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Abstract

Provided are compositions and methods for treating diseases associated with
expression of mesothelin. Also provided are a chimeric antigen receptor (CAR) specific to
mesothelin, vectors encoding the same, and recombinant T cells comprising the mesothelin
CAR. Further provided are methods of administering a genetically modified T cell expressing a

CAR that comprises a mesothelin binding domain.
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WO 2015/090230 PCT/CN2014/094393

HUMAN MESOTHELIN
CHIMERIC ANTIGEN RECEPTORS AND USES THEREOF

This application claims priority to International Application No.
PCT/CN2013/089979, filed December 19, 2013, International Application No.
PCT/CN2014/082610, filed July 21, 2014 and International Application No.
PCT/CN2014/090509, filed November 6, 2014, the entire contents of each of these applications

are incorporated herein by reference.
FIELD OF THE INVENTION

[001] The present invention relates generally to the use of T cells engineered to express

a Chimeric Antigen Receptor (CAR) to treat a disease associated with expression of mesothelin.

BACKGROUND OF THE INVENTION

[002] 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 71-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 31-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.

[003] Mesothelin is a differentiation antigen that is also present on normal tissues. Using
the mouse anti-human mesothelin antibody K1 that was developed by the Pastan group, strong

K1 reactivity has been demonstrated within mesothelial cells that line the peritoneal, pleural, and
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pericardial cavities, although at lower levels than usually seen for malignant tissues. Chang K, et
al., Cancer Res. 1992;52(1):181-186. Weak K1 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, K1 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):181-186.

[004] 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.

[005] 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
1):644-653; Moschella F, et al. Cancer Res. 2011;71(10):3528-3539; Gross G, etal. FASEB J.
1992;6(15):3370-3378; Sadelain M, et al. NatRevCancer. 2003;3(1):35-45; Muul LM, et al.
Blood. 2003;101(7):2563-2569; Yee C, et al. Proc Natl Acad Sci U S A. 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):5144-5149. 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.
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SUMMARY OF THE INVENTION
[006] The invention features, e.g., methods of providing an immune response in patients by
administering an immune effector cell that is engineered to express a Chimeric Antigen Receptor
(CAR) that comprises an antibody (e.g., scFv) that specifically targets mesothelin. In particular,
the invention pertains to the use of an immune effector cell such as, e.g., a T cell or NK cell,
engineered to express a CAR that includes an antibody such as antigen binding fragment thereof
to treat a cancer associated with expression of mesothelin (or MSLN). In particular, the
invention pertains to adoptive cell transfer that may be particularly suitable for patients with
mesothelin-expressing cancers, such as, e.g., mesothelioma (e.g., malignant pleural
mesothelioma, lung cancer (e.g., non-small cell lung cancer, small cell lung cancer, squamous
cell lung cancer, or large cell lung cancer), pancreatic cancer (e.g., pancreatic ductal
adenocarcinoma, pancreatic metatstatic), ovarian cancer, colorectal cancer and bladder cancer, or

any combination thereof.

[007] Accordingly, 1n 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
encoded anti-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 human
anti-mesothelin binding domain described herein, 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
human anti-mesothelin binding domain described herein. In one embodiment, the encoded
human anti-mesothelin binding domain comprises, or consists of, a light chain variable region
described herein (e.g., in Table 2, 4 or 5) and/or a heavy chain variable region described herein
(e.g., in Table 2, 4, or 5). In one embodiment, the encoded anti-mesothelin binding domain is a
scFv comprising or consisting of a light chain and a heavy chain of an amino acid sequence of
Table 2. In an embodiment, the anti-mesothelin binding domain (e.g., an scFV) comprises or
consists: 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.,
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substitutions) of an amino acid sequence of a light chain variable region provided in Table 2, or a
sequence with 95-99% identity with an amino acid sequence of Table 2; and/or a heavy chain
variable region comprising, or consisting of, 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
human anti-mesothelin binding domain comprises, or consists of, 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% identity
thereof. In one embodiment, the nucleic acid sequence encoding the human anti-mesothelin
binding domain comprises, or consists of, a sequence selected from the group consisting of SEQ
ID NO: 87; SEQ ID NO: 88, SEQ ID NO: 89, SEQ ID NO: 90, SEQ ID NO: 91, SEQ ID NO: 92,
SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 95, SEQ ID NO: 96, SEQ ID NO: 97, SEQ ID
NO: 98, SEQ ID NO: 99, SEQ ID NO: 100, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID NO:
103, SEQ ID NO: 104, SEQ ID NO: 105, SEQ ID NO: 106, SEQ ID NO: 107, SEQ ID NO: 108,
SEQ ID NO: 109, and SEQ ID NO: 110, or a sequence with 95-99% identify thereof.

[008] In one embodiment, the isolated nucleic acid further comprises a sequence encoding
a transmembrane domain, e.g., a transmembrane domain described herein. In one embodiment,
the encoded transmembrane domain comprises, or consists of, a transmembrane domain of a
protein selected from 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 encoded transmembrane domain comprises, or consists of,
a sequence of SEQ ID NO: 12. In one embodiment, the transmembrane domain comprises, or
consists of, an amino acid sequence having at least one, two or three modifications (e.g.,
substitutions) but not more than 20, 10 or 5 modifications (e.g., substitutions) of an amino acid
sequence of SEQ ID NO: 12, or a sequence with 95-99% identity to an amino acid sequence of
SEQ ID NO: 12.
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[009] In one embodiment, the encoded CAR includes an anti-mesothelin binding domain,
e.g., an anti-mesothelin binding domain described herein, connected to the transmembrane
domain by a hinge region, e.g., a hinge region described herein. In one embodiment, the hinge

region comprises, or consists of, SEQ ID NO: 6 or SEQ ID NO: 8.

[0010]  In one embodiment, the isolated nucleic acid molecule further comprises a sequence
encoding a costimulatory domain, e.g., a costimulatory domain described herein. In one
embodiment, the costimulatory domain is a functional signaling domain obtained from a protein
selected from the group consisting of 0X40, CD27, CD28, CDS, ICAM-1, LFA-1
(CD11a/CD18), ICOS (CD278), and 4-1BB (CD137). In one embodiment, the encoded
costimulatory domain comprises, or consists of, a sequence of SEQ ID NO:14. In one
embodiment, the costimulatory domain comprises, or consists of, an amino acid sequence having
at least one, two or three modifications (e.g., substitutions) but not more than 20, 10 or 5
modifications (e.g., substitutions) of an amino acid sequence of SEQ ID NO: 14, or a sequence

with 95-99% identity to an amino acid sequence of SEQ ID NO: 14,

[0011]  In one embodiment, the isolated nucleic acid comprises a sequence encoding an
intracellular signaling domain, e.g., an intracellular signaling domain described herein. In one
embodiment, the isolated nucleic acid encodes a functional signaling domain of 4-1BB and/or a
functional signaling domain of CD3 zeta. In one embodiment, the encoded intracellular signaling
domain comprises the sequence of SEQ ID NO: 7 and/or the 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 (e.g., substitutions) but not more than 20,
10 or 5 modifications (e.g., substitutions) 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 encoded intracellular signaling domain comprises, or
consists of, 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.

[0012] In another aspect, the invention pertains to an isolated nucleic acid molecule encoding

a CAR construct comprising a leader sequence, e.g., of SEQ ID NO: 1; an anti-mesothelin
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binding domain described herein, e.g., having an amino acid sequence of Table 2, or a sequence
with 95-99% identify thereof; a hinge region, e.g., of SEQ ID NO: 2; a transmembrane domain,
e.g., having a sequence of SEQ ID NO: 6; a costimulatory domain, e.g., a 4-1BB costimulatory
domain having a sequence of SEQ ID NO:7; and a primary signaling domain, e.g., CD3 zeta
stimulatory domain having a sequence of SEQ ID NO:9 or 10. In one embodiment, the isolated
nucleic acid molecule comprises (e.g., consists of) a nucleic acid sequence encoding a
polypeptide having an amino acid sequence of Table 2. In one embodiment, the isolated nucleic
acid molecule comprises (consists of) a nucleic acid encoding a polypeptide having 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 Table 2, or a

sequence with 95-99% identity to an amino acid sequence of Table 2.

[0013] In another aspect, the invention pertains to an isolated polypeptide molecule encoded

by the nucleic acid sequence, e.g., a nucleic acid described herein.

[0014] In another aspect, the invention pertains to an 1solated polypeptide molecule
comprising, or consisting of, a sequence selected from the group consisting of Table 2, 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 isolated polypeptide 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 human anti-mesothelin binding domain described herein, and one or
more (e.g., all three) heavy chain complementary determining region 1 (HC CDRI1), heavy chain
complementary determining region 2 (HC CDR?2), and heavy chain complementary determining

region 3 (HC CDR3) of a human anti-mesothelin binding domain described herein.

[0015] In another aspect, the invention pertains to an isolated chimeric antigen receptor
(CAR) molecule comprising an anti-mesothelin binding domain described herein, e.g., a human
anti-mesothelin binding domain described herein, a transmembrane domain, and an intracellular

signaling domain comprising a stimulatory domain.
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[0016] In one embodiment, the anti-mesothelin binding domain does not compete for binding
to human mesothelin with an antigen binding domain comprising a sequence comprising SEQ ID
NO: 279.

[0017] In one embodiment, the anti-mesothelin binding domain competes for binding to
human mesothelin with an antigen binding domain comprising a LC CDR1, LC CDR2 and LC
CDR3 of an anti-mesothelin light chain amino acid sequence selected from SEQ ID NO: 43 or
SEQ ID NO: 49 and an HC CDR1, HC CDR2, and HC CDR3 of an anti-mesothelin heavy chain
amino acid sequence selected from SEQ ID NO: 43 or SEQ ID NO: 49. In one embodiment, the
anti-mesothelin binding domain competes for binding to human mesothelin with an antigen

binding domain comprising SEQ ID NO:43 or SEQ ID NQO:49.

[0018] In one embodiment, the anti-mesothelin binding domain binds to a different epitope
of human mesothelin than the epitope of human mesothelin targeted by the antigen binding
domain comprising a sequence comprising SEQ ID NO: 279. In an embodiment, the epitope
comprises a sequence of amino acids selected from amino acids 314-315, 317-318, 346-349, and
369-375 of SEQ ID NO: 278, or any combination thereof. In an embodiment, the epitope
comprises one or more amino acids selected from amino acids 314-315, 317-318, 346-349, and

369-375 of SEQ ID NO: 278, or any combination thereof.

[0019] In an embodiment, the anti-mesothelin binding domain described herein does not bind
to the N-terminus of mesothelin as shown in SEQ ID NO: 278. In one embodiment, the anti-
mesothelin binding domain binds to the C-terminus of human mesothelin. In one embodiment,
the anti-mesothelin binding domain binds an epitope within amino acids 450-588 of SEQ ID NO:
278. In one embodiment, the epitope bound by the anti-mesothelin binding domain comprises a
sequence selected from amino acids 485-490, 498-507, 532-537, and 545-572 of SEQ ID NO:
278, or a combination thereof. In one embodiment, the epitope bound by the anti-mesothelin
binding domain comprises one or more amino acids selected from amino acids 485-490, 498-507,
532-537, and 545-572 of SEQ ID NO: 278, or any combination thereof. In these embodiments,
SEQ ID NO: 278 represents amino acids 296-588 of human mesothelin, e.g., the first amino acid
of SEQ ID NO: 278 is amino acid 296 and the last amino acid of SEQ ID NO: 278 is amino acid
588.
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[0020]  In one embodiment, the anti-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 human anti-mesothelin binding domain described herein, and one or
more (e.g., all three) heavy chain complementary determining region 1 (HC CDR1), heavy chain
complementary determining region 2 (HC CDR?2), and heavy chain complementary determining
region 3 (HC CDR3) of a human anti-mesothelin binding domain described herein. In one
embodiment, the human anti-mesothelin binding domain comprises, or consists of, 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 anti-mesothelin binding domain 1s a scFv
comprising, or consisting of, a light chain variable region and a heavy chain variable region of an
amino acid sequence of Table 2. In an embodiment, the anti-mesothelin binding domain (e.g., an
scFV) comprises, or consists of: 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
human anti-mesothelin binding domain comprises, or consists of, 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% identity
thereof.

[0021]  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
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transmembrane domain described herein, e.g., having a sequence of SEQ ID NO:6, an amino
acid sequence having at least one, two or three modifications (e.g., substitutions) but not more
than 20, 10 or 5 modifications (e.g., substitutions) of an 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.

[0022]  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 a

hinge region described herein, e.g., a hinge region of SEQ ID NO:2.

[0023] In one embodiment, the isolated CAR molecule further comprises a costimulatory
domain, e.g., a costimulatory domain described herein. In one embodiment, the costimulatory
domain is a functional signaling domain obtained from a protein selected from the group
consisting of 0X40, CD27, CD28, CDS, ICAM-1, LFA-1 (CD11a/CD18), ICOS (CD278), and
4-1BB (CD137) or functional variant thereof. In one embodiment, the costimulatory domain
comprises, or consists of, a sequence of SEQ ID NO:7. In one embodiment, the costimulatory
domain comprises, or consists of, an amino acid sequence having at least one, two or three
modifications (e.g., substitutions) but not more than 20, 10 or 5 modifications (e.g., substitutions)
of an amino acid sequence of SEQ ID NO:7, or a sequence with 95-99% identity to an amino

acid sequence of SEQ ID NO:7.

[0024] In one embodiment, the isolated CAR molecule comprises an intracellular signaling
domain, e.g., an infracellular signaling domain described herein. In one embodiment, the
intracellular signaling domain comprises a functional signaling domain of 4-1BB and/or a
functional signaling domain of CD3 zeta. In one embodiment, the intracellular signaling domain
comprises, or consists of, the sequence of SEQ ID NO: 7 and/or the sequence of SEQ ID NO: 9
or SEQ ID NO: 10. In one embodiment, the intracellular signaling domain comprises, or
consists of, an amino acid sequence having at least one, two or three modifications (e.g.,
substitutions) but not more than 20, 10 or Smodifications (e.g., substitutions) 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, or consists of, the sequence of SEQ ID NO: 9 and the sequence of
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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.

[0025] In another aspect, the invention pertains to an isolated CAR molecule comprising a
leader sequence, e.g., of SEQ ID NO: 1; an anti-mesothelin binding domain described herein,
e.g., having an amino acid sequence of Table 2, or a sequence with 95-99% identify thereof; a
hinge region, e.g., of SEQ ID NO:2; a transmembrane domain, e.g., having a sequence of SEQ
ID NO: 6; a costimulatory domain, e.g., a 4-1BB costimulatory domain having a sequence of
SEQ ID NO:7; and a primary signaling domain, e.g., CD3 zeta stimulatory domain having a
sequence of SEQ ID NO:9 or SEQ ID NO: 10. In one embodiment, the isolated CAR molecule
comprises (e.g., consists of) a polypeptide having an amino acid sequence of Table 2. In one
embodiment, the isolated CAR molecule comprises (consists of) a polypeptide having 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 Table 2, or a
sequence with 95-99% identity to an amino acid sequence of Table 2. In one embodiment, the
isolated CAR molecule comprises, or consists of, an amino acid 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.

[0026] In another aspect, the invention pertains to a vector comprising a nucleic acid
sequence described herein. In one embodiment, the nucleic acid sequence encodes a CAR
molecule, e.g., a CAR molecule described herein. In one embodiment, the vector is selected from
the group consisting of a DNA, a RNA, a plasmid, a lentivirus vector, adenoviral vector, or a

retrovirus vector.

[0027] In one embodiment, the vector is a lentivirus vector, e.g., a lentivirus vector described
herein. In one embodiment, the vector further comprises a promoter. In one embodiment, the
promoter is an EF-1qa promoter. In one embodiment, the EF-1a promoter comprises a sequence

of SEQ ID NO: 11.
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[0028]  In one embodiment, the vector is an in vitro transcribed vector, e.g., a vector that
transcribes RNA of a nucleic acid molecule described herein. In one embodiment, the RNA is
transcribed from an in vitro transcription vector, wherein the vector is pD-A.anti-meso BD
OF.2bg.150A, wherein the anti-meso BD is an anti-mesothelin binding domain described herein.
In one embodiment, the nucleic acid sequence in the vector further comprises a poly(A) tail, e.g.,
a poly A tail described herein, e.g., comprising about 150 adenosine bases (SEQ ID NO: 271). In
one embodiment, the nucleic acid sequence in the vector further comprises a 3’'UTR, e.g., a
3’UTR described herein, e.g., comprising at least one repeat of a 3’UTR derived from human

beta-globulin.

[0029]  Inanother aspect, the invention pertains to a cell comprising the vector. The cell can
be, e.g., a cell described herein. In one embodiment, the cell is a human T cell, e.g., a T cell
described herein, or a human NK cell, e.g., a human NK cell described herein. In one
embodiment, the human T cell is a CD8+ T cell. In one embodiment, the cell is an autologous T
cell. In one embodiment, the cell is an allogeneic T cell. In one embodiment, the cell is a T cell
and the T cell is diaglycerol kinase (DGK) deficient. In one embodiment, the cell is a T cell and
the T cell is Ikaros deficient. In one embodiment, the cell is a T cell and the T cell is both DGK

and Ikaros deficient.

[0030]  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,
ORS1E2, PSMA, PSCA, PDGRF-B, 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 o,
claudin6, GloboH, or sperm protein 17; e.g., a target other than mesothelin on lung cancer cells,
e.g.,VEGF, HER3, IGF-1R, EGFR, DLLA4, 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. 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
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CAR that targets an antigen other than mesothelin (e.g., an antigen expressed on stroma cells,
lung cancer cells, prostate cancer cells or ovarian cancer cells) 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., an antigen expressed on stroma cells, lung cancer cells,
prostate cancer cells or ovarian cancer cells) and includes an antigen binding domain to the

antigen, a transmembrane domain and a costimulatory signaling domain.

[0031]  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, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or
CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 and TGFR beta.

[0032] In another embodiment, the CAR-expressing cell described herein can further express
another agent, e.g., an agent which enhances the activity or fitness of a CAR-expressing cell, e.g.,
an agent described herein. 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
embodimemts, the molecule that modulates or regulates T cell function is an inhibitory molecule.
Examples of inhibitory molecules include PD1, PD-L1, CTLA4, TIM3, CEACAM (e.g.,
CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160,
2B4 and 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 dsSRNA molecule that inhibits expression of a
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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.

[0033] 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 PD1,
PD-L1, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG3, CTLAA4, ,
VISTA, CD160, BTLA, LAIR1, TIM3, 2B4, TGFR beta and TIGIT, or a fragment of any of
these (e.g., at least a portion of the 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 PD1 or a fragment thereof (e.g., at least a portion of the
extracellular domain of PD1), 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).

[0034] In another aspect, the invention pertains to a method of making a cell comprising
transducing a cell described herein, e.g., a T cell or a NK cell, with a vector of comprising a
nucleic acid encoding a CAR molecule, e.g., a CAR molecule described herein. In one

embodiment, the vector is a lentiviral vector described herein.

[0035] The present invention also provides a method of generating a population of RNA-
engineered cells, e.g., cells described herein, e.g., T cells or NK cells, transiently expressing
exogenous RNA. The method comprises introducing an in vitro transcribed RNA or synthetic
RNA into a cell, where the RNA comprises a nucleic acid encoding a CAR molecule described

herein.

[0036]  Inanother aspect, the invention pertains to a method of providing anti-tumor
immunity in a subject comprising administering to the subject an effective amount of a cell
comprising a CAR molecule, e.g., a cell expressing a CAR molecule described herein, a cell

described herein. In one embodiment, the cell is an autologous T cell or NK cell. In one
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embodiment, the cell is an allogeneic T cell or NK cell. In one embodiment, the subject is a

human.

[0037] In another aspect, the invention pertains to a method of treating a subject having a
disease associated with expression of mesothelin (e.g., a proliferative disease, a precancerous
condition, and a noncancer related indication associated with the expression of mesothelin)
comprising administering to the subject an effective amount of a cell comprising a CAR

molecule, e.g., as described herein.

[0038] In one embodiment, the disease associated with mesothelin is cancer, e.g., a cancer
described herein. In one embodiment, the disease associated with mesothelin is selected from the
group consisting of: mesothelioma (e.g., malignant pleural mesothelioma), lung cancer (e.g.,
non-small cell lung cancer, small cell lung cancer, squamous cell lung cancer, or large cell lung
cancer), pancreatic cancer (e.g., pancreatic ductal adenocarcinoma), ovarian cancer, colorectal
cancer and bladder cancer or any combination thereof. In one embodiment, the disease is
pancreatic cancer, e.g., metastatic pancreatic ductal adenocarcinoma (PDA), e.g., in a subject
who has progressed on at least one prior standard therapy. In one embodiment, the disease is
mesothelioma (e.g., malignant pleural mesothelioma), e.g., in a subject who has progressed on at
least one prior standard therapy. In one embodiment, the disease is ovarian cancer, €.g., SErous
epithelial ovarian cancer, e.g., in a subject who has progressed after at least one prior regimen of

standard therapy.

[0039] In one embodiment, the mesothelin CAR expressing cell, e.g., T cell or NK cell, is

administered to a subject that has received a previous dose of melphalan.

[0040] In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule
described herein, are administered in combination with an agent that enhances the activity or

fitness of a cell expressing a CAR molecule, e.g., an agent described herein.

[0041] 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. While not wishing to be bound by theory, it is believed that treatment with a
low, immune enhancing, dose (e.g., a dose that is insufficient to completely suppress the immune
system but sufficient to improve immune function) is accompanied by a decrease in PD-1

positive T cells or an increase in PD-1 negative cells. PD-1 positive T cells, but not PD-1
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negative T cells, can be exhausted by engagement with cells which express a PD-1 ligand, e.g.,
PD-L1 or PD-L2.

[0042] In an embodiment this approach can be used to optimize the performance of CAR
cells described herein in the subject. While not wishing to be bound by theory, it is believed that,
in an embodiment, the performance of endogenous, non-modified immune effector cells, e.g., T
cells, 1s improved. While not wishing to be bound by theory, it is believed that, in an
embodiment, the performance of a mesothelin CAR expressing cell is improved. In other
embodiments, cells, e.g., T cells or NK cells, which have, or will be engineered to express a
CAR, can be treated ex vivo by contact with an amount of an mTOR inhibitor that increases the
number of PD1 negative immune effector cells, e.g., T cells or increases the ratio of PD1
negative immune effector cells, e.g., T cells/ PD1 positive immune effector cells, e.g., T cells.
[0043]  Inan embodiment, administration of a low, immune enhancing, dose of an mTOR
inhibitor, e.g., an allosteric inhibitor, e.g., RADOO1, or a catalytic inhibitor, is initiated prior to
administration of an CAR expressing cell described herein, e.g., T cells or NK cells. In an
embodiment, the CAR cells are administered after a sufficient time, or sufficient dosing, of an
mTOR inhibitor, such that the level of PD1 negative immune effector cells, e.g., T cells, or the
ratio of PD1 negative immune effector cells, e.g., T cells/ PD1 positive immune effector cells,

e.g., T cells, has been, at least transiently, increased.

[0044] In an embodiment, the cell, e.g., T cell or NK cell, to be engineered to express a CAR,
is harvested after a sufficient time, or after sufficient dosing of the low, immune enhancing, dose
of an mTOR inhibitor, such that the level of PD1 negative immune effector cells, e.g., T cells, or
the ratio of PD1 negative immune effector cells, e.g., T cells/ PD1 positive immune effector cells,

e.g., T cells, in the subject or harvested from the subject has been, at least transiently, increased.

[0045] In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule
described herein, are administered in combination with an agent that ameliorates one or more
side effect associated with administration of a cell expressing a CAR molecule, e.g., an agent

described herein.

[0046] In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule
described herein, are administered in combination with an agent that treats the disease associated

with mesothelin expression, e.g., an agent described herein.
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[0047] In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule

described herein, are administered at a dose and/or dosing schedule described herein.

[0048] In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule
described herein, are administered as a first line treatment for the disease, e.g., the cancer, e.g.,
the cancer described herein. In another embodiment, the cells expressing a CAR molecule, e.g.,
a CAR molecule described herein, are administered as a second, third, fourth line treatment for

the disease, e.g., the cancer, e.g., the cancer described herein.
[0049]  In one embodiment, a population of cells described herein is administered.

[0050]  In one embodiment, the CAR molecule is introduced into T cells or NK cells, e.g.,
using in vitro transcription, and the subject (e.g., human) receives an initial administration of
cells comprising a CAR molecule, and one or more subsequent administrations of cells
comprising a CAR molecule, 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 cells comprising a
CAR molecule are administered to the subject (e.g., human) per week, e.g., 2, 3, or 4
administrations of cells comprising a CAR molecule are administered per week. In one
embodiment, the subject (e.g., human subject) receives more than one administration of cells
comprising a CAR molecule per week (e.g., 2, 3 or 4 administrations per week) (also referred to
herein as a cycle), followed by a week of no administration of cells comprising a CAR molecule,
and then one or more additional administration of cells comprising a CAR molecule (e.g., more
than one administration of the cells comprising a CAR molecule per week) is administered to the
subject. In another embodiment, the subject (e.g., human subject) receives more than one cycle
of cells comprising a CAR molecule, and the time between each cycle is less than 10, 9, 8, 7, 6, 5,
4, or 3 days. In one embodiment, the cells comprising a CAR molecule are administered every
other day for 3 administrations per week. In one embodiment, the cells comprising a CAR

molecule are administered for at least two, three, four, five, six, seven, eight or more weeks.

[0051] In one aspect, the invention includes a population of autologous or allogenic cells that
are transfected or transduced with a vector comprising a nucleic acid molecule encoding a
mesothelin-CAR molecule, e.g., as described herein. In one embodiment, the vector is a

retroviral vector. In one embodiment, the vector is a self-inactivating lentiviral vector as
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described elsewhere herein. In one embodiment, the vector is delivered (e.g., by transfecting or
electroporating) to a cell, e.g., a T cell or a NK cell, wherein the vector comprises a nucleic acid
molecule encoding a mesothelin CAR molecule as described herein, which is transcribed as an
mRNA molecule, and the mesothelin CAR molecule is translated from the RNA molecule and

expressed on the surface of the cell.

[0052]  Inanother aspect, the present invention provides a population of CAR-expressing
cells, e.g., CART 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 CART 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-j, 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, claudiné, GloboH, or sperm protein 17;
e.g., a target other than mesothelin on lung cancer cells, e.g.,VEGF, HER3, IGF-1R, EGFR,
DLLA, 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.

[0053] 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 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,
e.g., an agent described herein. Examples of inhibitory molecules include PD1, PD-L1, CTLA4,
TIM3, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG3, VISTA, BTLA,
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TIGIT, LAIR1, CD160, 2B4 and TGFR beta. In embodiments, an agent, e.g., an inhibitory
nucleic acid, e.g., a dsSRNA, 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 zin¢ 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 1s 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.

[0054] 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 PD1,
PD-L1, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG3, CTLA4, ,
VISTA, CD160, BTLA, LAIR1, TIM3, 2B4, TGFR beta and TIGIT, 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 PD1 or a fragment thereof (e.g., at least a portion of the
extracellular domain of PD1), 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).

[0055] In one embodiment, the nucleic acid molecule encoding a mesothelin CAR molecule,
e.g., as described herein, is expressed as an mRNA molecule. In one embodiment, the genetically
modified mesothelin CAR-expressing cells, e.g., T cells or NK cells, can be generated by
transfecting or electroporating an RNA molecule encoding the desired CARs (e.g., without a
vector sequence) into the cell. In one embodiment, a mesothelin CAR molecule is translated
from the RNA molecule once it is incorporated and expressed on the surface of the recombinant

cell.
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[0056]  Inanother aspect, the invention pertains to the isolated nucleic acid molecule
encoding a CAR molecule, e.g., a CAR molecule described herein, a CAR molecule described
herein, a vector comprising a CAR molecule described herein, and/or a cell comprising a CAR

molecule described herein for use as a medicament.

[0057]  Inanother aspect, the invention pertains to a the isolated nucleic acid molecule
encoding a CAR molecule described herein, a CAR molecule described herein, a vector
comprising a CAR molecule described herein, and/or a cell comprising a CAR molecule
described herein for use in the treatment of a disease expressing mesothelin, e.g., as described

herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058] FIG. 1 is a schematic of the pD-A.anti-meso BD.OF.BBZ.2bg. 150A plasmid.
Figure discloses "150A" as SEQ ID NO: 271.

[0059] FIG. 2 depicts cell manufacturing and treatment schedules that can be used. (A)
Autologous cells are obtained by leukocyte apheresis and T cells are enriched by expansion with
anti-CD3/CD28 mAb coated magnetic beads. Cells are expanded for 8 to 12 days. On the last
day of culture, the beads are removed using a magnetic field and the cells are washed,
electroporated with human meso CAR mRNA construct, and cryopreserved in infusible medium.
(B) Three treatment infusion schedules are depicted. On Schedule 1, patients receive 1x10°
human meso bearing CART cells by intravenous (i.v.) infusion on day 0 followed by 1x10°
human meso bearing CART cells one week later. Safety can be monitored for a minimum of one
month before patients are eligible for Schedule 2. On Schedule 2, patients receive 1x10* human
meso bearing CART cells by 1.v. infusion three times per week for one week followed by one
week of rest and then 1x10° human meso bearing CART cells administered three times per week
for one week. On Schedule 3, patients receive 3x10%/m* human meso bearing CART cells by i.v.
infusion three times per week for three weeks followed by intra-tumoral injection into a primary

lesion of 2x10® human meso bearing CART cells on days +35 and +57.

[0060] FIG. 3A and 3B are graphic representations of cytotoxicity as assayed donor 2
(healthy donor) T cell transduced with mouse SS1 CAR or the anti-MSLN CARs M1 to M12 of

19

Date Regue/Date Received 2024-01-05



WO 2015/090230 PCT/CN2014/094393

the invention and cultured with either control K562 cells that do not express MSLN as shown in

FIG. 3A, or K562 cells transduced to express MSLN (K562-Meso) as shown in FIG. 3B.

[0061] FIG. 4A and 4B are graphs showing the IFNy secretion of the mouse SSland CD19
CART and the anti-MSLN CARTSs upon stimulation by MSLN+ cells. FIG. 4A shows reactivity
to the transduced cell line K562-Meso and its MSLN-negative parental line K562. FIG. 4B
shows reactivity toward cancer cells naturally expressing MSLN; the ovarian cancer line Ovcar8

and the pancreatic cancer lines SW1990 and Panc0203.

[0062] FIG. 5 shows a clinical trial design for mesothelin CARTSs made by transducing a

CAR construct with a lentiviral vector.
[0063] FIG. 6A, 6B, 6C, and 6D show anti-tumor activity of CART-meso cells.

[0064] FIG. 7A, 7B, and 7C show the in vivo persistence of CARTmeso cells and trafficking

to primary and metastatic tumor sites.
[0065] FIG. 8 shows cytokine and chemokines in the serum after CARTmeso cell infusion.

[0066] FIG. 9A and 9B show CARTmeso cell induction of anti-tumor antibodies. Sera was
obtained from the MPM patient (FIG. 9A) and the pancreatic cancer patient (FIG. 9B).

[0067] FIG. 10 shows tumor growth in NSG mice injected with EMMESQ tumor cells.
After tumors grew to ~ 200 mm? in size, mesoCAR T cells were injected via tail vein and

measured for 39 days post injection.

[0068] FIG. 11A and 11B show the expression of mesoCAR by flow cytometry analysis at
the time of injection (FIG. 11A) or after 40 days at the time of harvest from xenograft tumors.

[0069] FIG.12 shows the functional capacity of mesoCAR T cells with regard to in vitro
killing when 1solated from the flank of NSG mice after 39 days, or cryo preserved after

transduction.

[0070]  FIG. 13 shows the expression of inhibitor enzymes DGK and SHP1 in TILs isolated
from EMESO flank tumor compared to overnight-rested TILs.

[0071] FIG. 14A, 14B, 14C, 14D, 14E, and 14F show the effect of treatment with inhibitors
(anti-PDL1, DGK inhibitor, and SSG) of inhibitory mechanisms that downregulate mesoCART
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function on tumor cell killing (FIG. 14A, 14C and 14E) and IFNgamma cytokine secretion (FIG.
14B, 14C, and 14F).

[0072] FIG. 15A, 15B, 15C, and 15D show cytokine secretion from a small panel of human
CART-MSLN after stimulation with various tumor cell lines. FIG. 15A shows IFNgamma
secretion. FIG. 15B shows TNF. FIG. 15C shows IL-2. FIG. 15D shows IL-4.

[0073] FIG. 16A and 16B show the results of the killing assay of CART-MSLN-5, CART-
MSLN-11, CART-MSLN17, and murine CART-MSLN-S8S1 against Ovcar3 (FIG. 16A) and
U87mg (FIG. 16B) tumor cells.

[0074] FIG. 17A and 17B show the results of the killing assay of the panel of CART-MSLN

against Ovcar3 tumor cells.

[0075]  FIG. 18 shows the anti-tumor activity of a first set of CART-MSLN (including M5,
M11, M17, and M21) in the Ovcar8 xenograft model.

[0076]  FIG. 19 shows the anti-tumor activity of a second set of CART-MSLN (including
M12, M14, M16, and M23) in the Ovcar8 xenograft model.

[0077]  FIG. 20A, 20B, and 20C depicts the loss of fucntionality of mesoCAR T cells in the
tumor microenvironment (TILs) over time compared to fresh or thawed mesoCAR T cells. A)
Cytotoxicity assay; B) IFNy release assay; and C) western blot analysis of ERK signaling (via
phosphorylation).

[0078] FIG. 21 depicts the effect of deletion of DGK on cytotoxicity of mesoCAR T cells.
Percent target cell killing is assessed at different effector:target ratios.

[0079] FIG. 22 depicts the effect of deletion of DGK on IFNy production and release from
mesoCAR T cells. Concentration of IFNy is assessed at different effector:target ratios.

[0080] FIG. 23 depicts the effect of deletion of DGK on ERK signaling, or T cell activation,
mesoCAR T cells. B: albumin, M: mesothelin, 3/28: CD3/CD28 stimulated cells.

[0081]  FIG. 24 depicts the effect of deletion of DGK on TGFf3 sensitivity of mesoCAR T
cells with regard to cytotoxic activity.

[0082] FIG. 25A and 25B depict the effect of deletion of DGK on therapeutic efficacy of
mesoCAR T cells in a tumor mouse model. A) Effect on anti-tumor activity is shown by tumor

volume over time. B) Persistance and proliferation of tumor infiltrating cells.
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[0083] FIG. 26A, 26B, 26C, 26D, 26E, and 26F shows the cytokine production and cytotoxic
mediator release in CAR-expressing T cells with reduced levels of Ikaros. FIG. 26A shows
Ikaros expression in wild-type and Zkzf1+/- CAR T cells as measured by flow cytometry (left
panel) and western blot (right panel). Following stimulation with mesothelin-coated beads,
PMA/Tonomycin (PMA/), or BSA-coated beads (control), the percentage of cells producing
IFN-y (FIG. 26B), TNF-o (FIG. 26C), and IL-2 (FIG. 26D), the cytotoxic mediator granzyme B
(FIG. 26E), and CD107a expression (FIG. 26F) was determined.

[0084] FIG. 27A, 27B, and 27C shows cytokine production and cytotoxic mediator release in
CAR-expressing T cells with a dominant negative allele of Ikaros (IkDN). Following
stimulation with mesothelin-coated beads, PMA/Ionomycin (PMA/I), or BSA-coated beads
(control), the percentage of cells producing IFN-y (FIG. 27A), IL-2 (FIG. 27B), and CD107a
expression (FIG. 27C) was determined.

[0085] FIG. 28A, 28B, 28C, 28D, and 28E shows that the depletion of Ikaros did not
augment activation and signaling of CAR T cells following antigen stimulation. The levels of
CD69 (FIG. 28A), CD25 (FIG. 28B), and 4-1BB (FIG. 28C) was determined by flow cytometry
at the indicated time points in lkzfI+/- CAR T cells. In FIG. 28D, the RAS/ERK signaling
pathways were examined in wild-type (WT) and Tkaros dominant negative cells (IKDN) after
TCR stimulation with CD3/CD28 antibodies. The levels of phosphorylated TCR signaling
proteins such as phosphorylated PLCy, phosphorylated Lck, phosphorylated JNK,
phosphorylated Akt, phosphorylated ERK, phosphorylated IKKa, and IkBa were assessed by
western blot. In FIG. 28E, WT and IkDN cells transduced with mesoCAR were stimulated with
BSA or mesothelin-coated beads, and downstream signaling pathways were examined by
western blot by assessing the levels of phosphorylated ERK and phosphorylated PLCy.

[0086] FIG. 29A, 29B, 29C, 29D, and 29E shows that the reduction of Ikaros in CAR T cells
augments the response against target cells AE17 or mesothelin-expressing AE17 (AE17 meso)in
vitro. FIG. 29A depicts IFNy production in WT and Zkzf1+/- meso CART cells at the indicated
effector:target cell ratios. Cytolysis of meso CAR-expressing WT and Ikzf1+/- (FIG. 29B) and
IkDN (FIG. 29C) was measured at the indicated effector:target cell ratios. IFNy production (FIG.
29D) and cytolysis (FIG. 29E) of WT and lkzfI+/- transduced with FAP-CAR was measured at
the indicated effector:target cell ratios, where the target cells were FAP-expressing 37T3 cells.
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[0087]  FIG. 30A, 30B, and 30C shows the efficacy of CAR T cells with depletion of Tkaros
against established tumors in vivo. CAR T cells were administered to mice bearing established
mesothelin-expressing AE17 tumors. Tumor volume was measured after administration with
mesoCAR-expressing WT and Ikzf1+/- (FIG. 30A) or IKDN (FIG. 30B). Tumor volume was
measured after administration of FAP-CAR-expressing WT and Tkzf1+/- (F1G. 30C).

[0088] FIG. 31A, 31B, 31C, 31D, 31E, and 31F shows the increased persistence and
resistance of Jkzf1+/- CAR T cells in the immunosuppressive tumor microenvironment compared
to WT CAR T cells. The percentage of CAR-expressing WT or Tkzf1+/- cells (GFP positive)
were detected by flow cytometry from harvested from the spleen (FIG. 31A) and the tumors
(FIG. 31B). The functional capacity of the CAR T cells harvested 3 days after infusion from the
spleen or tumors was assessed by measuring IFNy production after stimulation with CD3/CD28
antibodies (FIG. 31C) or PMA/Ionomycin (PMA/I) (FIG. 31D). Regulatory T cells
(CD4+FoxP3+ expression) and macrophages (CD206 expression) were assessed by measuring
the expression of Treg or macrophage markers on CAR T cells harvested 9 days after infusion
from the spleen or tumors.

[0089] FIG. 32A and 32B shows that T cells with reduced Ikaros levels are less sensitive to
soluble inhibitory factors TGFf3 and adenosine. MesoCAR-expressing WT, Jkzf1+/-, and IkDN
cells were tested for their ability to produce IFNy (FIG. 32A) and cytotoxicity (FIG. 32B) in
response to TGF-f3 or adenosine.

[0090] FIG. 33A and 33B are graphs showing an increase in titers to influenza vaccine
strains as compared to placebo. In FIG. 33 A, the increase above baseline in influenza geometric
mean titers to each of the 3 influenza vaccine strains (HIN1 A/California/ 07/2009, H3N2
A/Victoria/210/2009, B/Brisbane/60/ 2008) relative to the increase in the placebo cohort 4 weeks
after vaccination is shown for each of the RADOO01 dosing cohorts in the intention to treat
population. The bold black line indicates the 1.2 fold increase in titers relative to placebo that is
required to be met for 2 out of 3 influenza vaccine strains to meet the primary endpoint of the
study. The star “*” indicates that the increase in GMT titer relative to placebo exceeds 1 with
posterior probability of at least 80%. FIG 33B is a graph of the same data as in FIG. 33A for the
subset of subjects with baseline influenza titers <= 1:40.

[0091] FIG. 34 shows a scatter plot of RAD0OO1 concentration versus fold increase in

geometric mean titer to each influenza vaccine strain 4 weeks after vaccination. RAD001
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concentrations (1 hour post dose) were measured after subjects had been dosed for 4 weeks. All
subjects who had pharmacokinetic measurements were included in the analysis set. The fold
increase in geometric mean titers at 4 weeks post vaccination relative to baseline is shown on the
y axis.

[0092] FIG. 35 is a graphic representation showing increase in titers to heterologous
influenza strains as compared to placebo. The increase above baseline in influenza geometric
mean titers to 2 heterologous influenza strains (A/HIN1 strain A/New Jersey/8/76 and A/H3N2
strain A/Victoria/361/11) not contained in the influenza vaccine relative to the increase in the
placebo cohort 4 weeks after vaccination is shown for each of the RADO0O1 dosing cohorts in the
intention to treat population. * indicates increase in titer relative to placebo exceeds 1 with a
posterior probability of at least 80%.

[0093]  FIG. 36A and 36B are graphic representations of IgG and IgM levels before and after
influenza vaccination. Levels of anti-A/H1N1/California/07/2009 influenza IgG and IgM were
measured in serum obtained from subjects before and 4 weeks post influenza vaccination. No
significant difference in the change from baseline to 4 weeks post vaccination in anti-HIN1
influenza IgG and IgM levels were detected between the RADOO1 and placebo cohorts (all p
values > 0.05 by Kruskal-Wallis rank sum test).

[0094] FIG. 37A, 37B, and 37C are graphic representations of the decrease in percent of PD-
1-posttive CD4 and CD8 and increase in PD-1-negative CD4 T cells after RADOO1 treatment.
The percent of PD-1-positive CD4, CD8 and PD-1-negative CD4 T cells was determined by
FACS analysis of PBMC samples at baseline, after 6 weeks of study drug treatment (Week 6)
and 6 weeks after study drug discontinuation and 4 weeks after influenza vaccination (Week 12).
FIG. 37A shows there was a significant decrease (-37.1 — -28.5%) in PD-1-positive CD4 T cells
at week 12 in cohorts receiving RADOO] at dose levels 0.5mg/Day (n=25), Smg/Week (n=29)
and 20 mg/Week (n=30) as compared to the placebo cohort (n=25) with p=0.002 (0.02), p=0.003
(q=0.03), and p= 0.01 (g=0.05) respectively. FIG. 37B shows there was a significant decrease (-
43.3 —-38.5%) in PD-1-positive CD8 T cells at week 12 in cohorts receiving RAD001 (n=109)
at dose levels 0.5mg/Day (n=25), Smg/Week (n=29) and 20 mg/Week (n=30) as compared to the
placebo cohort (n=25) with p=0.01 (0.05), p=0.007 (q=0.04), and p=0.01 (q=0.05) respectively.
FIG. 37C shows was a significant increase (3.0 — 4.9%) in PD-1-negative CD4 T cells at week
12 in cohorts receiving RADOO1 (n=109) at dose levels 0.5mg/Day (n=25), Smg/Week (n=29)
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and 20 mg/Week (n=30) as compared to the placebo cohort (n=25) with p=0.0007 (0.02), p=0.03
(q=0.07), and p= 0.03 (q=0.08) respectively.

[0095]  FIG. 38A and 38B are graphic representations of the decrease in percent of PD-1-
positive CD4 and CD8 and increase in PD-1-negative CD4 T cells after RADOO1 treatment
adjusted for differences in baseline PD-1 expression. The percent of PD-1-positive CD4, CD8
and PD-1-negative CD4 T cells was determined by FACS analysis of PBMC samples at baseline,
after 6 weeks of study drug treatment (Week 6) and 6 weeks after study drug discontinuation and
4 weeks after influenza vaccination (Week 12). FIG. 38A shows a significant decrease of 30.2%
in PD-1+ CD4 T cells at week 6 in the pooled RAD cohort (n=84) compared to placebo cohort
(n=25) with p=0.03 (q=0.13). The decrease in PD-1-positive CD4 T cells at week 12 in the
pooled RAD as compared to the placebo cohort is 32.7% with p=0.05 (q=0.19). FIG. 38B shows
a significant decrease of 37.4% in PD-1-positive CD8 T cells at week 6 in the pooled RAD0O01
cohort (n=84) compared to placebo cohort (n=25) with p=0.008 (¢=0.07). The decrease in PD-1-
positive CD8 T cells at week 12 in the pooled RADOOI as compared to the placebo cohort is
41.4% with p=0.066 (gq=0.21). FIG. 38A and 38B represent the data in FIG. 37A, 37B, and 37C
but with the different RADOO1 dosage groups of FIG. 37A, 37B, and 37C pooled into the single
RADOO1-treated group in FIG. 38A and 38B.

[0096] FIG. 39 depicts increases in exercise and energy in elderly subjects in response to
RADOOL1.

[0097] FIG. 40A and 40B depict the predicted effect of RADO0O1 on P70 S6K activity in cells.
FIG. 40A depicts P70 S6 kinase inhibition with higher doses of weekly and daily RADO0O01; FIG.
40B depicts P70 S6 kinase inhibition with lower doses of weekly RADOOL.

[0098]  FIG. 41A, 41B, and 41C are Biacore T200 SPR sensograms for the scFvs SS1 (FIG.
41A), M5 (FIG. 41B), and M11 (FIG. 41C).

[0099] FIG. 42A, 42B, and 42C are epitope binning SPR sensograms for the anti-human
mesothelin scFvs in comparison to the murine SS1 scFv. Competitive binding was observed for
scFvs M12, M14, M16, M17, M21, and M23 (FIG. 42A). ScFv M5 (FIG. 42B) and M11 (FIG.
42C) bind to a different epitope than SS1.

[00100] FIG. 43 is a graph depicting tumor growth after various mesothelin CAR T treatments
in the OVCARS tumor model. Mean tumor volume +/- SEM to day 62 post tumor implantation.

T cells were administered on days 14 and 19. Small circles: mice treated with 100ul of PBS via
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the lateral tail vein; black squares: mice treated with Isotype control T cells; gray triangles: mice
treated with one dose of SS1 CAR T cells; inverted triangles: mice treated with a double dose of
SS1 CAR T cells; diamonds: mice treated with a single dose of M5 CAR T cells; large circles:
mice treated with a double dose of MS CAR T cells; gray squares: mice treated with a single
dose of M11 CAR T cells; and black triangles: mice treated with a double dose of M11 CAR T
cells.

[00101] FIG. 44 is a schematic representation of the human mesothelin peptide coverage in

hydrogen deuterium exchange mass spectrometry analysis. Each black bar represents a peptide.

[00102] FIG. 45A and 45B are graphic representations showing the difference in deuterium
uptake of human mesothelin when in complex with SS1 (black bars) and MS (grey bars). The
difference in deuterium uptake upon antibody binding (represented on the y-axis) is depicted for
each peptide fragment detected (represented on the x-axis), with peptides at amino acids 297-464
in FIG. 45A and peptides at amino acids 458-586 in FIG. 45B. All differences are relative to the
deuterium uptake of unbound mesothelin (control). * denote regions of statistical significance

using the Tukey test for peptides with a difference less than 0.75 Da.

[00103] FIG. 46 is a schematic representation showing the primary sequence of antigen
human mesothelin (amino acids 296-588) and the regions protected by SS1 and MS5. The black
bars designate the amino acids protected when complexed with SS1 (amino acids 314-315, 317-
318, 346-349, and 369-375). The grey bars designate the amino acids protected when
complexed with MS (amino acids 485-490, 498-507, 532-537, and 545-572). FIG. 47 shows a
generic map showing different configurations of constructs encoding a CAR with a shRNA for
coexpression of the CAR and an shRNA. Fig. 47A-47D show the various configurations on a
single vector, e.g., where the U6 regulated shRNA is upstream or downstream of the EF1 alpha
regulated CAR encoding elements. In the exemplary constructs depicted in Fig. 47A and 47B,
the transcription occurs through the U6 and EF1 alpha promoters in the same direction. In the
exemplary constructs depicted in Fig. 47C and 47D, the transcription occurs through the U6 and
EF1 alpha promoters in different directions. In Figure 47E, the shRNA (and corresponding U6
promoter) is on a first vector, and the CAR (and corresponding EF1 alpha promoter) is on a

second vector (Fig. 16E).
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[00104] FIG. 48 depicts the structures of two exemplary RCAR configurations. The antigen
binding members comprise an antigen binding domain, a transmembrane domain, and a switch
domain. The intracellular binding members comprise a switch domain, a co-stimulatory
signaling domain and a primary signaling domain. The two configurations demonstrate that the
first and second switch domains described herein can be in different orientations with respect to
the antigen binding member and the intracellular binding member. Other RCAR configurations

are further described herein.

DETAILED DESCRIPTION
Definitions

[00105]  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.

[00106] 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.

[00107] 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.

[00108] The term “Chimeric Antigen Receptor” or alternatively a “CAR” 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 intracellular
signal generation. In some embodiments, a CAR comprises 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 and/or costimulatory molecule as defined below. In some aspects,
the set of polypeptides are contiguous with eachother. In some embodiments, the set of

polypeptides include a dimerization switch that, upon the presence of a dimerization molecule,
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can couple the polypeptides to one another, e.g., can couple an antigen binding domain to an
intracellular signaling domain. In one aspect, the stimulatory molecule is the zeta chain
associated with the T cell receptor complex. 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 i1s chosen
from the costimulatory molecules described herein, e.g., 4-1BB (i.e., CD137), CD27 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 costimulatory 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 costimulatory 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
costimulatory 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 binding domain (e.g., a scFv) during cellular processing and

localization of the CAR to the cellular membrane.

[00109] 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.

[00110]  As used herein, the term “mesothelin” refers to the 40-kDa protein, mesothelin, which

is anchored at the cell membrane by a glycosylphosphatidy] inositol (GPI) linkage and an amino-
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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.

[00111] The term “antibody” as used herein, refers to a protein, or polypeptide sequence
derived from an immunoglobulin molecule which specifically binds with an antigen. Antibodies
can be polyclonal or monoclonal, multiple or single chain, or intact immunoglobulins, and may
be derived from natural sources or from recombinant sources. Antibodies can be tetramers of

immunoglobulin molecules.

[00112] The term “antibody fragment” refers to at least one portion of an antibody, that
retains the ability to specifically interact with (e.g., by binding, steric hinderance,
stabilizing/destabilizing, spatial distribution) an epitope of an antigen. Examples of antibody
fragments include, but are not limited to, Fab, Fab', F(ab'),, Fv fragments, scFv antibody
fragments, disulfide-linked Fvs (sdFv), a Fd fragment consisting of the VH and CH1 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. 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).

[00113] 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, e.g., via a synthetic linker, e.g., 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
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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.

[00114] 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, a single domain antibody
fragment (sdAb), a single chain antibody (scFv) a humanized antibody or bispecific antibody
(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 composition
of the invention comprises an antibody fragment. In a further aspect, the CAR comprises an

antibody fragment that comprises a scFv.

[00115] 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.

[00116] 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 (k) and

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

[00117] 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.

[00118] 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,
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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 1s
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.

[00119] The term “compete” refers to the ability of an antigen binding domain, e.g., an
antibody or fragment thereof, to interfere with binding directly or indirectly of another antigen
binding domain, e.g., an antigen binding domain provided herein, e.g., an antibody or fragment
thereof provided herein, to the target, e.g., mesothelin. The extent to which an antigen binding
domain, e.g., an antibody or fragment thereof, is able to interfere with the binding of another
antigen binding domain, e.g., an antibody or fragment thereof, to the target, and therefore
whether it can be said to compete, can be determined using a competition binding assay. In
some embodiments, a competition binding assay is a quantitative competition assay. For
example, one particularly suitable quantitative competition assay uses a surface plasmon
resonance (SPR)-based approach to measure binding, e.g., competition, between one antibody or
fragment thereof and another antibody or fragment thereof for binding to an immobilized
target. An exemplary SPR-based competition assay is described in Example 2 herein. Another
suitable quantitative competition assay uses a FACS-based approach to measure competition
between a labelled (e.g., His tagged, biotinylated or radiocactively labeled, among others)

antibody or fragment thereof and another antibody or fragment thereof for binding to the target.

[00120] 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
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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.

[00121] The term “autologous” refers to any material derived from the same individual to

whom it 1s later to be re-introduced into the individual.

[00122] 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.
[00123] The term “xenogeneic” refers to a graft derived from an animal of a different species.

[00124] The term “cancer” refers to a disease characterized by the uncontrolled growth of
aberrant cells. 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.

[00125] 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.

[00126] 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
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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.

[00127] 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.

[00128] The term “stimulatory molecule,” refers to a molecule expressed by an immune cell
(e.g., T cell, NK cell, B cell) that provides the cytoplasmic signaling sequence(s) that regulate
activation of the immune cell in a stimulatory way for at least some aspect of the immune 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 cytoplasmic signaling sequence that is of particular use in the invention

includes, but is not limited to, those derived from CD3 zeta, common FcR gamma (FCER1G),
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Fc gamma Rlla,, FcR beta (Fc Epsilon R1b), CD3 gamma, CD3 delta , CD3 epsilon, , CD79a,
CD79b, DAP10, and DAP12. 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:9, 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:10, or the equivalent residues from a non-human species, e.g.,

mouse, rodent, monkey, ape and the like.

[00129] 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.

[00130] 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 containing cell, e.g., a CART cell. Examples
of immune effector function, e.g., in a CART cell, include cytolytic activity and helper activity,

including the secretion of cytokines.

[00131] Inan 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. For
example, in the case of a CART, 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.

[00132] A primary intracellular signaling domain can comprise a signaling motif which 1s

known as an immunoreceptor tyrosine-based activation motif or ITAM. Examples of ITAM
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containing primary cytoplasmic signaling sequences include, but are not limited to, those derived
from CD3 zeta, common FcR gamma (FCERI1G), Fc gamma Rlla,, FcR beta (Fc Epsilon R1b),
CD3 gamma, CD3 delta , CD3 epsilon, , CD79a, CD79b, DAP10, and DAP12.

[00133] 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, or functional
derivatives thereof, 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:9. In one aspect, the “zeta stimulatory domain” or a “CD3-zeta stimulatory domain” is

the sequence provided as SEQ ID NO:10.

[00134] The term a “costimulatory molecule” refers to a cognate binding partner on a T cell
that specifically binds with a costimulatory ligand, thereby mediating a costimulatory response
by the T cell, such as, but not limited to, proliferation. Costimulatory molecules are cell surface
molecules other than antigen receptors or their ligands that are contribute to an efficient immune
response. Costimulatory molecules include, but are not limited to an MHC class I molecule,
BTLA and a Toll ligand receptor, as well as OX40, CD27, CD28, CDS, ICAM-1, LFA-1
(CD11a/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, VLAIL, CD49a, ITGA4, 1A4, CD49D, ITGA6, VLLA-6, CD49f,
ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-1, ITGAM, CD11b, ITGAX, CDl11c,
ITGBI1, CD29, ITGB2, CD18, LFA-1, ITGB7, NKG2D, NKG2C, TNFR2, TRANCE/RANKL,
DNAMI (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAMI, CRTAM, Ly9
(CD229), CD160 (BY55), PSGLI, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Ly108),
SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMFS), SELPLG (CD162), LTBR, LAT,
GADS, SLP-76, PAG/Cbp, and a ligand that specifically binds with CD83
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[00135] A costimulatory intracellular signaling domain can be an intracellular portion of a
costimulatory molecule. A costimulatory molecule can be represented in the following protein
families: TNF receptor proteins, Immunoglobulin-like proteins, cytokine receptors, integrins,
signaling lymphocytic activation molecules (SLAM proteins), and activating NK cell receptors.
Examples of such molecules include CD27, CD28, 4-1BB (CD137), 0X40, GITR, CD30, CD40,
ICOS, BAFFR, HVEM, ICAM-1, lymphocyte function-associated antigen-1 (LFA-1), CD2,
CDS, CD7, CD287, LIGHT, NKG2C, SLAMF7, NKp80, CD160, B7-H3, and a ligand that
specifically binds with CD83, and the like.

[00136]  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 or derivative thereof.

[00137] The term “4-1BB” 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. In one aspect a “4-1BB
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 “4-1BB costimulatory domain” is the sequence provided as
SEQ ID NO:7 or the equivalent residues from a non-human species, e.g., mouse, rodent, monkey,

ape and the like.

[00138] An “antigen presenting cell,” as used herein, means an immune system cell such as an
accessory cell (e.g., a B-cell, a dendritic cell, and the like) that displays foreign antigens
complexed with major histocompatibility complexes (MHC's) on their surfaces. T-cells may
recognize these complexes using their T-cell receptors (TCRs). APCs process antigens and

present them to T-cells.

[00139] 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
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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.

»

[00140] 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).

[00141] 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.

[00142] The term “exogenous” refers to any material introduced from or produced outside an

organism, cell, tissue or system.

[00143] The term “expression” refers to the transcription and/or translation of a particular

nucleotide sequence driven by its promoter.

[00144] 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 1in 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.

[00145] The term “expression vector” refers to a vector comprising a recombinant

polynucleotide comprising expression control sequences operatively linked to a nucleotide

37

Date Regue/Date Received 2024-01-05



WO 2015/090230 PCT/CN2014/094393

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.

[00146] 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
etal.,, 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.

[00147] 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 i1s 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.

[00148] 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
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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.

[00149]  The term “fully human” refers to an immunoglobulin, such as an antibody or antibody
fragment, where the whole molecule i1s of human origin or consists of an amino acid sequence

identical to a human form of the antibody or immunoglobulin,

[00150]  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.

[00151] Inthe 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 undine.

[00152] 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
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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.

[00153] The term “parenteral” administration of an immunogenic composition includes, e.g.,
subcutaneous (s.c.), intravenous (1.v.), intramuscular (i.m.), or intrasternal injection, intratumoral,

or infusion techniques.

[00154] 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)).

[00155] 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,
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fusion proteins, among others. A polypeptide includes a natural peptide, a recombinant peptide, a

recombinant peptide, or a combination thereof.

[00156] 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.

[00157] The term “promoter/regulatory sequence” refers to a nucleic acid sequence which 1s
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.

[00158] 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.

[00159]  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.

[00160] 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.

[00161] The term “flexible polypeptide 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), (SEQ ID NO: 38), where n is a positive integer equal to or greater than 1. For
example, n=1, n=2, n=3. n=4, n=5 and n=6, n=7, n=8, n=9 and n=10. In one embodiment, the

flexible polypeptide linkers include, but are not limited to, (Gly4 Ser)4 (SEQ ID NO: 27)or (Gly,
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Ser); (SEQ ID NO: 28)In another embodiment, the linkers include multiple repeats of (Gly,Ser),
(GlySer) or (GlyzSer) (SEQ ID NO: 29). Also included within the scope of the invention are
linkers described in W02012/138475, incorporated herein by reference).

[00162] 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 1s 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.

[00163]  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.

[00164] 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.

[00165] 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)
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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.

[00166] 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.

[00167] 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 discermible 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.

[00168] 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.
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[00169] The term “subject” is intended to include living organisms in which an immune

response can be elicited (e.g., mammals, human).

[00170] 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.

[00171] The term “therapeutic” as used herein means a treatment. A therapeutic effect 1s

obtained by reduction, suppression, remission, or eradication of a disease state.

[00172] The term “prophylaxis” as used herein means the prevention of or protective

treatment for a disease or disease state.

[00173] 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
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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)-A1 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.

[00174] The term “transfected” or “transformed” or “transduced” refers to a process by which
exogenous nucleic acid 1s transferred or introduced into the host cell. A “transfected” or
“transformed” or “transduced” cell 1s one which has been transfected, transformed or transduced

with exogenous nucleic acid. The cell includes the primary subject cell and its progeny.

[00175] 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.

[00176] “Regulatable chimeric antigen receptor (RCAR),”as that term is used herein, refers to
a set of polypeptides, typically two in the simplest embodiments, which when in a RCARX cell,
provides the RCARX 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 RCARX cell. An RCARX 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. In an embodiment, an RCAR includes a dimerization switch that,
upon the presence of a dimerization molecule, can couple an intracellular signaling domain to

the antigen binding domain.

[00177] “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.

[00178] “Switch domain,” as that term 1s 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
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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 1s intracellular. In embodiments, the
switch 1s extracellular. In embodiments, the switch domain 1s a polypeptide-based entity, e.g.,
FKBP or FRB-based, and the dimerization molecule 1s 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.

[00179] “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, RADOO1.

[00180] The term “bioequivalent” refers to an amount of an agent other than the reference
compound ( e.g., RADO001), required to produce an effect equivalent to the effect produced by
the reference dose or reference amount of the reference compound ( e.g., RAD0OO1). 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
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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.

[00181] The term ‘low, immune enhancing, dose” when used in conjuction with an mTOR
inhibitor, e.g., an allosteric mTOR inhibitor, e.g., RADOOI or rapamyc¢in, 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"€",

CDI127"¢ CD27", and BCL2, e.g., on memory T cells, e.g., memory T cell precursors;

a decrease in the expression of KLRGI, 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 CD62Lhigh, increased CD127high,

increased CD27", decreased KLRGI, 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.

[00182] 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
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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 S, from 2 to 4, from 2 to 6, from 3
10 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

[00183] Provided herein are compositions of matter and methods of use for the treatment of a
disease such as cancer using anti-mesothelin chimeric antigen receptors (CAR), e.g., human
mesothelin CAR.

[00184] In one aspect, the invention provides a number of chimeric antigen receptors
comprising an antibody or antibody fragment engineered for specific binding to a mesothelin
protein. In one aspect, the invention provides a cell (e.g., T cell or NK cell) engineered to
express a CAR, e.g., wherein the CAR T cell (“CART”) exhibits an anticancer property. In one
aspect a cell is transformed with the CAR and the CAR is expressed on the cell surface. In some
embodiments, the cell (e.g., T cell or NK cell) is transduced with a viral vector encoding a CAR.
In some embodiments, the viral vector is a retroviral vector. In some embodiments, the viral
vector 1s a lentiviral vector. In some such embodiments, the cell may stably express the CAR.
In another embodiment, the cell (e.g., T cell or NK cell) is transfected with a nucleic acid, e.g.,
mRNA, cDNA, DNA, encoding a CAR. In some such embodiments, the cell may transiently
express the CAR.

[00185] In one aspect, the mesothelin protein binding portion of the CAR is a scFv antibody
fragment. In one aspect such antibody fragments are functional in that they retain the equivalent
binding affinity, 1.e., they bind the same antigen with comparable affinity, as the IgG antibody
from which it 1s derived. In one aspect such antibody fragments are functional in that they
provide a biological response that can include, but is not limited to, activation of an immune

response, inhibition of signal-transduction origination from its target antigen, inhibition of kinase
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activity, and the like, as will be understood by a skilled artisan. In one aspect, the mesothelin
antigen binding domain of the CAR is a scFv antibody fragment that is human or humanized
compared to the murine sequence of the scFv from which it is derived. In one embodiment, the
human anti-mesothelin scFv antibody fragment comprises a light chain variable region and/or a
heavy chain variable region provided in Table 2, or a sequence with substantial identity thereto,

e.g., 95-99% identity.

[00186] In some aspects, the antibodies of the invention are incorporated into a chimeric
antigen receptor (CAR). In one aspect, the CAR comprises the polypeptide sequence provided
herein as 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.

[00187] In one aspect, the human scFv portion of a CAR is encoded by a transgene whose
sequence has been codon optimized for expression in a mammalian cell. In one aspect, entire
CAR construct of the invention is encoded by a transgene whose entire sequence has been codon
optimized for expression in a mammalian cell. Codon optimization refers to the discovery that
the frequency of occurrence of synonymous codons (i.e., codons that code for the same amino
acid) in coding DNA is biased in different species. Such codon degeneracy allows an identical
polypeptide to be encoded by a variety of nucleotide sequences. A variety of codon optimization
methods is known in the art, and include, e.g., methods disclosed in at least US Patent Numbers

5,786,464 and 6,114,148.

[00188] In one aspect, the human mesothelin CAR molecule comprises the scFv portion
provided in SEQ ID NO: 39. In one aspect, the human mesothelin CAR molecule comprises the
scFv portion provided in SEQ ID NO: 40. In one aspect, the human mesothelin CAR molecule
comprises the scFv portion provided in SEQ ID NO: 41. In one aspect, the human mesothelin
CAR molecule comprises the scFv portion provided in SEQ ID NO: 42. In one aspect, the human
mesothelin CAR molecule comprises the scFv portion provided in SEQ ID NO: 43. In one aspect,
the human mesothelin CAR molecule comprises the scFv portion provided in SEQ ID NO: 44, In

one aspect, the human mesothelin CAR molecule comprises the scFv portion provided in SEQ
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ID NO: 45. In one aspect, the human mesothelin CAR molecule comprises the scFv portion
provided in SEQ ID NO: 46. In one aspect, the human mesothelin CAR molecule comprises the
scFv portion provided in SEQ ID NO: 47. In one aspect, the human mesothelin CAR molecule
comprises the scFv portion provided in SEQ ID NO: 48. In one aspect, the human mesothelin
CAR molecule comprises the scFv portion provided in SEQ ID NO: 49. In one aspect, the human
mesothelin CAR molecule comprises the scFv portion provided in SEQ ID NO: 50. In one aspect,
the human mesothelin CAR molecule comprises the scFv portion provided in SEQ ID NO: 51. In
one aspect, the human mesothelin CAR molecule comprises the scFv portion provided in SEQ

ID NO: 52, In one aspect, the human mesothelin CAR molecule comprises the scFv portion
provided in SEQ ID NO: 53. In one aspect, the human mesothelin CAR molecule comprises the
scFv portion provided in SEQ ID NO: 54. In one aspect, the human mesothelin CAR molecule
comprises the scFv portion provided in SEQ ID NO: 55. In one aspect, the human mesothelin
CAR molecule comprises the scFv portion provided in SEQ ID NO: 56. In one aspect, the human
mesothelin CAR molecule comprises the scFv portion provided in SEQ ID NO: 57. In one aspect,
the human mesothelin CAR molecule comprises the scFv portion provided in SEQ ID NO: 58. In
one aspect, the human mesothelin CAR molecule comprises the scFv portion provided in SEQ

ID NO: 59. In one aspect, the human mesothelin CAR molecule comprises the scFv portion
provided in SEQ ID NO: 60. In one aspect, the human mesothelin CAR molecule comprises the
scFv portion provided in SEQ ID NO: 61. In one aspect, the human mesothelin CAR molecule
comprises the scFv portion provided in SEQ ID NO: 62.

[00189] In one aspect, the CAR disclosed herein combine an antigen binding domain of a
specific antibody with an intracellular signaling molecule. For example, in some aspects, the
intracellular signaling molecule includes, but is not limited to, CD3-zeta chain, 4-1BB and CD28
signaling modules and combinations thereof In one aspect, the antigen binding domain binds to

mesothelin. In one aspect, the -mesothelin CAR comprises the sequence provided in Table 2.

[00190] In one aspect, the mesothelin CAR comprises a CAR selected from the sequence
provided in one or more of SEQ ID NOS: 63-86. In one aspect, themesothelin CAR comprises
the sequence provided in SEQ ID NO: 63. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 64. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 65. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 66. In one aspect, themesothelin CAR comprises the
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sequence provided in SEQ ID NO: 67. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 68. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 69. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 70. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 71. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 72. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 73. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 74. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 75. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 76. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 77. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 78. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 79. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 80. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 81. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 82. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 83. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 84. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 85. In one aspect, themesothelin CAR comprises the
sequence provided in SEQ ID NO: 86.

[00191] Furthermore, the present invention provides mesothelin CAR compositions and their
use in medicaments or methods for treating, among other diseases, cancer or any malignancy or

autoimmune diseases involving cells or tissues which express mesothelin.

[00192] 1In one aspect, the invention provides a cell (e.g., T cell or NK cell) engineered to
express a chimeric antigen receptor (CAR), wherein the CAR T cell (“CART”) exhibits an
antitumor property. A preferred antigen is mesothelin. In one aspect, the antigen binding domain
of the CAR comprises a human anti-mesothelin antibody fragment. In one aspect, the antigen
binding domain of the CAR comprises a human anti-mesothelin antibody fragment comprising
an scFv. Accordingly, the invention provides an mesothelin CAR that comprises a human anti-
mesothelin binding domain and is engineered into a T cell or NK cell and methods of their use

for adoptive therapy.
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[00193] In one aspect, mesothelin CAR comprises at least one intracellular signaling domain
selected from the group consisting of a CD137 (4-1BB) signaling domain, a CD28 signaling
domain, a CD3zeta signal domain, and any combination thereof. In one aspect, the mesothelin
CAR comprises at least one intracellular signaling domain of one or more costimulatory
molecule(s) other than a CD137 (4-1BB) or CD28, a CD3zeta signal domain, and any

combination thereof.

[00194] Furthermore, the present invention provides mesothelin CAR compositions and their
use in medicaments or methods for treating, among other diseases, cancer or any malignancy or

autoimmune diseases involving cells or tissues which express mesothelin.

Chimeric Antigen Receptor (CAR)

[00195] The present invention encompasses a recombinant nucleic acid construct comprising
sequences encoding a CAR, wherein the CAR comprises an antibody that binds specifically to
mesothelin, e.g., a human antibody fragment that specifically binds to mesothelin. In one aspect,
the mesothelin is human mesothelin, and the sequence of the antibody fragment 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.

[00196] In specific aspects, a CAR construct of the invention comprises a scFv domain
selected from the group consisting of SEQ ID NOS: 39-62, wherein the scFv may be preceded
by an optional leader sequence such as provided in SEQ ID NO: 1, and followed by an optional
hinge sequence such as provided in SEQ ID NO:2 or SEQ ID NO: 3 or SEQ ID NO:4 or SEQ ID
NO:5, a transmembrane region such as provided in SEQ ID NO:6, an intracellular signalling
domain that includes SEQ ID NO:7 or SEQ ID NO:8 and a CD3 zeta sequence that includes
SEQ ID NO:9 or SEQ ID NOQO: 10, wherein the domains are contiguous with and in the same
reading frame to form a single fusion protein. Also included in the invention is a nucleotide
sequence that encodes the polypeptide selected from the group consisting of SEQ ID NO: 87,
SEQ ID NO: 88, SEQ ID NO: 89, SEQ ID NO: 90, SEQ ID NO: 91, SEQ ID NO: 92, SEQ ID
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NO: 93, SEQ ID NO: 94, SEQ ID NO: 95, SEQ ID NO: 96, SEQ ID NO: 97, SEQ ID NO: 98,
SEQ ID NO: 99, SEQ ID NO: 100, SEQ ID NO: 101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ
ID NO: 104, SEQ ID NO: 105, SEQ ID NO: 106, SEQ ID NO: 107, SEQ ID NO: 108, SEQ ID
NO: 109, and SEQ ID NO: 110, or a sequence with 95-99% identify thereof. Also included in
the invention is a nucleotide sequence that encodes the polypeptide of each of the scFv fragments
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, and each of the domains of SEQ ID NOS: 1, 2, and 6-9, plus the encoded
mesothelin CAR fusion protein of the invention. In one aspect an exemplary mesothelin CAR
constructs comprisean optional leader sequence, an extracellular mesothelin binding domain, a
hinge, a transmembrane domain, and an intracellular stimulatory domain. In one aspect, the
mesothelin CAR construct comprises an optional leader sequence, a mesothelin binding domain,
a hinge, a transmembrane domain, an intracellular costimulatory domain and an intracellular
stimulatory domain. Specific mesothelin CAR constructs containing human scFv domains are
provided as SEQ ID NOs: 87-110.

[00197] Full-length CAR sequences are also provided herein as 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, SEQID
NO: 81, SEQ ID NO: 82, SEQ ID NO: 83, SEQ ID NO: 84, SEQ ID NO: 85, or SEQ ID NO: 86,
An exemplary leader sequence is provided as SEQ ID NO: 1. An exemplary hinge/spacer
sequence is provided as SEQ ID NO: 2 or SEQ ID NO:3 or SEQ ID NO:4 or SEQ ID NO:5. An
exemplary transmembrane domain sequence is provided as SEQ ID NO:6. An exemplary
sequence of the intracellular signaling domain of the 4-1BB protein is provided as SEQ ID NO: 7.
An exemplary sequence of the intracellular signaling domain of CD27 is provided as SEQ 1D
NO:8. An exemplary CD3zeta domain sequence is provided as SEQ ID NO: 9 or SEQ ID
NO:10.
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[00198] In one aspect, the present invention encompasses a recombinant nucleic acid
construct comprising a nucleic acid molecule encoding a CAR, wherein the nucleic acid
molecule comprises the nucleic acid sequence encoding an anti-mesothelin binding domain, e.g,,
described herein, that is contiguous with and in the same reading frame as a nucleic acid
sequence encoding an intracellular signaling domain. In one aspect, the anti-mesothlin binding
domain 1s selected from one or more of SEQ ID NOS: 87-110. In one aspect, the anti-mesothelin
binding domain comprises SEQ ID NO: 87. In one aspect, the anti-mesothelin binding domain
comprises SEQ ID NO: 88. 1In one aspect, the anti-mesothelin binding domain comprises SEQ
ID NO: 89. In one aspect, the anti-mesothelin binding domain comprises SEQ ID NO: 90. In
one aspect, the anti-mesothelin binding domain comprises SEQ ID NO: 91. In one aspect, the
anti-mesothelin binding domain comprises SEQ ID NO: 92. 1n one aspect, the anti-mesothelin
binding domain comprises SEQ ID NO: 93. In one aspect, the anti-mesothelin binding domain
comprises SEQ ID NO: 94. In one aspect, the anti-mesothelin binding domain comprises SEQ
ID NO: 95. In one aspect, the anti-mesothelin binding domain comprises SEQ ID NO: 96. In
one aspect, the anti-mesothelin binding domain comprises SEQ ID NO: 97. In one aspect, the
anti-mesothelin binding domain comprises SEQ ID NO: 98. In one aspect, the anti-mesothelin
binding domain comprises SEQ ID NO: 99. In one aspect, the anti-mesothelin binding domain
comprises SEQ ID NO: 100. In one aspect, the anti-mesothelin binding domain comprises SEQ
ID NO: 101. In one aspect, the anti-mesothelin binding domain comprises SEQ ID NO: 102.

In one aspect, the anti-mesothelin binding domain comprises SEQ ID NO: 103. In one aspect,
the anti-mesothelin binding domain comprises SEQ ID NO: 104. In one aspect, the anti-
mesothelin binding domain comprises SEQ ID NO: 105. In one aspect, the anti-mesothelin
binding domain comprises SEQ ID NO: 106. In one aspect, the anti-mesothelin binding domain
comprises SEQ ID NO: 107. In one aspect, the anti-mesothelin binding domain comprises SEQ
ID NO: 108. In one aspect, the anti-mesothelin binding domain comprises SEQ ID NO: 109.

In one aspect, the anti-mesothelin binding domain comprises SEQ ID NO: 110. In one aspect,
the present invention encompasses a recombinant DNA construct comprising a transgene
encoding a CAR, wherein the transgene comprises the nucleic acid sequence encoding an anti-
mesothelin binding domain described herein, e.g., a human anti-mesothelin binding domain
selected from one or more of SEQ ID NOS:87-110, wherein the sequence is contiguous with and

in the same reading frame as the nucleic acid sequence encoding an intracellular signaling
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domain. An exemplary intracellular signaling domain that can be used in the CAR includes, but
is not limited to, one or more intracellular signaling domains of, e.g., CD3-zeta, CD28, 4-1BB,
and the like. In some instances, the CAR can comprise any combination of CD3-zeta, CD28, 4-
1BB, and the like. In one aspect the nucleic acid sequence of a CAR construct of the invention is
selected from one or more of SEQ ID NOS: 111-134. In one aspect the nucleic acid sequence of
a CAR construct is SEQ ID NO: 111. In one aspect the nucleic acid sequence of a CAR
construct is SEQ ID NO: 112. In one aspect the nucleic acid sequence of a CAR construct is
SEQ ID NO: 113. In one aspect the nucleic acid sequence of a CAR construct is SEQ ID NO:
114. In one aspect the nucleic acid sequence of a CAR construct is SEQ ID NO: 115. In one
aspect the nucleic acid sequence of a CAR construct is SEQ ID NO: 116. In one aspect the
nucleic acid sequence of a CAR construct is SEQ ID NO: 117. In one aspect the nucleic acid
sequence of a CAR construct is SEQ ID NO: 118. In one aspect the nucleic acid sequence of a
CAR construct is SEQ ID NO: 119, In one aspect the nucleic acid sequence of a CAR construct
i1s SEQ ID NO: 120. In one aspect the nucleic acid sequence of a CAR construct is SEQ ID NO:
121. In one aspect the nucleic acid sequence of a CAR construct is SEQ ID NO: 122. In one
aspect the nucleic acid sequence of a CAR construct is SEQ ID NO: 123. In one aspect the
nucleic acid sequence of a CAR construct is SEQ ID NO: 124. In one aspect the nucleic acid
sequence of a CAR construct is SEQ ID NO: 125. In one aspect the nucleic acid sequence of a
CAR construct is SEQ ID NO: 126. In one aspect the nucleic acid sequence of a CAR construct
1s SEQ ID NO: 127. In one aspect the nucleic acid sequence of a CAR construct is SEQ ID NO:
128. In one aspect the nucleic acid sequence of a CAR construct is SEQ ID NO: 129. In one
aspect the nucleic acid sequence of a CAR construct is SEQ ID NO: 130. In one aspect the
nucleic acid sequence of a CAR construct is SEQ ID NO: 131. In one aspect the nucleic acid
sequence of a CAR construct is SEQ ID NO: 132. In one aspect the nucleic acid sequence of a
CAR construct 1s SEQ ID NO: 133. In one aspect the nucleic acid sequence of a CAR construct
is SEQ ID NO: 134.

[00199] The nucleic acid sequences coding for the desired molecules can be obtained using
recombinant methods known in the art, such as, for example by screening libraries from cells
expressing the gene, by deriving the gene from a vector known to include the same, or by
isolating directly from cells and tissues containing the same, using standard techniques.

Alternatively, the nucleic acid of interest can be produced synthetically, rather than cloned.

55

Date Regue/Date Received 2024-01-05



WO 2015/090230 PCT/CN2014/094393

[00200] The present invention includes retroviral and lentiviral vector constructs expressing a
CAR that can be directly transduced into a cell. The present invention also includes an RNA
construct that can be directly transfected into a cell. A method for generating mRNA for use in
transfection involves in vitro transcription (IVT) of a template with specially designed primers,
followed by polyA addition, to produce a construct containing 3” and 5’ untranslated sequence
(“UTR?”), 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 embodiment, the template includes sequences
for the CAR. In an embodiment, an RNA CAR vector 1s transduced into a T cell by

electroporation.
Antigen binding domain

[00201] In one aspect, the CAR of the invention comprises a target-specific binding element
otherwise referred to as an antigen binding domain. The choice of antigen binding domain
depends upon the type and number of antigens that define the surface of a target cell. For
example, the antigen binding domain may be chosen to recognize a antigen that acts as a cell

surface marker on target cells associated with a particular disease state.

[00202] In one aspect, the CAR-mediated immune effector cell response can be directed to
cells that express an antigen of interest, where the CAR comprises an antigen binding domain
that specifically binds to the antigen of interest. In one aspect, the portion of the CAR
comprising the antigen binding domain comprises an antigen binding domain that targets

mesothelin. In one aspect, the antigen binding domain targets human mesothelin.

[00203]  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 1s 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
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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.

[00204] In one embodiment, the anti-mesothelin binding domain does not compete, or
competes poorly, for binding to human mesothelin with an antigen binding domain comprising
an amino acid sequence comprising SEQ ID NO: 279, e.g., murine SS1 scFv, e.g.,ina

competition assay described herein,

[00205] The amino acid sequence of murine SS1 scFv is provided below (SEQ ID NO: 279):

QVQLQOSGPELEKPGASVKISCKASGYSFTGYTMNWVKQSHGKS LEWIGLITPYNGASS YNOKFRGKATLT
VDKSSSTAYMDLLSLTSEDSAVYFCARGGYDGRGFDYWGQGTTVIVS SGGGGSGGGGSGGGGSDIELTQSP
ATMSASPGEKVTMTCSAS SSVSYMHWYQQKSGTS PKRWIYDTSKLASGVPGRFSGSGSGNSYSLTTSSVEA
EDDATYYCQQWSGYPLTFGAGTKLEI
[00206] In one embodiment, the anti-mesothelin binding domain competes for binding to
human mesothelin with an antigen binding domain comprising a LC CDR1, LC CDR2 and LC
CDR3 of an anti-mesothelin light chain amino acid sequence selected from SEQ ID NO: 43 or
SEQ ID NO: 49 and an HC CDR1, HC CDR2, and HC CDR3 of an anti-mesothelin heavy chain
amino acid sequence selected from SEQ ID NO: 43 or SEQ ID NO: 49, e.g., in a competition
assay described herein. In one embodiment, the anti-mesothelin binding domain competes for
binding to human mesothelin with an antigen binding domain comprising a LC CDR1 selected
from SEQ ID NO: 203 or SEQ ID NO: 209, a LC CDR2 selected from SEQ ID NO: 227 or SEQ
ID NO: 233, and a LC CDR3 selected from SEQ ID NO: 251 or SEQ ID NO: 257; and a HC
CDR1 selected from SEQ ID NO: 138 or SEQ ID NO: 144, a HC CDR2 selected from SEQ ID
NO: 156 or SEQ ID NO: 162, and a HC CDR3 selected from SEQ ID NO: 179 or SEQ ID NO:

185, e.g., in a competition assay described herein.

[00207] In one embodiment, the anti-mesothelin binding domain competes for binding to
human mesothelin with an antigen binding domain comprising a sequence selected from SEQ 1D

NO: 43 or SEQ ID NO: 49, e.g., in a competition assay described herein.

[00208] In embodiments, the competition assay is an SPR-based assay. Briefly, the antigen,
e.g., human mesothelin, is immobilized on a surface. Through a microflow system, a reference

antibody is injected over the antigen layer. Upon binding of the reference antibody to the
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antigen, an increase in signal, typically expressed in response units (RU) is detected, e.g.,
reference signal. After a desired time, a test antibody is injected over the antigen layer. If the
test antibody binds to a different region or epitope of the antigen, then an additional increase in
signal is detected, e.g., a 5% or more, 10% or more, 15% or more, 20% or more, 25% or more,
30% or more, 35%, or more, 40% or more, 45% or more, 50% or more, 55% of more, 60% or
more, 65% or more, 70% or more, 75% or more, 80% or more, 85% or more, 90% or more, or 95%
or more increase in signal, e.g., RU, as compared to the highest signal detected upon binding of
the reference antibody, e.g., the reference signal. If the test antibody binds to the same region or
epitope of the antigen, then little or no increase in signal, e.g., RU, will be detected, e.g., less
than 20%, less than 15%, less than 10%, less than 5%, less than 4%, less than 3%, less than 2 %,
or less than 1% increase in signal, e.g., RU, as compared to the highest signal detected upon
binding of the reference antibody, e.g., the reference signal. When using this SPR-based
competition assay, an antibody is said to compete with the reference antibody when less than
20%, less than 15%, less than 10%, less than 5%, less than 4%, less than 3%, less than 2 %, or
less than 1% increase in signal, e.g., RU, is detected when compared to the reference signal
detected upon binding of the reference antibody to the antigen. An antibody i1s said to not
compete, or compete poorly, with a reference antibody when a 5% or more, 10% or more, 15%
or more, 20% or more, 25% or more, 30% or more, 35%, or more, 40% or more, 45% or more,
50% or more, 55% of more, 60% or more, 65% or more, 70% or more, 75% or more, 80% or
more, 85% or more, 90% or more, or 95% or more increase in signal, e.g., RU, is detected when

compared to the reference signal detected upon binding of the reference antibody to the antigen.

[00209] Identification of the epitope bound by the antigen binding domains described herein
can be determined by various methods known in the art. For example, crystal structures can be
generated containing the antigen binding domain bound to, or in complex with, the antigen. In
another example, assays, e.g., a protection assay, can be performed to identify the regions of the
antigen contribute to the epitope, or to identify the epitope. An exemplary protection assay, a
hydrogen/deuterium exchange (HDX) mass spectrometry assay, is described further in Example
18. The HDX mass spectrometry was performed to identify the putative epitopes on human
MSLN, e.g., htMSLNyo6.585, €.2., SEQ ID NO: 278, for murine SS1, e.g., SEQ ID NO: 279, and
the M5 scFv described herein, e.g., SEQ ID NO: 43. hMSLNage.ss8, €.2., SEQ ID NO: 278,

represents amino acids 296-588 of human mesothelin, e.g., the first amino acid of SEQ ID NO:
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278 1s amino acid 296 and the last amino acid of SEQ ID NO: 278 is amino acid 588. The amino

acid sequence for human mesothelin, amino acids 296-588 is provided below: (SEQ ID NO: 278)
EVEKTACPSGKKARETIDESLIFYKKWELEACVDAALLATOMDRVNATPFTYEQLDVLKHKLDELYPQG
YPESVIQHLGYLFLKMSPEDIRKWNVTSLETLKALLEVNKGHEMSPOQAPRRPLPOQVATLIDREVKGRG
QLDKDTLDTLTAFYPGYLCSLSPEELSSVPPSSIWAVRPOQDLDTCDPRQLDVLYPKARLAFONMNGSE
YEVKIQSFLGGAPTEDLKALSQONVSMDLATFMKLRTDAVLPLTVAEVOKLLGPHVEGLKAEERHRPV
RDWILRORODDLDTLGLGLQG

[00210] The results of the HDX mass spectrometry assay indicated that one or more amino
acids of 314-315, 317-318, 346-349, and 369-375 of hMSLNj6.583, €.2., SEQ ID NO: 278
contribute to the epitope recognized by SS1. The results of the HDX mass spectrometry assay
indicated that one or more amino acids of 485-490, 498-507, 532-537, or 545-572 of hMSI.N29s.
sss, €.8., SEQ ID NO: 278, contribute to the epitope recognized by an anti-mesothelin antigen
binding domain described herein, e.g., M5 scFv, e.g., SEQ ID NO: 43,

[00211] In one embodiment, the anti-mesothelin binding domain described herein binds to a
different epitope of human mesothelin, e.g., SEQ ID NO: 278, than the epitope of human
mesothelin targeted by the antigen binding domain comprising a sequence comprising SEQ ID

NO: 279, e.g., murine SS1.

[00212] In one embodiment, the epitope recognized by SS1 comprises a sequence selected
from amino acids 314-315, 317-318, 346-349, or 369-375 of hMSLNage.ss8, €.2., SEQ ID NO:
278, or any combination thereof. In one embodiment, the epitope recognized by SS1 comprises
one or more amino acids selected from amino acids 314-315, 317-318, 346-349, or 369-375 of
hMSILNsos.588, €.2., SEQ ID NO: 278.

[00213] In one embodiment, the anti-mesothelin binding domain described herein binds to the
C-terminus of human mesothelin. In one embodiment, the anti-mesothelin binding domain
described herein binds an epitope within amino acids 450-588 of SEQ ID NO: 278, e.g., wherein
the epitope, in part or in whole, can be found within amino acids 450-588, within amino acids
480-580, or within amino acids 485-572 of SEQ ID NO: 278. In one embodiment, the epitope
recognized by an anti-mesothelin binding domain described herein comprises a sequence
selected from amino acids 485-490, 498-507, 532-537, or 545-572 of hMSLNjs.s88, €.2., SEQ

ID NO: 278, or any combination thereof. In one embodiment, the epitope recognized by an anti-
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mesothelin binding domain described herein comprises one or more amino acids selected from
485-490, 498-507, 532-537, or 545-572 of hMSLNzge.5s8, €.2., SEQ ID NO: 278, or any

combination thereof.

[00214] In one embodiment, the anti-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 human anti-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 human anti-mesothelin binding domain
selected from SEQ ID NOS: 39-62 In one embodiment, the human anti-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 anti-
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 anti-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.

[00215] In one embodiment, the human anti-mesothelin binding domain comprises a sequence
selected from a group consisting of SEQ ID NOS: 39-62, or a sequence with 95-99% identify
thereof. In one embodiment, the nucleic acid sequence encoding the human anti-mesothelin
binding domain comprises a sequence selected from a group consisting of SEQ ID NO: 87-110,
or a sequence with 95-99% identify thereof. In one embodiment, the human anti-mesothelin
binding domain is a scFv, and 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

60

Date Regue/Date Received 2024-01-05



WO 2015/090230 PCT/CN2014/094393

herein. In one embodiment, the humanized anti-mesothelin binding domain includes a (Gly4-
Ser)n linker (SEQ ID NO: 26), whereinn 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.

[00216] In one aspect, the antigen binding domain portion comprises one or more sequence
selected from SEQ ID NOS:39-62. In one aspect the CAR is selected from one or more
sequence selected from SEQ ID NOS: 63-86.

[00217] In one aspect, the antibodies of the invention may exist in a variety of other forms
including, for example, Fab, Fab', F(ab'),, Fv fragments, scFv antibody fragments, disulfide-
linked Fvs (sdFv), a Fd fragment consisting of the VH and CH1 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.

[00218] A display library is a collection of entities; each entity includes an accessible
polypeptide component and a recoverable component that encodes or identifies the polypeptide
component. The polypeptide component is varied so that different amino acid sequences are
represented. The polypeptide component can be of any length, e.g. from three amino acids to
over 300 amino acids. A display library entity can include more than one polypeptide
component, for example, the two polypeptide chains of a Fab. In one exemplary embodiment, a
display library can be used to identify an anti-mesothelin binding domain. In a selection, the
polypeptide component of each member of the library is probed with mesothelin, or a fragment
there, and if the polypeptide component binds to the mesothelin, the display library member is
identified, typically by retention on a support.

[00219] Retained display library members are recovered from the support and analyzed. The
analysis can include amphfication and a subsequent selection under similar or dissimilar
conditions. For example, positive and negative selections can be alternated. The analysis can

also include determining the amino acid sequence of the polypeptide component, i.e., the anti-
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mesothelin binding domain, and purification of the polypeptide component for detailed

characterization.

[00220] A variety of formats can be used for display libraries. Examples include the phage
display. In phage display, the protein component is typically covalently linked to a
bacteriophage coat protein. The linkage results from translation of a nucleic acid encoding the
protein component fused to the coat protein. The linkage can include a flexible peptide linker, a
protease site, or an amino acid incorporated as a result of suppression of a stop codon. Phage
display is described, for example, in U.S. 5,223,409; Smith (1985) Science 228:1315-1317;, WO
92/18619; WO 91/17271; WO 92/20791; WO 92/15679; WO 93/01288; WO 92/01047, WO
92/09690; WO 90/02809; de Haard et al. (1999) J. Biol. Chem 274:18218-30; Hoogenboom et al.
(1998) Immunotechnology 4:1-20; Hoogenboom et al. (2000) Immunol Today 2:371-8 and Hoet
et al. (2005) Nat Biotechnol. 23(3)344-8. Bacteriophage displaying the protein component can
be grown and harvested using standard phage preparatory methods, e.g. PEG precipitation from
growth media. After selection of individual display phages, the nucleic acid encoding the
selected protein components can be isolated from cells infected with the selected phages or from
the phage themselves, after amplification. Individual colonies or plaques can be picked, the

nucleic acid isolated and sequenced.

[00221]  Other display formats include cell based display (see, e.g., WO 03/029456), protein-
nucleic acid fusions (see, e.g., US 6,207,446), ribosome display (See, e.g., Mattheakis et al.
(1994) Proc. Natl. Acad. Sci. USA 91:9022 and Hanes et al. (2000) Nat Biotechnol. 18:1287-92;
Hanes et al. (2000) Methods Enzymol. 328:404-30; and Schaffitzel et al. (1999) J Immunol
Methods. 231(1-2):119-35), and E. coli periplasmic display (J Immunol Methods. 2005 Nov
22;PMID: 16337958).

[00222] In addition to the use of display libraries, other methods can be used to obtain an anti-
mesothelin binding domain. For example, mesothelin or a fragment thereof can be used as an

antigen in a non-human animal, e.g., a rodent.

[00223] In one embodiment, the non-human animal includes at least a part of a human
immunoglobulin gene. For example, it is possible to engineer mouse strains deficient in mouse
antibody production with large fragments of the human Ig loci. Using the hybridoma technology,

antigen-specific monoclonal antibodies (Mabs) derived from the genes with the desired
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specificity may be produced and selected. See, e.g., XENOMOUSE™, Green et al., 1994, Nat.
Gen. 7:13-21; U.S. 2003-0070185, WO 96/34096, published Oct. 31, 1996, and PCT Application
No. PCT/US96/05928, filed Apr. 29, 1996.

[00224] 1In 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 S-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 ef 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. W02006/020258 and
W02007/024715, is incorporated herein by reference.

[00225] AnscFv can comprise a linker of atleast 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 (GlysSer),,
where n is a positive integer equal to or greater than 1. (SEQ ID NO: 135) In one embodiment,
the linker can be (GlysSer)4 (SEQ ID NO: 27) or (GlysSer); (SEQ ID NO: 28). Variation in the

linker length may retain or enhance activity, giving rise to superior efficacy in activity studies.

Stability and Mutations

[00226] The stability of an anti-mesothelin binding domain, e.g., scFv molecules (e.g., soluble
scFv), can be evaluated in reference to the biophysical properties (e.g., thermal stability) of a
conventional control scFv molecule or a full length antibody. In one embodiment, the human
scFv has a thermal stability that is greater than about 0.1, about 0.25, about 0.5, about 0.75, about
1, about 1.25, about 1.5, about 1.75, about 2, about 2.5, about 3, about 3.5, about 4, about 4.5,
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about 5, about 5.5, about 6, about 6.5, about 7, about 7.5, about 8, about 8.5, about 9, about 9.5,
about 10 degrees, about 11 degrees, about 12 degrees, about 13 degrees, about 14 degrees, or
about 15 degrees Celsius than a control binding molecule (e.g. a conventional scFv molecule) in

the described assays.

[00227] The improved thermal stability of the anti-mesothelin binding domain, e.g., scFv, is
subsequently conferred to the entire mesothelin CAR construct, leading to improved therapeutic
properties of the mesothelin CAR construct. The thermal stability of the anti-mesothelin binding
domain, e.g., scFv, can be improved by at least about 2°C or 3°C as compared to a conventional
antibody. In one embodiment, the anti-mesothelin binding domain, e.g., scFv, has a 1°C
improved thermal stability as compared to a conventional antibody. In another embodiment, the
anti-mesothelin binding domain, e.g., scFv, has a 2°C improved thermal stability as compared to
a conventional antibody. In another embodiment, the anti-mesothelin binding domain, e.g., scFv,
hasa4,5,6,7,8,9, 10, 11, 12, 13, 14, 15°C improved thermal stability as compared to a
conventional antibody. Comparisons can be made, for example, between the scFv molecules
disclosed herein and scFv molecules or Fab fragments of an antibody from which the scFv VH
and VL were derived. Thermal stability can be measured using methods known in the art. For
example, in one embodiment, Tm can be measured. Methods for measuring Tm and other

methods of determining protein stability are described in more detail below.

[00228] Mutations in scFv (arising through direct mutagenesis of the soluble scFv) alter the
stability of the scFv and improve the overall stability of the scFv and the CART construct.
Stability of the humanized scFv is compared against the murine scFv using measurements such

as Tm, temperature denaturation and temperature aggregation.

[00229] In one embodiment, the anti-mesothelin binding domain, e.g., scFv, comprises at least
one mutation such that the mutated anti-mesothelin binding domain, e.g., scFv, confers improved
stability to the anti-mesothelin construct. In another embodiment, the anti-mesothelin binding
domain, e.g., scFv, comprises atleast 1,2, 3,4, 5, 6, 7, 8, 9, 10 mutations such that the mutated
anti-mesothelin binding domain, e.g., scFv, confers improved stability to the anti-mesothelin
construct. The binding capacity of the mutant scFvs can be determined using assays described in

the Examples.
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Binding Affinity

[00230] A wide variety of methods for determining binding affinity are known in the art. An
exemplary method for determining binding affinity employs surface plasmon resonance. Surface
plasmon resonance is an optical phenomenon that allows for the analysis of real-time biospecific
interactions by detection of alterations in protein concentrations within a biosensor matrix, for
example using the BIAcore system (Pharmacia Biosensor AB, Uppsala, Sweden and Piscataway,
N.J). For further descriptions, see Jonsson, U., e al. (1993) Ann. Biol. Clin. 51:19-26; Jonsson,
U., 1 (1991) Biotechniques 11:620-627; Johnsson, B., et al. (1995) J. Mol. Recognit. 8:125-131,
and Johnnson, B., et al. (1991) Anal. Biochem. 198:268-277.

[00231] In one aspect, the portion of a CAR composition of the invention comprising an
antibody or fragment thereof comprises amino acid sequences that are homologous to the amino
acid sequences described herein, and wherein the antibody or fragment thereof retains the desired
functional properties of the anti-mesothelin antibody fragments of the invention. In one specific
aspect, the CAR composition of the invention comprises an antibody fragment. In a further

aspect, that antibody fragment comprises an scFv.

[00232] Invarious aspects, the portion comprising an antibody or antibody fragment of the
CAR composition of the invention is engineered by modifying one or more amino acids within
one or both variable regions (i.e., VH and/or VL), for example within one or more CDR regions
and/or within one or more framework regions. In one specific aspect, the CAR composition of
the invention comprises an antibody fragment. In a further aspect, that antibody fragment

comprises an scFv.

[00233] It will be understood by one of ordinary skill in the art that the antibody or antibody
fragment of the invention may further be modified such that they vary in amino acid sequence
(e.g., from wild-type), but not in desired activity. For example, additional nucleotide
substitutions leading to amino acid substitutions at "non-essential" amino acid residues may be
made to the protein For example, a nonessential amino acid residue in a molecule may be
replaced with another amino acid residue from the same side chain family. In another
embodiment, a string of amino acids can be replaced with a structurally similar string that differs

in order and/or composition of side chain family members, i.e., a conservative substitution, in

65

Date Regue/Date Received 2024-01-05



WO 2015/090230 PCT/CN2014/094393

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

may be made.

[00234] Families of amino acid residues having similar side chains have been defined in the
art, including basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic
acid, glutamic acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine,
threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine,
proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., threonine,

valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine).

[00235] Percent identity in the context of two or more nucleic acids or polypeptide sequences,
refers to two or more sequences that are the same. Two sequences are "substantially identical” if
two sequences have a specified percentage of amino acid residues or nucleotides that are the
same (i.e., 60% identity, optionally 70%, 71%. 72%. 73%, 74%, 75%, 76%, 77%, 78%, 79%,
80%,81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% 1dentity over a specified region, or, when not specified, over the entire
sequence), when compared and aligned for maximum correspondence over a comparison
window, or designated region as measured using one of the following sequence comparison
algorithms or by manual alignment and visual inspection. Optionally, the identity exists over a
region that is at least about 50 nucleotides (or 10 amino acids) in length, or more preferably over
a region that is 100 to 500 or 1000 or more nucleotides (or 20, 50, 200 or more amino acids) in

length.

[00236] For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are compared. When using a sequence comparison algorithm, test and
reference sequences are entered into a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters are designated. Default program
parameters can be used, or alternative parameters can be designated. The sequence comparison
algorithm then calculates the percent sequence identities for the test sequences relative to the
reference sequence, based on the program parameters. Methods of alignment of sequences for
comparison are well known in the art. Optimal alignment of sequences for comparison can be
conducted, e.g., by the local homology algorithm of Smith and Waterman, (1970) Adv. Appl.
Math. 2:482c¢, by the homology alignment algorithm of Needleman and Wunsch, (1970) J. Mol.
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Biol. 48:443, by the search for similarity method of Pearson and Lipman, (1988) Proc. Nat’l.
Acad. Sci. USA 85:2444, by computerized implementations of these algorithms (GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group,
575 Science Dr., Madison, WI), or by manual alignment and visual inspection (see, e.g., Brent et

al., (2003) Current Protocols in Molecular Biology).

[00237] Two examples of algorithms that are suitable for determining percent sequence
identity and sequence similarity are the BLAST and BLLAST 2.0 algorithms, which are described
in Altschul et al., (1977) Nuc. Acids Res. 25:3389-3402; and Altschul et al., (1990) J. Mol. Biol.
215:403-410, respectively. Software for performing BLAST analyses is publicly available
through the National Center for Biotechnology Information.

[00238] The percent identity between two amino acid sequences can also be determined using
the algorithm of E. Meyers and W. Miller, (1988) Comput. Appl. Biosci. 4:11-17) which has
been incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue table,
a gap length penalty of 12 and a gap penalty of 4. In addition, the percent identity between two
amino acid sequences can be determined using the Needleman and Wunsch (1970) J. Mol. Biol.
48:444-453) algorithm which has been incorporated into the GAP program in the GCG software
package (available at www.gcg.com), using either a Blossom 62 matrix or a PAM250 matrix,
and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2,3, 4, 5, or 6.

[00239] In one aspect, the present invention contemplates modifications of the starting
antibody or fragment (e.g., scFv) amino acid sequence that generate functionally equivalent
molecules. For example, the VH or VL of an anti-mesothelin binding domain, e.g., scFv
comprised in the CAR can be modified to retain at least about 70%, 71%. 72%. 73%, 74%, 75%,
76%, 77%, 78%, 79%, 80%,81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% identity of the starting VH or VL framework region of
the anti-mesothelin binding domain, e.g., scFv. The present invention contemplates
modifications of the entire CAR construct, e.g., modifications in one or more amino acid
sequences of the various domains of the CAR construct in order to generate functionally
equivalent molecules. The CAR construct can be modified to retain at least about 70%, 71%.

72%. 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
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88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identity of the starting CAR

construct.

Transmembrane domain

[00240] 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, 10up 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.

[00241] 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,
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CD3 epsilon, CD45, CD4, CDS5, 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, 0X40, CD2, CD27,
LFA-1 (CD11a, CD18), ICOS (CD278), 4-1BB (CD137), GITR, CD40, BAFFR, HVEM
(LIGHTR), SLAMEF7, NKp80 (KLRF1), NKp44, NKp30, NKp46, CD160, CD19, IL.2R beta,
IL2R gamma, IL7R a, ITGA1, VLA, CD49a, ITGA4, 1A4, CD49D, ITGA6, VLA-6, CD49f,
ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-1, ITGAM, CD11b, ITGAX, CDl11c,
ITGBI1, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2, DNAMI (CD226), SLAMF4 (CD244,
2B4), CD84, CD96 (Tactile), CEACAMI1, CRTAM, Ly9 (CD229), CD160 (BY55), PSGLI,
CD100 (SEMA4D), SLAMF6 (NTB-A, Ly108), SLAM (SLAMF1, CD150, IPO-3), BLAME
(SLAMF8), SELPLG (CD162), LTBR, PAG/Cbp, NKG2D, and NKG2C.

[00242] 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 Ig(G4 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.

[00243] 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 as follows:
ESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWY
VDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTIS
KAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPP
VLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHY TQKSLSLSLGKM (SEQ ID
NO:3).

[00244] Insome embodiments, the hinge or spacer comprises a hinge encoded by a nucleotide
sequence as follows:
GAGAGCAAGTACGGCCCTCCCTGCCCCCCTTGCCCTGCCCCCGAGTTCCTGGGCGGA
CCCAGCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCCGGACC
CCCGAGGTGACCTGTGTGGTGGTGGACGTGTCCCAGGAGGACCCCGAGGTCCAGTT
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CAACTGGTACGTGGACGGCGTGGAGGTGCACAACGCCAAGACCAAGCCCCGGGAG
GAGCAGTTCAATAGCACCTACCGGGTGGTGTCCGTGCTGACCGTGCTGCACCAGGA
CTGGCTGAACGGCAAGGAATACAAGTGTAAGGTGTCCAACAAGGGCCTGCCCAGCA
GCATCGAGAAAACCATCAGCAAGGCCAAGGGCCAGCCTCGGGAGCCCCAGGTGTAC
ACCCTGCCCCCTAGCCAAGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGCCT
GGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAACGGCCAGC
CCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGACGGCAGCTTCTTC
CTGTACAGCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGAGGGCAACGTCTTITAG
CTGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGAGCCTGAGCC
TGTCCCTGGGCAAGATG (SEQ ID NO:14).

[00245] 1In 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
RWPESPKAQASSVPTAQPQAEGSLAKATTAPATTRNTGRGGEEKKKEKEKEEQEERETK
TPECPSHTQPLGVYLLTPAVQDLWLRDKATFTCFVVGSDLKDAHLTWEVAGKVPTGGYV
EEGLLERHSNGSQSQHSRLTLPRSLWNAGTSVTCTLNHPSLPPQRLMALREPAAQAPVK
LSLNLLASSDPPEAASWLLCEVSGFSPPNILLMWLEDQREVNTSGFAPARPPPQPGSTTF
WAWSVLRVPAPPSPQPATYTCVVSHEDSRTLLNASRSLEVSYVTDH (SEQ ID NO:4).

[00246] Insome embodiments, the hinge or spacer comprises a hinge encoded by a nucleotide
sequence of
AGGTGGCCCGAAAGTCCCAAGGCCCAGGCATCTAGTGTTCCTACTGCACAGCCCCA
GGCAGAAGGCAGCCTAGCCAAAGCTACTACTGCACCTGCCACTACGCGCAATACTG
GCCGTGGCGGGGAGGAGAAGAAAAAGGAGAAAGAGAAAGAAGAACAGGAAGAGA
GGGAGACCAAGACCCCTGAATGTCCATCCCATACCCAGCCGCTGGGCGTCTATCTCT
TGACTCCCGCAGTACAGGACTTGTGGCTTAGAGATAAGGCCACCTTTACATGTTTCG
TCGTGGGCTCTGACCTGAAGGATGCCCATTTGACTTGGGAGGTTGCCGGAAAGGTAC
CCACAGGGGGGGTTGAGGAAGGGTTGCTGGAGCGCCATTCCAATGGCTCTCAGAGC
CAGCACTCAAGACTCACCCTTCCGAGATCCCTGTGGAACGCCGGGACCTCTGTCACA
TGTACTCTAAATCATCCTAGCCTGCCCCCACAGCGTCTGATGGCCCTTAGAGAGCCA
GCCGCCCAGGCACCAGTTAAGCTTAGCCTGAATCTGCTCGCCAGTAGTGATCCCCCA
GAGGCCGCCAGCTGGCTCTTATGCGAAGTGTCCGGCTTTAGCCCGCCCAACATCTTG
CTCATGTGGCTGGAGGACCAGCGAGAAGTGAACACCAGCGGCTTCGCTCCAGCCCG
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GCCCCCACCCCAGCCGGGTTCTACCACATTCTGGGCCTGGAGTGTCTTAAGGGTCCC
AGCACCACCTAGCCCCCAGCCAGCCACATACACCTGTGTTGTGTCCCATGAAGATAG
CAGGACCCTGCTAAATGCTTCTAGGAGTCTGGAGGTTTCCTACGTGACTGACCATT
(SEQ ID NO: 15).

[00247] 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.

[00248] 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).

[00249] In one aspect, the hinge or spacer comprises a KIR2DS2 hinge and portions thereof.

Cytoplasmic domain

[00250] The cytoplasmic domain or region of the CAR includes an intracellular signaling
domain. An intracellular signaling domain 1s 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
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truncated portion of the intracellular signaling domain sufficient to transduce the effector

function signal.

[00251] 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.

[00252] Tt 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).

[00253] 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.

[00254] 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 Rlla,, FcR beta (Fc Epsilon R1b), CD3 gamma, CD3 delta , CD3 epsilon, , CD79a,
CD79b, 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.

[00255] 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.
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[00256] 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.

[00257] 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), 0X40, 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 CDS, ICAM-1, GITR, BAFFR, HVEM (LIGHTR), SLAMEF7,
NKp80 (KLLRF1), NKp44, NKp30, NKp46, CD160, CD19, CD4, CD8alpha, CD8beta, IL2R
beta, IL2R gamma, IL7R alpha, ITGA4, VLAL, CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6,
CD49f, ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-1, ITGAM, CD11b, ITGAX,
CDl11c¢, ITGB1, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2, TRANCE/RANKL, DNAM1
(CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), NKG2D, CEACAM1, CRTAM, Ly9
(CD229), CD160 (BY55), PSGL1, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Ly108),
SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMFS), SELPLG (CD162), LTBR, LAT,
GADS, SLP-76, and PAG/Cbp.

[00258] 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.
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[00259] In one aspect, the intracellular signaling domain 1s designed to comprise two or more,
e.g.,2 3,4, 5, or more, costimulatory signaling domains. In an embodiment, the two or more,
eg,?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.

[00260] In one aspect, the intracellular signaling domain 1s 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: 16. In

one aspect, the signaling domain of CD3-zeta is a signaling domain of SEQ ID NO: 17.

[00261] 1In 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
QRRKYRSNKGESPVEPAEPCRYSCPREEEGSTIPIQEDYRKPEPACSP (SEQ ID NO:8). In
one aspect, the signalling domain of CD27 is encoded by a nucleic acid sequence of
AGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACATGAACATGACTCCCCGCCG
CCCCGGGCCCACCCGCAAGCATTACCAGCCCTATGCCCCACCACGCGACTTCGCAGC
CTATCGCTCC (SEQ ID NO:19).

[00262] 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,
ORS1E2, PSMA, PSCA, PDGRF-B, 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, DLLA4, 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
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domain having a primary signaling domain but not a costimulatory signaling domain. Placement
of a costimulatory signaling domain, e.g., 4-1BB, CD28, CD27 or OX-40, 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-J,
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 o, clauding, GloboH, or sperm protein
17, e.g., a target other than mesothelin on lung cancer cells, e.g., VEGF, HER3, IGF-1R, EGFR,
DLLA, 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-f3, 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 o, claudin6, GloboH, or sperm protein 17, e.g., a
target other than mesothelin on lung cancer cells, e.g., VEGF, HER3, IGF-1R, EGFR, DLLA4, or
Trop-2) and includes an antigen binding domain to the antigen, a transmembrane domain and a

costimulatory signaling domain.

[00263] 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-L.1, CTLA4, TIM3, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or
CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 and TGFR beta.
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[00264] 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.

[00265] Insome 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.

[00266] 1In one aspect, an SDAB molecule can be derived from a variable region of the
immunoglobulin found in fish, such as, for example, that which 1s 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. 14:2901-29009.

[00267] 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, 1lama, dromedary, alpaca and guanaco. Other
species besides Camelidae may produce heavy chain molecules naturally devoid of light chain;

such VHHSs are within the scope of the invention.
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[00268] The SDAB molecules can be recombinant, CDR-grafted, humanized, camelized, de-

immunized and/or in vitro generated (e.g., selected by phage display).

[00269] 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,

[00270] 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.

[00271] 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
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binding domain of one of the first and the second CAR comprises comprises an scFv, and the

other comprises a camelid VHH domain.

[00272] 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 1s 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.

[00273] Insome 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.

[00274] In another aspect, the CAR-expressing cell described herein can further express
another agent, e.g., 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., 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,
CEACAM (e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG3, VISTA, BTLA, TIGIT,
LAIR1, CD160, 2B4 and TGFR beta. In embodiments, an agent, e.g., an inhibitory nucleic acid,
e.g.,adsRNA, 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 1s 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
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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.

[00275] 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 PD1,
PD-L1, CTLA4, TIM3, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG3,
VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 and TGFR beta T, 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 PD1 or a fragment thereof (e.g., at least a portion of an extracellular domain
of PD1), 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).
PD1 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 PD1, PD-L1 and PD-L2 have been shown to
downregulate T cell activation upon binding to PD1 (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 Inmunol 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 PD1 with PD-L1.

[00276] In one embodiment, the agent comprises the extracellular domain (ECD) of an
inhibitory molecule, e.g., Programmed Death 1 (PD1), can be fused to a transmembrane domain
and intracellular signaling domains such as 41BB and CD3 zeta (also referred to herein as a PD1
CAR). In one embodiment, the PD1 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 PD1
CAR comprising the extracellular domain of PD1 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 PD1 CAR
comprises the amino acid sequence of SEQ ID NO:24.
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[00277] Malpvtalliplalllhaarppgwfldspdrpwnpptfspallvvtegdnatftcsfsntsesfvinwyrmspsngtdkl

aafpedrsqpegderfrvtqlpngrdfhmsvvrarrndsgtylcgaislapkaqgikeslraelrvterraevptahpspsprpagqafqtlvt

ttpaprpptpaptiasqplsirpeacrpaaggavhtrgldfacdiyiwaplagtcgvllislvitlyckrgrkkllyifkgpfmrpvqttqeed
gcscripeeeeggcelrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrknpgeglynelgkdkmaea
yseigmkgerrrgkghdglyqglstatkdtydalhmqalppr (SEQ ID NQ:24).

[00278] In one embodiment, the PD1 CAR without the N-terminal signal sequence comprises
the amino acid sequence provided below (SEQ ID NO:22).

[00279] pgwildspdrpwnpptfspallvvtegdnatftcsfsntsesfvinwyrmspsngtdklaafpedrsqpggderfivig

lpngrdfthmsvvrarrndsgtylegaislapkagikeslraelrvterraevptahpspsprpagqfgtlvtttpaprpptpaptiasgplsle

peacrpaaggavhtrgldfacdiyiwaplagtcgvilisivitlyckrgrkkllyifkgpfmrpvqgttqeedgescrfpeeeeggeelrvkf
srsadapaykqgqnglynelnlgrreeydvldkrrgrdpemggkprrknpgeglynelgkdkmaeayseigmkgerrrgkghdgl
yqglstatkdtydalhmqalppr (SEQ ID NO:22).

[00280] In one embodiment, the agent comprises a nucleic acid sequence encoding the PD1
CAR with the N-terminal signal sequence, e.g., the PD1 CAR described herein. In one
embodiment, the nucleic acid sequence for the PD1 CAR is shown below, with the PD1 ECD
underlined below in SEQ ID NO: 23

[00281] atggecctecctgteactgeectgctictececctegeactectgctecacgecgetagaccacceggatgotttetggacte
tecggatcocee aatcccccaaccttctcaccggcactettogttotoacteasoocoataatocgaccttcacgtoctegttctccaa

caccteccgaatcattcgtoctoaactgetaccgcatgagecegtcagaccagaccgacaagcetegccgegtticcggaagatcgotcgcaa

acaggattotc ccgegtoactcaactgecgaatgocagagacticcacatgagegtogtecgegetaggcgaaacgactee

gogacctacctgtgeggagcecatetegetggegcctaaggcccaaatcaaagagagettgaggoccgaactgagagtgaccgagegca

gagctoagsotoccaactgcacatecatececatcgcctegaocctocggoocagotttcagaccetggtcacgaccacteccggegecgcge
ccaccgactceggecccaactatcgegagecageccctgtegetgaggecggaageatgecgecctgecgecggaggtgoctgtecatac

ccggggattggacttegeatgegacatctacatttgggcetectetegecggaacttgtggegtectecttetgteectggteatcacectgtact
gcaageggggtcggaaaaagcettctgtacattttcaageageccttcatgaggeccgtgcaaaccacccaggaggaggacggttgctect
geceggttecceccgaagaggaagaaggaggttgcgagetgegegtgaagtictcecggagegecgacgeccccgectataageagggeca
gaaccagctgtacaacgaactgaacctgggacggcgggaagagtacgatgtgctggacaageggegeggecgggaccecgaaatggg
cgggaagectagaagaaagaaccctcaggaaggectgtataacgagetgeagaaggacaagatggecgaggectactcegaaattggg
atgaagggagagcgocggaggggaaaggoocacgacggectgtaccaaggactgtecaccgecaccaaggacacatacgatgecct
geacatgcaggcecctteccectege (SEQ ID NO: 23).
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[00282] In another aspect, the present invention provides a population of CAR-expressing
cells, e.g., CART 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 CART cells can include a first cell expressing a CAR having an anti-CD19 binding
domain described herein, and a second cell expressing a CAR having a different anti- CD19
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, ORS1E2, PSMA, PSCA, PDGRF-§3, 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, claudiné, GloboH, or sperm protein 17, e.g., a target other than mesothelin
on lung cancer cells, e.g., VEGF, HER3, IGF-1R, EGFR, DLILA4, 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.

[00283] Inanother 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 PD1, PD-L1, CTLA4, TIM3, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or
CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 and 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

81

Date Regue/Date Received 2024-01-05



WO 2015/090230 PCT/CN2014/094393

comprises a first polypeptide, e.g., of an inhibitory molecule such as PD1, PD-L1, CTLA4,
TIM3, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG3, VISTA, BTLA,
TIGIT, LAIR1, CD160, 2B4 and 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 PD1 or a fragment thereof (e.g., at least a portion of the extracellular domain of
PD1), 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).

[00284] 1In 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 kinase inhibitor, such as a kinase
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 kinase inhibitor, such as a kinase inhibitor described

herein.
Regulatable Chimeric Antigen Receptors

[00285] Insome embodiments, a regulatable CAR (RCAR) where the CAR activity can be
controlled is desirable to optimize the safety and efficacy of a CAR therapy. There are many
ways CAR activities can be regulated. For example, inducible apoptosis using, €.g., a caspase
fused to a dimerization domain (see, e.g., Di et al.,, N Egnl. J. Med. 2011 Nov. 3; 365(18):1673-
1683), can be used as a safety switch in the CAR therapy of the instant invention. In an aspect, a
RCAR comprises a set of polypeptides, typically two in the simplest embodiments, in which the
components of a standard CAR described herein, e.g., an antigen binding domain and an
intracellular signaling domain, are partitioned on separate polypeptides or members. In some

embodiments, the set of polypeptides include a dimerization switch that, upon the presence of a
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dimerization molecule, can couple the polypeptides to one another, e.g., can couple an antigen

binding domain to an intracellular signaling domain.

[00286] 1Inan aspect,an RCAR comprises two polypeptides or members: 1) an intracellular
signaling member comprising an intracellular signaling domain, e.g., a primary intracellular
signaling domain described herein, and a first switch domain; 2) an antigen binding member
comprising an antigen binding domain, e.g., that targets mesothelin as described herein, and a
second switch domain. Optionally, the RCAR comprises a transmembrane domain described
herein. In an embodiment, a transmembrane domain can be disposed on the intracellular
signaling member, on the antigen binding member, or on both. (Unless otherwise indicated,
when members or elements of an RCAR are described herein, the order can be as provided, but
other orders are included as well. In other words, in an embodiment, the order is as set out in the
text, but in other embodiments, the order can be different. E.g., the order of elements on one side
of a transmembrane region can be different from the example, e.g., the placement of a switch

domain relative to a intracellular signaling domain can be different, e.g., reversed).

[00287] Inan embodiment, the first and second switch domains can form an intracellular or an
extracellular dimerization switch. In an embodiment, the dimerization switch can be a
homodimerization switch, e.g., where the first and second switch domain are the same, or a
heterodimerization switch, e.g., where the first and second switch domain are different from one

another.

[00288] In embodiments, an RCAR can comprise a “multi switch.” A multi switch can
comprise heterodimerization switch domains or homodimerization switch domains. A multi
switch comprises a plurality of, e.g., 2,3, 4, 5, 6, 7, 8,9, or 10, switch domains, independently,
on a first member, e.g., an antigen binding member, and a second member, e.g., an intracellular
signaling member. In an embodiment, the first member can comprise a plurality of first switch
domains, e.g., FKBP-based switch domains, and the second member can comprise a plurality of
second switch domains, e.g., FRB-based switch domains. In an embodiment, the first member
can comprise a first and a second switch domain, e.g., a FKBP-based switch domain and a FRB-
based switch domain, and the second member can comprise a first and a second switch domain,

e.g., a FKBP-based switch domain and a FRB-based switch domain.
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[00289] Inan embodiment, the intracellular signaling member comprises one or more
intracellular signaling domains, e.g., a primary intracellular signaling domain and one or more

costimulatory signaling domains.

[00290] In an embodiment, the antigen binding member may comprise one or more
intracellular signaling domains, e.g., one or more costimulatory signaling domains. In an
embodiment, the antigen binding member comprises a plurality, e.g., 2 or 3 costimulatory
signaling domains described herein, e.g., selected from 41BB, CD28, CD27, ICOS, and OX40,
and in embodiments, no primary intracellular signaling domain. In an embodiment, the antigen
binding member comprises the following costimulatory signaling domains, from the extracellular
to intracellular direction: 41BB-CD27; 41BB-CD27; CD27-41BB; 41BB-CD28; CD28-41BB;
0X40-CD28;, CD28-0X40; CD28-41BB; or 41BB-CD28. In such embodiments, the
intracellular binding member comprises a CD3zeta domain. In one such embodiment the RCAR
comprises (1) an antigen binding member comprising, an antigen binding domain, e.g., described
herein, a transmembrane domain, and two costimulatory domains and a first switch domain; and
(2) an intracellular signaling domain comprising a transmembrane domain or membrane
tethering domain and at least one primary intracellular signaling domain, and a second switch

domain.

[00291]  An embodiment provides RCARs wherein the antigen binding member is not tethered
to the surface of the CAR cell. This allows a cell having an intracellular signaling member to be
conveniently paired with one or more antigen binding domains, without transforming the cell
with a sequence that encodes the antigen binding member. In such embodiments, the RCAR
comprises: 1) an intracellular signaling member comprising: a first switch domain, a
transmembrane domain, an intracellular signaling domain, e.g., a primary intracellular signaling
domain, and a first switch domain; and 2) an antigen binding member comprising: an antigen
binding domain, e.g., described herein, and a second switch domain, wherein the antigen binding
member does not comprise a transmembrane domain or membrane tethering domain, and,
optionally, does not comprise an intracellular signaling domain. In some embodiments, the
RCAR may further comprise 3) a second antigen binding member comprising: a second antigen
binding domain, e.g., a second antigen binding domain that binds a different antigen than is

bound by the antigen binding domain; and a second switch domain.
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[00292]  Also provided herein are RCARs wherein the antigen binding member comprises
bispecific activation and targeting capacity. In this embodiment, the antigen binding member can
comprise a plurality, e.g., 2, 3, 4, or 5 antigen binding domains, e.g., scFvs, wherein each antigen
binding domain binds to a target antigen, e.g. different antigens or the same antigen, e.g., the
same or different epitopes on the same antigen. In an embodiment, the plurality of antigen
binding domains are in tandem, and optionally, a linker or hinge region is disposed between each

of the antigen binding domains. Suitable linkers and hinge regions are described herein.

[00293]  An embodiment provides RCARs having a configuration that allows switching of
proliferation. In this embodiment, the RCAR comprises: 1) an intracellular signaling member
comprising: optionally, a transmembrane domain or membrane tethering domain; one or more
co-stimulatory signaling domain, e.g., selected from 41BB, CD28, CD27, ICOS, and 0X40, and
a switch domain; and 2) an antigen binding member comprising: an antigen binding domain, e.g.,
described herein, a transmembrane domain, and a primary intracellular signaling domain, e.g., a
CD3zeta domain, wherein the antigen binding member does not comprise a switch domain, or
does not comprise a switch domain that dimerizes with a switch domain on the intracellular
signaling member. In an embodiment, the antigen binding member does not comprise a co-
stimulatory signaling domain. In an embodiment, the intracellular signaling member comprises a
switch domain from a homodimerization switch. In an embodiment, the intracellular signaling
member comprises a first switch domain of a heterodimerization switch and the RCAR
comprises a second intracellular signaling member which comprises a second switch domain of
the heterodimerization switch. In such embodiments, the second intracellular signaling member
comprises the same intracellular signaling domains as the intracellular signaling member. In an
embodiment, the dimerization switch 1s intracellular. In an embodiment, the dimerization switch

1s extracellular.

[00294] Inany of the RCAR configurations described here, the first and second switch

domains comprise a FKBP/FRB-based switch as described herein.

[00295]  Also provided herein are cells comprising an RCAR described herein. Any cell that is
engineered to express a RCAR can be used as a 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.
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[00296]  Also provided herein are nucleic acids and vectors comprising RCAR encoding
sequences. Sequence encoding various elements of an RCAR can be disposed on the same
nucleic acid molecule, e.g., the same plasmid or vector, e.g., viral vector, e.g., lentiviral vector.
In an embodiment, (i) sequence encoding an antigen binding member and (ii) sequence encoding
an intracellular signaling member, can be present on the same nucleic acid, e.g., vector.
Production of the corresponding proteins can be achieved, e.g., by the use of separate promoters,
or by the use of a bicistronic transcription product (which can result in the production of two
proteins by cleavage of a single translation product or by the translation of two separate protein
products). In an embodiment, a sequence encoding a cleavable peptide, e.g., a P2A or F2A
sequence, is disposed between (1) and (i1). In an embodiment, a sequence encoding an IRES, e.g.,
an EMCV or EV71 IRES, is disposed between (1) and (i1). In these embodiments, (i) and (i1) are
transcribed as a single RNA. In an embodiment, a first promoter is operably linked to (i) and a
second promoter is operably linked to (i1), such that (i) and (i1) are transcribed as separate
mRNAs.

[00297] Alternatively, the sequence encoding various elements of an RCAR can be disposed
on the different nucleic acid molecules, e.g., different plasmids or vectors, e.g., viral vector, e.g.,
lentiviral vector. E.g., the (1) sequence encoding an antigen binding member can be present on a
first nucleic acid, e.g., a first vector, and the (i1) sequence encoding an intracellular signaling

member can be present on the second nucleic acid, e.g., the second vector.
Dimerization switches

[00298] Dimerization switches can be non-covalent or covalent. In a non-covalent
dimerization switch, the dimerization molecule promotes a non-covalent interaction between the
switch domains. In a covalent dimerization switch, the dimerization molecule promotes a

covalent interaction between the switch domains.

[00299] In an embodiment, the RCAR comprises a FKBP/FRAP, or FKBP/FRB,-based
dimerization switch. FKBP12 (FKBP, or FK506 binding protein) is an abundant cytoplasmic
protein that serves as the initial intracellular target for the natural product immunosuppressive
drug, rapamycin. Rapamycin binds to FKBP and to the large PI3K homolog FRAP (RAFT,
mTOR). FRB 1s a 93 amino acid portion of FRAP, that is sufficient for binding the FKBP-
rapamycin complex (Chen, J., Zheng, X. F., Brown, E. J. & Schreiber, S. L. (1995) Identification
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of an 11-kDa FKBP 1 2-rapamycin-binding domain within the 289-kDa FKBP 1 2-rapamycin-
associated protein and characterization of a critical serine residue. Proc Natl Acad Sci U S A 92:

4947-51.)

[00300] Inembodiments, an FKBP/FRAP, e.g., an FKBP/FRB, based switch can use a

dimerization molecule, e.g., rapamycin or a rapamycin analog.

[00301] The amino acid sequence of FKBP is as follows:

DVPDYASLGGPS SPKKKRKVSRGVQVETISPGDGRTTFEFPK

RGQTCVVHYTGMLEDGEKEKFDSSRDRNEKPFKFMLGEKQEVT

RGWEEGVAOQOMSVGORAKLTISPDYAYGATGHPGTITI®PPHA

TLVFDVELLEKLETSY (SEQ ID NO: 382)

[00302] Inembodiments, an FKBP switch domain can comprise a FRB binding fragment of
FKBP, e.g., the underlined portion of SEQ ID NO: 382, which is:
VOQVETISPGDGRTFPKRGQTCVVHYTEGMLEDGEKEKTFDSSR

DRNKPFKFMLGKQEVIRGWEEGVAQMSBSVGQRAKILTTISZPD
YAYGATGHPGIIPPHATLYVFDVELLEKLETS (SEQ ID NO:383)

[00303] The amino acid sequence of FRB 1s as follows:

ILWHEMWHEG LEEASRLYFG ERNVKGMFEV LEPLHAMMER GPQTLKETSF NQAYGRDLME AQEWCRKYMK
SGNVKDLTQA WDLYYHVFRR ISK (SEQ ID NO: 384)

[00304] “FKBP/FRAP, e.g., an FKPP/FRB, based switch” as that term is used herein, refers
to a dimerization switch comprising: a first switch domain, comprises an FRB binding fragment
or an FKBP analog, e.g., RADOO1, and has at least 70, 75, 80, 85, 90, 95, 96, 97, 98, or 99%
identity with, or differs by no more than 30, 25, 20, 15, 10, 5, 4, 3, 2, or 1 amino acid residues
from, the FKBP sequence of SEQ ID NO: 382 or 383; and a second switch domain, which
comprises an FKBP binding fragment or an FRB analog, and has at least 70, 75, 80, 85, 90, 95,
96, 97, 98, or 99% identity with, or differs by no more than 30, 25, 20, 15, 10, 5,4, 3,2, or 1
amino acid residues from, the FRB sequence of SEQ ID NO: 384. In an embodiment, a RCAR
described herein comprises one switch domain comprises amino acid residues disclosed in SEQ
ID NO: 382 (or SEQ ID NO:383), and one switch domain comprises amino acid residues
disclosed in SEQ ID NO: 384.
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[00305] In embodiments, the FKBP/FRB dimerization switch comprises a modified FRB
switch domain that exhibits altered, e.g., increased, affinity for the dimerization molecule, e.g.,
rapamycin or a rapalogue, e.g., RADOO1. In an embodiment, the modified FRB switch domain
comprises one or more mutations, e.g., 2, 3,4, 5, 6, 7, 8, 9, 10 or more, selected from mutations
at amino acid position(s)[.2031, E2032, §2035, R2036, F2039, G2040, T2098, W2101, D2102,
Y2105, and F2108, where the wild-type amino acid is mutated to any other naturally-occurring
amino acid. Inan embodiment, a mutant FRB comprises a mutation at E2032, where E2032 is
mutated to phenylalanine (E2032F), methionine (E2032M), arginine (E2032R), valine (E2032V),
tyrosine (E2032Y), isoleucine (E20321), e.g., SEQ ID NO: 385, or leucine (E2032L), e.g., SEQ
ID NO: 386. In an embodiment, a mutant FRB comprises a mutation at T2098, where T2098 is
mutated to phenylalanine (T2098F) or leucine (T2098L), e.g., SEQ ID NO:387. In an
embodiment, a mutant FRB comprises a mutation at E2032 and at T2098, where E2032 is
mutated to any amino acid, and where T2098 is mutated to any amino acid, e.g., SEQ ID NO:
388. In an embodiment, a mutant FRB comprises an E20321 and a T2098L. mutation, e.g., SEQ
ID NO: 389. In an embodiment, a mutant FRB comprises an E2032L and a T2098L mutation,
e.g., SEQ ID NO: 340.

[00306] Table 15. Exemplary mutant FRB having increased affinity for a dimerization

molecule.
SEQ
FRB mutant Amino Acid Sequence 1))
NO:
E20321 mutant ILWHEMWHEGLIEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGR | 385

DLMEAQEWCRKYMKSGNVKDLTQAWDLYYHVFRRISKTS

E2032L mutant ILWHEMWHEGLLEASRLY FGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGR | 386
DLMEAQEWCRKYMKSGNVKDLTQAWDLY YHVFRRISKTS

T2098L mutant ILWHEMWHEGLEEASRLY FGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGR | 387
DLMEAQEWCRKYMKSGNVKDLLOAWDLY YHVFRRISKTS

E2032, T2098 ILWHEMWHEGLXEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGR | 388
mutant DLMEAQEWCRKYMKSGNVKDLXQAWDLYYHVFRRISKTS
E20321, T2098L ILWHEMWHEGLIEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGR | 389
mutant DLMEAQEWCRKYMKSGNVKDLLOAWDLYYHVERRISKTS
E2032L, T2098L. | ILWHEMWHEGLLEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSEFNQAYGR | 390
mutant DLMEAQEWCRKYMKSGNVKDLLOAWDLYYHVFRRISKTS

[00307]  Other suitable dimerization switches include a GyrB-GyrB based dimerization switch,

a Gibberellin-based dimerization switch, a tag/binder dimerization switch, and a halo-tag/snap-
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tag dimerization switch. Following the guidance provided herein, such switches and relevant

dimerization molecules will be apparent to one of ordinary skill.
Dimerization molecule

[00308] Association between the switch domains is promoted by the dimerization molecule.
In the presence of dimerization molecule interaction or association between switch domains
allows for signal transduction between a polypeptide associated with, e.g., fused to, a first switch
domain, and a polypeptide associated with, e.g., fused to, a second switch domain. In the
presence of non-limiting levels of dimerization molecule signal transduction is increased by 1.1,
12,13,14,15,16,1.7,1.8,1.9,2,5, 10, 50, 100 fold, e.g., as measured in a system described

herein.

[00309] Rapamycin and rapamycin analogs (sometimes referred to as rapalogues), e.g.,
RADOO1, can be used as dimerization molecules in a FKBP/FRB-based dimerization switch
described herein. In an embodiment the dimerization molecule can be selected from rapamycin
(sirolimus), RADOO1 (everolimus), zotarolimus, temsirolimus, AP-23573 (ridaforolimus),
biolimus and AP21967. Additional rapamycin analogs suitable for use with FKBP/FRB-based
dimerization switches are further described in the section entitled “Combination Therapies”, or

in the subsection entitled “Exemplary mTOR inhibitors”.
RNA Transfection

[00310] 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.

[00311] In one aspect the mesothelin CAR is encoded by a messenger RNA (mRNA). In one
aspect the mRNA encoding the mesothelin CAR 1is introduced into a T cell for production of a
CART cell.
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[00312] 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

of 4-1BB.

[00313] 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.

[00314] 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
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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.

[00315] 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.

[00316] Chemical structures with the ability to promote stability and/or translation efficiency
may also be used. The RNA preferably has §' 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.

[00317] 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.
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[00318] 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.

[00319] 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.

[00320] 1In 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.

[00321] 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).

[00322] 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
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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.

[00323] 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).

[00324]  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.

[00325] S'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)).

[00326] 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.

[00327] 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,
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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).

Nucleic Acid Constructs Encoding a CAR

[00328] 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 1s provided as a

DNA construct.

[00329] 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: 87-111, 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,
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LFA-1 (CD11a/CD18), ICOS (CD278), and 4-1BB (CD137). Further examples of such
costimulatory molecules include CDS, ICAM-1, GITR, BAFFR, HVEM (LIGHTR), SLAMEF7,
NKp80 (KLRF1), NKp44, NKp30, NKp46, CD160, CD19, CD4, CD8alpha, CD8beta, IL2ZR
beta, IL2R gamma, IL7R alpha, ITGA4, VLA1, CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6,
CD49f, ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-1, ITGAM, CD11b, ITGAX,
CDl11¢, ITGBI, CD29, ITGB2, CD18, LFA-1, ITGB7, NKG2D, NKG2C, TNFR2,
TRANCE/RANKL, DNAM1 (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile),
CEACAMI1, CRTAM, Ly9 (CD229), CD160 (BY55), PSGLI1, CD100 (SEMAA4D), CD69,
SLAMF6 (NTB-A, Ly108), 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
4-1BB 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 4-1BB costimulatory domain
having a sequence of SEQ ID NQO: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).
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[00330] 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.

[00331] 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, SEQID 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.

[00332] In one embodiment, the encoded CAR molecule further comprises a sequence
encoding a costimulatory domain. In one embodiment, the costimulatory domain 1s a functional
signaling domain of a protein selected from the group consisting of 0X40, CD27, CD28, CDS,
ICAM-1, LFA-1 (CD11a/CD18) 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 4-1BB 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
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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.

[00333] Inanother aspect, the invention pertains to an isolated CAR molecule comprising a
leader sequence of SEQ ID NQO: 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 4-1BB 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.

[00334] 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.

[00335] 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.

[00336] 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.
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Vectors

[00337] 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.

[00338] 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.

[00339] 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 ef al. 2009 Nature Reviews

Immunology 9.10: 704-716, incorporated herein by reference in its entirety.

[00340] 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.

[00341] 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.

[00342] 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
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phage derivative, an animal virus, and a cosmid. Vectors of particular interest include expression

vectors, replication vectors, probe generation vectors, and sequencing vectors,

[00343]  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).

[00344] 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.

[00345] Additional promoter elements, e.g., enhancers, regulate the frequency of
transcriptional initiation. Typically, these are located in the region 30-110 bp upstream of the
start site, although a number of promoters have been shown to contain functional elements
downstream of the start site as well. The spacing between promoter elements frequently is
flexible, so that promoter function is preserved when elements are inverted or moved relative to
one another. In the thymidine kinase (tk) promoter, the spacing between promoter elements can
be increased to 50 bp apart before activity begins to decline. Depending on the promoter, it
appears that individual elements can function either cooperatively or independently to activate
transcription. Exemplary promoters include the CMV IE gene, EF-1a, ubiquitin C, or
phosphoglycerokinase (PGK) promoters.

[00346] An example of a promoter that is capable of expressing a CAR transgene in a

mammalian T cell is the EF1alpha promoter (EF1a or EFla). The native EFla promoter drives
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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 er al.,
Mol. Ther. 17(8): 1453-1464 (2009). In one aspect, the EFla promoter comprises the sequence
provided as SEQ ID NO:11.

[00347] 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 (MMTYV), 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-1o 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.

[00348] 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.
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[00349] 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.

[00350] 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, ORS1E2, PSMA, PSCA, PDGRF-f, 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, claudiné, GloboH, or sperm protein 17;
e.g., a target other than mesothelin on lung cancer cells, e.g., VEGF, HER3, IGF-1R, EGFR,
DLILA, 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-3, 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, claudiné, GloboH, or sperm protein 17,
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e.g., a target other than mesothelin on lung cancer cells, e.g., VEGF, HER3, IGF-1R, EGFR,
DLLA, 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, ORS1E2,
PSMA, PSCA, PDGRF-B, 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,
claudiné, GloboH, or sperm protein 17; e.g., a target other than mesothelin on lung cancer cells,
e.g,VEGF, HER3, IGF-1R, EGFR, DLLA, or Trop-2) and includes an antigen binding domain

to the antigen, a transmembrane domain and a costimulatory signaling domain.

[00351] 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 PD1, PD-L1, CTLA4, TIM3, CEACAM (e.g.,
CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160,
2B4 and TGFR beta.

[00352] In one embodiment, the vector comprises a nucleic acid encoding a mesothelin CAR
described herein and an inhibitory nucleic acid, e.g., a dsRNA, e.g., an siRNA or shRNA, e.g., as

described herein.

[00353] 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.

[00354] Physical methods for introducing a polynucleotide mto a host cell include calcium

phosphate precipitation, lipofection, particle bombardment, microinjection, electroporation, and
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the like. Methods for producing cells comprising vectors and/or exogenous nucleic acids are
well-known in the art. See, for example, Sambrook ez 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).

[00355] 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.

[00356] 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.

[00357] Inthe 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 hipid, contained or
complexed with a micelle, or otherwise associated with a hipid. 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

103

Date Regue/Date Received 2024-01-05



WO 2015/090230 PCT/CN2014/094393

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.

[00358] 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
(“Chot”) 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 1s 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 ez 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.

[00359] 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.
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[00360] 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.
Sources of Cells

[00361] Prior to expansion and genetic modification, a source of cells (e.g., T cells or NK
cells) is 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 invention, any number of T cell lines
available in the art, may be used. In certain aspects of the present invention, 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,
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such as, for example, Ca-free, Mg-free PBS, Plasmal.yte 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.

[00362] Inone 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. For
isolation of T cells from patients with leukemia, use of longer incubation times, such as 24 hours,
can increase cell yield. 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.

[00363] 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.
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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, CD11b, CD16,
HILLA-DR, and CDS8. 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.

[00364] In one embodiment, a T cell population can be selected that expresses one or more of
IFN-[0 , TNFq, II-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.

[00365] 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.

[00366] In one embodiment, a T cell population is Ikaros-deficient. Ikaros-deficient cells
include cells that do not express Tkaros 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.

[00367] Inembodiments, a T cell population is DGK-deficient and Ikaros-deficient, e.g., does
not express DGK and Tkaros, 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.

[00368] 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
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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 1s used. In yet one aspect, a concentration of cells from 75, 80, 85, 90, 95, or 100 million
cells/ml 1s 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.

[00369] 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 1s 5 X 10€%/ml. In other aspects, the
concentration used can be from about 1 X 10°/ml to 1 X 10%ml, and any integer value in

between.

[00370] 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.

[00371] 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
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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.

[00372] 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 invention.

[00373] 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. These drugs inhibit either the calcium dependent phosphatase calcineurin
(cyclosporine and FKS06) 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). In a further aspect, the cells are

isolated for a patient and frozen for later use in conjunction with (e.g., before, simultaneously or
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following) bone marrow or stem cell transplantation, T cell ablative therapy using either
chemotherapy agents such as, fludarabine, external-beam radiation therapy (XRT),
cyclophosphamide, or antibodies such as OKT3 or CAMPATH. In one aspect, the cells are
isolated prior to and can be frozen for later use for treatment following B-cell ablative therapy

such as agents that react with CD20, e.g., Rituxan.

[00374] Ina further aspect of the present invention, 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 invention 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. Hlustrative cell types include T cells, B cells,

dendritic cells, and other cells of the immune system.

[00375] 1Inan 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

[00376] 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 IL.

[00377] AT 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
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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.

[00378] AT 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 1 and/or HLA class II, is downregulated.

[00379] Insome embodiments, the T cell can lack a functional TCR and a functional HLA,
e.g., HLA class I and/or HLA class II.

[00380] 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 HLLA using
siRNA, shRNA, clustered regularly interspaced short palindromic repeats (CRISPR)

transcription-activator like effector nuclease (TALEN), or zinc finger endonuclease (ZFN).

[00381] Insome 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, CEACAM (e.g.,
CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIRI, CD160,
2B4 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 dsSRNA, 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
[00382] Insome 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 ina T cell.
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[00383] Expression of siRNA and shRNAs in T cells can be achieved using any conventional

expression system, e.g., such as a lentiviral expression system.

[00384] Exemplary shRNAs that downregulate expression of components of the TCR are
described, e.g., in US Publication No.; 2012/0321667. Exemplary siRNA and shRNA that
downregulate expression of HLA class I and/or HLA class 11 genes are described, e.g., in U.S.

publication No.: US 2007/0036773.
CRISPR to inhibit TCR or HLA

[00385]  “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.

[00386] Naturally-occurring CRISPR/Cas systems are found in approximately 40% of
sequenced eubacteria genomes and 90% of sequenced archaea. Grissa et al. (2007) BMC
Bioinformatics 8: 172. This system is a type of prokaryotic immune system that confers
resistance to foreign genetic elements such as plasmids and phages and provides a form of
acquired immunity. Barrangou et al. (2007) Science 315: 1709-1712; Marragini et al. ( 2008)
Science 322: 1843-1845.

[00387] The CRISPR/Cas system has been modified for use in gene editing (silencing,
enhancing or changing specific genes) in eukaryotes such as mice or primates. Wiedenheft et al.
(2012) Nature 482: 331-8. This is accomplished by introducing into the eukaryotic cell a

plasmid containing a specifically designed CRISPR and one or more appropriate Cas.

[00388] The CRISPR sequence, sometimes called a CRISPR locus, comprises alternating
repeats and spacers. In a naturally-occurring CRISPR, the spacers usually comprise sequences
foreign to the bacterium such as a plasmid or phage sequence; in the TCR and/or HLA

CRISPR/Cas system, the spacers are derived from the TCR or HLA gene sequence.

[00389] RNA from the CRISPR locus is constitutively expressed and processed by Cas
proteins into small RNAs. These comprise a spacer flanked by a repeat sequence. The RNAs

guide other Cas proteins to silence exogenous genetic elements at the RNA or DNA level.
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Horvath et al. (2010) Science 327: 167-170;, Makarova et al. (2006) Biology Direct 1: 7. The
spacers thus serve as templates for RNA molecules, analogously to siRNAs. Pennisi (2013)
Science 341: 833-836.

[00390]  As these naturally occur in many different types of bacteria, the exact arrangements

of the CRISPR and structure, function and number of Cas genes and their product differ
somewhat from species to species. Haft et al. (2005) PLoS Comput. Biol. 1: e60; Kunin ef al.
(2007) Genome Biol. 8: R61; Mojica et al. (2005) J. Mol. Evol. 60: 174-182; Bolotin et al. (2005)
Microbiol. 151: 2551-2561; Pourcel et al. (2005) Microbiol. 151: 653-663; and Stern et al. (2010)
Trends. Genet. 28: 335-340. For example, the Cse (Cas subtype, E. coli) proteins (e.g., CasA)
form a functional complex, Cascade, that processes CRISPR RNA transcripts into spacer-repeat
units that Cascade retains. Brouns et al. (2008) Science 321: 960-964. In other prokaryotes,

Cas6 processes the CRISPR transcript. The CRISPR-based phage inactivation in E. coli requires
Cascade and Cas3, but not Cas1 or Cas2. The Cmr (Cas RAMP module) proteins in Pyrococcus
furiosus and other prokaryotes form a functional complex with small CRISPR RNAs that
recognizes and cleaves complementary target RNAs. A simpler CRISPR system relies on the
protein Cas9, which is a nuclease with two active cutting sites, one for each strand of the double
helix. Combining Cas9 and modified CRISPR locus RNA can be used in a system for gene
editing. Pennisi (2013) Science 341: 833-836.

[00391] The CRISPR/Cas system can thus be used to edit a TCR and/or HLA gene (adding or
deleting a basepair), or introducing a premature stop which thus decreases expression of a TCR
and/or HLA. The CRISPR/Cas system can alternatively be used like RNA interference, turning
off TCR and/or HLLA gene in a reversible fashion. In a mammalian cell, for example, the RNA

can guide the Cas protein to a TCR and/or HLA promoter, sterically blocking RNA polymerases.

[00392] Artificial CRISPR/Cas systems can be generated which inhibit TCR and/or HLA,
using technology known in the art, e.g., that described in U.S. Publication No.20140068797, and
Cong (2013) Science 339: 819-823. Other artificial CRISPR/Cas systems that are known in the
art may also be generated which inhibit TCR and/or HLA, e.g., that described in Tsai (2014)
Nature Biotechnol., 32:6 569-576, U.S. Patent No.: 8,871,445; 8,865,406, 8,795,965, 8,771,945,
and 8,697,359.

TALEN to inhibit TCR and/or HLA
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[00393] “TALEN” or “TALEN to HL.A and/or TCR” or “TALEN to inhibit HLLA 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.

[00394] TALENS are produced artificially by fusing a TAL effector DNA binding domain to a
DNA cleavage domain. Transcription activator-like effects (TALEs) can be engineered to bind
any desired DNA sequence, including a portion of the HLA or TCR gene. By combining an
engineered TALE with a DNA cleavage domain, a restriction enzyme can be produced which is
specific to any desired DNA sequence, including a HLLA or TCR sequence. These can then be
introduced into a cell, wherein they can be used for genome editing. Boch (2011) Nature
Biotech. 29: 135-6; and Boch et al. (2009) Science 326: 1509-12; Moscou et al. (2009) Science
326: 3501.

[00395] TALE:s are proteins secreted by Xanthomonas bacteria. The DNA binding domain
contains a repeated, highly conserved 33-34 amino acid sequence, with the exception of the 12th
and 13th amino acids. These two positions are highly variable, showing a strong correlation with

specific nucleotide recognition. They can thus be engineered to bind to a desired DNA sequence.

[00396] To produce a TALEN, a TALE protein is fused to a nuclease (N), which is a wild-
type or mutated FokI endonuclease. Several mutations to Fokl have been made for its use in
TALENS; these, for example, improve cleavage specificity or activity. Cermak et al. (2011)
Nucl. Acids Res. 39: e82; Miller et al. (2011) Nature Biotech. 29: 143-8; Hockemeyer et al.
(2011) Nature Biotech. 29: 731-734; Wood et al. (2011) Science 333: 307; Doyon et al. (2010)
Nature Methods 8. 74-79; Szczepek et al. (2007) Nature Biotech. 25: 786-793; and Guo et al.
(2010) J. Mol. Biol. 200: 96.

[00397] The Fokl domain functions as a dimer, requiring two constructs with unique DNA
binding domains for sites in the target genome with proper orientation and spacing. Both the
number of amino acid residues between the TALE DNA binding domain and the Fokl cleavage
domain and the number of bases between the two individual TALEN binding sites appear to be
important parameters for achieving high levels of activity. Miller et al. (2011) Nature Biotech.
29: 143-8.

[00398] A HLA or TCR TALEN can be used inside a cell to produce a double-stranded break

(DSB). A mutation can be introduced at the break site if the repair mechanisms improperly
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repair the break via non-homologous end joining. For example, improper repair may introduce a
frame shift mutation. Alternatively, foreign DNA can be introduced into the cell along with the
TALEN; depending on the sequences of the foreign DNA and chromosomal sequence, this
process can be used to correct a defect in the HLA or TCR gene or introduce such a defect into a

wt HLA or TCR gene, thus decreasing expression of HLA or TCR.

[00399] TALEN:S specific to sequences in HLA or TCR can be constructed using any method
known in the art, including various schemes using modular components. Zhang et al. (2011)
Nature Biotech. 29: 149-53; Geibler et al. (2011) PLoS ONE 6: e19509.

Zinc finger nuclease to inhibit HLA and/or TCR

[00400] “ZFN” or “Zinc Finger Nuclease” or “ZFN to HLLA and/or TCR” or “ZFN to inhibit
HILA and/or TCR” refer to a zinc finger nuclease, an artificial nuclease which can be used to edit
the HLLA and/or TCR gene.

[00401] Likea TALEN, a ZFN comprises a Fokl nuclease domain (or derivative thereof)
fused to a DNA-binding domain. In the case of a ZFN, the DNA-binding domain comprises one
or more zinc fingers. Carroll et al. (2011) Genetics Society of America 188: 773-782; and Kim et
al. (1996) Proc. Natl. Acad. Sci. USA 93: 1156-1160.

[00402] A zinc finger 1s a small protein structural motif stabilized by one or more zinc ions.
A zing finger can comprise, for example, Cys2His2, and can recognize an approximately 3-bp
sequence. Various zing fingers of known specificity can be combined to produce multi-finger
polypeptides which recognize about 6, 9, 12, 15 or 18-bp sequences. Various selection and
modular assembly techniques are available to generate zinc fingers (and combinations thereof)
recognizing specific sequences, including phage display, yeast one-hybrid systems, bacterial

one-hybrid and two-hybrid systems, and mammalian cells.

[00403] Like a TALEN, a ZFN must dimerize to cleave DNA. Thus, a pair of ZFNs are
required to target non-palindromic DNA sites. The two individual ZFNs must bind opposite
strands of the DNA with their nucleases properly spaced apart. Bitinaite et al. (1998) Proc. Natl.
Acad. Sci. USA 95: 10570-5.

[00404]  Also like a TALEN, a ZFN can create a double-stranded break in the DNA, which

can create a frame-shift mutation if improperly repaired, leading to a decrease in the expression
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and amount of HLA and/or TCR in a cell. ZFNs can also be used with homologous

recombination to mutate in the HLA or TCR gene.

[00405] ZFNs specific to sequences in HLA AND/OR TCR can be constructed using any
method known in the art. See, e.g., Provasi (2011) Nature Med. 18: 807-815; Torikai (2013)
Blood 122: 1341-1349; Cathomen et al. (2008) Mol. Ther. 16: 1200-7; and Guo et al. (2010) J.
Mol. Biol. 400: 96; U.S. Patent Publication 2011/0158957; U.S. Patent Publication
2012/0060230.

Activation and Expansion of Cells

[00406] 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,

[00407] Generally, the T cells of the invention 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 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, Besangon, 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):13191328, 1999; Garland et al., J. Immunol Meth. 227(1-
2):53-63, 1999).
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[00408] 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

invention.

[00409] 1In one aspect, the two agents are immobilized on beads, either on the same bead, 1.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 1s used. In certain aspects of the present invention, 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 invention, more anti-CD28 antibody is
bound to the particles than anti-CD3 antibody, 1.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
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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.

[00410] 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
invention. 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.

[00411] In further aspects of the present invention, the cells, such as T cells, are combined

with agent-coated beads, the beads and the cells are subsequently separated, and then the cells
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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.

[00412] 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, 10%to 10° T cells) and beads (for example, DYNABEADS® M-450
CD3/CD28 T paramagnetic beads at a ratio of 1:1) are combined in a buffer, for example PBS
(without divalent cations such as, calcium and magnesium). Again, those of ordinary skill in the
art can readily appreciate any 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 1s within the
context of the present invention. 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 1s 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.

[00413] In one aspect of the present invention, 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 21 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
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(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-y, IL-4, IL-7, GM-CSF, IL-10, IL-12, IL-15, TGFB,
and TNF-g, 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, o-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%
COy).

[00414] 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.

[00415] 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.

[00416] 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
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activities in appropriate in vitro and animal models. Assays to evaluate the effects of a

mesothelin CAR are described in further detail below

[00417] Western blot analysis of CAR expression in primary T cells can be used to detect the
presence of monomers and dimers. See, e.g., Milone et al., Molecular Therapy 17(8): 1453-1464
(2009). Very briefly, T cells (1:1 mixture of CD4" and CD8" T cells) expressing the CARs are
expanded in vitro for more than 10 days followed by lysis and SDS-PAGE under reducing
conditions. CARs containing the full length TCR-( cytoplasmic domain and the endogenous
TCR-{ chain are detected by western blotting using an antibody to the TCR-{ chain. The same T
cell subsets are used for SDS-PAGE analysis under non-reducing conditions to permit evaluation

of covalent dimer formation.

[00418]  In vitro expansion of CAR" T cells following antigen stimulation can be measured by
flow cytometry. For example, a mixture of CD4" and CD8" T cells are stimulated with
aCD3/aCD28 aAPCs followed by transduction with lentiviral vectors expressing GFP under the
control of the promoters to be analyzed. Exemplary promoters include the CMV IE gene, EF-1aq,
ubiquitin C, or phosphoglycerokinase (PGK) promoters. GFP fluorescence is evaluated on day 6
of culture in the CD4" and/or CD8" T cell subsets by flow cytometry. See, e.g., Milone et al.,
Molecular Therapy 17(8): 1453-1464 (2009). Alternatively, a mixture of CD4" and CD8" T cells
are stimulated with aCD3/aCD28 coated magnetic beads on day 0, and transduced with CAR on
day 1 using a bicistronic lentiviral vector expressing CAR along with eGFP using a 2A
ribosomal skipping sequence. Cultures are re-stimulated, e.g., with K562 cells expressing
hCD32 and 4-1BBL in the presence of anti-CD3 and anti-CD28 antibody (K562-BBL-3/28)
following washing. Exogenous IL-2 is added to the cultures every other day at 100 IU/ml. GFP"
T cells are enumerated by flow cytometry using bead-based counting. See, e.g., Milone ef al.,

Molecular Therapy 17(8): 1453-1464 (2009).

[00419] Sustained CAR" T cell expansion in the absence of re-stimulation can also be
measured. See, e.g., Milone et al., Molecular Therapy 17(8): 1453-1464 (2009). Briefly, mean
T cell volume (fl) is measured on day 8 of culture using a Coulter Multisizer 111 particle counter
following stimulation with aCD3/aCD28 coated magnetic beads on day 0, and transduction with
the indicated CAR on day 1.

121

Date Regue/Date Received 2024-01-05



WO 2015/090230 PCT/CN2014/094393

[00420] Assessment of cell proliferation and cytokine production has been previously
described, e.g., at Milone et al., Molecular Therapy 17(8): 1453-1464 (2009). Briefly,
assessment of CAR-mediated proliferation is performed in microtiter plates by mixing washed T
cells with target cells, such as K562-Meso, Ovcar3, Ovcar8, SW1990, Panc02.03 cells
expressing mesothelin or CD32 and CD137 (KT32-BBL) for a final T-cell:target cell ratio of 1:1.
Anti-CD3 (clone OKT3) and anti-CD28 (clone 9.3) monoclonal antibodies are added to cultures
with KT32-BBL cells to serve as a positive control for stimulating T-cell proliferation since
these signals support long-term CD8" T cell expansion ex vivo. T cells are enumerated in
cultures using CountBright™ fluorescent beads (Invitrogen, Carlsbad, CA) and flow cytometry
as described by the manufacturer. CAR" T cells are identified by GFP expression using T cells
that are engineered with eGFP-2A linked CAR-expressing lentiviral vectors. For CAR+ T cells
not expressing GFP, the CAR+ T cells are detected with biotinylated recombinant mesothelin
protein and a secondary avidin-PE conjugate. CD4+ and CD8" expression on T cells are also
simultaneously detected with specific monoclonal antibodies (BD Biosciences). Cytokine
measurements are performed on supernatants collected 24 hours following re-stimulation using
the human TH1/TH2 cytokine cytometric bead array kit (BD Biosciences, San Diego, CA)
according the manufacturer’s instructions. Fluorescence is assessed using a FACScalibur flow

cytometer, and data is analyzed according to the manufacturer’s instructions.

[00421] Cytotoxicity can be assessed by methods described herein, e.g., in the examples, or by
a standard 51Cr-release assay. See, e.g., Milone et al., Molecular Therapy 17(8): 1453-1464
(2009). Briefly, target cells (e.g., BHK or CHO cells expressing mesothelin) are loaded with
51Cr (as NaCrO4, New England Nuclear, Boston, MA) at 37°C for 2 hours with frequent
agitation, washed twice in complete RPMI and plated into microtiter plates. Effector T cells are
mixed with target cells in the wells in complete RPMI at varying ratios of effector cell:target cell
(E:T). Additional wells containing media only (spontaneous release, SR) or a 1% solution of
triton-X 100 detergent (total release, TR) are also prepared. After 4 hours of incubation at 37°C,
supernatant from each well is harvested. Released >'Cr is then measured using a gamma particle
counter (Packard Instrument Co., Waltham, MA). Each condition is performed in at least
triplicate, and the percentage of lysis is calculated using the formula: % Lysis = (ER— SR) / (TR
— SR), where ER represents the average 51Cr released for each experimental condition.

Alternative cytotoxicity assays may also be used, such as flow based cytotoxicity assays.
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[00422] Click beetle red and click beetle green luciferase can be used to simultaneously
follow tumor progression and T cell trafficking, as each use the same luciferin substrate but emit

light at the opposite ends of the visible light spectrum.

[00423] Other assays, including those described in the Example section herein as well as
those that are known 1n the art can also be used to evaluate the mesothelin CAR constructs of the

invention.
Therapeutic Application for Mesothelin Expressing Diseases and Disorders

[00424]  The present invention provides compositions and methods for treating diseases and
disorders associated with mesothelin. An example of a disease or disorder associated with

mesothelin is mesothelioma.

[00425] 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.

[00426] 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.

[00427] 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.
[00428] 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
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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.

[00429]  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.

[00430]  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.

[00431] Another example of a disease or disorder associated with mesothelin i1s 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.

[00432] Insome embodiments, the pancreatic cancer is any of early stage pancreatic cancer,

non-metastatic pancreatic cancer, primary pancreatic cancer, resected pancreatic cancer,
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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 1s resistant to the gemcitabine-based therapy. In some embodiments, the
pancreatic cancer is refractory to the gemcitabine-based therapy.

[00433] 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.

[00434] The methods described herein can be used to treat various stages of ovarian cancer,
e.g., stage I, stage II, stage Il or stage IV. Staging can be performed, e.g., when the ovarian
cancer 1s removed. Ovarian cancer is staged as follows:

[00435]  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.

[00436] 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.

[00437]  Other cancers that can be treated with the CAR compositions 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.
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[00438] The present invention provides methods for inhibiting the proliferation or reducing a
mesothelin-expressing cell population, the methods comprising contacting a population of cells
comprising a mesothelin expressing cell with a mesothelin CAR-expressing cell of the invention
that binds to the mesothelin-expressing cell. In a specific embodiment, the invention provides
methods for inhibiting the proliferation or reducing the population of cancer cells expressing
mesothelin, the methods comprising contacting the mesothelin -expressing cancer cell population
with a mesothelin CAR-expressing cell of the invention that binds to the mesothelin-expressing
cell. In another embodiment, the invention provides methods for inhibiting the proliferation or
reducing the population of cancer cells expressing mesothelin, the methods comprising contacting
the mesothelin -expressing cancer cell population with a mesothelin CAR-expressing cell of the
invention that binds to the mesothelin-expressing cell. In certain embodiments, the mesothelin
CAR-expressing cell of the invention reduces the quantity, number, amount or percentage of cells
and/or cancer cells by at least 25%, at least 30%, at least 40%, at least 50%, at least 65%, at least
75%, at least 85%, 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 a

negative control. In one aspect, the subject is a human.

[00439] 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 mesothelioma CAR-expressing cell of the

invention that binds to the mesothelin -expressing cell. In one aspect, the subject is a human.

[00440] The invention provides methods for preventing relapse of cancer associated with
mesothelin-expressing cells, the methods comprising administering to a subject in need thereof a
mesothelin CAR-expressing cell of the invention that binds to the mesothelin-expressing cell. In
another embodiment, the methods comprise administering to the subject in need thereof an
effective amount of a mesothelin CAR-expressing cell of the invention that binds to the

mesothelin-expressing cell in combination with an effective amount of another therapy.

[00441] In one aspect, the invention pertains to a vector comprising a sequence encoding a
mesothelin CAR operably linked to promoter for expression in mammalian immune effector
cells. In one aspect, the invention provides a recombinant immune effector cell expressing the

mesothelin CAR for use in treating mesothelin -expressing tumors. In one aspect, the mesothelin
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CAR-expressing cell of the invention is capable of contacting a tumor cell with at least one
mesothelin CAR of the invention expressed on its surface such that the mesothelin CAR-
expressing cell is activated in response to the antigen and the CAR-expressing cell targets the

cancer cell and growth of the cancer is inhibited.

[00442] In one aspect, the invention pertains to a method of inhibiting growth of a mesothelin
-expressing cancer cell, comprising contacting the tumor cell with a-mesothelin CAR-expressing
cell such that the CAR-expressing cell is activated in response to the antigen and targets the
cancer cell, wherein the growth of the cancer is inhibited. In one aspect, the activated CART

targets and kills the cancer cell.

[00443] In one aspect, the invention pertains to a method of treating cancer in a subject. The
method comprises administering to the subject a mesothelin CAR-expressing cell such that the
cancer 1s treated in the subject. An example of a cancer that is treatable by the mesothelin CAR-
expressing cell of the invention is a cancer associated with expression of mesothelin. In one
aspect, the cancer associated with expression of mesothelin 1s selected from mesothelioma,

pancreatic cancer, ovarian cancer and lung cancer.

[00444]  The invention includes a type of cellular therapy where immune effector cells, e.g., T
cells or NK cells, are genetically modified to express a chimeric antigen receptor (CAR) and the
CAR-expressing cell is infused to a recipient in need thereof. The infused cell is able to kill
tumor cells in the recipient. Unlike antibody therapies, CAR-modified immune effector cells are
able to replicate in vivo resulting in long-term persistence that can lead to sustained tumor
control. In various aspects, the cells administered to the patient, or their progeny, persist in the
patient for at least four months, five months, six months, seven months, eight months, nine
months, ten months, eleven months, twelve months, thirteen months, fourteen month, fifteen
months, sixteen months, seventeen months, eighteen months, nineteen months, twenty months,
twenty-one months, twenty-two months, twenty-three months, two years, three years, four years,

or five years after administration of the cell to the patient.

[00445] The invention also includes a type of cellular therapy where immune effector cells are
modified, e.g., by in vitro transcribed RNA, to transiently express a chimeric antigen receptor
(CAR) and the CAR-expressing cell is infused to a recipient in need thereof. The infused cell is

able to kill cancer cells in the recipient. Thus, in various aspects, the cells administered to the
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patient, is present for less than one month, e.g., three weeks, two weeks, one week, after

administration of the cell to the patient.

[00446] Without wishing to be bound by any particular theory, the anti-cancer immunity
response elicited by the CAR-modified immune effector cells may be an active or a passive
immune response, or alternatively may be due to a direct vs indirect immune response. In one
aspect, the CAR transduced T cells exhibit specific proinflammatory cytokine secretion and
potent cytolytic activity in response to human cancer cells expressing mesothelin, and mediate
bystander killing and mediate regression of an established human tumor. For example, antigen-
less tumor cells within a heterogeneous field of mesothelin-expressing tumor may be susceptible
to indirect destruction by mesothelin-redirected T cells that has previously reacted against

adjacent antigen-positive cancer cells.

[00447] In one aspect, the fully-human scFv bearing CAR-modified immune effector cells of
the invention may be a type of vaccine for ex vivo immunization and/or in vivo therapy in a

mammal. In one aspect, the mammal is a human.

[00448] With respect to ex vivo immunization, at least one of the following occurs in vitro
prior to administering the cell into a mammal: 1) expansion of the cells, i) introducing a nucleic

acid encoding a CAR to the cells or ii1) cryopreservation of the cells.

[00449] Ex vivo procedures are well known in the art and are discussed more fully below.
Briefly, cells are isolated from a mammal (e.g., a human) and genetically modified (i.e.,
transduced or transfected in vitro) with a vector expressing a CAR disclosed herein. The CAR-
modified cell can be administered to a mammalian recipient to provide a therapeutic benefit. The
mammalian recipient may be a human and the CAR-modified cell can be autologous with respect
to the recipient. Alternatively, the cells can be allogeneic, syngeneic or xenogeneic with respect

to the recipient.

[00450] The procedure for ex vivo expansion of hematopoietic stem and progenitor cells is
described in U.S. Pat. No. 5,199,942, incorporated herein by reference, can be applied to the
cells of the present invention. Other suitable methods are known in the art therefore the present
invention is not limited to any particular method of ex vivo expansion of the cells. Briefly, ex
vivo culture and expansion of T cells comprises: (1) collecting CD34+ hematopoietic stem and

progenitor cells from a mammal from peripheral blood harvest or bone marrow explants; and (2)
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expanding such cells ex vivo. In addition to the cellular growth factors described in U.S. Pat. No.
5,199,942, other factors such as flt3-L, IL-1, IL-3 and c-kit ligand, can be used for culturing and

expansion of the cells.

[00451] 1Inaddition to using a cell-based vaccine in terms of ex vivo immunization, the
present invention also provides compositions and methods for in vivo immunization to elicit an

immune response directed against an antigen in a patient.

[00452]  Generally, the cells activated and expanded as described herein may be utilized in the
treatment and prevention of diseases that arise in individuals who are immunocompromised. In
particular, the CAR-modified immune effector cells of the invention are used in the treatment of
diseases, disorders and conditions associated with expression of mesothelin. In certain aspects,
the cells of the invention are used in the treatment of patients at risk for developing diseases,
disorders and conditions associated with expression of mesothelin. Thus, the invention provides
methods for the treatment or prevention of diseases, disorders and conditions associated with
expression of mesothelin comprising administering to a subject in need thereof, a therapeutically

effective amount of the CAR-modified T cells of the invention.

[00453] The CAR-modified T cells of the present invention may be administered either alone,
or as a pharmaceutical composition in combination with diluents and/or with other components

such as IL-2 or other cytokines or cell populations.

[00454] The present invention also provides methods for inhibiting the proliferation or
reducing a mesothelin-expressing cell population, the methods comprising contacting a
population of cells comprising a mesothelin-expressing cell with a mesothelin CAR-expressing
cell (, e.g., a mesothelin CART also referred to as “CART-MSLN?”) of the invention that binds to
the mesothelin-expressing cell. In a specific aspect, the invention provides methods for inhibiting
the proliferation or reducing the population of cancer cells expressing mesothelin, the methods
comprising contacting the mesothelin-expressing cancer cell population with a mesothelin CAR-
expressing cell of the invention that binds to the mesothelin-expressing cell. In one aspect, the
present invention provides methods for inhibiting the proliferation or reducing the population of
cancer cells expressing mesothelin, the methods comprising contacting the mesothelin-
expressing cancer cell population with a mesothelin CAR-expressing cell of the invention that

binds to the mesothelin-expressing cell. In certain aspects, the mesothelin CAR-expressing cell
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of the invention reduces the quantity, number, amount or percentage of cells and/or cancer cells
by at least 25%, at least 30%, at least 40%, at least 50%, at least 65%, at least 75%, at least 85%,
at least 95%, or at least 99% in a subject with or animal model for mesothelioma or another
cancer associated with mesothelin-expressing cells relative to a negative control. In one aspect,

the subject is a human.

[00455] The present invention also provides methods for preventing, treating and/or managing
a disease associated with mesothelin-expressing cells (e.g., mesothelioma), the methods
comprising administering to a subject in need a mesothelin CAR-expressing cell of the invention

that binds to the mesothelin-expressing cell. In one aspect, the subject is a human.

[00456] The present invention provides methods for preventing relapse of cancer associated
with mesothelin-expressing cells, the methods comprising administering to a subject in need
thereof a mesothelin CAR-expressing cell of the invention that binds to the mesothelin-
expressing cell. In one aspect, the methods comprise administering to the subject in need thereof
an effective amount of a mesothelin CAR-expressing cell of the invention that binds to the

mesothelin-expressing cell in combination with an effective amount of another therapy.

Combination Therapies

[00457] A CAR-expressing cell described herein may be used in combination with other
known agents and therapies. 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
admimstration. 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
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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.

[00458] A CAR-expressing cell described herein 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 described herein can be
administered first, and the additional agent can be administered second, or the order of

administration can be reversed.

[00459] In further aspects, a CAR-expressing cell described herein may be used in a treatment
regimen in combination with surgery, chemotherapy, radiation, immunosuppressive agents, such
as cyclosporin, azathioprine, methotrexate, mycophenolate, and FK 506, 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.

[00460] 1In one embodiment, a CAR-expressing cell described herein can be used in
combination with a chemotherapeutic agent. Exemplary chemotherapeutic agents include an
anthracycline (e.g., doxorubicin (e.g., liposomal doxorubicin)). a vinca alkaloid (e.g., vinblastine,
vingcristine, 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).

[00461] 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-
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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 (Yitrium90/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®).

[00462] 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®, RevimmuneTM), 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
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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 HCI (Treanda®).

[00463] Exemplary mTOR inhibitors include, e.g., temsirolimus; ridaforolimus (formally
known as deferolimus, (1R,2R,45)-4-[(2R)-2 [(1R,95,128,15R,16E,18R,19R,21R,
238,24F,26F,287,308,328,35R)-1,18-dihydroxy-19,30-dimethoxy-15,17,21,23, 29,35-
hexamethyl-2,3,10,14,20-pentaoxo-11,36-dioxa-4-azatricyclo[30.3.1 .04’9] 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 RADO0O01); rapamycin (AY22989, Sirolimus®); simapimod (CAS 164301-51-3);
emsirolimus, (5-{2,4-Bis[(35)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl } -2~
methoxyphenyl)methanol (AZD8055); 2-Amino-8-[trans-4-(2-hydroxyethoxy)cyclohexyl]-6-(6-
methoxy-3-pyridinyl)-4-methyl-pyrido[2,3-d]pyrimidin-7(8 H)-one (PF04691502, CAS 1013101-
36-4); and N1 ,4-diox0-4-[[4-(4-0x0-8-phenyl-4H-1-benzopyran-2-yl)morpholinium-4-
yl]lmethoxy]butyl]-L-arginylglycyl-L-o-aspartylL-serine-, inner salt (SF1126, CAS 936487-67-1),
and XL765.

[00464] 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 v, CAS 951209-71-5, available from IRX Therapeutics).

[00465] 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™);
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idarubicin (Idamycin®, Idamycin PFS®); mitomycin C (Mutamycin®); geldanamycin;

herbimycin; ravidomycin; and desacetylravidomycin.

[00466] 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®).

[00467] Exemplary proteosome inhibitors include bortezomib (Velcade®); carfilzomib (PX-
171-007, (S)-4-Methyl-N-((S)-1-(((S)-4-methyl-1-((R)-2-methyloxiran-2-yl)-1-oxopentan-2-
yl)amino)-1-ox0-3-phenylpropan-2-yl)-2-((:S)-2-(2-morpholinoacetamido)-4-phenylbutanamido)-
pentanamide); marizomib (NPI-0052); ixazomib citrate (MLN-9708); delanzomib (CEP-18770);
and O-Methyl-N-[(2-methyl-5-thiazolyl)carbonyl]-L-seryl-O-methyl-N-[(1S)-2-[(2R)-2-methyl-
2-oxiranyl]-2-o0x0-1-(phenylmethyl)ethyl]- L-serinamide (ONX-0912).

[00468] In one embodiment, a CAR expressing cell described herein 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. 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.: WO02005/007190, PCT Publication No.: WO 2007/133822, PCT Publication
No.: W02005/055808, PCT Publication No.: WO 99/40196, PCT Publication No.: WO
2001/03720, PCT Publication No.: W099/20758, PCT Publication No.: W02006/083289, PCT
Publication No.: WO 2005/115451, U.S. Patent No.: 7,618,632, and PCT Publication No.: WO
2011/051726.
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[00469] In one embodiment, a CAR expressing cell described herein 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.

[00470] In one embodiment, a CAR expressing cell described herein is administered to a
subject in combination with a GITR agonist, e.g., a GITR agonist described heremn. 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.

[00471] In one embodiment, a CAR expressing cell described herein is administered to a
subject in combination with a protein tyrosine phosphatase inhibitor, e.g., a protein tyrosine
phosphatase inhibitor described herein. In one embodiment, the protein tyrosine phosphatase
inhibitor 1s 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, e.g., an SHP-2 inhibitor described herein.

[00472] 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-1-yl-pyridin-2-ylamino)-8 H-pyrido[2,3-
djpyrimidin-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 mTORC1 inhibitor and/or an mMTORC?2 inhibitor, e.g., an mTORC1
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-
fluoroamlino)-pyrazolo [3,4-d] pyrimidine. The MNK inhibitor can be, e.g., a MNK1la, MNKI1b,
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
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kinase inhibitor is a DGK inhibitor, e.g., a DGK inhibitor described herein, such as, e.g.,
DGKinhl (D5919) or DGKinh2 (D5794).

[00473] 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-1-methyl-
4-piperidinyl]-4-chromenone; crizotinib (PF-02341066; 2-(2-Chlorophenyl)-5,7-dihydroxy-8-
[(2R,38)-2-(hydroxymethyl)-1-methyl-3-pyrrolidinyl]- 4H-1-benzopyran-4-one, hydrochloride
(P276-00); 1-methyl-5-[[2-[5-(trifluoromethyl)-1H-imidazol-2-yl]-4-pyridinyljoxy]-N-[4-
(trifluoromethyl)phenyl]-1H-benzimidazol-2-amine (RAF265); indisulam (E7070); roscovitine
(CYC202); palbociclib (PD0332991); dinaciclib (SCH727965); N-[5-[[(5-tert-butyloxazol-2-
yl)methyl]thio]thiazol-2-yl]piperidine-4-carboxamide (BMS 387032); 4-[[9-chloro-7-(2,6-
difluorophenyl)-SH-pyrimido[5,4-d]{ 2]benzazepin-2-ylJamino]-benzoic acid (MLN8054); 5-[3-
(4,6-difluoro-1H-benzimidazol-2-y1)-1H-indazol-5-yl]-N-ethyl-4-methyl-3-
pyridinemethanamine (AG-024322); 4-(2,6-dichlorobenzoylamino)-1H-pyrazole-3-carboxylic
acid N-(piperidin-4-yl)amide (AT7519); 4-[2-methyl-1-(1-methylethyl)-1H-imidazol-5-y1]-N-[4-
(methylsulfonyl)phenyl]- 2-pyrimidinamine (AZD5438); and X1.281 (BMS908662).

[00474] 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 21 day cycle. In one embodiment, 1,2,3,4,5,6,7,8,9,10,11,12 or

more cycles of palbociclib are administered.

[00475] 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; ONQ-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.

[00476] In one embodiment, the kinase inhibitor is a BTK inhibitor, e.g., ibrutinib (PCI-
32765), and the ibrutinib is administered at a dose of about 250 mg, 300 mg, 350 mg, 400 mg,
420 mg, 440 mg, 460 mg, 480 mg, 500 mg, 520 mg, 540 mg, 560 mg, 580 mg, 600 mg (e.g., 250
mg, 420 mg or 560 mg) daily for a period of time, e.g., daily for 21 day cycle cycle, or daily for
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28 day cycle. In one embodiment, 1,2, 3,4, 5,6,7, 8,9, 10, 11, 12 or more cycles of ibrutinib

are administered.

[00477] 1In one embodiment, the kinase inhibitor is an mTOR inhibitor selected from
temsirolimus; ridaforolimus (1R,2R,4S5)-4-[(2R)-2 [(1R,95,125,15R,16E,18R,19R 21R,
238,24E,26[,287,308,325,35R)-1,18-dihydroxy-19,30-dimethoxy-15,17,21,23, 29,35-
hexamethyl-2,3,10,14,20-pentaoxo-11,36-dioxa-4-azatricyclo[30.3.1.0*”] hexatriaconta-
16,24,26,28-tetraen-12-yl]propyl]-2-methoxycyclohexyl dimethylphosphinate, also known as
AP23573 and MK8669; everolimus (RADO001); rapamycin (AY22989); simapimod; (5-{2,4-
bis[(38)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl } -2-methoxyphenyl)methanol
(AZDB8055); 2-amino-8-[trans-4-(2-hydroxyethoxy)cyclohexyl]-6-(6-methoxy-3-pyridinyl)-4~
methyl-pyndo[2,3-d]pyrimidin-7(8 H)-one (PF04691502); and NA[1 ,4-dioxo-4-[[4-(4-0x0-8-
phenyl-4H-1-benzopyran-2-yl)morpholinium-4-yljmethoxy]butyl]-L-arginylglycyl-L-a-
aspartylL-serine- (SEQ ID NO: 272), inner salt (SF1126); and XL765.

[00478] 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 21 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.

[00479] In one embodiment, the kinase inhibitor is an MNK inhibitor selected from
CGP052088; 4-amino-3~(p-fluorophenylamino)-pyrazolo [3,4-d] pyrimidine (CGP57380);
cercosporamide; ETC-1780445-2; and 4-amino-5-(4-fluoroanilino)-pyrazolo [3,4-d] pyrimidine.

[00480] In one embodiment, the kinase inhibitor is a dual phosphatidylinositol 3-kinase (PI3K)
and mTOR inhibitor selected from 2-Amino-8-[trans-4-(2-hydroxyethoxy)cyclohexyl]-6-(6-
methoxy-3-pyridinyl)-4-methyl-pyrido]2,3-d]pyrimidin-7(8 H)-one (PF-04691502); N-[4-[[4-
(Dimethylamino)-1-piperidinyl]carbonyl]phenyl]-N'-[4-(4,6-di-4-morpholinyl-1,3,5-triazin-2-
yl)phenyl]urea (PF-05212384, PKI-587); 2-Methyl-2-{4-[ 3-methyl-2-0x0-8-(quinolin-3-y1)-2,3-
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dihydro-1H-imidazo[4,5-c]quinolin-1-yl]phenyl} propanenitrile (BEZ-235); apitolisib (GDC-
0980, R(G7422); 2,4-Difluoro-N-{2-(methyloxy)-5-[4-(4-pyridazinyl)-6-quinolinyl]-3-

pyridinyl } benzenesulfonamide (GSK2126458); 8-(6-methoxypyridin-3-yl)-3-methyl-1-(4-
(piperazin-1-yl)-3-(trifluoromethyl)phenyl)-1H-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 (XL.765).

[00481]  Drugs that inhibit either the calcium dependent phosphatase calcineurin (cyclosporine
and FK506) or inhibit the p7086 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 invention 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 invention 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 invention. In an additional embodiment, expanded cells

are administered before or following surgery.

[00482] 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 diarrthea. CRS may include clinical respiratory
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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.

[00483] 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-y, TNFa, IL-~
2 and IL-6. In an embodiment, the factor elevated in the subject is one or more of IL-1, GM-CSF,
1L-10, IL-8, 1L-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 TNFq, 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 or an anti-IL-6
receptor antibody molecule such as tocilizamab (toc), sarilumab, elsilimomab, CNTO 328,
ALDS518/BMS-945429, CNTO 136, CPSI-2364, CDP6038, VX30, ARGX-109, FE301, and
FM101. In one embodiment, the anti-1L.-6 antibody molecule is tocilizumab. An example of an

IL-1R based inhibitor 1s anakinra.

[00484] Insome embodiment, the subject is administered a corticosteroid, such as, e.g.,

methylprednisolone, hydrocortisone, among others.
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[00485] Insome embodiments, the subject is administered a vasopressor, such as, e.g.,

norepinephrine, dopamine, phenylephrine, epinephrine, vasopressin, or a combination thereof.

[00486] In an embodiment, the subject can be administered an antipyretic agent. In an

embodiment, the subject can be administered an analgesic agent.

[00487] 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 (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, CEACAM (e.g., CEACAM-1,
CEACAM-3 and/or CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 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., a dsSRNA, 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. 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 H1- or a U6-derived promoter
such that the dsSRINA molecule that inhibits expression of the molecule that modulates or
regulates, e.g., inhibits, T-cell function is expressed, e.g., 1s expressed within a CAR-expressing
cell. Seee.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.
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(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. Inan
embodiment the nucleic acid molecule that encodes a dsSRNA 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 dsSRNA 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. Figure 47 depicts examples of 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.

[00488] 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 are provided below.

[00489] Provided in Table 16 below are the names of PDCD1 (PD1) RNA1 agents (derived
from their position in the mouse PDCDI1 gene sequence NM_008798.2), along with the SEQ ID
NOs: 280-327 representing the DNA sequence. Both sense (8) and antisense (AS) sequences are
presented as 19mer and 21mer sequences are in this table. Also note that the position (PoS, e.g.,
176) 1s derived from the position number in the mouse PDCD1 gene sequence NM_008798.2.
SEQ ID NOs are indicated in groups of 12 that correspond with “sense 19” SEQ ID NOs: 280-
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291; “sense 21”7 SEQ ID NOs: 292-303; “asense 217 SEQ ID NOs: 304-315; “asense 19” SEQ
ID NOs: 316-327.

Table 16. Mouse PDCD1 (PD1) shRNA sequences

Position Target | Sense19 Sense21 Asense21 Asense19

on region

NM_0087

98.2

176 CDs GGAGGTCCCTC | CTGGAGGTCCC | TAGAAGGTGAG | TAGAAGGTGAG
ACCTTCTA TCACCTTCTA GGACCTCCAG | GGACCTCC
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
280) 292) 304) 316)

260 CDs CGGAGGATCTT | GTCGGAGGATC | TTCAGCATAAG | TTCAGCATAAG
ATGCTGAA TTATGCTGAA ATCCTCCGAC ATCCTCCG
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
281) 293) 305) 317)

359 CDs CCCGCTTCCAG | TGCCCGCTTCC | TGTATGATCTG | TGTATGATCTG
ATCATACA AGATCATACA GAAGCGGGCA | GAAGCGGG
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
282) 294) 306) 318)

528 CDs GGAGACCTCAA | CTGGAGACCTC | ATATCTTGTTG | ATATCTTGTTG
CAAGATAT AACAAGATAT AGGTCTCCAG AGGTCTCC
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
283) 295) 307) 319)

581 CDs AAGGCATGGTC | TCAAGGCATGG | ATACCAATGAC | ATACCAATGAC
ATTGGTAT TCATTGGTAT CATGCCTTGA CATGCCTT
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
284) 296) 308) 320)

584 CcDs GCATGGTCATT | AGGCATGGTCA | ATGATACCAAT | ATGATACCAAT
GGTATCAT TTGGTATCAT GACCATGCCT GACCATGC
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
285) 297) 309) 321)

588 CcDs GGTCATTGGTA | ATGGTCATTGG | ATGGTCATTGG | ATGGTCATTGG
TCATGAGT TATCATGAGT TATCATGAGT TATCATGA
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
286) 298) 310) 322)

609 CcDs CCTAGTGGGTA | GCCCTAGTGG | GCCCTAGTGG | GCCCTAGTGG
TCCCTGTA GTATCCCTGTA | GTATCCCTGTA | GTATCCCTG
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
287) 299) 311) 323)

919 CDs GAGGATGGACA | ATGAGGATGGA | ATGAGGATGGA | ATGAGGATGGA
TTGTTCTT CATTGTTCTT CATTGTTCTT CATTGTTC
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
288) 300) 312) 324)

1021 JUTR | GCATGCAGGCT | GAGCATGCAG | GAGCATGCAG | GAGCATGCAG
ACAGTTCA GCTACAGTTCA | GCTACAGTTCA | GCTACAGTT
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
289) 301) 313) 325)

1097 JUTR | CCAGCACATGC | TTCCAGCACAT | TTCCAGCACAT | TTCCAGCACAT
ACTGTTGA GCACTGTTGA GCACTGTTGA GCACTGTT
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
290) 302) 314) 326)

1101 JUTR | CACATGCACTG | AGCACATGCAC | AGCACATGCAC | AGCACATGCAC
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TTGAGTGA TGTTGAGTGA | TGTTGAGTGA | TGTTGAGT
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
291) 303) 315) 327)

Provided in Table 17 below are the names of PDCD1 (PD1) RNAI agents (derived from
their position in the human PDCD1 gene sequence, along with the SEQ ID NOs. 323-370

representing the DNA sequence. Both sense (S) and antisense (AS) sequences are presented as

19mer and 21mer sequences. SEQ ID NOs are indicated in groups of 12 that correspond with
“sense 197 SEQ ID NOs: 328-339; “sense 217 SEQ ID NOs: 340-351; “asense 217 SEQ ID NOs:
352-363; “asense 19”7 SEQ ID NOs: 364-375.

Table 17. Human PDCD1 (PD1) shRNA sequences

Date Regue/Date Received 2024-01-05

Position Target | Sense19 Asensel9 Sense21 Asense21

on region

NM_0050

18.2

145 CDs GGCCAGGATG | TCTAAGAACCA | GCGGCCAGGA | TCTAAGAACCA
GTTCTTAGA TCCTGGCC TGGTTCTTAGA | TCCTGGCCGC
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
328) 340) 352) 364)

271 CDs GCTTCGTGCTA | TACCAGTTTAG | GAGCTTCGTGC | TACCAGTTTAG
AACTGGTA CACGAAGC TAAACTGGTA CACGAAGCTC
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
329) 341) 353) 365)

393 CcDs GGGCGTGACTT | TCATGTGGAAG | ACGGGCGTGA | TCATGTGGAAG
CCACATGA TCACGCCC CTTCCACATGA | TCACGCCCGT
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
330) 342) 354) 366)

1497 JUTR | CAGGCCTAGAG | TGAAACTTCTC | TGCAGGCCTAG | TGAAACTTCTC
AAGTTTCA TAGGCCTG AGAAGTTTCA TAGGCCTGCA
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
331) 343) 355) 367)

1863 JUTR | CTTGGAACCCA | TTCAGGAATGG | TCCTTGGAACC | TTCAGGAATGG
TTCCTGAA GTTCCAAG CATTCCTGAA GTTCCAAGGA
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
332) 344) 356) 368)

1866 JUTR | GGAACCCATTC | AATTTCAGGAA | TTGGAACCCAT | AATTTCAGGAA
CTGAAATT TGGGTTCC TCCTGAAATT TGGGTTCCAA
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
333) 345) 357) 369)

1867 JUTR | GAACCCATTCC | TAATTTCAGGA | TGGAACCCATT | TAATTTCAGGA
TGAAATTA ATGGGTTC CCTGAAATTA ATGGGTTCCA
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
334) 346) 358) 370)

1868 JUTR | AACCCATTCCT | ATAATTTCAGG | GGAACCCATTC | ATAATTTCAGG
GAAATTAT AATGGGTT CTGAAATTAT AATGGGTTCC
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:371)
335) 347) 359)

1869 JUTR | ACCCATTCCTG | AATAATTTCAG | GAACCCATTCC | AATAATTTCAG
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AAATTATT GAATGGGT TGAAATTATT GAATGGGTTC
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
336) 348) 360) 372)
1870 JUTR CCCATTCCTGA | AAATAATTTCA AACCCATTCCT | AAATAATTTCA
AATTATTT GGAATGGG GAAATTATTT GGAATGGGTT
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
337) 349) 361) 373)
2079 JUTR CTGTGGTTCTA | TAATATAATAGA | CCCTGTGGTTC | TAATATAATAGA
TTATATTA ACCACAG TATTATATTA ACCACAGGG
(SEQ ID NO: (SEQ ID NO: 350 | (SEQ ID NO: (SEQ ID NO:
338) 362) 374)
2109 JUTR AAATATGAGAG | TTAGCATGCTC | TTAAATATGAG TTAGCATGCTC
CATGCTAA TCATATTT AGCATGCTAA TCATATTTAA
(SEQ ID NO: (SEQ ID NO: (SEQ ID NO: (SEQ ID NO:
339) 351) 363) 375)
[00490] In one embodiment, the inhibitor of an inhibitory signal 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 PD1, 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 (IgGG2 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.

[00491]
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-L1 and PD-L2 have

PD-1 is an inhibitory member of the CD28 family of receptors that also includes

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-L1 is abundant in human cancers (Dong et al. 2003 J Mol Med 81:281-7; Blank
et al. 2005 Cancer Immunol. Immunother 54:307-314; Konishi et al. 2004 Clin Cancer Res
10:5094). Immune suppression can be reversed by inhibiting the local interaction of PD-1 with
PD-L1. Antibodies, antibody fragments, and other inhibitors of PD-1, PD-L1 and PD-L2 are
available in the art and may be used combination with a CAR of the present invention described
herein. For example, nivolumab (also referred to as BMS-936558 or MDX 1106, Bristol-Myers
Squibb) is a fully human IgGG4 monoclonal antibody which specifically blocks PD-1. Nivolumab
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(clone 5C4) and other human monoclonal antibodies that specifically bind to PD-1 are disclosed
in US 8,008,449 and W02006/121168. Pidilizumab (CT-011; Cure Tech) is a humanized IgGlk
monoclonal antibody that binds to PD-1. Pidilizumab and other humanized anti-PD-1
monoclonal antibodies are disclosed in W0O2009/101611. Pembrolizumab (formerly known as
lambrolizumab, and also referred to as MK03475; Merck) is a humanized Ig(G4 monoclonal
antibody that binds to PD-1. Pembrolizumab and other humanized anti-PD-1 antibodies are
disclosed in US 8,354,509 and W02009/114335. MEDI4736 (Medimmune) is a human
monoclonal antibody that binds to PDL1, and inhibits interaction of the ligand with PD1.
MDPL3280A (Genentech / Roche) is a human Fc optimized IgG1 monoclonal antibody that
binds to PD-L1. MDPL3280A and other human monoclonal antibodies to PD-L1 are disclosed in
U.S. Patent No.: 7,943,743 and U.S Publication No.: 20120039906. Other anti-PD-L1 binding
agents include YW243.55.870 (heavy and light chain variable regions are shown in SEQ ID NOs
20 and 21 in WQ2010/077634) and MDX-1 105 (also referred to as BMS-936559, and, e.g., anti-
PD-L1 binding agents disclosed in W0O2007/005874). AMP-224 (B7-DClg; Amplimmune; e.g.,
disclosed in W02010/027827 and W0O2011/066342), 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 20120114649,

[00492] TIMS3 (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 TIM3 and its ligands, e.g,,
galectin-9 (Gal9), phosphotidylserine (PS), and HMGBI, can increase immune response.
Antibodies, antibody fragments, and other inhibitors of TIM3 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 WQ2013/006490 and US20100247521. Other anti-TIM3 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.
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[00493] 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-S as
described in, e.g., Zheng et al. PLoS One. 2010 Sep 2;5(9). pii: €12529

(DOLI:10:1371/journal. pone.0021146), or crossreacts with CEACAM-1 and CEACAM-S5 as
described in, e.g., WO 2013/054331 and US 2014/0271618.

[00494] 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 ef 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;11(6):1300-10; Stern et al. J
Immunol. 2005 Jun 1;174(11):6692-701; Zheng et al. PLoS One. 2010 Sep 2;5(9). pii: e12529).
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 do1:10.1038/nature13848). 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

[00495] LAG3 (Iymphocyte 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-
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986016 (Bristol-Myers Squib) is a monoclonal antibody that targets LAG3. TMP701 (Immutep)
is an antagonist LAG3 antibody and IMP731 (Immutep and GlaxoSmithKline) is a depleting
LAGS3 antibody. Other LAG3 inhibitors include IMP321 (Immutep), which is a recombinant
fusion protein of a soluble portion of LAG3 and Ig that binds to MHC class II molecules and
activates antigen presenting cells (APC). Other antibodies are disclosed, e.g., in
WO02010/019570.

[00496] Insome 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
1s 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 mesothelin CAR.

[00497] In one embodiment, the agent which enhances activity of a CAR-expressing cell
described herein is miR-17-92.

Combination with a low dose of an mTOR inhibitor

[00498] 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.

[00499] In an embodiment, a dose of an mTOR inhibitor is associated with, or provides,
mTOR inhibition of at least 5 but no more than 90%, at least 10 but no more than 90%, at least
15, but no more than 90%, at least 20 but no more than 90%, at least 30 but no more than 90%,
at least 40 but no more than 90%, at least 50 but no more than 90%, at least 60 but no more

than 90%, or at least 70 but no more than 90%.

[00500] Inan embodiment, a dose of an mTOR inhibitor is associated with, or provides,

mTOR inhibition of at least 5 but no more than 80%, at least 10 but no more than 80%, at least
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15, but no more than 80%, at least 20 but no more than 80%, at least 30 but no more than 80%,
at least 40 but no more than 80%, at least 50 but no more than 80%, or at least 60 but no more
than 80%.

[00501] Inanembodiment, a dose of an mTOR inhibitor is associated with, or provides,
mTOR inhibition of at least 5 but no more than 70%, at least 10 but no more than 70%, at least
15, but no more than 70%, at least 20 but no more than 70%, at least 30 but no more than 70%,

at least 40 but no more than 70%, or at least 50 but no more than 70%.

[00502] Inan embodiment, a dose of an mTOR inhibitor is associated with, or provides,
mTOR inhibition of at least 5 but no more than 60%, at least 10 but no more than 60%, at least
15, but no more than 60%, at least 20 but no more than 60%, at least 30 but no more than 60%,

or at least 40 but no more than 60%.

[00503] Inan embodiment, a dose of an mTOR inhibitor is associated with, or provides,
mTOR inhibition of at least 5 but no more than 50%, at least 10 but no more than 50%, at least
15, but no more than 50%, at least 20 but no more than 50%, at least 30 but no more than 50%,

or at least 40 but no more than 50%.

[00504] Inan embodiment, a dose of an mTOR inhibitor is associated with, or provides,
mTOR inhibition of at least 5 but no more than 40%, at least 10 but no more than 40%, at least
15, but no more than 40%, at least 20 but no more than 40%, at least 30 but no more than 40%,

or at least 35 but no more than 40%.

[00505] Inan embodiment, a dose of an mTOR inhibitor is associated with, or provides,
mTOR inhibition of at least 5 but no more than 30%, at least 10 but no more than 30%, at least
15, but no more than 30%, at least 20 but no more than 30%, or at least 25 but no more than
30%.

[00506] Inan embodiment, a dose of an mTOR inhibitor is associated with, or provides,
mTOR inhibition of at least 1, 2, 3, 4 or 5 but no more than 20%, at least 1, 2, 3, 4 or 5 but no
more than 30%, at least 1, 2, 3, 4 or 5, but no more than 35, atleast 1,2, 3, 4 or 5 but no more

than 40%, or at least 1, 2, 3, 4 or 5 but no more than 45%.
[00507] Inanembodiment, a dose of an mTOR inhibitor is associated with, or provides,

mTOR inhibition of at least 1, 2, 3, 4 or 5 but no more than 90%.
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[00508] As is discussed herein, the extent of mTOR inhibition can be expressed as the extent
of P70 S6 inhibition, e.g., the extent of mTOR inhibition can be determined by the level of
decrease in P70 S6 activity, e.g., by the decrease in phosphorylation of a P70 S6 substrate. The
level of mTOR inhibition can be evaluated by a method described herein, e.g. by the Boulay

assay.

EXEMPLARY MTOR INHIBITORS
[00509]  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. Inan
embodiment an mTOR inhibitor is an allosteric inhibitor. In an embodiment an mTOR inhibitor
is a catalytic inhibitor.
[00510] 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.
[00511] Rapamycin is a known macrolide antibiotic produced by Streptomyces hygroscopicus

having the structure shown in Formula A.

4
HO,,, 40

[00512] (A)
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[00513] See, e.g., McAlpine, J.B., etal., J. Antibiotics (1991) 44: 688; Schreiber, S.L.,, et al., J.
Am. Chem. Soc. (1991) 113: 7433; U.S. Patent No. 3,929,992, There are various numbering
schemes proposed for rapamycin. To avoid confusion, when specific rapamycin analogs are
named herein, the names are given with reference to rapamycin using the numbering scheme of
formula A.

[00514] Rapamycin analogs useful in the invention are, for example, O-substituted
analogs in which the hydroxyl group on the cyclohexyl ring of rapamycin is replaced by OR;
in which R; is hydroxyalkyl, hydroxyalkoxyalkyl, acylaminoalkyl, or aminoalkyl; e.g.
RADOQO1, also known as, everolimus as described in US 5,665,772 and W094/09010 the
contents of which are incorporated by reference. Other suitable rapamycin analogs include
those substituted at the 26- or 28-position. The rapamycin analog may be an epimer of an
analog mentioned above, particularly an epimer of an analog substituted in position 40, 28 or
26, and may optionally be further hydrogenated, e.g. as described in US 6,015,815,
WO095/14023 and W099/15530 the contents of which are incorporated by reference, e.g.
ABTS578 also known as zotarolimus or a rapamycin analog described in US 7,091,213,
W098/02441 and WOO01/14387 the contents of which are incorporated by reference, e.g.
AP23573 also known as ridaforolimus.

[00515] Examples of rapamycin analogs suitable for use in the present invention from US
5,665,772 include, but are not limited to, 40-O-benzyl-rapamycin, 40-O-(4’-
hydroxymethyl)benzyl-rapamycin, 40-O-[4’-(1,2-dihydroxyethyl)]benzyl-rapamycin, 40-O-
allyl-rapamycin, 40-0-[3°-(2,2-dimethyl-1,3-dioxolan-4(S)-yl)-prop-2’-en-1"-yl]-rapamycin,
(2’E,4°S)-40-0-(4",5’-dihydroxypent-2’-en-1’-yl)-rapamycin, 40-O-(2-
hydroxy)ethoxycarbonylmethyl-rapamycin, 40-O-(2-hydroxy)ethyl-rapamycin , 40-O-(3-
hydroxy)propyl-rapamycin, 40-O-(6-hydroxy)hexyl-rapamycin, 40-O-[2-(2-
hydroxy)ethoxy]ethyl-rapamycin, 40-O-[(3S)-2,2-dimethyldioxolan-3-yljmethyl-rapamycin,
40-0-[(28)-2,3-dihydroxyprop-1-yl]-rapamycin, 40-O-(2-acetoxy)ethyl-rapamycin, 40-O-(2-
nicotinoyloxy)ethyl-rapamycin, 40-O-[2-(N-morpholino)acetoxy]ethyl-rapamycin, 40-O-(2-N-
imidazolylacetoxy)ethyl-rapamycin, 40-O-[2-(N-methyl-N’-piperazinyl)acetoxy]ethyl-
rapamycin, 39-0-desmethyl-39,40-0,0-ethylene-rapamycin, (26R)-26-dihydro-40-O-(2-
hydroxy)ethyl-rapamycin, 40-O-(2-aminoethyl)-rapamycin, 40-O-(2-acetaminoethyl)-
rapamycin, 40-O-(2-nicotinamidoethyl)-rapamycin, 40-O-(2-(N-methyl-imidazo-2’-
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yicarbethoxamido)ethyl)-rapamycin, 40-O-(2-ethoxycarbonylaminoethyl)-rapamycin, 40-O-(2-
tolylsulfonamidoethyl)-rapamycin and 40-O-[2-(4",5’-dicarboethoxy-1",2",3’-triazol-1-yl)-
ethyl]-rapamycin.

[00516] Other rapamycin analogs useful in the present invention are analogs where the
hydroxyl group on the cyclohexyl ring of rapamycin and/or the hydroxy group at the 28
position is replaced with an hydroxyester group are known, for example, rapamycin analogs
found in US RE44,768, e.g. temsirolimus.

[00517] Other rapamycin analogs useful in the preset invention include those wherein the
methoxy group at the 16 position is replaced with another substituent, preferably (optionally
hydroxy-substituted) alkynyloxy, benzyl, orthomethoxybenzyl or chlorobenzyl and/or wherein
the mexthoxy group at the 39 position is deleted together with the 39 carbon so that the
cyclohexyl ring of rapamycin becomes a cyclopentyl ring lacking the 39 position methyoxy
group; e.g. as described in W0O95/16691 and W096/41807 the contents of which are
incorporated by reference. The analogs can be further modified such that the hydroxy at the
40-position of rapamycin is alkylated and/or the 32-carbonyl is reduced.

[00518] Rapamycin analogs from W095/16691 include, but are not limited to, 16-
demthoxy-16-(pent-2-ynyl)oxy-rapamycin, 16-demthoxy-16-(but-2-ynyl)oxy-rapamycin, 16-
demthoxy-16-(propargyl)oxy-rapamycin, 16-demethoxy-16-(4-hydroxy-but-2-ynyl)oxy-
rapamycin, 16-demthoxy-16-benzyloxy-40-O-(2-hydroxyethyl)-rapamycin, 16-demthoxy-16-
benzyloxy-rapamycin, 16-demethoxy-16-ortho-methoxybenzyl-rapamycin, 16-demethoxy-40-
O-(2-methoxyethyl)-16-pent-2-ynyl)oxy-rapamycin, 39-demethoxy-40-desoxy-39-formyl-42-
nor-rapamycin, 39-demethoxy-40-desoxy-39-hydroxymethyl-42-nor-rapamycin, 39-
demethoxy-40-desoxy-39-carboxy-42-nor-rapamycin, 39-demethoxy-40-desoxy-39-(4-methyl-
piperazin-1-yl)carbonyl-42-nor-rapamycin, 39-demethoxy-40-desoxy-39-(morpholin-4-
yl)carbonyl-42-nor-rapamycin, 39-demethoxy-40-desoxy-39-[N-methyl, N-(2-pyridin-2-yl-
ethyl)]carbamoyl-42-nor-rapamycin and 39-demethoxy-40-desoxy-39-(p-
toluenesulfonylhydrazonomethyl)-42-nor-rapamycin.

[00519] Rapamycin analogs from WQ96/41807 include, but are not limited to, 32-deoxo-
rapamycin, 16-O-pent-2-ynyl-32-deoxo-rapamycin, 16-O-pent-2-ynyl-32-deoxo-40-0-(2-
hydroxy-ethyl)-rapamycin, 16-O-pent-2-ynyl-32~(S)-dihydro-40-O-(2-hydroxyethyl)-
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rapamycin, 32(8)-dihydro-40-O-(2-methoxy)ethyl-rapamycin and 32(8)-dihydro-40-O-(2-
hydroxyethyl)-rapamycin.

[00520]  Another suitable rapamycin analog is umirolimus as described in US2005/0101624
the contents of which are incorporated by reference.

[00521] RADOO1, otherwise known as everolimus (Afinitor®), has the chemical name
(1R,95,128,15R,16E,18R,19R,21R,235,24E,26F,28F,308,32S,35R)-1,18-dihydroxy-12- {(1R)-
2-[(18,3R,4R)-4-(2-hydroxyethoxy)-3-methoxycyclohexyl]-1-methylethyl}-19,30-dimethoxy-
15,17,21,23,29,35-hexamethyl-11,36-dioxa-4-aza-tricyclo[30.3.1.04,9]hexatriaconta-
16,24,26,28-tetraene-2,3,10,14,20-pentaone

[00522]  Further examples of allosteric mTOR inhibitors include sirolimus (rapamycin, AY-

22989), 40-[3-hydroxy-2-(hydroxymethyl)-2-methylpropanoate]-rapamycin (also called

temsirolimus or CCI-779) and ridaforolimus (AP-23573/MK-8669). Other examples of

allosteric mTor inhibtors include zotarolimus (ABT578) and umirolimus.

[00523] Alternatively or additionally, catalytic, ATP-competitive mTOR inhibitors have been

found to target the mTOR kinase domain directly and target both mTORC1 and mTORC2. These

are also more effective inhibitors of mTORC1 than such allosteric mTOR inhibitors as
rapamycin, because they modulate rapamycin-resistant mTORC1 outputs such as 4EBP1-T37/46
phosphorylation and cap-dependent translation.

[00524]  Catalytic inhibitors include: BEZ235 or 2-methyl-2-[4-(3-methyl-2-ox0-8-quinolin-

3-yl-2,3-dihydro-imidazo[4,5-c]quinolin-1-yl)-phenyl]-propionitrile, or the monotosylate salt

form. the synthesis of BEZ235 is described in W02006/122806; CCG168 (otherwise known as

AZD-8055, Chresta, C.M,, et al., Cancer Res, 2010, 70(1), 288-298) which has the chemical

name {5-[2,4-bis-((S)-3-methyl-morpholin-4-yl)-pyrido[2,3d]pyrimidin-7-yl]-2-methoxy-

phenyl}-methanol; 3-[2,4-bis[(3S)-3-methylmorpholin-4-yl}pyrido[2,3-d]pyrimidin-7-y1]-N-
methylbenzamide (W009104019); 3-(2-aminobenzo[d]oxazol-5-yl)-1-isopropyl-1H-

pyrazolo[3,4-d]pyrimidin-4-amine (W010051043 and W02013023184); A N-(3-(N-(3-((3,5-
dimethoxyphenyl)amino)quinoxaline-2-yl)sulfamoyl)phenyl)-3-methoxy-4-methylbenzamide

(WO07044729 and WO12006552); PKI-587 (Venkatesan, A M., J. Med.Chem., 2010, 53, 2636-

2645) which has the chemical name 1-[4-[4-(dimethylamino)piperidine-1-carbonyl]phenyl]-3-[4-

(4,6-dimorpholino-1,3,5-triazin-2-yl)phenyl]urea; GSK-2126458 (ACS Med. Chem. Lett., 2010,

1, 39-43) which has the chemical name 2,4-difluoro-N-{2-methoxy-5-[4-(4-pyridazinyl)-6-
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quinolinyl}-3-pyridinyl} benzenesulfonamide; ; 5-(9-isopropyl-8-methyl-2-morpholino-9H-
purin-6-yl)pyrimidin-2-amine (W010114484); (E)-N-(8-(6-amino-5-(trifluoromethyl)pyridin-3-
yl)-1-(6-(2-cyanopropan-2-yl)pyridin-3-yl)-3-methyl-1H-imidazo[4,5-c]quinolin-2(3H)-
ylidene)cyanamide (WO12007926).

[00525] Further examples of catalytic mTOR inhibitors include 8-(6-methoxy-pyridin-3-yl)-3-
methyl-1-(4-piperazin-1-yl-3-trifluoromethyl-phenyl)-1,3-dihydro-imidazo[4,5-c]quinolin-2-one
(W02006/122806) and Ku-0063794 (Garcia-Martinez JM, et al.,Biochem J., 2009, 421(1), 29-
42.. Ku-0063794 is a specific inhibitor of the mammalian target of rapamycin (mTOR).) WYE-
354 is another example of a catalytic mTor inhibitor (Yu K, et al. (2009). Biochemical, Cellular,
and In vivo Activity of Novel ATP-Competitive and Selective Inhibitors of the Mammalian
Target of Rapamycin. Cancer Res. 69(15): 6232-6240).

[00526] mTOR inhibitors useful according to the present invention also include prodrugs,
derivatives, pharmaceutically acceptable salts, or analogs thereof of any of the foregoing.
[00527] mTOR inhibitors, such as RAD001, may be formulated for delivery based on well-
established methods in the art based on the particular dosages described herein. In particular, US
Patent 6,004,973 (incorporated herein by reference) provides examples of formulations useable

with the mTOR inhibitors described herein.

EVALUATION OF MTOR INHIBITION

[00528] mTOR phosphorylates the kinase P70 S6, thereby activating P70 S6 kinase and
allowing it to phosphorylate its substrate. The extent of mTOR inhibition can be expressed as
the extent of P70 S6 kinase inhibition, e.g., the extent of mTOR inhibition can be determined by
the level of decrease in P70 S6 kinase activity, e.g., by the decrease in phosphorylation of a P70
S6 kinase substrate. One can determine the level of mTOR inhibition, by measuring P70 86
kinase activity (the ability of P70 S6 kinase to phsophorylate a substrate), in the absence of
inhibitor, e.g., prior to administration of inhibitor, and in the presences of inhibitor, or after the
administration of inhibitor. The level of inhibition of P70 S6 kinase gives the level of mTOR
inhibition. Thus, if P70 S6 kinase is inhibited by 40%, mTOR activity, as measured by P70 S6
kinase activity, is inhibited by 40%. The extent or level of inhibition referred to herein is the

average level of inhibition over the dosage interval. By way of example, if the inhibitor is given
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once per week, the level of inhibition is given by the average level of inhibition over that interval,
namely a week.

[00529] Boulay et al., Cancer Res, 2004, 64:252-61, hereby incorporated by reference, teaches
an assay that can be used to assess the level of mTOR inhibition (referred to herein as the Boulay
assay). In an embodiment, the assay relies on the measurement of P70 S6 kinase activity from
biological samples before and after admimstration of an mTOR inhibitor, e.g., RADOO1.

Samples can be taken at preselected times after treatment with an mTOR ihibitor, e.g., 24, 48,
and 72 hours after treatment. Biological samples, e.g., from skin or peripheral blood
mononuclear cells (PBMCs) can be used. Total protein extracts are prepared from the samples.
P70 S6 kinase 1s isolated from the protein extracts by immunoprecipitation using an antibody
that specifically recognizes the P70 S6 kinase. Activity of the isolated P70 S6 kinase can be
measured in an in vitro kinase assay. The isolated kinase can be incubated with 408 ribosomal
subunit substrates (which is an endogenous substrate of P70 $6 kinase) and gamma->2P under
conditions that allow phosphorylation of the substrate. Then the reaction mixture can be
resolved on an SDS-PAGE gel, and **P signal analyzed using a PhosphorImager. A *?P signal
corresponding to the size of the 40S ribosomal subunit indicates phosphorylated substrate and
the activity of P70 S6 kinase. Increases and decreases in kinase activity can be calculated by
quantifying the area and intensity of the **P signal of the phosphorylated substrate (e.g., using
ImageQuant, Molecular Dynamics), assigning arbitrary unit values to the quantified signal, and
comparing the values from after administration with values from before administration or with a
reference value. For example, percent inhibition of kinase activity can be calculated with the
following formula: 1-(value obtained after administration/value obtained before administration)
X 100. As described above, the extent or level of inhibition referred to herein is the average level
of inhibition over the dosage interval.

[00530] Methods for the evaluation of kinase activity, e.g., P70 S6 kinase activity, are also
provided in US 7,727,950, hereby incorporated by reference.

[00531] The level of mTOR inhibition can also be evaluated by a change in the ration of PD1
negative to PD1 positive T cells. T cells from peripheral blood can be identified as PD1 negative

or positive by art-known methods.

Low-Dose mTOR Inhibitors
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[00532] Methods described herein use low, immune enhancing, dose mTOR inhibitors, doses
of mTOR inhibitors, e.g., allosteric mTOR inhibitors, including rapalogs such as RAD0O1. In
contrast, levels of inhibitor that fully or near fully inhibit the mTOR pathway are
immunosuppressive and are used, e.g., to prevent organ transplant rejection. In addition, high
doses of rapalogs that fully inhibit mTOR also inhibit tumor cell growth and are used to treat a
variety of cancers (See, e.g., Antineoplastic effects of mammalian target of rapamycine inhibitors.
Salvadort M. World J Transplant. 2012 Oct 24;2(5):74-83; Current and Future Treatment
Strategies for Patients with Advanced Hepatocellular Carcinoma: Role of mTOR Inhibition.

Finn RS. Liver Cancer. 2012 Nov;1(3-4):247-256; Emerging Signaling Pathways in
Hepatocellular Carcinoma. Moeini A, Cornella H, Villanueva A. Liver Cancer. 2012
Sep;1(2):83-93; Targeted cancer therapy - Are the days of systemic chemotherapy numbered?
Joo WD, Visintin I, Mor G. Maturitas. 2013 Sep 20.; Role of natural and adaptive immunity in
renal cell carcinoma response to VEGFR-TKIs and mTOR inhibitor. Santoni M, Berardi R,
Amantini C, Burattini L, Santini D, Santoni G, Cascinu S. Int J Cancer. 2013 Oct 2).

[00533] The present invention is based, at least in part, on the surprising finding that doses of
mTOR inhibitors well below those used in current clinical settings had a superior effect in
increasing an immune response in a subject and increasing the ratio of PD-1 negative T cells/PD-
1 positive T cells. It was surprising that low doses of mTOR inhibitors, producing only partial
inhibition of mTOR activity, were able to effectively improve immune responses in human
subjects and increase the ratio of PD-1 negative T cells/PD-1 positive T cells.

[00534]  Alternatively, or in addition, without wishing to be bound by any theory, it is believed
that low, a low, immune enhancing, dose of an mTOR inhibitor can increase naive T cell
numbers, e.g., at least transiently, e.g., as compared to a non-treated subject. Alternatively or
additionally, again while not wishing to be bound by theory, it is believed that treatment with an
mTOR inhibitor after a sufficient amount of time or sufficient dosing results in one or more of

the following:

an increase in the expression of one or more of the following markers: CD62L"&",
CDI127"% 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
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an increase in the number of memory T cell precursors, e.g., cells with any one or
combination of the following characteristics: increased CD62LMe" increased CD127%¢",
increased CD27", decreased KLRG1, and increased BCL2;

and wherein any of the changes described above occurs, e.g., at least transiently, e.g., as
compared to a non-treated subject (Araki, K et al. (2009) Namre 460:108-112). Memory T cell
precursors are memory T cells that are early in the differentiation program. For example,
memory T cells have one or more of the following characteristics: increased CD62 high

increased CD127high, increased CD27", decreased KLRG1, and/or increased BCL2.

[00535] Inan embodiment, the invention relates to a composition, or dosage form, of an
mTOR inhibitor, e.g., an allosteric mTOR inhibitor, e.g., a rapalog, rapamycin, or RADO0O1, or a
catalytic mTOR inhibitor, which, when administered on a selected dosing regimen, e.g., once
daily or once weekly, is associated with: a level of mTOR inhibition that is not associated with
complete, or significant immune suppression, but is associated with enhancement of the immune
response.

[00536] An mTOR inhibitor, e.g., an allosteric mTOR inhibitor, e.g., a rapalog, rapamycin, or
RADOO1, or a catalytic mTOR inhibitor, can be provided in a sustained relase formulation. Any
of the compositions or unit dosage forms described herein can be provided in a sustained release
formulation. In some embodiments, a sustained release formulation will have lower
bioavailability than an immediate release formulation. E.g., in embodiments, to attain a similar
therapeutic effect of an immediate release forlation a sustained release formulation will have
from about 2 to about 5, about 2.5 to about 3.5, or about 3 times the amount of inhibitor provided
in the immediate release formulation.

[00537] Inan embodiment, immediate release forms, e.g., of RADOO1, typically used for one
administration per week, having 0.1 to 20, 0.5 to 10,2.510 7.5, 3 to 6, or about 5, mgs per unit
dosage form, are provided. For once per week administrations, these immediate release
formulations correspond to sustained release forms, having, respectively, 0.3 to 60, 1.5 to 30, 7.5
10 22.5, 9 to 18, or about 15 mgs of an mTOR inhibitor, e.g., an allosteric mTOR inhibitor, e.g.,
rapamycin or RADOO1. In embodiments both forms are administered on a once/week basis.
[00538] Inan embodiment, immediate release forms, e.g., of RADOO1, typically used for one
administration per day, having having 0.005t0 1.5,0.01t01.5,0.1t01.5,0.2t0 1.5, 0.3 to 1.5,
04101.5,05t01.5,06t01.5,0.7t01.5,0.8t01.5,1.0to0 1.5, 0.3 to 0.6, or about 0.5 mgs per
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unit dosage form, are provided. For once per day administrations, these immediate release forms
correspond to sustained release forms, having, respectively, 0.015t0 4.5, 0.03t0 4.5, 0.3 to 4.5,
0.6t045,09t04.5,1.2t04.5,1.5t04.5,1.8t04.5,2.1t04.5,2.4t04.5,3.0t04.5,09t01.8,
or about 1.5 mgs of an mTOR inhibitor, e.g., an allosteric mTOR inhibitor, e.g., rapamycin or
RADOO1. For once per week administrations, these immediate release forms correspond to
sustained release forms, having, respectively, 0.1 to 30, 0.2 to 30, 2 to 30, 4 to 30, 6 to 30, 8 to
30, 10 to 30, 1.2 to 30, 14 to 30, 16 to 30, 20 to 30, 6 to 12, or about 10 mgs of an mTOR
inhibitor, e.g., an allosteric mTOR inhibitor, e.g., rapamycin or RADO0OT.

[00539] Inan embodiment, immediate release forms, e.g., of RADOO1, typically used for one
administration per day, having having 0.01 to 1.0 mgs per umt dosage form, are provided. For
once per day administrations, these immediate release forms correspond to sustained release
forms, having, respectively, 0.03 to 3 mgs of an mTOR inhibitor, e.g., an allosteric mTOR
inhibitor, e.g., rapamycin or RADOO1.For once per week administrations, these immediate
release forms correspond to sustained release forms, having, respectively, 0.2 to 20 mgs of an
mTOR inhibitor, e.g., an allosteric mTOR inhibitor, e.g., rapamycin or RAD0O1.

[00540] Inan embodiment, immediate release forms, e.g., of RADOO1, typically used for one
administration per week, having having 0.5 to 5.0 mgs per unit dosage form, are provided. For
once per week administrations, these immediate release forms correspond to sustained release
forms, having, respectively, 1.5 to 15 mgs of an mTOR inhibitor, e.g., an allosteric mTOR
inhibitor, e.g., rapamycin or RADO0O1.

[00541] As described above, one target of the mTOR pathway is the P70 S6 kinase. Thus,
doses of mTOR inhibitors which are useful in the methods and compositions described herein are
those which are sufficient to achieve no greater than 80% inhibition of P70 S6 kinase activity
relative to the activity of the P70 S6 kinase in the absence of an mTOR inhibitor, e.g., as
measured by an assay described herein, e.g., the Boulay assay. In a further aspect, the invention
provides an amount of an mTOR inhibitor sufficient to achieve no greater than 38% inhibition of
P70 S6 kinase activity relative to P70 S6 kinase activity in the absence of an mTOR inhibitor.
[00542] In one aspect the dose of mTOR inhibitor useful in the methods and compositions of
the invention is sufficient to achieve, e.g., when administered to a human subject, 90 +/-5 % (i.e.,
85-95%), 89+/-5 %, 88+/-5 %, 87+/-5 Y%, 86+/-5 %, 85+/-5 %, 84+/-5 %, 83+/-5 %, 82+/-5 %,
81+/-5 %, 80+/-5 %, 79+/-5 %, 78+/-5 %, T7+/-5 %, 76+/-5 Y%, T5+/-5 %, 74+/-5 %, 73+/-5 %,
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72 +/-5%, 71 +/-5%, 70 +/-5%, 69 +/-5%, 68 +/-5%, 67 +/-5%, 66 +/-5%, 65 +/-5%, 64 +/-5%,
63 +/-5%, 62 +/-5%, 61 +/-5%, 60 +/-5%, 59 +/-5%, 58 +/-5%, 57 +/-5%, 56 +/-5%, 55 +/-5%,
54 +/-5%, 54 +/-5%, 53 +/-5%, 52 +/-5%, 51 +/-5%, 50 +/-5%, 49 +/-5%, 48 +/-5%, 47 +/-5%,
46 +/-5%, 45 +/-5%, 44 +/-5%, 43 +/-5%, 42 +/-5%, 41 +/-5%, 40 +/-5%, 39 +/-5%, 38 +/-5%,
37 +/-5%, 36 +/-5%, 35 +/-5%, 34 +/-5%, 33 +/-5%, 32 +/-5%, 31 +/-5%, 30 +/-5%, 29 +/-5%,
28 +/-5%, 27 +/-5%, 26 +/-5%, 25 +/-5%, 24 +/-5%, 23 +/-5%, 22 +/-5%, 21 +/-5%, 20 +/-5%,
19 +/-5%, 18 +/-5%, 17 +/-5%, 16 +/-5%, 15 +/-5%, 14 +/-5%, 13 +/-5%, 12 +/-5%, 11 +/-5%,
or 10 +/-5%, inhibition of P70 S6 kinase activity , e.g., as measured by an assay described herein,
e.g., the Boulay assay.

[00543] P70 S6 kinase activity in a subject may be measured using methods known in the art,
such as, for example, according to the methods described in U.S. Pat. 7,727,950, by immunoblot
analysis of phosphoP70 S6K levels and/or phosphoP70 $6 levels or by in vitro kinase activity
assays.

[00544] As used herein, the term “about” in reference to a dose of mTOR inhibitor refers to
up to a +/- 10% variability in the amount of mTOR inhibitor, but can include no variability
around the stated dose.

[00545] Insome embodiments, the invention provides methods comprising administering to a
subject an mTOR inhibitor, e.g., an allosteric inhibitor, e.g., RADOO1, at a dosage within a target
trough level. In some embodiments, the trough level is significantly lower than trough levels
associated with dosing regimens used in organ transplant and cancer patients. In an embodiment
mTOR inhibitor, e.g., RADOO1, or rapamycin, is administerd to result in a trough level that is
less than Y5, 1/4, 1/10, or 1/20 of the trough level that results in immunosuppression or an
anticancer effect. In an embodiment mTOR inhibitor, e.g., RADO0O1, or rapamycin, is
administerd to result in a trough level that is less than Y4, 1/4, 1/10, or 1/20 of the trough level
provided on the FDA approved packaging insert for use in immunosuppression or an anticancer
indications.

[00546] Inan embodiment a method disclosed herein comprises administering to a subject an
mTOR inhibitor, e.g., an allosteric inhibitor, e.g., RADOOI, at a dosage that provides a target
trough level of 0.1 to 10 ng/ml, 0.1 t0 5 ng/ml, 0.1 to 3ng/ml, 0.1 to 2 ng/ml, or 0.1 to 1 ng/ml.
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[00547] Inanembodiment a method disclosed herein comprises administering to a subject an
mTOR inhibitor, e.g., an allosteric inhibitor, e.g., RADOO1, at a dosage that provides a target
trough level of 0.2 to 10 ng/ml, 0.2 to 5 ng/ml, 0.2 to 3ng/ml, 0.2 to 2 ng/ml, or 0.2 to 1 ng/ml.
[00548] In an embodiment a method disclosed herein comprises administering to a subject an
mTOR inhibitor, e.g. an, allosteric inhibitor, e.g., RADOOI, at a dosage that provides a target
trough level of 0.3 to 10 ng/ml, 0.3 to 5 ng/ml, 0.3 to 3ng/ml, 0.3 to 2 ng/ml, or 0.3 to 1 ng/ml.
[00549] In an embodiment a method disclosed herein comprises administering to a subject an
mTOR inhibitor, e.g., an allosteric inhibitor, e.g., RADOOI, at a dosage that provides a target
trough level of 0.4 to 10 ng/ml, 0.4 to 5 ng/ml, 0.4 to 3ng/ml, 0.4 to 2 ng/ml, or 0.4 to 1 ng/ml.
[00550] In an embodiment a method disclosed herein comprises administering to a subject an
mTOR inhibitor, e.g., an allosteric inhibitor, e.g., RADOO1, at a dosage that provides a target
trough level of 0.5 to 10 ng/ml, 0.5 to 5 ng/ml, 0.5 to 3ng/ml, 0.5 to 2 ng/ml, or 0.5 to 1 ng/ml.
[00551] Inan embodiment a method disclosed herein comprises administering to a subject an
mTOR inhibitor, e.g., an allosteric inhibitor, e.g., RADOOI, at a dosage that provides a target
trough level of 1 to 10 ng/ml, 1 to 5 ng/ml, 1 to 3ng/ml, or 1 to 2 ng/ml.

[00552]  As used herein, the term “trough level” refers to the concentration of a drug in
plasma just before the next dose, or the minimum drug conce ntration between two doses.
[00553] Insome embodiments, a target trough level of RADOO1 is in a range of between
about 0.1 and 4.9 ng/ml. In an embodiment, the target trough level is below 3ng/ml, e.g., is
between 0.3 or less and 3 ng/ml. In an embodiment, the target trough level is below 3ng/ml, e.g.,
is between 0.3 or less and 1 ng/ml.

[00554] In a further aspect, the invention can utilize an mTOR inhibitor other than RAD0O1 in
an amount that is associated with a target trough level that is bioequivalent to the specified target
trough level for RADOO1. In an embodiment, the target trough level for an mTOR inhibitor
other than RADOO1, is a level that gives the same level of mTOR inhibition (e.g., as measured by
a method described herein, e.g., the inhibition of P70 S6) as does a trough level of RAD0O01

described herein.

Pharmaceutical compositions: mTOR Inhibitors
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[00555] Inone aspect, the present invention relates to pharmaceutical compositions
comprising an mTOR inhibitor, e.g., an mTOR inhibitor as described herein, formulated for use
in combination with CAR cells described herein.
[00556] Insome embodiments, the mTOR inhibitor is formulated for administration in
combination with an additional, e.g., as described herein.
[00557] In general, compounds of the invention will be administered in therapeutically
effective amounts as described above via any of the usual and acceptable modes known in the art,
either singly or in combination with one or more therapeutic agents.
[00558] The pharmaceutical formulations may be prepared using conventional dissolution and
mixing procedures. For example, the bulk drug substance (e.g., an mTOR inhibitor or stabilized
form of the compound (e.g., complex with a cyclodextrin derivative or other known
complexation agent) is dissolved in a suitable solvent in the presence of one or more of the
excipients described herein. The mTOR inhibitor is typically formulated into pharmaceutical
dosage forms to provide an easily controllable dosage of the drug and to give the patient an
elegant and easily handleable product.
[00559] Compounds of the invention can be administered as pharmaceutical compositions by
any conventional route, in particular enterally, e.g., orally, e.g., in the form of tablets or capsules,
or parenterally, e.g., in the form of injectable solutions or suspensions, topically, e.g., in the form
of lotions, gels, ointments or creams, or in a nasal or suppository form. Where an mTOR
inhibitor is administered in combination with (either simultaneously with or separately from)
another agent as described herein, in one aspect, both components can be administered by the
same route (e.g., parenterally). Alternatively, another agent may be administered by a different
route relative to the mTOR inhibitor. For example, an mTOR inhibitor may be administered
orally and the other agent may be administered parenterally.

SUSTAINED RELEASE
[00560] mTOR inhibitors, e.g., allosteric mTOR inhibitors or catalytic mTOR inhibitors,
disclosed herein can be provided as pharmaceutical formulations in form of oral solid dosage
forms comprising an mTOR inhibitor disclosed herein, e.g., rapamycin or RADOO1, which
satisfy product stability requirements and/or have favorable pharmacokinetic properties over the
immediate release (IR) tablets, such as reduced average plasma peak concentrations, reduced

inter- and intra~patient variability in the extent of drug absorption and in the plasma peak
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concentration, reduced Cax / Cain ratio and/or reduced food effects. Provided pharmaceutical
formulations may allow for more precise dose adjustment and/or reduce frequency of adverse
events thus providing safer treatments for patients with an mTOR inhibitor disclosed herein, e.g.,
rapamycin or RADO0O1.

[00561] In some embodiments, the present disclosure provides stable extended release
formulations of an mTOR inhibitor disclosed herein, e.g., rapamycin or RADOO1, which are
multi-particulate systems and may have functional layers and coatings.

[00562] The term “extended release, multi-particulate formulation as used herein refers to a
formulation which enables release of an mTOR inhibitor disclosed herein, e.g., rapamycin or
RADOO01, over an extended period of time e.g. over at least 1, 2, 3, 4, 5 or 6 hours. The extended
release formulation may contain matrices and coatings made of special excipients, e.g., as
described herein, which are formulated in a manner as to make the active ingredient available
over an extended period of time following ingestion.

[00563] The term “extended release” can be interchangeably used with the terms “sustained
release” (SR) or “prolonged release”. The term “extended release” relates to a pharmaceutical
formulation that does not release active drug substance immediately after oral dosing but over an
extended in accordance with the definition in the pharmacopoeias Ph. Eur. (7™ edition)
mongraph for tablets and capsules and USP general chapter <1151> for pharmaceutical dosage
forms. The term “Immediate Release” (IR) as used herein refers to a pharmaceutical formulation
which releases 85% of the active drug substance within less than 60 minutes in accordance with
the definition of “Guidance for Industry: “Dissolution Testing of Immediate Release Solid Oral
Dosage Forms” (FDA CDER, 1997). In some embodiments, the term “immediate release”
means release of everolismus from tablets within the time of 30 minutes, e.g., as measured in the
dissolution assay described herein.

[00564]  Stable extended release formulations of an mTOR inhibitor disclosed herein, e.g.,
rapamycin or RADOO1, can be characterized by an in-vitro release profile using assays known in
the art, such as a dissolution assay as described herein: a dissolution vessel filled with 900 mL
phosphate buffer pH 6.8 containing sodium dodecyl sulfate 0.2% at 37°C and the dissolution 1s
performed using a paddle method at 75 rpm according to USP by according to USP testing
monograph 711, and Ph.Eur. testing monograph 2.9.3. respectively.
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[00565] In some embodiments, stable extended release formulations of an mTOR inhibitor
disclosed herein, e.g., rapamycin or RADOOI, release the mTOR inhibitor in the in-vitro release
assay according to following release specifications:

0.5h; <45%, or <40, e.g., <30%
1h: 20-80%, e.g., 30-60%
2h: >50%, or >70%, e.g., >75%

3h: >60%, or >65%, e.g., >85%, e.g., >90%.

[00566] In some embodiments, stable extended release formulations of an mTOR inhibitor
disclosed herein, e.g., rapamycin or RADOOI, release 50% of the mTOR inhibitor not earlier
than 45, 60, 75, 90, 105 min or 120 min in the in-vitro dissolution assay.

Pharmaceutical compositions and treatments

[00567] 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.

[00568] 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.

[00569] In one embodiment, the pharmaceutical composition is substantially free of, e.g.,
there are no detectable levels of a contaminant, e.g., selected from the group consisting of
endotoxin, mycoplasma, replication competent lentivirus (RCL), p24, VSV-G nucleic acid, HIV

gag, residual anti-CD3/anti-CD28 coated beads, mouse antibodies, pooled human serum, bovine
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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.

99 6

[00570] When “an immunologically effective amount,” “an anti-cancer effective amount,” “a
cancer-inhibiting effective amount,” or “therapeutic amount” 1s 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). It can generally be stated that a pharmaceutical
composition comprising the immune effector cells described herein may be administered at a
dosage of 10* to 10° cells/kg body weight, in some instances 10° to 10° 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 ef al., New Eng. J.
of Med. 319:1676, 1988).

[00571] 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 10cc to 400cc. In certain aspects, the

cells are activated from blood draws of 20cc, 30cc, 40cc, 50cc, 60cc, 70cc, 80ce, 90cc, or 100cc.

[00572] The administration of the subject compositions may be carried out in any convenient
manner, including by aerosol inhalation, injection, ingestion, transfusion, implantation or
transplantation. The compositions described herein may be administered to a patient trans
arterially, subcutaneously, intradermally, intratumorally, intranodally, intramedullary,
intramuscularly, by intravenous (i.v.) injection, or intraperitoneally. In one aspect, the T cell
compositions of the present invention are administered to a patient by intradermal or

subcutaneous injection. In one aspect, the immune effector cell compositions of the present
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invention are administered by 1.v. injection. The compositions of immune effector cells may be

injected directly into a tumor, lymph node, or site of infection.

[00573] Ina particular exemplary aspect, subjects may undergo leukapheresis, wherein
leukocytes are collected, enriched, or depleted ex vivo to select and/or isolate the cells of interest,
e.g., T cells. These T cell isolates may be expanded by methods known in the art and treated
such that one or more CAR constructs of the invention may be introduced, thereby creating a
CAR T cell of the invention. Subjects in need thereof may subsequently undergo standard
treatment with high dose chemotherapy followed by peripheral blood stem cell transplantation.

In certain aspects, following or concurrent with the transplant, subjects receive an infusion of the
expanded CAR T cells of the present invention. In an additional aspect, expanded cells are

administered before or following surgery.

[00574] The dosage of the above treatments to be administered to a patient will vary with the
precise nature of the condition being treated and the recipient of the treatment. The scaling of
dosages for human administration can be performed according to art-accepted practices. The
dose for 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).

[00575] 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-
expressingcells 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
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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 1s 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.

[00576] 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.

[00577] 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.
[00578] In one embodiment, the dose and/or dosing schedule is one provided in Figure 6.

[00579] 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.

[00580] 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.

[00581] 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.

[00582] Using CARs with human (instead of murine) scFvs can reduce the likelihood and

intensity of a patient having an anti-CAR response.

[00583]
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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 CDRI1, LC CDR2,
LCCDR3) underlined). In the case of the CARs, the further remaining amino acids are the

remaining amino acids of the CARs.)

SEQ
ID Description Amino Acid Sequence
NO:
39 M1 (ScFv OVOLOQSGAEVKKPGASVKVSCKASGY TFTGY YMEWVRO
domain) APGQGLEWMGRINPNSGGTNYAQKFQGRVTMTRDTSISTAYMELSRLRSEDTAVYYCARG
RYYGMDVWGQGTMVTVSS EIVLTQSPATLSLSPGERATIS
CRASQSVSSNFAWYQORP PRFSGSGSGTDFTLTISSLEPED
EAAYYCHQRSNWLYTFGQGTKVDIK
63 M1 {full) MALPVTALLLPLALLLHAARPOVQLQQSGAEVKKPGASVKVSCKASGYTFTGYYMHWVRQ
APGQGLEWMGRINPNSGGTNYAQKFQGRVTMTRDTSISTAYMELSRLRSEDTAVY YCARG
>ZA53-27BC | RYYGMDVWGQGTMVTVSS EIVLTQSPATLSLSPGERATIS
(M1 CRASQSVSSNFAWYQORPGOAPRLLIYDASNRATGI PPRFSGSGSGTDFTLTISSLEPED
FAAYYCHORSNWLY TFGOGTKVDIKTTTPAPRPPTPAPTIASOPLS LRPEACRPAAGGAV
ZA53-27BC | HTRGLDFACDIYITWAPLAGTCGVLLLSLVITLYCKRGRKKLLY I FKQPFMRPVQTTQEED
GCSCRFPEEEEGGCELRVKEFSRSADAPAYKOGONOLYNELNLGRREE YDVLDKRRGRDPE
ROO1-All MGGKPRRKNPOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLE TATKDTYDAL
HMQALPPR
126161)
40 M2 (ScFv OVQLVQSGAEVKKPGASVKVSCKASGY TFTGY YMHWVRQ
domain) APGQGLEWMGWINPNSGGTNYAQKFQGRVTMTRDT S TSTAYMELSRLRSDDTAVY YCARD
LRRTVVTPRAYYGMDVWGOGT TVTVSSEEG GGEEEGEEGESEEEEEDTOLTOSPSTLSA
SVGDRVTITCOASODISNSLNWYQQOKAGKAPKLLIYDASTLETGVPSRFSGSGSGTDFSE
TISSLOPEDIATYYCOQHDNLPLTFGQGTKVETIK
64 M2 (full) MALPVTALLLPLALLLHAARPOVOLVOSGAEVKKPGASVKVSCKASGY TFTGY YMHAWVRO
APGQGLEWMGWINPNSGGTNYAQKFQGRVTMTRDTSISTAYMELSRLRSDDTAVYYCARD
>FA56-26RC | LRRTVVTPRAYYGMDVWGQGT TVTVSSGEE
(M2 SVGDRVTITCQASQDISNSLNWYQQKAGKAPKLLIYDASTLETGVPSRFSGSGSGTDFSF
TISSLOPEDIATYYCQQHDNLPLTEGQGTKVEIKTTTPAPRPPTPAPT IASQPLSLRPEA
FA56-26RC | CRPAAGGAVHTRGLDFACDIY IWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMR
PVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGONQLYNELNLGRREEYDVL
RO0O1-Al0 DKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSETIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMQALPPR
126162)
41 M3 (ScFv OVOLVOSGAEVKKPGAPVKVSCKASGY TETGY YMEWVRG
domain) APGQGLEWMGWINPNSGGTNYA SISTAYMELSRLRSDDTAVYYCARG
EWDGSYYYDYWGQGTLVTVS SEECENDIVLTQTPSSLSASVGDRY
TITCRASQSINTYLNWYQHKPGKAPKLLIYAASSLOSGVPSRFSGSGSGTDETLTISSLY
PEDFATYYCQQSFSPLTFGGGTKLEIK
65 M3 MALPVTALLLPLALLLHAARPOVQLVQSGAEVKKPGAPVKVSCKASGYTFTGYYMHWVRQ
APGQGLEWMGWINPNSGGTNYAQKFQGRVIMTRDTSISTAYMELSRLRSDDTAVY YCARG
SVA58-21LC | EWDGSYYYDYWGQGTLVTVS IVLTQTPSSLSASVGDRV

TITCRASQSINTYLNWYQHKPGKAPKLLIYAASSLQSGVPSRFSGSGSGTDFTLTISSLO
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(M3

VA58-21LC

ROO1-Al

126163)

PEDFATYYCQOSEFSPLTFGGGTKLEIKTTTPAPRPPTPAPTTIASQOPLSLRPEACRPAAGG
AVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQE
EDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

42 | M4 (ScFv
domain)

QVOQLVESGGGLVQPGGSLRLSCAASGETEFS SYWMHWVRQ
VPGKGLVWVSRINTDGSTTTYADSVEGRFTISRDNAKNT LY LOMNSLRDDDTAVYYCVGG
HWAVWGQGTTVTVS S| GﬂDIQMTQSPSTLSASVGDRVTITCRA
SQSISDRLAWYQOQKPGKAPKLLIYKASSLESGVPSRESGSGSGTEFTLTISSLQPDDFAV
YYCQQYGHLPMYTFGQGTKVEIK

66 M4

>DP37-07IC
(M4

DP37-07IC

RO01-C6

126164)

MALPVTALLLPLALLLHAARPOVQLVESGGGLVQPGGSLRLSCAASGFTESSYWMHWVRQ
VPGKGLVWVSRINTDGSTTTYADSVEGRFTISRDNAKNTLYLQMNSLRDDDTAVYYCVGG
HWAVWGQGTTVTVSS] GEESDIOMTQSPSTLSASVGDRVTITCRA
SQSISDRLAWYQQKPGKAPKLLIYRKASSLESGVPSRESGSGSGTEFTLTISSLQPDDEAV
YYCQQYGHLPMYTFGQGTRKVEIKTTTPAPRPPTPAPTIASQPLS LRPEACRPAAGGAVHT
RGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGC
SCRFPEEEEGGCELRVKESRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRGRDPEMG
GKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHM
OALPPR

43 | M5 (ScFv

QVOLVOSGAEVEKPGASVKVSCKASGYTFTDYYMHWVRQ

domain) APGQGLEWMGWINPNSGQ AQKF SISTAYMELSRLRSDDTAVYYCASE
WDFDYWGQGTLVTVSSG DIVMTQSPSSLSASVGDRVTITCR
ASQSIRYYLSWYQOKPGKAPKLLIYTASILONGVPSRESGSGSGTDFTLTISSLQPEDFA
TYYCLQTYTTPDFGPGTKVEIK

67 M5 MALPVTALLLPLALLLHAARPOVQLVQOSGAEVEKPGASVKVSCKASGY TFTDYYMHWVRQ

APGQGLEWMGWINPNSGGTNYAQKFQGRVTIMTRDTSISTAYMELSRLRSDDTAVYYCASG

>XP31-20LC WDFDYWGQGTLVTVSSG DIVMTQSPSSLSASVGDRVTITCR

(M5 ASOSTRYYLSWYQOKPGKAPKLLIYTASILONGVPSRESGSGSGTDETLTISSLOPEDFA
TYYCLOTYTTPDEGPGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR

XP31-20LC GLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQTTQEEDGCS
CRFPEEEEGGCELRVKESRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRGRDPEMGG

RO01-B4 KPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMQ
ALPPR

126165)

44 | M6 (ScFv

QVOLVOSGAEVKKPGASVKVSCKASGYTFTSYYMHWVRO

domain) APGQGLEWMGIINPSGGSTSYAQKFQGBVTMTRDTS?ﬁ?VYMELSSLRSEDTAVYYCARY
RLIAVAGDYYYYGMDVWGQGTMVTVSSH GEGE0EEESEEEEEDIOMTQOSPSSVSA
SVGDRVTITCRASQGVGRWLAWYQQKPGTAPKLLIYAASTLRSGVPSRESGSGSGTDETL
TINNLQPEDFATYYCQQANSFPLTFGGGTRLEIK
68 M6 MALPVIALLLPLALLLHAARPOVQLVQSGAEVKKPGASVKVSCKASGYTEFTSYYMHWVRQ
APGQGLEWMGIINPSGGSTSYAQKFQGRVIMIRDTSTSTVYMELS SLRSEDTAVYYCARY
>FE10-06ID | RLIAVAGDYYYYGMDVWGQGTMVTVSSE DIOQMTQSP3SVSA
(M6 SVGDRVTITCRASQGVGRWLAWYQQKPGTAPKLLIYAASTLQSGVPSRFSGSGSGTDFTL
TINNLOQPEDFATYYCQOANSFPLTFGGGTRLEIKTTTPAPRPPTPAPTIASQPLSLRPEA
46FE10- CRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMR
06ID PVQTTQEEDGCSCRFPEEEEGGCELRVKESRSADAPAYKQGONQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
RO0O1-A4
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126166)

ATKDTYDALHMQALPPR

45 | M7 (ScFv
domain)

QVOLVOSGGGVVQPGRSLRLSCAASGETFES SYAMHWVRO
APGKGLEWVAVISYDGSNKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARW
KVSSSSPAFDYWGQGTLVTVSSEL EIVLTQSPATLSLSPGER
ATILSCRASQSVYTKYLGWYQQOKPGQAPRLLIYDASTRATGIPDRESGSGSGTDETLTINR
LEPEDFAVYYCQHYGGSPLITFGQGTRLEIK

69 M7

>VE12-01CD
(M7

VE12-01CD
ROO1-A5

126167)

MALPVTALLLPLALLLHAARPOVQLVQSGGGVVQPGRSLRLSCAASGETEFS SYAMHWVRQ
APGKGLEWVAVISYDGSNKYYADSVKGREFTISRDNSKNTLY LQMNSLRAEDTAVYYCARW
KVSSSSPAFDYWGQGTLVTVSS EIVLTQSPATLSLSPGER
ATLSCRASQSVYTKYLGWYQQKPGOAPRLLIYDASTRATGIPDREFSGSGSGTDFTLTINR
LEPEDFAVYYCQHYGGSPLITFGQGTRLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRP
AAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRRKLLYIFKQPFMRPVQ
TTQEEDGCSCRFPEEEEGGCELRVKEFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR

46 M8 (ScFv
domain)

QVOLOOSGAEVKKPGASVKVSCKTSGYPFTGYSLHWVRO
APGQGLEWMGWINPNSGGTNYAQKFQGRVTMTRDTSISTAYMELSRLRSDDTAVYYCARD
HYGGNSLEYWGQGTLVIVSSE 5 SGG@GSDIQLTQSPSSISASVGDTVS
ITCRASQDSGTWLAWYQOKPGKAPNLIMYDASTLEDGVPSRESGSASGTEFTLTVNRLQP
EDSATYYCQOYNSYPLTFGGGTKVDIK

70 M8

>LE13-05XD
(M8

LE13-05XD

RO01~-ES5

126168)

MALPVTALLLPLALLLHAARPOVOLOQOSGAEVKKPGASVKVSCKTSGYPFTGYS LHWVRQ
APGQGLEWMGWINPNSGGTNYAQKFQGRVIMIRDTSISTAYMELSRLRSDDTAVYYCARD
HYGGNSLFYWGQGTLVTVSSE GEEDIQLTQSPSSISASVGDTVS
ITCRASQDSGTWLAWYQOKPGKAPNLLMYDASTLEDGVPSRFSGSASGTEFTLTVNRLQP
EDSATYYCQQYNSYPLTFGGGTKVDIKTTTPAPRPPTPAPTIASQPLSTLRPEACRPAAGG
AVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQE
EDGCSCRFPEEEEGGCELRVKEFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

47 | M9 (ScFv
domain)

QVOLVQOSGAEVKKPGASVEVSCKASGYTFTSYYMHWVRO
APGQGLEWMGIINPSGGSTGYAQKFQGRVTMTRDTSTSTVHMELSSLRSEDTAVYYCARG
GYSSSSDAFDIWGQGTMVTVSS SGS /GSDIQMTQSPPSLSASVGDR
VITITCRASQODISSALAWYQOKPGTPPKLLIYDASSLESGVPSRESGSGSGTDEFTLTISSL
QPEDFATYYCQQFSSYPLTFGGGTRLEIK

71 M9
>BE15-00SD
(M9
BE15~00SD
ROO1-A3

126169)

MALPVTALLLPLALLLHAARPOVOLVQOSGAEVKKPGASVEVSCKASGYTFTSYYMHWVRQ
APGQGLEWMGIINPSGGSTGYAQKFQGRVTMTRDTSTSTVHMELSSLRSEDTAVYYCARG
GYSSSSDAFDIWGQGTMVTVSSGG o ' GGG&DIQMTQSPPSLSASVGDR
VIITCRASODISSALAWYQQKPGT KL A, SGVPSRFSGSGSGTDFTLTISSL
QPEDFATYYCQOFSSYPLTFGGGTRLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAA
GGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTT
QEEDGCSCRFPEEEEGGCELRVKESRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR

48 M10 (ScFv
domain)

QVOLVOSGAEVKKPGASVKVSCKASGYTFTSYGISWVRQ
APGQGLEWMGWISAYNGNTNYAQ STAYMELRSLRSDDTAVYYCARV
AGGIYYYYGMDVWGQGTTITVSS DIVMTQTPDSLAVSLGE

168

Date Regue/Date Received 2024-01-05




WO 2015/090230

PCT/CN2014/094393

RATISCKSSHSVLYNRNNKNYTLAWYQOKPGQPPKLLEFYWASTRKSGVPDRFSGSGSGTDFE
TLTISSLOPEDFATYFCQOTOQTFPLTFGOQGTRLEIN

72 M10

>RE16-05MD
(M10

RE16-05MD
RO01-D10

126170)

MALPVTALLLPLALLLHAARPOVOLVOSGAEVKKPGASVKVSCKASGY TFTSYGISWVRO
APGQGLEWMGWISAYNGNTNYAQKLOGRVTMITDTSTS TAYMELRSLRSDDTAVYYCARY
AGGIYYYYCGMDVWGQGTTITVSS GGG BB B DI VMTQTPDSLAVSLGE
RATISCKSSHSVLYNRNNKNY LAWY OQKPGOPPKLLEYWASTRKSGVPDRFSGSGSGTDE
TLTISSLQPEDFATYFCQQTQTFPLTFGOGTRLE INTTTPAPRPPTPAPTIASOPLS LRP
EACRPAAGGAVHTRGLDEACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPF
MRPVQTTQEEDGCSCRFPEEEEGGCELRVKESRSADAPAYKQGONQLYNE LNLGRREEYD
VLDKRRGRDPEMGGKPRRKN POEGLYNE LOKDKMAEAYSE IGMKGERRRGKGHDGLYQGL
STATKDTYDALHMQOALPPR

49 M11 (ScFv

QVOLOOSGAEVKKPGASVKVSCKASGYTFTGYYMHWVRO

domain) APGQGLEWMGWINPNSGGTNYA NFQGRVTMTRDTSISTAYMELRRLRSDDTAVYYCASG
WDFDYWGQGTLVTVSSQ DIRMTQSPSSLSASVGDRVTITCR
ASQSIRYYLSWYQOQKPGKAPKLLIYTASILONGVPSRESGSGSGTDFTLTISSLQPEDFA
TYYCLQTYTTPDFGPGTKVEIK

73 M11 MALPVTALLLPLALLLHAARPQOVOLOQSGAEVKKPGASVKVSCKASGYTEFTGYYMHWVRQ

APGQGLEWMGWINPNSGGTNYAQNFQG ISTAYMELRRLRSDDTAVYYCASG

>NE10-19WD WDFDYWGQGTLVTVSSG Fal ‘H‘fDIRMTQSPSSLSASVGDRVTITCR

(M11 ASQSIRYYLSWYQQKPGKAPKLLIYTASILQNGVPSRFSGSGSGTDFTLTISSLQPEDFA
TYYCLQTYTTPDFGPGTKVEIKTTTPAPRPPTPAPTTIASQPLSLRPEACRPAAGGAVHTR

NE10-19%WD GLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCS
CRFPEEEEGGCELRVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRGRDPEMGG

ROO1-G2 KPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS TATKDTYDALHMQ
ALPPR

126171)

50 M12 (ScFv
domain)

QVQLVQOSGAEVKKPGASVKVSCKASGYTFTGYYMHWVRQ
APGQGLEWMGRINPNSGGTNYAQKFQGRVIMITDTSTSTAYMELRSTLRSDDTAVYYCART
TTSYAFDIWGQGTMVTVSS? SDIQLTQSPSTLSASVGDRVTI
TCRASQOS ISTWLAWYQOKPGKAPNLLIYKASTLESGVPSRESGSGSGTEFTLTISSLOPD
DEFATYYCQOQYNTYSPYTFGQGTKLEIK

74 M12

>DE12-14RD
(M12

DE12-14RD

R0O01-G9

126172)

MALPVIALLLPLALLLHAARPQVQLVQSGAEVKKPGASVKVSCKASGYTEFTGYYMHWVRQ
APGQGLEWMGRINPNSGGTNYAQKFQGRVIMITDTSTSTAYMELRSLRSDDTAVYYCART
TTSYAFDIWGQGTMVTVSSZ GaG GSG@G@SDIQLTQSPSTLSASVGDRVTI
TCRASQSISTWLAWYQQKPGKAPNLLIYKASTLESGVPSRESGSGSGTEFTLTISSLQPD
DFATYYCQQYNTYSPYTFGQGTKLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG
AVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQE
EDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

51 M13 (ScFv
domain)

QVQLVOSGGGLVKPGGSLRLSCEASGFIFSDYYMGWIRQ
APGKGLEWVSYIGRSGSSMYYADSVKGRFTFSRDNAKNSLYLQMNSLRAEDTAVYYCAAS
PVVAATEDFOHWGQGTLVTVSS! {'&QG@%$DIVMTQTPATLSLSPGER
ATLSCRASQSVTSNYLAWYQOKPGOAPRLLLFGASTRATGIPDRESGSGSGTDETLT INR
LEPEDFAMYYCQQYGSAPVTFGQGTKLEIK

75 M13

>TE13-19LD

MALPVIALLLPLALLLHAARPQVQLVQSGGGLVKPGGSLRLSCEASGEIFSDYYMGWIRQ
APGKGLEWVSYIGRSGSSMYYADSVKGRETEFSRDNAKNS LY LOMNSLRAEDTAVYYCARS
PVVAATEDFQHWGQGTLVTVSSH DIVMTQTPATLSLSPGER
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(M13 ATLSCRASQSVTSNYLAWY QQKPGQAPRLLLFGASTRATGI PDRFSGSGSGTDFTLTINR
LEPEDFAMYYCQQYGSAPVTFGQGTKLEIKTTTPAPRPPTPAPT IASQPLSLRPEACRPA
TE13-19LD | AGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPEMRPVQT
TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRR
R002-C3 GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR
126173)
52 M14 (ScFv QVQLVQSGAEVRAPGASVKISCKASGFTFRGYYIHWVRQ
domain) APGQGLEWMGIINPSGGSRAYAQKFQGRVTMIRDTSTSTVYMELSSLRSDDTAMY YCART
ASCGGDCYYLDYWGQGTLVTVSS £DIQMTQSPPTLSASVGD
RVTITCRASENVNIWLAWYQQKPGKAPKLLIYKSSSLASGVPSRFSGSGSGAEFTLTISS
LQPDDFATYYCQQYQSYPLTFGGGTKVDIK
76 M14 MALPVTALLLPLALLLHAARPOVQLVQSGAEVRAPGASVKISCKASGETFRGYYTHWVRQ
APGQGLEWMGIINPSGGSRAYAQKFQGRVTMIRDT STSTVYMELSSLRSDDTAMY YCART
>BS83~95ID | ASCGGDCYYILDYWGQGTLVTVSS DIOMTQSPPTLSASVGD
(M14 RVTITCRASENVNIWLAWYQQKPGKAPKLLIYKSSSLASGVPSRFSGSGSGARFTLTISS
LQPDDFATYYCQQYQSYPLTFGGGTKVDIKTTTPAPRPPTPAPT IASQPLS LRPEACRPA
BS83-95ID | AGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQT
TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRR
ROO1-E8 GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE IGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR
126174)
53 M15 (ScFv QVQLVQSGGGLVQPGRSLRLSCARSGF TFDDYAMHWVRQ
domain) APGKGLEWVSGISWNSGS IGYADSVKGRFTISRDNAKNSLY LQMNS LRAEDTAVYYCAKD
GSSSWSWGYFDYWGQGTLVTVSSE C8SSELTQDPAVSVALGQTVRTTC
QGDALRSYYASWYQQKPGQAPMLVIYGKNNRPSGIPDRFSGSDSGDTASLTITGAQAEDE
ADYYCNSRDSSGYPVFGTGTKVIVL
77 M15 MALPVTALLLPLALLLHAARPOVQLVQSGGGLVQPGRSLRLSCAASGETFDDYAMHWVRQ
SHS86-94%XD | APGKGLEWVSGISWNSGSIGYAD SLYLOMNSLRAEDTAVYYCAKD
(M15 GSSSWSWGYFDYWGQGTLVTVSS SSELTQDPAVSVALGQTVRTTC
HS86-94XD | QGDALRSYYASWYQOKPGOAPMLVIYGKNNRPSGT PDRFSGSDSGDTASLT ITGAQAEDE
NT ADYYCNSRDSSGYPVFGTGTKVIVLTTTPAPRPPTPAPT IASQPLS LRPEACRPARGGAY
127553) HTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQTTQEED
GCSCRFPEEEEGGCELRVKFSRSADAPAYKQGONQLYNELNLGRREE YDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS TATKDTYDAL
HMQALPPR
54 M16 (ScFv EVQLVESGGGLVQPGRSLRLSCARSGFTEDDYAMHWVRQ
domain) APGKGLEWVSGISWNSGSTGYADSVKGRETISRDNAKNS LYLQMNS LRAEDTALY YCAKD
SSSWYGGGSAFDIWGQGTMVTVSSGGE6EGEEESEEEEESSELTQEPAVSVALGQTVRIT
CQGDSLRSYYASWYQQKPGOAPVLVIFGRSRRPSGI PDRFSGSSSGNTASLI I TGAQAED
EADYYCNSRDNTANHYVFGTGTKLTVL
78 M16 MALPVTALLLPLALLLHAARPEVQOLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRO
>X$87-99RD | APGKGLEWVSGISWNSGSTGYADSVKGRFTISRDNAKNS LYLQMNSLRAEDTALY YCAKD
(M16 SSSWYGGGSAFDIWGQGTMVTVSSGEE S G6GSSSSELTQEPAVSVALGQTVRIT
XS87-99RD | CQGDSLRSYYASWYQQKPGQAPVLVI SGIPDRFSGSSSGNTASLIITGAQAED
EADYYCNSRDNTANHYVFGTGTKLTVLTTTPAPRPPTPAPT IASQPLS LRPEACRPAAGG
NT AVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQR
127554) EDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGONQLYNELNLGRREEY DVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLS TATKDTYD
ALHMQALPPR
55 M17 (ScFv EVQLVESGGGLVQPGRSLRLSCARSGFTFDDYAMHWVRQ
domain) APGKGLEWVSGISWNSGSTCYADSVKGRETISRDNAKNS LYLOMNS LRAEDTALY YCAKD

SSSWYGGGSAFDIWGQGTMVTVSS)

SELTQDPAVSVALGQTVRIT
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CQGDSLRSYYASWYQOKPGQAPVLVIYGKNNRPSGI PDRFSGSSSGNTASLTITGAQAED
EADYYCNSRGSSGNHYVFGTGTKVTVL

79 M17 MALPVTALLLPLALLLHAARPEVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRQ
APGKGLEWVSGISWNSGSTGYADSVKGRFTISRDNAKNS LY LOMNS LRAEDTALY YCAKD
>NS89-94MD | SSSWYCGCSAFDIWGOCTMVTVSSEG B GEat Sl SSELTQDPAVSVALGQTVRIT
(M17 CQGDSLRSY YASWYQOKPGQAPVLVIYGKNNRPSGI PDRFSGSSSGNTASLTITGAQAED
EADYYCNSRGSSGNHYVFGTGTKVTVLTTTPAPRPEPTPAPT IASQPLS LRPEACRPAAGG
NS89-94MD | AVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQE
EDGCSCRFPEEEEGGCELRVKEFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYD
NT ALHMQALPPR
127555)

56 M18 (ScFv
domain)

QVOLVOSGGGLVQPGGSLRLECAASGETES SYWMHWVRQ
APGKGLVWVSRINSDGSSTSYADSVKGREFTISRDNAKNT LY LOMNSLRAEDTAVYYCVRT
GWVGSYYYYMDVWGKGTTVTVSS G EIVLTQSPGTLSLSPGE
RATLSCRASQSVSSNYLAWYQQKPGQPPRLLIYDVSTRATGIPARFSGGGSGTDFTLTIS
SLEPEDFAVYYCQORSNWPPWTFGQGTKVETIK

80 M18
>D3S90~-09HD
(M18
D390-08%HD

RO03-A05

127556)

MALPVTALLLPLALLLHAARPOVQLVQSGGGLVQPGGSLRLSCAASGFTFS SYWMHWVRQ
APGKGLVWVSRINSDGSSTSYADSVKGRFTISRDNAKNT LYLQMNS LRAEDTAVY YCVRT
GWVGSYYYYMDVWGKGTTVTVSS cecrcs GSGEELSRTVLTQSPGTLSLSPGE
RATLSCRASQSVSSNYLAWY QOK ARFSGGGSGTDRTLTIS
SLEPEDFAVYYCOQORSNWPPWTFGOGTKVEIRTT TPAPRPPTPAPT IASQOPLSLRPEACR
PAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPV
QTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMQALPPR

57 M19 (ScFv
domain)

QVOLVOSGGGVVQPGRSLRLSCAASGETEFS SYGMHWVRQ
APGKGLEWVAVISYDGSNKYYADSVKGRFTISRDNSKNTLY LQMNSLRAEDTAVYYCAKG
YSRYYYYGMDVWGQGTTVTVSS& ;SEIVMTQSPATLSLSPGER
ATLSCRASQSVYTKYLGWYQQKPGOAPRLLIYDASTRATGIPDREFSGSGSGTDFTLTINR
LEPEDFAVYYCQHYGGSPLITFGQGTKVDIK

81 M19
>T3592~04BD
(M19
TS892-04BD

RO03-C06

127557)

MALPVTALLLPLALLLHAARPOVQOLVQOSGGGVVQPGRSLRLSCAASGFTESSYGMHWVRQO
APGKGLEWVAVISYDGSNKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKG
YSRYYYYGMDVWGQGTTVTVSS ‘ j%$$GGQGSEIVMTQSPATLSLSPGER
AILSCRASQSVYTKYLGWYQQKPGQAPRLLIYDASTRATGIPDRFSGSGSGTDFTLTINR
LEPEDFAVYYCQHYGGSPLITFGQGTKVDIKTTTPAPRPPTPAPTIASQPLSLRPEACRP
AAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQ
TTQEEDGCSCRFPEEEEGGCELRVKESRSADAPAYKQGONQLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSETIGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMQALPPR

58 M20 (ScFv
domain)

QVOLVOSGGGLVQPGGSLRLSCAASGETFSSYAMSWVRQ
APGKGLEWVSAISGSGGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKR
EARAAGHDWYFDLWGRGTLVTVSS 4 DIRVTQSPSSLSASVGD
RVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSLQSGVPSRFSGSGSGTDFTLTISS
LOPEDFATYYCQQOSYSTIPLTFGQGTKVEIK

82 M20

MALPVIALLLPLALLLHAARPOVQOLVOSGGGLVQPGGSLRLSCAASGEFTES SYAMSWVRQ
APGKGLEWVSAISGSGGSTYYADSVKGRETISRDNSKNT LY LOMNSLRAEDTAVYYCAKR
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>J593~08WD EAAAGHDWYFDLWGRGTLVTVSS@@

(M20

EEBERGEEEEBEEESDIRVTQSPSSLSASVGD

RVTITCRASQOSISSYLNWYQOKPGKAPKLLIYAASSLOSGVPSRESGSGSGTDEFTLTISS
LOPEDFATYYCQQOSYSIPLTFGOGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPA

J893-08WD AGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQT

RO0O3-EQ7

TQEEDGCSCRFPEEEEGGCELRVKESRSADAPAYKQGONQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSETIGMKGERRRGKGHDGLYQGLSTATKD

TYDALHMQOALPPR
127558)
275 Ss1 (scFv OVOLOOSGPELEKPGASVKISCKASGYSFTGYTMNWVKQSHGKSLEWIGLITPYNGASS
domahﬂ YNQKFRGKATLTVDKSSSTAYMDLLSLTSEDSAVYFCARGGYDGRGEDYWGQGTTVTIVS
SGGGGSGGGGSGGGGSDIELTQSPATMSASPGEKVTMTCSASSSVSYMHWYQQKSGTSP
KRWIYDTSKLASGVPGRFSGSGSGNSYSLTISSVEAEDDATYYCQOWSGYPLTFGAGTK
LETI
278 SSl(ﬂM) MALPVTALLLPLALLLHAARPOVOLOOSGPELEKPGASVKISCKASGYSFTGYTMNWVK

QSHGKSLEWIGLITPYNGASSYNOKFRGKATLTVDKSSSTAYMDLLSLTSEDSAVYFCA
RGGYDGRGEDYWGQGTTVTVSSE QG/&DIELTQSPAIMSASPGEKVTMT
CSASSSVSYMMWYQQKSGTSPKRWIYDTSKLASGVPGRFSGSGSGNSYSLTISSVEAED
DATYYCQOWSGYPLTFGAGTKLEITTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAV
HTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQTTQEE
DGCSCRFPEEEEGGCELRVKFSRSADAPA

Table 3: Nucleic Acid Sequences encoding CAR molecules (underlined is the leader sequence)

SEQ
ID Desc. Nucleic Acid Sequence
NO:
87 M1 CAAGTCCARCTGCRGCAGT CAGGAGCOBAAGT GARGARACCAGGAGOGTCAG T CARAGT GT COTGCAAGECTAGCOGCTA
CACCTTCACCGECTACTA
(SCFV CATGCACTGGGTTCOACAGGCT CCAGGCCAGGCTCTGEAGTGCATGGGCCCCATCAACCCGAATTCCGETGGCGACTAACT
dornain) ACGCCCAGAAGTTCCAGGGAAGAGTGACCATGACT AGGGACACGTCGATCAGCACTGCGTACAT GGAACTGAGCCGCCTG
N COGTCCGAGGATACTGCOGTCTACTACT GCGCACGCGGARGETACTAT GEAAT GHACGTGT GOGGCCAAGGGACT ATGGT
b GACTGTGAGCTCEGEAGEEEEAGECTCCEETEEOEEEEEATCAGGAGEAGGAGGATCAGGGEGAGEAGET TCCGARATTG
(M1) TCCTCACCCAGAGCCCGGCAACCCTCTCACTTTCCCCGGGAGAGCGCGCAACCATCTCTTGCCGGGCTAGCCAATCCGTG
TCETCCAAT T TCECCTGET ATCAGCARCEECCGGEACARGCCCCTAGACT COTGATCTACGACGCCAGCARCAGAGCEAL
TGGARTTCCTCCACGCTTTTCGGEATCAGGCTCOGETACCEACTTCACCCTGACTATCTCGTOGCT CGAACCCGAGGATT
TCGCCGCCTACTACTGT CATCAGCGGTCGARCTGGTTGTATACCGTTTGGCCAGGGCACCAAGGTGGATAT CAAG
111 | M1 ATGGCCCT CCCT BT CACEGUCCTGCT AT T CCGCT GG LT CT T O TGO T CL AL B GE T GG CCCAAGTCCARC TOCAGCA.
G
(Fu“) TCAGGAGCGGAAGTGAAGAAARCCAGGAGCGTCAGT CAAAGTGTCGTGCAAGGCTAGCGGCTACACCTTCACCGGCTACTA
>ZA53- CATGCACTEGETT CGACAGECT CCAGGGCAGGETCTGEAGTEOATGEECCGUATCAACCCEART TCOGGET COGACTAACT
27BC ACGCCCAGRAGT TCCAGEGARGAGTGACCATGACT AGGGACACGTCGATCAGCACTGCGTACATGEARCT BAGCCECCTE
(M1) CGGTCCGAGGATACTGCCGTCTACTACT GCGCACGCGGAAGGTACTAT GGAATGCGACGTGTGGGGCCAAGGGACTATGGT

GACTGTGAGCTCGGGAGGGECAGGCTCCEETEGCEEEGEATCAGCAGGAGGAGGAT CAGGGGEAGCAGGT TCCCGARATTG
TCCTCACCCAGAGCCCGGCAACCCTCTCACT TTCCCCGEEAGAGCGCGCAACCAT CTCTTGCCGEGCTAGCCAAT CCGT G
TCGTCCAATTTCGCCTGGTACCAGCARCGGCCGEEACAAGCCCCTAGACT CCTGATCTACGACGCCAGCARCAGAGCGAC
TGGAATTCCTCCACGCTTTTCGGGATCAGGCTCCGGTACCGACTTCACCCTGACTATCTCGTCGCTCGAACCCGAGGATT
TCGCCGCCTACTACTGTCATCAGCGGTCGAACTGGTTGTATACGT T TGGCCAGGGCACCAAGGT GGATATCAAGACCACT
ACCCCAGCACCGAGGCCACCCACCCCGEGECTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCETCCGEAGGCATGTAGACC
CGCAGCTGGETGGGECCGTGCATACCCGEGGTCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTT
GCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTT TACT GTAAGCGCGET CGGAAGAAGCT GCTGTACAT CTTTARGCAA
CCCTTCATGRGECCTGTGCAGACTACTCARGAGGAGGACGECTGTTCATGCCEET TCCCAGAGGAGEAGCARGGCGGCT G
CGAACTGCGCGTCARAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCACGAACCAGCTCTACAACGARCTCA
ATCTTGGETCCCAGAGAGGAGTACGACGT GCTGGACAAGCGGAGAGGACGEGACCCAGRAAAT GGECEGEAAGCCGCGCAGA
AAGARTCCCCARGAGGGCCTGTRACAACGAGCTCCARAAGGAT AAGAT GGCAGARGCCTATAGCGAGAT TGGTATGAAAGE
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GGAACGCAGAAGAGGCARAGGCCACGACGGACT GTACCAGGGACTCAGCACCGCCACCAAGGACACCTAT GACGCTCTTC
RCATGCAGGCCCTGCCGCCTCGE

88

M2
(ScFv

domain)
>FA56-
26RC
(M2)

CAAGTCCARCTCGTCCAGT CAGGAGCAGAAGTCAAGARACCAGGETGCTAGCET GAAAGT GTCETGCARGGCETCGGGATA
CACTTTCACCGGATACTAC
ATGCACTGGGETCCGCCAGGCCCCCGEACARGGACT GGARTGGATGGGCTGGAT CARCCCGAATAGCGGGEGAACTAATTA
CGCCCAGARGTTTCAGGGACGAGTGACCATGACCCGCGATACCTCTATCTCGACCGCCTACATGEAGCTCTCCAGACTGC
GCTCCGACGATACTGCAGTGTACTACTGCGCCCGGEEACCTGAGGCGGACTGTGETTACTCCTCGCGCCTATTATGGCATG
GACGTGTGGGGCCARAGGAACTACTGTGACT GTGAGCT CGGCAGGCGGTGGETCAGGCEGAGGAGGETCGGECEGETGETGE
CTCGGGAGEGEGAGGAAGCGACATTCAACT TACGCAGAGCCCGTCAACCCTGTCAGCETCAGTGEGAGAT CGGGT GACCA
TCACGTGTCAGGCCAGCCAGGATATCTCCARCT CGCTCARCTGGTACCAGCAARAGGCGGGTAAAGCTCCGRAGCTGCTG
ATCTACGACGCTTCCACCCTCGAGACTGGAGTCCCATCCAGATTTTCCGEGTCAGCGARGCGGCACCGATTTCTCCTTCAC
CATTTCGTCCTTGCAACCGEAGGACATCGCAACCTACTACT GCCAGCAGCAT GACAACT TGCCTCTGACGT T CGGGCAGG
GCACCAAGGETGGARATCAAG

112

M2
(Full)

»FAE6~
26RC
(M2)

ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCARGTCCARCTCGTCCA
GTCAGGAGCAGAAGT CAAGAALACCAGGTGCTAGCGTGAARGT GTCGTGCAAGGCGTCGGGATACACT TTCACCGGATACT
AC
ATGCACTGGGTCCGCCAGGCCCCCGEACARGGACT GGAATGCGATGGGCTGGAT CARCCCGAATAGCGGGGGAACTAATTA
CGCCCAGAAGTTTCAGGGACGAGTGACCAT GACCCGCGATACCTCTATCT CGACCGCCTACATGGAGCTCTCCAGACTGC
GCTCCGACGATACTGCAGT GTACTACTECGCCCGEEACCTGAGGCEEACT GTGET TACTCCTCGCECCTATTAT GGCAT G
GACGTGTGGGGCCARAGGAACTACTCTGACT CTGAGCT CCCGAGECEGTGGETCACGCCEEGAGCAGGETCGECCEGTGETEG
CTCGGGAGGGEGAGGAAGCGACATTCAACT TACGCAGAGCCCGTCAACCCTGT CAGCETCAGTGEGAGAT CGGGT GACCA
TCACGTGT CAGGCCAGCCAGGATATCTCCAACT CGCTCARCTGGTACCAGCARARGGCGGGTAAAGCT CCGAAGCTGCT G
ATCTACGACGCTTCCACCCTCGAGACTGGAGTCCCATCCAGATTTTCCGGGTCAGGAAGCGGCACCGATTTCTCCTTCAC
CATTTCGTCCTTGCAACCGGAGGACATCGCAACCTACTACTGCCAGCAGCATGACAACTTGCCTCTGACGTTCGGGCAGG
GCACCAAGGTGGAAAT CAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCAT CGCCTCCCAGCCTCT G
TCCCTGCETCCGEAGGCATGTAGACCCECAGCTGETEGEECCETGCATACCCGEEETCTTGACTTCGCCTGOGATATCTA
CATTTGGGCCCCTCTGGCTGETACTTGCGGGETCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTARGCGCGGTCGGA
AGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACT CAAGAGGAGGACGGCTGTTCATGCCGE
TTCCCAGAGGAGGAGGANGGCGEECTGOEAACTGCGCETGARATTCAGCCGCAGCECAGATGCTCCAGCCTACARGCAGEG
GCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGGAGRAGAGCAGTACCGACGTGCTGGACRAAGCGGAGAGGACGGGACC
CAGRAATGGGCGGEAAGCCECECAGARAGANT CCCCARGAGGGCCTGTACAACGAGCTCCARARGGATAAGATGGCAGAR
GCCTATAGCGEAGATTGGETATGARAGGGEAACGCAGAAGAGGCAAAGGCCACGACGEACT GTACCAGGGACTCAGCACCGC
CACCARAGGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCEG

89

M3
(ScFv

domain)
SVAEG -
21LC
M3)

CAAGTCCARCTCGTCCAA

TCAGGAGCGGAAGTCAAAAAGCCCGGAGCT CCAGT GAAAGTGTCATGCARGGCCTCCGGCTACACCTTCACCGGTTACTA
TATGCACTGGETGCGGCAGECCCCEEECCAGLGET TCCARTGCATGEGAT GGATCAATCCARACT CEEET GGGACTAACT
ACGCCCAGAAGTTCCAAGGACGEGTGACCATGACTAGGEGACACCTCGATCTCCACCGCATACAT GGAGCTTAGCAGACTC
CGCTCCGACGATACCGCAGTCTACTAT TGCCCGCGGGGAGACGTCGGACGGATCGTACTACTACGATTACTCGGGGCCAGGG
AACTCTGGTGACTGTTTCCTCGGEETGCAGCAGGTT CAGGLGGAGGCGGLTCEGECEEEEGAGEAT CTGGAGGAGGAGGGT
CCGACATTGETGCTGACCCARACTCCTTCGTCCCTGTCGECCAGCET GGECGACCGCGTGACGAT TACGTGCAGAGCTAGC
CRAATCCATCAATACTTACCTCAACTGGTACCAGCATAAGCCCGGCGAARGCACCAARGCTGCTGATCTACGCCGCCTCATC
CTTGCAGAGCGGTGTGCCTTCACGCTTTAGCGGAT CGGGATCGGGAACGGATT TCACCCTGACTAT CAGCTCCCTCCAGC
CGGAGGATTTTGCGACCTACTACTGTCAGCAGAGCTTCTCACCGCTGACT TTCGGCGECGEEACCARGCT GGARATCAAG

113

M3
(Full)
>VA58-
211
(M3)

ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCOGCT GGCTCTTCTGCTCCACGCCGCTCGGCCCCARGTCCAACTCGTCCA
A
TCAGGAGCGGAAGTCARAAAGCCCGGAGCT CCAGT GAAAGTGTCATGCAAGGCCTCCCGCTACACCTTCACCGGTTACTA
TATGCACTGGETGCGGCAGECCCCEEECCAGGGET TGCARTGCATGGGAT GCGATCAATCCARACT COEGT GGGACTARACT
ACGCCCAGAAGTT CCAAGGACGGEGETGACCATGACTAGGGACACCTCGATCTCCACCGCATACAT GGAGCTTAGCAGACTC
CGCTCCGACGATACCGCAGTCTACTATTGCCCGCGGECGACAGTGGCACGGATCGTACTACTACGAT TACT GGGGCCAGEG
AACTCTGGTGACTGTTTCCTCGGGTGGAGGAGGTT CAGGCGGAGGCGGLT CGGELGEGEGAGCATCTGGAGGAGGAGGGT
CCGACATTGETGCTGACCCAAACTCCTTCGT CCCTGTCGECCAGCETGGECGACCGCETGACGATTACGTGCAGAGCTAGC
CAATCCATCAATACTTACCTCARCTGGTACCAGCATARGCCGGGGAAAGCACCARAAGCTGCTGATCTACGCCGCCTCATC
CTTGCAGAGCGGTGTGCCTTCACGCTTTAGCGGAT CGGGATCGEGAACGGATT TCACCCTGACTAT CAGCTCCCTCCAGC
CGGAGGATTTTGCGACCTACTACTGTCAGCAGAGCT TCTCACCGCTGACT TT CGGCGECEEEACCARGCT GGARAT CANG
ACCACTACCCCAGCACCGAGGCCACCCACCCCGECTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCETCCEGAGGCAT G
TAGACCCGCAGCTGGTGGGGECCETEGCATACCCGGEETCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCTG
GTACTTGCGGEEGTCCTGCTGCTTTCACTCGTGATCACTCTT TACTGTARGCGCEGET CGGAAGARAGCT GCTGTACATCTTT
AAGCAACCCTTCATGAGGCCTCTCCAGACTACT CAAGAGCAGCACGGCTGTTCAT GCCGET TCCCAGAGGAGGAGCAAGE
CGGCTGCGARCTGCGCGTGARATT CAGCCGCAGCGCAGATGCTCCAGCCTACARGCAGGGGCAGAACCAGCTCTACAACG
AACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCT GGACAAGUGGAGAGGACGGGACCCAGAART GGGCGGGAAGCCE
CGCAGAAAGART CCCCANGAGGECCTGTACAACGAGCTCCARAAGGATARGAT GGCAGAAGCCTATAGCGAGATTGGTAT
GAAAGGGGAACGCAGAAGAGGCARAGGCCACGACGGACT GTACCAGGGACTCAGCACCGCCACCARGGACRACCTATGACG
CTCTTCACATGCAGGCCCTGCCGCCTCGG

90

M4

CRAGTGCARCTCGTTGAA
TCAGGTGGAGGTTTGGT GCAACCCGGAGGATCT CT CAGACTGTCGTGT GCGGCETCCGGGTTCACCTTTTCGTCCTACT G
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(ScFv

domain)
>DP37-
071C
(M4)

GATGCACTGGETGCGCCAGETGCCGEEARAAGGACTGET GTGGETGTCCAGAATCAACACCGACGGETCARCGACTACCT
RACGCAGATAGCGTGGAAGGTCGGETTCACCATTTCGLGGGACAACGCTARAARACACTCTGTACCT TCAGATGRATTCACT G
CGCGATGACGACACCGCAGTCTACTACTGCCTCGETGGACACTGGGCGET CTGGGGACAGGCAACTACGGTGACTGTGTC
CAGCGGCGEEEGAGEAAGCEECEGAGEEEEEAGCEEAGECEEAGGATCAGEAGGAGGCGGCTCCGATATCCAGATGACCC
AGTCGCCATCGACCCTCTCCGCTAGCETGGGEGATAGGETCACTATCACT TGCCGAGCCAGCCAAT CCATTAGCGACCGE
CTTGCCTGGTACCARCAGAAACCTGCGAAAGGCCCCGAAGCTGCTCATCTACAAGGCCTCGTCACTGGAGTCGGGAGTCCC
GTCCCGCTTTTCCGGCTCGEECTCAGGCACCGAGT TCACTCTGACCAT CTCGAGCCTGCAGCCGEACGAT TTCGCCGETET
ATTACTGCCAGCAATACGGACATCTCCCAATGTACACGTTCGCTCAGGGCACCAAGGTCGAAAT CARG

114

M4
>DE37-
071IC
(M4)

ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCT CCACGCCGCTCGGCCCCARGTGCAACTCGTTGA
A
TCAGETGGEAGETTTGETGCAACCCEEAGGATCTCTCAGACTGTCETETGCGECETCCEEGTTCACCTTTTCEGTCCTACT G
GATGCACTGGGTGCGCCAGGTGCCEGCARARGGACTGGT CTGCETGTCCAGAATCAACACCCACGGGETCARCGACTACCT
ACGCAGATAGCCTGGAAGGT CGETT CACCAT TTCGCGGGACAACGCTARAANCACT CTGTACCTTCAGATGAATTCACTG
CGCGATGACGACACCGCAGTCTACTACT GCGTCGETGEACACTGGGCEET CTGGEEACAGGGAACTACGGTGACT GTGTC
CRAGCGGCGGGEEAGCAAGCGEECEEAGGEEGEEGAGCEEAGGECEERAGEATCAGGAGGAGGCGGCTCCGATATCCAGATGACCC
AGTCGCCATCGACCCTCTCCGCTAGCGTGGGEEATAGGGTCACTATCACTT GCCGAGCCAGCCARTCCATTAGCGRACCGE
CTTGCCTGETACCARCAGAAACCT GGAARGGCCCCGARGCTGCTCATCTACAAGGCCTCGT CACTGEAGT CGGGAGTCCC
GTCCCGCTTTTCCGGECTCGGGCTCAGGCACCGAGTTCACTCTGACCAT CTCGAGCCTGCAGCCGGACGATTTCGCCGETGT
ATTACTGCCAGCAATACGGACATCTCCCARTGTACACGTTCGGTCAGGGCACCAAGGTCGAAAT CARGACCACTACCCCA
GCACCGAGGCCACCCACCCCGECTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCEGAGGCAT GTAGACCCGCAGT
TGGTGGEGECCETGCATACCCGEEETCTTGACTTCGCCTGCGATATCTACATTT GEECCCCTCTGECTGETACTTGCGGEE
TCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCCGCGGTCGGAAGAAGCTGCTGTACATCTTTAAGCAACCCTTC
ATGAGGCCTGTGCAGACTACT CAAGAGGAGGACGGCTGTTCATGCCGE T T CCCAGAGGAGGAGGARGGCGGCTGCGAACT
GCGCETGARATTCAGCCGCAGCECAGATGCTCCAGCCTACAAGCAGGGGCAGARCCAGCTCTACAARCGAACTCAATCTTG
GTCGGAGAGAGGAGTACGACGCTGCTGCACARGCCEAGAGCGACGECACCCAGAAAT GGGCGEEAAGCCCCGCAGARAGAAT
CCCCARGAGGGCCTGTACAACGAGCT CCARRAAGGATARAGATGGCAGAAGCCTATAGCGAGAT TGETATGARAGGGGARCG
CAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACT CAGCACCGCCACCARGGACACCTAT GACGCTCTTCACATGC
AGGCCCTGCCGCCTCGE

91

M5
(ScFv
domain)
>XP31~

20LC
(M5)

CAAGTCCARCTCGTTCAAT CAGGCGCAGRAAGTCGARARGCCCGEAGCATCAGT CARAGT CTCTTGCARGGCTTCCGGCTA
CARCCTTCACGGACTACTAC
ATGCACTGEETGCECCAGGCTCCAGGCCAGGGACT GGAGTGCATGGEATGGAT CARCCCGAAT TCCGEGEGAACTAACTA
CGCCCAGARGTTTCAGGGUCGGETGACTATGACTCGCGATACCTCGAT CTCGACT GCGTACATGGAGCTCAGCCGCCTCC
GGTCGGACGATACCGCCGTETACTATTETCCGT CGGGAT GGEACTTCGACTACTGEGEECAGGGCACTCTGETCACTGTG
TCARGCGGAGGAGGTGGAT CAGETGGAGGT GEGARGCGGEGEAGCAGGT TCCGGCEECEGAGEAT CAGATATCGTGATGAC
GCAATCGCCTTCCTCGTTGTCCGCATCCGT GEGAGACAGGGT GACCAT TACTT GCAGAGCGTCCCAGTCCATTCGGTACT
RCCTGTCGTGGTACCAGCAGAAGCCGGGGAMAGCCCCARAACTGCTTATCTATACTGCCTCGAT CCTCCARRACGGCGT G
CCATCRAGATTCAGCGGTTCGGECAGCGGGACCGACTTTACCCTGACTAT CAGCAGCCTGCAGCCGGARGATTTCGCCAC
GTACTACTGCCTGCAAACCTACACCACCCCEEACT TCEGACCTGGAACCARGGTGGAGATCANG

115

M5

(Full)
SXP31~
20LC
(M5)

ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAAGTCCARCTCGTTCA
ATCAGGCGCAGAAGT CGRAAAAGCCCGGAGCATCAGTCARAGT CTCTTGCARAGGCTTCCGGCTACACCT TCACGGACTACT
AC
ATGCACTGGEETGCGCCAGGCTCCAGGCCAGGGACT GEAGTGGATGEGATGGAT CARCCCGAATTCCGEGGGAACTAACTA
CGCCCRAGAAGTTTCAGGGCCGGETGACTATGACT CGCGATACCTCGAT CTCGACTGCGTACATGGAGCTCAGCCGCCTCC
GGTCGGACGATACCGCCGTGTACTATTGTGCET CGGEAT GGCACTTCGACTACTGGGEGCAGGGCACT CTGETCACTGT G
TCAAGCGGAGGAGGETGEAT CAGET GEAGGT GGAAGCGGGEEEAGGAGET TCCEECEECEGAGEAT CAGATATCGTGATGAC
GCAATCGCCTTCCTCGTTGTCCGCATCCGTGGGAGACAGCGGTCGACCATTACTTGCACGAGCGTCCCAGTCCAT TCGGTACT
ACCTGTCGTGGCTACCAGCAGAAGCCGGGGAAAGCCCCARARCTGCTTATCTATACTGCCTCGAT CCTCCAARACGGCGT G
CCATCARGATTCAGCGGTTCGGECAGCEGEACCGACTTTACCCTGACTAT CAGCAGCCT GCAGCCGEARAGATTTCGUCAC
GTACTACTGCCTGCAAACCTACACCACCCCGGACTT CGGACCTGGAACCRAAGETGEGAGAT CAAGACCACTACCCCAGCAC
CGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCET CCGGAGGCATGTAGACCCGCAGCTGET
GGGGCCGTGCATACCCGGGETCTTGACT TCGCCTGCGATATCTACATTTGEGCCCCTCTGGCTGETACTTGCGGEETCCT
GCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGA
GGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCAT GCCGGTTCCCAGAGGAGGAGGARGGCGECTGCGARCTGCGC
GTGAAATT CAGCCGCAGCGCAGAT GCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAACGAACT CARTCTTGGTCG
GAGAGAGGAGTACGACGTGCTGEACARGCGGAGAGGACGEEACCCAGAAAT GGECEEGAAGCCGCGCAGARAGAATCCCC
ARGAGGGCCTGTACARCGAGCT CCARRAGGATALAGAT GGCAGAAGCCTATAGCCAGATT GGTATGARAGGGCGAACGCAGA
AGAGGCAAAGGCCACGACGGACTGTACCAGGGACT CAGCACCGCCACCAAGGACACCTATGACGCT CT TCACATGCAGGC
CCTGCCGCCTCEG

92

M6
(ScFv

domain)
>FE10-
061D
(M6)

CAAGTGCAACTCGTCCAGT CAGGT GCAGRAGTGAAGARACCCGGAGCGTCAGT CARAGT GTCAT GCAAGGCGT CAGGCTA,
CACCTTCACCAGCTACTAC

ATGCACTGGGETGCGGCAGGCCCCAGGCCARGGCTT GGAGTGGATGGGARAT CATTARCCCGT CAGGAGGCT CCACCTCCTA
CGCCCAGARGTTT CAGGGAAGAGT GACGAT GACTCGGGATACCT CGACCT CGACCGTGTACATGGARCTGAGCTCGCTGE
GCTCCGAGEACACTGCTGTGTACTACTGCOGCACGETACAGACTCAT TG CCGTGECAGGAGACTACTACTACTATGGCAT G
GACGTCTGGGGECAGGGCACTATGETCACTGTGTCGTCCCGCGCAGGAGGCTCGGETGGAGCAGET AGCCCAGGAGGGEG
AAGCGGAGGEGEGEGECT CCGATATCCAGATGACTCAGTCGCCTTCCTCCETETCGGCCT CGGTTGEAGAT CGCGTCACCA
TCACTTGTCGAGCTTCCCAAGGAGTCGGTAGGT GGCT GGCET GETACCAGCARRAAGCCGGGARCTGCCCCGAAGCTCCTG
ATCTACGCGGCTAGCACCCTGCAGTCGGEGAGTGCCATCCCEGCTTCAGCGGATCTGGETCAGGTACCGACTTCACCCTTAC
GATCARCAATCTCCAGCCGGAGBACTTTGCCACCTATTACTGCCARCAGGCCAACAGCTTCCCTCTGACT TTCGGAGGEE
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GCACTCGCCTGGAAATCAAG

116

M6
(Full)

>FE10-
061D
(M8&)

ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCT GGCTCTTCTGCT CCACGCCGCTCGGCCCCARGTGCAACTCGTCCA
GTCAGGTGCAGAAGT GAAGARACCCGEEAGCETCAGTCAARGT GTCATGCAAGGCETCAGGCTACACCTTCACCAGCTACT
AC
ATGCACTGGETGCEGCAGGCCCCAGGCCARGGCTT GGAGTGGATGGGARAT CAT TARCCCGT CAGGAGGCTCCACCTCCTA
CGCCCAGARGTTTCAGGGAAGAGTGACGAT GACT CGGEATACGTCGACCT CGACCGTGTACATGEGARCTGAGCTCGCTGC
GCTCCGAGGACACTGCTGTGTACTACTGCGCACGETACAGRCTCATTGCCGTGGCAGGAGACTACTACTACTATGGCATG
GACGTCTGGGGGCAGGGCACTATGGTCACT GTGTCGTCCGECGGAGGAGGCT CGGGTGGAGGAGGET AGCGGAGGAGGEGEE
AAGCGGAGGGEEEEGCTCCGATATCCAGATGACTCAGTCGCCTTCCTCOGTETOGGCCTCGGTTGEAGAT CGCGTCACCA
TCACTTGTCGAGCTTCCCAAGGAGTCGETAGGTGGCTGECETGETACCAGTAARAGCCGGGARCTGCOCCCGRAGCTCCTG
ATCTACGCGGCTAGCACCCTGCAGTCGGGAGTGCCATCCCGCTTCAGCGGATCTGGGTCAGGTACCGACTTCACCCTTAC
GATCAACAAT CTCCAGCCGGAGGACT T TGCCACCTATTACTGCCARCAGGCCARCAGCTTCCCTCTGACT TTCGEAGGEG
GCACTCGCCTGGARATCAAGACCACTACCCCAGCACCGAGECCACCCACCCCEGECTCCTACCAT CGCCTCCCAGCCTCT G
TCCCTGCGTCCGCAGGCATGTAGACCCGCACCTGETGGECCCETGCATACCCGGEETCTTGACTTCCGCCTCGCGATATCTA
CATTTGGGCCCCTCTGGCTGETACTTGCEGEETCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGEA
AGARAGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACT CAAGAGGAGGACGGCTGTTCATGCCGE
TTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGCCTCARATTCAGCCGCAGCCGCAGATGCTCCAGCCTACARGCAGEG
GCAGAACCAGCTCTACAACGAACT CAATCTTGGTCGGAGRAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACT
CAGAAATGGGCGGGAAGCCGCGCAGARAGAATCCCCARGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGAT GGCAGARA
GCCTATAGCGAGATTGGTATGARAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACCGC
CACCARGGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGE

93

M7
(ScFv
domain)
>VE1Z~-
01CD
{M7)

CRAGTGCAATTGGTTCAA

TCAGGAGGAGGAGTGGTGCARCCTGGAAGATCT CTCAGACTGTCGTGTGCGGCATCGGGAT TCACT T TCTCATCATACGC
AATGCACT GGETCCGCCAGGCCCCGEGUAAAGGCT TGEAATGGETGGCGETCATT TCATACGACGGCT CGAACAAGTACT
ACGCTGACRAGCGTGAAGGGACGCTTTACTATTTCCCGGGACAATTCGARGARCACTCTGTACCTCCAGATGRACTCCCTT
AGGGCTGAGGACACCGCCGTCTACTACTGCGCACGCTGGARAGTGT CGTCCAGCTCCCCAGCTTTTGACTACT GGGGACA
GGGAACCCTTGETGACCGTGTCGETCCGET GGAGGGEEARGCGGCEGAGGEGEAT CAGGTGGCEECEEAT CEGEAGGLGGEE
GATCAGAARTCGTGCTGACTCAGTCCCCGGCCACGCTGTCTCTCAGCCCEGEGAGAGAGAGCGAT CCTETCCTGCCGCGCC
TCGCAGAGCGTGTACACTAAGTACCTGGGGTGGTACCAGCAGAAACCGGGTCAAGCGCCTCGGCTGCTGATCTACGATGC
CTCCACCCGGECCACCGEAAT CCCCEATCOET TCT CCEECAGCEGCTCEGEAACTGAT T TCACGCT GACCAT CAATCGCC
TGGAGCCGERAAGATTTCGCCGTCTATTACT GCCAGCATTACGGCGGEAGCCCACTCATCACCTTCGETCARGGAACCCGA
CTCCARATCARG

117

M7
(Full)

>VELZ2-
o1CD
(M7)

ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCOGCT GGCTCTTCTGCT CCACGCCGCTCGGCCCUANGTGCAAT TGGETTCA
A
TCAGGAGGAGGAGTGGCTGCARCCTGGRAGATCTCTCAGACTGTCGTGTGCGGCATCGGGATTCACT TTCTCATCATACGC
AATGCACTGGGTCOGCCAGGCCCCEEECARAGGCT TGEGAATGGGTGECEETCAT T TCATACGACGGCT CGAACAAGTACT
ACGCTGACAGCCTGAAGGGACGCTTTACTATTT CCCEEEACAATTCGARGARCACTCTGTACCT CCAGATGAACT CCCTT
AGGGCTGAGGACACCGCCGTCTACTACTGCGCACCCTGEARAGTGTCEGTCCAGCTCCCCAGCTTTTGACTACT GGGGACA
GGGAACCCTTGTGACCGTGTCGTCCGETGEAGGEEEARAGCGECEOAGGEEEAT CAGGTGGCEECEGAT CGGEAGGLGGEE
GATCAGAART CGTGCTGACTCAGTCCCCGGCCACGCTGTCT CTCAGCCCGEEGAGAGAGAGCGATCCTETCCTGCCGLGECC
TCGCAGAGCGTGTACACTARGTACCTGECETGEGTACCAGCAGAARCCGGETCAARGCGCCTCGGCTGCTGATCTACGATGC
CTCCACCCGGGCCACCGGAATCCCCGATCGETTCTCCGGCAGCGGCTCGGEAACTGATTTCACGCTGACCATCAATCGCC
TGGAGCCGGARGATTTCGCCGTCTATTACT GCCAGCATTACGGCGGGAGCCCACTCATCACCT TCGET CARGGAACCCGA
CTCGAAAT CAAGACCACTACCCCAGCACCGAGGCCACCCACCCCEGECTCCTACCATCGCCTCCCAGCCTCTETCCCTGCG
TCCGGAGGCATGTAGACCCGCAGCTGCTGGGECCETGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTTGEG
CCCCTCTGECTGETACTTGCGGEGTCCTGCTGCTTTCACTCGTGAT CACT CTT TACT GTAAGCGCGET CGGAAGARGCT G
CTGTACATCTTTAARGCARCCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGEACGECTGTTCATGCCGETTCCCAGA
GGAGGAGGAAGGCGEGCTGCGARACTGCGCGT CAARAT TCAGCCGCAGCGCAGATGCTCCAGCCTACARGCAGGGGCAGAACC
AGCTCTACAACGAACTCAATCTTGGT CGGAGAGAGGAGTACGACGT GCTGGACAAGCGCAGAGGACGGGACCCAGARAT G
GGCGEGAAGCCECECAGAAAGAAT CCOCARGAGGGECCTETACAACGAGCT CCARAAGGATAAGATGECAGAAGCCTATAG
CGAGATTGGTATCARAAGGGGAACGCAGARGAGGCARAGCCCACCACGCACTCTACCAGGGACTCAGCACCCCCACCARGG
ACACCTATGACGCTCTTCACAT GCAGGCCCTGCCGCCTCGG

94

M8
(ScFv
domain)
>LE13-
O5XD
(M8)

CRAGTCCAACTCCAGCAG

TCAGGTGCAGAAGTCAAAANGCCAGGAGCATCCGT GAAGGT TTCGTGCAAGACTTCCGGCTACCCTTTTACCGGGTACTC
CCTCCATTGEETGAGACAAGCACCGEECCAGGGACTGCGAGTGCGATGEGAT GGATCAACCCAAAT TCGGECGECACCARCT
ATGCGCAGRAGTTCCAGGGACGGGTCACCATGACT CGCCGACACTTCGATCTCCACTCGCCTACATGCGAGCTGTCCCGCTTG
AGATCTGACGACACGGCCGTCTACTACTGCGCCCEGEAT CACTACGEAGETARTTCCCT GT TCTACTGGEGGCAGGGARAC
CCTTGTGACTGTCTCCTCCORT GG TCCAGGCTCAGGAGCCCGAGCGCTCAGGGEEAGCAGGTAGCGCAGGACCUGGAT CAG
ACATCCARACTGACCCAGTCACCATCCTCCATCTCGGCTAGCGTCGGAGACACCGTGTCGAT TACTTGTAGGGCCTCCCAA
GACTCAGGGACGTGGCTGGCEGTGGTATCAGCAARARCCGGGCAAAGCT CCGAACCTGTTGATGTACGACGCCAGCACCCT
CGAAGATGGAGTGCCTAGCCGCTTCAGCGGAAGCECCTCEEGCACTGAAT TCACGCT GACT GTGAATCGGCTCCAGCCGG
AGGATTCGGCGACCTACTACTGCCAGCAGTACAACAGCTACCCCCTGACCTTT GEGAGGCGGGACCARGGTGGATATCAAG

118

M8
(Full)

ATGGCCCTCCCTCTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCT CCACGCCGCTCGGCCCCAAGTCCARCTCCAGCA
G
TCAGGTGCAGAAGTCAAAAAGCCAGGAGCATCCGT GAAGGTTTCGTGCAAGACTTCCGGCTACCCTTTTACCGGGTACTC
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>LEL3-
05XD
(M8)

CCTCCATTGGETGAGACAAGCACCGEECCAGEGACTGGAGTGCGATGGGAT GGATCAACCCARAT TCLGGCGGCACCARCT
ATGCGCAGRAGTTCCAGGGACGGGTGACCATGACT CGCGACACTTCGATCTCCACTGCCTACAT GGAGCTGTCCCGCTTG
AGATCTGACGACACGGCCGTCTACTACTGCGCCCGGGAT CACTACGGAGCGTAATTCGCTGTTCTACTGGGGGCAGGGAAC
CCTTGTGACTGTGTCCTCGGEETGGTGEAGGGTCAGGAGGCEEAGGCTCAGGGGEEAGGAGGT AGCGEAGGAGCCGGAT CAG
ACATCCAACTGACCCAGTCACCATCCTCCATCT CGECTAGCGTCGGAGACACCETGTCEATTACTTGTAGGECCTCCCAR
GACTCAGGGACGTGGCTGGCCTGCGTATCAGCAAARACCGGGCAAAGCT CCGAACCTGTTGATGTACCGACGCCAGCACCCT
CGAAGATGGAGTGCCTAGCCGCTTCAGCGGAAGCGCCTCGGGECACTGAAT TCACGCTGACT GTGARTCGGCTCCAGCCEG
AGGATTCGGCGACCTACTACTGCCAGCAGTACAACAGCTACCCCCTGACCTTT GEAGGCGGCACCARGGETGGATATCAAG
ACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGTATG
TAGACCCGCAGCTGGTGGGECCETGCATACCCGGEETCT TGACTTCGCCTGCGATATCTACATTTGGECCCCTCTGGCTG
GTACTTGCGGEETCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGETCOGAAGAAGCTGCT GTACATCTTT
AAGCRACCCTTCATGAGGCCTGTGCAGACTACT CARGAGGRGGACGGCTETTCATGCCGGTTCCCAGRAGGAGGAGGRAAGE
CGGCTGCGAACTGCGCGTGARATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGARCCAGCTCTACAACG
AACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCT GGACAAGUGGAGAGGACGGEGACCCAGAAAT GGG CGEGAAGCCE
CGCAGARAGAATCCCCARGAGGGCCTGTACAACGAGCTCCAARAGGATARGATGECAGAAGCCTATAGCGAGATTGGTAT
GRAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACT GTACCAGGGACTCAGCACCGCCACCARGGACACCTATGACG
CTCTTCACATGCAGGCCCTGCCGCCTCGE

95

M9
(ScFv

domain)
»BEL 5=~
008D
(M9)

CAAGTGCARCTCGTCCAG

TCAGGTGCAGAAGTGAAGAARCCAGGAGCGTCCGTCGAAGTGT CGTGTARGGCGTCCGGCTACACTTTCACCTCGTACTA
CATGCACTGGETGCGGCAGECCCCGEEACARGGCCTCGARTGCATGGGAATCATCAACCCGAGCGEAGGCTCGACTGGTT
ACGCCCAGAAGTTCCAGGGAAGGGTGACGATGACCCGCGATACCTCGACTTCGACCGTTCATATGGAGCTCTCGTCCCT G
CGGAGCGAGGACACTGCTGTCTACTATTGCCCGCGGGCGAGGATACTCTAGCTCCTCCCATGCAT TTCGACATTTGGGGCCA
GGGAACTATGGTGACCGTGTCATCAGCCEGAGGTGEATCAGGAGGAGGAGGGT CGEGAGGGEEAGGLAGCGECEEEEGTG
GETCEGACATTCAGATGACGCAGTCCCCTCCTAGCCTGAGLGCCTCGGTEGET GACAGAGT GACCATCACTTGCAGAGCC
TCGCARGACATCTCCTCCGCATTGECTTGGTACCAGCARRAGCCGEGCACTCCGCCGARRCTGCTCATCTACCGATGCCTC
CTCACTGGAGTCAGGAGTCCCATCTCGCTTCTCGGGEETCAGGAAGCGGCACCGATTTTACCCTTACCATCTCCAGCCTGC
AGCCCGAGGACTTCGCCACGTACTACTGCCAACAGTTCAGCT CCTACCCACT GACCTTCGGEGGCGEAACTCGCCTGEAR
ATCARG

119

M9
(Full)
>BE15-
00SD
{M9)

ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCOGCT GGCTCTTCTGCTCCACGCCGCTCGGECCCCARGTGCAACTCGTCCA
G

TCAGGTGCAGAAGTCGAAGARACCAGGAGCGTCCCT CGAAGTGTCGTGTAAGGCGTCCGECTACACTTTCACCTCGTACTA
CATGCACTGGGETGCGGCAGGECCCCGGEACARGGCCTCGARATGCATGGGAATCATCALACCCGAGCGGAGGCTCGACTGGTT
ACGCCCAGARGTTOCAGGGAAGGGTGACGATGACCCGCGATACCTCGACT TCGACCGTTCATATGGAGCTCTCGTCCCT G
CGGAGCGAGGACACTGCTGTCTACTATTGCGCGCEGEEGAGEATACTCTAGCTCCTCCGATGCATTTGACATTTGGGGCCA
GGGAACTATGGTGACCGTGTCATCAGGCGGAGGTGCATCAGGAGGAGGAGGEGT CGGGAGGGECAGGCAGCGECGGGEGTG
GGTCGGACATTCAGATGACGCAGT CCOCTCCTAGCCTGAGOGCCTCGGTGEET GACAGAGT GACCATCACTTGCAGAGCC
TCGCAAGACATCTCCTCCGCATTGECTTGETACCAGCAARAGCCGGECACTCCECCGAAACTGCTCATCTACGATGCCTC
CTCACTGGAGTCAGCGAGTCCCATCTCGCTTCTCGGGETCAGGRAAGCGGCACCGATTTTACCCTTACCATCTCCAGCCTGC
AGCCCGAGGACTTCGCCACGTACTACTGCCAACAGTTCAGCTCCTACCCACT GACCTTCGGGGGCEGAACTCGCCTGGAA
ATCARGACCACTACCCCAGCACCGAGGCCACCCACCCCGECTCCTACCAT CGCCTCCCAGCCTCTGTCCCTGCGTCCGEA
GGCATGTAGACCCGCAGCTGETGEEGCCETGCATACCCECGETCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTC
TGGCTGETACTTGCGGGETCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGT CGGAAGRAGCTGCTGTAC
ATCTTTAAGCARCCCTTCATGAGGCCTGTGCAGACTACT CAAGAGGAGGACGGCT GTTCATGCCGGTTCCCAGAGGAGGA
GGAAGGCGGCTGCEGAACTGCGCETGARATT CAGCCGECAGCGCAGATGCTCCAGCCTACAAGCAGGGGECAGRARACCAGCTCT
ACAACGARCTCRATCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGRRAT GGGCGEE
AAGCCGCGCAGAAAGAATCCCCARGAGGGCCTGTACARCGAGCTCCAARAGGATARGAT GGCAGAAGCCTATAGCGAGAT
TGGTATGARAGGGEAACGCAGARGAGGCAARAGGCCACGACGEACTGTACCAGGEGACTCAGCACCGCCACCAAGGACACCT
ATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGE

96

M10
(ScFv

domain)
>RE16~
05MD
{M10)

CAAGTGCARCTCGTCCAGAGCGGAGCAGAAGTCARGARGCCAGGAGCGTCAGT GABAGT GTCAT GCARGGCCAGCGGCTA,
TACCTTTACTTCGTATGGG
ATCTCCTGGETGCGGCAGGCACCGGECCARGGACT GGAGTGGATGGGATGGAT CTCAGCCTACAACGGTAACACCARCTA
CGCCCAGAAGCTGCAAGGACGCETGACCAT GACTACTGATACCGAGCACCT CCACTGCCTACATGGAAT TGCGGTCCCTTC
GGTCGGACGATACTGCTGTGTACTACTGCGCAAGAGT CGCCGGAGGGATCTACTACTACTACGGCATGCGACGTCTGGGGA
CRAGGGAACCACCATTACGGTCT CGAGCGGAGEGGEAGGCTCCGGEGECAGGAGGAAGCEGAGETGGECEECTCCGGEGECEE
CGGATCGGACATTGTGATGACCCAGACT CCTGACT CCCTGGCT GTTTCET TGEGAGAGCGCGCGACTATCTCGTGTAAGT
CCAGCCACTCAGTCCTGTACAATCGCAATAACAAGAACT ACCTCECGTGGTACCAGCARARACCGGET CAGCCGCCTARR
CTCCTGTTCTACTGGGCCTCCACCAGARRGAGCGEGGTCCCAGATCCGATTCTCTCGCGATCAGCAT CAGGTACCGACTTTAC
GCTGACCATCTCGTCCCTGCAGCCGGAGGATTTCGCGACTTACTTCTGCCAGCAGACTCAGACTTTCCCCCTCACCTTCG
GTCAAGGCACCAGGCTGGAAAT CAAT

120

M10

(Full)
>RE1 6~
05MD
(M10)

ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCARGTGCARCTCGTCCA
GAGCGGAGCAGAAGT CAAGAAGCCAGGAGCGTCAGTGARAGT GTCATGCAAGGCCAGCGGCTATACCTTTACTTCGTATG
GG

ATCTCCTGGEETGCGECAGECACCGEECCAAGGACT GEAGTGGATGEGATGGAT CTCAGCCTACAACGGTARCACCAACTA
CGCCCRAGAAGCTGCAAGGACGCGETGACCAT GACTACTGATACGAGCACCTCCACTGCCTACATGGAATTGCGGTCCCTTC
GGTCGGACGATACTGCTGTGTACTACTGCGCAAGAGTCGCCGGAGGGATCTACTACTACTACGGCATGGACGTCTGGGEA
CAGGGARCCACCATTACGGTGTCGAGCGGAGGGEEAGGCTCGGEEEEAGGAGERAGCGEEAGETGECEECTCOGGEGECEE
CGGATCGGACATTGTCGATGACCCAGACT CCTGACT CCCTGGCTGTTTCGT TGGEAGAGCGCGCGACTATCTCGTGTAAGT
CCAGCCACTCAGT CCTGTACAATCGCAATARCANGAACTACCTCGCGTGGTACCAGCARANCCGGET CAGCCGCCTARA
CTCCTGTTCTACTGGGCCT CCACCAGRARGAGCGGGEETGCCAGATCGATTCTCTGGATCAGGAT CAGGTACCGACTTTAC
GCTGACCATCTCGTCCCTGCAGCCGEGAGGATTTCCGCGACTTACTTCTGCCAGCAGACTCAGACTTTCCCCCTCACCTTCG
GTCARAGGCACCAGGCTGGAAAT CAATACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAG
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CCTCTGTCCCTGCETCCGGAGGCATGTAGACCCGCAGCT GET GEGGCCETGCATACCOGGGGTCTTGACT TOGCCTGCGA,
TATCTACATTTGGGCCCCTCTGECTGETACTTGCGGEEGETCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCG
GTCGGRAAGAAGCTGCTGTACATCTTTRAAGCAACCCTTCATGAGGCCTGTGCAGACTACT CARGAGGAGGACGGCTGTTCA
TGCCGGTTCCCAGAGGAGGAGGAAGGLGGCTGCEAACTGCGCETGAANAT TCAGCCGCAGCGCAGAT GCTCCAGCCTACAA
GCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGETCGCGAGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGAC
GGGACCCAGAAATGGGCGGEAAGCCGCGCAGAARGAATCCCCAAGAGGGCCTGTACAACGAGCTCCARAAGGATARGATG
GCAGAAGCCTATAGCGAGATTGETAT GARAGGGCARACGCAGARAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAG
CACCGCCACCARGGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

97

M11
(ScFv
domain)
>NEL1 Q-
19WD
(M11)

CRAGTCCAATTGCAGCAGAGCGGAGCAGAAGTGAAGAAGCCAGCAGCGTCAGT CAAAGTGTCGTGTRAGGCGTCAGGATA
CACCTTCACGGGATACTAC
ATGCACTGEETGCGCCAGGCCCCGEECCAAGGACT CGAGTEGATGEGCTGEAT CAACCCTAACT CTGGAGGCACCARCTA
CGCCCAGAATTTCCAAGGCAGAGTGACCAT GACCCGGGACACCTCCATCTCCGACTGCCTATATGGARCTGCGGCGGCTGC
GCTCGGACGATACTGCTGTGTATTACTGCGCCAGCEECT GGGACTTTGACTACTGGGGACAGGGTACTCT GGTGACTGTT
TCCTCGGGAGGAGGCGGAT CGGETGEAGGAGGTAGCGEEGEAGEEGEGETCGGEAGECEGAGECAGCCATATTCGCATGAC
TCAATCGCCGTCCTCCCTGAGCGCTAGCGTGGGAGATCGAGTCACCAT CACTTGCAGAGCGTCACAGTCGATTCGCTACT
ACCTGTCCTGGTACCAGCAGAAACCGGGARAGGCACCARAGCTTCTGATCTACACGGCCTCCATCCTGCAARATGGTGTC
CCATCAAGGTTCTCCGGGT CAGGGAGCGGCACT GACTTCACT CTCACCATCTCCTCACT CCAGCCCEAGGACT TTGCAAC
CTACTACTGCCTCCAGACGTACACCACCCCGGATTTCGGTCCTGGAACCAAGGTGGARATCARA

121

M11
(Full)

>NE1 0~
19%WD
(M11)

ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCT GGCTCTTCTGCTCCACGCCGCTCGGCCCCARGTCCAATTGCAGCA
GAGCGGAGCAGAAGT GAAGAAGCCAGGAGCGTCAGTCAARGT GTCGTGTAAGGCGTCAGGATACACCTTCACGGGATACT
AC
ATGCACTGGGETGCGCCAGGCCCCGGECCARGGACT CGAGTGGATGGGCTGGAT CARCCCTAACT CT GGAGGCACCARACTA
CGCCCAGAATTTCCAAGGCAGAGT GACCATGACCCGGGACACCTCCATCTCGACT GCCTATATGGAACT GCGGCGECTGC
GCTCGGACGATACTGCTGTGTATTACTGCGCCAGCGECTGEGACTT TGACTACTGEGGACAGGETACTCTGETGACTGTT
TCCTCGGGAGGAGGCGGAT COGGETGEAGCAGETAGCGGEGCEAGEEGGETCCGCEAGGCEEAGCCAGCGATATTCGCATGAC
TCAATCGCCGTCCTCCCTGAGCGCTAGCGTGGGAGAT CGAGT CACCAT CACT T GCAGAGCGT CACAGT CGATTCGCTACT
ACCTGTCCTGETACCAGCAGAARCCGEGAANGGCACCAARAGCTTCTGATCTACACGGCCTCCATCCTGCAARATGGTGTC
CCATCRAGGTTCTCCGGGTCAGGGAGCGGCACTGACTTCACTCTCACCATCTCCTCACTCCAGCCCCAGGACTTTGCARAC
CTACTACTGCCTCCAGACGTACACCACCCCGGATTTCGGTCCTGGAACCAAGETGGAARTCAAAACCACTACCCCAGCAC
CGAGGCCACCCACCCCGGCTCCTACCATCGCCT CCCAGCCTCTGTCCCTGUGT CCGGAGGCATGTAGACCCGCAGCTGET
GGGGCCETGCATACCCGGEETCTTCGACTTCGCCTGCGATATCTACATTTGGCGCCCCTCTGGCTGETACTTGCGGGGTCCT
GCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGETCGCARGARGCTGCTGTACATCTTTAAGCARCCCTTCATGA
GGCCTGTGCAGACTACT CAAGAGGAGGACGGCTGTTCAT GCCGETTCCCAGAGGAGGAGGAAGGCGECTGCGARCTGCEC
GTGARATT CAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACARCGARCTCARTCTTGGTCG
GAGAGAGGAGTACGACGTGCTGGACARGCGGAGAGGACGGCACCCAGAARTGGECGGGARGCCGCGCAGARAGAATCCCC
AAGAGGGCCTGTACAACGAGCT CCARRAAGGATAAGAT GGCACAAGCCTATAGCGAGAT T GGTATGARAGGGGAACGCAGA
AGAGGCARRGGCCACGACGGACTGTACCAGGGACT CAGCACCGCCACCARGGACACCTATGACGCTCTTCACATGCAGGC
CCTGCCGCCTCGG

98

M12
(ScFv

domain)
>DE12~
14RD
M12)

CAAGTCCARCTCGTCCAA

AGCGGAGCAGAAGTCAARAANGCCAGGAGCGTCGETGAAAGTGTCTTGCARRGCCAGCGGCTACACCTTCACGGGTTACTA
CATGCACTGGGETGCGCCAGGCGCCGEECCAGGGGCTGCACTGCATGGGCCGCGATTARCCCTAACAGCGGGGGARCTAATT
ACGCTCAGAAGTTCCAGGGTAGAGTCACCATGACTACGGACACTTCCACT TCCACCGCCTATATGGAACT GCGCT CCOTC
CGCTCAGATGATACTGCCGETGETATTACTGCGCGCEEACTACCACGTCATACGCAT TTGACAT CT GGEECCAGGGARCTAT
GGTGACCGTGAGCTCGGGCECAGGCEETTCAGGGECAGCAGGAAGCEGAGGAGGAGGAT CGCEAGGAGGT GGCTCCGATA
TCCAGCTGACTCAGTCCCCGAGCACCCTGT CGGCGTCGETGEGCEGACAGGETTACCATCACCTGTAGAGCTTCCCAATCC
ATTTCGACTTGGCTGGCCTGETACCAGCAAARAGCCGEGEARRGGCCCCTAATTTGCTTATCTACAAGGCATCGACCCTCGA
AAGCGGETGTGCCCTCCCGETTTTCEECATCAGCAT CAGGGACCCAGTTCACCCTGACCATCTCATCCCTCCAGCCGGACG
ACTTCGCCACTTACTACTGCCAGCAGTACRACACCTACT CGCCATACACTTTCGEGCCRAGGCACCARGCT GGAGATCAAG

122

M12
(Full)

>DE1Z-
14RD
(M12)

ATGGCCCTCCCTCTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCT CCACCCCGCTCGGCCCCAAGTCCARCTCGTCCA
A

AGCGGAGCAGAAGTCARAARAGCCAGGAGCCTCGGT GAAAGTGTCTTGCARRAGCCAGCGECTACACCTT CACGGGTTACTA
CATGCACTGGETGCGCCAGECGLCEEECCAGEGECTGEAGTGCATGGGCCEGATTAACCCTAACAGCGGGGEAACTAATT
ACGCTCAGRAGTTCCAGGGTAGAGTCACCATGACTACGGACACTTCCACTTCCACCGCCTATATGGAACTGCGCTCCCTC
CGCTCAGATGATACTGCCGTGTATTACTGCGCGCGGACTACCACGTCATACGCATTTGACATCT GGGGCCAGGGARCTAT
GGTGACCGTGAGCTCGEECEEAGGECEET TCAGGEEEAGEAGCAAGCGGAGEAGGAGGAT CGEEAGGAGGT GGCTCCGATA
TCCAGCTGACTCAGTCCCCGAGCACCCTGT CGGCGTCGETGEGEEACAGGETTACCATCACCTGTAGAGCTTCCCAATCC
ATTTCGACTTGGCTGGCCTGETACCAGCARAAGCCGGGARRGGCCCCTAATTTGCTTAT CTACAAGGCAT CGACCCTCGA
AAGCGGTGETGCCCTCCCGETTT TCGEGATCAGGAT CAGGGACCGAGTTCACCCT GACCATCTCAT CCCTCCAGCCGGACE
ACTTCGCCACTTACTACTGCCAGCAGTACAACACCTACT CGCCATACACT TTCGEGCCAAGGCACCARGCTGEAGATCARG
ACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCETCCGCGAGGCATG
TAGACCCGCAGCTGGTGGGECCETGCATACCCGEEETCT TGACTTCGCCTGCGATATCTACAT TTGEGCCCCTCTGECTG
GTACTTGCEEEETCCTGCTGCTTTCACTOGTGATCACTCTTTACTGTAAGCGCEETCGGAAGAAGCTGCTGTACATCTTT
RAAGCAACCCTTCATGAGGCCTGTGCAGACTACT CARGAGGAGGACGGCTETTCATGCCGGTTCCCAGRGGAGGAGGAAGE
CGGCTGCGAACTGCGCGTGARATT CAGCCGCAGCGCAGATGCTCCAGCCTACRAGCAGGGGCAGARCCAGCTCTACAACG
AACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCT GGACAAGUGGAGAGGACGGGACCCAGARATGGGCGGGAAGCCE
CGCAGARAGRATCCCCARGAGGGCCTGTACAACGAGCTCCAARAGGATAAGAT GEGCAGAAGCCTATAGCGAGATTGETAT
GRAAGGGGARCGCAGAAGAGCCAAAGGCCACCACGGACT GTACCAGGCGACTCAGCACCGCCACCARGGACRCCTATGACG
CTCTTCACATGCAGGCCCTGCCGCCTCGE

99

M13

CAAGTTCARACTCGTGCAATCAGGTGGAGGACTCGT CAAACCCGGAGGATCATT GAGACT GT CATGCGAAGCGAGCGGTTT

177
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(ScFv

domain)
>TEL3~
19LD
(M13)

TATCTTCTCCGATTACTAT
ATGGGATGGATTCGGCAGGCCCCGGEAAAGGGACT CGARTGGETGT CATACAT CGGAAGGT CAGGCTCGTCCATGTACTA
CGCAGACTCGGTGAAAGGCAGATTCACCTTTAGCCGGGACARACGCCARAGAATT CCCTCTACTTGCAGATGAACAGCCTGC
GAGCCGAGGATACTGCTGTCTACTACTGTGCCGCGTCGCCEETGETGGCAGCTACTGAAGAT T TCCAGCACTGGGGACAG
GGAACTCTGETCACGGTGT CGAGCGETEGEGECEERAAGCEEAGGECGEAGGATCEEECEECEEAGETTCCEEEEGEGEGEAGE
GTCTGACATCGTGATGACCCARACCCCAGCCACCCTGAGCCTCTCCCCTGGAGAGCEGCGCGACTCTTTCGTGCCGCGCTT
CCCAGTCAGTGACCAGCAATTACTTGGCTT GGTACCARCAGARAGCCGGEACAGGCGCCACGGCTGCTGCTTTTTGETGCC
AGCACTCGCGCCACCGGAATCCCGEATCGCTTCTCEGECTCAGGGT CCGEGACGEACTTCACCCTGACTAT CAACCGECT
GGAACCTGAGGACTTCGCGATGTACTACTGCCAGCAGTACGGCTCCGCACCAGTCACTTTCCGACARGGCACCAAGCTGG
AGATCARAG

123

M13
(Full)

>TEL3-
19LD
(M13)

ATGGCCCTCCCTGTCACCGCCCTGCTECTTCCGCT GGCTCTTCTGCT CCACGCCGCTCGGCCCCARGTTCARCTCETGCA
ATCAGGTGGAGCACT CGTCARACCCGCAGCGATCAT TGAGACT GTCATGCCGAAGCCGAGCGGTTTTATCTTCTCCGATTACT
AT
ATGGGATGGATTCGGCAGGCCCCEGEARAGGGACT CGAATGGGTGT CATACAT CGGAAGGT CAGGCTCGTCCATGTACTA
CGCAGACTCGGTGAAAGGCAGATTCACCTTTAGCCGGGACRACGCCAAGAATTCCCTCTACTTGCAGATGRACAGCCTGC
GAGCCGAGGATACTGCTGT CTACTACTGTGCCGCGTCGCCGETGGTGGCAGCTACTGRAGATTTCCAGCACTGGGGACAG
GGAACTCTGGTCACGETGTCGAGCGETGEEGHCEEAAGCGEAGHCGEAGGATCEGECEGCEEAGET TCEEEEGGEEEAGE
GTCTGACATCGTGATGACCCAARCCCCAGCCACCCTGAGCCTCTCCCCTGEAGAGCGCGCGACTCTTTCGTGCCGCGECTT
CCCAGTCAGTGACCAGCARTTACTTGGCT TGGTACCAACRGARAGCCGGGACAGGCGCCACGGCTGCTGCTTTTTGGTGCC
AGCACTCGCGCCACCGGAATCCOGGATCGCTTCTCGEGCTCAGGET CCEEEACGEACTTCACCCTGACTATCAACCGGCT
GGAACCTGAGGACTTCGCGATGTACTACTGCCAGCAGTACGECTCCGCACCAGTCACTTTCGGACARGGCACCAAGCTGG
AGATCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCEGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCG
GAGGCATGTAGACCCGCAGCTGETGGGEECCETGCATACCLCGEEETCTTGACTT CGCCTGCGATATCTACATTTGGGCCCC
TCTGECTGETACTTGCGEEETCCTECTECTTTCACTCGTGAT CACTCTTTACT GTAAGCGCGET CGGARAGAAGCT GCTET
ACATCTTTRAGCAACCCTTCATGAGGCCTGTGCAGACTACT CARAGAGGAGCGACCGECTGT TCATGCCGETT CCCAGAGGAG
GAGGAAGGCGGCTGCGAACTGCECETGARATTCAGCCGCAGCGCAGATGCTCCAGCCTACARGCAGGEGCAGARCCAGCT
CTACAACGAACTCAATCTTGETCGGAGAGAGGAGT ACGACGT GCTGGACAAGCGGAGAGGACGGEACCCAGAARAT GGGCG
GGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACARCGAGCTCCARARGGATARGAT GGCAGRAGCCTATAGCGAG
ATTGGTATGARAGGGGARCGCAGARAGAGGCARAGGCCACGACGGACTGTACCAGGGACT CAGCACCGCCACCAAGGACAC
CTATGACGCTCTTCACATGCAGGCCCTGCCGLCTCGE

100

M14
(ScFv
domain)
>BS83-
951D
(M1¢)

CAAGTCCARCTCGTCCAGT CGGEAGCAGAAGT TAGAGCACCAGGAGCGTCAGT GARAAT CTCATGCAAGGCCTCGGGCTT
CACGTTCCGCGGATACTAC
ATCCACTGGGETCCGCCARAGCCCCGEETCAGGGATT GGAGTGCATGGCAAT CATTARCCCAT CAGGAGGGAGCCGGGCTTA
CGCGCAGAAGTTCCAGGGACGCETCACTAT GACCCGAGATACTTCCACCTCGACTGTGTACATGGARCTCTCGTCCCTGA
GGTCCGACGACACTGCGATGTATTACTGTGCTCGGACTGCCAGCTGCGETGEEEACTGT TACTACCTCGATTACT GGGEC
CAGGGARCTCTGGTGACCGTGTCCAGCGGAGET GGCGGETCAGGGGET GECEEAAGCEEAGGCGECEETTCAGGCGGAGG
AGGCTCGGACATCCARATGACGCARAT CGCCGCCTACCCTGAGCGCT TCCETGGCAGATCGGGTGACCATTACT TGCAGAG
CATCCGAGAACGT CAATATCTGGCTGGCCTGETACCAACAGANGCCGGEGAAGGCCCCTAMACTGCTGATCTACAAGTCG
AGCAGCCTTGCCTCTGGAGTGCCCTCCCGCTTCTCEGECTCGEEAT CAGGAGCGEAATTCACCCTCACCATCTCCTCCCT
GCAGCCAGATGACTTTGCCACCTACTACTGCCAGCAGTACCAGAGCTATCCGTTGACCT TT GGGGEAGGCACTARRAGTGG
ACATCANG

124

M14
(Full)
>BS83-
951D
{(M14)

ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGECTCTTCTGCT CCACGCCGCTCGGCCCCARGTCCARCTCGTCCA
GTCGGGAGCAGAAGT TAGAGCACCAGGAGCGTCAGTGARRATCTCATGCAAGGCCTCGGGCTTCACGTTCCGCGGATACT
AC
ATCCACTGGEETGCGCCARGCCCCGEETCAGGGATT GEAGTGGATGGGAAT CAT TAACCCAT CAGGAGGGAGCCGGGECTTA
CGCGCAGAAGTTCCAGGGACGCGETCACTATGACCCGAGATACTTCCACCTCCGACTGTGTACATGGARCTCTCGTCCCTGA
GGTCCGACGACACTGCGATGTATTACTGTGCTCGGACTGCCAGCTGCGET GGGEACTGTTACTACCTCGATTACT GGGEC
CAGGGAACTCTGCTGACCGTGTCCAGCEGAGGT GGCGGETCAGGGGET GECEEARAGCEGAGGCGECEETTCAGGCGGAGE
AGGCTCGGACATCCARATGACGCAAT CGCCGCCTACCCTGAGCGCTTCCETGGCAGATCGGGTGACCATTACT TGCAGAG
CATCCGAGAACGT CAATATCTGECTGGCCT GGTACCARACAGARGCCGGEGAAGGCCCCTAARCT GCTGATCTACARGTCG
AGCAGCCTTGCCTCTGGAGTGCCCTCCCGCTTCTCGGECTCGEGAT CAGGAGCGEAATTCACCCTCACCATCTCCTCCCT
GCAGCCAGATGACTTTGCCACCTACTACTGCCAGCAGTACCAGAGCTATCCGTTGACCTTTGGGGGAGGCACTAARAGTGG
ACATCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCG
GAGGCATGTAGACCCGCAGCTGETGGEECCETGCATACCCEEEETCTTGACTT CGCCTGCGATATCTACATTTGGGCCCC
TCTGGCTGETACTTGCGGEETCCTGCTECTTTCACTCGTGATCACTCTTTACTGTARGCGCGGETCGEAAGAAGCTGCTGT
ACATCTTTRAGCAACCCTTCATGAGGCCTGTGCAGACTACTCARAGAGCAGGACCGCTCTTCATGCCGGTT CCCAGAGGAG
GAGGAAGGCGECTGCGANCTGCGCETGAAAT TCAGCCGCAGCGCAGAT GCTCCAGCCTACAAGCAGEGGCAGAACCAGCT
CTACAACGARCTCAATCTTGET CGGAGAGAGGAGT ACGACGTGCT GGACAAGCEGAGAGGACGGGACCCAGARAATGGGCE
GGAAGCCGCGCAGAAAGAATCCCCAAGAGGGCCTGTACARCGAGCTCCARAAGGATARGAT GGCAGRAGCCTATAGCGAG
ATTGGTATGARAGGGGARCGCAGARGAGGCARAGGCCACGACGCACTGTACCAGGGACT CAGCACCGCCACCARGGACAL
CTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGE

101

M15
(ScFv

domain)
>HSB6-
94XD

CAAGTTCARCTCGTTCAR

TCAGGTGGEAGGACTCGTGCAACCAGEAAGATCACT CAGACTCAGCTGCECCECAETCEGEATTCACT TTCEGATGACTACGC
AATGCACTGGGTGCGGCAGGCCCCEECCARAGGACTGGAATGGCTCAGCGGAATTAGCT GCGARCTCGGGETCCAT CGGGT
ACGCCGACTCGGETGARGGGACGCTTTACGATCTCCCGGGACARATGCCARGARCTCCCTGTATTTGCAGAT GAACTCCTTG
AGGGCTGAGGACACCGCCGTGTACTACTGCGCTAAAGATCGATCAT CGTCCTGCT CCTGGGEATACTTCGATTACTGEGE
CCAGGGCACTCTGETGACCGTGTCGTCAGGCGETGCAGGETCGEGLGEGAGGAGETAGCGCAGCCGGAGGGRAGCAGCTCTG
AACTGACCCAAGACCCGGCGETGTCGETCGCCCTTGEGTCAGACTGTGCEEACTACCT GTCAGGGGGACGCEGCTGCGCTCE
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(M15)

TACTACGCTTCATGGTACCAGCAGAAGCCCGEACAGGCACCTATGCTGETCAT CTACGGAARAGAAT AACCGCOCCATCCEG
CATCCCGGATCGCTTCTCGGEETTCGGACAGCGGCGACACCGCATCCCTGACGATCACTGGAGCGTAGGCCGRAGGATGAAG
CCGACTACTACTGCAATTCCCGAGATTCARGCGGCTACCCTGTGTTTGGGACCGGARCTAAGGTCACCGTCCTG

125

M15
(Full)

>HS86-
94XD
(M15)

ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGECTCTTCTGCTCCACGCCGCTCGGCCCCARGTTCARCTCGTTCA
A

TCAGGTGGAGGACTCGTGCAACCAGGAAGATCACT CAGACTCAGCTGCGCCGCETCEGLGAT TCACT TTCGATGACTACGC
AATGCACT GEETGCGGCAGGCCCCEEECAANIGACTGEGART GGETGAGCEGAATTAGCTGGARCTCEGEEGTCCAT CGGET
ACGCCGACTCGCTGARGGGACGCTTTACGATCTCCCGGGACRATGCCARGAACTCCCTGTATTTGCAGAT GAACTCCTTG
AGGGCTGAGGACACCGCCGTGTACTACTGCGCTARAGATGGATCATCGTCCTGETCCTGGGGATACTT CCGATTACTGGGE
CCAGGGCACTCTGETGACCET GTCETCAGGCGGTGEAGEET CGEGCGGAGEAGETAGCGGAGGCGEAGGEAGCAGCT TG
AACTGACCCAAGACCCGGCGETGETCEETCGCCCTTGETCAGACTGTGCEEACTACCTGT CAGGGGGACGCECTGCGCTCE
TACTACGCTTCATGGTACCAGCAGRAGCCCGGACAGGCACCTATGCTGETCAT CTACGGAARAGAAT AACCGCCCATCCGG
CATCCCGGATCGCTTCTCGEET TCGEACAGCGGCGACACCGCATCCCTGACGAT CACTGGAGCGCAGGCCGAGGAT GAAG
CCGACTACTACTGCAATTCCCGAGATTCAAGCGGCTACCCTGTGTTTGGGACCGGAACTAAGET CACCGTCCTGACCACT
ACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATGTAGACC
CECAGCTGETGEEECCETGCATACCCEEEETCTTGACTTCCCCTGCGATATCTACATTTGGGCCCCTCTGGCTGGTACTT
GCGGEGTCCTECTECTTTCACTCGTGATCACTCTTTACT GTARGCGCGET CGGAAGARGCTGCTGTACATCTTTARGCARA
CCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGECTGTTCATGCCGGETTCCCAGRAGCGAGGAGGARGGCGGCTG
CGARCTGCGCETGAAATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCT CTACAACGARCTCA
ATCTTGGT CGGAGRAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGARAT CGGCGEEEAAGCCGCGUAGA
AAGAATCCCCAAGAGGGCCTCTACAACCAGCTCCARAAGGAT AAGATGCCAGARAGCCTATAGCGAGAT TGCGTATGARAGG
GGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACT CAGCACCGCCACCARGGACACCTATGACGCTCTTC
ACATGCAGGLCCTGCCGCCTCGE

102

M16
(ScFv
domain)
>¥887-
99RD
{M16)

GAAGTGCARCTCGTGGAA

TCTGETGEAGGACTTGTGCAACCTGEGAAGATCGTTGAGACTCTCATGTGCTGCCTCCEEGTTCACCT T TGACGACTACGC
CATGCACTGGGTGCGCCAGGCACCAGCARAGGGTCTGGACTGGETTTCCGGTATCTCETGCAACTCCGGGAGCACTGGCT
ACGCTGATTCGCTGARAGGCCGETTTACCATCT CCCGAGACAATGCGARGART TCCCTCTATCTGCAGAT GAACAGCCTC
CGGGCCGAGGATACTGCCCTGTACTACT GCGCCAAGGAT AGCTCATCATGETACGGAGGTGGAT CGGCTTTCGATATCTG
GGGCCAGGGCACGATGGTCACCETCTCCTCGGGEEECEEAGECTCCEGGEEAGCAGGTAGCGCAGGAGCAGEAT CGAGCT
CRAGAGTTGACTCAAGAACCCGCAGTGTCCGTGGCACTGGGCCARACCGTCAGGAT CACT TGCCAGGGAGACAGCCTGAGE
TCGTACTACGCGTCCTGGTACCAGCAGARGCCGGEACAGGCCCCGGTCCTGET CATTTTCGGACGCTCAAGACGCCCATC
GGGCATCCCGEGACCGETTCAGCGGAAGCTCCTCGGEEAARCACCECGTCACTTATCATTACCGGCGCACAGGCTGAGGACG
AAGCGGATTACTACTGCAACTCCCGCGACRATACT GCCAACCATTACGTGTTCGGGACCGGARCGARACTGACTGTCCTG

126

M16
(Full)
>K$87-
99RD
{M16)

ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCT TCTGCT CCACGCCGCTCGGCCCEGAAGTGCARCTCGTGGA
A
TCTGGTGGAGGACTTGTGCARCCTGGAAGATCGTTGAGACTCTCATGTGCTGCCTCCGGGTTCACCTTTGACGACTACGC
CATGCACTGGETGCGCCAGGCACCAGGARAGGGTCTGGAGTGGETTTCEGETATCTCETGGAACTCOGGGAGCACTGGCT
ACGCTGATTCGGTGAAAGGCCGETTTACCATCTCCCGAGRCAATGCGARAGAAT TCCCTCTATCTGCAGATGAACAGCCTC
CGGGCCGAGGATACTGCCCTGTACTACTGCGCCARGGATAGCTCATCATGGTACGCAGGTGCATCGGCTTTCGATATCTG
GGGCCAGGGCACGATGGTCACCETGTCCTCEEGEEECEEAGGCTCCGGEGEAGEAGGTAGCGEAGGAGGAGCAT CGAGCT
CAGAGTTGACTCARGAACCCGCAGTETCCETGGCACTGEGECCAARCCGTCAGGAT CACT TGCCAGGEAGACAGCCTGAGG
TCGTACTACGCGTCCTGETACCAGCAGARGCCGGEACAGGCCCCGGTCCTGEGTCATTTTCGCACGCTCAAGACGCCCATC
GGGCATCCCGGACCGGTTCAGCEGAAGCTCCTCGGGARRCACCGCGTCACTTATCATTACCGECGCACAGGCTGAGGACG
AAGCGGATTACTACTGCAACT CCCGCGACAATACT GCCARCCATTACGTGTTCGEGACCGGARCGARACTCGACTGTCCT G
ACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTRACCATCGCCTCCCAGCCTCTGTCCCTGOGTCCGGAGGCATG
TAGACCCGCAGCTGGTGEGECCETGCATACCCGGEETCTTGACTTCGCCTGCGATATCTACATTTGGGCCCCTCTGGCT G
GTACTTGCGGEETCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGGTCGGAAGAAGCTGCT GTACATCTTT
AAGCAACCCTTCATGAGGCCTGTGCAGACTACT CARGAGGAGGACGGCTGETTCATGCCGGT TCCCAGAGGAGGAGGAAGE
CGGCTGCGAACTGCGCGTGARATT CAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGARCCAGCTCTACARCG
AACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCT GCGACAAGUGGAGAGGACGGGACCCAGARATGGGCGEGAAGCCE
CGCAGARAGAATCCCCARGAGGGCCTGTACAACGAGCTCCAARAGGATARGATGCCAGAAGCCTATAGCGAGATTGGETAT
GRAAGGGGARCGCAGAAGAGGCAAAGGCCACGACGGACT GTACCAGGGACTCAGCACCGCCACCARGGACACCTATGACG
CTCTTCACATGCAGGCCCTGCCGCCTCGE

103

M17
(ScFv

domain)
»NS8 G-
94MD
(M17)

GAAGTTCAATTGGTGGAA

TCTGGAGGAGGACTTGTGCAACCCGETAGATCT CTGAGACTGTCCTGTGCEGCAT CGGGAT TCACCT TCGACGACTACGC
TATGCACT GGGTGAGACAAGCCCCTGGARARGGACTGGAGTGGETGTCAGGCATCTCCTGGAATAGCGGETCCACTGGAT
ACGCCGATTCGGTCARGGGTCGCTTCACCATTTCCCGGGACAATGCCARGAACTCCCTGTACCTTCAAATGRACTCCCTC
CGGGCCGAGGATACCGCCCTCTACTACT GCGCCANAGACAGCT CETCATGETATGGCEEAGGETCGECATTTGACATCT G
GGGACAGGGEAACTATGGETGACT GTGTCATCAGGAGGCGECEGAAGCEGLEECEECEEET CCGECGERAGEAGEGETCGETCCA
GCGAACTCACCCAAGATCCAGCAGTGAGCGTCGCEGCTGEGCCAGACCGTCAGGAT CACGTGCCAGGCAGATTCACTGCGC
TCATACTACGCGTCCTGGTACCAGCAGARAGCCGGEGECAGGCCCCEETCCTCGTGAT CTACGGARAGRACARCCGCCCGTC
GGGTATCCCAGACCGCTTTTCGEGETAGCTCCAGCGGARATACGGCTAGCCTGACCATCACT GGAGCACAGGCT GAGGAT G
AAGCGGACTACTACTGCAATTCGCGGCECT CATCGGEGARCCATTACGTGTTCCGAACT GETACCARGETGACTGTCCTG

127

M17

ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGECTCTTCTGCTCCACGCCGCTCGGCCCEGARGTTCAATTGGTGGA
A
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(Full)
>NEE 9~
94MD
M17)

TCTGGAGGAGGACTTGTGCAACCCGETAGATCT CTGAGACTGTCCTGTGCGGCAT CGLGAT TCACCTTCGACGACTACGC
TATGCACT GGGTGAGACAAGCCCCTGGARARGGACTGGAGTGGETGTCAGGCATCTCCTGGARTAGCGGETCCACTGGAT
ACGCCGATTCGGTCARAGGGT CGCTT CACCATTTCCCGGGACARTGCCARGAACT CCCTGTACCTTCAAATGAACTCCCTC
CGGGCCGAGGATACCGCCCTCTACTACT GCGCCARAGACAGCTCGTCATGETATGGCEGAGGET CGGCATTTGACATCT G
GGGACAGGGEAACTATGGETGACT GTGTCATCAGGAGGCGGECGEEAAGCGGCEECEECEEET CCEECGEAGEAGEETCGETCCA
GCGAACTCACCCAAGATCCAGCAGTGAGCGTCGCGCTGGGCCAGACCGT CAGGAT CACGTGCCAGGGAGATTCACTGCGC
TCATACTACGCGTCCTGGTACCAGCAGARGCCGGEECAGCGCCCCEGETCCTCGTGATCTACGGAAAGRACAACCGCCCGTC
GGGTATCCCAGACCGCTTTTCGEGTAGCTCCAGCGGARATACGGCTAGCCTGACCATCACT GGAGCACAGGCTGAGGATG
AAGCGGACTACTACTGCAATTCGCGEGGCT CATCCGEGAACCATTACGTGTTCGGAACTGCTACCARAGGTGACTGTCCTG
ACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAGGCATG
TAGACCCGCAGCTGETGEGECCETGCATACCCGEEETCTTCGACTTCGCCTGCGATATCTACAT T TGEGCCCCTCTGGCT G
GTACTTGCGGGETCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCGETCGGAAGAAGCTGCTGTACATCTTT
AAGCAACCCTTCATGAGGCCTGTGCAGACTACTCARAGAGGAGGACGGCTGTTCATGCCGGT TCCCAGAGGAGGAGGAAGE
CGGCTGCGARCTGCGCETGAAAT T CAGCCGCAGCGCAGATGCTCCAGCCTACARAGCAGGGGCAGAACCAGCTCTACAACG
AACTCAAT CTTGGTCGGAGAGAGGAGTACGACGTGCT GGACAAGCGGAGAGGACGGEGACCCAGARAATGEGCEGGARGCCE
CGCAGRAAGAATCCCCAAGAGGGCCTGTACRACGAGCTCCAARAGGATARGAT GGCAGARGCCTATAGCGAGATTGGTAT
GAAAGGGGARACGCAGAAGAGGCAAAGGCCACGACGGACT GCTACCAGGGACTCAGCACCGCCACCAAGGACACCTATGACG
CTCTTCACATGCAGGCCCTGCCECCTCGG

104

M18
(ScEv
domain}
>DS90-
Q9HD
(M18)

CAAGTGCAGCTCGTTCAAT CAGGCGGAGGACTCGT TCARCCAGGAGGATCATTGCGACT CTCATGTCCGGCCT CTGGATT
CACGTTTAGCTCATATTGG

ATGCACTGGGETGCGGCAGGCGCCGGEECAARGGTCTGGTGTGGGTCAGCCGCAT CARCTCAGACGGCTCCTCGACTTCGTA
CGCCGACTCCGTGAAGGGACGCTTTACCAT TTCCCGCGACAACGCCAAGAATACCCTTTACCT TCAGATGAACTCCCTCC
GCGCTGAGGATACCGCCGTGTACTACTGCGTGAGGACTGGCTGGETCGGCAGCTACTACTACTACATGGACGTGTGGEGEC
AAAGGAACTACTGTCACCGTGT CAAGCGGCGGTGEAGGT TCCEGCEEEGEAGEAT CGGEGGEEEGCEEAT CGGGTGGCEE
AGGATCGGAGATCGTGTTGACCCAGT CGCCGGEAACCCTGTCGCTGTCECCTGEEEAGAGAGCAACTCTGTCCTGCCGGE
CTTCCCAGTCGET GTCGAGCAATTACCTGGCAT GGTACCAACAGAAGUCGEGACAGCCGCCACGCCTGCTGATCTATGAC
GTGTCAACTCGGGCAACTGGAATCCCTECECGETT CAGCCGCGEAGGGAGCEGETACCCATTTCACCCTGACTATTTCCTC
CCTCGAACCAGAAGATTTCGCCETCTACTACTGCCAGCAGAGAAGCAACT GGCCGCCLTGGACGTTCEGACAAGGAACCA
AGGTCGAAATCAAG

128

M18
(Full)
>D890~
O9HD
(M18)

ATGGCCCTCCCTCTCACCGCCCTGCTGCTTCCGOTGGCTCTTCTGCT CCACGCCGCTCGGCCCCAAGTGCAGCTCGTTCA
ATCAGGCGGAGCACTCGTTCAACCAGCAGGATCAT TGCGACT CTCATGTGCCGCCTCTGCATTCACGT TTAGCTCATATT
GG
ATGCACTGGETGCGGCAGGCGUCGEEEAAAGGT CTGGETGTGGETCAGCCGCAT CAACTCAGACGGCTCCTCGACTTCGTA
CGCCGACTCCGTGAAGGGACGCTTTACCATTTCCCGCGACRACGCCAAGAATACCCTTTACCTTCAGATGARCTCCCTCC
GCGCTGAGGATACCGCCGTGTACTACTGCGTGAGGRACTGGCTGGGTCGGCAGCTACTACTACTACATGGACGTGTGGGGC
AMAGGAACTACTGTCACCGTGTCARGCGGCGGTGEAGET TCCGGUGEEEEAGEATCGGEGEGEEGCEEAT CEEETGGCGE
AGGATCGGAGATCGTGTTGACCCAGT CGCCGGGAACCCTETCECTGTCGCCTGEEEAGAGAGCARCTCTGTCCTGCCGGEE
CTTCCCAGTCGGTGTCGAGCAATTACCTGGCATGGTACCAACAGAAGCCGGGACAGCCGCCACGCCTGCTGATCTATGAC
GTGTCAACTCGGGCAACTGGAATCCCTGCGCOGTT CAGCGGCGEAGGGAGCGGTACCGATTTCACCCTGACTATTTCCTC
CCTCGAARCCAGAAGATTTCGCCETCTACTACT GCCAGCAGAGRAGCAACT GECCECCCTGEACGT TCEGACARAGGAACCA
AGGTCGAARTCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTG
CGTCCGGAGGCATGTAGACCCGCAGCTGGT GEGECCETGCATACCCGGEGTCTTGACTTCGCCTGCGATATCTACATTTG
GGCOCCTCTGEECTGETACT TGCEGEETCCTGCTGCTTTCACT CCTGAT CACTCTTTACT GTARNGCGOGET CGGAAGAAGT
TGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCTGTTCATGCCGGTTCCCA
GAGGAGGAGGAAGGCGGCTGCGARCTGCGCETGARATTCAGCCGCAGCGCAGATGCTCCAGCCTACRAGCAGGGGCAGRAR
CCAGCTCTACAACGAACTCAATCTTGET CGGAGAGAGGAGTACGACGT GCTGEACAAGCGGAGAGGACGGGACCCAGAAA
TGGGCGEEAAGCCECECAGAAAGAAT CCCCAAGAGGGECCTGTACAACGAGCTCCAAARGGATAAGATGGCAGARAGCCTAT
AGCGAGATTGGTATGARRAGGGGAACCCAGRAAGAGGCAAAGGCCACGACGGACT GTACCAGGGACTCAGCACCGCCACCAA
GGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGE

105

M19
(ScFv

domain)
>TE92~
04BD
(M19)

CAAGTGCAATTGGTTCAA
TCAGGAGGAGGAGTCGTGUCAGCCCGEAAGATCGTTGAGACTGTCATGTGCCGCCAGCGECTTTACT TTCTCAAGCTACGG
AATGCATTGGGTGCGACAGGCTCCGEGAARAGCACTGGAATGGETCGCAGTGATCTCATACGACGGCTCGARCAAGTACT
ACGCCGACTCCGTCARGGGTCGGETTCACGATTTCCGCGCCATAATTCCARGARCACTCTGTACCTCCAAAT GRACRGCCTC
CGGGCAGAGGACACCGCCGETCTACTACT GCGOTARGGGATACTCGCGCTACTACTACTATGGAATGEATGTGT GGGGCCA
GGGARCTACCGTGACGGTGTCGETCCGGECGGCEETGEEETCEEECEEAGGCEEAT CAGGTGGAGGT GGRAAGCGGAGGAGGAG
GGAGCGARATCGTCATGACTCAGTCCCCTGCTACCCTTTCTCTGTCGCCEGGGAGAARGAGCCATCCTGAGCTGCCGGGCC
TCCCAGAGCGTGTACACCAAAT ACCT GGGATGGTACCAGCAGAAGCCGEGECAGGCACCAAGGCTCCTGATCTACGATGC
GTCCACCCGCGCEACTGETATCCCAGACCGCTTTTCCGECTCEEEETCAGGGACTGACT TCACCCTTACTATCAATCGEC
TCGAGCCTGAGGATTTCGCCGTGTATTACTGCCAGCACT ACCGGAGGGT CCCCECTGATTACCT TCGGCCARGCGCACCARA
GTGGACATCAAG

129

M19
(Full)

>T892-
04BD
(M19)

ATGGCCCTCCCTGTCACCGCCCTGCTCCTTCCGOTGECTCTTCTGCT CCACCCCECTCGGCCCCARGTGCART TGETTCA
A

TCAGGAGGAGGAGTCGTGCAGCCCGGAAGATCGTTGAGACTGTCATGT GCCGCEAGCEGCTTTACT T TCT CAAGCTACGG
AATGCATTGGETCCGACAGGCT CCEGEAAAAGGACTGEGART GGGTCGUAGTGATCTCATACGACGGCT CGARCAAGTACT
ACGCCGACTCCGTCAAGGGETCGETTCACGATTTCGCGCGATAATTCCARAGARCACTCTGTACCTCCARATGRACAGCCTC
CGGGCAGAGGACACCGCCGTCTACTACTGCGCTARGGGATACTCGCGCTACTACTACTATGGAATGGATGTGT GGGECCA
GGGAACTACCGTGACGGTGTCGTCCGECEECEGTGEETCEEECEGAGGCGEEAT CAGGTGGAGGT GGAAGCGEAGGAGGAG
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GGAGCGAAATCGTCATGACTCAGT CCCCTGCTACCCTTTCTCTGTCGCLGEGAGARAGAGCCAT CCTGAGCTGCCGGEGCT
TCCCAGAGCGTGTACACCAAATACCTGEGATGGTACCAGCAGAAGCCGGGGECAGGCACCAAGECTCCTGATCTACGATGC
GTCCACCCGCGCGACTGGTAT CCCAGRCCGCTTTTCCGGECT CGGGGTCAGGGACTGACT TCACCCTTACTATCAATCGGEC
TCGAGCCTGAGGATTTCGCCGTETATTACT GCCAGCACT ACGCAGGGETCCCCGCTGATTACCT TCGECCARGGCACCAAA
GTGGACAT CAAGACCACTACCCCAGCACCGAGGCCACCCACCCCEGCT CCTACCAT CEGCCTCCCAGCCT CTETCCCTGCE
TCCGGAGGCATGTAGACCCGCAGCTGETGGGECCETGCATACCCGGGEGTCTTGACTTCGCCTGCGATATCTACATTTGEG
CCCCTCTGGCTGGETACTTGCEGEGETCCTGCTGCTTTCACTCGTGATCACT CTT TACTGTAAGCGCGET CGGAAGARGCT G
CTGTACATCTTTARGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGEACGGCTGTTCATGCCGETTCCCAGA
GGAGGAGGARGGCGEGCTGCEARACTGCCCET GARATTCAGCCGCAGCGCAGATGCTCCAGCCTACAAGCAGCGGGCAGAACC
AGCTCTACRACGAACTCAATCTTGGT CGGAGAGAGGAGTACGACGT GCTGGACRAGCGEAGAGGACGGGACCCAGARATG
GGCGGGAAGCCGCGCAGAAAGAAT CCOCAAGAGGGCCTCTACAACGAGCT CCARAAGCATARGATGECAGAAGCCTATAG
CGAGATTGGTATGAAAGGGGAACGCAGAAGAGGCARAGGCCACGACGGACTGTACCAGGGACTCAGCACCGCCACCAAGG
ACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGG

106

M20
(ScFv
domain)
>J893~
O8WD
{M20)

CRAGTGCAACTTGTTCAAT CAGGAGGAGGACTCGTTCAACCCGGAGGATCACTGCGACTCTCATGTCCAGCEGTCGGGGTT
CACCTTCTCCAGCTACGCA
ATGTCCTGGEETGCGCCARGCCCCT GGAAAAGGCCT GEAGTEGETGT CGGCCAT CT CTGGGAGCGEGEEAT CARCT TACTA
CGCTGACTCCGTCARAGGGCCGCTTTACCATCTCCCGGGACRACAGCAAGAACACTCTCTAT CTCCAGATCGAACTCGCTGA
GAGCCGAAGATACCGCTGTCTACTACTGCGCGARGRAGAGRAAGCTGCCGCAGGGCACGAT TGETACT TCGACTTGT GGGGC
AGGGGCACCCTTGTGACCGTGTCCTCCGETGGAGGCGEATCAGGAGGT GEGGEAT CGGGTGEAGGAGGAAGCGGAGGCGE
CGGTTCGGACATTCGCGTCACCCAGTCACCGAGCTCCCTCAGCGCATCGETGEECEACCGEETCACTATCACTTGCCGEG
CGTCCCAGTCGATCTCATCGTATCTGRAATT GGTACCAGCAGARACCGGGARRAGGCGCCGAAGCTGTTGATCTACGCTGCC
AGCTCCCTGCAGTCOGGETGTGCCATCACGCTTTT CCGGCTCGGEATCGEEAACCGATTTCACT CTGACGATCTCTAGCCT
GCAGCCAGRAGATTTCGCCACTTACTACTGCCAGCAGTCCTACAGCAT CCCTCTGACTTTCGGACARGGGRACGAARGTGG
AGATTARG

130

M20
(Full)
>J893-
08WD
{M20)

ATGGCCCTCCCTGTCACCGCCCTGCTGOTTCCGCT GGCTCTTCTGCT CCACGCCGCTCGGCCCUAAGTGCAACTTGTTCA
ATCAGGAGGAGGACT CGTTCAACCCGGAGGATCACTGCGACT CTCATGTGCAGCETCGGGETTCACCTTCTCCAGCTACE
CA
ATGTCCTGEETGCECCARGCCCCTGEARANAGGCCT GGAGTGGGTGTCGECCAT CTCT GEGGAGCGGEGGAT CAACT TACTA
CGCTGACT CCGTCAAGGGCCGCTTTACCATCTCCCGEGACARACAGCAAGAACACT CTCTAT CTCCAGATGARCTCGCTGA
GAGCCGAAGATACCGCTGTCTACTACTGCGCCARGRAGAGRAAGCTGCCGCAGGGCACGATTGCTACTTCCGACTTGTGGGGC
AGGGGCACCCTTGTGACCGTCTCCTCCGGTGGAGGCGGATCAGCAGET GEGEGAT CEGETGGAGGAGGAAGCGGAGGCGE
CGGTTCGGEACATTCGCGTCACCCAGT CACCGAGCT CCCTCAGCGCATCOETGEECEACCGEGTCACTATCACTTGCCGEE
CGTCCCAGTCGAT CTCATCGTATCTGAAT TCGGTACCAGCAGARACCGEGARAGGCGCCCAAGCTGTTGATCTACGCTGCC
AGCTCCCTGCAGTCGGETGTGCCATCACGCTTTTCCGGCTCGGEAT CGGEARCCGATTTCACTCTGACGATCTCTAGCCT
GCAGCCAGAAGATTTCGCCACTTACTACTGCCAGCAGTCCTACAGCAT CCCTCTGACT T TCGCACARGGGACGAARAGT GG
AGATTAAGACCACTACCCCAGCACCGAGGCCACCCACCCCEGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCETCCE
GAGGCATGTAGACCCGCAGCTGETGGGECCETGCATACCCGGGETCTTGACTTCGCCTGCGATATCTACATTTGGGCCCC
TCTGGCTGETACTTGCGEGETCCTGCTGCTTTCACTCGTGAT CACTCTTTACT GTAAGCGCGET CGEAAGAAGCTGCTET
ACATCTTTAAGCARCCCTTCATGAGGCCTGTGCAGACTACT CARGAGGAGGACGECTGTTCATGCCEETTCCCAGAGGAG
GAGGARAGGCGGCTGCCAACTGCGCGTGARATTCAGCCGCAGCGCAGAT GCTCCAGCCTACARGCAGGGGCAGARCCAGCT
CTACAACGAACTCAATCTTGGT CGGAGAGAGGAGT ACGACGT GCTGGACAAGCGGAGAGGACGGEACCCAGAAAT GGGCG
GGAAGCCGCGECAGAAAGAAT CCCCARGAGGGCCTGTACARCGAGCTCCARARGEATARGAT GGCAGRAGCCTATAGCGAG
ATTGGTATGCARAGGGCAACGCAGAAGRAGCGCARAGGCCACGACGCACTGTACCAGGGACT CAGCACCGCCACCAAGGACAC
CTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCEE

107

M21
(ScFv

domain)
7895~
030D
(M21)

CAAGTCCAACTCGTTCAGT CATGGECAGAAGTCAAGARACCCGETGCAAGCET CAAAGT GTCETGTARGGCCTCCGGCTA
CACTTTCACTTCCTACTAC
ATGCACTGGETGCGCCARGCCCCGGEACAGGGCCT TGAATGGATGGGCAT CAT CARCCCAT CAGGAGGTT CCACGAGCTA
CGCGCAGAAGTTCCAGGGGAGAGTGACGATGACTAGAGATACCT CCACGAGCACCGTCTACATGGAGCTGTCGAATCTGC
GGTCAGAGGACACTGCTGTETATTACTGCGCGCGCTCCCCGCGEETGACCACTGGCTACTTTGACT ACTGCGGACAAGGG
ACCCTGGTGACCGTCAGCT CGGGAGGCGGAGGATCGGEGAGET GCAGGGTCCEETGCAGGCGGCTCT GGAGGAGGCEGETC
GGACATTCAATTGACCCAGAGCCCATCCACCCT CTCAGCCTCGETGEGEGATAGGGTGACTATCACTTGCCGGGCCTCCC
AGTCAATTTCCAGCTGGCTGGCTTGGTACCAGCAARAGCCTGGARAGGCACCGAAGCTCCTGATCTACAAGGCCTCATCT
CTGGARTCAGGAGTGCCTTCGCGCTTCAGCGGARGCEGCTCGGGARCTGAGTT TACCCTGACCATCTCGAGCCTGCAGCC
AGATGACTTCGCGACCTATTACTGCCAGCAGTACT CGTCCTACCOGTT GACTT TCGGAGGAGGETACCCGCCTCGAAATCA
AR

131

M21
(Full)

>72895-
030D
(M21)

ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCARGTCCARCTCGTTCA
GTCATGGGCAGAAGT CAAGAARACCCGETGCAAGCGTCAARGT GTCGTGTAAGGCCTCOGGCTACACTTTCACTTCCTACT
AC

ATGCACTGGGTGCGCCARGCCCCGGGACAGGGCCT TGAATGGATGGGCAT CATCARCCCAT CAGGAGGTT CCACGAGCTA
CGCGCAGAAGTTCCAGGGGAGAGTGACGAT GACTAGAGATACCTCCACGAGCACCGTCTACATGGAGCTGTCGAATCTGC
GETCAGNGENCACTGCTETETATTACTGCOCCECECTCCCCECEEETGNCCNCT GECTACT T TGACTNCTGCEGNCANGEE
ACCCTGGTGACCETCAGCTCCGGAGECECAGGATCGEGAGGET GCAGGGTCCEETECAGGCGGCTCT CGAGGAGGCGGETC
GGACATTCAATTGACCCAGAGCCCATCCACCCTCTCAGCCT CEGTGGGEGATAGGGTGACT AT CACT TGCCGGGCCTCCC
AGTCAATTTCCAGCTGGCTGGCTTGETACCAGCAARAGCCT GGARAGGCACCGAAGCTCCTGAT CTACAAGGCCT CATCT
CTGGAATCAGGAGTGCCTTCGCECTTCAGCGEARAGCGGCTCGGEARCTGAGTT TACCCTGACCATCTCGAGCCTGCAGCC
AGATGACTTCGCGACCTATTACT GCCAGCAGTACTCGTCCTACCCGTTGACTTT CGGRAGGAGGTACCCGCCTCGAAATCA
AAACCACTACCCCAGCACCGAGGCCACCCACCCCEGECTCCTACCAT CGCCTCCCAGCCTCT GTCCCTGCETCCGEAGGCA
TGTAGACCCGCAGCTGGTGGEEGCCETGCATACCCGEEETCTTGACT TCGCCTGCEATAT CTACATTTGGGCCCCTCTGGC
TGGTACTTGCGGEETCCTGCTGCTTTCACTCGTGAT CACTCTTTACT GTAAGCGCGGT CGGARGAAGCT GCTGTACATCT
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TTAAGCAACCCTTCATGAGGCCTGTGCAGACTACT CARGAGGAGGACGGCTGT TCATGCCGGT T CCCAGAGEAGGAGGAA.
GGCGGCTGCGAACTGCGCGTGARATTCAGCCGCAGCGCAGRTGCTCCAGCCTACAAGCAGGGGECAGRARCCAGCTCTACAA
CGAACTCAATCTTGGTCGGAGAGAGGAGTACGACGTGCT GCGACAAGCGEAGAGGACGGGACCCAGARAT GGGCGGGAAGC
CGCGCAGAAAGAATCCCCAAGAGGGCCT GTACAACGAGCTCCANAAGGAT AAGAT GGCAGAAGCCTATAGCGAGATTGET
ATGARAGGGGEARCGCAGAAGAGGCARAAGGCCACGACGGACTGTACCAGGGACT CAGCACCGCCACCARGGACACCTATGA
CGCTCTTCACATGCAGGCCCTGCCGCCTCGE

108

M22
(ScFv
domain)
>P396~
08LD
M22)

CRAAGTCCARCTCGTCCAGT CCGGTGCAGAAGTCAGAAGGCCAGGAGCAAGCETGAAGAT CTCGTGTAGAGCGT CAGGAGA
CACCAGCACTCGCCATTAC
ATCCACTGECTGCGCCAGGCTCOGGECCAAGGGCCGGAGTGCATGGET GTGAT CARCCCGACTACGGGACCGGCTACCGE
AAGCCCTGCGTACGCACAGATGCTGCAGGGACGGETGACTATGACCCGCGATACTAGCACTAGGACCGTGTACAT GGAAC
TCCGCTCGTTGCGETTCGARGATACCGCCGTCTACTACT GCGCCCGGT CCGTGETGEGCCCAAGCGCCCCTTACTACTTC
GATTACTGGGGACAGGGCACTCTGGETGACCETTAGCTCCEET GGGGEAGGCTCEEETGGAGGCEEAT CGECAGGAGGAGG
CAGCGEGTGEAGEEEGAT CGGACAT TCAGATGACCCAGTCACCCTCCTCCCTCT CAGCCTCGGTCGEEEACCEGETGACCA
TTACGTGCAGAGCCTCACARGGGATCTCGGACTACTCCGCCTGETACCAGCAGAAACCGGGARARAGCGCCARAGCTCCTG
ATCTACGCCGCCAGCACCCTGCAATCAGGAGTGCCATCGLGCTTTTCT GGAT CGGGCTCAGGGACT GACT TCACGCTGAC
TATCTCCTACCTTCAGTCCGAGGATTTCGCTACCTACTACTGCCARCAGTATTACTCCTAT CCCCTGACCTTTGGCGGAG
GCACTRAAGGTGGACATCARG

132

M22
(Full)
>PS96-
08LD
M22)

ATGGCCCTCCCTGTCACCCCCCTGCTGCTTCCGCT GECTCTTCTGCTCCACGCCGCTCGGCCCCARAGTCCAACTCGTCCA
GTCCEGTGCAGAAGT CAGAAGGCCAGGAGCARGCETGAAGAT CTCGTGTAGAGCETCAGGAGACACCAGCACT CGCCATT
AC
ATCCACTGGCTGCGCCAGGCTCOGGECCARGGGECCEEAGTGGATGGET GTGAT CARCCCGACTACGGEACCGGCTACCGE
AAGCCCTGCGETACGCACAGATGCT GCAGGGACGGGTGACTATGACCCGCGATACTAGCACTAGGACCETGTACAT GGAAC
TCCGCTCGTTGCGETTCGAAGATACCGCCGTCTACTACT GCGCCCGET CCETGETGGGECCGARGCGCCCCTTACTACTTC
GATTACTGGGGACAGGGCACT CTGGTGACCGTTAGCT CCGETGGGGEGAGGCT CGGGTGGAGGCGGATCGGCAGGAGGAGG
CAGCGGTGEAGGGGEGATCGGACATTCAGAT GACCCAGTCACCCTCCTCCCTCTCAGCLTCRGTCEGEEACCEGET GACCA
TTACGTGCAGAGCCTCACAAGGGATCTCGGACTACTCCGCCTGEGTACCAGCAGARAACCGGEARAAGCGCCARAGCTCCTG
ATCTACGCCGCGAGCACCCTGCAATCAGGAGTGCCATCGCGCTTTTCT GGAT CGGGCTCAGGGACTGACT TCACGCTGAC
TATCTCCTACCTTCAGTCCGAGGATTTCGCTACCTACTACTGCCARCAGTATTACTCCTAT CCCCTGACCTTTGGCGGAG
GCACTAAGETGCGACATCAAGACCACTACCCCAGCACCGAGGCCACCCACCCCEECTCCTACCAT CGCCTCCCAGCCTCTG
TCCCTGCGTCCEGGAGGCATGTAGACCCGCAGCT GETGGEGCCETGCATACCCGEEGTCTTGACTTCGCCTGCGATATCTA
CATTTGGGCCCCTCTGGCTGETACTTGCGEGETCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTARGCGCGETCGGA
AGAAGCTGCTGETACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACT CAAGAGGAGGACGECTGTTCATGCCGE
TTCCCAGAGGAGGAGGAAGGCGGCTGCEAACTGCGCETCARATTCAGCCGCAGCGCAGAT GCTCCAGCCTACARGCAGGG
GCAGAACCAGCTCTACAACGAACTCAAT CTTGGTCGGAGRAGAGGAGTACGACGTGCTGGACAAGCGEAGAGGACGGGACC
CAGARAATGGGCGGEEAAGCCGCGCAGARAGARATCCCCARGAGGGCCTGTACAACGAGCTCCARAAGGATAARGAT GGCAGAA
GCCTATAGCGAGATTGGTATGARAGGGCARCGCAGAAGAGGCAARGGCCACGACGGACTGTACCAGGGACTCAGCACCGC
CACCARGGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGE

109

M23
(ScFv
domain)
>XHG G-

84HE
(M23)

CRAAGTCCAACTCCAGCAATCGGGAGCAGAACTCARGAAACCAGCCGCATCGGTGARAGTGT CGTGTRAAGGCGETCAGGGTA
CACCTTCACCAACTACTAT
ATGCACTGGETGCGCCAGGCTCCAGGCCAGGGGTT GGAGTGGATGGGGAT CAT CAAT CCGT CAGET GECTACACCACTTA
CGCTCAGAAGTTCCAGGGACGCCTCACTATGACTCGCGATACTAGCACCTCCACGETGTACATGCARCTGTCATCGCTGA
GGTCCGARGATACCGCCGTCTACTACTGCGCACGGAT CAGAT CCTGCGGAGGAGATTGT TACTACT TTGACAACT GGGGA
CAGGGCACCCTTGTTACTGTGTCAT CGGGAGGAGGGGGARGCGGAGGAGG TGEAT CAGGCGGLGET GEGCAGCGEGEGECEE
AGGATCGGACATTCAGCTGACTCAGTCCCCCTCCACTTTGTCGGCCAGCGETGEEAGACRAGAGTGACCATCACTTGCCGGE
CGTCCGAGAACGTCAATATCTGGCTGGCCTGGTACCAGCAAARGCCTGGARAAGCCCCEGAAGCTGCTCATCTATARGTCA
TCCAGCCTGEGCETCTGETGETGCCETCECEETTCTCOGGECAGUGEGAGCEEAGCCEAGTTCACTCTCACCATTTCGAGCCT
TCAACCGGACGATTTCGCCACCTACTACTGCCAGCAGTACCAATCCTACCCTCTGACGET TTGGAGETGCARCCAAGETGG
ACATCAAG

133

M23
(Full)

>XHG6-
84HE
(M23)

ATGGCCCTCCCTGTCACCCCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCOGCTOGGCCCUAAGTCCARCTCCAGCA
ATCGGGAGCAGRAAGT CAAGARAACCAGGCGCATCGETGARRGTGTCGTGTARGGCETCAGGGTACACCTTCACCAACTACT
AT
ATGCACTGEETGCECCAGGCTCCAGGCCAGGGGTT GEGAGTGCATGGGGAT CAT CAAT CCGT CAGGT GGCTACACCACTTA
CGCTCAGARGTTCCAGGGACGCCTCACTATGACT CGCGATACTAGCACCT CCACGETGTACAT GGARCTGTCATCGCTGA
GGTCCGAAGATACCGCCGTCTACTACTGCGCACGEGATCAGATCCTGCGCAGGAGATTGTTACTACT TTGACRACT GGGGA
CAGGGCACCCTTGTTACTGTGT CATCGEGAGGAGGGEGARGCGCAGGAGG TGGAT CAGGCGGCEET GECAGCGGEGECEE
AGGATCGGACATTCAGCTGACT CAGTCCCCCTCCACT TTGTCGGCCAGCETGEEAGACAGAGTGACCATCACTTGCCGGE
CGTCCGAGAACGTCAATATCTGGCTGCCCTGGTACCAGCARAAGCCTGGARARAGCCCCEGAAGCTGCTCATCTATARGTCA
TCCAGCCTGGCGTCTGGTGTGCCGTCGLGGTTCTCCEGCAGCGGGAGCGGAGCCGAGTTCACTCTCACCATTTCGAGCCT
TCAACCGGACGATTTCGCCACCTACTACTGCCAGCAGTACCARTCCTACCCTCTGACGT T T GGAGGTGGARCCAAGGET GG
ACATCARGACCACTACCCCAGCACCEAGGCCACCCACCCOGECTCCTACCAT CGCCTCCCAGCCTCTGTCCCTGCETCCE
GAGGCATGTAGACCCGCAGCTGGETGGGGCCETGCATACCCGGGETCTTGACTTCGCCTGCGATATCTACATTTGGGCCCC
TCTGGCTGETACTTGCGEGETCCTGCTGCTTTCACTCGTGATCACT CTTTACT GTAAGCGCEET CGEAAGAAGCTGCTET
ACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACT CAAGAGGAGGACGGECTGTTCATGCCEETTCCCAGAGGALG
GAGGAAGGCGGCTGCCGAACTGCGCETGARATTCAGCCGCAGCGCAGAT GCTCCAGCCTACARGCAGGGGCAGARCCAGCT
CTACAACGAACTCAATCTTGGT CGGAGAGAGGAGT ACGACGT GCTGGACAAGCGGAGAGGACGGEACCCAGAART GGGCG
GGAAGCCGCGCAGARAGAAT CCCCAAGAGGGCCT GTACARCGAGCT CCARAAGGATARGAT GGCAGRAGCCTATAGCGAG
ATTGGTATGAAAGGGGAACGCAGARAGRGGCARAGGCCACGRCGGACTGTACCAGGGACT CAGCACCGCCACCAAGGACAC
CTATGACGCTCTTCACATGCAGBCCCTGCCGECCTCGE
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What is claimed 1s;

1. An isolated nucleic acid molecule encoding a chimeric antigen receptor (CAR), wherein
the CAR comprises: 1) an antibody or antibody fragment comprising a human anti-mesothelin
binding domain, 1i) a transmembrane domain, and iii1) an intracellular signaling domain
comprising a stimulatory domain, and wherein said anti-mesothelin binding domain
comprises one or more of light chain complementary determining region 1 (LC CDR1), light
chain complementary determining region 2 (LC CDR2), and light chain complementary
determining region 3 (L.LC CDR3) comprising an amino acid sequence listed in Table 5 and
one or more of 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) comprising an amino acid sequence listed in Table 4.

2. The isolated nucleic acid molecule of claim 1, comprising a LC CDR1, LC CDR2 and LC
CDR3, wherein LC CDRI1, LC CDR2 and LC CDR3 comprise an amino acid sequence listed
in Table 5.

3. The isolated nucleic acid molecule of claim 1, comprising a HC CDR1, HC CDR2 and
HC CDR3, wherein HC CDR1, HC CDR2 and HC CDR3 comprise an amino acid sequence
listed in Table 4.

4. The isolated nucleic acid molecule of claim 1, comprising LC CDR1, LC CDR2 and LC
CDR3, wherein LC CDRI1, LC CDR2 and LC CDR3 comprise an amino acid sequence listed
in Table 5, and HC CDR1, HC CDR2, and HC CDR3, wherein HC CDR1, HC CDR2 and

HC CDR3 comprise an amino acid sequence listed in Table 4.
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5. The isolated nucleic acid molecule of claim 1, wherein the anti-mesothlin binding domain
comprises an amino acid sequence of any one of the light chain variable regions listed in
Table 2.

6. The isolated nucleic acid molecule of claim 1, wherein the anti-mesothlin binding domain
comprises an amino acid sequence of any one of the heavy chain variable region listed in
Table 2.

7. The isolated nucleic acid molecule of claim 1, wherein the anti-mesothlin binding domain
comprises an amino acid sequence of any light chain variable region listed in Table 2 and any

heavy chain variable region listed Table 2.

8. The isolated nucleic acid molecule of any of the preceding claims, wherein the anti-

mesothelin binding domain is a scFv.

9. The isolated nucleic acid molecule of any of the preceding claims, wherein the anti-
mesothelin binding domain comprises a light chain variable region comprising an amino acid
sequence having at least one, two or three modifications but not more than 30, 20 or 10
modifications 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 provided in Table 2.

10. The isolated nucleic acid molecule of any of the preceding claims, wherein the anti-
mesothelin binding domain comprises a heavy chain variable region comprising an amino
acid sequence having at least one, two or three modifications but not more than 30, 20 or 10
modifications of an amino acid sequence of a heavy chain variable region provided in Table

2, or a sequence with 95-99% identity to an amino acid sequence provided in Table 2.
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11. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded
anti-mesothelin binding domain comprises a sequence selected from a 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.

12. The isolated nucleic acid molecule of any of the preceding claims, wherein the nucleic
acid sequence encoding the anti-mesothelin binding domain comprises a sequence selected
from a group consisting of SEQ ID NO: 87; SEQ ID NO: 88, SEQ ID NO: 89, SEQ ID NO:
90, SEQ ID NO: 91, SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 95,
SEQ ID NO: 96, SEQ ID NO: 97, SEQ ID NO: 98, SEQ ID NO: 99, SEQ ID NO: 100, SEQ
ID NO: 101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 104, SEQ ID NO: 105, SEQ
ID NO: 106, SEQ ID NO: 107, SEQ ID NO: 108, SEQ ID NO: 109, and SEQ ID NO: 110, or
a sequence with 95-99% identify thereof.

13. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded
CAR includes a transmembrane domain that comprises 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.

14. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded

transmembrane domain comprises a sequence of SEQ ID NO: 6.

15. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded

transmembrane domain comprises an amino acid sequence that comprises at least one, two or

266

Date Regue/Date Received 2024-01-05



WO 2015/090230 PCT/CN2014/094393

three modifications but not more than 20, 10 or 5 modifications of an 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.

16. The isolated nucleic acid molecule of any of the preceding claims, wherein the nucleic
acid sequence encoding the transmembrane domain comprises a sequence of SEQ ID NO:17,

or a sequence with 95-99% identify thereof.

17. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded

anti-mesothelin binding domain is connected to the transmembrane domain by a hinge region.

18. The isolated nucleic acid molecule of claim 17, wherein the encoded hinge region

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

19. The isolated nucleic acid molecule of claim 17, wherein the nucleic acid sequence
encoding the hinge region comprises a sequence of SEQ ID NO: 13, or a sequence with 95-
99% identify thereof.

20. The isolated nucleic acid molecule of any of the preceding claims, further comprising a

sequence encoding a costimulatory domain.

21. The isolated nucleic acid molecule of claim 20, wherein the costimulatory domain is a
functional signaling domain obtained from a protein selected from the group consisting of
0X40, CD2, CD27, CD28, CDS, ICAM-1, LFA-1 (CD11a/CD18), ICOS (CD278), and 4-
1BB (CD137).
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22. The isolated nucleic acid molecule of claim 20 or 21, wherein the encoded costimulatory

domain comprises a sequence of SEQ ID NO:7.

23. The isolated nucleic acid molecule of claim 20 or claim 21, wherein 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 an amino acid sequence of SEQ ID NO:7.

24. The isolated nucleic acid molecule of claim 20 or 21, wherein the nucleic acid sequence
encoding the costimulatory domain comprises a sequence of SEQ ID NO:18, or a sequence

with 95-99% identify thereof.

25. The 1solated nucleic acid molecule of any of the preceding claims, wherein the encoded
intracellular signaling domain comprises a functional signaling domain of 4-1BB and/or a

functional signaling domain of CD3 zeta.

26. The i1solated nucleic acid molecule of any of the preceding claims, wherein the encoded
intracellular signaling domain comprises the sequence of SEQ ID NO: 7 and/or the sequence

of SEQ ID NO:9 or SEQ ID NO:10.

27. The isolated nucleic acid molecule of any of the preceding claims, wherein 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.
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28. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded
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.

29. The isolated nucleic acid molecule of any of the preceding claims, wherein the nucleic
acid sequence encoding the intracellular signaling domain comprises a sequence of SEQ ID
NO:18, or a sequence with 95-99% identify thereof, and/or a sequence of SEQ ID NO:20 or
SEQ ID NO:21, or a sequence with 95-99% identity thereof.

30. The isolated nucleic acid molecule of any of the preceding claims, further comprising a

leader sequence.

31. The isolated nucleic acid molecule of claim 32, wherein the leader sequence comprises

SEQ ID NO: 1.

32. Anisolated polypeptide molecule encoded by the nucleic acid molecule of any one of

claims 1-32.

33. The isolated polypeptide of claim 32, comprising 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.

34. Anisolated chimeric antigen receptor (CAR) molecule comprising a human anti-

mesothelin binding domain, a transmembrane domain, and an intracellular signaling domain.
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35. The isolated CAR molecule of claim 34, comprising 1) an antibody or antibody fragment
which includes a human anti-mesothelin binding domain, ii) a transmembrane domain, and iii)

an intracellular signaling domain.

36. The isolated CAR molecule of any of claims 34 or 35, wherein the anti-mesothelin
binding domain does not compete for binding to human mesothelin with an antigen binding

domain comprising a sequence comprising SEQ ID NO: 279.

37. The isolated CAR molecule of any of claims 34-36, wherein the anti-mesothelin binding

domain competes with an antigen binding domain comprising;

a) one or more 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 an anti-mesothelin binding domain sequence selected
from SEQ ID NO: 43 and SEQ ID NO: 49, and one or more 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 an anti-
mesothelin binding domain sequence selected from SEQ ID NO: 43 and SEQ ID NO: 49;

b) a LC CDRI, LC CDR2 and LC CDR3 of an anti-mesothelin light chain amino
acid sequence selected from SEQ ID NO: 43 and SEQ ID NO: 49, and an HC CDR1, HC
CDR2, and HC CDR3 of an anti-mesothelin heavy chain amino acid sequence selected from
SEQ ID NO: 43 and SEQ ID NO: 49; or

¢) asequence selected from SEQ ID NO: 43 and SEQ ID NO: 49,

38. The isolated CAR molecule of any of claims 34-37, wherein the anti-mesothelin binding
domain binds to a different epitope of human mesothelin than the epitope of human
mesothelin targeted by the antigen binding domain comprising a sequence comprising SEQ
ID NO: 279.
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39. The isolated CAR molecule of any of claims 34-38, wherein the anti-mesothelin binding

domain binds to the C-terminus of human mesothelin.

40. The isolated CAR molecule of claim 39, wherein the anti-mesothelin binding domain

binds an epitope within amino acids 450-588 of SEQ ID NO: 278.

41. The isolated CAR molecule of claim 40, wherein the epitope comprises amino acids
485-490, 498-507, 532-537, or 545-572 of SEQ ID NO: 278, or any subset or a combination

thereof.

42. The isolated CAR molecule of any of claims 34-41, wherein the human anti-mesothelin
binding domain comprises one or more light chain complementary determining region 1 (L.C
CDR1), light chain complementary determining region 2 (LC CDR2), and light chain
complementary determining region 3 (LC CDR3) comprising an amino acid sequence listed
in Table 5, and one or more heavy chain complementary determining region 1 (HC CDR1),
heavy chain complementary determining region 2 (HC CDR?2), and heavy chain
complementary determining region 3 (HC CDR3) comprising an amino acid sequence listed
in Table 4.

43, The isolated CAR molecule of any of claims 34-42, comprising LC CDR1, LC CDR2

and LC CDR3 comprising an amino acid sequence listed in Table 5.

44, The i1solated CAR molecule of any of claims 34-43, comprising HC CDR1, HC CDR2,

and HC CDR3 comprising an amino acid sequence listed in Table 4.

45. The isolated CAR molecule of any of claims 34-44, comprising LC CDR1, LC CDR2
and LC CDR3 comprising an amino acid sequence listed in Table 5, and HC CDR1, HC
CDR2, and HC CDR3 comprising an amino acid sequence listed in Table 4.
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46. The isolated CAR molecule of any of claims 59-45, wherein the anti-mesothelin binding

domain is a scFv.

47. The isolated CAR molecule of any of claims 34-46, wherein the anti-mesothelin binding
domain comprises a light chain and a heavy chain of an amino acid sequence listed in Table

2.

48. The isolated CAR molecule of any of claims 34-47, wherein the anti-mesothelin binding
domain comprises: a light chain variable region comprising an amino acid sequence having
at least one, two or three modifications but not more than 30, 20 or 10 modifications of an
amino acid sequence of a light chain variable region provided in Table 2, or a sequence with

95-99% identity with an amino acid sequence provided in Table 2.

49. The isolated CAR molecule of any of claims 34-48, wherein the anti-mesothelin binding
domain comprises a heavy chain variable region comprising an amino acid sequence having
at least one, two or three modifications but not more than 30, 20 or 10 modifications of an
amino acid sequence of a heavy chain variable region provided in Table 2, or a sequence

with 95-99% identity to an amino acid sequence provided in Table 2.

50. The isolated CAR molecule of any of claims 34-49, wherein the anti-mesothelin binding
domain comprises a sequence selected from a 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% identity thereof.
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51. The isolated CAR molecule of any of claims 34-50, wherein the transmembrane
comprises 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, CDS5, CD8,
CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137 and CD154.

52. The isolated CAR molecule of claim 51, wherein the transmembrane domain comprises
a sequence of SEQ ID NO: 6.

53. The isolated CAR molecule of claim 51, wherein the transmembrane 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: 6, or a sequence with 95-99%

identity to an amino acid sequence of SEQ ID NO: 6.

54. The isolated CAR molecule of any one of claims 34-53, wherein the human anti-

mesothelin binding domain is connected to the transmembrane domain by a hinge region.

55. The isolated CAR molecule of claim 54, wherein the hinge region comprises SEQ ID
NO:2 or SEQ ID NO:36, or a sequence with 95-99% identity thereof.

56. The isolated CAR molecule of any of claims 34-55, wherein the intracellular signaling

domain comprises a sequence encoding a costimulatory domain.

57. The isolated CAR molecule of claim 56, wherein the costimulatory domain comprises a
functional signaling domain of a protein selected from the group consisting of 0X40, CD2,
CD27, CD28, CDS, ICAM-1, LFA-1 (CD11a/CD18), CD278 (also known as “ICOS”) and 4-
1BB (CD137).
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58. The isolated CAR molecule of claim 56 or 57, wherein the costimulatory domain

comprises a sequence of SEQ ID NO: 7.

59. The isolated CAR molecule of claim 56 or 57, wherein 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: 7, or a

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

60. The isolated CAR molecule of claim 34-59, wherein the intracellular signaling domain
comprises a functional signaling domain of 4-1BB and/or a functional signaling domain of

CD3 zeta.

61. The isolated CAR molecule of claim 60, wherein the intracellular signaling domain
comprises the sequence of SEQ ID NO: 7 and/or the sequence of SEQ ID NO:9.

62. The isolated CAR molecule of claim 60, wherein the intracellular signaling domain
comprises the sequence of SEQ ID NO:7 and/or the sequence of SEQ ID NO:10.

63. The isolated CAR molecule of any of claims 34-55, wherein 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 SEQID NO:10.

64. The isolated CAR molecule of any of claims 34-55, wherein the intracellular signaling

domain comprises the sequence of SEQ ID NO: 7 and the sequence of SEQ ID NO: 9 or SEQ
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ID NO:10, wherein the sequences comprising the intracellular signaling domain are

expressed in the same frame and as a single polypeptide chain.

65. The isolated CAR molecule of any of claims 59-64, further comprising a leader sequence.

66. The isolated CAR molecule of claim 65, wherein the leader sequence comprises an
amino acid sequence of SEQ ID NO: 1, or a sequence with 95-99% identity to an amino acid

sequence of SEQ ID NO:1.

67. A human anti-mesothelin binding domain comprising one or more light chain
complementary determining region 1 (LC CDR1), light chain complementary determining
region 2 (LLC CDR?2), and light chain complementary determining region 3 (LC CDR3) of
any anti-mesothelin binding domain in 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,
and one or more heavy chain complementary determining region 1 (HC CDR1), heavy chain
complementary determining region 2 (HC CDR?2), and heavy chain complementary
determining region 3 (HC CDR3) of any human anti-mesothelin binding domain in 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.

68. The human anti-mesothelin binding domain of claim 67, wherein the human anti-
mesothelin binding domain is a scFv comprising a light chain and a heavy chain of an amino
acid sequence of SEQ ID NO: 39, SEQ ID NO: 40, SEQ ID NO: 41, SEQ ID NO: 42, SEQ
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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.

69. The human anti-mesothelin binding domain of claim 67 or 68, wherein the human anti-
mesothelin binding domain comprises: a light chain variable region comprising an amino

acid sequence having at least one, two or three modifications but not more than 30, 20 or 10
modifications of an amino acid sequence of a light chain variable region provided in 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, or SEQ ID NO: 62, or a sequence with 95-99% i1dentity with an amino
acid sequence 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, or SEQ ID NO: 62; and/or a heavy chain
variable region comprising an amino acid sequence having at least one, two or three
modifications but not more than 30, 20 or 10 modifications of an amino acid sequence of a
heavy chain variable region provided in 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,
SEQID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, or SEQ ID NO: 62; ora
sequence with 95-99% identity to an amino acid sequence in 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:
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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.

70. An human anti-mesothelin binding domain, wherein the anti-mesothelin binding domain
does not compete for binding to human mesothelin with an antigen binding domain

comprising a sequence comprising SEQ ID NO: 279.

71. The human anti-mesothelin binding domain of claim 70, wherein the anti-mesothelin

binding domain competes with an antigen binding domain comprising:

a) one or more 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 an anti-mesothelin binding domain sequence selected
from SEQ ID NO: 43 and SEQ ID NO: 49 and one or more 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 an anti-
mesothelin binding domain sequence selected from SEQ ID NO: 43 and SEQ ID NO: 49

b) a LC CDRI1, LC CDR2 and LC CDR3 of an anti-mesothelin light chain amino
acid sequence selected from SEQ ID NO: 43 and SEQ ID NO: 49 and an HC CDR1, HC
CDR2, and HC CDR3 of an anti-mesothelin heavy chain amino acid sequence selected from

SEQ ID NO: 43 and SEQ ID NO: 49; or

¢) asequence selected from SEQ ID NO: 43 and SEQ ID NO: 49.

72. The human anti-mesothelin binding domain any of claims 70 or 71, wherein the anti-
mesothelin binding domain binds to a different epitope of human mesothelin than the epitope
of human mesothelin targeted by an antigen binding domain comprising a sequence
comprising SEQ ID NO: 279.
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73. The human anti-mesothelin binding domain of any of claims 70-72, wherein the anti-

mesothelin binding domain binds to the C-terminus of human mesothelin.

74. The human anti-mesothelin binding domain of claim 73, wherein the anti-mesothelin

binding domain binds an epitope within amino acids 450-588 of SEQ ID NO: 278,

75. The human anti-mesothelin binding domain of claim 74, wherein the epitope comprises
amino acids 485-490, 498-507, 532-537, or 545-572 of SEQ ID NO: 278, or any subset or a

combination thereof.

76. A vector comprising a nucleic acid molecule encoding a CAR of any of the preceding

claims.

77. The vector of claim 76, wherein the vector is selected from the group consisting of a

DNA, a RNA, a plasmid, a lentivirus vector, adenoviral vector, or a retrovirus vector.

78. The vector of claim 76 or 77, further comprising a promoter.

79. The vector of claim 78, wherein the promoter is an EF-1 promoter.

80. The vector of claim 79, wherein the EF-1 promoter comprises a sequence of SEQ ID NO:
11.

81. The vector of any of claims 76-78, wherin the vector is an in vitro transcribed vector.
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82. The vector of claim 81, wherein the, the nucleic acid sequence in the vector further

comprises a poly(A) tail.

83. The vector of any of claims 81, wwherein the nucleic acid sequence in the vector further

comprises a 3°UTR.

84. A cell comprising the vector of any of claims 76-83.

85. The cell of claim 84, wherein the cell 1s a human T cell.

86. The cell of claim 85, wherein the T cell is a CD8+ T cell.

87. A method of making a cell comprising transducing a T cell with a vector of any of
claims 76-83.

88. A method of generating a population of RNA-engineered cells comprising introducing an
in vitro transcribed RNA or synthetic RNA into a cell, where the RNA comprises a nucleic

acid encoding a CAR molecule of any of the preceding claims.

89. A method of providing an anti-cancer immunity in a mammal comprising administering
to the mammal an effective amount of a cell expressing a CAR molecule of any of the

preceding claims.

90. The method of claim 89, wherein the cell is an autologous T cell.

91. The method of claim 89 or 90, wherein the cell is an allogeneic T cell.
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92. The method of any of claims 89-91, wherein the mammal is a human.

93. A method of treating a mammal having a disease associated with expression of
mesothelin comprising administering to the mammal an effective amount of a cell

comprising a CAR moleculeof any of the preceding claims.

94. The method of claim 93, wherein the disease associated with mesothelin expression is
selected from a proliferative disease such as a cancer or malignancy or a precancerous

condition, or is a non-cancer related indication associated with expression of mesothelin.

95. The method of claim 93-94, wherein the disease is a cancer associated with mesothelin
selected from the group consisting 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, colorectal cancer and bladder cancer, or any combination thereof.

96. The method of any of claims 93-95, wherein the cells expressing a CAR molecule are
administered in combination with an agent that increases the efficacy of a cell expressing a

CAR molecule.

97. The method of any of claims 93-96, wherein the cells expressing a CAR molecule are
administered in combination with an agent that ameliorates one or more side effects

associated with administration of a cell expressing a CAR molecule.

98. The method of any of claims 93-97, wherein the cells expressing a CAR molecule are

administered in combination with an agent that treats the disease associated with mesothelin
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99. The isolated nucleic acid molecule of any of claims 1-31, the isolated polypeptide
molecule of any of claims 32-33, the isolated CAR of any of claims 34-66, the anti-
mesothelin binding domain of any of claims 67-75, the vector of any of claims 76-83 or the

cell of any of claims 84-86 for use as a medicament.

100. The isolated nucleic acid molecule of any of claims 1-31, the isolated polypeptide
molecule of any of claims 32-33, the isolated CAR of any of claims 34-66, the anti-
mesothelin binding domain of any of claims 67-75, the vector of any of claims 76-83 or the

cell of any of claims 84-86 for use in the treatment of a disease expressing mesothelin.

101. A cell of any of claims 84-86, further expressing an inhibitory molecule that comprises
a first polypeptide that comprises at least a portion of an inhibitory molecule, associated with

a second polypeptide that comprises a positive signal from an imntracellular signaling domain.

102. The cell of claim 101, wherein the first polypeptide comprises at least a portion of PD1
and the second polypeptide comprises a costimulatory domain and a intracellular signaling

domain.

103. The method of claim 96, wherein the agent is an mTOR inhibitor and the subject is
administered a low, immune enhnacing, dose of an mTOR inhibitor, e.g., RADGO1 or rapamycin.

104. The method of claim 103, wherein the mTOR inhibitor is a RADOO1.

105. The method of claim 103, wherein the dose comprises an allosteric and a catalytic
mTOR inhibitor.

106. The method of 103, wherein the mTOR inhibitor is administered for an amount of

time sufficient to decrease the proportion of PD-1 positive T cells, increase the proportion of PD-
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1 negative T cells, or increase the ratio of PD-1 negative T cells/ PD-1 positive T cells, in the

peripheral blood of the subject, or in a preparation of T cells isolated from the subject.

107. The method of claim 103, wherein the immune effector cell, e.g., T cell, to be
engineered to express a CAR, is harvested after a sufficient time, or after sufficient dosing of the
low, immune enhancing, dose of an mTOR inhibitor, such that the level of PD1 negative immune
effector cells, e.g., T cells, or the ratio of PD1 negative immune effector cells, e.g., T cells/ PD1
positive immune effector cells, e.g., T cells, in the subject or harvested from the subject has been,

at least transiently, increased.

108. The method of claim 103, wherein the dose of an mTOR inhibitor is associated with
mTOR inhibition of at least 5 but no more than 90%, e.g., as measured by p70 S6 kinase

inhibition.

109. The method of claim 103, wherein the dose of an mTOR inhibitor is associated with
mTOR inhibition of at least 10% but no more than 40%, e.g., as measured by p70 S6 kinase

inhibition.

110. A method of treating a subject having a disease associated with expression of
mesothelin comprising administering to the subject an effective amount of cells comprising a
nucleic acid of any of claims 1-31, wherein the nucleic acid is introduced into T cells or NK cells
using in vitro transcription, and the subject receives an initial administration of the cells
comprising the nucleic acid, and one or more subsequent administrations of cells comprising the
nucleic acid, 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.
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