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CELLS EXPRESSING MULTIPLE CHIMERIC ANTIGEN RECEPTOR (CAR)
MOLECULES AND USES THEREFORE

RELATED APPLICATIONS
This application claims priority to U.S. Provisional patent application number
62/303,460, filed March 4, 2016, The entire contents of this application are incorporated herein
by reference.

FIELD OF THE INVENTION

The present disclosure relates generally to the use of immune effector cells {eg, T
cells, NK cells) engineered to express a Chimeric Antigen Receptor (CAR) that targets B cells
and engineered to express a CAR that targets cells expressing a tumor antigen other than a B-
Cell antigen, e.g., cells expressing a solid tumor antigen, myeloid tumor antigen, or cells
expressing an antigen of a hematological tumor not of B-Cell onigin, to treat a disease

associated with expression of the tumor antigen,

BACKGROUND OF THE INVENTION

Immunotherapy is a pronusing approach for the treatment of tumors. Tmmunotherapy
with cells expressing chimeric antigen receptors {CARs) that target antigens expressed by the
tumor has the advantage of targeted therapies that can invoke a rapid and sustained immune
response against a tumor. CAR therapy has shown promising results in the clinic in treating
some hematological cancers, such as B cell malignancies {see, e.g., Sadelain et al., Cancer
Dhscovery 3:388-398 (2013}). The clinical resuits of the murine derived CART19 (e,
“CTLO197) have shown promise in establishing complete remissions in patients suffering with
CLL, as well as in childhood ALL (see, e.g., Kalos et al., Sci Trans! Med 3:95ra73 (2011},
Porter et al, NEIM 365:725-733 (2011), Grupp et al,, NEJM 368:1509-1518 (2013)).
However, studies exploring CAR therapy for treating other cancers have demonstrated variable
efficacy, in part due to the linuted persistence and proliferation of the CAR-expressing cells in
VIVO.

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

proliferation or prolonged persistence in a patient.
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SUMMARY OF THE INVENTION

The present disclosure features, at least in part, methods and compositions for treating a
disease associated with expression of a tumor antigen, e.g., a cancer, in a subject using an
immune effector cell {e.g., T cell} engineered to expresss a first chimeric antigen receptor
(CAR) and a second CAR, wherein the antigen binding domain of said first CAR hinds to a B-
Cell antigen and the antigen binding domaimn of said second CAR binds to a tumor antigen other
than a B-Cell antigen, e g., to enhance the efficacy {e.g, the persistence and/or proliferation of
the tumor antigen-targeting CAR-expressing immune effector cell m a patient) of the CAR-
expressing immune effector cell therapy. Without wishing to be bound by theory, treatment
with an immune effector cell expressing a CAR targeting a B-Cell antigen and a CAR targeting
a tumor antigen enhances the anti tumor efficacy of the tumor antigen-targeting CAR-
expressing immune effector cell in a subject, e.g., by one or more of. increasing the
proliferation of said CAR-expressing immune effector cells and/or increasing the m vivo
persistence of said CAR expressing immune effector cells, e.g., as compared to adnunistering
an immune effector cell expressing only the tumor-targeting CAR (e g., not expressing the
CAR tareting a B-Cell antigen). In aspects, the B-Cell antigen and the tumor antigen other than
a B-Cell antigen are not expressed on the same cell {e.g., the B-Cell antigen 1s not expressed on

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

In an aspect, the mvention provides, a cell that includes a first chimeric antigen receptor (CAR)
and a second CAR, each of which includes an antigen binding domain, a transmembrane
domain, and an intracellular signaling domain, wherein the antigen binding domain of said first
CAR binds to a B-Cell antigen and the antigen binding domain of said second CAR bindsto a
tumor antigen other than a B-Cell antigen. In aspects of the invention, the B-Cell antigen
targeted by the first CAR and the tumor antigen other than a B-Cell antigen targeted by the

second CAR are not expressed on the same cell.

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

antigen; or {c} an antigen of a hematological tumor not of B-cell lineage.
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In embodiments, the B-Cell antigen is selected from the group consisting of CDS, CD10,
D19, CD20, CD21, CD22, CD23, CD24, CD25, CD27, CD30, CD34, CD37, (D3R, CD40,
CD53, CDE9, CD72, CD73, CD74, CD75, CD77, CD¥79a, CD79b, CDRO, CDSI, CDR2, CDE3,
D84, CDSS, CDRG, CD123, CD135, CD138, CD179, CD269, Flt3, RORI, BOMA, FeRn3,
FeRn2, CS-1, CXCR4, 5, 7, TL-7/3R, IL7/4/3R, and TL4R.

In embodiments, the B-Cell antigen is selected from the group consisting of CD19, CD20,

CD22, FcRaS, FeRnZ, BCMA, C8-1, and (D138

In one aspect, the cell includes a first chimeric antigen receptor that includes an antigen binding
domain that binds a B-Cell antigen that 1s BCMA. In embodiments, the antigen binding domain
of said first CAR includes a heavy chain complementary determining region 1 (HC CDR1}, a
heavy chain complementary determining region 2 (HC CDR2), and a heavy chain
complementary determining region 3 (HC CDR3) of any heavy chain binding domain anmino
acid sequence listed m Table 12 or 13, In embodiments, the antigen binding domain of said
first CAR further includes a light chain complementary determining region | {LC CDR1), a
hight chain complementary determining region 2 (LC CDRZ2), and a light cham complementary
determining region 3 (LC CDR3) of any light chain binding domain amino acid sequence listed
m Table 12 or 13. In embodiments, the antigen binding domain of said first CAR mcludes: (1)
the amino acid sequence of any light chain varable region hsted 1n Table 12 or 13; (1} an
amino acid sequence having at least one, two or three modifications but not more than 20 or 10
modifications of the amino acid sequence of any of the light chamn vanable regions provided in
Table 12 or 13; or (i1} an amino acid sequence with 95-99% identity to the amino acid
sequence of any of the light chain variable regions provided in Table 12 or 13. In embodiments,
the antigen binding domain of said first CAR includes: (i) the amino acid sequence of any
heavy chain variable region listed in Table 12 or 13; (11} an amino acid sequence having at least
one, two or three modifications but not more than 20 or 10 modifications of the amino acid
sequence of any of the heavy chai variable regions provided in Table 12 or 13; or (111} an
amino acid sequence with 95-99% identity to the amino acid sequence of any of the heavy
chain variable regions provided in Table 12 or 13. In embodiments, the antigen binding domain
of said first CAR includes a polypeptide having the amino acid sequence of any light chain

variable region listed in Table 12 or 13, and the amino acid sequence of any heavy chain
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variable region listed in Table 12 or 13. In embodiments, the antigen binding domain of said
first CAR includes a polypeptide having a sequence of SEQ ID NO: 349; SEQ 1D NQO: 339,

SEQ 1D NO: 340; SEQ 1D NG: 341; SEQ ID NO: 342; SEQ D NO: 343; SEQ 1D NO: 344,
SEQ ID NO: 345, SEGQ ID NO: 346, SEQ ID NO: 347, SEQ ID NO: 348, SEQ ID NO: 350,
SEQ ID NO: 351, SEQ ID NO: 352, SEQ ID NO: 353, SEQ ID NG: 429, SEQ ID NOG: 430,
SEQID NO: 431, SEQ ID NO: 432, SEQ ID NO: 433, SEQ ID NO: 434, SEQ ID NO: 435,
SEQ ID NO: 436, SEQ ID NO: 437, SEQ ID NO: 438, SEQ ID NG: 439, SEQ ID NO: 440,
SEQID NO: 441, SEQ ID NO: 442, SEQ 1D NO: 443, SEQ ID NO: 444, SEQ 1D NO: 445,
SEQ ID NO: 446, SEQ ID NO: 447, SEQ ID NO: 448, SEQ ID NO: 449, SEQ ID NO: 563,
SEQ ID NO: 564, SEQ 1D NO: 565 or SEQ ID NO: 566.

In another aspect, the cell includes a first chimeric antigen receptor that includes an antigen
binding domain that binds a B-Cell antigen that 1s CD19. In embodiments, the antigen binding
domain of said first CAR includes a heavy chain complementary determining region 1 (HC
CDR1}, a heavy chain complementary determining region 2 (HC CDR2), and a heavy chain
complementary deternning region 3 (HC CDR3) of any heavy chain binding domain amino
acid sequence listed in Table 6, Table 7 or Table 9. In embodiments, the antigen binding
domamn of said first CAR further inclades a hight cham complementary determining region 1
(LC CDR1), a ight chain complementary deternuning region 2 (LT CDR2), and a light chain
complementary determuning region 3 (LC CDR3) of any light chain binding domain amino acid
sequence listed in Table 6, Table 8 or Table 9. In embodiments, the antigen binding domain of
said first CAR ncludes: {1} the amino acid sequence of any light chain variable region listed in
Table 6 or Table 9; (11} an amino acid sequence having at least one, two or three modifications
but not more than 20 or 10 modifications of the amino acid sequence of any of the light chain
variable regions provided in Table 6 or Table 9; or (111} an amino acid sequence with 95-99%
wdentity to the amino acid sequence of any of the light chain variable regions provided in Table
6 or Table @ In embodiments, the antigen binding domain of said first CAR mcludes: (1) the
amino acid sequence of any heavy chain variable region listed in Table 6 or Table 9; (1) an
amino acid sequence having at least one, two or three modifications but not more than 20 or 10
modifications of the amino acid sequence of any of the heavy chain vanable regions provided
i Table 6 or Table 9; or (111) an amino acid sequence with 95-99% identity to the amino acid

sequence of any of the heavy chain varable regions provided in Table 6 or Table 9. In
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embodiments, the antigen binding domain of said first CAR includes a polypeptide having the
amino acid sequence of any light chain variable region listed in Table 6 or Table 9, and the
amino acid sequence of any heavy chain variable region listed in Table 6 or Table 9. In
embodiments, the antigen binding domain of said first CAR includes a polypeptide having a
sequence of SEQ ID NG: 83; SEQ ID NO: 84, SEQ ID NO: §5; SEQ ID NO: 86, SEQ ID NO:
§7. SEQ 1D NO: 88; SEQ ID NO: 89, SEQ ID NO: 90, SEQ ID NO: 91, SEQ ID NO: 92, SEQ
D NG 93, SEQ ID NQ: 94, SEQ ID NQ: 95, or SEQ ID NO: 112,

In another aspect (including in any of the aforementioned aspects and embodiments), the cell
mcludes a second CAR that includes an antigen binding domain that binds a rmoveloid tumor
antigen, and wherein said myeloid tumor antigen 1s selected from the group consisting of

CD123, CD33 and CLL-L

In another aspect (including in any of the aforementioned aspects and embodiments), the cell
mcludes a second CAR that includes an antigen binding domain that binds a T cell lymphoma

antigen.

In another aspect (including 1n any of the aforementioned aspects and embodiments), the cell
mncludes a second CAR that includes an antigen binding domain that binds a sohid tumor
antigen, e.g., wherein said solid tumor antigen is selected from the group consisting of
EGFRVIL mesothelin, GD2, Tn antigen, sTn antigen, Tn-O-Glycopeptides, sTn-O-
Glycopeptides, PSMA, CD97, TAG72, CD44v6, CEA. EPCAM. KIT, 1L-13Ra2, leguman,
GD3, CD171, IL-11Ra, PRSCA, MAD-CT-1, MAD-CT-2Z, VEGFRZ, LewisY, CD24, PDGFR-
beta, SSEA-4, folate receptor alpha, ERBBs (e.g., ERBB2), Her2/nes, MUCIH, EGFR, NCAM,
Ephrin B2, CAIX, LMP2, sLe, HMWMAA, o-acetyl-GD2, folate receptor beta, TEMI/CD248,
TEMT7R, FAP, Legumain, HPV E6 or E7, ML-IAP, CLDN6, TSHR, GPRCSD, ALK,
Polysialic acid, Fos-related antigen, neutrophil elastase, TRP-2, CYPIBI, sperm protein 17,
beta human chorionic gonadotropin, AFP, thyroglobulin, PLACT, globoH, RAGET, MN-CA
IX, human telomerase reverse transcriptase, intestinal carboxyl esterase, mut hsp 70-2, NA-17,
NY-BR-1, UPK2, HAVCR1, ADRB3, PANX3, NY-ESO-1, GPR20, Ly6k, ORS1E2, TARP,
GFRo4, and a peptide of any of these antigens presented on MHC. In embodiments, the sohid

tumor antigen 1s selected from the group consisting of CLDNG, mesothelin and EGFRVIIL
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In one aspect, the cell includes a second chimeric antigen receptor that includes an
antigen hinding domain that binds EGFRVIHI In embodiments, the antigen binding domain of
satd second CAR includes a heavy chain complementary determining region 1 (HC CDR1), a
heavy chain complementary determining region 2 (HC CDR2), and a heavy chain
complementary deternuning region 3 (HC CDR3) of any anti-EGFRvVII heavy chain binding
domain amino acid sequence listed in Table 5. In embodiments, the antigen binding domamn of
said second CAR further includes a light chain complementary determinung region 1 (LC
CDR1), a light chain complementary determuining region 2 (L.C CDR2), and a light chain
complementary deternuning region 3 {LC CDR3) of any anti-EGFRVI light chain binding
domain amino acid sequence listed in Table 5. In embodiments, the antigen binding domaimn of
said second CAR includes: (i} the amino acid sequence of any anti-EGFRVIII light chain
variable region listed in Table S; (11} an amino acid sequence having at least one, two or three
modifications but not more than 20 or 10 modifications of the amino acid sequence of any of
the anti-EGFRVHI light chain variable regions provided in Table 5; or (1) an amino acid
sequence with 95-99% identity to the amino acid sequence of any of the anti-EGFRVIIT hight
chain variable regions provided in Table 5. In embodiments, the antigen binding domain of
satd second CAR includes: {1} the amino acid sequence of any anti-EGFRVII heavy chain
variable region listed in Table 5; (11} an amino acid sequence having at least one, two or three
modifications but not more than 20 or 10 modifications of the amino acid sequence of any of
the anti-EGFRVI heavy chain variable regions provided in Table 5; or (i1} an anuno acid
sequence with 95-99% identity to the amino acid sequence of any of the anti-EGFRVIIT heavy
chain variable regions provided in Table 5. In embodiments, the antigen binding domain of
satd second CAR includes a polypeptide having the amino acid sequence of any anti-EGFRvIH
light chain variable region listed in Table 5, and the amino acid sequence of any anti-EGFRvII
heavy chain variable region listed in Table 5. In embodiments, the antigen binding domain of

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

In one aspect, the cell includes a second chimeric antigen receptor that includes an
antigen binding domain that binds mesothelin. In embodiments, the antigen binding domain of
satd second CAR includes a heavy chain complementary determuning region 1 (HC CDR1), a
heavy chain complementary determining region 2 (HC CDR2), and a heavy chain

complementary determining region 3 (HC CDR3) of any heavy chain binding domain anmino
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acid sequence listed in Table 2 or 3. In embodiments, the antigen binding domain of said
second CAR further includes a light chain complementary determining region 1 (LC CDR1), a
light chain complementary determining region 2 (LC CDRZ2), and a light chain complementary
determining region 3 (LC CDR3) of any light chain binding domain amino acid sequence listed
i Table 2 or 4. In embodiments, the antigen binding domain of said second CAR includes: (1)
the amino acid sequence of any light chain vaniable region histed in Table 2; (1) an amino acid
sequence having at least one, two or three modifications but not more than 20 or 10
modifications of the amino acid sequence of any of the light chain variable regions provided in
Table 2; or {(111) an amino acid sequence with 95-99% 1dentity to the amino acid sequence of
any of the light chain variable regions provided in Table 2. In embodiments, the antigen
binding domamn of said second CAR includes: (1) the amino acid sequence of any heavy chain
variable region listed in Table 2; (11} an amino acid sequence having at least one, two or three
modifications but not more than 20 or 10 modifications of the amino acid sequence of any of
the heavy chain variable regions provided in Table 2; or (11t} an amino acid sequence with 95-
99% 1dentity to the amino acid sequence of any of the heavy chain vaniable regions provided in
Table 2. In embodiments, the antigen binding domatin of said second CAR includes a
polypeptide having the amino acid sequence of any light chain variable region listed in Table 2,
and the amino acid sequence of any heavy chain variable region listed in Table 2. In
embodiments, the antigen binding domain of said second CAR includes a polypeptide having a

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

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

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

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

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

In embodiments, including in any of the aforementioned aspects and embodiments, the
mtraceliular signaling domain of said first or said second CAR includes one or more primary

signaling domains , e g, as described herein.
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In embodiments, including in any of the aforementioned aspects and embodiments, the
intracellular signaling domains of said first CAR and said second CAR include a primary

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

In embodiments, including in any of the aforementioned aspects and embodiments, the
mtracellular signaling domain of said first or said second CAR includes one or more

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

In embodiments, including in any of the aforementioned aspects and embodiments, the
intraceliular signaling domains of said first CAR and said second CAR include one or more

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

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

primary signaling domains include a CD3-zeta stimulatory domain, e.g., as described herein.

In embodiments, including in any of the aforementioned aspects and embodiments, the
costimulatory signaling domain 15 an intracellular domain of a costimulatory protein selected
trom the group consisting of CD27, CD28, 4-1BB (CD137), OX40, GITR, CD30, CD40,
ICOS, BAFFR, HVEM, ICAM-1, lymphocyte function-associated antigen-1 (LFA-1), CD2,
CDS, CD7, CD287, LIGHT, NKGZC, NKGZD, SEAMFEF7, NKp80, NKp30, NKpdd, NKpdo,
CD160, B7-H3, and a higand that specifically binds with CD&3.

In one embodiment of any of the methods and composttions described herein, the
transmembrane domain of the first CAR molecule, the second CAR molecule, or both the first
CAR molecule and second CAR moleucle comprises a transmembrane domain from a protein
selected from the group consisting of the alpha, beta or zeta chain of the T-cell receptor, CID28,
CD3 epsilon, CD45, CD4, CD5, CDR, CDO, CD16, CD22, CD33, CD37, CD64, CDS0, CDSS,
CP134, CD137 and CD154. In some embodiments, the transmembrane domain of the first
CAR, the second CAR, or both the first CAR and second CAR comprises the amino acid
sequence of SEQ ID NO: 12, an anuno acid sequence comprises at least one, two or three
modifications but not more than 20, 10 or 5 modifications of the amino acid sequence of SEQ

B NO:12, or a sequence with 95-99% identity to the amino acid sequence of SEQ ID NO:12.
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In embodiments, the transmembrane domains of the first CAR molecule and second
CAR molecule are the same. In other embodiments, the transmembrane domains of the first
CAR molecule and second CAR molecule are different.

In one embodiment of any of the methods and composttions described herein, the
antigen binding domain of the first CAR molecule, the antigen binding domain of the second
CAR molecule, or the antigen binding domain of both the first CAR molecule and the second
CAR molecule 1s connected to a transmembrane domain by a hinge region. In some
embodiments, the hinge region comprises SEQ 1D NG:4, or a sequence with 95-99% 1dentity
thereof.

In one embodiment of any of the methods and compositions described herein, the
mtraceliular signaling domain of the first CAR molecule, the second CAR molecule or both the
first CAR molecule and second CAR molecule comprises a costimulatory signaling domamn
comprising a functional signaling domamn obtaied from a protemn selected from the group
conststing of a MHC class I molecule, a TNF receptor protein, an Immunoglobulin-like protein,
a cytokine receptor, an integrin, a signaling lymphocytic activation molecule (SLAM protein),
an activating NK cell receptor, BTLA, a Toll ligand receptor, GX40, CD2, CD7, CD27, CD28,
CD30, CD40, CDS, ICAM-1, LFA-1 (CD11a/CD18), 4-1BB (CD137). B7-H3, CDS, ICAM-1,
ICOS (CD278), GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2, SLAMF7, NKp80
(KLRF1), NKp44, NKp30, NKp46, CD19, CD4, CDSalpha, CD8beta, ILZR beta, IL2R
gamma, IL7R alpha, ITGA4, VLA, CD4%a, ITGA4, 1A4, CD49D, ITGAG6, VLA-6, CD49f,
ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-1, ITGAM, CD11b, ITGAX, CDllec,
ITGB1, CD29, ITGB2, CDIS, LFA-1, ITGB7, NKG2D, NKG2C, TNFRZ, TRANCE/RANKL,
DNAMI (CD226), SLAMF4 (CD244, 2B4), CD84, CDY6 (Tactile), CEACAMI, CRTAM,
Ly9 (CD229), CD160 (BYS55), PSGLI, CD100 (SEMAA4D), CD6Y, SLAMFEO (NTB-A,
Ly108), SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMF8), SELPLG (CD162), LTBR,
LAT, GADS, SLP-76, PAG/Chp, CD19a, and a ligand that specifically binds with CD83. In
some embodiments, the costimulatory domain comprises the amino acid sequence of SEQ ID
NO: 14, or an amino acid sequence having at least one, two or three modifications but not more
than 20, 10 or S modifications of the anuno acid sequence of SEQ ID NG: 14, or an amino acid
sequence with 95-99% identity to the amino acid sequence of SEQ 1D NO:14. In some
embodiments, the intracellular signaling domain comprises a functional signaling domain of 4-

IBB and/or a functional signaling domain of CD3 zeta. In some embodiments, the mtracellular
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signaling domain comprises the amino acid sequence of SEQ 1D NG: 14 and/or the amino acid
sequence of SEQ 1D NO:18 or SEQ 1D NO:20; or an aming acid sequence having at least one,
two or three modifications but not more than 20, 10 or 5 modifications of the amino acid
sequence of SEQ ID NO:14 and/or the amino acid sequence of SEQ ID NO: 18 or SEQ ID
NO:20; or an anuno acid sequence with 95-99% 1dentity to the amino acid sequence of SEQ ID
NO: 14 and/or the amino acid sequence of SEQ ID NG 18 or SEQ 1D NO:20. In some
embodiments, the mtracellular signaling domain comprises the amino acid sequence of SEQ ID
NO:14 and the amino acid sequence of SEQ ID NO:18 or SEQ ID NO:20, wherein the anuno
acid sequences comprising the intraceliular signaling domain are expressed in the same frame
and as a single polypeptide cham.

In some embodiments, the first CAR molecule (e.g., the B-Cell antigen-targeting CAR
molecule) comprises an intracelhular signaling domain that comprises a costimulatory signaling
doman, e.g., as described herein, but does not comprise a primary signaling domam. In other
embodiments, the first CAR molecule {e.g., the B-Cell antigen-targeting CAR molecule)
comprises an mntracellular signaling domain that comprises a costimulatory signaling domain,

o . as described herein

=

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

In some embodiments, the second CAR molecule (e g, the tumor antigen-targeting
CAR molecule} comprises an intracellular signaling domain that comprises a costimulatory
signaling domain, e g, as described herein, but does not comprise a primary signaling domain.
In some embodiments, the second CAR molecule (e g., the tumor antigen-targeting CAR
molecule) comprises an intracellular signaling domain that comprises a primary signaling
domain, e.g., as described herein, but does not comprise a costimulatory signaling domain. In
other embodiments, the second CAR molecule (e.g., the tumor antigen-targeting CAR
molecule} comprises an intracellular signaling domain that comprises a costunulatory signaling
domain, e g., as described herein, and a primary signaling domain, e g., as described herein.

In a preferred embodiment, the first CAR molecule (e g, the B-Cell antigen-targeting
CAR molecule) comprises an intracellular signaling domain that comprises a costimulatory
signaling domain, e.g., as described herein, but does not comprise a primary signaling domain,
and the second CAR molecule (e.g., the tumor antigen-targeting CAR molecule), comprises an
mitracellular signaling domain that comprises a costimulatory signaling domain, e.g., as

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

10
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In another preferred embodiment, the first CAR molecule (e g, the B-Cell antigen-
targeting CAR molecule) comprises an intracellular signaling domain that comprises a
costimulatory signaling domain, e g, as described herem, and a primary signaling domain, e g,
as described herein, and the second CAR molecule (e g., the tumor antigen-targeting CAR
S molecule), comprises an intracellular signaling domain that comprises a costimulatory
signaling domain, e.g., as described herein, and a primary signaling domain, e.g., as described
heremn.
In one embodiment of any of the methods and compositions described herein, the first
CAR molecule, the second CAR molecule, or both the first CAR molecule and the second CAR
10 molecule further comprises a leader sequence comprising the amino acid sequence of SEQ ID

NG:2.

In embodiments, mcluding in any of the aforementioned aspects and embodiments, the
costimulatory domam of both said first and said second CAR include an mtracellular domain of

4-1BB, e.g., as described herein.

15 In embodiments, including in any of the aforementioned aspects and embodiments, the
one or more of said costimulatory domains includes an intracellular domain of CD28, e.g., as

described herein.

In embodiments, mcluding in any of the aforementioned aspects and embodiments, the
first or second CAR includes two costimulatory domains: (1) a 4-1BB costimulatory domain,

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

In an aspect (including in any of the aforementioned aspects and embodiments that
mchide a BCMA CAR}) the antigen binding domain of said first CAR binds BCMA and the
first CAR includes a polypeptide having an amino acid sequence selected from the group
consisting of SEQ ID NO: 949, SEQ ID NG: 950, SEQ ID NG: 951, SEQ 1D NG. 952, SEQ 1D

25 NG 953, SEQID NO: 954, SEQ ID NQO: 955, SEQ 1D NO: 956, SEQ ID NO: 957, SEQ 1D
NG: 938, SEQ ID NO: 959, SEQ 1D NO: 960, SEQ 1D NO: 961, SEQ ID NO: 962, SEQ ID
NG 963, SEQ ID NO: 979, SEQ 1D NO: 980, SEQ 1D NO: 981, SEQ ID NG: 982, SEQ 1D
NG: 983, SEQ 1D NG: 984, SEQ 1D NG: 985, SEQ 1D NO: 986, SEQ 1D NG: 987, SEQ 1D
NGO 988, SEQ ID NO: 989, SEQ ID NO: 990, SEQ ID NO: 991, SEQ ID NO: 992, SEQ ID
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NO: 993, SEQ 1D NG: 994, SEQ ID NG: 995, SEQ 1D NG: 996, SEQ ID NG: 997, SEQ 1D
NO: 998, and SEQ 1D NO: 999.

In an aspect (including in any of the aforementioned aspects and embodiments that
include a CD19 CAR) the antigen binding domain of said first CAR binds CD19 and the first
CAR includes a polypeptide having an amino acid sequence selected from the group consisting
of SEQ ID NO: 269, SEQ ID NO: 270, SEQ ID NO: 271, SEQ ID NG: 272, SEQ 1D NO: 273,
SEQ D NO: 274, SEQ 1D NO: 275, SEQ 1D NO: 276, SEQ 1D NG: 277, SEQ 1D NG: 278,
SEQ ID NO: 279, SEQ ID NO: 280, and SEQ 1D NO: 281.

In an aspect (including in any of the aforementioned aspects and embodiments that
include a EGFRvI CAR) the antigen binding domain of said second CAR binds EGFRvIHI
and the second CAR includes a polypeptide having an amino acid sequence selected from the
group consisting of SEQ 1D NO: 1043, SEQ ID NO: 1049, SEQ ID NGO 1055, SEQ 1D NO:
1061, SEQ ID NG: 1067, SEQ 1D NG: 1073, SEQ ID NG: 1079, SEQ 1D NG: 1085, SEQ ID
NO: 1090, and SEQ ID NO: 1096,

In an aspect (including in any of the aforementioned aspects and embodiments that
mnclude a mesothelin CAR) the antigen binding domain of said second CAR binds mesothelin
and the second CAR includes a polypeptide having an amino acid sequence selected from the
group consisting of SEQ 1D NO: 282, SEQ ID NO: 283, SEQ ID NO: 284, SEQ ID NQO: 285,
SEQ ID NO: 286, SEQ ID NO: 287, SEQ 1D NO: 288, SEQ ID NO: 289, SE{Q ID NO: 290,
SEQ 1D NO: 291, SEQ 1D NO: 292, SEQ 1D NO: 293, SEQ ID NG: 294, SEQ ID NG: 295,
SEQ ID NO: 296, SEQ ID NO: 297, SEQ 1D NO: 298, SEQ 1D NO: 299, SE(Q 1D N{: 300,
SEQ 1D NO: 301, SEQ 1D NO: 302, SEQ D NO: 303, SEQ D NG: 304, SEQ ID NG: 305,
and SEQ 1D NG: 306

In another aspect, the invention provides a cell which includes a CAR, e g, a bispecitic
CAR (e.g., as described herein), which includes a first antigen binding domain that binds a B-
Cell antigen, e.g., as described herein, a second antigen binding domain that binds a tumor
antigen, e.g., as described herem, a transmembrane domain, e.g., as described herem, and an
mtraceliular signaling domain, e.g., as described herein. In embodiments, the first antigen

binding domain binds CD19, e.g., includes a CD19 binding domain described herein. In
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embodiments, the first antigen binding domain binds BCMA, e g., includes a BCMA binding
domain described herein. In embodiments, the second antigen hiding domain binds a solid
tumor antigen, a myeloid tumor antigen, or an antigen of a hematological tumor not of B-Cell
lineage. In embodiments, the second antigen binding domain binds a solid tumor antigen, e g,
as described herein. In embodiments, the second antigen binding domain binds EGFRvIH (e g.,
mncludes a EGFRVIH binding domain described herein). In other embodiments, the second
antigen binding domain binds mesothelin (e.g., includes a mesothelin binding domain described
herein). In embodiments, the CAR includes a first antigen binding domain to CD19, e g, as
described herein, and a second antigen binding domain to EGFRVIH, e.g., as described herein.
In embodiments, the CAR ncludes a first antigen binding domain to BCMA, e g, as described
heremn, and a second antigen binding domaimn to EGFRVIL e g, as described herein. In
embodiments, the CAR includes a first antigen binding domain to CD19, e.g., as described
herem, and a second antigen binding domain to mesothelin, e.g., as described herein. In
embodiments, the CAR ncludes a first antigen binding domain to BCMA, e.g., as described
heremn, and a second antigen binding domain to mesothelin, e g, as described herein. In
embodiments, the CAR includes an intracellular signaling domain that includes a {D3z
primary signaling domain, e.g., as described herein, and a 4-1BB costimulatory signaling
domain, e.g., as described hergin. In embodiments, the CAR includes an intracellular signaling
domain that includes a CD3z primary signaling domain, e g, as described herein, and a CD28

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

In an aspect (including in any of the aforementioned aspects and embodiments}, the cell
is derived from a patient diagnosed with a myeloid tumor, or a hematological tumor not of B-

Cell hineage.

In an aspect {including in any of the aforementioned aspects and embodiments), the
patient is diagnosed with a myeloid tumor expressing an antigen selected from the group

consisting of CD123, CD33 and CLL-1.

In an aspect (including in any of the aforementioned aspects and embodiments}, the cell
is derived from a patient diagnosed with a solid tumor. In embodiments, the patient is
diagnosed with a solid tumor expressing an antigen selected from the group consisting oft

EGFRVIH, mesothelin, GD2, Tn Ag, PSMA, TAG72, CD44vo, CEA, EPCAM, KIT, I1-13Ra2,

o0
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GD3, CD171, IL-11Ra, PSCA, VEGFR2, LewisY, CD24, PDGFR-beta, SSEA-4, folate
receptor alpha, ERBB2, Her2/neu, MUCT, EGFR, NCAM, Ephrin B2, CAIX, LMP2, sle,
HMWMAA, o-acetyl-GD2, folate receptor beta, TEM1/CD248, TEM7R, FAP, Legumain,
HPV E6 or E7, CLDNG, TSHR, GPRCSD, ALK, Plysialic acid, PLACH, globoH, NY-BR-1,
UPK2, HAVCRI, ADRB3, PANX3, GPRZ0, Lyok, OR51E2, TARP, and GFRo4.

In an aspect (including 1n any of the aforementioned aspects and embodiments), the cell

1s a human cell and 1s not derived from a patient diagnosed with a tumor.

In an aspect (including 1n any of the aforementioned aspects and embodiments), the cell
isa T cell, a natural killer (NK)) cell, a cytotoxic T lymphocyte (CTL), a tumor infiltrating

lymphocyte (TIL), or a regulatory T cell.

In another aspect, the invention provides a method for sumulating a T cell-mediated
immune response to a myeloid tumor cell in a mammal, the method including administering to
a mammal an effective amount of a cell as described herein, e.g, a cell of any of the

aforementioned aspects and embodiments.

In another aspect, the invention provides a method of providing an anti-myeloid tumor,
immunity in a mammal, including administering to the mammal an effective amount of a cell as

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

In another aspect, the invention provides a method of treating a mammal having a
disease associated with expression of a myeloid tumor antigen, said method including
admunistering an effective amount of a cell as described herein, e.g., m any of the

aforementioned aspects and embodiments.

In embodiments of the aspects involving a method for stimulating a T cell-mediated
immune response to a myeloid tumor cell in a mammal, a method of providing an anti-myeloid
tumor, immunity in a manunal and/or a method of treating a mammal having a disease
associated with expression of a myeloid tumor antigen, the myelowd tumor expresses an antigen
selected from the group consisting of CD123, CD33 and CLL-1. In embodiments, the marmmal
has a tumor characterized as acute myeloid leukenua (AML), acute lymphoblastic B-cell

leukemia (B-cell acute lymaphoid leukemia, BALL), acute lymphoblastic T-cell leukemia (T
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cell acute lymphoid leukemia (TALL)), B-cell prolymphocytic leukenua, chronic lymphocytic
leukemia, chronic myeloid leukenua (CML), myelodysplastic syndrome, plasma cell myeloma,

or a combination thereof.

In another aspect, the invention provides a method for stiimulating a T cell-mediated
immune response to a hematological tumor not of B-cell lineage, e.g., a T cell lymphoma tumor
cell in a mammal, the method including administering to a mammal an effective amount of a

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

In another aspect, the invention provides a method of providing immunity to an anti-
hematological tumor not of B-cell lineage, e g., an anti-T cell lymphoma tumor immunity, ina
mammal, including administering to the mammal an effective amount of a cell as described

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

In another aspect, the invention provides a method of treating a mammal having a
disease associated with expression of an antigen of a hematological tumor not of B-cell lineage,
e.g., a T cell lymphoma tumor antigen, said method including administering an effective
amount of a cell as described herein, e.g., in any of the aforementioned aspects and

embodiments.

In another aspect, the invention provides a method for sumulating a T cell-mediated
mmmune response to a solid tumor cell 10 a mammal, the method including adonmustering to a
mammal an effective amount of a cell as described heremn, e.g., a cell of any of the

aforementioned aspects and embodiments.

In another aspect, the invention provides a method of providing an anti-solid tumor,
immunity in a mammal, including administering to the mammal an effective amount of a cell as

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

In another aspect, the invention provides a method of treating a mammal having a
disease associated with expression of a solid tumor antigen, said method including
admunistering an effective amount of a cell as described herein, e.g., m any of the

aforementioned aspects and embodiments.
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In embodiments of the aspects involving a method for stimulating a T cell-mediated
immune response to a sohid tumor cell in a mammal, a method of providing an anti-solid tumor,
immunity in a mammal and/or a method of treating a mammal having a disease associated with
expression of a solid tumor antigen, the solid tumor cell expresses an antigen selected from the
group consisting of. EGFRVIT, mesothelin, CS-1, GD2, Tn Ag, PSMA, TAGT2, CD44v6,
CEA, EPCAM, KIT, IL-13Ra2, GD3, CD171, IL-11Ra, PSCA, VEGFRZ, LewisY, CD24,
PDGEFR-beta, SSEA-4, folate receptor alpha, ERBB2, HerZ/neu, MUCT, EGFR, NCAM,
Ephrin B2, CAIX, LMP2, sLe, HMWMAA, o-acetyl-GD2, folate receptor beta, TEM1/CD248,
TEMTR, FAP, Legumain, HPV E6 or E7, CLDN6, TSHR, GPRC3D, ALK, Plyswahic acid,
PLACTI, globoH, NY-BR-1, UPK2, HAVCRI, ADRB3, PANX3, GPR20, Ly6k, ORS1E2,
TARP, and GFRo4, e.g., EGFRVII or mesothelin. In embodiments, the mammal has a tumor
characterized as glioblastoma, ovarian cancer, lung cancer, prostate cancer, colorectal cancer,

pancreatic cancer, breast carcinoma, adenocarcinoma or mesothelioma.

In some embodiments, the solid tumor antigen is present 1n/on a mesothelioma {e.g., a
malignant pleural mesothelioma), a lung cancer {e. g, non-small cell fung cancer, small cell
tung cancer, squamous cell lung cancer, or large cell lung cancer), a pancreatic cancer {e.g.,
pancreatic ductal adenocarcinoma), an esophageal adenocarcinoma, an ovarian cancer, a breast
cancer, a colorectal cancer, a bladder cancer or any combmation thereof, or a metastasis of any
of the aforementioned cancers. In one embodiment of any of the methods and compositions
described herein, the disease associated with expression of the tumor antigen 1s a pancreatic
cancer, e.g., a metastatic pancreatic ductal adenocarcinoma (PDA). In one embodiment, the
pancreatic cancer is in a subject who has progressed on at least one prior standard therapy. In
one embodiment, the disease is mesothelioma (e.g., malignant pleural mesothelioma), e.g., ina
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. In one embodiment, the disease
is mesothelioma, malignant pleural mesothelioma, non-small cell lung cancer, smali cell lung
cancer, squamous cell lung cancer, or large cell lung cancer, pancreatic cancer, pancreatic
ductal adenocarcinoma, pancreatic metastatic, esophageal adenocarcinoma, breast cancer,

ovarian cancer, colorectal cancer and bladder cancer, or any combination thereof.
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In embodiments, the cells are autologous to the treated mammal.
In embodiments, the cells are allogeneic to the treated mammal
in embodiments, the mammal is a human.

In another aspect, the invention provides a method, including any of the aforementioned
methods, wherein the admunistering of the cells of the invention, e g, as described herein,
results in partial or complete elimination of said tumor cells and, thereafter, continue to persist
in said subject at a level greater than, or for a length of time longer than, otherwise identical

cells that lack the first CAR

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

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

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

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

In embodiments of any of the methods and compositions described herein, the method
can further comprise administering a lymphodepleting agent. In one embodiment, the
tymphodepieting agent reduces the level of T cells, e.g., regulatory T cells, and/or regulatory B
cells, as compared to the level prior to administration of the lymphodepleting agent. In one
embodiment, the lymphodepleting agent comprises fludarabine, cyclophosphamide,

corticosteroids, alemtuzumalb, or total body wrradiation (TBI), or a combination thereof.

Any of the methods and compositions described herein can further comprise
administering an additional therapeutic agent that treats the disease associated with a tumor
antigen. In one embodiment, the additional therapeutic agent is an anti-cancer therapeutic

agent.

In another aspect, the invention provides a nucleic acid encoding the first CAR and the
second CAR of any one of the aforementioned aspects and embodiments, e g., as described
herein. In embodiments, the sequence of said first CAR and said second CAR are separated by
an independent ribosomal entry site, a promoter element, or a sequence encoding a T2A, P2A,

E2A, or F2A element.
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In another aspect, the invention provides a vector including the nucleic acid of the
aforementioned aspect and embodiments, e g, as described herein. In embodiments, the vector

is a lentiviral vector.

In another aspect, the invention provides a composition including a first nucleic acid
encoding the first CAR (e.g., a CAR comprising a binding domain to a B-Cell antigen, e g, as
described herein) of any one of the preceding aspects and embodiments, and a second nucleic
acid encoding the second CAR {e g., a CAR comprising a biding domain to a tumor antigen,
e.g., as described herein) of any one of the preceding aspects and embodiments. In
embodiments, the first and the second nucleic acids are included within separate vectors. In

embodiments, the vectors are lentiviral vectors.

In another aspect, the invention provides a method of generating the cell of any one of
the aforementioned aspects and embodiments, e.g., a cell as described herein, including
mtroducing mto said cell the nucleic acid of any one of the preceding nucleic acid aspects and
embodiments, e.g., as described herein, the vector of any one of the preceding vector aspects
and embodiments, e.g., as described herein, or the composition of any one of the preceding

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

In another aspect, the invention provides a method of generating the cell of any one of
the preceding aspects and embodiments, including introducing into said cell a first vector
meluding nucletc acid encoding the first CAR of any one of the aforementioned aspects and
embodiments, e.g., as described herein, and mmtroducing nto said cells a second vector
meluding nucletc acid encoding the second CAR of any one of the aforementioned aspects and
embodiments, e.g., as described herein. In embodiments, the mtroduction of said first vector
and said second vector 1s simultaneous. In embodiments, the mtroduction of said first vector

and said second vector 18 sequential.

In another aspect, the invention provides a cell including nucleic acid encoding the first
AR of any one of the aforementioned aspects and embodiments, e.g., as described heremn, and
the second CAR of any one of the aforementioned aspects and embodiments, ¢.g., as described

herein.
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In another aspect, the invention provides a cell described herein, e.g., a cell expressing a
CAR which binds a B-Cell antigen, e.g., described herein, and expressing a CAR which binds a
tumor antigen other than a B-Cell antigen, e.g., described herein, for use as a medicament. In
another aspect, the mnvention provides a cell described herein, e g., a cell expressing a CAR
which binds a B-Cell antigen, e.g., described herein, and expressing a CAR which binds a
tumor antigen other than a B-Cell antigen, e g, described herein, for use as a medicament for
the treatment of a disease associated with the expression of the tumor antigen other than a B-
Cell antigen. In another aspect, the invention provides a cell described herein, e.g., a cell
expressing a CAR which binds a B-Cell antigen, e ¢, described herein, and expressing a CAR
which binds a tumor antigen other than a B-Cell antigen, e.g., described herein, for use as a
medicament for the treatment of cancer, ¢.g., a cancer expressing the tumor antigen other than a
B-Cell antigen. In another aspect, the invention provides a cell described herein, eg., a cell
expressing a CAR which binds a B-Cell antigen, e.g., described herein, and expressing a CAR
which binds a tumor antigen other than a B-Cell antigen, e.g., described herein; a nucleic acid
described herein; or a composition described herein; for use n the manufacture of a

medicament.

Unless otherwise defined, al} technical and scientific terms used herein have the same
meanmg as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials sinlar or equivalent to those described herein can be
used in the practice or testing of the present disclosure, suitable methods and materials are
described below. All publications, patent applications, patents, and other references mentioned
herein are incorporated by reference in their entirety. In addition, the materials, methods, and
examples are illustrative only and not intended to be limiting. Headings, sub-headings or
numbered or lettered elements, e.g., (a), (b}, {1} etc, are presented merely for ease of reading.
The use of headings or numbered or lettered elements in this document does not require the
steps or elements be performed in alphabetical order or that the steps or elements are
necessartly discrete from one another. Other features, objects, and advantages of the invention

will be apparent from the description and drawings, and from the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a diagram of a nucleic acic construct for hicistronic expression of a B-
cell antigen C AR and a solid tumor antigen CAR. The top construct encodes a CD19 CAR (B-
cell antigen CAR) and an EGFRvII CAR (solid tumor CAR), separated by a P2A protease
cleavage site. The bottom construct encodes a CD19 CAR (B-cell antigen CAR) and a
Mesothelin CAR (solid tumor CAR), separated by a P2A protease cleavage site.

Figure 2, shows a diagram of a set of nucleic acic constructs for expression of a B-cell
antigen CAR and a solid tumor antigen CAR. A first construct encodes a CD19 CAR (B-cell
antigen CAR}) and a second construct encodes a EGFRVHI CAR (solid tumor CAR). The
constructs may be provided in separate vectors, e.g., separate lentiviral vectors. Cells are
transfected with the set of constructs to express both the B-cell antigen CAR and the solid
tamor antigen CAR.

DETAILED DESCRIPTION

Methods and compositions for treating a disease associated with expression of a tumor
antigen, e.g., a cancer, 1n a subject using an immune effector cell (e.g., T cell} engineered to
expresss a first chimeric antigen receptor (CAR) and a second CAR, wherein the antigen
binding domam of said first CAR binds to a B-Cell antigen and the antigen binding domain of
satd second CAR binds to a tumor antigen other than a B-Cell antigen, e.g., to enhance the
efficacy {e.g., the persistence and/or proliferation of the CAR-expressing immune effector cell
in a patient} of the CAR-expressing immune effector cell therapy. Without wishing to be
bound by theory, treatment with an immune effector cell expressing a CAR targeting a B-Cell
antigen and a CAR targeting a tumor antigen enhances the anti tumor efficacy of the CAR-
expressing immune effector cell in a subject, e.g., by one or more of. increasing the
proliferation of said CAR-expressing immune effector cells and/or increasing the m vivo
persistence of said CAR expressing immune effector cells, e.g., as compared to adnunistering
an immune effector cell expressing only the tumor-targeting CAR {e g., not expressing the
CAR tareting a B-Cell antigen}.

Definitions

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

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

pertains.
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The term “a” and “an” refers to one or to more than one {(1.e., to at least one) of the
grammatical object of the article. By way of example, “an element” means one element or more
than one element.

The term “about” when referring to a measurable value such as an amount, a temporal
duration, and the like, 1s meant to encompass vanations of £20% or 1n some instances £10%, or
in some instances £5%, or in some mnstances £1%, or in some instances £0.1% from the
specified value, as such variations are appropriate to perform the disclosed methods.

The term “Chimeric Antigen Receptor” or alternatively a “CAR” refers to a
recombinant polypeptide construct comprising at least an extracellular antigen binding domain,
a transmembrane domain and a cytoplasmic signaling domain (also referred to herein as “an
mtracetiular signaling domain”) comprising a functional signaling domain derived from a
stimulatory molecule as defined below. In some embodiments, the domains 1n the CAR
polypeptide construct are 1n the same polypeptide chain, e.g., comprise a chimeric fusion
protemn. In some embodiments, the domains 1n the CAR polypeptide construct are not
contiguous with each other, e.g., are in different polypeptide chains, e.g., as provided i an
RCAR as described herein.

In one aspect, the stimulatory molecule is the zeta chain associated with the T celi
receptor complex. In one aspect, the cytoplasmic signaling domain comprises a primary
signaling domain {e.g., a primary signaling domain of CD3-zeta). In one aspect, the
cytoplasmic signaling domain further comprises one or more functional signaling domains
derived from at least one costimulatory molecule as defined below. In one aspect, the
costimufatory molecule is chosen from 4-1BB (1e, CD137), CD27, 1COS, 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
tunctional signaling domain derived from a stimulatory molecule. In one aspect, the CAR
comprises a chimeric fusion protein comprising an extracellular antigen binding domain, a
transmermbrane domain and an intracellular signaling domain comprising a functional signaling
domain derived from a co-stimulatory molecule and a functional signaling domain derived
from a stimulatory molecule. In one aspect, the CAR comprises a chimeric fusion protein
comprising an extraceliular antigen binding domain, a transmembrane domain and an
mtraceliular signaling domain comprising two functional signaling domains derived from one

or more co-stimulatory molecule(s) and a functional signaling domain denived from a
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stimulatory molecule. In one aspect, the CAR comprises a chimeric fusion protein comprising
an extracellular antigen binding domain, a transmembrane domain and an intracellular
signaling domain comprising at least two functional signaling domains derived from one or
more co-stimulatory molecule(s) and a functional signaling domain derived from a stimulatory
molecule. In one aspect the CAR comprises an optional leader sequence at the amino-terminus
{N-ter) of the CAR fusion protein. In one aspect, the CAR further comprises a leader sequence
at the N-terminus of the extracellular antigen binding domain, wherein the leader sequence s
optionally cleaved from the antigen recognition domain {e.g., a scFv) during cellular processing
and localization of the CAR to the cellular membrane.

A CAR that comprises an antigen binding domain (e.g., a scFv, or TCR} that targets,
e.g., binds to, a specific antigen X, such as those described herein, 15 also referred to as XCAR,
X-CAR or X-targeing CAR. For example, a CAR that comprises an antigen binding domain
that targets CD 19 15 referred to as CBI9CAR. A CAR that comprises an antigen binding
domain {e.g., a scFv or TCR) that targets a specific tumor antigen {TA), such as those described
herewn, 15 also referred to as TA CAR. A CAR that comprises an antigen binding domain{(e.g.,
a scFv or TCR) that targets a specific B cell antigen (BCA), such as those described herein (e.g.
in connection with the first CAR molecule of the compositions of the invention), s also
referred to as BCA CAR.

The term “signaling domain” refers to the functional portion of a protein which acts by
transmitting information within the cell to regulate cellular activity via defined signaling
pathways by generating second messengers or functioning as effectors by responding to such
messengers. In some aspects, the signaling domain of the CAR described herein s derived
from a stimulatory molecule or co-stimulatory molecule described herein, or is a synthesized or
engineered signaling domain.

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

The term “antibody fragment” refers to at least one portion of an intact antibody, or
recombinant variants thereof, and refers to the antigen binding domain, e.g., an antigenic

determining variable region of an intact antibody, that 1s sufficient to confer recognition and
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specific binding of the antibody fragment to a target, such as an antigen. Examples of antibody
tragments include, but are not limited to, Fab, Fab', F(ab'),, and Fv fragments, scFv antibody
fragments, linear antibodies, single domain antibodies such as sdAb {either VL or VH), camelid
VHH domains, and multi-specific antibodies formed from antibody fragments such as a
bivalent fragment comprising two Fab fragments linked by a disulfide brudge at the hinge
region, and an isolated CDR or other epitope binding fragments of an antibody. An antigen
binding fragment can also be incorporated into single domain antibodies, maxibodies,
mimibodies, 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 I
(Fn3}see U.S. Patent No.: 6,703,199, which describes fibronectin polypeptide nmuntbodies).

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
vanable region of a heavy chain, wherein the hight and heavy chamn variable regions are
contiguously linked via a short flexible polypeptide linker, and capable of bemg expressed as a
single chain polypeptide, and wherein the scFv retains the specificity of the intact antibody
from which 1t 1s derived. Unless specified, as used herein an scFv may have the VL and VH
variable regions in either order, e.g., with respect to the N-terminal and C-terminal ends of the
polypeptide, the scFv may comprise VL-linker-VH or may comprise VH-linker-VL.

The term “complementarity determining region” or “CDR,” as used herein, refers to the
sequences of amino acids within antibody variable regions which confer antigen specificity and
binding affinity. For example, in general, there are three CDRs in each heavy chain variable
region {(e.g., HCDRI1, HCDR2, and HCDR3) and three CDRs in each light chain variable
region {LCDR1, LCDR2, and LCDR3). The precise amino acid sequence boundaries of a
given CDR can be determined using any of a number of well-known schemes, including those
described by Kabat et al. {1991}, “Sequences of Proteins of Immunological Interest,” Sth Ed.
Public Health Service, National Institutes of Health, Bethesda, MD (“Kabat” numbering
scheme), Al-Lazikani et al, (1997) JMB 273,927-948 (“Chothia” numbering scheme), or a
combination thereof. Under the Kabat numbering scheme, 10 some embodiments, the CDR.
amino acid residues 1o the heavy chain variable domain (VH) are numbered 31-35 (HCDR1),
50-65 (HCDR2), and 95-102 (HCDR3); and the CDR anuno acid residues i the hight chain
variable domain (VL) are numbered 24-34 (LCDR1), 50-56 (LCDR2}, and 89-97 (LCDR3).
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Under the Chothia numbering scheme, in some embodiments, the CDR amino acids in the VH
are numbered 26-32 (HCDR1), 52-56 (HCDR2), and 95-102 (HCDR3); and the CDR amino
acid residues in the VL are numbered 26-32 (LCDR1), 50-52 (LCDR2), and 91-96 (LCDR3).
In a combined Kabat and Chothia numbering scheme, in some embodiments, the CDRs
correspond to the amino acid residues that are part of a Kabat CDR, a Chothia CDR, or both.
For nstance, in some embodiments, the CDRs correspond to amino acid residues 26-35
(HCDR1), 50-65 (HCDR2), and 95-102 (HCDR3) ina VH, e.g., a maromalian VH eg., a
buman VH; and amino acid residues 24-34 (LCDR1), 50-56 (L.CDR2), and 89-97 (LCDR3)
a VL, e.g, a mammalian VL, e g., a human VL.

The portion of the CAR of the invention comprising an antibody or antibody fragment
thereof may exist in a variety of forms where the antigen binding domain 13 expressed as part of
a contiguous polypeptide chain including, for example, scFv antibody fragments, hinear
antibodies, single domain antibodies such as sdAb (etther VL or VH}, camelid VHH domains ,a
humanized antibody, a bispecific antibody, an antibody conjugate (Harlow et al., 1999, In:
Using Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, NY; Harlow
et al., 1989, In: Antibodies: A Laboratory Manual, Cold Spring Harbor, New York; Houston et
al., 1988, Proc. Natl. Acad. Sci. USA 85:5879-5883; Bird et al., 1988, Science 242:423-426).
In one aspect, the antigen binding domain of a CAR of the invention comprises an antibody
fragment. In a further aspect, the CAR comprises an antibody fragment that comprises a scFv.

As used herein, the term “binding domain” or "antibody molecule" (also referred to
herein as “anti-target (e.g., CD19) binding domain”) refers to a protein, e.g., an
mmmunoglobulin chain or fragment thereof, comprising at least one immunoglobulin variable
domain sequence. The term “binding domain” or “antibody molecule” encompasses antibodies
and antibody fragments. In an embodiment, an antibody molecule is a multispecific antibody
molecule, e g, it comprises a plurality of immunoglobulin variable domain sequences, wherein
a first immunoglobulin variable domam sequence of the plurality has binding specificity for a
first epitope and a second immunoglobulin variable domain sequence of the plurality has
binding specificity for a second epitope. In an embodiment, a multispecific antibody molecule
is a bispecitic antibody molecule. A bispecific antibody has specificity for no more than two
antigens. A bispecific antibody molecule 1s characterized by a first immunoglobulin vanable
domain sequence which has binding specificity for a first epitope and a second

mmunoglobuhin variable domain sequence that has binding specificity for a second epitope.
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The term “antibody heavy chain,” refers to the larger of the two types of polypeptide
chains present in antibody molecules in their naturally occurring conformations, and which
normally determines the class to which the antibody belongs.

The term “antibody light chain,” refers to the smaller of the two types of polypeptide
chains present in antibody molecules in their naturally occurring conformations. Kappa (x) and
lambda (&) light chains refer to the two major antibody light chain isotypes.

The term “recombinant antibody” refers to an antibody which 1s 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 anmino acid sequence specifying the antibody,
wherein the DNA or aming acid sequence has been obtained using recombinant DNA or amino
acid sequence technology which 1s available and well known n the art.

The term “antigen” or “Ag” refers to a molecule that provokes an immune response.
This immune response may invoive either antibody production, or the activation of spectific
immunologically-competent cells, or both. The skilled artisan will understand that any
macromolecule, including virtually all proteins or peptides, can serve as an antigen.
Furthermore, antigens can be derived from recombinant or genomic DNA. A skilled artisan
will understand that any DNA, which comprises a nucleotide sequences or a partial nucleotide
sequence encoding a protein that elicits an immune response therefore encodes an “antigen” as
that term 15 used herein. Furthermore, one skilled in the art will understand that an antigen need
not be encoded solely by a full length nucleotide sequence of a gene. It is readily apparent that
the present disclosure includes, but is not limited to, the use of partial nucleotide sequences of
more than one geve and that these nucleotide sequences are arranged in various combinations
1o 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. ¥t 1s readily apparent that an
antigen can be generated or can be denved from a biological sample, or nught be
macromolecule besides a polypeptide. Such a biological sample can include, but 15 not himited
10 a tissue sample, a tumor sample, a cell or a fhud with other biological components.

The term “anti-tumor effect” or “anti-tumor activity” refers to a biclogical effect which

can be manifested by various means, including but not limited to, e g, a decrease in tumor
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volume, a decrease in the number of tumor cells, a decrease in the number of metastases, an
increase in hife expectancy, decrease in tumor cell proliferation, decrease in tumor cell survival,
or amelioration of various physiclogical symptoms associated with the cancerous condition. An
“anti-tumor effect” can also be manifested by the ability of the peptides, polynucleotides, cells
and antibodies of the invention in prevention of the occurrence of tumor 1n the first place.

The term “autologous” refers to any material derived from the same individual to whom
it 15 later to be re-introduced into the individual.

The term “allogeneic” refers to any material derived from a different arumal of the same
species as the individual to whom the material 1s introduced. Two or more individuals are said
to be allogeneic to one another when the genes at one or more loci are not 1dentical. In some
aspects, allogeneic matenial from individuals of the same species may be sufficiently unlike
genetically to interact antigemcally

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

The term “apherests” as used herein refers to an extracorporeal process by which the
blood of a donor or patient 18 reroved from the donor or patient and passed through an
apparatus that separates out selected particular constituent{s} and returns the remainder (o the
crculation of the donor or patient, e.g., by retransfusion. Thus, in the context of “an apheresis
sample” refers to a sample obtained using apheresis.

The term “cancer” refers to a disease characterized by the uncontrolled growth of
aberrant cells. Cancer includes all types of cancerous growths or oncogenic processes,
metastatic tissues or malignantly transformed cells, tissues or organs wrrespective of the
histopathologic type or stage of invasiveness. Cancer cells can spread locally or through the
bloodstream and lymphatic system to other parts of the body. Examples of various cancers are
described herein and include but are not limited to, breast cancer, prostate cancer, ovarian
cancer, cervical cancer, skin cancer, pancreatic cancer, colorectal cancer, renal cancer, liver
cancer, brain cancer, lymphoma, leukermia, lung cancer and the like.

“Dertved from” as that term 15 used herein, indicates a relationship between a furstand a
second molecule. It generally refers to structural similarity between the first molecule and a
second molecule and does not connotate or mclude a process or source himitation on a first
molecule that s derived from a second molecule. For example, in the case of an intraceliular
signaling domain that is derived from a CD3zeta molecule, the intraceliular signaling domain

retains sufficient CD3zeta structure such that 13 has the required function, namely, the ability to
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generate a signal under the appropriate conditions. It does not connotate or nclude a limitation
to a particular process of producing the intracellular signaling domain, e g, it does not mean
that, to provide the intracellular signaling domain, one must start with a CD3zeta sequence and
delete unwanted sequence, or impose mutations, to arrive at the intracellular signaling domam.

The phrase “disease associated with expression of a tumor antigen” mcludes, but 1s not
limited to, a disease associated with expression of a tumor antigen as described herein or
condition associated with cells which express a tumor antigen as described herein including,
e.g., proliferative diseases such as a cancer or malignancy or a precancerous condition such as a
myelodysplasia, a myelodysplastic syndrome or a preleukemia; or a noncancer related
mdication assoctated with cells which express a tumor antigen as described herein. In one
aspect, a cancer associated with expression of a tumor antigen as described hereinis a
hematological cancer. In one aspect, a cancer associated with expression of a tumor antigen as
described herein s a solid cancer. Further diseases associated with expression of a tumor
antigen described herein include, but not linuted to, e.g., atypical and/or non-classical cancers,
malignancies, precancerous conditions or proliferative diseases associated with expression of a
tumor antigen as described herein. Non-cancer related indications associated with expression
of a tumor antigen as described herein include, but are not limited to, e.g., autoimmune disease,
(e.g., lupus), inflammatory disorders (allergy and asthma) and transplantation.

The term “conservative sequence modifications” refers to amino acid modifications that
do not significantly affect or alter the binding characteristics of the antihody or antibody
fragment containing the amino acid sequence. Such conservative modifications include amino
acid substitutions, additions and deletions. Modifications can be introduced mto 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
sumilar side cham. Families of amino acid residues having similar side chains have been
defined in the art. These families include amimo 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., glvcine, asparagine, glutamine, serine, threonine, tyrosine, cysteine, tryptophan),
nonpolar side chains {e.g., alanine, valine, leucine, 1soleucine, 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
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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 using the functional assays described
herein.

The term “stimulation,” refers to a primary response induced by binding of a
stimulatory molecule (e.g., a TCR/CD3 complex or CAR) with its cognate ligand (or tumor
antigen in the case of a CAR) thereby mediating a signal transduction event, such as, but not
hnuted to, sigonal transduction via the TCR/CD3 complex or signal transduction via the
appropriate NK receptor or signaling domains of the CAR. Stimulation can mediate altered
expression of certain molecules, such as downregulation of TGF-p, and/or reorganization of
cytoskeletal structures, and the hike.

The term “stimulatory molecule,” refers to a molecule expressed by an immune effector
cell (e.g., a T cell, NK cell, B cell) that provides the cytoplasmic signaling sequence(s) that
regulate activation of the momune effector cell in a stimulatory way for at least some aspect of
the immumne effector cell signaling pathway, e.g., the T cell signaling pathway. In one aspect,
the signal 1s a primary signal that 13 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, prohiferation, activation, differentiation, and the like. A primary
cytoplasmic signaling sequence (also referred to as a “primary signaling domain™) that acts ina
stimulatory manner may contain a signaling motif which is known as immunoreceptor tyrosine-
based activation motif or ITAM. Examples of an ITAM containing primary cytoplasmic
signaling sequence that is of particular use in the mvention includes, but is not limited to, those
derived from CD3 zeta, common FcR gamma (FCER1G), Fc gamma Rlila, FcR beta (Fc
epsilon R1b), CD3 gamma, CD3 delta , CD3 epsilon, CDS, CD22, CD79a, CD79b, CD278
{also known as “TCOS”), FeeRi, DAPIO, DAPI2, and CD66d. Ina specific CAR of the
invention, the intraceltular signaling domain 1n 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 1s the sequence
provided as SEQ 1D NGO 18, or the equavalent residues from a non-human species, e.g., mouse,
rodent, monkev, ape and the like. In a specific CAR of the invention, the primary signaling
sequence of CD3-zeta 15 the sequence as provided in SEQ 1D NG: 20, or the equivalent residues

from a non-human species, e.g., mouse, rodent, monkey, ape and the like.
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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 1ts surface. T-cells may
recognize these complexes using their T-cell receptors (TCRs). APCs process antigens and
present them to T-cells.

An “intraceliular signaling domain,” as the term s used herein, refers to an mtracellular
portion of a molecule. The intracellular signaling domain generates a signal that promotes an
immune effector function of the CAR-expressingeell, e g, a CART cell or CAR-expressing NK
cell. Examples of immune effector function, e.g., in a CART cell or CAR-expressing NK cell,
mclude cyvtolytic activity and helper activity, including the secretion of cytokines. While the
entire intracellular signaling domain can be emploved, 1n many cases it 1s not necessary to use
the entire chain. To the extent that a trancated portion of the intracetlular signaling domain s
used, such truncated portion may be used in place of the mtact chain as long as 1t transduces the
effector function signal. The term 1ntracellular signaling domain 1s thus meant to inclade any
truncated portion of the intracellular signaling domain sufficient to transduce the effector
function signal.

In an embodiment, the intracellular signaling domain can comprise a primary
mtraceliular signaling domain. Exemplary primary intracelluiar 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
intraceliular domain. Exemplary costimulatory intracellular signaling domains include those
derived from molecules responsible for costimulatory signals, or antigen independent
stimulation. In an embodiment, the mtracellular signaling domain is synthesized or engineered.
For example, in the case of a CAR-expressing immune effector cell, e.g., CART cell or CAR-
expressing NK cell, a primary intracellular signaling domain can comprise a cytoplasmic
sequence of a T cell receptor, a primary intracellular signaling domain can comprise a
cvtoplasmic sequence of a T cell receptor, and a costimulatory intracellular signaling domain
can comprise cytoplasmic sequence from co-receptor or costirnulatory molecule.

A primary intracellular signaling domamn can comprise a signaling mouif which 1s
known as an immunoreceptor tyrosine-based activation motif or ITAM. Examples of ITAM
containing primary cytoplasmic signaling sequences include, but are not imited to, those

derived from CD3 zeta, common FeR gamma (FCERIG), Fc garoma Rila, FcR beta, CD3
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gamma, CD3 delta, CD3 epsilon, CDS, CD22, CD79a, CD79b, CD278 (“ICOS”), FeeRl
CDo66d, DAP10 and DAP12.

The term “zeta” or alternatively “zeta chain”, “CD3-zeta” or “TCR-zeta” 1s defined as
the protein provided as GenBan Acc. No. BAG36664.1, or the equivalent residues from a non-
human species, e.g., mouse, rodent, monkey, ape and the like, and a “zeta stimulatory domain”
or alternatively a “CD3-zeta stimulatory domain” or a “TCR-zeta stimulatory domain” is
defined as the amino acid residues from the cytoplasmic domain of the zeta chain that are
sufficient to functionally transmit an initial signal necessary for T cell activation. In one aspect
the cytoplasmic domain of zeta comprises residues 52 through 164 of GenBank Acc. No.
BAG36664.1 or the equivalent residues from a non-human species, ¢.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” 1s the sequence provided as SEQ ID
NO:18. In one aspect, the “zeta stimulatory domain” or a “CD3-zeta stimulatory domain™ 1s
the sequence provided as SEQ ID NO:20. Also encompassed heremn are D3 zeta domains
comprising one or more mutations to the amino acid sequences described herein, e.g., SEQ ID
NO: 20.

The term “costimulatory molecule” refers to the cognate binding partner ona T cell that
specifically binds with a costimulatory ligand, thereby mediating a costimulatory response by
the T cell, such as, but not limited to, proliferation. Costimulatory molecules are cell surface
molecules other than antigen receptors or their ligands that are required for an efficient immune
response. Costimulatory molecules include, but are not himited to an MHC class | molecule, a
TNF receptor protein, an Immunoglobulin-like protein, a cytokine receptor, an integrin, a
signaling lymphocytic activation molecule (SLAM protein), an activating NK cell receptor,
BTLA, a Toll ligand receptor, 0X40, CD2, CD7, CD27, CD28, CD30, CD40, CDS, ICAM-1,
LFA-1 (CD11a/CD18), 4-1BB (CD137), B7-H3, CDS, ICAM-1, ICOS (CD278), GITR,
BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2, SLAMEF7, NKp80 (KLRF1), NKp44, NKp30,
NKp46, CD19, CD4, CDR8alpha, CD8beta, IL2R beta, IL2R gamma, IL7R alpha, ITGA4,
VLAL CD49, ITGA4, 1A4, CD49D, ITGAG, VLA-6, CD49E ITGAD, CD11d, ITGAE,
CD103, ITGAL, CD11a, LFA-1, ITGAM, CD11b, ITGAX, CD11¢, ITGB1, CD29, ITGB2,
CD18, LFA-1, ITGB7, NKG2D, NKG2C, TNFR2, TRANCE/RANKL, DNAMT (CD226),
SLAMF4 (CD244, 2B4), CD84, CDY6 (Tactile), CEACAMI, CRTAM, Ly9 (CD229), CD160
(BY55), PSGL1, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Ly108), SLAM (SLAMF1,
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CD150, IPO-3), BLAME (SLAMFS), SELPLG (CD162), LTBR, LAT, GADS, SLP-76,
PAG/Cbp, CD19a, and a ligand that specifically binds with CD&3.

A costimulatory intracellular signaling domain or costimulatory signaling domain can
be the intracellular portion of a costimulatory molecule. The intracellular signaling domain can
comprise the entire imtraceliular portion, or the entire native intracellular signaling domain, of
the molecule from which 1t is derived, or a functional fragment thereof.

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, mounkey, ape and the bike; and 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” 15 the sequence provided as SEQ ID NO: 14
or the equivalent residues from a non-human species, e.g., mouse, rodent, monkey, ape and the
like.

“Immune effector cell,” as that term 15 used herein, refers to a cell that s mvolved in an
immune response, e.g., in the promotion of an immune effector response. Examples of immune
effector cells include T celis, e.g., alpha/beta T cells and gcamma/delta T cells, B cells, natural
kaller (NK) cells, natural killer T {NKT) cells, mast cells, and myeloid-derived phagocytes.

“Immune effector function or immune effector response,” as that term is used herein,
refers to function or response, e.g., of an immune effector cell, that enhances or promotes an
immune attack of a target cell. E.g., an immune effector function or response refers a property
of a T or NK cell that promotes killing or the inhibition of growth or proliferation, of a target
cell. Inthe case of a T cell, primary stimulation and co-stimulation are examples of immune
effector function or response.

The term “effector function” refers to a specialized function of a cell. Effector function
of a T cell, for example, may be cytolytic activity or helper activity including the secretion of
cviokines.

The term “encoding” refers to the inherent property of specific sequences of nucleotides
in a polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as templates for synthesis
of other polymers and macromolecules in biological processes having either a defined sequence
of nucleotides {e.g, IRNA, tRNA and mRNA) or a defined sequence of amino acids and the

biological properties resulting therefrom. Thus, a gene, ¢cBNA, or RNA, encodes a protemn if
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transcription and translation of mRNA corresponding to that gene produces the protein in a cell
or other biological system. Both the coding strand, the nuclestide sequence of which is
identical to the mRNA sequence and is usually provided in sequence histings, and the non-
coding strand, used as the template for transcription of a gene or ¢DDNA, can be referred to as
encoding the protein or other product of that gene or cDNA.

Unless otherwise specified, a “nucleotide sequence encoding an amuno acid sequence”
mcludes 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
SOMme Version contain an imntron(s).

The term “effective amount” or “therapeutically effective amount” are used
mterchangeably herein, and refer to an amount of a compound, formulation, matenial, or
composition, as described herein effective to achieve a particular biological result.

The term “endogenous”™ refers to any material from or produced inside an orgamism,
cell, tissue or system.

The term “exogencus” refers to any material introduced from or produced outside an
organism, cell, tissue or system.

The term “expression” refers to the transcription and/or transiation of a particular
nucleotide sequence driven by a promoter.

The term “transfer vector” refers to a composition of matter which comprises an
isolated nucleic acid and which can be used to deliver the isolated nucleic acid to the interior of
a cell. Numerous vectors are known in the art including, but not limited to, linear
polynucleotides, polynucleotides associated with ionic or amphiphilic compounds, plasmids,
and viruses. Thus, the term “transfer vector” mcludes 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 mto cells, such as, for example, a
polvlysine 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 hike.

The term “expression vector” refers to a vector comprising a recombinant
polvnucleotide comprising expression control sequences operatively linked to a nucleotide

sequence to be expressed. An expression vector comprises sufficient cis-acting elements for
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expression; other elements for expression can be supplied by the host cell or in an in vitro
expression system. Expression vectors include all those known in the art, including cosmids,
plasmids (e.g., naked or contained in liposomes) and viruses {e.g., lentiviruses, retroviruses,
adenoviruses, and adeno-associated viruses) that incorporate the recombinant polynucleotide.

The term “lentivirus” refers to a genus of the Retroviridae family. Lentiviruses are
unigque among the retroviruses in being able to infect non-dividing cells; they can deliver a
significant amount of genetic information mto the DNA of the host cell, so they are one of the
most efficient methods of a gene delivery vector. HIV, 81V, and FIV are all examples of
lentiviruses.

The term “lentiviral vector” refers to a vector derived from at least a portion of a
lentivitus genome, including especially a self-inactivating lentiviral vector as provided
Milone et al., Mol Ther. 17(8): 14531464 (2009). Other examples of lentivirus vectors that
may be used m the chinic, include but are not limited to, e.g., the LENTIVECTOR® gene
delivery technology from Oxford BioMedica, the LENTIMAX™ vector system from Lentigen
and the ike. Nonchnical types of lentiviral vectors are also available and would be known to
one skilled in the art.

The term “homologous” or “identity” refers to the subunit sequence identity between
two polymeric molecules, e g, between two nucleic acid molecules, such as, two DNA
molecules or two RINA molecules, or between two polypeptide molecules. When a subunit
position in both of the two molecules is occupied by the same monomeric subunit; e g, if a
position in each of two DNA molecules is occupied by adenine, then they are homologous or
identical at that position. The homology between two sequences 15 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.

“Huroanized” forms of non-human {e.g., rourine) antibodies are clumeric
mmmunoglobulins, immunoglobulin chains or antibody fragments thereof (such as Fv, Fab,
Fab', F{ab")Z or other antigen-binding subsequences of antibodies) which contain munimal
sequence derived from non-human immunoglobulin. For the most part, humanized antibodies
and antibody fragments thereof are human imamunoglobuling (recipient antibody or antibody

fragment} in which residues from a complementary-determining region (CDR) of the recipient
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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 wmported CDR or
framework sequences. These modifications can further refine and optimize antibody or
antibody fragment performance. In general, the humanized antibody or antibody fragment
thereof will comprise substantially all of at least one, and typically two, variable domains, in
which all or substantially all of the CDR regions correspond to those of a non-human
immunoglobulin and all or a significant portion of the FR regions are those of a human
mmunoglobuhin sequence. The humanized antibody or antibody fragment can also comprise at
least a portion of an mumunoglobulin constant region (Fe), typically that of a human
mmunoglobuhin. 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

“Fully human” refers to an immunoglobulin, such as an antibody or antibody fragment,
where the whole molecule is of human origin or consists of an amino acid sequence identical to
a human form of the antibody or immumoglobulin,

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 15 not “isolated,” but the same
nucleic acid or peptide partially or completely separated from the coexisting materials of its
natural state is “isolated.” An isolated nucleic acid or protein can exist in substantially purified
form, or can exist in a non-native environment such as, for example, a host cell.

In the context of the present disclosure, the following abbreviations for the commonly
occurring nucleic acid bases are used. “A” refers to adenosine, “C” refers to cytosine, “G”
refers to guanosine, “'T7 refers to thymidine, and “U” refers to uridine.

The term “operably linked” or “transcriptional control” refers to functional linkage
between a regulatory sequence and a heterologous nucleic acid sequence resulting in expression
of the latter. For example, a first nucleic acid sequence 1s operably linked with a second nucleic
acid sequence when the first nucleic acid sequence 15 placed 1in a functional relationship with
the second nuclewc acid sequence. For instance, a promoter 15 operably linked to a coding

sequence if the promoter affects the transcription or expression of the coding sequence.
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Operably linked DNA sequences can be contiguous with each other and, e g, where necessary
to join two protein coding regions, are in the same reading frame.

The term “parenteral” administration of an immunogenic composition includes, e.g |
subcutaneous (s.c ), intravenous {1.v.}, intramuscular (. m.}, or intrasternal injection,
mtratumoral, or infusion techniques.

The term “nucleic acid” or “polynucieotide” 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 mndicated. Specifically, degenerate codon
substitutions may be achieved by generating sequences in which the third position of one or
more selected (or all) codons 1s 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 Rossolint et al., Mol. Cell. Probes 8:91-98 (1994)}).

The terms “peptide,” “polypeptide,” and “protein” are used mterchangeably, 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 1s 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 oligamers, for example, and to longer
chains, which generally are referred to i the art as proteins, of which there are many types.
“Polypeptides” include, for example, biologically active fragments, substantially homologous
polyvpeptides, oligopeptides, homodimers, heterodimers, variants of polvpeptides, modified
polypeptides, derivatives, analogs, fusion proteins, among others. A polypeptide includes a
natural peptide, a recombinant peptide, or a combination thereof.

The term “promoter” refers to a DNA sequence recognized by the synthetic machinery
of the cell, or introduced synthetic machinery, required to initiate the specific transcription of a

polynucleotide sequence.
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The term “promoter/regulatory sequence” refers to a nucleic acid sequence which is
required for expression of a gene product operably linked to the promoter/regulatory sequence.
In some mstances, this sequence may be the core promoter sequence and in other instances, this
sequence may also include an enhancer sequence and other regulatory elements which are
required for expression of the gene product. The promoter/regulatory sequence may, for
example, be one which expresses the gene product in a tissue specific manner.

The term “constitutive” promoter refers to a nucleotide sequence which, when operably
linked with a polynucleotide which encodes or specifies a gene product, causes the gene
product to be produced in a cell under most or all physiological conditions of the cell.

The term “inducible” promoter refers to a nucleotide sequence which, when operably
hnked with a polynucleotide which encodes or specifies a gene product, causes the gene
product to be produced 1in a cell substantially only when an inducer which corresponds to the
promoter is present in the cell.

The term “tissue-specific” promoter refers to a nucleotide sequence which, when
operably hinked with a polynucleotide encodes or specified by a gene, causes the gene product
to be produced n a cell substantially only if the cell 1s a cell of the tissue type corresponding to
the promoter.

The terms “B cell antigen™ or “B-Cell antigen” are used interchangeably, and referto a
molecule (typically a protein, carbohydrate or lipid) that is preferentially and specifically
expressed on the surface of a B cell which can be targeted with an agent which binds thereto.
The B cell antigen of particular interest is preferentially expressed on B cells compared to other
non-B cell tissues of a mammal. The B cell antigen may be expressed on one particular B cell
population, e.g., B cell precursors or mature B cells, or on more than one particular B cell
population, e.g., both precursor B cells and mature B cells. Exemplary B cell surface markers
include: CD5, CDIO, CD19, CD20, CD21, CD22, CD23, CD24, CDH25, CD27, CD30, CD34,
CD37, CD38, CD40, CDBS3, CD6Y, CI¥72, CD73, CD74, CDTS, CD77, CD79%, CD79%, CDSO,
CD81, CDE2, CD’3, CD34, CDRS, CDB86, CD123, CD13S, CD138, CD179, CD269, Fit3,
RORI, BCMA, FcRnS, FeRn2, C8-1, CXCR4, 5, 7, IL-7/3R, 1L.7/4/3R, and IL4R. Particularly
preferred B-Cell antigens include: CD19, CD20, CD22, FcRnS, FeRnZ, BCMA, CS8-1 and
CD138. In embodiments, the B-Cell antigen 1s CD19. In embodiments, the B-Cell antigen 1s
CD20. In embodiments, the B-Cell antigen 1s CDZ22. In embodiments, the B-Cell antigen 1s

BCMA. In embodiments, the B-Cell antigen 1s FcRuS. In embodiments, the B-Cell antigen 1s
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FcRn2. In embodiments, the B-Cell antigen 1s CS-1. In embodiments, the B-Cell antigen 1s
D138,

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, etther entirely or as a fragment {e.g., MHC/peptide), and which 1s usetul for the
preferential targeting of a pharmacological agent to the cancer cell. Tn 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 1s 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 1s a cell surface molecule that 18
mappropriately synthesized i the cancer cell, for mstance, a molecule that contains deletions,
additions or mutations 1n comparison to the molecule expressed on a normal cell. In some
embodiments, a tumor antigen will be expressed exclusively on the cell surface of a cancer cell,
entirely or as a fragment (e g., MHC/peptide), and not synthesized or expressed on the surface
of a normal cell. In some embodiments, the CARs of the present disclosure includes CARs
comprising an antigen binding domain {e.g., antibody or antibody fragment) that binds to a
MHC presented peptide. Normally, peptides derived from endogenous proteins fill the pockets
of Major histocompatibility complex (MHC) class I molecules, and are recognized by T cell
receptors { TCRs) on CD8 + T lymphocytes. The MHC class I complexes are constitutively
expressed by all nucleated cells. In cancer, virus-specific and/or tumor-specific peptide/MHC
complexes represent a unique class of cell surface targets for immunotherapy. TCR-like
antibodies targeting peptides derived from viral or tumor antigens in the context of human
leukocyte antigen (HLAAT or HLA-A?2 have been described (see, e g., Sastry etal, J Virol.
2011 85(5%:1935-1942; Sergeeva et al,, Blood, 2011 117(16):4262-4272; Verma etal | J
Drormounol 2010 184(4).2156-2165; Willemsen et al., Gene Ther 2001 8(21) :1601-1608 ; Daoc et
al., Sct Transt 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. Accordingly, the present disclosure provides CARs that
comprise an antigen binding domain that binds to a MHC presented peptide of a molecule

selected from the group of WT1, NY-ESG-1, LAGE-1a, MAGE-A1 and RAGE-1.
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The terms “solid tumor antigen” or “solid tumor cell antigen” refer to a molecule
{(typically a protein, carbohydrate or lipid) that 1s preferentially and specifically expressed on
the surface of a sohid tumor cell which can be targeted with an agent which binds thereto. The
solid tumor antigen of particular interest is preferentially expressed on a solid tumor cell
compared to other non-tumor tissues of a mammal. The solid tumor antigen may be expressed
on one particular solid tumor cell population, e g, on mesothelioma tumor cells, or on more
than one particular solid tumor cell population, e g., both mesothelioma tumor cells and ovarian
cancer cells. Exemplary solid tumor antigens include: EGFRVIH, mesothelin, GD2, Tn Ag,
PSMA, TAG72, CD44v6, CEA, EPCAM, KIT, IL-13Ra2, leguman , GD3, CD171, TL-11Ra,
PRCA, MAD-CT-1, MAD-CT-2, VEGFRZ, LewisY, D24, PDGFR-beta, SSEA-4, folate
receptor alpha, ERBBs {(e.g., ERBB2), Her2Z/neu, MUCH, EGFR, NCAM, Ephrin B2, CAIX,
LMP2, sLe, HMWMAA, o-acetyl-GD2, folate receptor beta, TEM1/CD248, TEM7R, FAP,
Legumain, HPV E6 or E7, ML-IAP, CLDNG6, TSHR, GPRCSD, ALK, Polysialic acid, Fos-
related antigen, neutrophil elastase, TRP-2, CYPIBI, sperm protein 17, beta human chorionic
gonadotropin, AFP, thyroglobulin, PLAC]I, globoH, RAGET, MN-CA IX, human telomerase
reverse transcriptase, intestinal carboxyl esterase, mut hsp 70-2, NA-17, NY-BR-1, UPKZ2,
HAVCR1, ADRB3, PANX3, GPR20, Ly6k, OR51E2, TARP, GFRu4, and a peptide of any of
these antigens presented on MHC. Particularly preferred sohid tumor antigens include:
CLDNG, mesothelin and EGFRvHL

The terms “myeloid tumor antigen” or “myeloid tumor cell antigen” refer to a molecule
{(typically a protein, carbohydrate or lipid) that 1s preferentially and specifically expressed on
the surface of a myeloid tumor cell which can be targeted with an agent which binds thereto.
The myeloid tumor antigen of particular interest 1s preferentially expressed on a myeloid tumor
cell compared to other non-tumor tissues of a mammal. The myeloid tumor antigen may be
expressed on one particular myeloid tumor cell population, e.g., on acute myeloid leukemia
{AML) tumor cells, or on more than one particular myeloid tumor cell population. Exemplary
myeloid tumor antigens include: CD123, CD33 and CLEL-1.

The term “antigen of a hematological tumor not of B-Cell lineage” refers to a molecule
{(typically a protein, carbohydrate or lipid) that is preferentially and specifically expressed on
the surface of a tumor or cancer of hematopoietic or lymphoid tissue origin, other than of B-
Cell origin. These include tumors of myeloid hineage origin, e g., tumors derived from

granulocyte, erythrocyte, thrombocyte, macrophage and/or mast cell origin, or any of thewr
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precursor cell populations, and tumors of lymphoid ongin other than B-Cell origin, e g., T cell,
NK cell and/or plasma cell origin, or any of their precursor cell populations.

The term “flexible polypeptide linker” or “linker” as used in the context of a scFv refers
to a peptide linker that consists of amino acids such as glycine and/or serine residues used alone
or i combination, to link variable heavy and vanable light chain regions together. In one
embodiment, the flexible polypeptide linker 15 a Gly/Ser linker and comprises the amino acid
sequence {Gly-Gly-Gly-Sern, where n 15 a positive integer equal to or greater than 1. For
example, n=1, n=2, n=3, n=4, n=5 and v=06, n=7, =8, n=9 and v=10 (SEQ ID NO:28}. In one
embodiment, the flexible polvpeptide linkers include, but are not linited to, (Glys Ser} (SEQ
T NO:29) or (Glys Ser)s (SEQ ID NG:30). In another embodiment, the linkers inchude multiple
repeats of {(Gly2Ser), (GlySer) or (GlyaSer) (SEQ ID N(O:31). Also included within the scope
of the mvention are linkers described m W(0O2012/138475, incorporated herein by reference).

As used herem, a §' 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 §' cap consists of a
terminal group which 1s linked to the first transcribed nucleotide. Its presence 1s critical for
recogmition by the nbosome and protection from RNases. Cap addition is coupled to
transcription, and occurs co-transcriptionally, such that each influences the other. Shortly after
the start of transcription, the 3' end of the mRNA being synthesized 1s bound by a cap-
synthesizing complex associated with RNA polymerase. This enzymatic complex catalyzes the
chemical reactions that are required for mRINA capping. Synthesis proceeds as a multi-step
biochemical reaction. The capping moiety can be modified to modulate functionality of mRNA
such as its stability or efficiency of translation.

As used herein, “in vitro transcribed RNA” refers to RNA, preferably mRNA, that has
been synthesized in vitro. Generally, the in vitro transcribed RNA 1s generated from an in vitro
transcription vector. The n vitro transcription vector comprises a template that is used to
generate the 1n vitro transcribed RNA.

As used herem, a “poly(A)” s a series of adenosines attached by polyadenylation to the
mRNA. In the preferred embodiment of a construct for transient expression, the poly A is
between S0 and S000 (SEQ ID NO: 34), preferably greater than 64, more preferably greater

than 100, most preferably greater than 300 or 400. Poly({A) sequences can be modified
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chemically or enzymatically to modulate mRNA functionality such as localization, stability or
efficiency of translation.

As used herein, “polyadenylation” refers to the covalent linkage of a polyadenylyl
moiety, or its modified variant, to a messenger RNA molecule. In eukaryotic organisms, most
messenger RNA (mRNA) molecules are polyadenylated at the 3' end. The 3' poly{A)tailis a
long sequence of adenine nucleotides {(often several hundred) added to the pre-mRNA through
the action of an enzyme, polyadenylate polymerase. In higher eukaryotes, the poly(A) tail is
added onto transcripts that contain a specific sequence, the polyadenylation signal. The poly(A)
tail and the protein bound to it aid in protecting mRNA from degradation by exonucleases.
Polvadenylation 1s also important for transcription termination, export of the mRNA from the
nucleus, and transiation. Polvadenylation occurs 1 the nucleus immediately after transcription
of DNA nto RNA, but additionally can also occur later i the cytoplasm. After transcription
has been termunated, the mRNA chain 15 cleaved through the action of an endonuclease
complex associated with RNA polymerase. The cleavage site 1s usually characterized by the
presence of the base sequence AAUAAA near the cleavage site. After the mRNA has been
cleaved, adenosine residues are added to the free 3' end at the cleavage site.

As used herein, “transient” refers to expression of a non-integrated transgene fora
period of hours, days or weeks, wherein the period of time of expression is less than the period
of time for expression of the gene if integrated into the genome or contained within a stable
plasmid replicon in the host cell.

As used herein, the terms “treat”, “treatment” and “treating” refer to the reduction or
amelioration of the progression, severity and/or duration of a proliferative disorder, or the
amelioration of one or more symptoms {preferably, one or more discernible symptoms) of a
proliferative disorder resulting from the administration of one or more therapies (e.g., one or
more therapeutic agents such as a CAR of the invention)}. In specific embodiments, the terms
“treat,” “treatment” and “treating” refer to the amelioration of at least one measurable physical
parameter of a proliferative disorder, such as growth of a tumor, not necessarily discernible by

PR INAY

the patient. To other embodiments the terms “treat”, “treatment” and “treating” ~refer to the
mhibition of the progression of a proliferative disorder, either physically by, e.g., stabilization
of a discernible symptom, physiologically by, e g., stabilization of a physical parameter, or

both. In other embodiments the terms “treat”, “treatmment” and “treating” refer to the reduction

or stabilization of tumor size or cancerous cell count.
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The term “signal transduction pathway” refers to the biochemical relationship between
a vartety 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” mcludes
molecules and complexes of molecules capable of recerving a signal and transnutting signal
across the membrane of a cell.

The term “subject” 1s mtended to include living organisms in which an immune
response can be elicited (e.g., mammals, human).

The term, a “substantially purified” cell refers to a cell that 1s 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 s naturally occurring state. In some
mstances, a population of substantially purified cells refers to a homogenous population of
cells. In other mstances, 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 1n vitro. In other aspects, the cells are not cultured m vitro.

The term “therapeutic” as used herein means a treatment. A therapeutic effect 13
obtained by reduction, suppression, remission, or eradication of a disease state.

The term “tolerance” or “immune tolerance” as used herein refers to a state in which a
subject has a reduced or absent immune response to a specific antigen or group of antigens to
which the subject is normally responsive to. Tolerance 1s achieved under conditions that
suppress the immune reaction and is not just the absence of an immune response. In an
embodiment, tolerance in a subject can be characterized by one or more of the following: a
decreased level of a specific immunological response (e.g., mediated by antigen-specific
effector T lymphocytes, B lymphocytes, or antibody); a delay in the onset or progression of a
specific immunological response; or a reduced risk of the onset or progression of a specific
immunological response, as compared to untreated subjects.

The term “prophylaxis™ as used herein means the prevention of or protective treatment
for a disease or disease state.

The term “transfected” or “transformed” or “transduced” refers to a process by which
exogenous nucleic acid 1s transferred or introduced into the host cell. A “transfected” or
“transformed” or “transduced” cell 15 one which has been transfected, transformed or
transduced with exogenous nucleic acid. The cell includes the primary subject cell and us

progeny.
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The term “specifically binds,” refers to an antihody, or a ligand, which recognizes and
binds with a cognate binding partner (e.g., a stimulatory and/or costimulatory molecule present
on a T cell) protein present in a sample, but which antibody or ligand, does not substantially
recognize or bind other molecules in the sample.

“Regulatable chimeric antigen receptor (RCAR),”as used herein, refers to a set of
polvpeptides, typically two in the simplest embodiments, which when in an immune effector
cell, provides the cell with specificity for a target cell, typically a cancer cell, and with
regulatable intracellular signal generation. In some embodiments, an RCAR comprises at least
an extracellular antigen binding domain, a transmembrane and a cytoplasmic signaling domain
{also referred to herein as “an mtraceliular signaling domain”) comprising a functional
signaling domain derived from a stimulatory molecule and/or costimulatory molecule as
defined herein in the context of a CAR molecule. In some embodiments, the set of
polypeptides tn the RCAR are not contiguous with each other, e.g., are in different polypeptide
chains. In some embodiments, the RCAR ncludes a dimenization switch that, upon the
presence of a dimerization molecule, can couple the polypeptides to one another, e.g., can
couple an antigen binding domain to an itracellular signaling domain. In some embodiments,
the RCAR s expressed in a cell (e.g., an immune effector cell) as described herein, e.g., an
RCAR-expressing cell (also referred to herein as “RCARX cell”}. In an embodiment the
RCARX cell is a T cell, and is referred 1o as a RCART cell. In an embodiment the RCARX cell
1s an NK cell, and 1s referred to as a RCARN cell. The RCAR can provide the RCAR-
expressing cell with specificity for a target cell, typically a cancer cell, and with regulatable
intracellular signal generation or proliferation, which can optimize an immune effector property
of the RCAR-expressing cell. In embodiments, an RCAR cell relies at least in part, onan
antigen binding domain to provide specificity to a target cell that comprises the antigen bound
by the antigen binding domain.

“Membrane anchor” or “membrane tethering domain”, as that term 1s used heremn, refers
to a polypeptide or motety, e.g., a myristoyl group, sufficient to anchor an extracellular or
mtraceliular domain to the plasma membrane.

“Switch domain,” as that term s used herein, e.g., when referring to an RCAR, refers to
an entity, typically a polypeptide-based entity, that, in the presence of a dimerization molecule,
associates with another switch domain. The association results in a functional coupling of a

first entity linked to, e.g., fused to, a first switch domain, and a second entity linked to, e.g.,
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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 domaiuns are different from one another, e g, they are polypeptides having different
primary amino acid sequences, and are referred to collectively as a heterodimerization switch
In embodiments, the switch is intracellular. In embodunents, the swiich is extracellular. In
embodiments, the switch domain 1s a polypeptide-based entity, e g, FKBP or FRB-based, and
the dimerization molecule is small molecule, e.g., a rapalogue. In embodiments, the swiich
domain 15 a polypeptide-based entity, e.g., an scFv that binds a myc peptide, and the
dimerization molecule 15 8 polypeptide, a fragment thereof, or a multimer of a polypeptide, e.g,,
a myc higand or multimers of a myc ligand that bind to one or more mye scFvs. In
embodiments, the switch domain 1s a polypeptide-based entity, e.g., myc receptor, and the
dimerization molecule 1s an antibody or fragments thereof, e g., myc antibody.

“Dimerization molecule,” as that term 1s 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., rapamvcin or a rapalogug, e g, RADOOL

The term “bicequivalent” refers to an amount of an agent other than the reference
compound {e.g., RADOO1}, required to produce an effect equivalent to the effect produced by
the reference dose or reference amount of the reference compound { e.g., RADOOL). Inan
embodiment the effect is the level of mTOR mhibition, e g , as measured by P70 86 kinase
inhibition, e g, as evaluated in an in vivo or in vitro assay, e.g., as measured by an assay
described herein, e g., the Boulay assay, or measurement of phosphorylated S6 levels by
western blot. In an embodiment, the effect is alteration of the ratio of PD-1 positive/PD-1
negative T cells, as measured by cell sorting. In an embodiment a bioequivalent amount or
dose of an mTOR inhibitor 15 the amount or dose that achueves the same level of P70 56 kinase
inhibition as does the reference dose or reference amount of a reference compound. Inan
embodiment, a biocequivalent amount or dose of an mTOR nhibitor is the amount or dose that
achieves the same level of alteration in the ratio of PD-~1 posttive/PD-1 negative T cells as does

the reference dose or reference amount of a reference compound.
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The term “low, immune enhancing, dose” when used in conjuction with an mTOR
inhibitor, e.g., an allosteric mTOR inhibitor, e g., RADOO! or rapamycin, or a catalytic mTOR
inhibitor, refers to a dose of mMTOR inhibitor that partially, but not fully, inhibits mTOR
activity, e g., as measured by the inhibition of P70 86 kinase activity. Methods for evaluating
mTOR activity, e g., by inhibition of P70 56 kinase, are discussed herein. The dose 15
msufficient to result in complete immune suppression but is sufficient to enhance the immune
response. In an embodiment, the low, imamune enhancing, dose of mTOR intubitor results ina
decrease in the number of PD-1 positive T cells and/or an increase in the number of PD3-1
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 mhubttor results 10 an increase in the
number of naive T cells. In an embodiment, the low, immune enhancing, dose of mTOR
mhibitor results in one or more of the following:

an increase in the expression of one or more of the following markers: CDE2LYEY,
bl 27high7 CD27", and BCL2, e.g., on memory T cells, e.g., memory T cell precursors;

a decrease 1o 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 CD62L"® increased CD 127"
increased CD277, decreased KLRG1, and increased BCL2;

wherein any of the changes described above occurs, e g., at least transiently, e.g., as
compared to a non-treated subject.

“Refractory” as used herein refers to a disease, e.g., cancer, that does not respond to a
treatment. In embodiments, a refractory cancer can be resistant to a treatment before or at the
beginning of the treatment. In other embodiments, the refractory cancer can become resistant
during a treatment. A refractory cancer 1s also called a resistant cancer.

“Relapsed” or “relapse” as used herein refers to the return or reappearance of a disease
{e.g., cancer) or the signs and syraptoms of a disease such as cancer after a period of
mmprovement or responsiveness, e.g., after prior treatment of a therapy, e.g., cancer therapy.
The mitial period of responsiveness may involve the level of cancer cells falling below a
certain threshold, e g., below 20%, 1%, 10%, 5%, 4%, 3%, 2%, or 1%. The reappearance may
mvolve the level of cancer cells rising above a certan threshold, e.g., above 20%, 1%, 10%,

5%, 4%, 3%, 2%, or 1%. For example, e.g., in the context of B-ALL, the reappearance may
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mvolve, e.g., a reappearance of blasts in the blood, bone marrow (> 5%), or any extramedullary
site, after a complete response. A complete response, in this context, may involve < 5% BM
blast. More generally, in an embodiment, a response {e.g., complete response or partial
response) can involve the absence of detectable MRD (minimal residual disease). Inan
embodiment, the mitial period of responsiveness lasts at least I, 2, 3, 4, S, or 6 days; at least 1,
2,3, or 4 weeks; atleast 1,2, 3, 4,6, 8,10, or 12 months; oratleast 1, 2, 3, 4, or § vears.
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 s merely for
convenience and brevity and should not be construed as an inflexible limitation on the scope of
the invention. Accordingly, the description of a range should be considered to have specifically
disclosed all the possible subranges as well as individual numerical values within that range.
For example, description of a range such as from 1 to 6 should be considered to have
specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from
210 6, from 3 to 6 ete., as well as individual numbers within that range, for example, 1, 2, 2.7,
3,4, 5,53, 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.

Bescription

Provided herein are compositions and methods of use for the treatment of a disease,
such as cancer, comprising the use of a cell, e g., an immune effector cell {e.g, an NK cellor T
cell) engineered to express a first CAR molecule that targets a B-Cell antigen (e.g., a BCA
CAR) and a second CAR molecule that targets a tumor antigen (e.g.,a TA CAR}. Inan
embodiment, the disease is a cancer, such as a solid tumor, myeloid tumor or hematological
tumor not of B-Cell lineage. In an embodiment, the tumor is a solid tumor. In an
embodiement, the tumor is a myeloid tumor. In an embodiment, the tumor ts a hematological
tumor not of B-Cell lineage.

In embodiments, the compositions and methods described herein result in a fumor-
targeting CAR-expressing immune effector cell with enchanced proliferation and/or with
mcreased or prolonged in vivo persistence, relative to the same cell which does not express the

BCA CAR.
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Without wishing to be bound by theory, treatment with a cell, e g., an immune effector
cell expressing a CAR targeting a B-Cell antigen (BCA CAR) on an immune effector cell
expressing a CAR targeting a tumor antigen {TA CAR) enhances the anti tumor efficacy of the
TA CAR-expressing immune effector cell in a subject, e.g., by one or more oft increasing the
proliferation of said CAR-~expressing immune effector cells and/or increasing the m vivo
persistence of said CAR expressing immmune effector cells, e.g., as compared to adnumstering
an wnmune effector cell expressing only the TA CAR (e g.. not expressing the BCA CAR).
Without being bound by theory, CAR cell therapies targeting, e.g., solid tumors, may suffer
from lack of persistence in vivo as cells expressing the tumor antigen targeted by the CAR
become maccessible, or drop in number due to the effect of the CAR expressing cell. In
contrast, CAR-T cell therapy targeting B-Cell antigens such as, for example, CDB19, extubit
rapid and sigrmificant expansion in vivo, followed by long-term persistence. Without being
bound by theory, these beneficial effects observed for CAR-T cell therapy targeting B-Cell
antigens may be mediated by the widespread (1.e., circulating) availability of B-Cells which
allows cells expressing a B-Cell antigen-targeting CAR to be exposed to, and be stimulated by,
this readily available cell population and may further be enhanced by the natural immune-
stimulatory effects of B-cell/T-cell interaction. Thus, without being bound by theory, inclusion
of a CAR targeting a B-cell antigen is beneficial in that it mediates rapid expansion and
persistence of the CART cell expressing said CAR, and that when the CAR cell further
expresses a tumor antigen, such cell benefits from those effects relative to a CAR T cell which
only expresses the tumor antigen-targeting CAReven when populations of cells expressing the
tumor antigen are low, inaccessible or non-existent, thereby allowing the CART cells be
primed for mediating improved cytotoxicity against the tumor antigen-expressing cell, e g,
cancer, and to persist through periods of remission and can then become effective in periods of
relapse, without having to readmunister cells. Thus, administering cells, e g., immune effector
cells, expressing both a BCA CAR and a TA CAR can enhance the efficacy of a TA CAR-
expressing cell for treating a disease, e g., cancer.

The cells of the present disclosure are genetically engineered to express a first CAR
molecule, wherein the first CAR molecule comprises an antigen binding domain specific for a
B-Cell antigen, and genetically engineered to express a second CAR molecule, wherein the
second CAR molecule comprises an antigen binding domain specific for a tumor antigen. In

embodiments, the B-cell antigen 1s not expressed on the cell which expresses the tumor antigen.
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The antigen binding domain binds to a B cell antigen described herein or a tumor antigen
described herein. A CAR molecule that binds to a B cell antigen 1s also referred to herein as
“BCA CAR”. A CAR molecule that binds to a tumor antigen other than a B-Cell antigen, e.g,
a sohid tumor antigen, a myeloid tumor antigen, or an antigen of a hematological tumor not of
B-Cell onigin, 15 also referred to heremm as “TA CAR”. The CAR may further comprise a
transmermbrane domain and an intracellular signaling domain comprising a costimulatory
domain and/or a primary signaling domain, e g., as described herein.  In an embodiment, the
mtraceliular signaling domain of the BCA CAR and/or TA CAR mncludes, but is not limited to,
one or more of a CD3-zeta chain, 4-1BB, CD27, ICOS, and CD2R signaling modules and
combinations thereof.

In one aspect, the mvention provides an immune effector cell {e.g., T cell, NK cell)
engineered to express a TA CAR and engineered to express a BCA CAR, wherewn the
engineered rmmune effector cell exhibits an antitumor property, e.g., reduces tumor volume,
stimulates tumor regression, decreases tumor burden, or increases overall survival; while at the
same time having increased persistence in vivo, or increased proliferation, relative to the same
cell which does not express the BCA CAR

Also described herein are methods of using said cells engineered to express a BCA
CARanda TA CAR.

Also described herein are methods of making or selecting a cell engineered to express a
BCA CAR and a TA CAR, methods for admunistering the cells for treating a disease associated
with a tumor antigen, and additional combination therapies for use with the cells of the

invention.

Chimeric Antisen Receptor (CAR)

The present disclosure encompasses immune effector cells (e.g., T cells or NK celis}
comprising one or more recombinant nucleic acid constructs comprising sequences encoding a
CAR molecule that binds to a tumor antigen {e.g., a TA CAR) and a CAR molecule that binds
to a B cell antigen {e.g., a BCA CAR), wherein the TA CAR comprises an antigen binding
domain {e.g., antibody or antibody fragment, TCR or TCR fragment) that binds specifically to a
tumor antigen described herein and the BCA CAR comprises an antigen binding domamn (e.g.,

antibody or antibody fragment, TCR or TCR fragment) that binds specifically to a B cell
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antigen described herein, e.g., wherein the sequence of the antigen binding domain is
contiguous with and in the same reading frame as a nucleic acid sequence encoding an
mtracellular 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 mtracellular domain of a costimulatory molecule.

In one aspect, the CARs of the invention comprise at least one intracellular signaling
domain selected from the group of a CD137 (4-1BB) signaling domain, a CD28 signaling
domain, a CD27 signaling domain, an ICOS signaling domain, a CD3zeta signal domain, and
any combination thereof. In one aspect, the CARs of the invention comprise at least one
mtracetiular signaling domain s from one or more costimulatory molecule(s) selected from
CD137 (4-1BB),CD28, CD27, or ICOS.

Sequences of non-limiting examples of various components that can be part of a CAR
molecule, e.g., a TA CAR ora BCA CAR described heren, are listed 1n Table 1, where “aa”

stands for amuno acids, and “na” stands for nucleic acids that encode the corresponding peptide.

Table 1. Sequences of various components of CAR (aa — amino acids, na — nucleic acids that

encodes the corresponding protein)

SEQ | Description | Sequence

b

NO

I EF-1 CGTGAGGCTCCOGTGUCCOGTCAGTGGGUAGAGCGCACATCG
promoter CCCACAGTCCCCGAGAAGTTGOGOGHGGAGGOGGTCGOGCAATT
{na} GAACCGGTGCCTAGAGAAGGTGGUGCGOGGGTAAACTGGGA

AAGTGATOGTCGTOTACTGGOTCOGCCTTTTITCCCGAGGGTGG
GOGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTC
TTTTTCGCAACGOGGTTTGCCGCCAGAACACAGGTAAGTGCC
GTGTGTOOGTTCCCGCGOGGCCTGOCCTCTTTACGGGTTATGGO
CCTTGCGTGCCTTGAATTACTTCCACCTGGUTGCAGTACGTG
ATTCTTGATCCCGAGCTTCOGGOTTGGAAGTGGOTGGGAGAG
TTCGAGGCCTTGCGUTTAAGGAGCCCCTTICGCCTCGTGOTTG
AGTTGAGGCCTGGUCTOOGLGCTGGOGECCGLCGCGTGLGAA
TCTGGTGGCACCTTICGCGUCCTGTCTCGCTGCTTTCGATAAGT
CICTAGCCATTTAAAATTTTTGATGACCTGCTGCGACGCTTT
TTTTCTGGCAAGATAGTCTTGTAAATGCGGGCCAAGATCTG
CACACTGGTATTTCGGTTTTTGGGGCCGCGHGGUGGCGACGE
GOCCCGTGUGTCCCAGUCGCACATOTTCGGCGAGLGCGOGGLC
TGCGAGLUGCGGLCACCGAGAATCGGACGGGGGTAGTCTICA
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AGCTGGCCGGCCTOGCTCTGGTGCCTGGCCTCGCGLUCGCCGT
GTATCGUCCCGCCCTGGOGUCGGCAAGGUTGHGCCCOGGTOGGCA
CCAGTTGCGTGAGUGGAAAGATGGCCGCTTCCCGGOCCTGC
TGCAGGGAGCTCAAAATGGAGGACGCGGUCGUCTCGGGAGAG
CGGOGCGGOGTGAGTCACCCACACAAAGGAAAAGGGUCTTTC
COTCCTCAGCCOGTCGCTTCATOGTGACTCCACGGAGTACCGG
GCGCOGTCCAGOGCACCTCGATTAGTTCTCGAGCTTTTGGAGT
ACGTCGTCTTTAGGTTGGGGOGGAGGOGGTTITATGCGATGGA
GTTTCCCCACACTGAGTGGOTOGAGACTGAAGTTAGGCCAG
CTTGOCACTTGATGTAATTCTCCTTGGAATTTGCCCTTTTTG
AGTTTGGATCTTGGTTCATICTCAAGCCTCAGACAGTGGTTC
AAAGTTTTITTITCTTCCATTTCAGGTGICGTGA

Leader {aa)

MALPVTALLLPLALLLHAARP

Leader (na)

ATGGCCCTGCCTGTGACAGUCCTGCTGCTGCCTCTGGUTCTG
CTGCTGCATGCCGLUTAGACCT

Leader (na-
v2)

ATGGCCCTCCCTOTCACCGUCCTOCTGCTTCCGCTGGUTCTT
CTGCTCCACGCCGUTCGGCCC

CD 8 hinge
{aa)

TTTPAPRPPTPAPTIASQPLSERPEACRPAAGGAVHTRGLDTFAC
D

CDE hinge
{(na)

ACCACGACGCCAGUGCCGUGACCACCAACACCGGCGCCCA
CCATCGUGTCGCAGCCCCTOGTCCCTGCGCCCAGAGGUGTGC
COGGUCAGCGOCGHGOGHGUGCAGTGCACACGAGGGOGGUTGE
ACTTCGCCTGTGAT

Ig4 hinge

{aa)

ESKYGPPCPPCPAPEFLGGPSVEFLFPPKPKDTLMISRTPEVTICVY
VDVSQEDPEVOFNWYVDGVEVHNAKTKPREEQFNSTYRVVS
VLTVLEHODWLINGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQ
VYTLPPSQEEMTENQVSLTCLVKGFYPSDIAVEWESNGOPENN
YKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVESCSVMHEAL
HNHYTOKSLSLSLGKM

Ig4 hinge
{na}

GAGAGCAAGTACGGCCCTCCCTGCCCCOCTTGLCOTGLOCC
CGAGTTCCTGGGUGGACCCAGCGTGTTCCTOGTTCCOCCCCA
AGCCCAAGGACACCCTGATGATCAGCCGLACCCCCGAGHTG
ACCTGTGTOGTGOGTGGACGTGTCCCAGGAGGACCCCGAGGT
CCAGTTCAACTGGTACGTGGACGGCGTGLAGGTGCACAALCG
CCAAGACCAAGCCCCGOGAGGAGCAGTTCAATAGCACCTA
CCGGGTGOTOTCCGTGCTGACCGTGUTGLCACCAGGACTGGC
TGAACGGCAAGGAATACAAGTGTAAGOTGTCCAACAAGGG
CCTGCCCAGCAGCATCGAGAAAACCATCAGCAAGGCCAAG
GOCCAGCCTCGGUAGCCCCAGOTGTACACCOTGCCCCCTAG
CCAAGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGCC
TGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGTGG
GAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCC
CCCCTGTGCTGGACAGCGACGGCAGCTTCTTCCTGTACAGC
CGGCTGACCGTGGACAAGAGCCGOTGGCAGGAGGGCAACG
TCTTTAGCTGCTCCGTGATGCACGAGGCCCTGCACAACCAC
TACACCCAGAAGAGCCTGAGCCTGTCCCTGGGCAAGATG

1eD) hinge

RWPESPKAQASSVPTAQPOQAEGSLAKATTAPATTRNTGRGGE
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{(aa} EKKKEKEKEEQEERETKTPECPSHTQPLGVYLLTPAVQDLWLR
DRKATFTCFVVGSDLKDAHLTWEVAGKVPTGGVEEGLLERHSN
GSQSCHSRLTLPRSLWNAGTSVTCTLNHPSLPPORLMALREPA
AQAPVKLSLNLLASSDPPEAASWLLCEVSGFSPPNILLMWLED
QREVNTSGFAPARPPPOPGSTTFWAWSVLRVPAPPSPOQPATYT
CYVSHEDSRTLENASRSLEVSYYVTDH

9 IgD hinge | AGGTGGCCCGAAAGTCCCAAGGCCCAGGCATCTAGTIGTTCC

{(na) TACTGCACAGCCCCAGGCAGAAGGCAGCCTAGCCAAAGCT
ACTACTGCACCTGCCACTACGCGCAATACTGGCCGTGGCGG
GGAGGAGAAGAAAAAGGAGAAAGAGAAAGAAGAACAGGA
AGAGAGGGAGACCAAGACCCCTGAATGTCCATCCCATACCC
AGCCGCTGGGCOTCTATCTCTTGACTCCCGCAGTACAGGAC
TTGTGGCTTAGAGATAAGGCCACCTTITACATGTTICGTICGTG
GGCTCTGACCTGAAGGATGCCCATTTGACTTGGGAGOGTTGC
CGGAAAGGTACCCACAGGGOGGGOGTTGAGGAAGGGTTGCTG
GAGCGCCATTCCAATGGCTCTCAGAGCCAGCACTCAAGACT
CACCCTTCCGAGATCCCTGTGGAACGCCGGGACCTCTGTCA
CATGTACTCTAAATCATCCTAGCCTGCCCCCACAGCGTCTGA
TGGCCCTTAGAGAGCCAGCCGCCCAGGCACCAGTTAAGOTT
AGCCTGAATCTGCTCGCCAGTAGTGATCCCCCAGAGGCCGT
CAGCTGGCTCTTATGCGAAGTGTCCGOGCTTITAGCCCGCCCA
ACATCTTGCTCATGTGGCTGGAGGACCAGUGAGAAGTGAALC
ACCAGCGGUTTCGUTCCAGCCCGGCCCCCACCCCAGLCOGGG
TICTACCACATTCTGOGLCTGGAGTOTCTTAAGGGTCCCAGT
ACCACCTAGCCCCCAGCCAGCCACATACACCTGTGTTGIGT
CCCATGAAGATAGCAGGACCCTGCTAAATGCTTCTAGGAGT
CTGGAGGTTTCCTACGTGACTGACCATT

10 GS GGGGSGGGGS
hinge/hinke
r{aa)

i1 S GOTGGCGGAGGTTCTGGAGGTGGAGGTTCC
hinge/linke

f {na)

12 CDBTM IYIWAPLAGTCGVLLLASLVITLYC

{aa)

13 CD8T™M ATCTACATCTGGGCGCCCTIGGCCGGGACTTGTGGGGTCCTT

{(na) CTCCTGTCACTGGTTATCACCCTITACTGC

13-2 1 CD8T™M ATCTACATTTGGGUCCCCTCTGGCTGGTACTTGOGGGOGTCCTG

(na-v2) CTGCTTTCACTCGTGATCACTCTTTACTGT

14 4-18B8B KRGRKKLLYIFKQPFMRPYQTTOQEEDGCSCRFPEEEEGGCEL
intracellula

r domain

{aa)

15 4-1BB AAACGGGGLCAGAAAGAAACTCCTGTATATATICAAACAACC
mtraceltula | ATTTATGAGACCAGTACAAACTACTCAAGAGGAAGATGGLT

r domain GTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGA

{na} ACTG
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15-2 +4-1BB

AAGCGCGGTCGGAAGAAGCTGCTGTACATCTTTAAGCAACT

intracelhula | CTTCATGAGGCCTGTGCAGACTACTCAAGAGGAGGACGGCT
r domain GTTCATGCCGOGTTCCCAGAGGAGGAGGAAGGCGGLTGCGA
(na~v2) ACTG

16 D27 QRREYRSNKGESPVEPAEPCRYSCPREEEGSTIPIQEDYRKPEP
intracellula | ACSP
r domain
{aa)

17 CD27 AGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACATGA
intracellula | ACATGACTCCCCGUCGCCCCGGGUCCACCCGLAAGCATTAC
r domain CAGCCCTATGCCCCACCACGCGACTTCGCAGCCTATCGCTC
{na} C

18 CD¥3-zeta RVKFSESADAPAYKOQGONQLYNELNLGRREEYDVLDERRGR
{aa) DPEMGGEPRRENPGEGLYNELOKDKMAEAYSEIGMEGERRR

SKGHDGLYQGLSTATKDTYDALHMQALPPR

19 CD3-zeta
(na)

AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGUGTACA
AGCAGGGCCAGAACCAGCTCTATAACGAGCTCAATCTAGGA
CGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGTOGCC
GGGACCCTGAGATGGGOGGAAAGCCGAGAAGGAAGAALCCC
TCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATG
GCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGLGCC
GGAGGGGCAAGGGGCACGATGGUCTTTACCAGGGTUTCAGT
ACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGC
CCTGCCCCCTCGL

19-2 | CD3-zeta
{(na-v2)

COGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGUCTACAA
GCAGGGGCAGAACCAGUTCTACAACGAACTCAATCTTGOTC
GGAGAGAGGAGTACGACGTGUTGGACAAGCGGAGAGGACG
GGACCCAGAAATOGGOUGGGAAGCCGUGCAGAAAGAATCCC
CAAGAGGGUCTGTACAACGAGUTCCAAAAGGATAAGATGE
CAGAAGCCTATAGCGAGATTGGTATGAAAGGGGAACGCAG
AAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGC
ACCGUCCACCAAGGACACCTATGACGUTCTTCACATGCAGGC
CCTGCCGCCTCGE

20 CD3-zeta
(aa)

RVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELOQKDEMAEAYSEIGMKGERRR
GRGHDGLYQGLSTATKDTYDALHMOALPPR

21 CD3-zeta
{ra}

AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCUGCGTACC
AGCAGGGCCAG
AACCAGCTCTATAACGAGUCTCAATCTAGGACGAAGAGAGG
AGTACGATGTTT
TGGACAAGAGACGTGGCCGGGACCCTGAGATOGGGGGGAAA
GCCGAGAAGGA
AGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGA
TAAGATGGCGG
AGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAG
GGGCAAGGGGC
ACGATGOCCTTTACCAGGGTCTCAGTACAGCCACCAAGGAC
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ACCTACGACGU
CCTTCACATGCAGGCCCTGCCCCCTOGC

22 linker GGGGS
23 linker SOTGGCGGAGGTTCTGGAGGTGGAGGTTCC
24 PD-1 Powildspdrpwnpptfspallvvtegdnatttcsfsntsesfvinwyrmspsngtdklaatpe
extracellula | drsqpgaderfrviglpngrdfhmsvyrarmdsgtylegasiapkaqikeslraelrvierraev
1 domain ptahpspsprpagqfgtly
{aa)
25 PD-1 Cecggategtttctggacictocggatcgeccgtggaatececcaaccticicaccggeacicttgg
extracellula | ttgtgactgaggecgataatgcgaccttcacgtgcicgtictccaacacciccgaatcatticgtgcty
r domain aactggtaccgeatgageccgicaaaccagaccgacaageicgeegegtticcggaagatcggtc
{(na) gcaaccgggacagoatigicggticcgegtgacicaactgocgaatggcagagacticcacatga
gcgtgotecgegetaggcegaaacgactcegggacctaccetigtocggagecateicgeigocgect
aaggcccaaatcaaagagagcetigagaogccgaacigagagigaccgagegcagagetigaggoty
ccaactgeacaiccatcoccategecteggoectgeggggeagtiicagaccotggic
26 PD-1 CAR | Malpvtalilplalithaarppgwildspdrpwnpptfspallvvtegdnatficsfantsesfvin
{aa) with wyrmspsnqtdklaafpedrsqpggderfrvigipngrdfhmsverarmdsgtyicgaisiap
signal kagikesiraelrvterraevptahpspsprpaggfativittpaprpptpaptiasqplslrpeacrp
aaggavhtrgldfacdiviwaplagtegvlilslvittyckrarkkllvifkgpfmrpvgtigeedg
cscrfpeeceggeelrvkisrsadapavkqganglynelnlgrreeydvidkrrgrdpemggkyp
rknpgeglynelgkdkmaeayseigmkgerrrgkghdglygglstatkdtydalhmaalppr
27 PD-1 CAR | Atggccotecctgicacigecctgcticteccectogeacicetgetecacgecgetagaccacocy
{na} gatgettictggactctecggategecegtggaatecceccaaceticicaceggeactettgatioty
actgagggegataatgegaccticacgigetegtictecaacacctecgaateaticgtgcigaactg
gtaccgeatgageocgicaaaccagaccgacaagoetegeegegtitceggaagateggiogeaac
cgggacaggatigteggttcegeatgactcaactgecgaatggcagagacttecacatgagegty
gteogegetaggegaaacgacicogggacctaccigigeggagecatetiegetggegectaagg
cocaaatcaaagagagetigaggoccgaacigagagigaccgagogeagageigaggtoccaa
ctgeacatecateccecategoecteggectgoggggcagtitcagaceotggicacgaccacteocgg
cgecgegoccacegactceggecccaactategegagecageoectgicgetgaggeoggaay
catgeogoecetigocgeoggaggigctgigcatacecggggattggacttogeatgegacatctaca
titgopctecictegeoggaactigiggogtactoctictgicoctggtoatcacectgtactgeaage
gogotcggaagaageticigtacattitcaageageocticatgaggocegigcaaaccacecagy
aggagoaceotioctectogccggticeccgaagaggaagaaggagotiocgaosciocgogtons
gitcteceggagegocgacgecccegectataageaggoecagaaceageigtacaacgaacty
aacctgggacggegggaagagtacgatgtogcigoacaagoggcgcggecgggaceccgaaat
geucgooaaoceiagaagaaagaaccctcaggaaggectglataacgagetgcagaagoacaa
gatgoccgaggectactecgaaatiggoaloaageoagagsceeCegasgoraaasooocacy
acggecigtaccaaggactgiccacegecaccaaggacacatacgatgecctgeacatgeagge
ceticeccetege
28 linker (Gly-Gly-Gly-Ser), where n = 1-10
28 linker (Glyy Ser)y
30 linker (Gly,y Ser)3
31 linker {GlyaSer)
32 poly A falro00
{2000 A’s)
33 polyA (150 | {aliso
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A’s)
34 pOl‘yA ia]sgm
{5000 A’s)
35 p()iy/-‘\ (E 00 {ﬂ}oo
T75)
36 pOl‘y’A (‘500 {ﬂgoo
T’s)
37 ipolyA(64 |{ales
Aﬁﬁ)
38 poly A (400 | [alaeo
A’s)
39 PDI CAR | Pewfidspdrpwnpptfspallvvtegdnatficsfsntsestvinwyrmspsngtdklaafpe
{aa) drsgpggderfrviglpngrdthmsvyrarrndsetylcgaistapkagikestraelrvterraev
ptahpspsprpaggfgtivittpaprpptpaptiasqplsirpeacrpaaggavhirgidfacdiyi
waplagtcgvilistvitlyckrerkklivifkgpfmrpvgttgeedgescripeseeggcelrvkf
srsadapaykqgqnglynelnlgrreeydvidkrrerdpemggkprrkn pqeg,iynelqkdk
maeayseigmkeerrrgkehdelyqelstatihdtydalhmaalppr
40 1CO8 THEEY S S SVHDPNGEYMPMRAVETAERES
intracellula | © L
r domain
{aa)
41 ICOS TAACGGTGAATACATGT TCAT
intracellula CAGATGTEACCCTA
r domain
(na)
42 1ICOS T™ R
domain
{aa)
43 ICOS TM | ACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCCACCATCGCGTCGCAGCT
domain COCTGTCCCTGCGCCCAGAGGCETGCCGELCAGCGGCEGEGGECECACTCCACACGA
GGGGGCTGGACTTCGCCTETGATTTCT GGTTACCCATAGGATGTGCAGCCTTTGTT
(na) GTAGTCTGCATTTTGGGATGCATACTTATTTGTTGGCTT
44 D28 RSKRSRLLHS DYMNMTPRRPGPTREHYQPYAPPRDFAAYRS
mtracellula
r domain
(aa)
45 D23 AGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACATGAACATGACTCCCCGCCS
intracelluls | CCCCEGECCCACCOGCARGCATTACCAGCCCTATGLCCCACCACGCGACTTCGCAG

r domain

{na

CCTATCGCTCC

In specific aspects, a CAR construct of the invention {a CAR that binds to a B cell

antigen or a CAR that binds to a tumor antigen) comprises a scFv domain, wherein the scFv

may be preceded by an optional leader sequence such as provided in SEQ ID NO: 2, and

followed by an optional hinge sequence such as provided in SEQ ID NO:4 or SEQ ID NG:6 or
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SEQ 1D NO:8 or SEQ ID NO:10, a transmembrane region such as provided in SEQ 1D NO:12,
an intracellular signalling domain that includes SEQ 1D NO: 14, SEQ ID NO:16, SEQ ID NO:
42, or SEQ 1D NO:44 and a CD3 zeta sequence that includes SEQ D NO:18 or SEQ ID
NO:20, e.g., wherein the domains are contiguous with and in the same reading frame to forma
single fusion protein.

In one aspect, an exemplary CAR constructs comprise an optional leader sequence (e.g.,
a leader sequence described herein), an extracellular antigen binding domain (e g., an antigen
binding domain described herein), a hinge {(e.g., a hinge region described herein), a
transmembrane domain {e.g., a transmembrane domain described herein), and ao intracellular
stumulatory domain {e.g., an wntracellular stimulatory domain decribed herein}.  In one aspect,
an exemplary CAR construct comprises an optional leader sequence {e.g., a leader sequence
described herein), an extracellular antigen binding domain (e.g., an antigen binding domain
described herein}, a hinge {e.g., a hinge region described herein), a transmembrane domain
{e.g., a transmembrane domain described heren), an ntracellular costimulatory signaling
domamn {e.g., a costimulatory signaling domain described herein} and/or an mtracellular
primary signaling domain {e.g., a primary signaling domain described hergin}.

An exemplary leader sequence is provided as SEQ ID NG: 2. An exemplary
hinge/spacer sequence 1s provided as SEQ ID NG: 4 or SEQ ID NG:6 or SEQ ID NO:8 or SEQ
IB NG 10 An exemplary transmembrane domain sequence 1s provided as SEQ ID NG:12. An
exemplary sequence of the intracellular signaling domain of the 4-1BB protein 1s provided as
SEQ ID NO: 14, An exemplary sequence of the intracellular signaling domain of CD27 15
provided as SEQ ID NO:16. An exemplary sequence of the intracellular signaling domain of
CD28 is provided as SEQ 1D NO:42. An exemplary sequence of the intracellular signaling
domain of CD28 15 provided as SEQ 1D NO:44. An exemplary CD3zeta domain sequence is
provided as SEQ ID NO: 18 or SEQ 1D NG:20.

The nucleiwc acid sequences coding for the desired molecules can be obtained using
recombinant methods known in the art, such as, for example by screeming hibraries from cells
expressing the nucleic acid molecule, by deriving the nucleic acid molecule from a vector
known to include the same, or by isolating directly from cells and tissues containing the same,
using standard techniques. Alternatively, the nucleic acid of interest can be produced

synthetically, rather than cloned.

54



10

15

30

WO 2017/149515 PCT/IB2017/051267

The present disclosure includes retroviral and lentiviral vector constructs expressing a
CAR that can be directly transduced into a cell. Methods for viral transduction are described
herein, and are well known in the art.

The present disclosure also includes an RNA construct that can be directly transfected
mto a cell. A method for generating mRNA for use in transfection involves iz vifro
transcription {IVT) of a template with specially designed primers, followed by polvA addition,
to produce a construct containing 37 and 57 untranslated sequence ("UTR ) {(e.g, a 3" and/or §’
UTR described herein), a 3" cap (e.g., a 57 cap described herein) and/or Internal Ribosome
Entry Site (IRES) (e.g., an IRES described herem), the nucleic acid 1o be expressed, and a
polvA tail, typically S0-2000 bases in length (SEQ ID NG:32). 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 transfected into a cell, e g,

a T cell or a NK cell, by electroporation.

Antigen binding domain

In one aspect, the CAR-expressing cells of the invention comprise a target-specific
binding element otherwise referred to as an antigen binding domain. The choice of mosety
depends upon the type and number of ligands that define the surface of a target cell. For
example, the antigen binding domain may be chosen or engineered to recognize a ligand that
acts as a cell surface marker on target cells associated with a particular disease state, e.g., a
tumor antigen assoctated with a particular cancer {e.g., an antigen binding domain that binds to
a tumor antigen). In other embodiments, the antigen binding domain is chosen or engineered to
recognize normal B cells, or a subpopulation of B cells, for depleting normal B cells or a target
B cell population (e.g., an antigen binding domain that binds to a B cell antigen).

The antigen binding domain can be any domain that binds to the antigen including but
not limited to a monoclonal antibody, a polyclonal antibody, a recombinant antibody, a
bispectfic antibody, a conjugated antibody, a human antibody, a humanized antibody, and a
tunctional 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 navobody, and to an alternative scattold known 1o the art to
function as antigen binding domain, such as a recombinant fibronectin domain, a T cell

receptor (TCR), a recombinant TCR with enhanced affimity, or a fragment there of, e.g., single
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chain TCR, and the like. In some mstances, 1t is beneficial for the antigen binding domain to be
derived from the same species in which the CAR will ultimately be used in. For example, for
use in humans, it may be beneficial for the antigen binding domain of the CAR to comprise
human or humanized residues for the antigen binding domain of an antibody or antibody
fragment.

Tumor antigens

The present disclosure provides immune effector cells {e.g, T cells, NK cells) that are
engineered to contain one or more CARs that direct the immune effector cells to cancer cell.
Thus 15 achieved through an antigen binding domain on the CAR that 15 specific for a tumor
antigen. There are two classes of tumor antigens (fumor antigens) that can be targeted by the
CARs of the mstant invention: (1} a tumor antigen that is expressed on the surface of cancer
cells; and {2} a tumor antigen that stself 1s intracellar, however, a fragment of such antigen
{peptide} 1s presented on the surface of the cancer cells by MHC (major histocompatibility
complex).

In one embodiment, the tumor antigen 1s expressed on both normal cells and cancer
cells, but is expressed at lower levels on normal cells. In one embodiment, the method further
comprises selecting a TA CAR that binds a tumor antigen with an affinity that allows the cell
engineered to express the TA CAR to bind and kill the cancer cells expressing a tumor antigen
but less than 30%, 25%, 20%, 15%, 10%, 5% or less of the normal cells expressing a tumor
antigen are killed, e g, as determined by an assay described herein. For example, a killing
assay such as flow cytometry based on Cr51 CTL can be used. In one embodiment, the
selected TA CAR has an antigen binding domain that has a binding affinity Kp of 10° M to 107
*M, eg, 107 Mo 107 M, eg., 10° Mor 107 M, for the target antigen. In one embodiment,
the selected antigen binding domain has a binding affinity that is at least five-fold, 10-fold, 20-
fold, 30-fold, 50-fold, 100-fold or 1,000-fold less than a reference antibody, e.g., an antibody
described herein.

Accordingly, the cells of the invention are engineered to express, e.g., express, a TA
CAR compusing an anfigen binding domain that can target, e.g., bind to, any one of the
exemplary tumor antigens (tumor antigens), CD123, CD30, CD171, C8-1, CLL-1 (CLECL1),
CD33, EGFRVILL, GD2, GD3, Tn Ag, sTn Ag, Tn-O-Glveopeptides, Stn-O-Glycopeptides,
PSMA, FLT3, FAP, TAG72, CD44v6, CEA, EPCAM, B7H3, KIT, TL-13Ra2, Mesothelin, TL-
F1Ra, PSCA, VEGFR2, LewisY, PDGFR-beta, PRSS21, SSEA-4, Folate receptor alpha,
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ERBBZ (Her2/neu), MUC1, EGFR, NCAM, Prostase, PAP, ELF2M, Ephrin B2, IGF-I
receptor, CATX, LMP2Z, gpl00, ber-abl, tyrosinase, EphA2, Fucosyl GM1, sbLe, GM3, TGSS,
HMWMAA, o-acetyl-GD2, Folate receptor beta, TEM1/CD248, TEM7R, CLDNG6, TSHR,
GPRCSD, CXORF61, CD97, CD179a, ALK, Plysialic acid, PLAC1, GloboH, NY-BR-1,
UPK2, HAVCRI, ADRRB3, PANX3, GPR20, LY6K, ORS1E2 TARP, WT1, NY-ESO-1,
LAGE-1a, legumam, HPV E6 E7, MAGE-A1, MAGE Al, ETV6-AML, sperm protem 17,
XAGEL, Tie 2, MAD-CT-1, MAD-CT-2, Fos-related antigen 1, p53, p33 mutant, prostein,
survivin and telomerase, PCTA-1/Galectin 8, MelanA/MARTI, Ras mutant, hTERT, sarcoma
transiocation breakpomts, ML-TAP, ERG (TMPRSS2 ETS fusion gene), NA17, PAX3,
Androgen receptor, Cychin B, MYCN, RhoC, TRP-2Z, CYPIBI, BORIS, SART3, PAXS, OY-
TESI, LCK, AKAP-4, 88X2, RAGE-1, human telomerase reverse transcriptase, RU1, RU2,
mitestinal carboxy! esterase, mut hsp70-2, LAIRT, FCAR, LILRA2, CD300LF, CLECI2A,
BST2, EMR2, LY7S, GPC3, FCRLS, IGLL1, and peptides of these antigens presented on
MHC.

In embodiments, the antigen binding domamn of a TA CAR, e g, a TA CAR expressed
by a cell of the imvention, targets a tumor antigen that is associated with a solid tumor, e.g.,
expressed by a solid tumor cell, referred to herein as a solid tumor associated antigen, e.g., an
antigen assoctated with mesothelioma {e.g., malignant pleural mesothelioma), lung cancer {e.g.,
non-small cell lung cancer, small cell lung cancer, squamous cell lung cancer, or large cell lung
cancer), pancreatic cancer {e g., pancreatic ductal adenocarcinoma), esophageal
adenocarcinoma, ovarian cancer, breast cancer, colorectal cancer and bladder cancer or any
combination thereof. In one embodiment, the disease is pancreatic cancer, e.g., metastatic
pancreatic ductal adenocarcinoma (PDA), e.g., m a subject who has progressed on at least one
prior standard therapy. In one embodiment, the disease 1s mesothelioma {e.g., malignant
pleural mesothelioma), e.g., in a subject who has progressed on at least one prior standard
therapy. In one embodiment, the disease is ovarian cancer, e.g., serous epithehal ovarian
cancer, €.g., in a subject who has progressed after at least one prior regimen of standard
therapy.

Examples of sohid tumor associated antigens (1.e., solid tumor antigens) include, without
houtation: EGFRVII, mesothelin, GD2, To antigen, sTn antigen, To-O-Glycopeptides, sTn-0-
Glycopeptides, PSMA, CD97, TAG72, CD44vé, CEA, EPCAM, KIT, IL-13Ra2, leguman,
GD3, CD171, IL-11Ra, PSCA, MAD-CT-1, MAD-CT-2, VEGFR2, LewisY, CD24, PDGFR-
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beta, SSEA-4, folate receptor alpha, ERBBs (e g., ERBB2), Her2/neu, MUCIL, EGFR, NCAM,
Ephrin B2, CAIX, LMP2, sLe, HMWMAA, o-acetyl-GD2, folate receptor beta, TEM1/CID248,
TEM7R, FAP, Legumain, HPV B6 or E7, ML-1AP, CLDN6, TSHR, GPRCSD, ALK,
Polysialic acid, Fos-related antigen, neutrophil elastase, TRP-2, CYP1B1, sperm protein 17,
beta human chorionic gonadotropin, AFP, thyroglobulin, PLACI, globoH, RAGET, MN-CA
IX, human telomerase reverse transcriptase, intestinal carboxyl esterase, mut hsp 70-2, NA-17
NY-BR-1, UPK2, HAVCRI, ADRB3, PANX3, NY-ESO-1, GPR20, Ly6k, ORS1E2, TARP,
GFRad, and a peptide of any of these antigens presented on MHC.

In an embodiment, the antigen binding domain of'a TA CAR, e.g, a TA CAR expressed
by a cell of the invention, binds to human mesothelin. In an embodiment, the antigen binding
domam 1s a murine scFv domain that binds to human mesothelin, e.g., 881 or SEQ ID NO: 46.
In an embodiment, the antigen binding domam 1s a humanized antibody or antibody fragment,
e.g., scFv domain, derived from the murine 881 scFv. In an embodiment, the antigen binding
domain 15 a human antibody or antibody fragment that binds to human mesothelin. Exemplary
homan seFv domains {and their sequences) and the murine SS1 scFv that bind to mesothelin
are provided in Table 2. CDR sequences are underhined. The scFv domain sequences provided
in Table 2 include a light chain variable region (VL) and a heavy chain variable region (VH}.
The VL and VH are attached by a linker comprising the sequence GGGGSGGGESGGGGS
{(SEQ ID NO: 30} (e.g., as shown in S51 scFv domains) or GGGGSGGGGSGGGGSGGGEGES
(SEQ ID NO: 29) (e.g., as shown in M1, M2, M3, M4, M5, M6, M7, M8, M9, M10, M11,
M1Z, M13, M14, M15, M16, M17, M8, M19 M20, M21, M22, M23, or M24 scFv domains).

The scFv domains listed in Table 2 are in the following orientation: VE-linker-VH.

Table 2. Antigen binding domains that bind to mesothelin

Tumor SEQ
antigen Mame Aming acid sequence 1;;3
mesothelin | MS QVOLVQSGAEVEKPGASVRVSCRASGYTETDY YMHWVRQAPGOGLEWMGH | 51
(human) | ZNENSGGINYAQKFQGR! TSISTAYMELSRLRSDDTAVYYCASGH
DEDYWGQGTLVTVSS L GGGSGEGESDIVMTOSPSSLSASY
GDRVTITCRASQSIR PGKAPKLLIYTASILONGVFSRFSGS
GSGTDFTL SSLQPEDFA’TYYCLQ’P YTTPDFGPGTKVETK
mesothelin | M1 OVOLOQSGAEVKKPGASY YTETG {VMHW\/}<L~/APGQGLF"'@MC"J_ 57
s rrras INFENS GGT\I\’A{)NF{)GR LRRLRSDDIAVYYCASGH
{human} LAk TRMTOS S
: KLLI \’T]ASILQNCVPw?F G
GSGTDETLTISSLO BDFATYYC] PDFGPGTKVEIK
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SGSGTDFTLTISSLOPEDFATYFCOOTOQTFPLTFGQOGT

lnesothehn Mi2 QVOLVOSGAEVEKPGASVEVSCRASGYTFTGYYMHWVROAPGQGLEWMGR 58
ﬁuﬂﬂaﬁ) INPNSGGTNYAQKFQGRVTIMTTDTSTSTAYMELRSLRSDD IJV\\(&RIE
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The sequences of the CDR sequences of the scFv domains of the mesothelin antigen

binding domains provided in Table 2

domains and in Table 4 for the light cham variable domains.

are shown in Table 3 for the heavy chain variable

Table 3. Amino acid sequences for the heavy chain (HC) CDR1, CDR2Z, and CDR3 regions of

human anti-mesothelin scFvs

Descrip. HC-CDR1 D HC-CDR2

SEG
iB
NO:

HC-CDR3

SEG
j13)
NO:

MS GYTEFTDYYME 115 WINPNSGGTNYAQKEQG

134

GWDFDY

159

jat

M1l GYTEFTGYYMH 21 WINPNSGGTNYAQNEQ

-
AN
=

GWDFDY

i
[
o

Ssl GYSEFTGYTMN 132 LITPYNGASSYNQKERG i54 GGYDGRGFDY 179
%A GYTEFTGYYMH 113 RINPNSGGTNYAQCKEQG 133 | GRYYGMDV 155
1\% GYTFTGYYMH 11z WINPNSGGTNYAQKEQG 134 DLRRTVVTEPRAYYG i56

MDDV

M3 GYTETGYYMH Li3 INPNSGGTNYAQKEQG 134 GEWDGSYYYDY 157
M4 SEFTESSYWMH 114 RINTDGSTTTYADSVEG 135 | GHWAV 158

M6 GYTETSYYMH 116 | TINPSGGSTSYAQKFQ 136 | YRLIAVAGDYYYYG | 160
MDYV
M7 GFTFSSYAMH 117 | VISYDGSNKYYADSVKG 137 | WKVSSSSPAFDY 161
Mg SYPETGYSLH 118 | WINPNSGGTNYAQKFQG 138 | DHYGGNSLFY 167
MO GYTETSYYMH 119 | TINPSGGSTGYAQKFQG 139 | GGYSSSSDAFDI 163
M10 GYTFTSYGIS 120 | WISAYNGNTNYAQKLO 140 I VAGGIYYYYGMDY Eh
M12 GYTFTGYYMH 121 | RINPNSGGTNYAQKFQG 142 1 TTTSYAFDI 166
M2 GFIFSDYYMG 122 | YIGRSGSSMYYADSVK 143 | SPVVAATEDFQH 167
M4 GFTFRGYYTH 123 | IINP3GGSRAYAQKFOG 144 | TASCGGDCYYLDY | 168
M15S GFTFDDYAMH 124 | GISWNSGSIGYADSVK 145 | DGSSSWSWGYFDY | 169
M6 GFTFDDYAMH 124 | GISWNSGSTGYADSY 146 | DSSSWYGGGSAFDI | 170
M17 GFTFDDYAMH 124 | GISWNSGSTGYADSVEG 146 | DSSSWYGGGSAFDI | 171
Mg GFTFSSYWMH 125 | RINSDGSSTSYADSVKG 147 | TGWVGSYYYYMDV | 172
M19 GFTFSSYGMH 126 | VISYDGSNKYYADSVKG 148 | GYSRYYYYGMDV 173

61




WO 2017/149515

PCT/IB2017/051267

M20 GFTF55YAMS 127 | AI5GEGGSTYYADSVEG 149 | REARAGHDWYFDL | 174

M21 GYTEFTSYYMH 128 | TINPSGGSTSYAQKFOG 150 | SPRVITGYFDY 175

MY GDTSTRHYIH | 129 | VINPTTGPATGSPAYAQMLO | 151 | SVVGRSAPYYFDY | 176
G

MZ3 GYTFTNYYME 130 | IINPSGGYTTYAQKFQG 152 | IRSCGGDCYYEDN | 177

N4 GFSLSTAGVIVG | 131 | LISWADDKRYRESLRS 152 OGFDGYEAN 178

Table 4. Amino acid sequences for the hight chain (LC) CDR1, CDR2,

human anti-mesothelin scFvs

and CDR3 regions of

Description

LC-CBR1

SEQ
in
M)

LC-CDR2

LC-CBR3

M5

184

TASTLON

LOTYTTPD

M1t ASQSIRYYLS 120 ASTLON 215 | LOQTYTTPD 240
Ssi SASSSVSYMH 204 | DTSKLAS 229 | QUWSGYPL 254
M RASQSVSSNEA 180 | DASNRAT 205 | HORSNWLYT 230

M2

QASQDISNSLN

181

QOHDNLEPLT

M3

RASQSINTYLN

182

QOSESPLT

M4 RASOSISDRLA 183 | KASSLES 208 | QOYGHLPMYT £33
M6 RASOQGVGRWLA 185 | AASTLOS 210 { QOANSEFPLT 235

M7

RASQSVYTKYLG

186

DASTRAT

QHYGGSPLIT

N
(O8]
o2

M2

RASODSGTWLA

DASTLED

QOYNSYPLT

N
(0%
=~

M9

RASQDISSALA

DASSLES

QQ:‘ SSYPLT

o0

"
!

¢
LA

Mig

KSSHSVLYNRNNE

KNYLA

WASTRKS

QOTOTEFPLT

S
w
o

MiZ RASQSISTWLY 191 | KASTLES 216 | QOYNTYSPYT 241
M13 RASQSVISNYLA 1922 | GASTRA 217 | QQYGSAPV 242
Mi4d RASENVNIWLA 293 | KSSSLAS 218 { QOYQSYPLT 243
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Any known anti-mesothelin binding domain, from, for example, a known antibody,
bispecific molecule or CAR, may be suitable for use in the TA CAR of the present invention.
For example, the antigen binding domain against mesothelin is or may be derived from an
antigen hinding, e g, CDRs or VH and VL, of an antibody, antigen-binding fragment or CAR
described in, e.g., PCT publication W(O2015/090230. In emnbodiments, the antigen binding
domain against mesothelin 15 or 15 derived from an antigen binding portion, e.g, CDRs or VH
and VL, of an antibody, antigen-binding fragment, or CAR described in, e g., PCT publication
WO1997/025068, WO1999/028471, WO2005/014652, WO2006/099141, WO2005/045957,
WO2009/068204, WO2013/142034, WO2013/040557, or W02013/063419.

In one embodiment, the mesothelin binding domain comprises one or more {e.g., all
three) light chain complementary determinung region 1 (LC CDR1), light chain complementary
determining region 2 (LC CDR2), and hight chain complementary determining region 3 (1.C
CDR3) of a mesothelin binding domain described herein, e.g., provided in Table 2 or 4, and/or
one or more {e.g., all three} heavy chain complementary determining region 1 (HC CDR1),
heavy chain complementary determining region 2 (HC CDR2}, and heavy chain
complementary determining region 3 {(HC CDR3) of a mesothelin binding domain described
herein, e.g., provided in Table 2 or 3. In one embodiment, the mesothelin binding domain
comprises one, two, or all of LC CDR1, LC CBR2, and LC CDR3 of any amino acid sequences
as provided in Table 4; and one, two or three of all of HC CDRI, HC CDR2 and HC CDR3, of
any amino acid acid sequences as provided in Table 3.

In one embodiment, the mesothehin antigen binding domain comprises:

(1) (a) a LC CDR1 amino acid sequence of SEQ ID NO: 184, a LC CDR2 amino acid
sequence of SEQ 1D NG: 209, and a LC CDR3 ammno acid sequence of SEQ ID
NGO: 234; and
(by a HC CDRI amino acid sequence of SEQ 1D NO: 115, a HC CDRZ amino acid
sequence of SEQ ID NO: 134, and a HC CDR3 amuno acid sequence of SEQ ID
NO: 159

{(11) (a) a LC CDR1 anuno acid sequence of SEQ 1D NG: 190, a LC CDR2 amwno acid
sequence of SEQ ID NG: 215, and a LC CDR3 ammo acid sequence of SEQ ID
NO: 240; and
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{111}

()

(vi)

(vii)

(b} a HC CDR1 amino acid sequence of SEQ ID NO: 121, a HC CDR2 amino acid
sequence of SEQ ID NO: 141, and a HC CDR3 amino acid sequence of SEQ 1D
NG 165;

(a) a LC CDR1 amino acid sequence of SEQ 1D NO: 204, a LC CDR2 anuno acid
sequence of SEQ ID NO: 229, and a LC CDR3 anuno acid sequence of SEQ ID
NO: 254; and

(b} a HC CDR1 amino acid sequence of SEQ D NG: 132, a HC CDR2 anuno acid
sequence of SEQ ID NGO 154, and a HC CDR3 amino acid sequence of SEQ 1D
NG: 179;

(a} a LC CDR1 amno acid sequence of SEQ ID NO: 180, a LC CDR2 anuno acid
sequence of SEQ 1D NG: 205, and a LC CDR3 amuno acid sequence of SEQ ID
NO: 230; and

{b) a HC CDR1 amino acid sequence of SEQ 1D NG: 113, a HC CDR2 anuno acid
sequence of SEQ ID NGO 133, and a HC CDR3 amino acid sequence of SEQ 1D
NQG: 155;

(a} a LC CDR1 amino acid sequence of SEQ ID NO: 181, a LC CPR2 amino acid
sequence of SEQ 1D NG: 206, and a LC CDR3 amino acid sequence of SEQ 1D
NG 231; and

(by a HC CDR1 amino acid sequence of SEQ 1D NO: 113, a HC CDR2 amino acid
sequence of SEQ 1D NO: 134, and a HC CDR3 amino acid sequence of SEQ D
NO: 156

(a) a LC CDR1 amino acid sequence of SEQ ID NO: 182, a LC CDR2 amino acid
sequence of SEQ 1D NG: 207, and a LC CDR3 ammno acid sequence of SEQ 1D
NG 232; and

(by a HC CDRI amino acid sequence of SEQ 1D NO: 113, a HC CDRZ amino acid
sequence of SEQ ID NO: 134, and a HC CDR3 amuno acid sequence of SEQ ID
NO: 157,

(a) a LC CDR1 amino acid sequence of SEQ ID NG: 183, a LC CDR2 amino acid
sequence of SEQ ID NG: 208, and a LC CDR3 ammo acid sequence of SEQ ID
NO: 233; and
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(viii)

(1)

(x1)

{x11)

(b} a HC CDR1 amino acid sequence of SEQ ID NO: 114, a HC CDR2 amino acid
sequence of SEQ ID NO: 135, and a HC CDR3 amino acid sequence of SEQ 1D
NG 158;

(a) a LC CDR1 amino acid sequence of SEQ 1D NO: 186, a LC CDR2 anuno acid
sequence of SEQ ID NO: 210, and a LC CDR3 anuno acid sequence of SEQ ID
NQO: 235; and

(b} a HC CDR1 amino acid sequence of SEQ ID NG: 116, a HC CDR2 anuno acid
sequence of SEQ ID NGO 136, and a HC CDR3 amino acid sequence of SEQ 1D
NG: 160;

(a} a LC CDR1 amno acid sequence of SEQ ID NO: 186, a LC CDR2 anuno acid
sequence of SEQ ID NG: 211, and a LC CDR3 amuno acid sequence of SEQ ID
N 236; and

{b) a HC CDR1 amino acid sequence of SEQ 1D NO: 117, a HC CDR2 anuno acid
sequence of SEQ ID NGO: 137, and a HC CDR3 amino acid sequence of SEQ ID
NQG: 161,

(a} a LC CDR1 amino acid sequence of SEQ ID NO: 187, a LC CPR2 amino acid
sequence of SEQ 1D NG: 212, and a LC CDR3 amino acid sequence of SEQ 1D
NG 237 and

(by a HC CDR1 amino acid sequence of SEQ 1D NG: 118, a HC CDR2 amino acid
sequence of SEQ 1D NO: 138, and a HC CDR3 amino acid sequence of SEQ D
NO: 162;

(a) a LC CDR1 amino acid sequence of SEQ ID NO: 188, a LC CDR2 amino acid
sequence of SEQ ID NG: 213, and a LC CDR3 ammo acid sequence of SEQ 1D
NGO: 238; and

(by a HC CDRI amino acid sequence of SEQ 1D NO: 119, a HC CDRZ amino acid
sequence of SEQ ID NO: 139, and a HC CDR3 amuno acid sequence of SEQ ID
NO: 163;

(a) a LC CDR1 amino acid sequence of SEQ ID NG: 189, a LC CDR2 amino acid
sequence of SEQ ID NG: 214, and a LC CDR3 ammo acid sequence of SEQ ID
NO: 239; and
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(xiii)

{x1v}

(xvi)

{xvi1)

(b} a HC CDR1 amino acid sequence of SEQ ID NO: 120, a HC CDR2 amino acid
sequence of SEQ ID NO: 140, and a HC CDR3 amino acid sequence of SEQ 1D
NG 164;

(a) a LC CDRI amino acid sequence of SEQ ID NO: 191, a LC CDR2 amino acid
sequence of SEQ ID NGO: 216, and a LC CDR3 anuno acid sequence of SEQ ID
NQO: 241; and
(b} a HC CDR1 amino acid sequence of SEQ ID NG: 121, a HC CDR2 anuno acid
sequence of SEQ ID NGO 142, and a HC CDR3 amino acid sequence of SEQ 1D
NG: 166;

(a} a LC CDR1 amuno acid sequence of SEQ ID NO: 192, a LC CDR2 anuno acid
sequence of SEQ ID NG: 217, and a LC CDR3 amuno acid sequence of SEQ ID
NO: 242, and
{b) a HC CDR1 amino acid sequence of SEQ 1D NG: 122, a HC CDR2 anuno acid
sequence of SEQ ID NGO 143, and a HC CDR3 amino acid sequence of SEQ 1D
NG: 167,

(a} a LC CDR1 amino acid sequence of SEQ ID NGO: 193, a LC CPR2 amino acid
sequence of SEQ 1D NG: 218, and a LC CDR3 amino acid sequence of SEQ 1D
NG 243; and
(by a HC CDR1 amino acid sequence of SEQ 1D NG: 123, a HC CDR2 amino acid
sequence of SEQ 1D NO: 144, and a HC CDR3 amino acid sequence of SEQ D
NO: 168;

(a) a LC CDR1 amino acid sequence of SEQ ID NO: 194, a LC CDR2 amino acid
sequence of SEQ ID NG: 219, and a LC CDR3 ammo acid sequence of SEQ 1D
NGO: 244; and
(by a HC CDRI amino acid sequence of SEQ 1D NO: 124, a HC CDRZ amino acid
sequence of SEQ ID NO: 145, and a HC CDR3 amuno acid sequence of SEQ ID
NO: 169,

(a) a LC CDR1 amino acid sequence of SEQ ID NG: 195, a LC CDR2 amino acid
sequence of SEQ ID NG: 220, and a LC CDR3 ammo acid sequence of SEQ ID
NGO: 245; and
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(b} a HC CDR1 amino acid sequence of SEQ ID NO: 124, a HC CDR2 anino acid
sequence of SEQ ID NO: 146, and a HC CDR3 amino acid sequence of SEQ 1D
NGO 170;

{xvii) {a} a LC CDRI amino acid sequence of SEQ 1D NO: 196, a LC CDRZ amino acid

{xix)}

(xx1}

{xx11)

sequence of SEQ ID NO: 221, and a LC CDR3 anuno acid sequence of SEQ ID
NQ: 246; and

(b} a HC CDR1 amino acid sequence of SEQ 1D NG: 124, a HC CDR2 anuno acid
sequence of SEQ ID NGO 146, and a HC CDR3 amino acid sequence of SEQ 1D
NG 171;

(a} a LC CDR1 amno acid sequence of SEQ ID NO: 197, a LC CDR2 anuno acid
sequence of SEQ 1D NG: 222, and a LC CDR3 amuno acid sequence of SEQ ID
NG 247, and

{b) a HC CDR1 amino acid sequence of SEQ 1D NG: 125, a HC CDR2 anuno acid
sequence of SEQ ID NGO 147, and a HC CDR3 amino acid sequence of SEQ 1D
NG: 172

(a} a LC CDR1 amino acid sequence of SEQ ID NO: 198, a LC CPR2 amino acid
sequence of SEQ 1D NG: 223, and a LC CDR3 amino acid sequence of SEQ 1D
NG 248; and

(by a HC CDR1 amino acid sequence of SEQ 1D NG: 126, a HC CDR2 amino acid
sequence of SEQ 1D NO: 148, and a HC CDR3 amino acid sequence of SEQ D
NO: 173

(a) a LC CDR1 amino acid sequence of SEQ ID NO: 199, a LC CDR2 amino acid
sequence of SEQ 1D NG: 224, and a LC CDR3 ammo acid sequence of SEQ ID
NGO: 249; and

(by a HC CDRI1 amino acid sequence of SEQ 1D NO: 127, a HC CDRZ amino acid
sequence of SEQ ID NO: 149, and a HC CDR3 amuno acid sequence of SEQ ID
NO: 174;

(a) a LC CDR1 amino acid sequence of SEQ ID NG: 200, a LC CDR2 amino acid
sequence of SEQ ID NG: 225, and a LC CDR3 ammo acid sequence of SEQ ID
NO: 250; and
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(b} a HC CDR1 amino acid sequence of SEQ ID NO: 128, a HC CDR2 anmino acid
sequence of SEQ ID NO: 150, and a HC CDR3 amino acid sequence of SEQ 1D
NG 175,

(o) {a) a LC CDRI amino acid sequence of SEQ 1D NO: 201, a LC CDRZ amino acid
sequence of SEQ ID NO: 226, and a LC CDR3 anuno acid sequence of SEQ ID
NO: 251 and
(b} a HC CDR1 amino acid sequence of SEQ 1D NG: 129, a HC CDR2 anuno acid
sequence of SEQ ID NGO 151, and a HC CDR3 amino acid sequence of SEQ 1D
NG: 176;

{Ooxavy (a) a LC CDRI amimno acid sequence of SEQ ID NO: 202, a LC CDR2 amino acid
sequence of SEQ 1D NG: 227, and a LC CDR3 amino acid sequence of SEQ ID
NO: 252, and
{b) a HC CDR1 amino acid sequence of SEQ 1D NG: 130, a HC CDR2 anuno acid
sequence of SEQ ID NGO 152, and a HC CDR3 amino acid sequence of SEQ 1D
NG 177, or

{(xxv) (a} a LC CDRI amno acid sequence of SEQ ID NO: 203, a LC CDR2 amino acid
sequence of SEQ 1D NG: 228, and a LC CDR3 amino acid sequence of SEQ 1D
NG 253; and
(by a HC CDR1 amino acid sequence of SEQ 1D NG: 131, a HC CDR2 amino acid
sequence of SEQ ID NO: 153, and a HC CDR3 amino acid sequence of SEQ D
NGO 178,

In one embodiment, the mesothelin binding domain comprises a light chain variable
region described herein (e.g., in Table 2} and/or a heavy cham variable region described herein
(e.g., in Table 2}. In one embodiment, the mesothelin binding domain 1s a scFv comprising a
light chain and a heavy chain of an amino acid sequence listed 1n Table 2. In an embodiment,
the mesothelin binding domain {e.g., an scFv) comprises: a hight chain varable region
comprising an anuno acid sequence having at least one, two or three modifications {e.g.,
substitutions, e.g., conservative substitutions) but not more than 30, 20 or 10 modifications
{e.g., substitutions, e.g., conservative substitutions) of an amino acid sequence of a hight chain
variable region provided in Table 2, or a sequence with 95-99% wdentity with an amino acid
sequence provided in Table 2; and/or a heavy chain variable region comprising an amino acid

sequence having at least one, two or three modifications (e.g., substitutions, e.g., conservative
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substitutions) but not more than 30, 20 or 10 modifications {e.g., substitutions, e.g,,
conservative substitutions} of an amino acid sequence of a heavy chain variable region
provided in Table 2, or a sequence with 95-99% 1dentity to an amino acid sequence provided in
Table 2.

In one embodiment, the mesothelin binding domain comprises an amino acid sequence
selected from a group consisting of SEQ ID NO: 46; SEQ 1D NOG: 47; SEQ ID NO: 48; SEQ ID
N 49; SEQ ID NOG: 50; SEQ ID NG: 531, SEQ ID NO: 532; SEQ ID NO: 53; SEQ ID NQO: 54,
SEQ ID NO: 55; SEQ ID NO: 56; SEQ D NO: 57, SEQ ID NO: 58: SEQ ID NO: 59; SEQ ID
NO: 60; SEQ ID NO: 61; SEQ ID NO: 62: SEQ ID NO: 63; SEQ 1D NO: 64; SEQ ID NO: 65;
SEQ 1D NO: 66; SEQ ID NO: 67, SEQ ID NO: 68; SEQ ID NO: 69; and SEQ ID NG: 70; or
an amino acid sequence having at least one, two or three modifications {e.g., substitutions, e.g.,
conservative substitutions) but not more than 30, 20 or 10 modifications {e.g., substitutions,
e.g., conservative substitutions) to any of the aforesaid sequences; or a sequence with 95-99%
wdentity to any of the aforesaid sequences. In one embodiment, the mesothelin binding domaimn
is a scFv, and a light chain vanable region comprising an amino acid sequence described
herein, e.g., in Table 2, 15 attached to a heavy chain vanable region comprising an aming acid
sequence described herein, e g, in Table 2, via a linker, e.g., a linker described herem. In one
embodiment, the mesothelin binding domain includes a (Gly4-Ser)n linker, whereinnis 1, 2, 3,
4, 5, or 6, preferably 4 (SEQ ID NG: 80}. The light chain variable region and heavy cham
variable region of a scFv can be, e.g., in any of the following orientations: light chain variable
region-linker-heavy chain variable region or heavy chain variable region-linker-light chain
variable region.

In an embodiment, the antigen binding domain of a TA CAR, e.g, a TA CAR expressed
by a cell of the invention, binds to human EGFRvVIIL In an embodiment, the antigen binding
domain 1s a murine scFv domain that binds to human EGFRVIH such as, e.g, mu310C. Inan
embodiment, the antigen binding domain 1s a humanized antibody or antibody fragment, e.g.,
scFv domain, derived from the murine mu310C scFv. Exemplary humanized scFv domains
{(and their sequences) and murine SS1 scFv that bind to EGFRVII are provided 1o Table 5.

In an embodiment, the antigen binding domain of a TA CAR, e.g., a TA CAR expressed
by a cell of the mventton, binds to buman claudin 6 (CLDNG). In an embodiment, the antigen
binding domain 15 a murine scFv doman that binds to human CLDNG6. In an embodiment, the

antigen binding domain 15 a humanized antibody or antibody fragment. Exemplary scFv
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domains (and their sequences) that bind to CLDNG are provided in Table 5. The scFv domain

sequences provided in Table 5 include a light chain variable region (VL) and a heavy chain

variable region (VH). The VL and VH are attached by a linker comprising the sequence

GGGGSGGGGSGGGGSGGGGS (SEQ ID NO: 29), e g, in the following orientation: VL-

linker-VH

Table 5. Antigen binding domains that bind to the tumor antigen EGFRvIII

Tumor . . . SEQ ID

o Name Amino acid sequence NO:

antigen :

EGFR huscFv1 | Eiglvgsgacvikpgatvkisckgsgfniedyyibwvagapgkzlewmgndpendetkygpif | 71

vii ggrviitadistntvymelsshsediavyyeafrggvywegggtivivesgggesgogosgeggsgg
ggsdvvmiqspdslavsigeratinckssgslidsdgktynwlqgkpggppkidislvskidsgvp
drfsgsgsgtdfiliissliqacdvaveyowggthlpetigzatkveik

EGFR huscFv2 | Dvvnigspdslavsigeratinckssgslidsdgltyinwlggkpggppkrlistvskldsgvpdrfs | 72

viHi zsgsgidfitiissiqacdvavyyowggthfpgtigaetkveikggogsggoesgengsapgosci
glvgsgaevikpgatvkisckgsgfniedyyihwvggapgkglewmegridpendetiy gpifqg
rviitadistntvy melsshsediavyyealrzgvywgggtivivss

EGFR huscFv3 | Eiglvgsgacvkkpgeshisckgsgfniedyvihwvigmpgkglewmgridpendethygpif | 73

Vil geghvtisadisintvyigwssikasdtamyycafrggvywgggtivivssgggesgogesgegns
gggegsdvvmtgsplsipvtiggpasisckssgsiidsdgktyInwlggrpggsprdislvskidagy
pdrfsgsgsgtdftikisrvesedvgvyyewggthfpgtizgotkveik

EGFR huscFvd | Dvvmtgsplsipvtiggpasisckssgsitdsdgktylnwlggrpggsprilistvskidsgvpdrfsg | 74

vil} sgsgiditikistveaedy gvyyewqgthfpgtfpgatkveikgogosgrensgroasgnogseig
Ivgsgaevkkpgesirisckgsgfniedyyibwvrgmpgkglewmgridpendetkygpifggh
viisadtsintvylgwsslkasdtamyycafrggvywgggiivivss

EGFR huscFvS | Eiglvgsgaevkkpgatvkisckgsginiedvyibwvqgapgkglewmgridpendetkygpif | 75

Vil ggrvirtadistotvymelsshsediavyyeafrggvywgggiivivesgagasggepsgoossog
gesdvvmnigsplsipvtiggpasisckssqslidsdgkty hwlqgrpgaspolistvskidsgvpdr
fsgsgsgrdfttasrveasdvgvyyewgathipgifggetkveik

EGFR huscFv6 | Eiglvgsgaevkkpgeslrisckgsginiedvyihwyrgmpgkglewmgridpendetkygpif | 76

v gghvtisadisintvy lgwsstkasdtamyvycafrggvywgaattvivssgggesgeegsegegs
zgegsdvvimtgspdslavsigeratinckssgsildsdgkiyinwlaggkpegppkidistvskidsg
vpdifsgsgsgtdfttissigacdvavyvewggthfpgtiggsikveik

EGFR huscFv7 | Dvvmtgspdsiavsigeratinckssgslidsdgktvinwlggkpggppkalistvskidsgvpdits | 77

vill gsgsgidftltisslqaedvavyvewqgthfpgtfgggtkveikgpgpsgregsggopsggooset
glvgsgaevkkpgeslisckgsgfuiedyyihwvigmpgkelewmgridpendetky gpifqe
hvtisadtsintvvigwsslkasdtamvvealrggvywgggiivivss

EGFR huscFv8 | Dvvmigsplslpvtlggpasisckssgsiidsdgkty bwlqarpgqgsprdistvskidsgvpdrfsg | 78

v sgsgtdfttkistvenedvgvyyewqgthfpgtiggatkveikgreosgpopsoaoasoaosseig
Ivgsgaevkkpgatvkisckgsgimedyyihwvqoapgkglewmgridpendethy gpifogr
vtitadtsintvymelssisedtavyveafigagvyweqgtivivss

EGFR Mu310{ | eiglgasgaelvkpgasvkiscigsgtniedyyibwvkgreqelewigridpendetkygpifagr | 79

vl atitadtssntvylglsslisedtavyycafrggvywepgtthtvssggggsggegsggggshmdvv
mgspltisvaiggsasisckssqstidsdgktyInwlgrpeaspkrhishvskldsgvpdrltgsgset
dftlnsrveaedigivyewqgthfpgifagetkieik

Clasdiné | muMAB | EVOLOQSGPELVKPGASMKISCKASGY SFTGY TMNWVKQSHGK

64A NLEWIGLINPYNGGTIYNQKFEGKATLTVDESSSTAYMELLSLTS | 98

EDSAVYYCARDYGFVLDYWGQGTTLTVSSGGGGSGGGGSGGGG
SGGGGSQIVLTOSESIMSVSPGER VTITCSASSSVEYMHWEFQOKPG
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TSPKLCIY STSNLASGVPARFSGRGSGTSYSLTISRVAAEDAATYY
COORSNYPPWIFGGGTKLEIK

Clandiné | mAh206 | EYOLOOSGPELVKPGASMKISCKASGY SFTGY TMNW VKQSHGK.
-LCC NLEWIGLINPYNGGTIYNQKFKGKATLTVDKSSSTAYMELLSLTS | 99
EDSAVYYCARDYGFVLDYWGQGTTLTVSSGGGGSGGGGSGGGG
SGGGGSQIVLTOSPAIMSASPGEK VTITCSASSSVSYLHWFQOQKPG
TSPKLWVYSTSNLPSGVPARFGGSGSGTSYSLTISRMEAEDAATY
YOQORSIYPPWTIFGGGTKLEIK

Clandind | mAb206 | EVOLOQSGPELVKPGASMKISCKASGYSFTGY TMNW VEQSHGK
-SUBG | NLEWIGLINPYNGGTIYNQKFKGKATLTVDKSSSTAYMELLSLTS | 100
EDSAVYYCARDYGFVLBYWGOGTTLTVSSGGGGSGGGGSGGGG
SGGGGSOIVLTOSPSIMSVEPGEK VTITCS ASSSVS YMHWFQQKPG
TSPKLGIYSTSNLASGVPARFSGRGSGTSYSLTISRVAAEDAATYY
CQORSNYPPWTFGGGTKLEIK

In one embodiment, the EGFRvVIH binding domain comprises one or more {e.g., all
three) light chain complementary determinung region 1 (LC CDR1), light chain complementary
determining region 2 (LC CDR2), and hight chain complementary determining region 3 (1.C
CDR3) of an EGFRvIH binding domain described herein, e.g., provided in Table 5, and/or one
or more (e.g., all three) heavy chain complementary determuning region T (HC CDR1}, heavy
chain complementary determuining region 2 (HC CDR2), and heavy chain complementary
determining region 3 (HC CDR3) of an EGFRvII binding domain described herein, e.g.,
provided i Table 5.

In one embodiment, the EGFRvIH binding domain comprises a light chain vanable
region described herein {(e.g., in Table 5} and/or a heavy chain variable region described herein
{(e.g., in Table 5}. In one embodiment, the EGFRvIHI binding domain 1s a scFv comprising a
light chain and a heavy chain of an aming acid sequence listed 1n Table 5. In an embodiment,
the EGFRvII binding domain (e.g., an scFv} comprises: a light chain varable region
comprising an anino acid sequence having at least one, two or three modifications {e.g.,
substitutions, e g., conservative substitutions) but not more than 30, 20 or 10 modifications
{e.g., substitutions, e.g., conservative substitutions) of an amino acid sequence of a hight chain
variable region provided in Table 5, or a sequence with 95-99% identity with an amino acid
sequence provided in Table 5; and/or a heavy chain variable region comprising an amino acid

sequence having at least one, two or three modifications {e.g., substitutions, e.g., conservative
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substitutions) but not more than 30, 20 or 10 modifications {e.g., substitutions, e.g,,
conservative substitutions} of an amino acid sequence of a heavy chain variable region
provided in Table 5, or a sequence with 95-99% i1dentity to an amino acid sequence provided in
Table 5.

In one embodiment, the EGFRvVIH binding domain comprises an amino acid sequence
selected from a group consisting of SEQ ID NO: 71; SEQ 1D NOG: 72; SEQ ID NO: 73; SEQ ID
NO: 74, SEQID NG: 75; SEQ ID NO: 76; SEQ ID NO: 77, SEQ 1D NO: 78; and SEQ ID NO:
79; or an amuno acid sequence having at least one, two or three modifications (e.g.,
substitutions, e.g., conservative substitutions) but not more than 30, 20 or 10 modifications
{e.g., substitutions, e.g., conservative substitutions) to any of the aforesaid sequences; or a
sequence with 95-99% identity to any of the aforesaid sequences. In one embodiment, the
EGFRVII binding domain 1s a scFv, and a light chain vanable region comprising an anuno acid
sequence described herein, e.g., in Table 5, 15 attached to a heavy chain variable region
comprising an amino acid sequence described herein, e.g., in Table 5, via a linker, e.g., a inker
described herein. In one embodiment, the EGFRVIIT binding domain includes a (Gly4-Serin
linker, whereinnis 1, 2, 3, 4, 5, or 6, preferably 4 (SEQ ID NO: 80). The light cham varnable
region and heavy chain variable region of a scFv can be, e.g., in any of the following
ortentations. light chain variable region-linker-heavy chain variable region or heavy chain
varnable region-linker-light chain variable region.

In one embodiment, the claudin-6 binding domain comprises one or more {e.g., all
three) light chain complementary determming region 1 (LC CDR1), hight chain complementary
determining region 2 (LC CDR2), and Light chain complementary determining region 3 {(LC
CDR3) of an EGFRvIH binding domain described herein, e.g., provided in Table S, and/or 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 an claudin-6 binding domain described herein, e g,
provided m Table 5.

In one embodiment, the claudin-6 binding domain comprises a hight chain variable
region described herein (e.g., in Table 5) and/or a heavy cham vanable region described herein
{e.g., in Table 3). In one embodiment, the claudin-6 binding domain s a scFv comprising a
light chain and a heavy chain of an amino acid sequence listed 1n Table 5. In an embodiment,

the clandin-6 binding domain {e.g., an scFv) comprises: a light chan variable region
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comprising an amino acid sequence having at least one, two or three modifications {e.g.,
substitutions, e.g., conservative substitutions} but not more than 30, 20 or 10 modifications
(e.g., substitutions, e.g., conservative substitutions) of an amino acid sequence of a light chain
variable region provided in Table 5, or a sequence with 95-99% identity with an amino acid
sequence provided in Table 5; and/or a heavy chain variable region comprising an amino acid
sequence having at least one, two or three modifications (e.g., substitutions, e.g., conservative
substitutions) but not more than 30, 20 or 10 modifications {e.g., substitutions, e.g,,
conservative substitutions) of an anino acid sequence of a heavy chain variable region
provided m Table S, or a sequence with 95-99% 1dentity to an amino acid sequence provided 1n
Table S.

In one embodiment, the claudin-6 binding domam comprises an amino acid sequence
selected from a group consisting of SEQ 1D NO: 98; SEQ 1D NO: 99; and SEQ ID NO: 100; or
an amino acid sequence having at least one, two or three modifications {e.g., substitutions, e.g.,
conservative substitutions) but not more than 30, 20 or 10 modifications {e.g., substitutions,
e.g., conservative substitutions) to any of the aforesaid sequences; or a sequence with 95-99%
identity to any of the aforesaid sequences. In one embodiment, the claudin-6 binding domain is
a schv, and a light chain vanable region comprising an amino acid sequence described herein,
e.g., in Table 5, s attached to a heavy chain variable region comprising an amine acid sequence
described herein, e.g., in Table 5, via a linker, e g., a hinker described herein. In one
embodiment, the claudin-6 hinding domain mcludes a (Gly4-Ser)n linker, whereinn s 1, 2, 3,
4, 5, or 6, preferably 4 (SEQ ID NO: 80). The light chain variable region and heavy chain
variable region of a scFv can be, e.g., in any of the following orientations: light chain variable
region-linker-heavy chain variable region or heavy chain variable region-linker-light chain
variable region.

In one embodiment, an antigen binding domain against GDZ is an antigen binding
portion, e.g., CDRs, of an antibody described in, e g, Mujoo et al., Cancer Res. 47(4):1098-
1104 (1987); Cheung et al., Cancer Res 45(0):2042-2649 (1985), Cheung et al., J Clin Oncol
5(9):1430-1440 (1987), Cheung et al., J Clin Oncol 16(9):3053-3060 (1998), Handgretinger et
al., Cancer Immunol Immunother 35(3):199-204 (1992). In some embodiments, an antigen
binding domain against GD2 1s an antigen binding portion of an antibody selected from mAb
14,18, 14G2a, ch14.18, hul4.18, 3F8, hu3F3g, 3G6, 8B6, 60C3, 10B8, ME36.1, and 8H9, see
e.g., WO2012033885, W02013040371, W(2013192284, WO2013061273, W(2013123061,
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WO2013074916, and WO201385552. In some embodiments, an antigen binding domain
against GDZ s an antigen binding portion of an antibody described in US Publication No.:
20100150910 or PCT Publication No.: WO 2011160119,

In one embodiment, an antigen binding domain against the Tn antigen, the sTn antigen,
a Tn-O-glycopeptide antigen, or a sTn-O-glycopeptide antigen 1s an antigen binding portion,
e.g., CDRs, of an antibody described mn, e.g., US 2014/0178365, WO2015/120180,
US8,440,798, EP 2083868 A2, Brooks et al., PNAS 107(22):10056-10061 (2010}, and Stone et
al., Oncolmmunology 1{6):863-873(2012).

In one embodiment, an antigen binding domain against PSMA is an antigen binding
portion, e.g., CDRs, of an antibody described in, e g., Parker et al., Protein Expr Punf
89(2):136-145 (2013), US 20110268656 (J591 ScFv); Frigenio et al, Buropean J Cancer
49(9y.2223-2232 {2013) (scFvD2B};, WO 2006125481 (mAbs 3/A12, 3/E7 and 3/F11) and
single chain antibody fragments {scFv AS and D7)},

In one embodiment, an antigen binding domain against CD97 18 an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., US6,846,911;de Groot et al., J Tmmunol
183(6):4127-4134 {2009); or an antibody from R&D:MAB3734.

In one embodiment, an antigen binding domain against TAG72 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Hombach et al., Gastroenterology
113{4):1163-1170 (1997}, and Abcam ab691.

In one embodiment, an antigen binding domain against CD44v6 15 an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Casucci et al., Blood 122(20):3461-3472
{(2013).

In one embodiment, an antigen binding domain against CEA is an antigen binding
portion, e.g.. CDRs, of an antibody described in, e.g., Chmielewski et al., Gastoenterclogy
143(4):1095-1107 (2012).

In one embodiment, an antigen binding domain against EPCAM 15 an antigen binding
portion, e.g., CDRS, of an antibody selected from MT110, EpCAM-CD3 bispecific Ab {see,
e.g., chinicaltrials. gov/ct2/show/NCT00635596); Edrecolomab; 3622W94; ING-1; and
adecatumumab (MT201).

In one embodiment, an antigen binding domain against KIT 15 an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., US7915391, US20120288506 , and

several commercial catalog antibodies.
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In one embodiment, an antigen binding domain against IL-13Ra2 s an antigen binding
portion, e.g., CDRs, of an antibody described in, e g, WO2Z008/146911, W(O2004087758,
several commercial catalog antibodies, and W(O2004087758.

In one embodiment, an antigen binding domain against CD171 1s an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Hong et al | J Immunother 37(2):93-104
(2014,

In one embodiment, an antigen binding domain against PSCA 15 an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Morgenroth et al., Prostate 67(10):1121-
1131 (2007} (scFv 7FS); Nejatollaht et al., J of Oncology 2013(2013), article TD 839831 (scFv
C5-1F); and US Pat Publication No. 20090311181,

In one embodiment, an antigen binding domain against MAD-CT-2 15 an antigen
binding portion, e.g., CDRs, of an antibody described in, e g, PMID: 2450952, US7635753.

In one embodiment, an antigen binding domain against Folate receptor alpha 1s an
antigen binding portion, e.g., CDRs, of the antibody IMGNBS3, or an antibody described in
US20120009181; 1JS4851332, LK26: US5952434.

In one embodiment, an antigen binding domain against ERBB2 (Her2/neu) 1s an antigen
binding portion, e.g., CDRSs, of the antibody trastuzumab, or pertuzumab.

In one embodiment, an antigen binding domain against MUCT 1s an antigen binding
portion, e.g., CDRs, of the antibody SARS66658.

In one embodiment, the antigen binding domain against EGFR is antigen binding
portion, e.g., CDRs, of the antibody cetuximab, panitumumab, zalutumumab, nimotuzumab, or
matuzumab.

In one embodiment, an antigen binding domain against NCAM 1s an antigen binding
portion, e.g., CDRs, of the antibody clone 2-2B: MABS5324 (EMD Millipore)

In one embodiment, an antigen binding domain against CATX 1s an antigen binding
portion, e.g., CDRs, of the antibody clone 303123 (R&D Systers).

In one embodiment, an antigen binding domain against Fos-related antigen 1 1s an
antigen binding portion, e.g., CDRs, of the antibody 12F9% (Novus Biologicals).

In one embodiment, an antigen binding domain against SSEA-4 is an antigen binding
portion, e.g., CDRs, of antibody MC813 (Cell Signaling), or other commercially available

antibodies.
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In one embodiment, an antigen binding domain against PDGEFR-beta is an antigen
binding portion, e.g., CDRs, of an antibody Abcam ab32570.

In one embodiment, an antigen binding domain against ALK 15 an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Mino-Kenudson et al,, Clin Cancer Res
16(5):1561-1571 (2010},

In one embodiment, an antigen binding domain against plysialic acid is an antigen
binding portion, e.g., CDRs, of an antibody described 0, e.g., Nagae et al., I Biol Chem
288(47y.33784-33796 (2013).

In one embodiment, an antigen binding domain against PLACT 1s an antigen binding
portion, e.g., CDRs, of an antibody described in, e g., Ghods et al., Biotechnol Appl Biochem
2013 do1:10.1002/bab. 1177,

In one embodiment, an antigen binding domain against GloboH 1s an antigen binding
portion of the antibody VK9, or an antibody described in, e.g., Kudryashov V et al, Glycocon;
J15(33:243-9 ( 1998), Lou et al,, Proc Natl Acad Scit USA 111(73:2482-2487 (2014) ; MBrl.
Bremer E-G et al. J Biol Chem 259:14773-14777 (1984).

In one embodiment, an antigen binding domain against NY-BR-1 15 an antigen binding
portion, ¢.g., CDRs of an antibody described in, e g, Jager et al., Appl Immunohistochem Mol
Morphol 15(1).77-83 (2007}

In one embodiment, an antigen binding domain against sperm protein 17 18 an antigen
binding portion, e.g., CDRs, of an antibody described in, e.g., Song et al., Target Oncol 2013
Aug 14 (PMID: 23943313); Song etal, Med Oncol 29(4):2923-2931 (2012).

In one embodiment, an antigen binding domain against TRP-2 15 an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Wang et al, J Exp Med. 184(6):2207-16
{1996).

In one embodiment, an antigen binding domain against CYP1B1 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Maecker et al, Blood 102 (9): 3287-3294
(2003).

In one embodiment, an antigen binding domain against RAGE-1 is an antigen binding
portion, e.g., CDRs, of the antibody MABS328 (EMD Millipore).

In one embodiment, an antigen binding domain against human telomerase reverse
transcriptase 1s an antigen binding portion, e.g., CDRs, of the antibody cat no: LS-B95-100

{(Lifespan Biosciences)
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In one embodiment, an antigen binding domain against intestinal carboxyl esterase is an
antigen hinding portion, e.g., CDRs, of the antibody 4F12: cat no: L§-B6190-50 (Lifespan
Biosciences).

In one embodiment, an antigen binding domain against mut hsp70-2 13 an antigen
binding portion, e.g., CDRs, of the antibody Lifespan Biosciences: monoclonal: cat no: LS-
C133261-100 (Lifespan Biosciences).

In one embodiment, an antigen binding domain against MAD-CT-2 15 an antigen
binding portion, e.g., CDRs, of an antibody described in, e g, PMID: 2450952; UK7635753.

In one embodiment, the antigen binding domain comprises one, two three {e.g., all
three) heavy chain CDRs, HC CDR1, HC CBR2 and HC CDR3, from an antibody listed above,
and/or one, two, three (e.g., all three) hight chain CDRs, LC CDR1, LC CDR2 and L.LC CDR3,
from an antibody Iisted above. In one embodiment, the antigen binding domain comprises a

heavy chamn varable region and/or a variable hight chain region of an antibody listed above.

Myeloid Tumor Antigens

The present disclosure provides immune effector cells {e.g., T cells, NK celis) that are
engineered to contain {in addition to one or more BCA CAR molecules) one or more CAR
molecules that target a tumor antigen. In one aspect the tumor antigen is an antigen expressed
on a myelowd tumor {either a surface antigen or as a comples with MHC), and the cells of the
invention comprise a CAR that recognizes a myeloid tumor antigen.

In an embodiment, the myeloid tumor antigen 1s an antigen that is preferentially or
specifically expressed on the surface of a myeloid tumor cell.

The present disclosure provides CARSs that can target the following myeloid tumor
antigens: CD123, CD34, Flt3, CD33 and CLL-1. In embodiments, the myeloid tumor antigen
1s selected from CP123, CD33 and CLL-1. In embodiments, the myeloid tumor antigen is
CD123. In embodiments, the myeloid tumor antigen 1s CD33. In embodiments, the myeloid
tumor antigen 1s CD34. In embodiments, the myelotd tumor antigen 15 Fit3. In embodiments,
the myeloid tumor antigen 1s CLL-1. In embodiments, the antigen binding domain targets the
human antigen.

In one embodiment, the antigen-binding domain of a TA CAR e g, the TA CAR
expressed by a cell of the invention {e.g., a cell that also expresses a BCA CAR), can be chosen

such that a myeloid tumor population 1s targeted. Alternatively, when targeting of more than
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one type of myeloid tumor is desired, an antigen binding domain that targets a myeloid tumor
antigen that is expressed by more than one, e.g., all, of the myeloid tumors to be targeted can be
selected.

in one aspect, the antigen-binding domain of a TA CAR, e.g, the TA CAR
expressed by a cell of the invention, binds to CD123, e ¢, human CD123. Any known CD123
binding domain may be used in the invention. In one embodiment, an antigen binding domain
against CD123 is an antigen binding portion, e g, CDRs or VH and VL, of an antibody,
antigen-binding fragment or CAR described in, e.g., PCT publication W0O2014/130635. In one
embodiment, an antigen binding domain against CD123 is an antigen binding portion, e.g.,
CDRs or VH and VL, of an antibody, antigen-binding fragment or CAR described in, e g, PCT
publication W(/2016/028896. In one embodiment, an antigen binding domain against CD123
ts an antigen binding portion, e.g., CDRs, of an antibody, antigen-binding fragment, or CAR
described 1n, e.g., PCT publication W(1997/024373, W(O2008/127735 (e.g., a CD123 binding
domain of 26292, 32701, 37716 or 32703}, W(2014/138805 {e.g., a CD123 binding domain of
CSL362), W0O2014/138819, WO2013/173820, W(2014/144622, W(2001/66139,
WO2010/126066 {e.g., the CD123 binding domatn of any of Gld4, OGlds, 01d17, Gidi9,
Newl02, or 0ld6), W(O2014/144622, or 1J82009/0252742. In embodiments, the antigen
binding domain 18 or 1s derived from a murine anti-human CD123 binding domain. In
embodiments, the antigen binding domain is a humanized antibody or antibody fragment, e.g.,
scFv domain. In an embodiment, the antigen binding domain 1s a human antibody or antibody
fragment that binds to human CD123. In embodiments, the antigen binding domain is an scFv
domain which includes a light chain variable region (VL) and a heavy chain variable region
(VH)}. The VL and VH may attached by a linker described herein, e g, comprising the
sequence GGGGSGGGGSGGGES (SEQ ID NO: 30), and may be in any orientation, e.g., VL~
linker-VH, or VH-linker-VL.

In one aspect, the antigen-binding domain of a TA CAR, e.g, the TA CAR
expressed by a cell of the invention, binds to CD33, e g, human CD33. Any known CD33
binding domain may be used in the invention. In one embodiment, an antigen binding domain
against CD33 15 an antigen binding portion, e.g., CDRs or VH and VL, of an antibody, antigen-
binding fragment or CAR described in, e.g., PCT publication W02016/014576, the contents of
which are incorporated herein in thewr entirety. In one embodiment, an antigen binding domain

against CD33 is an antigen binding portion of or derived from Gemburumab czogamicim {eg,,
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comprising an antigen binding domain comprising one or more, €.g., one, two, or three, CDRs
of the heavy chain variable domain and/or one or more, e.g., one, two, or three, CDRs of the
light chain variable domain, or the VH or VL, or the scFv sequence, of the scFv sequence of
Gemtuzumab ozoganicin} {previously marketed as Mylotarg), .2, Bross et al., Clin Cancer
Res 7(6):1490-1496 (2001) (Gemtuzumab Ozoganucin, hP67.6). In one enthadiment, an
antigen binding domain against CD33 1s an antigen binding portion of or derived from {(e.g,,
comprising an antigen binding domain comprising one or more, .g., one, two, or three, CDRs
of the heavy chain variable domain and/or one or more, e.g., one, two, or three, CDRs of the
hight chain variable domain, or the VH or VL, or the scFv sequence) of the scFv sequence
encoded by GenBank reference no. AM402974.1 (See, Wang et al., Mol Ther., vol. 23:1, pp.
184-191 (2015}, hereby mcorporated by reference. In one embodiment, an antigen binding
domain agamst CD33 1s an antigen binding portion, e.g., CDRs, of an antibody described m,,
e.g., Caron et al., Cancer Res 52(24).6761-6767 {1992) (Lintuzumab, HuM195}, Lapusan et
al., Tovest New Drugs 30(3):1121-1131 (2012) (AVES633), Aigner et al,, Leukemia 27(5}:
F107-1115 (2013} { AM{G330, CD33 BiTE), Dutour et al., Adv hematol 2012:683065 (2012},
and Pizzitola et al., Leukemia do1:10.1038/Lue 2014.62 (2014}, In embodiments, the antigen
binding domatn is or is derived from a murine anti-human CD33 binding domain. In
embodiments, the antigen binding domain 1s a humanized antibody or antibody fragment, e.g.,
scFv domain. In an embodiment, the antigen binding domain is a human antibody or antibody
fragment that binds to human CD33. In embodiments, the antigen binding domain s an scFv
domain which includes a light chain variable region (VL) and a heavy chain variable region
(VH). The VL and VH may attached by a linker described herein, e g, comprising the
sequence GGGGSGGGGSGGGGS (SEQ ID NO: 30), and may be in any orientation, e.g., VL-
linker-VH, or VH-linker-VL.

in one aspect, the antigen-binding domain of a TA CAR, e.g, the TA CAR
expressed by a cell of the invention, binds to CLL-1, e g, human CLL-1. Any known CLL-1
binding domain may be used in the invention. In one embodiment, an antigen binding domain
against CLL~1 is an antigen binding portion, e.g., CDRs or VH and VL, of an antibody,
antigen-binding fragment or CAR described in, e.g., PCT publication W0O2016/014535, the
contents of which are mcorporated herein in their entivety. In one embodiment, an antigen
binding domain against CLL-1 15 an antigen binding portion, e g., CDRs, of an antibody

available from R&D, ebiosciences, Abcam, for example, PE-CLL1-hu Cat# 353604
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{BioLegend); and PE-CLL1 (CLEC12A) Cat# 562566 (BD)}. In embodiments, the antigen
binding domain s or ts derived from a murine anti-human CLE-1 binding domain. In
embodiments, the antigen binding domain is a humanized antibody or antibody fragment, e.g.,
scFv domain. In an embodiment, the antigen binding domain is a human antibody or antibody
fragment that binds to human CLL-1. In embodiments, the antigen binding domain 1s an scFv
domain which includes a light chain variable region (VL) and a heavy chain vaniable region
(VH). The VL and VH may attached by a linker described herein, e g, comprising the
sequence GGGGSGGGGSGGGES (SEQ ID NO: 30), and may be in any orientation, e.g., VL-
linker-VH, or VH-linker-VL.

B Cell Antizens

The present disclosure provides tmmune effector cells (e.g., T cells, NK cells) that are
engineered to contain (in addition to one or more TA CAR molecules}) one or more CAR
molecules that target a B-Cell antigen. This 1s achieved through an antigen binding domain on
the CAR that 1s specific for a B cell antigen. Such a CAR may be referred to herem as a BCA
CAR.

In an embodiment, the B cell antigen 1s an antigen that is preferentially or specifically
expressed on the surface of the B cell. The antigen can be expressed on the surface of any one
of the following types of B cells: progenitor B cells (e.g., pre-B cells or pro-B cells), early pro-
B cells, late pro-B cells, large pre-B cells, small pre-B cells, immature B cells, e g, naive B
cells, mature B cells, plama B cells, plasmablasts, memory B celis, B-1 cells, B-2 cells,
marginal-zone B cells, follicular B cells, germinal center B cells, or regulatory B cells (Bregs).

The present disclosure provides CARs that can target the following B cell antigens:
CD10, CD19, CD20, CD21, CD22, CD23, CD24, CD25, CD37, CD38, CDS3, CD72, D73,
D74, CD75, CD77, CD79a, CD79b, CDSO, (D81, CDS2, (D83, CD84, CDRS, ROR1,
BCMA, CD86, and CT3179b. Gther B cell antigens that can be targeted by a CAR described
herein include: CDla, CD1b, CDlc, CDid, CD2, CDS, CDo, CD9, CD11g, CD11b, CDlic,
CD17, CD18, CD26, CD27, CD29, CD30, CD31, CD32a, CD32b, CD35, CD38, CD39, D40,
(D44, CD45, CD4SRA, CD4SRB, CD4SRC, CD45R0, CD46, (D47, CD48, CD49h, CD4de,
CD49d, CDSO, CD32, CD54, CDSS, CDSE, Chola, CDo2L, CD63, Che3, CDeE CD69,
CD70, CDSSE, CDBST, CDSI, CD92, CD9S, CD97, CD98, CDO%, D100, CDI02, CD108,
CD119, CD120a, CD120b, CD121b, CD122, CD124, CD125, CD126, CD136, CD132,
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CD137, CD138, CD139, CD147, CD148, CD150, CD152, CD162, CD164, CD166, (D167,
CD170, CD175, CD175s, CD1R0, CD184, CD185, CD192, CD196, CD197, CDR200, CD205,
CD210a, CDwW210b, CD212, CD213al, CD213a2, CD215, CD217, CD218a, CD218b, {220,
D221, CD224, CD225, CD226, CD227, CD229, CD230, CD232, CD252, CD253, CD257,
CD258, CD261, CD262, CD263, CD264, CD267, CD268, CD269, CD270, CD272, CD274,
D275, CD277, CD279, CD283, CD289, CD290, CD295, CD298, CD300a, CD300¢, CD305,
CD306, CD307a, CD307h, CD307¢, CD307d, CD307e, CD314, CD315, CD316, CD317,
CD319, CD321, CD327, CD328, CD329, CD338, CD351, D352, CD353, CD354, CD35S,
D357, CD358, CD360, €361, CD362, and CD363.

In another embodiment, the B cell antigen targeted by the BCA CAR 15 chosen from
CD1%, BCMA, CDB20, CD22, FeRnS, FeRn2, CS-1 and C2138. In an embodiment, the B-Cell
antigen targeted by the BCA CAR s CD19. In an embodiment, the B-Cell antigen targeted by
the BCA CAR 13 CD20. In an embodiment, the B-Cell antigen targeted by the BCA CAR s
D22, In an embodiment, the B-Cell antigen targeted by the BCA CAR 1s BCMA. Inan
embodiment, the B-Cell antigen targeted by the BCA CAR 15 FcRnS. In an embodiment, the
B-Cell antigen targeted by the BCA CAR 13 FcRn2. In an embodiment, the B-Cell antigen
targeted by the BCA CAR 1s CS-1. In an embodiment, the B-Cell antigen targeted by the BCA
CAR s CD138.

In one embodiment, the antigen-binding domain of 3 BCA CAR e g, the BCA CAR
expressed by a cell of the invention {e.g., a cell that also expresses a TA CAR), can be chosen
such that a preferred B cell population 1s targeted. For example, in an embodiment where
targeting of B regulatory cells is desired, an antigen binding domain is selected that targets a B
cell antigen that is expressed on regulatory B cells and not on other B cell populations, e.g.,
plasma B cells and memory B cells. Cell surface markers expressed on regulatory B cells
include: CD19, CD24, CD25, CD38, or CD&6, or markers described in He etal, 2014, J
ITmmunology Research, Article 1D 215471, When targeting of more than one type of B celis 15
desired, an antigen binding domain that targets a B cell antigen that 1s expressed by all of the B
cells to be targeted can be selected.

In an embodiment, the antigen-binding domain of'a BCA CAR, e.g., the BCA CAR
expressed by a cell of the invention, binds to CD19. CD19 1s found on B cells throughout
differentiation of the lineage from the pro/pre-B cell stage through the termmally ditferentiated

plasma cell stage. In an embodiment, the antigen binding domain 1s a murine scFv domamn that
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binds to human CD19, e g, CTLO19 (e.g., SEQ ID NO: 95). In an embodiment, the antigen
binding domain is a humanized antibody or antibody fragment, e.g., scFv domain, derived from
the murine CTLO19 scFv. In an embodiment, the antigen binding domain 1s a human antibody
or antibody fragment that binds to human CD19. Exemplary scFv domains (and their

S sequences, e.g., CDRs, VL and VH sequences) that bind to CD19 are provided in Table 6. The
scFv domain sequences provided in Table 6 include a light chain variable region (VL) and a
heavy chain variable region (VH). The VL and VH are attached by a inker comprising the
sequence GGGGSGGGGSGGGES (SEQ ID NO: 30), eg., in the following orientation: VL~
hinker-VH.

10 Table 6. Antigen Binding domains that bind B cell antigen CD19

B cell SEQ
antige | Name Amino Acid Sequence B
n NO:
D19 mulTL | DIOMTOTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVK
019 LLIYHTSRLHESGVPSRESGSGEIGTDYSLTISNLEQEDIATYFCQO
GNTLEPYTPGGGTELEITGGEESGEEESGEGESEVELOESGPGLVA 95
PSQSLEVTCTVSGEVSLPDYGVSWIROPPREKGLEWLGVIWGESETTY
YNSALKSRLTITKDNSKSOQVFLEMNSLOTDDTAIYYCAKHYYYGG
SYAMDYWGQGTSVIVSS
D12 huscFvl | EIVMTQOSPATLSLEPGERATLSCRASODISKYLNWY OQOKPGOAPR
LLIYHTSRLHSGIPARFSGSGSGTDYTTTES“TQJMJ'ﬁVVWCMQ
GNTLPYTFGOGTKLE IKGGGEGESGGEEESGEGESQVQLOESGPGELVE a3
PSTTLSLICTVSG7SLPDYCVFAIRQPPCLJLEWLGVI”T"EEMY
YSSSLKSRVIISKDNSKNOQVELKLSSVTAADTAVYYCAKHYYYGG
SYAMDYWGOGTLVTVES
D19 huschFv2 | EIVMTQOSPATLSLSPGERATLSCRASQDISKYLNWYOQRKPGQAPR
LLIYHTSRLESGIPARFSGSGSGTDYTLTISSLOPEDFAVYFCQO
GNTLEYTFGOGTRLEIKGGGGESGGEGESGEGEESOVOLOESGPGLVEK a4
PSETLSLTCTVSGVSLPDYGVSWIROPPGRGLEWIGVIWCSETTY
YOSSLESRVTISKDNSKNOVS LELSSVTAADTAVYYCAKHYYYGG
SYAMDYWGQOGTLVTVSS
D12 huscFv3 | QVOLOESGPGLVKPSETLSLTCIVSGVSLPDYGVSWIRQPPGKGL
EWIGVIWGSETTYYSSSLKSRVTISKDNSKNQVSLKLSSVTAADT
AVYYCAKHYYYGGS YAMUVWb)GLLVTXDLGVDGJQG5¥0GCu(S a5
EIVMTQEPATLSLSPFGERATLSCRASCDISKYLNWYQOKPGOQAPR
LLIYHTSRLESGIPARFEGSGSGETDYTLTISSLOPEDFAVYFCQO
GNTLPYTFGQGTKLEIK
CD19 huscFvd | QVQLOESGPGLVE pS"TLSLTCT7SQVSLPL’GVGML’QEPCLTL
EWIGVIWGSETTYYQOSSLEKSRVTISKDNSKNQVSLKLSSVTAADT 84
AVYYCARHVYY;GJV%TT WGEOGTLVIVSSGGGESEGEGEESGEEES
EIVMTQSPATLSLESPGERATLSCRASCDISKYLNWY QOKPGQAPR
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EIVMTOSFATLSLSPGERATLSCRASCODISKYLNWYQOKPGQOAPR
CYHTSRLHSGIPARFSGSGIGTDYTLTISSLOPEDFAVYFCOQ

SRTITT TN Y ~ VTS T T T Y
GNTLEFYTE ;JQ'::JIKLLJ_K

The sequences of the CDR sequences of the scFv domans of the CD19 antigen binding
domamns provided in Table 6 are shown in Table 7 for the heavy chain variable domains and in
Table 8 for the hight chain variable domains. “1D” stands for the respective SEQ 1D NG for
each CDR.

5 Table 7. Heavy Chamn Variable Domain CDRs

Description Fw  HCDRI 1D HCDR2 1D HCDR3 D

murineg CARTIO GVSLPDYGVS 2535VIWGSETTYYNSALKS 236HYYYGGSYAMDY

NI
o)
o)

humanized CARTI9 a VH4 GVSLPDYGVS 235 VIWGSETITYYSSSLES 257HYYYGGSYAMDY 260

humanized CARTIOb VH4 GVSLEDYGVS 255 VIWGSETTYYQSSLKS 258 HYYYGGSYAMDY 260

A

humanized CARTI9 ¢ VH4 GVSLPDYGVS 255 VIWGSETTYYNSSLKS 250HYYYGGSYAMDY 260

Table 8. Light Chain Vanable Domain CDRs

Description FW LCDRI iD LCDR2 ID LCDR3 D

muring CART19 RASQDISKYLN 261 HTSRLHS 2620QQGNTLEPYT 263
humanized CARTI9 a VK3 RASQDISKYLN 261 HTSRLHS 26200GNTLPYT 263
humanized CARTI9 b VK3 RASODISKYLN 261 HTSRLES 26200GNTLPYT 263
humanized CARTI9 ¢ /K3 RASQDISKYLN 261 HTSRLHS 26200GNTLPYT 263

In an embodiment, the antigen binding domain comprises an anti-CD19 antibody, or
fragment thereof, e.g., an scFv. For example, the antigen binding domain comprises a variable
180 heavy chamn and a variable light chain listed in Table 9. The linker sequence joining the
variable heavy and variable light chains can be any of the linker sequences described herein, or
alternatively, can be GSTSGSGKPGSGEGSTKG (SEQ ID NO: 81}, The light chain variable
region and heavy chain varable region of a scFv ¢an be, e g, in any of the following
orientations: light chain variable region-linker-heavy chain variable region or heavy chain

15 variable region-hinker-light chain variable region.

Table 9. Additional Anti-CD19 antibody binding domains
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Ab
VH Sequence YL Segquence
Name

8J25-C1 | QVQLLESGAELVRPGSSVKISCKA | ELVLTQSPKFMSTSVGDRVSVTCKAS
SGYAFSSYWMNWVKQRPGQOCLEWI | ONVGTNVAWYQOKPGOSPRPLIYSAT
GOIYPGDGDINYNGKFKGQATLTA | YRNSGVPDRFTGSGSGTDETLTITNV
DKSSSTAYMQOLSGLTSEDSAVYSC DLADYFYFCQYNRYPYTSGGGTK
ARKTISEVVDEYFDYWGQGTTIVT (SEQ ID NO: 97)

(SEQ ID NO: 96)

ScHv Sequence

SJ25-C1 | QVQLLESGARTVRPGSSVRISCE YAFSSYWMNWVKQORPGOGLEWIGOIY
scFv PCGDGDTNYNGKERGQZA ”L-lA-xL\kSSSIA‘E‘ZQLS«"L'”(” DSAVYSCARKTISSV

VDEFYFDYWGOGTIVIGSTSGSGKPGSGEGSTRGELVLTOSPRKFMSTSVGDRY
SVICKASONVGTRNVAWY QOKPGOSPRKPLIYSATYENSGVPRRETGSGSGTDE
TLTITNVOSKDLADYFYECQOYNRYPYTSGGETKLEIKRRS (SEQ ID NO:
112)

In one embodiment, the CD19 binding domain comprises one or more {(e.g., all three)
light chain complementary determining region 1 (LC CDR1}, hight chain complementary
determining region 2 (LC CDR2), and Light chain complementary determining region 3 (LC
CDR3) of a CD19 binding domain described herein, e.g., provided in Table 6 or 7, and/or one
or more {(e.g., all three) heavy chain complementary determining region 1 (HC CDR1), heavy
chain complementary determining region 2 (HC CDR2}, and heavy chain complementary
determuning region 3 (HC CDR3) of a CD19 binding domain described herein, e g, provided in
Table 6 or 8. In one embodiment, the mesothelin binding domain comprises one, two, or all of
LC CDR1, LC CDR2, and LC CDR3 of any amino acid sequences as provided in Table 8,
mcorporated herein by reference; and one, two or all of HC CDR1, HC CDR2, and HC CDR3
of any amino acid sequences as provided in Table 7.

In one embodiment, the CD19 antigen binding domain comprises:
(1) (a) a LC CDRI aromno acid sequence of SEQ ID NO: 261, a LC CDR2 amivo acid
sequence of SEQ ID NGO 262, and a LT CDR3 ammo acid sequence of SEQ 1D

NO: 263; and

(b} a HC CDR1 amino acid sequence of SEQ 1D NG: 255, a HC CDR2 amino acid

sequence of SEQ ID NO: 256, and a HC CDR3 amuno acid sequence of SEQ ID

NO: 260
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(11} (a) a LC CDRI amino acid sequence of SEQ ID NO: 261, a LC CDRZ anuno acid
sequence of SEQ 1D NG: 262, and a LC CDR3 ammo acid sequence of SEQ 1D
NG: 263; and
{(by a HC CDR1 amino acid sequence of SEQ 1D NG: 255, a HC CDR2 amino acid
sequence of SEQ ID NO: 257, and a HC CDR3 amuno acid sequence of SEQ ID
NO: 260,

(1)  (a)a LC CDRI amino acid sequence of SEQ ID NO: 261, a LC CDRZ amino acud
sequence of SEQ ID NG: 262, and a LC CDR3 ammo acid sequence of SEQ ID
NO: 263; and
(b} a HC CDR1 anuno acid sequence of SEQ 1D NG: 255, a HC CDR2 amino acid
sequence of SEQ ID NO: 258, and a HC CDR3 amuno acid sequence of SEQ ID
NG 260; or

{iv}  {a)a LC CDRI amino acid sequence of SEQ ID NO: 261, a LC CDR2 amino acid
sequence of SEQ ID NGO 262, and a LT CDR3 ammo acid sequence of SEQ 1D
NO: 263; and
(b} a HC CDR1 amino acid sequence of SEQ 1D NG: 255, a HC CDRZ amino acid
sequence of SEQ 1D NG: 259, and a HC CDR3 amuno acid sequence of SEQ ID
NG 260.

In one embodiment, the CD19 binding domain comprises a light chain variable region
described herein (e.g., in Table 6 or 9} and/or a heavy chain variable region described herein
{e.g., in Table & or 9). In one embodiment, the mesothelin binding domain 1s a scFv
comprising a light chain and a heavy chain of an amino acid sequence listed in Table 3 or 4. In
an embodiment, the CD19 binding domain {(e.g., an scFv} comprises: a light chain variable
region comprising an amino acid sequence having at least one, two or three modifications {e.g,,
substitutions, e.g., conservative substitutions} but not more than 30, 20 or 10 modifications
{(e.g., substitutions, e.g., conservative substitutions) of an amino acid sequence of a hight chain
variable region provided m Table 6 or 9, or a sequence with 95-99% 1dentity with an anuno
acid sequence provided in Table 6 or 9; and/or a heavy chain variable region comprising an
amino acid sequence having at least one, two or three modifications {e.g., substitutions, e.g.,
conservative substitutions) but not more than 30, 20 or 10 modifications {e.g., substitutions,

e.g., conservative substitutions) of an amino acid sequence of a heavy chain variable region

86



10

15

20

30

WO 2017/149515 PCT/IB2017/051267

provided in Table 6 or 9, or a sequence with 95-99% 1dentity to an amino acid sequence
provided m Table 6 or 9.

In one embodiment, the CD19 binding domain comprises an amino acid sequence
selected from a group consisting of SEQ ID NO: 83; SEQ 1D NO: 4, SEQ ID NO: 85, SEQ 1D
NO: 86; SEQ ID NO: 87: SEQ ID NO: 88: SEQ ID NO: §9, SEQ 1D NO: 90, SEQ 1D NO: 91,
SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 95, and SEQ ID NO: 112; or
an amino acid sequence having at least one, two or three modifications {e.g., substitutions, e.g.,
conservative substitutions) but not more than 30, 20 or 10 modifications {e.g., substitutions,
e.g., conservative substitutions) to any of the aforesaid sequences; or a sequence with 95-99%
wdentity to any of the aforesaid sequences. Tn one embodiment, the CD19 binding domam s a
scFv, and a light chan varable region comprising an amuine acid sequence described herein,
e.g., in Table 6 or 9, 15 attached to a heavy chain variable region comprising an amino acid
sequence described herein, e.g., in Table 6 or 9, via a linker, e.g., a linker described herein. In
one embodiment, the CD19 binding domain includes a (Gly4-Ser)n hinker, wheremmnis 1, 2, 3,
4, 5, or 6, preferably 4 (SEQ ID NO: 80). The light chan variable region and heavy cham
variable region of a scFv can be, e.g., in any of the following orientations: light chain variable
region-linker-heavy chain variable region or heavy chain variable region-linker-light chain
variable region.

Any known (D19 CAR, e g, the CD319 antigen binding domain of any known CD19
CAR, in the art can be used in accordance with the instant mvention to construct a CAR. For
example, LG-740; CD19 CAR described in the US Pat. No. 8,399,645; US Pat. No. 7,446,190,
Xu et al., Leuk Lymphoma. 2013 54(2):255-260(2012); Cruz et al,, Blood 122(17):2965-2973
{2013); Brentjens et al., Blood, 118(18):4817-4828 (2011}; Kochenderfer et al., Blood
116(20):4099-102 (2010); Kochenderfer et al , Blood 122 (25):4129-39(2013); and 16th Annu
Meet Am Soc Gen Cell Ther (ASGCT) (May 15-18, Salt Lake City) 2013, Abst 10. In one
embodiment, an antigen binding domain against CD19 1s an antigen binding portion, e.g.,
CDRs, of a CAR, antibody or antigen-binding fragment thereof described in, e g, PCT
pubhication W(2012/079000; PCT publication W(O2014/153270; Kochenderfer, I N etal, 1.
Immunother. 32 (7}, 689-702 (2009); Kochenderfer, J N, et al, Blood, 116 (20), 4099-4102
(2010); PCT publication W0O2014/031687; Bejcek, Cancer Research, 55, 2346-2351, 1995; or
U.S. Patent No. 7,446,190,
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In an embodiment, the antigen-binding domain of a BCA CAR, e.g, the BCA CAR
expressed by a cell of the invention, binds to BCMA. BCMA s found preferentially expressed
in mature B lymphocytes. In an embodiment, the antigen binding domain s a murine scFv
domain that binds to human BCMA. In an embodiment, the antigen hinding domainis a
humanized antibody or antibody fragment, e.g., scFv domain, that binds human BCMA. Inan
embodiment, the antigen binding domain 1s a human antibody or antibody fragment that binds
to human BCMA. Exemplary scFv domains {and their sequences, e.g., CDRs, VL and VH
sequences) that bind to BCMA are provided in Table 12, Table 13, Table 14 and Table 15. The
scFv domain sequences provided in Table 12 and Table 13 include a light chain variable region
(VL) and a heavy chain vanable region {VH). The VL and VH are attached by a linker, e g., in

the following orientation: VH-linker-VL.

Table 12, Antigen Binding domains that bind the B-Cell antigen BCMA
The amino acid sequences variable heavy chain and variable light chain sequences for each

scFv s also provided.

Name/ SEQ | Sequence
Peseription | (D
NG

139109

139189~ aa 349 EVOLVESGGGLVQPGGSLRLECAVSGFALSNHCGMSWVRRAPGCKGL

ScFvy EWVSGIVYSGSTYYAASVRGRFTISRDNSRNTLY LOMNSLRPEDT

domain ATYYCSAHGGESDVWGOGTTVIVSSASGGGESGERASGGGGSDT
TOSPSSLEASVGDRVTITCRASQSISSY LNWYQORPGKAPKLLIT

;
L At
\’A. SSLOSGVESRESGSCGSGTDFTLTISSLOPEDFATYYCQQSYS

TPYTFGQGTEVE I

1391489~ nt 364 GAAGTGCAA l"lGG’ GGAATCAGGGGGAGCACTTGTGCAGCCTGGA

ScFy GGATCGCTGAGACT CT’”J TGTGCCGTGTCCGE '“”l"“(/"‘C"‘" ”"”C

domain L\zsLCZ‘sCugGZ\TG CTGGGTCC 1CfGJ¥uJ’f‘"‘GuzsAZ\gGl C
AATGGCTGTCGG? ATTGTGTACAGCGGTAC \,F”AC”"TC’CC
GCATCCGTGAAGGGGAG! JT'T’”‘ACCATCACCCCj SACAACTCCAGS

AACACTCTGTACCTCCAAATGAATTCGCTGAGGCCAGACGACACT
GCCATCTACTACTGCTCC CK””‘“T”‘(JCM,AGZ\G="CKJA GTCTGG

Gm AGGGGACCACCGTGACCGTGTCTAGCGCGTCCGGCGEAGEC
GGCAGCGGGGGETCGEGCATCAGGEE JCCGCC’SATC sGACATCCAG
CTCACCCAGTCCCCCAGCTCGCTGTCCGCCTCCGTGGGAGATCLG
GTCACCATCAC W’T“CCCCC(JC"”‘GCC\KJTCKJA [TTCCTCCTACCTG
AACTGGTACCARCAGAAGCCCGGAARAGCCCCGAAGCTTCTCATC
TACGCCGCCT "GAGCClC CAGTCAGGAGTGCCCTCACGGTTCTCC

COCTOCCOTTOCCOTACT O PO ACCOT ~ T NPT N e (T
J\_;_[ CCGETTCCEETACTGATTTCACCCTGACCATTTCCTCCCTG

ACCGGAGGACTTCCCTACTTACTACTGCCAGCAGTCGTACTCC

) Q\
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CCCCTACA

-3
]
3
a
0
0

ACAAGGCACCAAGGTCGAAATCAAG

139199~ aa
VH

e
~J
‘\

h()
F

RLECAVSGFALSNHGMSWVRR!

EVQLVESGG p "‘JQPGGS
AAS

EWVSGIVYSGSTYYARSVEGREFTISRDNSRNTLYLOMNSLRFPEDT
GTTVTVSS

13910%- aa
VL

394

AIYYCSAHGGESDVWGO
DIQLTOSPSSLSASVGDRVTITCRASQSTSSYLNWYQOUKPGKAPK
LLIYAASSLOSGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQO
SYSTPYTFGQGTKVEIK

1391403

139103- aa
ScHv
domain

OVOLVESGGGLVOPGRSLRLSCAASGET E‘Sl\quJMSWVR' JAPGKGL
V5 N \ / VK M OMNSLRDED

TAVY?Y 3'; RASGGE
GSD AWYCQKPGO

] RELG TDSAVYY
CQ(- -| '\/Nrg\)l‘ﬂl\ lK

Ko

1391903- nt
SeFvw
domain

354

’“AAGTG\,AJ CTCGTGGAATCT GT GAGGACTCGTGCAACCCGG
Taral ~1/~4A~/~4f~~(~r~11 Cu. \/Iﬂ'"ll‘f((‘r"l/ﬂf\

T 7 Y suUalaUl sl
\GATCGCTTAGACTGETCGETIGTCECCECC RGN RO WL

AAﬂiAu;@fxl"m””mﬂ; STCCGCCAGGCACCCGGARAGGGACTC

GGTTGGGTGTCCGGCATTTCCCGGTCCGGCGAARAATACCTACTAC
GCCGACTCCGTGRAGGGCCGCTTCACCATCTCAAGGGACARCAGC

AAALAACACCCTGTACTTGCAAATGAACTCCCTGCGGGATGAAGAT
ACAGC C”"I(Jl‘f\C""‘ TTGCGCCCGGTCGCCTGCCCATTACTACGGC
GGAATGGACGTCTGGGGACAGGGAACCACTGTGACTGTCAGCAGC
C\’TPC'GGT\‘JGCCJ\’\/.GC"CI?“C”1&"(‘!\)"&" “r. (o \;GC’C ,T\/ GUL"GJWGJA
G 1(11 CCGACATCGTGCTGACCC \,T”JCCCGGCAA” CCTGAGCCTG
SCCC ‘CG!\"? GCGCGCGACCCTGT GCCGGGCATCCCAGAGC
c-AJT \GCTCH Tf‘f"“‘TTCT .GCCT SGTAT‘CZ-‘ GCAGAAGCCCGGACAG
-CCC /CL;‘\; GCTGCTG CAGRAGGGCTACCGGA
ATC"C”"‘ LCCCJT’ CTCC SGCLCCC CCC(I SACCGATTTCACC
CTTACTATCTCGCGCCTGGAACCT GC} ANCTC (J" CGTCTACTAC
TGCCAGCAGTA C( ACTCAT C’C(iC TC(JT SGACGTTCGGACAGGSGC
ACCAAGC TC‘CP\GATTAAG

!

f‘!“l'l\/“("‘1 F‘|7\/“
L LAl Gl \;(ﬂ £

139103~ aa
YH

369

LT)
o

OVOLVESGGGLVQOPGRSLRLSCAASGFTFSNYAMSWVROAPGE!
GWVS “TLRSGFFTYYADSVFGRFTIS SKNTLYLOMNSLRDED
S e

TAVYYCARSPAHYYG

139103- aa
YL

384

DIVLTOSPE 'LSEqPKJF'{“TT.
RLLIYGASE RATT'&JTTT\PF\GSCS?TDFTI_.TI'\;T.LEPEi,k_',?%L‘47‘.{"f’i'\,;_
QYHSSPSWTEFCOGTKLEIK
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Scelv
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139185 nt 355 CAAGTGCAACTCGTCGAATCCCGGTCGCGAGGTCTGETCCAACCTGGT
SeFv AGAAGCCTGAGACTGTCGTGTGCGGCCAGCGGATTCACCTTTGAT
domain GRCTATGCTATGCACTGGGTGCGECAGGCCCCAGGRAAGGGCCTG
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GAATGGGTGTCGGGAA AGCT5¥AMCT GGGTCCATTGGCTAC
GCCGACTCCGET JJZ\"XC'G ?—ﬂ CGCTTCACCATCTCCCGCGACAACGCA
AAQAAC’CCCE:”AﬁMT”TAA;TCAA” CGC TA”CGCEGLCJAI
ACCGCGCTGTACTACTGCTCCGTGCATTCCTTCCTGGCCTACTGG
GGACAGGGAACTCTGGTCACCGTGTCGAG :GC“TCP7GCGGCGGC
CTCGEGETGEACGEGUCTCGGEELEGEAGGEEEEETCCGACATCGETG
}TG}TCCn SACCCCGCTGAGCTTGCCCETGACTCCCGGAGAGCCT

GCATCCATCTCCTGUCOGTCATCCCAGTCCCTTCTCCACTCCAAC

GGATACAACTACCTCGACTGGTACCTCCAGAAGCCGGGACAGAGC
CCTCAGCTTCTGATCTACCTGGGETCAAATAGAGCCTCAGGAGTG

CCGGATCEGTTCAGCGGATCTEETTCGGGARCTGATTTCACTCTG
AAGATTTCCCGCGTGGAAGCCGAGGACGTGGGCGTCTACTACTGT
ATGCAGGCGCTGCAGACCCCCTATACCTTCGECCAAGGGACGAAA
CTGCAG] TCA@G

139105~ aa
YH

QVQLVESG S DDYAMHWVROAPGRGL
EWVSGIE GYADSVYGRFTISRWWAVNSLTLCNRQLRAEU
[

ot
oW
TALYYCSV HSFLn{MGOVTLVTVS;

139105~ aa
YL

385

DIVMIQTPLSLPVIPGERPASIS
GOSPOLLIYLGSNRASGVPDRES
YYCMOQALOTPYTFGCOGTKVEIK

@ A
70

C VAN o
?SGSCTDFTLKI F“. EJvuV

132111

1391%%- aa
Scelv
domain

341

EVﬁLL?SGGGLVQPGGS'RLSCA&SGEALQNl SMSWVRRAPGRGL
S Y YAASVKGREFTISRDNSRNTLYLOMNSLRPEDT
FVMG;CTTVTVS;ASC sGGESGER SGGTJSDTT

t._.

MTQTPLSLSVT ‘”QE SISCKSSQSLLRNDGKTPLYWYLCKAGO
] EVS RFQP”PD FSGSGSCETDFTLKISRVEDR EDVGAYYC
TKLEIK

139111~ nt
SeHy
domain

356

Gi'c&ﬁﬂm“' GGAGGAGGACTTGCTGCACCCTGGA
SACTTTCGTGTGCGETGTCAGGCTTCGCCCTGAGT

LTCA,GC”AT1A§CTuaGTGCG?AGJu”CV,GGGGT GGGTCTG

FAAYE
L8R

GGOTCTCCGaGATCCTCTACTCCGOTTCARCTTACTACGOC
AATC ATCGTCTACTCC CAACTTACT Ci

’4)

i
Jogtia L

alats TCCGGEE PAk

GCAAG C”TQFALP"'CCCTT”AC”AWN'“CCG CGATAACTCCCGG
AACACCCTGTACCTCCAAATGAACTCCCTGCGGCCCGAGGACACT
GCCATCTACTACTGTTCCGCG \ATﬂdeudeh¢v CGATGTCTGG
GGACAGGGCACTACCGTGACCGTGTCGAGCGCCTCGGGGEGAGGA

~ T O T OO O T O OGO CCCOCT OO ACCOACATT T
GGCTCCGECEETCECECCTICCEGEEE CLJJ\J;\J\J CAGCGACATTGETG

W”ACP“&G”“MT” WCTCTCGCTGTCCGTGACCCCGLGACAL C”

GCGTCCATCTCGTGCAAGAGCT CCCAGAGCCTGCTGAGGA A’“(3/

GGAARGACTCCTCTGTATTGGTACCTCCAGRAAGGCTGGACAGCCC
CCGCAACTGCTCA ”WAWG““LTCEL;AA”CTCTICTCCJGCJTC
C’Cf"m”’GIT“TCCJ”””“”’GFTC‘CG“K CGACTTCACCCTG
AAMATCTCCA :’;G(JT GAG (:C'CG AGGACGTGGGAGCCTACTACTGC
ATGCARRACATCCAGTTCCCTTCC T?CpGGCGL CACARBAGCTG
GAGATTAAG

e N L ACELC

"\

139111 aa
VH

371

EVOLLESGGGLVOPGGS LRLSCAVS GFALSNHGMSWVRRAPGEGL
EWVSGIVYSGSTYYAASVKGRETTSRDONSRNTLYLOMNS LRPEDT
ATYYCSAHGGESDVWGOGTTVIVSES
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LRNDGKTPLYWYLOKA

139881 aa 386 DIVMTOTPLSLSVTPGOPASTISCKSSQSLI
> TDFTLKISRVEAEDVGA

YL GOPPOLLIYEVSNRFSGVPDRESGSG
YYCMONTIQFPSFGGCTKLEIK

Qs
SG

139100

139188~ aa 342 OVOLVOSCAEVRRTGASVRVSCKASGYIFDNEFGINWVROAPGQOGL

SefFv EWMGWINPKNNNTN V/AQ FOGRVTITADESTNTAYMEVSSLRSED

domain TAVYYCARGPYYYQ Y“J'.,‘ NGOGTMVTVSSASGGEGSGEGRAS JG\)

GSD l‘7Ml‘A"T"‘LSLf VTP %ZPA'”TS’\;RK SOSLLHENGYNYLNWYLO

KPGOSPOLLIYLGSKRASGVPDRFSGSGSGTDETLHITRVGAEDY
A

)
5

[6p

o 4]

{

4

-

l-r'

,-Ej

=
ek

GVYYCMOALOTPYTFGQGTKLEIK

130188- nt 357 "i-s_r" CTCCAACTCGTCCAGTC jGG,pC’\ GTCAGA 7&1—‘«?\1&"’”@"[
ScFy SCTAGCGTGAAAGTGTCCTGCA ACGCC',' ZGCV‘TZ‘ CATTTTCGAT
domain Z‘sC’T CGGAATCAACTGGGTCAGACAGGCCCCGGECC Z\\JGGC TG

GAATGGATGGGATGGATCAACCCCAAGAACAACAACACCAACTAC
GCACAGAAGTTCCAGGGCCGCEGTGACTATCACCGUCGATGAATCG
ACCAATACCGCCTACATGGAGGTGTCCTCCCTGCGGTCGGAGGAL
ACTGCCGTSTATTACTGCGCGAGGGGCCCATACTA Cmﬁf‘f"/A AAGC
ACATGGACGTCTGGGGACAGGGARCCATGGTGACCGTGTCATCC

el alalel et U elelt sl N alelali alalalalolalololalolatal ot e N alor Yol slalale
GCCTCCEGETEETGGAGGUTCCEGEEEEGECEGECTTCAGEA JCJ\/ GGA

CGAAGCGATATTGTCGATCACCCACGACTCCGCTTAGCCTGCCCGTG

TS (T S 7y CCGGOCTCCATT COCCTCOTON ek
ACTCCTGGAGAACCGEGCCT VITTCCTGCCGGTCCTCGCAATCA
CTCCTCCATTC Pl . tal TTEETACCTC ~
CH CTGCATTCCAACGGETTACAACTACCTGAATTGGTACCTC CALG
e alaualolalat Nabtlalalalalalar Vel tualalt e T Y e T T R T

l& GCCTGECCAGTCGCCCCAGTTGEGCTGATCTATCTGGGCTCGAAG

OO OO GO TCACC GO TTAG COCAT CTOCCACCGGE
,Z-\,. GGACTTCACTCTCCACATCACCCGCGTGEGAGCGGAGGRACGTG
GGAGTGTACTACTGTATGCAGGCGCTGCAGACTCCGTACACATTC
CGACAGGGCACCAAGCTGGAGATCAAG

139100-aa | 372 | QVOLVQSGAEVRKT SVﬁV\CKASGYIFDNFGINWVRQ_PéﬁGL
VH EWMC WINEKNRNTNYAQ FOGRVTITADESTNTAYMEVSSLRSED
TAVYYCARGPYYYQS YMDVWGOGTMVTVS

LI

l'

139100- aa 387 DIVMTOTFLSLPVIPGEPASTISCRSSOSLL HSKG\”YLRWYLglf
YEL CGOSPOLLIYLGSKRASGVPDRFSGSGSGTDFTLHITRVGAEDVEV

YYCMOALOTPYTFGOGTKLEIK

135101

§13919%- aa 343 OVOLOESGGGLVOPGGSLRLSCAASGFTES S DAMTWVRQAPGKGL
Scly EWVSVISGEGGTTYYADSVKGRETISRDNSKNTLYL ’W'i"‘T RAED
domain TAVYYCAKLDSSGYYYARGPRYWGOCGTLVTVSSASGGGGSGGRAS
GGGGESDIQLTOSPSSLSASVGIDRY T m"'{uSQSI SSYL NWY")QK P
GKAPKLLIYGASTLASGVPARFSGSGSGTHFTLTINSLOSEDSAT
YYCQOOSYRKEASFGQGTEVET
TCAL

My

24 1 N
139508~ ut 358 CAAGTGCARCTTCAAGAATCAGGCGGAGGACTCGTGCAGCCZCGGA
SeFy GGATCATTGCGGCTCTCGTGCGCCGCCTCGEGCTTCACCTTCTCG

domain AGCGACGCCATGACCTGGGTCCGCCAGGCCLCGGEGAAGGGECTG
GAJ—‘«_T(J’”‘lf’" CTGTGATTTCCGGLCTCCGGGGGAACTACGTACTAC
GCCGATTCCGTGAAAGGTCGUTTCACTATCTCCCGGGACAACAGC
AR \ﬁﬁCACC TTTATCTGCARATGAATTCCCTCCGCGCCGAGGAC

ACCGCCOTOTACTACTES wﬂhp AGCTGGACTCCTCGAGCTACTAC
AU ] \CTACTGCGCCAAGCTGGAC CLlGGELUTAUTAC
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TATGCCCGGE

Toletel
GTGTCCTCCG
elelorelclolelelorer
el Ll

CTGAGCGCE
TCCCAGAGCA

GGARAAGGCTC!
eleletelereuderel

LA ANTNININT Lot

r.[hl/‘/\k ‘irﬁf“l{" r& sl

TACTACTGTC

ACTARAGGT CCF\GZ\TF

AAGCOTGGECGAL

T N P T T
GTCCGAGATACTGGGEGACAGGGAACCCTCGETGACC
siallslslelalslele —~ S alalalah Vale )
CGTCCGGCGEEAGGAGGGETCGGEEA LJWGK,W\;G MONN

N)TII'?W./"((*('!A CATOC T\f\"“‘l"’lﬂﬂz‘_&. -FN.E& NiTalaralaly 1T|(1mr»-|(1;,‘_&

Wi LUy CUALU LGS sl AL U LD

_-‘.LG]:\Q_'/- II s /* r& ln m 7 . [\}Ll T /\ /« {m f« s r‘

.
p L

TCAGCTCCT }CCT(:I-\AACT SGTACCAACAGARG ‘CK
[
p—)

~m

sl
P
_1

W
A TS, a¥alaslal el ~
TTGATCTACGGGGCTTCGACCCT G *rk,.;‘

LlAaAaEU L It Pt
aTalalalay.Vs , T A O A NGO T ACCRRO D abNal
CCGCGAGGTTTAGCGEGAAGCEGETAGCGGCACTCAL

C‘

CATTAACAGCCTCCAGTCCGAGGATTCAGCCACT
AGCAGTCCTACAAGCGGGCCAGCTTCGGACAGGGE

139101~ aa
VH

373

GVQLOES g 5G]
w—vWT 7 Ci'\/’)":

Q\, \_'v

AN T T
AVYYCAKLD

VOPGGSLRLSCAASGETFSSDAMTWVROAPGKGL
.m“Y""/A')C'\/TK SRETISRDNSKNTLYL

oo AV TWOOGTLYTVSS
l\j 1\71 CJ y\ 4\( T /(\

jo e . Voo

139101~ aa
VYL

388

DIQLTOSPESS
LLIYGASTLA

TR A T
SYKRASHFGEQG

LSASVGDRVTITCRASQSISSYLNWYQOURKPGKAPK
SGVPARFSGEGEG] HF”LT INSLOSEDSATYYCOQ
TRVEIK

139102

139102~ aa
ScHvy
domain

OVOLVOSCGAEVY
EWMGWISAYN
TAVYYCARGP
EIVMTQSPLS
GOSPOLLIYL

YYCMOGROEP

KKPGASVRVSCKASGYTFENYGITWVROAPGOGL
CT\TTNYAQKFQGRVT MITRNTSISTAYMELSSLE
YYYYMDVWGK JTTV. [VSSASGGGEGSGHGRASGEGGES
LPV IP SEPASTSCRESQOSLLYSNGYNYVDWYLQKP
GSNRASG PDRE’%G“ SSGTDFRLOISRVEAEDVGI
YSFGQGTKVEIK

139192~ nt
Scelv
domain

CAACGTCCAAC

TGGTCCACAGCGGTGCAGAAC

[GAAGAAGCCCGGA

GCGAGCGTGAAAGTGTCCTGCARGGCTTCCGGGTACACCTTCTCC

AAC TAC \7&"(" A
GAATGGATGGE
GCTCAGAAGT
ATTTCCACCG

ATCACTTGGGTGCGLCCAGGCCUCGGGACAGGGLCTG
CGTGGATTTCCGCGTACAACGGCAATACCAACTAC
TCCAGGGTAGAGTGACCATGACTAGCGAACACCTCC
CCTACATGGAACTGTCCTCCCTGCGGAGCGAGGAL

ACCGCCETGTACTATTGCGCCCGEGGACCATACTACTACTACATG

GATOTOTOGGE
CALTGELTUTGES

COAGGCGECGE
n

CuGA CGTG!
GGGGAGCCCG
T‘A(“TFC'“’ CG

GGCC GCCH

A(J-”" 1'\ ;TGC

~ e T I O T T AT O T O
GAAGGGGACTATGGTCACCGTGTCATCCGCCTCG

L AN AN o R [E1CHROY. v-u\. LR A AN

I et Z

TCAGGAGGACGCECCTCTGETGETGGAGCATCG

\TGACCCAGAGCCC 'CTC' (€ TT(;C”“V‘G TGA “TC‘

CATCCATTTCATGCCGG CCAGTCACT TC’T’?
GCTATAACTA CCTCGTJ".“ GG TF—\FCT CCAARAGCCG

CGCACCTRCTCATCTACCTCOOOTOR NN e
CGCAGCTGCTGATCTACCTGEGCTCGAACAGGEGCC

CTGACCGGTTCTCCGGETCGGGAAGCGGEACCGALC

TTCAAGCTGCAAATCTCGAGAGTGCGAGGCCGAGGACGTGGEG! \Z‘sT‘C

TACTACTGTA

I CCAARG
L \,n N I‘L{A A

G

T JCAGGC”CGC’\,.

STGGAAATCAARG

")

TTTCCGTACTCGTTCGGACAL

1391402 aa
YH

-

EWMGHTSAYN
AVYYCARGE:

l'

p_:

OVOLVOSGAEVKEPGA SVf\\/\ CRASGYTEFSNYGITWVRQAPGOGL

GNTNYAQKFQGCRVIMIENTSTISTAYMEL J C LRSED
YYYYMDVWGKGTMVTVSS

139102- aa
VL

389

{5t

IVMTOSELS
COSPOLLIYL

O OT D
YYCMOGROER

o

LPVTPGEPASTSCRESQSLL ’Sl\'G\ NYVDWYLQEP
GSNRASGVPDREESGSGSGTDFRLOI SRVEAEDVGT
YSFGQOGTRVEIK

138104
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139104~ aa
ScHy
domain

EVOLLETGGGLVOQFGGSLRLSCAVIGFALSNHGMSWVRRAPGKGL
ﬁW TSGIVYSGSTYYAAS ‘fKuFFTTSRT]\T%F]\TT._.YT CMNSLERPEDT

J
»»»»» - "o T TS TR T 4 ferelele 4~ -
lvﬁ ‘J.:[(J\..J_/L_/ DVW \JQ TTVT SbAS CJC, J(J]:’\_L Lo lalalbhom LY

L

G A COCOCATTY
L TOSPATLSVSPGESATLSCRASOSVSSNLAWY QORKPCOAPRLL]
V(JA”WRZ‘ SGIPDRESGSGSGTDEFTLTISSLOAEDVAVYYCQUYGS

SLTFGGGTEVEIK

138104~ nt
Scelv
domain

360

GZ—‘&AGT SCAATTGCTCGARACTGGAGGAGGTCTGGTGCAACCTGGA
GGATCACTTCGCCTGTCCTGCGCCGTGTCGGGCTTTGCCCTETCO
AACC TCGAATG""C'I‘GCJTLCGC’: sCGCGCCGEGGAAGGGCCTC

GAATGGGTGTCCGGCATCGTCTACTC C-”ILC [CCACCTACTACGCC

GCG TCK“”TGAAGGGC GGTTCACGATTTCACGGGACAACTCGLGE
ARCACCCTGTACCTCCAAATGA /-J"Tf"C”“ "TCGGICGGAGGATACT
GCCATCTACTACTGCTCCGCCCACGGTGGCGAATCCGACGTITGE
GGCCAGGGAACCACCGT wLXCC\,Tf"l CCAGCGLCGTCCGLEGEGGAGGA
GGAAGCGGGGETAGAGCATCGGETGCGAGGCGCGATCAGAGATCGTG
CTGACCCAGTCCCCCGCCACCTTGAGCGTGTCACCAGGAGAGTCC
GCCACCCTGTCATGCCGCGCCAGCCAGTCCETGTCCTCCAACCTG
GCTTGGTACCAGCAGAAGCCGEGGCAGGCCCCTAGACTCCTGATC

rlAl“ (JJCCf’" CGACCCGGGCATCTGGAATTCCCCGATAGGTTCAGC
SGATCGGGCTCGGGCACTGALT T" CTCTGACCATCTCCTCGECTG
‘,.E!J"“Ck,'q kJaF—\CG GGCTGTGTACTACTGTCAGCAGTACGGAAGC
TCCCTGACTTTCGGTGGC SGGACCAAA" [CGAGATTAAG

k

139104~ aa
YH

EVOLLETGGGLVOPGGSLRLSCAVIGFALSNHGMSWVRRAPGKGEL
EWVSGIVYSGESTYYAASVKGRFTISRDNSENTLYLCOMNSLREPEDT
ATYYCSAHGOESDVWGOGTTVTVSS

‘Wi_m_) BN

139104- aa
YL

390

EIVLTOQSFATLSVEPGESATLSCRASQSVSENLAWYQOKPGOAFPR
LLIYGASTRASGIPDRESGSGSGTDETLTISSLOAEDVAVYYCOO
YGSSLTFGGGTRVEIK

138186

139106- aa
ScHy
domain

346

EVOLVETGGGLVOPGGSLRLSCAVIGFALSNHGMSWVRRAPGKGEL
EWVSGIVYSGESTYYAASVKGRFTISRDNSENTLYLCOMNSLREPEDT

ATYYCSAHGGESDVWGOGTTVTVSSASGEGESGGRASGGGGSETIV
; M

35

MT '"SP/ TLSVSPGERATLSCRASQSVSSKLAWYQQKPGOAPRL
XGAST. ATGIPDRFSGSGSGTEFTLTISSLEFPEDFAVYYCQQYGS
QT

FGOGTKVEIK

_)

139106~ nt
SeFy
domain

361

- “ﬂ

TGCAATTGGTGGAAACTCGAGGAGGACTTGTGCAACCTGGA

GGA CATTGAGACTGAGCTGCGCAGTGTCGEG, r"TCGC‘, CCTGRGC

ARACCATGGAATGTCCTGG flCA SAAGGGCCCCTGGAAAAGGLCTC
GAATGGGTGTCAGGGATCGTG 'Z\_C"l CCGGETY "‘C"\’”””" ACTACGCC

GCCTCCGTGAAGGGGCGCTTCACTATCTCACGGGATAACTCCCGE
AATACCCTGTACCTCCARRTGAACAGCCTGCGGCCGGAGGATACC
GCCATCTAC lA CTGTTCCGCCCACGGTGGAGAGTCTGACGTIOTGE
GGCCAGGGAACTACCOTGACCGTGTCCTCCGLGTCCGEL GTGGA
SCE\(JCMJCGCCK“” GCCAGCGGLGGCGEAGGCTCCGAGATCGT
ATGACCCAGAGCCCCGCTACTCTGTCGGTGTCGCCCGGAGARAGG

COGACCCTOTCCTCCCGRCCOT OO A COGTGAGCAGCAACCTG
GCGACCCTG CTGECCGEEGECETCGECAGTC GAGCAGCAAGCT

GCTTGGTACCJ GCAGAAGCCGGGCCAGGCA C" ACGCOCTGCTTATG
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TACGGTGCCTCCATTCGGGCCACCGGAATCCCGGACCGGETTCTC
GGGTCGGGGTCCGGTACCGAGTTCACACTGACCATTTCCT ,'CJT\,
Gaﬂnﬂmﬁ GOACTTTGOOGTCT AT TACTGOCAGCACTACGAETCC

Al lUuaAlsa (CIULAG LA CEGUTCT

TCCTCATGGACGTTCGGCCAGGGLACCAAGGTCCGAAATCAAG

1391406~ aa
YH

EVOLVETGGGLVQFPCGGELRLSCAVSCGFALSNHGMSWVRRAPGKGL
WVSGIVYSGSTYYAASVKGREITISRDNSRNTLYLOMNSLRPEDT

>
ATIYYCSAHGGESDVWGQGTTVTVSS

139106- aa
VL

391

QSPATI "\/’SPGL RATLSCRASQSVSSKLAWYQOKPGOAFR
ASTIRATGI FSGSGSGTEFTLTISSLERPEDFAVYYCQOQ
TFGQC”KV"‘:/

139107

139107- aa
ScHv
domain

l-v“

WOLVETGGGVVOPCGELRLSCAVEGFALSNHCGMSWVRRAPGKGL
EWVSGIVYSGSTYYAASVKGREFTISRDNSRNTLYLOMNSLRPEDT
AIYYCSAHGGESDVWGOGTTVTVISASGGGESGGRASGGGESETIV
LTOSPGTLSLSPGERATLSCRASOSVGSTNLAWYQOKFPGOAPRLL
IYDASNRATGIPDRFSGGGSGTRDFTLTISRLEPEDFAVYYCQOYG

j

139197- nt
SeFvw
domain

362

SSPEWTFCOGTKEVETK
GAAGTGCAATTGGTGGAGACTGGAGGAGGAGTGGTGCAACCT GG
GGAAGCCTGAGACTGTCATGCCCGGTGTCGEGCTTCGCC T'I‘TJZ’(?TJ
AANCCACGGAS "le'””""””" STCCGCCGGELCCCTGE (Jz'\ AXRGGACTT
GAATGGGTGTCCGGCATCGTGTACTCGEGTTCCACCTACTACGCS

GCCTCAL TKJAAGGC”CG—GTF”TAK,T..TTA?CCa ,JAC. ’,CT CCAGA
AA ACACTGTACCTCCAAATGAACTCGCTGCGGCCGGAAGATACC
GCTATCTACTACTGCTCCGCCCATGGLGEAGAGTCGGACGTCTGG

GGACAGGGCACCACTGTCACTGTGTCCAGCGCTTCCGGLGETGET
GGAAGCGGGGGACGGGCCT JAQG."&WGK,W\;TGG CAGCGAGATTGTG
CTGACCCAGTCCCCCGGGACCCTGAGCCTGTCCCCGGGAGARAAGG
C/\/\\ ‘I’\/“l’\l_[(‘l "1I|'I/‘l'-[C/\/ L(’\f&l ’ﬂf“cl\s‘(-! ‘\/‘ C/\l‘_[b{"/‘ r“\f“" CII\7{/\
¥ s N £
CTTGCATGGTACCAGCAGAAGCCCGGCCA GCCCCCTCCJ‘ IGCTG

ATAGAGCCACCGGCATCCCGGATCGCTTC

AGCGGAGGCGEATCCGGOACCCACTTCACCCTCACCAT TTCAAGE
AGCGGAGGCEGATCEGGECACCGACTTCACCCTCACCATTTYCAAGG

CTGEAACCGOAGGACTTCGCCGTGTACTACTGCCAGCAGTATGET
TCGTCCCCACCCTGEACCTTCGGCCAGGGGACTAAGGTCGAGATC

AAG

ek ~
ATCTACGACGCGTCC)

139107~ aa
YH

EVOLVETGGGVVOPCGGSLRLSCAVSGFALSNHGMSWVRRAPGRKGL
EWVEG I"YSC; r"YYF—\nSVVGRF”TQRT\N S RNTLYLOMNSLRPEDT
ATYYCSAHGGESDVWGQGTTVTY

139107- aa
YL

VLTQSPGTLSLS P(JF RATL ASQOSVGSSTNLAWYQOKPGQAP
RLLIYDASNRAT TTT\FF\GC?SCTT TLTISRLEPEDFAVYYCQ
QYGSSPPWTEFCOGTKVEIK

139108

130108~ aa
Scelv
domain

348

QVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGL
EWVSYISSSGSTIYYADSVKGRFTISRINAKNSLYLOMNSLRAED
TAVYYCARESGDGHDVWGOGTTVIVSSASGS

= >
[€P]
Q)
)
)

GSGGRASGGGGESD
5 GYL\*W YOOKPGKAFPKL
TTSSLOPEDFATYYCOQS

<
-3
(]
i}
@]
2y
A ~
N
p]
K
]

IOMTOSFSSLSASVGDR
LIYAASSLOSGVP '

WD 0 LoV
YTLAFGQGTKEVD

t"
J

)
w2
)]
=
W]
i
+3
t-A
=
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139108 nt
ScHy
domain

2
an
3

CAAGTGCAACTCGTGGAATCTGGTGGAGGACTCGTGARACCTGGA

GGA TCnTTuA SACTGTCATGCGCGGCCTCGGGATTCA CG@T‘CT -C

CGAT TACTA ATGAGCTGGATTCGCCAGGCTCCGGEGAAGGGACTG
GAATGGGTGTCCTACATTTCCTCATCCGECTC L,A"LJAI’ TACTAC
G jGCZ‘sCTCC CTGAAGGGGAGATTCACCATTAGCCGCGATAACGCC
AAGAACAGCCTGTACCTTCAGATGAACTCCCT JC\) & 7\,TG»19GnT
ACTGCCGTCTACTACTGCGCAAGGGAGAGCGGAGATGGGATGGAL

GTCTGGGCACAGGGTACCACTGTCGACCGTGTCGTC f’"”"TCCGGC
GGAGGGGGETTCGGETGGAAGGGCCAGCEE GGCGCT GGCAGCGAC

AT "‘CAT Tkul CCAGTCCCCCTCATCGCTGTCCGCCTCCGTEGEE

GACCGCGTCACCATCACATGCCGGECCTCACAGTCGATCTCCTCC
TAC’:TCA \TTGGTAT CAGCAGAAGCCCGGARAAGGCCCCTAAGCTT
CTGATCTACGCAGCETCCTCCCTGCAATCCGEGGTCCCATCTCRE
TTCTCCGGCTCGEECAGCEETACCGACTTCACTCTGACCE WTCG
AGCCTGCAGCCGGAGGACTTCGCCACTTACTACTGTCAGCAAAGT

TACACCCTCGCGTTTGGCCAGGGCACCAAAL 'lGGACAI"’" AG

139108- aa
VH

378

OVOLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRDAPGKGL
EWVSYISSSGSTIYYADSVREGRETISRDNAKNSLYLOMNSLRALED
TAVYYCARESGDGMDVWGQOGTTVIVSS

139108- aa
Vi

393

T"EQMI Q5] SSLSAS\/GDR\""’LT CRASQSIESYLNWYQOKFGKAPK
LIYAASSLOSGVESRESGSGSGTDFTLTISSLOPEDFATYYCQO
SYTLAFGQGTKVDIK

132118

139110~ aa
SeFvw
domain

350

QVQLVOSGGGLVEPGGSLRLSCAASGETES VV]\/[E‘T,\TIRQAi GKGL
EW\/’S;IS( SGNTIYYADSVEGREFTISRDNAKNSLYLOMNSL
ARSTMVREDYWGQGTLVIVSSASGGGESGERASGGGGEL
IVL TQ 'F LSLEVTLGOFRFASISCKESESLVENSGKTYLNWEFHORPG
QSPRRLIYEVENEDSGVPDRETGSGSGTDEFTLKISRVEARDVGVY
YCMOGTHWPCTEFGOGTKLEIK

=
<
i
]

:
2
l‘vx

139110 nt
ScHy
domain

"
oA
¢

CAAGTGCAACTGGTGCAARAGUGGAGGAGGATTGGTCAAACCEGGA

GGAAGCCT L:z—\pAf" GTCATGCGCGGCCTCTGEATTCACCTTCTCC
CGATTACTACATGTCATGGATCAGACAGGCCCCGEGGAAGGGLCTC
uzsﬁT(gG STGTCCTACATCTCGTCCTCCGGGAACACCATCTACTALC
GCCGACAGCGTGAAGGGCCGCTTTACCATTTCCCGCGACAACGCA
F—\AaF—\ACTs SJCTGTACCTTCAGATGAATT CCﬁGCGG SCTGAAGAT
ACCGCGGTGTACTATTGCGCCCGGTCCACTATGGETCCGGEGAGGAL
TACTGGGGACAGGGCACACTCETGACCEGTGTCCAGCGCGAGL GGG
GGTGGAGGCAGCGGETGGACGCGCLTCCGECGECEECEETTCAGAC
ATCGTGCTGACTCAGTCGCCCCTETCGLTGLCCGGETCACCCTEGGEL
CAACCGGCCTCAATTAGCTGCAAGTCCTCGGAGAGCCTGGTGCAC
AACTCAGGARAACAC l"'1 ACCTCGAACTGGTTCCATCAGCGGCCTGGA
CAGTCCCCACGGAGGCTCATCTATGAAGT GTCCAACAGGGATTCG
GGGGTGCCCGACCGCTTCACTGGLTCCGGGETCCGGCACCGACTTC
ACCTTGAAAATCTCCAGAGTG GAAGA,’CG \GGACGT GG GCGTGTAC
TACTGTATGCAGGETACCCACT GGCCTGGAACCTT W'GGACAAGGA
ACTAAGCTCGAGATTAAG

’1

’"\

139110~ aa

OVOLVOSCGGLVKPGGSLRLSCAASGEFTEFSDYYMSWIRQAPGKGL
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VH

YISO SGNTIYYADSVKGRETISRDNAKNSLYLOMNSLRARD
TAVYYCARSTMVEEDYWGQOGT LVTVS S

139119- aa
VL

395

</

) LSLPVTLGOPASTISCKSSESLVHNSGETYLNWEHQRE
GOSPRRLIY F\,'”“\TR.,\)G”PT\F‘ TG‘“ SGTDFTLKISRVEAEDVGY

YT LTI T (T e N TR T T
YYCMOGTHWPGTFGOGTKLETIK

139112

139132- aa
SeHy
domain

OVOLVESCGGLVQPGGSLRLSCAVSGFALSNHCGMSWVRRAPGKGL
EWVSGIVYSGSTYYAZ SVKKJPF"“TSRDNC'RNTA_;YT QMNSLR__JDT
ATYYCSAHGGESDVWGOGTTVTVSSASGGEGESGGRASGGEGESDIR
LTOSPEPLEASVGDRVTITCOASEDINKELNWY -QTBCi PKLLIT
YDASTLOTGVPSRESGSCGSGTDETLTINSLOPEDIGTYYCQQYES
LPLTFGGGTKVEIK
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CAAGTGCAACTCGTCGGAATCTGGTGCAGCGACTCGTGCAACCCGGT
GGAAGCCTTAGGT ”‘.TCCTGCG CGTCAGCGGGTTTGCTCTGAGT
AACCATGGRATGTCCTGGGTCCGCCGGGECACCGGGARAAGGGCTG

GAATGGGTGTCCGGCATCGTGTACAGCGGGTCAACCTATTACGCC
GCGTCCGTGAAGGGCAGATTCACTATCTCAAGAGACAACAGCCGG
LZ&"A CCCTGTACTTGCAAATGAATTCCCTGCGCCCCGAGGACACT

(O T dnletalnlalaliararelel.Yala CODACACTC “ﬁ/"‘m
GCCATCTACTACTGCTCCGCCCACGGAGGAGAGTCGGACGTGETGE

GGCCAGGGAACGACTGTGACTGTCTCCAGCGCATCAGGAGGGGET

GGTTCGGGCGGECCEEGCCTCGEEEEGE! \,wACﬂT'JCA’GAVA""T CGG
CTGACCCAGTCCCCGTCCCCACTGTCGGCCTCCGTCGLGCCGACCEE
GTGACCATCACTTGT CAGGCGTCCGAGGACATTAACAAGTTCCTG
AACTGGTACCACCAGACCCCTGGARARGGCCCCCAAGCTGCTGATC
T CC TGCCTCGACCCTTCAAACTGGAGTGCCTAGCCGGTTCTCC
GGGTCCGECTCCGGCACTCGATT TCACTCTGACCATCAACTCATTG
CAGCCGGAAGATATCGGGACCTACTATTGCCAGCAGTACGAATCC

CTCCCGCTCACATTCGGCGGGEGAACCAAGGTCGAGATTAAG
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OVOLVESGGGLVOFGGSLRLSCAVSGFALSNHGMSWVRRAPGKGL
EWVSGIVYSGSTYYAASVKGRFTISRENSENTLYLOMNSLRPEDT
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ATY VL SAHGGESDVWGQOGETTVTVSS

139112 aa
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396

DIRL ST‘:%*T_.SASTV*GM..""“TTK, QASEDINKFLNWYHQTPGKAPK
L..TVT ASTLOTGVPSREFSGSGSGTDFTLTINSLOPERIGTYYCOQ
YESLPLTFGGG "'KX"'.?'
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EVOQLVETGGGLVQPGGSLRLSCAVSGFALSNHGMSWVRRAPGKGL
EWVSGI "Sa“TYYTJSVK&FFTTS?TH%FNTJYTCMTVL\*E)T
ATYYCSAHGGESDVWGOGTTVTVSS AQ;C7MSGJRTQGuJGUM¢J
L”Q PATLEVEPGERATLSCRASOSVGENLAWYQQOKPGOGPRLLT
YG ‘MBFIQLPAR’“ SSCESGTEFTLTISSLOPEDFAVY YCOQYNL
WLPZTFQQGT KVET
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CAACTG C_ﬂu&TTGG”GJ!‘uLsLC GGAGGAGGACTTGTGCAACCTGGA
GGATCATTGCGGCTCTCATGCGCTGTCTCCGGCTTCGEC T”m_“l
AATCACGGGATGTCGTGGGTCAGACGGGCCCCGGGAAAGGGTCTG
GAATGGGTGTCGGGGATTGTGTACAGCGGCTCCAC *"’ACTACGCC
GCTTCGGTCAAGGGCCGCTTCACTATTTCACGGGACAACAGCCGC
AACACCCTCTAT