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MESOTHELIN CHIMERIC ANTIGEN RECEPTOR (CAR) AND ANTIBODY AGAINST PD-L1 INHIBITOR
FOR COMBINED USE IN ANTICANCER THERAPY

RELATED APPLICATIONS

This application claims priority to U.S. Serial No. 62/270780 filed December 22, 2015,

the contents of which are incorporated herein by reference in its entirety.

SEQUENCE LISTING

The instant application contains a Sequence Listing which has been submitted

electronically in ASCII format and is hereby incorporated by reference in its entirety. Said

ASCII copy, created on December 20, 2016, is named N2067-7099WO_SL.txt and is 520,028

bytes in size.

FIELD OF THE INVENTION

The present invention relates generally to the use of cells, e.g., immune effector cells,

engineered to express a Chimeric Antigen Receptor (CAR) that targets mesothelin in

combination with PD-L1 inhibitors to treat a disease.

BACKGROUND OF THE INVENTION

Mesothelin was originally identified by Pastan and colleagues as a tumor associated

antigen due to its limited expression by normal tissues and overexpression on tumors. Chang K,

et al., Cancer Res. 1992;52(1):181-186 and Chang K, et al. ProcNatlAcadSciUSA.

1996;93(1): 136-140. The mesothelin gene encodes a precursor 7 1-kDa protein that is processed

to yield the 40-kDa protein, mesothelin, which is anchored at the cell membrane by a

glycosylphosphatidyl inositol (GPI) linkage and an amino-terminal 3 1-kDa shed fragment, called

megkaryocyte potentiating factor (MPF). Both fragments contain N-glycosylation sites. A

soluble splice variant of the 40-kDa carboxyl-terminal fragment called "soluble

mesothelin/MPF-related" has been found in the sera of patients with pancreatic ductal

adenocarcinoma (PDA). Johnston, F, et al. Clinical Cancer Research. 2009;15(21):6511.

Mesothelin is currently being explored both as a therapeutic target as well as a bio-marker for



disease activity and therapeutic response. Argani P, et al. Clin Cancer Res. 2001;7(12):3862-

3868.

Mesothelin is a differentiation antigen that is also present on normal tissues. Using the

mouse anti-human mesothelin antibody Kl that was developed by the Pastan group, strong Kl

reactivity has been demonstrated within mesothelial cells that line the peritoneal, pleural, and

pericardial cavities, although at lower levels than usually seen for malignant tissues. Chang K, et

al., Cancer Res. 1992;52(1): 181- 186. Weak Kl reactivity has been detected within the Fallopian

tube epithelium, tracheal basal epithelium and tonsils epithelium. Mesothelin has also been found

on all layers of the cornea. Jirsova K, et al. Experimental eye research. 2010;91(5):623-629.

However, Kl reactivity has not been detected in the majority of normal tissues including the

liver, kidneys, spleen, bone marrow, lymph nodes, thymus, cardiac muscle, tongue, skeletal

muscle, skin, cerebral cortex, cerebellum, spinal cord, peripheral nerve, pituitary, adrenal,

salivary gland, mammary gland, thyroid, parathyroid, testis, prostate, epididymis, cervical

epithelium, lung parenchyma, esophagus, small-bowel epithelium, colon epithelium, bladder

epithelium, gall-bladder epithelium. Chang K, et al., Cancer Res. 1992;52(1): 18 1-186.

Mesothelin is overexpressed in the vast majority of primary pancreatic adenocarcinomas

with rare and weak expression seen in benign pancreatic tissue. Argani P, et al. Clin Cancer Res.

2001;7(12):3862-3868. Epithelial malignant pleural mesothelioma (MPM) universally expresses

mesothelin while sarcomatoid MPM does not express mesothelin. Most serous epithelial ovarian

carcinomas, and the related primary peritoneal carcinomas, express mesothelin.

Mesothelin is a target of a natural immune response in ovarian cancer, and has been

proposed to be a target for cancer immunotherapy. Bracci L, et al. Clin Cancer Res. 2007; 13(2 Pt

l):644-653; Moschella F, et al. Cancer Res. 2011;71(10):3528-3539; Gross G, et al. FASEB J.

1992;6(15):3370-3378; Sadelain M, et al. NatRevCancer. 2003;3(l):35-45; Muul LM, et al.

Blood. 2003;101(7):2563-2569; Yee C, et al. Proc Natl Acad Sci USA. 2002;99(25): 16168-

16173. The presence of mesothelin-specific CTLs in patients with pancreatic cancer correlates

with overall survival. Thomas AM, et al. J Exp Med. 2004;200:297-306. In addition, Pastan and

coworkers have used soluble antibody fragments of an anti-mesothelin antibody conjugated to

immunotoxins to treat cancer patients with mesothelin-positive tumors. This approach has

demonstrated adequate safety and some clinical activity in pancreatic cancer. Hassan R, et al.

Cancer Immun. 2007;7:20 and Hassan R, et al. Clin Cancer Res. 2007; 13(17):5 144-5 149. In



ovarian cancer, this therapeutic strategy produced one minor response by RECIST criteria and

stable disease in a second patient who also had complete resolution of their ascites.

SUMMARY OF THE INVENTION

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

disease associated with the expression of mesothelin, e.g., a cancer, in a subject by using a

combination therapy that includes a cell, e.g., an immune effector cell, expressing a chimeric

antigen receptor (CAR) that specifically binds to mesothelin (also referred to herein as a

"mesothelin CAR-expressing cell") and an inhibitor of Programmed Death-Ligand 1 (also

referred to herein as a "PD-Ll inhibitor"). In some embodiments, the CAR that specifically

binds to mesothelin includes an antigen binding domain, e.g., a mesothelin binding domain, a

transmembrane domain, and an intracellular signaling domain, e.g., as described herein. In some

embodiments, the PD-Ll inhibitor is an antibody molecule, a polypeptide, a small molecule, or a

polynucleotide, e.g., an inhibitory nucleic acid. In one embodiment, the PD-Ll inhibitor is an

antibody molecule, e.g., an antibody molecule described herein. Without wishing to be bound by

theory, treating a subject having a disease associated with mesothelin expression, e.g., a cancer

described herein, with a combination therapy that includes a mesothelin CAR-expressing cell

and a PD-Ll inhibitor is believed to result in improved inhibition or reduction of tumor

progression in the subject, e.g., as compared to treating a subject having the disease with a

mesothelin CAR-expressing cell or a PD-Ll inhibitor alone.

Accordingly, in one aspect, the disclosure features a method of treating a subect having a

disease associated with expression of mesothelin e.g., a cancer as described herein. The method

includes administering to the subject a cell, e.g., a population of cells, comprising, e.g.,

expressing a CAR that specifically binds to mesothelin, and a PD-Ll inhibitor. In one

embodiment, the CAR-expressing cell and the PD-Ll inhibitor is administered sequentially. In

one embodiment, the PD-Ll inhibitor is administered prior to administration of the mesothelin

CAR-expressing cell. In one embodiment, the PD-Ll inhibitor is administered after the

administration of the mesothelin CAR-expressing cell. In one embodiment, the PD-Ll inhibitor

and mesothelin CAR-expressing cell are administered simultaneously or concurrently.

In embodiments, the CAR-expressing cell e.g., mesothelin CAR-expressing cell

described herein, and the PD-Ll inhibitor is administered in a treatment interval. In one



embodiment, the treatment interval comprises a single dose of the PD-Ll inhibitor and a single

dose of the CAR-expressing cell. In another embodiment, the treatment interval comprises a first

and second dose of the PD-Ll inhibitor and a dose of the CAR-expressing cell.

In embodiments where the treatment interval comprises a single dose of the PD-Ll

inhibitor and a single dose of the CAR-expressing cell, the dose of PD-Ll inhibitor is

administered prior to the dose of the CAR-expressing cell, and the treatment interval is initiated

upon administration of the dose of the PD-Ll inhibitor and completed upon administration of the

dose of the CAR-expressing cell. In one embodiment, the treatment interval further comprises

one or more, e.g., 1, 2, 3, 4, or 5 or more, subsequent doses of the PD-Ll inhibitor. In such

embodiments, the treatment interval comprises two, three, four, five, six, or more, doses of PD-

Ll inhibitor and one dose of the CAR-expressing cell. In one embodiment, the dose of the CAR-

expressing cell is administered at least 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, or 2 weeks

after a dose of PD-Ll inhibitor is administered. In embodiments where more than one dose of

PD-Ll inhibitor is administered, the dose of the CAR-expressing cell is administered at least 2

days, 3 days, 4 days, 5, days, 6 days, 7 days, or 2 weeks after the first dose of PD-Ll inhibitor is

administered or after the initiation of the treatment interval. In one embodiment, the dose of the

CAR-expressing cell is administered about 2 days after the dose of the PD-Ll inhibitor is

administered.

In embodiments where the treatment interval comprises a first and second dose of a PD-

LI inhibitor and a dose of a CAR-expressing cell, the dose of the CAR-expressing cell is

administered after administration of the first dose of the PD-Ll inhibitor but before the

administration of the second dose of the PD-Ll inhibitor. In such embodiments, the treatment

interval is initiated upon administration of the first dose of the PD-Ll inhibitor and completed

upon administration of the second dose of the PD-Ll inhibitor. In one embodiment, the second

dose of the PD-Ll inhibitor is administered at least 5 days, 7 days, 1 week, 2 weeks, 3 weeks, or

4 weeks after administration of the first dose of the PD-Ll inhibitor. In one embodiment, the

dose of the CAR-expressing cell is administered at least 2 days, 3 days, 4 days, 5 days, 6 days, 7

days, or 2 weeks after administration of the first dose of the PD-Ll inhibitor. In one

embodiment, the second dose of the PD-Ll inhibitor is administered at least 2 days, 3 days, 4

days, 5 days, 6 days, 7 days, 2 weeks, or 3 weeks after administration of the dose of the CAR-

expressing cell.



In one embodiment, any of the treatment intervals described herein can be repeated one

or more times, e.g., 1, 2, 3, 4, or 5 more times. In one embodiment, the treatment interval is

repeated once, resulting in a treatment regimen comprising two treatment intervals. In an

embodiment, the repeated treatment interval is administered at least 1 day, e.g., 1 day, 2 days, 3

days, 4 days, 5 days, 6 days, 7 days, or 2 weeks, after the completion of the first or previous

treatment interval. In an embodiment, the repeated treatment interval is administered at least 3

days after the completion of the first or previous treatment interval.

In one embodiment, any of the treatment intervals described herein can be followed by

one or more, e.g., 1, 2, 3, 4, or 5, subsequent treatment intervals. The one or more subsequent

treatment interval is different from the first or previous treatment interval. By way of example, a

first treatment interval consisting of a single dose of a PD-L1 inhibitor and a single dose of a

CAR-expressing cell is followed by a second treatment interval consisting of two doses of a PD-

Ll inhibitor and a single dose of a CAR-expressing cell. In one embodiment, the one or more

subsequent treatment intervals is administered at least 1 day, e.g., 1 day, 2 days, 3 days, 4 days, 5

days, 6 days, 7 days, or 2 weeks, after the completion of the first or previous treatment interval.

In any of the methods described herein, one or more subsequent doses, e.g., 1, 2, 3, 4, or

5 or more doses, of the PD-L1 inhibitor is administered after the completion of one or more

treatment intervals. In embodiments where the treatment intervals are repeated or two or more

treatment intervals are administered, one or more subsequent doses, e.g., 1, 2, 3, 4, or 5, of the

PD-L1 inhibitor is administered after the completion of one treatment interval and before the

initiation of another treatment interval. In one embodiment, a dose of the PD-L1 inhibitor is

administered every 5 days, 7 days, 2 weeks, 3 weeks, or 4 days after the completion of one or

more, or each, treatment intervals.

In any of the methods described herein, one or more, e.g., 1, 2, 3, 4, or 5 or more,

subsequent doses of the CAR-expressing cell are administered after the completion of one or

more treatment intervals. In embodiments where the treatment intervals are repeated or two or

more treatment intervals are administered, one or more subsequent doses, e.g., 1, 2, 3, 4, or 5, or

more doses, of the CAR-expressing cell is administered after the completion of one treatment

interval and before the initiation of another treatment interval. In one embodiment, a dose of the

CAR-expressing cell is administered every 2 days, 3 days, 4 days, 5 days, 7 days, 2 weeks, 3

weeks, or 4 days after the completion of one or more, or each, treatment intervals.



In one embodiment, the treatment interval comprises a single dose of a PD-Ll inhibitor

that is administered prior to a single dose of a CAR-expressing cell. In this embodiment, the

dose of the CAR-expressing cell is administered 2 days after the administration of the dose of the

PD-Ll inhibitor. The treatment interval is repeated one time, and the second treatment interval

is initiated 3 days after the completion of the first treatment interval, e.g., after the administration

of the single dose of the CAR-expressing cell. In one embodiment, the PD-Ll inhibitor is

administered every 5 days after the completion of the second treatment interval, e.g.,one or more

doses of the PD-Ll inhibitor is administered every 5 days, 7 days, 2 weeks, 3 weeks, or 4 weeks,

after the second treatment interval.

In any of the methods described herein, the subject is administered a single dose of a

CAR-expressing cell and a single dose of a PD-Ll inhibitor. In one embodiment, the single dose

of the CAR-expressing cell is administered at least 2 days, e.g., 2, 3, 4, 5, 6, 7 days, or 2 weeks,

after administration of the single dose of the PD-Ll inhibitor.

In one embodiment, one or more, e.g., 1, 2, 3, 4, or 5, subsequent doses of a CAR-

expressing cell are administered to the subject after the initial dose of the CAR-expressing cell.

In one embodiment, the one or more subsequent doses of the CAR-expressing cell are

administered at least 2 days, e.g., 2, 3, 4, 5, 6, 7 days or 2 weeks, after the previous dose of the

CAR-expressing cell. In one embodiment, the one or more subsequent doses of the CAR-

expressing cell are administered at least 5 days after the previous dose of the CAR-expressing

cell. In one embodiment, the subject is administered three doses of the CAR-expressing cell per

week or one dose every 2 days.

In one embodiment, one or more, e.g., 1, 2, 3, 4, or 5, subsequent doses of PD-Ll

inhibitor are administered after administration of the single dose of the PD-Ll inhibitor. In one

embodiment, the one or more subsequent doses of the PD-Ll inhibitor are administered at least 5

days, 7 days, 2 weeks, 3 weeks or 4 weeks, after the previous dose of PD-Ll inhibitor.

In one embodiment, the one or more subsequent doses of the PD-Ll inhibitor are

administered at least 1, 2, 3, 4, 5, 6, or 7 days, after a dose of the CAR-expressing cell, e.g., the

initial dose of the CAR-expressing cell.

In one embodiment, one or more, e.g., 1, 2, 3, 4, or 5, doses of the PD-Ll inhibitor is

administered prior to the first dose of the CAR-expressing cell.



In one embodiment, the administration of the one or more doses of the CAR-expressing

cell and the one or more doses of PD-Ll inhibitor is repeated, e.g., 1, 2, 3, 4, or 5 more times.

In any of the administration regimens or treatment intervals described herein, a dose of
7 7 7 7mesothelin CAR-expressing cells comprises at least about 1 x 10 , 1.5 x 10 , 2 x 10 , 2.5 x 10 , 3

x 107, 3.5 x 107, 4 x 107, 5 x 107, 1 x 108, 1.5 x 108, 2 x 108, 2.5 x 108, 3 x 108, 3.5 x 108, 4 x 108,

5 x 108, 1 x 109, 2 x 109, or 5 x 109 cells. In some embodiments, a dose of mesothelin CAR-
7 8expressing cells comprises at least about 1-3 x 10 to 1-3 xlO . In some embodiments, the

subject is administered about 1-3 x 10 mesothelin CAR-expressing cells. In other embodiments,

the subject is administered about 1-3 x 10 mesothelin CAR-expressing cells.

In any of the administration regimens described herein, a dose of a PD-Ll inhibitor, e.g.,

an anti-PD-Ll antibody molecule described herein, comprises about 1 to 30 mg/kg, e.g., about 5

to 25 mg/kg, about 10 to 20 mg/kg, about 1 to 5 mg/kg, or about 3 mg/kg. In one embodiment,

the dose is about 10 to 20 mg/kg. In one embodiment, the dose is about 1 to 5 mg/kg. In one

embodiment, the dose is less than 5 mg/kg, less than 4 mg/kg, less than 3 mg/kg, less than 2

mg/kg, or less than 1 mg/kg.

In another aspect, the disclosure features a composition (e.g., one or more dosage

formulations, combinations, or one or more pharmaceutical compositions) comprising a cell

expressing a mesothelin CAR described herein and a PD-Ll inhibitor described herein. In one

embodiment, the mesothelin CAR comprises a mesothelin antigen binding domain, a

transmembrane domain, and an intracellular signaling domain, as described herein. In one

embodiment, the mesothelin CAR comprises a mesothelin antigen binding domain listed in

Table 2 . In one embodiment, the PD-Ll inhibitor comprises an antibody molecule, a small

molecule, a polypeptide, e.g., a fusion protein, or an inhibitory nucleic acid, e.g., a siRNA or

shRNA. In one embodiment, the PD-Ll inhibitor comprises an antibody molecule, e.g., an

antibody molecule listed in Table 6 . The CAR-expressing cell and the PD-Ll inhibitor can be in

the same or different formulation or pharmaceutical composition.

In another aspect, the disclosure features a composition (e.g., one or more dosage

formulations, combinations, or one or more pharmaceutical compositions) comprising a cell

expressing a mesothelin CAR described herein and a PD-Ll inhibitor described herein, for use in

a method of treating a disease associated with expression of mesothelin, e.g., a cancer described

herein. In one embodiment, the mesothelin CAR comprises a mesothelin antigen binding



domain, a transmembrane domain, and an intracellular signaling domain, as described herein. In

one embodiment, the mesothelin CAR comprises a mesothelin antigen binding domain listed in

Table 2 . In one embodiment, the PD-Ll inhibitor comprises an antibody molecule, a small

molecule, a polypeptide, e.g., a fusion protein, or an inhibitory nucleic acid, e.g., a siRNA or

shRNA. In one embodiment, the PD-Ll inhibitor comprises an antibody molecule, e.g., an

antibody molecule listed in Table 6 . The CAR-expressing cell and the PD-Ll inhibitor can be in

the same or different formulation or pharmaceutical composition.

PD-Ll Inhibitors

Provided herein are PD-Ll inhibitors for use in any of the methods or compositions

described herein. In any of the methods or compositions described herein, the PD-Ll inhibitor

comprises an antibody molecule, a small molecule, a polypeptide, e.g., a fusion protein, or an

inhibitory nucleic acid, e.g., a siRNA or shRNA.

In one embodiment, the PD-Ll inhibitor is characterized by one or more of the following:

inhibits or reduces PD-Ll expression, e.g., transcription or translation of PD-Ll; inhibits or

reduces PD-Ll activity, e.g., inhibits or reduces binding of PD-Ll to its receptor, e.g., PD-1 or

CD80 (B7-1) or both; or binds to PD-Ll or its receptor, e.g., PD-1.

In one embodiment, the PD-Ll inhibitor is an antibody molecule. In one embodiment,

the PD-Ll inhibitor is selected from the group consisting of YW243.55.S70, MPDL3280A

(atezolizumab), MEDI-4736, MSB-0010718C (avelumab), MDX-1 105, and any anti-PD-Ll

antibody molecules listed in Table 6 .

In one embodiment, the PD-Ll inhibitor comprises an anti- PD-Ll antibody molecule

comprising a heavy chain complementary determining region 1 (HC CDR1), a heavy chain

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

determining region 3 (HC CDR3) of any PD-Ll antibody molecule amino acid sequence listed in

Table 6; and a light chain complementary determining region 1 (LC CDR1), a light chain

complementary determining region 2 (LC CDR2), and a light chain complementary determining

region 3 (LC CDR3) of any PD-Ll antibody molecule amino acid sequence listed in Table 6 .

In one embodiment, the anti- PD-Ll antibody molecule comprises a HC CDR1 amino acid

sequence chosen from SEQ ID NO: 287, 290, or 195, a HC CDR2 amino acid sequence of SEQ

ID NO: 288, and a HC CDR3 amino acid sequence of SEQ ID NO: 289; and a LC CDR1 amino



acid sequence of SEQ ID NO: 295, a LC CDR2 amino acid sequence of SEQ ID NO: 296, and a

LC CDR3 amino acid sequence of SEQ ID NO: 297. In one embodiment, the anti-PD-Ll

antibody comprises a HC CDR1 amino acid sequence chosen from SEQ ID NO: 287, 290, or

195, a HC CDR2 amino acid sequence of SEQ ID NO: 291, and a HC CDR3 amino acid

sequence of SEQ ID NO: 292; and a LC CDR1 amino acid sequence of SEQ ID NO: 298, a LC

CDR2 amino acid sequence of SEQ ID NO: 299, and a LC CDR3 amino acid sequence of SEQ

ID NO: 300.

In one embodiment, the anti- PD-L1 antibody molecule comprises a heavy chain variable

region comprising the amino acid sequence of any heavy chain variable region listed in Table 6,

e.g., SEQ ID NOs: 304, 316, 324, 332, 336, 340, 348, 356, or 364. In one embodiment, the anti-

PD-Ll antibody molecule comprises a heavy chain variable region comprising the amino acid

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

modifications to the amino acid sequence of any heavy chain variable region provided in Table

6, e.g., SEQ ID NOs: 304, 316, 324, 332, 336, 340, 348, 356, or 364. In one embodiment, the

anti- PD-L1 antibody molecule comprises a heavy chain variable region comprising an amino

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

region provided in Table 6, e.g., SEQ ID NOs: 304, 316, 324, 332, 336, 340, 348, 356, or 364.

In one embodiment, the anti- PD-L1 antibody molecule comprises a heavy chain

comprising the amino acid sequence of any heavy chain listed in Table 6, e.g., SEQ ID NOs:

306, 318, 326, 334, 338, 342, 350, 358, 366, 393, 377, or 382. In one embodiment, the anti- PD-

Ll antibody molecule comprises a heavy chain comprising the amino acid sequence having at

least one, two or three modifications but not more than 30, 20 or 10 modifications to any heavy

chain listed in Table 6, e.g., SEQ ID NOs: 306, 318, 326, 334, 338, 342, 350, 358, 366, 393, 377,

or 382. In one embodiment, the anti- PD-L1 antibody molecule comprises a heavy chain

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

heavy chain listed in Table 6, e.g., SEQ ID NOs: 306, 318, 326, 334, 338, 342, 350, 358, 366,

393, 377, or 382.

In one embodiment, the anti- PD-L1 antibody molecule comprises a light chain variable

region comprising the amino acid sequence of any light chain variable region listed in Table 6,

e.g., SEQ ID NOs: 308, 312, 320, 328, 344, 352, 360, 368, or 372. In one embodiment, the anti-

PD-Ll antibody molecule comprises a light chain variable region comprising the amino acid



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

modifications to the amino acid sequence of any light chain variable region provided in Table 6,

e.g., SEQ ID NOs: 308, 312, 320, 328, 344, 352, 360, 368, or 372. In one embodiment, the anti-

PD-L1 antibody molecule comprises a light chain variable region comprising an amino acid

sequence with 95-99% identity to the amino acid sequence of any light chain variable region

provided in Table 6, e.g., SEQ ID NOs: 308, 312, 320, 328, 344, 352, 360, 368, or 372.

In one embodiment, the anti- PD-L1 antibody molecule comprises a light chain

comprising the amino acid sequence of any light chain listed in Table 6, e.g., SEQ ID NOs: 310,

314, 322, 330, 346, 354, 362, 370, or 374. In one embodiment, the anti-PD-Ll antibody

molecule comprises a light chain comprising the amino acid sequence having at least one, two or

three modifications but not more than 30, 20 or 10 modifications to any light chain listed in

Table 6, e.g., SEQ ID NOs: 310, 314, 322, 330, 346, 354, 362, 370, or 374. In one embodiment,

the anti- PD-L1 antibody molecule comprises a light chain comprising an amino acid sequence

with 95-99% identity to the amino acid sequence to any any light chain listed in Table 6, e.g.,

SEQ ID NOs: 310, 314, 322, 330, 346, 354, 362, 370, or 374.

In one embodiment, the anti- PD-L1 antibody molecule comprises:

i) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 304 and

a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 308;

ii) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 304 and

a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 312;

iii) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 304 and

a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 372.

iv) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 316 and

a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 320;

v) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 316 and

a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 352;

vi) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 324 and

a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 328;

vii) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 324 and

a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 360;



viii) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 332

and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 328;

ix) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 336 and

a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 328;

x) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 336 and

a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 308;

xi) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 336 and

a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 372;

xii) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 340 and

a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 344;

xiii) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 340

and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 372;

xiv) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 348

and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 352;

xv) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 348 and

a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 386;

xvi) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 356

and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 352;

or

xvii) a heavy chain variable domain comprising the amino acid sequence of SEQ ID NO: 78

and a light chain variable domain comprising the amino acid sequence of SEQ ID NO: 368.

In one embodiment, the anti- PD-L1 antibody molecule comprises:

i) a heavy chain comprising the amino acid sequence of SEQ ID NO: 306 and a light chain

comprising the amino acid sequence of SEQ ID NO: 310;

ii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 306 and a light chain

comprising the amino acid sequence of SEQ ID NO: 214;

iii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 306 and a light chain

comprising the amino acid sequence of SEQ ID NO: 374;

iv) a heavy chain comprising the amino acid sequence of SEQ ID NO: 318 and a light chain

comprising the amino acid sequence of SEQ ID NO: 322;



v) a heavy chain comprising the amino acid sequence of SEQ ID NO: 318 and a light chain

comprising the amino acid sequence of SEQ ID NO: 354;

vi) a heavy chain comprising the amino acid sequence of SEQ ID NO: 326 and a light chain

comprising the amino acid sequence of SEQ ID NO: 330;

vii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 326 and a light chain

comprising the amino acid sequence of SEQ ID NO: 362;

viii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 334 and a light chain

comprising the amino acid sequence of SEQ ID NO: 330;

ix) a heavy chain comprising the amino acid sequence of SEQ ID NO: 338 and a light chain

comprising the amino acid sequence of SEQ ID NO: 330;

x) a heavy chain comprising the amino acid sequence of SEQ ID NO: 338 and a light chain

comprising the amino acid sequence of SEQ ID NO: 310;

xi) a heavy chain comprising the amino acid sequence of SEQ ID NO: 338 and a light chain

comprising the amino acid sequence of SEQ ID NO: 374;

xii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 342 and a light chain

comprising the amino acid sequence of SEQ ID NO: 346;

xiii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 342 and a light chain

comprising the amino acid sequence of SEQ ID NO: 374;

xiv) a heavy chain comprising the amino acid sequence of SEQ ID NO: 350 and a light chain

comprising the amino acid sequence of SEQ ID NO: 354;

xv) a heavy chain comprising the amino acid sequence of SEQ ID NO: 350 and a light chain

comprising the amino acid sequence of SEQ ID NO: 374;

xvi) a heavy chain comprising the amino acid sequence of SEQ ID NO: 358 and a light chain

comprising the amino acid sequence of SEQ ID NO: 354;

xvii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 366 and a light chain

comprising the amino acid sequence of SEQ ID NO: 370;

xviii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 393 and a light chain

comprising the amino acid sequence of SEQ ID NO: 322;

xix) a heavy chain comprising the amino acid sequence of SEQ ID NO: 9 1 and a light chain

comprising the amino acid sequence of SEQ ID NO: 330; or



x) a heavy chain comprising the amino acid sequence of SEQ ID NO: 382 and a light chain

comprising the amino acid sequence of SEQ ID NO: 354.

Mesothelin CAR-expressing cells

Provided herein are cells, e.g., immune effector cells, that express a chimeric antigen

receptor (CAR) that targets, e.g., specifically binds to, mesothelin for use in any of the methods

or compositions described herein. The CAR that specifically binds to mesothelin also referred to

herein as "a mesothelin CAR or a mesoCAR". The mesothelin CAR expressed by the

mesothelin CAR-expressing cell described herein includes a mesothelin binding domain, a

transmembrane domain, and an intracellular signaling domain. In one embodiment, the

intracellular signaling domain comprises a costimulatory domain and/or a primary signaling

domain.

In one embodiment, the mesothelin binding domain comprises a heavy chain

complementary determining region 1 (HC CDRl), a heavy chain complementary determining

region 2 (HC CDR2), and a heavy chain complementary determining region 3 (HC CDR3) of

any mesothelin heavy chain binding domain amino acid sequence listed in Table 2; and a light

chain complementary determining region 1 (LC CDRl), a light chain complementary

determining region 2 (LC CDR2), and a light chain complementary determining region 3 (LC

CDR3) of any mesothelin light chain binding domain amino acid sequence listed in Table 2 . In

one embodiment, the mesothelin binding domain comprises a HC CDRl, a HC CDR2, and a HC

CDR3 according to the HC CDR amino acid sequences in Table 4, and a LC CDRl, a LC CDR2,

and a LC CDR3 according to the LC CDR amino acid sequences in Table 5 .

In one embodiment, the mesothelin binding domain comprises (e.g., consists of) the

amino acid sequence selected from the group consisting of SEQ ID NO: 43, SEQ ID NO: 49,

SEQ ID NO: 275, SEQ ID NO: 39, SEQ ID NO: 40, SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID

NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO: 48, SEQ ID NO: 50,

SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID

NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, or

SEQ ID NO: 62. In one embodiment, the mesothelin binding domain comprises (e.g., consists

of) an amino acid sequence having at least one, two or three modifications but not more than 30,

20 or 10 modifications (e.g., substitutions, e.g., conservative substitutions) to any of SEQ ID



NO: 43, SEQ ID NO: 49, SEQ ID NO: 275, SEQ ID NO: 39, SEQ ID NO: 40, SEQ ID NO: 41,

SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID

NO: 48, SEQ ID NO: 50, SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID NO: 53, SEQ ID NO: 54,

SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID

NO: 60, SEQ ID NO: 61, or SEQ ID NO: 62. In one embodiment, the mesothelin binding

domain comprises (e.g., consists of) an amino acid sequence with 95-99% identity to the amino

acid sequence to any of SEQ ID NO: 43, SEQ ID NO: 49, SEQ ID NO: 275, SEQ ID NO: 39,

SEQ ID NO: 40, SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID

NO: 46, SEQ ID NO: 47, SEQ ID NO: 48, SEQ ID NO: 50, SEQ ID NO: 51, SEQ ID NO: 52,

SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID

NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, or SEQ ID NO: 62.

In one embodiment, the mesothelin CAR includes a transmembrane domain that

comprises a transmembrane domain of a protein, e.g., a protein described herein, e.g., selected

from the group consisting of the alpha, beta or zeta chain of the T-cell receptor, CD28, CD3

epsilon, CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86,

CD134, CD137 and CD154. In one embodiment, the transmembrane domain comprises the

sequence of SEQ ID NO: 6 . In one embodiment, the transmembrane domain comprises an

amino acid sequence comprising at least one, two or three modifications but not more than 20, 10

or 5 modifications of the amino acid sequence of SEQ ID NO:6, or a sequence with 95-99%

identity to an amino acid sequence of SEQ ID NO:6. In one embodiment, the nucleic acid

sequence encoding the transmembrane domain comprises a nucleotide sequence of SEQ ID NO:

17, or a sequence with 95-99% identity thereof.

In one embodiment, the mesothelin binding domain is connected to the transmembrane

domain by a hinge region, e.g., a hinge region described herein. In one embodiment, the

encoded hinge region comprises SEQ ID NO:2, or a sequence with 95-99% identity thereof. In

one embodiment, the nucleic acid sequence encoding the hinge region comprises a nucleotide

sequence of SEQ ID NO: 13, or a sequence with 95-99% identity thereof.

In one embodiment, the isolated nucleic acid molecule further comprises a sequence

encoding a costimulatory domain, e.g., a costimulatory domain described herein. In

embodiments, the intracellular signaling domain comprises a costimulatory domain. In

embodiments, the intracellular signaling domain comprises a primary signaling domain. In



embodiments, the intracellular signaling domain comprises a costimulatory domain and a

primary signaling domain.

In one embodiment, the costimulatory domain is a functional signaling domain from a

protein, e.g., described herein, e.g., selected from the group consisting of a MHC class I

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

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

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

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

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

NKp30, NKp46, CD19, CD4, CD8alpha, CD8beta, IL2R beta, IL2R gamma, IL7R alpha,

ITGA4, VLA1, CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f, ITGAD, CDlld,

ITGAE, CD103, ITGAL, CDlla, LFA-1, ITGAM, CDllb, ITGAX, CDllc, ITGB1, CD29,

ITGB2, CD 18, LFA-1, ITGB7, NKG2D, NKG2C, TNFR2, TRANCE/RANKL, DNAM1

(CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAMl, CRTAM, Ly9 (CD229),

CD160 (BY55), PSGL1, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Lyl08), SLAM

(SLAMF1, CD150, IPO-3), BLAME (SLAMF8), SELPLG (CD162), LTBR, LAT, GADS, SLP-

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

In one embodiment, the costimulatory domain of 4- IBB comprises the amino acid

sequence of SEQ ID NO:7. In one embodiment, the encoded costimulatory domain comprises

an amino acid sequence having at least one, two or three modifications but not more than 20, 10

or 5 modifications of an amino acid sequence of SEQ ID NO:7, or a sequence with 95-99%

identity to the amino acid sequence of SEQ ID NO:7. In one embodiment, the nucleic acid

sequence encoding the costimulatory domain comprises the nucleotide sequence of SEQ ID

NO: 18, or a sequence with 95-99% identity thereof. In another embodiment, the costimulatory

domain of CD28 comprises the amino acid sequence of SEQ ID NO:43. In one embodiment, the

costimulatory domain comprises an amino acid sequence having at least one, two or three

modifications but not more than 20, 10 or 5 modifications of an amino acid sequence of SEQ ID

NO:43, or a sequence with 95-99% identity to an amino acid sequence of SEQ ID NO:43. In one

embodiment, the nucleic acid sequence encoding the costimulatory domain of CD28 comprises

the nucleotide sequence of SEQ ID NO:44, or a sequence with 95-99% identity thereof. In

another embodiment, the costimulatory domain of CD27 comprises the amino acid sequence of



SEQ ID NO:8. In one embodiment, the costimulatory domain comprises an amino acid sequence

having at least one, two or three modifications but not more than 20, 10 or 5 modifications of an

amino acid sequence of SEQ ID NO:8, or a sequence with 95-99% identity to an amino acid

sequence of SEQ ID NO:8. In one embodiment, the nucleic acid sequence encoding the

costimulatory domain of CD27 comprises the nucleotide sequence of SEQ ID NO: 19, or a

sequence with 95-99% identity thereof. In another embodiment, the costimulatory domain of

ICOS comprises the amino acid sequence of SEQ ID NO:45. In one embodiment, the

costimulatory domain of ICOS comprises an amino acid sequence having at least one, two or

three modifications but not more than 20, 10 or 5 modifications of an amino acid sequence of

SEQ ID NO:45, or a sequence with 95-99% identity to an amino acid sequence of SEQ ID

NO:45. In one embodiment, the nucleic acid sequence encoding the costimulatory domain of

ICOS comprises the nucleotide sequence of SEQ ID NO:46, or a sequence with 95-99% identity

thereof.

In some embodiments, the primary signaling domain comprises a functional signaling

domain of CD3 zeta. In embodiments, the functional signaling domain of CD3 zeta comprises

the amino acid sequence of SEQ ID NO:9 (mutant CD3 zeta) or SEQ ID NO: 10 (wild type

human CD3 zeta), or a sequence with 95-99% identity thereof.

In one embodiment, the intracellular signaling domain comprises a functional signaling

domain of 4- IBB and/or a functional signaling domain of CD3 zeta. In one embodiment, the

intracellular signaling domain of 4- IBB comprises the sequence of SEQ ID NO: 7 and/or the

CD3 zeta amino acid sequence of SEQ ID NO:9 or SEQ ID NO: 10. In one embodiment, the

intracellular signaling domain comprises an amino acid sequence having at least one, two or

three modifications but not more than 20, 10 or 5 modifications of an amino acid sequence of

SEQ ID NO:7 and/or an amino acid sequence of SEQ ID NO:9 or SEQ ID NO: 10, or a sequence

with 95-99% identity to an amino acid sequence of SEQ ID NO:7 and/or an amino acid sequence

of SEQ ID NO:9 or SEQ ID NO: 10. In one embodiment, the intracellular signaling domain

comprises the sequence of SEQ ID NO:7 and the sequence of SEQ ID NO:9 or SEQ ID NO: 10,

wherein the sequences comprising the intracellular signaling domain are expressed in the same

frame and as a single polypeptide chain. In one embodiment, the nucleic acid sequence encoding

the intracellular signaling domain comprises the nucleotide sequence of SEQ ID NO: 18, or a



sequence with 95-99% identity thereof, and/or the CD3 zeta nucleotide sequence of SEQ ID

NO:20 or SEQ ID NO:21, or a sequence with 95-99% identity thereof.

In one embodiment, the intracellular signaling domain comprises a functional signaling

domain of CD27 and/or a functional signaling domain of CD3 zeta. In one embodiment, the

encoded intracellular signaling domain of CD27 comprises the amino acid sequence of SEQ ID

NO:8 and/or the CD3 zeta amino acid sequence of SEQ ID NO:9 or SEQ ID NO: 10. In one

embodiment, the intracellular signaling domain comprises an amino acid sequence having at

least one, two or three modifications but not more than 20, 10 or 5 modifications of an amino

acid sequence of SEQ ID NO:8 and/or an amino acid sequence of SEQ ID NO:9 or SEQ ID

NO: 10, or a sequence with 95-99% identity to an amino acid sequence of SEQ ID NO:8 and/or

an amino acid sequence of SEQ ID NO:9 or SEQ ID NO: 10. In one embodiment, the

intracellular signaling domain comprises the sequence of SEQ ID NO:8 and the sequence of SEQ

ID NO:9 or SEQ ID NO: 10, wherein the sequences comprising the intracellular signaling domain

are expressed in the same frame and as a single polypeptide chain. In one embodiment, the

nucleic acid sequence encoding the intracellular signaling domain of CD27 comprises the

nucleotide sequence of SEQ ID NO: 19, or a sequence with 95-99% identity thereof, and/or the

CD3 zeta nucleotide sequence of SEQ ID NO:20 or SEQ ID NO:21, or a sequence with 95-99%

identity thereof.

In one embodiment, the intracellular signaling domain comprises a functional signaling

domain of CD28 and/or a functional signaling domain of CD3 zeta. In one embodiment, the

intracellular signaling domain of CD28 comprises the amino acid sequence of SEQ ID NO:43

and/or the CD3 zeta amino acid sequence of SEQ ID NO:9 or SEQ ID NO: 10. In one

embodiment, the intracellular signaling domain comprises an amino acid sequence having at

least one, two or three modifications but not more than 20, 10 or 5 modifications of an amino

acid sequence of SEQ ID NO:43 and/or an amino acid sequence of SEQ ID NO:9 or SEQ ID

NO: 10, or a sequence with 95-99% identity to an amino acid sequence of SEQ ID NO:43 and/or

an amino acid sequence of SEQ ID NO:9 or SEQ ID NO: 10. In one embodiment, the

intracellular signaling domain comprises the sequence of SEQ ID NO:43 and the sequence of

SEQ ID NO:9 or SEQ ID NO: 10, wherein the sequences comprising the intracellular signaling

domain are expressed in the same frame and as a single polypeptide chain. In one embodiment,

the nucleic acid sequence encoding the intracellular signaling domain of CD28 comprises the



nucleotide sequence of SEQ ID NO:44, or a sequence with 95-99% identity thereof, and/or the

CD3 zeta nucleotide sequence of SEQ ID NO:20 or SEQ ID NO:21, or a sequence with 95-99%

identity thereof.

In one embodiment, the intracellular signaling domain comprises a functional signaling

domain of ICOS and/or a functional signaling domain of CD3 zeta. In one embodiment, the

intracellular signaling domain of ICOS comprises the amino acid sequence of SEQ ID NO:45

and/or the CD3 zeta amino acid sequence of SEQ ID NO:9 or SEQ ID NO: 10. In one

embodiment, the intracellular signaling domain comprises an amino acid sequence having at

least one, two or three modifications but not more than 20, 10 or 5 modifications of an amino

acid sequence of SEQ ID NO:45 and/or an amino acid sequence of SEQ ID NO:9 or SEQ ID

NO: 10, or a sequence with 95-99% identity to an amino acid sequence of SEQ ID NO:45 and/or

an amino acid sequence of SEQ ID NO:9 or SEQ ID NO: 10. In one embodiment, the

intracellular signaling domain comprises the sequence of SEQ ID NO:45 and the sequence of

SEQ ID NO:9 or SEQ ID NO: 10, wherein the sequences comprising the intracellular signaling

domain are expressed in the same frame and as a single polypeptide chain. In one embodiment,

the nucleic acid sequence encoding the intracellular signaling domain of ICOS comprises the

nucleotide sequence of SEQ ID NO:46, or a sequence with 95-99% identity thereof, and/or the

CD3 zeta nucleotide sequence of SEQ ID NO:20 or SEQ ID NO:21, or a sequence with 95-99%

identity thereof.

In one embodiment, the mesothelin CAR further comprises a leader sequence comprising

the amino acid sequence of SEQ ID NO:l.

In one embodiment, the mesothelin CAR comprises the amino acid sequence of any of

SEQ ID NO: 67; SEQ ID NO: 73, SEQ ID NO: 278, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID

NO: 65, SEQ ID NO: 66, SEQ ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 71,

SEQ ID NO: 72, SEQ ID NO: 74, SEQ ID NO: 75, SEQ ID NO: 76, SEQ ID NO: 77, SEQ ID

NO: 78, SEQ ID NO: 79, SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 82, SEQ ID NO: 83,

SEQ ID NO: 84, SEQ ID NO: 85, or SEQ ID NO: 86. In one embodiment, the mesothelin CAR

comprises an amino acid sequence having at least one, two or three modifications but not more

than 30, 20 or 10 modifications to any of SEQ ID NO: 67, SEQ ID NO: 73, SEQ ID NO: 278,

SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID NO: 66, SEQ ID NO: 68, SEQ ID

NO: 69, SEQ ID NO: 70, SEQ ID NO: 71, SEQ ID NO: 72, SEQ ID NO: 74, SEQ ID NO: 75,



SEQ ID NO: 76, SEQ ID NO: 77, SEQ ID NO: 78, SEQ ID NO: 79, SEQ ID NO: 80, SEQ ID

NO: 81, SEQ ID NO: 82, SEQ ID NO: 83, SEQ ID NO: 84, SEQ ID NO: 85, or SEQ ID NO: 86.

In one embodiment, the mesothelin CAR comprises an amino acid sequence with 95-99%

identity to any of SEQ ID NO: 67; SEQ ID NO: 73, SEQ ID NO: 278, SEQ ID NO: 63, SEQ ID

NO: 64, SEQ ID NO: 65, SEQ ID NO: 66, SEQ ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 70,

SEQ ID NO: 71, SEQ ID NO: 72, SEQ ID NO: 74, SEQ ID NO: 75, SEQ ID NO: 76, SEQ ID

NO: 77, SEQ ID NO: 78, SEQ ID NO: 79, SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 82,

SEQ ID NO: 83, SEQ ID NO: 84, SEQ ID NO: 85, or SEQ ID NO: 86.

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

comprising a CAR comprises a nucleic acid encoding the CAR.

In one embodiment, the nucleic acid encoding the CAR is a lentiviral vector. In one

embodiment, the nucleic acid encoding the CAR is introduced into the cells by lentiviral

transduction. In one embodiment, the nucleic acid encoding the CAR is an RNA, e.g., an in vitro

transcribed RNA. In one embodiment, the nucleic acid encoding the CAR is introduced into the

cells by electroporation.

In embodiments of any of the methods and compositions described herein, the cell is a T

cell or an NK cell. In one embodiment, the T cell is an autologous or allogeneic T cell.

In one embodiment, the method further comprises administering an additional therapeutic

agent for treating a disease described herein, e.g., an anti-cancer therapeutic agent.

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

associated with mesothelin expression is a cancer. In one embodiment, the cancer is chosen

from one or more of mesothelioma, malignant pleural mesothelioma, non-small cell lung cancer,

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

pancreatic ductal adenocarcinoma, pancreatic metatstatic, ovarian cancer, or colorectal cancer

and bladder cancer, or a metastasis thereof.

In embodiments of any of the methods and compositions described herein, the subject is a

mammal, e.g., a human. In one embodiment, the subject expresses PD-Ll and/or PD-L2. In one

embodiment, the cancer cell or a cell in close proximity to a cancer cell, e.g., a cancer-associated

cell, in the subject expresses PD-Ll and/or PD-L2. In an embodiment, the cancer-associated cell

is a anti-tumor immune cell, e.g., a tumor infiltrating lymphocyte (TIL).



In one embodiment, the cell expressing a CAR, e.g., a mesothelin CAR-expressing cell

described herein, expresses PD-1 and/or PD-Ll.

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

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

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

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

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

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

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

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

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

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

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

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

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A shows flow cytometric analysis of the expression of PD1 on CAR T cells.

Shown is the percentage of CD8+ CAR+ cells expressing PD1. Bone marrow, spleen and tumor

were analyzed 30 days after adoptive transfer into Panc02.03 tumor bearing NSG mice. CAR T

cells taken from the tumors, but not the other organs were largely positive for PD1 expression

(more than 60%). CARTs were stained with anti-CD8a (BioLegend, RPAT8), anti-PDl (BD

Bioscience, EH12.1), anti-PDLl (BD Bioscience, M1H1), ProteinL-Biotin, and Streptavidin-PE.

Figure IB shows flow cytometric analysis of the expression of PDL1 and PDL2 on

Panc02.03 cancer cells. Shown is the expression of both PDL1 and PDL2 by Panc02.03 cancer

cells when analyzed both in vitro and ex vivo, from the same tumors analyzed in Figure 1A.

Cancer cells were stained with anti-PDLl (Biolegend, 29E.2A3) and anti-PDL2 (Biolegend,

24F.10C12).

Figure 2 is a graph showing the tumor progression after various combination treatments

with mesothelin CART and a PD-Ll inhibitor, where the PD-Ll inhibitor was administered prior

to CAR administration. PD-Ll antibody was administered at the timepoint designated by # . The



indicated CAR-expressing cells were administered at the timepoints designated by *. The

timepoints where tissues were harvested are designated by the stars on the X-axis.

Figure 3 is a graph the tumor progression after various combination treatments with

mesothelin CART and PD-Ll inhibitors, where the PD-Ll inhibitor was administered after CAR

administration. PD-Ll antibody was administered at the timepoint designated by # . The

indicated CAR-expressing cells were administered at the timepoints designated by *.

Figure 4 is a series of images from immunohistochemical analysis of Pane xenograft

tissue after treatment with M5 mesothelin CART.

Figure 5 is a series of images from immunohistochemical analysis of Pane xenograft

tissue after treatment with M5 mesothelin CART.

Figure 6 shows that the proliferation of CAR-expressing, transduced T cells is enhanced

by low doses of RADOOl in a cell culture system. CARTs were co-cultured with Nalm-6 cells in

the presence of different concentrations of RADOOl. The number of CAR-positive CD3-positive

T cells (black) and total T cells (gray) was assessed after 4 days of co-culture.

Figure 7 depicts tumor growth measurements of NALM6-luc cells with daily RADOOl

dosing at 0.3, 1, 3, and 10 mg/kg (mpk) or vehicle dosing. Circles denote the vehicle; squares

denote the 10 mg/kg dose of RADOOl; triangles denote the 3 mg/kg dose of RADOOl, inverted

triangles denote the 1 mg/kg dose of RADOOl; and diamonds denote the 0.3 mg/kg dose of

RADOOl.

Figure 8, comprising Figures 8A and 8B, shows pharmacokinetic curves showing the

amount of RADOOl in the blood of NSG mice with NALM6 tumors. FIG. 8A shows day 0 PK

following the first dose of RADOOl. FIG. 8B shows Day 14 PK following the final RADOOl

dose. Diamonds denote the 10 mg/kg dose of RADOOl; squares denote the 1 mg/kg dose of

RADOOl; triangles denote the 3 mg/kg dose of RADOOl; and x's denote the 10 mg/kg dose of

RADOOl.

Figure 9, comprising Figures 9A and 9B, shows in vivo proliferation of humanized CD 19

CART cells with and without RADOOl dosing. Low doses of RADOOl (0.003 mg/kg) daily lead

to an enhancement in CAR T cell proliferation, above the normal level of huCAR19

proliferation. FIG. 9A shows CD4+ CAR T cells; FIG. 9B shows CD8+ CAR T cells. Circles

denote PBS; squares denote huCTL019; triangles denote huCTL019 with 3 mg/kg RADOOl;



inverted triangles denote huCTL019 with 0.3 mg/kg RADOOl; diamonds denote huCTL019 with

0.03 mg/kg RADOOl; and circles denote huCTL019 with 0.003 mg/kg RADOOl.

DETAILED DESCRIPTION

Definitions

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

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

pertains.

The term "a" and "an" refers to one or to more than one (i.e., to at least one) of the

grammatical object of the article. By way of example, "an element" means one element or more

than one element.

The term "about" when referring to a measurable value such as an amount, a temporal

duration, and the like, is meant to encompass variations of +20% or in some instances +10%, or

in some instances +5%, or in some instances +1%, or in some instances +0.1% from the specified

value, as such variations are appropriate to perform the disclosed methods.

Administered "in combination", as used herein, means that two (or more) different

treatments are delivered to the subject during the course of the subject's affliction with the

disorder, e.g., the two or more treatments are delivered after the subject has been diagnosed with

the disorder and before the disorder has been cured or eliminated or treatment has ceased for

other reasons. In some embodiments, the delivery of one treatment is still occurring when the

delivery of the second begins, so that there is overlap in terms of administration. This is

sometimes referred to herein as "simultaneous" or "concurrent delivery". In other embodiments,

the delivery of one treatment ends before the delivery of the other treatment begins. In some

embodiments of either case, the treatment is more effective because of combined administration.

For example, the second treatment is more effective, e.g., an equivalent effect is seen with less of

the second treatment, or the second treatment reduces symptoms to a greater extent, than would

be seen if the second treatment were administered in the absence of the first treatment, or the

analogous situation is seen with the first treatment. In some embodiments, delivery is such that

the reduction in a symptom, or other parameter related to the disorder is greater than what would

be observed with one treatment delivered in the absence of the other. The effect of the two



treatments can be partially additive, wholly additive, or greater than additive. The delivery can

be such that an effect of the first treatment delivered is still detectable when the second is

delivered.

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

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

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

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

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

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

In some embodiments, the domains in the CAR polypeptide construct are not contiguous with

each other, e.g., are in different polypeptide chains, e.g., as provided in an RCAR as described

herein.

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

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

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

signaling domain further comprises one or more functional signaling domains derived from at

least one costimulatory molecule as defined below. In one aspect, the costimulatory molecule is

chosen from 4-1BB (i.e., CD137), CD27, ICOS, and/or CD28. In one aspect, the CAR

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

transmembrane domain and an intracellular signaling domain comprising a functional signaling

domain derived from a stimulatory molecule. In one aspect, the CAR comprises a chimeric

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

an intracellular signaling domain comprising a functional signaling domain derived from a co

stimulatory molecule and a functional signaling domain derived from a stimulatory molecule. In

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

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

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

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

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

transmembrane domain and an intracellular signaling domain comprising at least two functional

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



signaling domain derived from a stimulatory molecule. In one aspect the CAR comprises an

optional leader sequence at the amino-terminus (N-ter) of the CAR fusion protein. In one aspect,

the CAR further comprises a leader sequence at the N-terminus of the extracellular antigen

binding domain, wherein the leader sequence is optionally cleaved from the antigen recognition

domain (e.g., a scFv) during cellular processing and localization of the CAR to the cellular

membrane.

The term "signaling domain" refers to the functional portion of a protein which acts by

transmitting information within the cell to regulate cellular activity via defined signaling

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

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

a stimulatory molecule or co-stimulatory molecule described herein, or is a synthesized or

engineered signaling domain.

As used herein, the term "mesothelin" refers to the 40-kDa protein, mesothelin, which is

anchored at the cell membrane by a glycosylphosphatidyl inositol (GPI) linkage and an amino-

terminal 31-kDa shed fragment, called megkaryocyte potentiating factor (MPF). Both fragments

contain N-glycosylation sites. The term also refers to a soluble splice variant of the 40-kDa

carboxyl-terminal fragment also called "soluble mesothelin/MPF-related". Preferably, the term

refers to a human mesothelin of GenBank accession number AAH03512.1, and naturally cleaved

portions thereof, e.g., as expressed on a cell membrane, e.g., a cancer cell membrane.

The term "antibody" or "antibody molecule" as used herein, refers to a protein, or

polypeptide sequence derived from an immunoglobulin molecule which specifically binds with

an antigen. Antibodies can be polyclonal or monoclonal, multiple or single chain, or intact

immunoglobulins, and may be derived from natural sources or from recombinant sources.

Antibodies can be tetramers of immunoglobulin molecules. In one embodiment, the antibody or

antibody molecule comprises, e.g., consists of, an antibody fragment.

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

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

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

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

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

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



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

fragment comprising two Fab fragments linked by a disulfide brudge at the hinge region, and an

isolated CDR or other epitope binding fragments of an antibody. An antigen binding fragment

can also be incorporated into single domain antibodies, maxibodies, minibodies, nanobodies,

intrabodies, diabodies, triabodies, tetrabodies, v-NAR and bis-scFv (see, e.g., Hollinger and

Hudson, Nature Biotechnology 23:1126-1136, 2005). Antigen binding fragments can also be

grafted into scaffolds based on polypeptides such as a fibronectin type III (Fn3)(see U.S. Patent

No.: 6,703,199, which describes fibronectin polypeptide minibodies).

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

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

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

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

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

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

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

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

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

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

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

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

(LCDRl, LCDR2, and LCDR3). The precise amino acid sequence boundaries of a given CDR

can be determined using any of a number of well-known schemes, including those described by

Kabat et al. (1991), "Sequences of Proteins of Immunological Interest," 5th Ed. Public Health

Service, National Institutes of Health, Bethesda, MD ("Kabat" numbering scheme), Al-Lazikani

et al., (1997) JMB 273,927-948 ("Chothia" numbering scheme), or a combination thereof.

Under the Kabat numbering scheme, in some embodiments, the CDR amino acid residues in the

heavy chain variable domain (VH) are numbered 31-35 (HCDR1), 50-65 (HCDR2), and 95-102

(HCDR3); and the CDR amino acid residues in the light chain variable domain (VL) are

numbered 24-34 (LCDRl), 50-56 (LCDR2), and 89-97 (LCDR3). Under the Chothia numbering

scheme, in some embodiments, the CDR amino acids in the VH are numbered 26-32 (HCDR1),

52-56 (HCDR2), and 95-102 (HCDR3); and the CDR amino acid residues in the VL are



numbered 26-32 (LCDR1), 50-52 (LCDR2), and 91-96 (LCDR3). In a combined Kabat and

Chothia numbering scheme, in some embodiments, the CDRs correspond to the amino acid

residues that are part of a Kabat CDR, a Chothia CDR, or both. For instance, in some

embodiments, the CDRs correspond to amino acid residues 26-35 (HCDR1), 50-65 (HCDR2),

and 95-102 (HCDR3) in a VH, e.g., a mammalian VH, e.g., a human VH; and amino acid

residues 24-34 (LCDR1), 50-56 (LCDR2), and 89-97 (LCDR3) in a VL, e.g., a mammalian VL,

e.g., a human VL.

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

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

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

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

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

Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, NY; Harlow et al.,

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

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

aspect, the antigen binding domain of a CAR of the invention comprises an antibody fragment.

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

As used herein, the term "antibody molecule" refers to a protein, e.g., an immunoglobulin

chain or fragment thereof, comprising at least one immunoglobulin variable domain sequence.

The term antibody molecule encompasses antibodies and antibody fragments. In one

embodiment, an antibody molecule encompasses a "binding domain" (also referred to herein as

"anti-target (e.g., mesothelin) binding domain"). In an embodiment, an antibody molecule is a

multispecific antibody molecule, e.g., it comprises a plurality of immunoglobulin variable

domain sequences, wherein a first immunoglobulin variable domain sequence of the plurality has

binding specificity for a first epitope and a second immunoglobulin variable domain sequence of

the plurality has binding specificity for a second epitope. In an embodiment, a multispecific

antibody molecule is a bispecific antibody molecule. A bispecific antibody has specificity for no

more than two antigens. A bispecific antibody molecule is characterized by a first

immunoglobulin variable domain sequence which has binding specificity for a first epitope and a

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

epitope.



The term "antibody heavy chain," refers to the larger of the two types of polypeptide

chains present in antibody molecules in their naturally occurring conformations, and which

normally determines the class to which the antibody belongs.

The term "antibody light chain," refers to the smaller of the two types of polypeptide

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

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

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

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

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

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

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

wherein the DNA or amino acid sequence has been obtained using recombinant DNA or amino

acid sequence technology which is available and well known in the art.

The term "antigen" or "Ag" refers to a molecule that provokes an immune response. This

immune response may involve either antibody production, or the activation of specific

immunologically-competent cells, or both. The skilled artisan will understand that any

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

antigens can be derived from recombinant or genomic DNA. A skilled artisan will understand

that any DNA, which comprises a nucleotide sequences or a partial nucleotide sequence

encoding a protein that elicits an immune response therefore encodes an "antigen" as that term is

used herein. Furthermore, one skilled in the art will understand that an antigen need not be

encoded solely by a full length nucleotide sequence of a gene. It is readily apparent that the

present invention includes, but is not limited to, the use of partial nucleotide sequences of more

than one gene and that these nucleotide sequences are arranged in various combinations to

encode polypeptides that elicit the desired immune response. Moreover, a skilled artisan will

understand that an antigen need not be encoded by a "gene" at all. It is readily apparent that an

antigen can be generated synthesized or can be derived from a biological sample, or might be

macromolecule besides a polypeptide. Such a biological sample can include, but is not limited to

a tissue sample, a tumor sample, a cell or a fluid with other biological components.

The term "anti-cancer effect" refers to a biological effect which can be manifested by

various means, including but not limited to, e.g., a decrease in tumor volume, a decrease in the



number of cancer cells, a decrease in the number of metastases, an increase in life expectancy,

decrease in cancer cell proliferation, decrease in cancer cell survival, or amelioration of various

physiological symptoms associated with the cancerous condition. An "anti-cancer effect" can

also be manifested by the ability of the peptides, polynucleotides, cells and antibodies in

prevention of the occurrence of cancer in the first place. The term "anti-tumor effect" refers to a

biological effect which can be manifested by various means, including but not limited to, e.g., a

decrease in tumor volume, a decrease in the number of tumor cells, a decrease in tumor cell

proliferation, or a decrease in tumor cell survival.

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

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

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

species as the individual to whom the material is introduced. Two or more individuals are said to

be allogeneic to one another when the genes at one or more loci are not identical. In some

aspects, allogeneic material from individuals of the same species may be sufficiently unlike

genetically to interact antigenically.

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

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

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

tissues or malignantly transformed cells, tissues or organs irrespective of the histopathologic type

or stage of invasiveness. Cancer cells can spread locally or through the bloodstream and

lymphatic system to other parts of the body. Examples of various cancers are described herein

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

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

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

The phrase "disease associated with expression of mesothelin" includes, but is not limited

to, a disease associated with expression of mesothelin or condition associated with cells which

express mesothelin including, e.g., proliferative diseases such as a cancer or malignancy or a

precancerous condition such as a mesothelial hyperplasia; or a noncancer related indication

associated with cells which express mesothelin. Examples of various cancers that express

mesothelin include but are not limited to, mesothelioma, lung cancer, ovarian cancer, pancreatic

cancer, and the like.



The term "conservative sequence modifications" refers to amino acid modifications that

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

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

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

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

mutagenesis and PCR-mediated mutagenesis. Conservative amino acid substitutions are ones in

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

Families of amino acid residues having similar side chains have been defined in the art. These

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

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

glutamine, serine, threonine, tyrosine, cysteine, tryptophan), nonpolar side chains (e.g., alanine,

valine, leucine, isoleucine, proline, phenylalanine, methionine), beta-branched side chains (e.g.,

threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan,

histidine). Thus, one or more amino acid residues within a CAR of the invention can be replaced

with other amino acid residues from the same side chain family and the altered CAR can be

tested, e.g., for the ability to bind mesothelin using the functional assays described herein.

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

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

case of a CAR) thereby mediating a signal transduction event, such as, but not limited to, signal

transduction via the TCR/CD3 complex or signal transduction via the appropriate NK receptor or

signaling domains of the CAR. Stimulation can mediate altered expression of certain molecules,

such as downregulation of TGF-β, and/or reorganization of cytoskeletal structures, and the like.

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

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

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

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

the signal is a primary signal that is initiated by, for instance, binding of a TCR/CD3 complex

with an MHC molecule loaded with peptide, and which leads to mediation of a T cell response,

including, but not limited to, proliferation, activation, differentiation, and the like. A primary

cytoplasmic signaling sequence (also referred to as a "primary signaling domain") that acts in a

stimulatory manner may contain a signaling motif which is known as immunoreceptor tyrosine-



based activation motif or ITAM. Examples of an ITAM containing primary cytoplasmic

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

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

Rib), CD3 gamma, CD3 delta , CD3 epsilon, CD5, CD22, CD79a, CD79b, CD278 (also known

as "ICOS"), FcsRI, DAP10, DAP 12, and CD66d. In a specific CAR of the invention, the

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

intracellular signaling sequence, e.g., a primary signaling sequence of CD3-zeta. In a specific

CAR of the invention, the primary signaling sequence of CD3-zeta is the sequence provided as

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

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

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

human species, e.g., mouse, rodent, monkey, ape and the like.

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

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

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

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

present them to T-cells.

An "intracellular signaling domain," as the term is used herein, refers to an intracellular

portion of a molecule. The intracellular signaling domain generates a signal that promotes an

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

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

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

entire intracellular signaling domain can be employed, in many cases it is not necessary to use

the entire chain. To the extent that a truncated portion of the intracellular signaling domain is

used, such truncated portion may be used in place of the intact chain as long as it transduces the

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

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

function signal.

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

signaling domain. Exemplary primary intracellular signaling domains include those derived

from the molecules responsible for primary stimulation, or antigen dependent simulation. In an



embodiment, the intracellular signaling domain can comprise a costimulatory intracellular

domain. Exemplary costimulatory intracellular signaling domains include those derived from

molecules responsible for costimulatory signals, or antigen independent stimulation. In an

embodiment, the intracellular signaling domain is synthesized or engineered. For example, in the

case of a CAR-expressing immune effector cell, e.g., CART cell or CAR-expressing NK cell, a

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

a primary intracellular signaling domain can comprise a cytoplasmic sequence of a T cell

receptor, and a costimulatory intracellular signaling domain can comprise cytoplasmic sequence

from co-receptor or costimulatory molecule.

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

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

primary cytoplasmic signaling sequences include, but are not limited to, those derived from CD3

zeta, common FcR gamma (FCER1G), Fc gamma Rlla, FcR beta, CD3 gamma, CD3 delta, CD3

epsilon, CD5, CD22, CD79a, CD79b, CD278 ("ICOS"), FcsRI CD66d, DAP10 and DAP12.

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

protein provided as GenBan Acc. No. BAG36664.1, or the equivalent residues from a non-

human species, e.g., mouse, rodent, monkey, ape and the like, and a "zeta stimulatory domain"

or alternatively a "CD3-zeta stimulatory domain" or a "TCR-zeta stimulatory domain" is defined

as the amino acid residues from the cytoplasmic domain of the zeta chain that are sufficient to

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

cytoplasmic domain of zeta comprises residues 52 through 164 of GenBank Acc. No.

BAG36664.1 or the equivalent residues from a non-human species, e.g., mouse, rodent, monkey,

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

domain" or a "CD3-zeta stimulatory domain" is the sequence provided as SEQ ID NO: 18. In

one aspect, the "zeta stimulatory domain" or a "CD3-zeta stimulatory domain" is the sequence

provided as SEQ ID NO:20. Also encompassed herein are CD3 zeta domains comprising one or

more mutations to the amino acid sequences described herein, e.g., SEQ ID NO: 20.

The term "costimulatory molecule" refers to the cognate binding partner on a T cell that

specifically binds with a costimulatory ligand, thereby mediating a costimulatory response by the

T cell, such as, but not limited to, proliferation. Costimulatory molecules are cell surface

molecules other than antigen receptors or their ligands that are required for an efficient immune



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

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

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

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

LFA-1 (CDlla/CD18), 4-lBB (CD137), B7-H3, CDS, ICAM-1, ICOS (CD278), GITR,

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

NKp46, CD 19, CD4, CD8alpha, CD8beta, IL2R beta, IL2R gamma, IL7R alpha, ITGA4, VLAl,

CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f, ITGAD, CDlld, ITGAE, CD103,

ITGAL, CDlla, LFA-1, ITGAM, CDllb, ITGAX, CDllc, ITGB1, CD29, ITGB2, CD18, LFA-

1, ITGB7, NKG2D, NKG2C, TNFR2, TRANCE/RANKL, DNAM1 (CD226), SLAMF4

(CD244, 2B4), CD84, CD96 (Tactile), CEACAM1, CRTAM, Ly9 (CD229), CD160 (BY55),

PSGL1, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Lyl08), SLAM (SLAMF1, CD150,

IPO-3), BLAME (SLAMF8), SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp,

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

A costimulatory intracellular signaling domain can be the intracellular portion of a

costimulatory molecule. The intracellular signaling domain can comprise the entire intracellular

portion, or the entire native intracellular signaling domain, of the molecule from which it is

derived, or a functional fragment thereof.

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

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

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

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

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

one aspect, the "4-lBB costimulatory domain" is the sequence provided as SEQ ID NO: 14 or the

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

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

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

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

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

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

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



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

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

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

function or response.

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

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

cytokines.

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

in a polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as templates for synthesis of

other polymers and macromolecules in biological processes having either a defined sequence of

nucleotides (i.e., rRNA, tRNA and mRNA) or a defined sequence of amino acids and the

biological properties resulting therefrom. Thus, a gene, cDNA, or RNA, encodes a protein if

transcription and translation of mRNA corresponding to that gene produces the protein in a cell

or other biological system. Both the coding strand, the nucleotide sequence of which is identical

to the mRNA sequence and is usually provided in sequence listings, and the non-coding strand,

used as the template for transcription of a gene or cDNA, can be referred to as encoding the

protein or other product of that gene or cDNA.

Unless otherwise specified, a "nucleotide sequence encoding an amino acid sequence"

includes all nucleotide sequences that are degenerate versions of each other and that encode the

same amino acid sequence. The phrase nucleotide sequence that encodes a protein or a RNA may

also include introns to the extent that the nucleotide sequence encoding the protein may in some

version contain an intron(s).

The term "effective amount" or "therapeutically effective amount" is used

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

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

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

tissue or system.

The term "exogenous" refers to any material introduced from or produced outside an

organism, cell, tissue or system.

The term "expression" refers to the transcription and/or translation of a particular

nucleotide sequence driven by its promoter.



The term "transfer vector" refers to a composition of matter which comprises an isolated

nucleic acid and which can be used to deliver the isolated nucleic acid to the interior of a cell.

Numerous vectors are known in the art including, but not limited to, linear polynucleotides,

polynucleotides associated with ionic or amphiphilic compounds, plasmids, and viruses. Thus,

the term "transfer vector" includes an autonomously replicating plasmid or a virus. The term

should also be construed to further include non-plasmid and non-viral compounds which

facilitate transfer of nucleic acid into cells, such as, for example, a polylysine compound,

liposome, and the like. Examples of viral transfer vectors include, but are not limited to,

adenoviral vectors, adeno-associated virus vectors, retroviral vectors, lentiviral vectors, and the

like.

The term "expression vector" refers to a vector comprising a recombinant polynucleotide

comprising expression control sequences operatively linked to a nucleotide sequence to be

expressed. An expression vector comprises sufficient cis-acting elements for expression; other

elements for expression can be supplied by the host cell or in an in vitro expression system.

Expression vectors include all those known in the art, including cosmids, plasmids (e.g., naked

or contained in liposomes) and viruses (e.g., lentiviruses, retroviruses, adenoviruses, and adeno-

associated viruses) that incorporate the recombinant polynucleotide.

The term "lentivirus" refers to a genus of the Retroviridae family. Lentiviruses are unique

among the retroviruses in being able to infect non-dividing cells; they can deliver a significant

amount of genetic information into the DNA of the host cell, so they are one of the most efficient

methods of a gene delivery vector. HIV, SIV, and FIV are all examples of lentiviruses.

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

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

et al., Mol. Ther. 17(8): 1453-1464 (2009). Other examples of lentivirus vectors that may be

used in the clinic include but are not limited to, e.g., the LENTIVECTOR® gene delivery

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

like. Nonclinical types of lentiviral vectors are also available and would be known to one skilled

in the art.

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

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

two RNA molecules, or between two polypeptide molecules. When a subunit position in both of



the two molecules is occupied by the same monomeric subunit; e.g., if a position in each of two

DNA molecules is occupied by adenine, then they are homologous or identical at that position.

The homology between two sequences is a direct function of the number of matching or

homologous positions; e.g., if half (e.g., five positions in a polymer ten subunits in length) of the

positions in two sequences are homologous, the two sequences are 50% homologous; if 90% of

the positions (e.g., 9 of 10), are matched or homologous, the two sequences are 90%

homologous.

The term "humanized" refers to those forms of non-human (e.g., murine) antibodies are

chimeric immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab',

F(ab')2 or other antigen-binding subsequences of antibodies) which contain minimal sequence

derived from non-human immunoglobulin. For the most part, humanized antibodies and

antibody fragments thereof are human immunoglobulins (recipient antibody or antibody

fragment) in which residues from a complementary-determining region (CDR) of the recipient

are replaced by residues from a CDR of a non-human species (donor antibody) such as mouse,

rat or rabbit having the desired specificity, affinity, and capacity. In some instances, Fv

framework region (FR) residues of the human immunoglobulin are replaced by corresponding

non-human residues. Furthermore, a humanized antibody/antibody fragment can comprise

residues which are found neither in the recipient antibody nor in the imported CDR or

framework sequences. These modifications can further refine and optimize antibody or antibody

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

comprise a significant portion of at least one, and typically two, variable domains, in which all or

substantially all of the CDR regions correspond to those of a non-human immunoglobulin and all

or substantially all of the FR regions are those of a human immunoglobulin sequence. The

humanized antibody or antibody fragment can also comprise at least a portion of an

immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further

details, see Jones et al., Nature, 321: 522-525, 1986; Reichmann et al., Nature, 332: 323-329,

1988; Presta, Curr. Op. Struct. Biol., 2 : 593-596, 1992.

The term "fully human" refers to an immunoglobulin, such as an antibody or antibody

fragment, where the whole molecule is of human origin or consists of an amino acid sequence

identical to a human form of the antibody or immunoglobulin.



The term "isolated" means altered or removed from the natural state. For example, a

nucleic acid or a peptide naturally present in a living animal is not "isolated," but the same

nucleic acid or peptide partially or completely separated from the coexisting materials of its

natural state is "isolated." An isolated nucleic acid or protein can exist in substantially purified

form, or can exist in a non-native environment such as, for example, a host cell.

In the context of the present invention, the following abbreviations for the commonly

occurring nucleic acid bases are used. "A" refers to adenosine, "C" refers to cytosine, "G" refers

to guanosine, "T" refers to thymidine, and "U" refers to uridine.

The term "operably linked" or "transcriptional control" refers to functional linkage

between a regulatory sequence and a heterologous nucleic acid sequence resulting in expression

of the latter. For example, a first nucleic acid sequence is operably linked with a second nucleic

acid sequence when the first nucleic acid sequence is placed in a functional relationship with the

second nucleic acid sequence. For instance, a promoter is operably linked to a coding sequence if

the promoter affects the transcription or expression of the coding sequence. Operably linked

DNA sequences can be contiguous with each other and, where necessary to join two protein

coding regions, are in the same reading frame.

The term "parenteral" administration of an immunogenic composition includes, e.g.,

subcutaneous (s.c), intravenous (i.v.), intramuscular (i.m.), or intrasternal injection, intratumoral,

or infusion techniques.

The term "nucleic acid" or "polynucleotide" refers to deoxyribonucleic acids (DNA) or

ribonucleic acids (RNA) and polymers thereof in either single- or double- stranded form. Unless

specifically limited, the term encompasses nucleic acids containing known analogues of natural

nucleotides that have similar binding properties as the reference nucleic acid and are metabolized

in a manner similar to naturally occurring nucleotides. Unless otherwise indicated, a particular

nucleic acid sequence also implicitly encompasses conservatively modified variants thereof (e.g.,

degenerate codon substitutions), alleles, orthologs, SNPs, and complementary sequences as well

as the sequence explicitly indicated. Specifically, degenerate codon substitutions may be

achieved by generating sequences in which the third position of one or more selected (or all)

codons is substituted with mixed-base and/or deoxyinosine residues (Batzer et al., Nucleic Acid

Res. 19:5081 (1991); Ohtsuka et al., J . Biol. Chem. 260:2605-2608 (1985); and Rossolini et al.,

Mol. Cell. Probes 8:91-98 (1994)).



The terms "peptide," "polypeptide," and "protein" are used interchangeably, and refer to

a compound comprised of amino acid residues covalently linked by peptide bonds. A protein or

peptide must contain at least two amino acids, and no limitation is placed on the maximum

number of amino acids that can comprise a protein's or peptide's sequence. Polypeptides include

any peptide or protein comprising two or more amino acids joined to each other by peptide

bonds. As used herein, the term refers to both short chains, which also commonly are referred to

in the art as peptides, oligopeptides and oligomers, for example, and to longer chains, which

generally are referred to in the art as proteins, of which there are many types. "Polypeptides"

include, for example, biologically active fragments, substantially homologous polypeptides,

oligopeptides, homodimers, heterodimers, variants of polypeptides, modified polypeptides,

derivatives, analogs, fusion proteins, among others. A polypeptide includes a natural peptide, a

recombinant peptide, a recombinant peptide, or a combination thereof.

The term "promoter" refers to a DNA sequence recognized by the synthetic machinery of

the cell, or introduced synthetic machinery, required to initiate the specific transcription of a

polynucleotide sequence.

The term "promoter/regulatory sequence" refers to a nucleic acid sequence which is

required for expression of a gene product operably linked to the promoter/regulatory sequence.

In some instances, this sequence may be the core promoter sequence and in other instances, this

sequence may also include an enhancer sequence and other regulatory elements which are

required for expression of the gene product. The promoter/regulatory sequence may, for

example, be one which expresses the gene product in a tissue specific manner.

The term "constitutive" promoter refers to a nucleotide sequence which, when operably

linked with a polynucleotide which encodes or specifies a gene product, causes the gene product

to be produced in a cell under most or all physiological conditions of the cell.

The term "inducible" promoter refers to a nucleotide sequence which, when operably

linked with a polynucleotide which encodes or specifies a gene product, causes the gene product

to be produced in a cell substantially only when an inducer which corresponds to the promoter is

present in the cell.

The term "tissue-specific" promoter refers to a nucleotide sequence which, when

operably linked with a polynucleotide encodes or specified by a gene, causes the gene product to



be produced in a cell substantially only if the cell is a cell of the tissue type corresponding to the

promoter.

The term "flexible polypeptide linker" or "linker" as used in the context of a scFv refers

to a peptide linker that consists of amino acids such as glycine and/or serine residues used alone

or in combination, to link variable heavy and variable light chain regions together. In one

embodiment, the flexible polypeptide linker is a Gly/Ser linker and comprises the amino acid

sequence (Gly-Gly-Gly-Ser)n, where n is a positive integer equal to or greater than 1 (SEQ ID

NO: 609). For example, n=l, n=2, n=3, n=4, n=5 and n=6, n=7, n=8, n=9 and n=10 (SEQ ID

NO: 606). In one embodiment, the flexible polypeptide linkers include, but are not limited to,

(Gly4 Ser)4 (SEQ ID NO: 27) or (Gly4 Ser)3 (SEQ ID NO: 28). In another embodiment, the

linkers include multiple repeats of (Gly2Ser), (GlySer) or (Gly3Ser) (SEQ ID NO: 29). Also

included within the scope of the invention are linkers described in WO2012/138475,

incorporated herein by reference).

As used herein, a 5' cap (also termed an RNA cap, an RNA 7-methylguanosine cap or an

RNA m'G cap) is a modified guanine nucleotide that has been added to the "front" or 5' end of a

eukaryotic messenger RNA shortly after the start of transcription. The 5' cap consists of a

terminal group which is linked to the first transcribed nucleotide. Its presence is critical for

recognition by the ribosome and protection from RNases. Cap addition is coupled to

transcription, and occurs co-transcriptionally, such that each influences the other. Shortly after

the start of transcription, the 5' end of the mRNA being synthesized is bound by a cap-

synthesizing complex associated with RNA polymerase. This enzymatic complex catalyzes the

chemical reactions that are required for mRNA capping. Synthesis proceeds as a multi-step

biochemical reaction. The capping moiety can be modified to modulate functionality of mRNA

such as its stability or efficiency of translation.

As used herein, "in vitro transcribed RNA" refers to RNA, preferably mRNA, that has

been synthesized in vitro. Generally, the in vitro transcribed RNA is generated from an in vitro

transcription vector. The in vitro transcription vector comprises a template that is used to

generate the in vitro transcribed RNA.

As used herein, a "poly(A)" is a series of adenosines attached by polyadenylation to the

mRNA. In the preferred embodiment of a construct for transient expression, the polyA is

between 50 and 5000 (SEQ ID NO: 30), preferably greater than 64, more preferably greater than



100, most preferably greater than 300 or 400. poly(A) sequences can be modified chemically or

enzymatically to modulate mRNA functionality such as localization, stability or efficiency of

translation.

As used herein, "polyadenylation" refers to the covalent linkage of a polyadenylyl

moiety, or its modified variant, to a messenger RNA molecule. In eukaryotic organisms, most

messenger RNA (mRNA) molecules are polyadenylated at the 3' end. The 3' poly(A) tail is a

long sequence of adenine nucleotides (often several hundred) added to the pre-mRNA through

the action of an enzyme, polyadenylate polymerase. In higher eukaryotes, the poly(A) tail is

added onto transcripts that contain a specific sequence, the polyadenylation signal. The poly(A)

tail and the protein bound to it aid in protecting mRNA from degradation by exonucleases.

Polyadenylation is also important for transcription termination, export of the mRNA from the

nucleus, and translation. Polyadenylation occurs in the nucleus immediately after transcription of

DNA into RNA, but additionally can also occur later in the cytoplasm. After transcription has

been terminated, the mRNA chain is cleaved through the action of an endonuclease complex

associated with RNA polymerase. The cleavage site is usually characterized by the presence of

the base sequence AAUAAA near the cleavage site. After the mRNA has been cleaved,

adenosine residues are added to the free 3' end at the cleavage site.

As used herein, "transient" refers to expression of a non-integrated transgene for a period

of hours, days or weeks, wherein the period of time of expression is less than the period of time

for expression of the gene if integrated into the genome or contained within a stable plasmid

replicon in the host cell.

As used herein, the terms "treat", "treatment" and "treating" refer to the reduction or

amelioration of the progression, severity and/or duration of a proliferative disorder, or the

amelioration of one or more symptoms (preferably, one or more discernible symptoms) of a

proliferative disorder resulting from the administration of one or more therapies (e.g., one or

more therapeutic agents such as a CAR of the invention). In specific embodiments, the terms

"treat", "treatment" and "treating" refer to the amelioration of at least one measurable physical

parameter of a proliferative disorder, such as growth of a tumor, not necessarily discernible by

the patient. In other embodiments the terms "treat", "treatment" and "treating" -refer to the

inhibition of the progression of a proliferative disorder, either physically by, e.g., stabilization of

a discernible symptom, physiologically by, e.g., stabilization of a physical parameter, or both. In



other embodiments the terms "treat", "treatment" and "treating" refer to the reduction or

stabilization of tumor size or cancerous cell count.

The term "signal transduction pathway" refers to the biochemical relationship between a

variety of signal transduction molecules that play a role in the transmission of a signal from one

portion of a cell to another portion of a cell. The phrase "cell surface receptor" includes

molecules and complexes of molecules capable of receiving a signal and transmitting signal

across the membrane of a cell.

The term "subject" is intended to include living organisms in which an immune response

can be elicited (e.g., mammals, human).

The term a "substantially purified" cell refers to a cell that is essentially free of other cell

types. A substantially purified cell also refers to a cell which has been separated from other cell

types with which it is normally associated in its naturally occurring state. In some instances, a

population of substantially purified cells refers to a homogenous population of cells. In other

instances, this term refers simply to cell that have been separated from the cells with which they

are naturally associated in their natural state. In some aspects, the cells are cultured in vitro. In

other aspects, the cells are not cultured in vitro.

The term "therapeutic" as used herein means a treatment. A therapeutic effect is obtained

by reduction, suppression, remission, or eradication of a disease state.

The term "prophylaxis" as used herein means the prevention of or protective treatment

for a disease or disease state.

The terms "cancer associated antigen" or "tumor antigen" interchangeably refers to a

molecule (typically a protein, carbohydrate or lipid) that is expressed on the surface of a cancer

cell, either entirely or as a fragment (e.g., MHC/peptide), and which is useful for the preferential

targeting of a pharmacological agent to the cancer cell. In some embodiments, a tumor antigen is

a marker expressed by both normal cells and cancer cells, e.g., a lineage marker, e.g., CD19 on B

cells. In some embodiments, a tumor antigen is a cell surface molecule that is overexpressed in a

cancer cell in comparison to a normal cell, for instance, 1-fold over expression, 2-fold

overexpression, 3-fold overexpression or more in comparison to a normal cell. In some

enbodiments, a tumor antigen is a cell surface molecule that is inappropriately synthesized in the

cancer cell, for instance, a molecule that contains deletions, additions or mutations in comparison

to the molecule expressed on a normal cell. In some embodiments, a tumor antigen will be



expressed exclusively on the cell surface of a cancer cell, entirely or as a fragment (e.g.,

MHC/peptide), and not synthesized or expressed on the surface of a normal cell. In some

embodiments, the CARs of the present invention includes CARs comprising an antigen binding

domain (e.g., antibody or antibody fragment) that binds to a MHC presented peptide. Normally,

peptides derived from endogenous proteins fill the pockets of Major histocompatibility complex

(MHC) class I molecules, and are recognized by T cell receptors (TCRs) on CD8 + T

lymphocytes. The MHC class I complexes are constitutively expressed by all nucleated cells. In

cancer, virus-specific and/or tumor-specific peptide/MHC complexes represent a unique class of

cell surface targets for immunotherapy. TCR-like antibodies targeting peptides derived from

viral or tumor antigens in the context of human leukocyte antigen (HLA)-Al or HLA-A2 have

been described (see, e.g., Sastry et al., J Virol. 2011 85(5): 1935-1942; Sergeeva et al., Blood,

2011 117(16):4262-4272; Verma et al., J Immunol 2010 184(4):2156-2165; Willemsen et al.,

Gene Ther 2001 8(21) :1601-1608 ; Dao et al., Sci Transl Med 2013 5(176) :176ra33 ; Tassev et

al., Cancer Gene Ther 2012 19(2):84-100). For example, TCR-like antibody can be identified

from screening a library, such as a human scFv phage displayed library.

The term "transfected" or "transformed" or "transduced" refers to a process by which

exogenous nucleic acid is transferred or introduced into the host cell. A "transfected" or

"transformed" or "transduced" cell is one which has been transfected, transformed or transduced

with exogenous nucleic acid. The cell includes the primary subject cell and its progeny.

The term "specifically binds," refers to an antibody, or a ligand, which recognizes and

binds with a binding partner (e.g., tumor antigen) protein present in a sample, but which antibody

or ligand does not substantially recognize or bind other molecules in the sample.

"Regulatable chimeric antigen receptor (RCAR),"as used herein, refers to a set of

polypeptides, typically two in the simplest embodiments, which when in an immune effector cell,

provides the cell with specificity for a target cell, typically a cancer cell, and with regulatable

intracellular signal generation. In some embodiments, an RCAR comprises at least an

extracellular antigen binding domain, a transmembrane and a cytoplasmic signaling domain (also

referred to herein as "an intracellular signaling domain") comprising a functional signaling

domain derived from a stimulatory molecule and/or costimulatory molecule as defined herein in

the context of a CAR molecule. In some embodiments, the set of polypeptides in the RCAR are

not contiguous with each other, e.g., are in different polypeptide chains. In some embodiments,



the RCAR includes a dimerization switch that, upon the presence of a dimerization molecule, can

couple the polypeptides to one another, e.g., can couple an antigen binding domain to an

intracellular signaling domain. In some embodiments, the RCAR is expressed in a cell (e.g., an

immune effector cell) as described herein, e.g., an RCAR-expressing cell (also referred to herein

as "RCARX cell"). In an embodiment the RCARX cell is a T cell, and is referred to as a

RCART cell. In an embodiment the RCARX cell is an NK cell, and is referred to as a RCARN

cell. The RCAR can provide the RCAR-expressing cell with specificity for a target cell, typically

a cancer cell, and with regulatable intracellular signal generation or proliferation, which can

optimize an immune effector property of the RCAR-expressing cell. In embodiments, an RCAR

cell relies at least in part, on an antigen binding domain to provide specificity to a target cell that

comprises the antigen bound by the antigen binding domain.

"Membrane anchor" or "membrane tethering domain", as that term is used herein, refers

to a polypeptide or moiety, e.g., a myristoyl group, sufficient to anchor an extracellular or

intracellular domain to the plasma membrane.

"Switch domain," as that term is used herein, e.g., when referring to an RCAR, refers to

an entity, typically a polypeptide-based entity, that, in the presence of a dimerization molecule,

associates with another switch domain. The association results in a functional coupling of a first

entity linked to, e.g., fused to, a first switch domain, and a second entity linked to, e.g., fused to,

a second switch domain. A first and second switch domain are collectively referred to as a

dimerization switch. In embodiments, the first and second switch domains are the same as one

another, e.g., they are polypeptides having the same primary amino acid sequence, and are

referred to collectively as a homodimerization switch. In embodiments, the first and second

switch domains are different from one another, e.g., they are polypeptides having different

primary amino acid sequences, and are referred to collectively as a heterodimerization switch. In

embodiments, the switch is intracellular. In embodiments, the switch is extracellular. In

embodiments, the switch domain is a polypeptide-based entity, e.g., FKBP or FRB-based, and

the dimerization molecule is small molecule, e.g., a rapalogue. In embodiments, the switch

domain is a polypeptide-based entity, e.g., an scFv that binds a myc peptide, and the dimerization

molecule is a polypeptide, a fragment thereof, or a multimer of a polypeptide, e.g., a myc ligand

or multimers of a myc ligand that bind to one or more myc scFvs. In embodiments, the switch



domain is a polypeptide-based entity, e.g., myc receptor, and the dimerization molecule is an

antibody or fragments thereof, e.g., myc antibody.

"Dimerization molecule," as that term is used herein, e.g., when referring to an RCAR,

refers to a molecule that promotes the association of a first switch domain with a second switch

domain. In embodiments, the dimerization molecule does not naturally occur in the subject, or

does not occur in concentrations that would result in significant dimerization. In embodiments,

the dimerization molecule is a small molecule, e.g., rapamycin or a rapalogue, e.g, RADOOl.

The term "bioequivalent" refers to an amount of an agent other than the reference

compound (e.g., RADOOl), required to produce an effect equivalent to the effect produced by the

reference dose or reference amount of the reference compound ( e.g., RADOOl). In an

embodiment the effect is the level of mTOR inhibition, e.g., as measured by P70 S6 kinase

inhibition, e.g., as evaluated in an in vivo or in vitro assay, e.g., as measured by an assay

described herein, e.g., the Boulay assay, or measurement of phosphorylated S6 levels by western

blot. In an embodiment, the effect is alteration of the ratio of PD-1 positive/PD-1 negative T

cells, as measured by cell sorting. In an embodiment a bioequivalent amount or dose of an

mTOR inhibitor is the amount or dose that achieves the same level of P70 S6 kinase inhibition as

does the reference dose or reference amount of a reference compound. In an embodiment, a

bioequivalent amount or dose of an mTOR inhibitor is the amount or dose that achieves the same

level of alteration in the ratio of PD-1 positive/PD-1 negative T cells as does the reference dose

or reference amount of a reference compound.

The term "low, immune enhancing, dose" when used in conjuction with an mTOR

inhibitor, e.g., an allosteric mTOR inhibitor, e.g., RADOOl or rapamycin, or a catalytic mTOR

inhibitor, refers to a dose of mTOR inhibitor that partially, but not fully, inhibits mTOR activity,

e.g., as measured by the inhibition of P70 S6 kinase activity. Methods for evaluating mTOR

activity, e.g., by inhibition of P70 S6 kinase, are discussed herein. The dose is insufficient to

result in complete immune suppression but is sufficient to enhance the immune response. In an

embodiment, the low, immune enhancing, dose of mTOR inhibitor results in a decrease in the

number of PD-1 positive T cells and/or an increase in the number of PD-1 negative T cells, or an

increase in the ratio of PD-1 negative T cells/PD-1 positive T cells. In an embodiment, the low,

immune enhancing, dose of mTOR inhibitor results in an increase in the number of naive T cells.



In an embodiment, the low, immune enhancing, dose of mTOR inhibitor results in one or more

of the following:

an increase in the expression of one or more of the following markers: CD62L l ,

CD127 , CD27+, and BCL2, e.g., on memory T cells, e.g., memory T cell precursors;

a decrease in the expression of KLRG1, e.g., on memory T cells, e.g., memory T cell

precursors; and

an increase in the number of memory T cell precursors, e.g., cells with any one or

combination of the following characteristics: increased CD62L l , increased CD127 l ,

increased CD27+, decreased KLRG1, and increased BCL2;

wherein any of the changes described above occurs, e.g., at least transiently, e.g., as

compared to a non-treated subject.

"Refractory" as used herein refers to a disease, e.g., cancer, that does not respond to a

treatment. In embodiments, a refractory cancer can be resistant to a treatment before or at the

beginning of the treatment. In other embodiments, the refractory cancer can become resistant

during a treatment. A refractory cancer is also called a resistant cancer.

"Relapsed" or "relapse" as used herein refers to the return or reappearance of a disease

(e.g., cancer) or the signs and symptoms of a disease such as cancer after a period of

improvement or responsiveness, e.g., after prior treatment of a therapy, e.g., cancer therapy. The

initial period of responsiveness may involve the level of cancer cells falling below a certain

threshold, e.g., below 20%, 1%, 10%, 5%, 4%, 3%, 2%, or 1%. The reappearance may involve

the level of cancer cells rising above a certain threshold, e.g., above 20%, 1%, 10%, 5%, 4%,

3%, 2%, or 1%. For example, e.g., in the context of B-ALL, the reappearance may involve, e.g.,

a reappearance of blasts in the blood, bone marrow (> 5%), or any extramedullar site, after a

complete response. A complete response, in this context, may involve < 5% BM blast. More

generally, in an embodiment, a response (e.g., complete response or partial response) can involve

the absence of detectable MRD (minimal residual disease). In an embodiment, the initial period

of responsiveness lasts at least 1, 2, 3, 4, 5, or 6 days; at least 1, 2, 3, or 4 weeks; at least 1, 2, 3,

4, 6, 8, 10, or 12 months; or at least 1, 2, 3, 4, or 5 years.

Ranges: throughout this disclosure, various aspects of the invention can be presented in a

range format. It should be understood that the description in range format is merely for

convenience and brevity and should not be construed as an inflexible limitation on the scope of



the invention. Accordingly, the description of a range should be considered to have specifically

disclosed all the possible subranges as well as individual numerical values within that range. For

example, description of a range such as from 1 to 6 should be considered to have specifically

disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3

to 6 etc., as well as individual numbers within that range, for example, 1, 2, 2.7, 3, 4, 5, 5.3, and

6 . As another example, a range such as 95-99% identity, includes something with 95%, 96%,

97%, 98%, or 99% identity, and includes subranges such as 96-99%, 96-98%, 96-97%, 97-99%,

97-98%, and 98-99% identity. This applies regardless of the breadth of the range.

Description

Provided herein are compositions and methods for treating a disease such as cancer, by

administering a cell comprising a chimeric antigen receptor that targets mesothelin, e.g.,

mesothelin CAR, in combination with a PD-Ll inhibitor. Exemplary components to generate a

mesothelin CAR and a mesothelin CAR-expressing cell are disclosure herein. Exemplary PD-Ll

inhibitors are also described herein.

In embodiments, the combination therapy of a mesothelin CAR-expressing cell described

herein and a PD-Ll inhibitor described herein results in one or more of the following: improved

or increased anti-tumor activity of the mesothelin CAR-expressing cell; increased proliferation

or persistence of the mesothelin CAR-expressing cell; improved or increased infiltration of the

mesothelin CAR-expressing cell; improved inhibition of tumor progression; delay of tumor

progression; inhibition or reduction in cancer cell proliferation; and/or reduction in tumor

burden, e.g., tumor volume, or size.

As demonstrated in the examples provided herein, in some embodiments, administration

of the PD-Ll inhibitor prior to administration of a mesothelin CAR-expressing cell results in

increased therapeutic efficacy, e.g., increased inhibition of tumor progression and/or tumor

growth, in some cancers, e.g., as compared to administration of the PD-Ll inhibitor after

administration of a mesothelin CAR-expressing cell or administration fo the PD-Ll inhibitor or

mesothelin CAR-expressing cell alone.

PD-Ll is known to downregulate the immune response, e.g., anti-tumor immune

response. PD-Ll can also be expressed by cancer cells or cancer associated cells, e.g., tumor

infiltrating lymphocytes (TILs). Without wishing to be bound by theory, in some embodiments,



a subject that is administered the combination therapy described herein, e.g., a mesothelin CAR-

expressing cell and a PD-Ll inhibitor, is more likely to have increased anti-tumor activity if the

subject has one or more of: a cancer that expresses, e.g., highly expresses, PD-Ll; a cancer that

is infiltrated by anti-tumor immune cells, e.g., tumor infiltrating lymphocytes (TILs); and/or

cancer-associated cells that express, e.g., highly express, PD-Ll, as compared to a subject that is

not administered the combination therapy, or is administered a mesothelin CAR-expressing cell

or PD-Ll inhibitor alone. For example, without wishing to be bound by theory, treatment with a

PD-Ll inhibitor prevents or reduces the downregulation of the anti-tumor immune response, e.g.,

exhaustion of anti-tumor immune cells, e.g., TILs or mesothelin CAR expressing immune cells,

thereby increasing the anti-tumor efficacy.

Mesothelin Chimeric Antigen Receptor (CAR)

The present disclosure encompasses immune effector cells (e.g., T cells or NK cells)

comprising a CAR molecule that targets, e.g., specifically binds, to mesothelin (mesothelin

CAR). In one embodiment, the immune effector cells are engineered to express the mesothelin

CAR. In one embodiment, the immune effector cells comprise a recombinant nucleic acid

construct comprising nucleic acid sequences encoding the mesothelin CAR.

In embodiments, the mesothelin CAR comprises an antigen binding domain that

specifically binds to mesothelin, e.g., mesothelin binding domain, a transmembrane domain, and

an intracellular signaling domain. In one embodiment, the sequence of the antigen binding

domain is contiguous with and in the same reading frame as a nucleic acid sequence encoding an

intracellular signaling domain. The intracellular signaling domain can comprise a costimulatory

signaling domain and/or a primary signaling domain, e.g., a zeta chain. The costimulatory

signaling domain refers to a portion of the CAR comprising at least a portion of the intracellular

domain of a costimulatory molecule.

Sequences of non-limiting examples of various components that can be part of a

mesothelin CAR molecule described herein, are listed in Table 1, where "aa" stands for amino

acids, and "na" stands for nucleic acids that encode the corresponding peptide.



Table 1. Sequences of various components of CAR (aa - amino acid sequence, na - nucleic acid

sequence)



CAATAGCACCTACCGGGTGGTGTCCGTGCTGACCGTGCTGCACCAGG
ACTGGCTGAACGGCAAGGAATACAAGTGTAAGGTGTCCAACAAGGG
CCTGCCCAGCAGCATCGAGAAAACCATCAGCAAGGCCAAGGGCCAG
CCTCGGGAGCCCCAGGTGTACACCCTGCCCCCTAGCCAAGAGGAGA
TGACCAAGAACCAGGTGTCCCTGACCTGCCTGGTGAAGGGCTTCTAC
CCCAGCGACATCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGA
ACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGACGGCAGCTTC
TTCCTGTACAGCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGAGG
GCAACGTCTTTAGCTGCTCCGTGATGCACGAGGCCCTGCACAACCAC
TACACCCAGAAGAGCCTGAGCCTGTCCCTGGGCAAGATG

IgD hinge (aa) RWPESPKAQASSVPTAQPQAEGSLAKATTAPATTRNTGRGGEEKKKEK
EKEEQEERETKTPECPSHTQPLGVYLLTPAVQDLWLRDKATFTCFVVGS
DLKDAHLTWEVAGKVPTGGVEEGLLERHSNGSQSQHSRLTLPRSLWNA
GTSVTCTLNHPSLPPQRLMALREPAAQAPVKLSLNLLASSDPPEAASWL
LCEVSGFSPPNILLMWLEDQREVNTSGFAPARPPPQPGSTTFWAWSVLR
VPAPPSPQPATYTCVVSHEDSRTLLNASRSLEVSYVTDH

IgD hinge (na) AGGTGGCCCGAAAGTCCCAAGGCCCAGGCATCTAGTGTTCCTACTGC
ACAGCCCCAGGCAGAAGGCAGCCTAGCCAAAGCTACTACTGCACCT
GCCACTACGCGCAATACTGGCCGTGGCGGGGAGGAGAAGAAAAAGG
AGAAAGAGAAAGAAGAACAGGAAGAGAGGGAGACCAAGACCCCTG
AATGTCCATCCCATACCCAGCCGCTGGGCGTCTATCTCTTGACTCCC
GCAGTACAGGACTTGTGGCTTAGAGATAAGGCCACCTTTACATGTTT
CGTCGTGGGCTCTGACCTGAAGGATGCCCATTTGACTTGGGAGGTTG
CCGGAAAGGTACCCACAGGGGGGGTTGAGGAAGGGTTGCTGGAGCG
CCATTCCAATGGCTCTCAGAGCCAGCACTCAAGACTCACCCTTCCGA
GATCCCTGTGGAACGCCGGGACCTCTGTCACATGTACTCTAAATCAT
CCTAGCCTGCCCCCACAGCGTCTGATGGCCCTTAGAGAGCCAGCCGC
CCAGGCACCAGTTAAGCTTAGCCTGAATCTGCTCGCCAGTAGTGATC
CCCCAGAGGCCGCCAGCTGGCTCTTATGCGAAGTGTCCGGCTTTAGC
CCGCCCAACATCTTGCTCATGTGGCTGGAGGACCAGCGAGAAGTGA
ACACCAGCGGCTTCGCTCCAGCCCGGCCCCCACCCCAGCCGGGTTCT
ACCACATTCTGGGCCTGGAGTGTCTTAAGGGTCCCAGCACCACCTAG
CCCCCAGCCAGCCACATACACCTGTGTTGTGTCCCATGAAGATAGCA
GGACCCTGCTAAATGCTTCTAGGAGTCTGGAGGTTTCCTACGTGACT
GACCATT

CD8 IYIWAPLAGTCGVLLLSLVITLYC
Transmembra
ne (aa)
CD8 ATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCTTCTCCT
Transmembra GTCACTGGTTATCACCCTTTACTGC
ne (na)
4-IBB
intracellular KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL
domain (aa)

4-IBB AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTAT
intracellular GAGACCAGTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGA
domain (na) TTTCCAGAAGAAGAAGAAGGAGGATGTGAACTG
CD27 (aa) QRRKYRSNKGESPVEPAEPCRYSCPREEEGSTIPIQEDYRKPEPACSP
CD27 (na) AGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACATGAACATGA

CTCCCCGCCGCCCCGGGCCCACCCGCAAGCATTACCAGCCCTATGCC



CCACCACGCGACTTCGCAGCCTATCGCTCC
RVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGG

CD3-zeta KPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMQALPPR

(aa)

(Q/K mutant)
AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACAAGCAGG

CD3-zeta GCCAGAACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGA
GTACGATGTTTTGGACAAGAGACGTGGCCGGGACCCTGAGATGGGG

(na) GGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAAC
(Q/K mutant) TGCAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATTGGGATGAA

AGGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTTTACCAGGGT
CTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGC
CCTGCCCCCTCGC
RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGG

CD3-zeta KPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMQALPPR

(aa)

(NCBI
Reference
Sequence
NM 000734.3
)

AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGG
CD3-zeta GCCAGAACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGA

GTACGATGTTTTGGACAAGAGACGTGGCCGGGACCCTGAGATGGGG
(na) GGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAAC
(NCBI TGCAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATTGGGATGAA

Reference AGGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTTTACCAGGGT

Sequence CTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGC

NM 000734.3 CCTGCCCCCTCGC

)
CD28 RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS
Intracellular
domain
(amino acid
sequence)
CD28 AGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACATGAACATGA
Intracellular CTCCCCGCCGCCCCGGGCCCACCCGCAAGCATTACCAGCCCTATGCC
domain CCACCACGCGACTTCGCAGCCTATCGCTCC
(nucleotide
sequence)
ICOS T K K K Y S S S V H D P N G E Y M F M R A V N T A K K S R L T D V T L
Intracellular
domain
(amino acid
sequence)
ICOS ACAAAAAAGAAGTATTCATCCAGTGTGCACGACCCTAACGGTGAAT
Intracellular ACATGTTCATGAGAGCAGTGAACACAGCCAAAAAATCCAGACTCAC
domain AGATGTGACCCTA





gaagaaggaggttgcgagctgcgcgtgaagttctcccggagcgccgacgcccccgcctataagcagggccag
aaccagctgtacaacgaactgaacctgggacggcgggaagagtacgatgtgctggacaagcggcgcggccgg
gaccccgaaatgggcgggaagcctagaagaaagaaccctcaggaaggcctgtataacgagctgcagaaggac
aagatggccgaggcctactccgaaattgggatgaagggagagcggcggaggggaaaggggcacgacggcct
gtaccaaggactgtccaccgccaccaaggacacatacgatgccctgcacatgcaggcccttccccctcgc

24 Malpvtalllplalllhaarppgwfldspdrpwnpptfspallvvtegdnatftcsfsntsesfvlnwvrmspsn
PD-1 CAR qtdklaafpedrsqpgqdcrfrvtqlpngrdfhmsvvrarrndsgtylcgaislapkaqikeslraelrvterrae

vptahpspsp agqfqtlvtttpap ptpaptiasqplsl eac aaggavhtrgldfacdiviwaplagtc
(aa) with gvlllslvitlycfa-grldillyifkqpfrrupvqttqeedgcscrfpeeeeggcelrvkfsrsadapaykqgqnql

signal ynelnlgrreeydvldkrrgrdpemggkprrknpqeglynelqkdkmaeayseigmkgerrrgkghdgly
qglstatkdtydalhmqalppr

(PD1 ECD
underlined)

In one aspect, an exemplary CAR constructs comprise an optional leader sequence (e.g.,

a leader sequence described herein), an extracellular antigen binding domain (e.g., an antigen

binding domain described herein), a hinge (e.g., a hinge region described herein), a

transmembrane domain (e.g., a transmembrane domain described herein), and an intracellular

stimulatory domain (e.g., an intracellular stimulatory domain decribed herein). In one aspect, an

exemplary CAR construct comprises an optional leader sequence (e.g., a leader sequence

described herein), an extracellular antigen binding domain (e.g., an antigen binding domain

described herein), a hinge (e.g., a hinge region described herein), a transmembrane domain (e.g.,

a transmembrane domain described herein), an intracellular costimulatory signaling domain (e.g.,

a costimulatory signaling domain described herein) and/or an intracellular primary signaling

domain (e.g., a primary signaling domain described herein).

In one aspect, the mesothelin CARs of the invention comprise at least one intracellular

signaling domain selected from the group of a CD137 (4-1BB) signaling domain, a CD28

signaling domain, a CD27 signaling domain, an ICOS signaling domain, a CD3zeta signal

domain, and any combination thereof. In one aspect, the CARs of the invention comprise at

least one intracellular signaling domain is from one or more costimulatory molecule(s) selected

from CD137 (4-1BB), CD28, CD27, or ICOS.

Antigen binding domain

In one aspect, the CAR of the invention comprises a target- specific binding element

otherwise referred to as an antigen binding domain. In one embodiment, the portion of the CAR

comprising the antigen binding domain comprises an antigen binding domain that targets, e.g.,



specifically binds to, mesothelin. In one embodiment, the antigen binding domain targets, e.g.,

specifically binds to, human mesothelin.

The antigen binding domain can be any domain that binds to the antigen including but

not limited to a monoclonal antibody, a polyclonal antibody, a recombinant antibody, a human

antibody, a humanized antibody, and a functional fragment thereof, including but not limited to a

single-domain antibody such as a heavy chain variable domain (VH), a light chain variable

domain (VL) and a variable domain (VHH) of camelid derived nanobody, and to an alternative

scaffold known in the art to function as an antigen binding domain, such as a recombinant

fibronectin domain, and the like. In some instances, it is beneficial for the antigen binding

domain to be derived from the same species in which the CAR will ultimately be used in. For

example, for use in humans, it may be beneficial for the antigen binding domain of the CAR to

comprise human or humanized residues for the antigen binding domain of an antibody or

antibody fragment. Thus, in one aspect, the antigen binding domain comprises a human antibody

or an antibody fragment.

In one embodiment, the mesothelin binding domain comprises one or more (e.g., all

three) light chain complementary determining region 1 (LC CDR1), light chain complementary

determining region 2 (LC CDR2), and light chain complementary determining region 3 (LC

CDR3) of a mesothelin binding domain selected from SEQ ID NOS: 39-62 and one or more

(e.g., all three) heavy chain complementary determining region 1 (HC CDR1), heavy chain

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

region 3 (HC CDR3) of a mesothelin binding domain selected from SEQ ID NOS: 39-62. In one

embodiment, the mesothelin binding domain comprises a light chain variable region described

herein (e.g., in Table 2) and/or a heavy chain variable region described herein (e.g., in Table 2).

In one embodiment, the mesothelin binding domain is a scFv comprising a light chain variable

region and a heavy chain variable region of an amino acid sequence of Table 2 . In an

embodiment, the mesothelin binding domain (e.g., an scFV) comprises: a light chain variable

region comprising an amino acid sequence having at least one, two or three modifications (e.g.,

substitutions) but not more than 30, 20 or 10 modifications (e.g., substitutions) of an amino acid

sequence of a light chain variable region provided in Table 2, or a sequence with 95-99%

identity to an amino acid sequence of Table 2; and/or a heavy chain variable region comprising

an amino acid sequence having at least one, two or three modifications (e.g., substitutions) but



not more than 30, 20 or 10 modifications (e.g., substitutions) of an amino acid sequence of a

heavy chain variable region provided in Table 2, or a sequence with 95-99% identity to an amino

acid sequence of Table 2 .

In one embodiment, the mesothelin binding domain comprises a light chain variable

region comprising an amino acid sequence described herein, e.g., in Table 2 or 3, is attached to a

heavy chain variable region comprising an amino acid sequence described herein, e.g., in Table 2

or 3, via a linker, e.g., a linker described herein. In one embodiment, the humanized anti-

mesothelin binding domain includes a (Gly4-Ser)n linker (SEQ ID NO: 26), wherein n is 1, 2, 3,

4, 5, or 6, preferably 3 or 4 . The light chain variable region and heavy chain variable region of a

scFv can be, e.g., in any of the following orientations: light chain variable region-linker-heavy

chain variable region or heavy chain variable region-linker-light chain variable region.

In another embodiment, the mesothelin binding domain comprises any antibody or

antibody fragment thereof known in the art that binds to mesothelin. Examples of other anti-

mesothelin antibodies or antibody fragment thereof known in the art include those described in

WO2009/120769 (e.g., antibody m912, whose light and heavy chain amino acid sequences are

SEQ ID NO: 1 and SEQ ID NO: 2 of WO2009/120769); US Patent No. 6,083,502, US Patent

Publication No. US2008/0261245, WO2009/068204, WO2010/1 11282, WO2014/004549, and

U.S. Patent Publication No. US2015/0274836.

In one aspect, the antibodies of the invention may exist in a variety of other forms

including, for example, Fab, Fab', F(ab')2, Fv fragments, scFv antibody fragments, disulfide-

linked Fvs (sdFv), a Fd fragment consisting of the VH and CHI domains, linear antibodies,

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

antibodies formed from antibody fragments such as a bivalent fragment comprising two Fab

fragments linked by a disulfide brudge at the hinge region, and an isolated CDR or other epitope

binding fragments of an antibody. In one aspect, the antibody fragment provided herein is a

scFv. In some instances, a human scFv may also be derived from a yeast display library.

In some instances, scFvs can be prepared according to method known in the art (see, for

example, Bird et al, (1988) Science 242:423-426 and Huston et al., (1988) Proc. Natl. Acad. Sci.

USA 85:5879-5883). ScFv molecules can be produced by linking VH and VL regions together,

e.g., using flexible polypeptide linkers. The scFv molecules can comprise a linker (e.g., a Ser-

Gly linker) with an optimized length and/or amino acid composition. The linker length can



greatly affect how the variable regions of an scFv fold and interact. In fact, if a short polypeptide

linker is employed (e.g., between 5-10 amino acids, intrachain folding is prevented. Interchain

folding is also required to bring the two variable regions together to form a functional epitope

binding site. For examples of linker orientation and size see, e.g., Hollinger et al. 1993 Proc Natl

Acad. Sci. U.S.A. 90:6444-6448, U.S. Patent Application Publication Nos. 2005/0100543,

2005/0175606, 2007/0014794, and PCT publication Nos. WO2006/020258 and

WO2007/024715, is incorporated herein by reference.

An scFv can comprise a linker of at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 25, 30, 35, 40, 45, 50, or more amino acid residues between its VL and VH

regions. The linker sequence may comprise any naturally occurring amino acid. In some

embodiments, the linker sequence comprises amino acids glycine and serine. In another

embodiment, the linker sequence comprises sets of glycine and serine repeats such as (Gly4Ser) ,

where n is a positive integer equal to or greater than 1. (SEQ ID NO: 135) In one embodiment,

the linker can be (Gly4Ser)4 (SEQ ID NO: 27) or (Gly4Ser)3 (SEQ ID NO: 28). Variation in the

linker length may retain or enhance activity, giving rise to superior efficacy in activity studies.

Exemplary mesothelin antigen binding domains and CAR constructs

Exemplary mesothelin CAR constructs disclosed herein comprise a scFv (e.g., a human

scFv) as disclosed in Table 2 or 3 herein, optionally preceded with an optional leader sequence

(e.g., SEQ ID NO:l and SEQ ID NO: 12 for exemplary leader amino acid and nucleotide

sequences, respectively). The sequences of the scFv fragments (amino acid sequences of SEQ

ID NOs: 39-62) are provided herein in Table 2 . The mesothelin CAR construct can further

include an optional hinge domain, e.g., a CD8 hinge domain (e.g., including the amino acid

sequence of SEQ ID NO: 2 or encoded by a nucleic acid sequence of SEQ ID NO: 13); a

transmembrane domain, e.g., a CD8 transmembrane domain (e.g., including the amino acid

sequence of SEQ ID NO: 6 or encoded by the nucleotide sequence of SEQ ID NO: 17); an

intracellular domain, e.g., a 4- IBB intracellular domain (e.g., including the amino acid sequence

of SEQ ID NO: 7 or encoded by the nucleotide sequence of SEQ ID NO: 18; and a functional

signaling domain, e.g., a CD3 zeta domain (e.g., including amino acid sequence of SEQ ID NO:

9 or 10, or encoded by the nucleotide sequence of SEQ ID NO: 20 or 21). In certain

embodiments, the domains are contiguous with and in the same reading frame to form a single



fusion protein. In other embodiments, the domain are in separate polypeptides, e.g., as in an

RCAR molecule as described herein.

In certain embodiments, the full length mesothelin CAR molecule includes the amino

acid sequence of, or is encoded by the nucleotide sequence of, Ml, M2, M3, M4, M5, M6, M7,

M8, M9, M10, Mil, M12, M13, M14, M15, M16, M17, M18, M19, M20, M21, M22, M23,

M24, or ssl, provided in Table 2 or 3, or a sequence substantially identical (e.g., 95-99%

identical thereto, or up to 20, 15, 10, 8, 6, 5, 4, 3, 2, or 1 amino acid changes) to any of the

aforesaid sequences.

In certain embodiments, the mesothelin CAR molecule, or the mesothelin antigen binding

domain, includes the scFv amino acid sequence of, or is encoded by the nucleotide sequence of,

Ml, M2, M3, M4, M5, M6, M7, M8, M9, M10, Mil, M12, M13, M14, M15, M16, M17, M18,

M19, M20, M21, M22, M23, M24, or ssl, provided in Table 2 or 3, or a sequence substantially

identical (e.g., 95-99% identical thereto, or up to 20, 15, 10, 8, 6, 5, 4, 3, 2, or 1 amino acid

changes) to any of the aforesaid sequences.

In certain embodiments, the mesothelin CAR molecule, or the mesothelin antigen binding

domain, includes the heavy chain variable region and/or the light chain variable region of Ml,

M2, M3, M4, M5, M6, M7, M8, M9, M10, Mil, M12, M13, M14, M15, M16, M17, M18, M19,

M20, M21, M22, M23, M24, or ssl, provided in Table 2, or a sequence substantially identical

(e.g., 95-99% identical, or up to 20, 15, 10, 8, 6, 5, 4, 3, 2, or 1 amino acid changes) to any of the

aforesaid sequences.

In certain embodiments, the mesothelin CAR molecule, or the mesothelin antigen binding

domain, includes one, two or three CDRs from the heavy chain variable region (e.g., HCDR1,

HCDR2 and/or HCDR3) of Ml, M2, M3, M4, M5, M6, M7, M8, M9, M10, Mil, M12, M13,

M14, M15, M16, M17, M18, M19, M20, M21, M22, M23, M24, or ssl, provided in Table 4;

and/or one, two or three CDRs from the light chain variable region (e.g., LCDRl, LCDR2 and/or

LCDR3) of Ml, M2, M3, M4, M5, M6, M7, M8, M9, M10, Mil, M12, M13, M14, M15, M16,

M17, M18, M19, M20, M21, M22, M23, M24, or ssl, provided in Table 5; or a sequence

substantially identical (e.g., 95-99% identical, or up to 5, 4, 3, 2, or 1 amino acid changes) to any

of the aforesaid sequences.



The sequences of CDR sequences of the scFv domains are shown in Table 4 for the

heavy chain variable domains and in Table 5 for the light chain variable domains.

Table 4 . Amino acid sequences for the heavy chain (HC) CDRl, CDR2, and CDR3 regions of

human anti-mesothelin scFvs



M22 GDTSTRHYIH 152 VINPTTGPATGSPAYAQMLQ 172 SWGRSAPYYFDY 196

G

M23 GYTFTNYYMH 153 IINPSGGYTTYAQKFQG 173 IRSCGGDCYYFDN 197

M24 GFSLSTAGVHVG 154 LISWADDKRYRPSLRS 174 QGFDGYEAN 198

Ssl GYSFTGYTMN 281 LITPYNGASSYNQKFRG 282 GGYDGRGFDY 283

Table 5 . Amino acid sequences for the light chain (LC) CDRl, CDR2, and CDR3 regions of

human anti-mesothelin scFvs



M20 RASQSISSYLN 218 AASSLQS 242 QQSYSIPLT 266

M21 RASQSISSWLA 219 KASSLES 243 QQYSSYPLT 267

M22 RASQGI SDYS 220 AASTLQS 244 QQYYSYPLT 268

M23 RASENVNIWLA 221 KSSSLAS 245 QQYQSYPLT 269

M24 RASRGISSALA 222 DASSLES 246 QQSYSTPWT 270

Ssl SASSSVSYMH 284 DTSKLAS 285 QQWSGYPLT 286

The amino acid and nucleic acid sequences of the mesothelin scFv domains and

mesothelin CAR molecules are provided in Table 2 (amino acid sequences) and Table 3 (nucleic

acid sequences). In one embodiment, the mesothelin CAR molecule includes a leader sequence

described herein, e.g., as underlined in the sequences provided in Table 2 . In one embodiment,

the mesothelin CAR molecule does not include a leader sequence.

Table 2 : Amino Acid Sequences of Human scFvs and CARs (bold underline is the leader

sequence and grey box is a linker sequence). In the case of the scFvs, the remaining amino acids

are the heavy chain variable region and light chain variable regions, with each of the HC CDRs

(HC CDR1, HC CDR2, HC CDR3) and LC CDRs (LC CDR1, LC CDR2, LCCDR3)

underlined). In the case of the CARs, the further remaining amino acids are the remaining amino

acids of the CARs.)



domain) LRRTWTPRAYYGMDVWGQGTTVTVSSGGGGSGGGGSGGGGSGGGGSDIQLTQSPSTLSA
SVGDRVTITCQASQDISNSLNWYQQKAGKAPKLLIYDASTLETGVPSRFSGSGSGTDFSF
TISSLQPEDIATYYCQQHDNLPLTFGQGTKVEIK

M2 (full) MALPVTALLLPLALLLHAARPOVOLVOSGAEVKKPGASVKVSCKAS GYTFTGYYMHWVRQ

>FA5 6-2 6RC APGQGLEWMGWINPNSGGTNYAQKFQGRVTMTRDTS ISTAYMELSRLRSDDTAVYYCARD

(M2 LRRTWTPRAYYGMDVWGQGTTVTVSSGGGGSGGGGSGGGGSGGGGSDIQLTQSPSTLSA

FA5 6-2 6RC SVGDRVTITCQASQDISNSLNWYQQKAGKAPKLLIYDASTLETGVPSRFSGSGSGTDFSF

R001-A10 TISSLQPEDIATYYCQQHDNLPLTFGQGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEA

126162) CRPAAGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMR
PVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMQALPPR

M3 (ScFv QVQLVQSGAEVKKPGAPVKVSCKAS GYTFTGYYMHWVRQ

domain) APGQGLEWMGWINPNSGGTNYAQKFQGRVTMTRDTS ISTAYMELSRLRSDDTAVYYCARG
EWDGSYYYDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIVLTQTPSSLSASVGDRV
TITCRASQSINTYLNWYQHKPGKAPKLLIYAASSLQSGVPSRFSGSGSGTDFTLTISSLQ
PEDFATYYCQQSFSPLTFGGGTKLEIK

M3 MALPVTALLLPLALLLHAARPQVQLVQSGAEVKKPGAPVKVSCKAS GYTFTGYYMHWVRQ

>VA5 8-21LC APGQGLEWMGWINPNSGGTNYAQKFQGRVTMTRDTS ISTAYMELSRLRSDDTAVYYCARG

(M3 EWDGSYYYDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIVLTQTPSSLSASVGDRV

VA5 8-21LC TITCRASQSINTYLNWYQHKPGKAPKLLIYAASSLQSGVPSRFSGSGSGTDFTLTISSLQ
PEDFATYYCQQSFSPLTFGGGTKLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG

R001-A1 AVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQE

126163) EDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

M4 (ScFv QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQ

domain) VPGKGLVWVSRINTDGSTTTYADSVEGRFTI SRDNAKNTLYLQMNSLRDDDTAVYYCVGG
HWAVWGQGTTVTVSSGGGGSGGGGSGGGGSGGGGSDIQMTQSPSTLSASVGDRVTITCRA
SQSISDRLAWYQQKPGKAPKLLIYKASSLESGVPSRFSGSGSGTEFTLTISSLQPDDFAV
YYCQQYGHLPMYTFGQGTKVEIK

M4 MALP VTALLLPIALLLHAARP VQLVESGGGLVQPGGSLRLSCAASGFTFSS YWMHWVRQ

>DP37-07IC VPGKGLVWVSRINTDGSTTTYADSVEGRFT ISRDNAKNTLYLQMNSLRDDDTAVYYCVGG

(M4 HWAVWGQGTTVTVSSGGGGSGGGGSGGGGSGGGGSDIQMTQSPSTLSASVGDRVTITCRA

DP37-07IC SQSISDRLAWYQQKPGKAPKLLIYKASSLESGVPSRFSGSGSGTEFTLTISSLQPDDFAV

R001-C6 YYCQQYGHLPMYTFGQGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHT
RGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGC

126164) SCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMG
GKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
QALPPR

M5 (ScFv QVQLVQSGAEVEKPGASVKVS CKASGYTFT DYYMHWVRQ

domain) APGQGLEWMGWINPNSGGTNYAQKFQGRVTMTRDTS ISTAYMELSRLRSDDTAVYYCASG
WDFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIVMTQSPSSLSASVGDRVTITCR
ASQSIRYYLSWYQQKPGKAPKLLIYTASILQNGVPSRFSGSGSGTDFTLTISSLQPEDFA
TYYCLQTYTTPDFGPGTKVEIK

M5 MALPVT ALLLPIALLLHAARPOVQLVOS GAEVEKP GASVKVS CKASGYTFTDY YMHWVRQ

>XP31-20LC APGQGLEWMGWINPNSGGTNYAQKFQGRVTMTRDTS ISTAYMELSRLRSDDTAVYYCASG

(M5 WDFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIVMTQSPSSLSASVGDRVTITCR

XP31-20LC ASQSIRYYLSWYQQKPGKAPKLLIYTASILQNGVPSRFSGSGSGTDFTLTISSLQPEDFA

R001-B4 TYYCLQTYTTPDFGPGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR
GLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCS

126165) CRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGG
KPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQ
ALPPR

M6 (ScFv QVQLVQSGAEVKKP GASVKVS CKASGYTFT SYYMHWVRQ

domain) APGQGLEWMGI INPSGGSTSYAQKFQGRVTMTRDTSTSTVYMELSSLRSEDTAVYYCARY



RLIAVAGDYYYYGMDVWGQGTMVTVSSGGGGSGGGGSGGGGSGGGGSDIQMTQSPSSVSA
SVGDRVTITCRASQGVGRWLAWYQQKPGTAPKLLIYAASTLQSGVPSRFSGSGSGTDFTL
TINNLQPEDFATYYCQQANSFPLTFGGGTRLEIK

M6 MALPVTALLLP.-ALLLHAARPOVOLVOSGAEVKKP GASVKVS CKASGYTFTSYYMHWVRQ

>FE10-06ID APGQGLEWMGI INPSGGSTSYAQKFQGRVTMTRDTSTSTVYMELSSLRSEDTAVYYCARY

(M6 RLIAVAGDYYYYGMDVWGQGTMVTVSSGGGGSGGGGSGGGGSGGGGSDIQMTQSPSSVSA

46FE10- SVGDRVTITCRASQGVGRWLAWYQQKPGTAPKLLIYAASTLQSGVPSRFSGSGSGTDFTL

06ID TINNLQPEDFATYYCQQANSFPLTFGGGTRLEIKTTTPAPRPPTPAPTIASQPLSLRPEA

R001-A4 CRPAAGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMR
PVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVL

126166) DKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMQALPPR

M7 (ScFv QVQLVQSGGGWQPGRSLRLSCAASGFTFSSYAMHWVRQ

domain) APGKGLEWVAVI SYDGSNKYYADSVKGRFTI SRDNSKNTLYLQMNSLRAEDTAVYYCARW
KVSSSSPAFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEIVLTQSPATLSLSPGER
AILSCRASQSVYTKYLGWYQQKPGQAPRLLI YDASTRATGIPDRFSGSGSGTDFTLTINR
LEPEDFAVYYCQHYGGSPLITFGQGTRLEIK

M7 M V ALLLPLALLLHAARPOVOLVOSGG G QPGRSLRLS CAASG SSYAMH VRQ

>VE12-01CD APGKGLEWVAVI SYDGSNKYYADSVKGRFTI SRDNSKNTLYLQMNSLRAEDTAVYYCARW

(M7 KVSSSSPAFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEIVLTQSPATLSLSPGER

VE12-01CD AILSCRASQSVYTKYLGWYQQKPGQAPRLL IYDASTRATGIPDRFSGSGSGTDFTLTINR

R001-A5 LEPEDFAVYYCQHYGGSPLITFGQGTRLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRP

126167) AAGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQ
TTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR

M8 (ScFv QVQLQQS GAEVKKP GASVKVS CKTSGYPFTGYSLHWVRQ

domain) APGQGLEWMGWINPNSGGTNYAQKFQGRVTMTRDTS ISTAYMELSRLRSDDTAVYYCARD
HYGGNSLFYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIQLTQSPSSISASVGDTVS
ITCRASQDSGTWLAWYQQKPGKAPNLLMYDASTLEDGVPSRFSGSASGTEFTLTVNRLQP
EDSATYYCQQYNSYPLTFGGGTKVDIK

M8 MALPVTALLLPLALLLHAARPOVOLOOS GAEVKKP GASVKVS CKTSGYPFTGYSLHWVRQ

>LE13-05XD APGQGLEWMGWINPNSGGTNYAQKFQGRVTMTRDTS ISTAYMELSRLRSDDTAVYYCARD

(M8 HYGGNSLFYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIQLTQSPSSISASVGDTVS

LE13-05XD ITCRASQDSGTWLAWYQQKPGKAPNLLMYDASTLEDGVPSRFSGSASGTEFTLTVNRLQP

R001-E5 EDSATYYCQQYNSYPLTFGGGTKVDIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG
AVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQE

126168) EDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

M9 (ScFv QVQLVQSGAEVKKP GASVEVS CKASGYTFTSYYMHWVRQ

domain) APGQGLEWMGI INPSGGSTGYAQKFQGRVTMTRDTSTSTVHMELSSLRSEDTAVYYCARG
GYSSSSDAFDIWGQGTMVTVSSGGGGSGGGGSGGGGSGGGGSDIQMTQSPPSLSASVGDR
VTITCRASQDISSALAWYQQKPGTPPKLLIYDASSLESGVPSRFSGSGSGTDFTLTISSL
QPEDFATYYCQQFSSYPLTFGGGTRLEIK

M9 MALPVTALLLPIALLLHAARPOVOLVOS GAEVKKP GASVEVS CKASGYTFTSYYMHWVRQ

>BE15-00SD APGQGLEWMGI INPSGGSTGYAQKFQGRVTMTRDTSTSTVHMELSSLRSEDTAVYYCARG

(M9 GYSSSSDAFDIWGQGTMVTVSSGGGGSGGGGSGGGGSGGGGSDIQMTQSPPSLSASVGDR
VTITCRASQDISSALAWYQQKPGTPPKLLIYDASSLESGVPSRFSGSGSGTDFTLTISSL

BE15-00SD QPEDFATYYCQQFSSYPLTFGGGTRLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAA

R001-A3 GGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTT

126169) QEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR

10 (ScFv QVQLVQSGAEVKKP GASVKVS CKASGYTFTSYGIS WVRQ

domain) APGQGLEWMGWI SAYNGNTNYAQKLQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARV



AGGIYYYYGMDVWGQGTTITVSSGGGGSGGGGSGGGGSGGGGSDIVMTQTPDSLAVSLGE
RATI SCKSSHSVLYNRNNKNYLAWYQQKPGQPPKLLFYWASTRKSGVPDRFSGSGSGTDF
TLTISSLQPEDFATYFCQQTQTFPLTFGQGTRLEIN

MIO MALPV ALLLPLALLLHAARP0VOLVOSGAEVKKP GASVKVS CKASGYTFTSYGIS VRQ

>RE16-05MD APGQGLEWMGWI SAYNGNTNYAQKLQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARV

(MIO AGGIYYYYGMDVWGQGTTITVSSGGGGSGGGGSGGGGSGGGGSDIVMTQTPDSLAVSLGE

RE16-05MD RATI SCKSSHSVLYNRNNKNYLAWYQQKPGQPPKLLFYWASTRKSGVPDRFSGSGSGTDF

R001-D10 TLTI SSLQPEDFATYFCQQTQTFPLTFGQGTRLEINTTTPAPRPPTPAPTIASQPLSLRP

126170) EACRPAAGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPF
MRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYD
VLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGL
STATKDTYDALHMQALPPR

Mil (ScFv QVQLQQSGAEVKKP GASVKVS CKASGYTFTGYYMH VRQ

domain) APGQGLEWMGWINPNSGGTNYAQNFQGRVTMTRDTS ISTAYMELRRLRSDDTAVYYCASG
WDFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIRMTQSPSSLSASVGDRVTITCR
ASQSIRYYLSWYQQKPGKAPKLLIYTASILQNGVPSRFSGSGSGTDFTLTISSLQPEDFA
TYYCLQTYTTPDFGPGTKVEIK

Mil MALPVTALLLPLALLLHAARPOVOLOOSGAEVKKP GASVKVSCKASGYTFTGYYMH WVRQ

>NE10-19WD APGQGLEWMGWINPNSGGTNYAQNFQGRVTMTRDTS ISTAYMELRRLRSDDTAVYYCASG

(Mil WDFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIRMTQSPSSLSASVGDRVTITCR

NE10-19WD ASQSIRYYLSWYQQKPGKAPKLLIYTASILQNGVPSRFSGSGSGTDFTLTISSLQPEDFA

R001-G2 TYYCLQTYTTPDFGPGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR
GLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCS

126171) CRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGG
KPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQ
ALPPR

M12 (ScFv QVQLVQSGAEVKKP GASVKVS CKASGYTFTGYYMH WVRQ

domain) APGQGLEWMGRINPNSGGTNYAQKFQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCART
TTSYAFDIWGQGTMVTVSSGGGGSGGGGSGGGGSGGGGSDIQLTQSPSTLSASVGDRVTI
TCRASQS ISTWLAWYQQKPGKAPNLLI YKASTLESGVPSRFSGSGSGTEFTLTI SSLQPD
DFATYYCQQYNTYSPYTFGQGTKLEIK

M12 MALPVTALLLPLALLLHAARPOVOLVOSGAEVKKP GASVKVSCKASGYTFTGYYMH WVRQ

>DE12-14RD APGQGLEWMGRINPNSGGTNYAQKFQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCART

(M12 TTSYAFDIWGQGTMVTVSSGGGGSGGGGSGGGGSGGGGSDIQLTQSPSTLSASVGDRVTI

DE12-14RD TCRASQS ISTWLAWYQQKPGKAPNLLI YKASTLESGVPSRFSGSGSGTEFTLTI SSLQPD

R001-G9 DFATYYCQQYNTYSPYTFGQGTKLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG
AVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQE

126172) EDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

M13 (ScFv QVQLVQSGGGLVKPGGSLRLSCEASGFIFSDYYMGWIRQ

domain) APGKGLEWVSYIGRSGSSMYYADSVKGRFTFSRDNAKNSLYLQMNSLRAEDTAVYYCAAS
PWAATEDFQHWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIVMTQTPATLSLSPGER
ATLSCRASQSVTSNYLAWYQQKPGQAPRLLLFGASTRATGIPDRFSGSGSGTDFTLTINR
LEPEDFAMYYCQQYGSAPVTFGQGTKLEIK

M13 MALPV ALLLPLALLLHAARP0VOLVOSGGGLVKPGGSLRLSCEASGFIFSDYYMGWIRQ

>TE13-19LD APGKGLEWVSYIGRSGSSMYYADSVKGRFTFSRDNAKNSLYLQMNSLRAEDTAVYYCAAS

(M13 PWAATEDFQHWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIVMTQTPATLSLSPGER

TE13-19LD ATLSCRASQSVTSNYLAWYQQKPGQAPRLLLFGASTRATGIPDRFSGSGSGTDFTLTINR

R002-C3 LEPEDFAMYYCQQYGSAPVTFGQGTKLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPA
AGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQT

126173) TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR

M14 (ScFv QVQLVQSGAEVRAPGASVKISCKASGFTFRGYYIHWVRQ



domain) APGQGLEWMGI INPSGGSRAYAQKFQGRVTMTRDTSTSTVYMELSSLRSDDTAMYYCART
ASCGGDCYYLDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIQMTQSPPTLSASVGD
RVTITCRASENVNIWLAWYQQKPGKAPKLLIYKSSSLASGVPSRFSGSGSGAEFTLTISS
LQPDDFATYYCQQYQSYPLTFGGGTKVDIK

M14 MALPVTALLLPLALLLHAARPOVOLVOSGAEVRAPGASVKI SCKASGFTFRGYYIHWVRQ

>BS83-95ID APGQGLEWMGI INPSGGSRAYAQKFQGRVTMTRDTSTSTVYMELSSLRSDDTAMYYCART

(M14 ASCGGDCYYLDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIQMTQSPPTLSASVGD

BS83-95ID RVTITCRASENVNIWLAWYQQKPGKAPKLLIYKSSSLASGVPSRFSGSGSGAEFTLTISS

R001-E8 LQPDDFATYYCQQYQSYPLTFGGGTKVDIKTTTPAPRPPTPAPTIASQPLSLRPEACRPA
AGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQT

126174) TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR

M15 (ScFv QVQLVQSGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRQ

domain) APGKGLEWVSGI SWNSGS IGYADSVKGRFTI SRDNAKNSLYLQMNSLRAEDTAVYYCAKD
GSSSWSWGYFDYWGQGTLVTVSSGGGGSGGGGSGGGGSSSELTQDPAVSVALGQTVRTTC
QGDALRSYYASWYQQKPGQAPMLVIYGKNNRPSGIPDRFSGSDSGDTASLTITGAQAEDE
ADYYCNSRDSSGYPVFGTGTKVTVL

M15 MALPVTALLLPLALLLHAARPOVOLVOSGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRQ

>HS86-94XD APGKGLEWVSGI SWNSGS IGYADSVKGRFTI SRDNAKNSLYLQMNSLRAEDTAVYYCAKD

(M15 GSSSWSWGYFDYWGQGTLVTVSSGGGGSGGGGSGGGGSSSELTQDPAVSVALGQTVRTTC

HS86-94XD QGDALRSYYASWYQQKPGQAPMLVIYGKNNRPSGIPDRFSGSDSGDTASLTITGAQAEDE

NT ADYYCNSRDSSGYPVFGTGTKVTVLTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAV

127553) HTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEED
GCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDAL
HMQALPPR

M16 (ScFv EVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRQ

domain) APGKGLEWVSGI SWNSGSTGYADSVKGRFT ISRDNAKNSLYLQMNSLRAEDTALYYCAKD
SSSWYGGGSAFDIWGQGTMVTVSSGGGGSGGGGSGGGGSSSELTQEPAVSVALGQTVRIT
CQGDSLRSYYASWYQQKPGQAPVLVIFGRSRRPSGIPDRFSGSSSGNTASLI ITGAQAED
EADYYCNSRDNTANHYVFGTGTKLTVL

M16 MALPVTALLLPLALLLHAARPEVOLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRQ

>XS87-99RD APGKGLEWVSGI SWNSGSTGYADSVKGRFT ISRDNAKNSLYLQMNSLRAEDTALYYCAKD

(Ml 6 SSSWYGGGSAFDIWGQGTMVTVSSGGGGSGGGGSGGGGSSSELTQEPAVSVALGQTVRIT

XS87-99RD CQGDSLRSYYASWYQQKPGQAPVLVIFGRSRRPSGIPDRFSGSSSGNTASL IITGAQAED
EADYYCNSRDNTANHYVFGTGTKLTVLTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG

NT AVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQE

127554) EDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

M17 (ScFv EVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRQ

domain) APGKGLEWVSGI SWNSGSTGYADSVKGRFT ISRDNAKNSLYLQMNSLRAEDTALYYCAKD
SSSWYGGGSAFDIWGQGTMVTVSSGGGGSGGGGSGGGGSSSELTQDPAVSVALGQTVRIT
CQGDSLRSYYASWYQQKPGQAPVLVIYGKNNRPSGIPDRFSGSSSGNTASLT ITGAQAED
EADYYCNSRGSSGNHYVFGTGTKVTVL

M17 MALPVTALLLPLALLLHAARPEVOLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRQ

>NS89-94MD APGKGLEWVSGI SWNSGSTGYADSVKGRFT ISRDNAKNSLYLQMNSLRAEDTALYYCAKD

(M17 SSSWYGGGSAFDIWGQGTMVTVSSGGGGSGGGGSGGGGSSSELTQDPAVSVALGQTVRIT

NS89-94MD CQGDSLRSYYASWYQQKPGQAPVLVIYGKNNRPSGIPDRFSGSSSGNTASLT ITGAQAED
EADYYCNSRGSSGNHYVFGTGTKVTVLTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG

NT AVHTRGLDFACDI YIWAPLAGTCGVL LLSLV ITLYCKRGRKKLLYIFKQPFMRPVQTTQE

127555) EDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

M18 (ScFv QVQLVQSGGGLVQPGGSLRLSCAASGFTFSSYWMHWVRQ



domain) APGKGLVWVSRINSDGSSTSYADSVKGRFTI SRDNAKNTLYLQMNSLRAEDTAVYYCVRT
GWVGSYYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGGGSEIVLTQSPGTLSLSPGE
RATLSCRASQSVSSNYLAWYQQKPGQPPRLLI YDVSTRATGIPARFSGGGSGTDFTLTI S
SLEPEDFAVYYCQQRSNWPPWTFGQGTKVEIK

M18 MALPV ALLLPLALLLHAARP0VOLVOSGGGLVQPGGSLRLSCAASGFTFSS YWMHWVRQ

>DS90-09HD APGKGLVWVSRINSDGSSTSYADSVKGRFT ISRDNAKNTLYLQMNSLRAEDTAVYYCVRT

(M18 GWVGSYYYYMDVWGKGTTVTVSSGGGGSGGGGSGGGGSGGGGSEIVLTQSPGTLSLSPGE

DS90-09HD RATL SCRASQSVSSNYLAWYQQKPGQPPRLL IYDVSTRATGIPARFSGGGSGTDFTLTI S
SLEPEDFAVYYCQQRSNWPPWTFGQGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACR

R003-A05 PAAGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPV
QTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDK

127556) RRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMQALPPR

M19 (ScFv QVQLVQSGGGWQPGRSLRLSCAASGFTFSSYGMHWVRQ

domain) APGKGLEWVAVI SYDGSNKYYADSVKGRFTI SRDNSKNTLYLQMNSLRAEDTAVYYCAKG
YSRYYYYGMDVWGQGTTVTVSSGGGGSGGGGSGGGGSGGGGSEIVMTQSPATLSLSPGER
AILSCRASQSVYTKYLGWYQQKPGQAPRLLI YDASTRATGIPDRFSGSGSGTDFTLTINR
LEPEDFAVYYCQHYGGSPLITFGQGTKVDIK

M19 MALPVTALLLPIALLLHAARPOVOLVOS GGGWQP GRSLRLSCAAS GFTF SSYGMHWVRQ

>TS92-04BD APGKGLEWVAVI SYDGSNKYYADSVKGRFTI SRDNSKNTLYLQMNSLRAEDTAVYYCAKG

(Ml 9 YSRYYYYGMDVWGQGTTVTVSSGGGGSGGGGSGGGGSGGGGSEIVMTQSPATLSLSPGER

TS92-04BD AILSCRASQSVYTKYLGWYQQKPGQAPRLL IYDASTRATGIPDRFSGSGSGTDFTLTINR
LEPEDFAVYYCQHYGGSPLITFGQGTKVDIKTTTPAPRPPTPAPTIASQPLSLRPEACRP

R003-C06 AAGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQ
TTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKR

127557) RGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR

M20 (ScFv QVQLVQSGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQ

domain) APGKGLEWVSAI SGSGGSTYYADSVKGRFTI SRDNSKNTLYLQMNSLRAEDTAVYYCAKR
EAAAGHDWYFDLWGRGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIRVTQSPSSLSASVGD
RVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSLQSGVPSRFSGSGSGTDFTLTISS
LQPEDFATYYCQQSYSIPLTFGQGTKVEIK

M20 (full) MALPV ALLLPLALLLHAARPOVOLVOSGGGLVQPGGSLRLS CAASGFTFSSYAMS VRQ

>JS93-08WD APGKGLEWVSAI SGSGGSTYYADSVKGRFTI SRDNSKNTLYLQMNSLRAEDTAVYYCAKR

(M2 0 EAAAGHDWYFDLWGRGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIRVTQSPSSLSASVGD

JS93-08WD RVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSLQSGVPSRFSGSGSGTDFTLTISS
LQPEDFATYYCQQSYS IPLTFGQGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPA

R003-E07 AGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQT
TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRR

127558) GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR

M21 (ScFv QVQLVQSWAEVKKPGASVKVSCKASGYTFTSYYMHWVRQAPGQGLEWMGI INPSGGSTSY

domain) AQKFQGRVTMTRDTSTSTVYMELSNLRSEDTAVYYCARSPRVTTGYFDYWGQGTLVTVSS
GGGGSGGGGSGGGGSGGGGSDIQLTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQKP
GKAPKLLIYKASSLESGVPSRFSGSGSGTEFTLTISSLQPDDFATYYCQQYSSYPLTFGG
GTRLEIK

M21 (full MALPVTALLLPLALLLHAARPOVOLVOSWAEVKKPGASVKVSCKASGYTFTSYYMHWVRQ

CAR) APGQGLEWMGI INPSGGSTSYAQKFQGRVTMTRDTSTSTVYMELSNLRSEDTAVYYCARS
PRVTTGYFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIQLTQSPSTLSASVGDRV
TITCRASQSISSWLAWYQQKPGKAPKLLIYKASSLESGVPSRFSGSGSGTEFTLTISSLQ
PDDFATYYCQQYSSYPLTFGGGTRLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPA
AGGAVHTRGLDFACDI YIWAPLAGTCGVL LLSLV ITLYCKRGRKKLLYIFKQPFMRPVQT
TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR

M22 (ScFv QVQLVQSGAEVRRPGASVKISCRASGDTSTRHYIHWLRQAPGQGPEWMGVINPTTGPATG



domain) SPAYAQMLQGRVTMTRDTSTRTVYMELRSLRFEDTAVYYCARSWGRSAPYYFDYWGQGT
LVTVSSGGGGSGGGGSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCRASQGISDYSA
WYQQKPGKAPKLLIYAASTLQSGVPSRFSGSGSGTDFTLTISYLQSEDFATYYCQQYYSY
PLTFGGGTKVDIK

M22 (full MALPVTALLLPLALLLHAARPOVOLVOSGAEVRRPGASVKI SCRASGDTSTRHYIHWLRQ

CAR) APGQGPEWMGVINPTTGPATGSPAYAQMLQGRVTMTRDTSTRTVYMELRSLRFEDTAVYY
CARSWGRSAPYYFDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIQMTQSPSSLSA
SVGDRVTITCRASQGI SDYSAWYQQKPGKAPKLLI YAASTLQSGVPSRFSGSGSGTDFTL
TISYLQSEDFATYYCQQYYSYPLTFGGGTKVDIKTTTPAPRPPTPAPTIASQPLSLRPEA
CRPA
AGGAVHTRGLDFACDI YIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQT
TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR

M23 (ScFv QVQLQQSGAEVKKPGASVKVSCKASGYTFTNYYMHWVRQAPGQGLEWMGI INPSGGYTTY

domain) AQKFQGRLTMTRDTSTSTVYMELSSLRSEDTAVYYCARIRSCGGDCYYFDNWGQGTLVTV
SSGGGGSGGGGSGGGGSGGGGSDIQLTQSPSTLSASVGDRVTITCRASENVNIWLAWYQQ
KPGKAPKLLIYKSSSLASGVPSRFSGSGSGAEFTLTISSLQPDDFATYYCQQYQSYPLTF
GGGTKVDIK

M23 (full MALPVTALLLPLALLLHAARPOVOLOOSGAEVKKPGASVKVSCKASGYTFTNYYMHWVRQ

CAR) APGQGLEWMGI INPSGGYTTYAQKFQGRLTMTRDTSTSTVYMELSSLRSEDTAVYYCARI
RSCGGDCYYFDNWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIQLTQSPSTLSASVGD
RVTITCRASENVNIWLAWYQQKPGKAPKLLIYKSSSLASGVPSRFSGSGSGAEFTLTISS
LQPDDFATYYCQQYQSYPLTFGGGTKVDIKTTTPAPRPPTPAPTIASQPLSLRPEACRPA
AGGAVHTRGLDFACDI YIWAPLAGTCGVL LLSLV ITLYCKRGRKKLLYIFKQPFMRPVQT
TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR

M24 (ScFv QITLKESGPALVKPTQTLTLTCTFSGFSLSTAGVHVGWIRQPPGKALEWLALI SWADDKR

domain) YRPSLRSRLDITRVTSKDQWLSMTNMQPEDTATYYCALQGFDGYEANWGPGTLVTVSSG
GGGSGGGGSGGGGSGGGGSDIVMTQSPSSLSASAGDRVTITCRASRGISSALAWYQQKPG
KPPKLLIYDASSLESGVPSRFSGSGSGTDFTLTIDSLEPEDFATYYCQQSYSTPWTFGQG
TKVDIK

M24 (full MALPVTALLLPLALLLHAARPOITLKESGPALVKPTQTLTLTCTFSGFSLSTAGVHVGWI

CAR) RQPPGKALEWLALI SWADDKRYRPSLRSRLDITRVTSKDQWLSMTNMQPEDTATYYCAL
QGFDGYEANWGPGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIVMTQSPSSLSASAGDRVT
ITCRASRGISSALAWYQQKPGKPPKLLIYDASSLESGVPSRFSGSGSGTDFTLTIDSLEP
EDFATYYCQQSYSTPWTFGQGTKVDIKTTTPAPRPPTPAPTIASQPLSLRPEACRPA
AGGAVHTRGLDFACD IYI APLAGTCGVLLLSLVI TLYCKRGRKKLLYIFKQPFMRPVQT
TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR

Ssl (scFv QVQLQQSGPELEKPGASVKISCKASGYSFTGYTMNWVKQSHGKSLEWIGLITPYNGASS

domain) YNQKFRGKATLTVDKSSSTAYMDLLSLTSEDSAVYFCARGGYDGRGFDYWGQGTTVTVS
SGGGGSGGGGSGGGGSDIELTQSPAIMSASPGEKVTMTCSASSSVSYMHWYQQKSGTSP
KRWIYDTSKLASGVPGRFSGSGSGNSYSLTI SSVEAEDDATYYCQQWSGYPLTFGAGTK
LEI

Ssl (full MALPVTALLLPIALLLHAARPQVQLQQSGPELEKPGASVKISCKASGYSFTGYTMNWVK

CAR) QSHGKSLEWIGLITPYNGASSYNQKFRGKATLTVDKSSSTAYMDLLSLTSEDSAVYFCA
RGGYDGRGFDYWGQGTTVTVSSGGGGSGGGGSGGGGSDIELTQSPAIMSASPGEKVTMT
CSASSSVSYMHWYQQKSGTSPKRWI YDTSKLASGVPGRFSGSGSGNSYSLTI SSVEAED
DATYYCQQWSGYPLTFGAGTKLEITTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAV
HTRGLDFACD IYI APLAGTCGVLLLSLVI TLYCKRGRKKLLYIFKQPFMRPVQTTQEE
DGCSCRFPEEEEGGCELRVKFSRSADAPA



Table 3 : Nucleic Acid Sequences encoding CAR molecules (the leader sequence is underlined)



89 M3 CAAGTCCAACTCGTCCAA
TCAGGAGCGGAAGTCAAAAAGCCCGGAGCTCCAGTGAAAGTGTCATGCAAGGCCTCCGGCTACACCTTCACCGGTTACTA

(ScFv TATGCACTGGGTGCGGCAGGCCCCGGGCCAGGGGTTGGAATGGATGGGATGGATCAATCCAAACTCGGGTGGGACTAACT

doma ACGCCCAGAAGTTCCAAGGACGGGTGACCATGACTAGGGACACCTCGATCTCCACCGCATACATGGAGCTTAGCAGACTC
CGCTCCGACGATACCGCAGTCTACTATTGCGCGCGGGGAGAGTGGGACGGATCGTACTACTACGATTACTGGGGCCAGGG

in) AACTCTGGTGACTGTTTCCTCGGGTGGAGGAGGTTCAGGCGGAGGCGGCTCGGGCGGGGGAGGATCTGGAGGAGGAGGGT
>VA5 8- CCGACATTGTGCTGACCCAAACTCCTTCGTCCCTGTCGGCCAGCGTGGGCGACCGCGTGACGATTACGTGCAGAGCTAGC
21LC CAATCCATCAATACTTACCTCAACTGGTACCAGCATAAGCCGGGGAAAGCACCAAAGCTGCTGATCTACGCCGCCTCATC
(M3) CTTGCAGAGCGGTGTGCCTTCACGCTTTAGCGGATCGGGATCGGGAACGGATTTCACCCTGACTATCAGCTCCCTCCAGC

CGGAGGATTTTGCGACCTACTACTGTCAGCAGAGCTTCTCACCGCTGACTTTCGGCGGCGGGACCAAGCTGGAAATCAAG

113 M3 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTCCAACTCGTCCAA
TCAGGAGCGGAAGTCAAAAAGCCCGGAGCTCCAGTGAAAGTGTCATGCAAGGCCTCCGGCTACACCTTCACCGGTTACTA

(Full) TATGCACTGGGTGCGGCAGGCCCCGGGCCAGGGGTTGGAATGGATGGGATGGATCAATCCAAACTCGGGTGGGACTAACT
>VA5 8- ACGCCCAGAAGTTCCAAGGACGGGTGACCATGACTAGGGACACCTCGATCTCCACCGCATACATGGAGCTTAGCAGACTC
21LC CGCTCCGACGATACCGCAGTCTACTATTGCGCGCGGGGAGAGTGGGACGGATCGTACTACTACGATTACTGGGGCCAGGG
(M3) AACTCTGGTGACTGTTTCCTCGGGTGGAGGAGGTTCAGGCGGAGGCGGCTCGGGCGGGGGAGGATCTGGAGGAGGAGGGT

CCGACATTGTGCTGACCCAAACTCCTTCGTCCCTGTCGGCCAGCGTGGGCGACCGCGTGACGATTACGTGCAGAGCTAGC
CAATCCATCAATACTTACCTCAACTGGTACCAGCATAAGCCGGGGAAAGCACCAAAGCTGCTGATCTACGCCGCCTCATC
CTTGCAGAGCGGTGTGCCTTCACGCTTTAGCGGATCGGGATCGGGAACGGATTTCACCCTGACTATCAGCTCCCTCCAGC
CGGAGGATTTTGCGACCTACTACTGTCAGCAGAGCTTCTCACCGCTGACTTTCGGCGGCGGGACCAAGCTGGAAATCAAG
ACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATG
TAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTG
GTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTT
AAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGG
CGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAACG
AACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCG
CGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTAT
GAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACG
CTCTTCACATGCAGGCCCTGCCGCCTCGG

90 M4 CAAGTGCAACTCGTTGAA
TCAGGTGGAGGTTTGGTGCAACCCGGAGGATCTCTCAGACTGTCGTGTGCGGCGTCCGGGTTCACCTTTTCGTCCTACTG

(ScFv GATGCACTGGGTGCGCCAGGTGCCGGGAAAAGGACTGGTGTGGGTGTCCAGAATCAACACCGACGGGTCAACGACTACCT

doma ACGCAGATAGCGTGGAAGGTCGGTTCACCATTTCGCGGGACAACGCTAAAAACACTCTGTACCTTCAGATGAATTCACTG
CGCGATGACGACACCGCAGTCTACTACTGCGTCGGTGGACACTGGGCGGTCTGGGGACAGGGAACTACGGTGACTGTGTC

in) CAGCGGCGGGGGAGGAAGCGGCGGAGGGGGGAGCGGAGGCGGAGGATCAGGAGGAGGCGGCTCCGATATCCAGATGACCC
>DP37- AGTCGCCATCGACCCTCTCCGCTAGCGTGGGGGATAGGGTCACTATCACTTGCCGAGCCAGCCAATCCATTAGCGACCGG
07IC CTTGCCTGGTACCAACAGAAACCTGGAAAGGCCCCGAAGCTGCTCATCTACAAGGCCTCGTCACTGGAGTCGGGAGTCCC
(M4) GTCCCGCTTTTCCGGCTCGGGCTCAGGCACCGAGTTCACTCTGACCATCTCGAGCCTGCAGCCGGACGATTTCGCCGTGT

ATTACTGCCAGCAATACGGACATCTCCCAATGTACACGTTCGGTCAGGGCACCAAGGTCGAAATCAAG

114 M4 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTGCAACTCGTTGAA
TCAGGTGGAGGTTTGGTGCAACCCGGAGGATCTCTCAGACTGTCGTGTGCGGCGTCCGGGTTCACCTTTTCGTCCTACTG

>DP37-
GATGCACTGGGTGCGCCAGGTGCCGGGAAAAGGACTGGTGTGGGTGTCCAGAATCAACACCGACGGGTCAACGACTACCT

07IC
ACGCAGATAGCGTGGAAGGTCGGTTCACCATTTCGCGGGACAACGCTAAAAACACTCTGTACCTTCAGATGAATTCACTG

(M4)
CGCGATGACGACACCGCAGTCTACTACTGCGTCGGTGGACACTGGGCGGTCTGGGGACAGGGAACTACGGTGACTGTGTC
CAGCGGCGGGGGAGGAAGCGGCGGAGGGGGGAGCGGAGGCGGAGGATCAGGAGGAGGCGGCTCCGATATCCAGATGACCC
AGTCGCCATCGACCCTCTCCGCTAGCGTGGGGGATAGGGTCACTATCACTTGCCGAGCCAGCCAATCCATTAGCGACCGG
CTTGCCTGGTACCAACAGAAACCTGGAAAGGCCCCGAAGCTGCTCATCTACAAGGCCTCGTCACTGGAGTCGGGAGTCCC
GTCCCGCTTTTCCGGCTCGGGCTCAGGCACCGAGTTCACTCTGACCATCTCGAGCCTGCAGCCGGACGATTTCGCCGTGT
ATTACTGCCAGCAATACGGACATCTCCCAATGTACACGTTCGGTCAGGGCACCAAGGTCGAAATCAAGACCACTACCCCA
GCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGTAGACCCGCAGC
TGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGG
TCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTTAAGCAACCCTTC
ATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAACT
GCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTG
GTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCGCGCAGAAAGAAT
CCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACG
CAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCTCTTCACATGC
AGGCCCTGCCGCCTCGG

9 1 M5 CAAGTCCAACTCGTTCAATCAGGCGCAGAAGTCGAAAAGCCCGGAGCATCAGTCAAAGTCTCTTGCAAGGCTTCCGGCTAC
ACCTTCACGGACTACTAC

(ScFv ATGCACTGGGTGCGCCAGGCTCCAGGCCAGGGACTGGAGTGGATGGGATGGATCAACCCGAATTCCGGGGGAACTAACTA

doma CGCCCAGAAGTTTCAGGGCCGGGTGACTATGACTCGCGATACCTCGATCTCGACTGCGTACATGGAGCTCAGCCGCCTCC
GGTCGGACGATACCGCCGTGTACTATTGTGCGTCGGGATGGGACTTCGACTACTGGGGGCAGGGCACTCTGGTCACTGTG

in) TCAAGCGGAGGAGGTGGATCAGGTGGAGGTGGAAGCGGGGGAGGAGGTTCCGGCGGCGGAGGATCAGATATCGTGATGAC



>XP31- GCAATCGCCTTCCTCGTTGTCCGCATCCGTGGGAGACAGGGTGACCATTACTTGCAGAGCGTCCCAGTCCATTCGGTACT
20LC ACCTGTCGTGGTACCAGCAGAAGCCGGGGAAAGCCCCAAAACTGCTTATCTATACTGCCTCGATCCTCCAAAACGGCGTG
(M5) CCATCAAGATTCAGCGGTTCGGGCAGCGGGACCGACTTTACCCTGACTATCAGCAGCCTGCAGCCGGAAGATTTCGCCAC

GTACTACTGCCTGCAAACCTACACCACCCCGGACTTCGGACCTGGAACCAAGGTGGAGATCAAG

115 M5 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTCCAACTCGTTCAA
TCAGGCGCAGAAGTCGAAAAGCCCGGAGCATCAGTCAAAGTCTCTTGCAAGGCTTCCGGCTACACCTTCACGGACTACTAC

(Full) ATGCACTGGGTGCGCCAGGCTCCAGGCCAGGGACTGGAGTGGATGGGATGGATCAACCCGAATTCCGGGGGAACTAACTA
>XP31- CGCCCAGAAGTTTCAGGGCCGGGTGACTATGACTCGCGATACCTCGATCTCGACTGCGTACATGGAGCTCAGCCGCCTCC
20LC GGTCGGACGATACCGCCGTGTACTATTGTGCGTCGGGATGGGACTTCGACTACTGGGGGCAGGGCACTCTGGTCACTGTG
(M5) TCAAGCGGAGGAGGTGGATCAGGTGGAGGTGGAAGCGGGGGAGGAGGTTCCGGCGGCGGAGGATCAGATATCGTGATGAC

GCAATCGCCTTCCTCGTTGTCCGCATCCGTGGGAGACAGGGTGACCATTACTTGCAGAGCGTCCCAGTCCATTCGGTACT
ACCTGTCGTGGTACCAGCAGAAGCCGGGGAAAGCCCCAAAACTGCTTATCTATACTGCCTCGATCCTCCAAAACGGCGTG
CCATCAAGATTCAGCGGTTCGGGCAGCGGGACCGACTTTACCCTGACTATCAGCAGCCTGCAGCCGGAAGATTTCGCCAC
GTACTACTGCCTGCAAACCTACACCACCCCGGACTTCGGACCTGGAACCAAGGTGGAGATCAAGACCACTACCCCAGCAC
CGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGTAGACCCGCAGCTGGT
GGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCT
GCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGA
GGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGC
GTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCG
GAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCGCGCAGAAAGAATCCCC
AAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGA
AGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCTCTTCACATGCAGGC
CCTGCCGCCTCGG

92 M6 CAAGTGCAACTCGTCCAGTCAGGTGCAGAAGTGAAGAAACCCGGAGCGTCAGTCAAAGTGTCATGCAAGGCGTCAGGCTAC
ACCTTCACCAGCTACTAC

(ScFv ATGCACTGGGTGCGGCAGGCCCCAGGCCAAGGCTTGGAGTGGATGGGAATCATTAACCCGTCAGGAGGCTCCACCTCCTA

doma CGCCCAGAAGTTTCAGGGAAGAGTGACGATGACTCGGGATACGTCGACCTCGACCGTGTACATGGAACTGAGCTCGCTGC
GCTCCGAGGACACTGCTGTGTACTACTGCGCACGGTACAGACTCATTGCCGTGGCAGGAGACTACTACTACTATGGCATG

in) GACGTCTGGGGGCAGGGCACTATGGTCACTGTGTCGTCCGGCGGAGGAGGCTCGGGTGGAGGAGGTAGCGGAGGAGGGGG
>FE10- AAGCGGAGGGGGGGGCTCCGATATCCAGATGACTCAGTCGCCTTCCTCCGTGTCGGCCTCGGTTGGAGATCGCGTCACCA
06ID TCACTTGTCGAGCTTCCCAAGGAGTCGGTAGGTGGCTGGCGTGGTACCAGCAAAAGCCGGGAACTGCCCCGAAGCTCCTG
(M6) ATCTACGCGGCTAGCACCCTGCAGTCGGGAGTGCCATCCCGCTTCAGCGGATCTGGGTCAGGTACCGACTTCACCCTTAC

GATCAACAATCTCCAGCCGGAGGACTTTGCCACCTATTACTGCCAACAGGCCAACAGCTTCCCTCTGACTTTCGGAGGGG
GCACTCGCCTGGAAATCAAG

116 M6 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTGCAACTCGTCCAG
TCAGGTGCAGAAGTGAAGAAACCCGGAGCGTCAGTCAAAGTGTCATGCAAGGCGTCAGGCTACACCTTCACCAGCTACTAC

(Full) ATGCACTGGGTGCGGCAGGCCCCAGGCCAAGGCTTGGAGTGGATGGGAATCATTAACCCGTCAGGAGGCTCCACCTCCTA
>FE10- CGCCCAGAAGTTTCAGGGAAGAGTGACGATGACTCGGGATACGTCGACCTCGACCGTGTACATGGAACTGAGCTCGCTGC
06ID GCTCCGAGGACACTGCTGTGTACTACTGCGCACGGTACAGACTCATTGCCGTGGCAGGAGACTACTACTACTATGGCATG
(M6) GACGTCTGGGGGCAGGGCACTATGGTCACTGTGTCGTCCGGCGGAGGAGGCTCGGGTGGAGGAGGTAGCGGAGGAGGGGG

AAGCGGAGGGGGGGGCTCCGATATCCAGATGACTCAGTCGCCTTCCTCCGTGTCGGCCTCGGTTGGAGATCGCGTCACCA
TCACTTGTCGAGCTTCCCAAGGAGTCGGTAGGTGGCTGGCGTGGTACCAGCAAAAGCCGGGAACTGCCCCGAAGCTCCTG
ATCTACGCGGCTAGCACCCTGCAGTCGGGAGTGCCATCCCGCTTCAGCGGATCTGGGTCAGGTACCGACTTCACCCTTAC
GATCAACAATCTCCAGCCGGAGGACTTTGCCACCTATTACTGCCAACAGGCCAACAGCTTCCCTCTGACTTTCGGAGGGG
GCACTCGCCTGGAAATCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTG
TCCCTGCGTCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTA
CATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGA
AGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGG
TTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGG
GCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACC
CAGAAATGGGCGGGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAA
GCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGC
CACCAAGGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

93 M7 CAAGTGCAATTGGTTCAA
TCAGGAGGAGGAGTGGTGCAACCTGGAAGATCTCTCAGACTGTCGTGTGCGGCATCGGGATTCACTTTCTCATCATACGC

(ScFv AATGCACTGGGTCCGCCAGGCCCCGGGCAAAGGCTTGGAATGGGTGGCGGTCATTTCATACGACGGCTCGAACAAGTACT

doma ACGCTGACAGCGTGAAGGGACGCTTTACTATTTCCCGGGACAATTCGAAGAACACTCTGTACCTCCAGATGAACTCCCTT
AGGGCTGAGGACACCGCCGTCTACTACTGCGCACGCTGGAAAGTGTCGTCCAGCTCCCCAGCTTTTGACTACTGGGGACA

in) GGGAACCCTTGTGACCGTGTCGTCCGGTGGAGGGGGAAGCGGCGGAGGGGGATCAGGTGGCGGCGGATCGGGAGGCGGGG
>VE12- GATCAGAAATCGTGCTGACTCAGTCCCCGGCCACGCTGTCTCTCAGCCCGGGAGAGAGAGCGATCCTGTCCTGCCGCGCC
01CD TCGCAGAGCGTGTACACTAAGTACCTGGGGTGGTACCAGCAGAAACCGGGTCAAGCGCCTCGGCTGCTGATCTACGATGC
(M7) CTCCACCCGGGCCACCGGAATCCCCGATCGGTTCTCCGGCAGCGGCTCGGGAACTGATTTCACGCTGACCATCAATCGCC

TGGAGCCGGAAGATTTCGCCGTCTATTACTGCCAGCATTACGGCGGGAGCCCACTCATCACCTTCGGTCAAGGAACCCGA
CTCGAAATCAAG

117 M7 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTGCAATTGGTTCAA
TCAGGAGGAGGAGTGGTGCAACCTGGAAGATCTCTCAGACTGTCGTGTGCGGCATCGGGATTCACTTTCTCATCATACGC



(Full) AATGCACTGGGTCCGCCAGGCCCCGGGCAAAGGCTTGGAATGGGTGGCGGTCATTTCATACGACGGCTCGAACAAGTACT
ACGCTGACAGCGTGAAGGGACGCTTTACTATTTCCCGGGACAATTCGAAGAACACTCTGTACCTCCAGATGAACTCCCTT

>VE12-
AGGGCTGAGGACACCGCCGTCTACTACTGCGCACGCTGGAAAGTGTCGTCCAGCTCCCCAGCTTTTGACTACTGGGGACA

01CD
GGGAACCCTTGTGACCGTGTCGTCCGGTGGAGGGGGAAGCGGCGGAGGGGGATCAGGTGGCGGCGGATCGGGAGGCGGGG

(M7)
GATCAGAAATCGTGCTGACTCAGTCCCCGGCCACGCTGTCTCTCAGCCCGGGAGAGAGAGCGATCCTGTCCTGCCGCGCC
TCGCAGAGCGTGTACACTAAGTACCTGGGGTGGTACCAGCAGAAACCGGGTCAAGCGCCTCGGCTGCTGATCTACGATGC
CTCCACCCGGGCCACCGGAATCCCCGATCGGTTCTCCGGCAGCGGCTCGGGAACTGATTTCACGCTGACCATCAATCGCC
TGGAGCCGGAAGATTTCGCCGTCTATTACTGCCAGCATTACGGCGGGAGCCCACTCATCACCTTCGGTCAAGGAACCCGA
CTCGAAATCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCG
TCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGG
CCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTG
CTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGA
GGAGGAGGAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACC
AGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATG
GGCGGGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAG
CGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGG
ACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

94 M8 CAAGTCCAACTCCAGCAG
TCAGGTGCAGAAGTCAAAAAGCCAGGAGCATCCGTGAAGGTTTCGTGCAAGACTTCCGGCTACCCTTTTACCGGGTACTC

(ScFv CCTCCATTGGGTGAGACAAGCACCGGGCCAGGGACTGGAGTGGATGGGATGGATCAACCCAAATTCGGGCGGCACCAACT

doma ATGCGCAGAAGTTCCAGGGACGGGTGACCATGACTCGCGACACTTCGATCTCCACTGCCTACATGGAGCTGTCCCGCTTG
AGATCTGACGACACGGCCGTCTACTACTGCGCCCGGGATCACTACGGAGGTAATTCGCTGTTCTACTGGGGGCAGGGAAC

in) CCTTGTGACTGTGTCCTCGGGTGGTGGAGGGTCAGGAGGCGGAGGCTCAGGGGGAGGAGGTAGCGGAGGAGGCGGATCAG
>LE13- ACATCCAACTGACCCAGTCACCATCCTCCATCTCGGCTAGCGTCGGAGACACCGTGTCGATTACTTGTAGGGCCTCCCAA
05XD GACTCAGGGACGTGGCTGGCGTGGTATCAGCAAAAACCGGGCAAAGCTCCGAACCTGTTGATGTACGACGCCAGCACCCT
(M8) CGAAGATGGAGTGCCTAGCCGCTTCAGCGGAAGCGCCTCGGGCACTGAATTCACGCTGACTGTGAATCGGCTCCAGCCGG

AGGATTCGGCGACCTACTACTGCCAGCAGTACAACAGCTACCCCCTGACCTTTGGAGGCGGGACCAAGGTGGATATCAAG

118 M8 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTCCAACTCCAGCAG
TCAGGTGCAGAAGTCAAAAAGCCAGGAGCATCCGTGAAGGTTTCGTGCAAGACTTCCGGCTACCCTTTTACCGGGTACTC

(Full) CCTCCATTGGGTGAGACAAGCACCGGGCCAGGGACTGGAGTGGATGGGATGGATCAACCCAAATTCGGGCGGCACCAACT
>LE13- ATGCGCAGAAGTTCCAGGGACGGGTGACCATGACTCGCGACACTTCGATCTCCACTGCCTACATGGAGCTGTCCCGCTTG
05XD AGATCTGACGACACGGCCGTCTACTACTGCGCCCGGGATCACTACGGAGGTAATTCGCTGTTCTACTGGGGGCAGGGAAC
(M8) CCTTGTGACTGTGTCCTCGGGTGGTGGAGGGTCAGGAGGCGGAGGCTCAGGGGGAGGAGGTAGCGGAGGAGGCGGATCAG

ACATCCAACTGACCCAGTCACCATCCTCCATCTCGGCTAGCGTCGGAGACACCGTGTCGATTACTTGTAGGGCCTCCCAA
GACTCAGGGACGTGGCTGGCGTGGTATCAGCAAAAACCGGGCAAAGCTCCGAACCTGTTGATGTACGACGCCAGCACCCT
CGAAGATGGAGTGCCTAGCCGCTTCAGCGGAAGCGCCTCGGGCACTGAATTCACGCTGACTGTGAATCGGCTCCAGCCGG
AGGATTCGGCGACCTACTACTGCCAGCAGTACAACAGCTACCCCCTGACCTTTGGAGGCGGGACCAAGGTGGATATCAAG
ACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATG
TAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTG
GTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTT
AAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGG
CGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAACG
AACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCG
CGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTAT
GAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACG
CTCTTCACATGCAGGCCCTGCCGCCTCGG

95 M9 CAAGTGCAACTCGTCCAG
TCAGGTGCAGAAGTGAAGAAACCAGGAGCGTCCGTCGAAGTGTCGTGTAAGGCGTCCGGCTACACTTTCACCTCGTACTA

(ScFv CATGCACTGGGTGCGGCAGGCCCCGGGACAAGGCCTCGAATGGATGGGAATCATCAACCCGAGCGGAGGCTCGACTGGTT

doma ACGCCCAGAAGTTCCAGGGAAGGGTGACGATGACCCGCGATACCTCGACTTCGACCGTTCATATGGAGCTCTCGTCCCTG
CGGAGCGAGGACACTGCTGTCTACTATTGCGCGCGGGGAGGATACTCTAGCTCCTCCGATGCATTTGACATTTGGGGCCA

in) GGGAACTATGGTGACCGTGTCATCAGGCGGAGGTGGATCAGGAGGAGGAGGGTCGGGAGGGGGAGGCAGCGGCGGGGGTG
>BE15- GGTCGGACATTCAGATGACGCAGTCCCCTCCTAGCCTGAGCGCCTCGGTGGGTGACAGAGTGACCATCACTTGCAGAGCC
OOSD TCGCAAGACATCTCCTCCGCATTGGCTTGGTACCAGCAAAAGCCGGGCACTCCGCCGAAACTGCTCATCTACGATGCCTC
(M9) CTCACTGGAGTCAGGAGTCCCATCTCGCTTCTCGGGGTCAGGAAGCGGCACCGATTTTACCCTTACCATCTCCAGCCTGC

AGCCCGAGGACTTCGCCACGTACTACTGCCAACAGTTCAGCTCCTACCCACTGACCTTCGGGGGCGGAACTCGCCTGGAA
ATCAAG

119 M9 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTGCAACTCGTCCAG
TCAGGTGCAGAAGTGAAGAAACCAGGAGCGTCCGTCGAAGTGTCGTGTAAGGCGTCCGGCTACACTTTCACCTCGTACTA

(Full) CATGCACTGGGTGCGGCAGGCCCCGGGACAAGGCCTCGAATGGATGGGAATCATCAACCCGAGCGGAGGCTCGACTGGTT
>BE15- ACGCCCAGAAGTTCCAGGGAAGGGTGACGATGACCCGCGATACCTCGACTTCGACCGTTCATATGGAGCTCTCGTCCCTG
OOSD CGGAGCGAGGACACTGCTGTCTACTATTGCGCGCGGGGAGGATACTCTAGCTCCTCCGATGCATTTGACATTTGGGGCCA
(M9) GGGAACTATGGTGACCGTGTCATCAGGCGGAGGTGGATCAGGAGGAGGAGGGTCGGGAGGGGGAGGCAGCGGCGGGGGTG

GGTCGGACATTCAGATGACGCAGTCCCCTCCTAGCCTGAGCGCCTCGGTGGGTGACAGAGTGACCATCACTTGCAGAGCC
TCGCAAGACATCTCCTCCGCATTGGCTTGGTACCAGCAAAAGCCGGGCACTCCGCCGAAACTGCTCATCTACGATGCCTC
CTCACTGGAGTCAGGAGTCCCATCTCGCTTCTCGGGGTCAGGAAGCGGCACCGATTTTACCCTTACCATCTCCAGCCTGC
AGCCCGAGGACTTCGCCACGTACTACTGCCAACAGTTCAGCTCCTACCCACTGACCTTCGGGGGCGGAACTCGCCTGGAA
ATCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGA



GGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCT
GGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTAC
ATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGA
GGAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCT
ACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGG
AAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGAT
TGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCT
ATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

96 MIO CAAGTGCAACTCGTCCAGAGCGGAGCAGAAGTCAAGAAGCCAGGAGCGTCAGTGAAAGTGTCATGCAAGGCCAGCGGCTAT
ACCTTTACTTCGTATGGG

(ScFv ATCTCCTGGGTGCGGCAGGCACCGGGCCAAGGACTGGAGTGGATGGGATGGATCTCAGCCTACAACGGTAACACCAACTA

doma CGCCCAGAAGCTGCAAGGACGCGTGACCATGACTACTGATACGAGCACCTCCACTGCCTACATGGAATTGCGGTCCCTTC
GGTCGGACGATACTGCTGTGTACTACTGCGCAAGAGTCGCCGGAGGGATCTACTACTACTACGGCATGGACGTCTGGGGA

in) CAGGGAACCACCATTACGGTGTCGAGCGGAGGGGGAGGCTCGGGGGGAGGAGGAAGCGGAGGTGGCGGCTCCGGGGGCGG
>RE16- CGGATCGGACATTGTGATGACCCAGACTCCTGACTCCCTGGCTGTTTCGTTGGGAGAGCGCGCGACTATCTCGTGTAAGT

05MD CCAGCCACTCAGTCCTGTACAATCGCAATAACAAGAACTACCTCGCGTGGTACCAGCAAAAACCGGGTCAGCCGCCTAAA

(MIO) CTCCTGTTCTACTGGGCCTCCACCAGAAAGAGCGGGGTGCCAGATCGATTCTCTGGATCAGGATCAGGTACCGACTTTAC
GCTGACCATCTCGTCCCTGCAGCCGGAGGATTTCGCGACTTACTTCTGCCAGCAGACTCAGACTTTCCCCCTCACCTTCG
GTCAAGGCACCAGGCTGGAAATCAAT

120 MIO ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTGCAACTCGTCCAG
AGCGGAGCAGAAGTCAAGAAGCCAGGAGCGTCAGTGAAAGTGTCATGCAAGGCCAGCGGCTATACCTTTACTTCGTATGGG

(Full) ATCTCCTGGGTGCGGCAGGCACCGGGCCAAGGACTGGAGTGGATGGGATGGATCTCAGCCTACAACGGTAACACCAACTA
>RE16- CGCCCAGAAGCTGCAAGGACGCGTGACCATGACTACTGATACGAGCACCTCCACTGCCTACATGGAATTGCGGTCCCTTC
05MD GGTCGGACGATACTGCTGTGTACTACTGCGCAAGAGTCGCCGGAGGGATCTACTACTACTACGGCATGGACGTCTGGGGA
(MIO) CAGGGAACCACCATTACGGTGTCGAGCGGAGGGGGAGGCTCGGGGGGAGGAGGAAGCGGAGGTGGCGGCTCCGGGGGCGG

CGGATCGGACATTGTGATGACCCAGACTCCTGACTCCCTGGCTGTTTCGTTGGGAGAGCGCGCGACTATCTCGTGTAAGT
CCAGCCACTCAGTCCTGTACAATCGCAATAACAAGAACTACCTCGCGTGGTACCAGCAAAAACCGGGTCAGCCGCCTAAA
CTCCTGTTCTACTGGGCCTCCACCAGAAAGAGCGGGGTGCCAGATCGATTCTCTGGATCAGGATCAGGTACCGACTTTAC
GCTGACCATCTCGTCCCTGCAGCCGGAGGATTTCGCGACTTACTTCTGCCAGCAGACTCAGACTTTCCCCCTCACCTTCG
GTCAAGGCACCAGGCTGGAAATCAATACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAG
CCTCTGTCCCTGCGTCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGA
TATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCG
GTCGGAAGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCA
TGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAA
GCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGAC
GGGACCCAGAAATGGGCGGGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATG
GCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAG
CACCGCCACCAAGGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

97 Mil CAAGTCCAATTGCAGCAGAGCGGAGCAGAAGTGAAGAAGCCAGGAGCGTCAGTCAAAGTGTCGTGTAAGGCGTCAGGATAC
ACCTTCACGGGATACTAC

(ScFv ATGCACTGGGTGCGCCAGGCCCCGGGCCAAGGACTCGAGTGGATGGGCTGGATCAACCCTAACTCTGGAGGCACCAACTA

doma CGCCCAGAATTTCCAAGGCAGAGTGACCATGACCCGGGACACCTCCATCTCGACTGCCTATATGGAACTGCGGCGGCTGC
GCTCGGACGATACTGCTGTGTATTACTGCGCCAGCGGCTGGGACTTTGACTACTGGGGACAGGGTACTCTGGTGACTGTT

in) TCCTCGGGAGGAGGCGGATCGGGTGGAGGAGGTAGCGGGGGAGGGGGGTCGGGAGGCGGAGGCAGCGATATTCGCATGAC
>NE10- TCAATCGCCGTCCTCCCTGAGCGCTAGCGTGGGAGATCGAGTCACCATCACTTGCAGAGCGTCACAGTCGATTCGCTACT

19 D ACCTGTCCTGGTACCAGCAGAAACCGGGAAAGGCACCAAAGCTTCTGATCTACACGGCCTCCATCCTGCAAAATGGTGTC
(Mil) CCATCAAGGTTCTCCGGGTCAGGGAGCGGCACTGACTTCACTCTCACCATCTCCTCACTCCAGCCCGAGGACTTTGCAAC

CTACTACTGCCTCCAGACGTACACCACCCCGGATTTCGGTCCTGGAACCAAGGTGGAAATCAAA

121 Mil ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTCCAATTGCAGCAG
AGCGGAGCAGAAGTGAAGAAGCCAGGAGCGTCAGTCAAAGTGTCGTGTAAGGCGTCAGGATACACCTTCACGGGATACTAC

(Full) ATGCACTGGGTGCGCCAGGCCCCGGGCCAAGGACTCGAGTGGATGGGCTGGATCAACCCTAACTCTGGAGGCACCAACTA
>NE10- CGCCCAGAATTTCCAAGGCAGAGTGACCATGACCCGGGACACCTCCATCTCGACTGCCTATATGGAACTGCGGCGGCTGC
19 D GCTCGGACGATACTGCTGTGTATTACTGCGCCAGCGGCTGGGACTTTGACTACTGGGGACAGGGTACTCTGGTGACTGTT
(Mil) TCCTCGGGAGGAGGCGGATCGGGTGGAGGAGGTAGCGGGGGAGGGGGGTCGGGAGGCGGAGGCAGCGATATTCGCATGAC

TCAATCGCCGTCCTCCCTGAGCGCTAGCGTGGGAGATCGAGTCACCATCACTTGCAGAGCGTCACAGTCGATTCGCTACT
ACCTGTCCTGGTACCAGCAGAAACCGGGAAAGGCACCAAAGCTTCTGATCTACACGGCCTCCATCCTGCAAAATGGTGTC
CCATCAAGGTTCTCCGGGTCAGGGAGCGGCACTGACTTCACTCTCACCATCTCCTCACTCCAGCCCGAGGACTTTGCAAC
CTACTACTGCCTCCAGACGTACACCACCCCGGATTTCGGTCCTGGAACCAAGGTGGAAATCAAAACCACTACCCCAGCAC
CGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGTAGACCCGCAGCTGGT
GGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCT
GCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGA
GGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGC
GTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCG
GAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCGCGCAGAAAGAATCCCC
AAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGA
AGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCTCTTCACATGCAGGC
CCTGCCGCCTCGG

98 M12 CAAGTCCAACTCGTCCAA
AGCGGAGCAGAAGTCAAAAAGCCAGGAGCGTCGGTGAAAGTGTCTTGCAAAGCCAGCGGCTACACCTTCACGGGTTACTA

(ScFv CATGCACTGGGTGCGCCAGGCGCCGGGCCAGGGGCTGGAGTGGATGGGCCGGATTAACCCTAACAGCGGGGGAACTAATT



doma ACGCTCAGAAGTTCCAGGGTAGAGTCACCATGACTACGGACACTTCCACTTCCACCGCCTATATGGAACTGCGCTCCCTC
CGCTCAGATGATACTGCCGTGTATTACTGCGCGCGGACTACCACGTCATACGCATTTGACATCTGGGGCCAGGGAACTAT

in) GGTGACCGTGAGCTCGGGCGGAGGCGGTTCAGGGGGAGGAGGAAGCGGAGGAGGAGGATCGGGAGGAGGTGGCTCCGATA
>DE12- TCCAGCTGACTCAGTCCCCGAGCACCCTGTCGGCGTCGGTGGGGGACAGGGTTACCATCACCTGTAGAGCTTCCCAATCC
1 RD ATTTCGACTTGGCTGGCCTGGTACCAGCAAAAGCCGGGAAAGGCCCCTAATTTGCTTATCTACAAGGCATCGACCCTCGA
(M12) AAGCGGTGTGCCCTCCCGGTTTTCGGGATCAGGATCAGGGACCGAGTTCACCCTGACCATCTCATCCCTCCAGCCGGACG

ACTTCGCCACTTACTACTGCCAGCAGTACAACACCTACTCGCCATACACTTTCGGCCAAGGCACCAAGCTGGAGATCAAG

122 M12 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTCCAACTCGTCCAA
AGCGGAGCAGAAGTCAAAAAGCCAGGAGCGTCGGTGAAAGTGTCTTGCAAAGCCAGCGGCTACACCTTCACGGGTTACTA

(Full) CATGCACTGGGTGCGCCAGGCGCCGGGCCAGGGGCTGGAGTGGATGGGCCGGATTAACCCTAACAGCGGGGGAACTAATT
>DE12- ACGCTCAGAAGTTCCAGGGTAGAGTCACCATGACTACGGACACTTCCACTTCCACCGCCTATATGGAACTGCGCTCCCTC
1 RD CGCTCAGATGATACTGCCGTGTATTACTGCGCGCGGACTACCACGTCATACGCATTTGACATCTGGGGCCAGGGAACTAT
(M12) GGTGACCGTGAGCTCGGGCGGAGGCGGTTCAGGGGGAGGAGGAAGCGGAGGAGGAGGATCGGGAGGAGGTGGCTCCGATA

TCCAGCTGACTCAGTCCCCGAGCACCCTGTCGGCGTCGGTGGGGGACAGGGTTACCATCACCTGTAGAGCTTCCCAATCC
ATTTCGACTTGGCTGGCCTGGTACCAGCAAAAGCCGGGAAAGGCCCCTAATTTGCTTATCTACAAGGCATCGACCCTCGA
AAGCGGTGTGCCCTCCCGGTTTTCGGGATCAGGATCAGGGACCGAGTTCACCCTGACCATCTCATCCCTCCAGCCGGACG
ACTTCGCCACTTACTACTGCCAGCAGTACAACACCTACTCGCCATACACTTTCGGCCAAGGCACCAAGCTGGAGATCAAG
ACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATG
TAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTG
GTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTT
AAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGG
CGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAACG
AACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCG
CGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTAT
GAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACG
CTCTTCACATGCAGGCCCTGCCGCCTCGG

99 M13 CAAGTTCAACTCGTGCAATCAGGTGGAGGACTCGTCAAACCCGGAGGATCATTGAGACTGTCATGCGAAGCGAGCGGTTTT
ATCTTCTCCGATTACTAT

(ScFv ATGGGATGGATTCGGCAGGCCCCGGGAAAGGGACTCGAATGGGTGTCATACATCGGAAGGTCAGGCTCGTCCATGTACTA

doma CGCAGACTCGGTGAAAGGCAGATTCACCTTTAGCCGGGACAACGCCAAGAATTCCCTCTACTTGCAGATGAACAGCCTGC
GAGCCGAGGATACTGCTGTCTACTACTGTGCCGCGTCGCCGGTGGTGGCAGCTACTGAAGATTTCCAGCACTGGGGACAG

in) GGAACTCTGGTCACGGTGTCGAGCGGTGGGGGCGGAAGCGGAGGCGGAGGATCGGGCGGCGGAGGTTCGGGGGGGGGAGG
>TE13- GTCTGACATCGTGATGACCCAAACCCCAGCCACCCTGAGCCTCTCCCCTGGAGAGCGCGCGACTCTTTCGTGCCGCGCTT

19LD CCCAGTCAGTGACCAGCAATTACTTGGCTTGGTACCAACAGAAGCCGGGACAGGCGCCACGGCTGCTGCTTTTTGGTGCC
(M13) AGCACTCGCGCCACCGGAATCCCGGATCGCTTCTCGGGCTCAGGGTCCGGGACGGACTTCACCCTGACTATCAACCGGCT

GGAACCTGAGGACTTCGCGATGTACTACTGCCAGCAGTACGGCTCCGCACCAGTCACTTTCGGACAAGGCACCAAGCTGG
AGATCAAG

123 M13 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTTCAACTCGTGCAA
TCAGGTGGAGGACTCGTCAAACCCGGAGGATCATTGAGACTGTCATGCGAAGCGAGCGGTTTTATCTTCTCCGATTACTAT

(Full) ATGGGATGGATTCGGCAGGCCCCGGGAAAGGGACTCGAATGGGTGTCATACATCGGAAGGTCAGGCTCGTCCATGTACTA
>TE13- CGCAGACTCGGTGAAAGGCAGATTCACCTTTAGCCGGGACAACGCCAAGAATTCCCTCTACTTGCAGATGAACAGCCTGC
19LD GAGCCGAGGATACTGCTGTCTACTACTGTGCCGCGTCGCCGGTGGTGGCAGCTACTGAAGATTTCCAGCACTGGGGACAG
(M13) GGAACTCTGGTCACGGTGTCGAGCGGTGGGGGCGGAAGCGGAGGCGGAGGATCGGGCGGCGGAGGTTCGGGGGGGGGAGG

GTCTGACATCGTGATGACCCAAACCCCAGCCACCCTGAGCCTCTCCCCTGGAGAGCGCGCGACTCTTTCGTGCCGCGCTT
CCCAGTCAGTGACCAGCAATTACTTGGCTTGGTACCAACAGAAGCCGGGACAGGCGCCACGGCTGCTGCTTTTTGGTGCC
AGCACTCGCGCCACCGGAATCCCGGATCGCTTCTCGGGCTCAGGGTCCGGGACGGACTTCACCCTGACTATCAACCGGCT
GGAACCTGAGGACTTCGCGATGTACTACTGCCAGCAGTACGGCTCCGCACCAGTCACTTTCGGACAAGGCACCAAGCTGG
AGATCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCG
GAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCC
TCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGT
ACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAG
GAGGAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCT
CTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCG
GGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAG
ATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACAC
CTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

100 M14 CAAGTCCAACTCGTCCAGTCGGGAGCAGAAGTTAGAGCACCAGGAGCGTCAGTGAAAATCTCATGCAAGGCCTCGGGCTTC
ACGTTCCGCGGATACTAC

(ScFv ATCCACTGGGTGCGCCAAGCCCCGGGTCAGGGATTGGAGTGGATGGGAATCATTAACCCATCAGGAGGGAGCCGGGCTTA

doma CGCGCAGAAGTTCCAGGGACGCGTCACTATGACCCGAGATACTTCCACCTCGACTGTGTACATGGAACTCTCGTCCCTGA
GGTCCGACGACACTGCGATGTATTACTGTGCTCGGACTGCCAGCTGCGGTGGGGACTGTTACTACCTCGATTACTGGGGC

in) CAGGGAACTCTGGTGACCGTGTCCAGCGGAGGTGGCGGGTCAGGGGGTGGCGGAAGCGGAGGCGGCGGTTCAGGCGGAGG
>BS83- AGGCTCGGACATCCAAATGACGCAATCGCCGCCTACCCTGAGCGCTTCCGTGGGAGATCGGGTGACCATTACTTGCAGAG
95ID CATCCGAGAACGTCAATATCTGGCTGGCCTGGTACCAACAGAAGCCGGGGAAGGCCCCTAAACTGCTGATCTACAAGTCG
(Ml 4 ) AGCAGCCTTGCCTCTGGAGTGCCCTCCCGCTTCTCGGGCTCGGGATCAGGAGCGGAATTCACCCTCACCATCTCCTCCCT

GCAGCCAGATGACTTTGCCACCTACTACTGCCAGCAGTACCAGAGCTATCCGTTGACCTTTGGGGGAGGCACTAAAGTGG
ACATCAAG



124 M14 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTCCAACTCGTCCAG
TCGGGAGCAGAAGTTAGAGCACCAGGAGCGTCAGTGAAAATCTCATGCAAGGCCTCGGGCTTCACGTTCCGCGGATACTAC

(Full) ATCCACTGGGTGCGCCAAGCCCCGGGTCAGGGATTGGAGTGGATGGGAATCATTAACCCATCAGGAGGGAGCCGGGCTTA
>BS83- CGCGCAGAAGTTCCAGGGACGCGTCACTATGACCCGAGATACTTCCACCTCGACTGTGTACATGGAACTCTCGTCCCTGA
95ID GGTCCGACGACACTGCGATGTATTACTGTGCTCGGACTGCCAGCTGCGGTGGGGACTGTTACTACCTCGATTACTGGGGC
(Ml 4 ) CAGGGAACTCTGGTGACCGTGTCCAGCGGAGGTGGCGGGTCAGGGGGTGGCGGAAGCGGAGGCGGCGGTTCAGGCGGAGG

AGGCTCGGACATCCAAATGACGCAATCGCCGCCTACCCTGAGCGCTTCCGTGGGAGATCGGGTGACCATTACTTGCAGAG
CATCCGAGAACGTCAATATCTGGCTGGCCTGGTACCAACAGAAGCCGGGGAAGGCCCCTAAACTGCTGATCTACAAGTCG
AGCAGCCTTGCCTCTGGAGTGCCCTCCCGCTTCTCGGGCTCGGGATCAGGAGCGGAATTCACCCTCACCATCTCCTCCCT
GCAGCCAGATGACTTTGCCACCTACTACTGCCAGCAGTACCAGAGCTATCCGTTGACCTTTGGGGGAGGCACTAAAGTGG
ACATCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCG
GAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCC
TCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGT
ACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAG
GAGGAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCT
CTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCG
GGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAG
ATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACAC
CTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

101 M15 CAAGTTCAACTCGTTCAA
TCAGGTGGAGGACTCGTGCAACCAGGAAGATCACTCAGACTCAGCTGCGCCGCGTCGGGATTCACTTTCGATGACTACGC

(ScFv AATGCACTGGGTGCGGCAGGCCCCGGGCAAAGGACTGGAATGGGTGAGCGGAATTAGCTGGAACTCGGGGTCCATCGGGT

doma ACGCCGACTCGGTGAAGGGACGCTTTACGATCTCCCGGGACAATGCCAAGAACTCCCTGTATTTGCAGATGAACTCCTTG
AGGGCTGAGGACACCGCCGTGTACTACTGCGCTAAAGATGGATCATCGTCCTGGTCCTGGGGATACTTCGATTACTGGGG

in) CCAGGGCACTCTGGTGACCGTGTCGTCAGGCGGTGGAGGGTCGGGCGGAGGAGGTAGCGGAGGCGGAGGGAGCAGCTCTG
>HS86- AACTGACCCAAGACCCGGCGGTGTCGGTCGCCCTTGGTCAGACTGTGCGGACTACCTGTCAGGGGGACGCGCTGCGCTCG

94XD TACTACGCTTCATGGTACCAGCAGAAGCCCGGACAGGCACCTATGCTGGTCATCTACGGAAAGAATAACCGCCCATCCGG
(M15) CATCCCGGATCGCTTCTCGGGTTCGGACAGCGGCGACACCGCATCCCTGACGATCACTGGAGCGCAGGCCGAGGATGAAG

CCGACTACTACTGCAATTCCCGAGATTCAAGCGGCTACCCTGTGTTTGGGACCGGAACTAAGGTCACCGTCCTG

125 M15 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTTCAACTCGTTCAA
TCAGGTGGAGGACTCGTGCAACCAGGAAGATCACTCAGACTCAGCTGCGCCGCGTCGGGATTCACTTTCGATGACTACGC

(Full) AATGCACTGGGTGCGGCAGGCCCCGGGCAAAGGACTGGAATGGGTGAGCGGAATTAGCTGGAACTCGGGGTCCATCGGGT
>HS86- ACGCCGACTCGGTGAAGGGACGCTTTACGATCTCCCGGGACAATGCCAAGAACTCCCTGTATTTGCAGATGAACTCCTTG
94XD AGGGCTGAGGACACCGCCGTGTACTACTGCGCTAAAGATGGATCATCGTCCTGGTCCTGGGGATACTTCGATTACTGGGG
(M15) CCAGGGCACTCTGGTGACCGTGTCGTCAGGCGGTGGAGGGTCGGGCGGAGGAGGTAGCGGAGGCGGAGGGAGCAGCTCTG

AACTGACCCAAGACCCGGCGGTGTCGGTCGCCCTTGGTCAGACTGTGCGGACTACCTGTCAGGGGGACGCGCTGCGCTCG
TACTACGCTTCATGGTACCAGCAGAAGCCCGGACAGGCACCTATGCTGGTCATCTACGGAAAGAATAACCGCCCATCCGG
CATCCCGGATCGCTTCTCGGGTTCGGACAGCGGCGACACCGCATCCCTGACGATCACTGGAGCGCAGGCCGAGGATGAAG
CCGACTACTACTGCAATTCCCGAGATTCAAGCGGCTACCCTGTGTTTGGGACCGGAACTAAGGTCACCGTCCTGACCACT
ACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGTAGACC
CGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTT
GCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTTAAGCAA
CCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTG
CGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAACGAACTCA
ATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCGCGCAGA
AAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTATGAAAGG
GGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACGCTCTTC
ACATGCAGGCCCTGCCGCCTCGG

102 M16 GAAGTGCAACTCGTGGAA
TCTGGTGGAGGACTTGTGCAACCTGGAAGATCGTTGAGACTCTCATGTGCTGCCTCCGGGTTCACCTTTGACGACTACGC

(ScFv CATGCACTGGGTGCGCCAGGCACCAGGAAAGGGTCTGGAGTGGGTTTCGGGTATCTCGTGGAACTCCGGGAGCACTGGCT

doma ACGCTGATTCGGTGAAAGGCCGGTTTACCATCTCCCGAGACAATGCGAAGAATTCCCTCTATCTGCAGATGAACAGCCTC
CGGGCCGAGGATACTGCCCTGTACTACTGCGCCAAGGATAGCTCATCATGGTACGGAGGTGGATCGGCTTTCGATATCTG

in) GGGCCAGGGCACGATGGTCACCGTGTCCTCGGGGGGCGGAGGCTCCGGGGGAGGAGGTAGCGGAGGAGGAGGATCGAGCT

>XS87- CAGAGTTGACTCAAGAACCCGCAGTGTCCGTGGCACTGGGCCAAACCGTCAGGATCACTTGCCAGGGAGACAGCCTGAGG
99RD TCGTACTACGCGTCCTGGTACCAGCAGAAGCCGGGACAGGCCCCGGTCCTGGTCATTTTCGGACGCTCAAGACGCCCATC
(Ml 6 ) GGGCATCCCGGACCGGTTCAGCGGAAGCTCCTCGGGAAACACCGCGTCACTTATCATTACCGGCGCACAGGCTGAGGACG

AAGCGGATTACTACTGCAACTCCCGCGACAATACTGCCAACCATTACGTGTTCGGGACCGGAACGAAACTGACTGTCCTG

126 M16 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCGAAGTGCAACTCGTGGAA
TCTGGTGGAGGACTTGTGCAACCTGGAAGATCGTTGAGACTCTCATGTGCTGCCTCCGGGTTCACCTTTGACGACTACGC

(Full) CATGCACTGGGTGCGCCAGGCACCAGGAAAGGGTCTGGAGTGGGTTTCGGGTATCTCGTGGAACTCCGGGAGCACTGGCT
>XS87- ACGCTGATTCGGTGAAAGGCCGGTTTACCATCTCCCGAGACAATGCGAAGAATTCCCTCTATCTGCAGATGAACAGCCTC
99RD CGGGCCGAGGATACTGCCCTGTACTACTGCGCCAAGGATAGCTCATCATGGTACGGAGGTGGATCGGCTTTCGATATCTG
(Ml 6 ) GGGCCAGGGCACGATGGTCACCGTGTCCTCGGGGGGCGGAGGCTCCGGGGGAGGAGGTAGCGGAGGAGGAGGATCGAGCT

CAGAGTTGACTCAAGAACCCGCAGTGTCCGTGGCACTGGGCCAAACCGTCAGGATCACTTGCCAGGGAGACAGCCTGAGG



TCGTACTACGCGTCCTGGTACCAGCAGAAGCCGGGACAGGCCCCGGTCCTGGTCATTTTCGGACGCTCAAGACGCCCATC
GGGCATCCCGGACCGGTTCAGCGGAAGCTCCTCGGGAAACACCGCGTCACTTATCATTACCGGCGCACAGGCTGAGGACG
AAGCGGATTACTACTGCAACTCCCGCGACAATACTGCCAACCATTACGTGTTCGGGACCGGAACGAAACTGACTGTCCTG
ACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATG
TAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTG
GTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTT
AAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGG
CGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAACG
AACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCG
CGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTAT
GAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACG
CTCTTCACATGCAGGCCCTGCCGCCTCGG

103 M17 GAAGTTCAATTGGTGGAA
TCTGGAGGAGGACTTGTGCAACCCGGTAGATCTCTGAGACTGTCCTGTGCGGCATCGGGATTCACCTTCGACGACTACGC

(ScFv TATGCACTGGGTGAGACAAGCCCCTGGAAAAGGACTGGAGTGGGTGTCAGGCATCTCCTGGAATAGCGGGTCCACTGGAT

doma ACGCCGATTCGGTCAAGGGTCGCTTCACCATTTCCCGGGACAATGCCAAGAACTCCCTGTACCTTCAAATGAACTCCCTC
CGGGCCGAGGATACCGCCCTCTACTACTGCGCCAAAGACAGCTCGTCATGGTATGGCGGAGGGTCGGCATTTGACATCTG

in) GGGACAGGGAACTATGGTGACTGTGTCATCAGGAGGCGGCGGAAGCGGCGGCGGCGGGTCCGGCGGAGGAGGGTCGTCCA

>NS8 9- GCGAACTCACCCAAGATCCAGCAGTGAGCGTCGCGCTGGGCCAGACCGTCAGGATCACGTGCCAGGGAGATTCACTGCGC
9 MD TCATACTACGCGTCCTGGTACCAGCAGAAGCCGGGGCAGGCCCCGGTCCTCGTGATCTACGGAAAGAACAACCGCCCGTC
(Ml 7 ) GGGTATCCCAGACCGCTTTTCGGGTAGCTCCAGCGGAAATACGGCTAGCCTGACCATCACTGGAGCACAGGCTGAGGATG

AAGCGGACTACTACTGCAATTCGCGGGGCTCATCGGGGAACCATTACGTGTTCGGAACTGGTACCAAGGTGACTGTCCTG

127 M17 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCGAAGTTCAATTGGTGGAA
TCTGGAGGAGGACTTGTGCAACCCGGTAGATCTCTGAGACTGTCCTGTGCGGCATCGGGATTCACCTTCGACGACTACGC

(Full) TATGCACTGGGTGAGACAAGCCCCTGGAAAAGGACTGGAGTGGGTGTCAGGCATCTCCTGGAATAGCGGGTCCACTGGAT
>NS8 9- ACGCCGATTCGGTCAAGGGTCGCTTCACCATTTCCCGGGACAATGCCAAGAACTCCCTGTACCTTCAAATGAACTCCCTC
9 MD CGGGCCGAGGATACCGCCCTCTACTACTGCGCCAAAGACAGCTCGTCATGGTATGGCGGAGGGTCGGCATTTGACATCTG
(Ml 7 ) GGGACAGGGAACTATGGTGACTGTGTCATCAGGAGGCGGCGGAAGCGGCGGCGGCGGGTCCGGCGGAGGAGGGTCGTCCA

GCGAACTCACCCAAGATCCAGCAGTGAGCGTCGCGCTGGGCCAGACCGTCAGGATCACGTGCCAGGGAGATTCACTGCGC
TCATACTACGCGTCCTGGTACCAGCAGAAGCCGGGGCAGGCCCCGGTCCTCGTGATCTACGGAAAGAACAACCGCCCGTC
GGGTATCCCAGACCGCTTTTCGGGTAGCTCCAGCGGAAATACGGCTAGCCTGACCATCACTGGAGCACAGGCTGAGGATG
AAGCGGACTACTACTGCAATTCGCGGGGCTCATCGGGGAACCATTACGTGTTCGGAACTGGTACCAAGGTGACTGTCCTG
ACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATG
TAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTG
GTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTT
AAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGG
CGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAACG
AACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCG
CGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTAT
GAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACG
CTCTTCACATGCAGGCCCTGCCGCCTCGG

104 Ml8 CAAGTGCAGCTCGTTCAATCAGGCGGAGGACTCGTTCAACCAGGAGGATCATTGCGACTCTCATGTGCGGCCTCTGGATTC
(ScFv ACGTTTAGCTCATATTGG
domain ATGCACTGGGTGCGGCAGGCGCCGGGGAAAGGTCTGGTGTGGGTCAGCCGCATCAACTCAGACGGCTCCTCGACTTCGTA

) CGCCGACTCCGTGAAGGGACGCTTTACCATTTCCCGCGACAACGCCAAGAATACCCTTTACCTTCAGATGAACTCCCTCC
>DS90- GCGCTGAGGATACCGCCGTGTACTACTGCGTGAGGACTGGCTGGGTCGGCAGCTACTACTACTACATGGACGTGTGGGGC
09HD AAAGGAACTACTGTCACCGTGTCAAGCGGCGGTGGAGGTTCCGGCGGGGGAGGATCGGGGGGGGGCGGATCGGGTGGCGG
(Ml 8 ) AGGATCGGAGATCGTGTTGACCCAGTCGCCGGGAACCCTGTCGCTGTCGCCTGGGGAGAGAGCAACTCTGTCCTGCCGGG

CTTCCCAGTCGGTGTCGAGCAATTACCTGGCATGGTACCAACAGAAGCCGGGACAGCCGCCACGCCTGCTGATCTATGAC
GTGTCAACTCGGGCAACTGGAATCCCTGCGCGGTTCAGCGGCGGAGGGAGCGGTACCGATTTCACCCTGACTATTTCCTC
CCTCGAACCAGAAGATTTCGCCGTCTACTACTGCCAGCAGAGAAGCAACTGGCCGCCCTGGACGTTCGGACAAGGAACCA
AGGTCGAAATCAAG

128 Ml8 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTGCAGCTCGTTCAA
(Full) TCAGGCGGAGGACTCGTTCAACCAGGAGGATCATTGCGACTCTCATGTGCGGCCTCTGGATTCACGTTTAGCTCATATTGG
>DS90- ATGCACTGGGTGCGGCAGGCGCCGGGGAAAGGTCTGGTGTGGGTCAGCCGCATCAACTCAGACGGCTCCTCGACTTCGTA
09HD CGCCGACTCCGTGAAGGGACGCTTTACCATTTCCCGCGACAACGCCAAGAATACCCTTTACCTTCAGATGAACTCCCTCC
(Ml 8 ) GCGCTGAGGATACCGCCGTGTACTACTGCGTGAGGACTGGCTGGGTCGGCAGCTACTACTACTACATGGACGTGTGGGGC

AAAGGAACTACTGTCACCGTGTCAAGCGGCGGTGGAGGTTCCGGCGGGGGAGGATCGGGGGGGGGCGGATCGGGTGGCGG
AGGATCGGAGATCGTGTTGACCCAGTCGCCGGGAACCCTGTCGCTGTCGCCTGGGGAGAGAGCAACTCTGTCCTGCCGGG
CTTCCCAGTCGGTGTCGAGCAATTACCTGGCATGGTACCAACAGAAGCCGGGACAGCCGCCACGCCTGCTGATCTATGAC
GTGTCAACTCGGGCAACTGGAATCCCTGCGCGGTTCAGCGGCGGAGGGAGCGGTACCGATTTCACCCTGACTATTTCCTC
CCTCGAACCAGAAGATTTCGCCGTCTACTACTGCCAGCAGAGAAGCAACTGGCCGCCCTGGACGTTCGGACAAGGAACCA
AGGTCGAAATCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTG
CGTCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTG
GGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGC
TGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCA



GAGGAGGAGGAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAA
CCAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAA
TGGGCGGGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTAT
AGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAA
GGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

105 M19 CAAGTGCAATTGGTTCAA
TCAGGAGGAGGAGTCGTGCAGCCCGGAAGATCGTTGAGACTGTCATGTGCCGCGAGCGGCTTTACTTTCTCAAGCTACGG

(ScFv AATGCATTGGGTGCGACAGGCTCCGGGAAAAGGACTGGAATGGGTCGCAGTGATCTCATACGACGGCTCGAACAAGTACT

doma ACGCCGACTCCGTCAAGGGTCGGTTCACGATTTCGCGCGATAATTCCAAGAACACTCTGTACCTCCAAATGAACAGCCTC
CGGGCAGAGGACACCGCCGTCTACTACTGCGCTAAGGGATACTCGCGCTACTACTACTATGGAATGGATGTGTGGGGCCA

in) GGGAACTACCGTGACGGTGTCGTCCGGCGGCGGTGGGTCGGGCGGAGGCGGATCAGGTGGAGGTGGAAGCGGAGGAGGAG
>TS92- GGAGCGAAATCGTCATGACTCAGTCCCCTGCTACCCTTTCTCTGTCGCCGGGAGAAAGAGCCATCCTGAGCTGCCGGGCC
04BD TCCCAGAGCGTGTACACCAAATACCTGGGATGGTACCAGCAGAAGCCGGGGCAGGCACCAAGGCTCCTGATCTACGATGC
(Ml 9 ) GTCCACCCGCGCGACTGGTATCCCAGACCGCTTTTCCGGCTCGGGGTCAGGGACTGACTTCACCCTTACTATCAATCGGC

TCGAGCCTGAGGATTTCGCCGTGTATTACTGCCAGCACTACGGAGGGTCCCCGCTGATTACCTTCGGCCAAGGCACCAAA
GTGGACATCAAG

129 M19 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTGCAATTGGTTCAA
TCAGGAGGAGGAGTCGTGCAGCCCGGAAGATCGTTGAGACTGTCATGTGCCGCGAGCGGCTTTACTTTCTCAAGCTACGG

(Full) AATGCATTGGGTGCGACAGGCTCCGGGAAAAGGACTGGAATGGGTCGCAGTGATCTCATACGACGGCTCGAACAAGTACT
>TS92- ACGCCGACTCCGTCAAGGGTCGGTTCACGATTTCGCGCGATAATTCCAAGAACACTCTGTACCTCCAAATGAACAGCCTC
04BD CGGGCAGAGGACACCGCCGTCTACTACTGCGCTAAGGGATACTCGCGCTACTACTACTATGGAATGGATGTGTGGGGCCA
(Ml 9 ) GGGAACTACCGTGACGGTGTCGTCCGGCGGCGGTGGGTCGGGCGGAGGCGGATCAGGTGGAGGTGGAAGCGGAGGAGGAG

GGAGCGAAATCGTCATGACTCAGTCCCCTGCTACCCTTTCTCTGTCGCCGGGAGAAAGAGCCATCCTGAGCTGCCGGGCC
TCCCAGAGCGTGTACACCAAATACCTGGGATGGTACCAGCAGAAGCCGGGGCAGGCACCAAGGCTCCTGATCTACGATGC
GTCCACCCGCGCGACTGGTATCCCAGACCGCTTTTCCGGCTCGGGGTCAGGGACTGACTTCACCCTTACTATCAATCGGC
TCGAGCCTGAGGATTTCGCCGTGTATTACTGCCAGCACTACGGAGGGTCCCCGCTGATTACCTTCGGCCAAGGCACCAAA
GTGGACATCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCG
TCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGG
CCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTG
CTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGA
GGAGGAGGAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACC
AGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATG
GGCGGGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAG
CGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGG
ACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

106 M20 CAAGTGCAACTTGTTCAATCAGGAGGAGGACTCGTTCAACCCGGAGGATCACTGCGACTCTCATGTGCAGCGTCGGGGTTC
ACCTTCTCCAGCTACGCA

(ScFv ATGTCCTGGGTGCGCCAAGCCCCTGGAAAAGGCCTGGAGTGGGTGTCGGCCATCTCTGGGAGCGGGGGATCAACTTACTA

doma CGCTGACTCCGTCAAGGGCCGCTTTACCATCTCCCGGGACAACAGCAAGAACACTCTCTATCTCCAGATGAACTCGCTGA
GAGCCGAAGATACCGCTGTCTACTACTGCGCGAAGAGAGAAGCTGCCGCAGGGCACGATTGGTACTTCGACTTGTGGGGC

in) AGGGGCACCCTTGTGACCGTGTCCTCCGGTGGAGGCGGATCAGGAGGTGGGGGATCGGGTGGAGGAGGAAGCGGAGGCGG
>JS93- CGGTTCGGACATTCGCGTCACCCAGTCACCGAGCTCCCTCAGCGCATCGGTGGGCGACCGGGTCACTATCACTTGCCGGG
8 D CGTCCCAGTCGATCTCATCGTATCTGAATTGGTACCAGCAGAAACCGGGAAAGGCGCCGAAGCTGTTGATCTACGCTGCC
(M2 0 ) AGCTCCCTGCAGTCGGGTGTGCCATCACGCTTTTCCGGCTCGGGATCGGGAACCGATTTCACTCTGACGATCTCTAGCCT

GCAGCCAGAAGATTTCGCCACTTACTACTGCCAGCAGTCCTACAGCATCCCTCTGACTTTCGGACAAGGGACGAAAGTGG
AGATTAAG

130 M20 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTGCAACTTGTTCAA
TCAGGAGGAGGACTCGTTCAACCCGGAGGATCACTGCGACTCTCATGTGCAGCGTCGGGGTTCACCTTCTCCAGCTACGCA

(Full) ATGTCCTGGGTGCGCCAAGCCCCTGGAAAAGGCCTGGAGTGGGTGTCGGCCATCTCTGGGAGCGGGGGATCAACTTACTA
>JS93- CGCTGACTCCGTCAAGGGCCGCTTTACCATCTCCCGGGACAACAGCAAGAACACTCTCTATCTCCAGATGAACTCGCTGA
8 D GAGCCGAAGATACCGCTGTCTACTACTGCGCGAAGAGAGAAGCTGCCGCAGGGCACGATTGGTACTTCGACTTGTGGGGC
(M2 0 ) AGGGGCACCCTTGTGACCGTGTCCTCCGGTGGAGGCGGATCAGGAGGTGGGGGATCGGGTGGAGGAGGAAGCGGAGGCGG

CGGTTCGGACATTCGCGTCACCCAGTCACCGAGCTCCCTCAGCGCATCGGTGGGCGACCGGGTCACTATCACTTGCCGGG
CGTCCCAGTCGATCTCATCGTATCTGAATTGGTACCAGCAGAAACCGGGAAAGGCGCCGAAGCTGTTGATCTACGCTGCC
AGCTCCCTGCAGTCGGGTGTGCCATCACGCTTTTCCGGCTCGGGATCGGGAACCGATTTCACTCTGACGATCTCTAGCCT
GCAGCCAGAAGATTTCGCCACTTACTACTGCCAGCAGTCCTACAGCATCCCTCTGACTTTCGGACAAGGGACGAAAGTGG
AGATTAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCG
GAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCC
TCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGT
ACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAG
GAGGAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCT
CTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCG
GGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAG
ATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACAC
CTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

107 M21 CAAGTCCAACTCGTTCAGTCATGGGCAGAAGTCAAGAAACCCGGTGCAAGCGTCAAAGTGTCGTGTAAGGCCTCCGGCTAC
ACTTTCACTTCCTACTAC

(ScFv ATGCACTGGGTGCGCCAAGCCCCGGGACAGGGCCTTGAATGGATGGGCATCATCAACCCATCAGGAGGTTCCACGAGCTA



doma CGCGCAGAAGTTCCAGGGGAGAGTGACGATGACTAGAGATACCTCCACGAGCACCGTCTACATGGAGCTGTCGAATCTGC
GGTCAGAGGACACTGCTGTGTATTACTGCGCGCGCTCCCCGCGGGTGACCACTGGCTACTTTGACTACTGGGGACAAGGG

in) ACCCTGGTGACCGTCAGCTCGGGAGGCGGAGGATCGGGAGGTGGAGGGTCCGGTGGAGGCGGCTCTGGAGGAGGCGGGTC
>ZS95- GGACATTCAATTGACCCAGAGCCCATCCACCCTCTCAGCCTCGGTGGGGGATAGGGTGACTATCACTTGCCGGGCCTCCC
03QD AGTCAATTTCCAGCTGGCTGGCTTGGTACCAGCAAAAGCCTGGAAAGGCACCGAAGCTCCTGATCTACAAGGCCTCATCT
(M21) CTGGAATCAGGAGTGCCTTCGCGCTTCAGCGGAAGCGGCTCGGGAACTGAGTTTACCCTGACCATCTCGAGCCTGCAGCC

AGATGACTTCGCGACCTATTACTGCCAGCAGTACTCGTCCTACCCGTTGACTTTCGGAGGAGGTACCCGCCTCGAAATCA
AA

131 M21 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTCCAACTCGTTCAG
TCATGGGCAGAAGTCAAGAAACCCGGTGCAAGCGTCAAAGTGTCGTGTAAGGCCTCCGGCTACACTTTCACTTCCTACTAC

(Full) ATGCACTGGGTGCGCCAAGCCCCGGGACAGGGCCTTGAATGGATGGGCATCATCAACCCATCAGGAGGTTCCACGAGCTA
>ZS95- CGCGCAGAAGTTCCAGGGGAGAGTGACGATGACTAGAGATACCTCCACGAGCACCGTCTACATGGAGCTGTCGAATCTGC
03QD GGTCAGAGGACACTGCTGTGTATTACTGCGCGCGCTCCCCGCGGGTGACCACTGGCTACTTTGACTACTGGGGACAAGGG
(M21) ACCCTGGTGACCGTCAGCTCGGGAGGCGGAGGATCGGGAGGTGGAGGGTCCGGTGGAGGCGGCTCTGGAGGAGGCGGGTC

GGACATTCAATTGACCCAGAGCCCATCCACCCTCTCAGCCTCGGTGGGGGATAGGGTGACTATCACTTGCCGGGCCTCCC
AGTCAATTTCCAGCTGGCTGGCTTGGTACCAGCAAAAGCCTGGAAAGGCACCGAAGCTCCTGATCTACAAGGCCTCATCT
CTGGAATCAGGAGTGCCTTCGCGCTTCAGCGGAAGCGGCTCGGGAACTGAGTTTACCCTGACCATCTCGAGCCTGCAGCC
AGATGACTTCGCGACCTATTACTGCCAGCAGTACTCGTCCTACCCGTTGACTTTCGGAGGAGGTACCCGCCTCGAAATCA
AAACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCA
TGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGC
TGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCT
TTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAA
GGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAA
CGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGC
CGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGT
ATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGA
CGCTCTTCACATGCAGGCCCTGCCGCCTCGG

108 M22 CAAGTCCAACTCGTCCAGTCCGGTGCAGAAGTCAGAAGGCCAGGAGCAAGCGTGAAGATCTCGTGTAGAGCGTCAGGAGAC
ACCAGCACTCGCCATTAC

(ScFv ATCCACTGGCTGCGCCAGGCTCCGGGCCAAGGGCCGGAGTGGATGGGTGTGATCAACCCGACTACGGGACCGGCTACCGG

doma AAGCCCTGCGTACGCACAGATGCTGCAGGGACGGGTGACTATGACCCGCGATACTAGCACTAGGACCGTGTACATGGAAC
TCCGCTCGTTGCGGTTCGAAGATACCGCCGTCTACTACTGCGCCCGGTCCGTGGTGGGCCGAAGCGCCCCTTACTACTTC

in) GATTACTGGGGACAGGGCACTCTGGTGACCGTTAGCTCCGGTGGGGGAGGCTCGGGTGGAGGCGGATCGGGAGGAGGAGG
>PS96- CAGCGGTGGAGGGGGATCGGACATTCAGATGACCCAGTCACCCTCCTCCCTCTCAGCCTCGGTCGGGGACCGGGTGACCA

08LD TTACGTGCAGAGCCTCACAAGGGATCTCGGACTACTCCGCCTGGTACCAGCAGAAACCGGGAAAAGCGCCAAAGCTCCTG

(M22) ATCTACGCCGCGAGCACCCTGCAATCAGGAGTGCCATCGCGCTTTTCTGGATCGGGCTCAGGGACTGACTTCACGCTGAC
TATCTCCTACCTTCAGTCCGAGGATTTCGCTACCTACTACTGCCAACAGTATTACTCCTATCCCCTGACCTTTGGCGGAG
GCACTAAGGTGGACATCAAG

132 M22 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTCCAACTCGTCCAG
TCCGGTGCAGAAGTCAGAAGGCCAGGAGCAAGCGTGAAGATCTCGTGTAGAGCGTCAGGAGACACCAGCACTCGCCATTAC

(Full) ATCCACTGGCTGCGCCAGGCTCCGGGCCAAGGGCCGGAGTGGATGGGTGTGATCAACCCGACTACGGGACCGGCTACCGG
>PS96- AAGCCCTGCGTACGCACAGATGCTGCAGGGACGGGTGACTATGACCCGCGATACTAGCACTAGGACCGTGTACATGGAAC
08LD TCCGCTCGTTGCGGTTCGAAGATACCGCCGTCTACTACTGCGCCCGGTCCGTGGTGGGCCGAAGCGCCCCTTACTACTTC
(M22) GATTACTGGGGACAGGGCACTCTGGTGACCGTTAGCTCCGGTGGGGGAGGCTCGGGTGGAGGCGGATCGGGAGGAGGAGG

CAGCGGTGGAGGGGGATCGGACATTCAGATGACCCAGTCACCCTCCTCCCTCTCAGCCTCGGTCGGGGACCGGGTGACCA
TTACGTGCAGAGCCTCACAAGGGATCTCGGACTACTCCGCCTGGTACCAGCAGAAACCGGGAAAAGCGCCAAAGCTCCTG
ATCTACGCCGCGAGCACCCTGCAATCAGGAGTGCCATCGCGCTTTTCTGGATCGGGCTCAGGGACTGACTTCACGCTGAC
TATCTCCTACCTTCAGTCCGAGGATTTCGCTACCTACTACTGCCAACAGTATTACTCCTATCCCCTGACCTTTGGCGGAG
GCACTAAGGTGGACATCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTG
TCCCTGCGTCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTA
CATTTGGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGA
AGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGG
TTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGG
GCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACC
CAGAAATGGGCGGGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAA
GCCTATAGCGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGC
CACCAAGGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

109 M23 CAAGTCCAACTCCAGCAATCGGGAGCAGAAGTCAAGAAACCAGGCGCATCGGTGAAAGTGTCGTGTAAGGCGTCAGGGTAC
ACCTTCACCAACTACTAT

(ScFv ATGCACTGGGTGCGCCAGGCTCCAGGCCAGGGGTTGGAGTGGATGGGGATCATCAATCCGTCAGGTGGCTACACCACTTA

doma CGCTCAGAAGTTCCAGGGACGCCTCACTATGACTCGCGATACTAGCACCTCCACGGTGTACATGGAACTGTCATCGCTGA
GGTCCGAAGATACCGCCGTCTACTACTGCGCACGGATCAGATCCTGCGGAGGAGATTGTTACTACTTTGACAACTGGGGA

in) CAGGGCACCCTTGTTACTGTGTCATCGGGAGGAGGGGGAAGCGGAGGAGGTGGATCAGGCGGCGGTGGCAGCGGGGGCGG
>XH6 6- AGGATCGGACATTCAGCTGACTCAGTCCCCCTCCACTTTGTCGGCCAGCGTGGGAGACAGAGTGACCATCACTTGCCGGG
84HE CGTCCGAGAACGTCAATATCTGGCTGGCCTGGTACCAGCAAAAGCCTGGAAAAGCCCCGAAGCTGCTCATCTATAAGTCA

(M23) TCCAGCCTGGCGTCTGGTGTGCCGTCGCGGTTCTCCGGCAGCGGGAGCGGAGCCGAGTTCACTCTCACCATTTCGAGCCT
TCAACCGGACGATTTCGCCACCTACTACTGCCAGCAGTACCAATCCTACCCTCTGACGTTTGGAGGTGGAACCAAGGTGG
ACATCAAG



133 M23 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTCCAACTCCAGCAA
TCGGGAGCAGAAGTCAAGAAACCAGGCGCATCGGTGAAAGTGTCGTGTAAGGCGTCAGGGTACACCTTCACCAACTACTAT

(Full) ATGCACTGGGTGCGCCAGGCTCCAGGCCAGGGGTTGGAGTGGATGGGGATCATCAATCCGTCAGGTGGCTACACCACTTA
>XH6 6- CGCTCAGAAGTTCCAGGGACGCCTCACTATGACTCGCGATACTAGCACCTCCACGGTGTACATGGAACTGTCATCGCTGA
84HE GGTCCGAAGATACCGCCGTCTACTACTGCGCACGGATCAGATCCTGCGGAGGAGATTGTTACTACTTTGACAACTGGGGA
(M23) CAGGGCACCCTTGTTACTGTGTCATCGGGAGGAGGGGGAAGCGGAGGAGGTGGATCAGGCGGCGGTGGCAGCGGGGGCGG

AGGATCGGACATTCAGCTGACTCAGTCCCCCTCCACTTTGTCGGCCAGCGTGGGAGACAGAGTGACCATCACTTGCCGGG
CGTCCGAGAACGTCAATATCTGGCTGGCCTGGTACCAGCAAAAGCCTGGAAAAGCCCCGAAGCTGCTCATCTATAAGTCA
TCCAGCCTGGCGTCTGGTGTGCCGTCGCGGTTCTCCGGCAGCGGGAGCGGAGCCGAGTTCACTCTCACCATTTCGAGCCT
TCAACCGGACGATTTCGCCACCTACTACTGCCAGCAGTACCAATCCTACCCTCTGACGTTTGGAGGTGGAACCAAGGTGG
ACATCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCG
GAGGCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCC
TCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGT
ACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAG
GAGGAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCT
CTACAACGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCG
GGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAG
ATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACAC
CTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

110 M24 CAAAT CACTCTGAAAGAA
TCTGGACCGGCCCTGGTTAAGCCGACTCAAACGCTCACCCTTACTTGCACCTTCAGCGGATTCTCACTCAGCACTGCTGG

(ScFv TGTGCACGTCGGATGGATTAGACAGCCGCCTGGAAAGGCCCTGGAATGGCTCGCCCTCATCTCCTGGGCCGATGACAAGA

doma GATACAGGCCCTCGCTTCGATCCCGGTTGGACATTACCCGGGTGACCTCGAAAGATCAGGTGGTGCTCTCAATGACCAAT
ATGCAGCCGGAGGACACCGCTACGTACTACTGCGCACTGCAAGGATTTGACGGCTACGAGGCTAACTGGGGACCAGGTAC

in) TCTGGTCACCGTGAGCTCCGGCGGGGGAGGATCAGGCGGGGGGGGGTCAGGAGGCGGAGGCTCCGGTGGAGGAGGATCGG
>NH67- ATATCGTCATGACCCAGTCCCCAAGCTCGCTGAGCGCGTCAGCGGGCGACCGCGTGACTATCACTTGCCGGGCCAGCCGC

89CE GGCATCTCCTCCGCACTGGCGTGGTACCAGCAGAAGCCTGGAAAACCGCCAAAGCTCCTGATCTATGATGCCTCCAGCCT

(M2 4 ) GGAGTCAGGTGTCCCCAGCCGCTTCTCGGGTTCGGGCTCGGGAACCGACTTCACTTTGACCATCGACTCGCTGGAACCGG
AAGATTTCGCAACCTACTACTGTCAGCAGTCCTACTCGACCCCTTGGACTTTTGGACAAGGGACGAAGGTGGACATCAAG

134 M24 ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAATCACTCTGAAAGAA
TCTGGACCGGCCCTGGTTAAGCCGACTCAAACGCTCACCCTTACTTGCACCTTCAGCGGATTCTCACTCAGCACTGCTGG

(Full) TGTGCACGTCGGATGGATTAGACAGCCGCCTGGAAAGGCCCTGGAATGGCTCGCCCTCATCTCCTGGGCCGATGACAAGA
>NH67- GATACAGGCCCTCGCTTCGATCCCGGTTGGACATTACCCGGGTGACCTCGAAAGATCAGGTGGTGCTCTCAATGACCAAT
89CE ATGCAGCCGGAGGACACCGCTACGTACTACTGCGCACTGCAAGGATTTGACGGCTACGAGGCTAACTGGGGACCAGGTAC
(M2 4 ) TCTGGTCACCGTGAGCTCCGGCGGGGGAGGATCAGGCGGGGGGGGGTCAGGAGGCGGAGGCTCCGGTGGAGGAGGATCGG

ATATCGTCATGACCCAGTCCCCAAGCTCGCTGAGCGCGTCAGCGGGCGACCGCGTGACTATCACTTGCCGGGCCAGCCGC
GGCATCTCCTCCGCACTGGCGTGGTACCAGCAGAAGCCTGGAAAACCGCCAAAGCTCCTGATCTATGATGCCTCCAGCCT
GGAGTCAGGTGTCCCCAGCCGCTTCTCGGGTTCGGGCTCGGGAACCGACTTCACTTTGACCATCGACTCGCTGGAACCGG
AAGATTTCGCAACCTACTACTGTCAGCAGTCCTACTCGACCCCTTGGACTTTTGGACAAGGGACGAAGGTGGACATCAAG
ACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATG
TAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTG
GTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTT
AAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGG
CGGCTGCGAACTGCGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAACG
AACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCG
CGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGATTGGTAT
GAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACG
CTCTTCACATGCAGGCCCTGCCGCCTCGG

279 Ssl CAAGTCCAGCTCCAGCAGTCGGGCCCAGAGTTGGAGAAGCCTGGGGCGAGCGTGAAGAT
CTCATGCAAAGCCTCAGGCTACTCCTTTACTGGATACACGATGAATTGGGTGAAACAGT(scFv CGCATGGAAAGTCACTGGAATGGATCGGTCTGATTACGCCCTACAACGGCGCCTCCAGC

doma TACAACCAGAAGTTCAGGGGAAAGGCGACCCTTACTGTCGACAAGTCGTCAAGCACCGC
in) CTACATGGACCTCCTGTCCCTGACCTCCGAAGATAGCGCGGTCTACTTTTGTGCACGCG

GAGGTTACGATGGACGGGGATTCGACTACTGGGGCCAGGGAACCACTGTCACCGTGTCG
AGCGGAGGCGGAGGGAGCGGAGGAGGAGGCAGCGGAGGTGGAGGGTCGGATATCGAACT
CACTCAGTCCCCAGCAATCATGTCCGCTTCACCGGGAGAAAAGGTGACCATGACTTGCT
CGGCCTCCTCGTCCGTGTCATACATGCACTGGTACCAACAAAAATCGGGGACCTCCCCT
AAGAGATGGATCTACGATACCAGCAAACTGGCTTCAGGCGTGCCGGGACGCTTCTCGGG
TTCGGGGAGCGGAAATTCGTATTCGTTGACCATTTCGTCCGTGGAAGCCGAGGACGACG
CAACTTATTACTGCCAACAGTGGTCAGGCTACCCGCTCACTTTCGGAGCCGGCACTAAG
CTGGAGATC

280 Ssl ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCG

(full) GCCCCAAGTCCAGCTCCAGCAGTCGGGCCCAGAGTTGGAGAAGCCTGGGGCGAGCGTGA
AGATCTCATGCAAAGCCTCAGGCTACTCCTTTACTGGATACACGATGAATTGGGTGAAA
CAGTCGCATGGAAAGTCACTGGAATGGATCGGTCTGATTACGCCCTACAACGGCGCCTC



CAGCTACAACCAGAAGTTCAGGGGAAAGGCGACCCTTACTGTCGACAAGTCGTCAAGCA

CCGCCTACATGGACCTCCTGTCCCTGACCTCCGAAGATAGCGCGGTCTACTTTTGTGCA

CGCGGAGGTTACGATGGACGGGGATTCGACTACTGGGGCCAGGGAACCACTGTCACCGT

GTCGAGCGGAGGCGGAGGGAGCGGAGGAGGAGGCAGCGGAGGTGGAGGGTCGGATATCG

AACTCACTCAGTCCCCAGCAATCATGTCCGCTTCACCGGGAGAAAAGGTGACCATGACT

TGCTCGGCCTCCTCGTCCGTGTCATACATGCACTGGTACCAACAAAAATCGGGGACCTC

CCCTAAGAGATGGATCTACGATACCAGCAAACTGGCTTCAGGCGTGCCGGGACGCTTCT

CGGGTTCGGGGAGCGGAAATTCGTATTCGTTGACCATTTCGTCCGTGGAAGCCGAGGAC

GACGCAACTTATTACTGCCAACAGTGGTCAGGCTACCCGCTCACTTTCGGAGCCGGCAC

TAAGCTGGAGATCACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCG

CCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGTAGACCCGCAGCTGGTGGGGCCGTG

CATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTAC

TTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGA

AGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAG

GACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGCGTGAA

ATTCAGCCGCAGCGCAGATGCTCCAGCC

Bispecific CARs

In an embodiment a multispecific antibody molecule is a bispecific antibody molecule. A

bispecific antibody has specificity for no more than two antigens. A bispecific antibody

molecule is characterized by a first immunoglobulin variable domain sequence which has

binding specificity for a first epitope and a second immunoglobulin variable domain sequence

that has binding specificity for a second epitope. In an embodiment the first and second epitopes

are on the same antigen, e.g., the same protein (or subunit of a multimeric protein). In an

embodiment the first and second epitopes overlap. In an embodiment the first and second

epitopes do not overlap. In an embodiment the first and second epitopes are on different

antigens, e.g., different proteins (or different subunits of a multimeric protein). In an

embodiment a bispecific antibody molecule comprises a heavy chain variable domain sequence

and a light chain variable domain sequence which have binding specificity for a first epitope and

a heavy chain variable domain sequence and a light chain variable domain sequence which have

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

comprises a half antibody having binding specificity for a first epitope and a half antibody

having binding specificity for a second epitope. In an embodiment a bispecific antibody

molecule comprises a half antibody, or fragment thereof, having binding specificity for a first

epitope and a half antibody, or fragment thereof, having binding specificity for a second epitope.

In an embodiment a bispecific antibody molecule comprises a scFv, or fragment thereof, have

binding specificity for a first epitope and a scFv, or fragment thereof, have binding specificity for

a second epitope.



In certain embodiments, the antibody molecule is a multi- specific (e.g., a bispecific or a

trispecific) antibody molecule. Protocols for generating bispecific or heterodimeric antibody

molecules are known in the art; including but not limited to, for example, the "knob in a hole"

approach described in, e.g., US 5731168; the electrostatic steering Fc pairing as described in,

e.g., WO 09/089004, WO 06/106905 and WO 2010/129304; Strand Exchange Engineered

Domains (SEED) heterodimer formation as described in, e.g., WO 07/110205; Fab arm exchange

as described in, e.g., WO 08/119353, WO 2011/131746, and WO 2013/060867; double antibody

conjugate, e.g., by antibody cross-linking to generate a bi-specific structure using a

heterobifunctional reagent having an amine-reactive group and a sulfhydryl reactive group as

described in, e.g., US 4433059; bispecific antibody determinants generated by recombining half

antibodies (heavy-light chain pairs or Fabs) from different antibodies through cycle of reduction

and oxidation of disulfide bonds between the two heavy chains, as described in, e.g., US

4444878; trifunctional antibodies, e.g., three Fab' fragments cross-linked through sulfhdryl

reactive groups, as described in, e.g., US5273743; biosynthetic binding proteins, e.g., pair of

scFvs cross-linked through C-terminal tails preferably through disulfide or amine-reactive

chemical cross-linking, as described in, e.g., US5534254; bifunctional antibodies, e.g., Fab

fragments with different binding specificities dimerized through leucine zippers (e.g., c-fos and

c-jun) that have replaced the constant domain, as described in, e.g., US5582996; bispecific and

oligospecific mono-and oligovalent receptors, e.g., VH-CH1 regions of two antibodies (two Fab

fragments) linked through a polypeptide spacer between the CHI region of one antibody and the

VH region of the other antibody typically with associated light chains, as described in, e.g.,

US5591828; bispecific DNA-antibody conjugates, e.g., crosslinking of antibodies or Fab

fragments through a double stranded piece of DNA, as described in, e.g., US5635602; bispecific

fusion proteins, e.g., an expression construct containing two scFvs with a hydrophilic helical

peptide linker between them and a full constant region, as described in, e.g., US5637481;

multivalent and multispecific binding proteins, e.g., dimer of polypeptides having first domain

with binding region of Ig heavy chain variable region, and second domain with binding region of

Ig light chain variable region, generally termed diabodies (higher order structures are also

encompassed creating for bispecifc, trispecific, or tetraspecific molecules, as described in, e.g.,

US5837242; minibody constructs with linked VL and VH chains further connected with peptide

spacers to an antibody hinge region and CH3 region, which can be dimerized to form



bispecific/multivalent molecules, as described in, e.g., US5837821; VH and VL domains linked

with a short peptide linker (e.g., 5 or 10 amino acids) or no linker at all in either orientation,

which can form dimers to form bispecific diabodies; trimers and tetramers, as described in, e.g.,

US5844094; String of VH domains (or VL domains in family members) connected by peptide

linkages with crosslinkable groups at the C-terminus futher associated with VL domains to form

a series of FVs (or scFvs), as described in, e.g., US5864019; and single chain binding

polypeptides with both a VH and a VL domain linked through a peptide linker are combined into

multivalent structures through non-covalent or chemical crosslinking to form, e.g.,

homobivalent, heterobivalent, trivalent, and tetravalent structures using both scFV or diabody

type format, as described in, e.g., US5869620. Additional exemplary multispecific and

bispecific molecules and methods of making the same are found, for example, in US5910573,

US5932448, US5959083, US5989830, US6005079, US6239259, US6294353, US6333396,

US6476198, US6511663, US6670453, US6743896, US6809185, US6833441, US7129330,

US7183076, US7521056, US7527787, US7534866, US7612181, US2002004587A1,

US2002076406A1, US2002103345A1, US2003207346A1, US200321 1078A1,

US2004219643A1, US2004220388A1, US2004242847A1, US2005003403A1,

US2005004352A1, US2005069552A1, US2005079170A1, US2005100543A1,

US2005136049A1, US2005136051A1, US2005163782A1, US2005266425A1,

US2006083747A1, US2006120960A1, US2006204493A1, US2006263367A1,

US2007004909A1, US2007087381A1, US2007128150A1, US2007141049A1,

US2007154901A1, US2007274985A1, US2008050370A1, US2008069820A1,

US2008152645A1, US2008171855A1, US2008241884A1, US2008254512A1,

US2008260738A1, US2009130106A1, US2009148905A1, US2009155275A1,

US2009162359A1, US2009162360A1, US2009175851A1, US2009175867A1,

US2009232811A1, US2009234105A1, US2009263392A1, US2009274649A1, EP346087A2,

WO0006605A2, WO02072635A2, WO04081051A1, WO06020258A2, WO2007044887A2,

WO2007095338A2, WO2007137760A2, WO2008119353A1, WO2009021754A2,

WO2009068630A1, WO9103493A1, W09323537A1, WO9409131A1, W09412625A2,

WO9509917A1, W09637621A2, WO9964460A1. The contents of the above-referenced

applications are incorporated herein by reference in their entireties.

Within each antibody or antibody fragment (e.g., scFv) of a bispecific antibody molecule,



the VH can be upstream or downstream of the VL. In some embodiments, the upstream antibody

or antibody fragment (e.g., scFv) is arranged with its VH (VHi) upstream of its VL (VLi) and the

downstream antibody or antibody fragment (e.g., scFv) is arranged with its VL (VL2) upstream

of its VH (VH2), such that the overall bispecific antibody molecule has the arrangement VHi-

VLi-VL2-VH2. In other embodiments, the upstream antibody or antibody fragment (e.g., scFv)

is arranged with its VL (VLi) upstream of its VH (VHi) and the downstream antibody or

antibody fragment (e.g., scFv) is arranged with its VH (VH2) upstream of its VL (VL2), such that

the overall bispecific antibody molecule has the arrangement VLi-VHi-VH 2-VL2. Optionally, a

linker is disposed between the two antibodies or antibody fragments (e.g., scFvs), e.g., between

VLi and VL2 if the construct is arranged as VHi-VLi-VL 2-VH2, or between VHi and VH2 if the

construct is arranged as VLi-VHi-VH 2-VL2. The linker may be a linker as described herein, e.g.,

a (Gly4-Ser)n linker, wherein n is 1, 2, 3, 4, 5, or 6, preferably 4 (SEQ ID NO: 26). In general,

the linker between the two scFvs should be long enough to avoid mispairing between the

domains of the two scFvs. Optionally, a linker is disposed between the VL and VH of the first

scFv. Optionally, a linker is disposed between the VL and VH of the second scFv. In constructs

that have multiple linkers, any two or more of the linkers can be the same or different.

Accordingly, in some embodiments, a bispecific CAR comprises VLs, VHs, and optionally one

or more linkers in an arrangement as described herein.

In one aspect, the bispecific antibody molecule is characterized by a first

immunoglobulin variable domain sequence, e.g., a scFv, which has binding specificity for

mesothelin, e.g., comprises a scFv as described herein, e.g., as described in Table 2 or 3, or

comprises the light chain CDRs and/or heavy chain CDRs from a mesothelin scFv described

herein, and a second immunoglobulin variable domain sequence that has binding specificity for a

second epitope on a different antigen. In some aspects the second immunoglobulin variable

domain sequence has binding specificity for an antigen other than mesothelin, e.g., an antigen

expressed by a cancer or tumor cell. In some aspects, the second immunoglobulin variable

domain sequence has binding specificity for an antigen selected from a target other than

mesothelin on stroma cells, e.g., FAP; a target other than mesothelin on prostate cancer cells,

e.g., androgen receptor, OR51E2, PSMA, PSCA, PDGRF-β, TARP, GloboH, MAD-CT-1, or

MAD-CT-2; a target other than mesothelin on ovararian cancer cells, e.g., Tn, PRSS21, CD171,



Lewis Y, folate receptor a , claudin6, GloboH, or sperm protein 17, e.g., a target other than

mesothelin on lung cancer cells, e.g.,VEGF, HER3, IGF-1R, EGFR, DLL4, or Trop-2.

Chimeric TCR

In one aspect, the mesothelin antibodies and antibody fragments of the present invention

(for example, those disclosed in Tables 2 or 3) can be grafted to one or more constant domain of

a T cell receptor ("TCR") chain, for example, a TCR alpha or TCR beta chain, to create an

chimeric TCR that binds specificity to mesothelin. Without being bound by theory, it is believed

that chimeric TCRs will signal through the TCR complex upon antigen binding. For example, a

mesothelin scFv as disclosed herein, can be grafted to the constant domain, e.g., at least a portion

of the extracellular constant domain, the transmembrane domain and the cytoplasmic domain, of

a TCR chain, for example, the TCR alpha chain and/or the TCR beta chain. As another example,

a mesothelin antibody fragment, for example a VL domain as described herein, can be grafted to

the constant domain of a TCR alpha chain, and a mesothelin antibody fragment, for example a

VH domain as described herein, can be grafted to the constant domain of a TCR beta chain (or

alternatively, a VL domain may be grafted to the constant domain of the TCR beta chain and a

VH domain may be grafted to a TCR alpha chain). As another example, the CDRs of a

mesothelin antibody or antibody fragment, e.g., the CDRs of a mesothelin antibody or antibody

fragment as described in Tables 4 or 5 may be grafted into a TCR alpha and/or beta chain to

create a chimeric TCR that binds specifically to mesothelin. For example, the LCDRs disclosed

herein may be grafted into the variable domain of a TCR alpha chain and the HCDRs disclosed

herein may be grafted to the variable domain of a TCR beta chain, or vice versa. Such chimeric

TCRs may be produced by methods known in the art (For example, Willemsen RA et al, Gene

Therapy 2000; 7 : 1369-1377; Zhang T et al, Cancer Gene Ther 2004; 11: 487-496; Aggen et al,

Gene Ther. 2012 Apr;19(4):365-74).

Transmembrane domain

With respect to the transmembrane domain, in various embodiments, a CAR can be

designed to comprise a transmembrane domain that is attached to the extracellular domain of the

CAR. A transmembrane domain can include one or more additional amino acids adjacent to the



transmembrane region, e.g., one or more amino acid associated with the extracellular region of

the protein from which the transmembrane was derived (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 up to 15

amino acids of the extracellular region) and/or one or more additional amino acids associated

with the intracellular region of the protein from which the transmembrane protein is derived

(e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 up to 15 amino acids of the intracellular region). In one aspect,

the transmembrane domain is one that is associated with one of the other domains of the CAR is

used, e.g., in one embodiment, the transmembrane domain may be from the same protein that the

signaling domain, costimulatory domain or the hinge domain is derived from. In another aspect,

the transmembrane domain is not derived from the same protein that any other domain of the

CAR is derived from. In some instances, the transmembrane domain can be selected or modified

by amino acid substitution to avoid binding of such domains to the transmembrane domains of

the same or different surface membrane proteins, e.g., to minimize interactions with other

members of the receptor complex. In one aspect, the transmembrane domain is capable of

homodimerization with another CAR on the cell surface of a CAR-expressing cell. In a different

aspect, the amino acid sequence of the transmembrane domain may be modified or substituted so

as to minimize interactions with the binding domains of the native binding partner present in the

same CAR-expressing cell.

The transmembrane domain may be derived either from a natural or from a recombinant

source. Where the source is natural, the domain may be derived from any membrane-bound or

transmembrane protein. In one aspect, the transmembrane domain is capable of signaling to the

intracellular domain(s) whenever the CAR has bound to a target. A transmembrane domain of

particular use in this invention may include at least the transmembrane domain(s) of, e.g., the

alpha, beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CD5, CD8

(e.g., CD8 alpha, CD8 beta), CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134,

CD137, CD154. In some embodiments, a transmembrane domain may include at least the

transmembrane region(s) of, e.g., KIRDS2, OX40, CD2, CD27, LFA-1 (CDlla, CD18), ICOS

(CD278), 4-1BB (CD137), GITR, CD40, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80

(KLRF1), NKp44, NKp30, NKp46, CD 160, CD 19, IL2R beta, IL2R gamma, IL7R a, ITGA1,

VLA1, CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f, ITGAD, CDlld, ITGAE,

CD103, ITGAL, CDlla, LFA-1, ITGAM, CDllb, ITGAX, CDllc, ITGB1, CD29, ITGB2,

CD18, LFA-1, ITGB7, TNFR2, DNAM1 (CD226), SLAMF4 (CD244, 2B4), CD84, CD96



(Tactile), CEACAM1, CRTAM, Ly9 (CD229), CD160 (BY55), PSGL1, CD100 (SEMA4D),

SLAMF6 (NTB-A, Lyl08), SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMF8), SELPLG

(CD 162), LTBR, PAG/Cbp, NKG2D, and NKG2C.

In some instances, the transmembrane domain can be attached to the extracellular region

of the CAR, e.g., the antigen binding domain of the CAR, via a hinge, e.g., a hinge from a human

protein. For example, in one embodiment, the hinge can be a human Ig (immunoglobulin) hinge

(e.g., an IgG4 hinge, an IgD hinge), a GS linker (e.g., a GS linker described herein), a KIR2DS2

hinge or a CD8a hinge. In one embodiment, the hinge or spacer comprises (e.g., consists of) the

amino acid sequence of SEQ ID NO:2. In one aspect, the transmembrane domain comprises

(e.g., consists of) a transmembrane domain of SEQ ID NO: 6 .

In one aspect, the hinge or spacer comprises an IgG4 hinge. For example, in one

embodiment, the hinge or spacer comprises a hinge of the amino acid sequence SEQ ID NO:3.

In some embodiments, the hinge or spacer comprises a hinge encoded by a nucleotide

sequence SEQ ID NO: 14.

In one aspect, the hinge or spacer comprises an IgD hinge. For example, in one

embodiment, the hinge or spacer comprises a hinge of the amino acid sequence SEQ ID NO:4.

In some embodiments, the hinge or spacer comprises a hinge encoded by a nucleotide

sequence of SEQ ID NO: 15.

In one aspect, the transmembrane domain may be recombinant, in which case it will

comprise predominantly hydrophobic residues such as leucine and valine. In one aspect a triplet

of phenylalanine, tryptophan and valine can be found at each end of a recombinant

transmembrane domain.

Optionally, a short oligo- or polypeptide linker, between 2 and 10 amino acids in length

may form the linkage between the transmembrane domain and the cytoplasmic signaling region

of the CAR. A glycine-serine doublet provides a particularly suitable linker. For example, in one

aspect, the linker comprises the amino acid sequence of GGGGSGGGGS (SEQ ID NO:5). In

some embodiments, the linker is encoded by a nucleotide sequence of

GGTGGCGGAGGTTCTGGAGGTGGAGGTTCC (SEQ ID NO: 16).

In one aspect, the hinge or spacer comprises a KIR2DS2 hinge and portions thereof.



Cytoplasmic domain

The cytoplasmic domain or region of the CAR includes an intracellular signaling domain.

An intracellular signaling domain is generally responsible for activation of at least one of the

normal effector functions of the immune cell in which the CAR has been introducede. The term

"effector function" refers to a specialized function of a cell. Effector function of a T cell, for

example, may be cytolytic activity or helper activity including the secretion of cytokines. Thus

the term "intracellular signaling domain" refers to the portion of a protein which transduces the

effector function signal and directs the cell to perform a specialized function. While usually the

entire intracellular signaling domain can be employed, in many cases it is not necessary to use

the entire chain. To the extent that a truncated portion of the intracellular signaling domain is

used, such truncated portion may be used in place of the intact chain as long as it transduces the

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

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

function signal.

Examples of intracellular signaling domains for use in the CAR of the invention include

the cytoplasmic sequences of the T cell receptor (TCR) and co-receptors that act in concert to

initiate signal transduction following antigen receptor engagement, as well as any derivative or

variant of these sequences and any recombinant sequence that has the same functional capability.

It is known that signals generated through the TCR alone are insufficient for full

activation of the T cell and that a secondary and/or costimulatory signal is also required. Thus, T

cell activation can be said to be mediated by two distinct classes of cytoplasmic signaling

sequences: those that initiate antigen-dependent primary activation through the TCR (primary

intracellular signaling domains) and those that act in an antigen-independent manner to provide a

secondary or costimulatory signal (secondary cytoplasmic domain, e.g., a costimulatory domain).

A primary cytoplasmic signaling domain regulates primary activation of the TCR

complex either in a stimulatory way, or in an inhibitory way. Primary intracellular signaling

domains that act in a stimulatory manner may contain signaling motifs which are known as

immunoreceptor tyrosine-based activation motifs or ITAMs.

Examples of ITAM containing primary intracellular signaling domains that are of

particular use in the invention include those of CD3 zeta, common FcR gamma (FCER1G), Fc



gamma RIIa„ FcR beta (Fc Epsilon Rib), CD3 gamma, CD3 delta , CD3 epsilon, CD5, CD22,

CD79a, CD79b, CD278 (also known as "ICOS"), FcsRI, CD66d, DAP10, and DAP12. In one

embodiment, a CAR of the invention comprises an intracellular signaling domain, e.g., a primary

signaling domain of CD3-zeta, e.g., a CD3-zeta sequence described herein.

In one embodiment, a primary signaling domain comprises a modified ITAM domain,

e.g., a mutated ITAM domain which has altered (e.g., increased or decreased) activity as

compared to the native ITAM domain. In one embodiment, a primary signaling domain

comprises a modified ITAM-containing primary intracellular signaling domain, e.g., an

optimized and/or truncated ITAM-containing primary intracellular signaling domain. In an

embodiment, a primary signaling domain comprises one, two, three, four or more ITAM motifs.

Further examples of molecules containing a primary intracellular signaling domain that

are of particular use in the invention include those of DAP10, DAP12, and CD32.

The intracellular domain of the CAR can comprise the CD3-zeta signaling domain by

itself or it can be combined with any other desired intracellular signaling domain(s) useful in the

context of a CAR of the invention. For example, the intracellular signaling domain of the CAR

can comprise a CD3 zeta chain portion and a costimulatory signaling domain. The costimulatory

signaling domain refers to a portion of the CAR comprising the intracellular domain of a

costimulatory molecule. A costimulatory molecule is a cell surface molecule other than an

antigen receptor or its ligands that is required for an efficient response of lymphocytes to an

antigen. Examples of such molecules include CD27, CD28, 4-1BB (CD137), OX40, CD30,

CD40, PD-1 (also known as PD1), ICOS, lymphocyte function-associated antigen- 1 (LFA-1),

CD2, CD7, LIGHT, NKG2C, B7-H3, and a ligand that specifically binds with CD83, and the

like. For example, CD27 costimulation has been demonstrated to enhance expansion, effector

function, and survival of human CART cells in vitro and augments human T cell persistence and

antitumor activity in vivo (Song et al. Blood. 2012; 119(3):696-706). Further examples of such

costimulatory molecules include an MHC class I molecule, a TNF receptor protein, an

Immunoglobulin-like protein, a cytokine receptor, an integrin, a signaling lymphocytic activation

molecule (SLAM protein), an activating NK cell receptor, BTLA, a Toll ligand receptor, OX40,

CD2, CD7, CD27, CD28, CD30, CD40, CDS, ICAM-1, LFA-1 (CDlla/CD18), 4-1BB

(CD137), B7-H3, CDS, ICAM-1, ICOS (CD278), GITR, BAFFR, LIGHT, HVEM (LIGHTR),

KIRDS2, SLAMF7, NKp80 (KLRF1), NKp44, NKp30, NKp46, CD19, CD4, CD8alpha,



CD8beta, IL2R beta, IL2R gamma, IL7R alpha, ITGA4, VLA1, CD49a, ITGA4, IA4, CD49D,

ITGA6, VLA-6, CD49f, ITGAD, CDlld, ITGAE, CD103, ITGAL, CDlla, LFA-1, ITGAM,

CD lib, ITGAX, CD 11c, ITGB1, CD29, ITGB2, CD 18, LFA-1, ITGB7, NKG2D, NKG2C,

TNFR2, TRANCE/RANKL, DNAM1 (CD226), SLAMF4 (CD244, 2B4), CD84, CD96

(Tactile), CEACAM1, CRTAM, Ly9 (CD229), CD160 (BY55), PSGL1, CD100 (SEMA4D),

CD69, SLAMF6 (NTB-A, Lyl08), SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMF8),

SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, CD19a, and a ligand that

specifically binds with CD83. For example, CD27 costimulation has been demonstrated to

enhance expansion, effector function, and survival of human CART cells in vitro and augments

human T cell persistence and antitumor activity in vivo (Song et al. Blood. 2012; 119(3):696-

706).

The intracellular signaling domains within the cytoplasmic portion of the CAR of the

invention may be linked to each other in a random or specified order. Optionally, a short oligo-

or polypeptide linker, for example, between 2 and 10 amino acids (e.g., 2, 3, 4, 5, 6, 7, 8, 9, or 10

amino acids) in length may form the linkage between intracellular signaling domains. In one

embodiment, a glycine- serine doublet can be used as a suitable linker. In one embodiment, a

single amino acid, e.g., an alanine, a glycine, can be used as a suitable linker.

In one aspect, the intracellular signaling domain is designed to comprise two or more,

e.g., 2, 3, 4, 5, or more, costimulatory signaling domains. In an embodiment, the two or more,

e.g., 2, 3, 4, 5, or more, costimulatory signaling domains, are separated by a linker molecule,

e.g., a linker molecule described herein. In one embodiment, the intracellular signaling domain

comprises two costimulatory signaling domains. In some embodiments, the linker molecule is a

glycine residue. In some embodiments, the linker is an alanine residue.

In one aspect, the intracellular signaling domain is designed to comprise the signaling

domain of CD3-zeta and the signaling domain of CD28. In one aspect, the intracellular signaling

domain is designed to comprise the signaling domain of CD3-zeta and the signaling domain of 4-

1BB. In one aspect, the signaling domain of 4-1BB is a signaling domain of SEQ ID NO: 7 . In

one aspect, the signaling domain of CD3-zeta is a signaling domain of SEQ ID NO: 9 (mutant

CD3-zeta) or SEQ ID NO: 10 (wild type human CD3-zeta).

In one aspect, the intracellular is designed to comprise the signaling domain of CD3-zeta

and the signaling domain of 4- IBB. In one aspect, the signaling domain of 4- IBB comprises an



amino acid sequence of SEQ ID NO: 7 . In one aspect, the signaling domain of 4-IBB is encoded

by a nucleic acid sequence of SEQ ID NO: 18.

In one aspect, the intracellular signaling domain is designed to comprise the signaling

domain of CD3-zeta and the signaling domain of CD27. In one aspect, the signaling domain of

CD27 comprises an amino acid sequence of SEQ ID NO:8. In one aspect, the signalling domain

of CD27 is encoded by a nucleic acid sequence of SEQ ID NO: 19.

In one aspect, the intracellular is designed to comprise the signaling domain of CD3-zeta

and the signaling domain of CD28. In one aspect, the signaling domain of CD28 comprises an

amino acid sequence of SEQ ID NO: 44. In one aspect, the signaling domain of CD28 is

encoded by a nucleic acid sequence of SEQ ID NO: 45.

In one aspect, the intracellular is designed to comprise the signaling domain of CD3-zeta

and the signaling domain of ICOS. In one aspect, the signaling domain of ICOS comprises an

amino acid sequence of SEQ ID NO: 42. In one aspect, the signaling domain of ICOS is

encoded by a nucleic acid sequence of SEQ ID NO: 43.

Natural Killer Cell Receptor (NKR) CARs

In an embodiment, the CAR molecule described herein comprises one or more

components of a natural killer cell receptor (NKR), thereby forming an NKR-CAR. The NKR

component can be a transmembrane domain, a hinge domain, or a cytoplasmic domain from any

of the following natural killer cell receptors: killer cell immunoglobulin-like receptor (KIR), e.g.,

KIR2DL1, KIR2DL2/L3, KIR2DL4, KIR2DL5A, KIR2DL5B, KIR2DS1, KIR2DS2, KIR2DS3,

KIR2DS4, DIR2DS5, KIR3DL1/S1, KIR3DL2, KIR3DL3, KIR2DP1, and KIR3DP1; natural

cyotoxicity receptor (NCR), e.g., NKp30, NKp44, NKp46; signaling lymphocyte activation

molecule (SLAM) family of immune cell receptors, e.g., CD48, CD229, 2B4, CD84, NTB-A,

CRACC, BLAME, and CD2F-10; Fc receptor (FcR), e.g., CD16, and CD64; and Ly49 receptors,

e.g., LY49A, LY49C. The NKR-CAR molecules described herein may interact with an adaptor

molecule or intracellular signaling domain, e.g., DAP12. Exemplary configurations and

sequences of CAR molecules comprising NKR components are described in International

Publication No. WO20 14/145252, the contents of which are hereby incorporated by reference.



Split CAR

In some embodiments, the CAR-expressing cell described herein, uses a split CAR. The

split CAR approach is described in more detail in publications WO2014/055442 and

WO2014/055657, incorporated herein by reference. Briefly, a split CAR system comprises a cell

expressing a first CAR having a first antigen binding domain and a costimulatory domain (e.g.,

4IBB), and the cell also expresses a second CAR having a second antigen binding domain and

an intracellular signaling domain (e.g., CD3 zeta). When the cell encounters the first antigen, the

costimulatory domain is activated, and the cell proliferates. When the cell encounters the second

antigen, the intracellular signaling domain is activated and cell-killing activity begins. Thus, the

CAR-expressing cell is only fully activated in the presence of both antigens. In embodiments the

first antigen binding domain recognizes the tumor antigen or B cell antigen described herein,

e.g., comprises an antigen binding domain described herein, and the second antigen binding

domain recognizes a second antigen, e.g., a second tumor antigen or a second B cell antigen

described herein.

Co-expression of CAR with Other Molecules or Agents

Co-expression of a Second CAR

In one aspect, the CAR-expressing cell described herein can further comprise a second

CAR, e.g., a second CAR that includes a different antigen binding domain, e.g., to the same

target (mesothelin) or a different target (e.g., a target other than mesothelin on stroma cells, e.g.,

FAP; a target other than mesothelin on prostate cancer cells, e.g., androgen receptor, OR51E2,

PSMA, PSCA, PDGRF-β, TARP, GloboH, MAD-CT-1, or MAD-CT-2; a target other than

mesothelin on ovararian cancer cells, e.g., Tn, PRSS21, CD171, Lewis Y, folate receptor a ,

claudin6, GloboH, or sperm protein 17, e.g., a target other than mesothelin on lung cancer cells,

e.g.,VEGF, HER3, IGF-IR, EGFR, DLL4, or Trop-2). In one embodiment, the CAR-expressing

cell comprises a first CAR that targets a first antigen and includes an intracellular signaling

domain having a costimulatory signaling domain but not a primary signaling domain, and a

second CAR that targets a second, different, antigen and includes an intracellular signaling

domain having a primary signaling domain but not a costimulatory signaling domain. Placement

of a costimulatory signaling domain, e.g., 4-1BB, CD28, CD27, OX-40 or ICOS, onto the first

CAR, and the primary signaling domain, e.g., CD3 zeta, on the second CAR can limit the CAR



activity to cells where both targets are expressed. In one embodiment, the CAR expressing cell

comprises a first mesothelin CAR that includes a mesothelin binding domain, a transmembrane

domain and a costimulatory domain and a second CAR that targets an antigen other than

mesothelin (e.g., a target other than mesothelin on stroma cells, e.g., FAP; a target other than

mesothelin on prostate cancer cells, e.g., androgen receptor, OR51E2, PSMA, PSCA, PDGRF-β,

TARP, GloboH, MAD-CT-1, or MAD-CT-2; a target other than mesothelin on ovararian cancer

cells, e.g., Tn, PRSS21, CD171, Lewis Y, folate receptor a , claudin6, GloboH, or sperm protein

17, e.g., a target other than mesothelin on lung cancer cells, e.g.,VEGF, HER3, IGF-1R, EGFR,

DLL4, or Trop-2 ) and includes an antigen binding domain, a transmembrane domain and a

primary signaling domain. In another embodiment, the CAR expressing cell comprises a first

mesothelin CAR that includes a mesothelin binding domain, a transmembrane domain and a

primary signaling domain and a second CAR that targets an antigen other than mesothelin (e.g., a

target other than mesothelin on stroma cells, e.g., FAP; a target other than mesothelin on prostate

cancer cells, e.g., androgen receptor, OR51E2, PSMA, PSCA, PDGRF-β, TARP, GloboH,

MAD-CT-1, or MAD-CT-2; a target other than mesothelin on ovararian cancer cells, e.g., Tn,

PRSS21, CD171, Lewis Y, folate receptor a , claudin6, GloboH, or sperm protein 17, e.g., a

target other than mesothelin on lung cancer cells, e.g.,VEGF, HER3, IGF-1R, EGFR, DLL4, or

Trop-2) and includes an antigen binding domain to the antigen, a transmembrane domain and a

costimulatory signaling domain.

In one embodiment, the CAR-expressing cell comprises a mesothelin CAR described

herein and an inhibitory CAR. In one embodiment, the inhibitory CAR comprises an antigen

binding domain that binds an antigen found on normal cells but not cancer cells, e.g., normal

cells that also express mesothelin. In one embodiment, the inhibitory CAR comprises the

antigen binding domain, a transmembrane domain and an intracellular domain of an inhibitory

molecule. For example, the intracellular domain of the inhibitory CAR can be an intracellular

domain of PD1, PD-L1, CTLA4, TIM3, LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4,

CD80, CD86, B7-H3 (CD276), B7-H4 (VTCN1), HVEM (TNFRSF14 or CD270), KIR, A2aR,

MHC class I, MHC class II, GAL9, adenosine, or TGFR beta.

In one embodiment, when the CAR-expressing cell comprises two or more different

CARs, the antigen binding domains of the different CARs can be such that the antigen binding

domains do not interact with one another. For example, a cell expressing a first and second CAR



can have an antigen binding domain of the first CAR, e.g., as a fragment, e.g., an scFv, that does

not form an association with the antigen binding domain of the second CAR, e.g., the antigen

binding domain of the second CAR is a VHH.

In some embodiments, the antigen binding domain comprises a single domain antigen

binding (SDAB) molecules include molecules whose complementary determining regions are

part of a single domain polypeptide. Examples include, but are not limited to, heavy chain

variable domains, binding molecules naturally devoid of light chains, single domains derived

from conventional 4-chain antibodies, engineered domains and single domain scaffolds other

than those derived from antibodies. SDAB molecules may be any of the art, or any future single

domain molecules. SDAB molecules may be derived from any species including, but not limited

to mouse, human, camel, llama, lamprey, fish, shark, goat, rabbit, and bovine. This term also

includes naturally occurring single domain antibody molecules from species other than

Camelidae and sharks.

In one aspect, an SDAB molecule can be derived from a variable region of the

immunoglobulin found in fish, such as, for example, that which is derived from the

immunoglobulin isotype known as Novel Antigen Receptor (NAR) found in the serum of shark.

Methods of producing single domain molecules derived from a variable region of NAR

("IgNARs") are described in WO 03/014161 and Streltsov (2005) Protein Sci. 14:2901-2909.

According to another aspect, an SDAB molecule is a naturally occurring single domain

antigen binding molecule known as heavy chain devoid of light chains. Such single domain

molecules are disclosed in WO 9404678 and Hamers-Casterman, C. et al. (1993) Nature

363:446-448, for example. For clarity reasons, this variable domain derived from a heavy chain

molecule naturally devoid of light chain is known herein as a VHH or nanobody to distinguish it

from the conventional VH of four chain immunoglobulins. Such a VHH molecule can be derived

from Camelidae species, for example in camel, llama, dromedary, alpaca and guanaco. Other

species besides Camelidae may produce heavy chain molecules naturally devoid of light chain;

such VHHs are within the scope of the invention.

The SDAB molecules can be recombinant, CDR-grafted, humanized, camelized, de-

immunized and/or in vitro generated (e.g., selected by phage display).

It has also been discovered, that cells having a plurality of chimeric membrane embedded

receptors comprising an antigen binding domain that interactions between the antigen binding



domain of the receptors can be undesirable, e.g., because it inhibits the ability of one or more of

the antigen binding domains to bind its cognate antigen. Accordingly, disclosed herein are cells

having a first and a second non-naturally occurring chimeric membrane embedded receptor

comprising antigen binding domains that minimize such interactions. Also disclosed herein are

nucleic acids encoding a first and a second non-naturally occurring chimeric membrane

embedded receptor comprising an antigen binding domains that minimize such interactions, as

well as methods of making and using such cells and nucleic acids. In an embodiment the antigen

binding domain of one of the first and the second non-naturally occurring chimeric membrane

embedded receptor, comprises an scFv, and the other comprises a single VH domain, e.g., a

camelid, shark, or lamprey single VH domain, or a single VH domain derived from a human or

mouse sequence.

In some embodiments, the claimed invention comprises a first and second CAR, wherein

the antigen binding domain of one of the first and the second CAR does not comprise a variable

light domain and a variable heavy domain. In some embodiments, the antigen binding domain of

one of the first and the second CAR is an scFv, and the other is not an scFv. In some

embodiments, the antigen binding domain of one of the first and the second CAR comprises a

single VH domain, e.g., a camelid, shark, or lamprey single VH domain, or a single VH domain

derived from a human or mouse sequence. In some embodiments, the antigen binding domain of

one of the first and the second CAR comprises a nanobody. In some embodiments, the antigen

binding domain of one of the first and the second CAR comprises a camelid VHH domain.

In some embodiments, the antigen binding domain of one of the first and thesecond CAR

comprises an scFv, and the other comprises a single VH domain, e.g., a camelid, shark, or

lamprey single VH domain, or a single VH domain derived from a human or mouse sequence. In

some embodiments, the antigen binding domain of one of the first and the second CAR

comprises an scFv, and the other comprises a nanobody. In some embodiments, the antigen

binding domain of one of the first and the second CAR comprises comprises an scFv, and the

other comprises a camelid VHH domain.

In some embodiments, when present on the surface of a cell, binding of the antigen

binding domain of the first CAR to its cognate antigen is not substantially reduced by the

presence of the second CAR. In some embodiments, binding of the antigen binding domain of

the first CAR to its cognate antigen in the presence of the second CAR is 85%, 90%, 95%, 96%,



97%, 98% or 99% of binding of the antigen binding domain of the first CAR to its cognate

antigen in the absence of the second CAR.

In some embodiments, when present on the surface of a cell, the antigen binding domains

of the first and the second CAR, associate with one another less than if both were scFv antigen

binding domains. In some embodiments, the antigen binding domains of the first and the second

CAR, associate with one another 85%, 90%, 95%, 96%, 97%, 98% or 99% less than if both were

scFv antigen binding domains.

Co-expression of an Agent that Enhances CAR Activity

In another aspect, the CAR-expressing cell described herein can further express another

agent, e.g., an agent that enhances the activity or fitness of a CAR-expressing cell.

For example, in one embodiment, the agent can be an agent which inhibits a molecule

that modulates or regulates, e.g., inhibits, T cell function. In some embodiments, the molecule

that modulates or regulates T cell function is an inhibitory molecule. Inhibitory molecules, e.g.,

PD1, can, in some embodiments, decrease the ability of a CAR-expressing cell to mount an

immune effector response. Examples of inhibitory molecules include PD1, PD-L1, CTLA4,

TIM3, LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4, CD80, CD86, B7-H3 (CD276), B7-

H4 (VTCNl), HVEM (TNFRSF14 or CD270), KIR, A2aR, MHC class I, MHC class II, GAL9,

adenosine, or TGFR beta.

In embodiments, an agent, e.g., an inhibitory nucleic acid, e.g., a dsRNA, e.g., an siRNA

or shRNA; or e.g., an inhibitory protein or system, e.g., a clustered regularly interspaced short

palindromic repeats (CRISPR), a transcription-activator like effector nuclease (TALEN), or a

zinc finger endonuclease (ZFN), e.g., as described herein, can be used to inhibit expression of a

molecule that modulates or regulates, e.g., inhibits, T-cell function in the CAR-expressing cell.

In an embodiment the agent is an shRNA, e.g., an shRNA described herein. In an embodiment,

the agent that modulates or regulates, e.g., inhibits, T-cell function is inhibited within a CAR-

expressing cell. For example, a dsRNA molecule that inhibits expression of a molecule that

modulates or regulates, e.g., inhibits, T-cell function is linked to the nucleic acid that encodes a

component, e.g., all of the components, of the CAR.

In one embodiment, the agent which inhibits an inhibitory molecule comprises a first

polypeptide, e.g., an inhibitory molecule, associated with a second polypeptide that provides a

positive signal to the cell, e.g., an intracellular signaling domain described herein. In one



embodiment, the agent comprises a first polypeptide, e.g., of an inhibitory molecule such as PDl,

PD-L1, CTLA4, TIM3, LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4, CD80, CD86, B7-

H3 (CD276), B7-H4 (VTCN1), HVEM (TNFRSF14 or CD270), KIR, A2aR, MHC class I,

MHC class II, GAL9, adenosine, or TGFR beta, or a fragment of any of these (e.g., at least a

portion of an extracellular domain of any of these), and a second polypeptide which is an

intracellular signaling domain described herein (e.g., comprising a costimulatory domain (e.g.,

41BB, CD27 or CD28, e.g., as described herein) and/or a primary signaling domain (e.g., a CD3

zeta signaling domain described herein). In one embodiment, the agent comprises a first

polypeptide of PDl or a fragment thereof (e.g., at least a portion of an extracellular domain of

PDl), and a second polypeptide of an intracellular signaling domain described herein (e.g., a

CD28 signaling domain described herein and/or a CD3 zeta signaling domain described herein).

PDl is an inhibitory member of the CD28 family of receptors that also includes CD28, CTLA-4,

ICOS, and BTLA. PD-1 is expressed on activated B cells, T cells and myeloid cells (Agata et al.

1996 Int. Immunol 8:765-75). Two ligands for PDl, PD-L1 and PD-L2 have been shown to

downregulate T cell activation upon binding to PDl (Freeman et a . 2000 J Exp Med 192:1027-

34; Latchman et al. 2001 Nat Immunol 2:261-8; Carter et al. 2002 Eur J Immunol 32:634-43).

PD-L1 is abundant in human cancers (Dong et al. 2003 J Mol Med 81:281-7; Blank et al. 2005

Cancer Immunol. Immunother 54:307-314; Konishi et al. 2004 Clin Cancer Res 10:5094).

Immune suppression can be reversed by inhibiting the local interaction of PDl with PD-L1.

In one embodiment, the agent comprises the extracellular domain (ECD) of an inhibitory

molecule, e.g., Programmed Death 1 (PDl), can be fused to a transmembrane domain and

intracellular signaling domains such as 4 IBB and CD3 zeta (also referred to herein as a PDl

CAR). In one embodiment, the PDl CAR, when used in combinations with a mesothelin CAR

described herein, improves the persistence of the T cell. In one embodiment, the CAR is a PDl

CAR comprising the extracellular domain of PDl indicated as underlined in SEQ ID NO: 24 and

a signal sequence at amino acids 1-21 of SEQ ID NO:24. In one embodiment, the PDl CAR

comprises the amino acid sequence of SEQ ID NO:24.

In one embodiment, the PDl CAR without the N-terminal signal sequence comprises the

amino acid sequence provided of SEQ ID NO:22.

In one embodiment, the agent comprises a nucleic acid sequence encoding the PDl CAR

with the N-terminal signal sequence, e.g., the PDl CAR described herein. In one embodiment,



the nucleic acid sequence for the PD1 CAR is shown in Table 1, with the PD1 ECD underlined

in SEQ ID NO: 23.

In another example, in one embodiment, the agent which enhances the activity of a CAR-

expressing cell can be a costimulatory molecule or costimulatory molecule ligand. Examples of

costimulatory molecules include MHC class I molecule, BTLA and a Toll ligand receptor, as

well as OX40, CD27, CD28, CDS, ICAM-1, LFA-1 (CDlla/CD18), ICOS (CD278), and 4-lBB

(CD137). Further examples of such costimulatory molecules include CDS, ICAM-1, GITR,

BAFFR, HVEM (LIGHTR), SLAMF7, NKp80 (KLRF1), NKp44, NKp30, NKp46, CD160,

CD 19, CD4, CD8alpha, CD8beta, IL2R beta, IL2R gamma, IL7R alpha, ITGA4, VLAl, CD49a,

ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f, ITGAD, CD1 Id, ITGAE, CD103, ITGAL,

CDlla, LFA-1, ITGAM, CDllb, ITGAX, CDllc, ITGB1, CD29, ITGB2, CD18, LFA-1,

ITGB7, NKG2D, NKG2C, TNFR2, TRANCE/RANKL, DNAM1 (CD226), SLAMF4 (CD244,

2B4), CD84, CD96 (Tactile), CEACAM1, CRTAM, Ly9 (CD229), CD160 (BY55), PSGL1,

CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Lyl08), SLAM (SLAMF1, CD150, IPO-3),

BLAME (SLAMF8), SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, CD19a, and a

ligand that specifically binds with CD83., e.g., as described herein. Examples of costimulatory

molecule ligands include CD80, CD86, CD40L, ICOSL, CD70, OX40L, 4-1BBL, GITRL, and

LIGHT. In embodiments, the costimulatory molecule ligand is a ligand for a costimulatory

molecule different from the costimulatory molecule domain of the CAR. In embodiments, the

costimulatory molecule ligand is a ligand for a costimulatory molecule that is the same as the

costimulatory molecule domain of the CAR. In an embodiment, the costimulatory molecule

ligand is 4-1BBL. In an embodiment, the costimulatory ligand is CD80 or CD86. In an

embodiment, the costimulatory molecule ligand is CD70. In embodiments, a CAR-expressing

immune effector cell described herein can be further engineered to express one or more

additional costimulatory molecules or costimulatory molecule ligands.

Co-expression of CAR with a Chemokine Receptor

In embodiments, the CAR-expressing cell described herein, e.g., mesothelin CAR-

expressing cell, further comprises a chemokine receptor molecule. Transgenic expression of

chemokine receptors CCR2b or CXCR2 in T cells enhances trafficking to CCL2- or CXCL1-

secreting solid tumors including melanoma and neuroblastoma (Craddock et al., J Immunother.

2010 Oct; 33(8):780-8 and Kershaw et al., Hum Gene Ther. 2002 Nov 1; 13(16):1971-80). Thus,



without wishing to be bound by theory, it is believed that chemokine receptors expressed in

CAR-expressing cells that recognize chemokines secreted by tumors, e.g., solid tumors, can

improve homing of the CAR-expressing cell to the tumor, facilitate the infiltration of the CAR-

expressing cell to the tumor, and enhances antitumor efficacy of the CAR-expressing cell. The

chemokine receptor molecule can comprise a naturally occurring or recombinant chemokine

receptor or a chemokine-binding fragment thereof. A chemokine receptor molecule suitable for

expression in a CAR-expressing cell (e.g., CAR-Tx) described herein include a CXC chemokine

receptor (e.g., CXCR1, CXCR2, CXCR3, CXCR4, CXCR5, CXCR6, or CXCR7), a CC

chemokine receptor (e.g., CCR1, CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CCR9,

CCR10, or CCR1 1), a CX3C chemokine receptor (e.g., CX3CR1), a XC chemokine receptor

(e.g., XCR1), or a chemokine-binding fragment thereof. In one embodiment, the chemokine

receptor molecule to be expressed with a CAR described herein is selected based on the

chemokine(s) secreted by the tumor. In one embodiment, the CAR-expressing cell described

herein further comprises, e.g., expresses, a CCR2b receptor or a CXCR2 receptor. In an

embodiment, the CAR described herein and the chemokine receptor molecule are on the same

vector or are on two different vectors. In embodiments where the CAR described herein and the

chemokine receptor molecule are on the same vector, the CAR and the chemokine receptor

molecule are each under control of two different promoters or are under the control of the same

promoter.

Nucleic Acid Constructs Encoding a CAR

The present invention provides CAR transgenes comprising nucleic acid sequences

encoding one or more CAR constructs of the invention. In one aspect, the CAR transgene is

provided as a messenger RNA transcript. In one aspect, the CAR transgene is provided as a

DNA construct.

Accordingly, in one aspect, the invention pertains to an isolated nucleic acid molecule

encoding a chimeric antigen receptor (CAR), wherein the CAR comprises an anti-mesothelin

binding domain (e.g., a human anti-mesothelin binding domain), a transmembrane domain, and

an intracellular signaling domain comprising a stimulatory domain. In one embodiment, the

anti-mesothelin binding domain is an anti-mesothelin binding domain described herein, e.g., an

anti-mesothelin binding domain which comprises a sequence selected from a group consisting of

SEQ ID NO: 87-1 11, or a sequence with 95-99% identify thereof. In one embodiment, the



isolated nucleic acid molecule further comprises a sequence encoding a costimulatory domain.

In one embodiment, the transmembrane domain is a transmembrane domain of a protein selected

from the group consisting of the alpha, beta or zeta chain of the T-cell receptor, CD28, CD3

epsilon, CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86,

CD134, CD137 and CD154. In one embodiment, the transmembrane domain comprises a

sequence of SEQ ID NO: 6, or a sequence with 95-99% identity thereof. In one embodiment, the

anti-mesothelin binding domain is connected to the transmembrane domain by a hinge region,

e.g., a hinge described herein. In one embodiment, the hinge region comprises SEQ ID NO:2 or

SEQ ID NO:3 or SEQ ID NO:4 or SEQ ID NO:5, or a sequence with 95-99% identity thereof.

In one embodiment, the isolated nucleic acid molecule further comprises a sequence encoding a

costimulatory domain. In one embodiment, the costimulatory domain is a functional signaling

domain of a protein selected from the group consisting of OX40, CD27, CD28, CDS, ICAM-1,

LFA-1 (CDlla/CD18), ICOS (CD278), and 4-1BB (CD137). Further examples of such

costimulatory molecules include CDS, ICAM-1, GITR, BAFFR, HVEM (LIGHTR), SLAMF7,

NKp80 (KLRF1), NKp44, NKp30, NKp46, CD160, CD19, CD4, CD8alpha, CD8beta, IL2R

beta, IL2R gamma, IL7R alpha, ITGA4, VLA1, CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6,

CD49f, ITGAD, CDlld, ITGAE, CD103, ITGAL, CDlla, LFA-1, ITGAM, CDllb, ITGAX,

CD 11c, ITGB1, CD29, ITGB2, CD 18, LFA-1, ITGB7, NKG2D, NKG2C, TNFR2,

TRANCE/RANKL, DNAM1 (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile),

CEACAM1, CRTAM, Ly9 (CD229), CD160 (BY55), PSGL1, CD100 (SEMA4D), CD69,

SLAMF6 (NTB-A, Lyl08), SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMF8), SELPLG

(CD162), LTBR, LAT, GADS, SLP-76, and PAG/Cbp. In one embodiment, the costimulatory

domain comprises a sequence of SEQ ID NO:7, or a sequence with 95-99% identity thereof. In

one embodiment, the intracellular signaling domain comprises a functional signaling domain of

4-IBB and a functional signaling domain of CD3 zeta. In one embodiment, the intracellular

signaling domain comprises the sequence of SEQ ID NO: 7 or SEQ ID NO: 8, or a sequence

with 95-99% identity thereof, and the sequence of SEQ ID NO: 9 or SEQ ID NO: 10, or a

sequence with 95-99% identity thereof, wherein the sequences comprising the intracellular

signaling domain are expressed in the same frame and as a single polypeptide chain. In another

aspect, the invention pertains to an isolated nucleic acid molecule encoding a CAR construct

comprising a leader sequence of SEQ ID NO: 1, a scFv domain having a sequence selected from



the group consisting of SEQ ID NO: 39; SEQ ID NO: 40, SEQ ID NO: 41, SEQ ID NO: 42,

SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID

NO: 48, SEQ ID NO: 49, SEQ ID NO: 50, SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID NO: 53,

SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID

NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, and SEQ ID NO: 62, (or a sequence with 95-99%

identify thereof), a hinge region of SEQ ID NO: 2 or SEQ ID NO:3 or SEQ ID NO:4 or SEQ ID

NO:5 (or a sequence with 95-99% identity thereof), a transmembrane domain having a sequence

of SEQ ID NO: 6 (or a sequence with 95-99% identity thereof), a 4-IBB costimulatory domain

having a sequence of SEQ ID NO:7 (or a sequence with 95-99% identity thereof) or a CD27

costimulatory domain having a sequence of SEQ ID NO: 8 (or a sequence with 95-99% identity

thereof), and a CD3 zeta stimulatory domain having a sequence of SEQ ID NO:9 or SEQ ID NO:

10 (or a sequence with 95-99% identity thereof).

In another aspect, the invention pertains to an isolated polypeptide molecule encoded by

the nucleic acid molecule. In one embodiment, the isolated polypeptide molecule comprises a

sequence selected from the group consisting of SEQ ID NO: 63; SEQ ID NO: 64, SEQ ID NO:

65, SEQ ID NO: 66, SEQ ID NO: 67, SEQ ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 70, SEQ

ID NO: 71, SEQ ID NO: 72, SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO: 75, SEQ ID NO:

76, SEQ ID NO: 77, SEQ ID NO: 78, SEQ ID NO: 79, SEQ ID NO: 80, SEQ ID NO: 81, SEQ

ID NO: 82, SEQ ID NO: 83, SEQ ID NO: 84, SEQ ID NO: 85, and SEQ ID NO: 86, or a

sequence with 95-99% identity thereof.

In another aspect, the invention pertains to an isolated nucleic acid molecule encoding a

chimeric antigen receptor (CAR) molecule that comprises an anti-mesothelin binding domain, a

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

and wherein the nucleic acid encoding the anti-mesothelin binding domain comprises a sequence

selected from the group consisting of SEQ ID NO: 111; SEQ ID NO: 112, SEQ ID NO: 113,

SEQ ID NO: 114, SEQ ID NO: 115, SEQ ID NO: 116, SEQ ID NO: 117, SEQ ID NO: 118, SEQ

ID NO: 119, SEQ ID NO: 120, SEQ ID NO: 121, SEQ ID NO: 122, SEQ ID NO: 123, SEQ ID

NO: 124, SEQ ID NO: 125, SEQ ID NO: 126, SEQ ID NO: 127, SEQ ID NO: 128, SEQ ID NO:

129, SEQ ID NO: 130, SEQ ID NO: 131, SEQ ID NO: 132, SEQ ID NO: 133, SEQ ID NO: 134,

or a sequence with 95-99% identify thereof.



In one embodiment, the encoded CAR molecule further comprises a sequence encoding a

costimulatory domain. In one embodiment, the costimulatory domain is a functional signaling

domain of a protein selected from the group consisting of OX40, CD27, CD28, CDS, ICAM-1,

LFA-1 (CD 1la/CD 18) and 4-1BB (CD137). In one embodiment, the costimulatory domain

comprises a sequence of SEQ ID NO:7. In one embodiment, the transmembrane domain is a

transmembrane domain of a protein selected from the group consisting of the alpha, beta or zeta

chain of the T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CD5, CD8, CD9, CD16, CD22,

CD33, CD37, CD64, CD80, CD86, CD134, CD137 and CD154. In one embodiment, the

transmembrane domain comprises a sequence of SEQ ID NO:6. In one embodiment, the

intracellular signaling domain comprises a functional signaling domain of 4-IBB and a

functional signaling domain of zeta. In one embodiment, the intracellular signaling domain

comprises the sequence of SEQ ID NO: 7 and the sequence of SEQ ID NO: 9, wherein the

sequences comprising the intracellular signaling domain are expressed in the same frame and as

a single polypeptide chain. In one embodiment, the anti-mesothelin binding domain is connected

to the transmembrane domain by a hinge region. In one embodiment, the hinge region comprises

SEQ ID NO:2. In one embodiment, the hinge region comprises SEQ ID NO: 3, SEQ ID NO: 4,

or SEQ ID NO: 5 .

In another aspect, the invention pertains to an isolated CAR molecule comprising a leader

sequence of SEQ ID NO: 1, a scFv domain having a sequence selected from the group consisting

of SEQ ID NOS: 39-62, or a sequence with 95-99% identify thereof, a hinge region of SEQ ID

NO:2 or SEQ ID NO: 3 or SEQ ID NO: 4 or SEQ ID NO: 5, a transmembrane domain having a

sequence of SEQ ID NO: 6, a 4-IBB costimulatory domain having a sequence of SEQ ID NO:7

or a CD27 costimulatory domain having a sequence of SEQ ID NO: 8, and a CD3 zeta

stimulatory domain having a sequence of SEQ ID NO:9 or SEQ ID NO: 10. In one embodiment,

the encoded CAR molecule comprises a sequence selected from the group consisting of SEQ ID

NOS: 63-86, or a sequence with 95-99% identify thereof.

The present invention further provides vectors comprising CAR transgenes. In one

aspect, a CAR vectors can be directly transduced into a cell, e.g., a T cell or NK cell. In one

aspect, the vector is a cloning or expression vector, e.g., a vector including, but not limited to,

one or more plasmids (e.g., expression plasmids, cloning vectors, minicircles, minivectors,

double minute chromosomes), retroviral and lentiviral vector constructs. In one aspect, the vector



is capable of expressing the CAR construct in mammalian T cells or NK cells. In one aspect, the

mammalian T cell is a human T cell or a human NK cell.

The present invention also includes a CAR encoding RNA construct that can be directly

transfected into a cell, e.g., a T cell or a NK cell. A method for generating mRNA for use in

transfection involves in vitro transcription (IVT) of a template with specially designed primers,

followed by polyA addition, to produce a construct containing 3' and 5' untranslated sequence

("UTR"), a 5' cap and/or Internal Ribosome Entry Site (IRES), the gene to be expressed, and a

polyA tail, typically 50-2000 bases in length. RNA so produced can efficiently transfect different

kinds of cells. In one aspect, the template includes sequences for the CAR.

In one aspect the mesothelin CAR transgene is encoded by a messenger RNA (mRNA).

In one aspect the mRNA encoding the mesothelin CAR transgene is introduced into a T cell for

production of a CART cell, or a NK cell.

Vectors

The present invention also provides vectors in which a DNA of the present invention is

inserted. Vectors derived from retroviruses such as the lentivirus are suitable tools to achieve

long-term gene transfer since they allow long-term, stable integration of a transgene and its

propagation in daughter cells. Lentiviral vectors have the added advantage over vectors derived

from onco-retroviruses such as murine leukemia viruses in that they can transduce non-

proliferating cells, such as hepatocytes. They also have the added advantage of low

immunogenicity.

In one embodiment, the vector comprising the nucleic acid encoding the desired CAR of

the invention is a DNA, a RNA, a plasmid, an adenoviral vector, a lentivirus vector, or a

retrovirus vector. A retroviral vector may also be, e.g., a gammaretroviral vector. A

gammaretroviral vector may include, e.g., a promoter, a packaging signal (ψ), a primer binding

site (PBS), one or more (e.g., two) long terminal repeats (LTR), and a transgene of interest, e.g.,

a gene encoding a CAR. A gammaretroviral vector may lack viral structural gens such as gag,

pol, and env. Exemplary gammaretroviral vectors include Murine Leukemia Virus (MLV),

Spleen-Focus Forming Virus (SFFV), and Myeloproliferative Sarcoma Virus (MPSV), and

vectors derived therefrom. Other gammaretroviral vectors are described, e.g., in Tobias Maetzig

et al., "Gammaretroviral Vectors: Biology, Technology and Application" Viruses. 2011 Jun;

3(6): 677-713.



In another embodiment, the vector comprising the nucleic acid encoding the desired CAR

of the invention is an adenoviral vector (A5/35). In another embodiment, the expression of

nucleic acids encoding CARs can be accomplished using of transposons such as sleeping beauty,

CRISPR, CAS9, and zinc finger nucleases. See, e.g., June et al. 2009 Nature Reviews

Immunology 9.10: 704-716, incorporated herein by reference in its entirety.

In brief summary, the expression of natural or synthetic nucleic acids encoding CARs is

typically achieved by operably linking a nucleic acid encoding the CAR polypeptide or portions

thereof to a promoter, and incorporating the construct into an expression vector. The vectors can

be suitable for replication and integration eukaryotes. Typical cloning vectors contain

transcription and translation terminators, initiation sequences, and promoters useful for

regulation of the expression of the desired nucleic acid sequence.

The expression constructs of the present invention may also be used for nucleic acid

immunization and gene therapy, using standard gene delivery protocols. Methods for gene

delivery are known in the art. See, e.g., U.S. Pat. Nos. 5,399,346, 5,580,859, 5,589,466,

incorporated by reference herein in their entireties. In another embodiment, the invention

provides a gene therapy vector.

The nucleic acid can be cloned into a number of types of vectors. For example, the

nucleic acid can be cloned into a vector including, but not limited to a plasmid, a phagemid, a

phage derivative, an animal virus, and a cosmid. Vectors of particular interest include expression

vectors, replication vectors, probe generation vectors, and sequencing vectors.

Further, the expression vector may be provided to a cell in the form of a viral vector.

Viral vector technology is well known in the art and is described, for example, in Sambrook et

al, 2012, MOLECULAR CLONING: A LABORATORY MANUAL, volumes 1 -4, Cold

Spring Harbor Press, NY), and in other virology and molecular biology manuals. Viruses, which

are useful as vectors include, but are not limited to, retroviruses, adenoviruses, adeno- associated

viruses, herpes viruses, and lentiviruses. In general, a suitable vector contains an origin of

replication functional in at least one organism, a promoter sequence, convenient restriction

endonuclease sites, and one or more selectable markers, (e.g., WO 01/96584; WO 01/29058; and

U.S. Pat. No. 6,326,193).

A number of viral based systems have been developed for gene transfer into mammalian

cells. For example, retroviruses provide a convenient platform for gene delivery systems. A



selected gene can be inserted into a vector and packaged in retroviral particles using techniques

known in the art. The recombinant virus can then be isolated and delivered to cells of the subject

either in vivo or ex vivo. A number of retroviral systems are known in the art. In some

embodiments, adenovirus vectors are used. A number of adenovirus vectors are known in the art.

In one embodiment, lentivirus vectors are used.

Additional promoter elements, e.g., enhancers, regulate the frequency of transcriptional

initiation. Typically, these are located in the region 30-1 10 bp upstream of the start site, although

a number of promoters have been shown to contain functional elements downstream of the start

site as well. The spacing between promoter elements frequently is flexible, so that promoter

function is preserved when elements are inverted or moved relative to one another. In the

thymidine kinase (tk) promoter, the spacing between promoter elements can be increased to 50

bp apart before activity begins to decline. Depending on the promoter, it appears that individual

elements can function either cooperatively or independently to activate transcription. Exemplary

promoters include the CMV IE gene, EF-la, ubiquitin C, or phosphoglycerokinase (PGK)

promoters.

An example of a promoter that is capable of expressing a CAR transgene in a mammalian

T cell is the EFlalpha promoter (EFla or EFla). The native EFla promoter drives expression of

the alpha subunit of the elongation factor- 1 complex, which is responsible for the enzymatic

delivery of aminoacyl tRNAs to the ribosome. The EFla promoter has been extensively used in

mammalian expression plasmids and has been shown to be effective in driving CAR expression

from transgenes cloned into a lentiviral vector. See, e.g., Milone et al., Mol. Ther. 17(8): 1453—

1464 (2009). In one aspect, the EFla promoter comprises the sequence provided as SEQ ID

NO:ll.

Another example of a promoter is the immediate early cytomegalovirus (CMV) promoter

sequence. This promoter sequence is a strong constitutive promoter sequence capable of driving

high levels of expression of any polynucleotide sequence operatively linked thereto. However,

other constitutive promoter sequences may also be used, including, but not limited to the simian

virus 40 (SV40) early promoter, mouse mammary tumor virus (MMTV), human

immunodeficiency virus (HIV) long terminal repeat (LTR) promoter, MoMuLV promoter, an

avian leukemia virus promoter, an Epstein-Barr virus immediate early promoter, a Rous sarcoma

virus promoter, as well as human gene promoters such as, but not limited to, the actin promoter,



the myosin promoter, the elongation factor- l a promoter, the hemoglobin promoter, and the

creatine kinase promoter. Further, the invention should not be limited to the use of constitutive

promoters. Inducible promoters are also contemplated as part of the invention. The use of an

inducible promoter provides a molecular switch capable of turning on expression of the

polynucleotide sequence which it is operatively linked when such expression is desired, or

turning off the expression when expression is not desired. Examples of inducible promoters

include, but are not limited to a metallothionine promoter, a glucocorticoid promoter, a

progesterone promoter, and a tetracycline promoter.

Another example of a promoter is the phosphoglycerate kinase (PGK) promoter. In

embodiments, a truncated PGK promoter (e.g., a PGK promoter with one or more, e.g., 1, 2, 5,

10, 100, 200, 300, or 400, nucleotide deletions when compared to the wild-type PGK promoter

sequence) may be desired. The nucleotide sequences of exemplary PGK promoters are provided

below.

WT PGK Promoter

ACCCCTCTCTCCAGCCACTAAGCCAGT TGCTCCCTCGGCTGACGGCTGCACGCGAGGCCTCC

GAACGTCT TACGCCT TGTGGCGCGCCCGTCCT TGTCCCGGGTGTGATGGCGGGGTGTGGGGC
GGAGGGCGTGGCGGGGAAGGGCCGGCGACGAGAGCCGCGCGGGACGACTCGTCGGCGATAAC
CGGTGTCGGGTAGCGCCAGCCGCGCGACGGTAACGAGGGACCGCGACAGGCAGACGCTCCCA

TGATCACTCTGCACGCCGAAGGCAAATAGTGCAGGCCGTGCGGCGCT TGGCGT TCCT TGGAA

GGGCTGAATCCCCGCCTCGTCCT TCGCAGCGGCCCCCCGGGTGT TCCCATCGCCGCT TCTAG
GCCCACTGCGACGCT TGCCTGCACT TCT TACACGCTCTGGGTCCCAGCCGCGGCGACGCAAA

GGGCCT TGGTGCGGGTCTCGTCGGCGCAGGGACGCGT T TGGGTCCCGACGGAACCT T T TCCG
CGT TGGGGT TGGGGCACCATAAGCT

(SEQ ID NO: 597)

Exemplary truncated PGK Promoters:

PGK100:
ACCCCTCTCTCCAGCCACTAAGCCAGT TGCTCCCTCGGCTGACGGCTGCACGCGAGGCCTCC

GAACGTCT TACGCCT TGTGGCGCGCCCGTCCT TGTCCCGGGTGTGATGGCGGGGTG

(SEQ ID NO: 598)

PGK200:
ACCCCTCTCTCCAGCCACTAAGCCAGT TGCTCCCTCGGCTGACGGCTGCACGCGAGGCCTCC

GAACGTCT TACGCCT TGTGGCGCGCCCGTCCT TGTCCCGGGTGTGATGGCGGGGTGTGGGGC

GGAGGGCGTGGCGGGGAAGGGCCGGCGACGAGAGCCGCGCGGGACGACTCGTCGGCGATAAC
CGGTGTCGGGTAGCGCCAGCCGCGCGACGGTAACG

(SEQ ID NO: 599)



PGK300:
ACCCCTCTCTCCAGCCACTAAGCCAGT TGCTCCCTCGGCTGACGGCTGCACGCGAGGCCTCC
GAACGTCT TACGCCT TGTGGCGCGCCCGTCCT TGTCCCGGGTGTGATGGCGGGGTGTGGGGC

GGAGGGCGTGGCGGGGAAGGGCCGGCGACGAGAGCCGCGCGGGACGACTCGTCGGCGATAAC
CGGTGTCGGGTAGCGCCAGCCGCGCGACGGTAACGAGGGACCGCGACAGGCAGACGCTCCCA
TGATCACTCTGCACGCCGAAGGCAAATAGTGCAGGCCGTGCGGCGCT TGGCGT TCCT TGGAA

GGGCTGAATCCCCG

(SEQ ID NO: 600)

PGK400:
ACCCCTCTCTCCAGCCACTAAGCCAGT TGCTCCCTCGGCTGACGGCTGCACGCGAGGCCTCC
GAACGTCT TACGCCT TGTGGCGCGCCCGTCCT TGTCCCGGGTGTGATGGCGGGGTGTGGGGC

GGAGGGCGTGGCGGGGAAGGGCCGGCGACGAGAGCCGCGCGGGACGACTCGTCGGCGATAAC
CGGTGTCGGGTAGCGCCAGCCGCGCGACGGTAACGAGGGACCGCGACAGGCAGACGCTCCCA
TGATCACTCTGCACGCCGAAGGCAAATAGTGCAGGCCGTGCGGCGCT TGGCGT TCCT TGGAA

GGGCTGAATCCCCGCCTCGTCCT TCGCAGCGGCCCCCCGGGTGT TCCCATCGCCGCT TCTAG
GCCCACTGCGACGCT TGCCTGCACT TCT TACACGCTCTGGGTCCCAGCCG

(SEQ ID NO: 601)

A vector may also include, e.g., a signal sequence to facilitate secretion, a

polyadenylation signal and transcription terminator (e.g., from Bovine Growth Hormone (BGH)

gene), an element allowing episomal replication and replication in prokaryotes (e.g. SV40 origin

and ColEl or others known in the art) and/or elements to allow selection (e.g., ampicillin

resistance gene and/or zeocin marker).

In order to assess the expression of a CAR polypeptide or portions thereof, the expression

vector to be introduced into a cell can also contain either a selectable marker gene or a reporter

gene or both to facilitate identification and selection of expressing cells from the population of

cells sought to be transfected or infected through viral vectors. In other aspects, the selectable

marker may be carried on a separate piece of DNA and used in a co- transfection procedure.

Both selectable markers and reporter genes may be flanked with appropriate regulatory

sequences to enable expression in the host cells. Useful selectable markers include, for example,

antibiotic-resistance genes, such as neo and the like.

Reporter genes are used for identifying potentially transfected cells and for evaluating the

functionality of regulatory sequences. In general, a reporter gene is a gene that is not present in

or expressed by the recipient organism or tissue and that encodes a polypeptide whose expression

is manifested by some easily detectable property, e.g., enzymatic activity. Expression of the

reporter gene is assayed at a suitable time after the DNA has been introduced into the recipient



cells. Suitable reporter genes may include genes encoding luciferase, beta-galactosidase,

chloramphenicol acetyl transferase, secreted alkaline phosphatase, or the green fluorescent

protein gene (e.g., Ui-Tei et al., 2000 FEBS Letters 479: 79-82). Suitable expression systems are

well known and may be prepared using known techniques or obtained commercially. In general,

the construct with the minimal 5' flanking region showing the highest level of expression of

reporter gene is identified as the promoter. Such promoter regions may be linked to a reporter

gene and used to evaluate agents for the ability to modulate promoter- driven transcription.

In one embodiment, the vector can further comprise a nucleic acid encoding a second

CAR. In one embodiment, the second CAR includes an antigen binding domain to, e.g., a target

other than mesothelin on stroma cells, e.g., FAP; a target other than mesothelin on prostate

cancer cells, e.g., androgen receptor, OR51E2, PSMA, PSCA, PDGRF-β, TARP, GloboH,

MAD-CT-1, or MAD-CT-2; a target other than mesothelin on ovararian cancer cells, e.g., Tn,

PRSS21, CD171, Lewis Y, folate receptor a , claudin6, GloboH, or sperm protein 17; e.g., a

target other than mesothelin on lung cancer cells, e.g.,VEGF, HER3, IGF-1R, EGFR, DLL4, or

Trop-2. In one embodiment, the vector comprises a nucleic acid sequence encoding a first CAR

that targets a first antigen and includes an intracellular signaling domain having a costimulatory

signaling domain but not a primary signaling domain, and a nucleic acid encoding a second CAR

that targets a second, different, antigen and includes an intracellular signaling domain having a

primary signaling domain but not a costimulatory signaling domain. In one embodiment, the

vector comprises a nucleic acid encoding a first mesothelin CAR that includes a mesothelin

binding domain, a transmembrane domain and a costimulatory domain and a nucleic acid

encoding a second CAR that targets an antigen other than mesothelin (e.g., a target other than

mesothelin on stroma cells, e.g., FAP; a target other than mesothelin on prostate cancer cells,

e.g., androgen receptor, OR51E2, PSMA, PSCA, PDGRF-β, TARP, GloboH, MAD-CT-1, or

MAD-CT-2; a target other than mesothelin on ovararian cancer cells, e.g., Tn, PRSS21, CD171,

Lewis Y, folate receptor a , claudin6, GloboH, or sperm protein 17; e.g., a target other than

mesothelin on lung cancer cells, e.g.,VEGF, HER3, IGF-1R, EGFR, DLL4, or Trop-2) and

includes an antigen binding domain, a transmembrane domain and a primary signaling domain.

In another embodiment, the vector comprises a nucleic acid encoding a first mesothelin CAR

that includes a mesothelin binding domain, a transmembrane domain and a primary signaling

domain and a nucleic acid encoding a second CAR that targets an antigen other than mesothelin



(e.g., a target other than mesothelin on stroma cells, e.g., FAP; a target other than mesothelin on

prostate cancer cells, e.g., androgen receptor, OR51E2, PSMA, PSCA, PDGRF-β, TARP,

GloboH, MAD-CT-1, or MAD-CT-2; a target other than mesothelin on ovararian cancer cells,

e.g., Tn, PRSS21, CD171, Lewis Y, folate receptor a , claudin6, GloboH, or sperm protein 17;

e.g., a target other than mesothelin on lung cancer cells, e.g.,VEGF, HER3, IGF-1R, EGFR,

DLL4, or Trop-2) and includes an antigen binding domain to the antigen, a transmembrane

domain and a costimulatory signaling domain.

In one embodiment, the vector comprises a nucleic acid encoding a mesothelin CAR

described herein and a nucleic acid encoding an inhibitory CAR. In one embodiment, the

inhibitory CAR comprises an antigen binding domain that binds an antigen found on normal

cells but not cancer cells, e.g., normal cells that also express CLL. In one embodiment, the

inhibitory CAR comprises the antigen binding domain, a transmembrane domain and an

intracellular domain of an inhibitory molecule. For example, the intracellular domain of the

inhibitory CAR can be an intracellular domain of PDl, PD-Ll, CTLA4, TIM3, CEACAM (e.g.,

CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIRl, CD160,

2B4 and TGFR beta.

In embodiments, the vector may comprise two or more nucleic acid sequences, wherein

one of the nucleic acid sequences encodes a CAR described herein, e.g., a mesothelin CAR

described herein. In on emebodiment, the other nucleic acid can encode a second CAR, e.g., an

inhibitory CAR or a specifically binds to an antigen other than mesothelin (e.g., a target other

than mesothelin on stroma cells, e.g., FAP; a target other than mesothelin on prostate cancer

cells, e.g., androgen receptor, OR51E2, PSMA, PSCA, PDGRF-β, TARP, GloboH, MAD-CT-1,

or MAD-CT-2; a target other than mesothelin on ovararian cancer cells, e.g., Tn, PRSS21,

CD171, Lewis Y, folate receptor a , claudin6, GloboH, or sperm protein 17; e.g., a target other

than mesothelin on lung cancer cells, e.g.,VEGF, HER3, IGF-1R, EGFR, DLL4, or Trop-2), or a

polypeptide that can regulate activity of the mesothelin CAR described herein. In such

embodiments, the two or more nucleic acid sequences, e.g., encoding a mesothelin CAR

described herein and a second CAR or other polypeptide, are encoded by a single nucleic

molecule in the same frame and as a single polypeptide chain. In one embodiment, the two or

more polypeptides can be separated by one or more peptide cleavage sites (e.g., an auto-cleavage



site or a substrate for an intracellular protease). Examples of peptide cleavage sites include the

following, wherein the GSG residues are optional:

T2A: (GSG) E G R G S L L T C G D V E E N P G P (SEQ ID NO: 602)

P2A: (GSG) A T N F S L L K Q A G D V E E N P G P (SEQ ID NO: 603)

E2A: (GSG) Q C T N Y A L L K L A G D V E S N P G P (SEQ ID NO: 604)

F2A: (GSG) V K Q T L N F D L L K L A G D V E S N P G P (SEQ ID NO: 605)

Methods of introducing and expressing genes into a cell are known in the art. In the

context of an expression vector, the vector can be readily introduced into a host cell, e.g.,

mammalian, bacterial, yeast, or insect cell by any method in the art. For example, the expression

vector can be transferred into a host cell by physical, chemical, or biological means.

Physical methods for introducing a polynucleotide into a host cell include calcium

phosphate precipitation, lipofection, particle bombardment, microinjection, electroporation, and

the like. Methods for producing cells comprising vectors and/or exogenous nucleic acids are

well-known in the art. See, for example, Sambrook et al, 2012, MOLECULAR CLONING: A

LABORATORY MANUAL, volumes 1 -4, Cold Spring Harbor Press, NY). A preferred method

for the introduction of a polynucleotide into a host cell is lipofection, e.g., using Lipofectamine

(Life Technologies).

Biological methods for introducing a polynucleotide of interest into a host cell include

the use of DNA and RNA vectors. Viral vectors, and especially retroviral vectors, have become

the most widely used method for inserting genes into mammalian, e.g., human cells. Other viral

vectors can be derived from lentivirus, poxviruses, herpes simplex virus I, adenoviruses and

adeno-associated viruses, and the like. See, for example, U.S. Pat. Nos. 5,350,674 and 5,585,362.

Chemical means for introducing a polynucleotide into a host cell include colloidal

dispersion systems, such as macromolecule complexes, nanocapsules, microspheres, beads, and

lipid-based systems including oil-in-water emulsions, micelles, mixed micelles, and liposomes.

An exemplary colloidal system for use as a delivery vehicle in vitro and in vivo is a liposome

(e.g., an artificial membrane vesicle). Other methods of state-of-the-art targeted delivery of

nucleic acids are available, such as delivery of polynucleotides with targeted nanoparticles or

other suitable sub-micron sized delivery system.



In the case where a non-viral delivery system is utilized, an exemplary delivery vehicle is

a liposome. The use of lipid formulations is contemplated for the introduction of the nucleic

acids into a host cell (in vitro, ex vivo or in vivo). In another aspect, the nucleic acid may be

associated with a lipid. The nucleic acid associated with a lipid may be encapsulated in the

aqueous interior of a liposome, interspersed within the lipid bilayer of a liposome, attached to a

liposome via a linking molecule that is associated with both the liposome and the

oligonucleotide, entrapped in a liposome, complexed with a liposome, dispersed in a solution

containing a lipid, mixed with a lipid, combined with a lipid, contained as a suspension in a lipid,

contained or complexed with a micelle, or otherwise associated with a lipid. Lipid, lipid/DNA or

lipid/expression vector associated compositions are not limited to any particular structure in

solution. For example, they may be present in a bilayer structure, as micelles, or with a

"collapsed" structure. They may also simply be interspersed in a solution, possibly forming

aggregates that are not uniform in size or shape. Lipids are fatty substances which may be

naturally occurring or synthetic lipids. For example, lipids include the fatty droplets that

naturally occur in the cytoplasm as well as the class of compounds which contain long-chain

aliphatic hydrocarbons and their derivatives, such as fatty acids, alcohols, amines, amino

alcohols, and aldehydes.

Lipids suitable for use can be obtained from commercial sources. For example, dimyristyl

phosphatidylcholine ("DMPC") can be obtained from Sigma, St. Louis, MO; dicetyl phosphate

("DCP") can be obtained from K & K Laboratories (Plainview, NY); cholesterol ("Choi") can be

obtained from Calbiochem-Behring; dimyristyl phosphatidylglycerol ("DMPG") and other lipids

may be obtained from Avanti Polar Lipids, Inc. (Birmingham, AL.). Stock solutions of lipids in

chloroform or chloroform/methanol can be stored at about -20°C. Chloroform is used as the only

solvent since it is more readily evaporated than methanol. "Liposome" is a generic term

encompassing a variety of single and multilamellar lipid vehicles formed by the generation of

enclosed lipid bilayers or aggregates. Liposomes can be characterized as having vesicular

structures with a phospholipid bilayer membrane and an inner aqueous medium. Multilamellar

liposomes have multiple lipid layers separated by aqueous medium. They form spontaneously

when phospholipids are suspended in an excess of aqueous solution. The lipid components

undergo self-rearrangement before the formation of closed structures and entrap water and

dissolved solutes between the lipid bilayers (Ghosh et a , 1991 Glycobiology 5 : 505-10).



However, compositions that have different structures in solution than the normal vesicular

structure are also encompassed. For example, the lipids may assume a micellar structure or

merely exist as nonuniform aggregates of lipid molecules. Also contemplated are lipofectamine-

nucleic acid complexes.

Regardless of the method used to introduce exogenous nucleic acids into a host cell or

otherwise expose a cell to the inhibitor of the present invention, in order to confirm the presence

of the recombinant DNA sequence in the host cell, a variety of assays may be performed. Such

assays include, for example, "molecular biological" assays well known to those of skill in the art,

such as Southern and Northern blotting, RT-PCR and PCR; "biochemical" assays, such as

detecting the presence or absence of a particular peptide, e.g., by immunological means (ELISAs

and Western blots) or by assays described herein to identify agents falling within the scope of the

invention.

The present invention further provides a vector comprising a CAR encoding nucleic acid

molecule. In one aspect, a CAR vector can be directly transduced into a cell, e.g., a T cell or a

NK cell. In one aspect, the vector is a cloning or expression vector, e.g., a vector including, but

not limited to, one or more plasmids (e.g., expression plasmids, cloning vectors, minicircles,

minivectors, double minute chromosomes), retroviral and lentiviral vector constructs. In one

aspect, the vector is capable of expressing the CAR construct in mammalian T cells. In one

aspect, the mammalian T cell is a human T cell. In one aspect, the mammalian cell is a human

NK cell.

RNA Transfection

Disclosed herein are methods for producing an in vitro transcribed RNA CAR. The

present invention also includes a CAR encoding RNA construct that can be directly transfected

into a cell. A method for generating mRNA for use in transfection can involve in vitro

transcription (IVT) of a template with specially designed primers, followed by polyA addition, to

produce a construct containing 3' and 5' untranslated sequence ("UTR"), a 5' cap and/or Internal

Ribosome Entry Site (IRES), the nucleic acid to be expressed, and a polyA tail, typically 50-

2000 bases in length (SEQ ID NO:35). RNA so produced can efficiently transfect different kinds

of cells. In one aspect, the template includes sequences for the CAR.



In one aspect the mesothelin CAR is encoded by a messenger RNA (mRNA). In one

aspect the mRNA encoding the mesothelin CAR is introduced into a T cell for production of a

CART cell.

In one embodiment, the in vitro transcribed RNA CAR can be introduced to a cell as a

form of transient transfection. The RNA is produced by in vitro transcription using a polymerase

chain reaction (PCR)-generated template. DNA of interest from any source can be directly

converted by PCR into a template for in vitro mRNA synthesis using appropriate primers and

RNA polymerase. The source of the DNA can be, for example, genomic DNA, plasmid DNA,

phage DNA, cDNA, synthetic DNA sequence or any other appropriate source of DNA. The

desired temple for in vitro transcription is a CAR of the present invention. For example, the

template for the RNA CAR comprises an extracellular region comprising a single chain variable

domain of an anti-tumor antibody; a hinge region, a transmembrane domain (e.g., a

transmembrane domain of CD8a); and a cytoplasmic region that includes an intracellular

signaling domain, e.g., comprising the signaling domain of CD3-zeta and the signaling domain

of4-lBB.

In one embodiment, the DNA to be used for PCR contains an open reading frame. The

DNA can be from a naturally occurring DNA sequence from the genome of an organism. In one

embodiment, the nucleic acid can include some or all of the 5' and/or 3' untranslated regions

(UTRs). The nucleic acid can include exons and introns. In one embodiment, the DNA to be

used for PCR is a human nucleic acid sequence. In another embodiment, the DNA to be used for

PCR is a human nucleic acid sequence including the 5' and 3' UTRs. The DNA can alternatively

be an artificial DNA sequence that is not normally expressed in a naturally occurring organism.

An exemplary artificial DNA sequence is one that contains portions of genes that are ligated

together to form an open reading frame that encodes a fusion protein. The portions of DNA that

are ligated together can be from a single organism or from more than one organism.

PCR is used to generate a template for in vitro transcription of mRNA which is used for

transfection. Methods for performing PCR are well known in the art. Primers for use in PCR are

designed to have regions that are substantially complementary to regions of the DNA to be used

as a template for the PCR. The term "substantially complementary" refers to sequences of

nucleotides where a majority or all of the bases in the primer sequence are complementary, or

one or more bases are non-complementary, or mismatched. Substantially complementary



sequences are able to anneal or hybridize with the intended DNA target under annealing

conditions used for PCR. The primers can be designed to be substantially complementary to any

portion of the DNA template. For example, the primers can be designed to amplify the portion of

a nucleic acid that is normally transcribed in cells (the open reading frame), including 5' and 3'

UTRs. The primers can also be designed to amplify a portion of a nucleic acid that encodes a

particular domain of interest. In one embodiment, the primers are designed to amplify the coding

region of a human cDNA, including all or portions of the 5' and 3' UTRs. Primers useful for PCR

can be generated by synthetic methods that are well known in the art. "Forward primers" are

primers that contain a region of nucleotides that are substantially complementary to nucleotides

on the DNA template that are upstream of the DNA sequence that is to be amplified. The term

"upstream" refers to a location 5' to the DNA sequence to be amplified relative to the coding

strand. "Reverse primers" are primers that contain a region of nucleotides that are substantially

complementary to a double-stranded DNA template that are downstream of the DNA sequence

that is to be amplified. The term "downstream" refers to a location 3' to the DNA sequence to be

amplified relative to the coding strand.

Any DNA polymerase useful for PCR can be used in the methods disclosed herein. The

reagents and polymerase are commercially available from a number of sources.

Chemical structures with the ability to promote stability and/or translation efficiency may

also be used. The RNA preferably has 5' and 3' UTRs. In one embodiment, the 5' UTR is

between one and 3000 nucleotides in length. The length of 5' and 3' UTR sequences to be added

to the coding region can be altered by different methods, including, but not limited to, designing

primers for PCR that anneal to different regions of the UTRs. Using this approach, one of

ordinary skill in the art can modify the 5' and 3' UTR lengths required to achieve optimal

translation efficiency following transfection of the transcribed RNA.

The 5' and 3' UTRs can be the naturally occurring, endogenous 5' and 3' UTRs for the

nucleic acid of interest. Alternatively, UTR sequences that are not endogenous to the nucleic acid

of interest can be added by incorporating the UTR sequences into the forward and reverse

primers or by any other modifications of the template. The use of UTR sequences that are not

endogenous to the nucleic acid of interest can be useful for modifying the stability and/or

translation efficiency of the RNA. For example, it is known that AU-rich elements in 3' UTR

sequences can decrease the stability of mRNA. Therefore, 3' UTRs can be selected or designed



to increase the stability of the transcribed RNA based on properties of UTRs that are well known

in the art.

In one embodiment, the 5' UTR can contain the Kozak sequence of the endogenous

nucleic acid. Alternatively, when a 5' UTR that is not endogenous to the nucleic acid of interest

is being added by PCR as described above, a consensus Kozak sequence can be redesigned by

adding the 5' UTR sequence. Kozak sequences can increase the efficiency of translation of some

RNA transcripts, but does not appear to be required for all RNAs to enable efficient translation.

The requirement for Kozak sequences for many mRNAs is known in the art. In other

embodiments the 5' UTR can be 5'UTR of an RNA virus whose RNA genome is stable in cells.

In other embodiments various nucleotide analogues can be used in the 3' or 5' UTR to impede

exonuclease degradation of the mRNA.

To enable synthesis of RNA from a DNA template without the need for gene cloning, a

promoter of transcription should be attached to the DNA template upstream of the sequence to be

transcribed. When a sequence that functions as a promoter for an RNA polymerase is added to

the 5' end of the forward primer, the RNA polymerase promoter becomes incorporated into the

PCR product upstream of the open reading frame that is to be transcribed. In one preferred

embodiment, the promoter is a T7 polymerase promoter, as described elsewhere herein. Other

useful promoters include, but are not limited to, T3 and SP6 RNA polymerase promoters.

Consensus nucleotide sequences for T7, T3 and SP6 promoters are known in the art.

In a preferred embodiment, the mRNA has both a cap on the 5' end and a 3' poly(A) tail

which determine ribosome binding, initiation of translation and stability mRNA in the cell. On a

circular DNA template, for instance, plasmid DNA, RNA polymerase produces a long

concatameric product which is not suitable for expression in eukaryotic cells. The transcription

of plasmid DNA linearized at the end of the 3' UTR results in normal sized mRNA which is not

effective in eukaryotic transfection even if it is polyadenylated after transcription.

On a linear DNA template, phage T7 RNA polymerase can extend the 3' end of the

transcript beyond the last base of the template (Schenborn and Mierendorf, Nuc Acids Res.,

13:6223-36 (1985); Nacheva and Berzal-Herranz, Eur. J . Biochem., 270:1485-65 (2003).

The conventional method of integration of polyA/T stretches into a DNA template is

molecular cloning. However polyA/T sequence integrated into plasmid DNA can cause plasmid

instability, which is why plasmid DNA templates obtained from bacterial cells are often highly



contaminated with deletions and other aberrations. This makes cloning procedures not only

laborious and time consuming but often not reliable. That is why a method which allows

construction of DNA templates with polyA/T 3' stretch without cloning highly desirable.

The polyA/T segment of the transcriptional DNA template can be produced during PCR

by using a reverse primer containing a polyT tail, such as 100T tail (SEQ ID NO: 31) (size can

be 50-5000 T (SEQ ID NO: 32)), or after PCR by any other method, including, but not limited

to, DNA ligation or in vitro recombination. Poly(A) tails also provide stability to RNAs and

reduce their degradation. Generally, the length of a poly(A) tail positively correlates with the

stability of the transcribed RNA. In one embodiment, the poly(A) tail is between 100 and 5000

adenosines (SEQ ID NO: 33).

Poly(A) tails of RNAs can be further extended following in vitro transcription with the

use of a poly(A) polymerase, such as E. coli polyA polymerase (E-PAP). In one embodiment,

increasing the length of a poly(A) tail from 100 nucleotides to between 300 and 400 nucleotides

(SEQ ID NO: 34) results in about a two-fold increase in the translation efficiency of the RNA.

Additionally, the attachment of different chemical groups to the 3' end can increase mRNA

stability. Such attachment can contain modified/artificial nucleotides, aptamers and other

compounds. For example, ATP analogs can be incorporated into the poly(A) tail using poly(A)

polymerase. ATP analogs can further increase the stability of the RNA.

5' caps on also provide stability to RNA molecules. In a preferred embodiment, RNAs

produced by the methods disclosed herein include a 5' cap. The 5' cap is provided using

techniques known in the art and described herein (Cougot, et al., Trends in Biochem. Sci.,

29:436-444 (2001); Stepinski, et al., RNA, 7:1468-95 (2001); Elango, et al., Biochim. Biophys.

Res. Commun., 330:958-966 (2005)).

The RNAs produced by the methods disclosed herein can also contain an internal

ribosome entry site (IRES) sequence. The IRES sequence may be any viral, chromosomal or

artificially designed sequence which initiates cap-independent ribosome binding to mRNA and

facilitates the initiation of translation. Any solutes suitable for cell electroporation, which can

contain factors facilitating cellular permeability and viability such as sugars, peptides, lipids,

proteins, antioxidants, and surfactants can be included.

RNA can be introduced into target cells using any of a number of different methods, for

instance, commercially available methods which include, but are not limited to, electroporation



(Amaxa Nucleofector-II (Amaxa Biosystems, Cologne, Germany)), (ECM 830 (BTX) (Harvard

Instruments, Boston, Mass.) or the Gene Pulser II (BioRad, Denver, Colo.), Multiporator

(Eppendort, Hamburg Germany), cationic liposome mediated transfection using lipofection,

polymer encapsulation, peptide mediated transfection, or biolistic particle delivery systems such

as "gene guns" (see, for example, Nishikawa, et al. Hum Gene Ther., 12(8):861-70 (2001).

Non-viral Delivery Methods

In some aspects, non-viral methods can be used to deliver a nucleic acid encoding a CAR

described herein into a cell or tissue or a subject.

In some embodiments, the non-viral method includes the use of a transposon (also called a

transposable element). In some embodiments, a transposon is a piece of DNA that can insert

itself at a location in a genome, for example, a piece of DNA that is capable of self-replicating

and inserting its copy into a genome, or a piece of DNA that can be spliced out of a longer

nucleic acid and inserted into another place in a genome. For example, a transposon comprises a

DNA sequence made up of inverted repeats flanking genes for transposition.

Exemplary methods of nucleic acid delivery using a transposon include a Sleeping Beauty

transposon system (SBTS) and a piggyBac (PB) transposon system. See, e.g., Aronovich et al.

Hum. Mol. Genet. 20.Rl(2011):R14-20; Singh et al. Cancer Res. 15(2008):2961-2971; Huang et

al. Mol. Ther. 16(2008):580-589; Grabundzija et al. Mol. Ther. 18(2010): 1200-1209; Kebriaei

et al. Blood. 122.21(2013): 166; Williams. Molecular Therapy 16.9(2008): 15 15-16; Bell et al.

Nat. Protoc. 2 .12(2007):3 153-65; and Ding et al. Cell. 122.3(2005):473-83, all of which are

incorporated herein by reference.

The SBTS includes two components: 1) a transposon containing a transgene and 2) a

source of transposase enzyme. The transposase can transpose the transposon from a carrier

plasmid (or other donor DNA) to a target DNA, such as a host cell chromosome/genome. For

example, the transposase binds to the carrier plasmid/donor DNA, cuts the transposon (including

transgene(s)) out of the plasmid, and inserts it into the genome of the host cell. See, e.g.,

Aronovich et al. supra.

Exemplary transposons include a pT2-based transposon. See, e.g., Grabundzija et al.

Nucleic Acids Res. 41.3(2013):1829-47; and Singh et al. Cancer Res. 68.8(2008): 2961-2971, all

of which are incorporated herein by reference. Exemplary transposases include a Tcl/mariner-



type transposase, e.g., the SB 10 transposase or the SB 11 transposase (a hyperactive transposase

which can be expressed, e.g., from a cytomegalovirus promoter). See, e.g., Aronovich et al.;

Kebriaei et al.; and Grabundzija et al., all of which are incorporated herein by reference.

Use of the SBTS permits efficient integration and expression of a transgene, e.g., a

nucleic acid encoding a CAR described herein. Provided herein are methods of generating a cell,

e.g., T cell or NK cell, that stably expresses a CAR described herein, e.g., using a transposon

system such as SBTS.

In accordance with methods described herein, in some embodiments, one or more nucleic

acids, e.g., plasmids, containing the SBTS components are delivered to a cell (e.g., T or NK

cell). For example, the nucleic acid(s) are delivered by standard methods of nucleic acid (e.g.,

plasmid DNA) delivery, e.g., methods described herein, e.g., electroporation, transfection, or

lipofection. In some embodiments, the nucleic acid contains a transposon comprising a

transgene, e.g., a nucleic acid encoding a CAR described herein. In some embodiments, the

nucleic acid contains a transposon comprising a transgene (e.g., a nucleic acid encoding a CAR

described herein) as well as a nucleic acid sequence encoding a transposase enzyme. In other

embodiments, a system with two nucleic acids is provided, e.g., a dual-plasmid system, e.g.,

where a first plasmid contains a transposon comprising a transgene, and a second plasmid

contains a nucleic acid sequence encoding a transposase enzyme. For example, the first and the

second nucleic acids are co-delivered into a host cell.

In some embodiments, cells, e.g., T or NK cells, are generated that express a CAR

described herein by using a combination of gene insertion using the SBTS and genetic editing

using a nuclease (e.g., Zinc finger nucleases (ZFNs), Transcription Activator-Like Effector

Nucleases (TALENs), the CRISPR/Cas system, or engineered meganuclease re-engineered

homing endonucleases).

In some embodiments, use of a non-viral method of delivery permits reprogramming of

cells, e.g., T or NK cells, and direct infusion of the cells into a subject. Advantages of non-viral

vectors include but are not limited to the ease and relatively low cost of producing sufficient

amounts required to meet a patient population, stability during storage, and lack of

immunogenicity .



Sources of Cells

Prior to expansion and genetic modification, e.g., to express a CAR described herein, a

source of cells, e.g., T cell or NK cells, can be obtained from a subject. The term "subject" is

intended to include living organisms in which an immune response can be elicited (e.g.,

mammals). Examples of subjects include humans, dogs, cats, mice, rats, and transgenic species

thereof. T cells can be obtained from a number of sources, including peripheral blood

mononuclear cells, bone marrow, lymph node tissue, cord blood, thymus tissue, tissue from a site

of infection, ascites, pleural effusion, spleen tissue, and tumors. In certain aspects of the present

disclosure, any number of T cell lines available in the art, may be used. In certain aspects of the

present disclosure, T cells can be obtained from a unit of blood collected from a subject using

any number of techniques known to the skilled artisan, such as Ficoll™ separation. In one

preferred aspect, cells from the circulating blood of an individual are obtained by apheresis. The

apheresis product typically contains lymphocytes, including T cells, monocytes, granulocytes, B

cells, other nucleated white blood cells, red blood cells, and platelets. In one aspect, the cells

collected by apheresis may be washed to remove the plasma fraction and to place the cells in an

appropriate buffer or media for subsequent processing steps. In one aspect of the invention, the

cells are washed with phosphate buffered saline (PBS). In an alternative aspect, the wash

solution lacks calcium and may lack magnesium or may lack many if not all divalent cations.

Initial activation steps in the absence of calcium can lead to magnified activation. As those of

ordinary skill in the art would readily appreciate a washing step may be accomplished by

methods known to those in the art, such as by using a semi-automated "flow-through" centrifuge

(for example, the Cobe 2991 cell processor, the Baxter CytoMate, or the Haemonetics Cell Saver

5) according to the manufacturer's instructions. After washing, the cells may be resuspended in a

variety of biocompatible buffers, such as, for example, Ca-free, Mg-free PBS, PlasmaLyte A, or

other saline solution with or without buffer. Alternatively, the undesirable components of the

apheresis sample may be removed and the cells directly resuspended in culture media.

It is recognized that the methods of the application can utilize culture media conditions

comprising 5% or less, for example 2%, human AB serum, and employ known culture media

conditions and compositions, for example those described in Smith et al., "Ex vivo expansion of

human T cells for adoptive immunotherapy using the novel Xeno-free CTS Immune Cell Serum

Replacement" Clinical & Translational Immunology (2015) 4, e31; doi:10.1038/cti.2014.31.



In one aspect, T cells are isolated from peripheral blood lymphocytes by lysing the red

blood cells and depleting the monocytes, for example, by centrifugation through a PERCOLLTM

gradient or by counterflow centrifugal elutriation. A specific subpopulation of T cells, such as

CD3+, CD28+, CD4+, CD8+, CD45RA+, and CD45RO+T cells, can be further isolated by

positive or negative selection techniques. For example, in one aspect, T cells are isolated by

incubation with anti-CD3/anti-CD28 (e.g., 3x28)-conjugated beads, such as DYNABEADS® M-

450 CD3/CD28 T, for a time period sufficient for positive selection of the desired T cells. In one

aspect, the time period is about 30 minutes. In a further aspect, the time period ranges from 30

minutes to 36 hours or longer and all integer values there between. In a further aspect, the time

period is at least 1, 2, 3, 4, 5, or 6 hours. In yet another preferred aspect, the time period is 10 to

24 hours. In one aspect, the incubation time period is 24 hours. Longer incubation times may be

used to isolate T cells in any situation where there are few T cells as compared to other cell

types, such in isolating tumor infiltrating lymphocytes (TIL) from tumor tissue or from

immunocompromised individuals. Further, use of longer incubation times can increase the

efficiency of capture of CD8+ T cells. Thus, by simply shortening or lengthening the time T cells

are allowed to bind to the CD3/CD28 beads and/or by increasing or decreasing the ratio of beads

to T cells (as described further herein), subpopulations of T cells can be preferentially selected

for or against at culture initiation or at other time points during the process. Additionally, by

increasing or decreasing the ratio of anti-CD3 and/or anti-CD28 antibodies on the beads or other

surface, subpopulations of T cells can be preferentially selected for or against at culture initiation

or at other desired time points. The skilled artisan would recognize that multiple rounds of

selection can also be used in the context of this invention. In certain aspects, it may be desirable

to perform the selection procedure and use the "unselected" cells in the activation and expansion

process. "Unselected" cells can also be subjected to further rounds of selection.

Enrichment of a T cell population by negative selection can be accomplished with a

combination of antibodies directed to surface markers unique to the negatively selected cells.

One method is cell sorting and/or selection via negative magnetic immunoadherence or flow

cytometry that uses a cocktail of monoclonal antibodies directed to cell surface markers present

on the cells negatively selected. For example, to enrich for CD4+ cells by negative selection, a

monoclonal antibody cocktail typically includes antibodies to CD14, CD20, CD1 lb, CD16,

HLA-DR, and CD8. In certain aspects, it may be desirable to enrich for or positively select for



regulatory T cells which typically express CD4+, CD25+, CD62Lhi, GITR+, and FoxP3+.

Alternatively, in certain aspects, T regulatory cells are depleted by anti-C25 conjugated beads or

other similar method of selection.

The methods described herein can include, e.g., selection of a specific subpopulation of

immune effector cells, e.g., T cells, that are a T regulatory cell-depleted population, CD25+

depleted cells, using, e.g., a negative selection technique, e.g., described herein. Preferably, the

population of T regulatory depleted cells contains less than 30%, 25%, 20%, 15%, 10%, 5%, 4%,

3%, 2%, 1% of CD25+ cells.

In one embodiment, T regulatory cells, e.g., CD25+ T cells, are removed from the

population using an anti-CD25 antibody, or fragment thereof, or a CD25-binding ligand, IL-2.

In one embodiment, the anti-CD25 antibody, or fragment thereof, or CD25-binding ligand is

conjugated to a substrate, e.g., a bead, or is otherwise coated on a substrate, e.g., a bead. In one

embodiment, the anti-CD25 antibody, or fragment thereof, is conjugated to a substrate as

described herein.

In one embodiment, the T regulatory cells, e.g., CD25+ T cells, are removed from the

population using CD25 depletion reagent from Miltenyi™. In one embodiment, the ratio of

cells to CD25 depletion reagent is le7 cells to 20 uL, or le7 cells to 15 uL, or le7 cells to 10 uL,

or le7 cells to 5 uL, or le7 cells to 2.5 uL, or le7 cells to 1.25 uL. In one embodiment, e.g., for T

regulatory cells, e.g., CD25+ depletion, greater than 500 million cells/ml is used. In a further

aspect, a concentration of cells of 600, 700, 800, or 900 million cells/ml is used.

In one embodiment, the population of immune effector cells to be depleted includes

about 6 x 109 CD25+ T cells. In other aspects, the population of immune effector cells to be

depleted include about 1 x 109 to lx 10 10 CD25+ T cell, and any integer value in between. In one

embodiment, the resulting population T regulatory depleted cells has 2 x 109 T regulatory cells,

e.g., CD25+ cells, or less (e.g., 1 x 109, 5 x 10 , 1 x 108, 5 x 107, 1 x 107, or less CD25+ cells).

In one embodiment, the T regulatory cells, e.g., CD25+ cells, are removed from the

population using the CliniMAC system with a depletion tubing set, such as, e.g., tubing 162-01.

In one embodiment, the CliniMAC system is run on a depletion setting such as, e.g.,

DEPLETION2.1.

Without wishing to be bound by a particular theory, decreasing the level of negative

regulators of immune cells (e.g., decreasing the number of unwanted immune cells, e.g., T REG



cells), in a subject prior to apheresis or during manufacturing of a CAR-expressing cell product

can reduce the risk of subject relapse. For example, methods of depleting T REG cells are known

in the art. Methods of decreasing T REG cells include, but are not limited to, cyclophosphamide,

anti-GITR antibody (an anti-GITR antibody described herein), CD25-depletion, and

combinations thereof.

In some embodiments, the manufacturing methods comprise reducing the number of

(e.g., depleting) T REG cells prior to manufacturing of the CAR-expressing cell. For example,

manufacturing methods comprise contacting the sample, e.g., the apheresis sample, with an anti-

GITR antibody and/or an anti-CD25 antibody (or fragment thereof, or a CD25-binding ligand),

e.g., to deplete T REG cells prior to manufacturing of the CAR-expressing cell (e.g., T cell, NK

cell) product.

In an embodiment, a subject is pre-treated with one or more therapies that reduce T REG

cells prior to collection of cells for CAR-expressing cell product manufacturing, thereby

reducing the risk of subject relapse to CAR-expressing cell treatment. In an embodiment,

methods of decreasing T REG cells include, but are not limited to, administration to the subject of

one or more of cyclophosphamide, anti-GITR antibody, CD25-depletion, or a combination

thereof. Administration of one or more of cyclophosphamide, anti-GITR antibody, CD25-

depletion, or a combination thereof, can occur before, during or after an infusion of the CAR-

expressing cell product.

In an embodiment, a subject is pre-treated with cyclophosphamide prior to collection of

cells for CAR-expressing cell product manufacturing, thereby reducing the risk of subject relapse

to CAR-expressing cell treatment. In an embodiment, a subject is pre-treated with an anti-GITR

antibody prior to collection of cells for CAR-expressing cell product manufacturing, thereby

reducing the risk of subject relapse to CAR-expressing cell treatment.

In one embodiment, the population of cells to be removed are neither the regulatory T

cells or tumor cells, but cells that otherwise negatively affect the expansion and/or function of

CART cells, e.g. cells expressing CD14, CDllb, CD33, CD15, or other markers expressed by

potentially immune suppressive cells. In one embodiment, such cells are envisioned to be

removed concurrently with regulatory T cells and/or tumor cells, or following said depletion, or

in another order.



The methods described herein can include more than one selection step, e.g., more than

one depletion step. Enrichment of a T cell population by negative selection can be

accomplished, e.g., with a combination of antibodies directed to surface markers unique to the

negatively selected cells. One method is cell sorting and/or selection via negative magnetic

immunoadherence or flow cytometry that uses a cocktail of monoclonal antibodies directed to

cell surface markers present on the cells negatively selected. For example, to enrich for CD4+

cells by negative selection, a monoclonal antibody cocktail can include antibodies to CD 14,

CD20, CDllb, CD16, HLA-DR, and CD8.

The methods described herein can further include removing cells from the population

which express a tumor antigen, e.g., a tumor antigen that does not comprise CD25, e.g., CD19,

CD30, CD38, CD123, CD20, CD14 or CD1 lb, to thereby provide a population of T regulatory

depleted, e.g., CD25+ depleted, and tumor antigen depleted cells that are suitable for expression

of a CAR, e.g., a CAR described herein. In one embodiment, tumor antigen expressing cells are

removed simultaneously with the T regulatory, e.g., CD25+ cells. For example, an anti-CD25

antibody, or fragment thereof, and an anti-tumor antigen antibody, or fragment thereof, can be

attached to the same substrate, e.g., bead, which can be used to remove the cells or an anti-CD25

antibody, or fragment thereof, or the anti-tumor antigen antibody, or fragment thereof, can be

attached to separate beads, a mixture of which can be used to remove the cells. In other

embodiments, the removal of T regulatory cells, e.g., CD25+ cells, and the removal of the tumor

antigen expressing cells is sequential, and can occur, e.g., in either order.

Also provided are methods that include removing cells from the population which

express a check point inhibitor, e.g., a check point inhibitor described herein, e.g., one or more of

PD1+ cells, LAG3+ cells, and TIM3+ cells, to thereby provide a population of T regulatory

depleted, e.g., CD25+ depleted cells, and check point inhibitor depleted cells, e.g., PD1+,

LAG3+ and/or TIM3+ depleted cells. Exemplary check point inhibitors include B7-H1, B7-1,

CD160, P1H, 2B4, PD1, TIM3, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or CEACAM-

5), LAG3, TIGIT, CTLA-4, BTLA and LAIR1. In one embodiment, check point inhibitor

expressing cells are removed simultaneously with the T regulatory, e.g., CD25+ cells. For

example, an anti-CD25 antibody, or fragment thereof, and an anti-check point inhibitor antibody,

or fragment thereof, can be attached to the same bead which can be used to remove the cells, or

an anti-CD25 antibody, or fragment thereof, and the anti-check point inhibitor antibody, or



fragment there, can be attached to separate beads, a mixture of which can be used to remove the

cells. In other embodiments, the removal of T regulatory cells, e.g., CD25+ cells, and the

removal of the check point inhibitor expressing cells is sequential, and can occur, e.g., in either

order.

In one embodiment, a T cell population can be selected that expresses one or more of

l N- , TNFa, IL-17A, IL-2, IL-3, IL-4, GM-CSF, IL-10, IL-13, granzyme B, and perforin, or

other appropriate molecules, e.g., other cytokines. Methods for screening for cell expression can

be determined, e.g., by the methods described in PCT Publication No.: WO 2013/126712.

For isolation of a desired population of cells by positive or negative selection, the

concentration of cells and surface (e.g., particles such as beads) can be varied. In certain aspects,

it may be desirable to significantly decrease the volume in which beads and cells are mixed

together (e.g., increase the concentration of cells), to ensure maximum contact of cells and beads.

For example, in one aspect, a concentration of 2 billion cells/ml is used. In one aspect, a

concentration of 1 billion cells/ml is used. In a further aspect, greater than 100 million cells/ml is

used. In a further aspect, a concentration of cells of 10, 15, 20, 25, 30, 35, 40, 45, or 50 million

cells/ml is used. In yet one aspect, a concentration of cells from 75, 80, 85, 90, 95, or 100 million

cells/ml is used. In further aspects, concentrations of 125 or 150 million cells/ml can be used.

Using high concentrations can result in increased cell yield, cell activation, and cell expansion.

Further, use of high cell concentrations allows more efficient capture of cells that may weakly

express target antigens of interest, such as CD28-negative T cells, or from samples where there

are many tumor cells present (e.g., leukemic blood, tumor tissue, etc.). Such populations of cells

may have therapeutic value and would be desirable to obtain. For example, using high

concentration of cells allows more efficient selection of CD8+ T cells that normally have weaker

CD28 expression.

In a related aspect, it may be desirable to use lower concentrations of cells. By

significantly diluting the mixture of T cells and surface (e.g., particles such as beads),

interactions between the particles and cells is minimized. This selects for cells that express high

amounts of desired antigens to be bound to the particles. For example, CD4+ T cells express

higher levels of CD28 and are more efficiently captured than CD8+ T cells in dilute

concentrations. In one aspect, the concentration of cells used is 5 X 10e6/ml. In other aspects, the



concentration used can be from about 1 X 10 /ml to 1 X 106/ml, and any integer value in

between.

In other aspects, the cells may be incubated on a rotator for varying lengths of time at

varying speeds at either 2-10°C or at room temperature.

T cells for stimulation can also be frozen after a washing step. Wishing not to be bound

by theory, the freeze and subsequent thaw step provides a more uniform product by removing

granulocytes and to some extent monocytes in the cell population. After the washing step that

removes plasma and platelets, the cells may be suspended in a freezing solution. While many

freezing solutions and parameters are known in the art and will be useful in this context, one

method involves using PBS containing 20% DMSO and 8% human serum albumin, or culture

media containing 10% Dextran 40 and 5% Dextrose, 20% Human Serum Albumin and 7.5%

DMSO, or 31.25% Plasmalyte-A, 31.25% Dextrose 5%, 0.45% NaCl, 10% Dextran 40 and 5%

Dextrose, 20% Human Serum Albumin, and 7.5% DMSO or other suitable cell freezing media

containing for example, Hespan and PlasmaLyte A, the cells then are frozen to -80°C at a rate of

1° per minute and stored in the vapor phase of a liquid nitrogen storage tank. Other methods of

controlled freezing may be used as well as uncontrolled freezing immediately at -20° C or in

liquid nitrogen.

In certain aspects, cryopreserved cells are thawed and washed as described herein and

allowed to rest for one hour at room temperature prior to activation using the methods of the

present disclosure.

Also contemplated in the context of the invention is the collection of blood samples or

apheresis product from a subject at a time period prior to when the expanded cells as described

herein might be needed. As such, the source of the cells to be expanded can be collected at any

time point necessary, and desired cells, such as T cells, isolated and frozen for later use in T cell

therapy for any number of diseases or conditions that would benefit from T cell therapy, such as

those described herein. In one aspect a blood sample or an apheresis is taken from a generally

healthy subject. In certain aspects, a blood sample or an apheresis is taken from a generally

healthy subject who is at risk of developing a disease, but who has not yet developed a disease,

and the cells of interest are isolated and frozen for later use. In certain aspects, the T cells may be

expanded, frozen, and used at a later time. In certain aspects, samples are collected from a patient

shortly after diagnosis of a particular disease as described herein but prior to any treatments. In a



further aspect, the cells are isolated from a blood sample or an apheresis from a subject prior to

any number of relevant treatment modalities, including but not limited to treatment with agents

such as natalizumab, efalizumab, antiviral agents, chemotherapy, radiation, immunosuppressive

agents, such as cyclosporin, azathioprine, methotrexate, mycophenolate, and FK506, antibodies,

or other immunoablative agents such as CAMPATH, anti-CD3 antibodies, Cytoxan, fludarabine,

cyclosporin, FK506, rapamycin, mycophenolic acid, steroids, FR901228, and irradiation.

In a further aspect of the present disclosure, T cells are obtained from a patient directly

following treatment that leaves the subject with functional T cells. In this regard, it has been

observed that following certain cancer treatments, in particular treatments with drugs that

damage the immune system, shortly after treatment during the period when patients would

normally be recovering from the treatment, the quality of T cells obtained may be optimal or

improved for their ability to expand ex vivo. Likewise, following ex vivo manipulation using the

methods described herein, these cells may be in a preferred state for enhanced engraftment and in

vivo expansion. Thus, it is contemplated within the context of the present disclosure to collect

blood cells, including T cells, dendritic cells, or other cells of the hematopoietic lineage, during

this recovery phase. Further, in certain aspects, mobilization (for example, mobilization with

GM-CSF) and conditioning regimens can be used to create a condition in a subject wherein

repopulation, recirculation, regeneration, and/or expansion of particular cell types is favored,

especially during a defined window of time following therapy. Illustrative cell types include T

cells, B cells, dendritic cells, and other cells of the immune system.

In one embodiment, a T cell population is diaglycerol kinase (DGK)-deficient. DGK-

deficient cells include cells that do not express DGK RNA or protein, or have reduced or

inhibited DGK activity. DGK-deficient cells can be generated by genetic approaches, e.g.,

administering RNA-interfering agents, e.g., siRNA, shRNA, miRNA, to reduce or prevent DGK

expression. Alternatively, DGK-deficient cells can be generated by treatment with DGK

inhibitors described herein.

In one embodiment, a T cell population is Ikaros-deficient. Ikaros-deficient cells include

cells that do not express Ikaros RNA or protein, or have reduced or inhibited Ikaros activity,

Ikaros-deficient cells can be generated by genetic approaches, e.g., administering RNA-

interfering agents, e.g., siRNA, shRNA, miRNA, to reduce or prevent Ikaros expression.



Alternatively, Ikaros-deficient cells can be generated by treatment with Ikaros inhibitors, e.g.,

lenalidomide.

In embodiments, a T cell population is DGK-deficient and Ikaros-deficient, e.g., does not

express DGK and Ikaros, or has reduced or inhibited DGK and Ikaros activity. Such DGK and

Ikaros-deficient cells can be generated by any of the methods described herein.

In an embodiment, the NK cells are obtained from the subject. In another embodiment,

the NK cells are an NK cell line, e.g., NK-92 cell line (Conkwest).

Allogeneic CAR Immune Effector Cells

In embodiments described herein, the immune effector cell can be an allogeneic immune

effector cell, e.g., T cell or NK cell. For example, the cell can be an allogeneic T cell, e.g., an

allogeneic T cell lacking expression of a functional T cell receptor (TCR) and/or human

leukocyte antigen (HLA), e.g., HLA class I and/or HLA class II.

A T cell lacking a functional TCR can be, e.g., engineered such that it does not express

any functional TCR on its surface, engineered such that it does not express one or more subunits

that comprise a functional TCR or engineered such that it produces very little functional TCR on

its surface. Alternatively, the T cell can express a substantially impaired TCR, e.g., by

expression of mutated or truncated forms of one or more of the subunits of the TCR. The term

"substantially impaired TCR" means that this TCR will not elicit an adverse immune reaction in

a host.

A T cell described herein can be, e.g., engineered such that it does not express a

functional HLA on its surface. For example, a T cell described herein, can be engineered such

that cell surface expression HLA, e.g., HLA class I and/or HLA class II, is downregulated.

In some embodiments, the T cell can lack a functional TCR and a functional HLA, e.g.,

HLA class I and/or HLA class II.

Modified T cells that lack expression of a functional TCR and/or HLA can be obtained

by any suitable means, including a knock out or knock down of one or more subunit of TCR or

HLA. For example, the T cell can include a knock down of TCR and/or HLA using siRNA,

shRNA, clustered regularly interspaced short palindromic repeats (CRISPR) transcription-

activator like effector nuclease (TALEN), or zinc finger endonuclease (ZFN).



In some embodiments, the allogeneic cell can be a cell which does not expresses or

expresses at low levels an inhibitory molecule, e.g. by any mehod described herein. For

example, the cell can be a cell that does not express or expresses at low levels an inhibitory

molecule, e.g., that can decrease the ability of a CAR-expressing cell to mount an immune

effector response. Examples of inhibitory molecules include PD1, PD-L1, CTLA4, TIM3,

LAG3, VISTA, BTLA, TIGIT, LAIRl, CD160, 2B4, CD80, CD86, B7-H3 (CD276), B7-H4

(VTCN1), HVEM (TNFRSF14 or CD270), KIR, A2aR, MHC class I, MHC class II, GAL9,

adenosine, and TGFR beta. Inhibition of an inhibitory molecule, e.g., by inhibition at the DNA,

RNA or protein level, can optimize a CAR-expressing cell performance. In embodiments, an

inhibitory nucleic acid, e.g., an inhibitory nucleic acid, e.g., a dsRNA, e.g., an siRNA or shRNA,

a clustered regularly interspaced short palindromic repeats (CRISPR), a transcription-activator

like effector nuclease (TALEN), or a zinc finger endonuclease (ZFN), e.g., as described herein,

can be used.

siRNA and shRNA to inhibit TCR or HLA

In some embodiments, TCR expression and/or HLA expression can be inhibited using

siRNA or shRNA that targets a nucleic acid encoding a TCR and/or HLA, and/or an inhibitory

molecule described herein (e.g., PD1, PD-L1, PD-L2, CTLA4, TIM3, CEACAM (e.g.,

CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIRl, CD160,

2B4, CD80, CD86, B7-H3 (CD276), B7-H4 (VTCN1), HVEM (TNFRSF14 or CD270), KIR,

A2aR, MHC class I, MHC class II, GAL9, adenosine, and TGFR beta), in a cell, e.g., T cell.

Expression systems for siRNA and shRNAs, and exemplary shRNAs, are described, e.g., in

paragraphs 649 and 650 of International Publication WO2015/142675, filed March 13, 2015,

which is incorporated by reference in its entirety.

CRISPR to inhibit TCR or HLA

"CRISPR" or "CRISPR to TCR and/or HLA" or "CRISPR to inhibit TCR and/or HLA"

as used herein refers to a set of clustered regularly interspaced short palindromic repeats, or a

system comprising such a set of repeats. "Cas", as used herein, refers to a CRISPR-associated

protein.

A "CRISPR/Cas" system refers to a system derived from CRISPR and Cas which can be

used to silence or mutate a TCR and/or HLA gene, and/or an inhibitory molecule described



herein (e.g., PD1, PD-L1, PD-L2, CTLA4, TIM3, CEACAM (e.g., CEACAM-1, CEACAM-3

and/or CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIRl, CD160, 2B4, CD80, CD86, B7-H3

(CD276), B7-H4 (VTCNl), HVEM (TNFRSF14 or CD270), KIR, A2aR, MHC class I, MHC

class II, GAL9, adenosine, and TGFR beta), in a cell, e.g., T cell.

The CRISPR/Cas system, and uses thereof, are described, e.g., in paragraphs 651-658 of

International Publication WO2015/142675, filed March 13, 2015, which is incorporated by

reference in its entirety.

TALEN to inhibit TCR and/or HLA

TALEN" or "TALEN to HLA and/or TCR" or "TALEN to inhibit HLA and/or TCR"

refers to a transcription activator-like effector nuclease, an artificial nuclease which can be used

to edit the HLA and/or TCR gene, and/or an inhibitory molecule described herein (e.g., PD1,

PD-L1, PD-L2, CTLA4, TIM3, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or CEACAM-

5), LAG3, VISTA, BTLA, TIGIT, LAIRl, CD160, 2B4, CD80, CD86, B7-H3 (CD276), B7-H4

(VTCNl), HVEM (TNFRSF14 or CD270), KIR, A2aR, MHC class I, MHC class II, GAL9,

adenosine, and TGFR beta), in a cell, e.g., T cell.

TALENs, and uses thereof, are described, e.g., in paragraphs 659-665 of International

Publication WO2015/142675, filed March 13, 2015, which is incorporated by reference in its

entirety.

Zinc finger nuclease to inhibit HLA and/or TCR

"ZFN" or "Zinc Finger Nuclease" or "ZFN to HLA and/or TCR" or "ZFN to inhibit HLA

and/or TCR" refer to a zinc finger nuclease, an artificial nuclease which can be used to edit the

HLA and/or TCR gene, and/or an inhibitory molecule described herein (e.g., PD1, PD-L1, PD-

L2, CTLA4, TIM3, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG3,

VISTA, BTLA, TIGIT, LAIRl, CD160, 2B4, CD80, CD86, B7-H3 (CD276), B7-H4 (VTCNl),

HVEM (TNFRSF14 or CD270), KIR, A2aR, MHC class I, MHC class II, GAL9, adenosine, and

TGFR beta), in a cell, e.g., T cell.

ZFNs, and uses thereof, are described, e.g., in paragraphs 666-671 of International

Publication WO2015/142675, filed March 13, 2015, which is incorporated by reference in its

entirety.



Telomerase expression

While not wishing to be bound by any particular theory, in some embodiments, a

therapeutic T cell has short term persistence in a patient, due to shortened telomeres in the T cell;

accordingly, transfection with a telomerase gene can lengthen the telomeres of the T cell and

improve persistence of the T cell in the patient. See Carl June, "Adoptive T cell therapy for

cancer in the clinic", Journal of Clinical Investigation, 117:1466-1476 (2007). Thus, in an

embodiment, an immune effector cell, e.g., a T cell, ectopically expresses a telomerase subunit,

e.g., the catalytic subunit of telomerase, e.g., TERT, e.g., hTERT. In some aspects, this

disclosure provides a method of producing a CAR-expressing cell, comprising contacting a cell

with a nucleic acid encoding a telomerase subunit, e.g., the catalytic subunit of telomerase, e.g.,

TERT, e.g., hTERT. The cell may be contacted with the nucleic acid before, simultaneous with,

or after being contacted with a construct encoding a CAR.

In one aspect, the disclosure features a method of making a population of immune

effector cells (e.g., T cells, NK cells). In an embodiment, the method comprises: providing a

population of immune effector cells (e.g., T cells or NK cells), contacting the population of

immune effector cells with a nucleic acid encoding a CAR; and contacting the population of

immune effector cells with a nucleic acid encoding a telomerase subunit, e.g., hTERT, under

conditions that allow for CAR and telomerase expression.

In an embodiment, the nucleic acid encoding the telomerase subunit is DNA. In an

embodiment, the nucleic acid encoding the telomerase subunit comprises a promoter capable of

driving expression of the telomerase subunit.

In an embodiment, hTERT has the amino acid sequence of GenBank Protein ID

AAC5 1724.1 (Meyerson et al., "hEST2, the Putative Human Telomerase Catalytic Subunit

Gene, Is Up-Regulated in Tumor Cells and during Immortalization" Cell Volume 90, Issue 4, 22

August 1997, Pages 785-795) as set out in SEQ ID NO: 110 herein.

In an embodiment, the hTERT has a sequence at least 80%, 85%, 90%, 95%, 96 , 97%,

98%, or 99% identical to the sequence of SEQ ID NO: 110. In an embodiment, the hTERT has a

sequence of SEQ ID NO: 110. In an embodiment, the hTERT comprises a deletion (e.g., of no

more than 5, 10, 15, 20, or 30 amino acids) at the N-terminus, the C-terminus, or both. In an

embodiment, the hTERT comprises a transgenic amino acid sequence (e.g., of no more than 5,

10, 15, 20, or 30 amino acids) at the N-terminus, the C-terminus, or both.



In an embodiment, the hTERT is encoded by the nucleic acid sequence of GenBank

Accession No. AF018167 (Meyerson et al., "hEST2, the Putative Human Telomerase Catalytic

Subunit Gene, Is Up-Regulated in Tumor Cells and during Immortalization" Cell Volume 90,

Issue 4, 22 August 1997, Pages 785-795) as set out in SEQ ID NO: 111 herein.

In an embodiment, the hTERT is encoded by a nucleic acid having a sequence at least

80%, 85%, 90%, 95%, 96, 97%, 98%, or 99% identical to the sequence of SEQ ID NO: 111. In

an embodiment, the hTERT is encoded by a nucleic acid of SEQ ID NO: 111.

Activation and Expansion of Immune Effector Cells (e.g., T Cells)

Immune effector cells, such as T cells, may be activated and expanded generally using

methods as described, for example, in U.S. Patents 6,352,694; 6,534,055; 6,905,680; 6,692,964;

5,858,358; 6,887,466; 6,905,681; 7,144,575; 7,067,318; 7,172,869; 7,232,566; 7,175,843;

5,883,223; 6,905,874; 6,797,514; 6,867,041; and U.S. Patent Application Publication No.

20060121005.

Generally, a population of immune effector cells, e.g., T cells may be expanded by

contact with a surface having attached thereto an agent that stimulates a CD3/TCR complex

associated signal and a ligand that stimulates a costimulatory molecule on the surface of the

immune effector cells, e.g., T cells. In particular, T cell populations may be stimulated as

described herein, such as by contact with an anti-CD3 antibody, or antigen-binding fragment

thereof, or an anti-CD2 antibody immobilized on a surface, or by contact with a protein kinase C

activator (e.g., bryostatin) in conjunction with a calcium ionophore. For co-stimulation of an

accessory molecule on the surface of the T cells, a ligand that binds the accessory molecule is

used. For example, a population of T cells can be contacted with an anti-CD3 antibody and an

anti-CD28 antibody, under conditions appropriate for stimulating proliferation of the T cells. To

stimulate proliferation of either CD4+ T cells or CD8+ T cells, an anti-CD3 antibody and an

anti-CD28 antibody. Examples of an anti-CD28 antibody include 9.3, B-T3, XR-CD28

(Diaclone, Besancon, France) can be used as can other methods commonly known in the art

(Berg et al., Transplant Proc. 30(8):3975-3977, 1998; Haanen et al., J . Exp. Med.

190(9): 13 191328, 1999; Garland et al., J . Immunol Meth. 227(l-2):53-63, 1999).

In certain aspects, the primary stimulatory signal and the costimulatory signal for the T

cell may be provided by different protocols. For example, the agents providing each signal may



be in solution or coupled to a surface. When coupled to a surface, the agents may be coupled to

the same surface (i.e., in "cis" formation) or to separate surfaces (i.e., in "trans" formation).

Alternatively, one agent may be coupled to a surface and the other agent in solution. In one

aspect, the agent providing the costimulatory signal is bound to a cell surface and the agent

providing the primary activation signal is in solution or coupled to a surface. In certain aspects,

both agents can be in solution. In one aspect, the agents may be in soluble form, and then cross-

linked to a surface, such as a cell expressing Fc receptors or an antibody or other binding agent

which will bind to the agents. In this regard, see for example, U.S. Patent Application

Publication Nos. 20040101519 and 20060034810 for artificial antigen presenting cells (aAPCs)

that are contemplated for use in activating and expanding T cells in the present disclosure.

In one aspect, the two agents are immobilized on beads, either on the same bead, i.e.,

"cis," or to separate beads, i.e., "trans." By way of example, the agent providing the primary

activation signal is an anti-CD3 antibody or an antigen-binding fragment thereof and the agent

providing the costimulatory signal is an anti-CD28 antibody or antigen-binding fragment thereof;

and both agents are co-immobilized to the same bead in equivalent molecular amounts. In one

aspect, a 1:1 ratio of each antibody bound to the beads for CD4+ T cell expansion and T cell

growth is used. In certain aspects of the present disclosure, a ratio of anti CD3:CD28 antibodies

bound to the beads is used such that an increase in T cell expansion is observed as compared to

the expansion observed using a ratio of 1:1. In one particular aspect an increase of from about 1

to about 3 fold is observed as compared to the expansion observed using a ratio of 1:1. In one

aspect, the ratio of CD3:CD28 antibody bound to the beads ranges from 100:1 to 1:100 and all

integer values there between. In one aspect of the present disclosure, more anti-CD28 antibody is

bound to the particles than anti-CD3 antibody, i.e., the ratio of CD3:CD28 is less than one. In

certain aspects of the invention, the ratio of anti CD28 antibody to anti CD3 antibody bound to

the beads is greater than 2:1. In one particular aspect, a 1:100 CD3:CD28 ratio of antibody bound

to beads is used. In one aspect, a 1:75 CD3:CD28 ratio of antibody bound to beads is used. In a

further aspect, a 1:50 CD3:CD28 ratio of antibody bound to beads is used. In one aspect, a 1:30

CD3:CD28 ratio of antibody bound to beads is used. In one preferred aspect, a 1:10 CD3:CD28

ratio of antibody bound to beads is used. In one aspect, a 1:3 CD3:CD28 ratio of antibody bound

to the beads is used. In yet one aspect, a 3:1 CD3:CD28 ratio of antibody bound to the beads is

used.



Ratios of particles to cells from 1:500 to 500:1 and any integer values in between may be

used to stimulate T cells or other target cells. As those of ordinary skill in the art can readily

appreciate, the ratio of particles to cells may depend on particle size relative to the target cell.

For example, small sized beads could only bind a few cells, while larger beads could bind many.

In certain aspects the ratio of cells to particles ranges from 1:100 to 100:1 and any integer values

in-between and in further aspects the ratio comprises 1:9 to 9:1 and any integer values in

between, can also be used to stimulate T cells. The ratio of anti-CD3- and anti-CD28-coupled

particles to T cells that result in T cell stimulation can vary as noted above, however certain

preferred values include 1:100, 1:50, 1:40, 1:30, 1:20, 1:10, 1:9, 1:8, 1:7, 1:6, 1:5, 1:4, 1:3, 1:2,

1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, and 15:1 with one preferred ratio being at least 1:1

particles per T cell. In one aspect, a ratio of particles to cells of 1:1 or less is used. In one

particular aspect, a preferred particle: cell ratio is 1:5. In further aspects, the ratio of particles to

cells can be varied depending on the day of stimulation. For example, in one aspect, the ratio of

particles to cells is from 1:1 to 10:1 on the first day and additional particles are added to the cells

every day or every other day thereafter for up to 10 days, at final ratios of from 1:1 to 1:10

(based on cell counts on the day of addition). In one particular aspect, the ratio of particles to

cells is 1:1 on the first day of stimulation and adjusted to 1:5 on the third and fifth days of

stimulation. In one aspect, particles are added on a daily or every other day basis to a final ratio

of 1:1 on the first day, and 1:5 on the third and fifth days of stimulation. In one aspect, the ratio

of particles to cells is 2:1 on the first day of stimulation and adjusted to 1:10 on the third and fifth

days of stimulation. In one aspect, particles are added on a daily or every other day basis to a

final ratio of 1:1 on the first day, and 1:10 on the third and fifth days of stimulation. One of skill

in the art will appreciate that a variety of other ratios may be suitable for use in the present

disclosure. In particular, ratios will vary depending on particle size and on cell size and type. In

one aspect, the most typical ratios for use are in the neighborhood of 1:1, 2 :1 and 3:1 on the first

day.

In further aspects of the present disclosure, the cells, such as T cells, are combined with

agent-coated beads, the beads and the cells are subsequently separated, and then the cells are

cultured. In an alternative aspect, prior to culture, the agent-coated beads and cells are not

separated but are cultured together. In a further aspect, the beads and cells are first concentrated



by application of a force, such as a magnetic force, resulting in increased ligation of cell surface

markers, thereby inducing cell stimulation.

By way of example, cell surface proteins may be ligated by allowing paramagnetic beads

to which anti-CD3 and anti-CD28 are attached (3x28 beads) to contact the T cells. In one aspect

the cells (for example, 104 to 109 T cells) and beads (for example, DYNABEADS® M-450

CD3/CD28 T paramagnetic beads at a ratio of 1:1) are combined in a buffer, for example PBS

(without divalent cations such as, calcium and magnesium). Again, those of ordinary skill in the

art can readily appreciate any cell concentration may be used. For example, the target cell may

be very rare in the sample and comprise only 0.01% of the sample or the entire sample (i.e.,

100%) may comprise the target cell of interest. Accordingly, any cell number is within the

context of the present disclosure. In certain aspects, it may be desirable to significantly decrease

the volume in which particles and cells are mixed together (i.e., increase the concentration of

cells), to ensure maximum contact of cells and particles. For example, in one aspect, a

concentration of about 2 billion cells/ml is used. In one aspect, greater than 100 million cells/ml

is used. In a further aspect, a concentration of cells of 10, 15, 20, 25, 30, 35, 40, 45, or 50 million

cells/ml is used. In yet one aspect, a concentration of cells from 75, 80, 85, 90, 95, or 100 million

cells/ml is used. In further aspects, concentrations of 125 or 150 million cells/ml can be used.

Using high concentrations can result in increased cell yield, cell activation, and cell expansion.

Further, use of high cell concentrations allows more efficient capture of cells that may weakly

express target antigens of interest, such as CD28-negative T cells. Such populations of cells may

have therapeutic value and would be desirable to obtain in certain aspects. For example, using

high concentration of cells allows more efficient selection of CD8+ T cells that normally have

weaker CD28 expression.

In one embodiment, cells transduced with a nucleic acid encoding a CAR, e.g., a CAR

described herein, are expanded, e.g., by a method described herein. In one embodiment, the cells

are expanded in culture for a period of several hours (e.g., about 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 18,

2 1 hours) to about 14 days (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 days). In one

embodiment, the cells are expanded for a period of 4 to 9 days. In one embodiment, the cells are

expanded for a period of 8 days or less, e.g., 7, 6 or 5 days. In one embodiment, the cells, e.g., a

CAR-expressing cell described herein, are expanded in culture for 5 days, and the resulting cells

are more potent than the same cells expanded in culture for 9 days under the same culture



conditions. Potency can be defined, e.g., by various T cell functions, e.g. proliferation, target cell

killing, cytokine production, activation, migration, or combinations thereof. In one embodiment,

the cells, e.g., a CAR-expressing cell described herein, expanded for 5 days show at least a one,

two, three or four fold increase in cells doublings upon antigen stimulation as compared to the

same cells expanded in culture for 9 days under the same culture conditions. In one

embodiment, the cells, e.g., the cells expressing a CAR described herein, are expanded in culture

for 5 days, and the resulting cells exhibit higher proinflammatory cytokine production, e.g., IFN-

γ and/or GM-CSF levels, as compared to the same cells expanded in culture for 9 days under the

same culture conditions. In one embodiment, the cells, e.g., a CAR-expressing cell described

herein, expanded for 5 days show at least a one, two, three, four, five, tenfold or more increase in

pg/ml of proinflammatory cytokine production, e.g., IFN-γ and/or GM-CSF levels, as compared

to the same cells expanded in culture for 9 days under the same culture conditions.

In one aspect of the present disclosure, the mixture may be cultured for several hours

(about 3 hours) to about 14 days or any hourly integer value in between. In one aspect, the

mixture may be cultured for 2 1 days. In one aspect of the invention the beads and the T cells are

cultured together for about eight days. In one aspect, the beads and T cells are cultured together

for 2-3 days. Several cycles of stimulation may also be desired such that culture time of T cells

can be 60 days or more. Conditions appropriate for T cell culture include an appropriate media

(e.g., Minimal Essential Media or RPMI Media 1640 or, X-vivo 15, (Lonza)) that may contain

factors necessary for proliferation and viability, including serum (e.g., fetal bovine or human

serum), interleukin-2 (IL-2), insulin, IFN-γ , IL-4, IL-7, GM-CSF, IL-10, IL-12, IL-15, TGFp,

and TNF-a or any other additives for the growth of cells known to the skilled artisan. Other

additives for the growth of cells include, but are not limited to, surfactant, plasmanate, and

reducing agents such as N-acetyl-cysteine and 2-mercaptoethanol. Media can include RPMI

1640, AIM-V, DMEM, MEM, a-MEM, F-12, X-Vivo 15, and X-Vivo 20, Optimizer, with added

amino acids, sodium pyruvate, and vitamins, either serum-free or supplemented with an

appropriate amount of serum (or plasma) or a defined set of hormones, and/or an amount of

cytokine(s) sufficient for the growth and expansion of T cells. Antibiotics, e.g., penicillin and

streptomycin, are included only in experimental cultures, not in cultures of cells that are to be

infused into a subject. The target cells are maintained under conditions necessary to support



growth, for example, an appropriate temperature (e.g., 37° C) and atmosphere (e.g., air plus 5%

C0 2) .

In one embodiment, the cells are expanded in an appropriate media (e.g., media described

herein) that includes one or more interleukin that result in at least a 200-fold (e.g., 200-fold, 250-

fold, 300-fold, 350-fold) increase in cells over a 14 day expansion period, e.g., as measured by a

method described herein such as flow cytometry. In one embodiment, the cells are expanded in

the presence IL-15 and/or IL-7 (e.g., IL-15 and IL-7).

In embodiments, methods described herein, e.g., CAR-expressing cell manufacturing

methods, comprise removing T regulatory cells, e.g., CD25+ T cells, from a cell population, e.g.,

using an anti-CD25 antibody, or fragment thereof, or a CD25-binding ligand, IL-2. Methods of

removing T regulatory cells, e.g., CD25+ T cells, from a cell population are described herein. In

embodiments, the methods, e.g., manufacturing methods, further comprise contacting a cell

population (e.g., a cell population in which T regulatory cells, such as CD25+ T cells, have been

depleted; or a cell population that has previously contacted an anti-CD25 antibody, fragment

thereof, or CD25-binding ligand) with IL-15 and/or IL-7. For example, the cell population (e.g.,

that has previously contacted an anti-CD25 antibody, fragment thereof, or CD25-binding ligand)

is expanded in the presence of IL-15 and/or IL-7.

In some embodiments a CAR-expressing cell described herein is contacted with a

composition comprising a interleukin- 15 (IL-15) polypeptide, a interleukin- 15 receptor alpha

(IL- 15Ra) polypeptide, or a combination of both a IL-15 polypeptide and a IL- 15Ra polypeptide

e.g., hetIL-15, during the manufacturing of the CAR-expressing cell, e.g., ex vivo. In

embodiments, a CAR-expressing cell described herein is contacted with a composition

comprising a IL-15 polypeptide during the manufacturing of the CAR-expressing cell, e.g., ex

vivo. In embodiments, a CAR-expressing cell described herein is contacted with a composition

comprising a combination of both a IL-15 polypeptide and a IL-15 Ra polypeptide during the

manufacturing of the CAR-expressing cell, e.g., ex vivo. In embodiments, a CAR-expressing

cell described herein is contacted with a composition comprising hetIL-15 during the

manufacturing of the CAR-expressing cell, e.g., ex vivo.

In one embodiment the CAR-expressing cell described herein is contacted with a

composition comprising hetIL-15 during ex vivo expansion. In an embodiment, the CAR-

expressing cell described herein is contacted with a composition comprising an IL-15



polypeptide during ex vivo expansion. In an embodiment, the CAR-expressing cell described

herein is contacted with a composition comprising both an IL-15 polypeptide and an IL-15Ra

polypeptide during ex vivo expansion. In one embodiment the contacting results in the survival

and proliferation of a lymphocyte subpopulation, e.g., CD8+ T cells.

In one embodiment, the cells are cultured (e.g., expanded, simulated, and/or transduced)

in media comprising serum. The serum may be, e.g., human AB serum (hAB). In some

embodiments, the hAB serum is present at about 2%, about 5%, about 2-3%, about 3-4%, about

4-5%, or about 2-5%. 2% and 5% serum are each suitable levels that allow for many fold

expansion of T cells. Furthermore, as shown in Smith et al., "Ex vivo expansion of human T

cells for adoptive immunotherapy using the novel Xeno-free CTS Immune Cell Serum

Replacement" Clinical & Translational Immunology (2015) 4, e31; doi:10.1038/cti.2014.31,

medium containing 2% human AB serum is suitable for ex vivo expansion of T cells.

T cells that have been exposed to varied stimulation times may exhibit different

characteristics. For example, typical blood or apheresed peripheral blood mononuclear cell

products have a helper T cell population (TH, CD4+) that is greater than the cytotoxic or

suppressor T cell population (TC, CD8+). Ex vivo expansion of T cells by stimulating CD3 and

CD28 receptors produces a population of T cells that prior to about days 8-9 consists

predominately of TH cells, while after about days 8-9, the population of T cells comprises an

increasingly greater population of TC cells. Accordingly, depending on the purpose of treatment,

infusing a subject with a T cell population comprising predominately of TH cells may be

advantageous. Similarly, if an antigen-specific subset of TC cells has been isolated it may be

beneficial to expand this subset to a greater degree.

Further, in addition to CD4 and CD8 markers, other phenotypic markers vary

significantly, but in large part, reproducibly during the course of the cell expansion process.

Thus, such reproducibility enables the ability to tailor an activated T cell product for specific

purposes.

In some embodiments, cells transduced with a nucleic acid encoding a CAR, e.g., a CAR

described herein, can be selected for administration based upon, e.g., protein expression levels of

one or more of CCL20, GM-CSF, IFNy, IL-10, IL-13, IL-17a, IL-2, IL-21, IL-4, IL-5, IL-6, IL-

9, TNFa and/or combinations thereof. In some embodiments, cells transduced with a nucleic



acid encoding a CAR, e.g., a CAR described herein, can be selected for administration based

upon, e.g., protein expression levels of CCL20, IL-17a, IL-6 and combinations thereof.

Further, in addition to CD4 and CD8 markers, other phenotypic markers vary

significantly, but in large part, reproducibly during the course of the cell expansion process.

Thus, such reproducibility enables the ability to tailor an activated T cell product for specific

purposes.

Once a mesothelin CAR is constructed, various assays can be used to evaluate the

activity of the molecule, such as but not limited to, the ability to expand T cells following

antigen stimulation, sustain T cell expansion in the absence of re-stimulation, and anti-cancer

activities in appropriate in vitro and animal models. Assays to evaluate the effects of a

mesothelin CAR are described, e.g., in paragraphs [0417] - [00423] of International Publication

WO20 15/090230, filed December 19, 2014, which is incorporated by reference in its entirety.

Populations of CAR cells

In another aspect, the present invention provides a population of CAR-expressing cells,

e.g., a population of mesothelin CAR-expressing cells. In some embodiments, the population of

CAR-expressing cells comprises a mixture of cells expressing different CARs.

For example, in one embodiment, the population of CAR-expressing cells can include a

first cell expressing a CAR having an anti-mesothelin binding domain described herein, and a

second cell expressing a CAR having a different anti- mesothelin binding domain, e.g., an anti-

mesothelin binding domain described herein that differs from the anti-mesothelin binding

domain in the CAR expressed by the first cell.

As another example, the population of CAR-expressing cells can include a first cell

expressing a CAR that includes an anti- mesothelin binding domain, e.g., as described herein,

and a second cell expressing a CAR that includes an antigen binding domain to a target other

than mesothelin (e.g., a target other than mesothelin on stroma cells, e.g., FAP; a target other

than mesothelin on prostate cancer cells, e.g., androgen receptor, OR51E2, PSMA, PSCA,

PDGRF-β, TARP, GloboH, MAD-CT-1, or MAD-CT-2; a target other than mesothelin on

ovararian cancer cells, e.g., Tn, PRSS21, CD171, Lewis Y, folate receptor a , claudin6, GloboH,

or sperm protein 17, e.g., a target other than mesothelin on lung cancer cells, e.g.,VEGF, HER3,

IGF-IR, EGFR, DLL4, or Trop-2). In one embodiment, the population of CAR-expressing cells



includes, e.g., a first cell expressing a CAR that includes a primary intracellular signaling

domain, and a second cell expressing a CAR that includes a secondary signaling domain.

In one embodiment, thepopulation of CAR-expressing cells can include a first cell

expressing a CAR that includes an anti-mesothelin binding domain and a second cell expressing

a CAR that includes an antigen binding domain that targets, e.g., specifically binds, an antigen

expressed on B cells, or a B cell antigen. In one embodiment, the B cell antigen is CD19.

In another aspect, the present invention provides a population of cells wherein at least

one cell in the population expresses a CAR having an anti-mesothelin binding domain described

herein, and a second cell expressing another agent, e.g., an agent which enhances the activity or

function of a CAR-expressing cell. For example, in one embodiment, the agent can be an agent

which modulates or regulates, e.g., inhibits, T cell function. In some embodiments, the molecule

that modulates or regulates T cell function is an inhibitory molecule, e.g., an agent described

herein. Inhibitory molecules, e.g., can, in some embodiments, decrease the ability of a CAR-

expressing cell to mount an immune effector response. Examples of inhibitory molecules

include PDl, PD-L1, CTLA4, TIM3, LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4,

CD80, CD86, B7-H3 (CD276), B7-H4 (VTCN1), HVEM (TNFRSF14 or CD270), KIR, A2aR,

MHC class I, MHC class II, GAL9, adenosine, or TGFR beta. In one embodiment, the agent

which inhibits an inhibitory molecule comprises a first polypeptide, e.g., an inhibitory molecule,

associated with a second polypeptide that provides a positive signal to the cell, e.g., an

intracellular signaling domain described herein. In one embodiment, the agent comprises a first

polypeptide, e.g., of an inhibitory molecule such as PDl, PD-L1, CTLA4, TEVI3, LAG3,

VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4, CD80, CD86, B7-H3 (CD276), B7-H4 (VTCN1),

HVEM (TNFRSF14 or CD270), KIR, A2aR, MHC class I, MHC class II, GAL9, adenosine, or

TGFR beta, or a fragment of any of these (e.g., at least a portion of an extracellular domain of

any of these), and a second polypeptide which is an intracellular signaling domain described

herein (e.g., comprising a costimulatory domain (e.g., 41BB, CD27 or CD28, e.g., as described

herein) and/or a primary signaling domain (e.g., a CD3 zeta signaling domain described herein).

In one embodiment, the agent comprises a first polypeptide of PDl or a fragment thereof (e.g., at

least a portion of the extracellular domain of PDl), and a second polypeptide of an intracellular

signaling domain described herein (e.g., a CD28 signaling domain described herein and/or a CD3

zeta signaling domain described herein).



In one aspect, the present invention provides methods comprising administering a

population of CAR-expressing cells, e.g., CART cells, e.g., a mixture of cells expressing

different CARs, in combination with another agent, e.g., a PD-Ll inhibitor, such as a PD-Ll

inhibitor described herein. In another aspect, the present invention provides methods comprising

administering a population of cells wherein at least one cell in the population expresses a CAR

having an anti-mesoothelinbinding domain as described herein, and a second cell expressing

another agent, e.g., an agent which enhances the activity or fitness of a CAR-expressing cell, in

combination with another agent, e.g., a PD-Ll inhibitor, such as a PD-Ll inhibitor described

herein.

PD-Ll Inhibitors

The immune system has the capability of recognizing and eliminating tumor cells;

however, tumors can use multiple strategies to evade immunity. Blockade of immune

checkpoints is one of the approaches to activating or reactivating therapeutic antitumor

immunity. Programmed Death Ligand 1 (PD-Ll) has been described as a ligand for the

immuneinhibitory receptor Programmed Death 1 (PD-1). Binding of PD-Ll to PD-1 leads to the

inhibition of T cell receptor-mediated lymphocyte proliferation and cytokine secretion (Freeman

et al. (2000) Exp Med 192: 1027-34). Thus, blocking of PD-Ll can lead to enhancement of

antitumor immunity.

Several cell types express PD-Ll. For example, PD-Ll is expressed on activated T cells,

dendritic cells (DCs), natural killer (NK) cells, macrophages, B cells, monocytes, and vascular

endothelium cells. PD-Ll is expressed in many cancers, including human lung, ovarian and

colon carcinoma and various myelomas, (Iwai et al. (2002) PNAS 99:12293-7; Ohigashi et al.

(2005) Clin Cancer Res 11:2947-53; Okazaki et al. (2007) Intern. Immun. 19:813-24; Thompson

et al. (2006) Cancer Res. 66:3381-5). PD-Ll expression strongly correlates with unfavorable

prognosis in various types of cancer including kidney, ovarian, bladder, breast, gastric and

pancreatic cancer.

Many tumor infiltrating T lymphocytes predominantly express PD-1 compared to T

lymphocytes in normal tissues and peripheral blood T lymphocytes. This indicates that up-

regulation of PD-1 on tumor-reactive T cells can contribute to impaired antitumor immune

responses (Ahmadzadeh et al. (2009) Blood 114:1537-44). Thus, PD-Ll signaling mediated by



PD-Ll expressing tumor cells interacting with PD-1 expressing T cells may lead to attenuation

of T cell activation and evasion of immune surveillance (Sharpe et al. (2002) Nat Rev Immunol.

2 :116-26; Keir et al. (2008) Annu Rev Immunol. 26:677-704). PD-1 blockade can inhibit

hematogenous spread of poorly immunogenic tumor cells by enhanced recruitment of effector T

cells (Iwai et al. (2005) Int. Immunol. 17:133-144).

PD-Ll inhibition can enhance T-cell immunity, e.g., through blocking both its inhibitory

interactions with PD-1 and B7-1. PD-Ll inhibition can also allow for immune regulation via

PD-L2/PD-1. Both PD-1 and B7-1 are expressed on T cells, B cells, DCs, and macrophages,

which provides potential for bidirectional interactions between B7-1 and PD-Ll on these cell

types. PD-Ll on non-hematopoietic cells may interact with B7-1 as well as PD-1 on T cells.

The term "Programmed Death Ligand 1" or "PD-Ll" include isoforms, mammalian, e.g.,

human PD-Ll, species homologs of human PD-1, and analogs comprising at least one common

epitope with PD-Ll. The amino acid sequence of PD-Ll, e.g., human PD-1, is known in the art,

e.g., Dong et al. (1999) Nat Med. 5(12): 1365-9; Freeman et al. (2000) J Exp Med. 192(7): 1027-

34).

The present disclosure provides methods and combinations for treating a disease, e.g.,

associated with mesothelin expression, that include the administration of a PD-Ll inhibitor. The

PD-Ll inhibitor can have one or more of the following properties: inhibits or reduces binding of

PD-Ll to a receptor, e.g., PD-1 or CD80 (B7-1), or both; binds to PD-Ll or a PD-Ll binding

receptor, e.g., PD-1 or CD80 (B7-1), or both; inhibits or reduces one or more activities of PD-Ll,

e.g., results in one or more of: an increase in tumor infiltrating lymphocytes, an increase in T-cell

receptor mediated proliferation, or a decrease in immune evasion by cancerous cells; or inhibits

or reduces PD-Ll expression, e.g., transcription or translation of PD-Ll.

In embodiments, the PD-Ll inhibitor reduces binding of PD-Ll to a receptor, e.g., to PD-

1 or CD80 (B7-1), or both. For example, the PD-Ll binding to a receptor, e.g., to PD-1 or CD80

(B7-1), or both, is reduced in the presence of the PD-Ll inhibitor by at least 1%, 5%, 10%, 20%,

30%, 40%, 50%, 60%, 70%, 80%, or 90% as compared to binding in the absence of the PD-Ll

inhibitor. In one embodiment, PD-Ll binding to a receptor, e.g., to PD-1 or CD80 (B7-1), or

both, is negligible, e.g., undetectable, by the standard binding assays known in the art. Ligand-

receptor binding assays are well known in the art, and include immunoprecipitation and western

blotting assays.



In embodiments, the PD-Ll inhibitor reduces one or more activities of PD-Ll. For

example, PD-Ll activity is reduced by at least 1%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,

80%, or 90% as compared to PD-Ll activity in the absence of the PD-Ll inhibitor.

In embodiments, the PD-Ll inhibitor reduces PD-Ll expression, e.g., reduces

transcription or translation of PD-Ll. For example, PD-Ll transcription is reduced by at least

1%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% as compared to PD-Ll

transcription in the absence of the PD-Ll inhibitor. In another example, PD-Ll translation is

reduced by at least 1%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% as compared

to PD-Ll translation in the absence of the PD-Ll inhibitor. Assays for determining PD-Ll RNA

expression are known in the art, and include PCR amplification-based assays, e.g., QPCR, and

nucleic acid hybridization-based assays, e.g., Northern blots. Assays for determining PD-Ll

protein expression are known in the art, and include western blotting and immunohistochemical

analysis. In such embodiments, administration of PD-Ll inhibitor results in reduced levels or

amount of PD-Ll expressed in a cell, or reduced numbers of PD-Ll expressing cells.

In one embodiment, the PD-Ll inhibitor can be a small molecule; a polypeptide, e.g., a

fusion protein; an antibody molecule; or an inhibitory nucleic acid; e.g., a siRNA or shRNA.

In one embodiment, the PD-Ll inhibitor is a small molecule. In one embodiment, the

small molecule inhibitor binds to PD-Ll. In another embodiment, the small molecule inhibitor

binds to the receptor for PD-Ll, e.g., PD-1 or CD80 (B7-1), or both. In yet another embodiment,

the small molecule inhibitor prevents or reduces binding of PD-Ll to its receptor, e.g., PD-1 or

CD80 (B7-1), or both.

In one embodiment, the PD-Ll inhibitor is a polypeptide or peptide. In one embodiment,

the polypeptide or peptide inhibitor of PD-Ll binds to PD-Ll or its receptor, e.g,. PD-1 or CD80

(B7-1), or both. In one embodiment, the polypeptide or peptide prevents or reduces binding of

PD-Ll to its receptor, e.g., PD-1 or CD80 (B7-1), or both. In one embodiment, the polypeptide

comprises a portion of PD-Ll, e.g., a receptor binding portion of PD-Ll, or a modified portion

thereof that may exhibit increased affinity for PD-1 or CD80 (B7-1) as compared to wild-type

PD-Ll. In such embodiments, the polypeptide inhibits or reduces PD-Ll activity by competing

for binding with the receptor.

In one embodiment, the PD-Ll inhibitor is an inhibitory nucleic acid, e.g., an RNA

interfering (RNAi) agent. The inhibitory nucleic acid can be a double stranded or single stranded



nucleic acid. The inhibitory nucleic acid can be a DNA, a RNA, or a hybrid comprising DNA

and RNA. An inhibitory nucleic acid inhibits or reduces the expression, e.g., translation, of PD-

Ll. An RNA intereference (RNAi) agent typically causes the destruction of target mRNA

molecules to inhibit or reduce the expression, e.g., translation, of a target gene, e.g., PD-L1.

Examples of RNAi agents include long dsRNA, siRNA, shRNA, and microRNAs. Inhibitory

nucleic acids described herein include, but are not limited to, an aptamer, a morpholino, a

ribozyme, and a nucleic acid sequences, e.g., plasmids or vectors, that comprise or encode a long

dsRNA, siRNA, shRNA, or microRNA.

In one embodiment, the inhibitory nucleic acid is a RNA with at least 75%, 80%, 85%,

90%, 95%, or 99% sequence identity or complementarity to the PD-L1 gene or a fragment

thereof.

In one embodiment, the inhibitory nucleic acid is a siRNA or shRNA of about 15 to

about 65, about 15 to about 40, or about 15 to about 28 nucleotides in length. In embodiments

where the inhibitory nucleic acid is a siRNA, the siRNA has a length of about 19 to 25

nucleotides, e.g., 19, 20, 21, or 22 nucleotides. In embodiments where the inhibitory nucleic

acid is a shRNA, the shRNA has a length of about 42 to about 70 nucleotides. In one

embodiment, the shRNA comprises paired antisense and sense RNA strands connected by a loop

of unpaired nucleotides. In one embodiment, the duplex stem has a length of about 19 to about

29 nuclotides, either fully paired or with internal mismatches and loops. In one embodiment, the

loop comprises 4 , 5, 6, 7 , 8, 9, or 10 nucleotides, e.g., 4 or 7 nucleotides.

The inhibitoy nucleic acid can be synthesized or expressed, e.g., from a plasmid or

vector. Synthetic RNAi agents can be generated using a number of techniques known to those of

skill in the art. For example, the siRNA molecule can be chemically synthesized or

reco bi antly produced using methods known in the art, such as using appropriately protected

ribonuc!eoside phosphoramidites and a conventional DNA/RNA synthesizer (E!bashir, S . M . et

al. (2001) Nature 4 1:494-498; Elbashir, S . M., W . Lendeckel and T . Tuschl (2001) Genes &

Development 15:188-200; Harborth, J . et al. (2001) J. Cell Science 114:4557-4565; Masters, J .

R . et al. (2001) Proc. Natl. Acad. Sci. USA 98:8012-8017; and Tuschl, T . et al. (1999) Genes &

Development 13:3191-3197). Alternatively, several commercial RNA synthesis suppliers are

available including, but not limited to, Proligo (Hamburg, Germany), Dharmacon Research

(Lafayette, Co., USA), Pierce Chemical (part of Pernio Science, Rockford, 111., USA), Glen



Research (Sterling, Va., USA), ChemGenes (Ashland, Mass., USA), and Cruachem (Glasgow,

UK).

Assays for assessing expression, e.g., assessing RNA or protein levels, are well known in

the art. For example, probes based on the PD-L1 nucleotide sequences can be used to detect

transcripts or genomic sequences encoding the same or homologous proteins. In preferred

embodiments, the probe further comprises a label group attached thereto, e.g., the label group

can be a radioisotope, a fluorescent compound, an enzyme, or an enzyme co-factor. Such probes

are used, e.g., in a PCR-based assay, to measure the level of PD-L1 mRNA. Western blotting

techniques are well known in the art and are used to measure the level of PD-L1 protein.

In one embodiment, the PD-L1 inhibitor is an antibody molecule. In one embodiment,

the antibody molecule binds to a mammalian, e.g., human, PD-L1. For example, the antibody

molecule binds specifically to an epitope, e.g., linear or conformational epitope, (e.g., an epitope

as described herein) on PD-L1.

In some embodiments, the PD-L1 inhibitor is chosen from YW243.55.S70,

MPDL3280A, MEDI-4736, MSB-0010718C, or MDX-1105. MEDI4736 (Medimmune) is a

human monoclonal antibody that binds to PDLl, and inhibits interaction of the ligand with PDl.

In some embodiments, the anti-PD-Ll antibody is MSB0010718C. MSB0010718C (also

referred to as A09-246-2; Merck Serono or avelumab) is a monoclonal antibody that binds to

PD-L1. Other anti-PD-Ll antibodies and inhibitors are disclosed in WO2013/079174,

WO2001/014557, WO2002/086083, WO2007005874, WO2010036959, WO2010077634 and

WO201 1066389, and having a sequence disclosed herein (or a sequence substantially identical

or similar thereto, e.g., a sequence at least 85%, 90%, 95% identical or higher to the sequence

specified). The heavy and light chain amino acid sequences of MSB0010718C include at least

the following:

Heavy chain (SEQ ID NO: 24 as disclosed in WO2013/0791 74)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYIMMWVRQAPGKGLEWVSS IYPSGGITFYAD
KGRF ISRDNSKNTLYLQMNSLRAEDTAVYYCARIKLGTVTTVDYWGQGTLVTVSS (SEQ

ID NO: 611)

Light chain (SEQ ID NO: 25 as disclosed in WO2013/0791 74)

QSALTQPASVSGSPGQS ITI SCTGTSSDVGGYNYVSWYQQHPGKAPKLMI YDVSN
RPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCSSYTSSSTRVFGTGTKVTVL (SEQ
ID NO: 612)



In one embodiment, the PD-Ll inhibitor is YW243.55.S70. The YW243.55.S70

antibody is an anti-PD-Ll antibody described in WO 2010/077634 (heavy and light chain

variable region sequences shown in SEQ ID Nos. 20 and 21, respectively), and having a

sequence disclosed therein (or a sequence substantially identical or similar thereto, e.g., a

sequence at least 85%, 90%, 95% identical or higher to the sequence specified).

In one embodiment, the PD-Ll inhibitor is MDX-1 105. MDX-1 105, also known as

BMS-936559, is an anti-PD-Ll antibody described in WO2007/005874, and having a sequence

disclosed therein (or a sequence substantially identical or similar thereto, e.g., a sequence at least

85%, 90%, 95% identical or higher to the sequence specified).

In one embodiment, the PD-Ll inhibitor is MDPL3280A (Genentech / Roche) (also

known as atezolizumab). MDPL3280A is a human Fc optimized IgGl monoclonal antibody that

binds to PD-Ll. MDPL3280A and other human monoclonal antibodies to PD-Ll are disclosed in

U.S. Patent No.: 7,943,743 and U.S Publication No.: 20120039906.

Exemplary PD-Ll antibody molecules

In one embodiment, the PD-Ll inhibitor comprises an antibody molecule (e.g., an

isolated or recombinant antibody molecule) having one or more of the following properties:

(i) binds to PD-Ll, e.g., human PD-Ll, with high affinity, e.g., with an affinity constant

of at least about 107 M 1, typically about 10 M 1 , and more typically, about 109 M 1 to 10 10 M 1

or stronger;

(ii) does not substantially bind to CD28, CTLA-4, ICOS or BTLA;

(iii) inhibits or reduces binding of PD-Ll to a receptor, e.g., PD-1 or CD80 (B7-1), or

both;

(iv) binds specifically to an epitope on PD-Ll, e.g., the same or similar epitope as the

epitope recognized by murine monoclonal antibody BAP058 or a chimeric antibody BAP058,

e.g., BAP058-chi;

(v) shows the same or similar binding affinity or specificity, or both, as any of BAP058-

humOl, BAP058-hum02, BAP058-hum03, BAP058-hum04, BAP058-hum05, BAP058-hum06,

BAP058-hum07, BAP058-hum08, BAP058-hum09, BAP058-huml0, BAP058-humll,

BAP058-huml2, BAP058-huml3, BAP058-huml4, BAP058-huml5, BAP058-huml6,

BAP058-huml7, BAP058-Clone-K, BAP058-Clone-L, BAP058-Clone-M, BAP058-Clone-N, or

BAP058-Clone-O;



(vi) shows the same or similar binding affinity or specificity, or both, as an antibody

molecule (e.g., an heavy chain variable region and light chain variable region) described in Table

l ;

(vii) shows the same or similar binding affinity or specificity, or both, as an antibody

molecule (e.g., an heavy chain variable region and light chain variable region) having an amino

acid sequence shown in Table 1;

(viii) shows the same or similar binding affinity or specificity, or both, as an antibody

molecule (e.g., an heavy chain variable region and light chain variable region) encoded by the

nucleotide sequence shown in Table 1;

(ix) inhibits, e.g., competitively inhibits, the binding of a second antibody molecule to

PD-Ll, wherein the second antibody molecule is an antibody molecule described herein, e.g., an

antibody molecule chosen from, e.g., any of BAP058-hum01, BAP058-hum02, BAP058-hum03,

BAP058-hum04, BAP058-hum05, BAP058-hum06, BAP058-hum07, BAP058-hum08,

BAP058-hum09, BAP058-huml0, BAP058-humll, BAP058-huml2, BAP058-huml3,

BAP058-huml4, BAP058-huml5, BAP058-huml6, BAP058-huml7, BAP058-Clone-K,

BAP058-Clone-L, BAP058-Clone-M, BAP058-Clone-N, or BAP058-Clone-O;

(x) binds the same or an overlapping epitope with a second antibody molecule to PD-1,

wherein the second antibody molecule is an antibody molecule described herein, e.g., an

antibody molecule chosen from, e.g., any of BAP058-hum01, BAP058-hum02, BAP058-hum03,

BAP058-hum04, BAP058-hum05, BAP058-hum06, BAP058-hum07, BAP058-hum08,

BAP058-hum09, BAP058-huml0, BAP058-humll, BAP058-huml2, BAP058-huml3,

BAP058-huml4, BAP058-huml5, BAP058-huml6, BAP058-huml7, BAP058-Clone-K,

BAP058-Clone-L, BAP058-Clone-M, BAP058-Clone-N, or BAP058-Clone-O;

(xi) competes for binding, and/or binds the same epitope, with a second antibody

molecule to PD-Ll, wherein the second antibody molecule is an antibody molecule described

herein, e.g., an antibody molecule chosen from, e.g., any of BAP058-hum01, BAP058-hum02,

BAP058-hum03, BAP058-hum04, BAP058-hum05, BAP058-hum06, BAP058-hum07,

BAP058-hum08, BAP058-hum09, BAP058-huml0, BAP058-humll, BAP058-huml2,

BAP058-huml3, BAP058-huml4, BAP058-huml5, BAP058-huml6, BAP058-huml7,

BAP058-Clone-K, BAP058-Clone-L, BAP058-Clone-M, BAP058-Clone-N, or BAP058-Clone-

O;



(xii) has one or more biological properties of an antibody molecule described herein, e.g.,

an antibody molecule chosen from, e.g., any of BAP058-hum01, BAP058-hum02, BAP058-

hum03, BAP058-hum04, BAP058-hum05, BAP058-hum06, BAP058-hum07, BAP058-hum08,

BAP058-hum09, BAP058-huml0, BAP058-humll, BAP058-huml2, BAP058-huml3,

BAP058-huml4, BAP058-huml5, BAP058-huml6, BAP058-huml7, BAP058-Clone-K,

BAP058-Clone-L, BAP058-Clone-M, BAP058-Clone-N, or BAP058-Clone-O;

(xiii) has one or more pharmacokinetic properties of an antibody molecule described

herein, e.g., an antibody molecule chosen from, e.g., any of BAP058-hum01, BAP058-hum02,

BAP058-hum03, BAP058-hum04, BAP058-hum05, BAP058-hum06, BAP058-hum07,

BAP058-hum08, BAP058-hum09, BAP058-huml0, BAP058-huml 1, BAP058-huml2,

BAP058-huml3, BAP058-huml4, BAP058-huml5, BAP058-huml6, BAP058-huml7,

BAP058-Clone-K, BAP058-Clone-L, BAP058-Clone-M, BAP058-Clone-N, or BAP058-Clone-

O;

(xiv) inhibits one or more activities of PD-L1, e.g., results in one or more of: an increase

in tumor infiltrating lymphocytes, an increase in T-cell receptor mediated proliferation, or a

decrease in immune evasion by cancerous cells; or

(xv) binds human PD-L1 and is cross-reactive with cynomolgus PD-L1.

In one embodiment, the anti-PD-Ll antibody molecule includes at least one or two heavy

chain variable domain (optionally including a constant region), at least one or two light chain

variable domain (optionally including a constant region), or both, comprising the amino acid

sequence of any of BAP058-hum01, BAP058-hum02, BAP058-hum03, BAP058-hum04,

BAP058-hum05, BAP058-hum06, BAP058-hum07, BAP058-hum08, BAP058-hum09,

BAP058-huml0, BAP058-humll, BAP058-huml2, BAP058-huml3, BAP058-huml4,

BAP058-huml5, BAP058-huml6, BAP058-huml7, BAP058-Clone-K, BAP058-Clone-L,

BAP058-Clone-M, BAP058-Clone-N, or BAP058-Clone-O, as provided in Table 6, or encoded

by the nucleotide sequence in Table 6; or a sequence substantially identical (e.g., at least 80%,

85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the aforesaid sequences.

In yet another embodiment, the anti-PD-Ll antibody molecule includes at least one, two,

or three complementarity determining regions (CDRs) from a heavy chain variable region and/or

a light chain variable region of an antibody described herein, e.g., an antibody chosen from any

of BAP058-hum01, BAP058-hum02, BAP058-hum03, BAP058-hum04, BAP058-hum05,



BAP058-hum06, BAP058-hum07, BAP058-hum08, BAP058-hum09, BAP058-huml0,

BAP058-humll, BAP058-huml2, BAP058-huml3, BAP058-huml4, BAP058-huml5,

BAP058-huml6, BAP058-huml7, BAP058-Clone-K, BAP058-Clone-L, BAP058-Clone-M,

BAP058-Clone-N, or BAP058-Clone-O; or as described in Table 6, or encoded by the nucleotide

sequence in Table 6; or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%,

95%, 97%, 98%, 99% or higher identical) to any of the aforesaid sequences.

In yet another embodiment, the anti-PD-Ll antibody molecule includes at least one, two,

or three CDRs (or collectively all of the CDRs) from a heavy chain variable region comprising

an amino acid sequence shown in Table 6, or encoded by a nucleotide sequence shown in Table

6 . In one embodiment, one or more of the CDRs (or collectively all of the CDRs) have one, two,

three, four, five, six or more changes, e.g., amino acid substitutions or deletions, relative to the

amino acid sequence shown in Table 6, or encoded by a nucleotide sequence shown in Table 6 .

In yet another embodiment, the anti-PD-Ll antibody molecule includes at least one, two,

or three CDRs (or collectively all of the CDRs) from a light chain variable region comprising an

amino acid sequence shown in Table 6, or encoded by a nucleotide sequence shown in Table 6 .

In one embodiment, one or more of the CDRs (or collectively all of the CDRs) have one, two,

three, four, five, six or more changes, e.g., amino acid substitutions or deletions, relative to the

amino acid sequence shown in Table 6, or encoded by a nucleotide sequence shown in Table 6 .

In certain embodiments, the anti-PD-Ll antibody molecule includes a substitution in a light

chain CDR, e.g., one or more substitutions in a CDR1, CDR2 and/or CDR3 of the light chain.

In another embodiment, the anti-PD-Ll antibody molecule includes at least one, two,

three, four, five or six CDRs (or collectively all of the CDRs) from a heavy and light chain

variable region comprising an amino acid sequence shown in Table 6, or encoded by a nucleotide

sequence shown in Table 6 . In one embodiment, one or more of the CDRs (or collectively all of

the CDRs) have one, two, three, four, five, six or more changes, e.g., amino acid substitutions or

deletions, relative to the amino acid sequence shown in Table 6, or encoded by a nucleotide

sequence shown in Table 6 .

In one embodiment, the anti-PD-Ll antibody molecule includes:

(i) a heavy chain variable region (VH) including a VHCDR1 amino acid sequence chosen

from SEQ ID NO: 287, SEQ ID NO: 290 or SEQ ID NO: 195; a VHCDR2 amino acid sequence



of SEQ ID NO: 288; and a VHCDR3 amino acid sequence of SEQ ID NO: 289, each disclosed

in Table 6; and

(ii) a light chain variable region (VL) including a VLCDR1 amino acid sequence of SEQ

ID NO: 295, a VLCDR2 amino acid sequence of SEQ ID NO: 296, and a VLCDR3 amino acid

sequence of SEQ ID NO: 297, each disclosed in Table 6 .

In another embodiment, the anti-PD-Ll antibody molecule includes:

(i) a heavy chain variable region (VH) including a VHCDRl amino acid sequence chosen

from SEQ ID NO: 287, SEQ ID NO: 290 or SEQ ID NO: 195; a VHCDR2 amino acid sequence

of SEQ ID NO: 291, and a VHCDR3 amino acid sequence of SEQ ID NO: 292, each disclosed

in Table 6; and

(ii) a light chain variable region (VL) including a VLCDR1 amino acid sequence of SEQ

ID NO: 298, a VLCDR2 amino acid sequence of SEQ ID NO: 299, and a VLCDR3 amino acid

sequence of SEQ ID NO: 300, each disclosed in Table 6 .

In embodiments of the aforesaid antibody molecules, the VHCDRl comprises the amino

acid sequence of SEQ ID NO: 1. In other embodiments, the VHCDRl comprises the amino acid

sequence of SEQ ID NO: 4 . In yet other embodiments, the VHCDRl amino acid sequence of

SEQ ID NO: 195.

In embodiments, the aforesaid antibody molecules have a heavy chain variable region

comprising at least one framework (FW) region comprising the amino acid sequence of any of

SEQ ID NOs: 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, or 154,

or an amino acid sequence at least 90% identical thereto, or having no more than two amino acid

substitutions, insertions or deletions compared to the amino acid sequence of any of SEQ ID

NOs: 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, or 154.

In other embodiments, the aforesaid antibody molecules have a heavy chain variable

region comprising at least one framework region comprising the amino acid sequence of any of

SEQ ID NOs: 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, or 154.

In yet other embodiments, the aforesaid antibody molecules have a heavy chain variable

region comprising at least two, three, or four framework regions comprising the amino acid

sequences of any of SEQ ID NOs: 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146,

148, 150, 152, or 154.



In other embodiments, the aforesaid antibody molecules comprise a VHFW1 amino acid

sequence of SEQ ID NO: 124, 126, 128, or 130, a VHFW2 amino acid sequence of SEQ ID NO:

132, 134, 136, 138, 140, or 142, and a VHFW3 amino acid sequence of SEQ ID NO: 144, 146,

148, 150, or 152, and, optionally, further comprising a VHFW4 amino acid sequence of SEQ ID

NO: 154.

In other embodiments, the aforesaid antibody molecules have a light chain variable

region comprising at least one framework region comprising the amino acid sequence of any of

SEQ ID NOs: 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, or 186,

or an amino acid sequence at least 90% identical thereto, or having no more than two amino acid

substitutions, insertions or deletions compared to the amino acid sequence of any of 156, 158,

160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, or 186.

In other embodiments, the aforesaid antibody molecules have a light chain variable

region comprising at least one framework region comprising the amino acid sequence of any of

SEQ ID NOs: 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, or 186.

In other embodiments, the aforesaid antibody molecules have a light chain variable

region comprising at least two, three, or four framework regions comprising the amino acid

sequences of any of SEQ ID NOs: 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 176, 178,

180, 182, 184, or 186.

In other embodiments, the aforesaid antibody molecules comprise a VLFW1 amino acid

sequence of SEQ ID NO: 156, 158, 160, 162, 164, or 166, a VLFW2 amino acid sequence of

SEQ ID NO: 168 or 170, and a VLFW3 amino acid sequence of SEQ ID NO: 172, 174, 176,

178, 180, 182, or 184, and, optionally, further comprising a VLFW4 amino acid sequence of

SEQ ID NO: 186.

In other embodiments, the aforesaid antibody molecules comprise a heavy chain variable

domain comprising the amino acid sequence of SEQ ID NO: 18, 30, 38, 46, 50, 54, 62, 70, or 78,

or an amino acid sequence that is at least 85% identical to the amino acid sequence of SEQ ID

NO: 18, 30, 38, 46, 50, 54, 62, 70, or 78.

In other embodiments, the aforesaid antibody molecules comprise a light chain variable

domain comprising an amino acid sequence of SEQ ID NO: 22, 26, 34, 42, 58, 66, 74, 82, or 86

or an amino acid sequence that is at least 85% identical to any of SEQ ID NOs: 22, 26, 34, 42,

58, 66, 74, 82, or 86.



In other embodiments, the aforesaid antibody molecules are chosen from a Fab, F(ab')2,

Fv, or a single chain Fv fragment (scFv).

In other embodiments, the aforesaid antibody molecules comprise a heavy chain constant

region selected from IgGl, IgG2, IgG3, and IgG4.

In other embodiments, the aforesaid antibody molecules are capable of binding to human

PD-Ll with a dissociation constant (KD) of less than about 0.2 nM.

In some embodiments, the aforesaid antibody molecules bind to human PD-Ll with a K

of less than about 0.2 nM, 0.15 nM, 0.1 nM, 0.05 nM, or 0.02 nM, e.g., about 0.2 nM to 0.1 nM,

e.g., about 0.166 nM to 0.176 nM, e.g., about 0.171 nM, e.g., as measured by a Biacore method.

In other embodiments, the aforesaid antibody molecules are capable of reducing binding

of PD-1 or B7-1 to PD-Ll or a cell that expresses PD-Ll. In some embodiments, the aforesaid

antibody molecules reduce {e.g., block) PD-Ll binding to a cell that expresses PD-Ll with an

IC50 of less than about 1.5 nM, 1 nM, 0.8 nM, 0.6 nM, 0.4 nM, 0.2 nM, or 0.1 nM, e.g., between

about 0.2 nM and about 0.1 nM, e.g., about 0.15 nM or less, e.g., about 0.145 nM. In some

embodiments, the aforesaid antibodies reduce {e.g., block) B7-1 binding to a cell that expresses

PD-Ll {e.g., human PD-Ll -expressing 300.19 cells) with an IC50 of less than about 2 nM, 1.5

nM, 1 nM, 0.5 nM, or 0.2 nM, e.g., between about 0.5 nM and about 0.01 nM, or about 0.2 nM

or less, e.g., about 0.1 nM.

In other embodiments, the aforesaid antibody molecules are capable of enhancing an

antigen-specific T cell response.

In some embodiments, the aforesaid antibody molecules bind to PD-Ll with a Kd slower

than 5 X 10 4 , 1 10 4 , 5 X 10 5 , or 1X 10 5 s 1 , e.g., about 6.33 X 10 5 s 1 , e.g., as measured by a

Biacore method. In some embodiments, the aforesaid antibody molecules bind to PD-Ll with a

Ka faster than 1X 104, 5 X 104, 1X 105, or 5 X 105 M 1, e.g., about 3.07 X 104 M V1,e.g., as

measured by a Biacore method.

In embodiments, the anti-PD-Ll antibody molecule is a monospecific antibody molecule

or a bispecific antibody molecule. In embodiments, the anti-PD-Ll antibody molecule has a first

binding specificity for PD-Ll and a second binding specifity for TIM-3, LAG-3, CEACAM

{e.g., CEACAM- 1, CEACAM-3, and/or CEACAM-5), PD-1 or PD-L2. In embodiments, the

antibody molecule comprises an antigen binding fragment of an antibody, e.g., a half antibody or

antigen binding fragment of a half antibody.



Table 6 . Amino acid and nucleotide sequences for murine, chimeric and humanized antibody

molecules. The antibody molecules include murine mAb BAP058, chimeric mAb BAP058-chi,

and humanized mAbs BAP058-hum01 to BAP058-huml7 and BAP058-Clone-K to BAP058-

Clone-O. The amino acid and nucleotide sequences of the heavy and light chain CDRs, the

heavy and light chain variable regions, and the heavy and light chains are shown.



TATAACAGCTATCCTCTCACGTTCGGTGCTGGGTCCAAGCTGGAGCTGAAA

BAP058-chi HC

SEQ ID NO: 287 HCDR1
(Kabat) SYWMY

SEQ ID NO: 288 HCDR2
(Kabat) RIDPNSGSTKYNEKFKN
SEQ ID NO: 289 HCDR3
(Kabat) DYRKGLYAMDY

SEQ ID NO: 290 HCDR1
(Chothia) GYTFTSY
SEQ ID NO: 291 HCDR2
(Chothia) DPNSGS
SEQ ID NO: 289 HCDR3
(Chothia) DYRKGLYAMDY
SEQ ID NO: 302 VH EVQLQQSGAELVKPGASVKLSCKASGYTFTSYWMYWVKQGPGRGLEWIGRIDPN

SGSTKYNEKFKNKATLTVDKSSSTAYMQLSSLTSEDSAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

BAP058-chi LC

SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)

SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 303 VL DIMMTQSHKFMSTSVGDRVSITCKASQDVGTAVAWYQQKPGQSPKLLIYWASTR

HTGVPDRFTGSGSGTDFTLTI SNVQSEDLADYFCQQYNSYPLTFGQGTKVE IK

BAP058-hum01-
HC
SEQ ID NO: 287 HCDR1 SYWMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)

SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)
SEQ ID NO: 304 VH QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMYWVRQATGQGLEWMGRIDPN

SGSTKYNEKFKNRFTI SRDDSKNTAYLQMNSLKTEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 305 DNA VH CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGTG
AAGGTCTCCTGCAAGGCTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG



GTGCGACAGGCCACTGGACAAGGGCTTGAGTGGATGGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGATTCACCATCTCCAGA
GATGATTCAAAGAACACGGCGTATCTGCAAATGAACAGCCTGAAAACCGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 306 Heavy QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMYWVRQATGQGLEWMGRIDPN
Chain SGSTKYNEKFKNRFTI SRDDSKNTAYLQMNSLKTEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 307 DNA CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGTG
Heavy AAGGTCTCCTGCAAGGCTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain GTGCGACAGGCCACTGGACAAGGGCTTGAGTGGATGGGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGATTCACCATCTCCAGA
GATGATTCAAAGAACACGGCGTATCTGCAAATGAACAGCCTGAAAACCGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-hum01-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)
SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 308 VL DIVMTQTPLSLPVTPGEPASISCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR

HTGIPARFSGSGSGTEFTLTI SSLQSEDFAVYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 309 DNA VL GATATTGTGATGACCCAGACTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCCG



GCCTCCATCTCCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG
CACACTGGGATCCCAGCCAGGTTCAGTGGCAGTGGGTCTGGGACAGAGTTCACT
CTCACCATCAGCAGCCTGCAGTCTGAAGATTTTGCAGTTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 310 Light DIVMTQTPLSLPVTPGEPASISCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
Chain HTGIPARFSGSGSGTEFTLTI SSLQSEDFAVYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 311 DNA GATATTGTGATGACCCAGACTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCCG
Light GCCTCCATCTCCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG

CACACTGGGATCCCAGCCAGGTTCAGTGGCAGTGGGTCTGGGACAGAGTTCACT
CTCACCATCAGCAGCCTGCAGTCTGAAGATTTTGCAGTTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-hum02-
HC
SEQ ID NO: 287 HCDR1 SYWMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)

SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)
SEQ ID NO: 304 VH QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMYWVRQATGQGLEWMGRIDPN

SGSTKYNEKFKNRFTI SRDDSKNTAYLQMNSLKTEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 305 DNA VH CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGTG
AAGGTCTCCTGCAAGGCTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
GTGCGACAGGCCACTGGACAAGGGCTTGAGTGGATGGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGATTCACCATCTCCAGA
GATGATTCAAAGAACACGGCGTATCTGCAAATGAACAGCCTGAAAACCGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 306 Heavy QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMYWVRQATGQGLEWMGRIDPN
Chain SGSTKYNEKFKNRFTI SRDDSKNTAYLQMNSLKTEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 307 DNA CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGTG
Heavy AAGGTCTCCTGCAAGGCTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG



Chain GTGCGACAGGCCACTGGACAAGGGCTTGAGTGGATGGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGATTCACCATCTCCAGA
GATGATTCAAAGAACACGGCGTATCTGCAAATGAACAGCCTGAAAACCGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-hum02-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)
SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 312 VL DIQMTQSPSSLSASVGDRVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR

HTGVPSRFSGSGSGTDFTLTI SSLQPEDFATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 313 DNA VL GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGA
GTCACCATCACTTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG
CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGATTTCACT
CTCACCATCAGCAGCCTGCAGCCTGAAGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 314 Light DIQMTQSPSSLSASVGDRVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
Chain HTGVPSRFSGSGSGTDFTLTI SSLQPEDFATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 315 DNA GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGA
Light GTCACCATCACTTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG

CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGATTTCACT
CTCACCATCAGCAGCCTGCAGCCTGAAGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA



TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-hum03-
HC
SEQ ID NO: 287 HCDR1 S WMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)
SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)
SEQ ID NO: 316 VH EVQLVQSGAEVKKPGATVKISCKVSGYTFTSYWMYWVRQATGQGLEWMGRIDPN

SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 317 DNA VH GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCTACAGTG
AAAATCTCCTGCAAGGTTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
GTGCGACAGGCCACTGGACAAGGGCTTGAGTGGATGGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACGATTACCGCG
GACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 318 Heavy EVQLVQSGAEVKKPGATVKISCKVSGYTFTSYWMYWVRQATGQGLEWMGRIDPN
Chain SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 319 DNA GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCTACAGTG
Heavy AAAATCTCCTGCAAGGTTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain GTGCGACAGGCCACTGGACAAGGGCTTGAGTGGATGGGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACGATTACCGCG
GACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC



AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-hum03-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)

SEQ ID NO: 299 LCDR2 WAS
(Chothia)
SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)

SEQ ID NO: 320 VL EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
HTGVPDRFSGSGSGTDFTLKI SRVEAEDVGVYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 321 DNA VL GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG
CACACTGGGGTCCCAGACAGGTTCAGTGGCAGTGGGTCAGGCACTGATTTCACA
CTGAAAATCAGCAGGGTGGAGGCTGAGGATGTTGGAGTTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 322 Light EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
Chain HTGVPDRFSGSGSGTDFTLKI SRVEAEDVGVYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 323 DNA GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
Light GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG

CACACTGGGGTCCCAGACAGGTTCAGTGGCAGTGGGTCAGGCACTGATTTCACA
CTGAAAATCAGCAGGGTGGAGGCTGAGGATGTTGGAGTTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-hum04-
HC
SEQ ID NO: 287 HCDR1 SYWMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)



SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)
SEQ ID NO: 324 VH EVQLVQSGAEVKKPGESLRISCKGSGYTFTSYWMYWVRQAPGQGLEWMGRIDPN

SGSTKYNEKFKNRVTI SVDTSKNQFSLKLSSVTAADTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 325 DNA VH GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTG
AGGATCTCCTGTAAGGGTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
GTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACCATATCAGTA
GACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACCGCCGCGGAC
ACGGCTGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 326 Heavy EVQLVQSGAEVKKPGESLRISCKGSGYTFTSYWMYWVRQAPGQGLEWMGRIDPN
Chain SGSTKYNEKFKNRVTI SVDTSKNQFSLKLSSVTAADTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 327 DNA GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTG
Heavy AGGATCTCCTGTAAGGGTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain GTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACCATATCAGTA
GACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACCGCCGCGGAC
ACGGCTGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-hum04-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)



SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)
SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 328 VL EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR

HTGVPSRFSGSGSGTDFTFTI SSLQPEDIATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 329 DNA VL GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG
CACACTGGGGTCCCATCAAGGTTCAGTGGAAGTGGATCTGGGACAGATTTTACT
TTCACCATCAGCAGCCTGCAGCCTGAAGATATTGCAACATATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 330 Light EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
Chain HTGVPSRFSGSGSGTDFTFTI SSLQPEDIATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 331 DNA GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
Light GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG

CACACTGGGGTCCCATCAAGGTTCAGTGGAAGTGGATCTGGGACAGATTTTACT
TTCACCATCAGCAGCCTGCAGCCTGAAGATATTGCAACATATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-hum05-
HC
SEQ ID NO: 287 HCDR1 SYWMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)
SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)
SEQ ID NO: 332 VH EVQLVQSGAEVKKPGATVKI SCKVSGYTFTSYWMYWIRQSPSRGLEWLGRIDPN

SGSTKYNEKFKNRLTI SKDTSKNQWLTMTNMDPVDTATYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 333 DNA VH GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCTACAGTG
AAAATCTCCTGCAAGGTTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
ATCAGGCAGTCCCCATCGAGAGGCCTTGAGTGGCTGGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGACTCACCATCTCCAAG
GACACCTCCAAAAACCAGGTGGTCCTTACAATGACCAACATGGACCCTGTGGAC
ACAGCCACGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 334 Heavy EVQLVQSGAEVKKPGATVKI SCKVSGYTFTSYWMYWIRQSPSRGLEWLGRIDPN
Chain SGSTKYNEKFKNRLTI SKDTSKNQWLTMTNMDPVDTATYYCARDYRKGLYAMD



YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 335 DNA GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCTACAGTG
Heavy AAAATCTCCTGCAAGGTTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain ATCAGGCAGTCCCCATCGAGAGGCCTTGAGTGGCTGGGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGACTCACCATCTCCAAG
GACACCTCCAAAAACCAGGTGGTCCTTACAATGACCAACATGGACCCTGTGGAC
ACAGCCACGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-hum05-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)
SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 328 VL EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR

HTGVPSRFSGSGSGTDFTFTI SSLQPEDIATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 329 DNA VL GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG
CACACTGGGGTCCCATCAAGGTTCAGTGGAAGTGGATCTGGGACAGATTTTACT
TTCACCATCAGCAGCCTGCAGCCTGAAGATATTGCAACATATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 330 Light EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
Chain HTGVPSRFSGSGSGTDFTFTI SSLQPEDIATYYCQQYNSYPLTFGQGTKVE IKR



TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 331 DNA GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
Light GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG

CACACTGGGGTCCCATCAAGGTTCAGTGGAAGTGGATCTGGGACAGATTTTACT
TTCACCATCAGCAGCCTGCAGCCTGAAGATATTGCAACATATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-hum06-
HC
SEQ ID NO: 287 HCDR1 SYWMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)
SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)
SEQ ID NO: 336 VH EVQLVQSGAEVKKPGESLRI SCKGSGYTFTSYWMYWIRQPPGKGLEWIGRIDPN

SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 337 DNA VH GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTG
AGGATCTCCTGTAAGGGTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
ATCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACGATTACCGCG
GACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 338 Heavy EVQLVQSGAEVKKPGESLRI SCKGSGYTFTSYWMYWIRQPPGKGLEWIGRIDPN
Chain SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 339 DNA GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTG
Heavy AGGATCTCCTGTAAGGGTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain ATCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACGATTACCGCG
GACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC



TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-hum06-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)

SEQ ID NO: 299 LCDR2 WAS
(Chothia)
SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)

SEQ ID NO: 328 VL EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
HTGVPSRFSGSGSGTDFTFTI SSLQPEDIATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 329 DNA VL GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG
CACACTGGGGTCCCATCAAGGTTCAGTGGAAGTGGATCTGGGACAGATTTTACT
TTCACCATCAGCAGCCTGCAGCCTGAAGATATTGCAACATATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 330 Light EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
Chain HTGVPSRFSGSGSGTDFTFTI SSLQPEDIATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 331 DNA GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
Light GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG

CACACTGGGGTCCCATCAAGGTTCAGTGGAAGTGGATCTGGGACAGATTTTACT
TTCACCATCAGCAGCCTGCAGCCTGAAGATATTGCAACATATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-hum07-
HC



SEQ ID NO: 287 HCDR1 S WMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)

SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)

SEQ ID NO: 340 VH QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMYWIRQSPSRGLEWLGRIDPN
SGSTKYNEKFKNRFTI SRDDSKNTAYLQMNSLKTEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 341 DNA VH CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGTG
AAGGTCTCCTGCAAGGCTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
ATCAGGCAGTCCCCATCGAGAGGCCTTGAGTGGCTGGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGATTCACCATCTCCAGA
GATGATTCAAAGAACACGGCGTATCTGCAAATGAACAGCCTGAAAACCGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 342 Heavy QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMYWIRQSPSRGLEWLGRIDPN
Chain SGSTKYNEKFKNRFTI SRDDSKNTAYLQMNSLKTEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 343 DNA CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGTG
Heavy AAGGTCTCCTGCAAGGCTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain ATCAGGCAGTCCCCATCGAGAGGCCTTGAGTGGCTGGGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGATTCACCATCTCCAGA
GATGATTCAAAGAACACGGCGTATCTGCAAATGAACAGCCTGAAAACCGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA



BAP058-hum07-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)

SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 344 VL EIVLTQSPATLSLSPGERATLSCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR

HTGIPPRFSGSGYGTDFTLTINNIESEDAAYYFCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 345 DNA VL GAAATTGTGTTGACACAGTCTCCAGCCACCCTGTCTTTGTCTCCAGGGGAAAGA
GCCACCCTCTCCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG
CACACTGGGATCCCACCTCGATTCAGTGGCAGCGGGTATGGAACAGATTTTACC
CTCACAATTAATAACATAGAATCTGAGGATGCTGCATATTACTTCTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 346 Light EIVLTQSPATLSLSPGERATLSCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
Chain HTGIPPRFSGSGYGTDFTLTINNIESEDAAYYFCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 347 DNA GAAATTGTGTTGACACAGTCTCCAGCCACCCTGTCTTTGTCTCCAGGGGAAAGA
Light GCCACCCTCTCCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG

CACACTGGGATCCCACCTCGATTCAGTGGCAGCGGGTATGGAACAGATTTTACC
CTCACAATTAATAACATAGAATCTGAGGATGCTGCATATTACTTCTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-hum08-
HC
SEQ ID NO: 287 HCDR1 SYWMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)
SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)

SEQ ID NO: 348 VH EVQLVQSGAEVKKPGESLRISCKGSGYTFTSYWMYWVRQARGQRLEWIGRIDPN
SGSTKYNEKFKNRLTI SKDTSKNQWLTMTNMDPVDTATYYCARDYRKGLYAMD
YWGQGTTVTVSS



SEQ ID NO: 349 DNA VH GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTG
AGGATCTCCTGTAAGGGTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
GTGCGACAGGCTCGTGGACAACGCCTTGAGTGGATAGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGACTCACCATCTCCAAG
GACACCTCCAAAAACCAGGTGGTCCTTACAATGACCAACATGGACCCTGTGGAC
ACAGCCACGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 350 Heavy EVQLVQSGAEVKKPGESLRISCKGSGYTFTSYWMYWVRQARGQRLEWIGRIDPN
Chain SGSTKYNEKFKNRLTI SKDTSKNQWLTMTNMDPVDTATYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 351 DNA GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTG
Heavy AGGATCTCCTGTAAGGGTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain GTGCGACAGGCTCGTGGACAACGCCTTGAGTGGATAGGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGACTCACCATCTCCAAG
GACACCTCCAAAAACCAGGTGGTCCTTACAATGACCAACATGGACCCTGTGGAC
ACAGCCACGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-hum08-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)

SEQ ID NO: 299 LCDR2 WAS
(Chothia)
SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 352 VL DWMTQSPLSLPVTLGQPASISCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR



HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 353 DNA VL GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCG
GCCTCCATCTCCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG
CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACT
CTCACCATCAGCAGCCTGCAGCCTGATGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 354 Light DWMTQSPLSLPVTLGQPASISCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR
Chain HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 355 DNA GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCG
Light GCCTCCATCTCCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG

CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACT
CTCACCATCAGCAGCCTGCAGCCTGATGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-hum09-
HC
SEQ ID NO: 287 HCDR1 SYWMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)

SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)

SEQ ID NO: 336 VH EVQLVQSGAEVKKPGESLRI SCKGSGYTFTSYWMYWIRQPPGKGLEWIGRIDPN
SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 337 DNA VH GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTG
AGGATCTCCTGTAAGGGTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
ATCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACGATTACCGCG
GACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 338 Heavy EVQLVQSGAEVKKPGESLRI SCKGSGYTFTSYWMYWIRQPPGKGLEWIGRIDPN
Chain SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK



SEQ ID NO: 339 DNA GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTG
Heavy AGGATCTCCTGTAAGGGTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain ATCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACGATTACCGCG
GACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-hum09-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)
SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 308 VL DIVMTQTPLSLPVTPGEPASISCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR

HTGIPARFSGSGSGTEFTLTI SSLQSEDFAVYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 309 DNA VL GATATTGTGATGACCCAGACTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCCG
GCCTCCATCTCCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG
CACACTGGGATCCCAGCCAGGTTCAGTGGCAGTGGGTCTGGGACAGAGTTCACT
CTCACCATCAGCAGCCTGCAGTCTGAAGATTTTGCAGTTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 310 Light DIVMTQTPLSLPVTPGEPASISCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
Chain HTGIPARFSGSGSGTEFTLTI SSLQSEDFAVYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 311 DNA GATATTGTGATGACCCAGACTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCCG
Light GCCTCCATCTCCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG

CACACTGGGATCCCAGCCAGGTTCAGTGGCAGTGGGTCTGGGACAGAGTTCACT
CTCACCATCAGCAGCCTGCAGTCTGAAGATTTTGCAGTTTATTACTGTCAGCAG



TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-humlO-
HC
SEQ ID NO: 287 HCDR1 S WMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)

SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)

SEQ ID NO: 356 VH QITLKESGPTLVKPTQTLTLTCTFSGYTFTSYWMYWVRQAPGKGLEWVSRIDPN
SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 357 DNA VH CAGATCACCTTGAAGGAGTCTGGTCCTACGCTGGTGAAACCCACACAGACCCTC
ACGCTGACCTGCACCTTCTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
GTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTCAGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACGATTACCGCG
GACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 358 Heavy QITLKESGPTLVKPTQTLTLTCTFSGYTFTSYWMYWVRQAPGKGLEWVSRIDPN
Chain SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 359 DNA CAGATCACCTTGAAGGAGTCTGGTCCTACGCTGGTGAAACCCACACAGACCCTC
Heavy ACGCTGACCTGCACCTTCTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain GTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTCAGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACGATTACCGCG
GACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG



ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-humlO-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)

SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 352 VL DWMTQSPLSLPVTLGQPASISCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR

HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 353 DNA VL GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCG
GCCTCCATCTCCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG
CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACT
CTCACCATCAGCAGCCTGCAGCCTGATGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 354 Light DWMTQSPLSLPVTLGQPASISCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR
Chain HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 355 DNA GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCG
Light GCCTCCATCTCCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG

CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACT
CTCACCATCAGCAGCCTGCAGCCTGATGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-humll-
HC
SEQ ID NO: 287 HCDR1 SYWMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY



(Chothia)

SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)

SEQ ID NO: 316 VH EVQLVQSGAEVKKPGATVKISCKVSGYTFTSYWMYWVRQATGQGLEWMGRIDPN
SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 317 DNA VH GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCTACAGTG
AAAATCTCCTGCAAGGTTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
GTGCGACAGGCCACTGGACAAGGGCTTGAGTGGATGGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACGATTACCGCG
GACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 318 Heavy EVQLVQSGAEVKKPGATVKISCKVSGYTFTSYWMYWVRQATGQGLEWMGRIDPN
Chain SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 319 DNA GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCTACAGTG
Heavy AAAATCTCCTGCAAGGTTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain GTGCGACAGGCCACTGGACAAGGGCTTGAGTGGATGGGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACGATTACCGCG
GACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-humll-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)



SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)
SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 352 VL DWMTQSPLSLPVTLGQPASISCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR

HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 353 DNA VL GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCG
GCCTCCATCTCCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG
CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACT
CTCACCATCAGCAGCCTGCAGCCTGATGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 354 Light DWMTQSPLSLPVTLGQPASISCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR
Chain HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 355 DNA GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCG
Light GCCTCCATCTCCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG

CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACT
CTCACCATCAGCAGCCTGCAGCCTGATGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-huml2-
HC
SEQ ID NO: 287 HCDR1 SYWMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)
SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)
SEQ ID NO: 324 VH EVQLVQSGAEVKKPGESLRISCKGSGYTFTSYWMYWVRQAPGQGLEWMGRIDPN

SGSTKYNEKFKNRVTI SVDTSKNQFSLKLSSVTAADTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 325 DNA VH GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTG
AGGATCTCCTGTAAGGGTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
GTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACCATATCAGTA
GACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACCGCCGCGGAC
ACGGCTGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC



SEQ ID NO: 326 Heavy EVQLVQSGAEVKKPGESLRISCKGSGYTFTSYWMYWVRQAPGQGLEWMGRIDPN
Chain SGSTKYNEKFKNRVTI SVDTSKNQFSLKLSSVTAADTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 327 DNA GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTG
Heavy AGGATCTCCTGTAAGGGTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain GTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACCATATCAGTA
GACACGTCCAAGAACCAGTTCTCCCTGAAGCTGAGCTCTGTGACCGCCGCGGAC
ACGGCTGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-huml2-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)

SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 360 VL DIQMTQSPSSLSASVGDRVTITCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR

HTGVPSRFSGSGSGTDFTFTI SSLQPEDIATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 361 DNA VL GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGA
GTCACCATCACTTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG
CACACTGGGGTCCCATCAAGGTTCAGTGGAAGTGGATCTGGGACAGATTTTACT
TTCACCATCAGCAGCCTGCAGCCTGAAGATATTGCAACATATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA



SEQ ID NO: 362 Light DIQMTQSPSSLSASVGDRVTITCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR
Chain HTGVPSRFSGSGSGTDFTFTI SSLQPEDIATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 363 DNA GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGA
Light GTCACCATCACTTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG

CACACTGGGGTCCCATCAAGGTTCAGTGGAAGTGGATCTGGGACAGATTTTACT
TTCACCATCAGCAGCCTGCAGCCTGAAGATATTGCAACATATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-huml3-
HC
SEQ ID NO: 287 HCDR1 SYWMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)

SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)
SEQ ID NO: 364 VH EVQLVQSGAEVKKPGATVKI SCKVSGYTFTSYWMYWVRQARGQRLEWIGRIDPN

SGSTKYNEKFKNRFTI SRDNSKNTLYLQMNSLRAEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 365 DNA VH GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCTACAGTG
AAAATCTCCTGCAAGGTTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
GTGCGACAGGCTCGTGGACAACGCCTTGAGTGGATAGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGATTCACCATCTCCAGA
GACAATTCCAAGAACACGCTGTATCTTCAAATGAACAGCCTGAGAGCCGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 391 Heavy EVQLVQSGAEVKKPGATVKI SCKVSGYTFTSYWMYWVRQARGQRLEWIGRIDPN
Chain SGSTKYNEKFKNRFTI SRDNSKNTLYLQMNSLRAEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 367 DNA GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCTACAGTG
Heavy AAAATCTCCTGCAAGGTTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain GTGCGACAGGCTCGTGGACAACGCCTTGAGTGGATAGGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGATTCACCATCTCCAGA
GACAATTCCAAGAACACGCTGTATCTTCAAATGAACAGCCTGAGAGCCGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA



TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-huml3-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)
SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 368 VL AIQLTQSPSSLSASVGDRVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR

HTGVPSRFSGSGSGTDFTFTI SSLEAEDAATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 369 DNA VL GCCATCCAGTTGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGA
GTCACCATCACTTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG
CACACTGGGGTCCCCTCGAGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACC
TTTACCATCAGTAGCCTGGAAGCTGAAGATGCTGCAACATATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 370 Light AIQLTQSPSSLSASVGDRVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
Chain HTGVPSRFSGSGSGTDFTFTI SSLEAEDAATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 371 DNA GCCATCCAGTTGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGA
Light GTCACCATCACTTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTGGGCATCCACCCGG

CACACTGGGGTCCCCTCGAGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACC
TTTACCATCAGTAGCCTGGAAGCTGAAGATGCTGCAACATATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT



BAP058-huml4-
HC
SEQ ID NO: 287 HCDR1 S WMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)
SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)
SEQ ID NO: 304 VH QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMYWVRQATGQGLEWMGRIDPN

SGSTKYNEKFKNRFTI SRDDSKNTAYLQMNSLKTEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 305 DNA VH CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGTG
AAGGTCTCCTGCAAGGCTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
GTGCGACAGGCCACTGGACAAGGGCTTGAGTGGATGGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGATTCACCATCTCCAGA
GATGATTCAAAGAACACGGCGTATCTGCAAATGAACAGCCTGAAAACCGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 306 Heavy QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMYWVRQATGQGLEWMGRIDPN
Chain SGSTKYNEKFKNRFTI SRDDSKNTAYLQMNSLKTEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 307 DNA CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGTG
Heavy AAGGTCTCCTGCAAGGCTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain GTGCGACAGGCCACTGGACAAGGGCTTGAGTGGATGGGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGATTCACCATCTCCAGA
GATGATTCAAAGAACACGGCGTATCTGCAAATGAACAGCCTGAAAACCGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG



AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-huml4-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)

SEQ ID NO: 299 LCDR2 WAS
(Chothia)
SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 372 VL EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR

HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 373 DNA VL GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG
CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACT
CTCACCATCAGCAGCCTGCAGCCTGATGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 374 Light EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR
Chain HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 375 DNA GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
Light GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG

CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACT
CTCACCATCAGCAGCCTGCAGCCTGATGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-huml5-
HC

SEQ ID NO: 287 HCDR1 SYWMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)
SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)



SEQ ID NO: 336 VH EVQLVQSGAEVKKPGESLRI SCKGSGYTFTSYWMYWIRQPPGKGLEWIGRIDPN
SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 337 DNA VH GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTG
AGGATCTCCTGTAAGGGTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
ATCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACGATTACCGCG
GACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 338 Heavy EVQLVQSGAEVKKPGESLRI SCKGSGYTFTSYWMYWIRQPPGKGLEWIGRIDPN
Chain SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 339 DNA GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTG
Heavy AGGATCTCCTGTAAGGGTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain ATCCGCCAGCCCCCAGGGAAGGGGCTGGAGTGGATTGGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGAGTCACGATTACCGCG
GACAAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-huml5-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)



SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 372 VL EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR

HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 373 DNA VL GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG
CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACT
CTCACCATCAGCAGCCTGCAGCCTGATGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 374 Light EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR
Chain HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 375 DNA GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
Light GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG

CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACT
CTCACCATCAGCAGCCTGCAGCCTGATGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-huml6-
HC
SEQ ID NO: 287 HCDR1 SYWMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)
SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)
SEQ ID NO: 340 VH QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMYWIRQSPSRGLEWLGRIDPN

SGSTKYNEKFKNRFTI SRDDSKNTAYLQMNSLKTEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 341 DNA VH CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGTG
AAGGTCTCCTGCAAGGCTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
ATCAGGCAGTCCCCATCGAGAGGCCTTGAGTGGCTGGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGATTCACCATCTCCAGA
GATGATTCAAAGAACACGGCGTATCTGCAAATGAACAGCCTGAAAACCGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 342 Heavy QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMYWIRQSPSRGLEWLGRIDPN
Chain SGSTKYNEKFKNRFTI SRDDSKNTAYLQMNSLKTEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS



NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 343 DNA CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGTG
Heavy AAGGTCTCCTGCAAGGCTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain ATCAGGCAGTCCCCATCGAGAGGCCTTGAGTGGCTGGGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGATTCACCATCTCCAGA
GATGATTCAAAGAACACGGCGTATCTGCAAATGAACAGCCTGAAAACCGAGGAC
ACGGCCGTGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC
CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-huml6-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)

SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 372 VL EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR

HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 373 DNA VL GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG
CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACT
CTCACCATCAGCAGCCTGCAGCCTGATGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 374 Light EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR
Chain HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 375 DNA GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
Light GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC



Chain CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG
CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACT
CTCACCATCAGCAGCCTGCAGCCTGATGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-huml7-
HC
SEQ ID NO: 287 HCDR1 S WMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)
SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)
SEQ ID NO: 348 VH EVQLVQSGAEVKKPGESLRISCKGSGYTFTSYWMYWVRQARGQRLEWIGRIDPN

SGSTKYNEKFKNRLTI SKDTSKNQWLTMTNMDPVDTATYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 349 DNA VH GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTG
AGGATCTCCTGTAAGGGTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
GTGCGACAGGCTCGTGGACAACGCCTTGAGTGGATAGGTAGGATTGATCCTAAT
AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGACTCACCATCTCCAAG
GACACCTCCAAAAACCAGGTGGTCCTTACAATGACCAACATGGACCCTGTGGAC
ACAGCCACGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCC

SEQ ID NO: 350 Heavy EVQLVQSGAEVKKPGESLRISCKGSGYTFTSYWMYWVRQARGQRLEWIGRIDPN
Chain SGSTKYNEKFKNRLTI SKDTSKNQWLTMTNMDPVDTATYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGK

SEQ ID NO: 351 DNA GAAGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTG
Heavy AGGATCTCCTGTAAGGGTTCTGGCTACACCTTCACCAGTTACTGGATGTACTGG
Chain GTGCGACAGGCTCGTGGACAACGCCTTGAGTGGATAGGTAGGATTGATCCTAAT

AGTGGGAGTACTAAGTACAATGAGAAGTTCAAGAACAGACTCACCATCTCCAAG
GACACCTCCAAAAACCAGGTGGTCCTTACAATGACCAACATGGACCCTGTGGAC
ACAGCCACGTATTACTGTGCAAGGGACTATAGAAAGGGGCTCTATGCTATGGAC
TACTGGGGCCAGGGCACCACCGTGACCGTGTCCTCCGCTTCCACCAAGGGCCCA
TCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAAC
TCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACG
AAGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGTGGACAAG
AGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCGTGCCCAGCACCTGAGTTC



CTGGGGGGACCATCAGTCTTCCTGTTCCCCCCAAAACCCAAGGACACTCTCATG
ATCTCCCGGACCCCTGAGGTCACGTGCGTGGTGGTGGACGTGAGCCAGGAAGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAG
ACAAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAGCGTCCTC
ACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGTCC
AACAAAGGCCTCCCGTCCTCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAG
CCCCGAGAGCCACAGGTGTACACCCTGCCCCCATCCCAGGAGGAGATGACCAAG
AACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGTGGACAAG
AGCAGGTGGCAGGAGGGGAATGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCTGGGTAAA

BAP058-huml7-
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)

SEQ ID NO: 299 LCDR2 WAS
(Chothia)
SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 372 VL EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR

HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 373 DNA VL GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG
CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACT
CTCACCATCAGCAGCCTGCAGCCTGATGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

SEQ ID NO: 374 Light EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR
Chain HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 375 DNA GAAATTGTGCTGACTCAGTCTCCAGACTTTCAGTCTGTGACTCCAAAGGAGAAA
Light GTCACCATCACCTGCAAGGCCAGTCAGGATGTGGGTACTGCTGTAGCCTGGTAC
Chain CAGCAGAAACCTGGCCAGGCTCCCAGGCTCCTCATCTATTGGGCATCCACCCGG

CACACTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACT
CTCACCATCAGCAGCCTGCAGCCTGATGATTTTGCAACTTATTACTGTCAGCAG
TATAACAGCTATCCTCTCACGTTCGGCCAAGGGACCAAGGTGGAAATCAAACGT
ACGGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAA
TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGT
GTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACG
CTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCAT
CAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

BAP058-Clone K
HC
SEQ ID NO: 287 HCDR1
(Kabat) SYWMY
SEQ ID NO: 288 HCDR2
(Kabat) RIDPNSGSTKYNEKFKN



SEQ ID NO: 289 HCDR3
(Kabat) DYRKGLYAMDY
SEQ ID NO: 290 HCDR1
(Chothia) GYTFTSY
SEQ ID NO: 291 HCDR2
(Chothia) DPNSGS
SEQ ID NO: 289 HCDR3
(Chothia) DYRKGLYAMDY
SEQ ID NO: 316 VH EVQLVQSGAEVKKPGATVKISCKVSGYTFTSYWMYWVRQATGQGLEWMGRIDPN

SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO:392 DNA VH GAAGTGCAGCTGGTGCAGTCTGGCGCCGAAGTGAAGAAACCCGGCGCTACCGTG
AAGATCTCCTGCAAGGTGTCCGGCTACACCTTCACCAGCTACTGGATGTACTGG
GTGCGACAGGCTACCGGCCAGGGCCTGGAATGGATGGGCAGAATCGACCCCAAC
TCCGGCTCCACCAAGTACAACGAGAAGTTCAAGAACCGCGTGACCATCACCGCC
GACAAGTCCACCTCCACCGCCTACATGGAACTGTCCTCCCTGCGGAGCGAGGAC
ACCGCCGTGTACTACTGCGCCAGAGACTACCGGAAGGGCCTGTACGCCATGGAC
TATTGGGGCCAGGGCACCACCGTGACCGTGTCCTCT

SEQ ID NO:393 Heavy EVQLVQSGAEVKKPGATVKISCKVSGYTFTSYWMYWVRQATGQGLEWMGRIDPN
Chain SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLG

SEQ ID NO:394 DNA GAAGTGCAGCTGGTGCAGTCTGGCGCCGAAGTGAAGAAACCCGGCGCTACCGTG
Heavy AAGATCTCCTGCAAGGTGTCCGGCTACACCTTCACCAGCTACTGGATGTACTGG
Chain GTGCGACAGGCTACCGGCCAGGGCCTGGAATGGATGGGCAGAATCGACCCCAAC

TCCGGCTCCACCAAGTACAACGAGAAGTTCAAGAACCGCGTGACCATCACCGCC
GACAAGTCCACCTCCACCGCCTACATGGAACTGTCCTCCCTGCGGAGCGAGGAC
ACCGCCGTGTACTACTGCGCCAGAGACTACCGGAAGGGCCTGTACGCCATGGAC
TATTGGGGCCAGGGCACCACCGTGACCGTGTCCTCTGCTTCCACCAAGGGCCCA
AGCGTGTTCCCCCTGGCCCCCTGCTCCAGAAGCACCAGCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAAC
AGCGGAGCCCTGACCAGCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGC
GGCCTGTACAGCCTGAGCAGCGTGGTGACCGTGCCCAGCAGCAGCCTGGGCACC
AAGACCTACACCTGTAACGTGGACCACAAGCCCAGCAACACCAAGGTGGACAAG
AGGGTGGAGAGCAAGTACGGCCCACCCTGCCCCCCCTGCCCAGCCCCCGAGTTC
CTGGGCGGACCCAGCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATG
ATCAGCAGAACCCCCGAGGTGACCTGTGTGGTGGTGGACGTGTCCCAGGAGGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAACGCCAAG
ACCAAGCCCAGAGAGGAGCAGTTTAACAGCACCTACCGGGTGGTGTCCGTGCTG
ACCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTACAAGTGTAAGGTCTCC
AACAAGGGCCTGCCAAGCAGCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAG
CCTAGAGAGCCCCAGGTCTACACCCTGCCACCCAGCCAAGAGGAGATGACCAAG
AACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCAAGCGACATCGCC
GTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCA
GTGCTGGACAGCGACGGCAGCTTCTTCCTGTACAGCAGGCTGACCGTGGACAAG
TCCAGATGGCAGGAGGGCAACGTCTTTAGCTGCTCCGTGATGCACGAGGCCCTG
CACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCTGGGCTGATGAATTC

BAP058-Clone K
LC
SEQ ID NO: 295 LCDR1
(Kabat) KASQDVGTAVA



SEQ ID NO: 296 LCDR2
(Kabat) WASTRHT
SEQ ID NO: LCDR3
297 (Kabat) QQYNSYPLT
SEQ ID NO: 298 LCDR1
(Chothia) SQDVGTA
SEQ ID NO: 299 LCDR2
(Chothia) WAS
SEQ ID NO: 300 LCDR3
(Chothia) YNSYPL
SEQ ID NO: 320 VL EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR

HTGVPDRFSGSGSGTDFTLKI SRVEAEDVGVYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO:395 DNA VL GAGATCGTGCTGACCCAGTCCCCCGACTTCCAGTCCGTGACCCCCAAAGAAAAA
GTGACCATCACATGCAAGGCCTCCCAGGACGTGGGCACCGCCGTGGCTTGGTAT
CTGCAGAAGCCTGGCCAGTCCCCTCAGCTGCTGATCTACTGGGCCTCTACCAGA
CACACCGGCGTGCCCGACAGATTCTCCGGCTCTGGCTCTGGCACCGACTTCACC
CTGAAGATCTCCCGGGTGGAAGCCGAGGATGTGGGCGTGTACTACTGCCAGCAG
TACAACTCCTACCCCCTGACCTTCGGCCAGGGCACCAAGGTGGAAATCAAG

SEQ ID NO:322 Light EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
Chain HTGVPDRFSGSGSGTDFTLKI SRVEAEDVGVYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:396 DNA GAGATCGTGCTGACCCAGTCCCCCGACTTCCAGTCCGTGACCCCCAAAGAAAAA
Light GTGACCATCACATGCAAGGCCTCCCAGGACGTGGGCACCGCCGTGGCTTGGTAT
Chain CTGCAGAAGCCTGGCCAGTCCCCTCAGCTGCTGATCTACTGGGCCTCTACCAGA

CACACCGGCGTGCCCGACAGATTCTCCGGCTCTGGCTCTGGCACCGACTTCACC
CTGAAGATCTCCCGGGTGGAAGCCGAGGATGTGGGCGTGTACTACTGCCAGCAG
TACAACTCCTACCCCCTGACCTTCGGCCAGGGCACCAAGGTGGAAATCAAGCGT
ACGGTGGCCGCTCCCAGCGTGTTCATCTTCCCCCCAAGCGACGAGCAGCTGAAG
AGCGGCACCGCCAGCGTGGTGTGTCTGCTGAACAACTTCTACCCCAGGGAGGCC
AAGGTGCAGTGGAAGGTGGACAACGCCCTGCAGAGCGGCAACAGCCAGGAGAGC
GTCACCGAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGCAGCACCCTGACC
CTGAGCAAGGCCGACTACGAGAAGCACAAGGTGTACGCCTGTGAGGTGACCCAC
CAGGGCCTGTCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGTGCTGATGA
ATTC

BAP058-Clone L
HC
SEQ ID NO: 287 HCDR1 SYWMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)
SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)
SEQ ID NO: 324 VH EVQLVQSGAEVKKPGESLRISCKGSGYTFTSYWMYWVRQAPGQGLEWMGRIDPN

SGSTKYNEKFKNRVTI SVDTSKNQFSLKLSSVTAADTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 376 DNA VH GAAGTGCAGCTGGTGCAGTCAGGCGCCGAAGTGAAGAAGCCCGGCGAGTCACTG
AGAATTAGCTGTAAAGGTTCAGGCTACACCTTCACTAGCTACTGGATGTACTGG
GTCCGACAGGCCCCAGGGCAAGGCCTGGAGTGGATGGGTAGAATCGACCCTAAT



AGCGGCTCTACTAAGTATAACGAGAAGTTTAAGAATAGAGTGACTATTAGCGTG
GACACCTCTAAGAATCAGTTTAGCCTGAAGCTGTCTAGCGTGACCGCCGCTGAC
ACCGCCGTCTACTACTGCGCTAGAGACTATAGAAAGGGCCTGTACGCTATGGAC
TACTGGGGTCAAGGCACTACCGTGACCGTGTCTTCA

SEQ ID NO: 377 Heavy EVQLVQSGAEVKKPGESLRISCKGSGYTFTSYWMYWVRQAPGQGLEWMGRIDPN
Chain SGSTKYNEKFKNRVTI SVDTSKNQFSLKLSSVTAADTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLG

SEQ ID NO: 378 DNA GAAGTGCAGCTGGTGCAGTCAGGCGCCGAAGTGAAGAAGCCCGGCGAGTCACTG
Heavy AGAATTAGCTGTAAAGGTTCAGGCTACACCTTCACTAGCTACTGGATGTACTGG
Chain GTCCGACAGGCCCCAGGGCAAGGCCTGGAGTGGATGGGTAGAATCGACCCTAAT

AGCGGCTCTACTAAGTATAACGAGAAGTTTAAGAATAGAGTGACTATTAGCGTG
GACACCTCTAAGAATCAGTTTAGCCTGAAGCTGTCTAGCGTGACCGCCGCTGAC
ACCGCCGTCTACTACTGCGCTAGAGACTATAGAAAGGGCCTGTACGCTATGGAC
TACTGGGGTCAAGGCACTACCGTGACCGTGTCTTCAGCTAGCACTAAGGGCCCG
TCCGTGTTCCCCCTGGCACCTTGTAGCCGGAGCACTAGCGAATCCACCGCTGCC
CTCGGCTGCCTGGTCAAGGATTACTTCCCGGAGCCCGTGACCGTGTCCTGGAAC
AGCGGAGCCCTGACCTCCGGAGTGCACACCTTCCCCGCTGTGCTGCAGAGCTCC
GGGCTGTACTCGCTGTCGTCGGTGGTCACGGTGCCTTCATCTAGCCTGGGTACC
AAGACCTACACTTGCAACGTGGACCACAAGCCTTCCAACACTAAGGTGGACAAG
CGCGTCGAATCGAAGTACGGCCCACCGTGCCCGCCTTGTCCCGCGCCGGAGTTC
CTCGGCGGTCCCTCGGTCTTTCTGTTCCCACCGAAGCCCAAGGACACTTTGATG
ATTTCCCGCACCCCTGAAGTGACATGCGTGGTCGTGGACGTGTCACAGGAAGAT
CCGGAGGTGCAGTTCAATTGGTACGTGGATGGCGTCGAGGTGCACAACGCCAAA
ACCAAGCCGAGGGAGGAGCAGTTCAACTCCACTTACCGCGTCGTGTCCGTGCTG
ACGGTGCTGCATCAGGACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCC
AACAAGGGACTTCCTAGCTCAATCGAAAAGACCATCTCGAAAGCCAAGGGACAG
CCCCGGGAACCCCAAGTGTATACCCTGCCACCGAGCCAGGAAGAAATGACTAAG
AACCAAGTCTCATTGACTTGCCTTGTGAAGGGCTTCTACCCATCGGATATCGCC
GTGGAATGGGAGTCCAACGGCCAGCCGGAAAACAACTACAAGACCACCCCTCCG
GTGCTGGACTCAGACGGATCCTTCTTCCTCTACTCGCGGCTGACCGTGGATAAG
AGCAGATGGCAGGAGGGAAATGTGTTCAGCTGTTCTGTGATGCATGAAGCCCTG
CACAACCACTACACTCAGAAGTCCCTGTCCCTCTCCCTGGGA

BAP058-Clone L
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)

SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 328 VL EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR

HTGVPSRFSGSGSGTDFTFTI SSLQPEDIATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 379 DNA VL GAGATCGTCCTGACTCAGTCACCCGACTTTCAGTCAGTGACCCCTAAAGAGAAA
GTCACTATCACCTGTAAAGCCTCTCAGGACGTGGGCACCGCCGTGGCCTGGTAT



CTGCAGAAGCCTGGTCAATCACCTCAGCTGCTGATCTACTGGGCCTCTACTAGA
CACACCGGCGTGCCCTCTAGGTTTAGCGGTAGCGGTAGTGGCACCGACTTCACC
TTCACTATCTCTTCACTGCAGCCCGAGGATATCGCTACCTACTACTGTCAGCAG
TATAATAGCTACCCCCTGACCTTCGGTCAAGGCACTAAGGTCGAGATTAAG

SEQ ID NO: 330 Light EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
Chain HTGVPSRFSGSGSGTDFTFTI SSLQPEDIATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 380 DNA GAGATCGTCCTGACTCAGTCACCCGACTTTCAGTCAGTGACCCCTAAAGAGAAA
Light GTCACTATCACCTGTAAAGCCTCTCAGGACGTGGGCACCGCCGTGGCCTGGTAT
Chain CTGCAGAAGCCTGGTCAATCACCTCAGCTGCTGATCTACTGGGCCTCTACTAGA

CACACCGGCGTGCCCTCTAGGTTTAGCGGTAGCGGTAGTGGCACCGACTTCACC
TTCACTATCTCTTCACTGCAGCCCGAGGATATCGCTACCTACTACTGTCAGCAG
TATAATAGCTACCCCCTGACCTTCGGTCAAGGCACTAAGGTCGAGATTAAGCGT
ACGGTGGCCGCTCCCAGCGTGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAG
AGCGGCACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCTACCCCCGGGAGGCC
AAGGTGCAGTGGAAGGTGGACAACGCCCTGCAGAGCGGCAACAGCCAGGAGAGC
GTCACCGAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGCAGCACCCTGACC
CTGAGCAAGGCCGACTACGAGAAGCATAAGGTGTACGCCTGCGAGGTGACCCAC
CAGGGCCTGTCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGTGC

BAP058-Clone M
HC
SEQ ID NO: 287 HCDR1
(Kabat) SYWMY
SEQ ID NO: 288 HCDR2
(Kabat) RIDPNSGSTKYNEKFKN
SEQ ID NO: 289 HCDR3
(Kabat) DYRKGLYAMDY
SEQ ID NO: 290 HCDR1
(Chothia) GYTFTSY
SEQ ID NO: 291 HCDR2
(Chothia) DPNSGS
SEQ ID NO: 289 HCDR3
(Chothia) DYRKGLYAMDY
SEQ ID NO: 336 VH EVQLVQSGAEVKKPGESLRI SCKGSGYTFTSYWMYWIRQPPGKGLEWIGRIDPN

SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO:397 DNA VH GAAGTGCAGCTGGTGCAGTCTGGCGCCGAAGTGAAGAAGCCTGGCGAGTCCCTG
CGGATCTCCTGCAAGGGCTCCGGCTACACCTTCACCAGCTACTGGATGTACTGG
ATCCGGCAGCCCCCTGGCAAGGGCCTGGAATGGATCGGCAGAATCGACCCCAAC
TCCGGCTCCACCAAGTACAACGAGAAGTTCAAGAACCGCGTGACCATCACCGCC
GACAAGTCCACCTCCACCGCCTACATGGAACTGTCCTCCCTGAGATCCGAGGAC
ACCGCCGTGTACTACTGCGCCAGAGACTACCGGAAGGGCCTGTACGCCATGGAC
TATTGGGGCCAGGGCACCACCGTGACCGTGTCCTCT

SEQ ID NO:398 Heavy EVQLVQSGAEVKKPGESLRI SCKGSGYTFTSYWMYWIRQPPGKGLEWIGRIDPN
Chain SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLG

SEQ ID NO:399 DNA GAAGTGCAGCTGGTGCAGTCTGGCGCCGAAGTGAAGAAGCCTGGCGAGTCCCTG
Heavy CGGATCTCCTGCAAGGGCTCCGGCTACACCTTCACCAGCTACTGGATGTACTGG
Chain ATCCGGCAGCCCCCTGGCAAGGGCCTGGAATGGATCGGCAGAATCGACCCCAAC



TCCGGCTCCACCAAGTACAACGAGAAGTTCAAGAACCGCGTGACCATCACCGCC
GACAAGTCCACCTCCACCGCCTACATGGAACTGTCCTCCCTGAGATCCGAGGAC
ACCGCCGTGTACTACTGCGCCAGAGACTACCGGAAGGGCCTGTACGCCATGGAC
TATTGGGGCCAGGGCACCACCGTGACCGTGTCCTCTGCTTCTACCAAGGGCCCA
AGCGTGTTCCCCCTGGCCCCCTGCTCCAGAAGCACCAGCGAGAGCACAGCCGCC
CTGGGCTGCCTGGTGAAGGACTACTTCCCCGAGCCCGTGACCGTGTCCTGGAAC
AGCGGAGCCCTGACCAGCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGC
GGCCTGTACAGCCTGAGCAGCGTGGTGACCGTGCCCAGCAGCAGCCTGGGCACC
AAGACCTACACCTGTAACGTGGACCACAAGCCCAGCAACACCAAGGTGGACAAG
AGGGTGGAGAGCAAGTACGGCCCACCCTGCCCCCCCTGCCCAGCCCCCGAGTTC
CTGGGCGGACCCAGCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATG
ATCAGCAGAACCCCCGAGGTGACCTGTGTGGTGGTGGACGTGTCCCAGGAGGAC
CCCGAGGTCCAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAACGCCAAG
ACCAAGCCCAGAGAGGAGCAGTTTAACAGCACCTACCGGGTGGTGTCCGTGCTG
ACCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTACAAGTGTAAGGTCTCC
AACAAGGGCCTGCCAAGCAGCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAG
CCTAGAGAGCCCCAGGTCTACACCCTGCCACCCAGCCAAGAGGAGATGACCAAG
AACCAGGTGTCCCTGACCTGTCTGGTGAAGGGCTTCTACCCAAGCGACATCGCC
GTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCA
GTGCTGGACAGCGACGGCAGCTTCTTCCTGTACAGCAGGCTGACCGTGGACAAG
TCCAGATGGCAGGAGGGCAACGTCTTTAGCTGCTCCGTGATGCACGAGGCCCTG
CACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCTGGGCTGATGAATTC

BAP058-Clone M
LC
SEQ ID NO: 295 LCDR1
(Kabat) KASQDVGTAVA
SEQ ID NO: 296 LCDR2
(Kabat) WASTRHT
SEQ ID NO: LCDR3
297 (Kabat) QQYNSYPLT
SEQ ID NO: 298 LCDR1
(Chothia) SQDVGTA
SEQ ID NO: 299 LCDR2
(Chothia) WAS
SEQ ID NO: 300 LCDR3
(Chothia) YNSYPL
SEQ ID NO: 328 VL EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR

HTGVPSRFSGSGSGTDFTFTI SSLQPEDIATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO:400 DNA VL GAGATCGTGCTGACCCAGTCCCCCGACTTCCAGTCCGTGACCCCCAAAGAAAAA
GTGACCATCACATGCAAGGCCTCCCAGGACGTGGGCACCGCCGTGGCTTGGTAT
CTGCAGAAGCCTGGCCAGTCCCCTCAGCTGCTGATCTACTGGGCCTCTACCAGA
CACACCGGCGTGCCCTCCAGATTCTCCGGCTCTGGCTCTGGCACCGACTTTACC
TTCACCATCTCCAGCCTGCAGCCCGAGGATATCGCCACCTACTACTGCCAGCAG
TACAACTCCTACCCCCTGACCTTCGGCCAGGGCACCAAGGTGGAAATCAAG

SEQ ID NO:330 Light EIVLTQSPDFQSVTPKEKVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
Chain HTGVPSRFSGSGSGTDFTFTI SSLQPEDIATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:401 DNA GAGATCGTGCTGACCCAGTCCCCCGACTTCCAGTCCGTGACCCCCAAAGAAAAA
Light GTGACCATCACATGCAAGGCCTCCCAGGACGTGGGCACCGCCGTGGCTTGGTAT
Chain CTGCAGAAGCCTGGCCAGTCCCCTCAGCTGCTGATCTACTGGGCCTCTACCAGA

CACACCGGCGTGCCCTCCAGATTCTCCGGCTCTGGCTCTGGCACCGACTTTACC
TTCACCATCTCCAGCCTGCAGCCCGAGGATATCGCCACCTACTACTGCCAGCAG
TACAACTCCTACCCCCTGACCTTCGGCCAGGGCACCAAGGTGGAAATCAAGCGT
ACGGTGGCCGCTCCCAGCGTGTTCATCTTCCCCCCAAGCGACGAGCAGCTGAAG



AGCGGCACCGCCAGCGTGGTGTGTCTGCTGAACAACTTCTACCCCAGGGAGGCC
AAGGTGCAGTGGAAGGTGGACAACGCCCTGCAGAGCGGCAACAGCCAGGAGAGC
GTCACCGAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGCAGCACCCTGACC
CTGAGCAAGGCCGACTACGAGAAGCACAAGGTGTACGCCTGTGAGGTGACCCAC
CAGGGCCTGTCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGTGCTGATGA
ATTC

BAP058-Clone N
HC
SEQ ID NO: 287 HCDR1 S WMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY
(Chothia)

SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)

SEQ ID NO: 316 VH EVQLVQSGAEVKKPGATVKISCKVSGYTFTSYWMYWVRQATGQGLEWMGRIDPN
SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 381 DNA VH GAAGTGCAGCTGGTGCAGTCAGGCGCCGAAGTGAAGAAACCCGGCGCTACCGTG
AAGATTAGCTGTAAAGTCTCAGGCTACACCTTCACTAGCTACTGGATGTACTGG
GTCCGACAGGCTACCGGTCAAGGCCTGGAGTGGATGGGTAGAATCGACCCTAAT
AGCGGCTCTACTAAGTATAACGAGAAGTTTAAGAATAGAGTGACTATCACCGCC
GATAAGTCTACTAGCACCGCCTATATGGAACTGTCTAGCCTGAGATCAGAGGAC
ACCGCCGTCTACTACTGCGCTAGAGACTATAGAAAGGGCCTGTACGCTATGGAC
TACTGGGGTCAAGGCACTACCGTGACCGTGTCTTCA

SEQ ID NO: 382 Heavy EVQLVQSGAEVKKPGATVKISCKVSGYTFTSYWMYWVRQATGQGLEWMGRIDPN
Chain SGSTKYNEKFKNRVTITADKSTSTAYMELSSLRSEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLG

SEQ ID NO: 383 DNA GAAGTGCAGCTGGTGCAGTCAGGCGCCGAAGTGAAGAAACCCGGCGCTACCGTG
Heavy AAGATTAGCTGTAAAGTCTCAGGCTACACCTTCACTAGCTACTGGATGTACTGG
Chain GTCCGACAGGCTACCGGTCAAGGCCTGGAGTGGATGGGTAGAATCGACCCTAAT

AGCGGCTCTACTAAGTATAACGAGAAGTTTAAGAATAGAGTGACTATCACCGCC
GATAAGTCTACTAGCACCGCCTATATGGAACTGTCTAGCCTGAGATCAGAGGAC
ACCGCCGTCTACTACTGCGCTAGAGACTATAGAAAGGGCCTGTACGCTATGGAC
TACTGGGGTCAAGGCACTACCGTGACCGTGTCTTCAGCTAGCACTAAGGGCCCG
TCCGTGTTCCCCCTGGCACCTTGTAGCCGGAGCACTAGCGAATCCACCGCTGCC
CTCGGCTGCCTGGTCAAGGATTACTTCCCGGAGCCCGTGACCGTGTCCTGGAAC
AGCGGAGCCCTGACCTCCGGAGTGCACACCTTCCCCGCTGTGCTGCAGAGCTCC
GGGCTGTACTCGCTGTCGTCGGTGGTCACGGTGCCTTCATCTAGCCTGGGTACC
AAGACCTACACTTGCAACGTGGACCACAAGCCTTCCAACACTAAGGTGGACAAG
CGCGTCGAATCGAAGTACGGCCCACCGTGCCCGCCTTGTCCCGCGCCGGAGTTC
CTCGGCGGTCCCTCGGTCTTTCTGTTCCCACCGAAGCCCAAGGACACTTTGATG
ATTTCCCGCACCCCTGAAGTGACATGCGTGGTCGTGGACGTGTCACAGGAAGAT
CCGGAGGTGCAGTTCAATTGGTACGTGGATGGCGTCGAGGTGCACAACGCCAAA



ACCAAGCCGAGGGAGGAGCAGTTCAACTCCACTTACCGCGTCGTGTCCGTGCTG
ACGGTGCTGCATCAGGACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCC
AACAAGGGACTTCCTAGCTCAATCGAAAAGACCATCTCGAAAGCCAAGGGACAG
CCCCGGGAACCCCAAGTGTATACCCTGCCACCGAGCCAGGAAGAAATGACTAAG
AACCAAGTCTCATTGACTTGCCTTGTGAAGGGCTTCTACCCATCGGATATCGCC
GTGGAATGGGAGTCCAACGGCCAGCCGGAAAACAACTACAAGACCACCCCTCCG
GTGCTGGACTCAGACGGATCCTTCTTCCTCTACTCGCGGCTGACCGTGGATAAG
AGCAGATGGCAGGAGGGAAATGTGTTCAGCTGTTCTGTGATGCATGAAGCCCTG
CACAACCACTACACTCAGAAGTCCCTGTCCCTCTCCCTGGGA

BAP058-Clone N
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)

SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)

SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)
SEQ ID NO: 352 VL DWMTQSPLSLPVTLGQPASISCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR

HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: DNA VL GACGTCGTGATGACTCAGTCACCCCTGAGCCTGCCCGTGACCCTGGGGCAGCCC
384 GCCTCTATTAGCTGTAAAGCCTCTCAGGACGTGGGCACCGCCGTGGCCTGGTAT

CAGCAGAAGCCAGGGCAAGCCCCTAGACTGCTGATCTACTGGGCCTCTACTAGA
CACACCGGCGTGCCCTCTAGGTTTAGCGGTAGCGGTAGTGGCACCGAGTTCACC
CTGACTATCTCTTCACTGCAGCCCGACGACTTCGCTACCTACTACTGTCAGCAG
TATAATAGCTACCCCCTGACCTTCGGTCAAGGCACTAAGGTCGAGATTAAG

SEQ ID NO: 354 Light DWMTQSPLSLPVTLGQPASISCKASQDVGTAVAWYQQKPGQAPRLLIYWASTR
Chain HTGVPSRFSGSGSGTEFTLTI SSLQPDDFATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 385 DNA GACGTCGTGATGACTCAGTCACCCCTGAGCCTGCCCGTGACCCTGGGGCAGCCC
Light GCCTCTATTAGCTGTAAAGCCTCTCAGGACGTGGGCACCGCCGTGGCCTGGTAT
Chain CAGCAGAAGCCAGGGCAAGCCCCTAGACTGCTGATCTACTGGGCCTCTACTAGA

CACACCGGCGTGCCCTCTAGGTTTAGCGGTAGCGGTAGTGGCACCGAGTTCACC
CTGACTATCTCTTCACTGCAGCCCGACGACTTCGCTACCTACTACTGTCAGCAG
TATAATAGCTACCCCCTGACCTTCGGTCAAGGCACTAAGGTCGAGATTAAGCGT
ACGGTGGCCGCTCCCAGCGTGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAG
AGCGGCACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCTACCCCCGGGAGGCC
AAGGTGCAGTGGAAGGTGGACAACGCCCTGCAGAGCGGCAACAGCCAGGAGAGC
GTCACCGAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGCAGCACCCTGACC
CTGAGCAAGGCCGACTACGAGAAGCATAAGGTGTACGCCTGCGAGGTGACCCAC
CAGGGCCTGTCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGTGC

BAP058-Clone 0
HC
SEQ ID NO: 287 HCDR1 SYWMY
(Kabat)

SEQ ID NO: 288 HCDR2 RIDPNSGSTKYNEKFKN
(Kabat)

SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Kabat)

SEQ ID NO: 290 HCDR1 GYTFTSY



(Chothia)

SEQ ID NO: 291 HCDR2 DPNSGS
(Chothia)
SEQ ID NO: 289 HCDR3 DYRKGLYAMDY
(Chothia)
SEQ ID NO: 364 VH EVQLVQSGAEVKKPGATVKI SCKVSGYTFTSYWMYWVRQARGQRLEWIGRIDPN

SGSTKYNEKFKNRFTI SRDNSKNTLYLQMNSLRAEDTAVYYCARDYRKGLYAMD
YWGQGTTVTVSS

SEQ ID NO: 386 DNA VH GAAGTGCAGCTGGTGCAGTCAGGCGCCGAAGTGAAGAAACCCGGCGCTACCGTG
AAGATTAGCTGTAAAGTCTCAGGCTACACCTTCACTAGCTACTGGATGTACTGG
GTCCGACAGGCTAGAGGGCAAAGACTGGAGTGGATCGGTAGAATCGACCCTAAT
AGCGGCTCTACTAAGTATAACGAGAAGTTTAAGAATAGGTTCACTATTAGTAGG
GATAACTCTAAGAACACCCTGTACCTGCAGATGAATAGCCTGAGAGCCGAGGAC
ACCGCCGTCTACTACTGCGCTAGAGACTATAGAAAGGGCCTGTACGCTATGGAC
TACTGGGGTCAAGGCACTACCGTGACCGTGTCTTCA

SEQ ID NO: 366 Heavy EVQLVQSGAEVKKPGATVKI SCKVSGYTFTSYWMYWVRQARGQRLEWIGRIDPN
Chain SGSTKYNEKFKNRFTI SRDNSKNTLYLQMNSLRAEDTAVYYCARDYRKGLYAMD

YWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHKPSNTKVDK
RVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVWDVSQED
PEVQFNWYVD GVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLG

SEQ ID NO: 387 DNA GAAGTGCAGCTGGTGCAGTCAGGCGCCGAAGTGAAGAAACCCGGCGCTACCGTG
Heavy AAGATTAGCTGTAAAGTCTCAGGCTACACCTTCACTAGCTACTGGATGTACTGG
Chain GTCCGACAGGCTAGAGGGCAAAGACTGGAGTGGATCGGTAGAATCGACCCTAAT

AGCGGCTCTACTAAGTATAACGAGAAGTTTAAGAATAGGTTCACTATTAGTAGG
GATAACTCTAAGAACACCCTGTACCTGCAGATGAATAGCCTGAGAGCCGAGGAC
ACCGCCGTCTACTACTGCGCTAGAGACTATAGAAAGGGCCTGTACGCTATGGAC
TACTGGGGTCAAGGCACTACCGTGACCGTGTCTTCAGCTAGCACTAAGGGCCCG
TCCGTGTTCCCCCTGGCACCTTGTAGCCGGAGCACTAGCGAATCCACCGCTGCC
CTCGGCTGCCTGGTCAAGGATTACTTCCCGGAGCCCGTGACCGTGTCCTGGAAC
AGCGGAGCCCTGACCTCCGGAGTGCACACCTTCCCCGCTGTGCTGCAGAGCTCC
GGGCTGTACTCGCTGTCGTCGGTGGTCACGGTGCCTTCATCTAGCCTGGGTACC
AAGACCTACACTTGCAACGTGGACCACAAGCCTTCCAACACTAAGGTGGACAAG
CGCGTCGAATCGAAGTACGGCCCACCGTGCCCGCCTTGTCCCGCGCCGGAGTTC
CTCGGCGGTCCCTCGGTCTTTCTGTTCCCACCGAAGCCCAAGGACACTTTGATG
ATTTCCCGCACCCCTGAAGTGACATGCGTGGTCGTGGACGTGTCACAGGAAGAT
CCGGAGGTGCAGTTCAATTGGTACGTGGATGGCGTCGAGGTGCACAACGCCAAA
ACCAAGCCGAGGGAGGAGCAGTTCAACTCCACTTACCGCGTCGTGTCCGTGCTG
ACGGTGCTGCATCAGGACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCC
AACAAGGGACTTCCTAGCTCAATCGAAAAGACCATCTCGAAAGCCAAGGGACAG
CCCCGGGAACCCCAAGTGTATACCCTGCCACCGAGCCAGGAAGAAATGACTAAG
AACCAAGTCTCATTGACTTGCCTTGTGAAGGGCTTCTACCCATCGGATATCGCC
GTGGAATGGGAGTCCAACGGCCAGCCGGAAAACAACTACAAGACCACCCCTCCG
GTGCTGGACTCAGACGGATCCTTCTTCCTCTACTCGCGGCTGACCGTGGATAAG
AGCAGATGGCAGGAGGGAAATGTGTTCAGCTGTTCTGTGATGCATGAAGCCCTG
CACAACCACTACACTCAGAAGTCCCTGTCCCTCTCCCTGGGA

BAP058-Clone 0
LC
SEQ ID NO: 295 LCDR1 KASQDVGTAVA
(Kabat)

SEQ ID NO: 296 LCDR2 WASTRHT
(Kabat)



SEQ ID NO: LCDR3 QQYNSYPLT
297 (Kabat)

SEQ ID NO: 298 LCDR1 SQDVGTA
(Chothia)
SEQ ID NO: 299 LCDR2 WAS
(Chothia)
SEQ ID NO: 300 LCDR3 YNSYPL
(Chothia)

SEQ ID NO: 368 VL AIQLTQSPSSLSASVGDRVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
HTGVPSRFSGSGSGTDFTFTI SSLEAEDAATYYCQQYNSYPLTFGQGTKVE IK

SEQ ID NO: 388 DNA VL GCTATTCAGCTGACTCAGTCACCTAGTAGCCTGAGCGCTAGTGTGGGCGATAGA
GTGACTATCACCTGTAAAGCCTCTCAGGACGTGGGCACCGCCGTGGCCTGGTAT
CTGCAGAAGCCTGGTCAATCACCTCAGCTGCTGATCTACTGGGCCTCTACTAGA
CACACCGGCGTGCCCTCTAGGTTTAGCGGTAGCGGTAGTGGCACCGACTTCACC
TTCACTATCTCTTCACTGGAAGCCGAGGACGCCGCTACCTACTACTGTCAGCAG
TATAATAGCTACCCCCTGACCTTCGGTCAAGGCACTAAGGTCGAGATTAAG

SEQ ID NO: 370 Light AIQLTQSPSSLSASVGDRVTITCKASQDVGTAVAWYLQKPGQSPQLLIYWASTR
Chain HTGVPSRFSGSGSGTDFTFTI SSLEAEDAATYYCQQYNSYPLTFGQGTKVE IKR

TVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 389 DNA GCTATTCAGCTGACTCAGTCACCTAGTAGCCTGAGCGCTAGTGTGGGCGATAGA
Light GTGACTATCACCTGTAAAGCCTCTCAGGACGTGGGCACCGCCGTGGCCTGGTAT
Chain CTGCAGAAGCCTGGTCAATCACCTCAGCTGCTGATCTACTGGGCCTCTACTAGA

CACACCGGCGTGCCCTCTAGGTTTAGCGGTAGCGGTAGTGGCACCGACTTCACC
TTCACTATCTCTTCACTGGAAGCCGAGGACGCCGCTACCTACTACTGTCAGCAG
TATAATAGCTACCCCCTGACCTTCGGTCAAGGCACTAAGGTCGAGATTAAGCGT
ACGGTGGCCGCTCCCAGCGTGTTCATCTTCCCCCCCAGCGACGAGCAGCTGAAG
AGCGGCACCGCCAGCGTGGTGTGCCTGCTGAACAACTTCTACCCCCGGGAGGCC
AAGGTGCAGTGGAAGGTGGACAACGCCCTGCAGAGCGGCAACAGCCAGGAGAGC
GTCACCGAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGCAGCACCCTGACC
CTGAGCAAGGCCGACTACGAGAAGCATAAGGTGTACGCCTGCGAGGTGACCCAC
CAGGGCCTGTCCAGCCCCGTGACCAAGAGCTTCAACAGGGGCGAGTGC

Therapeutic Application for Mesothelin Expressing Diseases and Disorders

The present invention provides compositions and methods for treating diseases and

disorders associated with the expression of mesothelin. An example of a disease or disorder

associated with mesothelin is mesothelioma.

Malignant mesothelioma is a type of cancer that occurs in the thin layer of cells lining the

body's internal organs, known as the mesothelium. There are three recognized types of

mesothelioma. Pleural mesothelioma (e.g., malignant pleural mesothelioma, or MPM) is the

most common form of the disease, accounting for roughly 70% of cases, and occurs in the lining

of the lung known as the pleura. Peritoneal mesothelioma occurs in the lining of the abdominal

cavity, known as the peritoneum. Pericardial mesothelioma originates in the pericardium, which

lines the heart.

A subject may be at risk to develop mesothelioma if the subject was exposed to asbestos.

Exposure to asbestos and the inhalation of asbestos particles can cause mesothelioma. In most



cases, mesothelioma symptoms will not appear in a subject exposed to asbestos until many years

after the exposure has occurred.

Symptoms of pleural mesothelioma include, e.g., lower back pain or side chest pain, and

shortness of breath. Other symptoms include difficulty swallowing, persistent cough, fever,

weight loss or fatigue. Additional symptoms that some patients experience are muscle weakness,

loss of sensory capability, coughing up blood, facial and arm swelling, and hoarseness. In the

early stages of the disease, such as stage 1 mesothelioma, symptoms may be mild. Patients

usually report pain in one area of the chest that never seems to go away, weight loss and fever.

Peritoneal mesothelioma originates in the abdomen and as a result, symptoms often

include abdominal pain, weight loss, nausea, and vomiting. Fluid buildup may occur in the

abdomen as well as a result of the cancer. Peritoneal mesothelioma originates in the abdomen

and will frequently spread to other organs in area including the liver, spleen or bowel. Severe

abdominal pain is the most common complaint that patients first experience. There may also be a

discomfort level with fluid buildup in the abdomen as well. Other symptoms of peritoneal

mesothelioma may include difficult bowel movements, nausea and vomiting, fever and swollen

feet.

Pericardial mesothelioma is the least common form of mesothelioma. Pericardial

mesothelioma, as the name suggests, involves the heart. This rare type of mesothelioma cancer

invades the pericardium, the sac that surrounds the heart. As the cancer progresses, the heart is

not able to deliver oxygen as efficiently to the body causing further decline in health at an

increasingly rapid rate. The symptoms most commonly associated with pericardial mesothelioma

mimic those of a heart attack: nausea, pain in the chest and shortness of breath.

Subjects benefiting from treatment according to the invention include subjects with a

mesothelioma, or subjects suspected of having mesothelioma, e.g., as evidenced by the presence

of one or more of the symptoms described herein and/or exposure to asbestos. In particular

embodiments, the mesothelioma is pleural mesothelioma (e.g., malignant pleural mesothelioma).

In other aspects, the subject may be treated that has a precancerous condition such as, e.g., pleural plaques,

benign mesothelioma or mesothelial hyperplasia.

Another example of a disease or disorder associated with mesothelin is pancreatic cancer.

Pancreatic cancers that can be treated with methods described herein include, but are not limited

to, exocrine pancreatic cancers and endocrine pancreatic cancers. Exocrine pancreatic cancers



include, but are not limited to, adenocarcinomas, acinar cell carcinomas, adenosquamous

carcinomas, colloid carcinomas, undifferentiated carcinomas with osteoclast-like giant cells,

hepatoid carcinomas, intraductal papillary-mucinous neoplasms, mucinous cystic neoplasms,

pancreatoblastomas, serous cystadenomas, signet ring cell carcinomas, solid and pseuodpapillary

tumors, pancreatic ductal carcinomas, and undifferentiated carcinomas. In some embodiments,

the exocrine pancreatic cancer is pancreatic ductal carcinoma. Endocrine pancreatic cancers

include, but are not limited to, insulinomas and glucagonomas.

In some embodiments, the pancreatic cancer is any of early stage pancreatic cancer, non-

metastatic pancreatic cancer, primary pancreatic cancer, resected pancreatic cancer, advanced

pancreatic cancer, locally advanced pancreatic cancer, metastatic pancreatic cancer, unresectable

pancreatic cancer, pancreatic cancer in remission, recurrent pancreatic cancer, pancreatic cancer

in an adjuvant setting, or pancreatic cancer in a neoadjuvant setting. In some embodiments, the

pancreatic cancer is locally advanced pancreatic cancer, unresectable pancreatic cancer, or

metastatic pancreatic ductal carcinoma. In some embodiments, the pancreatic cancer is resistant

to the gemcitabine-based therapy. In some embodiments, the pancreatic cancer is refractory to

the gemcitabine-based therapy.

In other aspects, the disorder associated with mesothelin expression is ovarian cancer.

Ovarian cancer is classified according to the histology of the tumor. Surface epithelial-stromal

tumor, also known as ovarian epithelial carcinoma, is the most common type of ovarian cancer.

It includes serous tumor (including serous papillary cystadenocarcinoma), endometrioid tumor

and mucinous cystadenocarcinoma.

The methods described herein can be used to treat various stages of ovarian cancer, e.g.,

stage I, stage II, stage III or stage IV. Staging can be performed, e.g., when the ovarian cancer is

removed. Ovarian cancer is staged as follows:

Stage I cancer is confined to one or both ovaries. The cancer is stage II if either one or

both of the ovaries is involved and has spread to the uterus and/or the fallopian tubes or other

sites in the pelvis. The cancer is stage III cancer if one or both of the ovaries is involved and has

spread to lymph nodes or other sites outside of the pelvis but is still within the abdominal cavity,

such as the surface of the intestine or liver. The cancer is stage IV cancer if one or both ovaries

are involved and the cancer has spread outside the abdomen or to the inside of the liver.



In some embodiments, the ovarian cancer is resistant to one or more chemotherapeutic

agent. In some embodiments, the ovarian cancer is refractory to the one or more

chemotherapeutic agent.

Other cancers that can be treated with the combination therapy described herein include,

e.g., brain cancer, bladder cancer, breast cancer, cervical cancer, colorectal cancer, liver cancer,

kidney cancer, lymphoma, leukemia, lung cancer (e.g., lung adenocarcinoma), melanoma,

metastatic melanoma, mesothelioma, neuroblastoma, ovarian cancer, prostate cancer, pancreatic

cancer, renal cancer, skin cancer, thymoma, sarcoma, non-Hodgkin's lymphoma, Hodgkin's

lymphoma, uterine cancer, and any combination thereof.

In one aspect, the disclosure features a method of treating cancer in a subject. The

method comprises administering to the subject a combination therapy that includes administering

a mesothelin CAR-expressing cell and a PD-L1 inhibitor such that the cancer is treated in the

subject. An example of a cancer that is treatable by the combination therapy described herein is a

cancer associated with expression of mesothelin. In one aspect, the cancer associated with

expression of mesothelin is selected from mesothelioma, pancreatic cancer, ovarian cancer and

lung cancer, or a metastasis resulting from any of the aforesaid cancers.

In one embodiment, the combination therapy of a mesothelin CAR-expressing cell and a

PD-L1 inhibitor described herein results in one or more of: improved or increased anti-tumor

activity of the mesothelin CAR-epxressing cell; increased proliferation or persistence of the

mesothelin CAR-expressing cell; improved or increased infiltration of the mesothelin CAR-

expressing cell; improved inhibition of tumor progression; delay of tumor progression; inhibition

or reduction in cancer cell proliferation; and/or reduction in tumor burden, e.g., tumor volume, or

size, e.g., as compared to a monotherapy of mesothelin CAR-expressing cell or PD-L1 inhibitor

alone.

The present invention provides methods for inhibiting the proliferation of or reducing a

mesothelin-expressing cell population. In one embodiment, the methods comprise administering

a combination therapy, e.g., a combination comprising a mesothelin CAR-expressing cell, or a

population of mesothelin-CAR expressing cells, and a PD-L1 inhibitor. In certain embodiments,

the combination therapy described herein reduces the quantity, number, amount or percentage of

cells and/or cancer cells by at least at least 5% , 10%, at least 15%, at least 20%, at least 25%, at

least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at



least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at

least 99% in a subject with or animal model of mesothelioma or another cancer associated with

mesothelin-expressing cells relative to the quantity, number, amount, or percentage of cells

and/or cancer cells in a subject treated with a mesothelin CAR-expressing cell or a PD-L1

inhibitor alone. In one aspect, the subject is a human.

The invention also provides methods for preventing, treating and/or managing a disorder

associated with mesothelin -expressing cells (e.g., mesothelioma), the methods comprising

administering to a subject in need a mesothelin CAR-expressing cell, or a population of

mesothelin CAR-expressing cells, and a PD-L1 inhibitor. In one aspect, the subject is a human.

Combination Therapies

Any of the methods described herein may be used in combination with other known

agents and therapies.

The combination described herein, e.g., a mesothelin CAR-expressing cell and a PD-L1

inhibitor, and the at least one additional therapeutic agent can be administered simultaneously, in

the same or in separate compositions, or sequentially. For sequential administration, the CAR-

expressing cell and/or the PD-L1 inhibitor described herein can be administered after the

additional therapeutic agent, or the order of administration can be reversed where the additional

therapeutic agent can be administered after the CAR-expressing cell and/or the PD-L1 inhibitor

described herein. Alternatively, the additional therapeutic agent can be administered between

administration of the CAR-expressing cell and the PD-L1 inhibitor.

In further aspects, the combination described herein, e.g., a mesothelin CAR-expressing

cell and a PD-L1 inhibitor, may be used in a treatment regimen in combination with surgery,

chemotherapy, radiation, immunosuppressive agents, such as cyclosporin, azathioprine,

methotrexate, mycophenolate, and FK506, antibodies, or other immunoablative agents such as

CAMPATH, anti-CD3 antibodies or other antibody therapies, cytoxin, fludarabine, cyclosporin,

FK506, rapamycin, mycophenolic acid, steroids, FR901228, cytokines, and irradiation peptide

vaccine, such as that described in Izumoto et al. 2008 J Neurosurg 108:963-971.

In one embodiment, the combination described herein, e.g., a mesothelin CAR-

expressing cell and a PD-L1 inhibitor, can be used in combination with a chemotherapeutic

agent. Exemplary chemotherapeutic agents include an anthracycline (e.g., doxorubicin (e.g.,



liposomal doxorubicin)) a vinca alkaloid (e.g., vinblastine, vincristine, vindesine, vinorelbine),

an alkylating agent (e.g., cyclophosphamide, decarbazine, melphalan, ifosfamide,

temozolomide), an immune cell antibody (e.g., alemtuzamab, gemtuzumab, rituximab,

tositumomab), an antimetabolite (including, e.g., folic acid antagonists, pyrimidine analogs,

purine analogs and adenosine deaminase inhibitors (e.g., fludarabine)), an mTOR inhibitor, a

TNFR glucocorticoid induced TNFR related protein (GITR) agonist, a proteasome inhibitor

(e.g., aclacinomycin A, gliotoxin or bortezomib), an immunomodulator such as thalidomide or a

thalidomide derivative (e.g., lenalidomide).

General Chemotherapeutic agents considered for use in combination therapies include

anastrozole (Arimidex®), bicalutamide (Casodex®), bleomycin sulfate (Blenoxane®), busulfan

(Myleran®), busulfan injection (Busulfex®), capecitabine (Xeloda®), N4-pentoxycarbonyl-5-

deoxy-5-fluorocytidine, carboplatin (Paraplatin®), carmustine (BiCNU®), chlorambucil

(Leukeran®), cisplatin (Platinol®), cladribine (Leustatin®), cyclophosphamide (Cytoxan® or

Neosar®), cytarabine, cytosine arabinoside (Cytosar-U®), cytarabine liposome injection

(DepoCyt®), dacarbazine (DTIC-Dome®), dactinomycin (Actinomycin D, Cosmegan),

daunorubicin hydrochloride (Cerubidine®), daunorubicin citrate liposome injection

(DaunoXome®), dexamethasone, docetaxel (Taxotere®), doxorubicin hydrochloride

(Adriamycin®, Rubex®), etoposide (Vepesid®), fludarabine phosphate (Fludara®), 5-

fluorouracil (Adrucil®, Efudex®), flutamide (Eulexin®), tezacitibine, Gemcitabine

(difluorodeoxycitidine), hydroxyurea (Hydrea®), Idarubicin (Idamycin®), ifosfamide (IFEX®),

irinotecan (Camptosar®), L-asparaginase (ELSPAR®), leucovorin calcium, melphalan

(Alkeran®), 6-mercaptopurine (Purinethol®), methotrexate (Folex®), mitoxantrone

(Novantrone®), mylotarg, paclitaxel (Taxol®), phoenix (Yttrium90/MX-DTPA), pentostatin,

polifeprosan 20 with carmustine implant (Gliadel®), tamoxifen citrate (Nolvadex®), teniposide

(Vumon®), 6-thioguanine, thiotepa, tirapazamine (Tirazone®), topotecan hydrochloride for

injection (Hycamptin®), vinblastine (Velban®), vincristine (Oncovin®), and vinorelbine

(Navelbine®).

Exemplary alkylating agents include, without limitation, nitrogen mustards, ethylenimine

derivatives, alkyl sulfonates, nitrosoureas and triazenes): uracil mustard (Aminouracil Mustard®,

Chlorethaminacil®, Demethyldopan®, Desmethyldopan®, Haemanthamine®, Nordopan®,

Uracil nitrogen mustard®, Uracillost®, Uracilmostaza®, Uramustin®, Uramustine®),



chlormethine (Mustargen®), cyclophosphamide (Cytoxan®, Neosar®, Clafen®, Endoxan®,

Procytox®, Revimmune™), ifosfamide (Mitoxana®), melphalan (Alkeran®), Chlorambucil

(Leukeran®), pipobroman (Amedel®, Vercyte®), triethylenemelamine (Hemel®, Hexalen®,

Hexastat®), triethylenethiophosphoramine, Temozolomide (Temodar®), thiotepa (Thioplex®),

busulfan (Busilvex®, Myleran®), carmustine (BiCNU®), lomustine (CeeNU®), streptozocin

(Zanosar®), and Dacarbazine (DTIC-Dome®). Additional exemplary alkylating agents include,

without limitation, Oxaliplatin (Eloxatin®); Temozolomide (Temodar® and Temodal®);

Dactinomycin (also known as actinomycin-D, Cosmegen®); Melphalan (also known as L-PAM,

L-sarcolysin, and phenylalanine mustard, Alkeran®); Altretamine (also known as

hexamethylmelamine (HMM), Hexalen®); Carmustine (BiCNU®); Bendamustine (Treanda®);

Busulfan (Busulfex® and Myleran®); Carboplatin (Paraplatin®); Lomustine (also known as

CCNU, CeeNU®); Cisplatin (also known as CDDP, Platinol® and Platinol®-AQ);

Chlorambucil (Leukeran®); Cyclophosphamide (Cytoxan® and Neosar®); Dacarbazine (also

known as DTIC, DIC and imidazole carboxamide, DTIC-Dome®); Altretamine (also known as

hexamethylmelamine (HMM), Hexalen®); Ifosfamide (Ifex®); Prednumustine; Procarbazine

(Matulane®); Mechlorethamine (also known as nitrogen mustard, mustine and

mechloroethamine hydrochloride, Mustargen®); Streptozocin (Zanosar®); Thiotepa (also

known as thiophosphoamide, TESPA and TSPA, Thioplex®); Cyclophosphamide (Endoxan®,

Cytoxan®, Neosar®, Procytox®, Revimmune®); and Bendamustine HC1 (Treanda®).

Exemplary mTOR inhibitors include, e.g., temsirolimus; ridaforolimus (formally known

as deferolimus, (lR ,2R ,45)-4-[(2R )-2 [(1R ,95,125,15R ,16E ,18R ,19R ,21R ,

23S,24E ,26E ,28Z,30S,32S,357?)-l,18-dihydroxy-19,30-dimethoxy-15,17,21,23, 29,35-

hexamethyl-2,3,10,14,20-pentaoxo-ll,36-dioxa-4-azatricyclo[30.3.1.0 4 9] hexatriaconta-

16,24,26,28-tetraen-12-yl]propyl]-2-methoxycyclohexyl dimethylphosphinate, also known as

AP23573 and MK8669, and described in PCT Publication No. WO 03/064383); everolimus

(Afinitor® or RAD001); rapamycin (AY22989, Sirolimus®); simapimod (CAS 164301-51-3);

emsirolimus, (5-{2,4-Bis[(3S)-3-methylmorpholin-4-yl]pyrido[2,3-<i]pyrimidin-7-yl}-2-

methoxyphenyl)methanol (AZD8055); 2-Amino-8-[iran5-4-(2-hydroxyethoxy)cyclohexyl]-6-(6-

methoxy-3-pyridinyl)-4-methyl-pyrido[2,3-i/]pyrimidin-7(8 H )-one (PF04691502, CAS 1013101-

36-4); and N -[l,4-dioxo-4-[[4-(4 -oxo-8-phenyl-4H -l-benzopyran-2-yl)morpholinium-4-



yl]methoxy]butyl]-L-arginylglycyl-L-a-aspartylL-serine- (SEQ ID NO: 613), inner salt (SF1126,

CAS 936487-67-1), and XL765.

Exemplary immunomodulators include, e.g., afutuzumab (available from Roche®);

pegfilgrastim (Neulasta®); lenalidomide (CC-5013, Revlimid®); thalidomide (Thalomid®),

actimid (CC4047); and IRX-2 (mixture of human cytokines including interleukin 1, interleukin

2, and interferon γ , CAS 951209-71-5, available from IRX Therapeutics).

Exemplary anthracyclines include, e.g., doxorubicin (Adriamycin® and Rubex®);

bleomycin (lenoxane®); daunorubicin (dauorubicin hydrochloride, daunomycin, and

rubidomycin hydrochloride, Cerubidine®); daunorubicin liposomal (daunorubicin citrate

liposome, DaunoXome®); mitoxantrone (DHAD, Novantrone®); epirubicin (Ellence™);

idarubicin (Idamycin®, Idamycin PFS®); mitomycin C (Mutamycin®); geldanamycin;

herbimycin; ravidomycin; and desacetylravidomycin.

Exemplary vinca alkaloids include, e.g., vinorelbine tartrate (Navelbine®), Vincristine

(Oncovin®), and Vindesine (Eldisine®)); vinblastine (also known as vinblastine sulfate,

vincaleukoblastine and VLB, Alkaban-AQ® and Velban®); and vinorelbine (Navelbine®).

Exemplary proteosome inhibitors include bortezomib (Velcade®); carfilzomib (PX-171-

007, (S)-4-Methyl-N -((S)-l-(((S)-4-methyl-l-((7?)-2-methyloxiran-2-yl)-l-oxopentan-2-

yl)amino)-l-oxo-3-phenylpropan-2-yl)-2-((S)-2-(2-morpholinoacetamido)-4-phenylbutanamido)-

pentanamide); marizomib (NPI-0052); ixazomib citrate (MLN-9708); delanzomib (CEP-18770);

and 0-Methyl -N -[(2-methyl-5-thiazolyl)carbonyl]-L-seryl-0-methyl -N -[(lS)-2-[(27?)-2-methyl-

2-oxiranyl] -2-oxo- 1-(phenylmethyl)ethyl] - L-serinamide (ONX-09 12).

In embodiments, the combination described herein, e.g., a mesothelin CAR-expressing

cell and a PD-L1 inhibitor, is administered to a subject in combination with brentuximab.

Brentuximab is an antibody-drug conjugate of anti-CD30 antibody and monomethyl auristatin E.

In embodiments, the subject has Hodgkin's lymphoma (HL), e.g., relapsed or refractory HL. In

embodiments, the subject comprises CD30+ HL. In embodiments, the subject has undergone an

autologous stem cell transplant (ASCT). In embodiments, the subject has not undergone an

ASCT. In embodiments, brentuximab is administered at a dosage of about 1-3 mg/kg (e.g.,

about 1-1.5, 1.5-2, 2-2.5, or 2.5-3 mg/kg), e.g., intravenously, e.g., every 3 weeks.

In embodiments, the combination described herein, e.g., a mesothelin CAR-expressing

cell and a PD-L1 inhibitor, is administered to a subject in combination with brentuximab and



dacarbazine or in combination with brentuximab and bendamustine. Dacarbazine is an

alkylating agent with a chemical name of 5-(3,3-Dimethyl-l-triazenyl)imidazole-4-carboxamide.

Bendamustine is an alkylating agent with a chemical name of 4-[5-[Bis(2-chloroethyl)amino]-l-

methylbenzimidazol-2-yl]butanoic acid. In embodiments, the subject has Hodgkin's lymphoma

(HL). In embodiments, the subject has not previously been treated with a cancer therapy. In

embodiments, the subject is at least 60 years of age, e.g., 60, 65, 70, 75, 80, 85, or older. In

embodiments, dacarbazine is administered at a dosage of about 300-450 mg/m (e.g., about 300-

325, 325-350, 350-375, 375-400, 400-425, or 425-450 mg/m2), e.g., intravenously. In

embodiments, bendamustine is administered at a dosage of about 75-125 mg/m2 (e.g., 75-100 or

100-125 mg/m2, e.g., about 90 mg/m2), e.g., intravenously. In embodiments, brentuximab is

administered at a dosage of about 1-3 mg/kg (e.g., about 1-1.5, 1.5-2, 2-2.5, or 2.5-3 mg/kg),

e.g., intravenously, e.g., every 3 weeks.

In some embodiments, a CAR-expressing cell described herein is administered to a

subject in combination with a CD20 inhibitor, e.g., an anti-CD20 antibody (e.g., an anti-CD20

mono- or bispecific antibody) or a fragment thereof. Exemplary anti-CD20 antibodies include

but are not limited to rituximab, ofatumumab, ocrelizumab, veltuzumab, obinutuzumab, TRU-

015 (Trubion Pharmaceuticals), ocaratuzumab, and Prol31921 (Genentech). See, e.g., Lim et al.

Haematologica. 95 .1(2010):135-43 .

In some embodiments, the anti-CD20 antibody comprises rituximab. Rituximab is a

chimeric mouse/human monoclonal antibody IgGl kappa that binds to CD20 and causes

cytolysis of a CD20 expressing cell, e.g., as described in

www.accessdata.fda.gov/drugsatfda_docs/label/2010/103705s53111bl.pdf. In embodiments, a

CAR-expressing cell described herein is administered to a subject in combination with

rituximab. In embodiments, the subject has CLL or SLL.

In some embodiments, rituximab is administered intravenously, e.g., as an intravenous

infusion. For example, each infusion provides about 500-2000 mg (e.g., about 500-550, 550-

600, 600-650, 650-700, 700-750, 750-800, 800-850, 850-900, 900-950, 950-1000, 1000-1100,

1100-1200, 1200-1300, 1300-1400, 1400-1500, 1500-1600, 1600-1700, 1700-1800, 1800-1900,

or 1900-2000 mg) of rituximab. In some embodiments, rituximab is administered at a dose of

150 mg/m2 to 750 mg/m2, e.g., about 150-175 mg/m2, 175-200 mg/m2, 200-225 mg/m2, 225-250

mg/m2, 250-300 mg/m2, 300-325 mg/m2, 325-350 mg/m2, 350-375 mg/m2, 375-400 mg/m2, 400-



425 mg/m2, 425-450 mg/m2, 450-475 mg/m2, 475-500 mg/m2, 500-525 mg/m2, 525-550 mg/m2,

550-575 mg/m2, 575-600 mg/m2, 600-625 mg/m2, 625-650 mg/m2, 650-675 mg/m2, or 675-700

mg/m2, where m2 indicates the body surface area of the subject. In some embodiments,

rituximab is administered at a dosing interval of at least 4 days, e.g., 4, 7, 14, 21, 28, 35 days, or

more. For example, rituximab is administered at a dosing interval of at least 0.5 weeks, e.g., 0.5,

1, 2, 3, 4, 5, 6, 7, 8 weeks, or more. In some embodiments, rituximab is administered at a dose

and dosing interval described herein for a period of time, e.g., at least 2 weeks, e.g., at least 2, 3,

4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 weeks, or greater. For example,

rituximab is administered at a dose and dosing interval described herein for a total of at least 4

doses per treatment cycle (e.g., at least 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, or more doses

per treatment cycle).

In some embodiments, the anti-CD20 antibody comprises ofatumumab. Ofatumumab is

an anti-CD20 IgGlK human monoclonal antibody with a molecular weight of approximately 149

kDa. For example, ofatumumab is generated using transgenic mouse and hybridoma technology

and is expressed and purified from a recombinant murine cell line (NS0). See, e.g.,

www.accessdata.fda.gov/drugsatfda_docs/label/2009/1253261bl.pdf; and Clinical Trial Identifier

number NCT01363128, NCT01515176, NCT01626352, and NCT01397591. In embodiments, a

CAR-expressing cell described herein is administered to a subject in combination with

ofatumumab. In embodiments, the subject has CLL or SLL.

In some embodiments, ofatumumab is administered as an intravenous infusion. For

example, each infusion provides about 150-3000 mg (e.g., about 150-200, 200-250, 250-300,

300-350, 350-400, 400-450, 450-500, 500-550, 550-600, 600-650, 650-700, 700-750, 750-800,

800-850, 850-900, 900-950, 950-1000, 1000-1200, 1200-1400, 1400-1600, 1600-1800, 1800-

2000, 2000-2200, 2200-2400, 2400-2600, 2600-2800, or 2800-3000 mg) of ofatumumab. In

embodiments, ofatumumab is administered at a starting dosage of about 300 mg, followed by

2000 mg, e.g., for about 11 doses, e.g., for 24 weeks. In some embodiments, ofatumumab is

administered at a dosing interval of at least 4 days, e.g., 4, 7, 14, 21, 28, 35 days, or more. For

example, ofatumumab is administered at a dosing interval of at least 1 week, e.g., 1, 2, 3, 4, 5, 6,

7, 8, 9, 10, 11, 12, 24, 26, 28, 20, 22, 24, 26, 28, 30 weeks, or more. In some embodiments,

ofatumumab is administered at a dose and dosing interval described herein for a period of time,

e.g., at least 1 week, e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 22, 24,



26, 28, 30, 40, 50, 60 weeks or greater, or 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 months or greater, or

1, 2, 3, 4, 5 years or greater. For example, ofatumumab is administered at a dose and dosing

interval described herein for a total of at least 2 doses per treatment cycle (e.g., at least 2, 3, 4, 5,

6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 18, 20, or more doses per treatment cycle).

In some cases, the anti-CD20 antibody comprises ocrelizumab. Ocrelizumab is a

humanized anti-CD20 monoclonal antibody, e.g., as described in Clinical Trials Identifier Nos.

NCT00077870, NCT01412333, NCT00779220, NCT00673920, NCTOl 194570, and Kappos et

al. Lancet. 19.378(2011): 1779-87.

In some cases, the anti-CD20 antibody comprises veltuzumab. Veltuzumab is a

humanized monoclonal antibody against CD20. See, e.g., Clinical Trial Identifier No.

NCT00547066, NCT00546793, NCTOl 101581, and Goldenberg et al. Leuk Lymphoma.

51(5)(2010):747-55.

In some cases, the anti-CD20 antibody comprises GA101. GA101 (also called

obinutuzumab or RO5072759) is a humanized and glyco-engineered anti-CD20 monoclonal

antibody. See, e.g., Robak. Curr. Opin. Investig. Drugs. 10.6(2009):588-96; Clinical Trial

Identifier Numbers: NCT01995669, NCT01889797, NCT02229422, and NCT01414205; and

www.accessdata.fda.gov/drugsatfda_docs/label/2013/125486s0001bl.pdf.

In some cases, the anti-CD20 antibody comprises AME-133v. AME-133v (also called

LY2469298 or ocaratuzumab) is a humanized IgGl monoclonal antibody against CD20 with

increased affinity for the FcyRIIIa receptor and an enhanced antibody dependent cellular

cytotoxicity (ADCC) activity compared with rituximab. See, e.g., Robak et al. BioDrugs

25.1(2011):13-25; and Forero-Torres et al. Clin Cancer Res. 18.5(2012):1395-403.

In some cases, the anti-CD20 antibody comprises PRO 13 1921. PRO 13 1921 is a

humanized anti-CD20 monoclonal antibody engineered to have better binding to FcyRIIIa and

enhanced ADCC compared with rituximab. See, e.g., Robak et al. BioDrugs 25. 1(2011): 13-25;

and Casulo et al. Clin Immunol. 154.1(2014):37-46; and Clinical Trial Identifier No.

NCT00452127.

In some cases, the anti-CD20 antibody comprises TRU-015. TRU-015 is an anti-CD20

fusion protein derived from domains of an antibody against CD20. TRU-015 is smaller than

monoclonal antibodies, but retains Fc-mediated effector functions. See, e.g., Robak et al.



BioDrugs 25. 1(2011): 13-25. TRU-015 contains an anti-CD20 single-chain variable fragment

(scFv) linked to human IgGl hinge, CH2, and CH3 domains but lacks CHI and CL domains.

In some embodiments, an anti-CD20 antibody described herein is conjugated or

otherwise bound to a therapeutic agent, e.g., a chemotherapeutic agent (e.g., Cytoxan,

fludarabine, histone deacetylase inhibitor, demethylating agent, peptide vaccine, anti-tumor

antibiotic, tyrosine kinase inhibitor, alkylating agent, anti-microtubule or anti-mitotic agent),

anti-allergic agent, anti-nausea agent (or anti-emetic), pain reliever, or cytoprotective agent

described herein.

In embodiments, a CAR-expressing cell described herein is administered to a subject in

combination with a B-cell lymphoma 2 (BCL-2) inhibitor (e.g., venetoclax, also called ABT-199

or GDC-0199;) and/or rituximab. In embodiments, a CAR-expressing cell described herein is

administered to a subject in combination with venetoclax and rituximab. Venetoclax is a small

molecule that inhibits the anti-apoptotic protein, BCL-2. The structure of venetoclax (4-(4-{[2-

(4-chlorophenyl)-4,4-dimethylcyclohex- 1-en- l-yl]methyl}piperazin- l-yl)-/V-({3-nitro-4-

[(tetrahydro-2H -pyran-4-ylmethyl)amino]phenyl}sulfonyl)-2-(l H -pyrrolo[2,3-^]pyridin-5-

yloxy)benzamide) is shown below.

In embodiments, the subject has CLL. In embodiments, the subject has relapsed CLL,

e.g., the subject has previously been administered a cancer therapy. In embodiments, venetoclax

is administered at a dosage of about 15-600 mg (e.g., 15-20, 20-50, 50-75, 75-100, 100-200, 200-

300, 300-400, 400-500, or 500-600 mg), e.g., daily. In embodiments, rituximab is administered

at a dosage of about 350-550 mg/m2 (e.g., 350-375, 375-400, 400-425, 425-450, 450-475, or

475-500 mg/m2), e.g., intravenously, e.g., monthly.



In some embodiments, the combination described herein, e.g., a mesothelin CAR-

expressing cell and a PD-L1 inhibitor, is administered in combination with an oncolytic virus. In

embodiments, oncolytic viruses are capable of selectively replicating in and triggering the death

of or slowing the growth of a cancer cell. In some cases, oncolytic viruses have no effect or a

minimal effect on non-cancer cells. An oncolytic virus includes but is not limited to an oncolytic

adenovirus, oncolytic Herpes Simplex Viruses, oncolytic retrovirus, oncolytic parvovirus,

oncolytic vaccinia virus, oncolytic Sinbis virus, oncolytic influenza virus, or oncolytic RNA

virus (e.g., oncolytic reovirus, oncolytic Newcastle Disease Virus (NDV), oncolytic measles

virus, or oncolytic vesicular stomatitis virus (VSV)).

In some embodiments, the oncolytic virus is a virus, e.g., recombinant oncolytic virus,

described in US2010/0178684 Al, which is incorporated herein by reference in its entirety. In

some embodiments, a recombinant oncolytic virus comprises a nucleic acid sequence (e.g.,

heterologous nucleic acid sequence) encoding an inhibitor of an immune or inflammatory

response, e.g., as described in US2010/0178684 Al, incorporated herein by reference in its

entirety. In embodiments, the recombinant oncolytic virus, e.g., oncolytic NDV, comprises a

pro-apoptotic protein (e.g., apoptin), a cytokine (e.g., GM-CSF, interferon-gamma, interleukin-2

(IL-2), tumor necrosis factor-alpha), an immunoglobulin (e.g., an antibody against ED-B

firbonectin), tumor associated antigen, a bispecific adapter protein (e.g., bispecific antibody or

antibody fragment directed against NDV HN protein and a T cell co-stimulatory receptor, such

as CD3 or CD28; or fusion protein between human IL-2 and single chain antibody directed

against NDV HN protein). See, e.g., Zamarin et al. Future Microbiol. 7.3(2012):347-67,

incorporated herein by reference in its entirety. In some embodiments, the oncolytic virus is a

chimeric oncolytic NDV described in US 8591881 B2, US 2012/0122185 Al, or US

2014/0271677 Al, each of which is incorporated herein by reference in their entireties.

In some embodiments, the oncolytic virus comprises a conditionally replicative

adenovirus (CRAd), which is designed to replicate exclusively in cancer cells. See, e.g.,

Alemany et al. Nature Biotechnol. 18(2000):723-27. In some embodiments, an oncolytic

adenovirus comprises one described in Table 1 on page 725 of Alemany et al., incorporated

herein by reference in its entirety.



Exemplary oncolytic viruses include but are not limited to the following:

Group B Oncolytic Adenovirus (ColoAdl) (PsiOxus Therapeutics Ltd.) (see, e.g., Clinical Trial

Identifier: NCT02053220); ONCOS-102 (previously called CGTG-102), which is an adenovirus

comprising granulocyte-macrophage colony stimulating factor (GM-CSF) (Oncos Therapeutics)

(see, e.g., Clinical Trial Identifier: NCT01598129); VCN-01, which is a genetically modified

oncolytic human adenovirus encoding human PH20 hyaluronidase (VCN Biosciences, S.L.) (see,

e.g., Clinical Trial Identifiers: NCT02045602 and NCT02045589);

Conditionally Replicative Adenovirus ICOVIR-5, which is a virus derived from wild-type

human adenovirus serotype 5 (Had5) that has been modified to selectively replicate in cancer

cells with a deregulated retinoblastoma/E2F pathway (Institut Catala d'Oncologia) (see, e.g.,

Clinical Trial Identifier: NCTOl 864759) ;Celyvir, which comprises bone marrow-derived

autologous mesenchymal stem cells (MSCs) infected with ICOVIR5, an oncolytic adenovirus

(Hospital Infantil Universitario Nino Jesus, Madrid, Spain/ Ramon Alemany) (see, e.g., Clinical

Trial Identifier: NCTOl 84466 1);CG0070, which is a conditionally replicating oncolytic serotype

5 adenovirus (Ad5) in which human E2F-1 promoter drives expression of the essential Ela viral

genes, thereby restricting viral replication and cytotoxicity to Rb pathway-defective tumor cells

(Cold Genesys, Inc.) (see, e.g., Clinical Trial Identifier: NCT02143804); orDNX-2401 (formerly

named Delta-24-RGD), which is an adenovirus that has been engineered to replicate selectively

in retinoblastoma (Rb)-pathway deficient cells and to infect cells that express certain RGD-

binding integrins more efficiently (Clinica Universidad de Navarra, Universidad de Navarra/

DNAtrix, Inc.) (see, e.g., Clinical Trial Identifier: NCT01956734).

In some embodiments, an oncolytic virus described herein is administering by injection,

e.g., subcutaneous, intra-arterial, intravenous, intramuscular, intrathecal, or intraperitoneal

injection. In embodiments, an oncolytic virus described herein is administered intratumorally,

transdermally, transmuco sally, orally, intranasally, or via pulmonary administration.

In an embodiment, cells expressing a CAR described herein are administered to a subject in

combination with a molecule that decreases the Treg cell population. Methods that decrease the

number of (e.g., deplete) Treg cells are known in the art and include, e.g., CD25 depletion,

cyclophosphamide administration, modulating GITR function. Without wishing to be bound by

theory, it is believed that reducing the number of Treg cells in a subject prior to apheresis or

prior to administration of a CAR-expressing cell described herein reduces the number of



unwanted immune cells (e.g., Tregs) in the tumor microenvironment and reduces the subject's

risk of relapse.

In one embodiment, the combination described herein, e.g., a mesothelin CAR-

expressing cell and a PD-Ll inhibitor, is administered to a subject in combination with a

molecule targeting GITR and/or modulating GITR functions, such as a GITR agonist and/or a

GITR antibody that depletes regulatory T cells (Tregs). In one embodiment, the GITR binding

molecules and/or molecules modulating GITR functions (e.g., GITR agonist and/or Treg

depleting GITR antibodies) are administered prior to the CAR-expressing cell. For example, in

one embodiment, the GITR agonist can be administered prior to apheresis of the cells. In one

embodiment, the subject has CLL. Exemplary GITR agonists include, e.g., GITR fusion proteins

and anti-GITR antibodies (e.g., bivalent anti-GITR antibodies) such as, e.g., a GITR fusion

protein described in U.S. Patent No.: 6,111,090, European Patent No.: 090505B1, U.S Patent

No.: 8,586,023, PCT Publication Nos.: WO 2010/003118 and 2011/090754, or an anti-GITR

antibody described, e.g., in U.S. Patent No.: 7,025,962, European Patent No.: 1947183B1, U.S.

Patent No.: 7,812,135, U.S. Patent No.: 8,388,967, U.S. Patent No.: 8,591,886, European Patent

No.: EP 1866339, PCT Publication No.: WO 2011/028683, PCT Publication No.:WO

2013/039954, PCT Publication No.: WO2005/007190, PCT Publication No.: WO 2007/133822,

PCT Publication No.: WO2005/055808, PCT Publication No.: WO 99/40196, PCT Publication

No.: WO 2001/03720, PCT Publication No.: WO99/20758, PCT Publication No.:

WO2006/083289, PCT Publication No.: WO 2005/115451, U.S. Patent No.: 7,618,632, and PCT

Publication No.: WO 2011/051726.

In one embodiment, the combination described herein, e.g., a mesothelin CAR-

expressing cell and a PD-Ll inhibitor, is administered to a subject in combination with an mTOR

inhibitor, e.g., an mTOR inhibitor described herein, e.g., a rapalog such as everolimus. In one

embodiment, the mTOR inhibitor is administered prior to the CAR-expressing cell. For

example, in one embodiment, the mTOR inhibitor can be administered prior to apheresis of the

cells. In one embodiment, the subject has CLL.

In one embodiment, the combination described herein, e.g., a mesothelin CAR-

expressing cell and a PD-Ll inhibitor, is administered to a subject in combination with a GITR

agonist, e.g., a GITR agonist described herein. In one embodiment, the GITR agonist is

administered prior to the CAR-expressing cell. For example, in one embodiment, the GITR



agonist can be administered prior to apheresis of the cells. In one embodiment, the subject has

CLL.

In one embodiment, the combination described herein, e.g., a mesothelin CAR-

expressing cell and a PD-L1 inhibitor, is administered to a subject in combination with a protein

tyrosine phosphatase inhibitor, e.g., a protein tyrosine phosphatase inhibitor described herein. In

one embodiment, the protein tyrosine phosphatase inhibitor is an SHP-1 inhibitor, e.g., an SHP-1

inhibitor described herein, such as, e.g., sodium stibogluconate. In one embodiment, the protein

tyrosine phosphatase inhibitor is an SHP-2 inhibitor.

In one embodiment, a CAR-expressing cell described herein can be used in combination

with a kinase inhibitor. In one embodiment, the kinase inhibitor is a CDK4 inhibitor, e.g., a

CDK4 inhibitor described herein, e.g., a CDK4/6 inhibitor, such as, e.g., 6-Acetyl-8-cyclopentyl-

5-methyl-2-(5-piperazin-l-yl-pyridin-2-ylamino)-8 H -pyrido[2,3-<i]pyrimidin-7-one,

hydrochloride (also referred to as palbociclib or PD0332991). In one embodiment, the kinase

inhibitor is a BTK inhibitor, e.g., a BTK inhibitor described herein, such as, e.g., ibrutinib. In

one embodiment, the kinase inhibitor is an mTOR inhibitor, e.g., an mTOR inhibitor described

herein, such as, e.g., rapamycin, a rapamycin analog, OSI-027. The mTOR inhibitor can be, e.g.,

an mTORCl inhibitor and/or an mTORC2 inhibitor, e.g., an mTORCl inhibitor and/or mTORC2

inhibitor described herein. In one embodiment, the kinase inhibitor is a MNK inhibitor, e.g., a

MNK inhibitor described herein, such as, e.g., 4-amino-5-(4-fluoroanilino)-pyrazolo [3,4-<i]

pyrimidine. The MNK inhibitor can be, e.g., a MNK la, MNKlb, MNK2a and/or MNK2b

inhibitor. In one embodiment, the kinase inhibitor is a dual PI3K/mTOR inhibitor described

herein, such as, e.g., PF-04695102.

In one embodiment, the kinase inhibitor is a CDK4 inhibitor selected from aloisine A;

flavopiridol or HMR-1275, 2-(2-chlorophenyl)-5,7-dihydroxy-8-[(3S,4R)-3-hydroxy-l-methyl-

4-piperidinyl]-4-chromenone; crizotinib (PF-02341066; 2-(2-Chlorophenyl)-5,7-dihydroxy-8-

[(27?,3S)-2-(hydroxymethyl)-l-methyl-3-pyrrolidinyl]- 4H -l-benzopyran-4-one, hydrochloride

(P276-00); l-methyl-5-[[2-[5-(trifluoromethyl)-l H -imidazol-2-yl]-4-pyridinyl]oxy ]-N -[4-

(trifluoromethyl)phenyl]-l H -benzimidazol-2-amine (RAF265); indisulam (E7070); roscovitine

(CYC202); palbociclib (PD0332991); dinaciclib (SCH727965); N-[5-[[(5-te/t-butyloxazol-2-

yl)methyl]thio]thiazol-2-yl]piperidine-4-carboxamide (BMS 387032); 4-[[9-chloro-7-(2,6-

difluorophenyl)-5 H -pyrimido[5,4-<i][2]benzazepin-2-yl]amino]-benzoic acid (MLN8054); 5-[3-



(4,6-difluoro-lH-benzimidazol-2-yl)-lH-indazol-5-yl]-N-ethyl-4-methyl-3-

pyridinemethanamine (AG-024322); 4-(2,6-dichlorobenzoylamino)- lH-pyrazole-3-carboxylic

acid N-(piperidin-4-yl)amide (AT7519); 4-[2-methyl-l-(l-methylethyl)-l H -imidazol-5-yl ]-N-[4-

(methylsulfonyl)phenyl]- 2-pyrimidinamine (AZD5438); and XL281 (BMS908662).

In one embodiment, the kinase inhibitor is a CDK4 inhibitor, e.g., palbociclib

(PD0332991), and the palbociclib is administered at a dose of about 50 mg, 60 mg, 70 mg, 75

mg, 80 mg, 90 mg, 100 mg, 105 mg, 110 mg, 115 mg, 120 mg, 125 mg, 130 mg, 135 mg (e.g.,

75 mg, 100 mg or 125 mg) daily for a period of time, e.g., daily for 14-21 days of a 28 day cycle,

or daily for 7-12 days of a 2 1 day cycle. In one embodiment, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or

more cycles of palbociclib are administered.

In embodiments, the combination described herein, e.g., a mesothelin CAR-expressing

cell and a PD-L1 inhibitor, is administered to a subject in combination with a cyclin-dependent

kinase (CDK) 4 or 6 inhibitor, e.g., a CDK4 inhibitor or a CDK6 inhibitor described herein. In

embodiments, a CAR-expressing cell described herein is administered to a subject in

combination with a CDK4/6 inhibitor (e.g., an inhibitor that targets both CDK4 and CDK6), e.g.,

a CDK4/6 inhibitor described herein. In an embodiment, the subject has MCL. MCL is an

aggressive cancer that is poorly responsive to currently available therapies, i.e., essentially

incurable. In many cases of MCL, cyclin Dl (a regulator of CDK4/6) is expressed (e.g., due to

chromosomal translocation involving immunoglobulin and Cyclin Dl genes) in MCL cells.

Thus, without being bound by theory, it is thought that MCL cells are highly sensitive to

CDK4/6 inhibition with high specificity (i.e., minimal effect on normal immune cells). CDK4/6

inhibitors alone have had some efficacy in treating MCL, but have only achieved partial

remission with a high relapse rate. An exemplary CDK4/6 inhibitor is LEEOl 1 (also called

ribociclib), the structure of which is shown below.

Without being bound by theory, it is believed that administration of a CAR-expressing

cell described herein with a CDK4/6 inhibitor (e.g., LEEOl 1 or other CDK4/6 inhibitor described



herein) can achieve higher responsiveness, e.g., with higher remission rates and/or lower relapse

rates, e.g., compared to a CDK4/6 inhibitor alone.

In one embodiment, the kinase inhibitor is a BTK inhibitor selected from ibrutinib (PCI-

32765); GDC-0834; RN-486; CGI-560; CGI- 1764; HM-71224; CC-292; ONO-4059; CNX-774;

and LFM-A13. In a preferred embodiment, the BTK inhibitor does not reduce or inhibit the

kinase activity of interleukin-2-inducible kinase (ITK), and is selected from GDC-0834; RN-486;

CGI-560; CGI-1764; HM-71224; CC-292; ONO-4059; CNX-774; and LFM-A13.

In one embodiment, the kinase inhibitor is a BTK inhibitor, e.g., ibrutinib (PCI-32765).

In embodiments, a CAR-expressing cell described herein is administered to a subject in

combination with a BTK inhibitor (e.g., ibrutinib). In embodiments, a CAR-expressing cell

described herein is administered to a subject in combination with ibrutinib (also called PCI-

32765). The structure of ibrutinib (l-[(37?)-3-[4-Amino-3-(4-phenoxyphenyl)-l H -pyrazolo[3,4-

d]pyrimidin-l-yl]piperidin-l-yl]prop-2-en-l-one) is shown below.

In some embodiments of the methods, uses, and compositions herein, the BTK inhibitor

is a BTK inhibitor described in International Application WO/2015/079417, which is herein

incorporated by reference in its entirety. For instance, in some embodiments, the BTK inhibitor

is a compound of formula (I) or a pharmaceutically acceptable salt thereof;

wherein,



Rl is hydrogen, C1-C6 alkyl optionally substituted by hydroxy;

R2 is hydrogen or halogen;

R3 is hydrogen or halogen;

R4 is hydrogen;

R5 is hydrogen or halogen;

or R4 and R5 are attached to each other and stand for a bond, -CH2-, -CH2-CH2- , -

CH=CH-, -CH=CH-CH2-; -CH2-CH=CH-; or -CH2-CH2-CH2-;

R6 and R7 stand independently from each other for H, C1-C6 alkyl optionally substituted

by hydroxyl, C3-C6 cycloalkyl optionally substituted by halogen or hydroxy, or halogen;

R8, R9, R, R', RIO and Rl 1 independently from each other stand for H, or C1-C6 alkyl

optionally substituted by C1-C6 alkoxy; or any two of R8, R9, R, R', RIO and Rl 1 together with

the carbon atom to which they are bound may form a 3 - 6 membered saturated carbocyclic ring;

R12 is hydrogen or C1-C6 alkyl optionally substituted by halogen or C1-C6 alkoxy;

or R12 and any one of R8, R9, R, R', RIO or R l 1 together with the atoms to which they

are bound may form a 4, 5, 6 or 7 membered azacyclic ring, which ring may optionally be

substituted by halogen, cyano, hydroxyl, C1-C6 alkyl or C1-C6 alkoxy;

n is 0 or 1; and

R13 is C2-C6 alkenyl optionally substituted by C1-C6 alkyl, C1-C6 alkoxy or N,N-di-

C1-C6 alkyl amino; C2-C6 alkynyl optionally substituted by C1-C6 alkyl or C1-C6 alkoxy; or

C2-C6 alkylenyl oxide optionally substituted by C1-C6 alkyl.

In some embodiments, the BTK inhibitor of Formula I is chosen from: N-(3-(5-((l-

Acryloylazetidin-3-yl)oxy)-6-aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; (E)-N-(3-(6-Amino-5-((l-(but-2-enoyl)azetidin-3-yl)oxy)pyrimidin-4-yl)-5-

fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N-(3-(6-Amino-5-((l-

propioloylazetidin-3-yl)oxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; N-(3-(6-Amino-5-((l-(but-2-ynoyl)azetidin-3-yl)oxy)pyrimidin-4-yl)-5-fluoro-

2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N-(3-(5-((l-Acryloylpiperidin-4-yl)oxy)-6-

aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N-(3-(6-

Amino-5-(2-(N-methylacrylamido)ethoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-

cyclopropyl-2-fluorobenzamide; (E)-N-(3-(6-Amino-5-(2-(N-methylbut-2-

enamido)ethoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide;



N-(3-(6-Amino-5-(2-(N-methylpropiolam

4-cyclopropyl-2-fluorobenzamide; (E)-N-(3-(6-Amino-5-(2-(4-methoxy-N-methylbut-2-

enamido)ethoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide;

N-(3-(6-Amino-5-(2-(N-methylbut-2-ynamido)ethoxy)pyrimidin-4-yl)-5-fluoro-2-

methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N-(2-((4-Amino-6-(3-(4-cyclopropyl-2-

fluorobenzamido)-5-fluoro-2-methylphenyl)pyrimidin-5-yl)oxy)ethyl)-N-methyloxirane-2-

carboxamide; N-(2-((4-Amino-6-(3-(6-cyclopropyl-8-fluoro-l-oxoisoquinolin-2(lH)-

yl)phenyl)pyrimidin-5-yl)oxy)ethyl)-N-methylacrylamide; N-(3-(5-(2-Acrylamidoethoxy)-6-

aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N-(3-(6-

Amino-5-(2-(N-ethylacrylamido)ethoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-

cyclopropyl-2-fluorobenzamide; N-(3-(6-Amino-5-(2-(N-(2-

fluoroethyl)acrylamido)ethoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; N-(3-(5-((l-Acrylamidocyclopropyl)methoxy)-6-aminopyrimidin-4-yl)-5-

fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; (S)-N-(3-(5-(2-Acrylamidopropoxy)-

6-aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; (S)-N-(3-

(6-Amino-5-(2-(but-2-ynamido)propoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-

cyclopropyl-2-fluorobenzamide; (S)-N-(3-(6-Amino-5-(2-(N-

methylacrylamido)propoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; (S)-N-(3-(6-Amino-5-(2-(N-methylbut-2-ynamido)propoxy)pyrimidin-4-yl)-5-

fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N-(3-(6-Amino-5-(3-(N-

methylacrylamido)propoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; (S)-N-(3-(5-((l-Acryloylpyrrolidin-2-yl)methoxy)-6-aminopyrimidin-4-yl)-5-

fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; (S)-N-(3-(6-Amino-5-((l-(but-2-

ynoyl)pyrrolidin-2-yl)methoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; (S)-2-(3-(5-((l-Acryloylpyrrolidin-2-yl)methoxy)-6-aminopyrimidin-4-yl)-5-

fluoro-2-(hydroxymethyl)phenyl)-6-cyclopropyl-3,4-dihydroisoquinolin-l(2H)-one; N-(2-((4-

Amino-6-(3-(6-cyclopropyl-l-oxo-3,4-dihydroisoquinolin-2(lH)-yl)-5-fluoro-2-

(hydroxymethyl)phenyl)pyrimidin-5-yl)oxy)ethyl)-N-methylacrylamide; N-(3-(5-(((2S,4R)-l-

Acryloyl-4-methoxypyrrolidin-2-yl)methoxy)-6-aminopyrimidin-4-yl)-5-fluoro-2-

methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N-(3-(6-Amino-5-(((2S,4R)- l-(but-2-ynoyl)-

4-methoxypyrrolidin-2-yl)methoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-



fluorobenzamide; 2-(3-(5-(((2S,4R)-l-Acryloyl-4-methoxypyrrolidin-2-yl)methoxy)-6-

aminopyrimidin-4-yl)-5-fluoro-2-(hydroxymethyl)phenyl)-6-cyclopropyl-3,4-

dihydroisoquinolin-l(2H)-one; N-(3-(5-(((2S,4S)-l-Acryloyl-4-methoxypyrrolidin-2-

yl)methoxy)-6-aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; N-(3-(6-Amino-5-(((2S,4S)- l-(but-2-ynoyl)-4-methoxypyrrolidin-2-

yl)methoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N-(3-

(5-(((2S,4R)-l-Acryloyl-4-fluoropyrrolidin-2-yl)methoxy)-6-aminopyrimidin-4-yl)-5-fluoro-2-

methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N-(3-(6-Amino-5-(((2S,4R)-l-(but-2-ynoyl)-

4-fluoropyrrolidin-2-yl)methoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; (S)-N-(3-(5-((l-Acryloylazetidin-2-yl)methoxy)-6-aminopyrimidin-4-yl)-5-

fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; (S)-N-(3-(6-Amino-5-((l-

propioloylazetidin-2-yl)methoxy)pyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide; (S)-2-(3-(5-((l-Acryloylazetidin-2-yl)methoxy)-6-aminopyrimidin-4-yl)-5-

fluoro-2-(hydroxymethyl)phenyl)-6-cyclopropyl-3,4-dihydroisoquinolin-l(2H)-one; (R)-N-(3-(5-

((l-Acryloylazetidin-2-yl)methoxy)-6-aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-

cyclopropyl-2-fluorobenzamide; (R)-N-(3-(5-((l-Acryloylpiperidin-3-yl)methoxy)-6-

aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N-(3-(5-

(((2R,3S)-l-Acryloyl-3-methoxypyrrolidin-2-yl)methoxy)-6-aminopyrimidin-4-yl)-5-fluoro-2-

methylphenyl)-4-cyclopropyl-2-fluorobenzamide; N-(3-(5-(((2S,4R)-l-Acryloyl-4-

cyanopyrrolidin-2-yl)methoxy)-6-aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-

cyclopropyl-2-fluorobenzamide; or N-(3-(5-(((2S,4S)- l-Acryloyl-4-cyanopyrrolidin-2-

yl)methoxy)-6-aminopyrimidin-4-yl)-5-fluoro-2-methylphenyl)-4-cyclopropyl-2-

fluorobenzamide .

Unless otherwise provided, the chemical terms used above in describing the BTK

inhibitor of Formula I are used according to their meanings as set out in International

Application WO/2015/079417, which is herein incorporated by reference in its entirety.

In one embodiment, the kinase inhibitor is an mTOR inhibitor selected from

temsirolimus; ridaforolimus (lR,2RAS)-4-[(2R)-2 [(IR,9S,12S,15R,16E,18R,19R,21R,

23S,24E,26E,28Z,30S,32S,357?)-l,18-dihydroxy-19,30-dimethoxy-15,17,21,23, 29,35-

hexamethyl-2,3,10,14,20-pentaoxo-ll,36-dioxa-4-azatricyclo[30.3.1.0 4 9] hexatriaconta-

16,24,26,28-tetraen-12-yl]propyl]-2-methoxycyclohexyl dimethylphosphinate, also known as



AP23573 and MK8669; everolimus (RAD001); rapamycin (AY22989); simapimod; (5-{2,4-

bis[(3S)-3-methylmorpholin-4-yl]pyrido[2,3-<i]pyrimidin-7-yl}-2-methoxyphenyl)methanol

(AZD8055); 2-amino-8-[iran5-4-(2-hydroxyethoxy)cyclohexyl]-6-(6-methoxy-3-pyridinyl)-4-

methyl-pyrido[2,3-d]pyrimidin-7(8 H )-one (PF04691502); and N 2-[l,4-dioxo-4-[[4-(4-oxo-8-

phenyl-4 H -l-benzopyran-2-yl)morpholinium-4-yl]methoxy]butyl]-L-arginylglycyl-L-a-

aspartylL- serine- (SEQ ID NO: 613), inner salt (SF1126); and XL765.

In one embodiment, the kinase inhibitor is an mTOR inhibitor, e.g., rapamycin, and the

rapamycin is administered at a dose of about 3 mg, 4 mg, 5 mg, 6 mg, 7 mg, 8 mg, 9 mg, 10 mg

(e.g., 6 mg) daily for a period of time, e.g., daily for 2 1 day cycle cycle, or daily for 28 day cycle.

In one embodiment, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or more cycles of rapamycin are

administered. In one embodiment, the kinase inhibitor is an mTOR inhibitor, e.g., everolimus

and the everolimus is administered at a dose of about 2 mg, 2.5 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7

mg, 8 mg, 9 mg, 10 mg, 11 mg, 12 mg, 13 mg, 14 mg, 15 mg (e.g., 10 mg) daily for a period of

time, e.g., daily for 28 day cycle. In one embodiment, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or more

cycles of everolimus are administered.

In one embodiment, the kinase inhibitor is an MNK inhibitor selected from CGP052088;

4-amino-3-(p-fluorophenylamino)-pyrazolo [3,4-<i] pyrimidine (CGP57380); cercosporamide;

ETC- 1780445-2; and 4-amino-5-(4-fluoroanilino)-pyrazolo [3,4-<i] pyrimidine.

In one embodiment, the kinase inhibitor is a dual phosphatidylinositol 3-kinase (PI3K)

and mTOR inhibitor selected from 2-Amino-8-[iran5-4-(2-hydroxyethoxy)cyclohexyl]-6-(6-

methoxy-3-pyridinyl)-4-methyl-pyrido[2,3-i/]pyrimidin-7(8 H )-one (PF-04691502); N -[4-[[4-

(Dimethylamino)-l-piperidinyl]carbonyl]phenyl ]-N '-[4-(4,6-di-4-morpholinyl-l,3,5-triazin-2-

yl)phenyl]urea (PF-05212384, PKI-587); 2-Methyl-2-{4-[3-methyl-2-oxo-8-(quinolin-3-yl)-2,3-

dihydro-l H -imidazo[4,5-c]quinolin-l-yl]phenyl}propanenitrile (BEZ-235); apitolisib (GDC-

0980, RG7422); 2,4-Difluoro-N-{2-(methyloxy)-5-[4-(4-pyridazinyl)-6-quinolinyl]-3-

pyridinyljbenzenesulfonamide (GSK2126458); 8-(6-methoxypyridin-3-yl)-3-methyl-l-(4-

(piperazin-l-yl)-3-(trifluoromethyl)phenyl)-lH-imidazo[4,5-c]quinolin-2(3H)-one Maleic acid

(NVP-BGT226); 3-[4-(4-Morpholinylpyrido[3',2':4,5]furo[3,2-d]pyrimidin-2-yl]phenol (PI-103);

5-(9-isopropyl-8-methyl-2-morpholino-9H-purin-6-yl)pyrimidin-2-amine (VS-5584, SB2343);

and N-[2-[(3,5-Dimethoxyphenyl)amino]quinoxalin-3-yl]-4-[(4-methyl-3-

methoxyphenyl)carbonyl] aminophenylsulfonamide (XL765) .



In one embodiment, the kinase inhibitor is an mTOR inhibitor, e.g., rapamycin, and the

rapamycin is administered at a dose of about 3 mg, 4 mg, 5 mg, 6 mg, 7 mg, 8 mg, 9 mg, 10 mg

(e.g., 6 mg) daily for a period of time, e.g., daily for 2 1 day cycle cycle, or daily for 28 day cycle.

In one embodiment, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or more cycles of rapamycin are

administered. In one embodiment, the kinase inhibitor is an mTOR inhibitor, e.g., everolimus

and the everolimus is administered at a dose of about 2 mg, 2.5 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7

mg, 8 mg, 9 mg, 10 mg, 11 mg, 12 mg, 13 mg, 14 mg, 15 mg (e.g., 10 mg) daily for a period of

time, e.g., daily for 28 day cycle. In one embodiment, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or more

cycles of everolimus are administered.

In one embodiment, the kinase inhibitor is an MNK inhibitor selected from CGP052088;

4-amino-3-(p-fluorophenylamino)-pyrazolo [3,4-<i] pyrimidine (CGP57380); cercosporamide;

ETC-1780445-2; and 4-amino-5-(4-fluoroanilino)-pyrazolo [3,4-<i] pyrimidine.

In embodiments, the combination described herein, e.g., a mesothelin CAR-expressing

cell and a PD-L1 inhibitor, is administered to a subject in combination with a phosphoinositide

3-kinase (PI3K) inhibitor (e.g., a PI3K inhibitor described herein, e.g., idelalisib or duvelisib)

and/or rituximab. In embodiments, a CAR-expressing cell described herein is administered to a

subject in combination with idelalisib and rituximab. In embodiments, a CAR-expressing cell

described herein is administered to a subject in combination with duvelisib and rituximab.

Idelalisib (also called GS-1 101 or CAL-101; Gilead) is a small molecule that blocks the delta

isoform of PI3K. The structure of idelalisib (5-Fluoro-3-phenyl-2-[(lS)-l-(7 H -purin-6-

ylamino)propyl]-4(3 H)-quinazolinone) is shown below.



Duvelisib (also called IPI-145; Infinity Pharmaceuticals and Abbvie) is a small molecule

that blocks PDK- δ,γ . The structure of duvelisib (8-Chloro-2-phenyl-3-[(lS)-l-(9H-purin-6-

ylamino)ethyl]-l(2H)-isoquinolinone) is shown below.

In embodiments, the subject has CLL. In embodiments, the subject has relapsed CLL,

e.g., the subject has previously been administered a cancer therapy (e.g., previously been

administered an anti-CD20 antibody or previously been administered ibrutinib). For example,

the subject has a deletion in the short arm of chromosome 17 (del(17p), e.g., in a leukemic cell).

In other examples, the subject does not have a del(17p). In embodiments, the subject comprises

a leukemic cell comprising a mutation in the immunoglobulin heavy-chain variable-region (IgVn

) gene. In other embodiments, the subject does not comprise a leukemic cell comprising a

mutation in the immunoglobulin heavy-chain variable -region {IgVii) gene. In embodiments, the

subject has a deletion in the long arm of chromosome 11 (del(l lq)). In other embodiments, the

subject does not have a del(l lq). In embodiments, idelalisib is administered at a dosage of about

100-400 mg (e.g., 100-125, 125-150, 150-175, 175-200, 200-225, 225-250, 250-275, 275-300,

325-350, 350-375, or 375-400 mg), e.g., BID. In embodiments, duvelisib is administered at a

dosage of about 15-100 mg (e.g., about 15-25, 25-50, 50-75, or 75-100 mg), e.g., twice a day. In

embodiments, rituximab is administered at a dosage of about 350-550 mg/m (e.g., 350-375,

375-400, 400-425, 425-450, 450-475, or 475-500 mg/m2), e.g., intravenously.

In one embodiment, the kinase inhibitor is a dual phosphatidylinositol 3-kinase (PI3K)

and mTOR inhibitor selected from 2-Amino-8-[iran5-4-(2-hydroxyethoxy)cyclohexyl]-6-(6-

methoxy-3-pyridinyl)-4-methyl-pyrido[2,3-i/]pyrimidin-7(8 H)-one (PF-04691502); N-[4-[[4-

(Dimethylamino)-l-piperidinyl]carbonyl]phenyl]-A^-[4-(4,6-di-4-morpholinyl-l,3,5-triazin-2-

yl)phenyl]urea (PF-05212384, PKI-587); 2-Methyl-2-{4-[3-methyl-2-oxo-8-(quinolin-3-yl)-2,3-

dihydro-l H-imidazo[4,5-c]quinolin-l-yl]phenyl}propanenitrile (BEZ-235); apitolisib (GDC-



0980, RG7422); 2,4-Difluoro-N-{2-(methyloxy)-5-[4-(4-pyridazinyl)-6-quinolinyl]-3-

pyridinyljbenzenesulfonamide (GSK2126458); 8-(6-methoxypyridin-3-yl)-3-methyl-l-(4-

(piperazin-l-yl)-3-(trilluoromethyl)phenyl)-lH-imidazo[4,5-c]quinolin-2(3H)-one Maleic acid

(NVP-BGT226); 344-(4-Morpholinylpyrido[3',2':4,5]furo[3,2-d]pyrimidin-2-yl]phenol (PI- 103);

5-(9-isopropyl-8-methyl-2-morpholino-9H-purin-6-yl)pyrimidin-2-amine (VS-5584, SB2343);

and N-[2- [(3 ,5-Dimethoxyphenyl)amino] quinoxalin-3 -yl] -4- [(4-methyl-3 -

methoxyphenyl)carbonyl] aminophenylsulfonamide (XL765) .

In embodiments, a CAR-expressing cell described herein is administered to a subject in

combination with an anaplastic lymphoma kinase (ALK) inhibitor. Exemplary ALK kinases

include but are not limited to crizotinib (Pfizer), ceritinib (Novartis), alectinib (Chugai),

brigatinib (also called ΑΡ 26Π 3 Ariad), entrectinib (Ignyta), PF-06463922 (Pfizer), TSR-011

(Tesaro) (see, e.g., Clinical Trial Identifier No. NCT02048488), CEP-37440 (Teva), and X-396

(Xcovery). In some embodiments, the subject has a solid cancer, e.g., a solid cancer described

herein, e.g., lung cancer.

The chemical name of crizotinib is 3-[(17?)-l-(2,6-dichloro-3-fluorophenyl)ethoxy]-5-(l-

piperidin-4-ylpyrazol-4-yl)pyridin-2-amine. The chemical name of ceritinib is 5-Chloro -N -[2-

isopropoxy-5-methyl-4-(4-piperidinyl)phenyl ]-N4-[2-(isopropylsulfonyl)phenyl]-2,4-

pyrimidinediamine. The chemical name of alectinib is 9-ethyl-6,6-dimethyl-8-(4-

morpholinopiperidin-l-yl)-l l-oxo-6,1 l-dihydro-5H-benzo[b]carbazole-3-carbonitrile. The

chemical name of brigatinib is 5-Chloro-N -{4-[4-(dimethylamino)-l-piperidinyl]-2-

methoxyphenyl}-N 4-[2-(dimethylphosphoryl)phenyl]-2,4-pyrimidinediamine. The chemical

name of entrectinib is N-(5-(3,5-difluorobenzyl)-lH-indazol-3-yl)-4-(4-methylpiperazin-l-yl)-2-

((tetrahydro-2H-pyran-4-yl)amino)benzamide. The chemical name of PF-06463922 is (10R)-7-

Amino-12-fluoro-2,10,16-trimethyl-15-oxo-10,15,16,17-tetrahydro-2H-8,4-

(metheno)pyrazolo[4,3-h][2,5,ll]-benzoxadiazacyclotetradecine-3-carbonitrile. The chemical

structure of CEP-37440 is (S)-2-((5-chloro-2-((6-(4-(2-hydroxyethyl)piperazin-l-yl)-l-methoxy-

6,7,8,9-tetrahydro-5H-benzo[7]annulen-2-yl)amino)pyrimidin-4-yl)amino)-N-methylbenzamide.

The chemical name of X-396 is (R)-6-amino-5-(l-(2,6-dichloro-3-fluorophenyl)ethoxy)-N-(4-(4-

methylpiperazine-l-carbonyl)phenyl)pyridazine-3-carboxamide.

Drugs that inhibit either the calcium dependent phosphatase calcineurin (cyclosporine

and FK506) or inhibit the p70S6 kinase that is important for growth factor induced signaling



(rapamycin). (Liu et al, Cell 66:807-815, 1991; Henderson et al, Immun. 73:316-321, 1991;

Bierer et al., Curr. Opin. Immun. 5:763-773, 1993) can also be used. In a further aspect, the cell

compositions of the present disclosure may be administered to a patient in conjunction with (e.g.,

before, simultaneously or following) bone marrow transplantation, T cell ablative therapy using

chemotherapy agents such as, fludarabine, external-beam radiation therapy (XRT),

cyclophosphamide, and/or antibodies such as OKT3 or CAMPATH. In one aspect, the cell

compositions of the present disclosure are administered following B-cell ablative therapy such as

agents that react with CD20, e.g., Rituxan. For example, in one embodiment, subjects may

undergo standard treatment with high dose chemotherapy followed by peripheral blood stem cell

transplantation. In certain embodiments, following the transplant, subjects receive an infusion of

the expanded immune cells of the present disclosure. In an additional embodiment, expanded

cells are administered before or following surgery.

In embodiments, the combination described herein, e.g., a mesothelin CAR-expressing

cell and a PD-L1 inhibitor, is administered to a subject in combination with an indoleamine 2,3-

dioxygenase (IDO) inhibitor. IDO is an enzyme that catalyzes the degradation of the amino acid,

L-tryptophan, to kynurenine. Many cancers overexpress IDO, e.g., prostatic, colorectal,

pancreatic, cervical, gastric, ovarian, head, and lung cancer. pDCs, macrophages, and dendritic

cells (DCs) can express IDO. Without being bound by theory, it is thought that a decrease in L-

tryptophan (e.g., catalyzed by IDO) results in an immunosuppressive milieu by inducing T-cell

anergy and apoptosis. Thus, without being bound by theory, it is thought that an IDO inhibitor

can enhance the efficacy of a CAR-expressing cell described herein, e.g., by decreasing the

suppression or death of a CAR-expressing immune cell. In embodiments, the subject has a solid

tumor, e.g., a solid tumor described herein, e.g., prostatic, colorectal, pancreatic, cervical, gastric,

ovarian, head, or lung cancer. Exemplary inhibitors of IDO include but are not limited to 1-

methyl-tryptophan, indoximod (NewLink Genetics) (see, e.g., Clinical Trial Identifier Nos.

NCT01 191216; NCT01792050), and INCB024360 (Incyte Corp.) (see, e.g., Clinical Trial

Identifier Nos. NCT01604889; NCT01685255)

In embodiments, the combination described herein, e.g., a mesothelin CAR-expressing

cell and a PD-L1 inhibitor, is administered to a subject in combination with a modulator of

myeloid-derived suppressor cells (MDSCs). MDSCs accumulate in the periphery and at the

tumor site of many solid tumors. These cells suppress T cell responses, thereby hindering the



efficacy of CAR-expressing cell therapy. Without being bound by theory, it is thought that

administration of a MDSC modulator enhances the efficacy of a CAR-expressing cell described

herein. In an embodiment, the subject has a solid tumor, e.g., a solid tumor described herein,

e.g., glioblastoma. Exemplary modulators of MDSCs include but are not limited to MCS 110 and

BLZ945. MCS 110 is a monoclonal antibody (mAb) against macrophage colony-stimulating

factor (M-CSF). See, e.g., Clinical Trial Identifier No. NCT00757757. BLZ945 is a small

molecule inhibitor of colony stimulating factor 1 receptor (CSF1R). See, e.g., Pyonteck et al.

Nat. Med. 19(2013): 1264-72. The structure of BLZ945 is shown below.

In embodiments, the combination described herein, e.g., a mesothelin CAR-expressing

cell and a PD-Ll inhibitor, herein is administered to a subject in combination with an agent that

inhibits or reduces the activity of immunosuppressive plasma cells. Immunosuppressive plasma

cells have been shown to impede T cell-dependent immunogenic chemotherapy, such as

oxaliplatin (Shalapour et al., Nature 2015, 521:94- 101). In an embodiment, immunosuppressive

plasma cells can express one or more of IgA, interleukin (IL)-10, and PD-Ll. In an embodiment,

the agent is a CD19 CAR-expressing cell or a BCMA CAR-expressing cell.

In some embodiments , the combination described herein, e.g., a mesothelin CAR-

expressing cell and a PD-Ll inhibitor, is administered to a subject in combination with a

interleukin- 15 (IL-15) polypeptide, a interleukin- 15 receptor alpha (IL-15Ra) polypeptide, or a

combination of both a IL-15 polypeptide and a IL-15Ra polypeptide e.g., hetIL-15 (Admune

Therapeutics, LLC). hetIL-15 is a heterodimeric non-covalent complex of IL-15 and IL-

15Ra. hetIL-15 is described in, e.g., U.S. 8,124,084, U.S. 2012/0177598, U.S. 2009/0082299,

U.S. 2012/0141413, and U.S. 2011/0081311, incorporated herein by reference. In embodiments,

het-IL-15 is administered subcutaneously. In embodiments, the subject has a cancer, e.g., solid

cancer, e.g., melanoma or colon cancer. In embodiments, the subject has a metastatic cancer.



In embodiments, a subject having a disease described herein is administered a

combination described herein, e.g., a mesothelin CAR-expressing cell and a PD-L1 inhibitor, in

combination with an agent, e.g., cytotoxic or chemotherapy agent, a biologic therapy (e.g.,

antibody, e.g., monoclonal antibody, or cellular therapy), or an inhibitor (e.g., kinase inhibitor).

In embodiments, the subject is administered a CAR-expressing cell described herein in

combination with a cytotoxic agent, e.g., CPX-351 (Celator Pharmaceuticals), cytarabine,

daunorubicin, vosaroxin (Sunesis Pharmaceuticals), sapacitabine (Cyclacel Pharmaceuticals),

idarubicin, or mitoxantrone. CPX-351 is a liposomal formulation comprising cytarabine and

daunorubicin at a 5:1 molar ratio. In embodiments, the subject is administered a CAR-

expressing cell described herein in combination with a hypomethylating agent, e.g., a DNA

methyltransferase inhibitor, e.g., azacitidine or decitabine. In embodiments, the subject is

administered a CAR-expressing cell described herein in combination with a biologic therapy,

e.g., an antibody or cellular therapy, e.g., 225Ac-lintuzumab (Actimab-A; Actinium

Pharmaceuticals), IPH2102 (Innate Pharma/Bristol Myers Squibb), SGN-CD33A (Seattle

Genetics), or gemtuzumab ozogamicin (Mylotarg; Pfizer). SGN-CD33A is an antibody-drug

conjugate (ADC) comprising a pyrrolobenzodiazepine dimer that is attached to an anti-CD33

antibody. Actimab-A is an anti-CD33 antibody (lintuzumab) labeled with actinium. IPH2102 is

a monoclonal antibody that targets killer immunoglobulin-like receptors (KIRs). In

embodiments, the subject is administered a CAR-expressing cell described herein in combination

a FLT3 inhibitor, e.g., sorafenib (Bayer), midostaurin (Novartis), quizartinib (Daiichi Sankyo),

crenolanib (Arog Pharmaceuticals), PLX3397 (Daiichi Sankyo), AKN-028 (Akinion

Pharmaceuticals), or ASP2215 (Astellas). In embodiments, the subject is administered a CAR-

expressing cell described herein in combination with an isocitrate dehydrogenase (IDH)

inhibitor, e.g., AG-221 (Celgene/Agios) or AG-120 (Agios/Celgene). In embodiments, the

subject is administered a CAR-expressing cell described herein in combination with a cell cycle

regulator, e.g., inhibitor of polo-like kinase 1 (Plkl), e.g., volasertib (Boehringer Ingelheim); or

an inhibitor of cyclin-dependent kinase 9 (Cdk9), e.g., alvocidib (Tolero Pharmaceuticals/Sanofi

Aventis). In embodiments, the subject is administered a CAR-expressing cell described herein in

combination with a B cell receptor signaling network inhibitor, e.g., an inihibitor of B-cell

lymphoma 2 (Bcl-2), e.g., venetoclax (Abbvie/Roche); or an inhibitor of Bruton' s tyrosine kinase

(Btk), e.g., ibrutinib (Pharmacyclics/Johnson & Johnson Janssen Pharmaceutical). In



embodiments, the subject is administered a CAR-expressing cell described herein in combination

with an inhibitor of Ml aminopeptidase, e.g., tosedostat (CTI BioPharma/Vernalis); an inhibitor

of histone deacetylase (HDAC), e.g., pracinostat (MEI Pharma); a multi-kinase inhibitor, e.g.,

rigosertib (Onconova Therapeutics/Baxter/SymBio); or a peptidic CXCR4 inverse agonist, e.g.,

BL-8040 (BioLineRx).

Some patients may experience allergic reactions to the compounds of the present

disclosure and/or other anti-cancer agent(s) during or after administration; therefore, anti-allergic

agents are often administered to minimize the risk of an allergic reaction. Suitable anti-allergic

agents include corticosteroids, such as dexamethasone (e.g., Decadron®), beclomethasone (e.g.,

Beclovent®), hydrocortisone (also known as cortisone, hydrocortisone sodium succinate,

hydrocortisone sodium phosphate, and sold under the tradenames Ala-Cort®, hydrocortisone

phosphate, Solu-Cortef®, Hydrocort Acetate® and Lanacort®), prednisolone (sold under the

tradenames Delta-Cortel®, Orapred®, Pediapred® and Prelone®), prednisone (sold under the

tradenames Deltasone®, Liquid Red®, Meticorten® and Orasone®), methylprednisolone (also

known as 6-methylprednisolone, methylprednisolone acetate, methylprednisolone sodium

succinate, sold under the tradenames Duralone®, Medralone®, Medrol®, M-Prednisol® and

Solu-Medrol®); antihistamines, such as diphenhydramine (e.g., Benadryl®), hydroxyzine, and

cyproheptadine; and bronchodilators, such as the beta-adrenergic receptor agonists, albuterol

(e.g., Proventil®), and terbutaline (Brethine®).

Some patients may experience nausea during and after administration of the compound of

the present disclosure and/or other anti-cancer agent(s); therefore, anti-emetics are used in

preventing nausea (upper stomach) and vomiting. Suitable anti-emetics include aprepitant

(Emend®), ondansetron (Zofran®), granisetron HC1 (Kytril®), lorazepam (Ativan®

dexamethasone (Decadron®), prochlorperazine (Compazine®), casopitant (Rezonic® and

Zunrisa®), and combinations thereof.

Medication to alleviate the pain experienced during the treatment period is often

prescribed to make the patient more comfortable. Common over-the-counter analgesics, such

Tylenol®, are often used. However, opioid analgesic drugs such as hydrocodone/paracetamol or

hydrocodone/acetaminophen (e.g., Vicodin®), morphine (e.g., Astramorph® or Avinza®),

oxycodone (e.g., OxyContin® or Percocet®), oxymorphone hydrochloride (Opana®), and

fentanyl (e.g., Duragesic®) are also useful for moderate or severe pain.



In an effort to protect normal cells from treatment toxicity and to limit organ toxicities,

cytoprotective agents (such as neuroprotectants, free-radical scavengers, cardioprotectors,

anthracycline extravasation neutralizers, nutrients and the like) may be used as an adjunct

therapy. Suitable cytoprotective agents include Amifostine (Ethyol®), glutamine, dimesna

(Tavocept®), mesna (Mesnex®), dexrazoxane (Zinecard® or Totect®), xaliproden (Xaprila®),

and leucovorin (also known as calcium leucovorin, citrovorum factor and folinic acid).

The structure of the active compounds identified by code numbers, generic or trade names may

be taken from the actual edition of the standard compendium "The Merck Index" or from

databases, e.g. Patents International (e.g. IMS World Publications).

The above-mentioned compounds, which can be used in combination with a compound

of the present disclosure, can be prepared and administered as described in the art, such as in the

documents cited above.

In one embodiment, the present disclosure provides pharmaceutical compositions

comprising at least one compound of the present disclosure (e.g., a compound of the present

disclosure) or a pharmaceutically acceptable salt thereof together with a pharmaceutically

acceptable carrier suitable for administration to a human or animal subject, either alone or

together with other anti-cancer agents.

In one embodiment, the present disclosure provides methods of treating human or animal

subjects suffering from a cellular proliferative disease, such as cancer. The present disclosure

provides methods of treating a human or animal subject in need of such treatment, comprising

administering to the subject a therapeutically effective amount of a compound of the present

disclosure (e.g., a compound of the present disclosure) or a pharmaceutically acceptable salt

thereof, either alone or in combination with other anti-cancer agents.

In particular, compositions will either be formulated together as a combination

therapeutic or administered separately.

In combination therapy, the compound of the present disclosure and other anti-cancer

agent(s) may be administered either simultaneously, concurrently or sequentially with no specific

time limits, wherein such administration provides therapeutically effective levels of the two

compounds in the body of the patient.

In a preferred embodiment, the compound of the present disclosure and the other anti

cancer agent(s) is generally administered sequentially in any order by infusion or orally. The



dosing regimen may vary depending upon the stage of the disease, physical fitness of the patient,

safety profiles of the individual drugs, and tolerance of the individual drugs, as well as other

criteria well-known to the attending physician and medical practitioner(s) administering the

combination. The compound of the present disclosure and other anti-cancer agent(s) may be

administered within minutes of each other, hours, days, or even weeks apart depending upon the

particular cycle being used for treatment. In addition, the cycle could include administration of

one drug more often than the other during the treatment cycle and at different doses per

administration of the drug.

In another aspect of the present disclosure, kits that include one or more compound of the

present disclosure and a combination partner as disclosed herein are provided. Representative

kits include (a) a compound of the present disclosure or a pharmaceutically acceptable salt

thereof, (b) at least one combination partner, e.g., as indicated above, whereby such kit may

comprise a package insert or other labeling including directions for administration.

A compound of the present disclosure may also be used to advantage in combination with

known therapeutic processes, for example, the administration of hormones or especially

radiation. A compound of the present disclosure may in particular be used as a radiosensitizer,

especially for the treatment of tumors which exhibit poor sensitivity to radiotherapy.

In one embodiment, the subject can be administered an agent which reduces or ameliorates a side

effect associated with the administration of a CAR-expressing cell. Side effects associated with

the administration of a CAR-expressing cell include, but are not limited to CRS, and

hemophagocytic lymphohistiocytosis (HLH), also termed Macrophage Activation Syndrome

(MAS). Symptoms of CRS include high fevers, nausea, transient hypotension, hypoxia, and the

like. CRS may include clinical constitutional signs and symptoms such as fever, fatigue,

anorexia, myalgias, arthalgias, nausea, vomiting, and headache. CRS may include clinical skin

signs and symptoms such as rash. CRS may include clinical gastrointestinal signs and

symsptoms such as nausea, vomiting and diarrhea. CRS may include clinical respiratory signs

and symptoms such as tachypnea and hypoxemia. CRS may include clinical cardiovascular

signs and symptoms such as tachycardia, widened pulse pressure, hypotension, increased cardac

output (early) and potentially diminished cardiac output (late). CRS may include clinical

coagulation signs and symptoms such as elevated d-dimer, hypofibrinogenemia with or without

bleeding. CRS may include clinical renal signs and symptoms such as azotemia. CRS may



include clinical hepatic signs and symptoms such as transaminitis and hyperbilirubinemia. CRS

may include clinical neurologic signs and symptoms such as headache, mental status changes,

confusion, delirium, word finding difficulty or frank aphasia, hallucinations, tremor, dymetria,

altered gait, and seizures.

Accordingly, the methods described herein can comprise administering a CAR-

expressing cell described herein to a subject and further administering one or more agents to

manage elevated levels of a soluble factor resulting from treatment with a CAR-expressing cell.

In one embodiment, the soluble factor elevated in the subject is one or more of IFN-γ , TNFa, IL-

2 and IL-6. In an embodiment, the factor elevated in the subject is one or more of IL-1, GM-

CSF, IL-10, IL-8, IL-5 and fraktalkine. Therefore, an agent administered to treat this side effect

can be an agent that neutralizes one or more of these soluble factors. In one embodiment, the

agent that neutralizes one or more of these soluble forms is an antibody or antigen binding

fragment thereof. Examples of such agents include, but are not limited to a steroid (e.g.,

corticosteroid), an inhibitor of TNFa, and an inhibitor of IL-6. An example of a TNFa inhibitor

is an anti-TNFa antibody molecule such as, infliximab, adalimumab, certolizumab pegol, and

golimumab. Another example of a TNFa inhibitor is a fusion protein such as entanercept. Small

molecule inhibitor of TNFa include, but are not limited to, xanthine derivatives (e.g.

pentoxifylline) and bupropion. An example of an IL-6 inhibitor is an anti-IL-6 antibody

molecule such as tocilizumab (toe), sarilumab, elsilimomab, CNTO 328, ALD518/BMS-945429,

CNTO 136, CPSI-2364, CDP6038, VX30, ARGX-109, FE301, and FM101. In one

embodiment, the anti-IL-6 antibody molecule is tocilizumab. An example of an IL-1R based

inhibitor is anakinra.

In some embodiment, the subject is administered a corticosteroid, such as, e.g.,

methylprednisolone, hydrocortisone, among others.

In some embodiments, the subject is administered a vasopressor, such as, e.g.,

norepinephrine, dopamine, phenylephrine, epinephrine, vasopressin, or a combination thereof.

In an embodiment, the subject can be administered an antipyretic agent. In an

embodiment, the subject can be administered an analgesic agent.

In one embodiment, the subject can be administered an agent which enhances the activity

or fitness of a CAR-expressing cell. For example, in one embodiment, the agent can be an agent

which inhibits a molecule that modulates or regulates, e.g., inhibits, T cell function. In some



embodiments, the molecule that modulates or regulates T cell function is an inhibitory molecule.

Inhibitory molecules, e.g., Programmed Death 1 (PD-1), can, in some embodiments, decrease the

ability of a CAR-expressing cell to mount an immune effector response. Examples of inhibitory

molecules include PD-1, PD-L1, CTLA4, TIM3, CEACAM (e.g., CEACAM-1, CEACAM-3

and/or CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIRl, CD160, 2B4, CD80, CD86, B7-H3

(CD276), B7-H4 (VTCN1), HVEM (TNFRSF14 or CD270), KIR, A2aR, MHC class I, MHC

class II, GAL9, adenosine, and TGFR beta. Inhibition of a molecule that modulates or

regulates, e.g., inhibits, T cell function,e.g., by inhibition at the DNA, RNA or protein level, can

optimize a CAR-expressing cell performance. In embodiments, an agent, e.g., an inhibitory

nucleic acid, e.g., an inhibitory nucleic acid, e.g., an inhibitory nucleic acid, e.g., a dsRNA, e.g.,

an siRNA or shRNA, a clustered regularly interspaced short palindromic repeats (CRISPR), a

transcription-activator like effector nuclease (TALEN), or a zinc finger endonuclease (ZFN),

e.g., as described herein, can be used to inhibit expression of an inhibitory molecule in the CAR-

expressing cell. In an embodiment, the inhibitor is an shRNA.

In an embodiment, the agent that modulates or regulates, e.g., inhibits, T-cell function is

inhibited within a CAR-expressing cell. In these embodiments, a dsRNA molecule that inhibits

expression of a molecule that modulates or regulates, e.g., inhibits, T-cell function is linked to

the nucleic acid that encodes a component, e.g., all of the components, of the CAR. In an

embodiment, a nucleic acid molecule that encodes a dsRNA molecule that inhibits expression of

the molecule that modulates or regulates, e.g., inhibits, T-cell function is operably linked to a

promoter, e.g., a HI- or a U6-derived promoter such that the dsRNA molecule that inhibits

expression of the molecule that modulates or regulates, e.g., inhibits, T-cell function is

expressed, e.g., is expressed within a CAR-expressing cell. See e.g., Tiscornia G.,

"Development of Lentiviral Vectors Expressing siRNA," Chapter 3, in Gene Transfer: Delivery

and Expression of DNA and RNA (eds. Friedmann and Rossi). Cold Spring Harbor Laboratory

Press, Cold Spring Harbor, NY, USA, 2007; Brummelkamp TR, et al. (2002) Science 296: 550-

553; Miyagishi M, et al. (2002) Nat. Biotechnol. 19: 497-500. In an embodiment the nucleic

acid molecule that encodes a dsRNA molecule that inhibits expression of the molecule that

modulates or regulates, e.g., inhibits, T-cell function is present on the same vector, e.g., a

lentiviral vector, that comprises a nucleic acid molecule that encodes a component, e.g., all of the

components, of the CAR. In such an embodiment, the nucleic acid molecule that encodes a



dsRNA molecule that inhibits expression of the molecule that modulates or regulates, e.g.,

inhibits, T-cell function is located on the vector, e.g., the lentiviral vector, 5'- or 3'- to the

nucleic acid that encodes a component, e.g., all of the components, of the CAR. The nucleic acid

molecule that encodes a dsRNA molecule that inhibits expression of the molecule that modulates

or regulates, e.g., inhibits, T-cell function can be transcribed in the same or different direction as

the nucleic acid that encodes a component, e.g., all of the components, of the CAR. In an

embodiment the nucleic acid molecule that encodes a dsRNA molecule that inhibits expression

of the molecule that modulates or regulates, e.g., inhibits, T-cell function is present on a vector

other than the vector that comprises a nucleic acid molecule that encodes a component, e.g., all

of the components, of the CAR. In an embodiment, the nucleic acid molecule that encodes a

dsRNA molecule that inhibits expression of the molecule that modulates or regulates, e.g.,

inhibits, T-cell function it transiently expressed within a CAR-expressing cell. In an

embodiment, the nucleic acid molecule that encodes a dsRNA molecule that inhibits expression

of the molecule that modulates or regulates, e.g., inhibits, T-cell function is stably integrated into

the genome of a CAR-expressing cell. Configurations of exemplary vectors for expressing a

component, e.g., all of the components, of the CAR with a dsRNA molecule that inhibits

expression of the molecule that modulates or regulates, e.g., inhibits, T-cell function, is provided,

e.g., in Figure 47 of International Publication WO20 15/090230, filed December 19, 2014, which

is herein incorporated by reference.

Examples of dsRNA molecules useful for inhibiting expression of a molecule that

modulates or regulates, e.g., inhibits, T-cell function, wherein the molecule that modulates or

regulates, e.g., inhibits, T-cell function is PD-1 include RNAi agents that target PD-1, as

described, e.g., in paragraph [00489] and Tables 16 and 17 of International Publication

WO20 15/090230, filed December 19, 2014, which is incorporated by reference in its entirety.

In one embodiment, the agent that modulates or regulates, e.g., inhibits, T-cell function

can be, e.g., an antibody or antibody fragment that binds to an inhibitory molecule. For example,

the agent can be an antibody or antibody fragment that binds to PD-1, PD-L1, PD-L2 or CTLA4

(e.g., ipilimumab (also referred to as MDX-010 and MDX-101, and marketed as Yervoy®;

Bristol-Myers Squibb; Tremelimumab (IgG2 monoclonal antibody available from Pfizer,

formerly known as ticilimumab, CP-675,206).). In an embodiment, the agent is an antibody or



antibody fragment that binds to TIM3. In an embodiment, the agent is an antibody or antibody

fragment that binds to LAG3.

PD-1 is an inhibitory member of the CD28 family of receptors that also includes CD28,

CTLA-4, ICOS, and BTLA. PD-1 is expressed on activated B cells, T cells and myeloid cells

(Agata et al. 1996 Int. Immunol 8:765-75). Two ligands for PD-1, PD-Ll and PD-L2 have been

shown to downregulate T cell activation upon binding to PD-1 (Freeman et a . 2000 J Exp Med

192:1027-34; Latchman et al. 2001 Nat Immunol 2:261-8; Carter et al. 2002 Eur J Immunol

32:634-43). PD-Ll is abundant in human cancers (Dong et al. 2003 J Mol Med 81:281-7; Blank

et al. 2005 Cancer Immunol. Immunother 54:307-314; Konishi et al. 2004 Clin Cancer Res

10:5094). Immune suppression can be reversed by inhibiting the local interaction of PD-1 with

PD-Ll. Antibodies, antibody fragments, and other inhibitors of PD-1, PD-Ll and PD-L2 are

available in the art and may be used combination with a cars of the present disclosure described

herein. For example, nivolumab (also referred to as BMS-936558 or MDX1 106; Bristol-Myers

Squibb) is a fully human IgG4 monoclonal antibody which specifically blocks PD-1. Nivolumab

(clone 5C4) and other human monoclonal antibodies that specifically bind to PD-1 are disclosed

in US 8,008,449 and WO2006/121 168. Pidilizumab (CT-01 1; Cure Tech) is a humanized IgGlk

monoclonal antibody that binds to PD-1. Pidilizumab and other humanized anti-PD-1

monoclonal antibodies are disclosed in WO2009/101611. Pembrolizumab (formerly known as

lambrolizumab, and also referred to as MK03475; Merck) is a humanized IgG4 monoclonal

antibody that binds to PD-1. Pembrolizumab and other humanized anti-PD-1 antibodies are

disclosed in US 8,354,509 and WO2009/1 14335. AMP-224 (B7-DCIg; Amplimmune; e.g.,

disclosed in WO2010/027827 and WO201 1/066342), is a PD-L2 Fc fusion soluble receptor that

blocks the interaction between PD-1 and B7-H1. Other anti-PD-1 antibodies include AMP 514

(Amplimmune), among others, e.g., anti-PD-1 antibodies disclosed in US 8,609,089, US

2010028330, and/or US 201201 14649.

In one embodiment, the anti-PD-1 antibody or fragment thereof is an anti-PD-1 antibody

molecule as described in US 2015/0210769, entitled "Antibody Molecules to PD-1 and Uses

Thereof," incorporated by reference in its entirety. In one embodiment, the anti-PD-1 antibody

molecule includes at least one, two, three, four, five or six CDRs (or collectively all of the

CDRs) from a heavy and light chain variable region from an antibody chosen from any of

BAP049-hum01, BAP049-hum02, BAP049-hum03, BAP049-hum04, BAP049-hum05,



BAP049-hum06, BAP049-hum07, BAP049-hum08, BAP049-hum09, BAP049-humlO,

BAP049-humll, BAP049-huml2, BAP049-huml3, BAP049-huml4, BAP049-huml5,

BAP049-huml6, BAP049-Clone-A, BAP049-Clone-B, BAP049-Clone-C, BAP049-Clone-D, or

BAP049-Clone-E; or as described in Table 1 of US 2015/0210769, or encoded by the nucleotide

sequence in Table 1, or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%,

95%, 97%, 98%, 99% or higher identical) to any of the aforesaid sequences; or closely related

CDRs, e.g., CDRs which are identical or which have at least one amino acid alteration, but not

more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g.,

conservative substitutions).

In yet another embodiment, the anti-PD-1 antibody molecule comprises at least one, two,

three or four variable regions from an antibody described herein, e.g., an antibody chosen from

any of BAP049-hum01, BAP049-hum02, BAP049-hum03, BAP049-hum04, BAP049-hum05,

BAP049-hum06, BAP049-hum07, BAP049-hum08, BAP049-hum09, BAP049-humlO,

BAP049-humll, BAP049-huml2, BAP049-huml3, BAP049-huml4, BAP049-huml5,

BAP049-huml6, BAP049-Clone-A, BAP049-Clone-B, BAP049-Clone-C, BAP049-Clone-D, or

BAP049-Clone-E; or as described in Table 1 of US 2015/0210769, or encoded by the nucleotide

sequence in Table 1; or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%,

95%, 97%, 98%, 99% or higher identical) to any of the aforesaid sequences.

TEVI3 (T cell immunoglobulin-3) also negatively regulates T cell function, particularly in

IFN-g-secreting CD4+ T helper 1 and CD8+ T cytotoxic 1 cells, and plays a critical role in T cell

exhaustion. Inhibition of the interaction between TEVI3 and its ligands, e.g., galectin-9 (Gal9),

phosphotidylserine (PS), and HMGB1, can increase immune response. Antibodies, antibody

fragments, and other inhibitors of TEVI3 and its ligands are available in the art and may be used

combination with a CD19 CAR described herein. For example, antibodies, antibody fragments,

small molecules, or peptide inhibitors that target TIM3 binds to the IgV domain of TIM3 to

inhibit interaction with its ligands. Antibodies and peptides that inhibit TIM3 are disclosed in

WO2013/006490 and US20100247521. Other anti-TEVI3 antibodies include humanized versions

of RMT3-23 (disclosed in Ngiow et al., 2011, Cancer Res, 71:3540-3551), and clone 8B.2C12

(disclosed in Monney et al., 2002, Nature, 415:536-541). Bi-specific antibodies that inhibit

TIM3 and PD-1 are disclosed in US20130156774.



In one embodiment, the anti-TIM3 antibody or fragment thereof is an anti- TIM3

antibody molecule as described in US 2015/0218274, entitled "Antibody Molecules to TIM3 and

Uses Thereof," incorporated by reference in its entirety. In one embodiment, the anti- TIM3

antibody molecule includes at least one, two, three, four, five or six CDRs (or collectively all of

the CDRs) from a heavy and light chain variable region from an antibody chosen from any of

ABTIM3, ABTIM3-hum01, ABTIM3-hum02, ABTIM3-hum03, ABTIM3-hum04, ABTIM3-

hum05, ABTIM3-hum06, ABTIM3-hum07, ABTIM3-hum08, ABTIM3-hum09, ABTIM3-

humlO, ABTIM3-humll, ABTIM3-huml2, ABTIM3-huml3, ABTIM3-huml4, ABTIM3-

huml5, ABTIM3-huml6, ABTIM3-huml7, ABTIM3-huml8, ABTIM3-huml9, ABTIM3-

hum20, ABTIM3-hum21, ABTIM3-hum22, ABTIM3-hum23; or as described in Tables 1-4 of

US 2015/0218274; or encoded by the nucleotide sequence in Tables 1-4; or a sequence

substantially identical {e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher

identical) to any of the aforesaid sequences, or closely related CDRs, e.g., CDRs which are

identical or which have at least one amino acid alteration, but not more than two, three or four

alterations {e.g., substitutions, deletions, or insertions, e.g., conservative substitutions).

In yet another embodiment, the anti-TIM3 antibody molecule comprises at least one, two,

three or four variable regions from an antibody described herein, e.g., an antibody chosen from

any of ABTIM3, ABTIM3-hum01, ABTIM3-hum02, ABTIM3-hum03, ABTIM3-hum04,

ABTIM3-hum05, ABTIM3-hum06, ABTIM3-hum07, ABTIM3-hum08, ABTIM3-hum09,

ABTIM3-huml0, ABTIM3-huml 1, ABTIM3-huml2, ABTIM3-huml3, ABTIM3-huml4,

ABTIM3-huml5, ABTIM3-huml6, ABTIM3-huml7, ABTIM3-huml8, ABTIM3-huml9,

ABTIM3-hum20, ABTIM3-hum21, ABTIM3-hum22, ABTIM3-hum23; or as described in

Tables 1-4 of US 2015/0218274; or encoded by the nucleotide sequence in Tables 1-4; or a

sequence substantially identical {e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or

higher identical) to any of the aforesaid sequences.

In other embodiments, the agent which enhances the activity of a CAR-expressing cell is

a CEACAM inhibitor {e.g., CEACAM-1, CEACAM-3, and/or CEACAM-5 inhibitor). In one

embodiment, the inhibitor of CEACAM is an anti-CEACAM antibody molecule. Exemplary

anti-CEACAM-1 antibodies are described in WO 2010/125571, WO 2013/082366 WO

2014/059251 and WO 2014/022332, e.g., a monoclonal antibody 34B1, 26H7, and 5F4; or a

recombinant form thereof, as described in, e.g., US 2004/0047858, US 7,132,255 and WO



99/052552. In other embodiments, the anti-CEACAM antibody binds to CEACAM-5 as

described in, e.g., Zheng et al. PLoS One. 2010 Sep 2;5(9). pii: el2529

(DOI:10:1371/journal.pone.0021146), or crossreacts with CEACAM-1 and CEACAM-5 as

described in, e.g., WO 2013/054331 and US 2014/0271618.

Without wishing to be bound by theory, carcinoembryonic antigen cell adhesion

molecules (CEACAM), such as CEACAM-1 and CEACAM-5, are believed to mediate, at least

in part, inhibition of an anti-tumor immune response {see e.g., Markel et al. J Immunol. 2002

Mar 15;168(6):2803-10; Markel et al. J Immunol. 2006 Nov 1;177(9):6062-71; Markel et al.

Immunology . 2009 Feb; 126(2): 186-200; Markel et al. Cancer Immunol Immunother. 2010

Feb;59(2):215-30; Ortenberg et al. Mol Cancer Ther. 2012 Jun;ll(6):1300-10; Stern et al. J

Immunol. 2005 Jun 1;174(1 1):6692-701; Zheng et al. PLoS One. 2010 Sep 2;5(9). pii: el2529).

For example, CEACAM-1 has been described as a heterophilic ligand for TIM-3 and as playing

a role in TIM-3-mediated T cell tolerance and exhaustion (see e.g., WO 2014/022332; Huang, et

al. (2014) Nature doi:10.1038/naturel3848). In embodiments, co-blockade of CEACAM-1 and

TIM-3 has been shown to enhance an anti-tumor immune response in xenograft colorectal cancer

models (see e.g., WO 2014/022332; Huang, et al. (2014), supra). In other embodiments, co-

blockade of CEACAM-1 and PD-1 reduce T cell tolerance as described, e.g., in WO

2014/059251. Thus, CEACAM inhibitors can be used with the other immunomodulators

described herein (e.g., anti-PD-1 and/or anti-TIM-3 inhibitors) to enhance an immune response

against a cancer, e.g., a melanoma, a lung cancer (e.g., NSCLC), a bladder cancer, a colon cancer

an ovarian cancer, and other cancers as described herein.

LAG3 (lymphocyte activation gene-3 or CD223) is a cell surface molecule expressed on

activated T cells and B cells that has been shown to play a role in CD8+ T cell exhaustion.

Antibodies, antibody fragments, and other inhibitors of LAG3 and its ligands are available in the

art and may be used combination with a CD19 CAR described herein. For example, BMS-

986016 (Bristol-Myers Squib) is a monoclonal antibody that targets LAG3. 1MP701 (Immutep)

is an antagonist LAG3 antibody and IMP73 (Immutep and GlaxoSmithKline) is a depleting

LAG3 antibody. Other LAG3 inhibitors include IMP321 (Immutep), which is a recombinant

fusion protein of a soluble portion of LAG3 and g that binds to MHC class II molecules and

activates antigen presenting cells (APC). Other antibodies are disclosed, e.g., in

WO2010/019570.



In one embodiment, the anti-LAG3 antibody or fragment thereof is an anti-LAG3

antibody molecule as described in US 2015/0259420, entitled "Antibody Molecules to LAG3

and Uses Thereof," incorporated by reference in its entirety. In one embodiment, the anti- LAG3

antibody molecule includes at least one, two, three, four, five or six CDRs (or collectively all of

the CDRs) from a heavy and light chain variable region from an antibody chosen from any of

BAP050-hum01, BAP050-hum02, BAP050-hum03, BAP050-hum04, BAP050-hum05,

BAP050-hum06, BAP050-hum07, BAP050-hum08, BAP050-hum09, BAP050-huml0,

BAP050-humll, BAP050-huml2, BAP050-huml3, BAP050-huml4, BAP050-huml5,

BAP050-huml6, BAP050-huml7, BAP050-huml8, BAP050-huml9, BAP050-hum20,

huBAP050(Ser) (e.g., BAP050-hum01-Ser, BAP050-hum02-Ser, BAP050-hum03-Ser, BAP050-

hum04-Ser, BAP050-hum05-Ser, BAP050-hum06-Ser, BAP050-hum07-Ser, BAP050-hum08-

Ser, BAP050-hum09-Ser, BAP050-huml0-Ser, BAP050-humll-Ser, BAP050-huml2-Ser,

BAP050-huml3-Ser, BAP050-huml4-Ser, BAP050-huml5-Ser, BAP050-huml8-Ser, BAP050-

huml9-Ser, or BAP050-hum20-Ser), BAP050-Clone-F, BAP050-Clone-G, BAP050-Clone-H,

BAP050-Clone-I, or BAP050-Clone-J; or as described in Table 1 of US 2015/0259420; or

encoded by the nucleotide sequence in Table 1; or a sequence substantially identical (e.g., at least

80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the aforesaid

sequences, or closely related CDRs, e.g., CDRs which are identical or which have at least one

amino acid alteration, but not more than two, three or four alterations (e.g., substitutions,

deletions, or insertions, e.g., conservative substitutions).

In yet another embodiment, the anti- LAG3 antibody molecule comprises at least one,

two, three or four variable regions from an antibody described herein, e.g., an antibody chosen

from any of BAP050-hum01, BAP050-hum02, BAP050-hum03, BAP050-hum04, BAP050-

hum05, BAP050-hum06, BAP050-hum07, BAP050-hum08, BAP050-hum09, BAP050-huml0,

BAP050-huml 1, BAP050-huml2, BAP050-huml3, BAP050-huml4, BAP050-huml5,

BAP050-huml6, BAP050-huml7, BAP050-huml8, BAP050-huml9, BAP050-hum20,

huBAP050(Ser) (e.g., BAP050-hum01-Ser, BAP050-hum02-Ser, BAP050-hum03-Ser, BAP050-

hum04-Ser, BAP050-hum05-Ser, BAP050-hum06-Ser, BAP050-hum07-Ser, BAP050-hum08-

Ser, BAP050-hum09-Ser, BAP050-huml0-Ser, BAP050-humll-Ser, BAP050-huml2-Ser,

BAP050-huml3-Ser, BAP050-huml4-Ser, BAP050-huml5-Ser, BAP050-huml8-Ser, BAP050-

huml9-Ser, or BAP050-hum20-Ser), BAP050-Clone-F, BAP050-Clone-G, BAP050-Clone-H,



BAP050-Clone-I, or BAP050-Clone-J; or as described in Table 1 of US 2015/0259420; or

encoded by the nucleotide sequence in Tables 1; or a sequence substantially identical (e.g., at

least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the aforesaid

sequences.In some embodiments, the agent which enhances the activity of a CAR-expressing cell

can be, e.g., a fusion protein comprising a first domain and a second domain, wherein the first

domain is an inhibitory molecule, or fragment thereof, and the second domain is a polypeptide

that is associated with a positive signal, e.g., a polypeptide comrpsing an antracellular signaling

domain as described herein. In some embodiments, the polypeptide that is associated with a

positive signal can include a costimulatory domain of CD28, CD27, ICOS, e.g., an intracellular

signaling domain of CD28, CD27 and/or ICOS, and/or a primary signaling domain, e.g., of CD3

zeta, e.g., described herein. In one embodiment, the fusion protein is expressed by the same cell

that expressed the CAR. In another embodiment, the fusion protein is expressed by a cell, e.g., a

T cell that does not express a CAR of the present disclosure.

In one embodiment, the agent which enhances activity of a CAR-expressing cell

described herein is miR- 17-92.

In one embodiment, the agent which enhances activity of a CAR-described herein is a

cytokine. Cytokines have important functions related to T cell expansion, differentiation,

survival, and homeostatis. Cytokines that can be administered to the subject receiving a CAR-

expressing cell described herein include: IL-2, IL-4, IL-7, IL-9, IL-15, IL-18, and IL-21, or a

combination thereof. In preferred embodiments, the cytokine administered is IL-7, IL-15, or IL-

21, or a combination thereof. The cytokine can be administered once a day or more than once a

day, e.g., twice a day, three times a day, or four times a day. The cytokine can be administered

for more than one day, e.g. the cytokine is administered for 2 days, 3 days, 4 days, 5 days, 6

days, 1 week, 2 weeks, 3 weeks, or 4 weeks. For example, the cytokine is administered once a

day for 7 days.

In embodiments, the cytokine is administered in combination with the combination

described herein, e.g., a mesothelin CAR-expressing cell and a PD-L1 inhibitor. The cytokine

can be administered simultaneously or concurrently with the CAR-expressing cells, e.g.,

administered on the same day. The cytokine may be prepared in the same pharmaceutical

composition as the CAR-expressing cells, or may be prepared in a separate pharmaceutical

composition. Alternatively, the cytokine can be administered shortly after administration of the



CAR-expressing cells, e.g., 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, or 7 days after

administration of the CAR-expressing T cells. In embodiments where the cytokine is

administered in a dosing regimen that occurs over more than one day, the first day of the

cytokine dosing regimen can be on the same day as administration with the CAR-expressing

cells, or the first day of the cytokine dosing regimen can be 1 day, 2 days, 3 days, 4 days, 5 days,

6 days, or 7 days after administration of the CAR-expressing cells. In one embodiment, on the

first day, the CAR-expressing cells are administered to the subject, and on the second day, a

cytokine is administered once a day for the next 7 days. In a preferred embodiment, the cytokine

to be administered in combination with CAR-expressing cells is IL-7, IL-15, or IL-21.

In other embodiments, the cytokine is administered a period of time after administration

of CAR-expressing cells, e.g., at least 2 weeks, 3 weeks, 4 weeks, 6 weeks, 8 weeks, 10 weeks,

12 weeks, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months,

or 1 year or more after administration of CAR-expressing cells. In one embodiment, the

cytokine is administered after assessment of the subject's response to the CAR-expressing cells.

For example, the subject is administered CAR-expressing cells according to the dosage and

regimens described herein. The response of the subject to CART therapy is assessed at 2 weeks,

3 weeks, 4 weeks, 6 weeks, 8 weeks, 10 weeks, 12 weeks, 4 months, 5 months, 6 months, 7

months, 8 months, 9 months, 10 months, 11 months, or 1 year or more after administration of

CAR-expressing cells, using any of the methods described herein, including inhibition of tumor

growth, reduction of circulating tumor cells, or tumor regression. Subjects that do not exhibit a

sufficient response to CAR-expressing cell therapy can be administered a cytokine.

Administration of the cytokine to the subject that has sub-optimal response to the CAR-

expressing cell therapy improves CAR-expressing cell efficacy or anti-tumor activity. In a

preferred embodiment, the cytokine administered after administration of CAR-expressing cells is

IL-7.

Combination with a low dose of an mTOR inhibitor

In one embodiment, the combination described herein, e.g., a mesothelin CAR-

expressing cell and a PD-L1 inhibitor, is administered in combination with a low, immune

enhancing dose of an mTOR inhibitor.



In another embodiment, administration of a low, immune enhancing, dose of an mTOR

inhibitor results in increased or prolonged proliferation of CAR-expressing cells, e.g., in culture

or in a subject, e.g., as compared to non-treated CAR-expressing cells or a non-treated subject.

In embodiments, increased proliferation is associated with in an increase in the number of CAR-

expressing cells. Methods for measuring increased or prolonged proliferation are described in

the Examples herein. In another embodiment, administration of a low, immune enhancing, dose

of an mTOR inhibitor results in increased killing of cancer cells by CAR-expressing cells, e.g.,

in culture or in a subject, e.g., as compared to non-treated CAR-expressing cells or a non-treated

subject. In embodiments, increased killing of cancer cells is associated with in a decrease in

tumor volume.

In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule

described herein, are administered in combination with a low, immune enhancing dose of an

mTOR inhibitor, e.g., an allosteric mTOR inhibitor, e.g., RADOOl, or a catalytic mTOR

inhibitor. For example, administration of the low, immune enhancing, dose of the mTOR

inhibitor can be initiated prior to administration of a CAR-expressing cell described herein;

completed prior to administration of a CAR-expressing cell described herein; initiated at the

same time as administration of a CAR-expressing cell described herein; overlapping with

administration of a CAR-expressing cell described herein; or continuing after administration of a

CAR-expressing cell described herein.

Alternatively or in addition, administration of a low, immune enhancing, dose of an

mTOR inhibitor can optimize immune effector cells to be engineered to express a CAR molecule

described herein. In such embodiments, administration of a low, immune enhancing, dose of an

mTOR inhibitor, e.g., an allosteric inhibitor, e.g., RADOOl, or a catalytic inhibitor, is initiated or

completed prior to harvest of immune effector cells, e.g., T cells or NK cells, to be engineered to

express a CAR molecule described herein, from a subject.

In another embodiment, immune effector cells, e.g., T cells or NK cells, to be engineered

to express a CAR molecule described herein, e.g., after harvest from a subject, or CAR-

expressing immune effector cells, e.g., T cells or NK cells, e.g., prior to administration to a

subject, can be cultured in the presence of a low, immune enhancing, dose of an mTOR inhibitor.

As used herein, the term "mTOR inhibitor" refers to a compound or ligand, or a

pharmaceutically acceptable salt thereof, which inhibits the mTOR kinase in a cell. In an



embodiment an mTOR inhibitor is an allosteric inhibitor. In an embodiment an mTOR inhibitor

is a catalytic inhibitor.

Allosteric mTOR inhibitors include the neutral tricyclic compound rapamycin

(sirolimus), rapamycin-related compounds, that is compounds having structural and functional

similarity to rapamycin including, e.g., rapamycin derivatives, rapamycin analogs (also referred

to as rapalogs) and other macrolide compounds that inhibit mTOR activity.

Rapamycin is a known macrolide antibiotic produced by Streptomyces hygroscopicus

having the structure shown in Formula A.

(A)

Other suitable rapamycin analogs include, but are not limited to, RAD001, otherwise

known as everolimus (Afinitor®), has the chemical name

(lR,9S,12S,15R,16E,18R,19R,21R,23S,24E,26E,28E,30S,32S,35R)-l,18-dihydroxy-12-{(lR)-

2-[( 1S,3R,4R)-4-(2-hydroxyethoxy)-3-methoxycyclohexyl] -1-methylethyl }-19,30-dimethoxy-

15,17,21,23,29,35-hexamethyl-ll,36-dioxa-4-aza-tricyclo[30.3.1.04,9]hexatriaconta-

16,24,26,28-tetraene-2,3,10,14,20-pentaone,sirolimus (rapamycin, AY-22989), 40-[3-hydroxy-2-

(hydroxymethyl)-2-methylpropanoate] -rapamycin (also called temsirolimus or CCI-779) and

ridaforolimus (AP-23573/MK-8669).b Other examples of allosteric mTor inhibtors include

zotarolimus (ABT578) and umirolimus as described in US2005/0101624 the contents of which

are incorporated by reference. Other suitable mTOR inhibitors are described in paragraphs 946



to 964 of International Publication WO2015/142675, filed March 13, 2015, which is

incorporated by reference in its entirety. Low, immune enhancing doses of an mTOR inhibitor,

suitable levels of mTOR inhibition associated with low doses of an mTOR inhibitor, methods for

detecting the level of mTOR inhibition, and suitable pharmaceutical compositions thereof are

further described in paragraphs 936 to 945 and 965 to 1003 of International Publication

WO2015/142675, filed March 13, 2015, which is incorporated by reference in its entirety.

Pharmaceutical Compositions

Pharmaceutical compositions of the present invention may comprise a CAR-expressing

cell, e.g., a plurality of CAR-expressing cells, as described herein, in combination with one or

more pharmaceutically or physiologically acceptable carriers, diluents or excipients. Such

compositions may comprise buffers such as neutral buffered saline, phosphate buffered saline

and the like; carbohydrates such as glucose, mannose, sucrose or dextrans, mannitol; proteins;

polypeptides or amino acids such as glycine; antioxidants; chelating agents such as EDTA or

glutathione; adjuvants (e.g., aluminum hydroxide); and preservatives. Compositions of the

present invention are in one aspect formulated for intravenous administration.

Pharmaceutical compositions of the present invention may be administered in a manner

appropriate to the disease to be treated (or prevented). The quantity and frequency of

administration will be determined by such factors as the condition of the patient, and the type

and severity of the patient's disease, although appropriate dosages may be determined by clinical

trials.

In one embodiment, the pharmaceutical composition is substantially free of, e.g., there

are no detectable levels of a contaminant, e.g., selected from the group consisting of endotoxin,

mycoplasma, replication competent lentivirus (RCL), p24, VSV-G nucleic acid, fflV gag,

residual anti-CD3/anti-CD28 coated beads, mouse antibodies, pooled human serum, bovine

serum albumin, bovine serum, culture media components, vector packaging cell or plasmid

components, a bacterium and a fungus. In one embodiment, the bacterium is at least one

selected from the group consisting of Alcaligenes faecalis, Candida albicans, Escherichia coli,

Haemophilus influenza, Neisseria meningitides, Pseudomonas aeruginosa, Staphylococcus

aureus, Streptococcus pneumonia, and Streptococcus pyogenes group A.



Methods of Treating

When "an immunologically effective amount," "an effective dose", "an anti-cancer

effective amount," "a cancer-inhibiting effective amount," or "therapeutic amount" is indicated,

the precise amount of the compositions of the present invention to be administered can be

determined by a physician with consideration of individual differences in age, weight, tumor

size, extent of infection or metastasis, and condition of the patient (subject).

The dosage of the above treatments to be administered to a subject will vary with the

precise nature of the condition being treated and the recipient of the treatment. The scaling of

dosages for human administration can be performed according to art-accepted practices. The

dose for CAMPATH, for example, will generally be in the range 1 to about 100 mg for an adult

patient, usually administered daily for a period between 1 and 30 days. The preferred daily dose

is 1 to 10 mg per day although in some instances larger doses of up to 40 mg per day may be

used (described in U.S. Patent No. 6,120,766).

The administration of the compositions described herein may be carried out in any

convenient manner, including by aerosol inhalation, injection, ingestion, transfusion,

implantation or transplantation. The compositions described herein may be administered to a

patient transarterially, subcutaneously, intradermally, intratumorally, intranodally,

intramedullary, intramuscularly, by intravenous (i.v.) injection, or intraperitoneally. In one

embodiment, the compositions described herein, e.g., comprising a CAR-expressing cell and/or

PD-Ll inhibitor, are administered to a patient by intradermal or subcutaneous injection. In one

embodiment, the the compositions described herein, e.g., comprising a CAR-expressing cell

and/or PD-Ll inhibitor, are administered by i.v. injection. The the compositions described

herein, e.g., comprising a CAR-expressing cell and/or PD-Ll inhibitor, may be injected directly

into a tumor, lymph node, or site of infection.

It can generally be stated that a pharmaceutical composition comprising the immune

effector cells described herein may be administered at a dosage of 104 to 109 cells/kg body

weight, in some instances 105 to 106 cells/kg body weight, including all integer values within

those ranges. The immune effector cell compositions may also be administered multiple times at

these dosages. The cells can be administered by using infusion techniques that are commonly

known in immunotherapy (see, e.g., Rosenberg et al., New Eng. J . of Med. 319:1676, 1988).



In certain aspects, it may be desired to administer activated immune effector cells to a

subject and then subsequently redraw blood (or have an apheresis performed), activate the cells

therefrom according to the present invention, and reinfuse the patient with these activated and

expanded cells. This process can be carried out multiple times every few weeks. In certain

aspects, the cells can be activated from blood draws of from lOcc to 400cc. In certain aspects, the

cells are activated from blood draws of 20cc, 30cc, 40cc, 50cc, 60cc, 70cc, 80cc, 90cc, or lOOcc.

In a particular exemplary aspect, subjects may undergo leukapheresis, wherein leukocytes

are collected, enriched, or depleted ex vivo to select and/or isolate the cells of interest, e.g., T

cells. These T cell isolates may be expanded by methods known in the art and treated such that

one or more CAR constructs of the invention may be introduced, thereby creating a CAR T cell

of the invention. Subjects in need thereof may subsequently undergo standard treatment with

high dose chemotherapy followed by peripheral blood stem cell transplantation. In certain

aspects, following or concurrent with the transplant, subjects receive an infusion of the expanded

CAR expressing cells of the present invention. In an additional aspect, expanded cells are

administered before or following surgery.

In one embodiment, the CAR is introduced into immune effector cells, e.g., using in vitro

transcription, and the subject (e.g., human) receives an initial administration of CAR-expressing

cells of the invention, and one or more subsequent administrations of the CAR-expressing cells

of the invention, wherein the one or more subsequent administrations are administered less than

15 days, e.g., 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, or 2 days after the previous administration. In

one embodiment, more than one administration of the CAR-expressing cells of the invention are

administered to the subject (e.g., human) per week, e.g., 2, 3, or 4 administrations of the CAR-

expressing cells of the invention are administered per week. In one embodiment, the subject

(e.g., human subject) receives more than one administration of the CAR-expressing cells per

week (e.g., 2, 3 or 4 administrations per week) (also referred to herein as a cycle), followed by a

week of no CAR-expressing cells administration, and then one or more additional administration

of the CAR-expressing cells (e.g., more than one administration of the CAR-expressing cells per

week) is administered to the subject. In another embodiment, the subject (e.g., human subject)

receives more than one cycle of CAR-expressing cells, and the time between each cycle is less

than 10, 9, 8, 7, 6, 5, 4, or 3 days. In one embodiment, the CAR-expressing cells are

administered every other day for 3 administrations per week. In one embodiment, the CAR-



expressing cells of the invention are administered for at least two, three, four, five, six, seven,

eight or more weeks.

In some embodiments, a dose of CAR-expressing cells described herein (e.g., mesothelin

CAR-expressing cell) comprises about 1 x 106, 1.1 x 106, 2 x 106, 3.6 x 106, 5 x 106, 1 x 107, 1.8

x 107, 2 x 107, 5 x 107, 1 x 108, 2 x 108, 3 x 108, or 5 x 108 cells/kg. In some embodiments, a dose

of CAR cells (e.g., mesothelin CAR-expressing cell) comprises at least about 1 x 106, 1.1 x 106,

2 x 106, 3.6 x 106, 5 x 106, 1 x 107, 1.8 x 107, 2 x 107, 5 x 107, 1 x 108, 2 x 108, 3 x 108, or 5 x

10° cells/kg. In some embodiments, a dose of CAR cells (e.g., mesothelin CAR-expressing cell)

comprises up to about 1 x 106, 1.1 x 106, 2 x 106, 3.6 x 106, 5 x 106, 1 x 107, 1.8 x 107, 2 x 107, 5

x 107, 1 x 108, 2 x 108, 3 x 108, or 5 x 108 cells/kg. In some embodiments, a dose of CAR cells

(e.g., mesothelin CAR-expressing cell) comprises about 1.1 x 106 - 1.8 x 107 cells/kg. In some

embodiments, a dose of CAR cells (e.g., mesothelin CAR-expressing cell) comprises about 1 x

107, 2 x 107, 5 x 107, 1 x 108, 2 x 108, 3 x 108, 5 x 108, 1 x 109, 2 x 109, or 5 x 109 cells. In some

embodiments, a dose of CAR cells (e.g., e.g., mesothelin CAR-expressing cell) comprises at

least about 1 x 107, 2 x 107, 5 x 107, 1 x 108, 2 x 10 8, 3 x 108, 5 x 108, 1 x 109, 2 x 109, or 5 x 109

cells. In some embodiments, a dose of CAR cells (e.g., e.g., mesothelin CAR-expressing cell)

comprises up to about 1 x 107, 2 x 107, 5 x 107, 1 x 108, 2 x 108, 3 x 108, 5 x 108, 1 x 109, 2 x 109,

or 5 x 109 cells.

In some embodiments, a dose of CAR cells (e.g., mesothelin CAR-expressing cell)

comprises up to about 1 x 107, 1.5 x 107, 2 x 107, 2.5 x 107, 3 x 107, 3.5 x 107, 4 x 107, 5 x 107, 1

x 108, 1.5 x 108, 2 x 108, 2.5 x 108, 3 x 108, 3.5 x 108, 4 x 108, 5 x 108, 1 x 109, 2 x 109, or 5 x 109

cells. In some embodiments, a dose of CAR cells (e.g., mesothelin CAR-expressing cell)
7 8comprises up to about 1-3 x 10 to 1-3 xlO . In some embodiments, the subject is administered

about 1-3 x 10 of mesothelin CAR-expressing cells. In other embodiments, the subject is

administered about 1-3 x 10 of mesothelin-CAR-expressing cells.

In one aspect, mesothelin CAR-expressing cells are generated using lentiviral viral

vectors, such as lentivirus. CAR-expressing cells generated that way will have stable CAR

expression.

In one aspect, the CAR-expressing cellss transiently express CAR vectors for 4, 5, 6, 7, 8,

9, 10, 11, 12, 13, 14, 15 days after transduction. Transient expression of CARs can be effected



by RNA CAR vector delivery. In one aspect, the CAR RNA is transduced into the T cell by

electroporation.

A potential issue that can arise in patients being treated using transiently expressing

CAR-expressing cells (particularly with murine scFv bearing CAR-expressing cells) is

anaphylaxis after multiple treatments.

Without being bound by this theory, it is believed that such an anaphylactic response

might be caused by a patient developing humoral anti-CAR response, i.e., anti-CAR antibodies

having an anti-IgE isotype. It is thought that a patient's antibody producing cells undergo a class

switch from IgG isotype (that does not cause anaphylaxis) to IgE isotype when there is a ten to

fourteen day break in exposure to antigen.

If a patient is at high risk of generating an anti-CAR antibody response during the course

of transient CAR therapy (such as those generated by RNA transductions), CAR-expressing cell

infusion breaks should not last more than ten to fourteen days.

Using CARs with human (instead of murine) scFvs can reduce the likelihood and

intensity of a patient having an anti-CAR response.

Dosages and therapeutic regimens of the PD-L1 inhibitor, e.g., anti-PD-Ll antibody

molecule, can be determined by a skilled artisan.

In certain embodiments where the PD-L1 inhibitor is an anti-PD-Ll antibody molecule,

the anti-PD-Ll antibody molecule is administered by injection (e.g., subcutaneously or

intravenously) at a dose of about 1 to 30 mg/kg, e.g., about 5 to 25 mg/kg, about 10 to 20 mg/kg,

about 1 to 5 mg/kg, or about 3 mg/kg. The dosing schedule can vary from e.g., once a week to

once every 2, 3, or 4 weeks. In one embodiment, the anti-PD-Ll antibody molecule is

administered at a dose from about 10 to 20 mg/kg every other week. In one embodiment, the

anti-PD-Ll antibody molecule is administered, alone or in combination (e.g., in combination

with an anti-LAG-3 antibody molecule), at a dose of less than, or about, 5 mg/kg; less than, or

about, 4 mg/kg; less than, or about, 3 mg/kg; less than, or about, 2 mg/kg; less than, or about, 1

mg/kg, every other week. In one embodiment, the anti-PD-Ll antibody molecule is administered

at a dose of 1 to 5 mg/kg every other week; 1 to 4 mg/kg every other week, 1 to 3 mg/kg every

other week, or 1 to 2 mg/kg every other week. In one embodiment, the anti-PD-Ll antibody

molecule is administered, alone or in combination (e.g., in combination with an anti-PD-Ll



antibody molecule) at a dose of 1 to 5 mg/kg every other week; 1 to 4 mg/kg every other week, 1

to 3 mg/kg every other week, or 1 to 2 mg/kg every other week.

The antibody molecules can be administered by a variety of methods known in the art,

although for many therapeutic applications, the preferred route/mode of administration is

intravenous injection or infusion. For example, the antibody molecule can be administered by

intravenous infusion at a rate of more than 20 mg/min, e.g., 20-40 mg/min, and typically greater

than or equal to 40 mg/min to reach a dose of about 35 to 440 mg/m , typically about 70 to 310

2 2mg/m , and more typically, about 110 to 130 mg/m . In embodiments, the infusion rate of about

110 to 130 mg/m achieves a level of about 3 mg/kg. In other embodiments, the antibody

molecule can be administered by intravenous infusion at a rate of less than 10 mg/min, e.g., less
2 2than or equal to 5 mg/min to reach a dose of about 1 to 100 mg/m , e.g., about 5 to 50 mg/m ,

2 2about 7 to 25 mg/m , or, about 10 mg/m . In some embodiments, the antibody is infused over a

period of about 30 min. The antibody molecule can be administered by intravenous infusion at a

rate of less than 10 mg/min, preferably less than or equal to 5 mg/min to reach a dose of about 1
2 2 2to 100 mg/m , preferably about 5 to 50 mg/m , about 7 to 25 mg/m , and more preferably, about

10 mg/m . It is to be noted that dosage values may vary with the type and severity of the

condition to be alleviated. It is to be further understood that for any particular subject, specific

dosage regimens should be adjusted over time according to the individual need and the

professional judgment of the person administering or supervising the administration of the

compositions, and that dosage ranges set forth herein are exemplary only and are not intended to

limit the scope or practice of the claimed composition.

EXAMPLES

The invention is further described in detail by reference to the following experimental

examples. These examples are provided for purposes of illustration only, and are not intended to

be limiting unless otherwise specified. Thus, the invention should in no way be construed as

being limited to the following examples, but rather, should be construed to encompass any and

all variations which become evident as a result of the teaching provided herein.



Example 1: Efficacy of MSLN CART and PD-L1 inhibitor combination therapy in

pancreatic cancer

The anti-tumor activity of mesothelin CART therapy in combination with PD-L1

antibodies was assessed in a mouse model of pancreatic cancer, PANC02.03. Previous studies

with mesothelin CAR therapy in the PANC02.03 mouse model showed that mesothelin CAR T

cells expanded and infiltrated the tumors. Analysis of these tumor-infiltrating CAR T cells by

flow cytometry revealed expression of PD-1 (see Figure 1A) and PD-L1. Additionally, the

PAN02.03 cancer cells expressed express PD-L1 and PD-L2 when tested both in vitro and in

vivo (see Figure IB).

In a subsequent experiment to test the synergy between mesothelin CAR T cells and

PDLl inhibition, 5xl0 6 PANC02.03 pancreatic tumor cells were implanted subcutaneously into

the flank of immunocompromised NSG mice. PANC02.03 mice were treated with CART

therapy alone, PD-L1 therapy alone, or the combination of CART and PD-L1 inhibitor therapy.

The effect of the order of administering PD-L1 inhibitor therapy with respect to the CART

therapy on anti-tumor activity was assessed with the experiments described below.

Antibody Treatmentprior to CART Therapy

T cells were engineered to express the M5 mesothelin CAR construct (e.g., SEQ ID NO:

67 in Table 2) by lentiviral transduction. Control CAR T cells were engineered to express a

CD 19 CAR. Mice were divided into 9 groups and treated according to the dosage and treatment

schedule below. Two doses of 4xl0 6 CART cells were injected intravenously on day 23 and 28

after tumor implantation. PD-L1 antibody was injected intraperitoneally at day 2 1 after tumor

implantation, e.g., 48 hours prior to CART therapy.

Table 7 .



PD-L1 antibody dose; 2nd PD-L1 175-
dose 4 days after 1st 200mm 3; q5d
dose

5 M5 + PD- 8 4xlO 2 days post lOmg/kg Tumor at IV
L l antibody dose; 2nd PD-L1 175-

dose 4 days after 1st 200mm 3; q5d
dose

Mice were weighed and calipered twice weekly prior to dosing with treatment to monitor

tumor growth. After dosing, the mice were calipered twice weekly. At the end of the study,

bone marrow (BM), tumor, and spleen will be collected for FACs analysis.

The results shown in Figure 2 show that the combination therapy of mesoCART and PD-

L I inhibitor showed transient tumor regression followed by tumor stasis. The combination

treatment was shown to be more effective at inhibiting tumor progression than treatment with

mesoCART alone. Treatment with CD19 CART alone, or in combination and PD-L1 inhibitor

had no effect on tumor progression.

Antibody Treatment after CART Therapy

In the next experiment, PD-L1 inhibitor therapy was administered after mesothelin

CART therapy. 4xl0 6 M5 CART cells were administered 2 1 days after tumor implantation. PD-

1 or PD-L1 antibodies were administered i.v. at 10 mg/kg weekly, with the first dose

administered 24 hours after CART administration.

The results of treatment on tumor progression are shown in Figure 3 . The combination of

M5 CART therapy with PD-L1 antibody treatment only showed minimal and transient anti

tumor activity.

Taking together the data from the two experiments show that administering PD-L1

inhibitor prior to administering the CART therapy has a more robust anti-tumor effect.

Example 2 : PD-L1 expression in cancer patients

Further analysis was performed to better characterize the PANC02.03 tumors from NSG

mice that were treated with 4xl0 6 M5 mesothelin CAR positive T cells. PANC02.03 tumor

samples were obtained at 35 days from mice that were treated with M5 mesothelin CART. The

tumor samples were prepared and serial sections stained to analyze expression of mesothelin and

PD-L1 in the tumors, as well as CART infiltration and apoptosis. A mesothelin antibody, anti-



PD-L1 antibody (#SP263, Ventana Medical Systems, Tuscon, AZ), anti-human CD3 antibody

(#2GV6, Vetana Medical Systems), and anti-CC3 antibody (apoptosis marker) (#9661, Cell

Signaling Technology, Danvers, MA) were used for immunohistochemical staining, e.g., using

immunohistochemical techniques known in the art. In situ hybridization for mesothelin mRNA

(#413101, ACDBio, Hayward, CA) was also performed.

Figure 4 shows mesothelin expression and PD-L1 expression in the tumor. The tumor

has regions of high PD-L1 staining which appear to be inversely correlated with levels of

mesothelin protein expression. Figure 5 shows CAR T cell infiltration (CD3 stained sample, top

left panel), apoptosis (CC3 stained sample, bottom left panel), PD-L1 expression (top right

panel), and mesothelin mRNA expression (bottom right panel). The results from this expression

analysis show that PD-L1 expression is high in tumor regions with low mesothelin protein and

mRNA expression (Fig. 4) and yet high CAR T cell infiltration (Fig. 5). These PD-Ll-High

mesothelin-Low cells are characterized by a spindleloid or mesenchymal morphology and have

likely arisen through epithelial mesenchymal transformation. This process is well described in

pancreatic tumors and likely contributes to the immunosuppressive tumor microenvironment and

disease progression. Thus, these results suggest that a combination treatment using a mesothelin

CART and a PD-L1 inhibitor could produce a synergistic effect enhancing efficacy in

mesothelin-expressing tumors, where the mesothelin CART targets and kills the mesothelin-

expressing tumor cells, while the PD-L1 inhibitor inhibits the immunosuppressive signals from,

for example, cancer cells and tumor stromal cells.

Example 3 : Low dose RAD001 stimulates CART proliferation in a cell culture model

The effect of low doses of RAD001 on CAR T cell proliferation in vitro was evaluated by

co-culturing CART-expressing cells with target cells in the presence of different concentrations

ofRADOOl.

Materials and Methods

Generation of CAR-transduced T cells

A humanized, anti-human CD 19 CAR (huCART19) lentiviral transfer vector was used to

produce the genomic material packaged into VSVg pseudotyped lentiviral particles. The amino

acid and nucleotide sequence of the humanized anti-human CD 19 CAR (huCART19) is CAR 1,



ID 104875 described in PCT publication, WO2014/153270, filed March 15, 2014, and is

designated SEQ ID NOs. 85 and 3 1 therein.

Lentiviral transfer vector DNA is mixed with the three packaging components VSVg env,

gag/pol and rev in combination with lipofectamine reagent to transfect Lenti-X 293T cells.

Medium is changed after 24h and 30h thereafter, the virus-containing media is collected, filtered

and stored at -80°C. CARTs are generated by transduction of fresh or frozen naive T cells

obtained by negative magnetic selection of healthy donor blood or leukopak. T cells are activated

by incubation with anti-CD3/anti-CD28 beads for 24h, after which viral supernatant or

concentrated virus (MOI=2 or 10, respectively) is added to the cultures. The modified T cells are

allowed to expand for about 10 days. The percentage of cells transduced (expressing the CARs

on the cell surface) and the level of CAR expression (relative fluorescence intensity, Geo Mean)

are determined by flow cytometric analysis between days 7 and 9 . The combination of slowing

growth rate and T cell size approaching -350 fL determines the state for T cells to be

cryopreserved for later analysis.

Evaluating proliferation of CARTs

To evaluate the functionality of CARTs, the T cells are thawed and counted, and

viability is assessed by Cellometer. The number of CAR-positive cells in each culture is

normalized using non-transduced T cells (UTD). The impact of RAD001 on CARTs was tested

in titrations with RAD001, starting at 50nM. The target cell line used in all co-culture

experiments is Nalm-6, a human pre-B cell acute lymphoblastic leukemia (ALL) cell line

expressing CD19 and transduced to express luciferase.

For measuring the proliferation of CARTs, T cells are cultured with target cells at a

ratio of 1:1. The assay is run for 4 days, when cells are stained for CD3, CD4, CD8 and CAR

expression. The number of T cells is assessed by flow cytometry using counting beads as

reference.

Results

The proliferative capacity of CART cells was tested in a 4 day co-culture assay. The

number of CAR-positive CD3-positive T cells (dark bars) and total CD3-positive T cells (light

bars) was assessed after culturing the CAR-transduced and non-transduced T cells with Nalm-6

(Fig. 6). huCART19 cells expanded when cultured in the presence of less than 0.016 nM of



RADOOl, and to a lesser extent at higher concentrations of the compound. Importantly, both at

0.0032 and 0.016 nM RADOOl the proliferation was higher than observed without the addition of

RADOOl. The non-transduced T cells (UTD) did not show detectable expansion.

Example 4 : Low dose RADOOl stimulates CART expansion in vivo

This example evaluates the ability of huCAR19 cells to proliferate in vivo with different

concentrations of RADOOl.

Materials and Methods:

NALM6-luc cells: The NALM6 human acute lymphoblastic leukemia (ALL) cell line

was developed from the peripheral blood of a patient with relapsed ALL. The cells were then

tagged with firefly luciferase. These suspension cells grow in RPMI supplemented with 10%

heat inactivated fetal bovine serum.

Mice: 6 week old NSG (NOO.Cg-Prkdc sc dIl2rgtmlWjl/Sz ) mice were received from the

Jackson Laboratory (stock number 005557).

Tumor implantation: NALM6-luc cells were grown and expanded in vitro in RPMI

supplemented with 10% heat inactivated fetal bovine serum. The cells were then transferred to a

15 ml conical tube and washed twice with cold sterile PBS. NALM6-luc cells were then counted

and resuspended at a concentration of lOxlO6 cells per milliliter of PBS. The cells were placed

on ice and immediately (within one hour) implanted in the mice. NALM6-luc cells were injected

intravenously via the tail vein in a 100 µΐ volume, for a total of lxlO 6 cells per mouse.

CAR T cell dosing: Mice were administered 5xl0 6 CAR T cells 7 days after tumor

implantation. Cells were partially thawed in a 37 degree Celsius water bath and then completely

thawed by the addition of 1 ml of cold sterile PBS to the tube containing the cells. The thawed

cells were transferred to a 15 ml falcon tube and adjusted to a final volume of 10 mis with PBS.

The cells were washed twice at lOOOrpm for 10 minutes each time and then counted on a

hemocytometer. T cells were then resuspended at a concentration of 50xl0 6 CAR T cells per ml

of cold PBS and kept on ice until the mice were dosed. The mice were injected intravenously via

the tail vein with 100 µΐ of the CAR T cells for a dose of 5xl0 6 CAR T cells per mouse. Eight



mice per group were treated either with 100 µΐ of PBS alone (PBS), or humanized CD 19 CAR T

cells.

RADOOl dosing: A concentrated micro-emulsion of 50mg equal to lmg RADOOl was

formulated and then resuspended in D5W (dextrose 5% in water) at the time of dosing. Mice

were orally dosed daily (via oral gavage) with 200 µΐ of the desired doses of RADOOl.

PK analysis: Mice were dosed daily with RADOOl starting 7 days post tumor

implantation. Dosing groups were as follows: 0.3 mg/kg, 1 mg/kg, 3 mg/kg, and 10 mg/kg.

Mice were bled on days 0 and 14 following the first and last dose of RADOOl, at the following

time points for PK analysis: 15 minutes, 30 minutes, 1 hour, 2 hours, 4 hours, 8 hours, 12 hours,

and 24 hours.

Results:

The expansion and pharmacokinetics of RADOOl was tested in NSG mice with NALM6-

luc tumors. Daily oral dosing of RADOOl alone did not have an impact on the growth of

NALM6-luc tumors (Figure 7). The pharmacokinetic analysis of RADOOl shows that it is fairly

stable in the blood of tumor bearing mice (Figures 8A and 8B). Both the day 0 and day 14 PK

analyses show that the RADOOl concentrations in the blood is above lOnm even 24 hours after

dosing at the lowest dose tested (0.3 mg/kg).

Based on these doses, huCAR19 CAR T cells were dosed with and without RADOOl to

determine the proliferative ability of these cells. The highest dose used was 3 mg/kg based on

the levels of RADOOl in the blood 24 hours after dosing. As the concentration of RADOOl was

above lOnM 24 hours after the final dose of RADOOl, several lower doses of RADOOl were used

in the in vivo study with CAR T cells. The CAR T cells were dosed IV one day prior to the start

of the daily oral RADOOl dosing. Mice were monitored via FACS for T cell expansion.

The lowest doses of RADOOl show an enhanced proliferation of the CAR T cells

(Figures 9A and 9B). This enhanced proliferation is more evident and prolonged with the CD4+

CAR T cells than the CD8+ CAR T cells. However, with the CD8+ CAR T cells, enhanced

proliferation can be seen at early time points following the CAR T cell dose. In embodiments, a

RNA CART cell can also be used in combination with checkpoint inhibitors.



EQUIVALENTS

The disclosures of each and every patent, patent application, and publication cited herein

are hereby incorporated herein by reference in their entirety. While this invention has been

disclosed with reference to specific aspects, it is apparent that other aspects and variations of this

invention may be devised by others skilled in the art without departing from the true spirit and

scope of the invention. The appended claims are intended to be construed to include all such

aspects and equivalent variations.



What is claimed is:

1. A method of treating a subject having a disease associated with mesothelin expression,

comprising administering to the subject

i) a cell, e.g., a population of immune effector cells, comprising, e.g., expressing, a

chimeric antigen receptor (CAR), wherein the CAR comprises a mesothelin binding

domain, a transmembrane domain, and an intracellular signaling domain; and

ii) a PD-L1 inhibitor, wherein the PD-L1 inhibitor is administered prior to

administration of the cell comprising a CAR.

2 . The method of claim 1, wherein the CAR-expressing cell and the PD-L1 inhibitor is

administered for a treatment interval, and wherein the treatment interval comprises a

single dose of the PD-L1 inhibitor and a single dose of the CAR-expressing cell.

3 . The method of claim 2, wherein the treatment interval is initiated upon administration of

the dose of the PD-L1 inhibitor and completed upon administration of the dose of the

CAR-expressing cell.

4 . The method of claim 2 or 3, wherein the treatment interval further comprises one or

more, e.g., 1, 2, 3, 4, or 5 or more, subsequent doses of the PD-L1 inhibitor.

5 . The method of any of claims 2-4, wherein the dose of the CAR-expressing cell is

administered at least 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, or 2 weeks after the

dose of PD-L1 inhibitor is administered.

6 . The method of claim 5, wherein the dose of the CAR-expressing cell is administered 2

days after the dose of the PD-L1 inhibitor is administered.

7 . The method of claim 1, wherein the CAR-expressing cell and the PD-L1 inhibitor is

administered for a treatment interval, wherein the treatment interval comprises a first and

second dose of the PD-L1 inhibitor and a dose of the CAR-expressing cell, and wherein



the dose of the CAR-expressing cell is administered after administration of the first dose

of the PD-Ll inhibitor but before the administration of the second dose of the PD-Ll

inhibitor.

8. The method of claim 7, wherein the treatment interval is initiated upon administration of

the first dose of the PD-Ll inhibitor and completed upon administration of the second

dose of the PD-Ll inhibitor.

9 . The method of claim 7 or 8, wherein the second dose of the PD-Ll inhibitor is

administered at least 5 days, 7 days, 1 week, 2 weeks, or 3 weeks after administration of

the first dose of the PD-Ll inhibitor.

10. The method of any of claims 7-9, wherein the dose of the CAR-expressing cell is

administered at least 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, or 2 weeks after

administration of the first dose of the PD-Ll inhibitor.

11. The method of any of claims 7-10, wherein the second dose of the PD-Ll inhibitor is

administered at least 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, or 2 weeks after

administration of the dose of the CAR-expressing cell.

12. The method of any of claims 2-11, wherein the treatment interval is repeated, e.g., one or

more times, e.g., 1, 2, 3, 4, or 5 more times.

13. The method of any of claims 2-11, wherein the treatment interval is followed by one or

more, e.g., 1, 2, 3, 4, or 5, subsequent treatment intervals.

14. The method of claim 13, wherein the one or more subsequent treatment interval is

different from the first or previous treatment interval.



15. The method of claim 13 or 14, wherein the one or more subsequent treatment intervals is

administered at least 1 day, e.g., 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, or 2

weeks, after the completion of the first or previous treatment interval.

16. The method of claims 2-15, wherein one or more subsequent doses, e.g., 1, 2, 3, 4, or 5 or

more doses, of the PD-Ll inhibitor is administered after the completion of one or more

treatment intervals.

17. The method of claim 16, wherein a dose of the PD-Ll inhibitor is administered every 5

days, 7 days, 2 weeks, 3 weeks, or 4 days after the completion of one or more treatment

intervals.

18. The method of any of claims 2-6, wherein the treatment interval comprises a dose of

CAR-expressing cells administered 2 days after the dose of the PD-Ll inhibitor is

administered, and wherein the treatment interval is repeated twice, and wherein the

treatment intervals are initiated 3 days after the completion of the previous treatment

interval.

19. The method of claim 18, wherein one or more subsequent doses of the PD-Ll inhibitor is

administered every 5 days, 7 days, 2 weeks, 3 weeks, or 4 weeks, after the second

treatment interval.

20. The method of claim 1, wherein the subject is administered a single dose of a CAR-

expressing cell and a single dose of a PD-Ll inhibitor.

21. The method of claim 20, wherein the single dose of the CAR-expressing cell is

administered at least 2 days, e.g., 2, 3, 4, 5, 6, 7 days, or 2 weeks, after administration of

the single dose of the PD-Ll inhibitor.



22. The method of claim 21, wherein one or more, e.g., 1, 2, 3, 4, or 5, subsequent doses of a

CAR-expressing cell is administered to the subject after the initial dose of the CAR-

expressing cell.

23. The method of claim 22, wherein the one or more subsequent doses of the CAR-

expressing cell are administered at least 2 days, e.g., 2, 3, 4, 5, 6, 7 days or 2 weeks, after

the previous dose of the CAR-expressing cell.

24. The method of claim 23, wherein the one or more subsequent doses of the CAR-

expressing cell are administered at least 5 days after the previous dose of the CAR-

expressing cell.

25. The method of any of claims 21-24, wherein one or more, e.g., 1, 2, 3, 4, or 5, subsequent

doses of PD-L1 inhibitor are administered after administration of the single dose of the

PD-L1 inhibitor.

26. The method of claim 25, wherein the one or more subsequent doses of the PD-L1

inhibitor are administered at least 5 days, 7 days, 2 weeks, 3 weeks or 4 weeks, after the

previous dose of PD-L1 inhibitor.

27. The method of claim 25, wherein the one or more subsequent doses of the PD-L1

inhibitor are administered at least 1, 2, 3, 4, 5, 6, or 7 days, after a dose of the CAR-

expressing cell, e.g., the initial dose of the CAR-expressing cell.

28. The method of claim 25, wherein one or more, e.g., 1, 2, 3, 4, or 5, doses of the PD-L1

inhibitor is administered prior to the first dose of the CAR-expressing cell.

29. The method of any of claims 20-28, wherein the administration of the one or more doses

of the CAR-expressing cell and the one or more doses of PD-L1 inhibitor is repeated.



30. The method of any of the preceding claims, wherein the dose of CAR-expressing cells
7 8comprises at least about 1-3 x 10 to 1-3 xlO .

31. The method claim 30, wherein the dose of CAR-expressing cells is about 1-3 xlO cells.

32. The method of claim 30, wherein the dose of CAR-expressing cells is about 1-3 xlO

cells.

33. The method of any of the preceding claims, wherein the dose of the PD-Ll inhibitor is

between 1 and 30 mg/kg, e.g., about 5 to 25 mg/kg, about 10 to 20 mg/kg, or about 1 to 5

mg/kg.

34. The method of claim 33, wherein the dose of the PD-Ll inhibitor is about 10 to 20

mg/kg.

35. The method of any of the preceding claims, wherein the PD-Ll inhibitor comprises an

antibody molecule, a small molecule, a polypeptide, e.g., a fusion protein, or an

inhibitory nucleic acid, e.g., a siRNA or shRNA.

36. The method of any of the preceding claims, wherein the PD-Ll inhibitor is characterized

by one or more of the following:

i) inhibits or reduces PD-Ll expression, e.g., transcription or translation of PD-Ll;

ii) inhibits or reduces PD-Ll activity, e.g., inhibits or reduces binding of PD-Ll to

its cognate receptor, e.g., PD-1; or

iii) binds to PD-Ll or its receptor, e.g., PD-1.

37. The method of any of the preceding claims, wherein the PD-Ll inhibitor is an antibody

molecule.

38. The method of of the preceding claims, wherein the PD-Ll inhibitor is selected from the

group consisting of YW243.55.S70, MPDL3280A (atezolizumab), MEDI-4736, MSB-



0010718C (avelumab), MDX-1105, and any anti-PD-Ll antibody molecule provided in

Table 6 .

39. The method of any of the preceding claims, wherein the PD-Ll inhibitor comprises an

anti- PD-Ll antibody molecule comprising

i) a heavy chain complementary determining region 1 (HC CDR1), a heavy chain

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

complementary determining region 3 (HC CDR3) of any PD-Ll antibody

molecule amino acid sequence listed in Table 6; and

ii) a light chain complementary determining region 1 (LC CDR1), a light chain

complementary determining region 2 (LC CDR2), and a light chain

complementary determining region 3 (LC CDR3) of any PD-Ll antibody

molecule amino acid sequence listed in Table 6 .

40. The method of claim 39 wherein the anti- PD-Ll antibody molecule thereof comprises

i) a) a HC CDR1 amino acid sequence chosen from SEQ ID NO: 287, 290, or 195,

a HC CDR2 amino acid sequence of SEQ ID NO: 288, and a HC CDR3 amino

acid sequence of SEQ ID NO: 289; and

b) a LC CDR1 amino acid sequence of SEQ ID NO: 295, a LC CDR2 amino acid

sequence of SEQ ID NO: 296, and a LC CDR3 amino acid sequence of SEQ ID

NO: 297; or

ii) a) a HC CDR1 amino acid sequence chosen from SEQ ID NO: 287, 290, or 195,

a HC CDR2 amino acid sequence of SEQ ID NO: 291, and a HC CDR3 amino

acid sequence of SEQ ID NO: 292; and

b) a LC CDR1 amino acid sequence of SEQ ID NO: 298, a LC CDR2 amino acid

sequence of SEQ ID NO: 299, and a LC CDR3 amino acid sequence of SEQ ID

NO: 300.

41. The method of claim 39 or 40, wherein the anti- PD-Ll antibody molecule comprises a

heavy chain variable region comprising:



i) the amino acid sequence of any heavy chain variable region listed in Table 6, e.g.,

SEQ ID NOs: 304, 316, 324, 332, 336, 340, 348, 356, or 364;

ii) the amino acid sequence having at least one, two or three modifications but not

more than 30, 20 or 10 modifications to the amino acid sequence of any heavy

chain variable region provided in Table 6, e.g., SEQ ID NOs: 304, 316, 324, 332,

336, 340, 348, 356, or 364; or

iii) an amino acid sequence with 95-99% identity to the amino acid sequence of any

heavy chain variable region provided in Table 6, e.g., SEQ ID NOs: 304, 316,

324, 332, 336, 340, 348, 356, or 364.

42. The method of any of claims 39-41, wherein the anti- PD-Ll antibody molecule

comprises a heavy chain comprising:

i) the amino acid sequence of any heavy chain listed in Table 6, e.g., SEQ ID NOs:

306, 318, 326, 334, 338, 342, 350, 358, 366, 393, 377, or 382;

ii) the amino acid sequence having at least one, two or three modifications but not

more than 30, 20 or 10 modifications to any heavy chain listed in Table 6, e.g.,

SEQ ID NOs: 306, 318, 326, 334, 338, 342, 350, 358, 366, 393, 377, or 382; or

iii) an amino acid sequence with 95-99% identity to the amino acid sequence of any

heavy chain listed in Table 6, e.g., SEQ ID NOs: 306, 318, 326, 334, 338, 342,

350, 358, 366, 393, 377, or 382.

43. The method of any of claims 39-42, wherein the anti- PD-Ll antibody molecule

comprises a light chain variable region comprising:

i) the amino acid sequence of any light chain variable region listed in Table 6, e.g.,

SEQ ID NOs: 308, 312, 320, 328, 344, 352, 360, 368, or 372;

ii) the amino acid sequence having at least one, two or three modifications but not

more than 30, 20 or 10 modifications to the amino acid sequence of any light

chain variable region provided in Table 6, e.g., SEQ ID NOs: 308, 312, 320, 328,

344, 352, 360, 368, or 372; or



iii) an amino acid sequence with 95-99% identity to the amino acid sequence of any

light chain variable region provided in Table 6, e.g., SEQ ID NOs: 308, 312, 320,

328, 344, 352, 360, 368, or 372.

44. The method of any of claims 39-43, wherein the anti- PD-Ll antibody molecule

comprises a light chain comprising:

i) the amino acid sequence of any light chain listed in Table 6, e.g., SEQ ID NOs:

310, 314, 322, 330, 346, 354, 362, 370, or 374;

ii) the amino acid sequence having at least one, two or three modifications but not

more than 30, 20 or 10 modifications to any light chain listed in Table 6, e.g.,

SEQ ID NOs: 310, 314, 322, 330, 346, 354, 362, 370, or 374; or

iii) an amino acid sequence with 95-99% identity to the amino acid sequence to any

any light chain listed in Table 6, e.g., SEQ ID NOs: 310, 314, 322, 330, 346, 354,

362, 370, or 374.

45. The method of any of claims 39-44, wherein the anti- PD-Ll antibody molecule

comprises:

i) a heavy chain variable domain comprising the amino acid sequence of SEQ ID

NO: 304 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 308;

ii) a heavy chain variable domain comprising the amino acid sequence of SEQ ID

NO: 304 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 312;

iii) a heavy chain variable domain comprising the amino acid sequence of SEQ ID

NO: 304 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 372.

iv) a heavy chain variable domain comprising the amino acid sequence of SEQ ID

NO: 316 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 320;



v) a heavy chain variable domain comprising the amino acid sequence of SEQ ID

NO: 316 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 352;

vi) a heavy chain variable domain comprising the amino acid sequence of SEQ ID

NO: 324 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 328;

vii) a heavy chain variable domain comprising the amino acid sequence of SEQ ID

NO: 324 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 360;

viii) a heavy chain variable domain comprising the amino acid sequence of

SEQ ID NO: 332 and a light chain variable domain comprising the amino acid

sequence of SEQ ID NO: 328;

ix) a heavy chain variable domain comprising the amino acid sequence of SEQ ID

NO: 336 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 328;

x) a heavy chain variable domain comprising the amino acid sequence of SEQ ID

NO: 336 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 308;

xi) a heavy chain variable domain comprising the amino acid sequence of SEQ ID

NO: 336 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 372;

xii) a heavy chain variable domain comprising the amino acid sequence of SEQ ID

NO: 340 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 344;

xiii) a heavy chain variable domain comprising the amino acid sequence of SEQ ID

NO: 340 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 372;

xiv) a heavy chain variable domain comprising the amino acid sequence of SEQ ID

NO: 348 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 352;



v) a heavy chain variable domain comprising the amino acid sequence of SEQ ID

NO: 348 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 386;

xvi) a heavy chain variable domain comprising the amino acid sequence of SEQ ID

NO: 356 and a light chain variable domain comprising the amino acid sequence of

SEQ ID NO: 352; or

xvii) a heavy chain variable domain comprising the amino acid sequence of SEQ

ID NO: 78 and a light chain variable domain comprising the amino acid sequence

of SEQ ID NO: 368.

46. The method of any of claims 39-45, wherein the anti- PD-Ll antibody molecule

comprises:

i) a heavy chain comprising the amino acid sequence of SEQ ID NO: 306

light chain comprising the amino acid sequence of SEQ ID NO: 310;

ii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 306

light chain comprising the amino acid sequence of SEQ ID NO: 214;

iii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 306

light chain comprising the amino acid sequence of SEQ ID NO: 374;

iv) a heavy chain comprising the amino acid sequence of SEQ ID NO: 318

light chain comprising the amino acid sequence of SEQ ID NO: 322;

v) a heavy chain comprising the amino acid sequence of SEQ ID NO: 318

light chain comprising the amino acid sequence of SEQ ID NO: 354;

vi) a heavy chain comprising the amino acid sequence of SEQ ID NO: 326

light chain comprising the amino acid sequence of SEQ ID NO: 330;

vii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 326

light chain comprising the amino acid sequence of SEQ ID NO: 362;

viii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 334

and a light chain comprising the amino acid sequence of SEQ ID NO: 330;

ix) a heavy chain comprising the amino acid sequence of SEQ ID NO: 338 and a

light chain comprising the amino acid sequence of SEQ ID NO: 330;



x) a heavy chain comprising the amino acid sequence of SEQ ID NO: 338 and a

light chain comprising the amino acid sequence of SEQ ID NO: 310;

xi) a heavy chain comprising the amino acid sequence of SEQ ID NO: 338 and a

light chain comprising the amino acid sequence of SEQ ID NO: 374;

xii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 342 and a

light chain comprising the amino acid sequence of SEQ ID NO: 346;

xiii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 342

and a light chain comprising the amino acid sequence of SEQ ID NO: 374;

xiv) a heavy chain comprising the amino acid sequence of SEQ ID NO: 350

and a light chain comprising the amino acid sequence of SEQ ID NO: 354;

xv) a heavy chain comprising the amino acid sequence of SEQ ID NO: 350 and a

light chain comprising the amino acid sequence of SEQ ID NO: 374;

xvi) a heavy chain comprising the amino acid sequence of SEQ ID NO: 358

and a light chain comprising the amino acid sequence of SEQ ID NO: 354;

xvii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 366

and a light chain comprising the amino acid sequence of SEQ ID NO: 370;

xviii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 393

and a light chain comprising the amino acid sequence of SEQ ID NO: 322;

xix) a heavy chain comprising the amino acid sequence of SEQ ID NO: 9 1 and

a light chain comprising the amino acid sequence of SEQ ID NO: 330; or

xx) a heavy chain comprising the amino acid sequence of SEQ ID NO: 382 and a

light chain comprising the amino acid sequence of SEQ ID NO: 354.

47. The method of any of the preceding claims, wherein the mesothelin binding domain

comprises a heavy chain complementary determining region 1 (HC CDRl), a heavy

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

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

domain amino acid sequence listed in Table 2; and a light chain complementary

determining region 1 (LC CDRl), a light chain complementary determining region 2 (LC

CDR2), and a light chain complementary determining region 3 (LC CDR3) of any

mesothelin light chain binding domain amino acid sequence listed in Table 2 .



48. The method of claim 47, wherein the mesothelin binding domain comprises a HC CDRl,

a HC CDR2, and a HC CDR3 according to the HC CDR amino acid sequences in Table

4, and a LC CDRl, a LC CDR2, and a LC CDR3 according to the LC CDR amino acid

sequences in Table 5 .

49. The method of any of the preceding claims, wherein the mesothelin binding domain

comprises:

i) the amino acid sequence of any heavy chain variable region of a mesothelin

binding domain listed in Table 2;

ii) the amino acid sequence having at least one, two or three modifications but not

more than 30, 20 or 10 modifications to the amino acid sequence of any heavy

chain variable region of a mesothelin binding domain provided in Table 2; or

iii) an amino acid sequence with 95-99% identity to the amino acid sequence of any

heavy chain variable region of a mesothelin binding domain provided in Table 2 .

50. The method of any of the preceding claims, wherein the mesothelin binding domain

comprises:

i) the amino acid sequence of any heavy chain of a mesothelin binding domain

provided in Table 2;

ii) the amino acid sequence having at least one, two or three modifications but not

more than 30, 20 or 10 modifications to any heavy chain of a mesothelin binding

domain provided in Table 2; or

iii) an amino acid sequence with 95-99% identity to the amino acid sequence to any

heavy chain of a mesothelin binding domain provided in Table 2 .

51. The method of any of the preceding claims, wherein the mesothelin binding domain

comprises:

i) the amino acid sequence of any light chain variable region of a mesothelin

binding domain provided in Table 2;



ii) the amino acid sequence having at least one, two or three modifications but not

more than 30, 20 or 10 modifications to the amino acid sequence of any light

chain variable region of a mesothelin binding domain provided in Table 2; or

iii) an amino acid sequence with 95-99% identity to the amino acid sequence of any

light chain variable region of a mesothelin binding domain provided in Table 2 .

52. The method of any of the preceding claims, wherein the mesothelin binding domain

comprises:

i) the amino acid sequence of any light chain of a mesothelin binding domain

provided in Table 2;

ii) the amino acid sequence having at least one, two or three modifications but not

more than 30, 20 or 10 modifications to any light chain of a mesothelin binding

domain provided in Table 2; or

iii) an amino acid sequence with 95-99% identity to the amino acid sequence to any

light chain of a mesothelin binding domain provided in Table 2 .

53. The method of any of the preceding claims, wherein the mesothelin binding domain

comprises the amino acid sequence of any heavy chain variable region listed in Table 2,

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

54. The method of any of the preceding claims, wherein the mesothelin binding domain

comprises:

i) the amino acid sequence selected from the group consisting of SEQ ID NO: 43,

SEQ ID NO: 49, SEQ ID NO: 275, SEQ ID NO: 39, SEQ ID NO: 40, SEQ ID

NO: 41, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46,

SEQ ID NO: 47, SEQ ID NO: 48, SEQ ID NO: 50, SEQ ID NO: 51, SEQ ID NO:

52, SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID

NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, or

SEQ ID NO: 62;

ii) the amino acid sequence having at least one, two or three modifications but not

more than 30, 20 or 10 modifications to any of SEQ ID NO: 43, SEQ ID NO: 49,



SEQ ID NO: 275, SEQ ID NO: 39, SEQ ID NO: 40, SEQ ID NO: 41, SEQ ID

NO: 42, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47,

SEQ ID NO: 48, SEQ ID NO: 50, SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID NO:

53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID

NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, or SEQ ID NO: 62;

or

iii) an amino acid sequence with 95-99% identity to the amino acid sequence to any

of SEQ ID NO: 43, SEQ ID NO: 49, SEQ ID NO: 275, SEQ ID NO: 39, SEQ ID

NO: 40, SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 45,

SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO: 48, SEQ ID NO: 50, SEQ ID NO:

51, SEQ ID NO: 52, SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID

NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60,

SEQ ID NO: 61, or SEQ ID NO: 62.

55. The method of any of the preceding claims, wherein the transmembrane domain

comprises a transmembrane domain from a protein selected from the group consisting of

the alpha, beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD45, CD4,

CD5, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137 and

CD154.

56. The method of any of the preceding claims, wherein the transmembrane domain

comprises

(i) the amino acid sequence of SEQ ID NO: 6,

(ii) an amino acid sequence comprises at least one, two or three modifications but not

more than 20, 10 or 5 modifications of the amino acid sequence of SEQ ID NO:6, or

(iii) a sequence with 95-99% identity to the amino acid sequence of SEQ ID NO:6.

57. The method of any of the preceding claims, wherein the mesothelin binding domain is

connected to the transmembrane domain by a hinge region.



58. The method of any of the preceding claims, wherein the hinge region comprises SEQ ID

NO:2, or a sequence with 95-99% identity thereof.

59. The method of any of the preceding claims, wherein the intracellular signaling domain

comprises a costimulatory signaling domain comprising a functional signaling domain

obtained from a protein selected from the group consisting of a MHC class I molecule, a

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

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

receptor, BTLA, a Toll ligand receptor, OX40, CD2, CD7, CD27, CD28, CD30, CD40,

CDS, ICAM-1, LFA-1 (CDlla/CD18), 4-1BB (CD137), B7-H3, CDS, ICAM-1, ICOS

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

(KLRF1), NKp44, NKp30, NKp46, CD 19, CD4, CD8alpha, CD8beta, IL2R beta, IL2R

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

CD49f, ITGAD, CDlld, ITGAE, CD103, ITGAL, CDlla, LFA-1, ITGAM, CDllb,

ITGAX, CD 11c, ITGB1, CD29, ITGB2, CD 18, LFA-1, ITGB7, NKG2D, NKG2C,

TNFR2, TRANCE/RANKL, DNAM1 (CD226), SLAMF4 (CD244, 2B4), CD84, CD96

(Tactile), CEACAM1, CRTAM, Ly9 (CD229), CD160 (BY55), PSGL1, CD100

(SEMA4D), CD69, SLAMF6 (NTB-A, Lyl08), SLAM (SLAMF1, CD150, IPO-3),

BLAME (SLAMF8), SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp,

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

60. The method of claim 59, wherein the costimulatory domain comprises the amino acid

sequence of SEQ ID NO:7, or an amino acid sequence having at least one, two or three

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

SEQ ID NO:7, or an amino acid sequence with 95-99% identity to the amino acid

sequence of SEQ ID NO:7.

61. The method of any of the preceding claims, wherein the intracellular signaling domain

comprises a functional signaling domain of 4- IBB and/or a functional signaling domain

of CD3 zeta.



62. The method of any of the preceding claims, wherein the intracellular signaling domain

comprises the amino acid sequence of SEQ ID NO: 7 and/or the amino acid sequence of

SEQ ID NO:9 or SEQ ID NO: 10; or an amino acid sequence having at least one, two or

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

sequence of SEQ ID NO:7 and/or the amino acid sequence of SEQ ID NO:9 or SEQ ID

NO: 10; or an amino acid sequence with 95-99% identity to the amino acid sequence of

SEQ ID NO:7 and/or the amino acid sequence of SEQ ID NO:9 or SEQ ID NO: 10.

63. The method of any of the preceding claims, wherein the intracellular signaling domain

comprises the amino acid sequence of SEQ ID NO:7 and the amino acid sequence of

SEQ ID NO:9 or SEQ ID NO: 10, wherein the amino acid sequences comprising the

intracellular signaling domain are expressed in the same frame and as a single

polypeptide chain.

64. The method of any of the preceding claims, wherein the CAR further comprises a leader

sequence comprising the amino acid sequence of SEQ ID NO:l.

65. The method of any of the preceding claims, wherein the CAR comprises:

(i) the amino acid sequence of any of SEQ ID NO: 67; SEQ ID NO: 73, SEQ ID NO:

278, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID NO: 66, SEQ ID

NO: 68, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 71, SEQ ID NO: 72, SEQ ID

NO: 74, SEQ ID NO: 75, SEQ ID NO: 76, SEQ ID NO: 77, SEQ ID NO: 78, SEQ ID

NO: 79, SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 82, SEQ ID NO: 83, SEQ ID

NO: 84, SEQ ID NO: 85, or SEQ ID NO: 86;

(ii) an amino acid sequence having at least one, two or three modifications but not

more than 30, 20 or 10 modifications to any of SEQ ID NO: 67, SEQ ID NO: 73,

SEQ ID NO: 278, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID NO:

66, SEQ ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 71, SEQ ID NO:

72, SEQ ID NO: 74, SEQ ID NO: 75, SEQ ID NO: 76, SEQ ID NO: 77, SEQ ID NO:

78, SEQ ID NO: 79, SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 82, SEQ ID NO:

83, SEQ ID NO: 84, SEQ ID NO: 85, or SEQ ID NO: 86; or



(iii) an amino acid sequence with 95-99% identity to any of SEQ ID NO: 67; SEQ ID

NO: 73, SEQ ID NO: 278, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ

ID NO: 66, SEQ ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 71, SEQ

ID NO: 72, SEQ ID NO: 74, SEQ ID NO: 75, SEQ ID NO: 76, SEQ ID NO: 77, SEQ

ID NO: 78, SEQ ID NO: 79, SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 82, SEQ

ID NO: 83, SEQ ID NO: 84, SEQ ID NO: 85, or SEQ ID NO: 86.

66. The method of any of the preceding claims, wherein the cell comprising a CAR

comprises a nucleic acid encoding the CAR.

67. The method of claim 66, wherein the nucleic acid encoding the CAR is a lentiviral

vector.

68. The method of claim 66 or 67, wherein the nucleic acid encoding the CAR is introduced

into the cells by lentiviral transduction.

69. The method of any of claims 66, wherein the nucleic acid encoding the CAR is an RNA,

e.g., an in vitro transcribed RNA.

70. The method of claim 69, wherein the nucleic acid encoding the CAR is introduced into

the cells by electroporation.

71. The method of any of the preceding claims, wherein the cell is a T cell or an NK cell.

72. The method of claim 71, wherein the T cell is an autologous or allogeneic T cell.

73. The method of any of the preceding claims, further comprising administering an

additional therapeutic agent that treats the disease associated with mesothelin expression,

e.g., an anti-cancer agent.



74. The method of any of the preceding claims, wherein the disease associated with

mesothelin expression is a cancer.

75. The method of claim 74, wherein the cancer is chosen from one or more of

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

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

pancreatic ductal adenocarcinoma, pancreatic metatstatic, ovarian cancer, or colorectal

cancer and bladder cancer, or a metastasis thereof.

76. The method of any of the preceding claims, wherein the subject is a mammal, e.g., a

human.

77. The method of any of the preceding claims, wherein the subject expresses PD-L1 and/or

PD-L2.

78. The method of claim 74, wherein a cancer cell or a cell in close proximity to a cancer cell

in the subject expresses PD-L1 and/or PD-L2.

79. The method of any of the preceding claims, wherein the cell expressing a CAR expresses

PD-1 and/or PD-L1.

80. A combination comprising

a cell, e.g., a population of immune effector cells, comprising a CAR, wherein the CAR

comprises a mesothelin binding domain, a transmembrane domain, and an intracellular signaling

domain; and

a PD-L1 inhibitor chosen from Table 6;

for use in treating a disease associated with mesothelin expression, e.g., a cancer, in a

subject.



81. A composition (e.g., one or more compositions or dosage forms), comprising

a cell, e.g., a population of immune effector cells, comprising a CAR, wherein the CAR

comprises a mesothelin binding domain, a transmembrane domain, and an intracellular signaling

domain, and

a PD-L1 inhibitor chosen from Table 6 .
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