboratory Manual, 4th ed., Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y.; Current Protocols in Molecular Biology (John Wiley and Sons,
updated July 2008); Short Protocols in Molecular Biology: A Compendium of Methods from
Current Protocols in Molecular Biology, Greene Pub. Associates and Wiley-Interscience
(2002); Glover, DNA Cloning: A Practical Approach, vol. 1 & II (IRL Press, Oxford Univ.
Press USA, 1985); Current Protocols in Immunology (Edited by: John E. Coligan, Ada M.
Kruisbeek, David H. Margulies, Ethan M. Shevach, Warren Strober 2001 John Wiley &
Sons, NY, NY); Real-Time PCR: Current Technology and Applications, Edited by Julie
Logan, Kirstin Edwards and Nick Saunders, 2009, Caister Academic Press, Norfolk, UK;
Anand, Techniques for the Analysis of Complex Genomes, (Academic Press, New York,
1992); Guthrie and Fink, Guide to Yeast Genetics and Molecular Biology (Academic Press,
New York, 1991); Oligonucleotide Synthesis (N. Gait, Ed., 1984); Nucleic Acid the
Hybridization (B. Hames & S. Higgins, Eds., 1985); Transcription and Translation (B.
Hames & S. Higgins, Eds., 1984); Animal Cell Culture (R. Freshney, Ed., 1986); Perbal, A
Practical Guide to Molecular Cloning (1984); Next-Generation Genome Sequencing (Janitz,
2008 Wiley-VCH); PCR Protocols (Methods in Molecular Biology) (Park, Ed., 3rd Edition,
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2010 Humana Press); Immobilized Cells and Enzymes (IRL Press, 1986); the treatise,
Methods in Enzymology (Academic Press, Inc., N.Y.); Gene Transfer Vectors for
Mammalian Cells (J. H. Miller and M. P. Calos eds., 1987, Cold Spring Harbor Laboratory);
Harlow and Lane, Antibodies, (Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y., 1998); Immunochemical Methods in Cell and Molecular Biology (Mayer and Walker,
eds., Academic Press, London, 1987); Handbook of Experimental Immunology, Volumes I-
IV (D. M. Weir and CC Blackwell, eds., 1986); Roitt, Essential Immunology, 6th Edition,
(Blackwell Scientific Publications, Oxford, 1988); Current Protocols in Immunology (Q. E.
Coligan, A. M. Kruisbeek, D. H. Margulies, E. M. Shevach and W. Strober, eds., 1991);
Annual Review of Immunology; as well as monographs in journals such as Advances in

Immunology.

B. DEFINITIONS

Prior to setting forth this disclosure in more detail, it may be helpful to an
understanding thereof to provide definitions of certain terms to be used herein.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by those of ordinary skill in the art to which the invention
belongs. Although any methods and materials similar or equivalent to those described herein
can be used in the practice or testing of particular embodiments, preferred embodiments of
compositions, methods and materials are described herein. For the purposes of the present
disclosure, the following terms are defined below.

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

The use of the alternative (e.g., “or”’) should be understood to mean either one, both,
or any combination of the recited alternatives.

The term “and/or” should be understood to mean either one of, or both of, the
alternatives.

As used herein, the term “about” or “approximately” refers to a quantity, level, value,
number, frequency, percentage, dimension, size, amount, weight or length that varies by as
much as 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or 1% to a reference quantity, level,
value, number, frequency, percentage, dimension, size, amount, weight or length. In one

embodiment, the term “about” or “approximately” refers a range of quantity, level, value,
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number, frequency, percentage, dimension, size, amount, weight or length + 15%, + 10%, +
9%, + 8%, + 7%, + 6%, £ 5%, + 4%, + 3%, + 2%, or = 1% of a reference quantity, level,
value, number, frequency, percentage, dimension, size, amount, weight or length.

In one embodiment, a range, e.g., 1 to 5, about 1 to 5, or about 1 to about 5, refers to
each numerical value encompassed by the range. For example, in one non-limiting and
merely illustrative embodiment, the range “1 to 5 is equivalent to the expression 1, 2, 3, 4,
5;0r1.0,1.5,2.0,25,3.0,3.5,4.0,45,0r5.0;0r 1.0,1.1,1.2,1.3,1.4,15,1.6,1.7,1.8, 1.9,
20,2.1,22,23,24,25,2.6,2.7,28,2.9,3.0,3.1,32,3.3,3.4,35,3.6,3.7,3.8,3.9,40,
41,42,43,44,45,4.6,47,4.8,49,0r5.0.

As used herein, the term “substantially” refers to a quantity, level, value, number,
frequency, percentage, dimension, size, amount, weight or length that is 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or higher compared to a reference
quantity, level, value, number, frequency, percentage, dimension, size, amount, weight or
length. In one embodiment, “substantially the same” refers to a quantity, level, value,
number, frequency, percentage, dimension, size, amount, weight or length that produces an
effect, e.g., a physiological effect, that is approximately the same as a reference quantity,
level, value, number, frequency, percentage, dimension, size, amount, weight or length.

Throughout this specification, unless the context requires otherwise, the words
“comprise”, “comprises” and “comprising” will be understood to imply the inclusion of a
stated step or element or group of steps or elements but not the exclusion of any other step or
element or group of steps or elements. By “consisting of” is meant including, and limited to,
whatever follows the phrase “consisting of.” Thus, the phrase “consisting of” indicates that
the listed elements are required or mandatory and that no other elements may be present. The
phrase “consisting essentially of”” means including any elements listed after the phrase and
other elements that do not interfere with or contribute to the activity or action specified in the
disclosure for the listed elements. Thus, the phrase “consisting essentially of”” indicates that
the listed elements are required or mandatory but that no other elements are present that

materially affect the activity or action of the listed elements.

EET3 EENT3

Reference throughout this specification to “one embodiment,” “an embodiment,” “a

LERNTS LERNY3 LERNY3

particular embodiment,” “a related embodiment,” “a certain embodiment,” “an additional
embodiment,” or “a further embodiment” or combinations thereof means that a particular
feature, structure or characteristic described in connection with the embodiment is included

in at least one embodiment. Thus, the appearances of the foregoing phrases in various places
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throughout this specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or characteristics may be combined in any
suitable manner in one or more embodiments. Itis also understood that the positive recitation
of a feature in one embodiment, serves as a basis for excluding the feature in a particular
embodiment.

¢

The terms, “binding domain,” “extracellular binding domain,” and “extracellular
antigen binding domain” are used interchangeably and refers to a domain that enables a
chimeric antigen receptor (CAR) to specifically bind to a target antigen. The binding domain
may be derived either from a natural, synthetic, semi-synthetic, or recombinant source.

A “spacer domain” refers to a polypeptide domain or sequence of amino acids in a
chimeric antigen receptor that plays a role in positioning the antigen binding domain away
from the immune effector cell surface to enable proper cell/cell contact, antigen binding and
activation. In particular embodiments, a spacer domain may also be referred to, and is
synonymous with, a hinge domain. A spacer domain is placed between a binding domain
and a transmembrane domain (TM). A spacer domain may be derived either from a natural,
synthetic, semi-synthetic, or recombinant source. A spacer domain may be altered by
substituting one or more cysteine and/or proline residues in a naturally occurring
immunoglobulin hinge domain with one or more other amino acid residues (e.g., one or more
serine residues).

A “transmembrane domain” or “TM domain” refers to a hydrophobic portion of a
chimeric antigen receptor polypeptide that anchors the polypeptide to the plasma membrane
of the cell. The TM domain may be derived either from a natural, synthetic, semi-synthetic,
or recombinant source.

An “intracellular signaling domain” refers to a polypeptide domain that participates
in transducing the message of effective binding of a target antigen by a chimeric antigen
receptor expressed on an immune effector cell to the immune effector cell’s interior to elicit
one or more effector functions (an “effector function” refers to a specialized function of an
immune effector cell), e.g., activation, cytokine production, proliferation and cytotoxic
activity, including the release of cytotoxic factors, or other cellular responses elicited with
antigen binding to the receptor expressed on the immune effector cell. “Intracellular
signaling domains™ include a polypeptide domain or functional fragment thereof, which

transduces an effector function signal and that directs a cell to perform a specialized function.
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The term intracellular signaling domain is meant to include any truncated portion of an
intracellular signaling domain sufficient to transduce effector function signal.

T cell activation can be said to be mediated by two distinct classes of intracellular
signaling domains: primary signaling domains that initiate antigen-dependent primary
activation through the TCR (e.g., a TCR/CD3 complex) and costimulatory signaling domains
that act in an antigen-independent manner to provide a secondary or costimulatory signal.

A “primary signaling domain” refers to a signaling domain that regulates the primary
activation of a TCR complex either in a stimulatory way, or in an inhibitory way. Primary
signaling domains that act in a stimulatory manner may contain one or more signaling motifs
which are known as immunoreceptor tyrosine-based activation motifs or ITAMs.

A “costimulatory signaling domain” or “costimulatory signaling domain” refers to
an intracellular signaling domain of a costimulatory molecule. Costimulatory molecules are
cell surface molecules other than antigen receptors or Fc receptors that provide a second
signal required for efficient activation and function of T lymphocytes upon binding to
antigen.

“Linker,” “peptide linker,” and “polypeptide linker” are used interchangeably and
refer to a plurality of amino acid residues between various polypeptide domains added for
appropriate spacing, conformation, and function. A polypeptide linker sequence may be
employed to separate any two or more polypeptide components by a distance sufficient to
ensure that each polypeptide folds into its appropriate secondary and tertiary structures so as
to allow the polypeptide domains to exert their desired functions. Linkers include a “variable
domain linking sequence,” an amino acid sequence that connects two or more domains of an
antibody or antigen binding fragments thereof and provides a spacer function compatible
with interaction of the two sub-binding domains so that the resulting polypeptide retains a
specific binding affinity to the same target molecule as an antibody that comprises the same
light and/or heavy chain variable domains. A linker may be 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, or 50 or more amino acids long. Tlustrative
examples of linkers include, but are not limited to the following amino acid sequences:
TGEKP (SEQ ID NO: 2); (GGGGS), whereinn =1, 2, 3, 4 or 5 (SEQ ID NOs: 3, and 976-
979); EGKSSGSGSESKVD (SEQ ID NO: 4); KESGSVSSEQLAQFRSLD (SEQ ID NO:
5); LRQRDGERP (SEQ ID NO: 6); LRQKDGGGSERP (SEQ ID NO: 7);
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LRQKD(GGGS):ERP (SEQ ID NO: 8), GEGTSTGSGGSGGSGGAD (SEQ ID NO: 9),
and GSTSGSGKPGSGEGSTKG (SEQ ID NO: 10).
Additional definitions are set forth throughout this disclosure.

C. ANTIBODIES

B cell maturation antigen (BCMA) is a member of the tumor necrosis factor receptor
superfamily 17 (TNFRSF17) and is highly expressed on the plasma cells of multiple
myeloma (MM) patients. The restricted expression of BCMA makes it a suitable therapeutic
target for treating multiple myeloma. The present disclosure contemplates antibodies and
antigen binding fragments thereof that bind BCMA. An “antibody” refers to a polypeptide
or antigen binding fragment thereof that comprises at least a light chain immunoglobulin
variable region and/or a heavy chain immunoglobulin variable region, which specifically
recognizes and binds one or more epitopes of a BCMA polypeptide, e.g., SEQ ID NO: 1
(MLOMAGQCSQNEYFDSLLHACIPCQLRCSSNTPPLTCQRYCNASVTNSVKGTNA
ILWTCLGLSLISLAVFVLMFLLRKINSEPLKDEFKNTGSGLLGMANIDLEKSRTGD
EINLPRGLEYTVEECTCEDCIKSKPKVDSDHCFPLPAMEEGATILVTTKTNDYCKSL
PAALSATEIEKSISAR).

An antibody or antigen binding fragment thereof “specifically binds” a BCMA
polypeptide if it binds with an affinity or Ko > 10° M, while not significantly binding other
components present in a test sample. An antibody or antigen binding fragment thereof may
be classified as “high affinity” or “low affinity.” “High affinity” antibodies or antigen
binding fragments thereof refer to antibodies that bind BCMA with a K, of at least 10’ M,
at least 108 M, at least 10° M, at least 10'° M, at least 10! M, at least 10> M, or at
least 10"* M. “Low affinity” antibodies or antigen binding fragments thereof refer to
antibodies that bind BCMA with a K, of up to 10’ M}, up to 10° M~!, up to 10° M~
Alternatively, affinity may be defined as an equilibrium dissociation constant (Kq) of a
particular binding interaction with units of M (e.g., 10 M to 107 M).

Antibodies include polyclonal and monoclonal antibodies and antigen binding
fragments thereof; camelid antibodies, and human antibodies, and antigen binding fragments
thereof; and chimeric antibodies, an antibody that comprises variable regions from a non-
human species and human constant regions, heteroconjugate antibodies, and humanized

antibodies, an antibody that comprises complementarity determining regions (CDRs) from a
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non-human species and human framework and constant regions, and antigen binding
fragments thereof.

Chimeric, humanized, and human antibodies comprise two heavy chains and two
light chains. Each heavy chain consists of a variable region (VH) and three constant regions
(CH1, CH2, CH3), while each light chain consists of a variable region (VL) and a constant
region (CL). Mammalian immunoglobulin heavy chains are classified as immunoglobulin
(Ig)A, IgD, IgE, IgG, and IgM. Mammalian immunoglobulin light chains are classified as A
or K.

Light and heavy chain variable regions contain a “framework” region interrupted by
three hypervariable regions, also called “‘complementarity-determining regions” or “CDRs.”

The sequences of the framework regions of different light or heavy chains are
relatively conserved within a species, such as humans. The framework regions serve to
position and align the CDRs in three-dimensional space to bind to an epitope. The CDRs of
each chain are numbered sequentially starting from the N-terminus and are also typically
identified by the chain in which the particular CDR is located. Heavy chain CDRs are
referred to as CDRH1, CDRH2, and CDRH3, and light chain CDRs are referred to as CDRLI,
CDRL2, and CDRL3. Although CDRs vary from antibody to antibody, the limited number
of amino acid positions within the CDRs directly involved in antigen binding are called
specificity determining residues (SDRs).

CDRs can be defined or identified by conventional methods, such as by sequence
according to Wu and Kabat, J Exp Med. 132(2):211-50 (1970) and Kabat and Wu, Ann New
York Acad Sci. 190:382-93 (1971), or by structure according to Chothia and Lesk, J Mol.
Biol. 196(4): 901-917 (1987) and Chothia et al., Nature. 342:877-83(1989). Other
boundaries defining CDRs overlapping with the Kabat CDRs have been described by Padlan
et al., FASEB J. 9:133-9 (1995) and MacCallum et al., J Mol Biol. 262:732-745 (1996).
Additional methods of determining CDRs include the Gelfand numbering system described
in Gelfand and Kister, PNAS USA. 92:10884-8(1995), Gelfand et al., Protein Eng. 11:1015—
25 (1998), and Gelfand et al., PNAS USA. 93:3675-8 (1996); the Honneger number system
described in Honegger and Pliickthun, J Mol Biol. 309:657-70 (2001); the AbM numbering
system described by Abhinandan and Martin, Mol Immunol. 45:3832-9 (2008); and the
IMGT numbering system described in Giudicelli et al., Nucleic Acids Res. 25:206-11 (1997),
Lefranc, Immunol Today 18:509 (1997), and Lefranc et al., Dev Comp Immunol. 27:55-77
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(2003). Proprietary and publicly programs that identify CDRs are available, e.g., abYsis
(abysis.org/abysis/) and IMGT/V-QUEST (imgt.org/IMGT_vquest).

“VL” or “VL” refers to the variable region of an immunoglobulin light chain or
antigen binding fragment thereof. “VH” or “Vy” refer to the variable region of an
immunoglobulin heavy chain or antigen binding fragment thereof.

An “antigen binding fragment” or “antigen binding portion” refers to one or more
fragments of an antibody that retain the ability to specifically bind to an antigen. An “isolated
antibody or antigen binding fragment thereof” refers to an antibody or antigen binding
fragment thereof that has been separated from its natural environment and/or that is derived
from a natural, synthetic, semi-synthetic, or recombinant source. Illustrative examples of
antigen binding fragments contemplated in particular embodiments herein include, but are
not limited to, a Llama Ig, a Fab' fragment, a F(ab")2 fragment, a bispecific Fab dimer (Fab2),
a trispecific Fab trimer (Fab3), an Fv, a single chain Fv protein (“scFv”), a bis-scFv, (scFv)2,
aminibody, a diabody, a triabody, a tetrabody, a disulfide stabilized Fv protein (“dsFv”), and
a single-domain antibody (sdAb or nanobody, e.g., a camelid VHH) other portions of full
length antibodies sufficient for antigen binding, and combinations thereof.

A “heavy chain antibody” or “hcAb” refers to an antibody that contains two heavy
chain variable domains and no light chains. A “camelid antibody” or “camelid Ig” refers to
an hcAb isolated from a Camel, Alpaca, or Llama that consists of a homodimer of a heavy
chain variable domain (VHH) and CH2 and CH3 constant domains. A “single domain
antibody,” “sdAb,” or “nanobody” as used herein refers to an antibody fragment that contains
the smallest known antigen binding unit of the variable region of a heavy chain antibody,
e.g.,acamelid VHH. A “humanized VHH” refers to a single domain non-human VHH that
has undergone humanization to reduce potential immunogenicity of the antibody in human
recipients.

A “single-chain Fv” or “scFv” antibody fragment comprises the VH and VL domains
of an antibody, wherein these domains are present in a single polypeptide chain and in either
orientation (e.g., VL-VH or VH-VL). Generally, the scFv polypeptide further comprises a
polypeptide linker between the VH and VL domains which enables the scFv to form the
desired structure for antigen binding.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprises a heavy chain variable region (VH) comprising a CDRHI1, a CDRH2, and
a CDRH3 of an antibody or antigen binding fragment thereof set forth in Table 1; a
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polypeptide linker; and a light chain variable region (VL) comprising a CDRL1, a CDRL2,
and a CDRL3 of an antibody or antigen binding fragment thereof set forth in Table 1.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprises in either orientation (e.g., VL-linker-VH or VH-linker-VL): a VH that
comprises a CDRHI, a CDRH2, and a CDRH3 comprising the amino acid sequences set
forthin SEQ ID NOs: 12, 13, and 14, a polypeptide linker, and a VL that comprises a CDRL1,
aCDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 16,
17, and 18; a VH that comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino
acid sequences set forth in SEQ ID NOs: 22, 23, and 24, a polypeptide linker, and a VL that
comprises a CDRL1, a CDRL2, and a CDRL3 comprising the amino acid sequences set forth
in SEQ ID NOs: 26, 27, and 28; a VH that comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 32, 33, and 34, a polypeptide
linker, and a VL that comprises a CDRL1, a CDRL2, and a CDRL3 comprising the amino
acid sequences set forth in SEQ ID NOs: 36, 37, and 38; a VH that comprises a CDRHI, a
CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 42,
43, and 44, a polypeptide linker, and a VL that comprises a CDRL1, a CDRL2, and a CDRL3
comprising the amino acid sequences set forth in SEQ ID NOs: 46, 47, and 48; a VH that
comprises a CDRHI, a CDRH2, and a CDRH3 comprising the amino acid sequences set
forthin SEQ ID NOs: 52, 53, and 54, a polypeptide linker, and a VL that comprises aCDRL1,
aCDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 56,
57, and 58; a VH that comprises a CDRHI1, a CDRH2, and a CDRH3 comprising the amino
acid sequences set forth in SEQ ID NOs: 62, 63, and 64, a polypeptide linker, and a VL that
comprises a CDRLI, a CDRL2, and a CDRL3 comprising the amino acid sequences set forth
in SEQ ID NOs: 66, 67, and 68; a VH that comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 72, 73, and 74, a polypeptide
linker, and a VL that comprises a CDRL1, a CDRL2, and a CDRL3 comprising the amino
acid sequences set forth in SEQ ID NOs: 76, 77, and 78; a VH that comprises a CDRHI, a
CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 82,
83, and 84, a polypeptide linker, and a VL that comprises a CDRL1, aCDRL2, and a CDRL3
comprising the amino acid sequences set forth in SEQ ID NOs: 86, 87, and 88; and a VH that
comprises a CDRHI, a CDRH2, and a CDRH3 comprising the amino acid sequences set
forthin SEQ ID NOs: 92, 93, and 94, a polypeptide linker, and a VL that comprises a CDRL1,
a CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 96,
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97, and 98. In particular embodiments, the polypeptide linker is selected from the group
consisting of: (GGGGS), wherein n = 1, 2, 3, 4 or 5; GEGTSTGSGGSGGSGGAD,
GSTSGSGKPGSGEGSTKG and variants thereof comprising an amino acid sequence at
least 90% identical thereto.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprises in either orientation (e.g., VL-linker-VH or VH-linker-VL): a VH that
comprises the amino acid sequence set forth in SEQ ID NO: 11; a polypeptide linker; and a
VL that comprises the amino acid sequence set forth in SEQ ID NO: 15; wherein the
polypeptide linker is selected from the group consisting of: (GGGGS), whereinn =1, 2, 3,
4 or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprises in either orientation (e.g., VL-linker-VH or VH-linker-VL): a VH that
comprises the amino acid sequence set forth in SEQ ID NO: 21; a polypeptide linker; and a
VL that comprises the amino acid sequence set forth in SEQ ID NO: 25; wherein the
polypeptide linker is selected from the group consisting of: (GGGGS), whereinn =1, 2, 3,
4 or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprises in either orientation (e.g., VL-linker-VH or VH-linker-VL): a VH that
comprises the amino acid sequence set forth in SEQ ID NO: 31; a polypeptide linker; and a
VL that comprises the amino acid sequence set forth in SEQ ID NO: 35; wherein the
polypeptide linker is selected from the group consisting of: (GGGGS), whereinn=1, 2, 3,
4 or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprises in either orientation (e.g., VL-linker-VH or VH-linker-VL): a VH that
comprises the amino acid sequence set forth in SEQ ID NO: 41; a polypeptide linker; and a
VL that comprises the amino acid sequence set forth in SEQ ID NO: 45; wherein the
polypeptide linker is selected from the group consisting of: (GGGGS), whereinn =1, 2, 3,
4 or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof

comprising an amino acid sequence 95% identical thereto.
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In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprises in either orientation (e.g., VL-linker-VH or VH-linker-VL): a VH that
comprises the amino acid sequence set forth in SEQ ID NO: 51; a polypeptide linker; and a
VL that comprises the amino acid sequence set forth in SEQ ID NO: 55; wherein the
polypeptide linker is selected from the group consisting of: (GGGGS), whereinn =1, 2, 3,
4 or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprises in either orientation (e.g., VL-linker-VH or VH-linker-VL): a VH that
comprises the amino acid sequence set forth in SEQ ID NO: 61; a polypeptide linker; and a
VL that comprises the amino acid sequence set forth in SEQ ID NO: 65; wherein the
polypeptide linker is selected from the group consisting of: (GGGGS), whereinn=1, 2, 3,
4 or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprises in either orientation (e.g., VL-linker-VH or VH-linker-VL): a VH that
comprises the amino acid sequence set forth in SEQ ID NO: 71; a polypeptide linker; and a
VL that comprises the amino acid sequence set forth in SEQ ID NO: 75; wherein the
polypeptide linker is selected from the group consisting of: (GGGGS), whereinn =1, 2, 3,
4 or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprises in either orientation (e.g., VL-linker-VH or VH-linker-VL): a VH that
comprises the amino acid sequence set forth in SEQ ID NO: 81; a polypeptide linker; and a
VL that comprises the amino acid sequence set forth in SEQ ID NO: 85; wherein the
polypeptide linker is selected from the group consisting of: (GGGGS), whereinn =1, 2, 3,
4 or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprises in either orientation (e.g., VL-linker-VH or VH-linker-VL): a VH that
comprises the amino acid sequence set forth in SEQ ID NO: 91; a polypeptide linker; and a
VL that comprises the amino acid sequence set forth in SEQ ID NO: 95; wherein the
polypeptide linker is selected from the group consisting of: (GGGGS), whereinn=1, 2, 3,
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4 or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprises the amino acid sequence set forth in any one of SEQ ID NOs: 19, 20, 29,
30, 39, 40, 49, 50, 59, 60, 69, 70, 79, 80, 89, 90, 99, and 100 or an amino acid sequence with
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98 %, at least 99% identity thereto.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprises a VHH domain comprising a CDRHI1, a CDRH2, and a CDRH3 of an
antibody or antigen binding fragment thereof set forth in Table 1.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprises: a VHH domain that comprises a CDRHI1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 102, 103, and 104; a VHH
domain that comprises a CDRHI1, a CDRH2, and a CDRH3 comprising the amino acid
sequences set forth in SEQ ID NOs: 106, 107, and 108; a VHH domain that comprises a
CDRHI1, a CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID
NOs: 110, 111, and 112; a VHH domain that comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 114, 115, and 116; a VHH
domain that comprises a CDRHI1, a CDRH2, and a CDRH3 comprising the amino acid
sequences set forth in SEQ ID NOs: 118, 119, and 120; a VHH domain that comprises a
CDRHI, a CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID
NOs: 122, 123, and 124; a VHH domain that comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 126, 127, and 128; a VHH
domain that comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino acid
sequences set forth in SEQ ID NOs: 130, 131, and 132; a VHH domain that comprises a
CDRHI1, a CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID
NOs: 134, 135, and 136; a VHH domain that comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 138, 139, and 140; or a VHH
domain that comprises a CDRHI1, a CDRH2, and a CDRH3 comprising the amino acid
sequences set forth in SEQ ID NOs: 142, 143, and 144.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprises a VHH that comprises the amino acid sequence set forth in any one of SEQ

ID NOs: 101, 105, 109, 113, 117,121, 125, 129, 133, 137, and 141 or an amino acid sequence
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with at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% identity thereto.
Table 1

SEQ
AB ID ID ID AMINO ACID SEQUENCE
NO
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPG
11 VH KALEWLALIYWNDEKRYSPSLKSRLTITKDTSKNQVVLTMTNMD
PVDTAVYYCARDEYGGFDIWGQGTMVTVSS
12 CDRH1 TSGVGVG
13 CDRH2 LIYWNDEKRYSPSLKS
14 CDRH3 DEYGGFDI
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQAP
15 VL RLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYC
QORVVYPITFGGGTKVEIK
16 CDRL1 RASQSVSSYLA
17 CDRL2 DASNRAT
BOMA. 1 18 CDRL3 QORVVYPIT
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPG
KALEWLALIYWNDEKRYSPSLKSRLTITKDTSKNQVVLTMTNMD
19 sFv PVDTAVYYCARDEYGGFDIWGQGTMVTVSSGGGGSGGGGSGGGE
SGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQ
KPGQAPRLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPED
FAVYYCQORVVYPITFGGGTKVEIK
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQOAP
RLLIYDASNRATGIPARFSGSGSGTIDFTLTISSLEPEDFAVYYC
20 scFv QORVVYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQITLK
ESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEW
LALIYWNDEKRYSPSLKSRLTITKDTSKNQVVLTMTNMDPVDTA
VYYCARDEYGGFDIWGQGTMVTVSS
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPG
21 VH KALEWLALIYWNDDKRYSPSLKSRLTITKDTSKNQOVVLTMTNMD
PVDTAVYYCARDEYGGFDIWGQGTMVTVSS
22 CDRH1 TSGVGVG
23 CDRH2 LIYWNDDKRYSPSLKS
24 CDRH3 DEYGGFDI
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQOKPGQOAP
25 VL RLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYC
QORFDYPITFGGGTKVEIK
26 CDRL1 RASQSVSSYLA
27 CDRL2 DASNRAT
BCMA. 2 28 CDRL3 QQORFDYPIT
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPG
KALEWLALIYWNDDKRYSPSLKSRLTITKDTSKNQVVLTMTNMD
29 scFv PVDTAVYYCARDEYGGFDIWGQGTMVTVSSGGGGSGGGGSGGGG
SGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQ
KPGQAPRLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPED
FAVYYCQORFDYPITFGGGTKVEIK
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQOKPGQOAP
RLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYC
30 scFv QORFDYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQITLK
ESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEW
LALIYWNDDKRYSPSLKSRLTITKDTSKNQVVLTMTNMDPVDTA
VYYCARDEYGGFDIWGQGTMVTVSS
BCMA. 3 31 VEH OVOLVESGGGVVQPGRSLRLSCAASGF TFSSYGMHWVRQOAPGKG
LEWVAVISYEGSNKYYADSVKGRFTISRDNSKNTLYLOMNSLRA
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EDTAVYYCARELGDGMDVWGQGTTVTVSS
32 CDRH1 SYGMH
33 CDRH2 VISYEGSNKYYADSVKG
34 CDRH3 ELGDGMDV
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAP
35 VL RLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYC
QORVDLWTFGGGTKVEIK
36 CDRL1 RASQSVSSYLA
37 CDRL2 DASNRAT
38 CDRL3 QORVDLWT
QOVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQOAPGKG
LEWVAVISYEGSNKYYADSVKGRFTISRDNSKNTLYLOMNSLRA
39 scFv—ok | EDTAVYYCARELGDGMDVWGQGTTVIVSSGGGGSGGGGSGGGGS
GGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOK
PGQAPRLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPEDF
AVYYCQORVDLWTFGGGTKVEIK
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQOAP
RLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVYYC
0 ScFv QORVDLWTFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQVOLVE
SGGGVVQOPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAV
ISYEGSNKYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVY
YCARELGDGMDVWGQGTTVTVSS
EVQLVESGGGLVKPGGSLRLSCAASGFTF SDYYMSWIRQAPGKG
41 VH LEWVSYISSSGSTIYYADSVKGRFTISRDNAKNSLYLOMNSLRA
EDTAVYYCARDQGNYGVDVWGQGTTVTVSS
42 CDRH1 DYYMS
43 CDRH2 YISSSGSTIYYADSVKG
44 CDRH3 DOGNYGVDV
DIQMTQOSPSTLSASVGDRVTITCRASQSISSWLAWYQQOKPGKAP
45 VL KLLIYDASSLESGVPSRFSGSGSGTEFTLTISSLOPDDFATYYC
QOVSSLPPTFGGGTKVEIK
46 CDRL1 RASQSISSWLA
47 CDRL2 DASSLES
BCMA. 4 48 CDRL3 QQVSSLPPT
EVQLVESGGGLVKPGGSLRLSCAASGFTF SDYYMSWIRQAPGKG
LEWVSYISSSGSTIYYADSVKGRFTISRDNAKNSLYLOMNSLRA
49 scFv EDTAVYYCARDQGNYGVDVWGQGTTVTVSSGGGGSGGGGSGGGE
SGGGGSDIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQ
KPGKAPKLLIYDASSLESGVPSRFSGSGSGTEFTLTISSLOPDD
FATYYCQQVSSLPPTFGGGTKVEIK
DIQMTQOSPSTLSASVGDRVTITCRASQSISSWLAWYQQOKPGKAP
KLLIYDASSLESGVPSRFSGSGSGTEFTLTISSLOPDDFATYYC
50 scFv QOVSSLPPTFGGGTKVE IKGGGGSGGGGSGGGGSGEGGSEVQLY
ESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVS
YISSSGSTIYYADSVKGRFTISRDNAKNSLYLOMNSLRAEDTAV
YYCARDQGNYGVDVWGQGTTVTVSS
QVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKG
51 VH LEWVSYISSSGSTIYYADSVKGRFTISRDNAKNSLYLOMNSLRA
EDTAVYYCARDQGNYGVDVWGQGTTVTVSS
52 CDRH1 DYYMS
53 CDRH2 YISSSGSTIYYADSVKG
BCMA. 5 54 CDRH3 DQGNYGVDV
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQOKPGKAP
55 VL KLLIYEASSLESGVPSRFSGSGSGTEFTLTISSLOPDDFATYYC
QOSDSHPITFGGGTKVEIK
56 CDRL1 RASQSISSWLA
57 CDRL2 EASSLES
58 CDRL3 QQSDSHPIT
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OVOLVESGGGLVKPGGSLRLSCAASGFTF SDYYMSWIRQAPGKG
LEWVSYISSSGSTIYYADSVKGRFTISRDNAKNSLYLOMNSLRA
EDTAVYYCARDQGNYGVDVWGQGTTVTVSSGGGGSGGGGSGGGG
SGGGGSDIQOMTOSPSTLSASVGDRVTITCRASQSISSWLAWYQQ
KPGKAPKLLIYEASSLESGVPSRFSGSGSGTEFTLTISSLOPDD
FATYYCQQSDSHPITFGGGTKVEIK
DIQOMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAP
KLLIYEASSLESGVPSRFSGSGSGTEFTLTISSLOPDDFATYYC
QQSDSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQLY
ESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVS
YISSSGSTIYYADSVKGRFTISRDNAKNSLYLOMNSLRAEDTAV
YYCARDQGNYGVDVWGQGTTVTVSS
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKG
61 VH LEWVSYISSSGSTIYYADSVKGRFTISRDNAKNSLYLOMNSLRA
EDTAVYYCARDQGNYGVDVWGQGTTVTVSS

62 CDRH1 DYYMS

63 CDRH2 YISSSGSTIYYADSVKG

64 CDRH3 DQGNYGVDV
DIQOMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAP
65 VL KLLIYEASSLESGVPSRFSGSGSGTEFTLTISSLOPDDFATYYC
QOANSHPITFGGGTKVEIK

66 CDRL1 RASQSISSWLA

67 CDRL2 EASSLES

68 CDRL3 QQOANSHPIT
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKG
LEWVSYISSSGSTIYYADSVKGRFTISRDNAKNSLYLOMNSLRA
EDTAVYYCARDQGNYGVDVWGQGTTVTVSSGGGGSGGGGSGGGG
SGGGGSDIOMTQOSPSTLSASVGDRVTITCRASQSISSWLAWYQQ
KPGKAPKLLIYEASSLESGVPSRFSGSGSGTEFTLTISSLOPDD
FATYYCQQANSHPITFGGGTKVEIK
DIQOMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQOKPGKAP
KLLIYEASSLESGVPSRFSGSGSGTEFTLTISSLOPDDFATYYC
QQANSHP ITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQLV
ESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVS
YISSSGSTIYYADSVKGRFTISRDNAKNSLYLOMNSLRAEDTAV
YYCARDQGNYGVDVWGQGTTVTVSS
EVQLLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKG
71 VH LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLOMNSLRA
EDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSS

72 CDRH1 NYAMS

73 CDRH2 AISGSGGSTYYADSVKG

74 CDRH3 PGDGYYEGVYFDY
DIQOMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQOKPGKAP
75 VL KLLIYAASSLQSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYC
QQOAHSSPITFGGGTKVEIK

76 CDRL1 RASQSISSYLN

77 CDRL2 AASSLQS

BCMA.7 78 CDRL3 QOAHSSPIT
EVQOLLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKG
LEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLOMNSLRA
EDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSGGGGSGGGGS
GGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCRASQSISSYLN
WYQQOKPGKAPKLLIYAASSLOSGVPSRFSGSGSGTDFTLTISSL
QPEDFATYYCQQAHSSPITFGGGTKVEIK
DIQOMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAP
KLLIYAASSLQSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYC
80 scFv QQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQLL
ESGGGLVQPGGSLRLSCAASGFTF SNYAMSWVRQAPGKGLEWVS
AISGSGGSTYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAV

59 scFv-ok

60 scFv

BCMA. 6

69 scFv

70 scFv—-ok

79 scFv
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YYCARPGDGYYEGVYFDYWGQGTLVTVSS
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPG
81 VH KALEWLALIYWNDEKRYSPSLKSRLTITKDTSKNQVVLTMTNMD
PVDTAVYYCAREGSHDYKSSNWFDPWGQGTLVTVSS

82 CDRH1 TSGVGVG

83 CDRH2 LIYWNDEKRYSPSLKS

84 CDRH3 EGSHDYKSSNWEDP
DIQMTQSPSSLSASVGDRVTITCOASQODIANYLNWYQQOKPGKAP
85 VL KLLIYDASNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYC
QOHFNLPLTFGGGTKVEIK

86 CDRL1 OASQDIANYLN

87 CDRL2 DASNLET

88 CDRL3 QOHFNLPLTF
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPG
KALEWLALIYWNDEKRYSPSLKSRLTITKDTSKNQVVLTMTNMD
PVDTAVYYCAREGSHDYKSSNWFDPWGQGTLVTVSSGGGGSGGE
GSGGGGSGGGGSDIOMTQOSPSSLSASVGDRVTITCOASQODIANY
LNWYQOKPGKAPKLLIYDASNLETGVPSRFSGSGSGTDFTFTIS
SLOPEDIATYYCQQHFNLPLTFGGGTKVEIK
DIQMTQSPSSLSASVGDRVTITCOASQODIANYLNWYQOKPGKAP
KLLIYDASNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYC
QOHFNLPLTFGGGTKVEIKGGGGSGGGGSGGGGSGEGGSQITLK
ESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEW
LALIYWNDEKRYSPSLKSRLTITKDTSKNQVVLTMTNMDPVDTA
VYYCAREGSHDYKSSNWFDPWGQGTLVTVSS
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVRQAPGKG
91 VH LEWVSSISSSSSYIYYADSVKGRFTISRDNAKNSLYLOMNSLRA
EDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSS

92 CDRH1 SYSMN

93 CDRH2 SISSSSSYIYYADSVKG

94 CDRH3 AGDTYSAADYYYMDV
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLOK
95 VL PGQOSPQOLLIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDV
GVYYCMQOALGLITFGGGTKVEIK

96 CDRL1 RSSQOSLLHSNGYNYLD

97 CDRL2 LGSNRAS

98 CDRL3 MOALGLIT

EVQOLVESGGGLVKPGGSLRLSCAASGF TFSSYSMNWVRQAPGKG
LEWVSSISSSSSYIYYADSVKGRFTISRDNAKNSLYLOMNSLRA
EDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSGGG
GSGGGGSGGGGSDIVMTQOSPLSLPVTPGEPASISCRSSQSLLHS
NGYNYLDWYLOKPGQOSPQOLLIYLGSNRASGVPDRFSGSGSGTDF
TLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIK
DIVMTQSPLSLPVTPGEPASISCRSSQOSLLHSNGYNYLDWYLOK
PGQOSPQLLIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDV
GVYYCMQOALGLITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSE
VOLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGL
EWVSSISSSSSYIYYADSVKGRFTISRDNAKNSLYLOMNSLRAE
DTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSS
EVQOLLESGGGLVQPGGSLRLSCAASGF TFGSEAMSWVROAPGKE
101 | vHH-ok RELVSAISGSGEVTYYADSVKGRFTISRDNSKNTLYLOMNSLRA
EDTAVYYCORLVEAKRHWGQGTQVTVSS

102 | CDRH1 SEAMS

103 | CDRH2 ATISGSGEVTYYADSVKG

104 | CDRH3 LVEAKRH

EVQOLLESGGGLVQOPGGSLRLSCAASGF TFESEAMSWYRQAPGKE
BCMA.11 | 105 | VHH RELVSVITSEGSTYYADSVKGRFTISRDNSKNTLYLOMNSLRAE
DTAVYYCAHIEWETRLNWGQGTQVTVSS

BCMA.8

89 scFv

920 scFv-ok

BCMA.9

99 scFv

100 scFv

BCMA.10

34



WO 2025/072253 PCT/US2024/048295

106 CDRH1 SEAMS
107 CDRH2 VITSEGSTYYADSVKG
108 CDRH3 IEWETRLN
EVQLLESGGGLVQPGGSLRLSCAASGFTFDEYTMHWFRQAPGKE
109 VHH REFVSAISGGGSETYYADSVKGRFTISRDNSKNTLYLOMNSLRA
EDTAVYYCAAGGEEAGVGYWGQGTQVTVSS
BCMA.12 =996 [ cpral EYTME
111 CDRH2 AISGGGSETYYADSVKG
112 CDRH3 GGEEAGVGY
EVQLLESGGGLVQPGGSLRLSCAASGFTFEDYAMSWFRQAPGKE
113 VHH REGVSAISGKGGSTYYADSVKGRFTISRDNSKNTLYLOMNSLRA
EDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSS
BCMA.13
114 CDRH1 DYAMS
115 CDRH2 AISGKGGSTYYADSVKG
116 CDRH3 LDEEAGAEGGY
EVQLLESGGGLVQPGGSLRLSCAASGFTFDRYAMSWFRQAPGKE
117 VHH-ok REGVSAISTSGDSTYYADSVKGRFTISRDNSKNTLYLOMNSLRA
EDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSS
BCMA.14 =98 [ cpral RYAMS
119 CDRH2 AISTSGDSTYYADSVKG
120 CDRH3 LDEEAGAEGGY
EVQLLESGGGLVQPGGSLRLSCAASGFTFASDAMSWYRQAPGKE
121 VHH RELVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLOMNSLRA
EDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSS
BCMA.15
122 | CDREL SDAMS
123 CDRH2 AISGSGGSTYYADSVKG
124 CDRH3 HDSGEAYLAFDY
EVQLLESGGGLVQPGGSLRLSCAASGFTFDSYTMSWYRQAPGKE
125 VHH RELVSAISGHGDSTYYADSVKGRFTISRDNSKNTLYLOMNSLRA
EDTAVYYCTRISITTEWLAGDYWGQGTQVTVSS
BCMA.16 56 [ cpral SYTMS
127 CDRH2 AISGHGDSTYYADSVKG
128 CDRH3 ISITTEWLAGDY
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWFRQAPGKE
129 VHH REFVSFISGSGDSTYYADSVKGRFTISRDNSKNTLYLOMNSLRA
EDTAVYYCTRWPYDFEEPSEPGVYWGQGTQVTVSS
BCMA.17 930 | coral SYAMS
131 CDRH2 FISGSGDSTYYADSVKG
132 CDRH3 WPYDFEEPSEPGVY
EVQLLESGGGLVQPGGSLRLSCAASGFTFTDYDMSWYRQAPGKE
133 VHH RELVSVIHSGGSTYYADSVKGRFTISRDNSKNTLYLOMNSLRAE
DTAVYYCAPGYYSDLSFDYYNFDYWGQGTQVTVSS
BCMA.18 537 [ CoRAl DYDMS
135 CDRH2 VIHSGGSTYYADSVKG
136 CDRH3 GYYSDLSFDYYNFDY
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDYAMHWFRQAPGKE
137 VHH RVLVSSIDSGGSTYYADSVKGRFTISRDNSKNTLYLOMNSLRAE
DTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVTVSS
BCMA.19 138 CDRH1 DYAMH
139 CDRH2 SIDSGGSTYYADSVKG
140 CDRH3 GFKGDHPHPKDAFDI
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSEGMSWVRQAPGKE
141 VHH RELVSAISGSGDHTYYADSVRGRFTISRDNSKNTLYLOMNSLRA
EDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVTVSS
BCMA.20 > [ CcoRral SEGMS
143 CDRH2 AISGSGDHTYYADSVRG
144 CDRH3 LEGGPTTAIQPGGPDY
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In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprising an amino acid sequence set forth in Table 1 is conjugated to a cytotoxic
agent. In some embodiments, a cytotoxic agent is selected from the group consisting of: a
toxin, a radioisotope, an RNA polymerase II inhibitor and/or RNA polymerase I1I inhibitor,
and a DNA-damaging agent.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprising an amino acid sequence set forth in Table 1 is conjugated to a cytotoxic
agent that comprises a toxin. Illustrative examples of toxins contemplated in particular
embodiments include but are not limited to saporin, diphtheria toxin, pseudomonas exotoxin
A, Ricin A chain derivatives, a small molecule toxin, and combinations thereof.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprising an amino acid sequence set forth in Table 1 is conjugated to a cytotoxic
agent that comprises a radioisotope. Illustrative examples of radioisotopes contemplated in
particular embodiments include but are not limited to ', Y, 177Lu, '8Re, Cu, 2*Bi, >!!At,
and *'Ac.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprising an amino acid sequence set forth in Table 1 is conjugated to a cytotoxic
agent that comprises an RNA polymerase II and/or III inhibitor. Illustrative examples of
RNA polymerase II and/or III inhibitors contemplated in particular embodiments include but
are not limited to an amatoxin, including without limitation, a-amanitin, 3- amanitin, y-
amanitin, g-amanitin, amanin, amaninamide, amanullin, amanullinic acid and any functional
fragments, derivatives or analogs thereof.

In particular embodiments, an anti-BCMA antibody or antigen binding fragment
thereof comprising an amino acid sequence set forth in Table 1 is conjugated to a cytotoxic
agent that comprises a DNA-damaging agent. Illustrative examples of DNA-damaging
agents contemplated in particular embodiments include but are not limited to an antitubulin

agent, a DNA crosslinking agent, a DNA alkylating agent and a mitotic disrupting agent.

D. CHIMERIC ANTIGEN RECEPTORS

Chimeric antigen receptors (CARs) are fusion polypeptides that exploit antibody-
based specificity for a desired antigen (e.g., BCMA) to redirect immune effector cell
specificity, thereby triggering proliferation, cytokine production, phagocytosis or production

of molecules that can mediate cell death of the target antigen expressing cell in a major
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histocompatibility (MHC) independent manner. As used herein, the term “chimeric” refers
to a molecule that is composed of two or more polypeptides, or polynucleotides, of different
origins.

The present disclosure contemplates improved anti-BCMA CARs that are suitable
for in vivo modification, or ex vivo manufacture, of immune effector cells to redirect
cytotoxicity toward BCMA-expressing cells (e.g., B cells). In various embodiments, a CAR
comprises a binding domain comprising one or more antibodies or antigen binding fragments
thereof that binds to BCMA, a spacer domain, a transmembrane domain, and one or more
intracellular signaling domains. In particular embodiments, a CAR comprises an antibody
or antigen binding fragment thereof that binds to BCMA, a spacer domain, a transmembrane
domain, and a primary signaling domain. In particular embodiments, a CAR comprises an
antibody or antigen binding fragment thereof that binds to BCMA, a spacer domain, a
transmembrane domain, one or more costimulatory signaling domains, and a primary
signaling domain.

Tllustrative examples of chimeric antigen receptor polypeptides are set forth in SEQ
ID NOs: 165-860 and illustrative examples of polynucleotides encoding chimeric antigen
receptor polypeptides are set forth in SEQ ID NOs: 905-944.

1. BINDING DOMAINS

In particular embodiments, a CAR comprises an extracellular antigen binding
domain that comprises an antibody or antigen binding fragment thereof that specifically binds
to a human BCMA polypeptide. The term “binding domain” or “extracellular antigen
binding domain” are used interchangeably and refer to one or more antibodies or antigen
binding fragments thereof that bind BCMA. The binding domain may be derived either from
a natural, synthetic, semi-synthetic, or recombinant source.

In particular embodiments, a CAR comprises a binding domain that comprises one
or more single chain variable fragments (scFv) and/or VHH domains that bind BCMA. In
particular embodiments, a CAR comprises a binding domain that comprises one or more
scFvs that bind BCMA. In particular embodiments, a CAR comprises a binding domain that
comprises one or more VHH domains that bind BCMA.

In particular embodiments, a CAR comprises an anti-BCMA antibody or antigen
binding fragment thereof comprising a heavy chain variable region (VH) that comprises a

CDRHI, a CDRH2, and a CDRH3 of an antibody or antigen binding fragment thereof set
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forth in Table 1; a polypeptide linker; and a light chain variable region (VL) that comprises
a CDRL1, a CDRL2, and a CDRL3 of an antibody or antigen binding fragment thereof set
forth in Table 1; a spacer domain; a transmembrane domain; a costimulatory signaling
domain; and a primary signaling domain.

In particular embodiments, a CAR comprises an anti-BCMA antibody or antigen
binding fragment thereof in either orientation (e.g., VL-linker-VH or VH-linker-VL)
comprising a VH that comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino
acid sequences set forth in SEQ ID NOs: 12, 13, and 14; a polypeptide linker; and a VL that
comprises a CDRLI1, a CDRL2, and a CDRL3 comprising the amino acid sequences set forth
in SEQ ID NOs: 16, 17, and 18; a spacer domain; a transmembrane domain; a costimulatory
signaling domain; and a primary signaling domain. In particular embodiments, a CAR
comprises an anti-BCMA antibody or antigen binding fragment thereof in either orientation
(e.g., VL-linker-VH or VH-linker-VL) comprising a VH that comprises a CDRHI, a
CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 22,
23, and 24, a polypeptide linker, and a VL that comprises a CDRL1, a CDRL2, and a CDRL3
comprising the amino acid sequences set forth in SEQ ID NOs: 26, 27, and 28; a spacer
domain; a transmembrane domain; a costimulatory signaling domain; and a primary
signaling domain. In particular embodiments, a CAR comprises an anti-BCMA antibody or
antigen binding fragment thereof in either orientation (e.g., VL-linker-VH or VH-linker-VL)
comprising a VH that comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino
acid sequences set forth in SEQ ID NOs: 32, 33, and 34, a polypeptide linker, and a VL that
comprises a CDRL1, aCDRL2, and a CDRL3 comprising the amino acid sequences set forth
in SEQ ID NOs: 36, 37, and 38; a spacer domain; a transmembrane domain; a costimulatory
signaling domain; and a primary signaling domain. In particular embodiments, a CAR
comprises an anti-BCMA antibody or antigen binding fragment thereof in either orientation
(e.g., VL-linker-VH or VH-linker-VL) comprising a VH that comprises a CDRHI, a
CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 42,
43, and 44, a polypeptide linker, and a VL that comprises a CDRL1, a CDRL2, and a CDRL3
comprising the amino acid sequences set forth in SEQ ID NOs: 46, 47, and 48; a spacer
domain; a transmembrane domain; a costimulatory signaling domain; and a primary
signaling domain. In particular embodiments, a CAR comprises an anti-BCMA antibody or
antigen binding fragment thereof in either orientation (e.g., VL-linker-VH or VH-linker-VL)
comprising a VH that comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino
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acid sequences set forth in SEQ ID NOs: 52, 53, and 54, a polypeptide linker, and a VL that
comprises aCDRLI1, aCDRL2, and a CDRL3 comprising the amino acid sequences set forth
in SEQ ID NOs: 56, 57, and 58; a spacer domain; a transmembrane domain; a costimulatory
signaling domain; and a primary signaling domain. In particular preferred embodiments, a
CAR comprises an anti-BCMA antibody or antigen binding fragment thereof in either
orientation (e.g., VL-linker-VH or VH-linker-VL) comprising a VH that comprises a
CDRHI1, a CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID
NOs: 62, 63, and 64, a polypeptide linker, and a VL that comprises a CDRL1, a CDRL2, and
a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 66, 67, and 68; a
spacer domain; a transmembrane domain; a costimulatory signaling domain; and a primary
signaling domain. In particular embodiments, a CAR comprises an anti-BCMA antibody or
antigen binding fragment thereof in either orientation (e.g., VL-linker-VH or VH-linker-VL)
comprising a VH that comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino
acid sequences set forth in SEQ ID NOs: 72, 73, and 74, a polypeptide linker, and a VL that
comprises a CDRL1, aCDRL2, and a CDRL3 comprising the amino acid sequences set forth
in SEQ ID NOs: 76, 77, and 78; a spacer domain; a transmembrane domain; a costimulatory
signaling domain; and a primary signaling domain. In particular embodiments, a CAR
comprises an anti-BCMA antibody or antigen binding fragment thereof in either orientation
(e.g., VL-linker-VH or VH-linker-VL) comprising a VH that comprises a CDRHI, a
CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 82,
83, and 84, a polypeptide linker, and a VL that comprises a CDRL1, a CDRL2, and a CDRL3
comprising the amino acid sequences set forth in SEQ ID NOs: 86, 87, and 88; a spacer
domain; a transmembrane domain; a costimulatory signaling domain; and a primary
signaling domain. In particular embodiments, a CAR comprises an anti-BCMA antibody or
antigen binding fragment thereof in either orientation (e.g., VL-linker-VH or VH-linker-VL)
comprising a VH that comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino
acid sequences set forth in SEQ ID NOs: 92, 93, and 94, a polypeptide linker, and a VL that
comprises a CDRLI1, aCDRL2, and a CDRL3 comprising the amino acid sequences set forth
in SEQ ID NOs: 96, 97, and 98; a spacer domain; a transmembrane domain; a costimulatory
signaling domain; and a primary signaling domain. In particular embodiments, the
polypeptide linker is selected from the group consisting of: (GGGGS), whereinn=1, 2, 3,
4 or 5; GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof

comprising an amino acid sequence at least 90% identical thereto.
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In particular embodiments, a CAR comprises an anti-BCMA antibody or antigen
binding fragment thereof in either orientation (e.g., VL-linker-VH or VH-linker-VL)
comprising a VH that comprises the amino acid sequence set forth in SEQ ID NO: 11; a
polypeptide linker selected from the group consisting of: (GGGGS), whereinn =1, 2, 3, 4
or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto; a VL that comprises the amino
acid sequence set forth in SEQ ID NO: 15; a spacer domain; a transmembrane domain; a
costimulatory signaling domain; and a primary signaling domain.

In particular embodiments, a CAR comprises an anti-BCMA antibody or antigen
binding fragment thereof in either orientation (e.g., VL-linker-VH or VH-linker-VL)
comprising a VH that comprises the amino acid sequence set forth in SEQ ID NO: 21; a
polypeptide linker selected from the group consisting of: (GGGGS), whereinn =1, 2, 3, 4
or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto; and a VL that comprises the amino
acid sequence set forth in SEQ ID NO: 25; a spacer domain; a transmembrane domain; a
costimulatory signaling domain; and a primary signaling domain.

In particular embodiments, a CAR comprises an anti-BCMA antibody or antigen
binding fragment thereof in either orientation (e.g., VL-linker-VH or VH-linker-VL)
comprising a VH that comprises the amino acid sequence set forth in SEQ ID NO: 31; a
polypeptide linker selected from the group consisting of: (GGGGS), whereinn =1, 2, 3, 4
or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto; and a VL that comprises the amino
acid sequence set forth in SEQ ID NO: 335; a spacer domain; a transmembrane domain; a
costimulatory signaling domain; and a primary signaling domain.

In particular embodiments, a CAR comprises an anti-BCMA antibody or antigen
binding fragment thereof in either orientation (e.g., VL-linker-VH or VH-linker-VL)
comprising a VH that comprises the amino acid sequence set forth in SEQ ID NO: 41; a
polypeptide linker selected from the group consisting of: (GGGGS), whereinn =1, 2, 3, 4
or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto; and a VL that comprises the amino
acid sequence set forth in SEQ ID NO: 45; a spacer domain; a transmembrane domain; a

costimulatory signaling domain; and a primary signaling domain.
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In particular embodiments, a CAR comprises an anti-BCMA antibody or antigen
binding fragment thereof in either orientation (e.g., VL-linker-VH or VH-linker-VL)
comprising a VH that comprises the amino acid sequence set forth in SEQ ID NO: 51; a
polypeptide linker selected from the group consisting of: (GGGGS), whereinn =1, 2, 3, 4
or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto; and a VL that comprises the amino
acid sequence set forth in SEQ ID NO: 55; a spacer domain; a transmembrane domain; a
costimulatory signaling domain; and a primary signaling domain.

In particular embodiments, a CAR comprises an anti-BCMA antibody or antigen
binding fragment thereof in either orientation (e.g., VL-linker-VH or VH-linker-VL)
comprising a VH that comprises the amino acid sequence set forth in SEQ ID NO: 61; a
polypeptide linker selected from the group consisting of: (GGGGS), whereinn =1, 2, 3, 4
or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto; and a VL that comprises the amino
acid sequence set forth in SEQ ID NO: 65; a spacer domain; a transmembrane domain; a
costimulatory signaling domain; and a primary signaling domain.

In particular embodiments, a CAR comprises an anti-BCMA antibody or antigen
binding fragment thereof in either orientation (e.g., VL-linker-VH or VH-linker-VL)
comprising a VH that comprises the amino acid sequence set forth in SEQ ID NO: 71; a
polypeptide linker selected from the group consisting of: (GGGGS), whereinn =1, 2, 3, 4
or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto; and a VL that comprises the amino
acid sequence set forth in SEQ ID NO: 75; a spacer domain; a transmembrane domain; a
costimulatory signaling domain; and a primary signaling domain.

In particular embodiments, a CAR comprises an anti-BCMA antibody or antigen
binding fragment thereof in either orientation (e.g., VL-linker-VH or VH-linker-VL)
comprising a VH that comprises the amino acid sequence set forth in SEQ ID NO: 81; a
polypeptide linker selected from the group consisting of: (GGGGS), whereinn =1, 2, 3, 4
or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto; and a VL that comprises the amino
acid sequence set forth in SEQ ID NO: 85; a spacer domain; a transmembrane domain; a

costimulatory signaling domain; and a primary signaling domain.
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In particular embodiments, a CAR comprises an anti-BCMA antibody or antigen
binding fragment thereof in either orientation (e.g., VL-linker-VH or VH-linker-VL)
comprising a VH that comprises the amino acid sequence set forth in SEQ ID NO: 91; a
polypeptide linker selected from the group consisting of: (GGGGS), whereinn =1, 2, 3, 4
or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto; and a VL that comprises the amino
acid sequence set forth in SEQ ID NO: 95; a spacer domain; a transmembrane domain; a
costimulatory signaling domain; and a primary signaling domain.

In particular embodiments, a CAR comprises an anti-BCMA antibody or antigen
binding fragment thereof comprises the amino acid sequence set forth in any one of SEQ ID
NOs: 19, 20, 29, 30, 39, 40, 49, 50, 59, 60, 69, 70, 79, 80, 89, 90, 99, and 100 or an amino
acid sequence with at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% identity thereto; a
spacer domain; a transmembrane domain; a costimulatory signaling domain; and a primary
signaling domain.

In particular embodiments, a CAR comprises one or more VHH domains that bind
BCMA comprising a CDRH1, a CDRH2, and a CDRH3 of an antibody or antigen binding
fragment thereof set forth in Table 1; a spacer domain; a transmembrane domain; a
costimulatory signaling domain; and a primary signaling domain. In particular embodiments,
a CAR comprises a VHH domain that comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 102, 103, and 104; a spacer
domain; a transmembrane domain; a costimulatory signaling domain; and a primary
signaling domain. In particular embodiments, a CAR comprises a VHH domain that
comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino acid sequences set
forth in SEQ ID NOs: 106, 107, and 108; a spacer domain; a transmembrane domain; a
costimulatory signaling domain; and a primary signaling domain. In particular embodiments,
a CAR comprises a VHH domain that comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 110, 111, and 112; a spacer
domain; a transmembrane domain; a costimulatory signaling domain; and a primary
signaling domain. In particular embodiments, a CAR comprises a VHH domain that
comprises a CDRHI, a CDRH2, and a CDRH3 comprising the amino acid sequences set
forth in SEQ ID NOs: 114, 115, and 116; a spacer domain; a transmembrane domain; a

costimulatory signaling domain; and a primary signaling domain. In particular embodiments,
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a CAR comprises a VHH domain that comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 118, 119, and 120; a spacer
domain; a transmembrane domain; a costimulatory signaling domain; and a primary
signaling domain. In particular embodiments, a CAR comprises a VHH domain that
comprises a CDRHI, a CDRH2, and a CDRH3 comprising the amino acid sequences set
forth in SEQ ID NOs: 122, 123, and 124; a spacer domain; a transmembrane domain; a
costimulatory signaling domain; and a primary signaling domain. In particular embodiments,
a CAR comprises a VHH domain that comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 126, 127, and 128; a spacer
domain; a transmembrane domain; a costimulatory signaling domain; and a primary
signaling domain. In particular embodiments, a CAR comprises a VHH domain that
comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino acid sequences set
forth in SEQ ID NOs: 130, 131, and 132; a spacer domain; a transmembrane domain; a
costimulatory signaling domain; and a primary signaling domain. In particular embodiments,
a CAR comprises a VHH domain that comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 134, 135, and 136; a spacer
domain; a transmembrane domain; a costimulatory signaling domain; and a primary
signaling domain. In particular embodiments, a CAR comprises a VHH domain that
comprises a CDRHI, a CDRH2, and a CDRH3 comprising the amino acid sequences set
forth in SEQ ID NOs: 138, 139, and 140; a spacer domain; a transmembrane domain; a
costimulatory signaling domain; and a primary signaling domain. In particular embodiments,
a CAR comprises a VHH domain that comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 142, 143, and 144 a spacer
domain; a transmembrane domain; a costimulatory signaling domain; and a primary
signaling domain. In particular embodiments, a CAR comprises one or more VHH domains
set forth in SEQ ID NOs: 101, 105, 109, 113, 117, 121, 125, 129, 133, 137, and 141 or an
amino acid sequence with at least 85%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity
thereto; a spacer domain; a transmembrane domain; a costimulatory signaling domain; and a

primary signaling domain.
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2. SPACER DOMAIN

Chimeric antigen receptors contemplated herein comprise a spacer domain. A spacer
domain is disposed between the extracellular antigen binding domain and the transmembrane
domain of a CAR. A spacer domain plays a role in positioning the extracellular antigen
binding domain away from the effector cell surface to enable proper cell/cell contact, antigen
binding and activation. A spacer domain may be derived from a hinge domain or stalk
domain of a naturally occurring polypeptide or from a synthetic, semi-synthetic, or
recombinant source.

In particular embodiments, a CAR comprises a spacer domain comprising a hinge
and/or stalk domain isolated from CD4, CD7, CD8a, CD8p, CD28, CD134,CD137,CD152,
and CD278, or an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identity thereto. In particular embodiments, a CAR comprises a
spacer domain comprising a naturally occurring immunoglobin hinge region isolated from
1gGl, IgG2, 1gG3, or IgG4, optionally in combination with one or more heavy chain constant
regions, e.g., CH2 and/or CH3.

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in Table 1; a spacer domain
selected from the group consisting of: a CD4 hinge, a CD8p hinge, a CD8a hinge, a CD28
hinge, a CD134 hinge, a CD137 hinge, a CD152 hinge, a CD278 hinge, an IgG1 hinge, an
IgG2 hinge, an IgG3 hinge, and an IgG4 hinge; a transmembrane domain; one or more
costimulatory signaling domains; and a primary signaling domain.

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in Table 1; a spacer domain
comprising an amino acid sequence set forth in Table 2; a transmembrane domain; one or
more costimulatory signaling domains; and a primary signaling domain.

Table 2

SEQ ID | AMINO ACID SEQUENCE
NO:

145 TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD

146 IEVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKP

147 SGQVLLESNIKVLPTWSTPVQP

148 ESKYGPPCPPCP

149 ESKYGPPCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDG
VEVHNAKTKPREEQFQSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQP
REPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFF
LYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

150 LEPKSCDKTHTCPPCP
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In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in Table 1; a spacer domain
comprising an amino acid sequence set forth in any one of SEQ ID NOs: 145, 146, 147, 148,
149, and 150; a transmembrane domain; one or more costimulatory signaling domains; and

a primary signaling domain.

3. TRANSMEMBRANE DOMAIN

Chimeric antigen receptors contemplated herein comprise a transmembrane domain.
The transmembrane domain is a hydrophobic domain that fuses the extracellular and
intracellular portions of the CAR and anchors the CAR to the plasma membrane of the
immune effector cell. The transmembrane domain may be derived either from a natural,
synthetic, semi-synthetic, or recombinant source. In particular embodiments, the CAR
further comprises a short oligo- or polypeptide linker, preferably between 1, 2, 3,4, 5,6, 7,
8, 9, or 10 amino acids in length disposed between the transmembrane domain and the
intracellular domains of the CAR.

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in Table 1; a spacer domain; a
transmembrane domain isolated or derived from a polypeptide selected from the group
consisting of an alpha, beta, gamma, or delta chain of the T-cell receptor, CD38, CD3e,
CD3y, CD3(, CD4, CD5, CD8a, CD9, CD16, CD22, CD27, CD28, CD33, CD37, CD45,
CDo64, CDS80, CD86, CD134, CD137, CD152, CD154, CD278, amnionless (AMN), and
programmed cell death 1 (PDCD1); one or more costimulatory signaling domains; and a
primary signaling domain.

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in Table 1; a spacer domain; a
transmembrane domain comprising an amino acid sequence set forth in Table 3; one or more
costimulatory signaling domains; and a primary signaling domain.

Table 3

SEQ ID | AMINO ACID SEQUENCE
NO:

151 IYIWAPLAGTCGVLLLSLVITLYC

152 IISFFLALTSTALLFLLFFLTLRFSVV

153 FWVLVVVGGVLACYSLLVTVAFIIFWV

154 VAAILGLGLVLGLLGPLAILL

155 WLPIGCAAFVVVCILGCILICWL

156 VMSVATIVIVDICITGGLLLLVYYWS

157 MALIVLGGVAGLLLFIGLGIFF
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In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in Table 1; a spacer domain; a
transmembrane domain comprising an amino acid sequence set forth in any one of SEQ ID
NOs: 151, 152, 153, 154, 155, 156, and 157; one or more costimulatory signaling domains;

and a primary signaling domain.

4. INTRACELLULAR SIGNALING DOMAIN

Chimeric antigen receptors contemplated herein comprise on or more intracellular
signaling domains that function to transduce a signal of extracellular antigen recognition to
the interior of the immune effector cell and elicit one or more effector cell functions including
but not limited to activation, cytokine production, proliferation and cytotoxic activity. T cell
activation is mediated by two distinct classes of intracellular signaling domains: primary
signaling domains that initiate antigen-dependent primary activation through the TCR (e.g.,
a TCR/CD3 complex) and costimulatory signaling domains that act in an antigen-
independent manner to provide a secondary or costimulatory signal. The intracellular
primary signaling and costimulatory signaling domains may be linked in any order in tandem
to the carboxyl terminus of the transmembrane domain.

In particular embodiments a CAR comprises one or more intracellular signaling
domains that comprise one or more costimulatory signaling domains and a primary signaling
domain.

A primary signaling domain regulates primary activation of the TCR complex either
in a stimulatory way, or in an inhibitory way. Primary signaling domains that act in a
stimulatory manner may contain signaling motifs which are known as immunoreceptor
tyrosine-based activation motifs or ITAMs. Primary signaling domains comprising one or
more ITAMs may be obtained, isolated, or derived from FcRy, FcRp, CD3y, CD38, CD3e,
CD3t, CD22, CD79a, CD79b, and CD66d. In particular embodiments, a CAR comprises an
antibody or antigen binding fragment thereof comprising an amino acid sequence set forth in
Table 1; a spacer domain; a transmembrane domain; a primary signaling domain isolated
from a polypeptide selected from the group consisting of FcRy, FcRp, CD3y, CD36, CD3¢,
CD3t, CD22, CD79a, CD79b, and CD66d; and optionally, one or more co-stimulatory
signaling domains.

A costimulatory signaling domain provides a second signal required for efficient

activation and function of immune effector cells upon binding to antigen. Costimulatory
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signaling domains may be obtained, isolated, or derived from costimulatory molecules
selected from the group consisting of: TLR1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7,
TLRS8, TLRY, TLR10, CARDI11, CD2, CD7, CD27, CD28, CD30, CD40, ICAM, CD83,
CD9%4, CD134 (0X40), CD137 (4-1BB), CD278 (1COS), DAP10, LAT, SLP76, TRAT]I,
TNFR2, TNFRS14, TNFRS18, TNFRS25, and ZAP70.

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in Table 1; a spacer domain; a
transmembrane domain; a primary signaling domain isolated from a polypeptide selected
from the group consisting of FcRy, FcRB, CD3y, CD306, CD3e, CD3Z, CD22, CD79a,
CD79b, and CD66d; and optionally, one or more costimulatory signaling domains isolated
from a costimulatory molecule selected from the group consisting of: TLR1, TLR2, TLR3,
TLR4, TLRS, TLR6, TLR7, TLRS, TLRY, TLR10, CARDI11, CD2, CD7, CD27, CD28,
CD30, CD40, ICAM, CDS83, CD9%, CD134 (0X40), CD137 (4-1BB), CD278 (ICOS),
DAP10, LAT, SLP76, TRAT1, TNFR2, TNFRS14, TNFRS18, TNFRS25, and ZAP70.

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in Table 1; a spacer domain; a
transmembrane domain; a primary signaling domain and one or more costimulatory signaling

domains comprising an amino acid sequence set forth in Table 4.

Table 4
SEQ ID | DOMAIN AMINO ACID SEQUENCE
NO:
158 PRIMARY RVKFSRSADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKP
RRKNPQEGLYNELOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATK
DTYDALHMOALPPR
159 COSTIM KRGRKKLLYIFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCEL
160 COSTIM RSKRSRLLHSDYMNMTPRRPGPTRKHYQOP YAPPRDFAAYRS
161 COSTIM ALYLLRRDQRLPPDAHKPPGGGSFRTP IQEEQADAHSTLAKI
162 COSTIM TKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTL
163 COSTIM ORRKYRSNKGESPVEPAEPCHYSCPREEEGSTIPIQEDYRKPEPACSP
164 COSTIM KKKPLCLOREAKVPHLPADKARGTQGPEQQOHLLITAPSSSSSSLESSAS
ALDRRAPTRNQPQAPGVEASGAGEARASTGSSDSSPGGHGTQVNVTCIV
NVCSSSDHSSQCSSQASSTMGDTDSSPSESPKDEQVPFSKEECAFRSQOL
ETPETLLGSTEEKPLPLGVPDAGMKPS

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in Table 1; a spacer domain; a
transmembrane domain; one or more costimulatory domains comprising an amino acid
sequence set forth in any one of SEQ ID NOs: 159, 160, 161, 162, 163, and 164 or an amino

acid sequence at least 95% identical thereto; and a primary signaling domain comprising an
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amino acid sequence set forth in SEQ ID NO: 158 or an amino acid sequence at least 95%

identical thereto.

E. ILLUSTRATIVE CHIMERIC ANTIGEN RECEPTORS

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in Table 1; a spacer domain
comprising a hinge domain or fragment thereof selected from the group consisting of a CD4
hinge, a CD8p hinge, a CD8a hinge, a CD28 hinge, a CD134 hinge, a CD137 hinge, aCD152
hinge, a CD278 hinge, an IgG1 hinge, an IgG2 hinge, an IgG3 hinge, and an IgG4 hinge; a
transmembrane domain isolated or derived from a polypeptide selected from the group
consisting of an alpha, beta, gamma, or delta chain of the T-cell receptor, CD38, CD3e,
CD3y, CD3(, CD4, CD5, CD8a, CD9, CD16, CD22, CD27, CD28, CD33, CD37, CD45,
CDo64, CD80, CD86, CD134, CD137, CD152, CD154, CD278, AMN, and PDCD1; one or
more costimulatory signaling domains isolated from a costimulatory molecule selected from
the group consisting of: TLRI1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLRS, TLR9,
TLR10, CARD11, CD2, CD7, CD27, CD28, CD30, CD40, ICAM, CD83, CD%, CD134
(OX40), CD137 (4-1BB), CD278 (ICOS), DAP10, LAT, SLP76, TRAT1, TNFR2,
TNFRS14, TNFRS 18, TNFRS25, and ZAP70; and a primary signaling domain isolated from
CD3g, CD22, CD79a, CD79b, or CD66d.

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in Table 1; a spacer domain
comprising a hinge domain or fragment thereof selected from the group consisting of a
CD8a hinge, a CD28 hinge, an IgG1 hinge, and an IgG4 hinge; a CD8a or CD28
transmembrane domain; a CD134, CD137, or CD278 costimulatory domain; and a CD3{
primary signaling domain.

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 19 or SEQ ID
NO: 20; a spacer domain comprising an amino acid sequence set forth in SEQ ID NO: 145,
SEQ ID NO: 146, SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain
comprising an amino acid sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a
costimulatory domain comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ
ID NO: 160, or SEQ ID NO: 162; and a primary signaling domain comprising an amino acid
sequence set forth in SEQ ID NO: 158. In particular embodiments, a CAR comprises an
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amino acid sequence set forth in any one of SEQ ID NOs: 165, 166, 167, 168, 169, 170, 171,
172,173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, and 188. In

particular embodiments, a CAR comprises an amino acid sequence set forth in any one of
SEQ ID NOs: 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203,
5 204,205,206, 207, 208, 209, 210, 211, and 212

SEQ ID
NO.

AMINO ACID SEQUENCE

165

QOITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGGE
GGSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQOQORVVYPITFGGGTKVEIKTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIF
KQPFMRPVQTTQOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKD
TYDALHMQALPPR

166

QITLKESGPTLVKPTOQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVSSGGGGSGGGGSGG
GGSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORVVYPITFGGGTKVEIKTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAP LAGTCGVLLLSLVITLYCRSKRSRLLHSD
YMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOOGONQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR

167

QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL IYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCOQRVVYPITFGGGTKVEIKTTTPAPRPPTPAPTT
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHD
PNGE YMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYOOGONOLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
QALPPR

168

QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL IYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLL.IYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCOORVVYPITFGGGTKVEIKTTTPAPRPPTPAPTI
ASOPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLL
YIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONOLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMOALPPR

169

QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSGGGGSGGGGSGG
GGSGGGGSEIVLTOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORVVYPITFGGGTKVEIKTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVRSKRSRLL
HSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOGONQOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQEGLYNELOQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMOALPPR

170

QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL IYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQOORVVYPITFGGGTKVEIKTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVTKKKYSSS
VHDPNGE YMFMRAVNTAKKSRLTDVTLRVKE SRSADAPAYQQGONQLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE T GMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMOALPPR
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QITLKESGPTLVKPTQTLTLICTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLI.TYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQORVVYPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKOPFMR
PVQTTQOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT YDALH
MOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCOORVVYPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLESDYMNMTP
RRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOQGONOLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
QALPPR
QITLKESGPTLVKPTQTLTLICTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLL.TYDASNRATG
173 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQORVVYPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYM
FMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQGONQLYNELNLGRREE YDVLDKRRGRDPEMGG
KPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMQALPPR
QITLKESGPTLVKPTQTLTLICTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLL.TYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQORVVYPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKQP
FMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONQOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORVVYPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMN
MTPRRPGPTRKHYQPYAPPRDFAAYRSRVKEF SRSADAPAYQQGONOLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SETGMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMQALPPR
QITLKESGPTLVKPTQTLTLICTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQOAPRLL.TYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQORVVYPITFGGGTKVE IKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNG
EYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPE
MGGKPRRKNPQOEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMQAL
PPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
177 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORVVYPITFGGGTKVEIKESKYGPPCPPCPIYT
WAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRV
KFSRSADAPAYQQOGONQL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKM
AEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
178 GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORVVYP ITFGGGTKVEIKESKYGPPCPPCPIYT
WAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRSRVK
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FSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
179 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQOQORVVYPITFGGGTKVEIKESKYGPPCPPCPIYT
WAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKF SRSAD
APAYOQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSET
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL TYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
180 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQOQORVVYPITFGGGTKVE IKESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL.TYWNDEKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
181 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQORVVYPITFGGGTKVE IKESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRS
RVKFSRSADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQAT.PPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL ITYWNDEKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
182 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQORVVYPITFGGGTKVE IKESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKEFSR
SADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY
SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLL.TYDASNRATG
183 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORVVYPITFGGGTKVEIKLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC
ELRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQ
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQOAPRLL.TYDASNRATG
184 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORVVYPITFGGGTKVEIKLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD YMNMTPRRPGPTRKHYQOPYAPPRDFAAYR
SRVKFSRSADAPAYQOQOGONOLYNELNLGRREE YDVI.DKRRGRDPEMGGKPRRKNP QEGLYNELQK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
185 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORVVYPITFGGGTKVEIKLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFS
RSADAPAYQQGONOLYNE LNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
186 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORVVYPITFGGGTKVE IKLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKQPFMRPVQT TOEEDGCSCRFPEEEE
GGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

187 QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
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KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQOGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCOORVVYPITFGGGTKVEIKLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHESDYMNMTPRRPGP TRKHYQOPYAPPRDFA
AYRSRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL IYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
188 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORVVYPITFGGGTKVEIKLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRV
KFSRSADAPAYQQGONQL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOKDKM
AEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQORVVYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL I YWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSTTTPAPRPPTPAPTT
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIF
KQPFMRPVQTTOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPOEGLYNELQOKDKMAEA Y SETGMKGERRRGKGHDGLYQGLS TATKD
TYDALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQRVVYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL I YWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQOGTMVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD
YMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPA YOOGONQOLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORVVYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL I YWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHD
PNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOQOGONOLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSETIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEM
OALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQRVVYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL I YWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVKRGRKKLL
YIFKQPFMRPVQOTTOEEDGCSCRFPEEEEGGCELRVKEFSRSADAPAYOOGONQOLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQOKPGQAPRLILIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORVVYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL I YWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSTTTPAPRPPTPAPTT
ASQOPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVRSKRSRLL
HSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOGONOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQRVVYPITFGGGTKVEIKGGGGSGGGGSGCGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL I YWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVTKKKYSSS
VHDPNGE YMFMRAVNTAKKSRLTDVTLRVKEF SRSADAPAYOQGONOLYNELNLGRREEYDVLDKR
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RGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCOQRVVYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQOPFMR
PVQOTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOQOGONOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORVVYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL I YWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTP
RRPGPTRKHYQOPYAPPRDFAAYRSRVKFSRSADAPA YOOGONQOLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
OALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQRVVYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSLKSR
197 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYM
FMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGG
KPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQOKPGOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQRVVYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKQP
FMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORVVYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL I YWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMN
MTPRRPGPTRKHYQPYAPPRDFAAYRSRVKF SRSADAPAYQQOGONQOLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQOKPGOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCOQRVVYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNG
EYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOAL
PPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQOKPGOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORVVYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL I YWNDEKRYSPSLKSR
201 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQOGTMVTVSSESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQT TOEEDGC SCRFPEEEEGGCELRV
KFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATGIPARFSGS
202 GSGTDFTLTISSLEPEDFAVYYCQOQORVVYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL I YWNDEKRYSPSLKSR
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LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQOP YAPPRDFAAYRSRVK
FSRSADAPAYQQOGONOLYNELNLGRREEYDVI.DKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQORVVYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLATL T YWNDEKRYSPSLKSR
203 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVIVSSESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKF SRSAD
APAYOQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSET
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQRVVYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSLKSR
204 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTIVSSESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLYIFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQRVVYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDEKRYSPSLKSR
205 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAFI IFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRS
RVKFSRSADAPAYQQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQRVVYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDEKRYSPSLKSR
206 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVTKKKYSS SVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKESR
SADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY
SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQOKPGQAPRLLIYDASNRATGTIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORVVYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDEKRYSPSLKSR
207 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC
ELRVKFSRSADAPAYQQOGONQLYNE LNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQ
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDATLHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORVVYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL I YWNDEKRYSPSLKSR
208 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQOPYAPPRDFAAYR
SRVKFSRSADAPAYQOQOGONOLYNELNLGRREE YDVL.DKRRGRDPEMGGKPRRKNP QEGLYNELQOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT YDALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORVVYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL T YWNDEKRYSPSLKSR
209 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKES
RSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORVVYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAT T YWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLYIFKQOPFMRPVQTTQEEDGCSCRFPEEEE
GGCELRVKFSRSADAPAYQQGONOLYNELNLGRREE YDVI.DKRRGRDPEMGGKPRRKNPQEGLYN
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ELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

EIVLTOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQORVVYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSP SLKSR
211 LTITKDTSKNQVVLTMINMDPVDTAVYYCARDEYGGFDIWGQGTMVTIVSSLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFA
AYRSRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCOQRVVYPITFGGGTKVE IKGGGGSGGGGSGGEGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL I YWNDEKRYSPSLKSR
212 LTITKDTSKNQVVLTMINMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRV
KFSRSADAPAYQQOGONOL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 29 or SEQ ID
NO: 30; a spacer domain comprising an amino acid sequence set forth in SEQ ID NO: 145,
SEQ ID NO: 146, SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain
comprising an amino acid sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a
costimulatory domain comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ
ID NO: 160, or SEQ ID NO: 162; and a primary signaling domain comprising an amino acid
sequence set forth in SEQ ID NO: 158. In particular embodiments, a CAR comprises an
amino acid sequence set forth in any one of SEQ ID NOs: 213, 214, 215, 216, 217, 218, 219,
220,221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, and 236. In
particular embodiments, a CAR comprises an amino acid sequence set forth in any one of
SEQ ID NOs: 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251,
252,253, 254, 255, 256, 257, 258, 259, and 260

SEQ ID

NO AMINO ACID SEQUENCE

QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL IYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCOORFDYPITFGGGTKVEIKTTTPAPRPPTPAPTI
ASOPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIF
KQPFMRPVQTTQOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGONQLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR

213

QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORFDYPITFGGGTKVEIKTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD
YMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR

214

QITLKESGPTLVKPTOQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDDKRYSPSL

215 KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVSSGGGGSGGGGSGG
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GGSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCOQORFDYPITFGGGTKVEIKTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHD
PNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOOGONQLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEM
OALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL IYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORFDYPITFGGGTKVEIKTTTPAPRPPTPAPTT
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF I TFWVKRGRKKLL
YIFKQPFMRPVQOTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOOGONQLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL ITYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLL.IYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCOQORFDYPITFGGGTKVEIKTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVRSKRSRLL
HSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYOQOGONOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL IYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCOQRFDYPITFGGGTKVEIKTTTPAPRPPTPAPTT
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVTKKKYSSS
VHDPNGE YMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYOQGONOLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE T GMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL IYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCOQORFDYPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMR
PVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPOEGLYNELQOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL IYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCOORFDYPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHESDYMNMTP
RRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOQOGONOLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEM
OALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL IYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATG
221 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQOQORFDYPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYM
FMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGG
KPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL ITYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCOQORFDYPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKOP
FMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDK
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RRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORFDYPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFI IFWVRSKRSRLLHSDYMN
MTPRRPGPTRKHYQPYAPPRDFAAYRSRVKF SRSADAPAYQOQOGONQLYNELNLGRREE YDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMQALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDDKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLL.IYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQORFDYPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNG
EYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYQQGONOLYNELNLGRREE YDVL.DKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOAL
PPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
225 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORFDYPITFGGGTKVEIKESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCELRV
KFSRSADAPAYQQGONOL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL IYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
226 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORFDYPITFGGGTKVEIKESKYGPPCPPCPIYT
WAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVK
FSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL TYWNDDKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
227 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORFDYPITFGGGTKVEIKESKYGPPCPPCPIYT
WAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKEF SRSAD
APAYQOQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMAEAYSET
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL, TYWNDDKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
228 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORFDYPITFGGGTKVE IKESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLYIFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYQQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT YDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLL.IYDASNRATG
229 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQORFDYPITFGGGTKVE IKESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRS
RVKFSRSADAPAYQQGONOLYNELNL.GRREE YDVLDKRRGRDPEMGGKP RRKNPQOEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVSSGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQOAPRLL.TYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQORFDYPITFGGGTKVE IKESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVTKKKYSS SVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKFSR
SADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY
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SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLICTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLL.TYDASNRATG
231 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORFDYPITFGGGTKVE IKLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQOEEDGCSCRFPEEEEGGC
ELRVKFSRSADAPAYQQOGONQOLYNE LNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQ
KDKMAEA YSE IGMKGERRRGKGHDGLYQGLSTATKD TYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
232 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQORFDYPITFGGGTKVE IKLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYR
SRVKFSRSADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOK
DKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL IYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
233 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORFDYPITFGGGTKVE IKLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKES
RSADAPAYQOGONOLYNE LNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDDKRYSPSL
KSRLTITKDTSKNQVVLTMINMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
234 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORFDYPITFGGGTKVE IKLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKOPFMRPVQT TQEEDGCSCRFPEEEE
GGCELRVKFSRSADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALEMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL TYWNDDKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLLIYDASNRATG
235 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORFDYPITFGGGTKVEIKLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQP YAPPRDFA
AYRSRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSE T GMKGERRRGKGHDGLYQGLSTATKDTYDALEMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL TYWNDDKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCARDE YGGFDIWGQGTMVTVS SGGGGSGGGGSGG
GGSGGGGSEIVLTQOSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGOAPRLL.IYDASNRATG
236 IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORFDYPITFGGGTKVE IKLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRV
KFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOQOKPGQOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLATL T YWNDDKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQOGTMVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIF
KQPFMRPVQTTQOEEDGCS CRFPEEEEGGCELRVKFSRSADAPAYQQGONQOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS TATKD
TYDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDDKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQOGTMVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD
YMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKF SRSADAPA YOOGONQOLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAY SETGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR
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EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
ILKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAT, T YWNDDKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHD
PNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQOGONOLYNELNLGRREE YDVL.DKRRGR
DPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEM
OALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQORFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDDKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVKRGRKKLL
YIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONQOLYNELNLGRREE
YDVILDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAT, T YWNDDKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVRSKRSRLL
HSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOQOGONOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQOKDKMAEAY SEIGMKGERRRGKGEDGLYQGLSTAT
KDTYDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCOQRFDYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDDKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSS
VHDPNGE YMFMRAVNTAKKSRLTDVTLRVKEF SRSADAPAYQOGONQOLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMOQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
ILKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAT, T YWNDDKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMR
PVQTTQOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOQOGONOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQRFDYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDDKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRL.LHSDYMNMTP
RRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYOOGONQLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
OALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQORFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL I YWNDDKRYSPSLKSR
245 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYM
FMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQGONQLYNELNLGRREE YDVLDKRRGRDPEMGG
KPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQORFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAT, T YWNDDKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSIEVMYPPPYLDNEKS
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NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKQP
FMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQORFDYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAT, T YWNDDKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMN
MTPRRPGP TRKHYQPYAPPRDFAAYRSRVKF SRSADAPAYQQOGONQOLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQRFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDDKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNG
EYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYQOQGONOLYNELNLGRREE YDVLDKRRGRDPE
MGGKPRRKNPQOEGLYNELQKDKMAEAYSETIGMKGERRRGKGHDGLYQGLSTATKD TYDAT.HMOAL
PPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQORFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAT T YWNDDKRYSPSLKSR
249 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTIVSSESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQT TOEEDGCSCRFPEEEEGGCELRV
KFSRSADAPAYQQGONQL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQRFDYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDDKRYSPSLKSR
250 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTIVSSESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVK
FSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCOQRFDYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDDKRYSPSLKSR
251 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKF SRSAD
APAYQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMAEAYSET
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQORFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDDKRYSPSLKSR
252 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDDKRYSPSLKSR
253 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS
RVKFSRSADAPAYQQOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQAT.PPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL I YWNDDKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVS SESKYGPPCPPCPFWV
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LVVVGGVLACYSLLVTVAF I IFWVTKKKYSS SVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKESR
SADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY
SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQOKPGQAPRLILIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL I YWNDDKRYSPSLKSR
255 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC
ELRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQ
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMQOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQOKPGOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQORFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
ILKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLATL T YWNDDKRYSPSLKSR
256 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYQOPYAPPRDFAAYR
SRVKFSRSADAPAYQQOGONOLYNELNLGRREE YDVI.DKRRGRDPEMGGKPRRKNP QEGLYNELQOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQORFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAT T YWNDDKRYSPSLKSR
257 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKES
RSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQORFDYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDDKRYSPSLKSR
258 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLYIFKQPFMRPVQT TOQEEDGCSCRFPEEEE
GGCELRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQRFDYPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDDKRYSPSLKSR
259 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRL.LHSDYMNMTPRRPGP TRKHYQOPYAPPRDFA
AYRSRVKFSRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQRFDYPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDDKRYSPSLKSR
260 LTITKDTSKNQVVLTMTNMDPVDTAVYYCARDEYGGFDIWGQGTMVTVSSLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGEYMFMRAVNTAKK SRLTDVTLRV
KFSRSADAPAYQQGONOL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

In preferred embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 39; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid
sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in

SEQ ID NO: 158. In preferred embodiments, a CAR comprises an amino acid sequence set
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forth in any one of SEQ ID NOs: 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272,
273,274,275, 276, 277, 278, 279, 280, 281, 282, 283, and 284.

SEQ ID
NO.

AMINO ACID SEQUENCE

QOVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVI SYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGOGTTVTVS SGGGGSGGGGSGGG
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSY LAWFOOKPGOAPRLLIYDASNRATGI
PARFSGSGSGTDFTLTISSLEPEDFAVY YCQORVDLWTFGGGTKVE IKTTTPAPRPP TPAPTIAS
QOPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQ
PFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOQGONOLYNELNLGRREEYDVLD
KRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMOALPPR

OVOLVESGGGVVOPGRSLRLSCAASGF TFSSYGMHWVRQAPGKGLEWVAVISYEGSNKY YADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVS SGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFOOKPGOAPRLLIYDASNRATGI
PARFSGSGSGTDFTLTISSLEPEDFAVY YCOORVDLWTFGGGTKVE IKTTTPAPRPP TPAPTIAS
QOPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYM
NMTPRRPGP TRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SE IGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMOALPPR

OVOLVESGGGVVQPGRSLRLSCAASGF TFSSYGMHWVRQAPGKGLEWVAVI SYEGSNKY YADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGOGTTVTVS SGGGGSGGGGSGGG
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSY LAWFQOKPGOAPRLLIYDASNRATGI
PARFSGSGSGTDFTLTISSLEPEDFAVY YCQORVDLWTFGGGTKVE IKTTTPAPRPP TPAPTIAS
OPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPN
GEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOOGONQOLYNELNLGRREEYDVLDKRRGRDP
EMGGKPRRKNPQEGLYNELQKDKMAEAY SETGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOQA
LPPR

OVOLVESGGGVVQPGRSLRLSCAASGF TFSSYGMHWVRQAPGKGLEWVAVISYEGSNKY YADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVS SGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGT
PARFSGSGSGTDFTLTISSLEPEDFAVY YCOORVDLWTFGGGTKVE IKTTTPAPRPP TPAPTIAS
QOPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFI IFWVKRGRKKLLYT
FKQPFMRPVQTTQOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOOGONQOLYNELNLGRREEYD
VLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMOALPPR

OVOLVESGGGVVQPGRSLRLSCAASGF TFSSYGMHWVRQAPGKGLEWVAVI SYEGSNKY YADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGOGTTVTVS SGGGGSGGGGSGGG
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSY LAWFOOKPGOAPRLLIYDASNRATGI
PARFSGSGSGTDFTLTISSLEPEDFAVY YCQORVDLWTFGGGTKVE IKTTTPAPRPP TPAPTIAS
OPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFI IFWVRSKRSRLLHS
DYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOGONOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR

OVOLVESGGGVVQPGRSLRLSCAASGF TFSSYGMHWVRQAPGKGLEWVAVISYEGSNKY YADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVS SGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGT
PARFSGSGSGTDFTLTISSLEPEDFAVY YCOORVDLWTFGGGTKVE IKTTTPAPRPP TPAPTIAS
QOPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFI IFWVTKKKYSSSVH
DPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR

OVOLVESGGGVVQPGRSLRLSCAASGF TFSSYGMHWVRQAPGKGLEWVAVI SYEGSNKY YADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVS SGGGGSGGGGSGGE
267 GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFOOKPGOAPRLLIYDASNRATGI
PARFSGSGSGTDFTLTISSLEPEDFAVY YCOORVDLWTFGGGTKVE IKIEVMYPPPYLDNEKSNG
TIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPV
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OTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQOQGONOLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMO
ALPPR
QVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVI SYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVS SGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGI
PARFSGSGSGTDFTLTISSLEPEDFAVYYCQOORVDLWTFGGGTKVE IKIEVMYPPPYLDNEKSNG
TIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLESDYMNMTPRR
PGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOOGONQOLYNELNLGRREEYDVLDKRRGRDP
EMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGL YQGLS TATKDTYDALHMQA
LPPR
OVOLVESGGGVVQOPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVISYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGI
269 PARFSGSGSGTDFTLTISSLEPEDFAVYYCOORVDLWIFGGGTKVE IKIEVMYPPPYLDNEKSNG
TITHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFM
RAVNTAKKSRLTDVTLRVKEF SRSADAPAYQOGONQOLYNE LNLGRREEYDVLDKRRGRDPEMGGKP
RRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDT YDALHMOALPPR
QOVOLVESGGGVVQOPGRSLRLSCAASGFTFSSYGMHWVRQOAPGKGLEWVAVISYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVS SGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGI
PARFSGSGSGTDFTLTISSLEPEDFAVYYCOORVDLWTFGGGTKVE IKIEVMYPPPYLDNEKSNG
TIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFI IFWVKRGRKKLLY IFKQPFM
RPVOTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONQLYNELNLGRREE YDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDAL
HMQOALPPR
QOVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMEWVRQAPGKGLEWVAVISYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGT
PARFSGSGSGTDFTLTISSLEPEDFAVYYCQORVDLWIFGGGTKVE IKIEVMYPPPYLDNEKSNG
TIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMT
PRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQOGONQOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
QVOLVESGGGVVQOPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVISYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVS SGGGGSGGGGSGGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGI
PARFSGSGSGTDFTLTISSLEPEDFAVYYCOORVDLWTFGGGTKVE IKIEVMYPPPYLDNEKSNG
TITHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGEY
MFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMG
GKPRRKNPQEGLYNELOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPP
R
OVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMEWVRQAPGKGLEWVAVISYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGI
273 PARFSGSGSGTDFTLTISSLEPEDFAVYYCQORVDLWIFGGGTKVEIKESKYGPPCPPCPIYIWA
PLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKEF
SRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNE LOKDKMAE
AYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
OVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMEWVRQAPGKGLEWVAVISYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGT
274 PARFSGSGSGTIDFTLTISSLEPEDFAVYYCQOORVDLWIFGGGTKVEIKESKYGPPCPPCPIYIWA
PLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRP GPTRKHYQOP YAPPRDFAAYRSRVKFS
RSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
OVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHEWVRQAPGKGLEWVAVISYEGSNKYYADSVK
275 GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSGGGGSGGGGSGGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGT
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PARFSGSGSGTDFTLTISSLEPEDFAVYYCQOORVDLWIFGGGTKVEIKESKYGPPCPPCPIYIWA
PLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKFSRSADAP
AYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMAEAYSEIGM
KGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
OVOLVESGGGVVQOPGRSLRLSCAASGFTFSSYGMHEWVRQAPGKGLEWVAVISYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGT
276 PARFSGSGSGTIDFTLTISSLEPEDFAVYYCQOORVDLWIFGGGTKVE IKESKYGPPCPPCPFWVLY
VVGGVLACYSLLVTVAFIIFWVKRGRKKLLYIFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCELR
VKFSRSADAPAYQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDK
MAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
OVOLVESGGGVVQOPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVISYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGI
277 PARFSGSGSGTDFTLTISSLEPEDFAVYYCOORVDLWTFGGGTKVE IKESKYGPPCPPCPFWVLY
VVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQOP YAPPRDFAAYRSRV
KFSRSADAPAYQQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
QOVOLVESGGGVVQOPGRSLRLSCAASGFTFSSYGMHWVRQOAPGKGLEWVAVISYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVS SGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGI
278 PARFSGSGSGTDFTLTISSLEPEDFAVYYCOORVDLWTFGGGTKVE IKESKYGPPCPPCPFWVLY
VVGGVLACYSLLVTVAFITIFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKFSRSA
DAPAYQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP OEGLYNELOKDKMAEAY SE
IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QVOLVESGGGVVQOPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLEWVAVISYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVS SGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGI
279 PARFSGSGSGTDFTLTISSLEPEDFAVYYCOORVDLWTFGGGTKVE IKLEPKSCDKTHTCPPCPT
YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVOTTQEEDGCSCRFPEEEEGGCEL
RVKF SRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
QVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVI SYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVS SGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGI
280 PARFSGSGSGTDFTLTISSLEPEDFAVYYCOORVDLWTFGGGTKVE IKLEPKSCDKTHTCPPCPT
YIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSR
VKFSRSADAPAYQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPOEGL YNELOKDK
MAEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVI SYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVS SGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGI
281 PARFSGSGSGTDFTLTISSLEPEDFAVYYCOORVDLWIFGGGTKVE IKLEPKSCDKTHTCPPCPI
YIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKFSRS
ADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMAEAYS
EIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
OVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHEWVRQAPGKGLEWVAVISYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSGGGGSGGGGSGGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGT
282 PARFSGSGSGTDFTLTISSLEPEDFAVYYCOORVDLWIFGGGTKVE IKLEPKSCDKTHTCPPCPF
WVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVQTTQEEDGCSCRFPEEEEGG
CELRVKFSRSADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
OVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMEWVRQAPGKGLEWVAVISYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSGGGGSGGGGSGGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGT
PARFSGSGSGTDFTLTISSLEPEDFAVYYCOORVDLWIFGGGTKVE IKLEPKSCDKTHTCPPCPF
WVLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHSD YMNMTPRRP GP TRKHYQOP YAPPRDFAAY
RSRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVL.DKRRGRDPEMGGKPRRKNPQEGLYNELQ
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KDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
OVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMEWVRQAPGKGLEWVAVISYEGSNKYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSGGGGSGGGGSGGE
GSGGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGT
284 PARFSGSGSGTDFTLTISSLEPEDFAVYYCOORVDLWIFGGGTKVE IKLEPKSCDKTHTCPPCPF
WVLVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFE
SRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAE
AYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 40; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid
sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in
SEQ ID NO: 158. In particular embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 296,
297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, and 308.

SEQ ID
NO.

AMINO ACID SEQUENCE

EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQOVOL
VESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVSSTTTPAPRPPTPAPTIAS
QOPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQ
PFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOOGONQLYNELNLGRREEYDVLD
KRRGRDPEMGGKPRRKNP QEGLYNE LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVOL
VESGGGVVQPGRSLRLSCAASGFTF SSYGMHWVRQAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVSSTTTPAPRPPTPAPTIAS
QPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYM
NMTPRRP GPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQOVOL
VESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVSSTTTPAPRPPTPAPTIAS
QOPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPN
GEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQOGONQLYNELNLGRREEYDVLDKRRGRDP
EMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQA
LPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVOL
VESGGGVVQPGRSLRLSCAASGFTF SSYGMHWVROAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVSSTTTPAPRPPTPAPTIAS
QPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLYT
FKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQOGONQOLYNELNLGRREEYD
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VLDKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMAEAY SE IGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQRVDLWTFGGGTKVE IKGGGGSGGGGSGGGEGSGGGGSQVOL
VESGGGVVQPGRSLRLSCAASGFTF SSYGMHWVRQAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVSSTTTPAPRPPTPAPTIAS
QPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF I TFWVRSKRSRLLHS
DYMNMTPRRPGP TRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQOEGLYNELQOKDKMAEA Y SEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVOL
VESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVSSTTTPAPRPPTPAPTIAS
QOPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVH
DPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQOGONOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGL YNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCOQRVDLWTFGGGTKVE IKGGGGSGGGGSGGGEGSGGGGSQVOL
VESGGGVVQPGRSLRLSCAASGFTF SSYGMHWVRQAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVSS IEVMYPPPYLDNEKSNG
TITHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPV
QOTTQOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQOEGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLS TATKDTYDALHMO
ALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVOL
VESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVSSIEVMYPPPYLDNEKSNG
TIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLESDYMNMTPRR
PGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOQOGONOL YNELNLGRREEYDVLDKRRGRDP
EMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQA
LPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCOQORVDLWTFGGGTKVE IKGGGGSGGGGSGGGEGSGGGGSQVOL
VESGGGVVQPGRSLRLSCAASGFTF SSYGMHWVRQAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
293 ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVSS IEVMYPPPYLDNEKSNG
TITHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFM
RAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKP
RRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCOQRVDLWTFGGGTKVE IKGGGGSGGGGSGGGEGSGGGGSQVOL
VESGGGVVQOPGRSLRLSCAASGFTF SSYGMHWVRQAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVSSIEVMYPPPYLDNEKSNG
TITHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFI IFWVKRGRKKLLY IFKQPFM
RPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDAL
HMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQOVOL
VESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVIVSSIEVMYPPPYLDNEKSNG
TIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSD YMNMT
PRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOQOGONQOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCOQORVDLWTFGGGTKVE IKGGGGSGGGGSGGGEGSGGGGSQVOL
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VESGGGVVQPGRSLRLSCAASGFTF SSYGMHWVRQOAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVSS IEVMYPPPYLDNEKSNG
TITHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFI IFWVTKKKYS SSVHDPNGEY
MFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQOGONQLYNE LNLGRREE YDVLDKRRGRDPEMG
GKPRRKNPQEGLYNELQOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOQALPP
R
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQOVOL
VESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
297 ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVSSESKYGPPCPPCPIYIWA
PLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQOPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF
SRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAE
AYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQOVOL
VESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
298 ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSESKYGPPCPPCPIYIWA
PLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQOP YAPPRDFAAYRSRVKE'S
RSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVOL
VESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
299 ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVTVSSESKYGPPCPPCPIYIWA
PLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKF SRSADAP
AYQQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SETGM
KGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOQORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVOL
VESGGGVVQPGRSLRLSCAASGFTF SSYGMHWVRQAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
300 ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSESKYGPPCPPCPFWVLV
VVGGVLACYSLLVTVAFI IFWVKRGRKKLLY IFKOPFMRPVQTTOEEDGCSCRFPEEEEGGCELR
VKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDK
MAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCOQORVDLWTFGGGTKVE IKGGGGSGGGGSGGGEGSGGGGSQVOL
VESGGGVVQPGRSLRLSCAASGFTF SSYGMHWVRQAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
301 ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSESKYGPPCPPCPFWVLV
VVGGVLACYSLLVTVAFI IFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQOPYAPPRDFAAYRSRV
KFSRSADAPAYQQGONOL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVOL
VESGGGVVQOPGRSLRLSCAASGFTF SSYGMHWVRQAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
302 ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSESKYGPPCPPCPFWVLV
VVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGE YMFMRAVNTAKK SRLTDVTLRVKEF SRSA
DAPAYQQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMAEAYSE
IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQQORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVOL
VESGGGVVQOPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
303 ISRDNSKNTLYLOMNSLRAEDTAVY YCARELGDGMDVWGQGT TVTVSSLEPKSCDKTHTCPPCPT
YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCEL
RVKFSRSADAPAYQQOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQAT.PPR
EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVOL
VESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSLEPKSCDKTHTCPPCP T
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YIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQOP YAPPRDFAAYRSR
VKFSRSADAPAYQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDK
MAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLILIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVOL
VESGGGVVQOPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
305 ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGT TVTVSSLEPKSCDKTHTCPPCP T
YIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRS
ADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDP EMGGKPRRKNPOEGLYNELOKDKMAEAYS
EIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCOORVDLWTFGGGTKVE IKGGGGSGGGGSGGGEESGGGGSOVOL
VESGGGVVQOPGRSLRLSCAASGFTF SSYGMHWVROAPGKGLEWVAVISYEGSNKY YADSVKGRE'T
306 ISRDNSKNTLYLOMNSLRAEDTAVY YCARELGDGMDVWGQGT TVTVSSLEPKSCDKTHTCPPCPF
WVLVVVGGVLACY SLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRFPEEEEGG
CELRVKF SRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGQAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQOVOL
VESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQOAPGKGLEWVAVISYEGSNKYYADSVKGRET
307 ISRDNSKNTLYLOMNSLRAEDTAVY YCARELGDGMDVWGQGTTVTVSSLEPKSCDKTHTCPPCPF
WVLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQOP YAPPRDFAAY
RSRVKFSRSADAPAYQQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQ
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

EIVLTOSPATLSLSPGERATLSCRASQSVSSYLAWFQOKPGOAPRLLIYDASNRATGIPARFSGS
GSGTDFTLTISSLEPEDFAVYYCQOORVDLWTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVOL
VESGGGVVQPGRSLRLSCAASGFTF SSYGMHWVROAPGKGLEWVAVISYEGSNKYYADSVKGRET
308 ISRDNSKNTLYLOMNSLRAEDTAVYYCARELGDGMDVWGQGTTVIVSSLEPKSCDKTHTCPPCPF
WVLVVVGGVLACYSLLVTVAF ITFWVTKKKY SSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKF
SRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOQKDKMAE
AYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 49 or SEQ ID
NO: 50; a spacer domain comprising an amino acid sequence set forth in SEQ ID NO: 145,
SEQ ID NO: 146, SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain
comprising an amino acid sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a
costimulatory domain comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ
ID NO: 160, or SEQ ID NO: 162; and a primary signaling domain comprising an amino acid
sequence set forth in SEQ ID NO: 158. In particular embodiments, a CAR comprises an
amino acid sequence set forth in any one of SEQ ID NOs: 309, 310, 311, 312, 313, 314, 315,
316,317, 318, 319, 320, 321, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, and 332. In
particular embodiments, a CAR comprises an amino acid sequence set forth in any one of
SEQ ID NOs: 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347,
348, 349, 350, 351, 352, 353, 354, 355, and 356.

EQ ID
s NQO AMINO ACID SEQUENCE
309 EVQLVESGGGLVKPGGSLRLSCAASGF TFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSGGGGSGGGGSGG
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GGSGGGGSDIQMTQOSPSTLSASVGDRVTITCRASQOSISSWLAWYQOKPGKAPKLLIYDASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQVSSLPPTFGGGTKVEIKTTTPAPRPPTPAPTT
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIF
KQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOQOGONQLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMAEA Y SETGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQOGTTVTVS SGGGGSGGGGSGG
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLLIYDASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVEIKTTTPAPRPPTPAPTT
ASQOPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD
YMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPA YOOGONOLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SETGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR
EVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVS SGGGGSGGGGSGG
GGSGGGGSDIQMTQSPSTLSASVGDRVTITCRASQS ISSWLAWYQOKPGKAPKLLIYDASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQVSSLPPTFGGGTKVEIKTTTPAPRPPTPAPTT
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHD
PNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOOGONQLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEM
OALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQOGTTVTVS SGGGGSGGGGSGG
GGSGGGGSDIQOMTOSPSTLSASVGDRVTITCRASQOSISSWLAWYQOKPGKAPKLLIYDASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCOQVSSLPPTFGGGTKVEIKTTTPAPRPPTPAPTT
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVKRGRKKLL
YIFKQPFMRPVQOTTOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOOGONQLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMOALPPR
EVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVS SGGGGSGGGGSGG
GGSGGGGSDIQMTQSPSTLSASVGDRVTITCRASQS ISSWLAWYQOKPGKAPKLLIYDASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQVSSLPPTFGGGTKVEIKTTTPAPRPPTPAPTT
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVRSKRSRLL
HSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYOQOGONOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVS SGGGGSGGGGSGG
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQS ISSWLAWYQOKPGKAPKLLIYDASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCOQVSSLPPTFGGGTKVEIKTTTPAPRPPTPAPTT
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVTKKKYSSS
VHDPNGE YMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYOQGONOLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE I GMKGERRRGKGHDGLYQOGLSTATKDTYDA
LHMOALPPR
EVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVS SGGGGSGGGGSGG
GGSGGGGSDIQMTQSPSTLSASVGDRVTITCRASQS ISSWLAWYQOKPGKAPKLLIYDASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQVSSLPPTFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMR
PVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELQOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVS SGGGGSGGGGSGG
316 GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQS ISSWLAWYQOKPGKAPKLLIYDASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCOQVSSLPPTFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHESDYMNMTP
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RRPGPTRKHYQPYAPPRDFAAYRSRVKF SRSADAPA YOOGONOLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEM
QALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQS ISSWLAWYQOKPGKAPKLLIYDASSLESG
317 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVEIKIEVMYPPPYL.DNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYM
FMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQOGONQOLYNELNLGRREE YDVI.DKRRGRDPEMGG
KPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMQALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTQOSPSTLSASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLL.IYDASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKQP
FMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLLIYDASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFI IFWVRSKRSRLLHSDYMN
MTPRRPGPTRKHYQPYAPPRDFAAYRSRVKF SRSADAPAYQOGONOLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMOALPPR
EVQOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTL.SASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLLIYDASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNG
EYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOAL
PPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQOGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLLIYDASSLESG
321 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVEIKESKYGPPCPPCPIYT
WAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCELRV
KFSRSADAPAYQOQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVS SGGGGSGGGGSGG
GGSGGGGSDIQOMTOSPSTLSASVGDRVTITCRASQOSISSWLAWYQOKPGKAPKLLIYDASSLESG
322 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVE IKESKYGPPCPPCPIYT
WAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRSRVK
FSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLLIYDASSLESG
323 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVEIKESKYGPPCPPCPTIYT
WAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKE SRSAD
APAYOOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSET
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLLIYDASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVE IKESKYGPPCPPCPFWV
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LVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQS ISSWLAWYQOKPGKAPKLLIYDASSLESG
325 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVE IKESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS
RVKFSRSADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTQOSPSTLSASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLL.IYDASSLESG
326 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVE IKESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVTKKKYSS SVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKFSR
SADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY
SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTF SDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGGE
GGSGGGGSDIQOMTOSPSTL.SASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLL.IYDASSLESG
327 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVEIKLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC
ELRVKFSRSADAPAYQQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQ
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIOMTQSPSTLSASVGDRVTITCRASQS ISSWLAWYQQOKPGKAPKLLIYDASSLESG
328 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVE IKLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYQOPYAPPRDFAAYR
SRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOSISSWLAWYQOKPGKAPKLLIYDASSLESG
329 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVE IKLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKK SRL.TDVTLRVKFS
RSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGEGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOSISSWLAWYQOKPGKAPKLLIYDASSLESG
330 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVE IKLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVQTTQEEDGCSCRFPEEEE
GGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOSISSWLAWYQOKPGKAPKLLIYDASSLESG
331 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVEIKLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLESDYMNMTPRRPGP TRKHYQPYAPPRDFA
AYRSRVKFSRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQS ISSWLAWYQOKPGKAPKLLIYDASSLESG
332 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOVSSLPPTFGGGTKVEIKLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGE YMFMRAVNTAKK SRLTDVTLRV
KFSRSADAPAYQQGONQL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOKDKM
AEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
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DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVHWGQGTTVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIF
KQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONQLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEA Y SEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD
YMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPA YOQGONOLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHEMQALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVHWGQGTTVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHD
PNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQOGONOLYNELNLGRREE YDVL.DKRRGR
DPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEM
QOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVKRGRKKLL
YIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONQOLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVS STTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVRSKRSRLL
HSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYOQOGONOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQOKDKMAEAY SEIGMKGERRRGKGEDGLYQGLSTAT
KDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSTTTPAPRPPTPAPTI
ASQPIL.SLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVTKKKYSSS
VHDPNGE YMFMRAVNTAKKSRLTDVTLRVKEF SRSADAPAYQQOGONQLYNELNLGRREE YDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYDA
LEMQOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMR
PVQTTQOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGL YNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
340 GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVE IKGGGGSGGGGSGGEGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
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TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVIVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHESDYMNMTP
RRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
QALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
341 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYM
FMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGG
KPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS TATKD TYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKQP
FMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVIVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMN
MTPRRPGPTRKHYQPYAPPRDFAAYRSRVKF SRSADAPAYQQGONQLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMQALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNG
EYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMOQAL
PPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
345 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVHWGQGTTVTVS SESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRV
KFSRSADAPAYQQOGONQL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRF
346 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVHWGQGTTVTVS SESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRSRVK
FSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
347 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVS SESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKE SRSAD
APAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMAEAYSET
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSEVQ
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LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQOGTTVIVSSESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQK
DKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
349 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVS SESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRS
RVKFSRSADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
350 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVS SESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKFSR
SADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMAEAY
SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
351 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVS SLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC
ELRVKFSRSADAPAYQQGONQOLYNE LNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQ
KDKMAEAYSETIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
352 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVS SLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYR
SRVKFSRSADAPAYQQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOK
DKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
353 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQOGTTVTVS SLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKES
RSADAPAYQQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRF
354 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQOGTTVTVS SLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKOPFMRPVQT TQEEDGCSCRFPEEEE
GGCELRVKF SRSADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
355 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQOGTTVTVS SLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQP YAPPRDFA
AYRSRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYDASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQVSSLPP TFGGGTKVE IKGGGGSGGGGSGGGGSGGEGGSEVQ
356 LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVSSLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHEDPNGEYMFMRAVNTAKKSRLTDVTLRV
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KFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

In preferred embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 59; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid
sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in
SEQ ID NO: 158. In preferred embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 357, 358, 359, 360, 361, 362,363, 364, 365, 366, 367, 368,
369, 370371, 372, 373, 374, 375, 376, 377, 378, 379, and 380.

SEQ ID
NO.

AMINO ACID SEQUENCE

OVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSGGGGSGGGGSGG
GGSGGGGSDIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCOQOSDSHP ITFGGGTKVEIKTTTPAPRPPTPAPTT
ASOPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IF
KQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONQOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPOEGLYNELQOKDKMAEAY SE IGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR
QVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGOGTTVTVSSGGGGSGGGGSGG
GGSGGGGSDIQOMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOOSDSHPITFGGGTKVEIKTTTPAPRPPTPAPTT
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD
YMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKF SRSADAPAYQOGONOLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSE T GMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR
OVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSGGGGSGGGGSGG
GGSGGGGSDIQMTQSPSTLSASVGDRVT ITCRASQSTSSWLAWYQQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCOQOSDSHP ITFGGGTKVEIKTTTPAPRPPTPAPTT
ASOPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHD
PNGEYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGR
DPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SETGMKGERRRGKGHDGLYQOGLSTATKDTYDALHEM
OALPPR
QVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGOGTTVTVSSGGGGSGGGGSGG
GGSGGGGSDIQOMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOOSDSHPITFGGGTKVEIKTTTPAPRPPTPAPTT
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF I TFWVKRGRKKLL
YIFKQPFMRPVQOTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOOGONQOLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEA YSEIGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMOALPPR
QOVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSGGGGSGGGGSGG
GGSGGGGSDIQMTQSPSTLSASVGDRVT ITCRASQSTSSWLAWYQOKPGKAPKLL.IYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCOQOSDSHP ITFGGGTKVEIKTTTPAPRPPTPAPTT
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ASQOPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLL
HSDYMNMTPRRPGPTRKHYQOP YAPPRDFAAYRSRVKFSRSADAPAYQQOGONOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMOALPPR
OVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSGGGGSGGGGSGG
GGSGGGGSDIQOMTQOSPSTLSASVGDRVT ITCRASQSTSSWLAWYQOKPGKAPKLL.IYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQSDSHPITFGGGTKVEIKTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSS
VHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMOALPPR
QVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQOGTTVTVSSGGGGSGGGGSGG
GGSGGGGSDIQOMTQOSPSTLSASVGDRVT ITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQSDSHPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMR
PVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
OVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGOGTTVTVSSGGGGSGGGGSGG
GGSGGGGSDIQOMTQOSPSTLSASVGDRVT ITCRASQOSTSSWLAWYQOQOKPGKAPKLL.IYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQSDSHPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTP
RRPGPTRKHYQPYAPPRDFAAYRSRVKF SRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
OALPPR
QVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQOGTTVTVSSGGGGSGGGGSGG
GGSGGGGSDIQMTQOSPSTLSASVGDRVT ITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESG
365 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQSDSHPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYM
FMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGG
KPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOATPPR
QVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGOGTTVTVSSGGGGSGGGGSGG
GGSGGGGSDIQMTOSPSTLSASVGDRVT ITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQSDSHPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKQP
FMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOOGONQOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS TATKDTYD
ALHMQALPPR

OVOLVESGGGLVKPGGSLRLSCAASGFTFSDY YMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSGGGGSGGGGSGG
GGSGGGGSDIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOSDSHPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMN
MTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMOALPPR
QVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGOGTTVTVSSGGGGSGGGGSGG
GGSGGGGSDIQMTQOSPSTLSASVGDRVT ITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQSDSHPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNG
EYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQAL
PPR
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OVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGOGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQOMTOSPSTLSASVGDRVT ITCRASQST SSWLAWYQOQOKPGKAPKLL.IYEASSLESG
369 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCOQSDSHP ITFGGGTKVEIKESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVOTTOEEDGCSCRFPEEEEGGCELRV
KFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
OVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSGGGGSGGGGSGGE
GGSGGGGSDIQMTQSPSTLSASVGDRVT ITCRASQSISSWLAWYQQOKPGKAPKLLIYEASSLESG
370 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCOQSDSHP ITFGGGTKVE IKESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVK
FSRSADAPAYQQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKP RRKNP QEGLYNELQOKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
OVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTQSPSTLSASVGDRVT ITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESG
371 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCOQSDSHPITFGGGTKVE IKESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSAD
APAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSET
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
OVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTQOSPSTLSASVGDRVT ITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESG
372 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCOQSDSHP ITFGGGTKVE IKESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQK
DKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTQOSPSTLSASVGDRVT ITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESG
373 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQOSDSHP ITFGGGTKVEIKESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRS
RVKF SRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKD
KMAEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
QOVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVT ITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESG
374 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOSDSHP I TFGGGTKVEIKESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGE YMFMRAVNTAKK SRLTDVTLRVKE SR
SADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY
SEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMOALPPR
OVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQOMTOSPSTLSASVGDRVT ITCRASQSISSWLAWYQOOKPGKAPKLLIYEASSLESG
375 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQSDSHP ITFGGGTKVE IKLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC
ELRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVL.DKRRGRDPEMGGKPRRKNPQEGLYNELQ
KDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
QOVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVHWGOGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQOMTOSPSTLSASVGDRVT ITCRASQST SSWLAWYQOOKPGKAPKLL.IYEASSLESG
376 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCOQSDSHP ITFGGGTKVEIKLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQOPYAPPRDFAAYR
SRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVI.DKRRGRDPEMGGKPRRKNPQEGLYNELQK
DKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
OVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
377 GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSGGGGSGGGGSGGE
GGSGGGGSDIQOMTQOSPSTLSASVGDRVT ITCRASQOSTSSWLAWYQQOKPGKAPKLLIYEASSLESG

77



WO 2025/072253 PCT/US2024/048295

VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQSDSHP ITFGGGTKVEIKLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKES
RSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQOKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
OVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQOMTQOSPSTLSASVGDRVT ITCRASQSTSSWLAWYQOKPGKAPKLL.IYEASSLESG
378 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCOQSDSHP ITFGGGTKVE IKLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQOPFMRPVQTTQEEDGCSCRFPEEEE
GGCELRVKFSRSADAPAYQQOGONQOLYNELNLGRREEYDVI.DKRRGRDPEMGGKPRRKNPQEGL YN
ELOKDKMAEA YSEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMOALPPR
OVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVHWGOGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTQSPSTLSASVGDRVT ITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESG
379 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQSDSHP I TFGGGTKVE IKLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSD YMNMTPRRPGP TRKHYQP YAPPRDFA
AYRSRVKFSRSADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT YDALHMOALPPR
OVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVHWGOGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTQOSPSTLSASVGDRVT ITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESG
380 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQSDSHP I TFGGGTKVE IKLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRV
KFSRSADAPA YOOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 60; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid

5 sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in
SEQ ID NO: 158. In particular embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392,

10 393,394, 395, 396, 397, 398, 399, 400, 401, 402, 403, and 404.

SEI:‘IQO D AMINO ACID SEQUENCE
DIOMTQOSPSTLSASVGDRVIITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQOSDSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQ
LVESGGGLVKPGGSLRLSCAASGF TFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRF

381 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQGTTVIVSSTTTPAPRPPTPAPTI

ASOPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIF
KQPFMRPVQTTQOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONQOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR

DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQOSDSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSOVO
382 LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD
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YMNMTPRRPGP TRKHYQP YAPPRDFAAYRSRVKFSRSADAPA YOOGONQOLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQSDSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQOVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGOGTTVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHD
PNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQOGONOLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDATLHM
OALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQOQSDSHPITFGGGTKVEIKGGGGSGGGGSGEGESGGGGSOVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRF
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVKRGRKKLL
YIFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOOGONQLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQSDSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQOVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGOGTTVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVRSKRSRLL
HSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOGONOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE T GMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQOQSDSHP I TFGGGTKVEIKGGGGSGGGGSGEGESGGGGSOVY
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRF
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVTKKKYSSS
VHDPNGE YMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYOQGONOLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SE T GMKGERRRGKGHDGLYQGLSTATKDTYDA
LEMQOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSTSSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQSDSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQOVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGOGTTVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMR
PVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQSDSHPITFGGGTKVEIKGGGGSGGGGSGCGESGGGGSOVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTP
RRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOOGONQLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEM
OALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSTSSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQOSDSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQOVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
389 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGOGTTVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYM
FMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGG
KPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQOGLSTATKDTYDALHEMOALPPR
390 DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQOKPGKAPKLLIYEASSLESGVPSRFSGS
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GSGTEFTLTISSLOPDDFATYYCQQOSDSHP ITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQOVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKQP
FMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQOQSDSHPITFGGGTKVEIKGGGGSGGGGSGEGESGGGGSQVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVIVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMN
MTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMQOALPPR
DIQMTQOSPSTLSASVGDRVTITCRASQSTSSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQOQOSDSHP ITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSOVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNG
EYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYOQGONOLYNELNLGRREE YDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMQAL
PPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQSDSHPITFGGGTKVEIKGGGGSGGGGSGCGESGGGGSOVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
393 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVIVSSESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRV
KFSRSADAPAYQQGONQL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQOQSDSHPITFGGGTKVEIKGGGGSGGGGSGEGESGGGGSOVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRF
394 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVIVSSESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRSRVK
FSRSADAPAYQQOGONOLYNELNLGRREEYDVL.DKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQSDSHP ITFGGGTKVEIKGGGGSGGGGSGEGESGGGGSOVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRF
395 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVIVSSESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKE SRSAD
APAYQOOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSET
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQOSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQSDSHPITFGGGTKVE IKGGGGSGCGGGSGGEGSGGEGGSQVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
396 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVSSESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLYIFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOK
DKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSTSSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQOSDSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQOVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
397 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVSSESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRS
RVKFSRSADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKD
KMAEAYSETIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

398 DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQOKPGKAPKLLIYEASSLESGVPSRFSGS
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GSGTEFTLTISSLOPDDFATYYCQQSDSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVS SESKYGPPCPPCPFHV
LVVVGGVLACYSLLVTVAF I IFWVTKKKYSS SVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKESR
SADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY
SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLILIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQSDSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGREF
399 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVSSLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC
ELRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQ
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMQOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQSDSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
400 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVS SLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYQOPYAPPRDFAAYR
SRVKFSRSADAPAYQQOGONOLYNELNLGRREE YDVI.DKRRGRDPEMGGKPRRKNP QEGLYNELQK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQSDSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
401 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVS SLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKES
RSADAPAYQQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQSDSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSOVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
402 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQOGTTVTVS SLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLYIFKQOPFMRPVQT TQEEDGCSCRFPEEEE
GGCELRVKF SRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQSDSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGEGGSQVO
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
403 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQOGTTVTVS SLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFA
AYRSRVKFSRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQOSDSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
404 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGOGTTVTVS SLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGEYMFMRAVNTAKK SRLTDVTLRV
KFSRSADAPAYQOQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKM
AEAYSETIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 69; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid
sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
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ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in

SEQ ID NO: 158. In particular embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 405, 406, 407, 408, 409, 410, 411, 412,413, 414, 415, 416,
417,418, 419, 420, 421, 422, 423, 424, 425, 426, 427, and 428.

SEQ ID
NO.

AMINO ACID SEQUENCE

405

EVQLVESGGGLVKPGGSLRLSCAASGFTF SDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQS ISSWLAWYQQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSHPITFGGGTKVEIKTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIF
KQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONQLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEA Y SEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR

406

EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGOGTTVTVS SGGGGSGGGGSGE
GGSGGGGSDIQOMTOSPSTLSASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCOQANSHP ITFGGGTKVEIKTTTPAPRPPTPAPTT
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD
YMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPA YOOGONOLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMOALPPR

407

EVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQOGTTVTVS SGGGGSGGGGSGG
GGSGGGGSDIQMTQOSPSTLSASVGDRVTITCRASQS ISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQANSHP ITFGGGTKVEIKTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHD
PNGEYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPA YOOGONQOLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
OALPPR

408

EVQOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAED TAVYYCARDQGNYGVDVWGQGTTVTVS SGGGGSGGGGSGG
GGSGGGGSDIQMTQSPSTLSASVGDRVTITCRASQS ISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQANSHP ITFGGGTKVEIKTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVKRGRKKLL
YIFKQPFMRPVOTTQEEDGCSCRFPEEEEGGCELRVKE SRSADAPAYQOGONQOLYNELNLGRREE
YDVLDKRRGRDPEMGGKP RRKNPQEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQALPPR

409

EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSGGGGSGGGGSGG
GGSGGGGSDIOMTQOSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOANSHP ITFGGGTKVEIKTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVRSKRSRLL
HSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQOGONQLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMOALPPR

410

EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGOGTTVTVS SGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCOQOANSHP ITFGGGTKVEIKTTTPAPRPPTPAPTT
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVTKKKYSSS
VHDPNGE YMFMRAVNTAKKSRLTDVTLRVKEF SRSADAPAYQQOGONQLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMQALPPR

411

EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOQGNYGVDVWGOGTTVTVSSGGGGSGGGGSGG
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GGSGGGGSDIQMTQOSPSTLSASVGDRVTITCRASQOSISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSHPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMR
PVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSHEPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLESDYMNMTP
RRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYOOGONOLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEM
QALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTQOSPSTLSASVGDRVTITCRASQOSISSWLAWYQOKPGKAPKLLIYEASSLESG
413 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSHPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYM
FMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGG
KPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOSISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSHP ITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFI IFWVKRGRKKLLY IFKQP
FMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQQOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMOALPPR

EVQLVESGGGLVKPGGSLRLSCAASGFTF SDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSEPITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLESDYMN
MTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYOQGONQLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMQOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOSISSWLAWYQOKPGKAPKLLIYEASSLESG
VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSHP ITFGGGTKVEIKIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFI IFWVTKKKYSSSVHDPNG
EYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYOQGONQLYNELNLGRREE YDVLDKRRGRDPE
MGGKPRRKNPQOEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMOAL
PPR

EVQLVESGGGLVKPGGSLRLSCAASGFTF SDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLLIYEASSLESG
417 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSEPITFGGGTKVEIKESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVOTTQEEDGCSCRFPEEEEGGCELRV
KFSRSADAPAYQQGONQL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTF SDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOS I SSWLAWYQOKPGKAPKLL.IYEASSLESG
418 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSHEPITFGGGTKVEIKESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVK
FSRSADAPAYQQOGONOLYNELNLGRREEYDVI.DKRRGRDPEMGGKPRRKNPQEGL YNELQOKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR

412

414

415

416
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EVQLVESGGGLVKPGGSLRLSCAASGFTF SDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGGE
GGSGGGGSDIQOMTOSPSTL.SASVGDRVTITCRASQOS I SSWLAWYQOKPGKAPKLL.IYEASSLESG
419 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSEPITFGGGTKVEIKESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKF SRSAD
APAYQQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSET
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQOGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQS I SSWLAWYQOKPGKAPKLLIYEASSLESG
420 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOANSHP ITFGGGTKVE IKESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLYIFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYQOQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTQOSPSTLSASVGDRVTITCRASQOSISSWLAWYQOKPGKAPKLLIYEASSLESG
421 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSHP ITFGGGTKVE IKESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAFI IFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRS
RVKFSRSADAPAYQQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOSISSWLAWYQOKPGKAPKLLIYEASSLESG
422 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSHP ITFGGGTKVE IKESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVTKKKYSS SVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKFSR
SADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY
SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTOSPSTLSASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLLIYEASSLESG
423 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSHP ITFGGGTKVEIKLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC
ELRVKFSRSADAPAYQQOGONQOLYNE LNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQ
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDATLHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQMTQOSPSTLSASVGDRVTITCRASQS ISSWLAWYQOKPGKAPKLLIYEASSLESG
424 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSHP ITFGGGTKVE IKLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYR
SRVKFSRSADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQOMTOSPSTLSASVGDRVTITCRASQOS ISSWLAWYQOKPGKAPKLLIYEASSLESG
425 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSHP ITFGGGTKVE IKLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKES
RSADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTF SDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIQOMTQOSPSTL.SASVGDRVTITCRASQOS I SSWLAWYQOKPGKAPKLL.IYEASSLESG
426 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSHP ITFGGGTKVEIKLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKOPFMRPVQTTQEEDGCSCRFPEEEE
GGCELRVKFSRSADAPAYQQGONOLYNELNLGRREE YDVI.DKRRGRDPEMGGKPRRKNPQEGLYN
ELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
427 GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQGTTVTVSSGGGGSGGGGSGGE
GGSGGGGSDIQMTOSPSTL.SASVGDRVTITCRASQOS I SSWLAWYQOKPGKAPKLL.IYEASSLESG
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VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQQOANSHP ITFGGGTKVE IKLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQP YAPPRDFA
AYRSRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGOGTTVTVSSGGGGSGGGGSGE
GGSGGGGSDIOMTOSPSTLSASVGDRVTITCRASOS ISSWLAWYQOKPGKAPKLLIYEASSLESG
428 VPSRFSGSGSGTEFTLTISSLOPDDFATYYCQOQOANSHP ITFGGGTKVE IKLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRV
KFSRSADAPAYQQOGONOL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

In more preferred embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 70; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid
sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in
SEQ ID NO: 158. In preferred embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439, 440,
441, 442, 443, 444, 445, 446, 447, 448, 449, 450, 451, and 452 and in even more preferred
embodiments a CAR comprises an amino acid sequence set forth in SEQ ID NO: 429, 432,
435, or 438.

SEQ ID
NO.

AMINO ACID SEQUENCE

DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQOQANSHPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSTTTPAPRPPTPAPTI
ASQPL.SLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIF
KQPFMRPVQTTQEEDGCS CRFPEEEEGGCELRVKFSRSADAPAYQQGONQOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQOEGLYNELQOKDKMAEA Y SEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQOANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGREF
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVHWGQGTTVTVS STTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD
YMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOQGONOLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQOQANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSTTTPAPRPPTPAPTI
ASQPL.SLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHD
PNGEYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPA YQOGONOLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
QALPPR
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DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQOANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVHWGQGTTVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVKRGRKKLL
YIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOQGONQLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVRSKRSRLL
HSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKF SRSADAPAYOQGONOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMQOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVHWGQGTTVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF IIFWVTKKKYSSS
VHDPNGE YMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYQOQGONOLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMQOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQOQANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMR
PVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLESDYMNMTP
RRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYOQOGONQLYNELNLGRREE YDVL.DKRRGR
DPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEM
OALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQOQANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
437 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYM
FMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQGONQLYNELNLGRREE YDVLDKRRGRDPEMGG
KPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKQP
FMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVSSIEVMYPPPYLDNEKS
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NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMN
MTPRRPGPTRKHYQPYAPPRDFAAYRSRVKF SRSADAPAYQQGONOLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMQALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQOQANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVIVSSIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNG
EYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAY SE IGMKGERRRGKGHDGLYQGLSTATKD TYDALHMQAL
PPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
441 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVSSESKYGPPCPPCPIYT
WAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRV
KFSRSADAPAYQQOGONOL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKM
AEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
442 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVSSESKYGPPCPPCPIYT
WAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRSRVK
FSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQATLPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQOANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
443 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVIVSSESKYGPPCPPCPIYI
WAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKEF SRSAD
APAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSET
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQOANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
444 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVIVSSESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOK
DKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRF
445 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVS SESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQOPYAPPRDFAAYRS
RVKFSRSADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQOQANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
446 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGOGTTVTVS SESKYGPPCPPCPFWV
LVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKFSR
SADAPAYQQOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMAEAY
SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQOQANSHPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSEVQ
447 LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVSSLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC
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ELRVKFSRSADAPAYQOQOGONOLYNE LNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELQ
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQOQANSHPITFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
448 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDOGNYGVDVWGQOGTTVTVS SLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD YMNMTPRRPGPTRKHYQPYAPPRDFAAYR
SRVKFSRSADAPA YOOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQOANSHP I TFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
449 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVHWGQGTTVTVSSLEPKSCDKTHTCPPC
PIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKES
RSADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLILIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
450 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQOGNYGVDVWGQGTTVTVS SLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVOT TQEEDGCSCRFPEEEE
GGCELRVKFSRSADAPAYQQGONOL YNELNLGRREE YDVL.DKRRGRDPEMGGKPRRKNPQEGLYN
ELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQOANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
451 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVWGQGTTVTVSSLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFA
AYRSRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVILDKRRGRDPEMGGKPRRKNPQOEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQOKPGKAPKLLIYEASSLESGVPSRFSGS
GSGTEFTLTISSLOPDDFATYYCQQANSHPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGSTIYYADSVKGRE
452 TISRDNAKNSLYLOMNSLRAEDTAVYYCARDQGNYGVDVHGQGTTVTVSSLEPKSCDKTHTCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRV
KFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 79 or SEQ ID
NO: 80; a spacer domain comprising an amino acid sequence set forth in SEQ ID NO: 145,
SEQ ID NO: 146, SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain
comprising an amino acid sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a
costimulatory domain comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ
ID NO: 160, or SEQ ID NO: 162; and a primary signaling domain comprising an amino acid
sequence set forth in SEQ ID NO: 158. In particular embodiments, a CAR comprises an
amino acid sequence set forth in any one of SEQ ID NOs: 453, 454, 455, 456, 457, 458, 459,
460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470,471, 472,473,474, 475, and 476. In

particular embodiments, a CAR comprises an amino acid sequence set forth in any one of
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SEQ ID NOs: 477, 478, 479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491,
492,493, 494, 495, 496, 497, 498, 499, and 500.

SEQ ID
NO.

AMINO ACID SEQUENCE

EVQOLLESGGGLVQPGGSLRLSCAASGF TF SNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSGGGGSGGG
GSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLI YAASS
LOSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVEIKTTTPAPRPPTP
APTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIY IWAPLAGTCGVLLLSLVITLYCKRGRKKL
LYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOQOGONOLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMQOALPPR
EVOLLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVROAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQOGTLVTVSSGGGGSGGG
GSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLI YAASS
LOSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVEIKTTTPAPRPPTP
APTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIY IWAPLAGTCGVLLLSLVITLYCRSKRSRL
LHSDYMNMTPRRPGPTRKHYQOPYAPPRDFAAYRSRVKF SRSADAPAYQQOGONQOLYNELNLGRREE
YDVLDKRRGRDPEMGGKP RRKNPQOEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGFTFSNYAMSWVROAPGKGLEWVSATISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSGGGGSGGG
GSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLI YAASS
LOSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVEIKTTTPAPRPPTP
APTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSS
SVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMOQALPPR
EVOLLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVROAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSGGGGSGGG
GSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLI YAASS
LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVE IKTTTPAPRPPTP
APTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVKRGR
KKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQOOGONQLYNELNLG
RREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQG
LSTATKDTYDALHMOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGFTFSNYAMSWVROAPGKGLEWVSATISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSGGGGSGGG
GSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLI YAASS
LOSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVEIKTTTPAPRPPTP
APTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVRSKR
SRLLHSD YMNMTPRRPGP TRKHYQP YAPPRDFAAYRSRVKF SRSADAPA YOOGONQOLYNELNLGR
REEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGL
STATKDTYDALHMOALPPR

EVOLLESGGGLVQOPGGSLRLSCAASGF TFSNYAMSWVROAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSGGGGSGGG
GSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQOKPGKAPKLLI YAASS
LOSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVE IKTTTPAPRPPTP
APTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVTKKK
YSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQOGONQLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEA Y SE IGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYAMSWVROAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSGGGGSGGG
459 GSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLI YAASS
LOSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVEIKIEVMYPPPYLD
NEKSNGTIIHVKGKHLCP SPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQ
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PFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONQL YNELNLGRREEYDVLD
KRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMOALPPR

EVQLLESGGGLVQPGGSLRLSCAASGF TFSNYAMSWVROAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQOGTLVTVSSGGGGSGGGE
GSGGGGSGGGGSDIOMTOSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLI YAASS
LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQOQAHSSP ITFGGGTKVEIKIEVMYPPPYLD
NEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYM
NMTPRRP GPTRKHYQPYAPPRDFAA YRSRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMOALPPR

EVQOLLESGGGLVQPGGSLRLSCAASGF TFSNYAMSWVROAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGOGTLVTVSSGGGGSGGE
GSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCRASQSISSYLNWYQOOKPGKAPKLLIYAASS
LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVEIKIEVMYPPPYLD
NEKSNGTIIHVKGKHLCP SPLFPGP SKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPN
GEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDP
EMGGKPRRKNPQEGLYNELOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYDALHMOA
LPPR

EVQLLESGGGLVQPGGSLRLSCAASGF TFSNYAMSWVROAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGOGTLVTVSSGGGGSGGGE
GSGGGGSGGGGSDIOMTOSPSSLSASVGDRVTITCRASQOSISSYLNWYQOKPGKAPKLLIYAASS
LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQOQAHSSP ITFGGGTKVEIKIEVMYPPPYLD
NEKSNGTIIHVKGKHLCPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLYT
FKOPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQOOGONQOLYNELNLGRREEYD
VLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR

EVQOLLESGGGLVQPGGSLRLSCAASGF TFSNYAMSWVROAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQOGTLVTVSSGGGGSGGE
GSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCRASQSISSYLNWYQOOKPGKAPKLLIYAASS
LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVEIKIEVMYPPPYLD
NEKSNGTIIHVKGKHLCP SPLFPGP SKPFWVLVVVGGVLACYSLLVTVAF I TFWVRSKRSRLLHS
DYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMAEA Y SETGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR

EVQLLESGGGLVQPGGSLRLSCAASGF TFSNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQOGTLVTVSSGGGGSGGGE
GSGGGGSGGGGSDIOMTOSPSSLSASVGDRVTITCRASQOSISSYLNWYQOKPGKAPKLLIYAASS
LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQOQAHSSP ITFGGGTKVEIKIEVMYPPPYLD
NEKSNGTIIHVKGKHLCP SPLFPGP SKPFWVLVVVGGVLACYSLLVTVAFI IFWVTKKKYSSSVH
DPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR

EVOLLESGGGLVQPGGSLRLSCAASGF TFSNYAMSWVROAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQOGTLVTVSSGGGGSGGE
GSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLL I YAASS
465 LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVE IKESKYGPPCPPC
PIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTOEEDGCSCRFPEEEEGGC
ELRVKFSRSADAPAYQOQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELQ
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGF TFSNYAMSWVROAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQOGTLVTVSSGGGGSGGE
GSGGGGSGGGGSDIOMTOSPSSLSASVGDRVTITCRASQSISSYLNWYQOOKPGKAPKLLIYAASS
466 LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVE IKESKYGPPCPPC
PIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYOPYAPPRDFAAYR
SRVKFSRSADAPAYOQOGONOLYNELNLGRREE YDVI.DKRRGRDPEMGGKPRRKNP QEGLYNELQOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFSNYAMSWVROAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQOGTLVTVSSGGGGSGGE
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GSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASS
LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVEIKESKYGPPCPPC
PIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKK SRL.TDVTLRVKFS
RSADAPAYQQGONOLYNE LNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTF SNYAMSWVROAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQOGTLVTVSSGGGGSGGGE
GSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASS
468 LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQQAHSSP ITFGGGTKVEIKESKYGPPCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLYIFKQPFMRPVQT TQEEDGCSCRFPEEEE
GGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTF SNYAMSWVROAPGKGLEWVSATISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGOGTLVTVSSGGGGSGGE
GSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASS
469 LOSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQOAHSSP ITFGGGTKVE IKESKYGPPCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLESDYMNMTPRRPGP TRKHYQPYAPPRDFA
AYRSRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQOPGGSLRLSCAASGFTF SNYAMSWVRQOAPGKGLEWVSATISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGOGTLVTVSSGGGGSGGGE
GSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASS
470 LOSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQAHSSP ITFGGGTKVE IKESKYGPPCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGE YMFMRAVNTAKK SRLTDVTLRV
KFSRSADAPAYQQGONQL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOKDKM
AEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVQOPGGSLRLSCAASGFTF SNYAMSWVRQAPGKGLEWVSATISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGOGTLVTVSSGGGGSGGGE
GSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLL. I YAASS
471 LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVE IKLEPKSCDKTHT
CPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVOTTOEEDGCSCRFPEEE
EGGCELRVKFSRSADAPA YOQGONOLYNELNIL.GRREE YDVI.DKRRGRDPEMGGKPRRKNPQEGLY
NELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTF SNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGOGTLVTVSSGGGGSGGGE
GSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCRASQSTSSYLNWYQOKPGKAPKLL. I YAASS
472 LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQQAHSSP ITFGGGTKVE IKLEPKSCDKTHT
CPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLESDYMNMTPRRPGPTRKHYQPYAPPRDF
AAYRSRVKFSRSADAPAYQQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTF SNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGOGTLVTVSSGGGGSGGGE
GSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLL. I YAASS
473 LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVE IKLEPKSCDKTHT
CPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLR
VKFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQKDK
MAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTF SNYAMSWVRQOAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGOGTLVTVSSGGGGSGGGE
GSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASS
474 LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVE IKLEPKSCDKTHT
CPPCPFWVLVVVGGVLACYSLLVTVAFI IFWVKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRFP
EEEEGGCELRVKF SRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQE
GLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTF SNYAMSWVRQOAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQOGTLVTVSSGGGGSGGGE
475 GSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASS
LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQQAHSSP ITFGGGTKVE IKLEPKSCDKTHT
CPPCPFWVLVVVGGVLACYSLLVTVAFI IFWVRSKRSRLLHSDYMNMTPRRP GPTRKHYQP YAPP
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RDFAAYRSRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEG
LYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTF SNYAMSWVRQOAPGKGLEWVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQOGTLVTVSSGGGGSGGGE
GSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASS
476 LOSGVPSRFSGSGSGTDF TLTISSLOPEDFATYYCQQOAHSSP ITFGGGTKVE IKLEPKSCDKTHT
CPPCPFWVLVVVGGVLACYSLLVTVAFI IFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRL.TDV
TLRVKF SRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQ
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQQOAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRE
TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSTTTPAPRPPTP
APTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKL
LYIFKQPFMRPVQTTQOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOOGONOLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMQALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSATSGSGGSTYYADSVKGRE
TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSTTTPAPRPPTP
APTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRL
LHSDYMNMTPRRPGPTRKHYQOPYAPPRDFAAYRSRVKFSRSADAPAYQOOGONQLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQOALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQQOAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRE
TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSTTTPAPRPPTP
APTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSS
SVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSATSGSGGSTYYADSVKGRE
TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSTTTPAPRPPTP
APTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVKRGR
KKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQOGONQLYNELNLG
RREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQG
LSTATKDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQQOAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRE
TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSTTTPAPRPPTP
APTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVRSKR
SRLLHSD YMNMTPRRPGP TRKHYQOP YAPPRDFAAYRSRVKFSRSADAPAYQOGONQLYNELNLGR
REEYDVIL.DKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGL.
STATKDTYDALHMQALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSATSGSGGSTYYADSVKGRE
TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSTTTPAPRPPTP
APTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVTKKK
YSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEA Y SEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQOQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
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LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGREF
TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSIEVMYPPPYLD
NEKSNGTIITHVKGKHIL.CP SPLFPGP SKPTYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQ
PFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLD
KRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMOQALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQOAPGKGLEWVSATISGSGGSTYYADSVKGRE
TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSIEVMYPPPYLD
NEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLESDYM
NMTPRRP GPTRKHYQP YAPPRDFAA YRSRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQOQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTF SNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRE
TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSIEVMYPPPYLD
NEKSNGTIITHVKGKHIL.CPSPLFPGP SKPTYTIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPN
GEYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYQQGONOL YNELNLGRREEYDVLDKRRGRDP
EMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQA
LPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSATISGSGGSTYYADSVKGRE
TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSTIEVMYPPPYLD
NEKSNGTIIHVKGKHLCP SPLFPGP SKPFWVLVVVGGVLACY SLLVTVAF I IFWVKRGRKKLLYI
FKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQOOGONQOLYNELNLGRREEYD
VLDKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMAEAY SE IGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQOQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTF SNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRE
TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSIEVMYPPPYLD
NEKSNGTI ITHVKGKHI.CP SPLFPGP SKPFWVLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHS
DYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQQGONQLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEA Y SEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGREF
TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSTIEVMYPPPYLD
NEKSNGTIIHVKGKHLCP SPLFPGP SKPFWVLVVVGGVLACYSLLVTVAFI IFWVTKKKYSSSVH
DPNGEYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELQOKDKMAEAY SETGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQOQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRE
489 TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSESKYGPPCPPC
PIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTOEEDGCSCRFPEEEEGGC
ELRVKFSRSADAPAYQQOGONQLYNE LNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQ
KDKMAEA YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQOQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRE
TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSESKYGPPCPPC
PIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYR
SRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQK
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DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSATSGSGGSTYYADSVKGRE
491 TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSESKYGPPCPPC
PIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKES
RSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
DIQMTQOSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQOQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTF SNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRE
492 TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSESKYGPPCPPC
PFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLYIFKQOPFMRPVQT TQEEDGCSCRFPEEEE
GGCELRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQOQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRE
493 TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSESKYGPPCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFA
AYRSRVKFSRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRE
494 TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSESKYGPPCPPC
PFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGE YMFMRAVNTAKK SRLTDVTLRV
KFSRSADAPAYQQGONOL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOKDKM
AEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRE
495 TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSLEPKSCDKTHT
CPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVOTTOEEDGCSCRFPEEE
EGGCELRVKFSRSADAPAYOQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLY
NELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQOAPGKGLEWVSATISGSGGSTYYADSVKGREF
496 TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSLEPKSCDKTHT
CPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLESDYMNMTPRRP GPTRKHYQPYAPPRDF
AAYRSRVKFSRSADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQOEGLYN
ELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEMOALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRESGS
GSGTDFTLTISSLOPEDFATYYCQQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSATSGSGGSTYYADSVKGRE
497 TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSLEPKSCDKTHT
CPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLR
VKFSRSADAPAYQOQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQKDK
MAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTF SNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGREF
498 TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSLEPKSCDKTHT
CPPCPFWVLVVVGGVLACYSLLVTVAFI IFWVKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRFP
EEEEGGCELRVKF SRSADAPAYQQOGONOLYNELNLGRREEYDVI.DKRRGRDPEMGGKPRRKNPQOE
GLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQOQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
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LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGREF
TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSLEPKSCDKTHT
CPPCPFWVLVVVGGVLACYSLLVTVAFI IFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQP YAPP
RDFAAYRSRVKFSRSADAPAYQOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPOEG
LYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMQALPPR
DIQMTQOSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQOQAHSSPITFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSEVQ
LLESGGGLVQOPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSAISGSGGSTYYADSVKGRE
500 TISRDNSKNTLYLOMNSLRAEDTAVYYCARPGDGYYEGVYFDYWGQGTLVTVSSLEPKSCDKTHT
CPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDV
TLRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQ
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 89; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid
sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in
SEQ ID NO: 158. In particular embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512,
513,514, 515, 516, 517, 518, 519, 520, 521, 522, 523, and 524.

SEQ ID
NO.

AMINO ACID SEQUENCE

QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD IANYLNWYQQOKPGKAPKLLIYDA
SNLETGVPSRFSGSGSGTDFTFTISSLOPED IATYYCQQHFNLPLTFGGGTKVEIKTTTPAPRPP
TPAPTTASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRK
KLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOQOGONOLYNELNLGR
REEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGL
STATKDTYDALHMQALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD IANYLNWYQQOKPGKAPKLLIYDA
SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQQHFNLPLTFGGGTKVEIKTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRS
RLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOGONOLYNELNLGRR
EEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMQALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTQOSPSSLSASVGDRVTITCOASOD IANY LNWYQQOKPGKAPKLLIYDA
SNLETGVPSRFSGSGSGTDFTFTISSLOPED IATYYCQQHFNLPLTFGGGTKVEIKTTTPAPRPP
TPAPTTASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKY
SSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKEFSRSADAPAYQOOGONQOLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
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GGGSGGGGSGGGGSDIQMTQOSPSSLSASVGDRVTITCOASOD IANY LNWYQQOKPGKAPKLLIYDA
SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQOHFNLPLTFGGGTKVEIKTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFI IFWVKR
GRKKLLY IFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCELRVKFSRSADAPA YOOGONQOLYNELN
LGRREEYDVLDKRRGRDP EMGGKPRRKNPOEGLYNELOKDKMAEAYSE I GMKGERRRGKGHDGLY
OGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL IYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD IANYLNWYQOKPGKAPKLLIYDA
SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQOHFNLPLTFGGGTKVEIKTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVRS
KRSRLLHSDYMNMTPRRP GP TRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYOQGONOLYNELNL
GRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSETGMKGERRRGKGHDGLYQ
GLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL IYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQOGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD IANY LNWYQQOKPGKAPKLLIYDA
SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQOHFNLPLTFGGGTKVEIKTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFI IFWVTK
KKYSSSVHDPNGE YMFMRAVNTAKK SRLTDVTLRVKFSRSADAPAYOOGONQOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL IYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD IANYLNWYQQOKPGKAPKLLIYDA
SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQOOHFNLPLTFGGGTKVEIKIEVMYPPPY
LDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIF
KQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEA Y SETGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL IYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQOGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD IANY LNWYQQOKPGKAPKLLIYDA
SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQOHFNLPLTFGGGTKVEIKIEVMYPPPY
LDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD
YMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPA YOOGONQOLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL IYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD IANYLNWYQQOKPGKAPKLLIYDA
SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQOOHFNLPLTFGGGTKVEIKIEVMYPPPY
LDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHD
PNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOQOGONOLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEM
OALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL IYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQOGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD IANY LNWYQQOKPGKAPKLLIYDA
SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQOHFNLPLTFGGGTKVEIKIEVMYPPPY
LDNEKSNGTI IHVKGKHLCP SPLFPGP SKPFWVLVVVGGVLACYSLLVTVAF I TFWVKRGRKKLL
YIFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOQOGONQLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL IYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
511 GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD IANYLNWYQQOKPGKAPKLLIYDA
SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQOOHFNLPLTFGGGTKVEIKIEVMYPPPY
LDNEKSNGTIIHVKGKHLCPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAF I TFWVRSKRSRLL
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HSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRSRVKF SRSADAPAYOQGONOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL TYWNDEKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD IANYLNWYQQOKPGKAPKLLIYDA
SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQOHFNLPLTFGGGTKVEIKIEVMYPPPY
LDNEKSNGTIIHVKGKHELCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF IIFWVTKKKYSSS
VHDPNGE YMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYOQGONQOLYNELNLGRREE YDVLDKR
RGRDPEMGGKPRRKNPQOEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD IANY LNWYQQOKPGKAPKLLIYDA
513 SNLETGVPSRFSGSGSGTDFTFTISSLOPED IATYYCQQHFNLPLTFGGGTKVEIKESKYGPPCP
PCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVOTTQEEDGCSCRFPEEEEG
GCELRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD IANY LNWYQQOKPGKAPKLLIYDA
514 SNLETGVPSRFSGSGSGTDFTFTISSLOPED IATYYCQQHFNLPLTFGGGTKVEIKESKYGPPCP
PCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLL.HSDYMNMTPRRPGP TRKHYQPYAPPRDFAA
YRSRVKF SRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD IANYLNWYQQOKPGKAPKLLIYDA
515 SNLETGVPSRFSGSGSGTDFTFTISSLOPED IATYYCQOHFNIPLTFGGGTKVEIKESKYGPPCP
PCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVK
FSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALTYWNDEKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD IANYLNWYQQOKPGKAPKLLIYDA
516 SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQOHFNI.PLTFGGGTKVEIKESKYGPPCP
PCPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVOTTQEEDGCSCRFPEE
EEGGCELRVKFSRSADAPAYQQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL
YNELOKDKMAEAYSETGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL TYWNDEKRYSPSL
KSRLTITKDTSKNQOVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD IANYLNWYQQOKPGKAPKLLIYDA
517 SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQQHFNLPLTFGGGTKVEIKESKYGPPCP
PCPFWVLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLESDYMNMTPRRPGP TRKHYQPYAPPRD
FAAYRSRVKFSRSADAPAYOQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLY
NELQKDKMAEAYSEIGMKGERRRGKGHEDGLYQGLSTATKDTYDALEMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD TANYLNWYQQOKPGKAPKLLIYDA
518 SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQQHFNLPLTFGGGTKVEIKESKYGPPCP
PCPFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTL
RVKFSRSADAPAYQQGONOLYNELNL.GRREE YDVLDKRRGRDPEMGGKP RRKNPQOEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD TANYLNWYQOKPGKAPKLLIYDA
SNLETGVPSRFSGSGSGTDFTFTISSLOPED IATYYCQQHFNLPLTFGGGTKVEIKLEPKSCDKT
HTCPPCP IYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQOTTOEEDGCSCRFPE
EEEGGCELRVKFSRSADAPAYQOQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEG
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LYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMQOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL ITYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGEGSGGEGSDIOMTOSPSSLSASVGDRVTITCOASOD TANY LNWYQQKPGKAPKLLIYDA
520 SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQOHFNLPLTFGGGTKVEIKLEPKSCDKT
HTCPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD YMNMTPRRPGPTRKHYQP YAPPR
DFAAYRSRVKFSRSADAPAYQOOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGL
YNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL IYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTOSPSSLSASVGDRVTITCOASOD TANY LNWYQOKPGKAPKLLIYDA
521 SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQOHFNLPLTFGGGTKVEIKLEPKSCDKT
HTCPPCP IYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVT
LRVKFSRSADAPAYQOQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL IYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCOASOD IANY LNWYQOKPGKAPKLLIYDA
522 SNLETGVPSRFSGSGSGTDFTFTISSLOPED IATYYCQOOHFNLPLTFGGGTKVEIKLEPKSCDKT
HTCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVQTTQEEDGCSCR
FPEEEEGGCELRVKFSRSADAPAYQOOGONQL YNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP
QOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL IYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCOASOD IANY LNWYQQKPGKAPKLLIYDA
523 SNLETGVPSRFSGSGSGTDFTFTISSLOPEDIATYYCQOHFNLPLTFGGGTKVEIKLEPKSCDKT
HTCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQP YA
PPRDFAAYRSRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL IYWNDEKRYSPSL
KSRLTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKS SNWFDPWGQGTLVTVSSGGGGSG
GGGSGGGGSGGGGSDIOMTQSPSSLSASVGDRVTITCOASOD IANY LNWYQQKPGKAPKLLIYDA
524 SNLETGVPSRFSGSGSGTDFTFTISSLOPED IATYYCQOOHFNLPLTFGGGTKVEIKLEPKSCDKT
HTCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLT
DVTLRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

In preferred embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 90; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid

5 sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in
SEQ ID NO: 158. In preferred embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535, 536,

10 537,538, 539, 540, 541, 542, 543, 544, 545, 546, 547, and 548.

SE;?O D AMINO ACID SEQUENCE
525 DIOMTQSPSSLSASVGDRVTITCQOASQODIANYLNWYQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQQOHFNLPLTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
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LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVSSTTTPAPRPP
TPAPTTASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRK
KLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYOQOGONQLYNELNLGR
REEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGL
STATKDTYDALHMQALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODTIANYLNWYQQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQQOHFNLPLTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL I YWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVSSTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRS
RLLHSDYMNMTPRRPGP TRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOOGONOLYNELNLGRR
EEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMQALPPR
DIQMTQSPSSLSASVGDRVTITCQOASQODIANYLNWYQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQOQHFNLPLTFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVSSTTTPAPRPP
TPAPTTASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKY
SSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKEFSRSADAPAYQOGONQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODTIANYLNWYQQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQQOHFNLPLTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL I YWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVSSTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVKR
GRKKLLY IFKQPFMRPVQTTQOEEDGCSCRFPEEEEGGCELRVKF SRSADAPA YOOGONQLYNELN
LGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEI GMKGERRRGKGHDGLY
OGLSTATKDTYDALHMQALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODIANYLNWYQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCOQHFNLPLTFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVSSTTTPAPRPP
TPAPTTASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFITFWVRS
KRSRLLHSDYMNMTPRRP GPTRKHEYQOP YAPPRDFAAYRSRVKFSRSADAPAY QOGONQLYNELNL
GRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SE IGMKGERRRGKGHDGLYQ
GLSTATKDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODTIANYLNWYQQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQQHFNLPLTFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVSSTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVTK
KKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOQGONOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODIANYLNWYQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQOQHFNLPLTFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVS SIEVMYPPPY
LDNEKSNGTIIHVKGKHL.CPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIF
KQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGONQLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEA Y SEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCQOASQODTANYLNWYQQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQQHFNLPLTFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
532 LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVS SIEVMYPPPY
LDNEKSNGTIIHVKGKELCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD
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YMNMTPRRPGP TRKHYQP YAPPRDF AAYRSRVKF SRSADAPA YOOGONOLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODIANYLNWYQQKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQQOHFNLPLTFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL I YWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVS SIEVMYPPPY
LDNEKSNGTIIHVKGKELCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHD
PNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOQOGONOLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNP QEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
QALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODIANYLNWYQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQOQHFNLPLTFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVS SIEVMYPPPY
LDNEKSNGTI IHVKGKHILCPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLL
YIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQQOGONQLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQOALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODTIANYLNWYQQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQQHFNLPLTFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL I YWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVS SIEVMYPPPY
LDNEKSNGTIIHVKGKHLCPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAF IIFWVRSKRSRLL
HSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYOQOGONOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMQALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODIANYLNWYQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQOQHFNLPLTFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVS SIEVMYPPPY
LDNEKSNGTI IHVKGKHLCPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAF IIFWVTKKKYSSS
VHDPNGE YMFMRAVNTAKKSRLTDVTLRVKEF SRSADAPAYQQGONQLYNELNLGRREE YDVLDKR
RGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMQALPPR
DIQMTQSPSSLSASVGDRVTITCQOASQODIANYLNWYQQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQQHFNLPLTFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL I YWNDEKRYSPSLKSR
537 LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVSSESKYGPPCP
PCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVOTTQEEDGCSCRFPEEEEG
GCELRVKFSRSADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODIANYLNWYQQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQQOHFNLPLTFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL I YWNDEKRYSPSLKSR
538 LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKSSNWFDPWGQGTLVTVS SESKYGPPCP
PCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLESDYMNMTPRRPGP TRKHYQPYAPPRDFAA
YRSRVKF SRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
DIQMTQSPSSLSASVGDRVTITCQASQDIANYLNWYQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQQOHFNLPLTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
ILKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAT T YWNDEKRYSPSLKSR
539 LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVSSESKYGPPCP
PCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVK
FSRSADAPAYQQOGONOLYNELNLGRREEYDVI.DKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODIANYLNWYQOKPGKAPKLLIYDASNLETGVPSRFSGS
540 GSGTDFTFTISSLOPEDIATYYCQOQHFNLPLTFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAT T YWNDEKRYSPSLKSR
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LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKSSNWFDPWGQGTLVTVSSESKYGPPCP
PCPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRFPEE
EEGGCELRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGL,
YNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODIANYLNWYQQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQOQOHFNLPLTFGGGTKVEIKGGGGSGGGGSGCGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL I YWNDEKRYSPSLKSR
541 LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVSSESKYGPPCP
PCPFWVLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRD
FAAYRSRVKFSRSADAPAYOQGONQOLYNELNIL.GRREE YDVI.DKRRGRDP EMGGKPRRKNPQEGLY
NELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODIANYLNWYQQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQOQOHFNLPLTFGGGTKVEIKGGGGSGGGGSGEGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSLKSR
542 LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHDYKSSNWFDPWGQOGTLVTVSSESKYGPPCP
PCPFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTL
RVKFSRSADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODIANYLNWYQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQQOHFNLPLTFGGGTKVEIKGGGGSGGGGSGCGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLALIYWNDEKRYSPSLKSR
543 LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVS SLEPKSCDKT
HTCPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTOEEDGCSCRFPE
EEEGGCELRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEG
LYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMQOALPPR
DIQMTQOSPSSLSASVGDRVTITCQASODIANYLNWYQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQOQHFNLPLTFGGGTKVE IKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDEKRYSPSLKSR
544 LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVS SLEPKSCDKT
HTCPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD YMNMTPRRPGPTRKHYQP YAPPR
DFAAYRSRVKFSRSADAPAYQOQOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGL
YNELQKDKMAEAY SETGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODIANYLNWYQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQQOHFNLPLTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLALIYWNDEKRYSPSLKSR
545 LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVS SLEPKSCDKT
HTCPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVT
LRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOK
DKMAEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODIANYLNWYQQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQQOHFNLPLTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQOPPGKALEWLAL I YWNDEKRYSPSLKSR
546 LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVS SLEPKSCDKT
HTCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVOTTQEEDGCSCR
FPEEEEGGCELRVKFSRSADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP
QEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOAT.PPR
DIQMTQSPSSLSASVGDRVTITCQASQODIANYLNWYQQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQOQOHFNLPLTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL T YWNDEKRYSPSLKSR
547 LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVSSLEPKSCDKT
HTCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQOPYA
PPRDFAAYRSRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIQMTQSPSSLSASVGDRVTITCQASQODIANYLNWYQQOKPGKAPKLLIYDASNLETGVPSRFSGS
GSGTDFTFTISSLOPEDIATYYCQOQOHFNLPLTFGGGTKVEIKGGGGSGGGGSGGGGSGGGGSQIT
LKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWLAL I YWNDEKRYSPSLKSR
LTITKDTSKNQVVLTMTNMDPVDTAVYYCAREGSHD YKSSNWFDPWGQGTLVTVSSLEPKSCDKT
HTCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLT
DVTLRVKFSRSADAPAYQQGONQOLYNELNLGRREEYDVILDKRRGRDPEMGGKPRRKNPQEGLYNE
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‘ | LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR ‘

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 99 or SEQ ID
NO: 100; a spacer domain comprising an amino acid sequence set forth in SEQ ID NO: 145,
SEQ ID NO: 146, SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain
comprising an amino acid sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a
costimulatory domain comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ
ID NO: 160, or SEQ ID NO: 162; and a primary signaling domain comprising an amino acid
sequence set forth in SEQ ID NO: 158. In particular embodiments, a CAR comprises an
amino acid sequence set forth in any one of SEQ ID NOs: 549, 550, 551, 552, 553, 554, 555,
556,557, 558, 559, 560, 561, 562, 563, 564, 565, 566, 567, 568, 569, 570, 571, and 572. In
particular embodiments, a CAR comprises an amino acid sequence set forth in any one of
SEQ ID NOs: 573, 574, 575, 576, 577, 578, 579, 580, 581, 582, 583, 584, 585, 586, 587,
588, 589, 590, 591, 592, 593, 594, 595, and 596.

SEQ ID
NO.

AMINO ACID SEQUENCE

EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASISCRSSQOSLLESNGYNYLDWY LOKPGQSPOL
LIYLGSNRASGVPDRFSGSGSGTDF TLKISRVEAEDVGVYYCMQALGLITFGGGTKVEIKTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIY IWAPLAGTCGVLLLSLVITLYCK
RGRKKLLYIFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONQLYNEL
NLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGL
YOGLSTATKDTYDALHMOALPPR
EVQOLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASISCRSSQOSLLESNGYNYLDWY LOKPGQOSPOL
LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCR
SKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOGONOLYNELN
LGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMAEAY SETGMKGERRRGKGHDGLY
OGLSTATKDTYDALHMQOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASISCRSSQOS LLESNGYNYLDWY LOKPGQSPOL
LIYLGSNRASGVPDRFSGSGSGTDF TLKISRVEAEDVGVYYCMQALGLITFGGGTKVEIKTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCT
KKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQGONQLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQOALPPR
EVQOLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASISCRSSQOSLLESNGYNYLDWY LOKPGQOSPOL
LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIF
WVKRGRKKLLY IFKQPFMRPVOTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLY
NELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEA YSE IGMKGERRRGKGH
DGLYQGLSTATKDTYDALHMQALPPR
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EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASTISCRSSQSLLESNGYNYLDWY LOKPGQSPOL
LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIF
WVRSKRSRLLHSDYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQQOGONQLYN
ELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHD
GLYQGLSTATKDTYDALHMQALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASISCRSSOSLLESNGYNYLDWY LOKPGQOSPOL
LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVIVAFIIF
WVTKKKY SSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKF SRSADAPA YOOGONOLYNELNLGR
REEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGL
STATKDTYDALHMQALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASTSCRSSQSLLESNGYNYLDWY LOKPGQSPOL
LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQALGLITFGGGTKVEIKIEVMY
PPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKL
LYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOQGONOLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMQALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASISCRSSQOSLLESNGYNYLDWY LOKPGQOSPOL
LIYLGSNRASGVPDRFSGSGSGTDF TLKISRVEAEDVGVYYCMOALGLITFGGGTKVE IKIEVMY
PPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRL
LHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOOGONOLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASTISCRSSQSLLESNGYNYLDWY LOKPGQSPOL
LIYLGSNRASGVPDRFSGSGSGTDF TLKISRVEAEDVGVYYCMQALGLITFGGGTKVEIKIEVMY
PPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSS
SVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQGONQOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMOALPPR
EVQOLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASISCRSSQOSLLESNGYNYLDWY LOKPGQOSPOL
LIYLGSNRASGVPDRFSGSGSGTDF TLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKIEVMY
PPPYLDNEKSNGT I IHVKGKHLCPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGR
KKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKEF SRSADAPAYQQOGONOLYNELNLG
RREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQG
LSTATKDTYDALHMQALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGEGSDIVMTQSPLSLPVTPGEPASISCRSSQOSLLESNGYNYLDWY LOKPGQSPOL
LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQALGLITFGGGTKVEIKIEVMY
PPPYLDNEKSNGTIIHVKGKHLCPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKR
SRLLHSDYMNMTPRRPGP TRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQQOGONQLYNELNLGR
REEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGL
STATKDTYDALHMQALPPR
EVQOLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
560 GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASISCRSSQSLLESNGYNYLDWY LOKPGQOSPOL
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LIYLGSNRASGVPDRFSGSGSGTDF TLKISRVEAEDVGVYYCMQALGLITFGGGTKVEIKIEVMY
PPPYLDNEKSNGTIIHVKGKHLCPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKK
YSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOQGONQLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS TATKD
TYDALHMQALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASISCRSSQOSLLESNGYNYLDWY LOKPGQOSPOL
561 LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKESKYG
PPCPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTOEEDGCSCRFPE
EEEGGCELRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEG
LYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMQOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASISCRSSOS LLESNGYNYLDWY LOKPGQOSPOL
562 LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKESKYG
PPCPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD YMNMTPRRPGPTRKHYQP YAPPR
DFAAYRSRVKFSRSADAPAYQQOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGL
YNELQKDKMAEAY SETGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVRQAPGKGLEWVSSISSSSSYTIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASISCRSSOS LLESNGYNYLDWY LOKPGQOSPOL
563 LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKESKYG
PPCPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVT
LRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOK
DKMAEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGEGSDIVMTQSPLSLPVTPGEPASTISCRSSQOS LLESNGYNYLDWY LOKPGQSPOL
564 LIYLGSNRASGVPDRFSGSGSGTDF TLKISRVEAEDVGVYYCMQALGLITFGGGTKVEIKESKYG
PPCPPCPFWVLVVVGGVLACYSLLVTVAFI IFWVKRGRKKLLY IFKQPFMRPVOTTQEEDGCSCR
FPEEEEGGCELRVKFSRSADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP
QEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASTISCRSSQOSLLESNGYNYLDWY LOKPGQSPOL
565 LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKESKYG
PPCPPCPFWVLVVVGGVLACYSLLVTVAFI IFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQOPYA
PPRDFAAYRSRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASISCRSSQSLLESNGYNYLDWY LOKPGQOSPOL
566 LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKESKYG
PPCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLT
DVTLRVKFSRSADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPOEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
EVQOLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASISCRSSOSLLESNGYNYLDWY LOKPGQOSPOL
567 LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQALGLITFGGGTKVEIKLEPKS
CDKTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSC
RFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRGRDP EMGGKPRRKN
POEGLYNELQOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
568 GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPASISCRSSQOSLLESNGYNYLDWY LOKPGQOSPOL
LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQALGLI TFGGGTKVEIKLEPKS
CDKTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRP GPTRKHYQPY
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APPRDFAAYRSRVKF SRSADAPAYQOQGONOL YNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP
QOEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQOSPLSLPVTPGEPAS ISCRSSQOSLLESNGYNYLDWYLOKPGQSPOL
569 LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLI TFGGGTKVEIKLEPKS
CDKTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRL
TDVTLRVKF SRSADAPAYQQOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTOSPLSLPVTPGEPAS ISCRSSQOSLLHSNGYNYLDWYLOKPGQSPOL
570 LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLI TFGGGTKVEIKLEPKS
CDKTHTCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKQPFMRPVQOTTQEEDG
CSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPR
RKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMOALPPR
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQOSPLSLPVTPGEPAS ISCRSSQOSLLHSNGYNYLDWYLOKPGQSPOL
571 LIYLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLI TFGGGTKVEIKLEPKS
CDKTHTCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLESD YMNMTPRRPGP TRKHY
QOPYAPPRDFAAYRSRVKF SRSADAPAYQOQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRR
KNPQEGLYNELQOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQOLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVRQAPGKGLEWVSSISSSSSYIYYADSVK
GRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSGGGGSG
GGGSGGGGSGGGGSDIVMTQSPLSLPVTPGEPAS ISCRSSQOSLLHSNGYNYLDWYLOKPGQSPOL
572 LIYLGSNRASGVPDRFSGSGSGTDF TLKISRVEAEDVGVYYCMQALGLITFGGGTKVEIKLEPKS
CDKTHTCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGEYMFMRAVNTAKK
SRLTDVTLRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEG
LYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLOKPGOSPOLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMQALGLITFGGGTKVEIKGGGGSGGGGSGGGGSGGGG
SEVQLVESGGGLVKPGGSLRL.SCAASGFTFSSYSMNWVRQAPGKGLEWVSSISSSSSYIYYADSV
KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCK
RGRKKLLYIFKQPFMRPVOTTOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOOGONQLYNEL
NLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGL
YQGLSTATKDTYDALHMQALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLOKPGQOSPOLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMQATGLITFGGGTKVEIKGGGGSGGGGSGGGGSGGGG
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVRQAPGKGLEWVSSISSSSSYIYYADSV
KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCR
SKRSRLLHSDYMNMTPRRPGPTRKEYQOP YAPPRDFAAYRSRVKFSRSADAPAYOOGONOLYNELN
LGRREEYDVILDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEI GMKGERRRGKGHDGLY
QOGLSTATKDTYDALHMQALPPR

DIVMTQSPLSLPVTPGEPASISCRS SQSLLHSNGYNYLDWYLOKPGOSPOLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMQALGLITFGGGTKVEIKGGGGSGGGGSGGGGSGGGG
SEVQLVESGGGLVKPGGSLRL.SCAASGFTFSSYSMNWVRQOAPGKGLEWVSSISSSSSYIYYADSV
KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIY IWAPLAGTCGVLLLSLVITLYCT
KKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQOGONQOLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLOKPGOSPOLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMQATGLITFGGGTKVEIKGGGGSGGGGSGGGGSGGGG
576 SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVRQOAPGKGLEWVSSISSSSSYIYYADSV
KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIF
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WVKRGRKKLLY IFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONQLY
NELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEA Y SE IGMKGERRRGKGH
DGLYQGLSTATKDTYDALHMOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLOKPGQOSPOLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVE IKGGGGSGGGGSGGGGSGGGG
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSV
KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVIVSSTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIF
WVRSKRSRLLHSDYMNMTPRRPGPTRKHYQOP YAPPRDFAAYRSRVKFSRSADAPAYQOGONQOLYN
ELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SETGMKGERRRGKGHD
GLYQGLSTATKDTYDALHMOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQOSLLHSNGYNYLDWYLOKPGQOSPOLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVE IKGGGGSGGGGSGGGGSGGEE
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSV
KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVIVSSTTTPA
PRPPTPAPTIASQOPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVIVAFIIF
WVTKKKY SSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOQOGONQLYNELNLGR
REEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQOGL
STATKDTYDALHMOALPPR

DIVMTQSPLSLPVTPGEPASISCRS SQOSLLHSNGYNYLDWYLOKPGQOSPOLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVE IKGGGGSGGGGSGGGGSGGGG
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSV
KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVIVSS IEVMY
PPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKL
LYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMOQALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQOSLLHSNGYNYLDWYLOKPGQOSPOLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVE IKGGGGSGGGGSGGGGSGGEE
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSV
KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVIVSS IEVMY
PPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRL
LHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQOGONOLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPOEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQOSLLHSNGYNYLDWYLOKPGQOSPOLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVE IKGGGGSGGGGSGGGGSGGGG
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSV
KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVIVSS IEVMY
PPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSS
SVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGL YQGLSTATKDTYD
ALHMOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQOSLLHSNGYNYLDWYLOKPGQOSPOLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVE IKGGGGSGGGGSGGGGSGGGE
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVRQAPGKGLEWVSSISSSSSYTIYYADSV
KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVIVSS IEVMY
PPPYLDNEKSNGTI IHVKGKHLCPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAFI IFWVKRGR
KKLLYIFKQPFMRPVQTTQEEDGCS CRFPEEEEGGCELRVKF SRSADAPAYOQGONQLYNELNLG
RREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SE TGMKGERRRGKGHDGLYQG
LSTATKDTYDALHMOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQOSLLHSNGYNYLDWYLOKPGQOSPOLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVE IKGGGGSGGGGSGGGGSGGGG
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSV
KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVIVSS IEVMY
PPPYLDNEKSNGTIIHVKGKHLCPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAF I IFWVRSKR
SRLLHSDYMNMTPRRPGP TRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOGONQLYNELNLGR
REEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGL
STATKDTYDALHMQOALPPR
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DIVMTQSPLSLPVTPGEPASISCRSSQOSLLHSNGYNYLDWYLOKPGOSPQLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKGGGGSGGGGSGGGGSGGGG
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVRQAPGKGLEWVSSISSSSSYIYYADSV
KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVIVSSIEVMY
PPPYLDNEKSNGTIIHVKGKHLCPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAF ITFWVTKKK
YSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQOGONQLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLOKPGQOSPQLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKGGGGSGGGGSGGGGSGGGG
SEVQOLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSV
585 KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVIVSSESKYG
PPCPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVOQTTQEEDGCSCRFPE
EEEGGCELRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEG
LYNELOQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLOKPGQSPQLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKGGGGSGGGGSGGGGSGGGG
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSV
586 KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTIVSSESKYG
PPCPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPR
DFAAYRSRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEGL
YNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLOKPGQSPQLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKGGGGSGGGGSGGGGSGGGG
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSV
587 KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSESKYG
PPCPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVT
LRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLOKPGQSPQLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKGGGGSGGGGSGGGGSGGGG
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVRQOAPGKGLEWVSSISSSSSYIYYADSV
588 KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVIVSSESKYG
PPCPPCPFWVLVVVGGVLACYSLLVTVAF ITFWVKRGRKKLLYIFKQPFMRPVOTTQEEDGCSCR
FPEEEEGGCELRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP
QEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQOSLLHSNGYNYLDWYLOKPGOSPQLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKGGGGSGGGGSGGGGSGGGG
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVRQAPGKGLEWVSSISSSSSYIYYADSV
589 KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVIVSSESKYG
PPCPPCPFWVLVVVGGVLACYSLLVTVAF ITFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYA
PPRDFAAYRSRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQOSLLHSNGYNYLDWYLOKPGOSPQLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKGGGGSGGGGSGGGGSGGGG
SEVQLVE SGGGLVKPGGSLRLSCAASGFTFSSYSMNWVRQAPGKGLEWVSSISSSSSYIYYADSV
590 KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVIVSSESKYG
PPCPPCPFWVLVVVGGVLACYSLLVTVAF ITFWVTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLT
DVTLRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLOKPGOSPOQLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVEIKGGGGSGGGGSGGGGSGGGG
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSV
591 KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVIVSSLEPKS
CDKTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVOQTTQEEDGCSC
RFPEEEEGGCELRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDP EMGGKPRRKN
POEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLOKPGQOSPOQLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMQOALGLITFGGGTKVEIKGGGGSGGGGSGGGGSGGGG
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SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSV
KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSLEPKS
CDKTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYOPY
APPRDFAAYRSRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP
QEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQOSLLHSNGYNYLDWYLOKPGQOSPOLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVE IKGGGGSGGGGSGGGGSGGEE
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSV
593 KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSLEPKS
CDKTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRL
TDVTLRVKFSRSADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPOEGLYN
ELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQOSLLHSNGYNYLDWYLOKPGQOSPOLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVE IKGGGGSGGGGSGGGGSGGGG
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSV
594 KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSLEPKS
CDKTHTCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKQPFMRPVQTTQEEDG
CSCRFPEEEEGGCELRVKFSRSADAPAYQOOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPR
RKNPQEGLYNELOKDKMAEAYSETIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLOKPGQSPQOLLIYLGSNRASGVED
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVE IKGGGGSGGGGSGGGGSGGGG
SEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSV
595 KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSLEPKS
CDKTHTCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLESD YMNMTPRRPGP TRKHY
QOPYAPPRDFAAYRSRVKF SRSADAPAYQOOGONOLYNELNLGRREEYDVL.DKRRGRDPEMGGKPRR
KNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLOKPGQOSPOLLIYLGSNRASGVPD
RFSGSGSGTDFTLKISRVEAEDVGVYYCMOALGLITFGGGTKVE IKGGGGSGGGGSGGGGSGGGG
SEVOLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNWVROAPGKGLEWVSSISSSSSYIYYADSV
596 KGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCARAGDTYSAADYYYMDVWGKGTTVTVSSLEPKS
CDKTHTCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGEYMFMRAVNTAKK
SRLTDVTLRVKFSRSADAPAYQOOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEG
LYNELOKDKMAEAYSETIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMQOALPPR

In preferred embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 101; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid

5 sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in
SEQ ID NO: 158. In preferred embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 607, 608,

10 609, 610, 611, 612, 613, 614, 615, 616, 617, 618, 619, and 620.

SEQ ID
NO.

AMINO ACID SEQUENCE

EVQLLESGGGLVQPGGSLRLSCAASGF TFGSEAMSWVROAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCQORLVEAKRHWGQGTQVTVSSTTTPAPRPPTPAPT
597 IASQOPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYT
FKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYOQGONQLYNELNLGRREEYD
VLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATK
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DTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFGSEAMSWVRQAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGOGTQVTVSSTTTPAPRPPTPAPT
IASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHS
DYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYOQOGONQLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQOEGLYNELQOKDKMAEA Y SEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR

EVQLLESGGGLVQPGGSLRLSCAASGF TFGSEAMSWVRQAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGOGTQVTVSSTTTPAPRPPTPAPT
IASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVH
DPNGEYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGL YNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
EVQLLESGGGLVOPGGSLRL.SCAASGFTFGSEAMSWVROAPGKERELVSATSGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGOGTQVTVSSTTTPAPRPPTPAPT
IASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFI IFWVKRGRKKL
LYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOOGONOLYNELNL.GRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFGSEAMSWVROAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGQGTQVTVSSTTTPAPRPPTPAPT
IASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFI IFWVRSKRSRL
LHSDYMNMTPRRPGPTRKHYQOPYAPPRDFAAYRSRVKFSRSADAPAYQOOGONQOLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFGSEAMSWVRQOAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORL.VEAKRHWGOGTQVTVSSTTTPAPRPPTPAPT
IASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFI IFWVTKKKYSS
SVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFGSEAMSWVRQAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGOGTQVTVSSIEVMYPPPYLDNEK
SNGTIIHVKGKHLCPSPLFPGPSKP IYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFM
RPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQOEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDAL
HMQALPPR

EVQLLESGGGLVQPGGSLRLSCAASGF TFGSEAMSWVRQAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGOGTQVTVSSIEVMYPPPYLDNEK
SNGTITHVKGKHLCPSPLFPGPSKP IYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD YMNMT
PRRPGPTRKHYQP YAPPRDFAAYRSRVKF SRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFGSEAMSWVROAPGKERELVSATSGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCQORLVEAKRHWGQGTQVTVSSIEVMYPPPYLDNEK
SNGTIIHVKGKHLCPSPLFPGPSKP IYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEY
MFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOOGONOLYNELNLGRREE YDVL.DKRRGRDPEMG
GKPRRKNPQEGLYNELQOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPP
R
EVQLLESGGGLVOPGGSLRLSCAASGFTFGSEAMSWVROAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCQORLVEAKRHWGQGTQOVTVSSIEVMYPPPYLDNEK
SNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLYIFKQ
PFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOOGONQLYNELNLGRREE YDVLD
KRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMQALPPR
EVQLLESGGGLVQOPGGSLRLSCAASGFTFGSEAMSWVROAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGOGTOVTVSSIEVMYPPPYLDNEK
SNGTIIBEVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYM
NMTPRRP GP TRKHYQP YAPPRDFAA YRSRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDK

598

599

600

601

602

603

604

605

606

607

109



WO 2025/072253 PCT/US2024/048295

RRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFGSEAMSWVRQOAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCQORLVEAKRHWGOGTQVTVSSIEVMYPPPYLDNEK
SNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPN
GEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQGONOLYNELNLGRREEYDVLDKRRGRDP
EMGGKPRRKNPQEGLYNELQOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOA
LPPR
EVQLLESGGGLVQOPGGSLRLSCAASGFTFGSEAMSWVRQOAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORL.VEAKRHWGOGTQVTVSSESKYGPPCPPCPTY
609 IWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELR
VKFSRSADAPAYQOQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDK
MAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRL.SCAASGFTFGSEAMSWVROAPGKERELVSATSGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGOGTQOVTVSSESKYGPPCPPCPIY
610 IWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRV
KFSRSADAPAYQQGONQL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFGSEAMSWVRQOAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGOGTQVTVSSESKYGPPCPPCPIY
611 IWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKK SRLTDVTLRVKF SRSA
DAPAYQQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMAEAYSE
IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFGSEAMSWVRQOAPGKERELVSATSGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCQORLVEAKRHWGQGTQOVTVSSESKYGPPCPPCPFW
612 VLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVOTTOEEDGCSCRFPEEEEGGC
ELRVKFSRSADAPAYQQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQ
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFGSEAMSWVRQAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGQGTQVTVSSESKYGPPCPPCPFW
613 VLVVVGGVLACYSLLVTVAFI IFWVRSKRSRLLHSD YMNMTPRRPGP TRKHYQPYAPPRDFAAYR
SRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFGSEAMSWVRQOAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCQORLVEAKRHWGQGTQVTVSSESKYGPPCPPCPFW
614 VLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKES
RSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGF TFGSEAMSWVRQAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGQGTQVTVSSLEPKSCDKTHTCPP
615 CPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVOTTOEEDGCSCRFPEEEEGG
CELRVKF SRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFGSEAMSWVROAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGQGTQVTVSSLEPKSCDKTHTCPP
616 CPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLESDYMNMTPRRPGP TRKHYQOP YAPPRDFAAY
RSRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQ
KDKMAEAYSETIGMKGERRRGKGHDGLYQGLSTATKDTYDATLHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFGSEAMSWVRQAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGQOGTQVTVSSLEPKSCDKTHTCPP
617 CPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKE
SRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAE
AYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFGSEAMSWVROAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGQOGTQVTVSSLEPKSCDKTHTCPP
618 CPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVOTTOEEDGCSCRFPEEE
EGGCELRVKFSRSADAPA YOQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLY
NELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR

619 EVQLLESGGGLVQPGGSLRLSCAASGF TFGSEAMSWVRQAPGKERELVSAISGSGEVTYYADSVK
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GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGQGTQVTVSSLEPKSCDKTHTCPP
CPFWVLVVVGGVLACYSLLVTVAFI IFWVRSKRSRLLESDYMNMTPRRP GPTRKHYQPYAPPRDF
AAYRSRVKFSRSADAPAYQQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQOEGLYN
ELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFGSEAMSWVRQOAPGKERELVSAISGSGEVTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCORLVEAKRHWGOGTQVTVSSLEPKSCDKTHTCPP
620 CPFWVLVVVGGVLACYSLLVTVAFI IFWVTKKKYSS SVHDPNGEYMFMRAVNTAKKSRLTDVTLR
VKFSRSADAPAYQOQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDK
MAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 105; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid
sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in
SEQ ID NO: 158. In particular embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 621, 622, 623, 624, 625, 626, 627, 628, 629, 630, 631, 632,
633, 634, 635, 636, 637, 638, 639, 640, 641, 642, 643, and 644.

SEQ ID
NO.

AMINO ACID SEQUENCE

EVQLLESGGGLVOPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWETRLNWGQOGTQVTVSSTTTPAPRPPTPAPT
IASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI
FKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQOOGONQOLYNELNLGRREEYD
VILDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR

EVQLLESGGGLVOPGGSLRLSCAASGF TFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWETRLNWGQOGTQVTVSSTTTPAPRPPTPAPT
IASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHS
DYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOQOGONOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQOEGLYNELQKDKMAEA Y SETIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR

EVQLLESGGGLVOPGGSLRLSCAASGF TFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWETRLNWGQOGTQVTVSSTTTPAPRPPTPAPT
IASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVH
DPNGEYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
EVQLLESGGGLVQOPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWETRLNWGQGTQVTVSSTTTPAPRPPTPAPT
IASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFI IFWVKRGRKKL
LYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOQGONOLYNELNL.GRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWE TRLNWGQGTQVTVSSTTTPAPRPPTPAPT
625 IASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFI IFWVRSKRSRL
LHSDYMNMTPRRPGPTRKHYQOPYAPPRDFAAYRSRVKFSRSADAPAYQOOGONQLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
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TKDTYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWE TRLNWGQOGTQVTVSSTTTPAPRPPTPAPT
IASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFI IFWVTKKKYSS
SVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWE TRLNWGQGTQVTVSSIEVMYPPPYLDNEK
SNGTITHVKGKHLCPSPLFPGPSKP IYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFM
RPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLS TATKDTYDAL
HMQALPPR
EVQLLESGGGLVOPGGSLRL.SCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWE TRLNWGQGTQVTVSSIEVMYPPPYLDNEK
SNGTIIHVKGKHLCPSPLFPGPSKP IYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD YMNMT
PRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOQOGONOLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWE TRLNWGQGTQVTVSSIEVMYPPPYLDNEK
SNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEY
MFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOQGONOLYNELNLGRREE YDVL.DKRRGRDPEMG
GKPRRKNPQEGLYNELQOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPP
R
EVQLLESGGGLVOPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWE TRLNWGQGTQVTVSSIEVMYPPPYLDNEK
SNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLYIFKQ
PFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOOGONQLYNELNLGRREE YDVLD
KRRGRDPEMGGKPRRKNP QEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWE TRLNWGQGTQVTVSSIEVMYPPPYLDNEK
SNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYM
NMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

EVQLLESGGGLVOPGGSLRLSCAASGF TFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWE TRLNWGQGTQVTVSSIEVMYPPPYLDNEK
SNGTITIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPN
GEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDP
EMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQA
LPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWE TRLNWGQGTQVTVSSESKYGPPCPPCPIY
633 IWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCELR
VKFSRSADAPAYQOQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNETLQKDK
MAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGF TFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWE TRLNWGQOGTQVTVSSESKYGPPCPPCPIY
634 IWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRV
KFSRSADAPAYQQGONOL YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWE TRLNWGQGTQVTVSSESKYGPPCPPCPIY
635 IWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKK SRLTDVTLRVKFSRSA
DAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMAEAYSE
IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

636 EVQLLESGGGLVOPGGSLRLSCAASGF TFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
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RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWE TRLNWGQGTQVTVSSESKYGPPCPPCPFW
VLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVOTTOEEDGCSCRFPEEEEGGC
ELRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQ
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWE TRLNWGQGTQVTVSSESKYGPPCPPCPFW
637 VLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHSD YMNMTPRRPGP TRKHYQPYAPPRDFAAYR
SRVKFSRSADAPA YOOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWE TRLNWGQGTQVTVSSESKYGPPCPPCPFW
638 VLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKES
RSADAPAYQQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGF TFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWETRLNWGOGTQVTVSSLEPKSCDKTHTCPP
639 CPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVOTTOEEDGCSCRFPEEEEGG
CELRVKF SRSADAPAYQQOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWE TRLNWGQGTQVTVSSLEPKSCDKTHTCPP
640 CPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQP YAPPRDFAAY
RSRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQ
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMQOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWETRLNWGOGTQVTVSSLEPKSCDKTHTCPP
641 CPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKF
SRSADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAE
AYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWETRLNWGQOGTQVTVSSLEPKSCDKTHTCPP
642 CPFWVLVVVGGVLACYSLLVTVAFI IFWVKRGRKKLLY IFKQPFMRPVOTTQOEEDGCSCRFPEEE
EGGCELRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDP EMGGKPRRKNPQEGLY
NELOKDKMAEAYSETIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWETRLNWGOGTQVTVSSLEPKSCDKTHTCPP
643 CPFWVLVVVGGVLACYSLLVTVAFI IFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQP YAPPRDF
AAYRSRVKFSRSADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFESEAMSWYRQAPGKERELVSVITSEGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAHIEWETRLNWGQGTQVTVSSLEPKSCDKTHTCPP
644 CPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSS SVHDPNGE YMFMRAVNTAKKSRLTDVTLR
VKFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQOKDK
MAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 109; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid
sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in

SEQ ID NO: 158. In particular embodiments, a CAR comprises an amino acid sequence set
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forth in any one of SEQ ID NOs: 645, 646, 647, 648, 649, 650, 651, 652, 653, 654, 655, 656,
657, 658, 659, 660, 661, 662, 663, 664, 665, 666, 667, and 668

SEQ ID
NO.

AMINO ACID SEQUENCE

EVQOLLESGGGLVQPGGSLRLSCAASGF TFDEYTMHWFRQAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSTTTPAPRPPTPA
PTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLL
YIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOQGONQLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDEYTMHWFROAPGKEREFVSATISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSTTTPAPRPPTPA
PTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLL
HSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYOQOGONOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQOKDKMAEAY SEIGMKGERRRGKGEDGLYQGLSTAT
KDTYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDEYTMHWFROAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSTTTPAPRPPTPA
PTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSS
VHDPNGE YMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYOQOGONQLYNELNLGRREE YDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYDA
LHEMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDEYTMHWFROAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSTTTPAPRPPTPA
PTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFITIFWVKRGRK
KLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOQOGONOLYNELNLGR
REEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGL
STATKDTYDALHMQALPPR
EVQLLESGGGLVQPGGSLRLSCAASGFTFDEYTMHWFROAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSTTTPAPRPPTPA
PTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF I IFWVRSKRS
RLLHSDYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOGONQLYNELNLGRR
EEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDEYTMHWFROAPGKEREFVSATSGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSTTTPAPRPPTPA
PTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKY
SSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKEF SRSADAPAYQOGONQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDEYTMHWFROAPGKEREFVSATSGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSIEVMYPPPYLDN
EKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQP
FMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDEYTMHWFROAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQOVTVSSIEVMYPPPYLDN
EKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLESDYMN
MTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE T GMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDEYTMHWFRQAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQOVTVSSIEVMYPPPYLDN
653 EKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNG
EYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPE
MGGKPRRKNPQOEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMOAL

645

646

647

648

649

650

651

652

114



WO 2025/072253 PCT/US2024/048295

PPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDEYTMHWFRQAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQOVTVSSIEVMYPPPYLDN
EKSNGTI ITHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLYIF
KQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOQOGONOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQOEGLYNELQOKDKMAEA Y SEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR

EVQLLESGGGLVQPGGSLRLSCAASGF TFDEYTMHWFRQAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSIEVMYPPPYLDN
EKSNGTI THVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHSD
YMNMTPRRPGPTRKHYQP YAPPRDF AAYRSRVKFSRSADAPA YOQGONOLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR
EVQLLESGGGLVOPGGSLRL.SCAASGFTFDEYTMHWFROAPGKEREFVSATSGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSIEVMYPPPYLDN
EKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHD
PNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQOGONOLYNELNLGRREE YDVL.DKRRGR
DPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEM
QOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDEYTMHWFROAPGKEREFVSATSGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSESKYGPPCPPCP
657 IYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQOEEDGCSCRFPEEEEGGCE
LRVKFSRSADAPAYQQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFDEYTMHWFRQAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSESKYGPPCPPCP
658 IYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS
RVKFSRSADAPAYQQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDEYTMHWFROAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSESKYGPPCPPCP
659 IYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSR
SADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY
SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFDEYTMHWFRQAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSESKYGPPCPPCP
660 FWVLVVVGGVLACYSLLVTVAFI IFWVKRGRKKLLY IFKOPFMRPVOTTQOEEDGCSCRFPEEEEG
GCELRVKFSRSADAPAYQQOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDEYTMHWFROAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSESKYGPPCPPCP
661 FWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLESDYMNMTPRRPGP TRKHYQPYAPPRDFAA
YRSRVKF SRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDEYTMHWFROAPGKEREFVSATSGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSESKYGPPCPPCP
662 FWVLVVVGGVLACYSLLVTVAFI IFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVK
FSRSADAPAYQQOGONOLYNELNLGRREEYDVI.DKRRGRDPEMGGKPRRKNPQEGL YNELQOKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDE YTMHWFROAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTOVTVSSLEPKSCDKTHTC
663 PPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKOPFMRPVQTTQEEDGCSCRFPEEEE
GGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDEYTMHWFROAPGKEREFVSATSGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSLEPKSCDKTHTC
664 PPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYQOPYAPPRDFA
AYRSRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVI.DKRRGRDPEMGGKPRRKNPQOEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEMOALPPR
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EVQLLESGGGLVOPGGSLRLSCAASGF TFDEYTMHWFROAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSLEPKSCDKTHTC
665 PPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRV
KFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFDEYTMHWFRQOAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSLEPKSCDKTHTC
666 PPCPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKOPFMRPVOQTTQEEDGCSCRFPE
EEEGGCELRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEG
LYNELOQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFDEYTMHWFRQAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSLEPKSCDKTHTC
667 PPCPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPR
DFAAYRSRVKFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL
YNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQOPGGSLRLSCAASGF TFDEYTMHWFROAPGKEREFVSAISGGGSETYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAGGEEAGVGYWGQGTQVTVSSLEPKSCDKTHTC
668 PPCPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKY SSSVHDPNGEYMFMRAVNTAKKSRLTDVT
LRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 113; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid

5 sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in
SEQ ID NO: 158. In particular embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 669, 670, 671, 672, 673, 674, 675, 676,677, 678, 679, 680,

10 681, 682, 683, 684, 685, 686, 687, 688, 689, 690, 691, and 692.

SEQ ID
NO.

AMINO ACID SEQUENCE

EVOLLESGGGLVQOPGGSLRLSCAASGF TFEDYAMSWFROAPGKEREGVSATI SGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSTTTPAPRPPT
PAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKK
LLYIFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQOGONOLYNELNLGRR
EEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMOALPPR

EVOLLESGGGLVOPGGSLRLSCAASGF TFEDYAMSWFRQAPGKEREGVSAI SGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTOVTVSSTTTPAPRPPT
PAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSR
LLHSDYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKF SRSADAPAYQOGONQOLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMOQALPPR

EVOLLESGGGLVOPGGSLRLSCAASGF TFEDYAMSWFRQAPGKEREGVSAI SGKGGSTYYADSVK
GRETISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTOVTVSSTTTPAPRPPT
PAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYS
SSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQGONOLYNELNLGRREEYDVLD
KRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMOALPPR
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EVQLLESGGGLVOPGGSLRLSCAASGF TFEDYAMSWFRQAPGKEREGVSAISGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSTTTPAPRPPT
PAPTIASQPILSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF I TFWVKRG
RKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOQOGONQLYNELNL
GRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQ
GLSTATKDTYDALHMQALPPR
EVOLLESGGGLVOPGGSLRLSCAASGFTFEDYAMSWFRQAPGKEREGVSAT SGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSTTTPAPRPPT
PAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF IIFWVRSK
RSRLLHSDYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKF SRSADAPAYQQGONQLYNELNLG
RREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE LOKDKMAEAYSE IGMKGERRRGKGHDGLYQG
LSTATKDTYDALHMQOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGFTFEDYAMSWFRQAPGKEREGVSAT SGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSTTTPAPRPPT
PAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF IIFWVTKK
KYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOOGONOLYNELNLGRREEYD
VLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGFTFEDYAMSWFRQAPGKEREGVSAISGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSIEVMYPPPYL
DNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFK
QPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQOGONOLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SE T GMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR
EVOLLESGGGLVOPGGSLRLSCAASGFTFEDYAMSWFRQAPGKEREGVSAISGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSIEVMYPPPYL
DNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDY
MNMTPRRPGP TRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOOGONQOLYNELNLGRREEYDVLD
KRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMQALPPR

EVQLLESGGGLVOPGGSLRLSCAASGF TFEDYAMSWFRQAPGKEREGVSAISGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSIEVMYPPPYL
DNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDP
NGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOOGONQLYNE LNLGRREE YDVLDKRRGRD
PEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMO
ALPPR
EVOLLESGGGLVQOPGGSLRLSCAASGFTFEDYAMSWFRQAPGKEREGVSAT SGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSIEVMYPPPYL
DNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY
IFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOQGONQOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHEDGLYQGLSTAT
KDTYDALHEMQOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGFTFEDYAMSWFRQAPGKEREGVSAT SGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSIEVMYPPPYL
DNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF IIFWVRSKRSRLLH
SDYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQQGONQOLYNELNLGRREEYD
VLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGFTFEDYAMSWFRQAPGKEREGVSAISGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSIEVMYPPPYL
DNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF IIFWVTKKKYSSSV
HDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOGONQOLYNELNLGRREE YDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDAL
HMOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGFTFEDYAMSWFRQAPGKEREGVSAISGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSESKYGPPCPP
681 CPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGG
CELRVKF SRSADAPA YQOGONQOLYNELNLGRREE YDVLDKRRGRDP EMGGKPRRKNP QEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
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EVOLLESGGGLVQOPGGSLRLSCAASGF TFEDYAMSWFRQAPGKEREGVSAISGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTOVTVSSESKYGPPCPP
682 CPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAY
RSRVKFSRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQ
KDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGF TFEDYAMSWFRQAPGKEREGVSATI SGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTOVTVSSESKYGPPCPP
683 CPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKE
SRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNE LOKDKMAE
AYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGFTFEDYAMSWFRQAPGKEREGVSATSGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTOVTVSSESKYGPPCPP
684 CPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRFPEEE
EGGCELRVKF SRSADAPAYQQOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLY
NELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGF TFEDYAMSWFRQAPGKEREGVSAI SGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTOVTVSSESKYGPPCPP
685 CPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDF
AAYRSRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYN
ELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFEDYAMSWFRQAPGKEREGVSAT SGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTOVTVSSESKYGPPCPP
686 CPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKY SSSVHDPNGE YMFMRAVNTAKKSRLTDVTLR
VKFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDK
MAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGF TFEDYAMSWFRQAPGKEREGVSAISGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGOGTQOVTVSSLEPKSCDKTH
687 TCPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKOPFMRPVQTTQEEDGCSCRFPEE
EEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGL
YNELQKDKMAEAYSEIGMKGERRRGKGHDGLYOGLSTATKDTYDALHMOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGF TFEDYAMSWFROAPGKEREGVSAISGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSLEPKSCDKTH
688 TCPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRD
FAAYRSRVKFSRSADAPAYQQOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLY
NELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGF TFEDYAMSWFRQAPGKEREGVSAI SGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGOGTQOVTVSSLEPKSCDKTH
689 TCPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTL
RVKF SRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGF TFEDYAMSWFROAPGKEREGVSAI SGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSLEPKSCDKTH
690 TCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRF
PEEEEGGCELRVKFSRSADAPAYQOQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGF TFEDYAMSWFRQAPGKEREGVSAISGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGOGTQVTVSSLEPKSCDKTH
691 TCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQOPYAP
PRDFAAYRSRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQE
GLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGF TFEDYAMSWFROAPGKEREGVSAI SGKGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSLEPKSCDKTH
692 TCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKY S SSVHDPNGEYMFMRAVNTAKKSRLTD
VTLRVKFSRSADAPAYQQOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

In preferred embodiments, a CAR comprises an antibody or antigen binding

fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 117; a spacer
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domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid
sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in
SEQ ID NO: 158. In preferred embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 693, 694, 695, 696, 697, 698, 699, 700, 701, 702, 703, 704,
705, 706, 707, 708, 709, 710, 711,712,713, 714,715, and 716.

SEQ ID
NO.

AMINO ACID SEQUENCE

EVOLLESGGGLVOPGGSLRLSCAASGFTFDRYAMSWFRQAPGKEREGVSAT STSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGOGTQVTVSSTTTPAPRPPT
PAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKK
LLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRR
EEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMQALPPR
EVOLLESGGGLVOPGGSLRLSCAASGFTFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSTTTPAPRPPT
PAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSR
LLHSDYMNMTPRRPGP TRKHYQP YAPPRDFAAYRSRVKF SRSADAPAYQOQGONOLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSETGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMQOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGFTFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSTTTPAPRPPT
PAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKYS
SSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDVLD
KRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSTTTPAPRPPT
PAPTIASQPILSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF I IFWVKRG
RKKLLYIFKQPFMRPVQOTTQEEDGCSCRFPEEEEGGCELRVKEFSRSADAPA YOOGONQOLYNELNL
GRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOKDKMAEAYSE I GMKGERRRGKGHDGLYQ
GLSTATKDTYDALHMQOALPPR

EVOLLESGGGLVQOPGGSLRLSCAASGF TFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGOGTQVTVSSTTTPAPRPPT
PAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWVRSK
RSRLLHSDYMNMTPRRPGP TRKHYQOPYAPPRDFAAYRSRVKFSRSADAPAYQOGONQLYNELNLG
RREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SE IGMKGERRRGKGHDGLYQG
LSTATKDTYDALHMOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGFTFDRYAMSWFRQAPGKEREGVSATI STSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGOGTQVTVSSTTTPAPRPPT
PAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF IIFWVTKK
KYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQGONQLYNELNLGRREEYD
VLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMOALPPR
EVOLLESGGGLVOPGGSLRLSCAASGFTFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSIEVMYPPPYL
DNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFK
QPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQOQGONQOLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR
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EVQOLLESGGGLVQPGGSLRLSCAASGF TFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSIEVMYPPPYL
DNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDY
MNMTPRRPGP TRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLD
KRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMOALPPR

EVQLLESGGGLVQPGGSLRLSCAASGF TFDRYAMSWFRQAPGKEREGVSATSTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSIEVMYPPPYL
DNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDP
NGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD TYDALHMQ
ALPPR

EVQLLESGGGLVQPGGSLRLSCAASGF TFDRYAMSWFRQAPGKEREGVSATISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSIEVMYPPPYL
DNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY
IFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOQGONOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMQALPPR

EVQOLLESGGGLVQPGGSLRLSCAASGF TFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSIEVMYPPPYL
DNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLH
SDYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQQOGONOLYNELNLGRREEYD
VLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR

EVQOLLESGGGLVQPGGSLRLSCAASGF TFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSIEVMYPPPYL
DNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSV
HDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQGONQOLYNELNLGRREE YDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SE I GMKGERRRGKGHDGLYQGLSTATKDTYDAL
HMQALPPR

EVQOLLESGGGLVQPGGSLRLSCAASGF TFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQOVTVSSESKYGPPCPP
705 CPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGG
CELRVKF SRSADAPA YQOGONQLYNELNLGRREE YDVLDKRRGRDP EMGGKPRRKNP QEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGFTFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYILOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSESKYGPPCPP
706 CPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQOPYAPPRDFAAY
RSRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQ
KDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGF TFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSESKYGPPCPP
707 CPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKE
SRSADAPAYQQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE LOKDKMAE
AYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGF TFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSESKYGPPCPP
708 CPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKQPFMRPVOTTQEEDGCSCRFPEEE
EGGCELRVKF SRSADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQOEGLY
NELQOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGF TFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSESKYGPPCPP
709 CPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQOPYAPPRDF
AAYRSRVKFSRSADAPAYQOQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKD TYDALHMQALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGF TFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSESKYGPPCPP
CPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLR
VKFSRSADAPAYQQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDK
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MAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
EVOLLESGGGLVQOPGGSLRLSCAASGF TFDRYAMSWFROAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQOVTVSSLEPKSCDKTH
711 TCPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQOPFMRPVQTTOEEDGCSCRFPEE
EEGGCELRVKFSRSADAPAYQOQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQOEGL
YNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQOLLESGGGLVQOPGGSLRLSCAASGF TFDRYAMSWFROAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSLEPKSCDKTH
712 TCPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRD
FAAYRSRVKFSRSADAPAYQOQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLY
NELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVOLLESGGGLVQOPGGSLRLSCAASGF TFDRYAMSWFROAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQOVTVSSLEPKSCDKTH
713 TCPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTL
RVKFSRSADAPAYQOQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVOLLESGGGLVQOPGGSLRLSCAASGF TFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQOVTVSSLEPKSCDKTH
714 TCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVQOTTQEEDGCSCRF
PEEEEGGCELRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGF TFDRYAMSWFRQAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQOVTVSSLEPKSCDKTH
715 TCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAP
PRDFAAYRSRVKFSRSADAPAYOQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QE
GLYNELQOKDKMAEAY SE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVOLLESGGGLVQOPGGSLRLSCAASGF TFDRYAMSWFROAPGKEREGVSAISTSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAVLDEEAGAEGGYWGQGTQVTVSSLEPKSCDKTH
716 TCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTD
VTLRVKFSRSADAPAYQQOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 121; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid

5 sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in
SEQ ID NO: 158. In particular embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 717, 718, 719, 720, 721, 722,723, 724,725,726, 727, 728,

10 729,730,731, 732,733,734, 735, 736, 737, 738, 739, and 740.

SE;?O m AMINO ACID SEQUENCE
EVQLLESGGGLVQPGGSLRLSCAASGF TFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVITVSSTTTPAPRPP

717 TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRK

KLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONQLYNELNLGR
REEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGL
STATKDTYDALHMOALPPR

718 EVQLLESGGGLVQPGGSLRLSCAASGF TFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
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GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSSTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRS
RLLHSDYMNMTPRRPGP TRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOGONOLYNELNLGRR
EEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSSTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKY
SSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQGONQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSSTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVKR
GRKKLLY IFKQPFMRPVQTTQOEEDGCSCRFPEEEEGGCELRVKF SRSADAPA YOOGONQOLYNELN
LGRREEYDVI.DKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEA YSET GMKGERRRGKGHDGLY
OGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSSTTTPAPRPP
TPAPTTASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFITFWVRS
KRSRLLHSDYMNMTPRRPGPTRKHYQP YAPPRDFAA YRSRVKF SRSADAPAYOQGONQOLYNELNL
GRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SE IGMKGERRRGKGHDGLYQ
GLSTATKDTYDALHMQOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSSTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVTK
KKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQGONQLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSATISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSSIEVMYPPPY
LDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIF
KQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEA Y SEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSSIEVMYPPPY
LDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD
YMNMTPRRPGP TRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOQGONQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SETGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQOGTQVTVS SIEVMYPPPY
LDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHD
PNGEYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPA YOOGONQOLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDAT.HM
OALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSSIEVMYPPPY
LDNEKSNGTI THVKGKHIL.CPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAF I ITFWVKRGRKKLL
YIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONQOLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSSIEVMYPPPY
LDNEKSNGTI IHVKGKHILCPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLL
HSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQOGONQLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHEDGLYQGLSTAT
KDTYDALHMOQALPPR
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EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVS SIEVMYPPPY
LDNEKSNGTI ITHVKGKHLCPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAF IIFWVTKKKYSSS
VHDPNGE YMFMRAVNTAKKSRLTDVTLRVKEF SRSADAPAYQQGONQLYNELNLGRREE YDVLDKR
RGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSATSGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSSESKYGPPCP
729 PCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVOTTQOEEDGCSCRFPEEEEG
GCELRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSSESKYGPPCP
730 PCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLESDYMNMTPRRPGP TRKHYQPYAPPRDFAA
YRSRVKF SRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSATSGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSSESKYGPPCP
731 PCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVK
FSRSADAPAYQQOGONOLYNELNLGRREEYDVI.DKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSSESKYGPPCP
732 PCPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVOTTQEEDGCSCRFPEE
EEGGCELRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL
YNELQOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRL.SCAASGFTFASDAMSWYRQAPGKERELVSATSGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSSESKYGPPCP
733 PCPFWVLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLESDYMNMTPRRPGP TRKHYQPYAPPRD
FAAYRSRVKFSRSADAPAYOQGONOILYNELNL.GRREE YDVI.DKRRGRDPEMGGKPRRKNPQEGLY
NELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVSSESKYGPPCP
734 PCPFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKYS SSVHDPNGE YMFMRAVNTAKKSRLTDVTL
RVKFSRSADAPAYQQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSATISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVS SLEPKSCDKT
735 HTCPPCP IYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTOEEDGCSCRFPE
EEEGGCELRVKFSRSADAPAYQOOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEG
LYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVS SLEPKSCDKT
736 HTCPPCPIYIWAPLAGTCGVLILLSLVITLYCRSKRSRLLHSD YMNMTPRRPGPTRKHYQP YAPPR
DFAAYRSRVKFSRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL
YNELQOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQOGTQVTVS SLEPKSCDKT
737 HTCPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVT
LRVKFSRSADAPAYQQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELQOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVS SLEPKSCDKT
738 HTCPPCPFWVLVVVGGVLACYSLLVTVAF I ITFWVKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCR
FPEEEEGGCELRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP
QOEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
739 GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQOGTQOVTVS SLEPKSCDKT
HTCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQP YA
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PPRDFAAYRSRVKFSRSADAPAYQOOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQOPGGSLRLSCAASGF TFASDAMSWYRQAPGKERELVSAISGSGGSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAAHDSGEAYLAFDYWGQGTQVTVS SLEPKSCDKT
740 HTCPPCPFWVLVVVGGVLACYSLLVIVAFIIFWVIKKKYSSSVHDPNGE YMFMRAVNTAKKSRLT
DVTLRVKFSRSADAPAYQQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 125; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid
sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in
SEQ ID NO: 158. In particular embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 741, 742, 743, 744, 745, 746, 747, 748, 749, 750, 751, 752,
753,754,755, 756, 757, 758, 759, 760, 761, 762, 763, and 764.

SEQ ID
NO.

AMINO ACID SEQUENCE

EVQLLESGGGLVOPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSATSGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRK
KLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOQGONOLYNELNLGR
REEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGL
STATKDTYDALHMQALPPR

EVQLLESGGGLVOPGGSLRLSCAASGFTFDS YTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRS
RLLHSDYMNMTPRRPGP TRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOGONOLYNELNLGRR
EEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMQALPPR
EVQLLESGGGLVQOPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKKKY
SSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOOGONOLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSTTTPAPRPP
TPAPTTASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF I IFWVKR
GRKKLLY IFKQPFMRPVQTTQOEEDGCSCRFPEEEEGGCELRVKF SRSADAPA YOOGONQLYNELN
LGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLY
OGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSTTTPAPRPP
TPAPTTASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFITFWVRS
KRSRLLHSDYMNMTPRRP GPTRKHYQOP YAPPRDFAAYRSRVKFSRSADAPAY QOGONQLYNELNL
GRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SE IGMKGERRRGKGHDGLYQ
GLSTATKDTYDALHMOALPPR

746 EVQLLESGGGLVOPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSATSGHGDSTYYADSVK
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GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIFWVTK
KKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOQGONQLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMOQALPPR

EVQLLESGGGLVOPGGSLRLSCAASGFTFDS YTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSIEVMYPPPY
LDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIF
KQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQOEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLS TATKD
TYDALHMQALPPR

EVQLLESGGGLVOPGGSLRLSCAASGFTFDS YTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSIEVMYPPPY
LDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSD
YMNMTPRRPGP TRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOQGONQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSIEVMYPPPY
LDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHD
PNGEYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPA YOOGONOLYNELNLGRREE YDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
QALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSIEVMYPPPY
LDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF I ITFWVKRGRKKLL
YIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQQOGONQOLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPOEGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSATSGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSIEVMYPPPY
LDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF IIFWVRSKRSRLL
HSDYMNMTPRRPGPTRKHYQOPYAPPRDFAAYRSRVKFSRSADAPAYQQOGONQOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMOQALPPR

EVQLLESGGGLVOPGGSLRLSCAASGFTFDS YTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQOGTQVTVSSIEVMYPPPY
LDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF IIFWVTKKKYSSS
VHDPNGE YMFMRAVNTAKKSRLTDVTLRVKEF SRSADAPAYQOGONOLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYDA
LHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSESKYGPPCP
753 PCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEG
GCELRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDS YTMSWYRQAPGKERELVSATSGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSESKYGPPCP
754 PCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYQP YAPPRDFAA
YRSRVKFSRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSESKYGPPCP
755 PCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVK
FSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELOKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSATSGHGDSTYYADSVK
756 GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSESKYGPPCP
PCPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRFPEE
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EEGGCELRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGL
YNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSESKYGPPCP
757 PCPFWVLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLESDYMNMTPRRPGP TRKHYQP YAPPRD
FAAYRSRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDP EMGGKPRRKNPQEGLY
NELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSESKYGPPCP
758 PCPFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKY S SSVHDPNGE YMFMRAVNTAKKSRLTDVTL
RVKFSRSADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKD
KMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQOPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISI TTEWLAGDYWGQGTQVTVSSLEPKSCDKT
759 HTCPPCP IYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTOEEDGCSCRFPE
EEEGGCELRVKFSRSADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEG
LYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSATISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSLEPKSCDKT
760 HTCPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYOP YAPPR
DFAAYRSRVKFSRSADAPAYQQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL.
YNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDS YTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISI TTEWLAGDYWGQGTQVTVSSLEPKSCDKT
761 HTCPPCP IYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVT
LRVKFSRSADAPAYQQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSATSGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSLEPKSCDKT
762 HTCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCR
FPEEEEGGCELRVKFSRSADAPAYQQOGONQOL YNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP
QOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDS YTMSWYRQAPGKERELVSAISGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSLEPKSCDKT
763 HTCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYA
PPRDFAAYRSRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHEMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFDSYTMSWYRQAPGKERELVSATSGHGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRISITTEWLAGDYWGQGTQVTVSSLEPKSCDKT
764 HTCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLT
DVTLRVKFSRSADAPAYQQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 129; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid
sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in

SEQ ID NO: 158. In particular embodiments, a CAR comprises an amino acid sequence set
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forth in any one of SEQ ID NOs: 765, 766, 767, 768, 769, 770, 771, 772,773,774, 775, 776,
777,778,779, 780, 781, 782, 783, 784, 785, 786, 787, and 788.

SEQ ID
NO.

AMINO ACID SEQUENCE

EVQLLESGGGLVQPGGSLRLSCAASGFTF SSYAMSWFRQAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWP YDFEEPSEPGVYWGQOGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRG
RKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONQLYNELNL.
GRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAY SE IGMKGERRRGKGHDGLYQ
GLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWP YDFEEPSEPGVYWGQGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSK
RSRLLHSDYMNMTPRRPGP TRKHYQOPYAPPRDFAAYRSRVKFSRSADAPAYQOOGONQOLYNELNLG
RREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQG
LSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWP YDFEEPSEPGVYWGOGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKK
KYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYQOOGONQOLYNELNLGRREEYD
VILDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWP YDFEEPSEPGVYWGOGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWV
KRGRKKLLYIFKQPFMRPVOTTOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONQLYNE
LNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDG
LYQGLSTATKDTYDALEMOALPPR

EVQLLESGGGLVQPGGSLRLSCAASGFTF SSYAMSWFRQAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWP YDFEEPSEPGVYWGOGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWV
RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGONQLYNEL
NLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGL
YQOGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWP YDFEEPSEPGVYWGOGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACY SLLVTVAF IIFWV
TKKKYSS SVHEDPNGEYMFMRAVNTAKKSRLTDVTLRVKF SRSADAPAYQQOGONQLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWPYDFEEPSEPGVYWGQOGTQVTVSSIEVMYPP
PYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY
IFKQPFMRPVOTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOOGONQLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQKDKMAEAY SEIGMKGERRRGKGEDGLYQGLSTAT
KDTYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWPYDFEEPSEPGVYWGOGTQVTVSSTEVMYPP
PYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLH
SDYMNMTPRRPGP TRKHYQOP YAPPRDFAAYRSRVKF SRSADAPAYQOQGONOLYNELNLGRREEYD
VILDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR

EVQLLESGGGLVOPGGSLRLSCAASGFTF SSYAMSWFRQOAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWPYDFEEPSEPGVYWGQOGTQVTVSSIEVMYPP
773 PYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSV
HDPNGEYMFMRAVNTAKK SRLTDVTLRVKFSRSADAPAYQOQOGONQLYNE LNLGRREE YDVLDKRR
GRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDAL
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HMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTF SSYAMSWFRQAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWP YDFEEPSEPGVYWGOGTQVTVSSIEVMYPP
PYLDNEKSNGTIIHVKGKHI.CPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFI IFWVKRGRKK
LLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOQOGONOLYNELNLGRR
EEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWFRQAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWP YDFEEPSEPGVYWGOGTQVTVSSIEVMYPP
PYLDNEKSNGTIIHVKGKHI.CPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFI IFWVRSKRSR
LLHSDYMNMTPRRPGP TRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOQOGONOLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMOATLPPR
EVQLLESGGGLVOPGGSLRL.SCAASGFTFSSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWPYDFEEPSEPGVYWGOGTQVTVSSIEVMYPP
PYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYS
SSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQOGONOLYNELNLGRREE YDVL.D
KRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAED TAVYYCTRWPYDFEEPSEPGVYWGQGTQVTVSSESKYGPP
777 CPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVOTTOEEDGCSCRFPEEE
EGGCELRVKFSRSADAPA YOQGONOLYNELNILGRREE YDVIL.DKRRGRDPEMGGKPRRKNPQEGLY
NELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWFRQAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWP YDFEEPSEPGVYWGOGTQVTVSSESKYGPP
778 CPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDF
AAYRSRVKF SRSADAPAYQQGONOL YNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWP YDFEEPSEPGVYWGOGTQVTVSSESKYGPP
779 CPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLR
VKFSRSADAPAYQOQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELQOKDK
MAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWFRQAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWP YDFEEPSEPGVYWGOGTQVTVSSESKYGPP
780 CPPCPFWVLVVVGGVLACYSLLVTVAFI IFWVKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRFP
EEEEGGCELRVKF SRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQE
GLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWPYDFEEPSEPGVYWGOGTQVTVSSESKYGPP
781 CPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHESDYMNMTPRRPGPTRKHYQPYAPP
RDFAAYRSRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEG
LYNELOKDKMAEAYSETIGMKGERRRGKGHDGLYQGLS TATKD TYDALHMQAT.PPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWP YDFEEPSEPGVYWGOGTQVTVSSESKYGPP
782 CPPCPFWVLVVVGGVLACYSLLVTVAFI IFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDV
TLRVKFSRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQ
KDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWPYDFEEPSEPGVYWGQGTQOVTVSSLEPKSCD
783 KTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQTTOEEDGCSCRF
PEEEEGGCELRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWP YDFEEPSEPGVYWGQGTQVTVSSLEPKSCD
784 KTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAP
PRDFAAYRSRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVI.DKRRGRDPEMGGKPRRKNPOE
GLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

774

775

776

128



WO 2025/072253 PCT/US2024/048295

EVQLLESGGGLVOPGGSLRLSCAASGF TF SSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWPYDFEEPSEPGVYWGQGTQVIVSSLEPKSCD
785 KTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTD
VTILRVKF SRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFSSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWPYDFEEPSEPGVYWGQGTQVTVSSLEPKSCD
786 KTHTCPPCPFWVLVVVGGVLACYSLLVIVAF ITFWVKRGRKKLLYIFKQPFMRPVOTTQEEDGCS
CRFPEEEEGGCELRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK
NPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFSSYAMSWFRQAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWPYDFEEPSEPGVYWGQOGTQVIVSSLEPKSCD
787 KTHTCPPCPFWVLVVVGGVLACYSLLVTVAF ITFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQP
YAPPRDFAAYRSRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN
POQEGLYNELOQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQOPGGSLRLSCAASGF TFSSYAMSWFROAPGKEREFVSFISGSGDSTYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCTRWPYDFEEPSEPGVYWGQGTQVTVSSLEPKSCD
788 KTHTCPPCPFWVLVVVGGVLACYSLLVIVAF ITFWVTKKKYSSSVHDPNGEYMFMRAVNTAKKSR
LTDVTLRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLY
NELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 133; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid

5 sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in
SEQ ID NO: 158. In particular embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 789, 790, 791, 792, 793, 794, 795, 796, 797, 798, 799, 800,

10 801, 802, 803, 804, 805, 806, 807, 808, 809, 810, 811, and 812.

SEQ ID
NO.

AMINO ACID SEQUENCE

EVQLLESGGGLVOPGGSLRLSCAASGFTF TD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDYYNFDYWGQGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRG
RKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOOGONQLYNELNL,
GRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAY SE IGMKGERRRGKGHDGLYQ
GLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTF TD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDYYNFDYWGQGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSK
RSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRSRVKF SRSADAPAYQOOGONQOLYNELNLG
RREEYDVILDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSETGMKGERRRGKGHDGLYQG
LSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTF TD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDYYNFDYWGQGTQOVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKK
KYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKEF SRSADAPAYQOGONQOLYNELNLGRREEYD
VIDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR

789

790

791
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EVQLLESGGGLVOPGGSLRLSCAASGF TF TD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDYYNFDYWGQGTQVTVSSTTTPAPR
PPTPAPTTASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWV
KRGRKKLLYIFKQPFMRPVOTTOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONQLYNE
LNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDG
LYQGLSTATKDTYDALEMOALPPR

EVQLLESGGGLVQOPGGSLRLSCAASGFTFTD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDYYNFDYWGQGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACY SLLVTVAF IIFWV
RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKF SRSADAPAYQQGONQLYNEL
NLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE I GMKGERRRGKGHDGL
YQOGLSTATKDTYDALHMOALPPR

EVQLLESGGGLVOPGGSLRLSCAASGFTFTD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDYYNFDYWGQGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACY SLLVTVAF IIFWV
TKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOQGONOLYNELNL.GRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTF TD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDILSFDYYNFDYWGQOGTQVTVSSTEVMYPP
PYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY
IFKQPFMRPVQOTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOOGONQOLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMQOALPPR
EVQLLESGGGLVQOPGGSLRLSCAASGFTF TD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDYYNFDYWGOGTQVTVSSIEVMYPP
PYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLH
SDYMNMTPRRPGP TRKHYQOP YAPPRDFAAYRSRVKF SRSADAPAYQOQGONOLYNELNLGRREEYD
VILDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGF TF TD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDYYNFDYWGOGTQVTVSSIEVMYPP
PYLDNEKSNGTIIHVKGKHI.CPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSV
HDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQOGONQLYNE LNLGRREE YDVLDKRR
GRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDAL
HMQALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGF TFTD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDYYNFDYWGOGTQVTVSSIEVMYPP
PYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKK
LLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOQOGONOLYNELNLGRR
EEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTF TD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDYYNFDYWGQOGTQVTVSSIEVMYPP
PYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSR
LLHSDYMNMTPRRPGPTRKHYQOPYAPPRDFAAYRSRVKFSRSADAPAYOOGONOLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMOALPPR
EVQLLESGGGLVQOPGGSLRLSCAASGFTF TD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDILSFDYYNFDYWGOGTQVTVSSTIEVMYPP
PYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYS
SSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOQGONOLYNELNLGRREE YDVLD
KRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTF TD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDYYNFDYWGOGTQVTVSSESKYGPP
801 CPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVOTTOEEDGCSCRFPEEE
EGGCELRVKFSRSADAPAYQOQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLY
NELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
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EVQLLESGGGLVQPGGSLRLSCAASGFTFTD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
REFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDY YNFDYWGQGTQVTVSSESKYGPP
802 CPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDF
AAYRSRVKFSRSADAPAYQQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYN
ELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFTD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RETISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDYYNFDYWGQGTQVTVSSESKYGPP
803 CPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLR
VKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDK
MAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVQPGGSLRLSCAASGFTFTD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RETISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDY YNFDYWGQGTQVTVSSESKYGPP
804 CPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVQTTQOEEDGCSCRFP
EEEEGGCELRVKF SRSADAPAYQOQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQE
GLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGFTFTD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RETISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDYYNFDYWGQGTQVTVSSESKYGPP
805 CPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQP YAPP
RDFAAYRSRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEG
LYNELOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTATKD TYDALHMQOATL.PPR
EVQLLESGGGLVQPGGSLRLSCAASGFTFTD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RETISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDY YNFDYWGQGTQVTVSSESKYGPP
806 CPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDV
TLRVKFSRSADAPAYQOQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQ
KDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKD TYDALHMOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGF TFTD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDY YNFDYWGQGTQVTVSSLEPKSCD
807 KTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQTTQEEDGCSCRF
PEEEEGGCELRVKFSRSADAPAYQQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFTD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RETISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDY YNFDYWGQGTQVTVSSLEPKSCD
808 KTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAP
PRDFAAYRSRVKFSRSADAPAYOQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQE
GLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGF TFTD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDY YNFDYWGQGTQVTVSSLEPKSCD
809 KTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTD
VTLRVKF SRSADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGFTFTD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RETISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDY YNFDYWGQGTQVTVSSLEPKSCD
810 KTHTCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVQTTQOEEDGCS
CRFPEEEEGGCELRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK
NPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
EVQOLLESGGGLVQPGGSLRLSCAASGF TFTD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDY YNFDYWGQGTQVTVSSLEPKSCD
811 KTHTCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQP
YAPPRDFAAYRSRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN
POEGLYNELQOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGFTFTD YDMSWYRQAPGKERELVSVIHSGGSTYYADSVKG
RETISRDNSKNTLYLOMNSLRAEDTAVYYCAPGYYSDLSFDYYNFDYWGQGTQVTVSSLEPKSCD
812 KTHTCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKYSSSVHDPNGEYMFMRAVNTAKKSR
LTDVTLRVKFSRSADAPAYQQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLY
NELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding

fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 137; a spacer
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domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid
sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in
SEQ ID NO: 158. In particular embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 813, 814, 815, 816, 817, 818, 819, 820, 821, 822, 823, 824,
825, 826, 827, 828, 829, 830, 831, 832, 833, 834, 8§35, and §836.

SEQ ID
NO.

AMINO ACID SEQUENCE

EVQLLESGGGLVOPGGSLRL.SCAASGFTFSDYAMHWFROAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRG
RKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONQLYNELNL.
GRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQ
GLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSDYAMHWFROAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSK
RSRLLHSDYMNMTPRRPGP TRKHYQPYAPPRDFAAYRSRVKF SRSADAPAYQOOGONQOLYNELNLG
RREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQG
LSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSDYAMHWFROAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCTKK
KYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKEF SRSADAPAYQOGONOLYNELNLGRREEYD
VILDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSETGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGF TF SDYAMHWFRQOAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF IIFWV
KRGRKKLLY IFKOPFMRPVOTTOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQOGONQLYNE
LNLGRREEYDVL.DKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDG
LYQGLSTATKDTYDALHEMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TF SDYAMHWFRQAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAF ITFWV
RSKRSRLLHSDYMNMTPRRPGPTRKHYQP YAPPRDFAAYRSRVKFSRSADAPAYQOQGONQLYNEL
NLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE I GMKGERRRGKGHDGL
YQOGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSDYAMHWFRQAPGKERVIL.VSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACY SLLVTVAF IIFWV
TKKKYSSSVHDPNGEYMFMRAVNTAKKSRL.TDVTLRVKFSRSADAPAYQOQOGONOLYNELNL.GRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSDYAMHWFROAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVTVSSIEVMYPP
PYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY
IFKQPFMRPVQOTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOOGONQLYNELNLGRREEY
DVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQOKDKMAEAY SEIGMKGERRRGKGEDGLYQGLSTAT
KDTYDALHMOQALPPR
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EVQLLESGGGLVQPGGSLRLSCAASGFTF SDYAMHWFRQOAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGOGTQVTVSSIEVMYPP
PYLDNEKSNGTIIHVKGKHI.CPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLH
SDYMNMTPRRPGP TRKHYQP YAPPRDFAAYRSRVKF SRSADAPAYQOQGONOLYNELNLGRREEYD
VLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR
EVQLLESGGGLVQOPGGSLRLSCAASGFTFSDYAMHWFROAPGKERVL.VSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQOGTQVTVSSIEVMYPP
PYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSV
HDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOGONQOLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDAL
HMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSDYAMHWFROAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVTVSSIEVMYPP
PYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKK
LLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOQOGONOLYNELNLGRR
EEYDVLDKRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMOALPPR

EVQLLESGGGLVOPGGSLRLSCAASGFTF SDYAMHWFROAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVTVSSTIEVMYPP
PYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSR
LLHSDYMNMTPRRPGPTRKHYQOP YAPPRDFAAYRSRVKFSRSADAPAYOOGONOLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQKDKMAEAYSETGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMQOALPPR

EVQLLESGGGLVQOPGGSLRLSCAASGFTF SDYAMHWFROAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGOGTQVTVSSIEVMYPP
PYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLLVTVAFI IFWVTKKKYS
SSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOQGONOLYNE LNLGRREE YDVLD
KRRGRDPEMGGKPRRKNP QEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY
DALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGF TF SDYAMHWFROAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQOGTQVTVSSESKYGPP
825 CPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVOTTQOEEDGCSCRFPEEE
EGGCELRVKFSRSADAPAYQOQGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP QEGLY
NELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTF SDYAMHWFROAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVTVSSESKYGPP
826 CPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLESDYMNMTPRRPGPTRKHYQPYAPPRDF
AAYRSRVKFSRSADAPAYQQGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQOEGLYN
ELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TF SDYAMHWFRQAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGOGTQVTVSSESKYGPP
827 CPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLR
VKFSRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQOEGLYNELQKDK
MAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTF SDYAMHWFROAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGOGTQVTVSSESKYGPP
828 CPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLY IFKQPFMRPVQTTQOEEDGCSCRFP
EEEEGGCELRVKF SRSADAPAYQOQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQE
GLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOAT.PPR
EVQOLLESGGGLVQPGGSLRLSCAASGFTFSDYAMHWFRQAPGKERVLVS SIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGOGTQVTVSSESKYGPP
829 CPPCPFWVLVVVGGVLACYSLLVTVAFI IFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQP YAPP
RDFAAYRSRVKF SRSADAPAYQOQGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEG
LYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPR
EVQLLESGGGLVQOPGGSLRLSCAASGFTF SDYAMHWFROAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGOGTQVTVSSESKYGPP
CPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVTKKKYSSSVHDPNGE YMFMRAVNTAKKSRLTDV
TLRVKFSRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQ
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KDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGF TF SDYAMHWFROAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVIVSSLEPKSCD
831 KTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRF
PEEEEGGCELRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFSDYAMHWFRQOAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVITVSSLEPKSCD
832 KTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYAP
PRDFAAYRSRVKF SRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQE
GLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFSDYAMHWFRQAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVIVSSLEPKSCD
833 KTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTD
VTILRVKF SRSADAPAYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNEL
OKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFSDYAMHWFROAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVTVSSLEPKSCD
834 KTHTCPPCPFWVLVVVGGVLACYSLLVIVAF ITFWVKRGRKKLLY IFKQPFMRPVQOTTQEEDGCS
CRFPEEEEGGCELRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK
NPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFSDYAMHWFRQAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVIVSSLEPKSCD
835 KTHTCPPCPFWVLVVVGGVLACYSLLVTVAF ITFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQP
YAPPRDFAAYRSRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN
POEGLYNELOKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TFSDYAMHWFROAPGKERVLVSSIDSGGSTYYADSVKG
RFTISRDNSKNTLYLOMNSLRAEDTAVYYCNAGFKGDHPHPKDAFDIWGQGTQVTVSSLEPKSCD
836 KTHTCPPCPFWVLVVVGGVLACYSLLVIVAF ITFWVTKKKYSSSVHDPNGEYMFMRAVNTAKKSR
LTDVTLRVKFSRSADAPAYQOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLY
NELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

In particular embodiments, a CAR comprises an antibody or antigen binding
fragment thereof comprising an amino acid sequence set forth in SEQ ID NO: 141; a spacer
domain comprising an amino acid sequence set forth in SEQ ID NO: 145, SEQ ID NO: 146,
SEQ ID NO: 148, or SEQ ID NO: 150; a transmembrane domain comprising an amino acid

5 sequence set forth in SEQ ID NO: 151 or SEQ ID NO: 153; a costimulatory domain
comprising an amino acid sequence set forth in SEQ ID NO: 159, SEQ ID NO: 160, or SEQ
ID NO: 162; and a primary signaling domain comprising an amino acid sequence set forth in
SEQ ID NO: 158. In particular embodiments, a CAR comprises an amino acid sequence set
forth in any one of SEQ ID NOs: 837, 838, 839, 840, 841, 842, 843, 844, 845, 846, 847, 848,

10 849, 850, 851, 852, 853, 854, 855, 856, 857, 858, 859, and 860.

SE;?O m AMINO ACID SEQUENCE
EVQLLESGGGLVQPGGSLRLSCAASGF TFSSEGMSWVRQAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVIVSSTTTPA

837 PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCK

RGRKKLLYIFKQPFMRPVOTTOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOOGONQLYNEL
NLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE I GMKGERRRGKGHDGL
YQGLSTATKDTYDALHMQALPPR

838 EVQLLESGGGLVOPGGSLRLSCAASGFTFSSEGMSWVROAPGKERELVSAISGSGDHTYYADSVR
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GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVTVSSTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCR
SKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYOOGONQLYNELN
LGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEI GMKGERRRGKGHDGLY
OGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSEGMSWVROAPGKERELVSATSGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVTVSSTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCT
KKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQQOGONQOLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSEGMSWVRQAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVTVSSTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIF
WVKRGRKKLLY IFKQPFMRPVOTTQOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOOGONQLY
NELNLGRREEYDVIDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEA YSE IGMKGERRRGKGH
DGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TF SSEGMSWVRQAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVTVSSTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIF
WVRSKRSRLLHSD YMNMTPRRPGPTRKEYQOP YAPPRDFAAYRSRVKFSRSADAPAYQQOGONQLYN
ELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQEGL YNELOKDKMAEAY SE I GMKGERRRGKGHD
GLYQGLSTATKDTYDALHMQOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TF SSEGMSWVRQAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVTVSSTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSLLVTVAFIIF
WVTKKKY SSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYOQGONQLYNELNLGR
REEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGL
STATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSEGMSWVRQOAPGKERELVSATSGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQOGTQVTVSSIEVMY
PPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKL
LYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYOOGONOLYNELNL.GRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSEGMSWVROAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVTVSS IEVMY
PPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRL
LHSDYMNMTPRRPGPTRKHYQOPYAPPRDFAAYRSRVKFSRSADAPAYQOOGONQOLYNELNLGRREE
YDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTA
TKDTYDALHMQALPPR
EVQLLESGGGLVQOPGGSLRLSCAASGFTFSSEGMSWVRQAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTATQPGGPDYWGQOGTQVTVSSIEVMY
PPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSS
SVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOOGONOLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQOKDKMAEAYSE I GMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGF TF SSEGMSWVRQAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVTVSSIEVMY
PPPYLDNEKSNGTIITHVKGKHLCPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAFI IFWVKRGR
KKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF SRSADAPAYQQOGONQOLYNELNLG
RREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQG
LSTATKDTYDALHMQALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TF SSEGMSWVRQAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVTVSSIEVMY
PPPYLDNEKSNGTIIHVKGKHLCPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAF I IFWVRSKR
SRLLHSD YMNMTPRRPGP TRKHYQOP YAPPRDFAAYRSRVKFSRSADAPAYQQOGONQLYNELNLGR
REEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSE IGMKGERRRGKGHDGLYQGL
STATKDTYDALHMQALPPR
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EVQLLESGGGLVQPGGSLRLSCAASGF TF SSEGMSWVRQAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVTVSSIEVMY
PPPYLDNEKSNGTI ITHVKGKHL.CPSPLFPGP SKPFWVLVVVGGVLACYSLLVTVAFI IFWVTKKK
YSSSVHDPNGE YMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQOGONOLYNELNLGRREEYDV
LDKRRGRDPEMGGKPRRKNPQOEGLYNELQKDKMAEA Y SEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSEGMSWVROAPGKERELVSATSGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVTVSSESKYG
849 PPCPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQOPFMRPVQTTQEEDGCSCRFPE
EEEGGCELRVKFSRSADAPAYQQOGONQOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPOEG
LYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSEGMSWVRQAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGOGTQVTVSSESKYG
850 PPCPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPR
DFAAYRSRVKFSRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGL
YNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRL.SCAASGFTFSSEGMSWVROAPGKERELVSATSGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVTVSSESKYG
851 PPCPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVT
LRVKFSRSADAPAYQOQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGF TF SSEGMSWVRQAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQOGTQVTVSSESKYG
852 PPCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVKRGRKKLLY IFKQPFMRPVOTTOEEDGCSCR
FPEEEEGGCELRVKFSRSADAPAYQQOGONQLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP
QOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRL.SCAASGFTF SSEGMSWVROAPGKERELVSATSGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVTVSSESKYG
853 PPCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVRSKRSRLLHSDYMNMTPRRPGP TRKHYQPYA
PPRDFAAYRSRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
EVQLLESGGGLVOPGGSLRLSCAASGF TF SSEGMSWVRQAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQOGTQVTVSSESKYG
854 PPCPPCPFWVLVVVGGVLACYSLLVTVAF I IFWVTKKKY SSSVHDPNGE YMFMRAVNTAKKSRLT
DVTLRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNE
LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSEGMSWVROAPGKERELVSATSGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVTVSSLEPKS
855 CDKTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVOTTOEEDGCSC
RFPEEEEGGCELRVKFSRSADAPAYQOQGONOLYNELNLGRREE YDVL.DKRRGRDPEMGGKPRRKN
PQOEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TF SSEGMSWVRQAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGP TTAIQPGGPDYWGQGTQVTVSSLEPKS
856 CDKTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPY
APPRDFAAYRSRVKFSRSADAPAYQQGONOL YNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNP
QOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSEGMSWVROAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGP TTAIQPGGPDYWGQGTQVTVSSLEPKS
857 CDKTHTCPPCPIYIWAPLAGTCGVLLLSLVITLYCTKKKYSSSVHDPNGEYMFMRAVNTAKKSRL
TDVTLRVKFSRSADAPAYQOQOGONOLYNELNLGRREE YDVLDKRRGRDPEMGGKPRRKNPQOEGLYN
ELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALEMOALPPR
EVQLLESGGGLVQPGGSLRLSCAASGF TF SSEGMSWVRQAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGP TTAIQPGGPDYWGQGTQVTVSSLEPKS
858 CDKTHTCPPCPFWVLVVVGGVLACYSLLVTVAFI IFWVKRGRKKLLY IFKQPFMRPVQTTQEEDG
CSCRFPEEEEGGCELRVKF SRSADAPAYQQGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPR
RKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS TATKD TYDALHMQOALPPR
EVQLLESGGGLVOPGGSLRLSCAASGFTFSSEGMSWVROAPGKERELVSAISGSGDHTYYADSVR
859 GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGP TTAIQPGGPDYWGQGTQVTVSSLEPKS
CDKTHTCPPCPFWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLESD YMNMTPRRPGP TRKHY
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QOPYAPPRDFAAYRSRVKF SRSADAPAYQOGONQOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRR
KNPOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

EVQLLESGGGLVQOPGGSLRLSCAASGF TFSSEGMSWVRQAPGKERELVSAISGSGDHTYYADSVR
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCNALEGGPTTAIQPGGPDYWGQGTQVTVSSLEPKS
860 CDKTHTCPPCPFWVLVVVGGVLACYSLLVTVAF ITFWVTKKKYSSSVHDPNGEYMFMRAVNTAKK
SRLTDVTLRVKFSRSADAPAYQQOGONQLYNE LNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEG
LYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

F. POLYPEPTIDES

Polypeptides, fusion polypeptides, and polypeptide variants are contemplated in
particular embodiments. Exemplary polypeptides contemplated herein include but not
limited to, antibodies and antigen binding fragments thereof, fusion polypeptides, bispecific
antibodies, bispecific T cell engagers (BiTEs), antibody conjugates, chimeric antigen
receptors (CARs) and components thereof, and variants and/or fragments thereof, e.g., SEQ
ID NOs: 1-873 and 954-979. Polypeptides contemplated herein also include those encoded
by polynucleotide sequences set forth in any one of SEQ ID NOs: 874-953.

ERITS

polypeptide,

[EINT3

Polypeptide, peptide,” and “protein” are used interchangeably,
unless specified to the contrary, and according to conventional meaning, i.e., as a sequence
of amino acids. In particular embodiments, a “polypeptide” is a fusion polypeptide or
polypeptide variant. Polypeptides can be prepared using any of a variety of well-known
recombinant and/or synthetic techniques. Polypeptides are not limited to a specific length,
e.g., they may comprise a full-length protein sequence, a fragment of a full-length protein, or
a fusion protein, and may include post-translational modifications, e.g., glycosylations,
acetylations, phosphorylations and the like, as well as other modifications known in the art,
both naturally occurring and non-naturally occurring.

An “isolated peptide,” “isolated protein” or an “isolated polypeptide” as used
herein, refers to isolation, separation, and/or purification of a polypeptide molecule from a
cellular environment, and from association with other components of the cell, i.e., it is not
significantly associated with in vivo substances.

Polypeptides include “polypeptide variants.” In particular embodiments, a
polypeptide variant is referred to as a “modified polypeptide.” Polypeptide variants may
differ from a naturally occurring polypeptide in one or more amino acid substitutions,
deletions, additions and/or insertions. For example, in particular embodiments, it may be
desirable to modulate one or more biological activities of a chimeric antigen receptor by

introducing one or more amino acid substitutions, deletions, additions and/or insertions into

the polypeptide. Such variants may be naturally occurring or may be synthetically
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generated. In particular embodiments, polypeptides include polypeptide variants having at
least about 65%, 66%, 67%, 68%, 69%, 10%, 71%, 12%, 13%. 14%, 75%, 16%, 17%,
8%, 19%, 80%, 81%, 82%. 83%, 84%, 85%, 86%. 81%, 88%, 89%, 90%., 91%, 92%,
93%, 94%, 95%, 86%, 97%, 98%, or 99% amino acid identity to any reference sequence
contemplated herein, typically where the variant maintains at least one biological activity of
the reference sequence.

Polypeptides variants include “polypeptide fragments.” Illustrative examples of
polypeptide fragments include but are not limited to binding domains, hinges,
transmembrane domains, intracellular domains, and the like. In particular embodiment, the
polypeptide fragment is a biologically active polypeptide fragment. As used herein, the term
“biologically active polypeptide fragment” refers to a polypeptide fragment that retains at
least 100%, at least 95%, at least 90%, at least 85%, at least 80%, at least 75%, at least 70%,
at least 65%, at least 60%, at least 55%, or at least 50% of the naturally occurring polypeptide
activity. In certain embodiments, a polypeptide fragment comprises an amino acid sequence
at least 5 to about 500 amino acids long. It will be appreciated that in certain embodiments,
fragments are at least 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, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 150, 200, 250, 300, 350, 400, 450, or 500 or
more amino acids long. In particular embodiments, a polypeptide fragment comprises an
antibody or antigen binding fragment thereof that binds BCMA.

In particular embodiments, a polypeptide comprises one or more amino acid
substitutions, deletions, truncations, or insertions using methods that are well known in the
art. See, for example, Kunkel (Proc. Natl. Acad. Sci. USA. 82: 488-492. (1985)), Kunkel et
al., (Methods in Enzymol, 154: 367-382. (1987)), U.S. Pat. No. 4,873,192, Watson, J. D. et
al., (Molecular Biology of the Gene, Fourth Edition, Benjamin/Cummings, Menlo Park,
Calif. (1987)) and the references cited therein. Guidance as to appropriate amino acid
substitutions that do not affect biological activity of the protein of interest may be found in
the model of Dayhoff et al., Atlas of Protein Sequence and Structure (Natl. Biomed. Res.
Found., Washington, D.C. (1978)).

In certain embodiments, a polypeptide variant comprises one or more conservative
substitutions. A ‘““conservative substitution” is one in which an amino acid is substituted for
another amino acid that has similar properties. Guidance in determining which amino acid

residues can be substituted, inserted, or deleted can be found using computer programs well
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known in the art, such as DNASTAR, DNA Strider, Geneious, Mac Vector, or Vector NTI
software. In particular embodiments, amino acid changes in the polypeptide variants
contemplated herein comprise one or more conservative amino acid substitutions. A
conservative amino acid substitution involves substituting an amino acid with an amino acid
having a related side chain. Naturally occurring amino acids are generally divided into four
families: acidic (aspartate, glutamate), basic (lysine, arginine, histidine), non-polar (alanine,
valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), and uncharged
polar (glycine, asparagine, glutamine, cysteine, serine, threonine, tyrosine) amino acids.
Phenylalanine, tryptophan, and tyrosine are sometimes classified jointly as aromatic amino
acids. In particular embodiments, a conservative amino acid substitution refers to
substituting amino acids within the same group or family. Those of skill in this art recognize
that, in general, single amino acid substitutions in non-essential regions of a polypeptide do
not substantially alter biological activity (see, e.g., Watson et al., Molecular Biology of the
Gene, 4th Edition, 1987, The Benjamin/Cummings Pub. Co., p.224).

In particular embodiments, a conservative amino acid substitution refers to
substituting amino acids having a similar hydropathic index or score. The importance of the
hydropathic amino acid index in conferring interactive biologic function on a protein is
generally understood in the art (Kyte and Doolittle, 1982, incorporated herein by reference).
Each amino acid has been assigned a hydropathic index on the basis of its hydrophobicity
and charge characteristics (Kyte and Doolittle, 1982). These values are: isoleucine (+4.5);
valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cysteine (+2.5); methionine
(+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan (-0.9);
tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-
3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4.5). In particular embodiments, a
conservative amino acid substitution refers to substituting amino acids having a similar
hydropathic index or score. In particular embodiments, substitution of amino acids whose
hydropathic indices are within 2 is preferred, those within +1 are particularly preferred, and
those within 0.5 are even more particularly preferred. It is also understood in the art that the
substitution of like amino acids can be made effectively on the basis of hydrophilicity.

In particular embodiments, a conservative amino acid substitution refers to
substituting amino acids having a similar hydrophilic index or score. As detailed in U.S.
Patent No. 4,554,101, the following hydrophilicity values have been assigned to amino acid

residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 + 1); glutamate (+3.0 + 1); serine

139

PCT/US2024/048295



10

15

20

25

30

WO 2025/072253

(+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5 + 1);
alanine (-0.5); histidine (-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); leucine (-1.8);
isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4). In particular
embodiments, a conservative amino acid substitution refers to substituting amino acids
having a similar hydrophilic index or score. In particular embodiments, substitution of amino
acids whose hydrophilic indices are substitution of amino acids whose hydrophilicity values
are within +2 is preferred, those within +1 are particularly preferred, and those within +0.5
are even more particularly preferred.

In particular embodiments, a conservative amino acid substitution may be based on
the relative similarity of the amino acid side-chain substituents, for example, their
hydrophobicity, hydrophilicity, charge, size, and the like.

In particular embodiments, a polypeptide comprises an anti-BCMA antibody or
antigen binding fragment thereof comprises a heavy chain variable region (VH) comprising
aCDRHI, a CDRH2, and a CDRH3 of an antibody or antigen binding fragment thereof set
forth in Table 1; a polypeptide linker; and a light chain variable region (VL) comprising a
CDRLI, a CDRL2, and a CDRLS3 of an antibody or antigen binding fragment thereof set
forth in Table 1; and optionally a polypeptide linker and an anti-CD3 antibody.

In particular embodiments, a polypeptide comprises an anti-BCMA antibody or
antigen binding fragment thereof comprises in either orientation (e.g., VL-linker-VH or VH-
linker-VL): a VH that comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino
acid sequences set forth in SEQ ID NOs: 12, 13, and 14, a polypeptide linker, and a VL that
comprises a CDRL1, aCDRL2, and a CDRL3 comprising the amino acid sequences set forth
in SEQ ID NOs: 16, 17, and 18; a VH that comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 22, 23, and 24, a polypeptide
linker, and a VL that comprises a CDRL1, a CDRL2, and a CDRL3 comprising the amino
acid sequences set forth in SEQ ID NOs: 26, 27, and 28; a VH that comprises a CDRHI, a
CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 32,
33, and 34, a polypeptide linker, and a VL that comprises a CDRL1, a CDRL2, and a CDRL3
comprising the amino acid sequences set forth in SEQ ID NOs: 36, 37, and 38; a VH that
comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino acid sequences set
forthin SEQ ID NOs: 42, 43, and 44, a polypeptide linker, and a VL that comprises aCDRL1,
a CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 46,
47, and 48; a VH that comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino
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acid sequences set forth in SEQ ID NOs: 52, 53, and 54, a polypeptide linker, and a VL that
comprises aCDRLI1, aCDRL2, and a CDRL3 comprising the amino acid sequences set forth
in SEQ ID NOs: 56, 57, and 58; a VH that comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 62, 63, and 64, a polypeptide
linker, and a VL that comprises a CDRL1, a CDRL2, and a CDRL3 comprising the amino
acid sequences set forth in SEQ ID NOs: 66, 67, and 68; a VH that comprises a CDRHI, a
CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 72,
73, and 74, a polypeptide linker, and a VL that comprises a CDRL1, a CDRL2, and a CDRL3
comprising the amino acid sequences set forth in SEQ ID NOs: 76, 77, and 78; a VH that
comprises a CDRHI1, a CDRH2, and a CDRH3 comprising the amino acid sequences set
forthin SEQ ID NOs: 82, 83, and 84, a polypeptide linker, and a VL that comprises a CDRL1,
a CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 86,
87, and 88; and a VH that comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 92, 93, and 94, a polypeptide linker, and a
VL that comprises a CDRL1, a CDRL2, and a CDRL3 comprising the amino acid sequences
set forth in SEQ ID NOs: 96, 97, and 98; and optionally a polypeptide linker and an anti-CD3
antibody. In particular embodiments, the polypeptide linker is selected from the group
consisting of: (GGGGS), wherein n = 1, 2, 3, 4 or 5; GEGTSTGSGGSGGSGGAD,
GSTSGSGKPGSGEGSTKG and variants thereof comprising an amino acid sequence at
least 90% identical thereto.

In particular embodiments, a polypeptide comprises an anti-BCMA antibody or
antigen binding fragment thereof comprises in either orientation (e.g., VL-linker-VH or VH-
linker-VL): a VH that comprises the amino acid sequence set forth in any one of SEQ ID
NOs: 11,21, 31,41, 51, 61,71, 81, and 91 a polypeptide linker, and a corresponding VL that
comprises the amino acid sequence set forth in SEQ ID NO: 15, 25, 35, 45, 55, 65, 75, 85,
and 95; and optionally a polypeptide linker and an anti-CD3 antibody; wherein the
polypeptide linker is selected from the group consisting of: (GGGGS), whereinn =1, 2, 3,
4 or 5, GEGTSTGSGGSGGSGGAD, GSTSGSGKPGSGEGSTKG and variants thereof
comprising an amino acid sequence 95% identical thereto.

In particular embodiments, a polypeptide comprises an anti-BCMA antibody or
antigen binding fragment thereof comprises the amino acid sequence set forth in any one of
SEQ ID NOs: 19, 20, 29, 30, 39, 40, 49, 50, 59, 60, 69, 70, 79, 80, 89, 90, 99, and 100 or an
amino acid sequence with at least 85%, at least 90%, at least 91%, at least 92%, at least 93%,
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at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% identity
thereto; and optionally a polypeptide linker and an anti-CD3 antibody.

In particular embodiments, a polypeptide comprises an anti-BCMA antibody or
antigen binding fragment thereof comprises a VHH domain comprising a CDRHI, a
CDRH2, and a CDRH3 of an antibody or antigen binding fragment thereof set forth in Table
1; and optionally a polypeptide linker and an anti-CD3 antibody.

In particular embodiments, a polypeptide comprises an anti-BCMA antibody or
antigen binding fragment thereof comprises: a VHH domain that comprises a CDRHI, a
CDRH?2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 102,
103, and 104; a VHH domain that comprises a CDRH1, a CDRH2, and a CDRH3 comprising
the amino acid sequences set forth in SEQ ID NOs: 106, 107, and 108; a VHH domain that
comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino acid sequences set
forth in SEQ ID NOs: 110, 111, and 112; a VHH domain that comprises a CDRHI1, a
CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 114,
115, and 116; a VHH domain that comprises a CDRH1, a CDRH2, and a CDRH3 comprising
the amino acid sequences set forth in SEQ ID NOs: 118, 119, and 120; a VHH domain that
comprises a CDRHI, a CDRH2, and a CDRH3 comprising the amino acid sequences set
forth in SEQ ID NOs: 122, 123, and 124; a VHH domain that comprises a CDRHI, a
CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 126,
127, and 128; a VHH domain that comprises a CDRH1, a CDRH2, and a CDRH3 comprising
the amino acid sequences set forth in SEQ ID NOs: 130, 131, and 132; a VHH domain that
comprises a CDRHI, a CDRH2, and a CDRH3 comprising the amino acid sequences set
forth in SEQ ID NOs: 134, 135, and 136; a VHH domain that comprises a CDRHI1, a
CDRH2, and a CDRH3 comprising the amino acid sequences set forth in SEQ ID NOs: 138,
139, and 140; or a VHH domain that comprises a CDRH1, a CDRH2, and a CDRH3
comprising the amino acid sequences set forth in SEQ ID NOs: 142, 143, and 144; and
optionally a polypeptide linker and an anti-CD3 antibody.

In particular embodiments, a polypeptide comprises an anti-BCMA antibody or
antigen binding fragment thereof comprises a VHH that comprises the amino acid sequence
set forth in any one of SEQ ID NOs: 101, 105, 109, 113, 117, 121, 125, 129, 133, 137, and
141 or an amino acid sequence with at least 85%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%
identity thereto; and optionally a polypeptide linker and an anti-CD3 antibody.
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Polypeptides contemplated in particular embodiments include fusion polypeptides.
In particular embodiments, fusion polypeptides and polynucleotides encoding fusion
polypeptides are provided. Fusion polypeptides can include one or more polypeptide
domains or segments including but not limited to signal peptides, antibodies or antigen
binding fragments thereof, polypeptide linkers, spacer domains, transmembrane domains,
intracellular signaling domains, and polypeptide cleavage signals. Fusion proteins and
polypeptides are typically linked C-terminus to N-terminus, although they can also be linked
C-terminus to C-terminus, N-terminus to N-terminus, or N-terminus to C-terminus. Fusion
polypeptides and fusion proteins refer to a polypeptide having at least two, three, four, five,
six, seven, eight, nine, or ten polypeptide segments.

In particular embodiments, a fusion polypeptide, e.g., CAR, comprises signal peptide
set forth in any one of SEQ ID NOs: 861-873 that is subsequently cleaved from the fusion
polypeptide. Signal peptides are short 16 to 30 amino acid N-terminal sequences of nascently
synthesized polypeptide chains that mediate protein targeting to the membrane of the
endoplasmic reticulum (ER). Typically, signal peptides are cleaved cotranslationally by
signal peptidase, a heterooligomeric polypeptide complex. In particular embodiments, a
polypeptide comprises a signal peptide. In preferred embodiments, a polynucleotide
encoding a polypeptide comprises a polynucleotide encoding a signal polypeptide; and the
translated polypeptide does not comprise a signal peptide. Exemplary signal peptides are set
forth in Table 5.

Table 5: Exemplary Signal Peptides

SEQ ID NO AMINO ACID SEQUENCE
861 MALPVTALLLPLALLLHAARP
862 METDTLLLWVLLLWVPGSTG
863 MDMRVPAQLLGLLLLWLRGARC
864 MPLLLLLPLLWAGALA
865 MDAMKRGLCCVLLLCGAVFVSPS
866 MLLLLLLLGLRLOLSLG
867 MWLOSLLLLGTVACSIS
868 MGVKVLFALICIAVAEA
869 MLLLVTSLLLCELPHPAFLLIP
870 MSRSVALAVLALLSLSGLEA
871 MGHTRRQGTSPSKCPYLNFFQLLVLAGLSHFCSG
872 MWWRLWWLLLLLLLLWPMVWA
873 MLLLLLLLLLLALALA

In particular embodiments, a polypeptide comprises a signal peptide set forth in any
one of SEQ ID NOs: 861-973 and a chimeric antigen receptor comprising an amino acid

sequence set forth in any one of SEQ ID NOs: 165-860.
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In particular embodiments, a polypeptide comprises a signal peptide set forth in any
one of SEQ ID NOs: 861-973 and a chimeric antigen receptor encoded by a polynucleotide
sequence set forth in any one of SEQ ID NOs: 904-944.

Fusion polypeptides may optionally comprise a polypeptide linker contemplated
elsewhere herein that can be used to link one or more polypeptides or domains within a
polypeptide. Exemplary linkers are set forth in SEQ ID NOs: 2-10.

In particular embodiments, two or more polypeptides can be expressed as a fusion
polypeptide that comprises one or more polypeptide cleavage signals disposed between the
two or more polypeptides.

Exemplary polypeptide cleavage signals include, but are not limited to, protease
cleavage sites, nuclease cleavage sites and ribosomal skipping polypeptide or self-cleaving
viral polypeptides (see, e.g., in Ryan er al., 1997. J. Gener. Virol. 78, 699-722; deFelipe and
Ryan, 2004. Traffic, 5(8); 616-26; and Scymczak et al., (2004) Nature Biotech. 5, 589-594).

Exemplary protease cleavage sites include, but are not limited to the cleavage sites
of potyvirus Nla proteases (e.g, tobacco etch virus protease), poty virus HC proteases,
potyvirus PI (P35) proteases, byovirus Nla proteases, byovirus RNA-2-encoded proteases,
aphthovirus L proteases, enterovirus 2A proteases, rhinovirus 2 A proteases, picoma 3C
proteases, comovirus 24K proteases, nepovirus 24K proteases, RTSV (rice tungro spherical
virus) 3C-like protease, PYVF (parsnip yellow fleck virus) 3C-like protease, heparin,
thrombin, factor Xa and enterokinase.

Tllustrative examples of ribosomal skipping polypeptides include but are not limited
to: a viral 2A peptide or sequence (Donnelly ez al., 2001. J. Gen. Virol. 82: 1027- 1041). In
a particular embodiment, the viral 2A peptide is an aphthovirus 2A peptide, a potyvirus 2A
peptide, or a cardiovirus 2A peptide.

In one embodiment, the viral 2A peptide is selected from the group consisting of: a
foot-and-mouth disease virus (FMDV) 2A peptide, an equine rhinitis A virus (ERAV) 2A
peptide, a Thosea asigna virus (TaV) 2A peptide, a porcine teschovirus-1 (PTV-1) 2A
peptide, a Theilovirus 2A peptide, and an encephalomyocarditis virus 2A peptide.

Illustrative examples of viral 2A sequences include, but are not limited to:
GSGATNFSLLKQAGDVEENPGP (SEQ ID NO: 956); ATNFSLLKQAGDVEENPGP
(SEQ ID NO: 957); LLKQAGDVEENPGP (SEQ ID NO: 958);
GSGEGRGSLLTCGDVEENPGP (SEQ ID NO: 959); EGRGSLLTCGDVEENPGP (SEQ
ID NO: 960); LLTCGDVEENPGP (SEQ ID NO: 961);
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GSGQCTNYALLKLAGDVESNPGP (SEQ ID NO: 962);
QCTNYALLKLAGDVESNPGP (SEQ ID NO: 963); LLKLAGDVESNPGP (SEQ ID NO:
964); GSGVKQTLNFDLLKLAGDVESNPGP (SEQ 1D NO: 965);
VKQTLNFDLLKLAGDVESNPGP (SEQ ID NO: 966); LLNFDLLKLAGDVESNPGP
(SEQ ID NO: 967); TLNFDLLKLAGDVESNPGP (SEQ ID NO: 968);
NFDLLKLAGDVESNPGP (SEQ ID NO: 969); QLLNFDLLKLAGDVESNPGP (SEQ ID
NO: 970); APVKQTLNFDLLKLAGDVESNPGP (SEQ ID NO: 971);
VTELLYRMKRAETYCPRPLLAIHPTEARHKQKIVAPVKQT (SEQ ID NO: 972);
LNFDLLKLAGDVESNPGP (SEQ ID NO: 973);
LLATHPTEARHKQKIVAPVKQTLNFDLLKLAGDVESNPGP (SEQ ID NO: 974); and
EARHKQKIVAPVKQTLNFDLLKLAGDVESNPGP (SEQ ID NO: 975).

G. POLYNUCLEOTIDES

Polynucleotides comprising or encoding antibodies and antigen binding fragments
thereof, bispecific antibodies, BiTEs, antibody conjugates, chimeric antigen receptors,
vectors, promoters, enhancers, Kozak sequences, polyadenylation signals, untranslated
regions, and posttranscriptional response elements as well as other polynucleotides are
contemplated in various embodiments.

As used herein, the terms “polynucleotide” or “nucleic acid” refer to
deoxyribonucleic acid (DNA), ribonucleic acid (RNA) and DNA/RNA hybrids.
Polynucleotides may be single-stranded or double-stranded and either recombinant,
synthetic, or isolated. Polynucleotides include but are not limited to: pre-messenger RNA
(pre-mRNA), messenger RNA (mRNA), RNA, circular RNA (circRNA), synthetic RNA,
short interfering RNA (siRNA), short hairpin RNA (shRNA), microRNA (miRNA),
ribozymes, genomic RNA (gRNA), viral genomic RNA, plus strand RNA (RNA(+)), minus
strand RNA (RNA(-)), tractRNA, crRNA, single guide RNA (sgRNA), Doggybone DNA
(dbDNA), linear DNA, circular DNA, PCR amplified DNA, complementary DNA (cDNA),
synthetic DNA, or recombinant DNA. Polynucleotides refer to a polymeric form of
nucleotides of at least 5, at least 10, at least 15, at least 20, at least 25, at least 30, at least 40,
at least 50, at least 100, at least 200, at least 300, at least 400, at least 500, at least 1000, at
least 5000, at least 10000, or at least 15000 or more nucleotides in length, either
ribonucleotides or deoxyribonucleotides or a modified form of either type of nucleotide, as

well as all intermediate lengths. It will be readily understood that “intermediate lengths,” in
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this context, means any length between the quoted values, such as 6, 7, 8, 9, etc., 101, 102,
103, etc., 151, 152, 153, etc., 201, 202, 203, etc.

As used herein, “isolated polynucleotide” refers to a polynucleotide that has been
isolated from or purified from the sequences which flank it in a naturally-occurring state. In
particular embodiments, an isolated polynucleotide is a synthetic polynucleotide, a semi-
synthetic polynucleotide, or a polynucleotide obtained or derived from a recombinant source,
or other polynucleotide that does not exist in nature and that has been made by the hand of
man.

In particular embodiments, polynucleotides contemplated herein are polynucleotide
variants. As used herein, the terms “polynucleotide variant” and “variant” and the like refer
to polynucleotides displaying substantial sequence identity with a reference polynucleotide
sequence or polynucleotides that hybridize with a reference sequence under stringent
conditions that are defined hereinafter. These terms also encompass polynucleotides that are
distinguished from a reference polynucleotide by the addition, deletion, substitution, or
modification of one or more nucleotides. Accordingly, the terms “polynucleotide variant”
and “variant” include polynucleotides in which one or more nucleotides have been added or
deleted, or modified, or replaced with different nucleotides. In this regard, it is well
understood in the art that certain alterations inclusive of mutations, additions, deletions and
substitutions can be made to a reference polynucleotide whereby the altered polynucleotide
retains the biological function or activity of the reference polynucleotide or wherein the
function or activity of the altered polynucleotide is modulated. In particular embodiments,
polynucleotides or polynucleotide variants have at least or about 50%, 55%, 60%, 65%, 70%,
11%,72%., 73%., 14%, 15%, 16%, T1%, T18%, 19%, 80%, 81%, 82%, 83%, 84%. 85%. 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, 99% or 100% sequence
identity to a reference sequence.

In particular embodiments, a polynucleotide variant includes a polynucleotide
fragment that encodes biologically active polypeptide fragments or variants. As used herein,
the term “polynucleotide fragment” refers to a polynucleotide fragment at least 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, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100, 110, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900,
950, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700 or more nucleotides in length that
encodes a polypeptide variant that retains at least 100%, at least 90%, at least 80%, at least
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70%, at least 60%, at least 50%, at least 40%, at least 30%, at least 20%, at least 10%, or at
least 5% of the naturally occurring polypeptide activity. Polynucleotide fragments refer to a
polynucleotide that encodes a polypeptide that has an amino-terminal deletion, a carboxyl-
terminal deletion, and/or an internal deletion or substitution of one or more amino acids of a
naturally occurring or recombinantly-produced polypeptide.

As used herein, the phrases “sequence identity” or, for example, comprising a
“sequence 50% identical to,” refer to the extent that sequences are identical on a nucleotide-
by-nucleotide basis or an amino acid-by-amino acid basis over a window of comparison. A
“percentage of sequence identity” may be calculated by comparing two optimally aligned
sequences over the window of comparison, determining the number of positions at which the
identical nucleic acid base (e.g., A, T, C, G, I) or the identical amino acid residue (e.g., Ala,
Pro, Ser, Thr, Gly, Val, Leu, Ile, Phe, Tyr, Trp, Lys, Arg, His, Asp, Glu, Asn, Gln, Cys and
Met) occurs in both sequences to yield the number of matched positions, dividing the number
of matched positions by the total number of positions in the window of comparison (i.e., the
window size), and multiplying the result by 100 to yield the percentage of sequence identity.
In particular embodiments, polynucleotides and polypeptides comprise at least about 50%,
55%,60%, 65%, 66%, 67%, 68%, 69%, 10%, 11%, 12%. 13%. 14%, 15%, 16%, T1%, 18%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 86%, 97%, 98%, or 99% sequence identity to any of the reference sequences described
herein, e.g., SEQ ID NOs: 1-979.

Illustrative examples of polynucleotides include, but are not limited to,
polynucleotide sequences set forth in any one of SEQ ID NOs: §74-953 and polynucleotides
encoding polypeptides set forth in SEQ ID NOs: 1-873 and 954-979.

In various embodiments, a polynucleotide encodes a polypeptide comprising an
amino acid sequence set forth in any one of SEQ ID NOs: 1-873 and 954-979.

In various embodiments, a polynucleotide encodes an antigen or antigen binding
fragment thereof comprising an amino acid sequence set forth in any one of SEQ ID NOs:
11-144. In particular embodiments, a polynucleotide encoding an antigen or antigen binding
fragment thereof comprises a polynucleotide sequence set forth in any one of SEQ ID NOs:
874-893.

Table 6 sets forth the SEQ ID NOs. and associated nucleic acid sequences encoding
anti-BCMA antibodies or antigen binding fragments thereof and the corresponding amino

acid SEQ ID NO (AA SEQ ID NO.) encoded by the nucleic acid sequence.
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Table 6

SEQ ID AA SEQ
NO. ID NO.

NUCLEIC ACID SEQUENCE

GAGATCGTGCTGACACAGTCTCCCGCCACACTGTCACTGTCTCCAGGC
GAAAGAGCCACACTGAGCTGTAGAGCCAGCCAGAGCGTGTCCTCTTAC
CTGGCCTGGTATCAGCAGAAGCCTGGACAGGCTCCCCGGCTGCTGATC
TACGATGCCAGCAATAGAGCCACAGGCATCCCCGCCAGATTTTCTGGC
AGCGGCTCTGGCACCGATTTCACCCTGACCATAAGCAGCCTGGAACCT
GAGGACTTCGCCGTGTACTACTGCCAGCAGAGAGTGGTGTACCCCATC
ACCTTTGGCGGAGGCACCAAGGTGGAAATCAAAGGCGGCGGAGGAAGC
GGAGGCGGAGGATCTGGTGGTGGTGGATCTGGCGGAGGTGGCAGCCAG
ATCACACTGAAAGAGTCTGGCCCCACACTGGTCAAGCCCACACAGACC
CTGACACTGACCTGCACCTTCAGCGGCTTTAGCCTGAGCACATCTGGC
GTCGGCGTTGGCTGGATTAGACAGCCTCCTGGAAAGGCCCTGGAATGG
CTGGCCCTGATCTACTGGAACGACGAGAAGAGATACAGCCCCAGCCTG
AAGTCCCGGCTGACCATCACCAAGGACACCAGCAAGAACCAGGTGGTG
CTGACCATGACAAACATGGACCCCGTGGACACCGCCGTGTATTATTGC
GCCAGAGATGAGTACGGCGGCTTCGACATTTGGGGCCAGGGCACAATG
GTCACCGTGTCTAGT
GAGATCGTGCTGACCCAGTCCCCTGCTACCCTGAGCCTGTCTCCAGGC
GAGCGGGCCACACTGAGCTGTAGAGCTTCTCAGAGCGTGTCCAGCTAC
CTGGCCTGGTATCAGCAGAAACCTGGCCAGGCCCCTAGACTGCTGATC
TACGACGCCAGCAACCGGGCCACCGGCATCCCCGCCAGATTCAGCGGA
TCTGGCAGCGGCACAGATTTTACCCTCACCATCAGCAGCCTGGAACCT
GAGGACTTCGCCGTCTACTACTGCCAGCAAAGATTCGACTACCCCATC
ACCTTCGGCGGCGGAACAAAGGTGGAAATTAAGGGTGGTGGGGGCAGC
GGTGGAGGTGGGAGCGGAGGCGGGGGTAGCGGAGGCGGGGGTAGCCAA
ATCACACTGAAAGAGAGCGGCCCTACACTCGTGAAACCTACCCAGACC
CTGACACTGACATGTACCTTCAGCGGCTTCTCCCTGAGCACCTCTGGC
GTCGGCGTTGGATGGATCAGACAGCCTCCAGGCAAGGCCCTGGAATGG
CTGGCTCTGATCTATTGGAACGACGACAAGCGGTACAGCCCCAGCCTG
AAGTCTAGACTGACCATCACAAAGGACACCAGCAAGAACCAGGTGGTG
CTGACCATGACAAATATGGACCCCGTGGACACCGCCGTGTACTACTGC
GCCAGAGATGAGTACGGCGGATTTGATATCTGGGGCCAGGGCACCATG
GTGACCGTGTCCAGC
CAAGTGCAGCTCGTGGAAAGCGGCGGCGGAGTGGTGCAGCCCGGCCGG
AGCCTGAGACTGTCCTGCGCCGCTTCTGGATTTACCTTCAGCAGCTAC
GGCATGCACTGGGTCAGACAGGCCCCTGGCAAAGGCCTGGAGTGGGTG
GCCGTTATCAGCTACGAGGGCAGCAACAAGTATTACGCCGACAGCGTG
AAGGGCCGCTTCACAATCTCTAGAGATAATAGCAAGAACACCCTGTAC
CTGCAGATGAACAGCCTGCGGGCCGAAGATACCGCCGTGTACTACTGT
GCTAGAGAGCTGGGCGACGGCATGGACGTGTGGGGACAGGGCACAACC
GTGACCGTGTCCTCTGGTGGTGGGGGCAGCGGTGGAGGTGGGAGCGGA
GGCGGGGGTAGCGGAGGCGGGGGTAGCGAGATCGTGCTGACCCAGTCC
CCTGCTACACTGAGCCTGTCTCCAGGCGAGCGGGCCACACTGAGCTGT
AGAGCTTCTCAGAGCGTGTCCAGCTATCTGGCCTGGTTCCAGCAGAAA
CCTGGCCAGGCCCCTAGACTGCTGATCTACGACGCCAGCAACCGGGCC
ACCGGCATCCCCGCCAGATTCAGCGGCTCTGGCAGCGGCACCGACTTC
ACCCTCACCATCAGCAGCCTGGAACCCGAGGATTTTGCCGTCTACTAC
TGCCAGCAAAGAGTGGACCTGTGGACCTTCGGCGGAGGAACAAAGGTG
GAAATCAAG
GACATCCAGATGACCCAGAGCCCTTCGACCCTATCCGCTTCCGTGGGT
GACCGTGTGACCATCACCTGTCGCGCGTCGCAGAGCATCTCCTCCTGG
CTCGCGTGGTACCAACAGAAGCCTGGCAAGGCCCCCAAGCTGCTGATT
877 45 TACGACGCCAGTTCCCTGGAGTCTGGCGTGCCATCCCGCTTCTCCGGC
AGCGGCAGCGGTACCGAGTTCACCCTGACGATCAGCTCCCTGCAGCCG
GATGACTTTGCTACCTACTACTGTCAGCAGGTCTCCTCCCTCCCCCCC
ACCTTCGGTGGCGGTACCAAGGTGGAGATCAAGGGCGGCGGCGGCTCT
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GGTGGCGGAGGTTCTGGCGGGGGAGGTTCGGGGGGGGGAGGCTCCGAG
GTGCAACTGGTAGAGAGCGGCGGGGGACTGGTAAAACCCGGCGGCTCC
CTGCGGCTGTCATGCGCTGCTAGCGGCTTCACGTTCAGCGATTACTAC
ATGAGTTGGATCCGCCAGGCCCCCGGGAAGGGTTTGGAGTGGGTCTCG
TATATCTCTTCCAGCGGATCTACCATTTACTATGCGGACAGCGTGAAG
GGGCGCTTCACCATATCTCGGGACAACGCCAAGAACTCCCTGTACCTG
CAGATGAATTCCCTGCGTGCCGAGGACACGGCCGTGTATTACTGTGCC
CGCGACCAGGGCAACTACGGCGTCGACGTGTGGGGCCAGGGTACAACC
GTCACCGTGTCCAGT
CAAGTGCAGCTGGTCGAGAGCGGAGGAGGCCTGGTTAAGCCCGGCGGA
TCTCTCAGACTGAGCTGCGCCGCTAGCGGCTTTACATTCAGCGACTAC
TACATGAGCTGGATCCGGCAGGCCCCTGGCAAGGGCCTGGAATGGGTG
TCCTACATCAGCTCCTCCGGCAGCACCATCTACTACGCCGACAGCGTG
AAAGGCAGATTCACAATCTCTAGAGATAATGCCAAGAACAGCCTGTAC
CTGCAGATGAACAGCCTGCGGGCCGAGGACACCGCCGTGTACTATTGT
GCTAGAGATCAGGGCAACTACGGCGTGGACGTGTGGGGCCAGGGCACC
ACCGTGACCGTGTCTAGCGGTGGTGGGGGCAGCGGTGGAGGTGGGAGC
GGAGGCGGGGGTAGCGGAGGCGGGGGTAGCGATATCCAGATGACCCAG
TCCCCATCTACACTGAGCGCCTCTGTGGGCGACCGGGTGACCATTACA
TGTAGAGCCAGCCAGAGCATCAGCAGCTGGCTGGCTTGGTATCAGCAG
AAACCTGGCAAGGCCCCTAAGCTGCTGATCTACGAGGCCAGCAGCCTG
GAAAGCGGCGTCCCCAGCAGATTCAGCGGCAGCGGCTCTGGAACAGAG
TTCACCCTGACCATCTCCTCCCTGCAGCCTGACGACTTCGCCACCTAC
TACTGCCAGCAATCTGATAGCCACCCCATCACCTTTGGCGGAGGCACC
AAGGTGGAAATCAAG
GATATCCAGATGACCCAGTCCCCATCTACACTGAGCGCCTCTGTGGGC
GACCGGGTGACAATTACCTGTAGAGCTAGCCAGAGCATCTCCTCCTGG
CTGGCTTGGTACCAGCAAAAACCTGGCAAGGCCCCTAAGCTGCTGATC
TACGAGGCCAGCAGCCTGGAAAGCGGCGTCCCCTCTAGATTCAGCGGC
AGCGGCTCTGGAACCGAGTTCACCCTGACAATCAGCAGCCTGCAGCCT
GACGACTTCGCCACCTATTACTGCCAGCAGGCCAACAGCCACCCCATC
ACCTTTGGCGGAGGCACCAAGGTGGAAATCAAGGGTGGTGGGGGCAGC
GGTGGAGGTGGGAGCGGAGGCGGGGGTAGCGGAGGCGGGGGTAGCGAG
GTGCAGCTGGTGGAAAGCGGCGGAGGACTCGTTAAGCCCGGCGGCAGC
CTGAGACTGAGCTGCGCCGCTAGCGGATTTACCTTCAGCGACTACTAC
ATGAGCTGGATCCGGCAGGCCCCTGGCAAGGGCCTGGAATGGGTCAGC
TACATCAGCTCCTCTGGCTCTACAATCTACTACGCCGACAGCGTGAAA
GGCAGATTCACCATCTCTAGAGATAATGCCAAGAACAGCCTGTACCTG
CAAATGAACAGCCTGCGGGCCGAGGACACCGCCGTGTACTATTGTGCT
AGAGATCAGGGCAACTACGGCGTGGACGTGTGGGGCCAGGGCACCACC
GTGACAGTGTCCTCC
GACATCCAGATGACCCAGAGCCCTAGCTCCCTGAGCGCCAGCGTGGGC
GATAGAGTGACCATTACCTGTAGAGCCTCTCAGAGCATCTCCTCCTAC
CTGAACTGGTATCAGCAGAAACCCGGCAAGGCCCCTAAGCTGCTGATC
TACGCCGCTAGCAGCCTGCAGTCTGGCGTCCCCAGCCGGTTCAGCGGC
AGCGGATCTGGCACCGACTTCACCCTGACAATCAGCAGCCTGCAACCT
GAGGACTTTGCTACATACTACTGCCAGCAGGCCCACAGCTCTCCAATC
ACCTTCGGCGGCGGAACAAAGGTGGAAATCAAGGGTGGTGGGGGCAGC
GGTGGAGGTGGGAGCGGAGGCGGGGGTAGCGGAGGCGGGGGTAGCGAG
GTGCAGCTGCTGGAAAGCGGAGGCGGACTCGTTCAACCTGGCGGCAGC
CTGAGACTGAGCTGCGCCGCTTCTGGATTTACCTTCAGCAACTACGCC
ATGAGCTGGGTGCGGCAGGCCCCTGGCARAAGGCCTGGAATGGGTCTCC
GCCATCAGCGGCTCTGGCGGCTCCACCTACTACGCCGACAGCGTGAAG
GGCAGATTCACCATCTCTAGAGATAATAGCAAGAACACCCTGTACCTG
CAGATGAACAGCCTGCGGGCCGAGGACACCGCCGTGTACTATTGTGCT
AGACCCGGAGATGGCTACTACGAGGGCGTGTACTTCGACTACTGGGGC
CAGGGCACACTGGTGACAGTGTCCAGC
GATATTCAGATGACCCAGAGCCCATCTAGCCTGAGCGCCAGCGTGGGC
GATAGAGTGACCATCACCTGTCAGGCCTCTCAGGACATCGCTAATTAC

878 59

879 70

880 80

881 20

149



WO 2025/072253 PCT/US2024/048295

CTGAACTGGTATCAGCAGAAACCCGGCAAGGCCCCTAAGCTGCTGATC
TACGACGCCTCCAACCTGGAAACCGGCGTGCCCAGCCGGTTCAGCGGC
AGCGGATCTGGCACAGACTTCACCTTTACCATCAGCTCCCTCCAGCCT
GAGGACATCGCCACATACTACTGCCAGCAACACTTCAACCTGCCTCTG
ACCTTCGGCGGCGGAACAAAGGTCGAGATCAAGGGTGGTGGGGGCAGC
GETGCGAGGTGGGAGCCCAGCGCEGEEEETAGCGCAGCCCCEEEETAGCCAA
ATCACCCTGAAAGAGAGCGGACCTACACTGGTCAAGCCTACCCAGACA
CTGACCCTCACATGTACATTCAGCGGCTTTAGCCTGAGCACCTCCGGC
GTGGGAGTGGGCTGGATCAGACAGCCCCCCGGCAAGGCCCTGGAATGG
CTGGCTCTGATCTATTGGAATGACGAGAAGCGGTACAGCCCTAGCCTG
AAATCTAGACTGACAATCACCAAGGACACCAGCAAGAACCAGGTGGTG
CTGACCATGACCAACATGGATCCTGTGGATACCGCCGTGTACTACTGC
GCCAGAGAAGGCTCTCACGACTACAAGAGCTCCAACTGGTTCGACCCA
TGGGGCCAGGGCACCCTGGTTACAGTGTCTAGC
GATATCGTGATGACCCAATCTCCACTGAGCCTGCCTGTGACACCTGGC
GAGCCTGCTTCTATCAGCTGTAGAAGCAGCCAGTCCCTGCTGCACAGC
AACGGCTACAACTACCTGGACTGGTATCTGCAGAAACCCGGCCAGAGC
CCCCAGCTGCTGATCTACCTCGGCTCTAATCGGGCCAGCGGAGTGCCT
GATAGATTCAGCGGAAGCGGCTCCGGCACCGACTTCACCCTGAAGATC
AGCAGAGTGGAAGCCGAGGACGTGGGCGTCTACTACTGCATGCAGGCC
CTGGGCCTGATTACATTTGGCGGCGGAACCAAGGTGGAAATCAAGGGT
GGTGGGGGCAGCGGTGGAGGTGGGAGCGGAGGCGGGGGTAGCGGAGGC
GGGGGTAGCGAAGTGCAGCTGGTTGAGAGCGGCGGCGGACTGGTGAAG
CCCGGAGGCAGCCTCAGACTGAGCTGTGCTGCTTCTGGCTTTACCTTC
AGCTCTTATAGCATGAACTGGGTGCGGCAGGCCCCTGGCAAGGGCCTG
GAATGGGTCAGCTCCATCAGCTCTTCTAGCAGCTACATCTACTACGCC
GACAGCGTGAAGGGCAGATTCACCATCAGCAGAGATAACGCCAAGAAC
AGCCTGTACCTGCAGATGAATAGCCTGCGGGCCGAGGACACCGCCGTG
TACTACTGCGCCAGAGCCGGCGACACCTACAGCGCCGCCGATTACTAC
TACATGGACGTGTGGGGCAAAGGAACAACCGTGACAGTGTCCTCC
GAAGTGCAACTGCTGGAAAGCGGCGGAGGCCTGGTCCAGCCCGGCGGC
TCTCTGCGGCTCAGCTGCGCCGCTTCTGGATTTACCTTCGGCAGCGAG
GCTATGAGCTGGGTGCGGCAGGCCCCTGGAAAAGAGAGAGAGCTGGTG
TCCGCCATCAGCGGCAGCGGCGAGGTGACCTACTACGCCGACAGCGTG
AAGGGCAGATTCACCATCTCTAGAGATAATAGCAAGAACACCCTGTAC
CTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTATTGT
CAGAGACTGGTGGAAGCCAAGCGGCACTGGGGCCAGGGCACACAGGTT
ACAGTGTCCAGC
GAAGTGCAACTGCTGGAATCTGGCGGAGGACTGGTGCAGCCCGGCGGC
AGCCTGCGGCTGAGCTGTGCTGCTTCTGGCTTTACCTTCGAGTCTGAG
GCCATGAGCTGGTATAGACAGGCCCCTGGCAAGGAAAGAGAGCTGGTC
AGCGTGATCACCAGCGAGGGCTCCACCTACTACGCCGACAGCGTGAAA
GGCAGATTCACAATCAGCCGGGACAATAGCAAGAACACCCTGTACCTG
CAGATGAACAGCCTGCGCGCCGAAGATACAGCCGTGTACTACTGCGCC
CACATCGAGTGGGAGACAAGACTCAACTGGGGCCAGGGCACCCAGGTG
ACCGTGTCCAGC
GAGGTGCAGCTGCTGGAAAGCGGAGGGGGCCTGGTCCAACCCGGCGGG
TCTCTTCGCCTAAGCTGTGCCGCTTCTGGCTTCACCTTCGACGAGTAC
ACCATGCACTGGTTCAGACAGGCCCCCGGCAAGGAGCGCGAGTTCGTC
AGTGCAATCAGCGGAGGCGGTAGCGAGACTTATTACGCGGACTCCGTG
AAGGGCCGCTTCACCATTAGCCGCGACAACTCCAAGAACACGCTGTAC
CTGCAGATGAATTCGCTGCGCGCCGAAGATACGGCCGTGTACTACTGT
GCCGCTGGTGGGGAGGAGGCTGGCGTGGGCTATTGGGGCCAGGGCACC
CAGGTCACCGTGTCGTCC
GAGGTGCAGCTGCTGGAGAGCGGAGGCGGCCTCGTGCAGCCAGGAGGT
TCCCTACGACTCTCCTGTGCCGCCAGCGGCTTCACCTTCGAGGACTAC
886 113 GCCATGAGTTGGTTCCGCCAGGCCCCGGGGAAGGAGCGCGAGGGCGTG
AGCGCGATTTCTGGAAAGGGCGGCTCCACCTATTACGCGGACTCCGTG
AAGGGTCGCTTTACCATCTCTCGCGACAACTCCAAGAACACGCTGTAC
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CTGCAGATGAATAGCCTGCGCGCTGAGGACACTGCCGTGTACTACTGT
GCTGTCTTGGACGAGGAGGCCGGCGCAGAGGGCGGCTATTGGGGCCAG
GGTACCCAGGTCACCGTGTCGTCC
GAGGTGCAACTGCTGGAAAGCGGCGGTGGACTGGTGCAGCCCGGCGGC
AGCCTGAGACTGTCTTGTGCTGCTTCTGGATTTACATTCGACAGATAC
GCCATGAGCTGGTTCCGCCAGGCCCCTGGCAAAGAGCGGGAAGGCGTG
TCCGCCATCTCCACAAGCGGAGATAGCACATACTATGCCGACAGCGTG
AAGGGCAGATTCACCATCAGCAGAGATAATAGCAAGAACACCCTGTAC
CTGCAGATGAACAGCCTCCGGGCCGAGGACACCGCCGTCTACTACTGC
GCCGTGCTGGACGAGGAAGCCGGCGCCGAGGGCGGCTACTGGGGCCAG
GGCACCCAGGTGACCGTGTCTAGC
GAGGTGCAACTGCTGGAAAGCGGCGGAGGACTCGTCCAGCCCGGCGGC
AGCCTGCGGCTGAGCTGTGCTGCTTCTGGATTTACCTTCGCCAGCGAC
GCCATGAGCTGGTATAGACAGGCCCCTGGCAAAGAGCGGGAACTGGTG
TCCGCCATCAGCGGCTCTGGCGGCTCCACCTACTACGCCGATAGCGTG
AAGGGCAGATTCACAATCTCTAGAGATAATAGCAAGAACACCCTGTAC
CTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTGC
GCCGCTCACGACAGCGGCGAGGCCTACCTGGCCTTCGACTACTGGGGC
CAGGGCACACAGGTGACCGTGTCTAGC
GAGGTGCAACTGCTGGAAAGCGGCGGAGGACTCGTCCAGCCCGGCGGC
AGCCTGAGGCTGAGCTGTGCTGCTTCTGGCTTTACCTTCGACTCCTAC
ACAATGAGCTGGTATAGACAGGCCCCTGGCAAGGAGCGGGAACTGGTG
TCCGCCATCAGCGGCCACGGCGACTCTACATACTACGCCGACAGCGTG
AAAGGCAGATTCACAATCTCTAGAGATAATAGCAAGAACACCCTGTAC
CTGCAGATGAACAGCCTGCGGGCCGAGGACACCGCCGTGTACTACTGC
ACCAGAATCAGCATCACCACCGAGTGGCTGGCCGGAGATTACTGGGGC
CAGGGCACCCAGGTGACAGTGTCCAGC
GAGGTGCAGCTGCTGGAAAGCGGAGGAGGCCTGGTCCAACCTGGCGGC
AGCCTGCGGCTGAGCTGCGCCGCTTCTGGCTTCACCTTCAGCAGCTAC
GCCATGAGCTGGTTCCGGCAGGCCCCTGGCAAGGARAGAGAGTTCGTG
TCTTTTATCAGCGGATCTGGCGACTCCACCTACTACGCTGATAGCGTG
AAAGGCAGATTTACCATCTCTAGAGATAATAGCAAGAACACCCTGTAC
CTCCAGATGAACAGCCTGCGCGCCGAGGACACAGCCGTGTACTATTGT
ACCAGATGGCCTTACGACTTCGAGGAACCAAGCGAGCCCGGCGTGTAC
TGGGGCCAGGGCACACAGGTGACAGTGTCCTCC
GAGGTGCAGCTGCTGGAAAGCGGCGGAGGCCTGGTGCAACCTGGCGGA
TCTCTCAGACTGAGCTGTGCTGCTTCTGGCTTCACATTCACCGACTAC
GACATGAGCTGGTATAGACAGGCCCCTGGAAAAGAGCGGGAACTGGTC
TCCGTGATCCACAGCGGCGGCTCCACCTACTACGCCGATAGCGTGAAG
GGCAGATTCACCATCAGCAGAGATAATAGCAAGAACACCCTGTACCTG
CAGATGAACAGCCTGCGGGCCGAGGACACCGCCGTGTACTACTGCGCC
CCCGGCTACTACAGCGACCTGTCTTTTGATTATTACAACTTCGACTAC
TGGGGCCAGGGCACACAGGTGACAGTGTCCAGC
GAGGTGCAGCTGCTGGAGAGCGGTGGAGGGTTGGTGCAGCCCGGGGGT
AGCCTGCGTCTGTCGTGCGCCGCTTCCGGCTTCACGTTCTCTGATTAC
GCCATGCACTGGTTCCGGCAGGCCCCCGGTAAGGAGCGCGTGCTGGTG
TCGTCTATTGACTCCGGCGGCTCCACTTACTACGCAGACAGTGTCAAG
GGCCGTTTCACCATCAGCCGCGACAACAGCAAGAACACGCTGTACCTG
CAGATGAACTCCCTTCGAGCAGAGGACACCGCGGTGTACTACTGTAAT
GCGGGCTTCAAGGGCGATCACCCCCACCCCAAGGATGCCTTCGACATT
TGGGGCCAGGGCACCCAGGTCACCGTGTCGTCC
GAGGTGCAACTGCTGGAATCCGGCGGAGGCCTGGTGCAGCCCGGCGGC
AGCCTCAGACTGAGCTGTGCCGCTTCTGGCTTTACCTTCAGCAGCGAG
GGCATGAGCTGGGTGCGGCAGGCCCCTGGCAAGGAAAGAGAGCTGGTC
TCCGCCATCAGCGGATCTGGCGACCACACCTACTATGCCGATAGCGTG
CGCGGAAGATTCACAATCTCTAGAGATAATAGCAAGAACACCCTGTAC
CTGCAGATGAACAGCCTGCGGGCCGAGGACACCGCCGTGTACTACTGC
AACGCCCTGGAAGGCGGCCCTACAACAGCTATCCAGCCAGGAGGCCCT
GACTACTGGGGCCAGGGCACCCAGGTGACCGTGTCCAGC
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In various embodiments, a polynucleotide encodes a chimeric antigen receptor
comprising an anti-BCMA antibody or antigen binding fragment thereof comprising an
amino acid sequence set forth in any one of SEQ ID NOs: 11-144. In particular
embodiments, a polynucleotide encodes a chimeric antigen receptor comprising an anti-
BCMA antibody or antigen binding fragment thereof comprising an amino acid sequence set
forth in any one of SEQ ID NOs: 20, 30, 39, 50, 59, 70, 80, 90, 100, 101, 105, 109, 113, 117,
121, 125, 129, 133, 137, and 141; and optionally a polypeptide linker and an anti-CD3
antibody.

In particular embodiments, a polynucleotide encodes a chimeric antigen receptor
comprising an amino acid sequence set forth in any one of SEQ ID NOs: 165-860. In
particular embodiments, a polynucleotide encodes a chimeric antigen receptor comprising an
amino acid sequence set forth in any one of SEQ ID NOs: 189, 237, 261, 333, 357,429, 477,
525, 573, 597, 621, 645, 669, 693, 717, 741, 765, 789, 813, and 837. In particular
embodiments, a polynucleotide encoding a chimeric antigen receptor comprises a
polynucleotide sequence set forth in any one of SEQ ID NOs: 905-944.

In particular embodiments, polynucleotides encoding a chimeric antigen receptor
may be codon-optimized. As used herein, the term “codon-optimized” refers to substituting
codons in a polynucleotide encoding a polypeptide in order to modulate polypeptide
expression, stability and/or activity. Factors that influence codon optimization include, but
are not limited to one or more of: (1) variation of codon biases between two or more organisms
or genes or synthetically constructed bias tables, (ii) variation in the degree of codon bias
within an organism, gene, or set of genes, (iii) systematic variation of codons including
context, (iv) variation of codons according to their decoding tRNAs, (v) variation of codons
according to GC %, either overall or in one position of the triplet, (vi) variation in degree of
similarity to a reference sequence for example a naturally occurring sequence, (vii) variation
in the codon frequency cutoff, (viii) structural properties of mRNAs transcribed from the
DNA sequence, (ix) prior knowledge about the function of the DNA sequences upon which
design of the codon substitution set is to be based, (x) systematic variation of codon sets for
each amino acid, and/or (xi) isolated removal of spurious translation initiation sites.

LENNTS

A “nucleic acid cassette,” “expression cassette” or “nucleic acid expression cassette”
refers to polynucleotide sequences sufficient to transcribe an RNA, which is ultimately
translated to a polypeptide. In particular embodiments, a nucleic acid cassette comprises a

polynucleotide-of-interest, a polynucleotide that encodes a polypeptide, e.g., a CAR. Nucleic
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acid expression cassettes contemplated in particular embodiments comprise one or more
expression control sequences, e.g., a promoter, enhancer, poly(A) sequence, and one or more
polynucleotide(s)-of-interest. In particular embodiments, a vector contemplated herein
comprises one or more nucleic acid cassettes. In particular embodiments, a nucleic acid
cassette is oriented in a vector to enable transcription of a polynucleotide-of-interest.

In particular embodiments, a polynucleotide encoding a polypeptide may be
combined with other polynucleotide sequences, such as expression control sequences,
promoters and/or enhancers, untranslated regions (UTRs), polynucleotides encoding signal
peptides, Kozak sequences, polyadenylation signals, restriction enzyme sites, multiple
cloning sites, internal ribosomal entry sites (IRES), recombinase recognition sites,
termination codons, transcriptional termination signals, and polynucleotides encoding self-
cleaving polypeptides or epitope tags, as disclosed elsewhere herein or as known in the art.

Polynucleotides can be prepared, manipulated, expressed and/or delivered using any
of a variety of well-established techniques known and available in the art. In order to express
a desired polypeptide, a nucleotide sequence encoding the polypeptide, can be inserted into
an appropriate vector.

In particular embodiments, a polynucleotide is inserted into a non-viral vector.
Illustrative examples of non-viral vectors include but are not limited to autonomously
replicating sequences; plasmids; phagemids; cosmids; artificial chromosomes such as yeast
artificial chromosomes (YAC), bacterial artificial chromosomes (BAC), or Pl-derived
artificial chromosomes (PAC); bacteriophages such as lambda phage or M13 phage; and
transposable clements including but not limited to piggyBac, Sleeping Beauty, Mosl,
Tcl/mariner, Tol2, mini-Tol2, Tc3, MuA, Himar I, Frog Prince, and derivatives thereof.

In particular embodiments, a polynucleotide is inserted into a viral vector. Illustrative
examples of viral vectors include but are not limited to Adenoviral (Ad) vectors, adeno-
associated virus (AAV) vectors, rhabdovirus (e.g., lyssavirus, vesiculovirus) vectors,
paramyxovirus (e.g., henipavirus, morbillivirus, respirovirus, rubelavirus) vectors, herpes
simplex virus (e.g., HSV-1, HSV-2) vectors, vaccinia virus vectors, and retroviral vectors,
preferably lentiviral vectors (LVYV).

In particular embodiments, a vector comprises a polynucleotide comprising or
encoding one or more exogenous, endogenous, or heterologous expression control sequences
operably linked to a polynucleotide encoding one or more polynucleotides and/or

polypeptides contemplated herein.
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LERNTS

“Expression control sequences,” “control elements,” or “regulatory sequences”
contemplated in particular embodiments include but not limited to promoters, enhancers,
translation initiation signals (Shine Dalgamo sequence or Kozak sequence), introns,
polyadenylation signals, 5" and 3" untranslated regions, all of which may interact with host
cell proteins to carry out transcription and translation.

The term “promoter” as used herein refers to a recognition site of a polynucleotide
(DNA or RNA) to which an RNA polymerase binds. An RNA polymerase initiates and
transcribes polynucleotides operably linked to the promoter. In particular embodiments,
promoters operative in mammalian cells comprise an AT-rich region located approximately
25 to 30 bases upstream from the site where transcription is initiated and/or another sequence
found 70 to 80 bases upstream from the start of transcription, a CNCAAT region where N
may be any nucleotide. The term “enhancer” refers to a segment of DNA which contains
sequences capable of providing enhanced transcription and in some instances can function
independent of their orientation relative to another control sequence. An enhancer can
function cooperatively or additively with promoters and/or other enhancer elements. The
term “promoter/enhancer” refers to a segment of DNA which contains sequences capable of
providing both promoter and enhancer functions.

The term “operably linked”, refers to a juxtaposition wherein the components
described are in a relationship permitting them to function in their intended manner. In one
embodiment, the term refers to a functional linkage between an expression control sequence
(such as a promoter, and/or enhancer) and a second polynucleotide sequence encoding a
polypeptide, wherein the expression control sequence directs transcription of the nucleic acid
corresponding to the second sequence.

Illustrative ubiquitous expression control sequences suitable for use in particular
embodiments include, but are not limited to, a f-actin promoter, a cytomegalovirus (CMV)
immediate early promoter, a simian virus 40 (SV40) (e.g., early or late) promoter, a Moloney
murine leukemia virus (MoMLV) promoter, a Rous sarcoma virus (RSV) promoter, a herpes
simplex virus (HSV) (thymidine kinase) promoter, an SV40/CD43 promoter, a spleen focus
forming virus (SFFV) promoter, an elongation factor 1-alpha (EFla) short promoter
(intronless), an EFla long promoter containing an intron, a Ubiquitin C (UBC) promoter, a
phosphoglycerate kinase-1 (PGK) promoter, a cytomegalovirus enhancer/chicken B-actin

(CAG) promoter, and a myeloproliferative sarcoma virus enhancer, negative control region

154

PCT/US2024/048295



WO 2025/072253 PCT/US2024/048295

deleted, dI587rev primer-binding site substituted (MND) U3 promoter (Haas et al., Journal
of Virology. 2003;77(17): 9439-9450).

Illustrative examples of ubiquitous expression control sequences suitable for use in
particular embodiments contemplated herein include those comprising polynucleotide
sequences set forth in Table 7.

Table 7

SEQ NUCLEIC ACID SEQUENCE
ID
NO:
948 GCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGAC
GTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTG
GAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCC
CTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGA
CTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCC
ACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATTTATTTATTT
TTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGGGCGCGCGCCAGGCGGGGCGGE
GCGGGGCGAGGGGCGGGGCGGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCGGCGCG
CTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCTATAAAAAGCGAAGCGCGC
GGCGGGCG

949 CGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGG
GGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGAT
GTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCG
CCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGTAAGTGCCGTGTGTGGTTC
CCGCGGGCCTGGCCTCTTTACGGGTTATGGCCCTTGCGTGCCTTGAATTACTTCCACCTGGCTG
CAGTACGTGATTCTTGATCCCGAGCTTCGGGTTGGAAGTGGGTGGGAGAGTTCGAGGCCTTGCG
CTTAAGGAGCCCCTTCGCCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGCGT
GCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGCCATTTAAAAT
TTTTGATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATAGTCTTGTAAATGCGGGCCAAGATC
TGCACACTGGTATTTCGGTTTTTGGGGCCGCGGGCGGCGACGGGGCCCGTGCGTCCCAGCGCAC
ATGTTCGGCGAGGCGGGGCCTGCGAGCGCGGCCACCGAGAATCGGACGGGGGTAGTCTCAAGCT
GGCCGGCCTGCTCTGGTGCCTGGCCTCGCGCCGCCGTGTATCGCCCCGCCCTGGGCGGCAAGGC
TGGCCCGGTCGGCACCAGTTGCGTGAGCGGARAGATGGCCGCTTCCCGGCCCTGCTGCAGGGAG
CTCAAAATGGAGGACGCGGCGCTCGGGAGAGCGGGCGGGTGAGTCACCCACACAAAGGAAAAGG
GCCTTTCCGTCCTCAGCCGTCGCTTCATGTGACTCCACGGAGTACCGGGCGCCGTCCAGGCACC
TCGATTAGTTCTCGAGCTTTTGGAGTACGTCGTCTTTAGGTTGGGGGGAGGGGTTTTATGCGAT
GGAGTTTCCCCACACTGAGTGGGTGGAGACTGAAGTTAGGCCAGCTTGGCACTTGATGTAATTC
TCCTTGGAATTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCTCAGACAGTGGTTC
AAAGTTTTTTTCTTCCATTTCAGGTGTCGTGA

950 AATGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGGATCAAGGTTAGGAACAGAGAGACAGCAG
AATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGT
TGGAACAGCAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGG
CCAAGAACAGATGGTCCCCAGATGCGGTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAGATGT
TTCCAGGGTGCCCCAAGGACCTGAAATGACCCTGTGCCTTATTTGAACTAACCAATCAGTTCGC
TTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAARAAAGAGCCCACAACCCCTCACT
CGGC

951 GGGTAGGGGAGGCGCTTTTCCCAAGGCAGTCTGGAGCATGCGCTTTAGCAGCCCCGCTGGGCAC
TTGGCGCTACACAAGTGGCCTCTGGCCTCGCACACATTCCACATCCACCGGTAGGCGCCAACCG
GCTCCGTTCTTTGGTGGCCCCTTCGCGCCACCTTCTACTCCTCCCCTAGTCAGGAAGTTCCCCC
CCGCCCCGCAGCTCGCGTCGTGCAGGACGTGACAAATGGAAGTAGCACGTCTCACTAGTCTCGT
GCAGATGGACAGCACCGCTGAGCAATGGAAGCGGGTAGGCCTTTGGGGCAGCGGCCAATAGCAG
CTTTGCTCCTTCGCTTTCTGGGCTCAGAGGCTGGGAAGGGGTGGGTCCGGGGGCGGGCTCAGGG
GCGGGCTCAGGGGCGGGGCGGGCGCCCGAAGGTCCTCCGGAGGCCCGGCATTCTGCACGCTTCA
AAAGCGCACGTCTGCCGCGCTGTTCTCCTCTTCCTCATCTCCGGGCCTTTCG

952 TGAAAGACCCCACCTGTAGGTTTGGCAAGATAGCTGCAGTAACGCCATTTTGCAAGGCATGGAA
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AAATACCAAACCAAGAATAGAGAAGTTCAGATCAAGGGCGGGTACATGAAAATAGCTAACGTTG
GGCCAAACAGGATATCTGCGGTGAGCAGTTTCGGCCCCGGCCCGGGGCCAAGAACAGATGGTCA
CCGCAGTTTCGGCCCCGGCCCGAGGCCAAGAACAGATGGTCCCCAGATATGGCCCAACCCTCAG
CAGTTTCTTAAGACCCATCAGATGTTTCCAGGCTCCCCCAAGGACCTGAAATGACCCTGCGCCT
TATTTGAATTAACCAATCAGCCTGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTTCCCGAGCTCT
ATAAAAGAGCTCACAACCCCTCACTCGGCGCGCCAGTCCTCCGATTGACTGAGTCGCCC

953 GGCCTCCGCGCCGGGTTTTGGCGCCTCCCGCGGGCGCCCCCCTCCTCACGGCGAGCGCTGCCAC
GTCAGACGAAGGGCGCAGCGAGCGTCCTGATCCTTCCGCCCGGACGCTCAGGACAGCGGCCCGC
TGCTCATAAGACTCGGCCTTAGAACCCCAGTATCAGCAGAAGGACATTTTAGGACGGGACTTGG
GTGACTCTAGGGCACTGGTTTTCTTTCCAGAGAGCGGAACAGGCGAGGAAAAGTAGTCCCTTCT
CGGCGATTCTGCGGAGGGATCTCCGTGGGGCGGTGAACGCCGATGATTATATAAGGACGCGCCG
GGTGTGGCACAGCTAGTTCCGTCGCAGCCGGGATTTGGGTCGCGGTTCTTGTTTGTGGATCGCT
GTGATCGTCACTTGGTGAGTAGCGGGCTGCTGGGCTGGCCGGGGCTTTCGTGGCCGCCGGGCCG
CTCGGTGGGACGGAAGCGTGTGGAGAGACCGCCAAGGGCTGTAGTCTGGGTCCGCGAGCAAGGT
TGCCCTGAACTGGGGGTTGGGGGGAGCGCAGCAAAATGGCGGCTGTTCCCGAGTCTTGAATGGA
AGACGCTTGTGAGGCGGGCTGTGAGGTCGTTGAAACAAGGTGGGGGGCATGGTGGGCGGCAAGA
ACCCAAGGTCTTGAGGCCTTCGCTAATGCGGGAAAGCTCTTATTCGGGTGAGATGGGCTGGGGC
ACCATCTGGGGACCCTGACGTGAAGTTTGTCACTGACTGGAGAACTCGGTTTGTCGTCTGTTGC
GGGGGCGGCAGTTATGGCGGTGCCGTTGGGCAGTGCACCCGTACCTTTGGGAGCGCGCGCCCTC
GTCGTGTCGTGACGTCACCCGTTCTGTTGGCTTATAATGCAGGGTGGGGCCACCTGCCGGTAGG
TGTGCGGTAGGCTTTTCTCCGTCGCAGGACGCAGGGTTCGGGCCTAGGGTAGGCTCTCCTGAAT
CGACAGGCGCCGGACCTCTGGTGAGGGGAGGGATAAGTGAGGCGTCAGTTTCTTTGGTCGGTTT
TATGTACCTATCTTCTTAAGTAGCTGAAGCTCCGGTTTTGAACTATGCGCTCGGGGTTGGCGAG
TGTGTTTTGTGAAGTTTTTTAGGCACCTTTTGAAATGTAATCATTTGGGTCAATATGTAATTTT
CAGTGTTAGACTAGTAAATTGTCCGCTAAATTCTGGCCGTTTTTGGCTTTTTTGTTAGAC

In particular embodiments, a polynucleotide comprises one or more cell type- or
tissue-specific expression control sequences. In particular embodiments a cell type-specific
expression control sequence is specific for immune effector cells. In particular embodiments
a cell type-specific expression control sequence is a T cell specific promoter, an NK cell
specific promoter, an NKT cell specific promoter, or a mucosal-associated invariant T
(MAIT) cell promoter.

In particular embodiments, a cell type-specific expression control sequence is
selected from the group consisting of a distal lymphocyte protein tyrosine kinase (LCK)
promoter (Brenner et al., Proc. Natl. Acad. Sci. USA 99:2936-2941 (2002)), a CD36
promoter (Ji et al., ] Biol Chem. 277(49):47898-906 (2002)), a CD4 gene promoter (Salmon
et al., Proc. Natl. Acad. Sci. USA 90:7739 (1993), a CD2 promoter (Greaves et al., Cell
56:979-86 (1989)), and a TCF7 promoter (van de Wetering et al. J. of Bio. Chem. 267: 8530-
8536 (1992)).

In particular embodiments, expression of polynucleotide sequences may be
modulated by incorporating posttranscriptional regulatory elements into vectors. A variety
of posttranscriptional regulatory elements may increase expression of a heterologous nucleic
acid, e.g, woodchuck hepatitis virus posttranscriptional regulatory element (WPRE; Zufferey
etal., 1999, ]. Virol., 73: 2886); the posttranscriptional regulatory element present in hepatitis
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B vims (HPRE) (Huang ez al., Mol. Cell. Biol., 5:3864); and the like (Liu et al., 1995, Genes
Dev., 9:1766).

Illustrative examples of posttranscriptional control sequences suitable for use in
particular embodiments contemplated herein include those comprising polynucleotide
sequences set forth in Table 8.

Table 8

SEQ NUCLEIC ACID SEQUENCE
ID
NO:
945 AATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTC
CTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTAT
GGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGG
CCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTT
GGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGC
CACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGC
ACTGACAATTCCGTGGTGTTGTCGGGGAAGCTGACGTCCTTTCCATGGCTGCTCGCCTGTG
TTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGC
GGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGC
CCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTG

946 AATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTC
CTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTAT
GGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGG
CCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTT
GGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGC
CACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGC
ACTGACAATTCCGTGGTGTTGTCGGGGAAGGTCTGCTGAGACTCGGGGCTGCTCGCCTGTG
TTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGC
GGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGC
CCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTG

947 AATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGATATTCTTAACTATGTTGCTC
CTTTTACGCTGTGTGGATATGCTGCTTTAATGCCTCTGTATCATGCTATTGCTTCCCGTAC
GGCTTTCGTTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGG
CCCGTTGTCCGTCAACGTGGCGTGGTGTGCTCTGTGTTTGCTGACGCAACCCCCACTGGCT
GGGGCATTGCCACCACCTGTCAACTCCTTTCTGGGACTTTCGCTTTCCCCCTCCCGATCGC
CACGGCAGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTAGGTTGCTGGGC
ACTGATAATTCCGTGGTGTTGTC

In particular embodiments, a vector comprises or encodes (in the case of an RNA
vector, e.g., a retroviral vector) an MNDU3 promoter (e.g., SEQ ID NO: 950) operably
linked to a polynucleotide encoding a chimeric antigen receptor comprising an anti-BCMA
antibody or antigen binding fragment thereof comprising an amino acid set forth in any one
of SEQ ID NOs: 11-144, and optionally a polynucleotide comprising a posttranscriptional
regulatory element set forth in any one of SEQ ID NOs: 945-947. In particular embodiments,
a vector comprises or encodes an MNDU3 promoter operably linked to a polynucleotide
encoding a chimeric antigen receptor comprising an anti-BCMA antibody or antigen binding
fragment thereof comprising an amino acid set forth in any one of SEQ ID NOs: 20, 30, 39,
50, 59, 70, 80, 90, 100, 101, 105, 109, 113, 117, 121, 125, 129, 133, 137, and 141, and
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optionally a polynucleotide comprising a posttranscriptional regulatory element set forth in
any one of SEQ ID NOs: 945-947. In particular embodiments, a vector comprises or encodes
an MNDU3 promoter operably linked to a polynucleotide encoding a chimeric antigen
receptor comprising an amino acid sequence set forth in any one of SEQ ID NOs: 165-860,
and optionally a polynucleotide comprising a posttranscriptional regulatory element set forth
in any one of SEQ ID NOs: 945-947. In particular embodiments, a vector comprises or
encodes an MNDU3 promoter operably linked to a polynucleotide encoding a signal peptide
comprising an amino acid sequence set forth in any one of SEQ ID NOs: 861, 862, 863, 864,
8635, 866, 867, 868, 869, 870, 871, 872, and 873 and a polynucleotide encoding a chimeric
antigen receptor comprising an amino acid sequence set forth in any one of SEQ ID NOs:
165-860, and optionally a polynucleotide comprising a posttranscriptional regulatory element
set forth in any one of SEQ ID NOs: 945-947. In particular embodiments, a vector comprises
or encodes an MNDU3 promoter operably linked to a polynucleotide encoding a chimeric
antigen receptor comprising an amino acid sequence set forth in any one of SEQ ID NOs:
189, 237, 261, 333, 357, 429, 471, 525, 573, 597, 621, 645, 669, 693, 717, 741, 765, 789,
813, and 837, and optionally a polynucleotide comprising a posttranscriptional regulatory
element set forth in any one of SEQ ID NOs: 945-947. In particular embodiments, a vector
comprises or encodes an MNDU3 promoter operably linked to a polynucleotide encoding a
signal peptides comprising an amino acid sequence set forth in SEQ ID NO: 861 and a
polynucleotide encoding a chimeric antigen receptor comprising an amino acid sequence set
forth in any one of SEQ ID NOs: 189, 237, 261, 333, 357, 429, 477, 525, 573, 597, 621, 645,
669, 693, 717, 741, 765, 789, 813, and 837, and optionally a polynucleotide comprising a
posttranscriptional regulatory element set forth in any one of SEQ ID NOs: 945-947. In
particular embodiments, a vector comprises or encodes an MNDU3 promoter operably
linked to a polynucleotide encoding a chimeric antigen receptor comprising a polynucleotide
sequence set forth in any one of SEQ ID NOs: 905-944, and optionally a polynucleotide
comprising a posttranscriptional regulatory element set forth in any one of SEQ ID NOs:
945-947. In particular embodiments, a vector comprises or encodes an MNDU3 promoter
operably linked to a polynucleotide encoding a signal peptide comprising a polynucleotide
sequence set forth in SEQ ID NO: 904 and a chimeric antigen receptor comprising a
polynucleotide sequence set forth in any one of SEQ ID NOs: 905-924, and optionally a
polynucleotide comprising a posttranscriptional regulatory element set forth in any one of

SEQ ID NOs: 945-947. In particular embodiments, a vector comprises or encodes an
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MNDU3 promoter operably linked to a polynucleotide encoding a signal peptide and a
chimeric antigen receptor comprising a polynucleotide sequence set forth in any one of SEQ
ID NOs: 925-944, and optionally a polynucleotide comprising a postiranscriptional
regulatory element set forth in any one of SEQ ID NOs: 945-947.

In particular embodiments, a vector comprises or encodes (in the case of an RNA
vector, e.g., a retroviral vector) an EFla promoter (e.g., SEQ ID NO: 949) operably linked
to a polynucleotide encoding a chimeric antigen receptor comprising an anti-BCMA
antibody or antigen binding fragment thereof comprising an amino acid set forth in any one
of SEQ ID NOs: 11-144, and optionally a polynucleotide comprising a posttranscriptional
regulatory element set forth in any one of SEQ ID NOs: 945-947. In particular embodiments,
a vector comprises or encodes an EFla promoter operably linked to a polynucleotide
encoding a chimeric antigen receptor comprising an anti-BCMA antibody or antigen binding
fragment thereof comprising an amino acid set forth in any one of SEQ ID NOs: 20, 30, 39,
50, 59, 70, 80, 90, 100, 101, 105, 109, 113, 117, 121, 125, 129, 133, 137, and 141, and
optionally a polynucleotide comprising a posttranscriptional regulatory element set forth in
any one of SEQ ID NOs: 945-947. In particular embodiments, a vector comprises or encodes
an EFla promoter operably linked to a polynucleotide encoding a chimeric antigen receptor
comprising an amino acid sequence set forth in any one of SEQ ID NOs: 165-860, and
optionally a polynucleotide comprising a posttranscriptional regulatory element set forth in
any one of SEQ ID NOs: 945-947. In particular embodiments, a vector comprises or encodes
an EFla promoter operably linked to a polynucleotide encoding a signal peptide comprising
an amino acid sequence set forth in any one of SEQ ID NOs: 861, 862, 863, 864, 865, 866,
867, 868, 869, 870, 871, 872, and 873 and a polynucleotide encoding a chimeric antigen
receptor comprising an amino acid sequence set forth in any one of SEQ ID NOs: 165-860,
and optionally a polynucleotide comprising a posttranscriptional regulatory element set forth
in any one of SEQ ID NOs: 945-947. In particular embodiments, a vector comprises or
encodes an EF1a promoter operably linked to a polynucleotide encoding a chimeric antigen
receptor comprising an amino acid sequence set forth in any one of SEQ ID NOs: 189, 237,
261, 333,357,429, 477, 525, 573,597, 621, 645, 669, 693, 717,741, 765, 789, 813, and 837,
and optionally a polynucleotide comprising a posttranscriptional regulatory element set forth
in any one of SEQ ID NOs: 945-947. In particular embodiments, a vector comprises or
encodes an EFla promoter operably linked to a polynucleotide encoding a signal peptide

comprising an amino acid sequence set forth in any one of SEQ ID NOs: 861, 862, 863, 864,

159

PCT/US2024/048295



10

15

20

25

30

WO 2025/072253

865, 866, 867, 868, 869, 870, 871, 872, and 873 and a chimeric antigen receptor comprising
an amino acid sequence set forth in any one of SEQ ID NOs: 189, 237, 261, 333, 357, 429,
477, 525, 573, 597, 621, 645, 669, 693, 717, 741, 765, 789, 813, and 837, and optionally a
polynucleotide comprising a posttranscriptional regulatory element set forth in any one of
SEQ ID NOs: 945-947. In particular embodiments, a vector comprises or encodes an EFla
promoter operably linked to a polynucleotide encoding a chimeric antigen receptor
comprising a polynucleotide sequence set forth in any one of SEQ ID NOs: 905-924, and
optionally a polynucleotide comprising a posttranscriptional regulatory element set forth in
any one of SEQ ID NOs: 945-947. In particular embodiments, a vector comprises or encodes
an EF1a promoter operably linked to a polynucleotide encoding a signal peptide comprising
a polynucleotide sequence set forth in SEQ ID NO: 904 and a chimeric antigen receptor
comprising a polynucleotide sequence set forth in any one of SEQ ID NOs: 905-924, and
optionally a polynucleotide comprising a posttranscriptional regulatory element set forth in
any one of SEQ ID NOs: 945-947. In particular embodiments, a vector comprises or encodes
an EFla promoter operably linked to a polynucleotide encoding a signal peptide and a
chimeric antigen receptor comprising a polynucleotide sequence set forth in any one of SEQ
ID NOs: 925-944, and optionally a polynucleotide comprising a posttranscriptional
regulatory element set forth in any one of SEQ ID NOs: 945-947.

Efficient expression of polynucleotides can also be increased in some embodiments,
by using sequences that increase translational efficiency, e.g., through an increase in mRNA
ribosomal binding or an increase in mRNA stability. In certain embodiments,
polynucleotides encoding a chimeric antigen receptor comprise a short recognition sequence,
i.e.,a Kozak sequence, that greatly facilitates the initial binding of mRNA to the small subunit
of the ribosome and increases translation. The consensus Kozak sequence is
(GCC)RCCATGG, where R is a purine (A or G) (Kozak, Cell. 44:283-92 (1986), and Kozak,
Nucleic Acids Res. 15:8125-48 (1987)).

Elements directing the efficient termination and polyadenylation of heterologous
nucleic acid transcripts may also increase heterologous gene expression. Transcription
termination signals are generally found downstream of the polyadenylation signal. In
particular embodiments, vectors comprise a polyadenylation sequence 3" to a sequence to be
transcribed and/or expressed. The term “polyadenylation (or poly(A)) signal” refers to a
DNA sequence which directs both the termination and polyadenylation of the nascent RNA
transcript by RNA polymerase II. Polyadenylation signals can promote mRNA stability by
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addition of a poly(A) tail to the 3" end of the coding sequence and thus, contribute to increased
translational efficiency. Cleavage and polyadenylation are directed by a poly(A) signal in
the RNA. The core poly(A) signal for mammalian pre-mRNAs has two recognition elements
flanking a cleavage-polyadenylation site. Typically, an almost invariant AAUAAA hexamer
lies 20-50 nucleotides upstream of a more variable element rich in U or GU residues.
Cleavage of the nascent transcript occurs between these two elements and is coupled to the
addition of up to 250 adenosines to the 5' cleavage product. In particular embodiments, the
core poly(A) signal is an ideal poly(A) signal (e.g., AATAAA, ATTAAA, AGTAAA). In
particular embodiments, the poly(A) signal is an SV40 poly(A) signal, a bovine growth
hormone poly(A) signal (BGHpA), a rabbit B-globin poly(A) signal (fgpA), variants
thereof, or another suitable heterologous or endogenous poly(A) signal known in the art. In
particular embodiments, the poly(A) signal is synthetic.

In particular embodiments, a polynucleotide comprises or encodes a promoter
operably a polynucleotide sequence encoding a chimeric antigen receptor comprising a signal
peptide isolated from a polypeptide selected from the group consisting of CD8a, murine
IgGx, human IgGk, CD33, tPA, SEAP, hGM-CSF, gaussian luciferase, CSF2R, B2M, and
CDB80, wherein the signal peptide is subsequently cleaved from the translated chimeric
antigen receptor. In particular embodiments, a polynucleotide comprises or encodes a
promoter operably linked to a polynucleotide sequence encoding a chimeric antigen receptor
comprising a signal peptide comprising an amino acid sequence set forth in any one of SEQ
ID NOs: 861-873. An illustrative example of a polynucleotide encoding a signal peptide is
set forth in SEQ ID NO: 904
(ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGCATGCA
GCACGACCQG).

In particular embodiments, a polynucleotide comprises one or more miR target
sequences inserted into a 5" UTR, intron, and/or 3" UTR to restrict expression in undesired
or off-target cell types.

In some embodiments, a polynucleotide comprises an inducible suicide gene to
reduce the risk of direct toxicity and/or uncontrolled proliferation. In some embodiment, the
suicide gene is caspase-8 or caspase-9. Caspase-9 can be activated using a specific chemical
inducer of dimerization (CID).

In some embodiments, a polynucleotide comprises a gene or gene segment that when

introduced into a cell, renders the cell susceptible to negative selection. Negative selection
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suitable for use in particular embodiments include but are not limited to the HSV-TK gene
which confers ganciclovir sensitivity; the cellular hypoxanthine phosphribosyltransferase
(HPRT) gene, the cellular adenine phosphoribosyltransferase (APRT) gene, and bacterial
cytosine deaminase.

In some embodiments, a polynucleotide comprises a gene or gene segment that when
introduced into a cell, renders the cell susceptible to positive selection. Positive selection
genes suitable for use in particular embodiments contemplated herein include but are not
limited to hygromycin-B phosphotransferase gene (hph) which confers resistance to
hygromycin B, the amino glycoside phosphotransferase gene (neo or aph) from TnS which
codes for resistance to the antibiotic G418, the dihydrofolate reductase (DHFR) gene, the
adenosine deaminase gene (ADA), and the multi-drug resistance (MDR) gene.

Table 9 sets forth the SEQ ID NOs. and associated nucleic acid sequences encoding
chimeric antigen receptor components and chimeric antigen receptors and the corresponding
amino acid SEQ ID NO (AA SEQ ID NO.) encoded by the nucleic acid sequence.

Table 9

SEQ ID AA SEQ ID NUCLEIC ACID SEQUENCE
NO. NO.

ACCACAACACCTGCTCCAAGGCCCCCCACACCCGCTCCAACTATAGCCA
894 145 GCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGGCCCGCAGCAGGAGG
CGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTGAT

ATTGAAGTTATGTATCCTCCTCCTTACCTAGACAATGAGAAGAGCAATG

895 146 GAACCATTATCCATGTGAAAGGGAAACACCTTTGTCCAAGTCCCCTATT
TCCCGGACCTTCTAAGCCC

896 148 GAGTCCAAATATGGTCCCCCGTGCCCACCATGCCCA

897 150 CTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCA

898 151 ATTTATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCTCT
CCCTTGTGATCACTCTGTATTGT

899 153 TTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGC

TAGTAACAGTGGCCTTTATTATTTTCTGGGTG

AAGCGCGGGAGAAAGAAGCTCCTGTACATCTTCAAGCAGCCTTTTATGC
9200 159 GACCTGTGCAAACCACTCAGGAAGAAGATGGGTGTTCATGCCGCTTCCC
CGAGGAGGAAGAAGGAGGGTGTGAACTG

AGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACATGAACATGACTC
901 160 CCCGCCGCCCCGGGCCCACCCGCAAGCATTACCAGCCCTATGCCCCACC
ACGCGACTTCGCAGCCTATCGCTCC

ACAAAAAAGAAGTATTCATCCAGTGTGCACGACCCTAACGGTGAATACA
902 162 TGTTCATGAGAGCAGTGAACACAGCCAAAAAATCTAGACTCACAGATGT
GACCCTA

AGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAGGGTC
AGAATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAGAAGAGTACGA
TGTTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAAGCCC
903 158 CGGAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAGGACA
AGATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGAAAGACGCAG
AGGCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTACAGCCACCAAG
GACACTTATGATGCGTTGCATATGCAAGCCTTGCCACCCCGC

ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC

904 861 ATGCAGCACGACCG
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GAGATCGTGCTGACACAGTCTCCCGCCACACTGTCACTGTCTCCAGGCG
AAAGAGCCACACTGAGCTGTAGAGCCAGCCAGAGCGTGTCCTCTTACCT
GGCCTGGTATCAGCAGAAGCCTGGACAGGCTCCCCGGCTGCTGATCTAC
GATGCCAGCAATAGAGCCACAGGCATCCCCGCCAGATTTTCTGGCAGCG
GCTCTGGCACCGATTTCACCCTGACCATAAGCAGCCTGGAACCTGAGGA
CTTCGCCGTGTACTACTGCCAGCAGAGAGTGGTGTACCCCATCACCTTT
GGCGGAGGCACCAAGGTGGAAATCAAAGGCGGCGGAGGAAGCGGAGGCG
GAGGATCTGGTGGTGGTGGATCTGGCGGAGGTGGCAGCCAGATCACACT
GAAAGAGTCTGGCCCCACACTGGTCAAGCCCACACAGACCCTGACACTG
ACCTGCACCTTCAGCGGCTTTAGCCTGAGCACATCTGGCGTCGGCGTTG
GCTGGATTAGACAGCCTCCTGGAAAGGCCCTGGAATGGCTGGCCCTGAT
CTACTGGAACGACGAGAAGAGATACAGCCCCAGCCTGAAGTCCCGGCTG
ACCATCACCAAGGACACCAGCAAGAACCAGGTGGTGCTGACCATGACAA
ACATGGACCCCGTGGACACCGCCGTGTATTATTGCGCCAGAGATGAGTA
905 189 CGGCGGCTTCGACATTTGGGGCCAGGGCACAATGGTCACCGTGTCTAGT
ACCACAACACCTGCTCCAAGGCCCCCCACACCCGCTCCAACTATAGCCA
GCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGGCCCGCAGCAGGAGG
CGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTGATATTTATATTTGG
GCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCTCTCCCTTGTGATCA
CTCTGTATTGTAAGCGCGGGAGAAAGAAGCTCCTGTACATCTTCAAGCA
GCCTTTTATGCGACCTGTGCAAACCACTCAGGAAGAAGATGGGTGTTCA
TGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGAACTGAGGGTGAAAT
TTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAGGGTCAGAATCAGCT
CTACAATGAATTGAATCTCGGCAGGCGAGAAGAGTACGATGTTCTGGAC
AAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAAGCCCCGGAGAAAAA
ATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAGGACAAGATGGCTGA
AGCCTATAGCGAGATCGGAATGAAAGGCGAAAGACGCAGAGGCAAGGGG
CATGACGGTCTGTACCAGGGTCTCTCTACAGCCACCAAGGACACTTATG
ATGCGTTGCATATGCAAGCCTTGCCACCCCGC

GAGATCGTGCTGACCCAGTCCCCTGCTACCCTGAGCCTGTCTCCAGGCG
AGCGGGCCACACTGAGCTGTAGAGCTTCTCAGAGCGTGTCCAGCTACCT
GGCCTGGTATCAGCAGAAACCTGGCCAGGCCCCTAGACTGCTGATCTAC
GACGCCAGCAACCGGGCCACCGGCATCCCCGCCAGATTCAGCGGATCTG
GCAGCGGCACAGATTTTACCCTCACCATCAGCAGCCTGGAACCTGAGGA
CTTCGCCGTCTACTACTGCCAGCAAAGATTCGACTACCCCATCACCTTC
GGCGGCGGAACAAAGGTGGAAATTAAGGGTGGTGGGGGCAGCGGTGGAG
GTGGGAGCGGAGGCGGGGGTAGCGGAGGCGGGGGTAGCCAAATCACACT
GAAAGAGAGCGGCCCTACACTCGTGAAACCTACCCAGACCCTGACACTG
ACATGTACCTTCAGCGGCTTCTCCCTGAGCACCTCTGGCGTCGGCGTTG
GATGGATCAGACAGCCTCCAGGCAAGGCCCTGGAATGGCTGGCTCTGAT
CTATTGGAACGACGACAAGCGGTACAGCCCCAGCCTGAAGTCTAGACTG
ACCATCACAAAGGACACCAGCAAGAACCAGGTGGTGCTGACCATGACAA
ATATGGACCCCGTGGACACCGCCGTGTACTACTGCGCCAGAGATGAGTA
906 237 CGGCGGATTTGATATCTGGGGCCAGGGCACCATGGTGACCGTGTCCAGC
ACCACAACACCTGCTCCAAGGCCCCCCACACCCGCTCCAACTATAGCCA
GCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGGCCCGCAGCAGGAGG
CGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTGATATTTATATTTGG
GCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCTCTCCCTTGTGATCA
CTCTGTATTGTAAGCGCGGGAGAAAGAAGCTCCTGTACATCTTCAAGCA
GCCTTTTATGCGACCTGTGCAAACCACTCAGGAAGAAGATGGGTGTTCA
TGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGAACTGAGGGTGAAAT
TTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAGGGTCAGAATCAGCT
CTACAATGAATTGAATCTCGGCAGGCGAGAAGAGTACGATGTTCTGGAC
AAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAAGCCCCGGAGAAAAA
ATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAGGACAAGATGGCTGA
AGCCTATAGCGAGATCGGAATGAAAGGCGAAAGACGCAGAGGCAAGGGG
CATGACGGTCTGTACCAGGGTCTCTCTACAGCCACCAAGGACACTTATG
ATGCGTTGCATATGCAAGCCTTGCCACCCCGC

907 261 CAAGTGCAGCTCGTGGAAAGCGGCGGCGGAGTGGTGCAGCCCGGCCGGA
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GCCTGAGACTGTCCTGCGCCGCTTCTGGATTTACCTTCAGCAGCTACGG
CATGCACTGGGTCAGACAGGCCCCTGGCAAAGGCCTGGAGTGGGTGGCC
GTTATCAGCTACGAGGGCAGCAACAAGTATTACGCCGACAGCGTGAAGG
GCCGCTTCACAATCTCTAGAGATAATAGCAAGAACACCCTGTACCTGCA
GATGAACAGCCTGCGGGCCGAAGATACCGCCGTGTACTACTGTGCTAGA
GAGCTGGGCGACGGCATGGACGTGTGGGGACAGGGCACAACCGTGACCG
TGTCCTCTGGTGGTGGGGGCAGCGGTGGAGGTGGGAGCGGAGGCGGGGG
TAGCGGAGGCGGGGGTAGCGAGATCGTGCTGACCCAGTCCCCTGCTACA
CTGAGCCTGTCTCCAGGCGAGCGGGCCACACTGAGCTGTAGAGCTTCTC
AGAGCGTGTCCAGCTATCTGGCCTGGTTCCAGCAGAAACCTGGCCAGGC
CCCTAGACTGCTGATCTACGACGCCAGCAACCGGGCCACCGGCATCCCC
GCCAGATTCAGCGGCTCTGGCAGCGGCACCGACTTCACCCTCACCATCA
GCAGCCTGGAACCCGAGGATTTTGCCGTCTACTACTGCCAGCAAAGAGT
GGACCTGTGGACCTTCGGCGGAGGAACAAAGGTGGAAATCAAGACCACA
ACACCTGCTCCAAGGCCCCCCACACCCGCTCCAACTATAGCCAGCCAAC
CATTGAGCCTCAGACCTGAAGCTTGCAGGCCCGCAGCAGGAGGCGCCGT
CCATACGCGAGGCCTGGACTTCGCGTGTGATATTTATATTTGGGCACCT
TTGGCCGGAACATGTGGGGTGTTGCTTCTCTCCCTTGTGATCACTCTGT
ATTGTAAGCGCGGGAGAAAGAAGCTCCTGTACATCTTCAAGCAGCCTTT
TATGCGACCTGTGCAAACCACTCAGGAAGAAGATGGGTGTTCATGCCGC
TTCCCCGAGGAGGAAGAAGGAGGGTGTGAACTGAGGGTGAAATTTTCTA
GAAGCGCCGATGCTCCCGCATATCAGCAGGGTCAGAATCAGCTCTACAA
TGAATTGAATCTCGGCAGGCGAGAAGAGTACGATGTTCTGGACAAAAGA
CGGGGCAGGGATCCCGAGATGGGGGGAARAGCCCCGGAGAAAAAATCCTC
AGGAGGGGTTGTACAATGAGCTGCAGAAGGACAAGATGGCTGAAGCCTA
TAGCGAGATCGGAATGAAAGGCGAAAGACGCAGAGGCAAGGGGCATGAC
GGTCTGTACCAGGGTCTCTCTACAGCCACCAAGGACACTTATGATGCGT
TGCATATGCAAGCCTTGCCACCCCGC
GACATCCAGATGACCCAGAGCCCTTCGACCCTATCCGCTTCCGTGGGTG
ACCGTGTGACCATCACCTGTCGCGCGTCGCAGAGCATCTCCTCCTGGCT
CGCGTGGTACCAACAGAAGCCTGGCAAGGCCCCCAAGCTGCTGATTTAC
GACGCCAGTTCCCTGGAGTCTGGCGTGCCATCCCGCTTCTCCGGCAGCG
GCAGCGGTACCGAGTTCACCCTGACGATCAGCTCCCTGCAGCCGGATGA
CTTTGCTACCTACTACTGTCAGCAGGTCTCCTCCCTCCCCCCCACCTTC
GGTGGCGGTACCAAGGTGGAGATCAAGGGCGGCGGCGGCTCTGGTGGCG
GAGGTTCTGGCGGGGGAGGTTCGGGGGGGGGAGGCTCCGAGGTGCAACT
GGTAGAGAGCGGCGGGGGACTGGTAAAACCCGGCGGCTCCCTGCGGCTG
TCATGCGCTGCTAGCGGCTTCACGTTCAGCGATTACTACATGAGTTGGA
TCCGCCAGGCCCCCGGGAAGGGTTTGGAGTGGGTCTCGTATATCTCTTC
CAGCGGATCTACCATTTACTATGCGGACAGCGTGAAGGGGCGCTTCACC
ATATCTCGGGACAACGCCAAGAACTCCCTGTACCTGCAGATGAATTCCC
TGCGTGCCGAGGACACGGCCGTGTATTACTGTGCCCGCGACCAGGGCAA
908 333 CTACGGCGTCGACGTGTGGGGCCAGGGTACAACCGTCACCGTGTCCAGT
ACCACAACACCTGCTCCAAGGCCCCCCACACCCGCTCCAACTATAGCCA
GCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGGCCCGCAGCAGGAGG
CGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTGATATTTATATTTGG
GCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCTCTCCCTTGTGATCA
CTCTGTATTGTAAGCGCGGGAGAAAGAAGCTCCTGTACATCTTCAAGCA
GCCTTTTATGCGACCTGTGCAAACCACTCAGGAAGAAGATGGGTGTTCA
TGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGAACTGAGGGTGAAAT
TTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAGGGTCAGAATCAGCT
CTACAATGAATTGAATCTCGGCAGGCGAGAAGAGTACGATGTTCTGGAC
AAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAAGCCCCGGAGAAAAA
ATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAGGACAAGATGGCTGA
AGCCTATAGCGAGATCGGAATGAAAGGCGAAAGACGCAGAGGCAAGGGG
CATGACGGTCTGTACCAGGGTCTCTCTACAGCCACCAAGGACACTTATG
ATGCGTTGCATATGCAAGCCTTGCCACCCCGC
CAAGTGCAGCTGGTCGAGAGCGGAGGAGGCCTGGTTAAGCCCGGCGGAT
CTCTCAGACTGAGCTGCGCCGCTAGCGGCTTTACATTCAGCGACTACTA

909 357
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CATGAGCTGGATCCGGCAGGCCCCTGGCAAGGGCCTGGAATGGGTGTCC
TACATCAGCTCCTCCGGCAGCACCATCTACTACGCCGACAGCGTGAAAG
GCAGATTCACAATCTCTAGAGATAATGCCAAGAACAGCCTGTACCTGCA
GATGAACAGCCTGCGGGCCGAGGACACCGCCGTGTACTATTGTGCTAGA
GATCAGGGCAACTACGGCGTGGACGTGTGGGGCCAGGGCACCACCGTGA
CCGTGTCTAGCGGTGGTGGGGGCAGCGGTGGAGGTGGGAGCGGAGGCGG
GGGTAGCGGAGGCGGGGGTAGCGATATCCAGATGACCCAGTCCCCATCT
ACACTGAGCGCCTCTGTGGGCGACCGGGTGACCATTACATGTAGAGCCA
GCCAGAGCATCAGCAGCTGGCTGGCTTGGTATCAGCAGAAACCTGGCAA
GGCCCCTAAGCTGCTGATCTACGAGGCCAGCAGCCTGGAAAGCGGCGTC
CCCAGCAGATTCAGCGGCAGCGGCTCTGGAACAGAGTTCACCCTGACCA
TCTCCTCCCTGCAGCCTGACGACTTCGCCACCTACTACTGCCAGCAATC
TGATAGCCACCCCATCACCTTTGGCGGAGGCACCAAGGTGGAAATCAAG
ACCACAACACCTGCTCCAAGGCCCCCCACACCCGCTCCAACTATAGCCA
GCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGGCCCGCAGCAGGAGG
CGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTGATATTTATATTTGG
GCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCTCTCCCTTGTGATCA
CTCTGTATTGTAAGCGCGGGAGAAAGAAGCTCCTGTACATCTTCAAGCA
GCCTTTTATGCGACCTGTGCAAACCACTCAGGAAGAAGATGGGTGTTCA
TGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGAACTGAGGGTGAAAT
TTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAGGGTCAGAATCAGCT
CTACAATGAATTGAATCTCGGCAGGCGAGAAGAGTACGATGTTCTGGAC
AAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAAGCCCCGGAGAAAAA
ATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAGGACAAGATGGCTGA
AGCCTATAGCGAGATCGGAATGAAAGGCGAAAGACGCAGAGGCAAGGGG
CATGACGGTCTGTACCAGGGTCTCTCTACAGCCACCAAGGACACTTATG
ATGCGTTGCATATGCAAGCCTTGCCACCCCGC

GATATCCAGATGACCCAGTCCCCATCTACACTGAGCGCCTCTGTGGGCG
ACCGGGTGACAATTACCTGTAGAGCTAGCCAGAGCATCTCCTCCTGGCT
GGCTTGGTACCAGCAAAAACCTGGCAAGGCCCCTAAGCTGCTGATCTAC
GAGGCCAGCAGCCTGGAAAGCGGCGTCCCCTCTAGATTCAGCGGCAGCG
GCTCTGGAACCGAGTTCACCCTGACAATCAGCAGCCTGCAGCCTGACGA
CTTCGCCACCTATTACTGCCAGCAGGCCAACAGCCACCCCATCACCTTT
GGCGGAGGCACCAAGGTGGAAATCAAGGGTGGTGGGGGCAGCGGTGGAG
GTGGGAGCGGAGGCGGGGGTAGCGGAGGCGGGGGTAGCGAGGTGCAGCT
GGTGGAAAGCGGCGGAGGACTCGTTAAGCCCGGCGGCAGCCTGAGACTG
AGCTGCGCCGCTAGCGGATTTACCTTCAGCGACTACTACATGAGCTGGA
TCCGGCAGGCCCCTGGCAAGGGCCTGGAATGGGTCAGCTACATCAGCTC
CTCTGGCTCTACAATCTACTACGCCGACAGCGTGAAAGGCAGATTCACC
ATCTCTAGAGATAATGCCAAGAACAGCCTGTACCTGCAAATGAACAGCC
TGCGGGCCGAGGACACCGCCGTGTACTATTGTGCTAGAGATCAGGGCAA
910 429 CTACGGCGTGGACGTGTGGGGCCAGGGCACCACCGTGACAGTGTCCTCC
ACCACAACACCTGCTCCAAGGCCCCCCACACCCGCTCCAACTATAGCCA
GCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGGCCCGCAGCAGGAGG
CGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTGATATTTATATTTGG
GCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCTCTCCCTTGTGATCA
CTCTGTATTGTAAGCGCGGGAGAAAGAAGCTCCTGTACATCTTCAAGCA
GCCTTTTATGCGACCTGTGCAAACCACTCAGGAAGAAGATGGGTGTTCA
TGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGAACTGAGGGTGAAAT
TTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAGGGTCAGAATCAGCT
CTACAATGAATTGAATCTCGGCAGGCGAGAAGAGTACGATGTTCTGGAC
AAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAAGCCCCGGAGAAAAA
ATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAGGACAAGATGGCTGA
AGCCTATAGCGAGATCGGAATGAAAGGCGAAAGACGCAGAGGCAAGGGG
CATGACGGTCTGTACCAGGGTCTCTCTACAGCCACCAAGGACACTTATG
ATGCGTTGCATATGCAAGCCTTGCCACCCCGC

GACATCCAGATGACCCAGAGCCCTAGCTCCCTGAGCGCCAGCGTGGGCG
911 477 ATAGAGTGACCATTACCTGTAGAGCCTCTCAGAGCATCTCCTCCTACCT
GAACTGGTATCAGCAGAAACCCGGCAAGGCCCCTAAGCTGCTGATCTAC
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GCCGCTAGCAGCCTGCAGTCTGGCGTCCCCAGCCGGTTCAGCGGCAGCG
GATCTGGCACCGACTTCACCCTGACAATCAGCAGCCTGCAACCTGAGGA
CTTTGCTACATACTACTGCCAGCAGGCCCACAGCTCTCCAATCACCTTC
GGCGGCGGAACAAAGGTGGAAATCAAGGGTGGTGGGGGCAGCGGTGGAG
GTGGGAGCGGAGGCGGGGGTAGCGGAGGCGGGGGTAGCGAGGTGCAGCT
GCTGGAAAGCGGAGGCGGACTCGTTCAACCTGGCGGCAGCCTGAGACTG
AGCTGCGCCGCTTCTGGATTTACCTTCAGCAACTACGCCATGAGCTGGG
TGCGGCAGGCCCCTGGCAAAGGCCTGGAATGGGTCTCCGCCATCAGCGG
CTCTGGCGGCTCCACCTACTACGCCGACAGCGTGAAGGGCAGATTCACC
ATCTCTAGAGATAATAGCAAGAACACCCTGTACCTGCAGATGAACAGCC
TGCGGGCCGAGGACACCGCCGTGTACTATTGTGCTAGACCCGGAGATGG
CTACTACGAGGGCGTGTACTTCGACTACTGGGGCCAGGGCACACTGGTG
ACAGTGTCCAGCACCACAACACCTGCTCCAAGGCCCCCCACACCCGCTC
CAACTATAGCCAGCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGGCC
CGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTGAT
ATTTATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCTCT
CCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGAAAGAAGCTCCTGTA
CATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAACCACTCAGGAAGAA
GATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGAAC
TGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAGGG
TCAGAATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAGAAGAGTAC
GATGTTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAAGC
CCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAGGA
CAAGATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGAAAGACGC
AGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTACAGCCACCA
AGGACACTTATGATGCGTTGCATATGCAAGCCTTGCCACCCCGC
GATATTCAGATGACCCAGAGCCCATCTAGCCTGAGCGCCAGCGTGGGCG
ATAGAGTGACCATCACCTGTCAGGCCTCTCAGGACATCGCTAATTACCT
GAACTGGTATCAGCAGAAACCCGGCAAGGCCCCTAAGCTGCTGATCTAC
GACGCCTCCAACCTGGAAACCGGCGTGCCCAGCCGGTTCAGCGGCAGCG
GATCTGGCACAGACTTCACCTTTACCATCAGCTCCCTCCAGCCTGAGGA
CATCGCCACATACTACTGCCAGCAACACTTCAACCTGCCTCTGACCTTC
GGCGGCGGAACAAAGGTCGAGATCAAGGGTGGTGGGGGCAGCGGTGGAG
GTGGGAGCGGAGGCGGGGGTAGCGGAGGCGGGGGTAGCCAAATCACCCT
GAAAGAGAGCGGACCTACACTGGTCAAGCCTACCCAGACACTGACCCTC
ACATGTACATTCAGCGGCTTTAGCCTGAGCACCTCCGGCGTGGGAGTGG
GCTGGATCAGACAGCCCCCCGGCAAGGCCCTGGAATGGCTGGCTCTGAT
CTATTGGAATGACGAGAAGCGGTACAGCCCTAGCCTGAAATCTAGACTG
ACAATCACCAAGGACACCAGCAAGAACCAGGTGGTGCTGACCATGACCA
ACATGGATCCTGTGGATACCGCCGTGTACTACTGCGCCAGAGAAGGCTC
TCACGACTACAAGAGCTCCAACTGGTTCGACCCATGGGGCCAGGGCACC
CTGGTTACAGTGTCTAGCACCACAACACCTGCTCCAAGGCCCCCCACAC
CCGCTCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCTGAAGCTTG
CAGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGGACTTCGCG
TGTGATATTTATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTGC
TTCTCTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGAAAGAAGCT
CCTGTACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAACCACTCAG
GAAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGGGT
GTGAACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATATCA
GCAGGGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAGAA
GAGTACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGGGG
GAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGCA
GAAGGACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGAA
AGACGCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTACAG
CCACCAAGGACACTTATGATGCGTTGCATATGCAAGCCTTGCCACCCCG
C
GATATCGTGATGACCCAATCTCCACTGAGCCTGCCTGTGACACCTGGCG
913 573 AGCCTGCTTCTATCAGCTGTAGAAGCAGCCAGTCCCTGCTGCACAGCAA
CGGCTACAACTACCTGGACTGGTATCTGCAGAAACCCGGCCAGAGCCCC

912 525
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CAGCTGCTGATCTACCTCGGCTCTAATCGGGCCAGCGGAGTGCCTGATA
GATTCAGCGGAAGCGGCTCCGGCACCGACTTCACCCTGAAGATCAGCAG
AGTGGAAGCCGAGGACGTGGGCGTCTACTACTGCATGCAGGCCCTGGGC
CTGATTACATTTGGCGGCGGAACCAAGGTGGAAATCAAGGGTGGTGGGG
GCAGCGGTGGAGGTGGGAGCGGAGGCGGGGGTAGCGGAGGCGGGGGTAG
CGAAGTGCAGCTGGTTGAGAGCGGCGGCGGACTGGTGAAGCCCGGAGGC
AGCCTCAGACTGAGCTGTGCTGCTTCTGGCTTTACCTTCAGCTCTTATA
GCATGAACTGGGTGCGGCAGGCCCCTGGCAAGGGCCTGGAATGGGTCAG
CTCCATCAGCTCTTCTAGCAGCTACATCTACTACGCCGACAGCGTGAAG
GGCAGATTCACCATCAGCAGAGATAACGCCAAGAACAGCCTGTACCTGC
AGATGAATAGCCTGCGGGCCGAGGACACCGCCGTGTACTACTGCGCCAG
AGCCGGCGACACCTACAGCGCCGCCGATTACTACTACATGGACGTGTGG
GGCAAAGGAACAACCGTGACAGTGTCCTCCACCACAACACCTGCTCCAA
GGCCCCCCACACCCGCTCCAACTATAGCCAGCCAACCATTGAGCCTCAG
ACCTGAAGCTTGCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAGGC
CTGGACTTCGCGTGTGATATTTATATTTGGGCACCTTTGGCCGGAACAT
GTGGGGTGTTGCTTCTCTCCCTTGTGATCACTCTGTATTGTAAGCGCGG
GAGAAAGAAGCTCCTGTACATCTTCAAGCAGCCTTTTATGCGACCTGTG
CAAACCACTCAGGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGAGG
AAGAAGGAGGGTGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCGATGC
TCCCGCATATCAGCAGGGTCAGAATCAGCTCTACAATGAATTGAATCTC
GGCAGGCGAGAAGAGTACGATGTTCTGGACAAAAGACGGGGCAGGGATC
CCGAGATGGGGGGAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTA
CAATGAGCTGCAGAAGGACAAGATGGCTGAAGCCTATAGCGAGATCGGA
ATGAAAGGCGAAAGACGCAGAGGCAAGGGGCATGACGGTCTGTACCAGG
GTCTCTCTACAGCCACCAAGGACACTTATGATGCGTTGCATATGCAAGC
CTTGCCACCCCGC
GAAGTGCAACTGCTGGAAAGCGGCGGAGGCCTGGTCCAGCCCGGCGGCT
CTCTGCGGCTCAGCTGCGCCGCTTCTGGATTTACCTTCGGCAGCGAGGC
TATGAGCTGGGTGCGGCAGGCCCCTGGAAAAGAGAGAGAGCTGGTGTCC
GCCATCAGCGGCAGCGGCGAGGTGACCTACTACGCCGACAGCGTGAAGG
GCAGATTCACCATCTCTAGAGATAATAGCAAGAACACCCTGTACCTGCA
GATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTATTGTCAGAGA
CTGGTGGAAGCCAAGCGGCACTGGGGCCAGGGCACACAGGTTACAGTGT
CCAGCACCACAACACCTGCTCCAAGGCCCCCCACACCCGCTCCAACTAT
AGCCAGCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGGCCCGCAGCA
GGAGGCGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTGATATTTATA
914 597 TTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCTCTCCCTTGT
GATCACTCTGTATTGTAAGCGCGGGAGAAAGAAGCTCCTGTACATCTTC
AAGCAGCCTTTTATGCGACCTGTGCAAACCACTCAGGAAGAAGATGGGT
GTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGAACTGAGGGT
GAAATTTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAGGGTCAGAAT
CAGCTCTACAATGAATTGAATCTCGGCAGGCGAGAAGAGTACGATGTTC
TGGACAAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAAGCCCCGGAG
AAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAGGACAAGATG
GCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGAAAGACGCAGAGGCA
AGGGGCATGACGGTCTGTACCAGGGTCTCTCTACAGCCACCAAGGACAC
TTATGATGCGTTGCATATGCAAGCCTTGCCACCCCGC
GAAGTGCAACTGCTGGAATCTGGCGGAGGACTGGTGCAGCCCGGCGGCA
GCCTGCGGCTGAGCTGTGCTGCTTCTGGCTTTACCTTCGAGTCTGAGGC
CATGAGCTGGTATAGACAGGCCCCTGGCAAGGAAAGAGAGCTGGTCAGC
GTGATCACCAGCGAGGGCTCCACCTACTACGCCGACAGCGTGAAAGGCA
GATTCACAATCAGCCGGGACAATAGCAAGAACACCCTGTACCTGCAGAT
915 621 GAACAGCCTGCGCGCCGAAGATACAGCCGTGTACTACTGCGCCCACATC
GAGTGGGAGACAAGACTCAACTGGGGCCAGGGCACCCAGGTGACCGTGT
CCAGCACCACAACACCTGCTCCAAGGCCCCCCACACCCGCTCCAACTAT
AGCCAGCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGGCCCGCAGCA
GGAGGCGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTGATATTTATA
TTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCTCTCCCTTGT
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GATCACTCTGTATTGTAAGCGCGGGAGAAAGAAGCTCCTGTACATCTTC
AAGCAGCCTTTTATGCGACCTGTGCAAACCACTCAGGAAGAAGATGGGT
GTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGAACTGAGGGT
GAAATTTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAGGGTCAGAAT
CAGCTCTACAATGAATTGAATCTCGGCAGGCGAGAAGAGTACGATGTTC
TGGACAAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAAGCCCCGGAG
AAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAGGACAAGATG
GCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGAAAGACGCAGAGGCA
AGGGGCATGACGGTCTGTACCAGGGTCTCTCTACAGCCACCAAGGACAC
TTATGATGCGTTGCATATGCAAGCCTTGCCACCCCGC
GAGGTGCAGCTGCTGGAAAGCGGAGGGGGCCTGGTCCAACCCGGCGGGT
CTCTTCGCCTAAGCTGTGCCGCTTCTGGCTTCACCTTCGACGAGTACAC
CATGCACTGGTTCAGACAGGCCCCCGGCAAGGAGCGCGAGTTCGTCAGT
GCAATCAGCGGAGGCGGTAGCGAGACTTATTACGCGGACTCCGTGAAGG
GCCGCTTCACCATTAGCCGCGACAACTCCAAGAACACGCTGTACCTGCA
GATGAATTCGCTGCGCGCCGAAGATACGGCCGTGTACTACTGTGCCGCT
GGTGGGGAGGAGGCTGGCGTGGGCTATTGGGGCCAGGGCACCCAGGTCA
CCGTGTCGTCCACCACAACACCTGCTCCAAGGCCCCCCACACCCGCTCC
AACTATAGCCAGCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGGCCC
GCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTGATA
916 645 TTTATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCTCTC
CCTTGTGATCACTCTGTATTGTAAGCGCGGGAGAAAGAAGCTCCTGTAC
ATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAACCACTCAGGAAGAAG
ATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGAACT
GAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAGGGT
CAGAATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAGAAGAGTACG
ATGTTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAAGCC
CCGGAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAGGAC
AAGATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGAAAGACGCA
GAGGCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTACAGCCACCAA
GGACACTTATGATGCGTTGCATATGCAAGCCTTGCCACCCCGC
GAGGTGCAGCTGCTGGAGAGCGGAGGCGGCCTCGTGCAGCCAGGAGGTT
CCCTACGACTCTCCTGTGCCGCCAGCGGCTTCACCTTCGAGGACTACGC
CATGAGTTGGTTCCGCCAGGCCCCGGGGAAGGAGCGCGAGGGCGTGAGC
GCGATTTCTGGAAAGGGCGGCTCCACCTATTACGCGGACTCCGTGAAGG
GTCGCTTTACCATCTCTCGCGACAACTCCAAGAACACGCTGTACCTGCA
GATGAATAGCCTGCGCGCTGAGGACACTGCCGTGTACTACTGTGCTGTC
TTGGACGAGGAGGCCGGCGCAGAGGGCGGCTATTGGGGCCAGGGTACCC
AGGTCACCGTGTCGTCCACCACAACACCTGCTCCAAGGCCCCCCACACC
CGCTCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCTGAAGCTTGC
AGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGGACTTCGCGT
917 669 GTGATATTTATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTGCT
TCTCTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGAAAGAAGCTC
CTGTACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAACCACTCAGG
AAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTG
TGAACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATATCAG
CAGGGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAGAAG
AGTACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGGGGG
AAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGCAG
AAGGACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGAAA
GACGCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTACAGC
CACCAAGGACACTTATGATGCGTTGCATATGCAAGCCTTGCCACCCCGC
GAGGTGCAACTGCTGGAAAGCGGCGGTGGACTGGTGCAGCCCGGCGGCA
GCCTGAGACTGTCTTGTGCTGCTTCTGGATTTACATTCGACAGATACGC
CATGAGCTGGTTCCGCCAGGCCCCTGGCARAGAGCGGGAAGGCGTGTCC
918 693 GCCATCTCCACAAGCGGAGATAGCACATACTATGCCGACAGCGTGAAGG
GCAGATTCACCATCAGCAGAGATAATAGCAAGAACACCCTGTACCTGCA
GATGAACAGCCTCCGGGCCGAGGACACCGCCGTCTACTACTGCGCCGTG
CTGGACGAGGAAGCCGGCGCCGAGGGCGGCTACTGGGGCCAGGGCACCC
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AGGTGACCGTGTCTAGCACCACAACACCTGCTCCAAGGCCCCCCACACC
CGCTCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCTGAAGCTTGC
AGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGGACTTCGCGT
GIGATATTTATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTGCT
TCTCTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGAAAGAAGCTC
CTGTACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAACCACTCAGG
AAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTG
TGAACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATATCAG
CAGGGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAGAAG
AGTACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGGGGG
AAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGCAG
AAGGACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGAAA
GACGCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTACAGC
CACCAAGGACACTTATGATGCGTTGCATATGCAAGCCTTGCCACCCCGC
GAGGTGCAACTGCTGGAAAGCGGCGGAGGACTCGTCCAGCCCGGCGGCA
GCCTGCGGCTGAGCTGTGCTGCTTCTGGATTTACCTTCGCCAGCGACGC
CATGAGCTGGTATAGACAGGCCCCTGGCAAAGAGCGGGAACTGGTGTCC
GCCATCAGCGGCTCTGGCGGCTCCACCTACTACGCCGATAGCGTGAAGG
GCAGATTCACAATCTCTAGAGATAATAGCAAGAACACCCTGTACCTGCA
GATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTGCGCCGCT
CACGACAGCGGCGAGGCCTACCTGGCCTTCGACTACTGGGGCCAGGGCA
CACAGGTGACCGTGTCTAGCACCACAACACCTGCTCCAAGGCCCCCCAC
ACCCGCTCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCTGAAGCT
TGCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGGACTTCG
CGTGTGATATTTATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTT
GCTTCTCTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGAAAGAAG
CTCCTGTACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAACCACTC
AGGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGG
GTGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATAT
CAGCAGGGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAG
AAGAGTACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGG
GGGAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTG
CAGAAGGACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCG
AAAGACGCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTAC
AGCCACCAAGGACACTTATGATGCGTTGCATATGCAAGCCTTGCCACCC
CGC

GAGGTGCAACTGCTGGAAAGCGGCGGAGGACTCGTCCAGCCCGGCGGCA
GCCTGAGGCTGAGCTGTGCTGCTTCTGGCTTTACCTTCGACTCCTACAC
AATGAGCTGGTATAGACAGGCCCCTGGCAAGGAGCGGGAACTGGTGTCC
GCCATCAGCGGCCACGGCGACTCTACATACTACGCCGACAGCGTGAAAG
GCAGATTCACAATCTCTAGAGATAATAGCAAGAACACCCTGTACCTGCA
GATGAACAGCCTGCGGGCCGAGGACACCGCCGTGTACTACTGCACCAGA
ATCAGCATCACCACCGAGTGGCTGGCCGGAGATTACTGGGGCCAGGGCA
CCCAGGTGACAGTGTCCAGCACCACAACACCTGCTCCAAGGCCCCCCAC
ACCCGCTCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCTGAAGCT
TGCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGGACTTCG
CGTGTGATATTTATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTT
GCTTCTCTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGAAAGAAG
CTCCTGTACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAACCACTC
AGGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGG
GTGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATAT
CAGCAGGGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAG
AAGAGTACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGG
GGGAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTG
CAGAAGGACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCG
AAAGACGCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTAC
AGCCACCAAGGACACTTATGATGCGTTGCATATGCAAGCCTTGCCACCC
CGC

921 765 GAGGTGCAGCTGCTGGAAAGCGGAGGAGGCCTGGTCCAACCTGGCGGCA

919 717
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GCCTGCGGCTGAGCTGCGCCGCTTCTGGCTTCACCTTCAGCAGCTACGC
CATGAGCTGGTTCCGGCAGGCCCCTGGCAAGGAAAGAGAGTTCGTGTCT
TTTATCAGCGGATCTGGCGACTCCACCTACTACGCTGATAGCGTGAAAG
GCAGATTTACCATCTCTAGAGATAATAGCAAGAACACCCTGTACCTCCA
GATGAACAGCCTGCGCGCCGAGGACACAGCCGTGTACTATTGTACCAGA
TGGCCTTACGACTTCGAGGAACCAAGCGAGCCCGGCGTGTACTGGGGCC
AGGGCACACAGGTGACAGTGTCCTCCACCACAACACCTGCTCCAAGGCC
CCCCACACCCGCTCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCT
GAAGCTTGCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGG
ACTTCGCGTGTGATATTTATATTTGGGCACCTTTGGCCGGAACATGTGG
GGTGTTGCTTCTCTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGA
AAGAAGCTCCTGTACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAA
CCACTCAGGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGA
AGGAGGGTGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCC
GCATATCAGCAGGGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCA
GGCGAGAAGAGTACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGA
GATGGGGGGAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAAT
GAGCTGCAGAAGGACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGA
AAGGCGAAAGACGCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCT
CTCTACAGCCACCAAGGACACTTATGATGCGTTGCATATGCAAGCCTTG
CCACCCCGC

GAGGTGCAGCTGCTGGAAAGCGGCGGAGGCCTGGTGCAACCTGGCGGAT
CTCTCAGACTGAGCTGTGCTGCTTCTGGCTTCACATTCACCGACTACGA
CATGAGCTGGTATAGACAGGCCCCTGGAAAAGAGCGGGAACTGGTCTCC
GTGATCCACAGCGGCGGCTCCACCTACTACGCCGATAGCGTGAAGGGCA
GATTCACCATCAGCAGAGATAATAGCAAGAACACCCTGTACCTGCAGAT
GAACAGCCTGCGGGCCGAGGACACCGCCGTGTACTACTGCGCCCCCGGC
TACTACAGCGACCTGTCTTTTGATTATTACAACTTCGACTACTGGGGCC
AGGGCACACAGGTGACAGTGTCCAGCACCACAACACCTGCTCCAAGGCC
CCCCACACCCGCTCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCT
GAAGCTTGCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGG
ACTTCGCGTGTGATATTTATATTTGGGCACCTTTGGCCGGAACATGTGG
GGTGTTGCTTCTCTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGA
AAGAAGCTCCTGTACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAA
CCACTCAGGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGA
AGGAGGGTGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCC
GCATATCAGCAGGGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCA
GGCGAGAAGAGTACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGA
GATGGGGGGARAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAAT
GAGCTGCAGAAGGACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGA
AAGGCGAAAGACGCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCT
CTCTACAGCCACCAAGGACACTTATGATGCGTTGCATATGCAAGCCTTG
CCACCCCGC

GAGGTGCAGCTGCTGGAGAGCGGTGGAGGGTTGGTGCAGCCCGGGGGTA
GCCTGCGTCTGTCGTGCGCCGCTTCCGGCTTCACGTTCTCTGATTACGC
CATGCACTGGTTCCGGCAGGCCCCCGGTAAGGAGCGCGTGCTGGTGTCG
TCTATTGACTCCGGCGGCTCCACTTACTACGCAGACAGTGTCAAGGGCC
GTTTCACCATCAGCCGCGACAACAGCAAGAACACGCTGTACCTGCAGAT
GAACTCCCTTCGAGCAGAGGACACCGCGGTGTACTACTGTAATGCGGGC
TTCAAGGGCGATCACCCCCACCCCAAGGATGCCTTCGACATTTGGGGCC
AGGGCACCCAGGTCACCGTGTCGTCCACCACAACACCTGCTCCAAGGCC
CCCCACACCCGCTCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCT
GAAGCTTGCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGG
ACTTCGCGTGTGATATTTATATTTGGGCACCTTTGGCCGGAACATGTGG
GGTGTTGCTTCTCTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGA
AAGAAGCTCCTGTACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAA
CCACTCAGGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGA
AGGAGGGTGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCC
GCATATCAGCAGGGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCA

922 789

923 813
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GGCGAGAAGAGTACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGA
GATGGGGGGAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAAT
GAGCTGCAGAAGGACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGA
AAGGCGAAAGACGCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCT
CTCTACAGCCACCAAGGACACTTATGATGCGTTGCATATGCAAGCCTTG
CCACCCCGC
GAGGTGCAACTGCTGGAATCCGGCGGAGGCCTGGTGCAGCCCGGCGGCA
GCCTCAGACTGAGCTGTGCCGCTTCTGGCTTTACCTTCAGCAGCGAGGG
CATGAGCTGGGTGCGGCAGGCCCCTGGCAAGGAAAGAGAGCTGGTCTCC
GCCATCAGCGGATCTGGCGACCACACCTACTATGCCGATAGCGTGCGCG
GAAGATTCACAATCTCTAGAGATAATAGCAAGAACACCCTGTACCTGCA
GATGAACAGCCTGCGGGCCGAGGACACCGCCGTGTACTACTGCAACGCC
CTGGAAGGCGGCCCTACAACAGCTATCCAGCCAGGAGGCCCTGACTACT
GGGGCCAGGGCACCCAGGTGACCGTGTCCAGCACCACAACACCTGCTCC
AAGGCCCCCCACACCCGCTCCAACTATAGCCAGCCAACCATTGAGCCTC
AGACCTGAAGCTTGCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAG
GCCTGGACTTCGCGTGTGATATTTATATTTGGGCACCTTTGGCCGGAAC
ATGTGGGGTGTTGCTTCTCTCCCTTGTGATCACTCTGTATTGTAAGCGC
GGGAGAAAGAAGCTCCTGTACATCTTCAAGCAGCCTTTTATGCGACCTG
TGCAAACCACTCAGGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGA
GGAAGAAGGAGGGTGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCGAT
GCTCCCGCATATCAGCAGGGTCAGAATCAGCTCTACAATGAATTGAATC
TCGGCAGGCGAGAAGAGTACGATGTTCTGGACAAAAGACGGGGCAGGGA
TCCCGAGATGGGGGGAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTG
TACAATGAGCTGCAGAAGGACAAGATGGCTGAAGCCTATAGCGAGATCG
GAATGAAAGGCGAAAGACGCAGAGGCAAGGGGCATGACGGTCTGTACCA
GGGTCTCTCTACAGCCACCAAGGACACTTATGATGCGTTGCATATGCAA
GCCTTGCCACCCCGC
ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGAGATCGTGCTGACACAGTCTCCCGCCACACTGTC
ACTGTCTCCAGGCGAAAGAGCCACACTGAGCTGTAGAGCCAGCCAGAGC
GIGTCCTCTTACCTGGCCTGGTATCAGCAGAAGCCTGGACAGGCTCCCC
GGCTGCTGATCTACGATGCCAGCAATAGAGCCACAGGCATCCCCGCCAG
ATTTTCTGGCAGCGGCTCTGGCACCGATTTCACCCTGACCATAAGCAGC
CTGGAACCTGAGGACTTCGCCGTGTACTACTGCCAGCAGAGAGTGGTGT
ACCCCATCACCTTTGGCGGAGGCACCAAGGTGGAAATCAAAGGCGGCGG
AGGAAGCGGAGGCGGAGGATCTGGTGGTGGTGGATCTGGCGGAGGTGGC
AGCCAGATCACACTGAAAGAGTCTGGCCCCACACTGGTCAAGCCCACAC
AGACCCTGACACTGACCTGCACCTTCAGCGGCTTTAGCCTGAGCACATC
TGGCGTCGGCGTTGGCTGGATTAGACAGCCTCCTGGAAAGGCCCTGGAA
TGGCTGGCCCTGATCTACTGGAACGACGAGAAGAGATACAGCCCCAGCC
TGAAGTCCCGGCTGACCATCACCAAGGACACCAGCAAGAACCAGGTGGT
GCTGACCATGACAAACATGGACCCCGTGGACACCGCCGTGTATTATTGC
GCCAGAGATGAGTACGGCGGCTTCGACATTTGGGGCCAGGGCACAATGG
TCACCGTGTCTAGTACCACAACACCTGCTCCAAGGCCCCCCACACCCGC
TCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGG
CCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTG
ATATTTATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCT
CTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGAAAGAAGCTCCTG
TACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAACCACTCAGGAAG
AAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGA
ACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAG
GGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAGAAGAGT
ACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAA
GCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAG
GACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGAAAGAC
GCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTACAGCCAC
CAAGGACACTTATGATGCGTTGCATATGCAAGCCTTGCCACCCCGC
926 861 + 237 | ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
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ATGCAGCACGACCGGAGATCGTGCTGACCCAGTCCCCTGCTACCCTGAG
CCTGTCTCCAGGCGAGCGGGCCACACTGAGCTGTAGAGCTTCTCAGAGC
GTGTCCAGCTACCTGGCCTGGTATCAGCAGAAACCTGGCCAGGCCCCTA
GACTGCTGATCTACGACGCCAGCAACCGGGCCACCGGCATCCCCGCCAG
ATTCAGCGGATCTGGCAGCGGCACAGATTTTACCCTCACCATCAGCAGC
CTGGAACCTGAGGACTTCGCCGTCTACTACTGCCAGCAAAGATTCGACT
ACCCCATCACCTTCGGCGGCGGAACAAAGGTGGAAATTAAGGGTGGTGG
GGGCAGCGGTGGAGGTGGGAGCGGAGGCGGGGGTAGCGGAGGCGGGGGT
AGCCAAATCACACTGAAAGAGAGCGGCCCTACACTCGTGAAACCTACCC
AGACCCTGACACTGACATGTACCTTCAGCGGCTTCTCCCTGAGCACCTC
TGGCGTCGGCGTTGGATGGATCAGACAGCCTCCAGGCAAGGCCCTGGAA
TGGCTGGCTCTGATCTATTGGAACGACGACAAGCGGTACAGCCCCAGCC
TGAAGTCTAGACTGACCATCACAAAGGACACCAGCAAGAACCAGGTGGT
GCTGACCATGACAAATATGGACCCCGTGGACACCGCCGTGTACTACTGC
GCCAGAGATGAGTACGGCGGATTTGATATCTGGGGCCAGGGCACCATGG
TGACCGTGTCCAGCACCACAACACCTGCTCCAAGGCCCCCCACACCCGC
TCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGG
CCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTG
ATATTTATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCT
CTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGAAAGAAGCTCCTG
TACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAACCACTCAGGAAG
AAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGA
ACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAG
GGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAGAAGAGT
ACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAA
GCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAG
GACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGAAAGAC
GCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTACAGCCAC
CAAGGACACTTATGATGCGTTGCATATGCAAGCCTTGCCACCCCGC
ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGCAAGTGCAGCTCGTGGAAAGCGGCGGCGGAGTGGT
GCAGCCCGGCCGGAGCCTGAGACTGTCCTGCGCCGCTTCTGGATTTACC
TTCAGCAGCTACGGCATGCACTGGGTCAGACAGGCCCCTGGCAAAGGCC
TGGAGTGGGTGGCCGTTATCAGCTACGAGGGCAGCAACAAGTATTACGC
CGACAGCGTGAAGGGCCGCTTCACAATCTCTAGAGATAATAGCAAGAAC
ACCCTGTACCTGCAGATGAACAGCCTGCGGGCCGAAGATACCGCCGTGT
ACTACTGTGCTAGAGAGCTGGGCGACGGCATGGACGTGTGGGGACAGGG
CACAACCGTGACCGTGTCCTCTGGTGGTGGGGGCAGCGGTGGAGGTGGG
AGCGGAGGCGGGGGTAGCGGAGGCGGGGGTAGCGAGATCGTGCTGACCC
AGTCCCCTGCTACACTGAGCCTGTCTCCAGGCGAGCGGGCCACACTGAG
CTGTAGAGCTTCTCAGAGCGTGTCCAGCTATCTGGCCTGGTTCCAGCAG
AAACCTGGCCAGGCCCCTAGACTGCTGATCTACGACGCCAGCAACCGGG
CCACCGGCATCCCCGCCAGATTCAGCGGCTCTGGCAGCGGCACCGACTT
CACCCTCACCATCAGCAGCCTGGAACCCGAGGATTTTGCCGTCTACTAC
TGCCAGCAAAGAGTGGACCTGTGGACCTTCGGCGGAGGAACAAAGGTGG
AAATCAAGACCACAACACCTGCTCCAAGGCCCCCCACACCCGCTCCAAC
TATAGCCAGCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGGCCCGCA
GCAGGAGGCGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTGATATTT
ATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCTCTCCCT
TGTGATCACTCTGTATTGTAAGCGCGGGAGAAAGAAGCTCCTGTACATC
TTCAAGCAGCCTTTTATGCGACCTGTGCAAACCACTCAGGAAGAAGATG
GGTGTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGAACTGAG
GGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAGGGTCAG
AATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAGAAGAGTACGATG
TTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAAGCCCCG
GAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAGGACAAG
ATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGAAAGACGCAGAG
GCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTACAGCCACCAAGGA
CACTTATGATGCGTTGCATATGCAAGCCTTGCCACCCCGC

927 861 + 261
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ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGACATCCAGATGACCCAGAGCCCTTCGACCCTATC
CGCTTCCGTGGGTGACCGTGTGACCATCACCTGTCGCGCGTCGCAGAGC
ATCTCCTCCTGGCTCGCGTGGTACCAACAGAAGCCTGGCAAGGCCCCCA
AGCTGCTGATTTACGACGCCAGTTCCCTGGAGTCTGGCGTGCCATCCCG
CTTCTCCGGCAGCGGCAGCGGTACCGAGTTCACCCTGACGATCAGCTCC
CTGCAGCCGGATGACTTTGCTACCTACTACTGTCAGCAGGTCTCCTCCC
TCCCCCCCACCTTCGGTGGCGGTACCAAGGTGGAGATCAAGGGCGGCGG
CGGCTCTGGTGGCGGAGGTTCTGGCGGGGGAGGTTCGGGGGGGGGAGGC
TCCGAGGTGCAACTGGTAGAGAGCGGCGGGGGACTGGTAAAACCCGGCG
GCTCCCTGCGGCTGTCATGCGCTGCTAGCGGCTTCACGTTCAGCGATTA
CTACATGAGTTGGATCCGCCAGGCCCCCGGGAAGGGTTTGGAGTGGGTC
TCGTATATCTCTTCCAGCGGATCTACCATTTACTATGCGGACAGCGTGA
AGGGGCGCTTCACCATATCTCGGGACAACGCCAAGAACTCCCTGTACCT
GCAGATGAATTCCCTGCGTGCCGAGGACACGGCCGTGTATTACTGTGCC
CGCGACCAGGGCAACTACGGCGTCGACGTGTGGGGCCAGGGTACAACCG
TCACCGTGTCCAGTACCACAACACCTGCTCCAAGGCCCCCCACACCCGC
TCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGG
CCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTG
ATATTTATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCT
CTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGAAAGAAGCTCCTG
TACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAACCACTCAGGAAG
AAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGA
ACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAG
GGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAGAAGAGT
ACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAA
GCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAG
GACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGAAAGAC
GCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTACAGCCAC
CAAGGACACTTATGATGCGTTGCATATGCAAGCCTTGCCACCCCGC

ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGCAAGTGCAGCTGGTCGAGAGCGGAGGAGGCCTGGT
TAAGCCCGGCGGATCTCTCAGACTGAGCTGCGCCGCTAGCGGCTTTACA
TTCAGCGACTACTACATGAGCTGGATCCGGCAGGCCCCTGGCAAGGGCC
TGGAATGGGTGTCCTACATCAGCTCCTCCGGCAGCACCATCTACTACGC
CGACAGCGTGAAAGGCAGATTCACAATCTCTAGAGATAATGCCAAGAAC
AGCCTGTACCTGCAGATGAACAGCCTGCGGGCCGAGGACACCGCCGTGT
ACTATTGTGCTAGAGATCAGGGCAACTACGGCGTGGACGTGTGGGGCCA
GGGCACCACCGTGACCGTGTCTAGCGGTGGTGGGGGCAGCGGTGGAGGT
GGGAGCGGAGGCGGGGGTAGCGGAGGCGGGGGTAGCGATATCCAGATGA
CCCAGTCCCCATCTACACTGAGCGCCTCTGTGGGCGACCGGGTGACCAT
TACATGTAGAGCCAGCCAGAGCATCAGCAGCTGGCTGGCTTGGTATCAG
CAGAAACCTGGCAAGGCCCCTAAGCTGCTGATCTACGAGGCCAGCAGCC
TGGAAAGCGGCGTCCCCAGCAGATTCAGCGGCAGCGGCTCTGGAACAGA
929 861 + 357 | GTTCACCCTGACCATCTCCTCCCTGCAGCCTGACGACTTCGCCACCTAC
TACTGCCAGCAATCTGATAGCCACCCCATCACCTTTGGCGGAGGCACCA
AGGTGGAAATCAAGACCACAACACCTGCTCCAAGGCCCCCCACACCCGC
TCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGG
CCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTG
ATATTTATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCT
CTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGAAAGAAGCTCCTG
TACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAACCACTCAGGAAG
AAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGA
ACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAG
GGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAGAAGAGT
ACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAA
GCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAG
GACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGAAAGAC
GCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTACAGCCAC

928 861 + 333
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CAAGGACACTTATGATGCGTTGCATATGCAAGCCTTGCCACCCCGC

ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGATATCCAGATGACCCAGTCCCCATCTACACTGAG
CGCCTCTGTGGGCGACCGGGTGACAATTACCTGTAGAGCTAGCCAGAGC
ATCTCCTCCTGGCTGGCTTGGTACCAGCAAAAACCTGGCAAGGCCCCTA
AGCTGCTGATCTACGAGGCCAGCAGCCTGGAAAGCGGCGTCCCCTCTAG
ATTCAGCGGCAGCGGCTCTGGAACCGAGTTCACCCTGACAATCAGCAGC
CTGCAGCCTGACGACTTCGCCACCTATTACTGCCAGCAGGCCAACAGCC
ACCCCATCACCTTTGGCGGAGGCACCAAGGTGGAAATCAAGGGTGGTGG
GGGCAGCGGTGGAGGTGGGAGCGGAGGCGGGGGTAGCGGAGGCGGGGGT
AGCGAGGTGCAGCTGGTGGAAAGCGGCGGAGGACTCGTTAAGCCCGGCG
GCAGCCTGAGACTGAGCTGCGCCGCTAGCGGATTTACCTTCAGCGACTA
CTACATGAGCTGGATCCGGCAGGCCCCTGGCAAGGGCCTGGAATGGGTC
AGCTACATCAGCTCCTCTGGCTCTACAATCTACTACGCCGACAGCGTGA
AAGGCAGATTCACCATCTCTAGAGATAATGCCAAGAACAGCCTGTACCT
GCAAATGAACAGCCTGCGGGCCGAGGACACCGCCGTGTACTATTGTGCT
AGAGATCAGGGCAACTACGGCGTGGACGTGTGGGGCCAGGGCACCACCG
TGACAGTGTCCTCCACCACAACACCTGCTCCAAGGCCCCCCACACCCGC
TCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCTGAAGCTTGCAGG
CCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGGACTTCGCGTGTG
ATATTTATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTGCTTCT
CTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGAAAGAAGCTCCTG
TACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAACCACTCAGGAAG
AAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGA
ACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATATCAGCAG
GGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAGAAGAGT
ACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGGGGGAAA
GCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGCAGAAG
GACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGAAAGAC
GCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTACAGCCAC
CAAGGACACTTATGATGCGTTGCATATGCAAGCCTTGCCACCCCGC

ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGACATCCAGATGACCCAGAGCCCTAGCTCCCTGAG
CGCCAGCGTGGGCGATAGAGTGACCATTACCTGTAGAGCCTCTCAGAGC
ATCTCCTCCTACCTGAACTGGTATCAGCAGAAACCCGGCAAGGCCCCTA
AGCTGCTGATCTACGCCGCTAGCAGCCTGCAGTCTGGCGTCCCCAGCCG
GTTCAGCGGCAGCGGATCTGGCACCGACTTCACCCTGACAATCAGCAGC
CTGCAACCTGAGGACTTTGCTACATACTACTGCCAGCAGGCCCACAGCT
CTCCAATCACCTTCGGCGGCGGAACAAAGGTGGAAATCAAGGGTGGTGG
GGGCAGCGGTGGAGGTGGGAGCGGAGGCGGGGGTAGCGGAGGCGGGGGT
AGCGAGGTGCAGCTGCTGGAAAGCGGAGGCGGACTCGTTCAACCTGGCG
GCAGCCTGAGACTGAGCTGCGCCGCTTCTGGATTTACCTTCAGCAACTA
CGCCATGAGCTGGGTGCGGCAGGCCCCTGGCAAAGGCCTGGAATGGGTC
TCCGCCATCAGCGGCTCTGGCGGCTCCACCTACTACGCCGACAGCGTGA
AGGGCAGATTCACCATCTCTAGAGATAATAGCAAGAACACCCTGTACCT
GCAGATGAACAGCCTGCGGGCCGAGGACACCGCCGTGTACTATTGTGCT
AGACCCGGAGATGGCTACTACGAGGGCGTGTACTTCGACTACTGGGGCC
AGGGCACACTGGTGACAGTGTCCAGCACCACAACACCTGCTCCAAGGCC
CCCCACACCCGCTCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCT
GAAGCTTGCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGG
ACTTCGCGTGTGATATTTATATTTGGGCACCTTTGGCCGGAACATGTGG
GGTGTTGCTTCTCTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGA
AAGAAGCTCCTGTACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAA
CCACTCAGGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGA
AGGAGGGTGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCC
GCATATCAGCAGGGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCA
GGCGAGAAGAGTACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGA
GATGGGGGGAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAAT
GAGCTGCAGAAGGACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGA

930 861 + 429

931 861 + 477
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AAGGCGAAAGACGCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCT
CTCTACAGCCACCAAGGACACTTATGATGCGTTGCATATGCAAGCCTTG
CCACCCCGC
ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGATATTCAGATGACCCAGAGCCCATCTAGCCTGAG
CGCCAGCGTGGGCGATAGAGTGACCATCACCTGTCAGGCCTCTCAGGAC
ATCGCTAATTACCTGAACTGGTATCAGCAGAAACCCGGCAAGGCCCCTA
AGCTGCTGATCTACGACGCCTCCAACCTGGAAACCGGCGTGCCCAGCCG
GTTCAGCGGCAGCGGATCTGGCACAGACTTCACCTTTACCATCAGCTCC
CTCCAGCCTGAGGACATCGCCACATACTACTGCCAGCAACACTTCAACC
TGCCTCTGACCTTCGGCGGCGGAACAAAGGTCGAGATCAAGGGTGGTGG
GGGCAGCGGTGGAGGTGGGAGCGGAGGCGGGGGTAGCGGAGGCGGGGGT
AGCCAAATCACCCTGAAAGAGAGCGGACCTACACTGGTCAAGCCTACCC
AGACACTGACCCTCACATGTACATTCAGCGGCTTTAGCCTGAGCACCTC
CGGCGTGGGAGTGGGCTGGATCAGACAGCCCCCCGGCAAGGCCCTGGAA
TGGCTGGCTCTGATCTATTGGAATGACGAGAAGCGGTACAGCCCTAGCC
TGAAATCTAGACTGACAATCACCAAGGACACCAGCAAGAACCAGGTGGT
GCTGACCATGACCAACATGGATCCTGTGGATACCGCCGTGTACTACTGC
932 861 + 525 | GCCAGAGAAGGCTCTCACGACTACAAGAGCTCCAACTGGTTCGACCCAT
GGGGCCAGGGCACCCTGGTTACAGTGTCTAGCACCACAACACCTGCTCC
AAGGCCCCCCACACCCGCTCCAACTATAGCCAGCCAACCATTGAGCCTC
AGACCTGAAGCTTGCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAG
GCCTGGACTTCGCGTGTGATATTTATATTTGGGCACCTTTGGCCGGAAC
ATGTGGGGTGTTGCTTCTCTCCCTTGTGATCACTCTGTATTGTAAGCGC
GGGAGAAAGAAGCTCCTGTACATCTTCAAGCAGCCTTTTATGCGACCTG
TGCAAACCACTCAGGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGA
GGAAGAAGGAGGGTGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCGAT
GCTCCCGCATATCAGCAGGGTCAGAATCAGCTCTACAATGAATTGAATC
TCGGCAGGCGAGAAGAGTACGATGTTCTGGACAAAAGACGGGGCAGGGA
TCCCGAGATGGGGGGAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTG
TACAATGAGCTGCAGAAGGACAAGATGGCTGAAGCCTATAGCGAGATCG
GAATGAAAGGCGAAAGACGCAGAGGCAAGGGGCATGACGGTCTGTACCA
GGGTCTCTCTACAGCCACCAAGGACACTTATGATGCGTTGCATATGCAA
GCCTTGCCACCCCGC
ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGATATCGTGATGACCCAATCTCCACTGAGCCTGCC
TGTGACACCTGGCGAGCCTGCTTCTATCAGCTGTAGAAGCAGCCAGTCC
CTGCTGCACAGCAACGGCTACAACTACCTGGACTGGTATCTGCAGAAAC
CCGGCCAGAGCCCCCAGCTGCTGATCTACCTCGGCTCTAATCGGGCCAG
CGGAGTGCCTGATAGATTCAGCGGAAGCGGCTCCGGCACCGACTTCACC
CTGAAGATCAGCAGAGTGGAAGCCGAGGACGTGGGCGTCTACTACTGCA
TGCAGGCCCTGGGCCTGATTACATTTGGCGGCGGAACCAAGGTGGAAAT
CAAGGGTGGTGGGGGCAGCGGTGGAGGTGGGAGCGGAGGCGGGGGTAGC
GGAGGCGGGGGTAGCGAAGTGCAGCTGGTTGAGAGCGGCGGCGGACTGG
TGAAGCCCGGAGGCAGCCTCAGACTGAGCTGTGCTGCTTCTGGCTTTAC
CTTCAGCTCTTATAGCATGAACTGGGTGCGGCAGGCCCCTGGCAAGGGC
933 861 + 573 | CTGGAATGGGTCAGCTCCATCAGCTCTTCTAGCAGCTACATCTACTACG
CCGACAGCGTGAAGGGCAGATTCACCATCAGCAGAGATAACGCCAAGAA
CAGCCTGTACCTGCAGATGAATAGCCTGCGGGCCGAGGACACCGCCGTG
TACTACTGCGCCAGAGCCGGCGACACCTACAGCGCCGCCGATTACTACT
ACATGGACGTGTGGGGCAAAGGAACAACCGTGACAGTGTCCTCCACCAC
AACACCTGCTCCAAGGCCCCCCACACCCGCTCCAACTATAGCCAGCCAA
CCATTGAGCCTCAGACCTGAAGCTTGCAGGCCCGCAGCAGGAGGCGCCG
TCCATACGCGAGGCCTGGACTTCGCGTGTGATATTTATATTTGGGCACC
TTTGGCCGGAACATGTGGGGTGTTGCTTCTCTCCCTTGTGATCACTCTG
TATTGTAAGCGCGGGAGAAAGAAGCTCCTGTACATCTTCAAGCAGCCTT
TTATGCGACCTGTGCAAACCACTCAGGAAGAAGATGGGTGTTCATGCCG
CTTCCCCGAGGAGGAAGAAGGAGGGTGTGAACTGAGGGTGAAATTTTCT
AGAAGCGCCGATGCTCCCGCATATCAGCAGGGTCAGAATCAGCTCTACA
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ATGAATTGAATCTCGGCAGGCGAGAAGAGTACGATGTTCTGGACAAAAG
ACGGGGCAGGGATCCCGAGATGGGGGGAAAGCCCCGGAGAAAAAATCCT
CAGGAGGGGTTGTACAATGAGCTGCAGAAGGACAAGATGGCTGAAGCCT
ATAGCGAGATCGGAATGAAAGGCGAAAGACGCAGAGGCAAGGGGCATGA
CGGTCTGTACCAGGGTCTCTCTACAGCCACCAAGGACACTTATGATGCG
TTGCATATGCAAGCCTTGCCACCCCGC
ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGAAGTGCAACTGCTGGAAAGCGGCGGAGGCCTGGT
CCAGCCCGGCGGCTCTCTGCGGCTCAGCTGCGCCGCTTCTGGATTTACC
TTCGGCAGCGAGGCTATGAGCTGGGTGCGGCAGGCCCCTGGAAAAGAGA
GAGAGCTGGTGTCCGCCATCAGCGGCAGCGGCGAGGTGACCTACTACGC
CGACAGCGTGAAGGGCAGATTCACCATCTCTAGAGATAATAGCAAGAAC
ACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGT
ACTATTGTCAGAGACTGGTGGAAGCCAAGCGGCACTGGGGCCAGGGCAC
ACAGGTTACAGTGTCCAGCACCACAACACCTGCTCCAAGGCCCCCCACA
CCCGCTCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCTGAAGCTT
GCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGGACTTCGC
934 861 + 597 | GTGTGATATTTATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTG
CTTCTCTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGAAAGAAGC
TCCTGTACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAACCACTCA
GGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGGG
TGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATATC
AGCAGGGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAGA
AGAGTACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGGG
GGAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGC
AGAAGGACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGA
AAGACGCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTACA
GCCACCAAGGACACTTATGATGCGTTGCATATGCAAGCCTTGCCACCCC
GC
ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGAAGTGCAACTGCTGGAATCTGGCGGAGGACTGGT
GCAGCCCGGCGGCAGCCTGCGGCTGAGCTGTGCTGCTTCTGGCTTTACC
TTCGAGTCTGAGGCCATGAGCTGGTATAGACAGGCCCCTGGCAAGGAAA
GAGAGCTGGTCAGCGTGATCACCAGCGAGGGCTCCACCTACTACGCCGA
CAGCGTGAAAGGCAGATTCACAATCAGCCGGGACAATAGCAAGAACACC
CTGTACCTGCAGATGAACAGCCTGCGCGCCGAAGATACAGCCGTGTACT
ACTGCGCCCACATCGAGTGGGAGACAAGACTCAACTGGGGCCAGGGCAC
CCAGGTGACCGTGTCCAGCACCACAACACCTGCTCCAAGGCCCCCCACA
CCCGCTCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCTGAAGCTT
GCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGGACTTCGC
935 861 + 621 | GTGTGATATTTATATTTGGGCACCTTTGGCCGGAACATGTGGGGTGTTG
CTTCTCTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGAAAGAAGC
TCCTGTACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAACCACTCA
GGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGAAGGAGGG
TGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCGCATATC
AGCAGGGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCAGGCGAGA
AGAGTACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGAGATGGGG
GGAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAATGAGCTGC
AGAAGGACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGAAAGGCGA
AAGACGCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCTCTCTACA
GCCACCAAGGACACTTATGATGCGTTGCATATGCAAGCCTTGCCACCCC
GC
ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGAGGTGCAGCTGCTGGAAAGCGGAGGGGGCCTGGT
CCAACCCGGCGGGTCTCTTCGCCTAAGCTGTGCCGCTTCTGGCTTCACC
936 861 + 645 | TTCGACGAGTACACCATGCACTGGTTCAGACAGGCCCCCGGCAAGGAGC
GCGAGTTCGTCAGTGCAATCAGCGGAGGCGGTAGCGAGACTTATTACGC
GGACTCCGTGAAGGGCCGCTTCACCATTAGCCGCGACAACTCCAAGAAC
ACGCTGTACCTGCAGATGAATTCGCTGCGCGCCGAAGATACGGCCGTGT
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ACTACTGTGCCGCTGGTGGGGAGGAGGCTGGCGTGGGCTATTGGGGCCA
GGGCACCCAGGTCACCGTGTCGTCCACCACAACACCTGCTCCAAGGCCC
CCCACACCCGCTCCAACTATAGCCAGCCAACCATTGAGCCTCAGACCTG
AAGCTTGCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAGGCCTGGA
CTTCGCGTGTGATATTTATATTTGGGCACCTTTGGCCGGAACATGTGGG
GTGTTGCTTCTCTCCCTTGTGATCACTCTGTATTGTAAGCGCGGGAGAA
AGAAGCTCCTGTACATCTTCAAGCAGCCTTTTATGCGACCTGTGCAAAC
CACTCAGGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGAGGAAGAA
GGAGGGTGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCGATGCTCCCG
CATATCAGCAGGGTCAGAATCAGCTCTACAATGAATTGAATCTCGGCAG
GCGAGAAGAGTACGATGTTCTGGACAAAAGACGGGGCAGGGATCCCGAG
ATGGGGGGAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTGTACAATG
AGCTGCAGAAGGACAAGATGGCTGAAGCCTATAGCGAGATCGGAATGAA
AGGCGAAAGACGCAGAGGCAAGGGGCATGACGGTCTGTACCAGGGTCTC
TCTACAGCCACCAAGGACACTTATGATGCGTTGCATATGCAAGCCTTGC
CACCCCGC
ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGAGGTGCAGCTGCTGGAGAGCGGAGGCGGCCTCGT
GCAGCCAGGAGGTTCCCTACGACTCTCCTGTGCCGCCAGCGGCTTCACC
TTCGAGGACTACGCCATGAGTTGGTTCCGCCAGGCCCCGGGGAAGGAGC
GCGAGGGCGTGAGCGCGATTTCTGGAAAGGGCGGCTCCACCTATTACGC
GGACTCCGTGAAGGGTCGCTTTACCATCTCTCGCGACAACTCCAAGAAC
ACGCTGTACCTGCAGATGAATAGCCTGCGCGCTGAGGACACTGCCGTGT
ACTACTGTGCTGTCTTGGACGAGGAGGCCGGCGCAGAGGGCGGCTATTG
GGGCCAGGGTACCCAGGTCACCGTGTCGTCCACCACAACACCTGCTCCA
AGGCCCCCCACACCCGCTCCAACTATAGCCAGCCAACCATTGAGCCTCA
GACCTGAAGCTTGCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAGG
937 861 + 669 | CCTGGACTTCGCGTGTGATATTTATATTTGGGCACCTTTGGCCGGAACA
TGTGGGGTGTTGCTTCTCTCCCTTGTGATCACTCTGTATTGTAAGCGCG
GGAGAAAGAAGCTCCTGTACATCTTCAAGCAGCCTTTTATGCGACCTGT
GCAAACCACTCAGGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGAG
GAAGAAGGAGGGTGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCGATG
CTCCCGCATATCAGCAGGGTCAGAATCAGCTCTACAATGAATTGAATCT
CGGCAGGCGAGAAGAGTACGATGTTCTGGACAAAAGACGGGGCAGGGAT
CCCGAGATGGGGGGAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTGT
ACAATGAGCTGCAGAAGGACAAGATGGCTGAAGCCTATAGCGAGATCGG
AATGAAAGGCGAAAGACGCAGAGGCAAGGGGCATGACGGTCTGTACCAG
GGTCTCTCTACAGCCACCAAGGACACTTATGATGCGTTGCATATGCAAG
CCTTGCCACCCCGC
ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGAGGTGCAACTGCTGGAAAGCGGCGGTGGACTGGT
GCAGCCCGGCGGCAGCCTGAGACTGTCTTGTGCTGCTTCTGGATTTACA
TTCGACAGATACGCCATGAGCTGGTTCCGCCAGGCCCCTGGCAAAGAGC
GGGAAGGCGTGTCCGCCATCTCCACAAGCGGAGATAGCACATACTATGC
CGACAGCGTGAAGGGCAGATTCACCATCAGCAGAGATAATAGCAAGAAC
ACCCTGTACCTGCAGATGAACAGCCTCCGGGCCGAGGACACCGCCGTCT
ACTACTGCGCCGTGCTGGACGAGGAAGCCGGCGCCGAGGGCGGCTACTG
GGGCCAGGGCACCCAGGTGACCGTGTCTAGCACCACAACACCTGCTCCA
AGGCCCCCCACACCCGCTCCAACTATAGCCAGCCAACCATTGAGCCTCA
GACCTGAAGCTTGCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCGAGG
CCTGGACTTCGCGTGTGATATTTATATTTGGGCACCTTTGGCCGGAACA
TGTGGGGTGTTGCTTCTCTCCCTTGTGATCACTCTGTATTGTAAGCGCG
GGAGAAAGAAGCTCCTGTACATCTTCAAGCAGCCTTTTATGCGACCTGT
GCAAACCACTCAGGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAGGAG
GAAGAAGGAGGGTGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCGATG
CTCCCGCATATCAGCAGGGTCAGAATCAGCTCTACAATGAATTGAATCT
CGGCAGGCGAGAAGAGTACGATGTTCTGGACAAAAGACGGGGCAGGGAT
CCCGAGATGGGGGGAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGTTGT
ACAATGAGCTGCAGAAGGACAAGATGGCTGAAGCCTATAGCGAGATCGG

938 861 + 693
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AATGAAAGGCGAAAGACGCAGAGGCAAGGGGCATGACGGTCTGTACCAG
GGTCTCTCTACAGCCACCAAGGACACTTATGATGCGTTGCATATGCAAG
CCTTGCCACCCCGC
ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGAGGTGCAACTGCTGGAAAGCGGCGGAGGACTCGT
CCAGCCCGGCGGCAGCCTGCGGCTGAGCTGTGCTGCTTCTGGATTTACC
TTCGCCAGCGACGCCATGAGCTGGTATAGACAGGCCCCTGGCAAAGAGC
GGGAACTGGTGTCCGCCATCAGCGGCTCTGGCGGCTCCACCTACTACGC
CGATAGCGTGAAGGGCAGATTCACAATCTCTAGAGATAATAGCAAGAAC
ACCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGT
ACTACTGCGCCGCTCACGACAGCGGCGAGGCCTACCTGGCCTTCGACTA
CTGGGGCCAGGGCACACAGGTGACCGTGTCTAGCACCACAACACCTGCT
CCAAGGCCCCCCACACCCGCTCCAACTATAGCCAGCCAACCATTGAGCC
TCAGACCTGAAGCTTGCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCG
939 861 + 717 | AGGCCTGGACTTCGCGTGTGATATTTATATTTGGGCACCTTTGGCCGGA
ACATGTGGGGTGTTGCTTCTCTCCCTTGTGATCACTCTGTATTGTAAGC
GCGGGAGAAAGAAGCTCCTGTACATCTTCAAGCAGCCTTTTATGCGACC
TGTGCAAACCACTCAGGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAG
GAGGAAGAAGGAGGGTGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCG
ATGCTCCCGCATATCAGCAGGGTCAGAATCAGCTCTACAATGAATTGAA
TCTCGGCAGGCGAGAAGAGTACGATGTTCTGGACAAAAGACGGGGCAGG
GATCCCGAGATGGGGGGAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGT
TGTACAATGAGCTGCAGAAGGACAAGATGGCTGAAGCCTATAGCGAGAT
CGGAATGAAAGGCGAAAGACGCAGAGGCAAGGGGCATGACGGTCTGTAC
CAGGGTCTCTCTACAGCCACCAAGGACACTTATGATGCGTTGCATATGC
AAGCCTTGCCACCCCGC
ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGAGGTGCAACTGCTGGAAAGCGGCGGAGGACTCGT
CCAGCCCGGCGGCAGCCTGAGGCTGAGCTGTGCTGCTTCTGGCTTTACC
TTCGACTCCTACACAATGAGCTGGTATAGACAGGCCCCTGGCAAGGAGC
GGGAACTGGTGTCCGCCATCAGCGGCCACGGCGACTCTACATACTACGC
CGACAGCGTGAAAGGCAGATTCACAATCTCTAGAGATAATAGCAAGAAC
ACCCTGTACCTGCAGATGAACAGCCTGCGGGCCGAGGACACCGCCGTGT
ACTACTGCACCAGAATCAGCATCACCACCGAGTGGCTGGCCGGAGATTA
CTGGGGCCAGGGCACCCAGGTGACAGTGTCCAGCACCACAACACCTGCT
CCAAGGCCCCCCACACCCGCTCCAACTATAGCCAGCCAACCATTGAGCC
TCAGACCTGAAGCTTGCAGGCCCGCAGCAGGAGGCGCCGTCCATACGCG
940 861 + 741 | AGGCCTGGACTTCGCGTGTGATATTTATATTTGGGCACCTTTGGCCGGA
ACATGTGGGGTGTTGCTTCTCTCCCTTGTGATCACTCTGTATTGTAAGC
GCGGGAGAAAGAAGCTCCTGTACATCTTCAAGCAGCCTTTTATGCGACC
TGTGCAAACCACTCAGGAAGAAGATGGGTGTTCATGCCGCTTCCCCGAG
GAGGAAGAAGGAGGGTGTGAACTGAGGGTGAAATTTTCTAGAAGCGCCG
ATGCTCCCGCATATCAGCAGGGTCAGAATCAGCTCTACAATGAATTGAA
TCTCGGCAGGCGAGAAGAGTACGATGTTCTGGACAAAAGACGGGGCAGG
GATCCCGAGATGGGGGGAAAGCCCCGGAGAAAAAATCCTCAGGAGGGGT
TGTACAATGAGCTGCAGAAGGACAAGATGGCTGAAGCCTATAGCGAGAT
CGGAATGAAAGGCGAAAGACGCAGAGGCAAGGGGCATGACGGTCTGTAC
CAGGGTCTCTCTACAGCCACCAAGGACACTTATGATGCGTTGCATATGC
AAGCCTTGCCACCCCGC
ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGAGGTGCAGCTGCTGGAAAGCGGAGGAGGCCTGGT
CCAACCTGGCGGCAGCCTGCGGCTGAGCTGCGCCGCTTCTGGCTTCACC
TTCAGCAGCTACGCCATGAGCTGGTTCCGGCAGGCCCCTGGCAAGGAAA
GAGAGTTCGTGTCTTTTATCAGCGGATCTGGCGACTCCACCTACTACGC
TGATAGCGTGAAAGGCAGATTTACCATCTCTAGAGATAATAGCAAGAAC
ACCCTGTACCTCCAGATGAACAGCCTGCGCGCCGAGGACACAGCCGTGT
ACTATTGTACCAGATGGCCTTACGACTTCGAGGAACCAAGCGAGCCCGG
CGTGTACTGGGGCCAGGGCACACAGGTGACAGTGTCCTCCACCACAACA
CCTGCTCCAAGGCCCCCCACACCCGCTCCAACTATAGCCAGCCAACCAT

941 861 + 765

178



WO 2025/072253 PCT/US2024/048295

TGAGCCTCAGACCTGAAGCTTGCAGGCCCGCAGCAGGAGGCGCCGTCCA
TACGCGAGGCCTGGACTTCGCGTGTGATATTTATATTTGGGCACCTTTG
GCCGGAACATGTGGGGTGTTGCTTCTCTCCCTTGTGATCACTCTGTATT
GTAAGCGCGGGAGAAAGAAGCTCCTGTACATCTTCAAGCAGCCTTTTAT
GCGACCTGTGCAAACCACTCAGGAAGAAGATGGGTGTTCATGCCGCTTC
CCCGAGGAGGAAGAAGGAGGGTGTGAACTGAGGGTGAAATTTTCTAGAA
GCGCCGATGCTCCCGCATATCAGCAGGGTCAGAATCAGCTCTACAATGA
ATTGAATCTCGGCAGGCGAGAAGAGTACGATGTTCTGGACAAAAGACGG
GGCAGGGATCCCGAGATGGGGGGAAAGCCCCGGAGAAAAAATCCTCAGG
AGGGGTTGTACAATGAGCTGCAGAAGGACAAGATGGCTGAAGCCTATAG
CGAGATCGGAATGAAAGGCGAAAGACGCAGAGGCAAGGGGCATGACGGT
CTGTACCAGGGTCTCTCTACAGCCACCAAGGACACTTATGATGCGTTGC
ATATGCAAGCCTTGCCACCCCGC

ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGAGGTGCAGCTGCTGGAAAGCGGCGGAGGCCTGGT
GCAACCTGGCGGATCTCTCAGACTGAGCTGTGCTGCTTCTGGCTTCACA
TTCACCGACTACGACATGAGCTGGTATAGACAGGCCCCTGGAAAAGAGC
GGGAACTGGTCTCCGTGATCCACAGCGGCGGCTCCACCTACTACGCCGA
TAGCGTGAAGGGCAGATTCACCATCAGCAGAGATAATAGCAAGAACACC
CTGTACCTGCAGATGAACAGCCTGCGGGCCGAGGACACCGCCGTGTACT
ACTGCGCCCCCGGCTACTACAGCGACCTGTCTTTTGATTATTACAACTT
CGACTACTGGGGCCAGGGCACACAGGTGACAGTGTCCAGCACCACAACA
CCTGCTCCAAGGCCCCCCACACCCGCTCCAACTATAGCCAGCCAACCAT
TGAGCCTCAGACCTGAAGCTTGCAGGCCCGCAGCAGGAGGCGCCGTCCA
942 861 + 789 | TACGCGAGGCCTGGACTTCGCGTGTGATATTTATATTTGGGCACCTTTG
GCCGGAACATGTGGGGTGTTGCTTCTCTCCCTTGTGATCACTCTGTATT
GTAAGCGCGGGAGAAAGAAGCTCCTGTACATCTTCAAGCAGCCTTTTAT
GCGACCTGTGCAAACCACTCAGGAAGAAGATGGGTGTTCATGCCGCTTIC
CCCGAGGAGGAAGAAGGAGGGTGTGAACTGAGGGTGAAATTTTCTAGAA
GCGCCGATGCTCCCGCATATCAGCAGGGTCAGAATCAGCTCTACAATGA
ATTGAATCTCGGCAGGCGAGAAGAGTACGATGTTCTGGACAAAAGACGG
GGCAGGGATCCCGAGATGGGGGGAAAGCCCCGGAGAAAAAATCCTCAGG
AGGGGTTGTACAATGAGCTGCAGAAGGACAAGATGGCTGAAGCCTATAG
CGAGATCGGAATGAAAGGCGAAAGACGCAGAGGCAAGGGGCATGACGGT
CTGTACCAGGGTCTCTCTACAGCCACCAAGGACACTTATGATGCGTTGC
ATATGCAAGCCTTGCCACCCCGC

ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGAGGTGCAGCTGCTGGAGAGCGGTGGAGGGTTGGT
GCAGCCCGGGGGTAGCCTGCGTCTGTCGTGCGCCGCTTCCGGCTTCACG
TTCTCTGATTACGCCATGCACTGGTTCCGGCAGGCCCCCGGTAAGGAGC
GCGTGCTGGTGTCGTCTATTGACTCCGGCGGCTCCACTTACTACGCAGA
CAGTGTCAAGGGCCGTTTCACCATCAGCCGCGACAACAGCAAGAACACG
CTGTACCTGCAGATGAACTCCCTTCGAGCAGAGGACACCGCGGTGTACT
ACTGTAATGCGGGCTTCAAGGGCGATCACCCCCACCCCAAGGATGCCTT
CGACATTTGGGGCCAGGGCACCCAGGTCACCGTGTCGTCCACCACAACA
CCTGCTCCAAGGCCCCCCACACCCGCTCCAACTATAGCCAGCCAACCAT
TGAGCCTCAGACCTGAAGCTTGCAGGCCCGCAGCAGGAGGCGCCGTCCA
943 861 + 813 TACGCGAGGCCTGGACTTCGCGTGTGATATTTATATTTGGGCACCTTTG
GCCGGAACATGTGGGGTGTTGCTTCTCTCCCTTGTGATCACTCTGTATT
GTAAGCGCGGGAGAAAGAAGCTCCTGTACATCTTCAAGCAGCCTTTTAT
GCGACCTGTGCAAACCACTCAGGAAGAAGATGGGTGTTCATGCCGCTTC
CCCGAGGAGGAAGAAGGAGGGTGTGAACTGAGGGTGAAATTTTCTAGAA
GCGCCGATGCTCCCGCATATCAGCAGGGTCAGAATCAGCTCTACAATGA
ATTGAATCTCGGCAGGCGAGAAGAGTACGATGTTCTGGACAAAAGACGG
GGCAGGGATCCCGAGATGGGGGGAAAGCCCCGGAGAAAAAATCCTCAGG
AGGGGTTGTACAATGAGCTGCAGAAGGACAAGATGGCTGAAGCCTATAG
CGAGATCGGAATGAAAGGCGAAAGACGCAGAGGCAAGGGGCATGACGGT
CTGTACCAGGGTCTCTCTACAGCCACCAAGGACACTTATGATGCGTTGC
ATATGCAAGCCTTGCCACCCCGC
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ATGGCTCTTCCCGTAACAGCCCTTTTGTTGCCCCTTGCACTCCTTCTGC
ATGCAGCACGACCGGAGGTGCAACTGCTGGAATCCGGCGGAGGCCTGGT
GCAGCCCGGCGGCAGCCTCAGACTGAGCTGTGCCGCTTCTGGCTTTACC
TTCAGCAGCGAGGGCATGAGCTGGGTGCGGCAGGCCCCTGGCAAGGAAA
GAGAGCTGGTCTCCGCCATCAGCGGATCTGGCGACCACACCTACTATGC
CGATAGCGTGCGCGGAAGATTCACAATCTCTAGAGATAATAGCAAGAAC
ACCCTGTACCTGCAGATGAACAGCCTGCGGGCCGAGGACACCGCCGTGT
ACTACTGCAACGCCCTGGAAGGCGGCCCTACAACAGCTATCCAGCCAGG
AGGCCCTGACTACTGGGGCCAGGGCACCCAGGTGACCGTGTCCAGCACC
ACAACACCTGCTCCAAGGCCCCCCACACCCGCTCCAACTATAGCCAGCC
AACCATTGAGCCTCAGACCTGAAGCTTGCAGGCCCGCAGCAGGAGGCGC
944 861 + 837 | CGTCCATACGCGAGGCCTGGACTTCGCGTGTGATATTTATATTTGGGCA
CCTTTGGCCGGAACATGTGGGGTGTTGCTTCTCTCCCTTGTGATCACTC
TGTATTGTAAGCGCGGGAGAAAGAAGCTCCTGTACATCTTCAAGCAGCC
TTTTATGCGACCTGTGCAAACCACTCAGGAAGAAGATGGGTGTTCATGC
CGCTTCCCCGAGGAGGAAGAAGGAGGGTGTGAACTGAGGGTGAAATTTT
CTAGAAGCGCCGATGCTCCCGCATATCAGCAGGGTCAGAATCAGCTCTA
CAATGAATTGAATCTCGGCAGGCGAGAAGAGTACGATGTTCTGGACAAA
AGACGGGGCAGGGATCCCGAGATGGGGGGAAAGCCCCGGAGAAAAAATC
CTCAGGAGGGGTTGTACAATGAGCTGCAGAAGGACAAGATGGCTGAAGC
CTATAGCGAGATCGGAATGAAAGGCGAAAGACGCAGAGGCAAGGGGCAT
GACGGTCTGTACCAGGGTCTCTCTACAGCCACCAAGGACACTTATGATG
CGTTGCATATGCAAGCCTTGCCACCCCGC

In particular embodiments, a vector comprises a polynucleotide encoding a
polypeptide contemplated herein. In particular embodiments, the polypeptide is selected from
the group consisting of an antibody, an antigen binding fragment of an antibody, a bispecific
antibody, a BiTE, and a chimeric antigen receptor.

In particular embodiments, a vector comprises a polynucleotide that encodes a
polypeptide comprising an anti-BCMA antibody or antigen binding fragment thereof
comprising an amino acid sequence set forth in any one of SEQ ID NOs: 11-144.

In particular embodiments, a vector comprises a polynucleotide that encodes a
bispecific antibody comprising an anti-BCMA antibody or antigen binding fragment thereof
comprising an amino acid sequence set forth in any one of SEQ ID NOs: 11-144; and
optionally a polypeptide linker and an anti-CD3 antibody.

In particular embodiments, a cell, e.g., an immune effector cell, is modified to express
a polypeptide, e.g., a chimeric antigen receptor, that comprises an anti-BCMA antibody or
antigen binding fragment thereof comprising an amino acid sequence set forth in any one of
SEQ ID NOs: 11-144.

In particular embodiments, a polynucleotide contemplated herein or vector
comprising or encoding the same is introduced into a cell, e.g., an immune effector cell. In
particular embodiments, a non-viral vector comprising a polynucleotide is introduced into a
cell. Tlustrative examples non-viral vectors include but are not limited to: autonomously

replicating sequences; plasmids; phagemids; cosmids; artificial chromosomes such as yeast
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artificial chromosomes (YAC), bacterial artificial chromosomes (BAC), or Pl-derived
artificial chromosomes (PAC); bacteriophages such as lambda phage or M13 phage; and
transposable clements including but not limited to piggyBac, Sleeping Beauty, Mosl,
Tcl/mariner, Tol2, mini-Tol2, Tc3, MuA, Himar I, Frog Prince, and derivatives thereof.

In particular embodiments, a viral vector comprising a polynucleotide is introduced
into a cell. Iustrative examples of viral vectors include but are not limited to Adenoviral
(Ad) vectors, adeno-associated virus (AAV) vectors, rhabdovirus (e.g., lyssavirus,
vesiculovirus) vectors, paramyxovirus (e.g., henipavirus, morbillivirus, respirovirus,
rubelavirus) vectors, herpes simplex virus (e.g., HSV-1, HSV-2) vectors, vaccinia virus
vectors, and retroviral vectors, preferably lentiviral vectors (LVV).

A “viral vector” is a nucleic acid molecule derived from a viral genome that is used
to transfer or deliver another nucleic acid to a cell. A viral vector is based on, and derived
from, a virus genome that has been engineered to remove viral accessory proteins but leave
elements intact for packaging, reverse transcription and integration. In preferred
embodiments, viral vectors contemplated herein comprise a polynucleotide comprising or
encoding a promoter operably linked to a polynucleotide encoding a polypeptide comprising
an anti-BCMA binding protein, e.g., an anti-BCMA antibody or antigen binding fragment
thereof, an anti-BCMA-antiCD3 bispecific antibody, or a chimeric antigen receptor (CAR).

In particular embodiments, an adenoviral vector comprises a polynucleotide
comprising or encoding a promoter operably linked to a polynucleotide encoding a
polypeptide comprising an anti-BCMA binding protein, e.g., an anti-BCMA antibody or
antigen binding fragment thereof, an anti-BCMA-antiCD?3 bispecific antibody, or a CAR.
High-capacity adenoviral vectors (HC-Ads) (third generation) only retain short non-coding
regions from the Ad genome (ITRs and v signal), which enables the vector tp carry large
polynucleotide payloads (~37kb).

In particular embodiments, an AAV vector comprises a polynucleotide comprising
or encoding a promoter operably linked to a polynucleotide encoding a polypeptide
comprising an anti-BCMA binding protein, e.g., an anti-BCMA antibody or antigen binding
fragment thereof, an anti-BCMA-antiCD3 bispecific antibody, or a CAR. Recombinant
AAV (rAAV) vectors are primarily episomally maintained and have a polynucleotide
payload capacity of about 4.7kb. rAAV vectors are typically composed of, at a minimum, a
transgene and its regulatory sequences, and 5' and 3' AAV inverted terminal repeats (ITRs).
rAAV vectors may comprise ITRs from any one of AAV1, AAV2, AAV3, AAV4, AAVS,
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AAV6, AAVT, AAVS, AAVY, or AAV10. Construction of rAAV vectors, and production,
and purificationof AAV have been disclosed, e.g., in U.S. Patent Nos. 9,169,494; 9,169,492;
9,012,224; 8,889,641; 8,809,058; and 8,784,799, each of which is incorporated by reference
herein, in its entirety.

In particular embodiments, an HSV vector comprises a polynucleotide comprising or
encoding a promoter operably linked to a polynucleotide encoding a polypeptide comprising
an anti-BCMA binding protein, e.g., an anti-BCMA antibody or antigen binding fragment
thereof, an anti-BCMA-antiCD3 bispecific antibody, or a CAR. HSV vectors are relatively
large, e.g., up to 152 kb. Typically, HSV vectors are rendered replication deficient;
moreover, one or more essential or non-essential HSV genes are removed from the vector
backbone to make room for polynucleotide payloads. Most replication deficient HSV vectors
contain a deletion to remove one or more intermediate-early, early, or late HSV genes to
prevent replication. Advantages of the HSV vector are its ability to enter a latent stage that
can result in long-term DNA expression and its large viral DNA genome that can
accommodate exogenous DNA inserts of up to 25 kb. HSV-based vectors are described in,
for example, U.S. Pat. Nos. 5,837,532, 5,846,782, and 5,804,413, and International Patent
Applications WO 91/02788, WO 96/04394, WO 98/15637, and WO 99/06583, each of
which are incorporated by reference herein in its entirety.

In particular embodiments, a retroviral vector or a lentiviral vector comprises a
polynucleotide comprising or encoding a promoter operably linked to a polynucleotide
encoding a polypeptide comprising an anti-BCMA binding protein, e.g., an anti-BCMA
antibody or antigen binding fragment thereof, an anti-BCMA-antiCD3 bispecific antibody,
or a CAR. In particular embodiments, a recombinant particle comprises two copies of a
vector, a genomic RNA comprising backbone sequences derived from a retrovirus genome,
e.g., a lentivirus genome.

In various embodiments, a retroviral vector is engineered or derived from a retrovirus
genome selected from the group consisting of: an alpharetrovirus genome, a betaretrovirus
genome, a gammaretrovirus genome, a deltaretrovirus genome, or a spumavirus genome
(e.g., an epsilonretrovirus genome, a simiispumavirus genome, a bovispumavirus genome,
an equispumavirus genome, a felispumavirus genome, and a prosimiispumavirus genome).

In particular embodiments, a retroviral vector comprises a5” LTR and a 3" LTR each

isolated, obtained, or derived from a retrovirus genome selected from the group consisting
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of: an alpharetrovirus genome, a betaretrovirus genome, a gammaretrovirus genome, a
deltaretrovirus genome, an epsilonretrovirus genome, and a spumavirus genome.

Illustrative examples of alpharetroviruses from which a retroviral vector may be
isolated, obtained, or derived from include but are not limited to avian leukosis virus, avian
carcinoma Mill Hill virus 2, avian myeloblastosis virus, avian myelocytomatosis virus 29,
avian sarcoma virus CT10, fujinami sarcoma virus, rous sarcoma virus, UR2 sarcoma virus
and Y73 sarcoma virus.

Illustrative examples of betaretroviruses from which a retroviral vector may be
isolated, obtained, or derived from include but are not limited to mouse mammary tumor
virus, Jaagsiekte sheep retrovirus, langur virus, Mason-Pfizer monkey virus, and squirrel
monkey retrovirus (SMRYV).

Tllustrative examples of deltaretroviruses from which a retroviral vector may be
isolated, obtained, or derived from include but are not limited to bovine leukemia virus,
primate T-lymphotropic virus 1, primate T-lymphotropic virus 2, primate T-lymphotropic
virus 3, and primate T-lymphotropic virus 4.

Illustrative examples of epsilonretroviruses from which a retroviral vector may be
isolated, obtained, or derived from include but are not limited to walleye dermal sarcoma
virus, walleye epidermal hyperplasia virus 1, and walleye epidermal hyperplasia virus 2.

Illustrative examples of gammaretrovirus from which a retroviral vector may be
isolated, obtained, or derived from include but are not limited to baboon endogenous virus
(BaEV), chick syncytial virus, feline endogenous virus (e.g., RD114), feline leukemia virus
(FeLV), Finkel-Biskis-Jinkins murine sarcoma virus, Gardner-Arnstein feline sarcoma virus,
gibbon ape leukemia virus (GALYV), guinea pig type-C oncovirus, Hardy-Zuckerman feline
sarcoma virus, Harvey murine sarcoma virus, Kirsten murine sarcoma virus, koala retrovirus,
murine leukemia virus (MLV), Moloney murine leukemia virus (MoMLYV), Moloney murine
sarcoma virus, porcine endogenous virus (PERV), Porcine type-C oncovirus,
reticuloendotheliosis virus (REV), Snyder-Theilen feline sarcoma virus, Trager duck spleen
necrosis virus, viper retrovirus, xenotropic murine leukemia virus- related virus (XMRV),
and woolly monkey sarcoma virus.

Illustrative examples of spumaviruses from which a retroviral vector may be isolated,
obtained, or derived from include but are not limited to simian foamy virus, bovine foamy
virus, equine foamy virus, feline foamy virus, human foamy virus (HFV), and brown greater

galago prosimian foamy virus.
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In various embodiments, a lentiviral vector (lentivector) is engineered or derived
from a lentivirus genome. Illustrative lentiviruses include, but are not limited to, HIV (human
immunodeficiency virus; including HIV type 1, and HIV type 2); visna-maedi virus (VMV);
caprine arthritis-encephalitis virus (CAEV); equine infectious anemia virus (EIAV); feline
immunodeficiency virus (FIV); bovine immune deficiency virus (BIV); and simian
immunodeficiency virus (SIV). In particular embodiments, lentiviral vectors are derived
from HIV viral genomes, preferably HIV-1 or HIV-2 viral genomes and more preferably,
HIV-1 viral genomes (i.e., HIV-1 cis-acting sequence elements are preferred).

In various embodiments, a lentivirus comprises two copies of a lentiviral vector-
based RNA genome comprising a 5° long terminal repeat (LTR) comprising R and U5
regions; a Psi (W) packaging signal; a cPPT/FLAP, an export element; a polynucleotide
comprising or encoding a promoter operably linked to a polynucleotide encoding a
polypeptide comprising an anti-BCMA binding protein, e.g., an anti-BCMA antibody or
antigen binding fragment thereof, an anti-BCMA-antiCD3 bispecific antibody, or a CAR; a
3" LTR comprising U3 and R regions; optionally a WPRE or HPRE; a polyadenylation signal
and a poly(A) tail.

The term “long terminal repeat (LTR),” as used herein, refers to elements located at
the ends of retroviral polynucleotides which, in their natural sequence context, are direct
repeats and contain U3, R and U5 regions. LTRs generally provide functions fundamental
to the expression of retroviral genes (e.g., promotion, initiation and polyadenylation of gene
transcripts) and to viral replication. The LTR contains numerous regulatory signals including
transcriptional control elements, polyadenylation signals and sequences needed for
replication and integration of the viral genome. The viral LTR is divided into three regions
called U3, R and US. The U3 region contains the enhancer and promoter elements. The U5
region is the sequence between the primer binding site and the R region and contains the
polyadenylation signal. The R (repeat) region is flanked by the U3 and U5 regions. A
transfer plasmid, which is used to package a vector genome comprises a 5" LTR comprising
U3, R and/or US regions and a 3" LTR comprising U3, R and/or U5 regions. Adjacent to the
5" LTR are sequences necessary for reverse transcription of the genome (the tRNA primer
binding site) and for efficient packaging of viral RNA into particles (the Psi “¥” site). A
retroviral vector-based genome packaged in a particle comprises a5” LTR comprising R and
US regions and a 3" LTR comprising U3 and R regions. The retroviral vector-based genome

is reverse transcribed and integrated into the host cell genome as a provector. Through

184

PCT/US2024/048295



10

15

20

25

30

WO 2025/072253

reverse transcription and second strand synthesis of the retroviral vector genome, provectors
comprise two copies of the 3' LTR, one copy that replaces the 5’ LTR and the 3' LTR.

A “TAR” element as used herein, refers to the “trans-activation response” genetic
element located in the R region of lentiviral vector LTRs. This element interacts with the
lentiviral trans-activator (tat) genetic element to enhance lentiviral vector genome replication.
In third generation lentiviral vectors, this element is not usually present because lentiviral
vector transfer vectors comprise a 5' LTR U3 region replaced by a heterologous promoter.

An “Rregion,” as used herein, refers to the region within LTRs beginning at the start
of the capping group (i.e., the start of transcription) and ending immediately prior to the start
of the polyA tract. The R region is also defined as being flanked by the U3 and U5 regions.
The R region plays a role during reverse transcription in permitting the transfer of nascent
DNA from one end of the genome to the other.

As used herein, a “packaging signal” or “packaging sequence” refers to sequences
located within the retroviral genome which are required for insertion of the viral RNA into
the viral capsid or particle, see e.g., Clever et al., 1995. J. of Virology, Vol. 69, No. 4; pp.
2101-2109. Several retroviral vectors use the minimal packaging signal (also referred to as
the psi [W] or [W+] sequence) needed for encapsidation of the viral genome. Thus, as used

29 ¢

herein, the terms “packaging sequence,” “packaging signal,” “psi” and the symbol “¥,” are
used in reference to the non-coding sequence required for encapsidation of retroviral RNA
strands during viral particle formation.

A “FLAP element” or “cPPT/FLAP,” as used herein refers to a nucleic acid whose
sequence includes the central polypurine tract and central termination sequences (cPPT and
CTS) of a lentivirus, e.g., HIV-1 or HIV-2. “FLAP element” and “cPPT/FLAP” may used
interchangeably to refer to the foregoing FLAP element. Suitable FLAP elements are
described in U.S. Pat. No. 6,682,907 and in Zennou, et al., 2000, Cell, 101:173. During HIV-
1 reverse transcription, central initiation of the plus-strand DNA at the central polypurine
tract (cPPT) and central termination at the central termination sequence (CTS) lead to the
formation of a three-stranded DNA structure: the HIV-1 central DNA flap. While not
wishing to be bound by any particular theory, the DNA flap may act as a cis-active
determinant of lentiviral genome nuclear import and/or may increase virus titer.

As used herein, an “export element” refers to a cis-acting post-transcriptional
regulatory element which regulates the transport of an RNA transcript from the nucleus to

the cytoplasm of a cell. Examples of RNA export elements include, but are not limited to,
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the human immunodeficiency virus (HIV) rev response element (RRE) (see e.g., Cullen et
al., 1991. J. Virol. 65: 1053; and Cullen et al., 1991. Cell 58: 423), the woodchuck hepatitis
virus posttranscriptional regulatory element (WPRE), and the hepatitis B virus post-
transcriptional regulatory element (HPRE).

Expression of heterologous sequences in viral vectors may be increased by
incorporating posttranscriptional regulatory elements, efficient polyadenylation signals, and
optionally, transcription termination signals into the vectors. A variety of posttranscriptional
regulatory elements can increase expression of a heterologous nucleic acid at the protein, e.g.,
WPRE, HPRE.

Lentiviral vectors may contain one or more safety enhancements to reduce the risk
of replication, insertional mutagenesis, and off-target transduction and/or expression. In
particular embodiments, a lentiviral vector comprises one or more or the following safety
enhancements: one or more modifications of the 5" and 3" LTRs, cell or tissue specific
expression control sequences, e.g., promoters, enhancers, miRNA target sequences. A
“modified L'TR,” as used herein, refers to one or more nucleotide additions, deletions or
substitutions in the native HIV-1 5' LTR and/or 3' LTR. The skilled artisan would be able to
determine whether an LTR is modified by comparison to a reference LTR.

“Self-inactivating” (SIN) vectors, as used herein, refer to replication-defective
vectors, e.g., retroviral or lentiviral vectors, in which the right (3") LTR enhancer-promoter
region, known as the U3 region, has been modified (e.g., by deletion or substitution) to
prevent viral transcription beyond the first round of viral replication. Self-inactivation is
achieved through a deletion in the U3 region of the 3" LTR of the lentiviral vector transfer
plasmid that removes the LTR TATA box (e.g., deletions from -418 to -18), without
significant reductions in titers.

An additional safety enhancement is provided by replacing the U3 region of the 5°
LTR with a heterologous promoter to drive transcription of the viral genome during
production of recombinant viral particles. Examples of heterologous promoters which can
be used include, for example, viral simian virus 40 (SV40) (e.g., early or late),
cytomegalovirus (CMV) (e.g., immediate early), Moloney murine leukemia virus
(MoMLV), Rous sarcoma virus (RSV), and herpes simplex virus (HSV) (thymidine kinase)
promoters.

In particular embodiments, a lentiviral vector is engineered to integrate into the host

cell genome.
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In certain embodiments, a lentiviral vector is engineered to be integration defective,
episomal, and not integrate in the cell genome. As used herein, the term “integration
defective lentivirus” or “IDLV” refers to a lentivirus having an integrase that lacks the
capacity to integrate the viral vector into the host cell genome. Integration-incompetent viral
vectors have been described in patent application WO 2006/010834, which is herein
incorporated by reference in its entirety. Illustrative mutations in HIV-1 integrase suitable to
reduce integrase activity include, but are not limited to: H12N, H12C, H16C, H16V, S81R,
D41A, K42A, HS51A, Q353C, D55V, D64E, D64V, E69A, K71A, ESSA, ES7A, D116N,
D116l, D116A, N120G, N1201I, N120E, E152G, E152A, K156E, K156A, E157A, K159E,
K159A, K160A,R166A, D167A, E170A, H171A, K173A, K186Q, K186T, K188T, E198A,
R199C,R199T,R199A, D202A, K211A, Q214L, Q216L, Q221L, W235F, W235E, K236S,
K236A, K246A, G247W, D253A, R262A, R263A and K264H. In particular embodiments,
an HIV-1 integration deficient integrase comprises a D64V, D1611, D116A, E152G, or
E152A mutation; D64V, DI116A, and E152G mutations; D64V, D116A, and E152A

mutations; or a D64V mutation.

H. CELLS

In particular embodiments, a polynucleotide encoding a polypeptide contemplated
herein is introduced into a cell, e.g., an immune effector cell. In particular embodiments, a
cell, e.g., an immune effector cell, is modified to express a polypeptide that comprises an
anti-BCMA binding protein an anti-BCMA binding protein, e.g., an anti-BCMA antibody or
antigen binding fragment thereof, an anti-BCMA-antiCD3 bispecific antibody, or a CAR.

In particular embodiments, a cell, e.g., an immune effector cell, is modified to express
a polypeptide contemplated that comprises an anti-BCMA binding protein, e.g., an anti-
BCMA antibody or antigen binding fragment thereof, an anti-BCMA-antiCD3 bispecific
antibody, or a CAR comprising an amino acid sequence set forth in any one of SEQ ID NOs:
11-144 or a CAR comprising the amino acid sequence set forth in any one of SEQ ID NOs:
165-860.

An “immune effector cell” is any cell of the immune system that has one or more
effector functions (e.g., cytotoxic cell killing activity, secretion of cytokines, induction of
ADCC and/or CDC). Illustrative types of immune effector cells contemplated in particular
embodiments include, without limitation, T lymphocytes, dendritic cells (DC), Treg cells,

natural killer (NK) cells, natural killer T (NKT) cells, and macrophages. The terms “T cell”
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or “T lymphocyte” are art-recognized and are intended, in particular embodiments, to include
thymocytes, immature T lymphocytes, mature T lymphocytes, resting T lymphocytes, and/or
activated T lymphocytes. Ilustrative examples of T lymphocytes suitable for use in
particular embodiments, include but not limited to cytotoxic T cells (CTLs; CD8" T cells),
TILs, helper T cells (HTLs; CD4* T cells), CD4*CD8" T cells, CD4” CDS8 T cells, or any
other subset of T cells that has an effector function. In a particular embodiment, the cells
comprise aff T cells. In a particular embodiment, the cells comprise v5 T cells.

In particular embodiments, immune effector cells include natural killer (NK) cells.
NK cells do not express T cell antigen receptors (TCR), CD3 or surface immunoglobulins
(Ig) B cell receptor, but usually express the surface markers CD16 (FcyRIII) and CD56 in
humans.

In particular embodiments, immune effector cells include natural killer T (NKT)
cells.

In particular embodiments, a polynucleotide encoding a polypeptide contemplated
herein is introduced into a progenitor of an immune effector cell that is subsequently induced
to differentiate, or differentiates, into one or more immune effector cells. In particular
embodiments, progenitors of immune effectors cells include hematopoietic stem cells
(HSCs) contained within the CD34* population of cells derived from cord blood, bone
marrow or mobilized peripheral blood which naturally differentiate into mature immune

effector cells, or which can be induced to differentiate into mature immune effector cells.

L. COMPOSITIONS AND FORMULATIONS

Compositions contemplated herein comprise one or more antibodies or antigen
binding fragments thereof, bispecific antibodies, antibody conjugates, polypeptides,
fusion polypeptides, chimeric antigen receptors, polynucleotides, vectors, and/or immune
effector cells modified ex vivo.

In particular embodiments, a composition comprises one or more
polynucleotides and/or polypeptides.

In particular embodiments, a composition comprises a polynucleotide
comprising or encoding a promoter operably linked to one or more polynucleotide
encoding one or more anti-BCMA binding proteins, e.g., an anti-BCMA antibody or

antigen binding fragment thereof, an anti-BCMA-antiCD3 bispecific antibody, or a CAR.
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In particular embodiments, a composition comprises a vector comprising a
polynucleotide comprising or encoding a promoter operably linked to a polynucleotide
encoding the amino acid sequence set forth in any one of SEQ ID NOs: 165-860 or a
polynucleotide sequence set forth in any one of SEQ ID NOs: 905-944.

In particular embodiments, a composition is a pharmaceutical composition. A
“pharmaceutical composition” refers to a composition formulated in a pharmaceutically-
acceptable or physiologically-acceptable solution for administration to a cell or a
subject, either alone, or in combination with one or more other modalities of therapy.

“Pharmaceutically acceptable” refers to molecular entities and compositions that
do not produce excessive toxicity, irritation, allergic response, or other problems or
complications, commensurate with a reasonable benefit/risk ratio when administered to
a human.

In particular embodiments, a composition comprises a pharmaceutically acceptable
carrier and a recombinant particle contemplated herein. The term “pharmaceutically
acceptable carrier” refers to a diluent, adjuvant, excipient, vehicle and the like with which a
polypeptide, a polynucleotide or a vector is physiologically compatible with administration
to a human, including but not limited to pharmaceutically acceptable cell culture media,
Dulbecco's phosphate buffered saline (PBS), Ringer's solution, 5% dextrose in water (DSW),
and normal/physiologic saline (0.9% NaCl).

In particular embodiments, a composition comprises a polypeptide, a polynucleotide
or a vector and a pharmaceutically acceptable carrier suitable for enteral or parenteral, e.g.,
intravascular (intravenous or intraarterial), intraosseous, intraperitoneal, intraventricular,
intracerebral, intracranial, intraspinal, intrathecal, intramuscular, and intramedullary,
administration and formulation.

In particular embodiments, a composition is substantially free of mycoplasma,
endotoxin, and microbial contamination. By “substantially free” with respect to endotoxin
is meant that there is less endotoxin per dose of cells than is allowed by the FDA for a
biologic, which is a total endotoxin of 5 EU/kg body weight per day, which for an average
70 kg person is 350 EU per total dose of cells. In particular embodiments, compositions
contemplated herein contain about 0.5 EU/mL to about 5.0 EU/mL, or about 0.5 EU/mL, 1.0
EU/mL, 1.5 EU/mL, 2.0 EU/mL, 2.5 EU/mL, 3.0 EU/mL, 3.5 EU/mL, 4.0 EU/mL, 4.5
EU/mL, or 5.0 EU/mL.
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In particular embodiments, compositions contemplated herein are used in the
treatment of a cancer, GVHD, an infectious disease, an autoimmune disease, an
inflammatory disease, or an immunodeficiency. In particular embodiments, a composition
comprises a recombinant particle contemplated herein and one or more cytokines, growth
factors, steroids, NSAIDs, DMARDs, anti-inflammatories, chemotherapeutics,
radiotherapeutics, therapeutic antibodies, or other active and ancillary agents, either alone or
in combination.

It would be understood by the skilled artisan that particular embodiments
contemplated herein may comprise other formulations, such as those that are well known
in the pharmaceutical art, and are described, for example, in Remington: The Science
and Practice of Pharmacy, Volume I and Volume II. 23" Edition. Edited by Adeboye
Adejare. Academic Press, 2020, which is incorporated by reference herein, in its

entirety.

J. ENUMERATED EMBODIMENTS

Embodiment 1: An antibody or antigen binding fragment thereof comprising:

(a) a heavy chain variable region (VH) comprising a CDRHI1, a CDRH2, and a
CDRH3 of an antibody or antigen binding fragment thereof set forth in Table 1; a polypeptide
linker; and a light chain variable region (VL) comprising a CDRL1, a CDRL2, and a CDRL3
of an antibody or antigen binding fragment thereof set forth in Table 1; or

(b) a VHH domain comprising a CDRH1, a CDRH2, and a CDRH3 of an antibody
or antigen binding fragment thereof set forth in Table 1.

Embodiment 2: The antibody or antigen binding fragment thereof of embodiment 1,
wherein:

(a) the VH comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino
acid sequences set forth in SEQ ID NOs: 12, 13, and 14 and the VL comprises a CDRL1, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 16,
17, and 18;

(b) the VH comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino
acid sequences set forth in SEQ ID NOs: 22, 23, and 24 and the VL comprises a CDRLI, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 26,
27, and 28;
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(c) the VH comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino
acid sequences set forth in SEQ ID NOs: 32, 33, and 34 and the VL comprises a CDRL1, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 36,
37, and 38;

(d) the VH comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino
acid sequences set forth in SEQ ID NOs: 42, 43, and 44 and the VL comprises a CDRL1, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 46,
47, and 48;

(e) the VH comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino
acid sequences set forth in SEQ ID NOs: 52, 53, and 54 and the VL comprises a CDRL1, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 56,
57, and 58;

(f) the VH comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino acid
sequences set forth in SEQ ID NOs: 62, 63, and 64 and the VL comprises a CDRLI1, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 66,
67, and 68;

(g) the VH comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino
acid sequences set forth in SEQ ID NOs: 72, 73, and 74 and the VL comprises a CDRL1, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 76,
77, and 78;

(h) the VH comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino
acid sequences set forth in SEQ ID NOs: 82, 83, and 84 and the VL comprises a CDRL1, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 86,
87, and 88;

(i) the VH comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino acid
sequences set forth in SEQ ID NOs: 92, 93, and 94 and the VL comprises a CDRLI, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 96,
97, and 98;

(j) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 102, 103, and 104;

(k) the VHH domain comprises a CDRHI1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 106, 107, and 108;
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(1) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 110, 111, and 112;

(m) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 114, 115, and 116;

(n) the VHH domain comprises a CDRHI1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 118, 119, and 120;

(o) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 122, 123, and 124;

(p) the VHH domain comprises a CDRHI1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 126, 127, and 128;

(q) the VHH domain comprises a CDRHI1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 130, 131, and 132;

(r) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 134, 135, and 136;

(s) the VHH domain comprises a CDRHI1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 138, 139, and 140; or

(t) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 142, 143, and 144.

Embodiment 3: The antibody or antigen binding fragment thereof of embodiment 1
or embodiment 2, wherein:

(a) the VH comprises the amino acid sequence set forth in SEQ ID NO: 11 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 15;

(b) the VH comprises the amino acid sequence set forth in SEQ ID NO: 21 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 25;

(c) the VH comprises the amino acid sequence set forth in SEQ ID NO: 31 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 35;

(d) the VH comprises the amino acid sequence set forth in SEQ ID NO: 41 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 45;

(e) the VH comprises the amino acid sequence set forth in SEQ ID NO: 51 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 55;

(f) the VH comprises the amino acid sequence set forth in SEQ ID NO: 61 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 65;
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(g) the VH comprises the amino acid sequence set forth in SEQ ID NO: 71 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 75;

(h) the VH comprises the amino acid sequence set forth in SEQ ID NO: §1 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 85;

(i) the VH comprises the amino acid sequence set forth in SEQ ID NO: 91 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 95; or

(a) the VHH domain comprises the amino acid sequence set forth in any one of SEQ
ID NOs: 101, 105, 109, 113, 117, 121, 125, 129, 133, 137, and 141.

Embodiment 4: The antibody or antigen binding fragment thereof of any one of
embodiments 1 to 3, wherein the polypeptide linker is selected from the group consisting of:
TGEKP (SEQ ID NO: 2); (GGGGS), whereinn =1, 2, 3, 4 or 5 (SEQ ID NOs: 3 and 976-
979); EGKSSGSGSESKVD (SEQ ID NO: 4); KESGSVSSEQLAQFRSLD (SEQ ID NO:
5); LRQRDGERP (SEQ ID NO: 6); LRQKDGGGSERP (SEQ ID NO: 7);
LRQKD(GGGS):ERP (SEQ ID NO: 8), GEGTSTGSGGSGGSGGAD (SEQ ID NO: 9),
and GSTSGSGKPGSGEGSTKG (SEQ ID NO: 10) and variants thereof comprising an
amino acid sequence 95% identical thereto.

Embodiment 5: The antibody or antigen binding fragment thereof of any one of
embodiments 1 to 4, wherein the antibody or antigen binding fragment thereof comprises the
amino acid sequence set forth in any one of SEQ ID NOs: 19, 20, 29, 30, 39, 40, 49, 50, 59,
60, 69, 70,79, 80, 89, 90, 99, 100, 101, 105, 109, 113, 117, 121, 125, 129, 133, 137, and 141.

Embodiment 6: A bispecific antibody comprising the antibody or antigen binding
fragment thereof of any one of embodiments 1 to 5.

Embodiment 7: The bispecific antibody of embodiment 6, further comprising an anti-
CD3 antibody that binds CD36, CD3¢e, CD3y, or CD3(,

Embodiment 8: An antibody conjugate comprising the antibody or antigen binding
fragment thereof of any one of embodiments 1 to 5.

Embodiment 9: The antibody conjugate of embodiment 8, wherein the antigen or
antigen binding fragment thereof is conjugated to a cytotoxic agent.

Embodiment 10: The antibody conjugate of embodiment 8 or embodiment 9,
wherein:

(a) the cytotoxic agent is a toxin selected from the group consisting of: saporin,
diphtheria toxin, pseudomonas exotoxin A, Ricin A chain derivatives, a small molecule toxin,

and combinations thereof;
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(b) the cytotoxic agent is a radioisotope selected from the group consisting of: 1311,
90Y, 177Lu, 188Re, 67Cu, 213Bi, 211At, and 227Ac;

(c) the cytotoxic agent is an RNA polymerase II inhibitor and/or RNA polymerase
11T inhibitor selected from the group consisting of: an amatoxin, a-amanitin, - amanitin, y-
amanitin, e&-amanitin, amanin, amaninamide, amanullin, amanullinic acid and any functional
fragments, derivatives or analogs thereof; or

(d) the cytotoxic agent is a DNA-damaging agent selected from the group consisting
of: an antitubulin agent, a DNA crosslinking agent, a DNA alkylating agent and a mitotic
disrupting agent.

Embodiment 11: A chimeric antigen receptor (CAR) comprising the antibody or
antigen binding fragment thereof of any one of embodiments 1 to 5; a spacer domain; a
transmembrane domain, and one or more intracellular signaling domains.

Embodiment 12: The CAR of embodiment 11, wherein the spacer domain comprises
a hinge domain or fragment thereof selected from the group consisting of: a CD4 hinge, a
CDS8p hinge, a CD8a hinge, a CD28 hinge, a CD134 hinge, a CD137 hinge, a CD152 hinge,
aCD278 hinge, an IgG1 hinge, an 1gG2 hinge, an IgG3 hinge, and an IgG4 hinge.

Embodiment 13: The CAR of embodiment 11 or embodiment 12, wherein the spacer
domain comprises an amino acid sequence set forth in any one of SEQ ID NOs: 145, 146,
147, 148, 149, and 150 or an amino acid sequence at least 95% identical thereto.

Embodiment 14: The CAR of any one of embodiments 11 to 13, wherein the
transmembrane domain is isolated or derived from a polypeptide selected from the group
consisting of an alpha, beta, gamma, or delta chain of the T-cell receptor, CD38, CD3e,
CD3y, CD3(, CD4, CD5, CD8a, CD9, CD16, CD22, CD27, CD28, CD33, CD37, CD45,
CD64, CDS80, CD86, CD134, CD137, CD152, CD154, CD278, amnionless (AMN), and
programmed cell death 1 (PDCD1).

Embodiment 15: The CAR of any one of embodiments 11 to 14, wherein the
transmembrane domain comprises an amino acid sequence set forth in any one of SEQ ID
NOs: 151, 152, 153, 154, 155, 156, and 157 or an amino acid sequence at least 95% identical
thereto.

Embodiment 16: The CAR of any one of embodiments 11 to 15, wherein the one or
more intracellular signaling domains comprises a primary signaling domain isolated or
derived from a polypeptide selected from the group consisting of FcRy, FcRp, CD3y, CD35,
CD3e, CD3(, CD22, CD79a, CD79b, and CD66d.
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Embodiment 17: The CAR of any one of embodiments 11 to 16, wherein the one or
more intracellular signaling domains comprises a primary signaling domain isolated from
CD3L.

Embodiment 18: The CAR of embodiment 17, wherein the primary signaling domain
comprises an amino acid sequence set forth in SEQ ID NO: 158 or an amino acid sequence
at least 95% identical thereto.

Embodiment 19: The CAR of any one of embodiments 11 to 18, wherein the one or
more intracellular signaling domains comprises a costimulatory signaling domain isolated or
derived from a polypeptide selected from the group consisting of TLR1, TLR2, TLR3, TLR4,
TLRS, TLR6, TLR7, TLRS, TLR9, TLR10, CARD11, CD2, CD7, CD27, CD28, CD30,
CD40, ICAM, CD83, CD9%, CD134 (0X40), CD137 (4-1BB), CD278 (ICOS), DAP10,
LAT, SLP76, TRAT1, TNFR2, TNFRS14, TNFRS18, TNFRS25, and ZAP70.

Embodiment 20: The CAR of any one of embodiments 11 to 19, wherein the one or
more intracellular signaling domains comprises a costimulatory signaling domain comprising
an amino acid sequence set forth in any one of SEQ ID NOs: 159, 160, 161, 162, 163, and
164 or an amino acid sequence at least 95% identical thereto.

Embodiment 21: A CAR comprising an antibody or antigen binding fragment thereof
comprises the amino acid sequence set forth in any one of SEQ ID NOs: 39, 59, 70, 90, 101,
or 117; a spacer domain comprising the amino acid sequence set forth in any one of SEQ ID
NOs: 145, 146, and 148 or an amino acid sequence at least 95% identical thereto; a
transmembrane domain comprising the amino acid sequence set forth in SEQ ID NOs: 151
or 153; one or more intracellular signaling domains comprising a costimulatory signaling
domain comprising an amino acid sequence set forth in any one of SEQ ID NOs: 159, 160,
and 162 or an amino acid sequence at least 95% identical thereto and further comprising a
primary signaling domain comprising an amino acid sequence set forth in SEQ ID NO: 158
or an amino acid sequence at least 95% identical thereto.

Embodiment 22: A CAR comprising the amino acid sequence set forth in any one of
SEQ ID NOs: 165-860.

Embodiment 23: A CAR comprising the amino acid sequence set forth in any one of
SEQ ID NOs: 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275,
276,271,278, 279, 280, 281, 282, and 283.
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Embodiment 24: A CAR comprising the amino acid sequence set forth in any one of
SEQ ID NOs: 357, 358, 359, 360, 361, 362,363, 364, 365, 366, 367, 368, 369, 370 371, 372,
373,374, 375, 376, 377, 378, 379, and 380.

Embodiment 25: A CAR comprising the amino acid sequence set forth in any one of
SEQ ID NOs: 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443,
444, 445, 446, 447, 448, 449, 450, 451, and 452.

Embodiment 26: A CAR comprising the amino acid sequence set forth in any one of
SEQ ID NOs: 525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535, 536, 537, 538, 539,
540, 541, 542, 543, 544, 545, 546, 547, and 548.

Embodiment 27: A CAR comprising the amino acid sequence set forth in any one of
SEQ ID NOs: 597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 607, 608, 609, 610, 611,
612,613, 614, 615, 616, 617, 618, 619, and 620.

Embodiment 28: A CAR comprising the amino acid sequence set forth in any one of
SEQ ID NOs: 693, 694, 695, 696, 697, 698, 699, 700, 701, 702, 703, 704, 705, 706, 707,
708, 709,710,711, 712, 713, 714, 715, and 716.

Embodiment 29: The CAR of any one of embodiments 11 to 28, further comprising
a signal peptide.

Embodiment 30: The CAR of embodiment 29, wherein the signal peptide comprises
an amino acid sequence set forth in any one of SEQ ID NOs: 861, 862, 863, 864, 865, 866,
867, 868, 869, 870, 871, 872, and 873.

Embodiment 31: A polynucleotide encoding a CAR, comprising a polynucleotide
sequence set forth in any one of SEQ ID NOs: 905-924.

Embodiment 32: A polynucleotide encoding a signal peptide and a CAR comprising
a polynucleotide sequence set forth in any one of SEQ ID NOs: 925-944.

Embodiment 33: A polynucleotide encoding the antibody or antigen binding
fragment thereof of any one of embodiments 1 to 5, the bispecific antibody of embodiment
6 or embodiment 7, the antibody conjugate of any one of embodiments 8 to 10, or the CAR
of any one of embodiments 11 to 30.

Embodiment 34: A polynucleotide encoding or comprising a promoter operably
linked to a polynucleotide of any one of embodiments 31 to 33.

Embodiment 35: The polynucleotide of embodiment 34, wherein the promoter
comprises the polynucleotide sequence set forth in any one of SEQ ID NOs: 980, 981, 982,
983, 984, and 985.
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Embodiment 36: The polynucleotide of embodiment 34 or embodiment 35, further
comprising a post-transcriptional response element.

Embodiment 37: The polynucleotide of embodiment 36, wherein the post-
transcriptional response element comprises the polynucleotide sequence set forth in any one
of SEQ ID NOs:945, 946, and 947.

Embodiment 38: A DNA comprising the polynucleotide sequence of any one of
embodiments 31 to 37.

Embodiment 39: An RNA encoded by the polynucleotide sequence of any one of
embodiments 31 to 37.

Embodiment 40: A vector comprising the polynucleotide of any one of embodiments
31to 39.

Embodiment 41: A vector encoding or comprising a promoter comprising a sequence
set forth in SEQ ID NO: 950 operably linked to a polynucleotide encoding a signal peptide
and a chimeric antigen receptor comprising an anti-BCMA antibody or antigen binding
fragment thereof comprising an amino acid set forth in any one of SEQ ID NOs: 11-144,
and optionally comprising a polynucleotide comprising a posttranscriptional regulatory
element set forth in any one of SEQ ID NOs: 945-947.

Embodiment 42: A vector encoding or comprising a promoter comprising a sequence
set forth in SEQ ID NO: 950 operably linked to a polynucleotide encoding a signal peptide
and a chimeric antigen receptor comprising an anti-BCMA antibody or antigen binding
fragment thereof comprising an amino acid set forth in any one of SEQ ID NOs: 20, 30, 39,
50, 59, 70, 80, 90, 100, 101, 105, 109, 113, 117, 121, 125, 129, 133, 137, and 141, and
optionally comprising a polynucleotide comprising a posttranscriptional regulatory element
set forth in any one of SEQ ID NOs: 945-947.

Embodiment 43: A vector encoding or comprising a promoter comprising a sequence
set forth in SEQ ID NO: 950 operably linked to a polynucleotide encoding a signal peptide
and a chimeric antigen receptor comprising an amino acid set forth in any one of SEQ ID
NOs: 165-860, and optionally comprising a polynucleotide comprising a posttranscriptional
regulatory element set forth in any one of SEQ ID NOs: 945-947.

Embodiment 44: A vector encoding or comprising a promoter comprising a sequence
set forth in SEQ ID NO: 950 operably linked to a polynucleotide encoding a signal peptide
and a chimeric antigen receptor comprising an amino acid set forth in any one of SEQ ID

NOs: 189, 237, 261, 333, 357, 429, 477, 525, 573, 597, 621, 645, 669, 693, 717, 741, 765,
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789, 813, and 837, and optionally comprising a polynucleotide comprising a
posttranscriptional regulatory element set forth in any one of SEQ ID NOs: 945-947.

Embodiment 45: A vector encoding or comprising a promoter comprising a sequence
set forth in SEQ ID NO: 950 operably linked to a polynucleotide comprising a
polynucleotide sequence set forth in SEQ ID NO: 904 and a polynucleotide sequence set
forth in any one of SEQ ID NOs: 905-924, and optionally comprising a polynucleotide
comprising a posttranscriptional regulatory element set forth in any one of SEQ ID NOs:
945-947.

Embodiment 46: A vector encoding or comprising a promoter comprising a sequence
set forth in SEQ ID NO: 950 operably linked to a polynucleotide comprising a
polynucleotide sequence set forth in any one of SEQ ID NOs: 925-944, and optionally
comprising a polynucleotide comprising a posttranscriptional regulatory element set forth in
any one of SEQ ID NOs: 945-947.

Embodiment 47: A vector encoding or comprising a promoter comprising a sequence
set forth in SEQ ID NO: 949 operably linked to a polynucleotide encoding a signal peptide
and a chimeric antigen receptor comprising an anti-BCMA antibody or antigen binding
fragment thereof comprising an amino acid set forth in any one of SEQ ID NOs: 11-144,
and optionally comprising a polynucleotide comprising a posttranscriptional regulatory
element set forth in any one of SEQ ID NOs: 945-947.

Embodiment 48: A vector encoding or comprising a promoter comprising a sequence
set forth in SEQ ID NO: 949 operably linked to a polynucleotide encoding a signal peptide
and a chimeric antigen receptor comprising an anti-BCMA antibody or antigen binding
fragment thereof comprising an amino acid set forth in any one of SEQ ID NOs: 20, 30, 39,
50, 59, 70, 80, 90, 100, 101, 105, 109, 113, 117, 121, 125, 129, 133, 137, and 141, and
optionally comprising a polynucleotide comprising a posttranscriptional regulatory element
set forth in any one of SEQ ID NOs: 945-947.

Embodiment 49: A vector encoding or comprising a promoter comprising a sequence
set forth in SEQ ID NO: 949 operably linked to a polynucleotide encoding a signal peptide
and a chimeric antigen receptor comprising an amino acid set forth in any one of SEQ ID
NOs: 165-860, and optionally comprising a polynucleotide comprising a posttranscriptional
regulatory element set forth in any one of SEQ ID NOs: 945-947.

Embodiment 50: A vector encoding or comprising a promoter comprising a sequence

set forth in SEQ ID NO: 949 operably linked to a polynucleotide encoding a signal peptide
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and a chimeric antigen receptor comprising an amino acid set forth in any one of SEQ ID
NOs: 189, 237, 261, 333, 357, 429, 477, 525, 573, 597, 621, 645, 669, 693, 717, 741, 765,
789, 813, and 837, and optionally comprising a polynucleotide comprising a
posttranscriptional regulatory element set forth in any one of SEQ ID NOs: 945-947.

Embodiment 51: A vector encoding or comprising a promoter comprising a sequence
set forth in SEQ ID NO: 949 operably linked to a polynucleotide comprising a
polynucleotide sequence set forth in SEQ ID NO: 904 and a polynucleotide sequence set
forth in any one of SEQ ID NOs: 905-924, and optionally comprising a polynucleotide
comprising a posttranscriptional regulatory element set forth in any one of SEQ ID NOs:
945-947.

Embodiment 52: A vector encoding or comprising a promoter comprising a sequence
set forth in SEQ ID NO: 949 operably linked to a polynucleotide comprising a
polynucleotide sequence set forth in any one of SEQ ID NOs: 925-944, and optionally
comprising a polynucleotide comprising a posttranscriptional regulatory element set forth in
any one of SEQ ID NOs: 945-947.

Embodiment 53: The vector of embodiment any one of embodiments 40 to 52,
wherein the vector is an expression vector.

Embodiment 54: The vector of embodiment any one of embodiments 40 to 52,
wherein the vector is a transfer plasmid or viral vector.

Embodiment 55: The vector of embodiment any one of embodiments 40 to 52,
wherein the vector is a plasmid.

Embodiment 56: The vector of embodiment any one of embodiments 40 to 54,
wherein the vector is a viral vector selected from the group consisting of an adenoviral (Ad)
vector, an adeno-associated virus (AAV) vector, a herpes simplex virus (HSV) vector, a
parvovirus vector, a thabdovirus vector, a vesiculovirus vector, a paramyxovirus vector, a
morbillovirus vector, a henipavirus vector, an alphavirus vector, a flavivirus vector, a
retroviral vector, and a lentiviral vector (LVV).

Embodiment 57: The vector of embodiment 56, wherein the lentiviral vector is
engineered or derived from the genome of a lentivirus selected from the group consisting of:
HIV (HIV type 1 or HIV type 2); visna-maedi virus (VMV); caprine arthritis-encephalitis
virus (CAEV); equine infectious anemia virus (EIAV); feline immunodeficiency virus (FIV);

bovine immune deficiency virus (BIV); and simian immunodeficiency virus (SIV).
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Embodiment 58: A lentiviral vector comprising: a 5" long terminal repeat (LTR)
comprising R and US5 regions; a Psi (V) packaging signal; a cPPT/FLAP; an export element;
a polynucleotide encoding or comprising a promoter operably linked to a polynucleotide
sequence set forth in SEQ ID NO: 904 and a polynucleotide sequence set forth in any one of
SEQ ID NOs: 905-924; optionally a WPRE; a 3" LTR comprising U3 and R regions; a
polyadenylation signal, and a poly(A) tail.

Embodiment 59: A lentiviral vector comprising: a 5" long terminal repeat (LTR)
comprising R and U5 regions; a Psi (W) packaging signal; a cPPT/FLAP; an export element;
a polynucleotide encoding or comprising a promoter operably linked to a polynucleotide
sequence set forth in any one of SEQ ID NOs: 925-944; optionally a WPRE; a 3" LTR
comprising U3 and R regions; a polyadenylation signal, and a poly(A) tail.

Embodiment 60: An RNA comprising: a 5" long terminal repeat (LTR) comprising
R and US regions; a Psi (W) packaging signal; a cPPT/FLAP; an export element; a
polynucleotide encoding a promoter operably linked to a polynucleotide sequence set forth
in SEQ ID NO: 904 and a polynucleotide sequence set forth in any one of SEQ ID NOs: 905-
924; optionally a WPRE; a 3" LTR comprising U3 and R regions; a polyadenylation signal,
and optionally a poly(A) tail.

Embodiment 61: An RNA comprising: a 5" long terminal repeat (LTR) comprising
R and US regions; a Psi (W) packaging signal, a cPPT/FLAP; an export element; a
polynucleotide encoding a promoter operably linked to a polynucleotide sequence set forth
in any one of SEQ ID NOs: 925-944; optionally a WPRE; a 3" LTR comprising U3 and R
regions; a polyadenylation signal, and optionally a poly(A) tail.

Embodiment 62: The lentiviral vector of embodiments 58 or 59, wherein the vector
encodes a promoter sequence set forth in SEQ ID NO: 949 or 950.

Embodiment 63: The RNA of embodiments 60 or 61, wherein the RNA encodes a
promoter sequence set forth in SEQ ID NO: 949 or 950.

Embodiment 64: A recombinant lentivirus comprising one or more copies of the
lentiviral vector of any one of embodiments 58-60 or the RNA of any one of embodiments
61-63.

Embodiment 65: A composition comprising the antibody or antigen binding
fragment thereof of any one of embodiments 1 to 5, the bispecific antibody of embodiment
6 or embodiment 7, the antibody conjugate of any one of embodiments 8 to 10, the CAR of

any one of embodiments 11 to 30, the polynucleotide of any one of embodiments 31 to 39,

200

PCT/US2024/048295



10

15

WO 2025/072253 PCT/US2024/048295

the vector of any one of embodiments 40 to 60, the RNA of any one of embodiments 61-63,

or the recombinant lentivirus of embodiment 64.

All publications, patent applications, and issued patents cited in this specification are
herein incorporated by reference as if each individual publication, patent application, or
issued patent were specifically and individually indicated to be incorporated by reference.

Although the foregoing embodiments have been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily apparent
to one of ordinary skill in the art in light of the teachings contemplated herein that certain
changes and modifications may be made thereto without departing from the spirit or scope
of the appended claims. The following examples are provided by way of illustration only
and not by way of limitation. Those of skill in the art will readily recognize a variety of

noncritical parameters that could be changed or modified to yield essentially similar results.
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K. EXAMPLES

EXAMPLE 1

RECOMBINANT LENTIVIRUS DELIVERS

FUNCTIONAL ANTI-BCMA CARS 1O T CELLS

Recombinant T cell specific lentiviral particles with a viral envelope expressing a
mutated viral envelope glycoprotein(fusogen) and a non-viral membrane bound tropism
molecule and harboring a lentiviral vector encoding an anti-BCMA CAR were generated.
Figure 1.

HEK293T cells were transfected with plasmids encoding a non-viral membrane
bound tropism molecule comprising an anti-CD3 scFv fused to a CD8a hinge and
transmembrane domain; a mutant VSIV-G fusogen comprising K47Q and R354A amino
acid substitutions; lentiviral GAG/POL,; lentiviral REV; and a transfer plasmid encoding a
lentiviral vector comprising an MNDU3 promoter operably linked to a polynucleotide
encoding a CD8a signal peptide and an anti-BCMA CAR and a WPRE element operably
linked to the 3" end of the polynucleotide encoding the anti-BCMA CAR.

Table 10 lists the recombinant lentivirus (L'V) reference number and the
corresponding SEQ ID NOs of the amino acid sequences of the anti-BCMA CARs and
their CARchitectures.

Table 10

LV Ref. | SEQID NO. a‘m'Bgé‘fn/:iEmdmg Hinge ™ Costim | Primary
LV1 189 scFv CD8a. CD8a CD137 CD3¢
Lv2 237 scFv CD8a. CD8a CD137 CD3¢
LV3 261 scFv CD8a. CD8a CD137 CD3¢
Lv4 333 scFv CD8a. CD8a CD137 CD3¢
LV5 357 scFv CD8a. CD8a CD137 CD3¢
LV6 429 scFv CD8a CD8a. CD137 CD3(

Lv7 477 scFv CD8a. CD8a CD137 CD3¢
LV8 525 sckv CD8a CD8a CD137 CD3¢
LV9 597 VHH CD8a CD8a CD137 CD3¢
LV 10 621 VHH CD8a CD8a CD137 CD3¢
LV 11 645 VHH CD8a CD8a CD137 CD3¢
LV 12 669 VHH CD8a CD8a CD137 CD3¢
LV13 693 VHH CD8a CD8a CD137 CD3¢
LV 14 717 VHH CD8a. CD8a CD137 CD3¢
LV 15 741 VHH CD8a CD8a CD137 CD3¢
LV 16 789 VHH CD8a CD8a CD137 CD3¢
LV 17 813 VHH CD8a CD8a CD137 CD3¢
LV 18 837 VHH CD8a. CD8a CD137 CD3¢
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[Lv19 | NA | scFv | cp8a | CD8« | c¢p137 | b3 |

Jurkat Functional Titer

1 x 10° Jurkat cells were plated in each well of a 96-well plate. Cells were transduced
with recombinant lentiviruses LV 1 to LV 18 that harbor novel anti-BCMA CARs and LV
19, which harbors a control anti-BCMA CAR obtained from the literature. Seven days post-
transduction, Jurkat cells were harvested and stained with a recombinant, phycoerythrin (PE)
labeled, BCMA extracellular domain-FC fusion protein (BCMA-PE) and analyzed by flow
cytometry. Functional titer, expressed as the number of transducing units (TU) per mL, was

determined by measuring the number of transduced Jurkat cells. Figure 2A.

Anti-BCMA CAR Expression

5 x 10° human PBMCs were plated in each well of a 24-well plate. Cells were
transduced with recombinant lentiviruses LV 1 to LV 19 at a MOI 2 based on the Jurkat
functional titer, or a 0.5 mL volumetric transduction if MOI 2 was not achievable. Seven
days post-transduction, PBMCs were harvested and stained with BCMA-PE and analyzed
by flow cytometry to assess the percentage of anti-BCMA CAR expressing cells. Figure 2B.

Anti-BCMA CAR Activity

5 x 10* PBMCs transduced with recombinant lentiviruses LV 1 to LV 19 were co-
cultured with 5 x 10* high BCMA-expressing tumor cells (RPMI-8226) or 5 x 10* low
BCMA-expressing tumor cells (Daudi) for 24 hours. Anti-BCMA CAR activity was
assessed by harvesting co-culture supernatants and measuring IFNy levels using a Meso
Scale Discovery (MSD®) assay. The percentage of anti-BCMA CAR positive cells was
plotted against IFNy levels produced in co-culture. Figure 2D.

Summary

These data indicate that the recombinant T cell specific lentiviral particles harboring
anti-BCMA CARs (LV 1 to LV 18) are able to transduce CD3 expressing cells, that anti-
BCMA CARs are expressed on PBMCs transduced with LV 1 to LV 18 and that the
transduced PBMCs express anti-BCMA CARs that recognize high or low BCMA-expressing

cells and produce IFNy in response to binding antigen.
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EXAMPLE 2

LENTIVIRAL VECTOR ARCHITECTURE AND ANTI-BCMA CAR EXPRESSION AND

FUNCTION

Recombinant T cell specific lentiviral particles with a viral envelope expressing a
mutated viral envelope glycoprotein(fusogen) and a non-viral membrane bound tropism
molecule and harboring a lentiviral vector encoding various promoters, anti-BCMA CARs,
and either no posttranscriptional response element (PRE) or a wild-type WPRE, or a mutated
WPRE.

HEK293T cells were transfected with plasmids encoding a non-viral membrane
bound tropism molecule comprising an anti-CD3 scFv fused to a CD8a hinge and
transmembrane domain; a mutant VSIV-G fusogen comprising K47Q and R354A amino
acid substitutions; lentiviral GAG/POL,; lentiviral REV; and a transfer plasmid encoding a
lentiviral vector comprising either an MNDU3 promoter (SEQ ID NO: 950), an SFFV
promoter (SEQ ID NO: 952), or an EFla promoter (SEQ ID NO: 949) operably linked to a
polynucleotide encoding a CD8a, signal peptide and an anti-BCMA CAR and either no
posttranscriptional response element or a wild-type WPRE (SEQ ID NO: 945) or a mutated
WPRE (SEQ ID NO: 946) operably linked to the 3" end of the polynucleotide encoding the
anti-BCMA CAR.

Table 11 lists the recombinant lentivirus reference number and the corresponding
SEQ ID NOs of the amino acid sequences of the anti-BCMA CARs and the different

lentiviral vector architectures.

Table 11

Ref. SEQ ID NO. Promoter WPRE
LV3i.l 261 MNDU3 wild-type
LV 3.2 261 MNDU3 no PRE
LVvV33 261 MNDU3 mutant WPRE
LV34 261 SFFV wild-type
LV35 261 SFEFV no PRE
LV3.6 261 SFEFV mutant WPRE
LV3.7 261 EFla wild-type
LV 3.8 261 EFla no PRE
LV 3.9 261 EFla mutant WPRE
LV5.1 357 MNDU3 wild-type
LV5.2 357 MNDU3 no PRE
LV53 357 MNDU3 mutant WPRE
LV54 357 SFFV wild-type
LV55 357 SFEFV no PRE
LV 5.6 357 SFEFV mutant WPRE
LV5.7 357 EFla wild-type

204

PCT/US2024/048295



WO 2025/072253

LV5.8 357 EFla no PRE
LV5.9 357 EFla mutant WPRE
LVé6.l 429 MNDU?3 wild-type
LV 6.2 429 MNDU3 no PRE
LV6.3 429 MNDU3 mutant WPRE
LV 6.4 429 SFFV wild-type
LV6.5 429 SFFV no PRE
LV 6.6 429 SFFV mutant WPRE
LV 6.7 429 EFla wild-type
LV 6.8 429 EFla no PRE
LV 6.9 429 EFla mutant WPRE
LVS.1 525 MNDU3 wild-type
LV8.2 525 MNDU3 no PRE
LV3&3 525 MNDU3 mutant WPRE
LV 84 525 SFFV wild-type
LV3&5 525 SFEV no PRE
LV 8.6 525 SFEV mutant WPRE
LV 8.7 525 EFla wild-type
LV 8.8 525 EFla no PRE
LVE89 525 EFla mutant WPRE
LVO.l 597 MNDU3 wild-type
LV9.2 597 MNDU3 no PRE
LVI93 597 MNDU3 mutant WPRE
LVI4 597 SFFV wild-type
LVI.5 597 SFEV no PRE
LV 9.6 597 SFFV mutant WPRE
LV9.7 597 EFla wild-type
LVI.8 597 EFla no PRE
LV99 597 EFla mutant WPRE
LV13.1 693 MNDU3 wild-type
LV 132 693 MNDU3 no PRE
LV 133 693 MNDU3 mutant WPRE
LV 134 693 SFEV wild-type
LV 135 693 SFEV no PRE
LV 13.6 693 SFEV mutant WPRE
LV 13.7 693 EFla wild-type
LV 1338 693 EFla no PRE
LV 139 693 EFla mutant WPRE
LV19 MNDU3 no PRE

Infectious Titer

PCT/US2024/048295

1 x 10° Jurkat cells were plated in each well of a 96-well plate and transduced with

the recombinant lentiviruses listed in Table 11 including LV 19, which harbors a lentiviral

vector encoding a control anti-BCMA CAR obtained from the literature. Three days post-

transduction, the cells were passaged. Seven days post-transduction the cells were harvested.

Genomic DNA was isolated and purified from the harvested cells and used in a quantitative

PCR (qPCR) assay to determine vector copy number (VCN) and subsequently, IU/mL.

Figure 3A.
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All lentiviral vector architectures examined produced infectious titers and were

subsequently used to transduce PBMCs.

VCN and Anti-BCMA CAR Expression

5 x 10° human PBMCs were plated in each well of a 24-well plate and transduced
with volume matched recombinant lentiviruses listed in Table 11.

Four days post-transduction, PBMCs were passaged to a 24-well GREX plate. Seven
days post-transduction, PBMCs were harvested, one aliquot of cells was stained with
BCMA-PE and analyzed by flow cytometry to assess the percentage of anti-BCMA CAR
expressing cells and another aliquot was used to isolate and purify genomic DNA for a
quantitative PCR (qPCR) assay to determine vector copy number (VCN). Figure 3B.

These data show that different lentiviral vector architectures tested in combination
with different anti-BCMA CARs result in a spectrum of transduction and anti-BCMA CAR

expression.

Anti-BCMA CAR Activity

5 x 10° human PBMCs were plated in each well of a 24-well plate and transduced
with recombinant lentiviruses listed in Table 11 that have the following lentiviral vector
architectures: MNDU3 promoter and wild-type WPRE, MNDU3 promoter and a mutated
WPRE, SFFV promoter and a mutated WPRE, and EF1a promoter and no WPRE. PBMCs
were transduced at an MOI of 1 (based on IU/mL determined in Jurkat cells), except for LV
3.6,LV 3.8,LV 9.8, and LV 13.8, in which volume matched lentivirus was used. Four days
post-transduction, PBMCs were passaged to a 24-well GREX plate. Seven days post-
transduction, PBMCs were harvested, one aliquot of cells was stained with BCMA-PE and
analyzed by flow cytometry to assess the number of anti-BCMA CAR expressing cells and
another aliquot was used in co-culture assays to assess anti-BCMA CAR function.

5 x 10* transduced PBMCs were co-cultured with 5 x 10* RPMI-8226 cells for 24
hours. Anti-BCMA CAR activity was assessed by harvesting PBMC/RPMI-8226 cell co-
culture supernatants and measuring IFNy and IL-2 levels using an MSD assay. IFNy and IL-
2 levels produced in co-culture were plotted against the percentage of anti-BCMA CAR
positive cells. Figures 3C and 3D.

Antigen independent anti-BCMA CAR activity was assessed by culturing 5 x 10*
transduced PBMCs in the absence of target cells for 24 hours. After 24 hours, the

supernatants were harvested and IFNy levels measures using an MSD assay. IFNy levels
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were plotted against lentiviral architectures used to express the anti-BCMA CARs. Figure
3E.

These data indicate that combinations of different lentiviral architectures and anti-
BCMA CARs can be selected to modulate anti-BCMA CAR expression and activity. Further,
the data show that PBMCs expressing the anti-BCMA CARs set forth in SEQ ID NOs: 259,
263, 266, 270, 273, and 277 show comparable or increased cell expansion and comparable
or increased activity compared to the control anti-BCMA CAR and that only three

combinations showed high levels of antigen independent (tonic) signaling.

Off-Target Transduction

Off-target transduction of multiple myeloma cells was evaluated in two BCMA-
expressing multiple myeloma cell lines, RPMI-8226 cells and KMS-11 cells. 1x 10° RPMI-
8226 or 1 x 10° KMS-11 cells were plated in each well of a 96-well plate and treated at an
MOI of 1 with recombinant lentiviruses listed in Table 11 that have the following lentiviral
vector architectures, MNDU3 promoter and wild-type WPRE, MNDU3 promoter and a
mutated WPRE, SFFV promoter and a mutated WPRE, and EFla promoter and no WPRE;
LV 19; and with LV 20. LV 20 is a recombinant lentiviral particle comprising a viral
envelope that expresses a non-viral membrane bound tropism molecule comprising an anti-
CD3 scFv fused to a CD8a hinge and transmembrane domain; a mutant VSIV-G fusogen
comprising K47Q and R354A amino acid substitutions; and a lentiviral vector comprising an
MNDUS3 promoter (SEQ ID NO: 950), operably linked to a polynucleotide encoding a CD8a
signal peptide and GFP and a wild-type WPRE (SEQ ID NO: 945) operably linked to the 3
end of the polynucleotide encoding GFP.

Three days post-treatment, the cells were passaged. Seven days post-treatment, the
cells were harvested and genomic DNA was isolated and purified for a qPCR assay to
determine vector integration using VCN. VCN values for anti-BCMA CARs were
normalized to VCN for LV 20, which expresses GFP rather than an anti-BCMA CAR.

The data show that differences in off-target multiple myeloma transduction were
largely driven by the particular anti-BCMA CAR being expressed, rather than any particular
lentiviral vector architecture. Several architectures used to express the anti-BCMA CARs in
LV 3, LV 5LV 6, LV 8, and LV 9 showed low levels of off-target transduction that were
comparable to or less than LV 19, which expresses a control anti-BCMA CAR. In contrast,
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LV 13 exhibited the highest rates of off-target transduction compared to other LVs. Figure
3F.

EXAMPLE 3

IN vivo ADMINISTERED LENTIVIRUS DEMONSTRATES ANTI-TUMOR EFFICACY

IN A MULTIPLE MYELOMA MOUSE MODEL

The anti-tumor efficacy of in vivo administered recombinant lentiviral particles
comprising an envelope that expresses an anti-CD3-based tropism molecule and a mutant
VSIV-G fusogen and a lentiviral vector encoding an anti-BCMA CAR was investigated in
multiple myeloma mouse models.

Recombinant lentivirus for in vivo administration was produced by transient
transfection of HEK293T cells with plasmids encoding a non-viral membrane bound tropism
molecule comprising an anti-CD3 scFv fused to a CD8a. hinge and transmembrane domain;
amutant VSIV-G fusogen comprising K47Q and R354A amino acid substitutions; lentiviral
GAG/POL; lentiviral REV; and a transfer plasmid encoding a lentiviral vector comprising:
(1) an MNDU3 promoter (SEQ ID NO: 950) operably linked to a polynucleotide encoding a
CD8a signal peptide and an anti-BCMA CAR, and a wild-type WPRE (SEQ ID NO: 945)
operably linked to the 3" end of the polynucleotide encoding the anti-BCMA CAR; (ii) an
MNDUS3 promoter (SEQ ID NO: 950) operably linked to a polynucleotide encoding a CD8a
signal peptide and an anti-BCMA CAR, and a mutated WPRE (SEQ ID NO: 946) operably
linked to the 3" end of the polynucleotide encoding the anti-BCMA CAR; (iii) an SFFV
promoter (SEQ ID NO: 952) operably linked to a polynucleotide encoding a CD8a, signal
peptide and an anti-BCMA CAR, and a mutated WPRE (SEQ ID NO: 946) operably linked
to the 3" end of the polynucleotide encoding the anti-BCMA CAR; or (iv) an EFla promoter
(SEQ ID NO: 949) operably linked to a polynucleotide encoding a CD8a, signal peptide and
an anti-BCMA CAR without a PRE.

The recombinant lentivirus reference number, the SEQ ID NO of the anti-BCMA
CAR polypeptide and the corresponding lentiviral architectures shown in Table 12 were used

in this Example.

Table 12
Ref. SEQ ID NO. Promoter WPRE
LV3.l 261 MNDU3 wild-type
LV33 261 MNDU3 mutant WPRE
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LV 3.6 261 SFEV mutant WPRE
LV 3.8 261 EFla no PRE
LV5.1 357 MNDU?3 wild-type
LV5.3 357 MNDU3 mutant WPRE
LV 5.6 357 SFEV mutant WPRE
LV 5.8 357 EFla no PRE
LV6.1 429 MNDU?3 wild-type
LV6.3 429 MNDU?3 mutant WPRE
LV 6.6 429 SFFV mutant WPRE
LV 6.8 429 EFla no PRE
LV3&.1 525 MNDU?3 wild-type
LV 8.3 525 MNDU3 mutant WPRE
LV 8.6 525 SFEV mutant WPRE
LV 8.8 525 EFla no PRE
LV 9.1 597 MNDU3 wild-type
LV 9.3 597 MNDU3 mutant WPRE
LV 9.6 597 SFEV mutant WPRE
LV9.8 597 EFla no PRE
LV 13.1 693 MNDU3 wild-type
LV 133 693 MNDU3 mutant WPRE
LV 13.6 693 SFFV mutant WPRE
LV 13.8 693 EFla no PRE

Ex vivo anti-BCMA CAR T cells were also prepared. Briefly, HEK293T cells were
transiently transfected with plasmids encoding a wild-type VSIV-G fusogen; lentiviral
GAG/POL; lentiviral REV; and a transfer plasmid encoding a lentiviral vector comprising
an MNDU3 promoter operable linked to a CD8a. signal peptide and a control anti-BCMA
CAR obtained from the literature (SEQ ID NO: 954), and a wild-type WPRE (SEQ ID NO:
945) operably linked to the 3" end of the polynucleotide encoding the anti-BCMA CAR.
PBMCs were then transduced with the recombinant lentivirus and cultured for 7 days to

generate anti-BCMA CAR T cells.

First Daudi Model Study

NSG mice were intravenously injected with 2 x 10° Daudi cells labeled with firefly
luciferase. After four days, four out of five groups of mice were intravenously administered
1 x 10° human PBMCs. The next day mice that received the 1 x 10® human PBMCs were
administered vehicle control (DMEM); or 2.2 x 108 TU of LV 3.1, LV 6.1, LV 8.1, or LV
13.1. Mice that were not administered PBMCs were administered 5 x 10° ex vivo anti-BCMA
CAR T cells. All groups of mice then received three doses of 2 x 10° IU recombinant human
IL-2 at 6, 24, and 48 hours post LV administration. Tumor volume was measured by using

a bioluminescence imaging system.
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Tumor size increased in mice treated with vehicle. Mice treated with ex vivo anti-
BCMA CAR T cells and in vivo with LV anti-BCMA CAR experienced tumor regression.
Figure 4A.

Second Daudi Model Study

NSG mice were intravenously injected with 2 x 10° Daudi cells labeled with firefly
luciferase. After four days, eight out of nine groups of mice were intravenously administered
1 x 10° human PBMCs. The next day mice that received the 1 x 10® human PBMCs were
administered vehicle control (DMEM); 1.25 x 10°TU of LV 3.1,LV 6.1,LV6.3,LV8.1,LV
9.3,LV9.6,0or LV 13.8; 0r 5.6 x 10’ TU of LV 6.8. Mice that were not administered PBMCs
were administered 5 x 10° ex vivo anti-BCMA CAR T cells. All groups of mice then received
three doses of 2 x 10° TU recombinant human IL-2 at 6, 24, and 48 hours post LV
administration. Tumor volume was measured by using a bioluminescence imaging system.

Tumor size increased in mice treated with vehicle. Mice treated with ex vivo anti-
BCMA CAR T cells and in vivo with some LV anti-BCMA CARs experienced mild control
of tumor growth, whereas LV 6.8 and LV 13.8 experienced durable tumor regression. Figure

4B.

Third Daudi Model Study

NSG mice were intravenously injected with 2 x 10° Daudi cells labeled with firefly
luciferase. After four days, eight out of nine groups of mice were intravenously administered
1 x 10° human PBMCs. The next day mice that received the 1 x 10° human PBMCs were
administered vehicle control (DMEM); 1.25 x 108 TU of LV 3.3,V 3.6,LV 8.3,LV 8.6, LV
8.8,LV 13.3,0r LV 13.6; or 5.6 x 107 TU of LV 6.8. Mice that were not administered PBMCs
were administered 5 x 10° ex vivo anti-BCMA CAR T cells. All groups of mice then received
three doses of 2 x 10° IU recombinant human IL-2 at 6, 24, and 48 hours post LV
administration. Tumor volume was measured by using a bioluminescence imaging system.

Tumor size increased in mice treated with vehicle. Mice treated with ex vivo anti-
BCMA CAR T cells and in vivo with some LV anti-BCMA CARs experienced mild control
of tumor growth, whereas LV 6.8 and LV 8.8 experienced durable tumor regression. Figure
4C.

First RPMI Model Study
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NOD scid gamma (NSG) mice were subcutaneously injected with 1 x 10° RPMI-
8226 cells (a BCMA positive tumor cell line). Tumors were allowed to grow to a size of
about 110mm? to 140mm? (about two and a half weeks).

Five out of six groups of mice were then intravenously administered 1 x 10° human
PBMCs. The next day, mice that received the 1 x 10® human PBMCs were administered
vehicle control (DMEM); 5.0 x 107 IU of LV 6.3, LV 6.8, LV 8.3, or LV 8.8. The sixth
group of mice was administered 2 x 10° unmodified ex vivo anti-BCMA CAR T cells. All
groups of mice then received three doses of 2 x 10° IU recombinant human IL-2 at 6, 24, and
48 hours post LV administration. Tumor volume was measured externally using calipers and
mice were euthanized at pre-determined humane endpoints based on tumor size and body
condition.

Tumor size increased in mice treated with vehicle control. Mice treated with LV 6.3
experienced moderate tumor regression, whereas mice treated with ex vivo anti-BCMA CAR
T cells or in vivo with LV 6.8, LV 8.3, or LV 8.8 experienced complete and durable tumor
regression. Figure 4D.

Mice that were not administered PBMCs were administered 5 x 10° ex vivo anti-
BCMA CAR T cells. All groups of mice then received three doses of 2 x 10° IU recombinant
human IL-2 at 6, 24, and 48 hours post LV administration.

Second RPMI Model Study

NOD scid gamma (NSG) mice were subcutaneously injected with 1 x 10° RPMI-
8226 cells (a BCMA positive tumor cell line). Tumors were allowed to grow to a size of
about 110mm? to 140mm? (about two and a half weeks).

Four out of five groups of mice were then intravenously administered 1 x 10° human
PBMCs. The next day, mice that received the 1 x 10° human PBMCs were administered
vehicle control (DMEM); 1.25 x 107 TU of LV 6.8, 5.0 x 10’ TU of LV 6.8, or 1.25 x 10° TU
of LV 6.8. The fifth group of mice was administered 2 x 10° unmodified ex vivo anti-BCMA
CAR T cells. All groups of mice then received three doses of 2 x 10° IU recombinant human
IL-2 at 6, 24, and 48 hours post LV administration. Tumor volume was measured externally
using calipers and mice were euthanized at pre-determined humane endpoints based on tumor
size and body condition.

Tumor size increased in mice treated with vehicle control. Mice treated with all three

doses of LV 6.8 experienced dose-dependent but complete and durable tumor regression.
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Mice treated with ex vivo anti-BCMA CAR T cells also experienced complete and durable

tumor regression. Figure 4E.

Third RPMI Model Study

NOD scid gamma (NSG) mice were subcutaneously injected with 1 x 10° RPMI-
8226 cells (a BCMA positive tumor cell line). Tumors were allowed to grow to a size of
about 110mm? to 140mm? (about two and a half weeks).

Three out of four groups of mice were then intravenously administered 1 x 10% human
PBMCs. The next day, mice that received the 1 x 10° human PBMCs were administered
vehicle control (DMEM); 5.0 x 107 TU of LV 6.3 or 1.25 x 108 TU of LV 6.3. The fourth
group of mice was administered 2 x 10° unmodified ex vivo anti-BCMA CAR T cells. All
groups of mice then received three doses of 2 x 10° TU recombinant human IL-2 at 6, 24, and
48 hours post LV administration. Tumor volume was measured externally using calipers and
mice were euthanized at pre-determined humane endpoints based on tumor size and body
condition.

Tumor size increased in mice treated with vehicle control. Mice treated with both
doses of LV 6.3 experienced dose-dependent tumor regression. Mice treated with ex vivo

anti-BCMA CAR T cells experienced complete and durable tumor regression. Figure 4F.

Fourth Daudi Model Study

NSG mice were intravenously injected with 2 x 10° Daudi cells labeled with firefly
luciferase. After four days, four out of five groups of mice were intravenously administered
1 x 10° human PBMCs. The next day mice that received the 1 x 10® human PBMCs were
administered vehicle control (DMEM); 1.25 x 108 TU of LV 6.1 or LV6.3; or 5.6 x 107 IU of
LV 6.8. Mice that were not administered PBMCs were administered 5 x 10° ex vivo anti-
BCMA CAR T cells. All groups of mice then received three doses of 2 x 10° IU recombinant
human IL-2 at 6, 24, and 48 hours post L'V administration. Tumor volume was measured by
using a bioluminescence imaging system.

Tumor size increased in mice treated with vehicle. Mice treated with ex vivo anti-
BCMA CAR T cells and in vivo with LV 6.1 and LV 6.3 experienced mild control of tumor

growth, whereas LV 6.8 experienced complete and durable tumor regression. Figure 4G.
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EXAMPLE 4

COMPARATIVE ANTI-TUMOR EFFICACY IN A MULTIPLE MYELOMA MOUSE MODEL

IN BOTH IN vIvOo AND EX vivO FORMATS

The anti-tumor efficacy of recombinant lentiviral particles comprising an envelope
5 that expresses an anti-CD3-based tropism molecule and a mutant VSIV-G fusogen and a
lentiviral vector encoding various anti-BCMA CARs was investigated in multiple myeloma
mouse models. The recombinant lentiviruses were formulated as in vivo administered
lentiviral particles and were also used to manufacture ex vivo anti-BCMA CAR T cells.
Recombinant lentivirus was produced by transient transfection of HEK293T cells
10  with plasmids encoding a non-viral membrane bound tropism molecule comprising an anti-
CD3 scFv fused to a CD8a hinge and transmembrane domain; a mutant VSIV-G fusogen
comprising K47Q and R354A amino acid substitutions; lentiviral GAG/POL,; lentiviral
REV; and a transfer plasmid encoding a lentiviral vector encoding an anti-BCMA CAR set
forth in SEQ ID NO: 429, SEQ ID NO: 954, or SEQ ID NO: 955 or a GFP control.
15 Table 13

SEQ NUCLEIC ACID SEQUENCE

ID

NO:

954 DIVLTQSPPSLAMSLGKRATISCRASESVTILGSHLIHWYQQKPGQOQPPTLLIQLASNVQTG

VPARFSGSGSRTDFTLTIDPVEEDDVAVYYCLOSRTIPRTFGGGTKLEIKGSTSGSGKPGS
GEGSTKGQIQLVQSGPELKKPGETVKISCKASGYTFTDYS INWVKRAPGKGLKWMGWINTE
TREPAYAYDFRGRFAFSLETSASTAYLQOINNLKYEDTATYFCALDYSYAMD YWGQGTSVTV
SSAAATTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTC
GVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTOEEDGCSCRFPEEEEGGCELRVKFSR
SADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELQKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

955 QVKLEESGGGLVQAGRSLRLSCAASEHTFSSHVMGWFROAPGKERESVAVIGWRDISTSYA
DSVKGRFTISRDNAKKTLYLOMNSLKPEDTAVYYCAARRIDAADFDSWGQOGTQVTVSSGGG
GSEVQLVESGGGLVQAGGSLRLSCAASGRTF TMGWFRQAPGKEREFVAAISLSPTLAYYAE
SVKGRFTISRDNAKNTVVLOMNSLKPEDTALYYCAADRKSVMS IRPDYWGQGTQVTVSSTS
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLL
SLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAP
AYQQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYS
EIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

The recombinant lentivirus reference number, the SEQ ID NO of the anti-BCMA
CAR polypeptide and the corresponding lentiviral architectures shown in Table 12 were used

in this Example.

Table 14
Ref. SEQ ID NO. Promoter WPRE
LV 6.8 429 EFla none
LVA 954 MNDU3 WT WPRE
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LVB 955 EFla none
LVI9 GFP MNDU3 none

Ex vivo anti-BCMA CAR T cells were also prepared by transducing PBMCs with
the recombinant lentivirus and culturing the transduced cell for 7 days to generate anti-

BCMA CAR T cells.

In vivo Daudi Model Study

NSG mice were intravenously injected with 2 x 10° Daudi cells labeled with firefly
luciferase. After four days, four out of five groups of mice were intravenously administered
1 x 10° human PBMCs. The next day, mice that did not receive PBMCs were administered
vehicle control (DMEM) and mice that received the PBMCs were administered 5.0 x 107 TU
of LV 6.8,LV A,LV B, or LV 19 (GFP control). Tumor volume was measured by using a
bioluminescence imaging system.

Tumor size increased in mice treated with vehicle, mice treated with the GFP control,
and mice treated with a lentivirus expressing an anti-BCMA CAR comprising the binding
domain used in idecabtagene vicleucel. Mice treated with a lentivirus expressing an anti-
BCMA CAR comprising the binding domains like those used in ciltacabtagene autoleucel
experienced suppression of tumor growth. Only mice treated with an anti-BCMA CAR

comprising SEQ ID NO: 429 experienced tumor regression. Figure SA.

Ex vivo Daudi Model Study

NSG mice were intravenously injected with 2 x 10° Daudi cells labeled with firefly
luciferase. After five days, three out of five groups of mice were intravenously administered
2 x 10 human anti-BCMA CAR T cells. Mice that did not receive anti-BCMA CAR T cells
were administered vehicle control (DMEM) or 2 x 10° untransduced control human T cells
(UTD) and mice that received the anti-BCMA CAR T cells were administered 2 x 10° anti-
BCMA CAR T cells expressing the CAR encoded by SEQ ID NO: 429, SEQ ID NO: 954 or
SEQ ID NO: 955. Tumor volume was measured by using a bioluminescence imaging
system.

Tumor size increased in mice treated with vehicle and with untransduced control T
cells. Mice treated with CAR T cells expressing an anti-BCMA CAR comprising the binding
domain used in idecabtagene vicleucel showed a transient decrease in tumor burden whereas

mice treated with CAR T cells expressing an anti-BCMA CAR comprising SEQ ID NO: 429
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or an anti-BCMA CAR comprising the binding domains like those used in ciltacabtagene

autoleucel experienced comparable and complete tumor regression. Figure 5B.

In general, in the following claims, the terms used should not be construed to limit
the claims to the specific embodiments disclosed in the specification and the claims but
should be construed to include all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly, the claims are not limited by

the disclosure.
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CLAIMS

‘What is claimed is:

1. An antibody or antigen binding fragment thereof comprising:

(a) a heavy chain variable region (VH) comprising a CDRH1, a CDRH2, and a

CDRHS3 of an antibody or antigen binding fragment thereof set forth in Table 1; a

polypeptide linker; and a light chain variable region (VL) comprising a CDRL1, a CDRL2,

and a CDRL3 of an antibody or antigen binding fragment thereof set forth in Table 1; or

(b) a VHH domain comprising a CDRH1, a CDRH2, and a CDRH3 of an antibody or

antigen binding fragment thereof set forth in Table 1.

2. The antibody or antigen binding fragment thereof of claim 1, wherein:

(a) the VH comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino acid

sequences set forth in SEQ ID NOs: 12, 13, and 14 and the VL comprises a CDRLI, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 16,
17, and 18;

(b) the VH comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino acid

sequences set forth in SEQ ID NOs: 22, 23, and 24 and the VL comprises a CDRLI, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 26,
27, and 28;

(c) the VH comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino acid

sequences set forth in SEQ ID NOs: 32, 33, and 34 and the VL comprises a CDRLI, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 36,
37, and 38;

(d) the VH comprises a CDRHI1, a CDRH2, and a CDRH3 comprising the amino acid

sequences set forth in SEQ ID NOs: 42, 43, and 44 and the VL comprises a CDRLI, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 46,
47, and 48;

(e) the VH comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino acid

sequences set forth in SEQ ID NOs: 52, 53, and 54 and the VL comprises a CDRLI, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 56,
57, and 58;
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(f) the VH comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino acid
sequences set forth in SEQ ID NOs: 62, 63, and 64 and the VL comprises a CDRLI, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 66,
67, and 68;

(g) the VH comprises a CDRHI1, a CDRH2, and a CDRH3 comprising the amino acid
sequences set forth in SEQ ID NOs: 72, 73, and 74 and the VL comprises a CDRLI, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 76,
77, and 78;

(h) the VH comprises a CDRHI1, a CDRH2, and a CDRH3 comprising the amino acid
sequences set forth in SEQ ID NOs: 82, 83, and 84 and the VL comprises a CDRLI, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 86,
87, and 88;

(1) the VH comprises a CDRH1, a CDRH2, and a CDRH3 comprising the amino acid
sequences set forth in SEQ ID NOs: 92, 93, and 94 and the VL comprises a CDRLI, a
CDRL2, and a CDRL3 comprising the amino acid sequences set forth in SEQ ID NOs: 96,
97, and 98;

(j) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 102, 103, and 104;

(k) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 106, 107, and 108;

(1) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 110, 111, and 112;

(m) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 114, 115, and 116;

(n) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 118, 119, and 120;

(o) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 122, 123, and 124;

(p) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 126, 127, and 128;

(q) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 130, 131, and 132;
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(r) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 134, 135, and 136;

(s) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 138, 139, and 140; or

(t) the VHH domain comprises a CDRH1, a CDRH2, and a CDRH3 comprising the
amino acid sequences set forth in SEQ ID NOs: 142, 143, and 144.

3. The antibody or antigen binding fragment thereof of claim 1 or claim 2,
wherein:

(a) the VH comprises the amino acid sequence set forth in SEQ ID NO: 11 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 15;

(b) the VH comprises the amino acid sequence set forth in SEQ ID NO: 21 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 25;

(c) the VH comprises the amino acid sequence set forth in SEQ ID NO: 31 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 35;

(d) the VH comprises the amino acid sequence set forth in SEQ ID NO: 41 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 45;

(e) the VH comprises the amino acid sequence set forth in SEQ ID NO: 51 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 55;

(f) the VH comprises the amino acid sequence set forth in SEQ ID NO: 61 and the VL.
comprises the amino acid sequence set forth in SEQ ID NO: 65;

(g) the VH comprises the amino acid sequence set forth in SEQ ID NO: 71 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 75;

(h) the VH comprises the amino acid sequence set forth in SEQ ID NO: 81 and the
VL comprises the amino acid sequence set forth in SEQ ID NO: 85;

(i) the VH comprises the amino acid sequence set forth in SEQ ID NO: 91 and the VL
comprises the amino acid sequence set forth in SEQ ID NO: 95; or

(a) the VHH domain comprises the amino acid sequence set forth in any one of SEQ

ID NOs: 101, 105, 109, 113, 117, 121, 125, 129, 133, 137, and 141.

4. The antibody or antigen binding fragment thereof of any one of claims 1 to 3,
wherein the polypeptide linker is selected from the group consisting of: TGEKP (SEQ ID
NO: 2); (GGGGS)y whereinn =1, 2, 3,4 or 5 (SEQ ID NOs: 3, 976-979);
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EGKSSGSGSESKVD (SEQ ID NO: 4); KESGSVSSEQLAQFRSLD (SEQ ID NO: 5);
LRQRDGERP (SEQ ID NO: 6); LRQKDGGGSERP (SEQ ID NO: 7);
LRQKD(GGGS):ERP (SEQ ID NO: 8), GEGTSTGSGGSGGSGGAD (SEQ ID NO: 9), and
GSTSGSGKPGSGEGSTKG (SEQ ID NO: 10) and variants thereof comprising an amino

acid sequence 95% identical thereto.

5. The antibody or antigen binding fragment thereof of any one of claims 1 to 4,
wherein the antibody or antigen binding fragment thereof comprises the amino acid sequence
set forth in any one of SEQ ID NOs: 19, 20, 29, 30, 39, 40, 49, 50, 59, 60, 69, 70, 79, 80, 89,
90, 99, 100, 101, 105, 109, 113, 117, 121, 125, 129, 133, 137, and 141.

6. A bispecific antibody comprising the antibody or antigen binding fragment

thereof of any one of claims 1 to 5.

7. The bispecific antibody of claim 6, further comprising an anti-CD3 antibody
that binds CD36, CD3e, CD3y, or CD3T.

8. An antibody conjugate comprising the antibody or antigen binding fragment

thereof of any one of claims 1 to 5.

9. The antibody conjugate of claim 8, wherein the antigen or antigen binding

fragment thereof is conjugated to a cytotoxic agent.

10. The antibody conjugate of claim 8 or claim 9, wherein:

(a) the cytotoxic agent is a toxin selected from the group consisting of: saporin,
diphtheria toxin, pseudomonas exotoxin A, Ricin A chain derivatives, a small molecule toxin,
and combinations thereof;

(b) the cytotoxic agent is a radioisotope selected from the group consisting of: 1311,
90Y, 177Lu, 188Re, 67Cu, 213Bi, 211At, and 227Ac;

(c) the cytotoxic agent is an RNA polymerase II inhibitor and/or RNA polymerase III
inhibitor selected from the group consisting of: an amatoxin, a-amanitin, 3- amanitin, y-
amanitin, e-amanitin, amanin, amaninamide, amanullin, amanullinic acid and any functional

fragments, derivatives or analogs thereof; or
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(d) the cytotoxic agent is a DNA-damaging agent selected from the group consisting
of: an antitubulin agent, a DNA crosslinking agent, a DNA alkylating agent and a mitotic

disrupting agent.

11. A chimeric antigen receptor (CAR) comprising the antibody or antigen
binding fragment thereof of any one of claims 1 to 5; a spacer domain; a transmembrane

domain, and one or more intracellular signaling domains.

12. The CAR of claim 11, wherein the spacer domain comprises a hinge domain
or fragment thereof selected from the group consisting of: a CD4 hinge, a CD8p hinge, a
CDS8a hinge, a CD28 hinge, a CD134 hinge, a CD137 hinge, a CD152 hinge, a CD278 hinge,
an IgG1 hinge, an IgG2 hinge, an IgG3 hinge, and an IgG4 hinge.

13. The CAR of claim 11 or claim 12, wherein the spacer domain comprises an
amino acid sequence set forth in any one of SEQ ID NOs: 145, 146, 147, 148, 149, and 150

or an amino acid sequence at least 95% identical thereto.

14. The CAR of any one of claims 11 to 13, wherein the transmembrane domain is
isolated or derived from a polypeptide selected from the group consisting of an alpha, beta,
gamma, or delta chain of the T-cell receptor, CD36, CD3¢, CD3y, CD3(, CD4, CDS5, CD8aq,
CD9, CD16, CD22, CD27, CD28, CD33, CD37, CD45, CD64, CD80, CD86, CD134,
CD137, CD152, CD154, CD278, amnionless (AMN), and programmed cell death 1
(PDCD1).

15. The CAR of any one of claims 11 to 14, wherein the transmembrane domain
comprises an amino acid sequence set forth in any one of SEQ ID NOs: 151, 152, 153, 154,

155, 156, and 157 or an amino acid sequence at least 95% identical thereto.

16. The CAR of any one of claims 11 to 15, wherein the one or more intracellular
signaling domains comprises a primary signaling domain isolated or derived from a
polypeptide selected from the group consisting of FcRy, FcRp, CD3y, CD36, CD3¢, CD3(,
CD22, CD79a, CD79b, and CD66d.

17. The CAR of any one of claims 11 to 16, wherein the one or more intracellular

signaling domains comprises a primary signaling domain isolated from CD3(.
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18. The CAR of claim 17, wherein the primary signaling domain comprises an
amino acid sequence set forth in SEQ ID NO: 158 or an amino acid sequence at least 95%

identical thereto.

19. The CAR of any one of claims 11 to 18, wherein the one or more intracellular
signaling domains comprises a costimulatory signaling domain isolated or derived from a
polypeptide selected from the group consisting of TLR1, TLR2, TLR3, TLR4, TLRS, TLR6,
TLR7, TLR8, TLRY, TLR10, CARDI11, CD2, CD7, CD27, CD28, CD30, CD40, ICAM,
CD83, CD9%4, CD134 (0X40), CD137 (4-1BB), CD278 (ICOS), DAP10, LAT, SLP76,
TRATI1, TNFR2, TNFRS14, TNFRS18, TNFRS25, and ZAP70.

20. The CAR of any one of claims 11 to 19, wherein the one or more intracellular
signaling domains comprises a costimulatory signaling domain comprising an amino acid
sequence set forth in any one of SEQ ID NOs: 159, 160, 161, 162, 163, and 164 or an amino

acid sequence at least 95% identical thereto.

21. A CAR comprising an antibody or antigen binding fragment thereof comprises
the amino acid sequence set forth in any one of SEQ ID NOs: 39, 59, 70, 90, 101, or 117; a
spacer domain comprising the amino acid sequence set forth in any one of SEQ ID NOs: 145,
146, and 148 or an amino acid sequence at least 95% identical thereto; a transmembrane
domain comprising the amino acid sequence set forth in SEQ ID NOs: 151 or 153; one or
more intracellular signaling domains comprising a costimulatory signaling domain
comprising an amino acid sequence set forth in any one of SEQ ID NOs: 159, 160, and 162
or an amino acid sequence at least 95% identical thereto and further comprising a primary
signaling domain comprising an amino acid sequence set forth in SEQ ID NO: 158 or an

amino acid sequence at least 95% identical thereto.

22, A CAR comprising the amino acid sequence set forth in any one of SEQ ID
NOs: 165-860.

23. A CAR comprising the amino acid sequence set forth in any one of SEQ ID
NOs: 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 276, 2717,
278,279, 280, 281, 282, and 283.
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24, A CAR comprising the amino acid sequence set forth in any one of SEQ ID
NOs: 357, 358, 359, 360, 361, 362,363, 364, 365, 366, 367, 368, 369, 370 371, 372, 373,
374, 375, 376, 377, 378, 379, and 380.

25. A CAR comprising the amino acid sequence set forth in any one of SEQ ID
NOs: 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 445,
446, 447, 448, 449, 450, 451, and 452.

26. A CAR comprising the amino acid sequence set forth in any one of SEQ ID
NOs: 525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535, 536, 537, 538, 539, 540, 541,
542, 543, 544, 545, 546, 547, and 548.

217. A CAR comprising the amino acid sequence set forth in any one of SEQ ID
NOs: 597, 598, 599, 600, 601, 602, 603, 604, 605, 606, 607, 608, 609, 610, 611, 612, 613,
614, 615, 616, 617, 618, 619, and 620.

28. A CAR comprising the amino acid sequence set forth in any one of SEQ ID
NOs: 693, 694, 695, 696, 697, 698, 699, 700, 701, 702, 703, 704, 705, 706, 707, 708, 709,
710, 711,712,713, 714,715, and 716.

29. The CAR of any one of claims 11 to 28, further comprising a signal peptide.

30. The CAR of claim 29, wherein the signal peptide comprises an amino acid
sequence set forth in any one of SEQ ID NOs: 861, 862, 863, 864, 865, 866, 867, 868, 869,
870, 871, 872, and 873.

31. A polynucleotide encoding a CAR, comprising a polynucleotide sequence set

forth in any one of SEQ ID NOs: 905-924.

32. A polynucleotide encoding a signal peptide and a CAR comprising a
polynucleotide sequence set forth in any one of SEQ ID NOs: 925-944.

33. A polynucleotide encoding the antibody or antigen binding fragment thereof
of any one of claims 1 to 5, the bispecific antibody of claim 6 or claim 7, the antibody

conjugate of any one of claims 8 to 10, or the CAR of any one of claims 11 to 30.
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34. A polynucleotide encoding or comprising a promoter operably linked to a

polynucleotide of any one of claims 31 to 33.

35. The polynucleotide of claim 34, wherein the promoter comprises the
polynucleotide sequence set forth in any one of SEQ ID NOs: 980, 981, 982, 983, 984, and
98s.

36. The polynucleotide of claim 34 or claim 35, further comprising a post-

transcriptional response element.

37. The polynucleotide of claim 36, wherein the post-transcriptional response
element comprises the polynucleotide sequence set forth in any one of SEQ ID NOs: 945,
946, and 947.

38. A DNA comprising the polynucleotide sequence of any one of claims 31 to
37.

39. An RNA encoded by the polynucleotide sequence of any one of claims 31 to
37.

40. A vector comprising the polynucleotide of any one of claims 31 to 39.

41. A vector encoding or comprising a promoter comprising a sequence set forth

in SEQ ID NO: 950 operably linked to a polynucleotide encoding a signal peptide and a
chimeric antigen receptor comprising an anti-BCMA antibody or antigen binding fragment
thereof comprising an amino acid set forth in any one of SEQ ID NOs: 11-144, and
optionally comprising a polynucleotide comprising a posttranscriptional regulatory element

set forth in any one of SEQ ID NOs: 945-947.

42. A vector encoding or comprising a promoter comprising a sequence set forth
in SEQ ID NO: 950 operably linked to a polynucleotide encoding a signal peptide and a
chimeric antigen receptor comprising an anti-BCMA antibody or antigen binding fragment
thereof comprising an amino acid set forth in any one of SEQ ID NOs: 20, 30, 39, 50, 59, 70,
80, 90, 100, 101, 105, 109, 113, 117, 121, 125, 129, 133, 137, and 141, and optionally
comprising a polynucleotide comprising a posttranscriptional regulatory element set forth in

any one of SEQ ID NOs: 945-947.
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43. A vector encoding or comprising a promoter comprising a sequence set forth
in SEQ ID NO: 950 operably linked to a polynucleotide encoding a signal peptide and a
chimeric antigen receptor comprising an amino acid set forth in any one of SEQ ID NOs:
165-860, and optionally comprising a polynucleotide comprising a posttranscriptional

regulatory element set forth in any one of SEQ ID NOs: 945-947.

44. A vector encoding or comprising a promoter comprising a sequence set forth
in SEQ ID NO: 950 operably linked to a polynucleotide encoding a signal peptide and a
chimeric antigen receptor comprising an amino acid set forth in any one of SEQ ID NOs:
189, 237, 261, 333, 357,429, 477, 525, 573, 597, 621, 645, 669, 693,717, 741, 765, 789,
813, and 837, and optionally comprising a polynucleotide comprising a posttranscriptional

regulatory element set forth in any one of SEQ ID NOs: 945-947.

45. A vector encoding or comprising a promoter comprising a sequence set forth
in SEQ ID NO: 950 operably linked to a polynucleotide comprising a polynucleotide
sequence set forth in SEQ ID NO: 904 and a polynucleotide sequence set forth in any one of
SEQ ID NOs: 905-924, and optionally comprising a polynucleotide comprising a
posttranscriptional regulatory element set forth in any one of SEQ ID NOs: 945-947.

46. A vector encoding or comprising a promoter comprising a sequence set forth
in SEQ ID NO: 950 operably linked to a polynucleotide comprising a polynucleotide
sequence set forth in any one of SEQ ID NOs: 925-944, and optionally comprising a
polynucleotide comprising a posttranscriptional regulatory element set forth in any one of

SEQ ID NOs: 945-947.

47. A vector encoding or comprising a promoter comprising a sequence set forth
in SEQ ID NO: 949 operably linked to a polynucleotide encoding a signal peptide and a
chimeric antigen receptor comprising an anti-BCMA antibody or antigen binding fragment
thereof comprising an amino acid set forth in any one of SEQ ID NOs: 11-144, and
optionally comprising a polynucleotide comprising a posttranscriptional regulatory element

set forth in any one of SEQ ID NOs: 945-947.

48. A vector encoding or comprising a promoter comprising a sequence set forth
in SEQ ID NO: 949 operably linked to a polynucleotide encoding a signal peptide and a

chimeric antigen receptor comprising an anti-BCMA antibody or antigen binding fragment
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thereof comprising an amino acid set forth in any one of SEQ ID NOs: 20, 30, 39, 50, 59, 70,
80, 90, 100, 101, 105, 109, 113, 117, 121, 125, 129, 133, 137, and 141, and optionally
comprising a polynucleotide comprising a posttranscriptional regulatory element set forth in

any one of SEQ ID NOs: 945-947.

49. A vector encoding or comprising a promoter comprising a sequence set forth
in SEQ ID NO: 949 operably linked to a polynucleotide encoding a signal peptide and a
chimeric antigen receptor comprising an amino acid set forth in any one of SEQ ID NOs:
165-860, and optionally comprising a polynucleotide comprising a posttranscriptional

regulatory element set forth in any one of SEQ ID NOs: 945-947.

50. A vector encoding or comprising a promoter comprising a sequence set forth
in SEQ ID NO: 949 operably linked to a polynucleotide encoding a signal peptide and a
chimeric antigen receptor comprising an amino acid set forth in any one of SEQ ID NOs:
189, 237, 261, 333, 357,429, 477, 525, 573, 597, 621, 645, 669, 693, 717, 741, 765, 789,
813, and 837, and optionally comprising a polynucleotide comprising a posttranscriptional

regulatory element set forth in any one of SEQ ID NOs: 945-947.

51. A vector encoding or comprising a promoter comprising a sequence set forth
in SEQ ID NO: 949 operably linked to a polynucleotide comprising a polynucleotide
sequence set forth in SEQ ID NO: 904 and a polynucleotide sequence set forth in any one of
SEQ ID NOs: 905-924, and optionally comprising a polynucleotide comprising a
posttranscriptional regulatory element set forth in any one of SEQ ID NOs: 945-947.

52. A vector encoding or comprising a promoter comprising a sequence set forth
in SEQ ID NO: 949 operably linked to a polynucleotide comprising a polynucleotide
sequence set forth in any one of SEQ ID NOs: 925-944, and optionally comprising a
polynucleotide comprising a posttranscriptional regulatory element set forth in any one of

SEQ ID NOs: 945-947.

53. The vector of any one of claims 40 to 52, wherein the vector is an expression

vector.

54. The vector of any one of claims 40 to 52, wherein the vector is a transfer

plasmid or viral vector.
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55. The vector of any one of claims 40 to 52, wherein the vector is a plasmid.

56. The vector of any one of claims 40 to 54, wherein the vector is a viral vector
selected from the group consisting of an adenoviral (Ad) vector, an adeno-associated virus
(AAYV) vector, a herpes simplex virus (HSV) vector, a parvovirus vector, a rhabdovirus
vector, a vesiculovirus vector, a paramyxovirus vector, a morbillovirus vector, a henipavirus
vector, an alphavirus vector, a flavivirus vector, a retroviral vector, and a lentiviral vector

(LVV).

57. The vector of claim 56, wherein the lentiviral vector is engineered or derived
from the genome of a lentivirus selected from the group consisting of: HIV (HIV type 1 or
HIV type 2); visna-maedi virus (VMV); caprine arthritis-encephalitis virus (CAEV); equine
infectious anemia virus (EIAV); feline immunodeficiency virus (FIV); bovine immune

deficiency virus (BIV); and simian immunodeficiency virus (SIV).

58. A lentiviral vector comprising: a 5" long terminal repeat (LTR) comprising R
and US regions; a Psi () packaging signal; a cPPT/FLAP; an export element; a
polynucleotide encoding or comprising a promoter operably linked to a polynucleotide
sequence set forth in SEQ ID NO: 904 and a polynucleotide sequence set forth in any one of
SEQ ID NOs: 905-924; optionally a WPRE; a 3" LTR comprising U3 and R regions; a
polyadenylation signal, and a poly(A) tail.

59. A lentiviral vector comprising: a 5” long terminal repeat (LTR) comprising R
and U5 regions; a Psi (V) packaging signal; a cPPT/FLAP; an export element; a
polynucleotide encoding or comprising a promoter operably linked to a polynucleotide
sequence set forth in any one of SEQ ID NOs: 925-944; optionally a WPRE; a 3" LTR
comprising U3 and R regions; a polyadenylation signal, and a poly(A) tail.

60. The lentiviral vector of claim 58 or claim 59, wherein the lentiviral vector
encodes a promoter comprising a polynucleotide sequence set forth in SEQ ID NO: 949 or

950.

61. An RNA comprising: a 5” long terminal repeat (LTR) comprising R and U5
regions; a Psi (W) packaging signal; a cPPT/FLAP; an export element; a polynucleotide
encoding a promoter operably linked to a polynucleotide sequence set forth in SEQ ID NO:
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904 and a polynucleotide sequence set forth in any one of SEQ ID NOs: 905-924; optionally
a WPRE; a 3" LTR comprising U3 and R regions; a polyadenylation signal, and optionally a
poly(A) tail.

62. An RNA comprising: a 5" long terminal repeat (LTR) comprising R and U5
regions; a Psi (W) packaging signal; a cPPT/FLAP; an export element; a polynucleotide
encoding a promoter operably linked to a polynucleotide sequence set forth in any one of
SEQ ID NOs: 925-944; optionally a WPRE; a 3" LTR comprising U3 and R regions; a
polyadenylation signal, and optionally a poly(A) tail.

63. The RNA of claim 61 or claim 62, wherein the lentiviral vector encodes a

promoter comprising a polynucleotide sequence set forth in SEQ ID NO: 949 or 950.

64. A recombinant lentivirus comprising one or more copies of the lentiviral

vector of any one of claims 58-60 or the RNA of any one of claims 61-63.

65. A composition comprising the antibody or antigen binding fragment thereof of
any one of claims 1 to 5, the bispecific antibody of claim 6 or claim 7, the antibody conjugate
of any one of claims 8 to 10, the CAR of any one of claims 11 to 30, the polynucleotide of
any one of claims 31 to 39, the vector of any one of claims 40 to 60, the RNA of any one of

claims 61-63, or the recombinant lentivirus of claim 64.
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