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Compositions of Guanylyl Cyelase C (GCC) Antigen Binding Agents and Methods of
Use Thereof

CROSS-REFERENCE TO RELATED APPLICATIONS

[B001] This application claims priority to United States Provisional Patent Application
Ker. No. 63/123,331, filed on December 9, 2020, which 1s meorporated herein by reference in

is entirety.

SEQUENCE LISTING

[6082] The instant application contains a Sequence Listing which has been subnutted
electronically m ASCH format and s hereby incorporated by reference in its entirety. Said
ASCIH copy, created on November 19, 2021, 18 named MIL-00SWO KL txt and 1

140,478 bytes n size.

BACKGROUND

[6083] Guanylyl cyclase C (GCC) 1s a transmembrane cell surface receptor that
functions in the mamtenance of intestinal fluid, electrolvie homeostasis and cell prohiferation,
see, e.g., Carrithers et al,, Proc. Nath Acad. Sci. UUSA 100:3018-3020 (2003}, GCC 18
expressed at the mucosal cells liming the small intestine, large mtestine and rectum {Carrithers
et al., Dis Colon Rectum 39: 171-181 (1996}, GCC expression 18 maintained upon neoplastic
transformation of intestinal epithelhial cells, with expression in all primary and metastatic
colorectal tumors (Carrithers et al, Pis Colon Rectum 39: 171181 {1996); Bucetal EurJ
Cancer 41: 1618-1627 (2005}, Carrtthers et al., Gastroenterslogy 107 1653-1661 {1994)).

There 1s a need for novel and improved methods for targeting GCC.

SUMMARY

[(004] Disruptions in GCC signaling pathways have been linked to numerous

gastrointestinal disorders including colorectal cancer. The present invention provides, among
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other things, novel anti-GCC antigen binding molecules {e.g., single domain antibodies
{sdAb)) and chimeric antigen receptors {{ ARs} that include anti-GLC antigen binding
domains {e.g., sdAb}. In addition, the present invention provides host cells {(g.g., T celis}
expressing the CARs, and nucleic acid molecules encoding the CAR or anti-GCC antigen
binding molecule. The CAR cells comprise an anti-GCC CAR molecules expressed on the
cell surface. In some embodiments, the CARs exhibit a high surface expression on transduced
T cells, with a high degree of cytolysis and transduced T cell expansion and persistence in
vivo. Methods of using the disclosed CARs, host cells, and nucleic acid molecules are also

provided, for example, to treat a cancer in a subject.

[6005] In one aspect, the present invention provides an anti-guanyiyl cyclase C (GCC)
chimeric antigen receptor (CAR) comprising an extracellular antigen binding domain that
binds to guanylyl cyclase C {(GCC), a transmembrane domain, and at least one intracellular

signaling domain.

[6006] In some embodiments, the anti-GCC CAR comprises an antigen binding
domain comprising: a heavy chain variable region {VH) with complementarity determuning
region (CDR) sequences of HYYWS (HCDR1) (SEQ ID NO: 8), RIYPSGSTSYNPSLES
(FICDR2) (SEQ ID NO: 11) and DRSTGWSEWNSDL (HCDR3) (SEQ ID NO: 16); a heavy
chain variable region (VH) with complementarity deternuning region (CDR) sequences of
RYWMS (HCDR U (SEQ ID NG: 9), KIRHDGGEKYYVDSVKG (HCDR2ZY (SEQ 1D NO:
12} and DYTRDV (HCDR3) (SEQ ID NO: 17); a heavy chain variable region {VH) with
complementarity determiming region (CDR) sequences of RYWMT (HUDRI (SEQ ID NG
10), KIKYDGSEKYYADSVKG (HCDR2) (S8EQ ID NO: 13) and DYNKDY (HCDR3)
(SEQ 1Dy NO: 18); a heavy chan vanable region (VH} with complementarity determining
region {CDR) sequences of RYWMT (HCDR1) (SEQ ID NGO 10},
KIRHDGGEKYYPDSVKG (HCDR2Y (SEQ ID NO: 14 and BDYNKDL (HCDR3) (SEQ ID
N 19} or a heavy cham vanable region { VH} with complementarity determining region
(CDR) sequences of RYWMT (HCDR1) (SEQ ID NO: 10}, KIRHDGGEKYYADSVKG
(HCDR2) (SEQ I NO: 15) and DYNKDY (HCDR3) (SEQ ID NO: 18),
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(80071 In some embodiments, the antigen binding domain of the anti-GCC CAR
comprises a heavy chain variable region (VH) that 1s at least 90% identical to SEGQG ID NGO 1

or SEQ 1D NO: 20.

[3008] In some embodiments, the antigen binding domain of the anti-GCC CAR
comprises an immunoglobulin heavy chain variable {VH) region comprising an amino acid
sequence that is at least 90% identical to SEQ 1D NG 21; an immunoglobulin heavy chain
variable {(VH) region comprising an amino acid sequence that is at least 90% wdentical to SEQ
D NO: 26; an immunoglobulin heavy chain variable (VH) region comprising an aming acid
sequence that 1s at least 90% wdentical to SEQ ID NG: 27; or an immunoglobulin heavy chain
variable {VH) region comprising an amino acid sequence that s at least 90% identical to SEQ
D NO: 28

[6009] In some embodiments, the antigen binding domain of the anti-GCC CAR

comprises an immunoglobulin variable heavy chain only anti-GCC antigen binding domain,

[6016] In some embodiments, the extracelular anti-GCC antigen binding domain of
the anti-GCC CAR 1s preceded by a leader nucleotide sequence encoding a leader peptide.
[6011] In some embodiments, the leader peptide comprises SEQ D NO: 6, SEQID
NGO: 7, or SEQ 1D NG: 42.

[6012] In some embodiments, the anti-GCC CAR, further comprising a hinge domain.
(8013} In some embodiments, the hinge domain s comprises a hinge domain of
CD28.

8014} In some embodiments, the CD28 hinge domain comprises SEQ D NO: 29
[B01S] In some embodiments, the anti-GCC CAR comprises a hinge domain fused to

the transmembrane domain.

[6016] In some embodiments, the transmembrane domain comprises a transmembrane
domain of a protem selected from the alpha, beta or zeta chain of the T-cell receptor, CDS,
CD28, CD3 epsilon, CD45, CD4, CDS, CDR, CDO, CD16, CD22, CD33, CD37, Ché4,
CD&0, CDE3, CDRG, CD134, CD137, CD154, and TNFRSF19, and any combmation thereof.
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(8017} In some embodiments, the transmembrane domain comprises a {D28

transmembrane domain.

[8018] In some embodiments, the CD28 transmembrane domain comprises SEQ ID
NO: 30
[8019] In some embodiments, the at least one intracellular signaling domain

comprises a costimulatory domain and a primary signaling domain.

[6020] In some embodiments, the costimulatory domain comprises a functional
signaling domain of OX40, C70, CD27, CD28, DS, ICAM-1, LFA-1 (CD11a/CD18),
ICOS (CD278), DAP10, DAP1Z, and 4-1BB (CD137), or any combination thereof.
[6021] In some embodiments, the costimulatory domain comprises a functional

signaling domain of CD28.

[06022] In some embodiments, the CD28 costimulatory domain comprises SEQ 1D
NO: 32
[6023] In some embodiments, the primary signaling domain comprises a (D 3zeta

signaling domain,

[B3024] In some embodiments, the CD3 zeta signaling domain comprises SEQ 1D NO:
33
[B025] In one aspect, the anti-GCC CAR comprises an aming acid sequence selected

from the group consisting of SEQ ID NG: 47-52.

[6026] In some embodiments, the anti-GCC CAR comprises an amino acid sequence
that 1s at least 80%, 85%, 90%, 95%, 96%, 97%, I8%, 99% or 100% ideniical to SEQ 13 NO:
47. In some embodiments, the anti-GCC CAR comprises an amino acid sequence that s at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ D NO: 48 In
some embodiments, the anti-GCC CAR comprises an anuno acid sequence that 15 at least
80%, 85%, 90%, 95%, 96%, 97%, 28%, 99% or 100% identical to SEQ 1D NG: 49, In some
embodiments, the anti-GCC CAR comprises an amino acid sequence that is at least 80%,
83%, 90%, 95%, 96%, 97%, 98%, 99% or 100% wdentical to SEQ ID NG: 50. In some
embodiments, the anti-GCC CAR comprises an amino acid sequence that 1s at least 80%,

2

85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% wdentical to¢ SEQ ID NG 51, Insome

4



WO 2022/123316 PCT/1B2021/000873

embodiments, the anti-GC{ CAR comprises an aming acid sequence that is at least 0%,

85%, 90%, 93%, 96%, 97%, 98%, 99% or 100% identical to SEQ 1D NO: 52,

6027} In one aspect, the present invention provides an isolated polynucieotide

encoding an anti-GCC CAR described herein.

[6028] In some embodiments, the isolated polynucleotide encoding an anti-GCC CAR
described herein, further comprising a truncated sequence of epidermal growth factor receptor

(tEGFR).

[(029] In some embodiments, the tEGFR comprises a nucleic acid sequence that
encodes an aming acid sequence that is at least 95%, 96%, 97%, 98%, 99% identical to SEQ
I NG: 43,

[6030] In some embodiments, the tEGFR comprises a nucleic acid sequence that

encodes an amino acid sequence that 15 identical to SEQ 1D NG 43,

[6031] In some embodiments, the isolated polynucleotide encoding an anti-GCC CAR
described herein, further comprises a furin recognition site and downstream 2A self-cleaving
peptide sequence, designed for simultaneous bicistronic expression of the tag sequence and

the CAR sequence.

[8032] In some embodiments, the 2A self-cleaving peptide is selected from F2A, PZA,

E2A and TZA
[6033] In some embodiments, the 2A self-cleaving peptide 1s PZA.

[0034] In one aspect, the present mvention provides a vector comprising the isolated

polynucleotide encoding an anti-GCC CAR described herein.

[B035] In some embodiments, the vector 1s an adenoviral vector, an adenovirus-
associated vector, a DNA vector, a lentiviral vector, a plasnud, a retroviral vector, or an RNA

vector. In some embodiments, the vector is a retroviral vector.

(8036} In one aspect, the present invention provides a cell the solated polynucleotide

encoding an anti-GCC CAR described herein.

{80371 In some embodiments, the cell expresses an anti-GCC CAR described herein
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[6038] In some embodiments, the cell 15 a T cell, an allogeneic T cell, an autologous T

cell, or a tomor-infiltrating lymphocyte {TIL}.

[6039] In one aspect, the present mvention provides a pharmaceutical composition
comprising a population of the cells expressing or capable of expressing an anti-GUC CAR
described herein. In some embodiments, the pharmaceutical composition comprises a
population of cells, wherein greater than 70%, 80%, 90%, or 95% of the cells in the
population express the anti-GCC CAR

{040 In one aspect, the present invention provides a method of treating a cancer
comprising administering a pharmaceutical composition comprising an anti-GCC CAR

described herein to a subject in need of treatment.

08041} In some embodiments, the cancer is selected from gastrointestinal cancer,
colorectal cancer, colorectal adenocarcinoma, colorectal letomyosarcoma, colorectal
lymphoma, colorectal melanoma, a colorectal neurcendocrine tumor, metastatic colon cancer,
stomach cancer, gastric adenocarcinoma, gastric lymphoma, gastric sarcoma, esophageal

cancer, squamous cell carcinoma, adenocarcinoma of the esophagus, or pancreatic cancer.
[0042] In some embodiments, the cancer 15 a gastrointestinal cancer,

(0043} In some embodiments, the gastrointestinal cancer is colon cancer, colorectal

€ancer, stomach cancer, or esephageai cancer.

(8044} In one aspect, the present invention provides a method of reducing tumor
growth or tumor size by administering a pharmaceutical composition comprising an anti-GCC

CAR described heremn.

[0045] In one aspect, the present mvention provides a guanylyl cyclase C (GCC)
binding agent comprising a heavy chain varniable region (VH) with complementarity
determining region (CDR) sequences of HYYWS (HCDR1) (S8EQ D NO: 8),
RIYPSGSTSYNPSLKS (HCDR2) (SEQ 1D NO: 11) and DRSTGWSEWNSDL (HCDR3)
(SEQ ID NO: 1o).

(3846} In one aspect, the present mvention provides a guanyly! eyclase C (GCC)

binding agent comprising a heavy chain varable region (VH) with complementarity

determining region {CDR) sequences of RYWMS (HCDR1) (SEQ ID NG: 9},
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KIRHDGGEKYYVDSVEG (HCDR2) (SEQ ID NO: 12) and DYTRDYV (HCDR3Y (SEQ 1D
NO: 17}

{6047} In one aspect, the present invention provides a guanvlyl cyclase C (GCC)
binding agent comprising a heavy chain variable region {VH} with complementarity
determining region (CDR) sequences of RYWMT (HCDR1) (SEQ ID NO: 10},
KIKYDGSEKYYADSVKG (HCDRZ)Y (SEGQ ID NGO 13} and DYNKDY (HCDR3) (SEQ ID
NO: 18}

(048] In one aspect, the present mvention provides a guanylyl cvelase C (GCC)
binding agent comprising a heavy chain varniable region (VH) with complementarity
determuning region (CDR) sequences of RYWMT (HCDR1) (SEQ D NO: 10},
KIRHDGGEKYYPDSVKG (HCDR2) (SEQ ID NO: 14) and DYNKDL (HCDR3) (SEQ ID
NGO 19

[0049] In one aspect, the present invention provides a guanylyl cyclase C {GCC)
binding agent comprising a heavy chain variable region (VH) with complementarity
determining region (CDR) sequences of RYWMT (HCDR1) (SEGQ ID NO: 10},
KIRHDGGEKYYADSVEG (HCDR2) (SEQ ID NG: 15) and DYNKDY (HCDR3) (SEQ ID
NO: 18}

[6058] In some embodiments, the GCC binding agent comprises an immunoglobulin
heavy chain variable (VH) region comprising an amino acid sequence that s at least 90%

identical to SEQ 1D NOG: 1 or SEQ 1D NG: 20

[B8051] In some embodiments, the GCC binding agent comprises an mmunoglobulin
heavy chain varniable (VH) region comprising an amino acid sequence that 1s at least 90%

wdentical to SEQ ID NG: 21

[60532] Tn some embodiments, the GCC binding agent comprises an immunoglobulin
heavy chain variable (VH) region comprising an amino acid sequence that s at least 90%
identical to SEQ 1D NO: 26,

[B3053] In some embodiments, the GCC binding agent comprises an mmunoglobulin

heavy chain varniable (VH) region comprising an amino acid sequence that is at least 90%

wdentical to SEQ 1D NG: 27,

-~}
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[8054] In some embodiments, the GCC binding agent comprises an immunoglobulin
heavy chain variable (VH) region comprising an amino acid sequence that 1s at least 90%
identical to SEQ 1D NG: 28,

[BOSE] In one aspect, the present mvention provides a guanylyl cvelase C (GCC)
binding agent comprising an immunoglobulin heavy chain variable (VH) region comprising

an amino acid sequence that 1s at least 90% identical to SEQ ID NO: 1 or SEQ ID NO: 20.

[8056] In one aspect, the present invention provides a guanvlyl cyclase C (GCC)
binding agent comprising an immunoglobulin heavy chain vanable (VH) region comprising

an anuno acid sequence that s at least 90% 1dentical to SEQ D NO: 21.

[BO57T] In one aspect, the present mvention provides a guanylyl cvelase C (GCC)
binding agent comprising an immunoglobulin heavy chain variable (VH) region comprising

an amino acid sequence that s at least 90% 1dentical to SEQ ID NO: 26,

[0058] In one aspect, the present invention provides a guanylyl cyclase C {GCC)
binding agent comprising an immunoglobulin heavy chain variable (VH) region comprising

an amino acid sequence that s at least 90% identical to SEQ 1D NO: 27

[3059] In one aspect, the present mvention provides a guanylyl cyclase C (GCC)
binding agent comprising an immunoglobulin heavy chain variable (VH) region comprising

an amino acid sequence that s at least 90% 1dentical to SEQ ID NO: 28

(8060} In some embodiments, the GCC binding agent comprises a VH region
comprising an ammo acid sequence that is at least 95% identical to any one of SEQ ID Nos:

i, 20, 21, 26,27, or 28.

[06061] In some embodiments, the GCC binding agent comprises a VH region
comprises an aming acid sequence that is identical to any one of SEQ 1D NOs: 1, 20, 21, 26,

27, or 28.

[8062] In some embodiments, the GCC binding agent 15 selected from the group
consisting of an IgA antibody, 1gG antibody, IgE antibody, IgM antibody, bi- or multi-
specific antibody, Fab fragment, Fab’ fragment, F(ab’)2 fragment, Fd” fragment, Fd fragrent,
wsolated CDRs or sets thereof, single-chain vanable fragment (scFv), polypeptide-Fc fusion,

single domain antibody (sdAb), VH, camelid antibody; masked antibody, Srall Modular
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ImmunoPharmaceuticals ("SMIPsTM”), single chain, Tandem diabody, VHHs, Anticalin,
Nanobody, humabody, mintbodies, BiTE, ankyrin repeat protein, DARPIN, Avimer, DART,
TCR-like antibody, Adnectin, Affilin, Trans-body; Affibody, TrimerX, MicroProtein,
Fynomer, Centyrin; and KALBITOR

[6063] In some embodiments, the GCC binding agent is a single domain antibody
{sdAb).

[6064] In some embodiments, the GCC binding agent is a heavy chain only antibody
(V).

[B8065] In some embodiments, the GCC binding agent binds GCC with a KI? between

about 0.3 nanomolar {nM) and about 10 nM.

[8066] In some embodiments, the GCC binding agent binds GCC on target cells with

an ECSO between about 0.5 nM and about & nM.

[B8067] In one aspect, the present invention provides a method of treating a cancer
comprising administering the GCC binding agent described herein to a subject in need of

treatment.

[(B068] In some embodiments, the cancer is selected from gastrointestinal cancer,
colorectal cancer, colorectal adenocarcinoma, colorectal letomyosarcoma, colorecial
lymphoma, colorectal melanoma, a colorectal neurcendocrine tumor, metastatic colon cancer,
stomach cancer, gastric adenocarcinoma, gastric lymphoma, gastric sarcoma, esophageal

cancer, squamous cell carcinoma, adenocarcinoma of the esophagus, or pancreatic cancer.
80649 In some embodiments, the cancer is a gastrointestinal cancer.

[6078] In some embodiments, the gastrointestinal cancer 1s colon cancer, colorectal

canger, stomach cancer, or esophageai Cancer.

[6071] In one aspect, the present mnvention provides a pharmaceutical composition
comprising a GCC binding agent and a pharmaceutically acceptable carrier, wherein the GCC
binding agent comprises: a heavy chain variable region (VH) with complementarity
determining region (CDR) sequences of HY YWS (HCDR 1) (SEGQ ID NO: 8},
RIYPSGSTSYNPSLKS (HCDR2) (SEQ ID NO: 11) and DRSTGWSEWNSDL (HCDR3)
(SEQ TD NO: 16); a heavy chain vanable region (VH) with complementarity deternuning

9
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region (CDR) sequences of RYWMS (HCDR1) (SEQ ID NG: 93,
KIRHDGGEKYYVDSVKG (HCDR2) (SEQ 1D NO: 12y and DYTRDYV (HCDR3) (SEQ ID
NGO 17}, a heavy chain variable region (VH) with complementarity determining region
{CDOR) sequences of RYWMT (HCDR1Y (SEQ D NO: 10), KIKYDGSEKYYADSVKG
(HCDR2) (SEQ 1D NO: 13) and DYNKDY (HCDR3) (SEQ 1D NO: 18); a heavy chain
variable region (VH) with complementarity determining regton ({CDR) sequences of RYWMT
(HCDRDY (SEQ 1D NO: 10), KIRHDGGEKYYPDSVEG (HCDR2) (SEQ 1D NO: 14) and
DYNKDL (HCDR3) (SEQ ID NO: 19) or a heavy chain variable region (VH) with
complementarity determining region (CDR) sequences of RYWMT (HCDR1) (SEQ ID NG:
10}, KIRHDGGEKYYADSVEG (HCDRZ) (SEQ ID NG: 15) and DYNKDY (HCDR3)
(SEGID NO: 18).

[6072] In one aspect, the present nvention provides a method of treating a cancer
comprising administering an GCC binding agent to a subject in need of treatment, wherein the
GCC binding agent comprises: a heavy chain variable region (VH) with complementarity
determunung region {CDR) sequences of HY YWS (HCDR 1) (SEQ 1D NO: §),
RIYPSGSTSYNPSLES (HCDR2) (SEQ ID NO: 11} and DRSTGWSEWNSDL (HCDR3)
(SEQ TD NO: 16); a heavy chain variable region {VH) with coroplementarity determiming
region (CDR) sequences of RYWMS (HCDR1) (SEQ 1D NG: 9),
KIRHDGGEKYYVDSVKG (HCDR2) (SEQ ID NO: 12y and DYTRDVY (HCDR3) (REQ ID
NG 17); a heavy cham vanable region (VH) with complementarity determining region
{CDR} sequences of RYWMT (HCDR1Y (SEQ ID NO: 10), KIKYDGSEKYYADSVKG
(HCDR2) (SEQ 1D NO: 13) and DYNKDY (HCDR3} (SEQ 1D NO: 18); a heavy chain
variable region (VH) with complementarity determining region (CDR) sequences of RYWMT
(HCDR1}(SEQ 1D NO: 10), KIRHDGGEKYYPDSVKG (HCDR2) (SEQ ID NO: 14y and
DYNEDL (HCDR3) (SEQ ID NO: 19) or a heavy cham variable region {(VH} with
complementarity determining region (CDR) sequences of RYWMT (HCDR1) (SEQ 1D NG:
10}, KIRHDGGEKYYADSVKG (HCDR2) (SEGQ ID NO: 15} and DYNKDY (HCDR3)
(SEQ ID NO: 18}

{6073 In one aspect, the present mvention provides a nucleic acid encoding a VH

amino acid sequence that is identical to any one of SEQ ID Nos: 1, 20, 21, 26, 27, or 28,

10
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[6074] In one aspect, the present invention provides a vector comprising a nucleic acid
encoding a VH amino acid sequence that 1s identical to any one of SEG ID Nos: 1, 20, 21, 26,
27, or 28,

[BO75] In one aspect, the present mvention provides an isolated cell comprising the
vector comprising a nucleic acid encoding a VH amino acid sequence that 1s identical to any
one of SEQ 1D Nos: 1, 20, 21, 26, 27, or 28,

[6076] 1t 1s to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not restrictive of

the invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWING

(6077} The Drrawing included herein, which is comprised of the following Figures, 15

for tllustration purposes only not for limitation.

[6078] Figures 14 and 18 depict exemplary chimeric antigen receptor (CAR)
constructs.
(80791 Figures 24-20 show exemplary anti-GCC CAR-T in vitro cytotoxicity

performed using four tumor cell hines. HT29-GCC cells, a human colorectal cancer cell line
HT29 engineered to stably express GUC) (Fig 2ZA);, HTZ9-VEC {vector control GCC-negative
cell line} (Fig 2B); and two tumor cell lines endogenously expressing GCC: GSU (Fig 2C)
and L1034 (Fig 2D}, Bars represent mean+SD values from three technical replicates. Data
are representative of >3 independent experiments performed with anti-GCC CAR T cells
from >3 donors. CAR T cytotoxicity was determined i the absence of truncated EGFR.
(tEGFR).

8088} Figures 34-3D show exemplary anti-GCC CAR-T cells in vifro cytotoxicity
performed using four tumor cell lines. HT29-GCC cells, a human colorectal cancer cell line
HT29 engineered to stably express GCC) (Fig. 3A); HT29-VEC (vector control GCC-
negative cell line) (Fig. 3B; and two tumor cell lines endogenously expressing GCC: GSU
(Fig. 3Cyand LS1034 (Fig 3D) Bars represent mean+SD values from three techuoical

replicates. Data are representative of >3 independent experiments performed with anti-GCC

11
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CAR T cells from >3 donors. CAR T cytotoxicity was determined in the presence of

truncated EGFR (tEGFR).

[6081] Figures 44-4D show exemplary IFN-g cytokine secretion by anti-GCC CAR-
T cells co-cultured with GCC-expressing (HT29-GCC) (Fig. 4A), GSU (Fig. 4C), L81034
(Fig. 4D} and GCC-negative (HT29-VEC, Fig. 4B} tumor cells in vifro. Secreted IFNg n the
supernatant was detected using the Intellicvt QBeads Human PlexScreen kit (Sartorius,
90702). Bars represent mean +SD values from three technical replicates. Data are
representative of >3 independent experiments performed with anti-GCC CAR T cells from >3

donors. Cytokine secretion was determined in the absence of truncated EGFR (tEGFR}.

[6082] Figures SA-SD show exemplary IFN-g cytokine secretion by anti-GCC CAR-
T co-culture with GCC-expressing (HT29-GCC (Fig. 5A), GSU (Fig. 5C), L51034 (Fig. 5Dy
and GCC-negative (HT29-VEC, Fig. 5B) tumor cells in vitro. Secreted IFNg in the
supernatant was detected using the Intellicyt QBeads Human PlexScreen kit {Sartorius,
S0702). Bars represent mean +SD values from three technical replicates. Data are
representative of >3 independent experiments performed with anti-GCC CAR T cells from =3

donors. Cytokmne secretion was determuined o the presence of truncated EGFR (tEGFR).

0083} Figures 64-6D show exemplary IL-2 cytokine secretion by ant-GCC CAR-T
co-culture with GCC-expressing (HT29-GCC (Fig. 6A), GSU (Fig. 6C), L1034 (Fig. 6D)
and GCC-negative (HT29-VEC, Fig. 6B) tumor cells in vitro. Secreted IFL-2 in the
supernatant was detected using the Intellicyt QBeads Human PlexScreen kit (Sartorius,
90702). Bars represent mean +SD values from three technical replicates. Data are
representative of >3 independent experiments performed with anti-GCC CAR T cells from >3

donors. Cytokine secretion was determined in the absence of truncated EGFR (tEGFR}.

[6084] Figures 7A4-7D show exemplary [L-2 cytokine secretion by anti-GCC CAR-T
co~culture with GCC-{(HT29-GCC (Fig. 7A), GSU (Fig. 7€), L51034 (Fig. 7D) and GCC-
negative (HT29-VEC, Fig. 7B} tumor cells in vitro. Secreted IFL-2 1n the supernatant was
detecied using the Intellicyt (QBeads Human PlexScreen kut {Sartorius, 90702). Bars represent
mean +5B values from three techmcal replicates. Data are representative of >3 independent
experiments performed with anti-GCC CAR T cells from >3 donors. Cytokine secretion was

determined in the presence of trancated EGFR (tEGFR).
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[6085] Figures 84 and 88 show exemplary anti-tumor effect results of change in
average tumor volume (mm’} over time {40 days) in a HT55 model (endogenously expressing
GUC expressing colorectal cancer, GUC H-score=300/300) treated with anti-GCC CAR-T
cells manufactured from two different healthy donors D393 (Fig. 8A) and D686 (Fig. 8B).
Anti-tumor effect was determined in the absence of truncated EGFR (tEGFR).

[(H086] ipure $4-9C show exemplary anti-tumor effect resulis of change i average
tumor volume (num’) over time {42 days) in a HTS5 mode! (endogenously GCC expressing
colorectal cancer, GCC H-score=300/300} treated with anti-GCC CAR-T cells manufactured
trom three different healthy donors D393 (Fig 9A), D797 (Fig. 9B} and D954 (Fig. 9C).

Anti-tumor effect was determined in the absence of truncated EGFR (tEGFR).

60871 Figures 164-10C show exemplary anti-tumor effect results of change in
average tumor volume {mm’} over time (42 days) in a HTSS model {(endegenously GCC
expressing colorectal cancer, GCC H-score=300/300) treated with anti-GCC CAR-T cells
manufactured from three different healthy donors D393 (Fig. 10A), D797 (Fig. 10B) and
D954 (Fig. 10C). Anti-tumor effect was deternuned 1o the presence of truncated EGFR

(tEGFR).

[0088] Figures 114-11C show exemplary anti-tumor effect results of change in
average tumor volume (nun’) over time (42 days) in a HTSS model (endogenousty GCC
expressing colorectal cancer, GCC H-score=300/300) treated with anti-GCC CAR-T cells
manufactured from three different healthy donors D393 (Fig. 11A), D954 (Fig. 118) and
D86 (Fig. 11C) Anti-tumor effect was deternuned 1o the absence of truncated EGFR

(tEGFR).

[(3089] Figures 124-12C show exemplary anti-tumor effect results of change in
average tumor volume (mm’) over time (42 days) in a HTS5 model (endogenously GCC
expressing colorectal cancer, GCC H-score=300/300) treated with anti-GCC CAR-T cells
manufactured from three different healthy donors D393 (Fig. 12A), D954 (Fig. 12B) and
D686 (Fig. 12C). Anti-tumor effect was determuned 1o the presence of truncated EGFR

({EGFR).

{8090 Figures 134 and 138 show exemplary anti-tumor effect results of change

average tumor volume {mm3) over time (42 davs) i a GSU model {endogenously GCC
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expressing gastric cancer, GUC H-score=170/300) treated with anti-GCL CAR-T cells
manufactored from two different healthy donors D393 {Fig. 13A) and D954 (Fig. 13B). Anti-

tumor effect was determuned in the absence of truncated EGFR (tEGFR)

{6091} ipures 144 and 148 show exemplary anti-tumor effect results of change in
average tumor volume {mm3} over time (42 days}) in a GSU model {endogenously GCC
expressing gastric cancer, GCT H-score=170/300) treated with anti-GCC CAR-T cells
manufactured from two different healthy donors D393 (Fig. 14A) and D954 (Fig. 14B). Anti-

tumor effect was determined 1n the presence of truncated EGFR (tEGFR).

80921 Figures 154-C show exemplary anti-tumor effect results of change in average
tumor volume {mm3} over time (42 days) in a GSU model (endogenously GCC expressing
gastric cancer, GCC H-score=170/300) treated with anti-GCC CAR-T cells manufactured
from three different healthy donors D393 (Fig. 15A), D954 (Fig. 158) and D686 (Fig. 15C).
Anti-tumor effect was determined in the absence of truncated EGFR (tEGFR).

[6093] Fipure 164-C show exemplary anti-tumor effect results of change in average
tumor volume (mm3) over tume (42 days) in a GSU model {(endogenously GCC expressing
gastric cancer, GCC H-score=170/300) treated with anti-GCC CAR-T cells manufactured
trom three different healthy donors D393 (Fig 16A}, D954 (Fig. 168} and DOE6 (Fig. 16C).

Anti-tumor effect was deternuned 1 the absence of truncated EGFR (tEGFR).

[8094] Figure 17 shows exemplary anti-tumor efficacy of change 1 average tumor
volume {mm3) over time {42 days) 10 a L31034 model (endogenously GCC expressing
colorectal cancer, GCC H-score=300/300} treated with anti-GCC CAR-T cells manufactured
from a healthy donor. Anti-tumor effect was deternuned in the absence of truncated EGFR
(tEGFR).

[6095] Figure 18 shows exernplary anti-tumor effect resulis of change 10 average
tumor volume (mun3) over tuue (42 days) mna LS1034 mode] {endogenously GCC expressing
colorectal cancer, GCC H-score=300/300} treated with anti-GCC CAR-T cells manufactured

from a healthy donor. Anti-tumor effect was deterroined n the presence of truncated EGFR

({EGFR).
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DEFINITIONS

[(096] In order for the present invention to be more readily understood, certain terms
are first defined below. Additional definttions for the following terms and other terms are set

forth through the specification.

{6097} As used in this specification and the appended claims, the singular forms “a”,
"an", and "the" include plural references unless the context clearly dictates otherwise. Thus
for example, a reference to "a method" includes one or more methods, and/or steps of the type
described herein and/or which will become apparent to those persons skilled in the art upon

reading this disclosure and so forth.

[(H098] Administer. As used herein, “administering” a composition to a subject means
to give, apply or bring the composition into contact with the subject. Admunistration can be
accomplished by any of a number of routes, such as, for example, topical, oral, subcutaneous,

intramuscular, intraperitoneal, intravenous, intrathecal, and intradermal.

[3099] Affinity. As used herein, the term “affinity” refers to the characteristics of a
binding interaction between a binding moiety {(e.g., an antigen binding agent {e g., variable
domain described herein) and a target {e.z, an antigen {e.g¢., GCC) and that indicates the
strength of the binding interaction. In some embodiments, the measure of affinity 1s
expressed as a dissociation constant (Kp). In some embodiments, a binding motety has a high
affinity for a target (2.5, a Kb of less than about 107 M, less than about 10 M, or less than
about 1077 M). In some embodiments, a binding moiety has a low affinity for a target {(e.g., a
Kb of higher than about 1077 M, higher than about 10°° M, higher than about 107 M, or higher

than about 107 M)

[3104] Animal As used herein, the termo “anumal” refers to any member of the animal
kingdom. In some embodiments, “animal” refers to humans, at any stage of developroent. In
some embodiments, “animal” refers to non-human animals, at any stage of development. In
certain embodiments, the non-human anmmal 15 2 manmmal (e.g., a rodent, a mouse, a 1at, a
rabbit, a monkey, a dog, a cat, a sheep, cattle, a primate, and/or a pig). In some embodiments,
amimals include, but are not limuted to, mammals, birds, reptiles, amphibians, fish, msects,
and/or worms. In some embodiments, an animal may be a transgeme animal, genetically-

engineered amumal, and/or a clone.
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[6181] Autologous. As used herein, the term “autologous”™ 1s refers to any material

derived from the same individual to whom 1t 13 later 10 be re-introduced mto the mdividual

[6182] Allogeneic: “Allogeneic” refers to material derived from one individual

administered to a different individual or individuals.

(01903} Antibody or Antigen Binding Agens: As used herein, the term “antibody” or
“antigen binding agent” refers to a polvpeptide that includes canonical immunoglobulin
sequence elements sufficient to confer specific binding to a particular target antigen. Those
skilled in the art will appreciate that the termis may be used heremn interchangeably. Insome
embodiments, as used herein, the term “antibody” or “antigen binding agent” also refers to an
“antibody fragment” or “antibody fragments” or “antigen hinding portion”, which includes a
portion of an intact antibody, such as, for example, the antigen-binding or variable region of
an antibody. Examples of “antibody fragments” include Fab, Fab’, F(ab™)2, and Fv
fragments; triabodies; tetrabodies; linear antibodies; single-chain antibody molecules; and
CDR-containing moteties included in multi-specific antibodies formed from antibody
tfragments. Those skilled in the art will appreciate that the term “antibody fragment” does not
mply and 18 not restricted to any particular mode of generation. An antibody fragment may
be produced through use of any appropriate methodology, including but not hmited to
cleavage of an intact antibody, chemical synthesis, recombinant production, ete. As 18 known
in the art, indact antibodies as produced in nature are approximoately 150 kD tetrameric agents
comprised of two identical beavy chain polypeptides {(about S0 kD) each) and two identical
tight chamn polypeptides {about 25 kD each) that associate with each other into what 18
commonly referred to as a “Y-shaped” structure. Fach heavy chan is comprised of at least
four domains {each about 110 ammo acids long}-an amiso-terminal variable (Vi) domaim
(located at the tips of the Y structure}, followed by three constant domains: Crl, Cu2, and the
carboxy-terminal Cu3 (located at the base of the Y’s stem). A short region, known as the
“switch”, connects the heavy chain vanable and constant regions. The “hinge” connects CuZ2
and Cu3 domains to the rest of the antibody. Two disulfide bonds o this hinge region
connect the two heavy chain polypeptides to one another 1n an intact antibody. Each hight
chain 15 comprised of two domains — an amino-terminal vanable (Vi) domain, followed by a
carboxy-terminal constant () domain, separated from one another by another “switch”

Intact antibody tetramers are comprised of two heavy chamn-light cham dimers in which the
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heavy and light chains are hinked to one another by a single disulfide bond; two other
disulfide bonds connect the heavy chain hinge regions to one another, so that the dimers are
connected to one another and the tetramer 15 formed. Naturally-produced antibodies are also
glycosylated, typically on the CuZ domamn. Each domain in 3 natural antibody has a structure
characterized by an “immunoglobulin fold” formed from two beta sheets {e g, 3-, 4, or S-
stranded sheets) packed against each other in a compressed antiparallel beta barrel. Each
variable domatn contains three hypervariable loops known as “complement determining
regions” ({CDRI, CDR2, and CDR3) and four somewhat invariant “framework” regions (FR1,
FRZ, FR3, and FR4). When natural antibodies fold, the FR regions form the beta sheets that
provide the structural framework for the domains, and the CDR loop regions from both the
heavy and light chains are brought together in three-dimensional space so that they create a
single hypervariable antigen binding site located at the tip of the Y structure. Arnino acid
sequence comparisons among antibody polypeptide chains have defined two light chain (x
and A) classes, several heavy chain {e.g, u, v, o, g, 6) classes, and certain heavy chain
subclasses (al, o2, v1,v2, v3, and v4). Antibody classes (TgA [including IgAl, 1gAZ2], IgD,
IgH, TeG [including IgGl, 1gG2, 1g(G3, and IgG4], and IgM) are defined based on the class of

the utilized heavy chain sequences.

[0104] For purposes of the present invention, i certain embodiments, any polypeptide
or complex of polypeptides that includes sufficient immmumoglobulin domaim sequences as
found n natural antibodies can be referred to and/or used as an “anttbody” or “antigen
binding agent”, whether such polypeptide 15 naturally produced {e.g., generated by an
organism reacting to an antigen), or produced by recombinant engineerimg, chemical
synthesis, or other artificial systerm or methodology. In some embodiments, an antibody 18
monoclonal; 1 some embodiments, an antibody 13 polyclonal In some embodiments, an
antibody has constant region sequences that are characteristic of mouse, rabbii, primate, or
human antibodies. In some embodiments, an antibody sequence elements are humanized,
primatized, chimeric, etc., as is known in the art. Moreover, the term “antibody”™ or “antigen
binding agent” as used herein, will be understood to encompass {unless otherwise stated or
clear from context) can refer in appropnate embodiments to any of the art-known or
developed constructs or formats for capturing antibody structural and functional features in

alternative presentation. For example, in some embodiments, the terms can refer to bi- or
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other multi-specific {e.g., zybodigs, etc.} antibodies, Small Modular ImmunoPharmaceuticals
{(“SMIPs™) single chain antibodies, camelid antibodies, and/or antibody fragments. In
some embodiments, an antibody may lack a covalent modification {e.g., attachment of a
glycan} that it would have if produced naturally. In some embodiments, an antibody may
contain a covalent modification (e g , attachment of a glycan, a payload [e g, a detectable
moiety, a therapeutic moiety, a catalytic moiety, etc. ], or other pendant group [e.g., poly-

ethylene glycol, ete.])

[0105] Approximately or about: As used herein, the term “approximately” or
“about,” as applied to one or more values of mnterest, refers to a value that 1s similar to a stated
reference value In certain embodiments, the term “approximately” or “about” refers to a
range of values that fall within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%,
11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or less in either direction (greater than or
less than) of the stated reference value unless otherwise stated or otherwise evident from the

context {except where such number would exceed 100% of a possible value).

{0166} Complementarity Defermining Region {CDR): A “CDR” of a variable domain
are amino acid residues within the vaniable region that are wdentified in accordance with the
definitions of the Kabat, Chothia, the accumulation of both Kabat and Chothia, AbM, contact,
and/or conformational definitions or any method of CDR determination well known 1n the art.
Antibody CDRs may be wdentified as the hypervanable regions originally defined by Kabat et
al See, e g, Kabat et al | 1992, Sequences of Proteins of Tmmunological Toterest, Sth ed.,
Pubhic Health Service, NIH, Washington D.C. The posttions of the CDRs may also be
identified as the structural loop structures origimally described by Chotlua and others. See,
e.g., Chothia et al., Nature 342:877-883, 1989, (ther approaches to CDR identification
melode the “AbM definition,” which 13 a compronuse between Kabat and Chothia and s
derived using Oxford Molecular's AbM antibody modeling software (now Accelrys®}, or the
“contact defintion” of CDRs based on observed antigen contacts, set forth m MacCallam et
al, J Mol Biol, 262:732-745, 1996, In another approach, referred to herem as the
“conformational definition” of CDRs, the positions of the CDRs may be identified as the
residues that make enthalpic contributions to antigen binding. See, e g, Makabe et al, Journal
of Brological Chemistry, 283: 1 156-1166, 2008. Stilf other CDR boundary defiitions may

not strictly follow one of the above approaches, but will nonetheless overlap with at leasta
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portion of the Kabat CDRs, although they may be shortened or lengthened in fight of
prediction or experimental findings that particular residues or groups of residues or even
entire CDRs do not significantly impact antigen binding. Unless stated otherwise, as used
herein, CDR definitions are according to Kabat CDRs.

(6197} Effector functions: As used herein, the term “effector functions” refers to
those bislogical activities attributable to an antigen binding agent described herein. Examples

of antibody effector functions include: Clqg binding and complement dependent cytotoxicity;

Fc receptor binding; antibody—dependent cell-mediated cytotoxicity (ADCC); phagocytosis;
down regulation of cell surface receptors (e.g., B cell receptors; and B cell activation.
“Reduced or nunimized” antibody effector function means that which 1s reduced by at least
50% (alternatively 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%)
from the wild type or unmodified antibody. The determination of antibody effector function s
readily determmable and measurable by one of ordinary skill in the art. In some embodiments,
the antibody effector functions of complement binding, complerent dependent cytotoxicity
and antibody dependent cytotoxicity are affected. In some embodiments, effector function is
elinunated through a mutation 10 the constant region that elimmnated glycosylation, e g,
“effector-less mutation.” In one aspect, the effector-less mutation 1s an N297A or DANA
mutation (D265A+N297A) 1n the CH2 region. Shuelds et al, J. Biol. Chem. 276(9); 6591-
6604 {2001). Alternatively, additional mutations resulting  reduced or elimuinated effector
function inclhude: K3224 and L234A/1.235A (LALA). Alternatively, effector function can be
reduced or eliminated through production techniques, such as expression in host cells that do
not glycosylate (e.g., E. colt) or in which result 1o an altered glvcosylation pattern that 1s
wmeffective or less effective at promoting effector function {e.g., Shinkawa et al| I Biol.

Chern. 278 (5):3466-3473 (2003).

[3108] Antibody-dependent cell-medisted cytotoxicity or ADCC refers to a form of
cytotoxicity n which secreted Ig bound onto Fe receptors (FeRs) present on certain cytotoxic
cells {e.g., natural killer (NK} cells, nentrophils and macrophages) enable these cytotoxic
effector cells to bind specifically to an antigen-bearing target cell and subsequently kill the
target cell with cviotoxins. The antibodies “arm” the cyiotoxic cells and are required for
killing of the target cell by this mechanism. The primary cells for mediating ADCC, NK cells,

express FoyRHI only, whereas monocytes express FeyRI, FoyRII and FeyRIU Fe expression
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on hematopoietic cells 1s summarized in Table 3 on page 464 of Ravetch and Kinet, Anmu.
Rev. Immunol 9: 457-92 (1991} To assess ADCC activity of a molecule of interest, an in
vitrg ADCC assay, such as that described in 1.8, Pat. No. 5,500,362 or 5,821,337 may be
performed. Useful effector cells for such assays include peripheral blood mononuclear cells
(PBMC) and natural killer (NK) cells. Alternatively, or additionally, ADCC activity of the
molecule of interest may be assessed /7 vive, e.g., in an animal model such as that disclosed in

Clynes etal,, PNAS USA 95: 652-656 (1998).

[6169] Antigen: As used herein, the term “antigen”, refers to an agent that elicits an
immune response; and/or an agent that 1s bound by a T cell receptor {e.g., when presented by
an MHC molecule) or to an antibody {(e.g., produced by a B cell} when exposed or
administered to an organism. In some embodiments, an antigen elicits a humoral response
{e.z., including production of antigen-specific antibodies) in an organism; alternatively or
additionally, in some embodiments, an antigen elicits a cellular response {e.g., involving T-
cells whose receptors specifically interact with the antigen) in an organisro. It will be
appreciated by those skilled i the art that a particular antigen may elicit an immune response
i one or several members of 4 target organism (e.g., mice, rabbits, primates, humans}, but not
in all members of the target orgarism species. In some embodiments, an antigen elicits an
immune response n at least about 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, B85%, 90%, 21%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% of the members of
a target organism species. In some embodiments, an antigen binds to an antibody and/or T
cell receptor, and may or may not nduce a particular physiclogical response n an organism.
In some embodiments, for example, an antigen may bind to an antibody and/orto a T cell
receptor in vitro, whether or not such an interaction occurs m vivo.  In some embodiments, an
antigen reacts with the products of specific humoral or cellolar ymmunity, inchuding those
induced by heterologous immunogens. In some embodiments of the disclosed compositions

and methods, GCC protein 15 an antigen.

(6110 Associated with: Two events or entities are “associated” with one another, as
that term 1s used herein, if the presence, level and/or form of one is correlated with that of the
other. For example, a particelar entity (e.g., polypeptide} 1s considered to be associated with a
particular disease, disorder, or condition, if its presence, level and/or form correlates with

incidence of and/or susceptibnlity of the disease, disorder, or condition {e.g., across a relevant
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population}. In some embodiments, two or more entities are physically “associated” with one
another if they interact, directly or indirectly, so that they are and remam in physical
proximity with one another. In some embodiments, two of more entities that are physically
associated with one another are covalently hinked to one another; in some embodiments, two
or more entities that are physically associated with one another are not covalently linked to
one another but are non-covalently associated, for example by means of hydrogen bonds, van

der Waals interaction, hydrophobic mteractions, magnetism, and combinations thereof.

0111} Binding: 1t will be understood that the term “binding”, as used herein,
typically refers to a non-covalent association between or among two Or more entities,
“Direct” binding involves physical contact between entities or moieties; indirect binding
involves physical interaction by way of physical contact with one or more intermediate
entities. Binding between two or more entities can be assessed i any of a variety of contexts
—including where interacting entities or moieties are stidied in 15olation or in the context of
more comnplex systems {e.g., while covalently or otherwise associated with a carrier entity
and/or in a hiological system or cell}. As used herem, “Ky7 refers to an association rate of a
particular binding motety and a target to form a binding moiety/target complex. As used
heremn, “Ka” refers to a dissociation rate of a particular binding moiety/iarget complex. As
used herein, “Kn” refers to a dissociation constant, which is obtained from the ratio of Ka to
Ka{te, Ko/Ka} and is expressed as a molar concentration (M). Kb values can be determuned
using methods well established m the art, e g., by using surface plasmon resonance, or using a

brosensor system such as a Biacore® system.

[6112] Carvier: As used herein, the term “carner” refers to a diluent, adpuvant,
excipient, or vehicle with which a composition 1s admumistered. In some exemplary
embodiments, carriers can mclude stertle hquuds, such as, for example, water and oils,
mnchuding oils of petroleum, animal, vegetable or synthetic origin, such as, for example,
peanut oil, sovbean o1l, mineral oi, sesame o1l and the hike. In some emboduments, carriers
are or include one or more sohid components.

[6113] Characierissic Portios: As used herein, the term “characteristic portion” 18
used, in the broadest sense, to refer to a portion of a substance whose presence {or absence)

correlates with presence {or absence)} of a particular feature, attribute, or activity of the
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substance. In some embodiments, a characteristic portion of a substance is a portion that is
found in the substance and in related substances that share the particular feature, attribute or

aciivity, but not in those that do not share the particular feature, attribute or activity.

[O114] Codon-optimized. As used herein, a “codon-optimized” nucleic acid sequence
refers {0 a nucleic acid sequence that has been altered such that translation of the nucleic acid
sequence and expression of the resulting protein is improved optimuized for a particular
expression system. A “codon-optimized” nucleic acid sequence encodes the same protein as a
non-optimized parental sequence upon which the “codon-optimized” nucleic acid sequence 15
based. For example, a nucleic acid sequence may be “codon-optimized” for expression in
mammalian cells {e.g., CHO cells, human cells, mouse cells etc ), bacterial cells {(e.g, E.coli},

insect cells, yeast cells or plant cells.

[0115] Comparable: The term “comparable”, as used herein, refers to two or more
agents, entities, situations, sets of conditions, etc. that may not be identical to one another but
that are sufficiently simitlar to permit comparison there between so that conclusions may
reasonably be drawn based on differences or similarities ohserved. Those of ordinary skill in
the art will understand, in context, what degree of identity 1s required m any given
circumstance for two or more such agents, entities, situations, sets of conditions, eic. to be

considered comparable.

[8116] Corresponding to; As used herein, the term “corresponding to7 15 often used
1o designate the position/identity of an amino acid residue in a polypeptide of interest. Those
of ordinary skaill will appreciate that, for purposes of simplicity, residues 10 a polypeptide are
often designated using a canonical numbering system based on a reference related
polypeptide, so that an ammno acid “corresponding 107 a residue at position 190, for example,
need not actually be the 190th amino acid 1n a particular amino acid chain but rather
corresponds to the restdue found at 190 n the reference polypeptide; those of ordinary skl in
the art readily appreciate how to identify “corresponding” amino acids.

(81171 Derived from: As used herein the phrase, a sequence “derived from™ or
“specific for a designated sequence” refers o 3 sequence that comprises a contiguous
sequence of approximately at least 6 nucleotides or at least 2 aming acids, at least about 9

nucleotides or at least 3 amino acids, at least about 10-12 nucleotides or 4 amino acids, or at
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least about 15-21 nuclectides or 5-7 amino acids corresponding, 1.e., 1dentical or
complementary to, e.g., a contiguous region of the designated sequence. In certain
embodiments, the sequence comprises all of a designated nucleotide or amuno acid sequence.
The sequence may be complementary (in the case of a polynucleotide sequence) or 1dentical
10 a sequence region that 15 unigue to a particular sequence as determined by techniques
known in the art. Regions from which sequences may be derived, include but are not imited
to, regions encoding specific epitopes, regions encoding CDRs, regions encoding framework
sequences, regions encoding constant domatn regions, regions encoding vanable domain
regions, as well as non-translated and/or non-transcribed regions. The derived sequence will
not necessarily be derived physically from the sequence of interest under study, but may be
generated in any manner, including, but not limuted to, chemical synthests, replication, reverse
franscription or franscription, that is based on the information provided by the sequence of
bases 1n the region{s} from which the polynucleotide 15 derived. As such, it may represent
either a sense or an anfisense orientation of the original polynucleotide. Tn addition,
combinations of regions corresponding to that of the designated sequence may be modified or
combined in ways known 1o the art to be consistent with the imtended use. For example, a
sequence may comprise two or more configuous sequences which each comprise part of a
designated sequence, and are interrupted with a region which 1s not identical to the designated
sequence bui s intended to represent a sequence denved from the designated sequence. With
regard to antibody molecules, “dertved therefrom™ includes an antibody molecale which 13
functionally or structurally related to a comparison antibody, ¢ g., “derived therefrom”
mcludes an antibody molecule having similar or substantially the same sequence or structure,
e.g., having the same or similar {DRs, framework or vanable regions. “Dernved therefrom”
for an antibody also includes residues, e g, one or more, e.g., 2, 3, 4, 5, 6 or more residues,
which may or may not be contiguous, but are defined or identified according o a numbering
scheme or homology to general antibody structure or three-dimensional proximity, 1.e, within
a CDR or a framework region, of a comparison sequence. The term “derived therefrom” is not
himited to physically derived therefrom but includes generation by any manner, e.g., by use of

sequence information from a comparison antibody to design another antibody.

[611§] Determine: Many methodologies described herein include a step of

“determining”. Those of ordinary skill in the art, reading the present specification, will
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appreciate that such “determining” can utilize any of a variety of techniques available to those
skifled in the art, including for example specific techniques explicitly referred to herein. In
some embodiments, a determination involves manipulation of a physical sample. In some
embodiments, a determination involves consideration and/or manipulation of data or
information, for example utilizing a computer or other processing unit adapted to perform a
relevant analysis. In some embodiments, a determination involves receiving relevant
information and/or materials from a source. In some embodiments, determining involves

comparing one or more features of a sample or entity to a comparable reference.

{0119 Enginecered: The term “engineered”, as used herein, describes a
polynucleotide, polypeptide or a cell that has been designed or modified by man and/or whose
existence and production require human intervention and/or activity. For example, an
engineered cell that 1s mtentionally designed to elicit a particular effect and that differs from
the effect of naturally occurring cells of the same type. In some embodiments, an engineered
cell expresses a chumeric antigen receptor described herein. Exemplary engineering methods

are described n the detailed description and examples sections.

[0120] Epitope: As used herein, the term “epitope” includes any moiety that
specifically recognized by an immunoglobulin {e. g, antihody or receptor) binding component
m whole or in part. In some embodiments, an epitope 1s comprised of a plurality of amuno
acids in an antigen. In some embodiments, such amino acid residues are surface-exposed
when the antigen adopts a relevant three-dimensional conformation. In some embodiments,
the amino acid residues are physically near to or contour with each other m space when the
antigen adopts such a conformation. In some embodiments, at least some of the amino acids
are physically separated from one another when the antigen adopts an alternative

conformation {e.g., 18 lineanized; e g., a non-hinear epitope).

(81211 Excipient. As used herein, the term “excipient” refers to a non-therapeutic
agent that may be mcluded 1n a pharmaceutical composition, for example to provide or
contribute to a desired consistency or stabilizing effect. Suitable pharmaceutical excipients
mclude, for example, starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica
gel, sodiom stearate, glycerol monostearate, tale, sodium chionide, dried skum oulk, glycerol,

glycol, water, ethanol and the hike.

5 &

propylens
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[6122] Expression: The term “expression” or “expressed”, when used in reference to
a mucleic acid herein, refers to one or more of the following events: (1} production of an RNA
transcript of a DNA template {e.g., by transcription}; (2} processing of an RNA transcript
{e.g., by splicing, editing, 5" cap formation, and/or 37 end formation); (3} translation of an

RNA into a polypeptide; and/or {4} post-translational modification of a polypeptide.

(6123 £x vive: As used herein, the term “ex vive” refers to events that occur in an
external environment, e.g., outside a multi-cellular organism. In some embodiments, a cell or
population of cells 1s modified outside of the body of a multi-cellular organism{e.g., a
mammal such as a non-human primate or human being} to express a anti-GCC molecule
described herein, prior to adminustration of such a cell or population of cells to a subject in

need thereof,

[0124] Fusion protein: As used herein, the term “fusion protein” refers to a protein
encoded by a nucleic acid sequence engineered from nucleic acid sequences encoding at least
a portion of two different {e.g, heterologous) proteins. As persons of skill are no doubt
aware, to create a fusion protein nucleic acid sequences are joined such that the resulting
reading frame does not contain an mternal stop codon. In some embodiments, fusion proteins

as described herein include an influenza HA polypeptide or fragment thereof.

[0125] Gaanylyl cyclase C(GCC): As used heremm, “GCC,” also known as “STAR”,
“GUC2CT, “GUCY2C” or “ST receptor” protein refers to mammalian GCC, preferably
human GCC protemn. Human GCC refers to the protemn described 10 GenBank accession no.:
NM—004963 and naturally occurning allelic protein variants thereof Other vaniants are
known i the art. See, e.g., accession number Ensp0000261170, Ensembl Database, European
Biuoinformatics Tostitute and Wellcome Trust Sanger Institute, US patent application number
20060035852; or GenBank accession number AAB 19934, Typically, 3 naturally occurring
allelic variant has an amino acid sequence at least 95%, 97% or 99% identical to the GCC

s

sequence of SEQ 1D NG: 41, The transcript encodes a protemn product of 1073 amuno acids,
and 1s described in GenBank accession no. NM-—004963. GCC protein 15 characterized as a
transmembrane cell surface receptor protein, and 1s believed to play a critical role in the

maintenance of intestinal fluid, electrolyte homeostasis and cell proliferation.
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[6126] Host: The term “host” 15 used herein to refer to a system {e.g., a cell, organism,
etc.) in which a polypeptide of interest 1s present. In some embodiments, a host is a system

that expresses a particular polypeptide of interest.

(6127} Heost cell: As used herein, the phrase “host cell” refers to a cell into which
exogenous DBNA {recombinant or otherwise) has been introduced. For example, host cells
may be used to produce the polypeptides described heremn by standard recombinant
techniques. Persons of skil upon reading this disclosure will understand that such terms refer
not only to the particular subject cell, but, to the progeny of such a cell. Because certain
modifications may occur in succeeding generations due to erther mutation or envirommental
influences, such progeny may not, in fact, be wentical to the parent cell, but are still included
within the scope of the term “fost cell" as used herein. In some embodiments, host cells
include any prokaryotic and eukaryotic celis suitable for expressing an exogenous DNA (e g,
a recombinant nucleic acid sequence). Exemplary cells include those of prokaryotes and
eukaryotes {single-cell or multiple-cell), bactenal cells {e.g., strains of E. coly, Bacillus spp.,
Streptomyces spp., etc.), mycobacteria cells, fungal cells, yeast cells (e.g., 8. cerevisiae, S.
pombe, P. pastoris, P. methanolica, etc.), plant cells, msect cells (e g, SF-9, SF-21,
baculovitus-infected insect cells, Trichoplusia ni, etc.), non-human anumal cells, human cells,
or cell fusions such as, for example, hybridomas or quadromas. In some embodiments, the
cell 15 a buman, monkey, ape, hamster, rat, or mouse cell. In some embodiments, the cell 13
eukaryotic and 15 selected from the following cells: CHO {e. g, CHO K1, DXB-11 CHQ,
Veggie-CHOY, COS {e.g., COS-7}, retinal cell, Vero, OV, kidney (e.g., HERK293, HEK293T,
293 EBNA, MSR 293, MDCK, HaK, BHK), Hela, HepG2, WI3&, MRC 5, Colo205, HB
8065, HL-60, (e.g., BHK21), Jurkat, Baudi, A431 {epidermaly, CV-1, U937, 3T3, L cell,
C127 cell, SP2/0, NS-0, MMT 060562, Sertoh cell, BRL 3A cell, HT1080 cell, myeloma celi,
tumor cell, and a cell hine dentved from an aforementioned cell. In some embodiments, the
cell comprises one or more viral genes, e g., a retinal cell that expresses a viral gene{e.g., a
PER C6™ celly.

[6128] fnunune response. As used herein, the term “immune response” refers to a
response of a cell of the immune system, such as a B cell, T cell, dendritic cell, macrophage

or polymorphonucleocyte, to a stimulus such as an antigen or vaccine. An immune response

can include any cell of the body involved i a host defense response, including for example,
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an epithehal cell that secretes an mnterferon or a cyiokine. An immune response includes, but
is not limited to, an mnate and/or adaptive immune response. As used herein, a protective
immune response refers to an immune response that protects a subject from infection
{prevents infection or prevents the development of disease associated with infection).
Methods of measuring immune responses are well known in the art and include, for example,
measuring proliferation and/or activity of lymphocytes (such as B or T cells}, secretion of

cytokines or chemokines, inflammation, antihody production and the like,

[6129] fn vitro: As used herein, the term “in vitro” refers to events that occur in an
artificial environment, e.g., in a test tube or reaction vessel, in cell culture, efc., rather than

within a multi-cellular organism.

0130} fn vive: As used herein, the term “in vivo” refers to events that occur withina
multi-cellular organism, such as a human and a non-human animal. In the context of cell-
based systems, the term may be used to refer to events that occur within a hiving cell (as

opposed to, for example, in vitro or ex vivo systems).

(0131} fsolated. As used herein, the term “isolated” refers to a substance and/or
entity that has been (1) separated from at least some of the components with which 1t was
assoctated when mitially produced (whether in nature and/or in an experimental setting),
and/or (2} designed, produced, prepared, and/or manufactured with human mtervention.
Isolated substances and/or entities may be separated from about 10%, about 20%, about 30%,
about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, about 91%, about
92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or
more than about 99% of the other corponents with which they were smutially associated. In
some embodiments, 1solated agents are about 80%, about 85%, about 90%, about 91%, about
92%, about 93%, about 94%, aboui 95%, about 96%, about 97%, about 98%, about 99%, or
more than about 99% pure. As used herein, a substance 18 “pure” if 1t 15 substantially free of
other components. In some embodiments, as will be understood by those skilled m the art, a
substance may still be considered “isolated” or even “pure”, after having been combined with
certain other components such as, for example, one or more carners or excipients {e.g., buffer,
solvent, water, etc.); m such embodiments, percent 1solation or purnity of the substance 13

calculated without including such carriers or excipients. To give but one example, in some



WO 2022/123316 PCT/1B2021/000873

embodiments, a biological polymer such as a polypeptide or polynucleotide that occurs in
nature is considered to be “isolated” when, a} by virtue of its origin or source of derivation 18
not associated with some or all of the components that accompany it in ifs native state in
nature; b} it 15 substantially free of other polypeptides or nucleic acids of the same species
from the species that produces it in nature; ¢} is expressed by or is otherwise in association
with components from a cell or other expression system that is not of the species that
produces it in nature. Thus, for instance, in some embodiments, a polypeptide that 1s
chemically synthesized or is synthesized in a cellular system different from that which
produces it in nature is considered to be an "isolated” polypeptide. Alternatively or
additionally, in some embodiments, a polypeptide that has been subjected to one or more
purification techniques may be considered to be an “isolated” polypeptide to the extent that it
has been separated from other components a) with which it 1s associated in nature; and/or b)
with which it was associated when iitially produced. In some embodiments, cells can be
“isolated” {e.g., purified or separated) from olther cells. For example, in some embodiments,
genetically modified cells engineered to express a CAR described herein can be solated from

unmodified cells,

[3132] Nucleic acid: As used herein, the phrase “nucleic acid”, in us broadest sense,
refers to any compound and/or substance that is or can be incorporated mto an oligonucleotide
chain. In some embodiments, a nucleic acid 18 a compound and/or substance that 1s or can be
mcorporated nto an ohigonucleotide chamn via a phosphodiester Iimkage. As will be clear
from context, in some embodiments, “nucleic acid” refers 1o individual nucleic aad residues
{e.g., nucleotides and/or nucleosides); in some embodiments, “nucleic acid” refers to an
oligonucleotide chain comprising mndividual nucleic acid residues. In some embodiments, a
“nucleic acid” 13 or comprises RNA; m some embodiments, a “nuclei¢ acid” 15 or comprises
DNA. In some emnbodiments, a nucleic acid is, comprises, or consisis of ong or more natural
nucleic acid residues. In some embodiments, a nucleic acid is, comprises, or consists of one
or more nucleic acid analogs. In some embodiments, a nucleic acid analog differs from a
nucleic acid in that 1t does not utilize a phosphodiester backbone. For example, in some
embodiments, a nucletc acid 15, comprises, or consists of one or more “peptide nucleic acids”,
which are known n the art and have peptide bonds nstead of phosphodiester bonds in the

backbone, are considered within the scope of the present invention. Alternatively or

k.
L
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additionally, i some embodiments, a nucleic acid has one or more phosphorothioate and/or
5’-N-phosphoramidite linkages rather than phosphodiester bonds. In some embodiments, a
nucleic acid is, comprises, or consists of one or more natural nucleosides (e.g., adenosine,
thymidine, guanosine, cytiding, uridine, deoxyadenosine, deoxythymidine, deoxyguanosine,
and deoxycytidine). In some embodiments, a nucleic acid 15, comprises, or consisis of one or
more nucleoside analogs (e g, 2-anunoadenosine, 2-thiothymidine, inosine, pyrrolo-
pyrimidine, 3-methyl adenosine, S-methvicytidine, C-5 propynyl-cytidine, C-S propynyl-
uridine, Z-aminoadenosine, CS-bromouridine, CS-fluorouridine, C3-1odouridine, C5-
propynyi-uridine, CS-propynvi-cytidine, C5-methylcviidine, 2-aminoadenosine, 7-
deazaadenosine, 7-deazaguanosine, 8-oxcadenosine, 8-oxoguanosine, ({0} -methyiguanine, 2-
thiocytidine, methylated bases, intercalated bases, and combinations thereof). In some
ernbodiments, a nucleic acid comprises one or more modified sugars {e.g., 2 ~-fluororbose,
ribose, 27 -deoxyribose, arabinose, and hexose) as compared with those m natural nucleic
acids. In some embodiments, a nucleic acid has a nucleotide sequence that encodes a
functional gene product such as an RNA or protein. In some embodiments, a nucleic acid
mcludes one or more introns. In some embodiments, nucleic acids are prepared by one or
more of 1solation from a natural source, enzyratic synthesis by polymernization based ona
complementary template (i vivo or in vitro), reproduction in a recombinant cell or system,
and chemucal synthesis. In some embodiments, a nucleic acid s at least 3,4, 5,6, 7, 8, 9, 10,
15,20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, BS, 90, 95, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190, 20, 225, 250, 275, 300, 325, 350, 373, 400, 425, 450, 475, 560, 600, 700,
800, 900, 1000, 1500, 20006, 2500, 3000, 3500, 4000, 4500, 5000 or more restdues long. In
some embodiments, a nucleic acid 15 single stranded; 10 some embodiments, a nucleic acid 15
double stranded. In some embodiments a nucleic acid has a nucleotide sequence comprising
at least one element that encodes, or is the complement of a sequence that encodes, a

polypeptide. In some embodiments, a nucleic acid has enzymatic activity.

(G133 Pharmaceutically accepiable veliicles: The pharmaceutically acceptable
carriers {vehicles) useful 1n this disclosure are conventional. Remington's Pharmaceutical
Sciences, by E. W. Martin, Mack Publishing Co., Baston, PA, 15" Edition {1973}, describes
compositions and formulations sustable for pharmaceutical delivery of one or more

therapeutic compositions, {e.g., a composition comprising a chimeric antigen receptor
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described herein), and additional pharmaceutical agents. In general, the nature of the carrier
will depend on the particular mode of administration being emploved. For instance, parenteral
formulations usually comprise injectable fluids that include pharmaceutically and
physislogically accepiable fluids such as water, physiological saline, balanced salt solutions,
aqueocus dextrose, glycerol or the like as a vehicle. For solid compositions {for example,
powder, pill, tablet, or capsule forms), conventional non-toxic solid carriers can include, for
example, pharmaceutical grades of mannitol, lactose, starch, or magnesium stearate. In
addition to biologically-neutral carriers, pharmaceutical compositions to be administered can
contain minor amounts of non-toxic auxiliary substances, such as wetting or emulsifying
agents, preservatives, and pH buffering agents and the like, for example sodium acetate or

sorbitan monolaurate.

[0134] Polypeptide: A “polypeptide”, generally speaking, is a string of at least two
amino acids attached to one another by a pepiide bond. In some embodiments, a polypeptide
may nclude at least 3-5 anuno acids, each of which 1s attached to others by way of at least
one peptide bond. Those of ordmmary skl 1o the art will appreciate that polypeptides
sometimes nclude “non-natural” avuno acids or other entities that nonetheless are capable of
integrating into a polypeptide chain, optiovally. In some embodiments, the term
“polypeptide” 1s used to refer to specific functional classes of polypeptides, such as, an
antibody, chimeric antigen receptor, or costinutdatory domain polypeptides, et¢. For each
such class, the present specification provides and/or the art 1s aware of several examples of
amino acid sequences of known exemplary polvpeptides within the class; i some
embodiments, one or more such known polypeptides 1s/are reference polypeptides for the
class. Insuch embodiments, the term “polypeptide” refers {0 any member of the class that
shows sufficient sequence homology or identity with a relevant reference polypeptide that one
skilled n the art would appreciate that 1t should be included m the class. In many
embodiments, a member of the representative class also shares significant activity with the
reference polypeptide. For example, in some embodiments, a member polypeptide shows an
overall degree of sequence homology or identity with a reference polypeptide that is at least
about 30-40%, and s often greater than about 50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%,
04%, 25%, 96%, 97%, 98%, 99% or more and/or includes at least one region (e, a

conserved region, often including a characteristic sequence element) that shows very high
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sequence identity, often greater than 90% or even 95%, 96%, 97%, 98%, or 99%. Sucha
conserved region usually encompasses at least 3-4 and often up to 20 or more aming acids; in
some embodiments, a conserved region encompasses at least one streich of at least 2, 3, 4, §,

6,7,8,9, 10, 11, 12,13, 14, 15 or more contiguous amino acids.

[8135] it 1s understood that the antibodies and antigen binding agents of the mvention
may have additional conservative or non-essential amino acid substitutions, which do not
have a substantial effect on the polypeptide functions. Whether or not a particular substitution
will be tolerated, 1.e, will not adversely affect desired biological properties, such as binding
activity, can be deternuned as described i1 Bowie, J U et al. Science 247:1306-1310 (1990) or
Padlan et al. FASEB J. 9:133-139 (1995). A “conservative amino acid substitution” is one in
which the aming acid residue 1s replaced with an amino acid residue having a sinular side
chamn. Families of amino acid residues having similar side chains have been defined in the art.
These families include amino acids with basic side chains (e g, lysine, arginine, histiding),
acidic side chains {e.g., aspartic acid, glutamic acid), uncharged polar side chains {e.g.,
asparagine, glutamine, serine, threomine, tyrosine, cysteine), nonpolar side chams {e.g.,
glycine, alanine, valine, leucine, 1soleucine, proline, phenylalanine, methionune, tryptophan),
beta-branched side chains (e g., threonine, valine, 1soleucine) and aromatic side chains {e.g.,

tyrosine, phenylalanine, tryptophan, histidine).

[3136] Prevention: The term “prevention”, as used heremn, refers to prophylaxis,
avoidance of disease manifestation, a delay of onset, and/or reduction n frequency and/or
severity of one or more symptoms of a particular disease, disorder or condition {e.g., infection
for example with imfluenza viras). In some embodiments, prevention 1s assessed ona
population basis such that an agent i1s considered to “prevent” a particular disease, disorder or
condition if a statistically significant decrease in the development, frequency, and/or intensity
of one or more symptoms of the disease, disorder or condition 13 observed m a population
susceptible to the disease, disorder, or condition.

(3137 Pure: As used heren, an agent or entity 13 “pure” if it 15 substantially free of
other components. For example, 2 preparation that contains more than about 80% of a

particular agent or entity is typically considered to be a pure preparation. In some
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embodiments, an agent or entity is at least 91%, at least 92%, at least 93%, at least 94% at

feast 95%, at least 96%, at least 97%, at least 98%, or at least 99% pure.

[613§] Recombinant: As used hergin, the term “recombinant” is intended to refer to
polypeptides {e.g., polypeptides as described herein} that are designed, engineered, prepared,
expressed, created or 1solated by recombinant means, such as polypeptides expressed using a
recombinant expression vector transfected into a host cell, polypeptides isolated from a
recombmant, combinatorial polypeptide library or polypeptides prepared, expressed, created
or isolated by any other means that involves splicing selected sequence elements to one
another. In some embodiments, one or more of such selected sequence elements s found in
nature. In some embodiments, one or more of such selected sequence elements and/or
combinations thereof is designed in sifico. In some embodiments, one or more such selected
sequence elements results from the combination of multiple (e g., two or more} known
sequence elements that are not naturally present in the same polypeptide {e.g., two epitopes

from two separate HA polypeptides).

(0139 Reference: The term “reference” 15 often used herein to describe a standard or
control agent, individual, population, sample, sequence or value agamst which an agent,
ndividual, population, sample, sequence or value of interest is compared. In some
ermnbodiments, a reference agent, mdividual, population, sample, sequence or value 15 testex
and/or determined substantially simultaneously with the testing or determination of the agent,
mdividual, population, sample, sequence or value of interest. In some embodiments, a
reference agent, individual, population, sample, sequence or value 1s a lustorical reference,
optionally embodied 1o a tangible medium. Typically, as would be understood by those
skifled m the art, a reference agent, mndividual, population, sample, sequence or value 18
determined or characterized under conditions comparable to those utilized to determine or
characterize the agent, individual, population, sample, sequence or value of interest.

[0140] Single domain antibody: as used herein, the terms “single domain antibody

EE N1

{sdAb)”, “varable single domamn™ or “immunoglobulin single vanable domam (ISV)” “single
heavy chamn variable domain (VH) antibody” refer o the single vanable fragment of an
antibody that binds to a target antigen. These terms are used interchangeably herein. A sdAb

is a single antigen-binding polypeptide having three complementary determining regions



WO 2022/123316 PCT/1B2021/000873

{(CDRs). The sdAb alone is capable of binding to the antigen without patring with a
corresponding CDR-containmg polypeptide. A VH single domain antibody refers to a single
domain antibody that has a human heavy chain variable domain or a domain that is derived
from a human heavy chain variable domain. In some cases, single-domain antibodies are
engineered from camelid HCAbs, and their heavy chain variable domains are referred to as
“YVHHs”. Some VHHs may also be known as Nanobodies. Camelid sdAb is one of the
smallest known antigen-binding antibody fragments (see, e.g., Hamers-Casterman et al,,
Nature 363: 446-8 (1993); Greenberg et al., Nature 374: 168-73 {(1995); Hassanzadeh-
Ghassabeh et al., Nanomedicine (Lond), 8:1013-26 (2013)). A basic VHH has the following
structure from the N-terminus to the C-terminus: FRI-CDRI-FR2-CDRZ-FR3-CDR3-FR4, in
which FR1 to FR4 refer to framework regions 1 to 4, respectively, and in which CDRI 1o
CDR3 refer to the complementarity determining regions 1 to 3. As explained below, some
embodiments of the various aspects of the invention relate to a binding agent comprising a
single heavy chain vanable domain antibodies/imamunoglobulin heavy chain single variable

domain which bind a GCC antigen in the absence of hight chain,

[0141] Subject. As used herein, the term “subject” means any mammal, mcluding
humans. In certain embodiments of the present invention the subject 1s an adult, an
adolescent or an infant. Tn some embodiments, termos “individual” or “patient” are used and
are ntended to be mterchangeable with “subject”. Also contemplated by the present
mvention are the admimstration of the pharmaceutical compositions and/or performance of
the methods of treatment wn-utero. For example, a subject can be a patient {e.g., a human
patient or a veterinary patient}, having a cancer, {e.g., of gastrointestinal origin}, a symptom
of a cancer, m which at least some of the cells express GCC, or a predisposition toward a
cancer, in which at least some of the cells express GCC. The term “non-human anmmals”™ of
the mvention includes all non-human vertebrates, e.g., non-human mammals and non-
mammals, such as non-human primates, sheep, dog, cow, chickens, amphibians, reptiles, etc,

unless otherwise noted.

[6142] Substantially: As used herein, the term “substantially” refers to the qualitative
condition of exhibiting total or near-total extent or degree of a characteristic or property of
interest. One of ordinary skill in the biological arts will understand that bislogical and

chemical phenomena rarely, if ever, go to completion and/or proceed to completeness or

a2
(8]
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achieve or avoid an absolute result. The term “substantially” is therefore used heremn to
capture the potential lack of completeness inherent in many biological and chemical

phenomena.

(G143 Therapeutic agens: As used herein, the term “therapeutic agent” refers to an
agent {e.g., an antigen binding agent) that has biological activity. The term 1s used herein to
denote a chemical compound, a muxture of chemical compounds, a biological macromolecule,
or an extract made from biological materials. In some embodiments, the therapeutic agent
may be an anti-cancer agent or a chemotherapeutic agent. As used herein, the terms “anti-
cancer agent” or “chemotherapeutic agent” refer to agents that have the functional property of
inhibiting a development or progression of a neoplasm in a human, particularly a malignant
{cancerous) lesion, such as a carcinoma, sarcoma, lymphoma, or leukemia. Infubition of
metastasis or angiogenesis is frequently a property of anti-cancer or chemotherapeutic agents.
A chemotherapeutic agent may be a cytotoxic or cytostatic agent. The term “cytostatic agent”
refers to an agent which 1nhibus or suppresses cell growth and/or multiplication of cells. In
some embodiments, the therapeutic agent i1s a genetically modified cell or antibody. In some
ermnbodiments, the therapeutic agent is an anti-GCC CAR. In some embodiments, the
therapeutic agent is a cell (e g., a population of cells) expressing a GCC CAR described

herem.

[3144] Transformation: As used herein, refers to any process by which exogenous
DNA 15 introduced into a host cell. Transtformation may occur under natural or artificial
conditions using various methods well known n the art. Transformation may rely on any
known method for the insertion of foreign nucleic acid sequences into a prokaryotic or
eukaryotic host cell. In some embodiments, a particular transformation methodology 1s
selected based on the host ¢cell being transformed and may mclude, but 15 not hmited to, viral
infection, electroporation, mating, transfection, ipofection. In some embodiments, a
“transformed” cell s stably transformed 1n that the 1nserted DNA 15 capable of replication
etther as an autonomously replicating plasmud or as part of the host chromosome. In some
embodiments, a transformed cell transiently expresses introduced nucleic acid for imited

periods of time.
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[0145] Treaf or treasment. As used herein, the term “treat” or “treatment” is defined
as the admunistration of an anti-GCC antigen binding agent (e.g., an anti-GCC antibody or
fragment thereof, an anti-GCC CAR, cells comprising an anti-GCC CAR, etc. ) to a subject,
e.g., a patient, or administration, e.g., by application, to an isolated tissue or cell from a
subject which is returned to the subject. The anti-GCC antigen binding agent can be
administered alone or in combination with a second agent. The treatment can be to cure, heal,
alleviate, relieve, alter, remedy, ameliorate, palliate, improve or affect the disorder, the
symptoims of the disorder or the predisposition toward the disorder, e.g., a cancer. While not
wishing 10 be bound by theory, treating is believed to cause the inhibition, ablation, or killing
of a cell in vitro or 1n vivo, or otherwise reducing capacity of a cell, e.g., an aberrant cell, to

mediate a disorder, e.g., a disorder as described herein {(e.g., a cancer).

[0146] Variable region or domuain. As used herem, the termos “vaniable region” or
“variable domain” of an antibody refers to the amino-ternminal domains of the heavy or light
chain of an antibody. The vaniable domains of the heavy chain and light chain may be referred
to as “VH” and “VL”, respectively. These domains are generally the most vartiable parts of the
antibody (relative to other antibodies of the same class) and contain the antigen binding sites.

Heavy-~chain only antibodies have a single heavy chain variable region.

(0147 Vector: As used heremn, the term “vector” refers 1o a nucleic acid molecule
capable of transporting another nucleic acid to which 1t has been linked. One type of vector i3
a “plastd”, which refers to a circular double stranded DNA loop into which additional DNA
segments may be ligated. Another type of vector is a viral vector, wherein additional DNA
segments may be ligated mnto the viral genome. Certain vectors are capable of autonomous
replication in a host cell into which they are miroduced {e.g., bacterial vectors having a
bacterial origin of rephication and episomal mammahan vectors). Other vectors {e.g., non-
episomal mammalian vectors) can be mntegrated into the genome of a host cell upon
mtroduction into the host cell, and thereby are replicated along with the host genome.
Moreover, certain vectors are capable of directing the expression of genes to which they are

operatively linked. Such vectors are referred to herein as “expression vectors”.

BDETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
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[6148] The present mnvention is based on the discovery of novel antigen binding
agents that specifically bind guanylvl cyclase € {(GCC) and their use in therapeutic methods.
The present application provides anti-GCC single-domain antibodies (sdAb) and chimeric
antigen receptors {CARs) comprising an extracellular antigen binding domain comprising one

or more GCC binding moieties (such as anti-GCC sdAbs).

[3149] The present invention 1s not limited to particular methods, and experimental
conditions described, as such methods and conditions may vary. It is also to be understood
that the termmology used herein 1s for the purpose of describing particular embodiments only,
and 1s not itended to be hmiting unless indicated, since the scope of the present invention

will be limited only by the appended claims.
Guanyivl Cycase €

[0150] Guanylyl cyclase C (GCC) (also known as STAR, ST Receptor, GUC2C, and
GUCY2() 5 a transmembrane cell surface receptor that functions in the maintenance of
intestinal fluid, electrolyte homeostasis and cell proliferation (Carrithers et al,, Proc Nail Acad
Sci USA 100: 3018-3020 (2003); Mann et al., Biochem Biophys Res Commun 239 463-466
{1997y; Pitari et al., Proc Natl Acad Sci USA 100: 2695-269%9 {2003}); GenBank Accession
No. NM...004963, each of which is incorporated herein by reference). This function is
mediated through binding of guanvlin (Wiegand et al. FEBS Lett. 311:150-154 (1992}, GCC
also 18 a receptor for heat-stable enterctoxin (8T, e g., having an amino acid sequence of
NTFYCCELCCNPACAGCY, SEQ ID NGO 40) whuch 1s a peptide produced by &, ¢ofi, as
well as other mfectious organisms (Rao, M. C. Ciba Found. Svmp. 112:74-93 (1985}, Knoop
F. C and Owens, M. I Pharmacol. Toxicol. Methods 28:67-72 (1992}). Binding of 8T to
GCC activates a signal cascade that results 1n enteric disease, e.g., diarrhea. Nucleotide
sequence for human GCC {(GenBank Accession No. NM—004963}. The amino acid sequence

for human GCC {(GenPept Accession No. NP—004954):

MKTLLLDLALWSLLFQPGWLSFSSQVSQNCHNGSYEISVEMMOGNSAFAEPLK
NLEDAVNEGLEIVRGRLONAGLNVTVNATIMYSDGLIHENSGDCRSSTCEGLD
LLRKISNAQRMGCVLIGPSCTYSTFOMYLDTELSYPMISAGSFGLSCDYKETLT
RLMSPARKIMYFLVNFWKTNDLPFKTYSWRTSYVYENGTETEDCFWYLNAL
EASVSYFSHELGFKVVLROQDKEFQDILMDHNRESNVIMUGGPEFLYKLKGDR
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AVAEDIVIILVDLFNDOQYFEDNVTAPDYMKNVLVLTLSPGNSLLNSSFSRNLSP
TKRDFALAYLNGILLFGHMLKIFLENGENITTPKFAHAFRNLTFEGYDGPVTLD
DWGDVDSTMVLLY TSVDTKK YK VLLTYDTHYNK TYPVDMSPTFTWENSKL
PNDITGRGPOILMIAVFTLTGAVVLLLLYALLMLRK YRKDYELRQKKWSHIPE
ENIFPLETNETNHVSLKIDDDKRRDTIQRLRQCK YDKKRVILKDLKHNDGNFT
EKQKIELNKLLOIDY YNLTKFYGTVKLDTMIFGYIEYCERGSLREVLNDTISYP
DGTFMDWEFKISVLYDIAKGMS YLHSSK TEVHGRLKSTNCVVDSRMVYVEITD
FGCNSILPPKK DLW TAPEHLROANISQKGDVYSYGUAQRILRKETFY TLSCRD
RNEKIFRVENSNGMKPFRPDLFLETABEKELEVYLLVKNCWEEDPEKRPDFKK
IETTLAKIFGLFHDQKNES YMDTLIRRLOLY SRNLEHLVEERTQLYKAFRDRA
DRLNFMLLPRLVYKSLKEKGFVEPELYEEVTIVFSDIVGFTTICKYSTPMEVVD
MLNDIYESFDHIVDHHDVYKVETIGDA YMVASGLPKRNGNRHAIDIAKMALE
TLSFMGTFELEHLPGLPIWIRIGVHSGPCAAGVVGIKMPRYCLFGDTVNTASRM
ESTGLPLRIHVSGSTIAILKRTRCOFLYEVRGETYLKGRGNETTYWLTGMKDQ
KFNLPTPPTVENQORLQAFFSDMIANSLOKROAAGIRSOKPRRVASYKKGTLE
YLOQLNTTDEESTYF (SEQ ID NO: 41)

[0151] The GCC proten has some generally accepted domains each of which
contributes to the function of the GCC molecule. GCC functions mclude a signaling for
directing the protein to the cell surface, an extracellular higand binding, tyrosine kinase
activity, and a guanyivl cyclase catalvtic activity. In normal human tissues, GCC is expressed
at the mucosal cells, e g, at the apical brush border membranes, lining the small ntesting,
large intesting and rectum {Carrithers et al,, Dis Codon Recim 39 171-181 {1996)). GCC
expression 1s maintamed gpon neoplastic transformation of mtestinal epithelial cells, with
expression i all primary and metastatic colorectal tumors {(Carrithers et al, Dis Colon
Rectam 390 171-181 (1996); Buc et al. Fur J Cancer 41 1618-1627 (2005}, Carrithers et

al., Gastroenterology 107 1653-1661 (1994}). Neoplastic cells from the stomach, esophagus
and the gastroesophageal junction also exprass GCC (see, e.g., U.S. Pat No. 6,767,704,
Debruyne et al. Gastroenterology 130:1191-1206 (2006}). The tissue-specific expresston and
association with cancer, e.g., of gastrointestinal origin, {e.g., colon cancer, stomach cancer, or

esophageal cancer), can be explotted for the use of GCC as a diagnostic marker for this

[P8]
ok
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disease {Carrithers et al., Dis Colon Recrum 39 171-181 (1996}, Buc et al. Eur J Cancer 41:

1618-1627 (2005)).

[6152] As a cell surface protein, GCC can also serve as a therapeutic target for
receptor binding proteins such as antibodies or ligands. In normal intestinal tissue, GCC s
expressed on the apical side of epithelial celi tight junctions that form an impermeable barrier
between the luminal environment and vascular compartment {Almenoff et al., AMof

Microbiol 8: 865-873); Guarino et al,, [yig Dis Sci 32: 1017-1026 {(1987)). As such, systemic
intravenous administration of a GCC-binding protein therapeutic will have minimal effect on
intestinal GCC receptors, while having access to neoplastic cells of the gastrointestinal
system, including invasive or metastatic colon cancer cells, extramtestinal or metastatic colon
tumors, esophageal tumors or stomach tumors, adenocarcinoma at the gastroesophageal
junction. Additionally, GCC internalizes through receptor mediated endocytosis upon ligand
binding (Buc et al. fur J Cancer 41 1618-1627 (2005); Urbanskt et al., Biochem Biophys
Acta 1245: 29-36 (1995)).

{0153} Polvclonal antibodies raised against the extracellular domain of GCC (Nandi et
al. Protein Fxpr. Purif. 8:151-159 (1996})) were able to mbubit the ST peptide binding to
human and rat GCC and mbubit ST-mediated ¢GMP production by human GCC.

[6154] (GCC has been characterized as a protein involved in cancers, including colon
cancers. See also, Carrithers et al., Dis Colon Rectum 39 171-181 (1996); Buc etal FurJ
Cancer 41 1618-1627 (2008); Carrithers et al,, Gastroenterofogy 107: 1653-1661 (1994);

Urbansks et al,, Biochem Biophys Acia 1245 29-36 (1995).

[0155] Antigen binding molecule therapeutics directed to GCC described herein can
be used to inhibit GCC-expressing cancerous cells. Anti-GCC antigen binding molecules of
the mvention can bnd human GCC. In some ervbodiments, an anti-GCC antigen binding
molecule of the wvention can inhubit the binding of a ligand, e g., guanylin or heat-stable

enterotoxin to GCC.
Antigen Binding Molecules

[6156] The present mvention relates to anti-GCC antigen binding molecules. In some

embodiments, anti-GCC molecules of the present inventions cause a cellular reaction upon
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binding to GCC on a GCC expressing celi to which 1t binds. In some embodiments, an anii-

GCC antigen binding agent of the invention can block higand binding to GCC.

[B157] The naturally occurring mammalian antibody structural unit is typified by a
tetramer. Each tetramer 1s composed of two pairs of polypeptide chains, each pair having one
“light” {about 25 kDa} and one “heavy” chain {about 50-70 kDa}. The amino-terminal portion
of each chain includes a variable region of about 100 to 110 or more amino acids primarily
responsible for antigen recognition. The carboxy-terminal portion of each chain defines a
constant region primarily responsible for effector function. Human light chains can be
classified as kappa and lambda light chains. Heavy chains can be classified as mu, delta,
gamma, alpha, or epsilon, and define the antibody's 1sotype as IgM, IgD, 1gG, IgA, and IgE,
respectively. Within light and heavy chains, the variable and constant regions are joined by a
“J” region of about 12 or more amino acids, with the heavy chain also including a “D” region
of about 10 more amine acids. See generally, Fundamental Imnumology Ch. 7 (Paul, W, ed,,
Znd ed. Raven Press, N Y. (1989)). The vanable regions of each light/heavy chain pair form
the antibody binding site. Preferred 1sotypes for the anti-GCC antibody molecules are IgG
mmmmunoglobuling, which can be classified mito four subclasses, IgGl, T9G2, 1gG3 and 18G4,
having different garoma heavy chaims. Most therapeutic antibodies are human, chimeric, or
humanized antibodies of the IgGl type. In a particular embodiment, the anti-GCC antibody

molecule has the IgG1 1sotype.

[B158] The variable regions of each heavy and light chain pair form the antigen
binding site. Thus, an intact IgG antibody has two binding sites which are the same. However,
bifunctional or bispecific antibodies are artificial hybrid constructs which have two different

heavy/light chain pairs, resulting n two different binding sites.

[6159] The chams all exhibit the same general structure of relatively conserved
framework regions {FR) joined by three hypervanable regions, also called complementarity
determining regions or CDRs. The CDRs from the two chains of each pair are aligned by the
framework regions, enabling binding to a specific epitope. From N-terminal to C-termmal,
both light and heavy chains comprise the domamns FR1, CDR1, FRZ, CDR2, FR3, CDR3 and
FR4. The assignment of amino acids to each domam 1s in accordance with the definitions of

Kabat Sequences of Protens of Immunological Interest (National Institutes of Health,
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Bethesda, Md. (1987 and 19913}, or Chothia & Lesk J. Mol Biol 196:901-917 {1987},
Chothia et al. Nature 342:878-883 (1989). As used herein, CDRs are referred according to
Kabat for each of the heavy (HCDRY, HCDRZ, HCDR3) and hight (LCDR1, LCDR2,
LCDR3) chains.

[6160] An anti-GCC antibody molecule can comprise all, or an antigen binding subset
of the CDRs or the heavy chain, of the antibodigs described herein. Anino acid sequences of
anti-(GCC antigen binding agents described herein, including variable regions and CDRs, can

be found in Tables 1-3.
{0161} Thus, in an embodiment the antibody molecule includes one or both of

[3162] {(a) one, two, three, or an antigen binding number of, light chain CDRs
(LCDRY, LCDRY and/or LCDR3) of 2 human antibody such as an antibody dertved from a
human hybridoma or a murine antibody (2.3, a light chain of an anti-GCC antibody described
in US20180355062A1, which 1s incorporated by reference in 1t’s entirety ). In embodiments
the CDR(s) may comprise an anino actd sequence of one or more or all of LCDR1-3 as
follows: LCDR1, or modified LCDR1 wherein one to seven amino acids are conservatively
substituted} LCDR2, or modified LCDR2 wherein one or two amino acids are conservatively
substituted); or LCDR3, or modified LCDR3 wherein one or two amino acids are

conservatively substituted; and

[3163] (b} one, two, three, or an antigen binding number of, heavy chain CDRs
(HCDRI, HCDRZ and/or HCDR3) as described herein. In erobodiments the CDR{s) may
comprise an anuno acid sequence of one or more or all of HCDR1-3 as follows: HCDRI, or
modified HCDR 1 wherein one or two amuno acids are conservatively substituted; HCDR2, or
modified HCDR2 wherein one to four amino acids are conservatively substituted; or HCDR3,

or modified HCDR3 wheren one or two ammo acids are conservatively substituted.

[164] In some embodiments, an anti-GCC antibody roolecule of the invention can
draw antibody-dependent cellular cytotoxicity {ADCC) to a cell expressing GCC, eg., a
tumor cell. Antibodies with the IgG1 and Ig(G3 sotypes are useful for eliciting etfector
function 1o an antibody-dependent cytotoxic capacity, due to thewr ability to bind the Fe
receptor. Antibodies with the 1gG2 and Ig(G4 1sotypes are useful to minimize an ADCC

response because of thewr fow ability to bind the Fe receptor. In related embodiments
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substitutions in the Fc region or changes in the glvcosylation composition of an antibody, e g,
by growth in a modified eukarvotic cell ling, can be made to enhance the ability of Fc
receptors to recognize, bind, and/or mediate cytotoxicity of cells to which anti-G{C
antibodies bind {see, e.g., UK. Pat Nos. 7,317,091, 5,624 821 and publications including WO
00/42072, Stuelds, et al. J. Biol Chem. 276:6591-6604 (2001), Lazar et al. Proc. Nail Acad.
Sci. US.A. 103:4005-4010 (20006}, Satoh et al. Fxpert Opin Biol Ther. 6:1161-1173 (2006)),
In certain embodiments, the antibody or antigen-binding fragment (e g., antibody of human
origin, human antibody) can include amino acid substitutions or replacements that alter or
tailor function {e. g, effector function). For example, a constant region of human origin (e.g.,
v1 constant region, y2 constant region) can be designed to reduce complement activation
and/or Fe receptor binding. (See, for example, U S Pat No. 5,648,260 (Winter etal )}, U.S.
Pat. No. 5,624,821 (Winter et al.) and UK. Pat. No. 5,834,597 {Tso et al ), the enture teachings
of which are incorporated herein by reference } Preferably, the amino acid sequence of a
constant region of human ornigin that contains such amino acid substuutions or replacements is
at least about 95% 1dentical over the full length to the amino acid sequence of the unaltered
constant region of human onigin, more preferably at least about 99% 1dentical over the full
length to the amuno acid sequence of the unaltered constant region of human origin,
Additional anti-GCC antigen binding molecules are further described m U.S. Pat. No.

8,785,600 (Nam &t al.}, the entire teachings of which are meorporated herein by reference.
2 > A0 4 o

[0165] In still another embodiment, effector functions can also be altered by
modulating the glycosylation patiern of the antibody. By altering 1s meant deleting one or
more carbohydrate moieties found 1 the antibody, and/or adding one or more glycosylation
sites that are not present in the antibody. For example, antibodies with enhanced ADCC
activities with a mature carbohydrate structure that lacks fucose attached to an Fe region of
the antibody are described in U.S. Patent Application Publication No. 2003/0157108 (Presta).
See also U.S. Patent Apphication Publication No. 2004/0093621 (Kyowa Hakko Kogye Co,,
Lid}. Glycoti has also developed veast cell lines capable of producing specific glycoforms of

antibodies.

[3166] Additionally or alternatively, an antibody can be made that has an altered type
of glycosylation, such as a hypofucosylated antibody having reduced amounts of fucosyl

residues or an antibody having increased bisecting GleNac structures. Such altered
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glycosylation patterns have been demonstrated to increase the ADCC ability of antibodies.
Such carbohydrate modifications can be accomplished by, for example, expressing the
antibody in a host cell with altered glycosylation machinery. Cells with altered glycosyiation
machinery have been described in the art and can be used as host cells in which are
engineered to express recombinant antibodies of the invention to thereby produce an antibody
with altered glvcosylation. For example, EP 1,176,195 by Hang et al. describes a cell line
with a functionally disrupted FUTS gene, which encodes a fucosyl transferase, such that
antibodies expressed in such a cell line exhubit hypotucosylation. PCT Publication WO
(3/035835 by Presta describes a variant CHO cell line, Leci3 cells, with reduced ability to
attach fucose to Asn{297)-linked carbohydrates, also resulting in hypofucosylation of
antibodies expressed i that host cell {see also Shields, R L. et al., 2002 J Biol

Chem. 277:26733-26740). PCT Publication WO 99/54342 by Umana et al describes cell hnes
engineered to express glycoprotein-modifying glycosyl transferases {e.g., beta(l 4)-N
acetyiglucosaminyliransferase I {GnTHI)) such that antibodies expressed in the engineered
cell ines exhibit increased bisecting GleNac structures which results in increased ADCC

activity of the antibodies {(see also Umana et al,, 1999 Nat. Biotech. 17.176-180).

[8167] Humanized antibodies can also be made using a CDR-grafted approach,
Technigues of generation of such humanized antibodies are known in the art. Generally,
humanized antibodies are produced by obtaming nucleic acid sequences that encode the
variable heavy and varable ight sequences of an antibody that binds to GCC, dentifying the
complementary determuining region or “CDR” in the vanable heavy and variable light
sequences and grafting the CDR nucleic acid sequences on to human framework nucleic acid
sequences. {See, for example, U.S. Pat. Nos. 4,816,567 and 5,225,539}, The location of the
CDRs and framework residues can be determined (see, Kabat, E. A, et al. (1991} Sequences
of Proteins of Immunological Intevest, Fifth Fdition, U8 Department of Health and Human
Services, NIH Publication No. 91-3242 and Chothia, C. et al. J. Mol Biol 196:901-917
{1987}

[0168] Anti-GCC antibody molecules described herein have the CDR amino acid
sequences and nucleic acid sequences encoding CDRs listed in Tables 5 and 6. In some
embodiments sequences from Tables 5 and 6 can be incorporated into molecules which

recognize GCC for use in the therapeutic or diagnostic methods described herein. The human
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framewaork that 1s selected is one that is suitable for 1n vivo administration, meaning that it
does not exhibit immunogenicity. For example, such a determination can be made by prior
experience with in vivo usage of such antibodies and studies of amino acid similarities. A
suitable framework region can be selected from an antibody of human origin having at least
about 65% amino acid sequence identity, and preferably at least about 70%, 80%, 90% or
95% amino acid sequence identity over the length of the framework region within the amino
acid sequence of the equivalent portion (e.g., framework region) of the donor antibody, e g,
an anti-GCC antibody molecule (e g, 3G1). Amino acid sequence 1dentity can be determined
using a suitable aming acid sequence alignment algorithm, such as CLUSTAL W, using the

default parameters. (Thompson J. D et al., Nucleic Acids Res. 22:4673-4680 {1994}.}

(0169 Once the CDRs and FRs of the cloned antibody that are to be humanized are
identified, the amino acid sequences encoding the CDRs are identified and the corresponding
nucleic acid sequences grafied on to selected human FRs. This can be done using known
primers and linkers, the selection of which are known 10 the art. All of the CDRs of
particular human antibody may be replaced with at least a portion of a noon-human CDR or
only some of the CDRs may be replaced with non-human CDRs. It is only necessary to
replace the number of CDRs requured for binding of the humanized antibody to a
predeterrined antigen. After the CDRs are grafted onto selected human FRs, the resulting
“humanized” vanable heavy and variable light sequences are expressed to produce a
humanized Fv or humanized antibody that binds to GCC. Preferably, the CDR-grafted {e.g,,
humanized) antibody binds a GCC protein with an affingty sumilar to, substantially the same
as, or beiter than that of the donor antibody. Typically, the humanized varable heavy and
light sequences are expressed as a fusion protein with human constant domain sequences so
an intact antibody that binds to GCC 1s obtained. However, a humanized Fv antibody can be

produced that does not contain the constant sequences.

[6170] Also within the scope of the invention are humanized antibodies i which
specific ammno acids have been substituted, deleted or added. In particular, humanized
antibodies can have amino acid sebstitutions in the framework region, such as o improve
binding to the antigen. For example, a selected, small number of acceptor framework residues
of the humanized immunoglobulin chain can be replaced by the corresponding denor amino

acids. Locations of the substitutions include amino acid residues adjacent to the CDR, or
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which are capable of mteracting with a CDR (see e.g., UK. Pat. Nos. 5,585,089 or 5,859,205},
The acceptor framework can be a mature human antibody framework sequence or a consensus
sequence. As used herein, the term “consensus sequence” refers to the sequence found most
frequently, or devised from the most common residues at each position in a sequence in a
region among related family members. A number of human antibody consensus sequences are
available, including consensus sequences for the different subgroups of human variable
regions {see, Kabat, E. A, et al,, Sequences of Proteins of Immunological Interest, Fifth
Edition, U S. Department of Health and Human Services, U S, Government Printing Office
(1991)). The Kahat database and s applications are freely available on line, e g via
IgBLAST at the National Center for Biotechnology Information, Bethesda, Md. {(also see,
Johnson, G and Wy, T. T, Nucleic Acids Research 29:205-206 (2001)).

[6171] In certain embodiments, the GCC antibody molecule 15 a human anti-GCC
1231 antibody. Since such antibodies possess desired hinding to the GCC molecule, any one
of such antibodies can be readdy sotype-switched to generate a human [g(G4 sotype, for
example, while still possessing the same variable region (which defines the antibody's
specificity and affinity, to a certain extent). Accordingly, as antibody candidates are generated
that meet deswred “structural” attributes as discussed above, they can generally be provided
with at least certain additional “functional” attributes that are desired through sotype

switching,

[6172] In some aspects, the portion of a CAR composition of the invention that
comprises an antibody fragment 13 humanized with retention of high affinity for the target
antigen and other favorable biological properties. According to one aspect of the invention,
humanized antibodies and antibody fragments are prepared by a process of analysis of the
parental sequences and various conceptual humanized products using three-dimensional
models of the parental and humanized sequences. Three-dimensional immunoglobulin models
are commonly available and are familiar to those skilled in the art. Computer programs are
avattable which Hustrate and display probable three-dimensional conformational structures of
selected candidate immunoglobulin sequences. Inspection of these displays permits analysis
of the likely role of the residues in the functioning of the candidate immunoglobulin sequence,
e.g., the analysis of residues that influence the ability of the candidate immunoglobulin to

bind the target antigen.
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[6173] In this way, FR residues can be selected and combined from the recipient and
import sequences that the desired antibody or antibody fragment characteristic, such as
increased affinity for the target antigen, 1s achieved. In general, the CDR residues are directly

and most substantially invelved i influencing antigen binding,.

(8174} A humanized aniibody or antibody fragment may retain a similar antigenic
specificity as the onginal antibody, €. g, in the present invention, the ability to bind human
GCC. In some embodiments, a humanized antibody or antibody fragment may have improved

affinity and/or specificity of binding to human GCC.

{0175} In some embodiments, the anti-GCC antigen binding agent comprises one or
more CDR sequences provided in Table 1. In some embodiments, the anti-GCC antigen
binding agent comprises a heavy chain variable region witha CDR 1 provided m Table 1. In
some embodiments, the anti-GCC antigen binding agent comprises a heavy chain variable
region with a CDR 2 provided 1o Table 1. In some embodiments, the anti-GCC antigen
binding agent comprises a heavy chain variable region with a CDR 3 provided in Table 1. In
some embodiments, the anti-GCC antigen binding agent comprises a heavy chain variable
region witha CDR1, CDR2, and CDR3 provided in Table 1. In some embodiments, the anti-
GCC antigen binding agent comprises one or more CDR sequences provided i Table |
wherein said CDR comprises {, 2, or 3 amino acid substitutions. In one embodiment, said

substitution does not adversely affect the binding of the binding agent to its target.

Table 1. Fxemplary Anti-GCU CDR sequences

HCDR 1 HCDR 2 HCDR 3
Vi HYYWS RIYPSGSTSYNPSLKS DRSTGWSEWNSDL
(SEQID NO: 8) (SEQ 1D NO: 11 {SEQ I} NO: 16)
Ny HYYWS RIYPSGSTSYNPSLES DRSTGWSEWNSDL
o (SEQ ID NO: 8) (SEQ ID NO: 11 (SEQ ID NO: 16)
V3 RYWMS KIRHDGGEKYYVDSVKG | DYTRDV
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(SEQ ID NO: 9) (SEQ 1D NO: 1) (SEQIDNO: 17)
) RYWMT KIKYDGSEKYYADSVEG | DYNKDY
e (SEQIDNO:- 10) | (SEQID NO: 13) (SEQ ID NO- 18)
RYWMT KIRHDGGEKYYPDSVKG | DYNKDL
7
v (SEQ ID NO: 10) (SEQ 1D NO: 14) (SEQ ID NO: 19)
» RYWMT KIRHDGGEKYYADSVEG | DYNKDY
o (SEQID NG 10) {(SEQ ID NO: 15) (SEQ D NO: 18)
[6176] Anti-GCC antibodies that are not itact antibodies are also useful in this

invention. Such antibodies may be derived from any of the antibodies described above. Useful
antibody molecules of this type include (1) a Fab fragment, a monovalent fragment consisting
of the VL, VH, CL and CHI domains; (1) a F{ab'): fragment, a bivalent fragment comprising
two Fab fragments linked by a disulfide bridge at the hinge region; (111} a Fd fragment
consisting of the VH and CHI domains; {iv} a Fv fragment consisting of the VL and VH
domains of a single arm of an anttbody, (v} a dAb fragment (Ward et al , Nature 341:544-546
{(1989)), which consists of a VH domain; {(vi) a single domain functional heavy chain
antibody, which consists of a VHH domamn (known as a nanobody) see e g., Cortez-
Retamozo, et al, Cancer Res. 64: 2853-2857 (2004}, and references cited therein; and (vii} an
isolated CDR, e g, one or more isolated CDRs together with sufficient framework to provide
an antigen binding fragment. Furthermore, although the two domains of the Fv fragment, VL
and VH, are coded for by separate genes, they can be joined, using recombinant methods, by a
synthetic linker that enables them to be made as a single protein chain in which the VL and
VH regions paur to form monovalent molecules (known as single chamn Fv (scFv); seee g,
Bud et al. Science 242:423-426 (1988); and Huston et al. Proc. Na#l. Acad. Sci. USA 85:5879-
S883 (1988}, Such single chain antibodies are also mtended to be encompassed within the
termo “antigen-binding fragment” of an antibody. These antibody fragments are obtained using
conventional technigues known to those with skill in the art, and the fragments are screened

for utility in the same manner as are intact antibodies. Antibody fragments, such as Fv,
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F{ab'y and Fab may be prepared by cleavage of the intact protein, e.g. by protease or

chemical cleavage.

Single-domain Antibodies

[B8177] Single-domain antibodies (sdAbs} are different from conventional 4-cham
antibodies by having a single monomeric antibody vanable domain. For example, camelids
and sharks produce sdAbs named heavy chain-only antibodies (HcAbs), which naturally lack
hight chains. The antigen-binding fragment 1n each arm of the camelid heavy-chain only
antibodies has a single heavy chain variable domain {VHH), which can have high affinity to
an antigen without the aid of a light chain. Camelid VHH s known as the smallest functional
antigen-binding fragment with a molecular weight of approximately 15 kD In some
embodiments, the antigen binding agents are single human heavy chain variable domain (VH)
antibodies. Such binding molecules are also termed Humabody® and may be used

interchangeably herein. Humabody® is a registered trademark of Crescendo Biologics Lid.

[6178] One aspect of the present application provides isolated single-domain
antibodies (referred herein as “anti-GCC sdAbs™) that specifically bind to GCC, such as
human GCC. In some embodiments, the anti- GCC sdAb modulates GCC activity. In some
embodiments, the anti- GCC sdAb 1s an antagonist antibody. Further provided are antigen-
binding fragments derived from any one of the anti- GCC sdAbs described herem, and antigen
binding proteins comprising any one of the anti-GCC sdAbs described herein. In some
ernbodiments, the anti-GCC sdAb comprise one, two and/or three CDR sequences provided in
Table 1. Exemplary anti-GCC sdAbs are listed 1n Table 2 and 3. In some embodiments, the

anti-GCC sdAb comprises a varnable heavy chamn provided 1o Table 2 or Table 3.

{8179 In some embodiments, some or all of the CDRSs sequences, the heavy chain,
can be used 1 another antigen binding agent, e g., in a CDR-~grafted, humanized, or chimeric
antibody molecule. Embodiments include an antibody molecule that comprises sufficient
CDRs, e.g., all three CDRs from one of the above-referenced heavy chain variable region, to

allow binding to cell surface GCC.
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[6180] Insome embodiments the CDRs, e.g., all of the HUDRs, are embedded in
human or human derived framework region(s}. Examples of human framework regions
include human germline framework sequences, human germlne sequences that have been
affinity matured {esther in vivo or in vitre), or synthetic human sequences, £.2., consensus

sequences. In an embodiment the heavy chain framework 1s an IgGl or IgG2 framework.

[0181] In some embodiments, the anti-GCC antigen binding agents of the present
invention comprise a heavy chamn variable region amino acid sequence provided in Table 2. In
some embodiments, the anti-GCC antigen binding agents are single domain heavy chain only

antibodies (e g., antigen binding agents that do not comprise an immunoglobulin light chain).

Table 2. Exemplary Heavy Chain Variable Region (VH) Amino Acid Sequences

Description | VH Amuinoe Acid Sequence

V1 OVOLOESGPGLYKPSETLSLTCTVSGASISHY YWSWEFROPA
GKGLEWIGRIYPSGSTSYNPSLKSRVAMSVDTPKNQFSLNL
SSVTAADTAVYYCARDRSTGWSEWNSDLWGRGTLVTVSS
(SEQ ID NO: 1)
EVQLOESGPGLVKPSETLSLTCTVSGASISHYYWSWFRQPA
GKGLEWIGRIYPSGSTSYNPSLKSRVAMSVDTPKNQFSLEL
SSVTAADTAVYVYCARDRSTGWSEWNSDLWGRGTLVTVSS
(SEQ ID NO: 20)
QVOLVESGGGLVQPGGSLRLSCTASGFTFSRYWMSWVR(Q
APGKGLEWY AKIRHDGGEK Y YVDSVKGRFTISRDNAKNS
LYLOMNSLRAEDTAVYYCATDYTRDVWGQGTAVTVSS
(SEQ 1D NO: 21)
EVOLVESGGGLAQPGGSLRLSCAASGFTFSRYWMTWVRG
APGGRLEWVAKIK YDGSEKY YADSVKGRFTISRDNAKNSL
YLOMDSLRAEDTAVYYCTRDYNKDYWGOGTLVTVSS
(SEQ 1D NO: 26)

V48 EVOLVESGGGLVQPGGSLERLTCAASGFTFSRYWMTWVRE
APGKGLEWVAKIRHDGGERKYYPDSVKGREFTYVSRDNAKNS

V1-01

V5

V30

4%
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LYLOMDNLRAEDTAMYYCTRDYNKDLWGQGTLYTVSS
(SEQ ID NO: 27)

EVOQLVESGGGLVQOPGGSLRLSCAASGFTFSRYWMTWVR(
APGKOGLEWVAKIRHDGGEKYYADSVEKGRFTISRDNAKNS
V51 LYLOMNSLRAEDTAVYYCTREBYNKDYWGQOGTLVTVSS

(SEQ 1D NO: 28}

[6182] In some embodiments, the anti-GCC antigen binding agents of the present
invention comprise a heavy chain variable region amino acid sequence that is at least 90%,
1%, 92%, 93%, 94%, 93%, 96%, 97%, 98% or 99% identical to a VH sequence provided in
Table 2. In some embodiments, the VH anti-GCC antigen binding agent {e.g., single domain
antibody) comprises a leader sequence. In some embodiments, the VH anti-GCC antigen
binding agent comprises a leader sequence comprising MKHLWFFLLLVAAPRWVLS (SEQ
ID NGO: 6), MELGLSWVFLVAILEGVQC (SEQ ID NO: 7y or

MEFGLSWVFLY AHKGVQC (SEQ ID NO: 42). In some embodiments, the VH anti-GCC
antigen binding agent comprises a leader sequence corprising

MALPVTALLLPLALLLHAARP (SEQ ID NG: 45)

[(183] In some embodiments, the anti~-GCC antigen binding agents of the present
mvention comprise a heavy cham variable region amuno acid sequence that 15 at least 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% wdentical to a VH sequence provided o
Table 3. In some embodiments, the anti-GCC antigen binding agents of the present invention
comprise a heavy cham vanable region amino acid sequence that 1s wdentical to a VHsequence

provided i Table 3.

[184] In some embodiments, the VH anti-GCC antigen binding agent {e.g, single
domamn antibody) comprises a leader sequence provided that is at least 90%, 91%, 92%, 93%,
4%, 95%, 96%, 97%, 9&% or 99% i Table 3. In some embodiments, the VH anti-GCC
antigen binding agent {e.g, single domam antibody} comprises a leader sequence provided i

Table 3.

Table 3. Exemplary Heavy Chain Variable Region (VH) Amino Acid Sequences

{eader

Sequence VH sequence
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MEKHLWFFLL | OVQLOESGPGLVKPSETLSLTCTVSGASISHYYWSWEFROP
V1 |LVAAPRWVL | AGKGLEWIGRIYPSGSTSYNPSLKSRVAMSVDTPKNGFSL
S (SEQID NO: | NLSSVTAADTAVYYCARDRSTGWSEWNSDLWGRGTLY
6) TVSS (SEQ 1D NO: 1)
MKHLWFFLL | EVOLOESGPGLVKPSETLSLTCTVSGASISHYY WSWEFRQP
Vi- | LVAAPRWVL | AGKGLEWIGRIYPSGSTSYNPSLKSRVAMSYDTPKNGQFSL
01 S (SEQID NO: | KLSSVTAADTAVYYCARDRSTGWSEWNSDLWGRGTLY
6) TVSS (SEQ ID NO: 20)
QVQLVESGGGLYOPGGSLRLSCTASGFTFSRYWMSWVR
| MELGLSWVF | QAPGKGLEWVAKIRHDGGEKYYVDSVKGRFTISRDNAK
v LVAILEGVQC | NSLYLOMNSLRAEDTAVYYCATDYTRDYVWGQGTAVTV
(SEQID NO: 7) | 88 (SEQ ID NO: 21)
QVOLVESGGGLVOPGGSLRLSCAASGFTFSRYWMSWVR
| MELGLSWVF | QAPGKGLEWVAKIKYDGSEKYYVDSVKGRFTISRDNAK
v LVAILEGVQC | NSVYLQMNSLRAEDTGVYYCATDFTRDVWGOGTTVTVS
(SEQID NG: 7) | 8 (SEQ ID NO: 22
EVQLVESGGGLVOPGGSLRLSCAASGFTFSRYWMTWVR
, MELGLSWVE | QAPGRGLEWVAKIRYDGGEKYYVDSVKGRFTISRDNAK
v LVAILEGYQC | NSLYLOMNSLRAEDTAVYYCATDFTRDVWGQGTTVIVS
(SEQID NO: 7) | 8 (SEQ ID NO: 23)
OVOLVESGGGLVOPGGSLRLACAASGFNFGRYWMSWVR
g MELGLSWVF | QAPGKGREWVAKIKYDGSEKY YVDSVKGRFTISRDNAK
VI LVAILEGVQC | NSLYLOMNSLRAEDTAVYYCATDFTRDVWGQGTTVTVS
(SEQ ID NO: 7) | § (SEQ ID NQ: 24)
MEFGLSWVF | QVQLVESGGGVVRPGGSLRLSCAASGFTFSRYWMSWVR
, LVAIKGVQC | QAPGKGREWVAKIK YDGSEKY YADSVEGRFTISRDNAK
v (SEQID NO: | NSLYLQMNSLRADDTAVYYCATDFTRDVWGQGTTVIVS
42) S (SEQ ID NO: 25)
MELGLSWVF
V36 | LVAILEGVQC | EVOLVESGGGLAQPGGSLRLSCAASGFTFSRYWMTWVR

(SEQ 1D NO: 7)

QAPGGRLEWVAKIKYDGSEKYYADSVKGRFTISRDNAK
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NSLYLOMDSLRAEDTAVYYCTRDYNKDYWGOQGTLVTY
S8 (SEQ I3 NO: 26)
EVOLVESGGGLVGPGGSLRLUTCAASGEFTFSRYWMTWVYR
Vg MELGLSWVE | QAPGKGLEWVAKIRHDGGERYVYPDSVEKGRFTVSRDNAK
LVAILEGVQC | NSLYLOMDNLRAEDTAMYYCTRDYNKDLWGOGTLVTY
(SEQID NO: 7) | S8 (SEQ ID NO: 27)
EVOLVESGGGLVOQPGGSLRLSCAASGFTFSRYWMTWVR
. MELGLSWVF | QAPGRKGLEWVAKIRHDGGERKYYADSVEGRFTISRDNAK
Ve LVAILEGVQC | NSLYLOMNSLRAEDTAVYYCTRDYNKDYWGOQGTLVTY
(SEQID NO: 7) | §S (SEQ ID NO: 28)
[O185] Antibody fragments for in vivo therapeutic or diagnostic use can benefit from

modifications which improve their serum haif-lives. Suitable organic moieties intended to
increase the in vivo serum half-life of the anttbody can include one, two or more hinear or
branched moiety selected from a hydrophilic polymeric group (e g., a linear or a branched
polymer (e g., a polyalkane glycol such as polyethviene glycol, monomethoxy-polyethylene
glyeol and the like), a carbohydrate {e.g, a dextran, a cellulose, a polysaccharide and the
like), a polymer of a hydrophilic amuno acid {e g, polylysine, polyaspartate and the like), a
polvalkane oxide and polyvinyl pyrrohdone), a fatty acid group (e.g., a mono-carboxylic acid
or a di-carboxylic acid), a fatty acid ester group, a lipid group {e.g., diacviglycerol group,
sphungolipid group {e.g., ceramudyl}) or a phospholipid group {e.g., phosphatidyl
ethanolamine group). Preferably, the organic moiety 1s bound to a predetermined site where
the organic motety does not tmpair the function (e g., decrease the antigen binding affinity) of
the resulting immunoconjugate compared to the non-conjugated antibody moety. The orgamic
moiety can have a molecular weight of about 500 Da to about 50,000 Da, preferably about
2000, 5000, 10,000 or 20,000 Da. Examples and methods for modifying polypeptides, eg.,
antibodies, with organic moieties can be found, for example, m U.S. Pat. Nos. 4,179,337 and
5,612,460, PCT Publication Nos. W 95/06058 and WO 00/26256, and 1.8, Patent
Application Peblication No. 20030026805,
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Chimeric Antipen Receptors

[0186] Chimeric Antigen Receptors {CARs) are hybrid molecules comprising three
essential units: {1} an extracellular antigen-binding motif, (2} linking/transmembrane motifs,
and (3) intracellnlar T-cell signaling motifs (Long A H, Haso W M, Orentas R J. Lessons
learned from a highly-active CD22-specific chimeric anifigen receptor. Oncommmunoclogy.
2013, 2 (4323621}, In the various embodiments of the GCC-specific CARs disclosed herein,
the general scheme 1s set forth in Fig. 1. In some embodiments, the anti-GCC CARs comprise
from the N-terminus to the C-terminus, a signal or leader peptide, an antigen binding domain,

a transmembrane and/or hinge domain, a costimulatory domain, and an intraceliular domain.

[B187] The present invention provides a CAR {e.g., a CAR polypeptide} that
comprises an anti-GCC binding domain {e.g., a GCC binding domain as described herein), a
transmembrane domain, and an intracellular signaling domain, and wherein said anti-GCC
binding domain comprises a heavy chain complementary deternuning region 1 (HC CDR1}, a
heavy chain complementary determining region 2 (HC CDR2), and a heavy chain
complementary deternmimung region 3 (HC CDR3) of any anti-GCC heavy chain binding
domain amino acid sequences listed in Table 1 or 8. In some embodiments, the anti-GCC
CARs comprise from the N-terminus to the C-ternunus, a signal or leader peptide, anti-GCC
vH, CD28 transmembrane and hinge, CD28 costimulatory domain, and CD3 zeta wtracellular

domam.

[(188] The antigen binding domain can be any protein that binds to the antigen
mcluding but not himited to a monoclonal antibody, a polyclonal antibody, a recombinant
antibody, a humao antibody, a humanized antibody, and a functional fragment thereof,
meluding but not hmited to a single-domain antibody such as a heavy chain variable domain
{(VH), a light chain variable doman {VL} and a variable domain {VHH} of camehd derivec
nanobody, and to an alternative scaffold known in the art to function as antigen binding
domain, such as a recombinant fibroneciin domain, and the hike. In some embodiments, the

antigen binding domain

[$189] The antigen-binding motif of a CAR 15 commonly fashioned after a single
chain Fragment varable (ScFv}, the mimimal binding domamn of an immunoglobulin (Ig)

molecule or single domain antibody {For example, WO2018/028647A1). Alternate antigen-
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binding motfs, such as receptor ligands {1.e., 1L-13 has been engimneered to bind tumor
expressed IL-13 receptor), intact immune receptors, hbrary-derived peptides, and innate
immune system effector molecules {such as NKG2D) also have been engineered. There
remains significant work with regard to defining the most active T-cell population to
transduce with CAR vectors, determining the optimal culture and expansion techniques, and

defining the molecular details of the CAR protein structure itself.

{3190} The linking motifs of a CAR can be a relatively stable structural domain, such
as the constant domain of Ig(G, or designed to be an extended flexible linker. In some
embodiments, the anti-GCC binding domain (e.g, a polypeptide comprising a sequence
provided in Table 1 or Table 7}, 15 attached to the transmembrane domain via a linker, e g, a
linker described herein. In some embodiments, the anti-GCC CAR includes a (Gly4-Serin
linker, wheretnnis 1, 2,3, 4, 5, or 6 (SEQ D NO: 72). In some embodiments, the hinker
comprises the amino acid sequence RAAA (SEQ ID NO: 53}

[6191] Structural motifs, such as those derived from IgG constant domains, can be
used to extend the ScFv binding domain away from the T-cell plasma membrane surface. This
may be important for some tumor targets where the binding domain 13 particularly close to the
tumor cell surface membrane (such as for the disialoganghoside GD2; Orentas et al,
unpublished observations}. To date, the signaling motifs used 1n CARs always include the
CD3-{ cham because this core motif 1s the key signal for T cell activation. The first reported
second-generation CARs featured CD28 signaling domains and the CD28 transrmembrane
sequence. This motif was used i third-generation CARs contaiming CD137 (4-1BB) signaling
motifs as well (Zhao Y et al. J Immunol 2009; 183 (9} 5563-74). With the advent of new
technology, the activation of T cells with beads hnked to anti-CD3 and anti-CD28 antibody,
and the presence of the canonical “signal 27 from CD28 was no longer required 1o be encoded
by the CAR steelf Using bead activation, third-generation vectors were found to be not
supertor to second-generation vectors 1n m vitro assays, and they provided no clear benefit
over second-generation vectors in mouse models of levkenmia (Haso W, Lee D'W, Shah N N,
Stetler-Stevenson M, Yuan C M, Pastan [ H, Dimutrov 3 8§, Morgan R A, FitzGerald D |,
Barrett D M, Wayne A §, Mackall C L, Orentas R J. Anti-CD22-chimeric antigen recepiors
targeting B cell precursor acute tymphoblastic leukemua, Blood. 2013; 121 (73:1165-74;

Kochenderfer J N et al. Blood. 2012, 119 (12):2709-20). This is borne out by the clinical
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success of U1 9-specific CARs that are in a second generation CD28/CD3-{ (Lee D W et al.
American Society of Hematology Annual Meeting. New Orleans, Fa; Dec. 7-10, 2013)and a
CD137/CD3-( signaling format (Porter D L etal N Engl J Med. 2011; 365 {8): 725-33). In
addition to U137, other tumor necrosis {actor receptor superfamily members such as OX40
also are able to provide important persistence signals in CAR-transduced T cells {(Yvon E et
al Clin Cancer Res. 2009; 15(18):5852-60). Equally important are the culture conditions

under which the CAR T-cell populations were cultured.

[6192] T-celi-based immunotherapy has become a new frontier in synthetic biology;
muitiple promoters and gene products are envisioned to steer these highly potent cells to the
tumor microenvironment, where T cells can both evade negative regulatory signals and
mediate effective tumor killing. The elimination of unwanted T cells through the drug-
induced dimenization of inducible caspase 9 constructs with AP1903 demonstrates one way in
which a powerful switch that can control T-cell populations can be tmitiated
pharmacologically (D1 Stast A et al. N Engl I Med. 2011; 365¢18):1673-83). Thus, while it
appears that CARs can trigger T-cell activation 1n a manner similar to an endogenous T-cell
receptor, a major impediment to the chinical application of this technology to date has been
tioited 12 vive expansion of CAR+ T cells, rapiud disappearance of the cells after infusion, and
disappointing chinical activity. Accordingly, there 15 an urgent and long felt need in the art for
discovering novel compositions and methods for treatment of cancer using an approach that
can exhibit specific and efficacious anti-tumor effect without the aforementioned

,,,,,

shortcomings (1.e. lugh toxiety, wsufficient efficacy)

[6193] The present invention addresses these needs by providing CAR compositions
and therapeutic methods that can be used to treat cancers and other diseases and/or conditions.
In particular, the present invention as disclosed and described herein provides CARs that may
be used the treatment of diseases, disorders or conditions associated with dysregulated
expression of GCC and which CARs contain GCC antigen binding domams that exhibit a
high surface expression on transduced T cells, exhibit a high degree of cytolysis and

transduced T cell in vivo expansion and persistence.

8194 In some embodiments, the anti-GCC antigen binding agents are chimeric
fat] gat]

antigen receptors {CAR). Characteristics of CARs include their ability to redirect T-cell
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specificity and reactivity toward a selected target in a non-MHC-restricted manner, and
exploiting the antigen-binding properties of monoclonal antibodies. The non-MHC-restricted
antigen recognition gives T cells expressing CARs the ability to recognize antigen
independent of antigen processing, thus bypassing a major mechanism of tumor escape.
Moreover, when expressed in T-cells, CARs advantagecusly do not dimerize with

endogenous T cell receptor (TCR) alpha and beta chains.
Extracellidar Domain

[6195] As described herein, the CAR comprises a target-specific binding element
{(e.g., at least a portion of an anti-GCC antigen binding agent} otherwise referred {0 as an
antigen binding domain or motety. The choice of domain depends upon the type and number
of higands that define the surface of a target cell. For example, the antigen binding domain
may be chosen to recognize a ligand (e.g., GCC) that acts as a cell surface marker on target
cells associated with a particular disease state {e.g , cancer). Thus examples of cell surface
markers that may act as ligands for the antigen binding domain in the CAR mnclude those

associated with viral, bacterial and parasitic infections, autoummune disease and cancer cells.

3196} In some embodiments, the extracelular domain of the anti-GCC CAR
comprises an antigen binding agent that comprises at least one CDR provided in Table 1. In
some embodiments, the extracellular domain of the anti-GCC CAR comprises a variable
heavy cham that 15 at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98% or 99%
wentical to a VH amine acid sequence provided 1o Table 2 or Table 3. In some emnbodiments,
the extracellular domain of the anti-GCC CAR comprises a varable heavy chain provided in
Table 2. In some embodiments, the extraceliular domaim of the anti-GCC CAR comprises a

variable heavy cham provided m Table 3.
Transmembrane Domain

(0197} With respect to the transmembrane domain, 1n various embodiments, a CAR
can be designed to comprise a transmembrane domain that 1s attached to the extracellular
domain of the CAR {e g, the anti-GCC antigen binding domain. A transmembrane domain
can mclude one or more additional ammno acids adjacent to the transmembrane region, e.g,
one or more amino acid associated with the exiracellular region of the protein from which the

transroembrane was denived {eg., 1, 2,3, 4,5, 6,7, 8 9, 10 up to 15 amino acids of the

[
(.}
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extracellvlar region) and/or one or more additional amino acids associated with the

5

intraceliular region of the protein from which the transmembrane protein s denived {e.g., 1, 2,

-

3,4,5,6,7,8 9 10 up to 15 aming acids of the intracellular region).

[198] In one aspect, the transmembrane domain s one that s associated with one of
the other domains of the CAR is used. In some instances, the transmembrane domain can be
selected or modified by amino acid substitution to avoid binding of such domains to the
transmembrane domains of the same or different surface membrane proteins, e g., to minimize
interactions with other members of the receptor complex. In one aspect, the transmembrane
domain 15 capable of homodimerization with another CAR on the CAR-expressing cell, e g,
CART cell, surface. In a different aspect the amino acid sequence of the transmembrane
domain may be modified or substituted so as to minimize interactions with the binding

domains of the native binding partner present in the same CAR-expressing cell, e g., CART.

(8199 As described herein, the CAR comprises a transmembrane domain. With
respect to the transmembrane domain, the CAR comprises one or more transmembrane
domains fused to the extracellular GCC antigen binding domain of the CAR. The
transruembrane domain may be derived etther from a vatural or from a syuthetic source.
Where the source is natural, the domamn may be derived from any membrane-bound or

transroembrane protein,

[B200] Transmembrane regious of particular use mn the CARs described herein may be
derived from (1.e. comprise at least the transmembrane region{s} of) the alpha, beta or zeta
chain of the T-cell receptor, CD2R, CD3 epsilon, CD45, CD4, CD3, CDB, CDY, Chilo, CD22,
mesothelin, CD33, CD37, CD64, CD30, CD86, CD134, CD137, CDi54.

[6201] The transmembrane domain may be denived etther from a natural or from a
recombinant source. Where the source 1s natural, the domain may be derived from any
mermbrane-bound or transmembrane protein. In one aspect the transmembrane domain s
capable of signaling to the intracellular domain{s} whenever the CAR has bound to a target. A
transmembrane domain of particular use n this invention may include at least the
transmembrane region{s} of e.g., the alpha, beta or zeta cham of the T-cell receptor, CD28,
D3 epsilon, CD45, CD4, CDS, CD8 (e.g., CD8 alpha, CD8 beta), CD9, Chrs, CD22,
D33, CD37, Che4, CDRO, CD8s, CD134, Ch137, CD154 In some embodiments, a
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transmembrane domain may nclude at least the transmembrane region{s) of a costimulatory
molecule, e.g., MHC class I molecule, TNF recepior proteins, Immunoglobulin-like proteins,
cytokine receptors, integrins, signaling lvmphoeviic activation molecules (SLAM proteins),
activating NK cell receptors, BTLA, a Tol hgand receptor, X460, CD2, CY7, CD27, CD2E,
CD30, CD40, DS, ICAM-1, LFA-1 {(CDIa/CD1R), 4-1BB (CD137), B7-H3, CDS, ICAM-1,
ICOS (CD278), GITR, BAFFR, LIGHT, HVEM (LIGHTR), KIRDS2Z, SLAMF7, NKp80
(KLRF1), NKpdd, NKp30, NKp46, CD19, CD4, CD8alpha, CD8beta, ILZR beta, [L2R
samma, IL7R alpha, ITGA4, VLAL, CD4%, ITGA4, 1A4, CD4OD, ITGAS, VLA-6, CD4of,
ITGAD, CDIld, ITGAE, (D103, ITGAL, CDlla, LFA-1, ITTGAM. CDlib, ITGAX, CDllc,
FIGRI, CD29, ITGRZ, CD1S, LFA-1, ITGR7, NKG2D, NKG2C, TNFR2,
TRANCE/RANKL, DNAMI (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile},
CEACAMI, CRTAM, Ly9 (CD22%), CD160 (BYS55), PSGLI, CDI00 (SEMA4D), CD69,
SLAMEFG (NTB-A, Lyi08), SLAM (SLAMF1, CDIS0, 1PO-3), BLAME (SLAMFS),
SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Chp, CD19a, and a ligand that

specifically binds with CD8&3.

[6202] In some embodiments, the CAR molecule comprises a transmembrane domain
of a protein selected from the group consisting of the alpha, beta or zeta chain of the T-cell
receptor, CD28, CD3 epsilon, CD45, CD4, CDS, CDR, CDY, CD1g, CD22, CD33, CD37,
CDo4, CD80, CD86, CD134, CD137 and {D154.

[62083] Alternatively the transmembrane domain may be synthetic, 1n which case it
will comprise predomunantly hydrophobic restdues such as leucine and valine. In some
embodiments, a triplet of phenylalanine, tryptophan and valine will be found at each end of a
synthetic transmembrane domain. Optionally, a short ohigo- or polypeptide hinker, preferably
between 2 and 10 amino acids 1 length may form the linkage between the tranamembrane
domain and the cytoplasmic signaling domamn of the CAR. In some embodiments, the hioker

13 a glycine-serine doublet or a triple alanune linker.

[(204] In some embodiments, the transmembrane domain that naturally 1s associated
with one of the domains in the CAR 15 used 10 addition {o the transmembrane domains
described supra. In some embodiments, the transmembrane domain can be selected by ammmo

acid substitution to avold binding of such domains to the transmembrane domaing of the same

L
i



WO 2022/123316 PCT/1B2021/000873

or different surface membrane proteins to minimize interactions with other members of the

receptor COI’E]}‘)IGX.

[8205] In some embodiments, the transmembrane domain in the CAR of the invention
is a 28 transmembrane domain. In some embodiments, the CD28 transmembrane domain
comprises the nucleic acid sequence of FWVLYVVGGVLACYSLLVTVAFIFWY SEQ D
NQO: 30, In some embodiments, the CDZ28 transmembrane domain comprises a nucleic acid
sequence that encodes the amino acid sequence of SEQ 1D NO: 30. In some embodiments, the
transmembrane domain comprises a sequence having at least one, two or three modifications
{e.g., substitutions} but not more than 20, 10 or 5 modifications {e.g., substitutions} of an
amino acid sequence of SEQ 1D NO: 30 or a sequence with at least 95%, 96%, 97%, 98% or

99% identity to an amine acid sequence of SEQ 1D NO: 30

[0206] In some embodiments, the transmembrane domain can be attached to the
extracellular region of the CAR, e g., the antigen binding domain of the CAR, via a hinge,
e.g., a hinge from a human protein. For example, in one embodiment, the hinge can be a

human Ig (immunoglobulin) hinge, e g, an 1gG4 hinge, or a CD¥a hinge.

[06267] Inthe CAR, a spacer domain, also termed hinge domain, can be arranged
between the extracellular domain and the transmembrane domain, or between the intracellular
domam and the transmembrane doman. The spacer domain means any oligopeptide or
polvpeptide that serves to link the transmembrane domain with the extracellular domain
and/or the transmembrane domain with the mitraceliular domawn. The spacer domain
comprises up to 300 amino acids, preferably 10 to 100 amino acids, and most preferably 2510

50 amino acids,

[8208] In several embodiments, the hinker can include a spacer element, which, when
present, increases the size of the hinker such that the distance between the effector molecule or
the detectable marker and the antibody or antigen binding fragment is increased. Exemplary
spacers are known to the person of ordinary skill, and include those listed in U.S. Pat. Nos.
7,964,566 7,498,298, 6,884,869, 6,323,315, 6,239,104, 6,034,065, 5,750,588, 3,665,360,

5,663,149, 5,635,483, 5,599,902, 5,554,725, 5,530,057, 5,521,284, 5,504,191, 5,410,024,

2 ~o

5,138,036, 5,076,973, 4,986,988, 4,978,744, 4,879,278, 4,816,444, and 4,486,414, as well as
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U.S. Pat. Pub. Nos. 20110212088 and 20110070248, each of which 1s incorporated by

reference herein in s entirety.

[62689] The spacer domain preferably has a sequence that promotes binding of a CAR
with an antigen and enhances signaling into a cell. Examples of an amino acid that 1s expected
to promote the binding include cysteing, a charged amino acid, and serine and threonine in a
potential glycosylation site, and these aming acids can be used as an amino acid constituting

the spacer domain.

[6210] In some embodiments, the CAR comprises a hinge domain. In some
embodiments, the hinge domain comprises the nucleic acid sequence of
IEVMYPPPYLDNEKSNGTHHVEKGKHLCPSPLEPGPSKP (SEQ ID NO: 29). In some
embodiments, the hinge domain comprises a nucleic acid sequence that encodes the amino
acid sequence of SEQ 1D NO: 29. In some embodiments, the hinge domain comprises a
sequence having at least one, two or three modifications (e.g., substitutions} but not more than
20, 10 or 5 modifications {e g., substitutions} of an amino acid sequence of SEQ 1D NO: 29 or

a sequence with 95-99% identity to an amino acid sequence of SEQ 1D NO: 29,

(0211 In some embodiments, the CAR comprises a CD8 hinge domain. In some
embodiments the hinge domain comprises the amino acid sequence
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD (SEQIDNG: 5). In
some embnodiments the CAR comprises a CDB transmembrane domain. In some
ermnbodiments the transmembrane domain comprises the ammno acid sequence
IWIWAPLAGTCGVLLLSLVITLYC (SEQ ID NO: 2) In some embodiments, the hinge and
transroembrane domamns are derived from the same molecule. In other embodiments, the
hinge and transmembrane domams are derived from different molecules {e.g., CDB fused to
CD28). In some embodiments, the CAR comprises a hinge domam. In some embodiments,
the hinge domain comprises the nuclewc acid sequence of
IEVMYPPPYLDNEKSNGTHHVRGKHLCPSPLFPGPSKPFWYVLYVVVGGVLACYSLLVT
VAFIHFWY (SEQ ID NG 313 In some embodiments, the hinge doman comprises a nucleic
acid sequence that encodes the ammo acid sequence of SEQ ID NG: 31, Insome

embodiments, the hinge domain comprises a sequence having at least one, two or three
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modifications {e.g., substitutions) but not more than 20, 10 or 5 modifications {e.g.,

substitutions) of an amino acid sequence of SEQ 1D NO: 31

(6212} In one embodiment, the CAR comprises a tag sequence encoding a truncated
sequence of epidermal growth factor receptor (tEGFR). In some embodiments, the tEGFR tag
comprises the amino acid sequence of SEQ 1D NG: 43, or a sequence with at least 95%, 96%,

7%, 98% or 99% identity thereof

Intracelfular Domain

[6213] The cytoplasmic domain or otherwise the intraceliular signaling domain of the
CAR 1s responsible for activation of at least one of the normal effector functions of the
immune cell in which the CAR has been placed in. The term “effector function” refers to a
specialized function of a cell. Effector function of a T cell, for example, may be cytolvtic
activity or helper activity including the secretion of cytokines. Thus the term “intracellular
signaling domain” refers to the portion of a protein which transduces the effector function
signal and directs the cell to perform a specialized function. While usually the entire
intraceliuvlar signaling domain can be employed, in many cases it is not necessary to use the
entire chain. To the extent that a truncated portion of the mtracellular signaling domain is
used, such truncated portion may be used in place of the intact chain as long as it transduces
the effector function signal. The term intracellular signaling domain is thus meant to include
any truncated portion of the intraceliular signaling domain sufficient to transduce the effector

function signal.

6214} Examples of intracellular signaling domains for use in the CAR include the
cytoplasmuc sequences of the T cell receptor (TCR) and co-receptors that act in concert to
wnitiate signal transduction following antigen receptor engagement, as well as any derivative
or varant of these sequences and any synthetic sequence that has the same functional
capability. Signals generated through the TCR alone are msufficient for full activation of the
T cell and that a secondary or co-stimulatory signal 15 also required. Thus, T cell activation
can be said to be mediated by two distinct classes of cytoplasmic signaling sequence: those

that inthate antigen-dependent primary activation through the TCR (primary cytoplasmic
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signaling sequences} and those that act in an antigen-independent manner to provide a

secondary or co-stimulatory signal {secondary cytoplasmic signaling sequences).

[6215] Primary cytoplasmic signaling sequences regulate primary activation of the
TCR complex either in a stimulatory way, or in an inhibitory way. Primary cytoplasmic
signaling sequences that act in a simulatory manner may contain signaling motifs which are
known as immunoreceptor tyrosine-based activation motifs or ITAMs. In some embodiments,
the I'TAM-containing domain within the CAR recapitulates the signaling of the primary TCR
independently of endogenous TCR complexes. In one aspect, the primary signal 1s initiated
by, for mnstance, binding of a TCR/CD3 complex with an MHC molecule loaded with peptide,
and which leads to mediation of a T cell response, including, but not limited to, proliferation,
activation, differentiation, and the like A primary cvtoplasmic signaling sequence {(also
referred to as a “primary signaling domain”} that acts in a stimulatory manner may contain a

signaling motif which s known as immunoreceptor tyrosine-based activation motif or ITAM.

[06216] Examples of ITAM containing primary cytoplasmic signaling sequences that
are of particular use in the CARs disclosed herein include those derived from TCR zeta (CD3
ZLeta), FeR ganmmma, FeR beta, CD3 gamma, CD3 delta, CD3 epsilon, CDS, CD22, €793,
CD7%h, and CDo6d. Specific, non-hmiting examples, of the ITAM include peptides having
sequences of anino acid numbers 51 to 164 of CD3 zeta, (NCBI RefSeqr NP.sub.--932170.1),
anmuno acid nurnbers 45 to 86 of Fe epsilon RI gamma. (NCBI RefSeq: NP sub --004097 13,
amino acid numbers 201 to 244 of Feepsilon R beta. (NCBI RefSeq: NP.sub--000130.1),
amino acid numbers 139 to 182 of CD3. gamma. (NCBI RefSeq: NP.aub.--000064.1), ammo
acid nurvbers 128 to 171 of CD3 delta. (NCBI RefSeq: NP.sub.~-000723 .1}, amuno acid
numbers 153 to 207 of CD3 epatlon. (NCBI RefSeq: NP sub.--000724 .1}, amino acid
numbers 402 10 495 of CDBS (NCBI RefSeq: NPsub --055022.2), ammo acid numbers 707 to
847 of 0022 (NCBI RefSeq: NP.sub.--001762.2), amino acid numbers 166 10 226 of CD37%
(NCBI RefSeq: NP.sub.--001774.1), amino acid numbers 182 to 229 of CDT9b (NCBI
RefSeq: NP.sub.--000617.1), and ammo acid numbers 177 to 252 of CD66d (NCBI RefSeq:
NP sub.--001806.2}, and their variants having the same function as these peptides have. The
amino acid number based on amino acid sequence information of NUBI RefSeq ID or
GenBank described herein 1s numbered based on the full length of the precursor (comprising a

signal peptide sequence etc.} of each protein.
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(6217} In embeodiments, the intracellular signal domain transduces the effector
function signal and directs the cell to perform a specialized function. While the entire
intracelivlar signaling domain can be employed, in many cases it 8 not necessary 1o use the
entire chain. To the extent that a truncated portion of the mtracellular signaling domain i
used, such truncated portion may be used in place of the intact chain as long as it transduces
the effector function signal. The term intracellular signaling domain is thus meant to include
any truncated portion of the intraceliular signaling domain sufficient to transduce the effector

function signal.

(6218} The intracellular signaling domain generates a signal that promotes an immune
effector function of the CAR containing cell, e g, a CART cell. Examples of immune effector
function, e.g., m a CART cell, include cytolytic activity and helper activity, including the

secretion of cytokines.

(8219 In an embodiment, the mntracellular signaling domain can comprise a primary
intraceliular signaling domain. Exemplary primary mtracellular signaling domains include
those derived from the molecules responsible for primary stimulation, or antigen dependent
sunulation. In an embodiment, the intracellular signaling domain can comprise a
costimulatory intracellular domain. Exemplary costimulatory intracellular signaling domains
mclude those derived trom roolecules responsible for costimulatory signals, or antigen
ndependent stimulation. For example, in the case of a CART, a primoary itracellular
signaling domain can comprise a cvioplasmie sequence of a T cell receptor, and a
costimulatory mtracellular signaling domain can comprise cytoplasmic sequence from co-

receptor or costimulatory molecule.

[3228] In some embodiments, the primary cytoplasmic signaling sequences include,
those derived from T3 zeta, FoR gamma, FeR beta, CD3 gamma, CD3 delta, CD3 epsilon,
DS, CD22, CD7%9a, CD79h, CD278 (also known as “ICOS™Y, FeeRlI, CDood, DAPI0 and
BAP1I2 In one embodiment, the cytoplasmic signaling molecule i the CAR comprises a

cytoplasmic signaling sequence derived from CD3 zeta.

[6221] In one embodiment, a primary signaling domain comprises a modified ITAM
domain, e.g., a mutated ITAM domamn which has altered (e g., increased or decreased)

activity as compared to the native ITAM domain. In one embodiment, a primary signaling
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domain comprises a modified ITAM-containing primary intracellular signaling domaim, e.g ,
an optimized and/or truncated I TAM-containing primary intracetlular signaling domain. Inan
embodiment, a primary signaling domain comprises one, two, three, four or more ITAM

motifs.

[6222] In some embodiments, the mtracelular domain of the CAR can be designed to
comprise the CD3-zeta signaling domain by stself or combined with any other desired
cytoplasmic domain{s) useful in the context of the CAR. For example, the mtraceliular
domain of the CAR can comprise a CDI3 zeta chain portion and a costimulatory signaling
region. The costimulatory signaling region refers to a portion of the CAR comprising the
intraceliular domain of a costimulatory molecule. A costimulatory molecule 15 a cell surface
molecule other than an antigen receptor or their ligands that s required for an efficient
response of lymphocytes to an antigen. Examples of such costimulatory molecules include
CD27, CD28, 4-1BB (CD137), OX40, CD30, (D40, PD-1, ICOS, lymphocyte function-
associated antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, and a ligand that
specifically binds with CD83, and the hike. In some embodiments, the costunmulatory domain
comprises a functional signaling domain of a protein selected from the group consisting of

0X40, CD2, CD27, CD28, CDS, ICAM-1, LFA-1 (CDHa/CD18) and 4-1BB (CD137)

[6223] Specific, non-limiting examples, of such costimulatory molecules include
peptides having sequences of amino acid numbers 236 to 351 of CD2 (NCBI RefSeq;
NP.sub.--001738.2), aromno acid sumbers 421 to 458 of CD4 (NCBI RefSeq: NP sub.~~
G00607.1), amino acid numbers 402 to 495 of CDS (NCBI RefSeq: NP.sub --055022.2),
arnino acid numbers 207 to 235 of CDR& alpha. (NCBI RefSeq: NP.sub.--001759.3), amino
acid numbers 196 to 210 of CD83 {GenBank: AAA35664.1}, anuno acid numbers 181 to 220
of CD28 (NUBI RefSeq: NP sub.--006130.1}, amino acid numbers 214 10 255 of CD137 (4-
1BB, NCBI RefSeq: NP sub.~-001552.2), amino acid nambers 241 to 277 of CI3134 (0X40,
NCBI RefSeq: NP.sub ~-003318.1), and aming acid nombers 166 10 199 of ICOS (NCBI
RefSeq: NP.sub.--036224.1}, and thewr variants having the same function as these peptides
have. Thus, while the disclosure herein 1s exemplified primarily with 4-1BB as the co-
stimulatory signaling element, other costimulatory elements are within the scope of the

disclosure.
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[8224] The intracellular signalling domain of the CAR can comprise the primary
signaling domain, e.g., CD3-zeta signaling domain, by itself or it can be combined with any
other desired intracelivlar signaling domam(s) nseful in the context of a CAR of the invention.
For example, the intracellular signaling domam of the CAR can comprise a primary signalling
domain, e g, CD3 zeta chain portion, and a costimulatory signaling domain. The
costimulatory signaling domain refers to a portion of the CAR comprising the intracellular
domain of a costimulatory molecule. A costimulatory molecule is a cell surface molecule
other than an antigen receptor or its ligands that is required for an efficient response of
lymphocytes to an antigen. Examples of such molecules include MHC class T molecule, TNF
receptor proteins, Immunoglobulin-like proteins, cytokine receptors, mntegrins, signaling
lymphocytic activation molecules (SLAM proteins), activating NK cell receptors, BTLA a
Toil ligand receptor, O0X40, CD2, CD7, CD27, CD28, CD30, CD40, CDS, ICAM-1, LFA-1
(CDIta/CD18), 4-1BB (CD137), B7-H3, CDS, ICAM-1, ICOS (CD278), GITR, BAFFR,
LIGHT, HVEM (LIGHTR), KIRDS2, SLAMEF7, NKp80 (KLRF1), NKpdd, NKp30, NKp46,
D19, CP4, CDRalpha, CD8beta, TL2R beta, IL2R gamma, TL7R alpha, ITGA4, VLA]
CDd%, ITGA4, TA4, CD49D, ITGA6, VLA-6, CD49f, ITGAD, CDlld, ITGAE, CD103,
ITGAL, CDlla, LFA-1, TTGAM, CDlIb, GG AC, CDile, ITGB1, CD29, ITGR2, CD 13, LFA-
I, ITGB7, NKG2D, NKG2C, TNFR2Z, TRANCE/RANKL, DNAM!1 (CD226), SLAMF4
(CD244, 2B4), CD34, CD96 (Tactile), CEACAMI, CRTAM, Ly9 (CD229), CD160 (BYS53),
PSGL1T, CD100 (SEMA4D), CD6%, SLAMES (NTB-A, Lyi08), SLAM (SLAMF1, CD130,
IPO-3), BLAME {SLAMFSE), SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Chp,
CD19a, and a higand that specifically binds with CDB83, and the like. For example, CD27
costimulation has been demonstrated to enhance expansion, effector function, and survival of
human CART cells in vitro and augments human T cell persistence and antitumor activity in
vive (Song et al. Blood. 2012; 119(3):696-706). The intraceliular signaling sequences within
the cytoplasmic portion of the CAR of the invention may be finked to each other in a random
or specified order.

[8225] The cytoplasmic signaling sequences within the cytoplasmic signaling portion
of the CAR may be linked to each other in a random or specified order. Optionally, a short
olige- or polypeptide linker, preferably between 2 and 10 amino acids in length may form the

linkage. In some embodiments, the linker is a glycine-serine doublet or a triple alanine linker.
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[6226] In some embodiments, the mtracelivlar domain 1s designed to comprise 3
CD28 costimulatory signaling domain. In some embodiments, the imtracellular domain of the
CAR comprises an aming acid sequence that is at least 95%, 96%, 97%, 98%, 99% or 100%
identical to RSKRSRELLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS (SEQ ID NO:
32y,

(62271 In some embodiments, the miracellular domain 15 designed to comprise the
signaling domain of CD3-zeta and the signaling domain of CD28. In some embodiments, the
intracellular domain comprises a CD3-zeta with one or more modified immunoreceptor
tyrosine based-activation motifs {ITAMSs). In some embodiments, the intracellular domain
comprises a CD3-zeta with the first of the three immunoreceptor tyrosine based-activation
motifs (ITAMs} unmodified and the second and third I'TAMs altered, named “1XX”. in some
embodiments, the intracellular domain of the CAR comprises an amino acid sequence that is
at least 95%, 96%, 97%, ©98%, 99% or 100% identical to
RVEKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGRKPRRKNPO
HGLFNELOKDEKMAEAFSEIGMKGERRRGKGHDGLFQGLSTATKDTFDALHMQALPP
R. (SEQ ID NO: 33)

[6228] Tn another embodiment, the intracellular domain 1s designed to comprise the
signaling domain of CD3-zeta and the signaling domamn of 4-1BB. To yet another
embodiment, the otracellular domain s designed to comprise the signaling domam of CD3-

zeta and the signaling domain of CD28 and 4-1BB.

[8229] In some embodiments, the intracellular domain of the CAR 15 designed to
comprise the signaling domain of 4-1BB and the signaling domain of CD3-zeta, wherein the
signaling domain of 4-1BB comprises
KROGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL (SEQ ID NO: 3)

and the signaling domain of CD3-zeta comprises the nucleie acid sequence set forth n
RVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRORDPEMGGKPRRENP(
EGLYNELQKDKMAEAYSEICGMKGERRRGKGHDGLYQGLSTATKDTYDALHMGQALP
PR (SEQ ID NO: 43 or
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RVEKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRENP(
EGLYNELOQKDRKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOQALP
PR (SEQ ID NO: 71

{6230 In some embodiments, the CAR domains are linked by a polypeptide linker.
For example, a polypeptide linker can be between 2 and 10 amino acids (e.g., 2, 3,4, 5,6, 7,
8, 9, or 10 amino acids} in length may form the linkage between intracellular signaling
sequence. In one embodiment, a glycine- serine doublet can be used as a suitable hinker. In
some embodiments, a single amino acid, e g, an alanine, a glycine, can be used as a suitable

linker,

16231} In one aspect, the intracellular signaling domain is designed to comprise two or
more, e.g., 2, 3, 4, 5, or more, costimulatory signaling domains. In an embodiment, the two or
more. e.g., 2,3, 4, 5, or more, costtimulatory signaling domains, are separated by a linker
molecule, e g, a linker molecule described herein. In one embodiment, the intracellular
signaling domain comprises two costimulatory signaling domains. In some embaodiments, the

linker molecule is a glycine residue. In some embodiments, the linker is an alanine residue.

16232] In one aspect, the intracellular signaling domain is designed to comprise the
signaling domain of CD3-zeta and the signaling domain of CD28. In one aspect, the
mitracellular signaling domain 1s designed to comprise the signaling domain of CD3-zeta and
the signaling domain of 4-1BB.

[6233] In one aspect, the mtracellular signaling domain 1s designed to comprise the
signaling domain of CD33-zeta and the signaling domain of CD27. In one aspect, the
intracellular 1s designed to comprise the signaling domain of CD3-zeta and the signaling domain
of CD2R. In In one aspect, the wiracellular is designed to comprise the signaling domain of CD3-
zeta and the signaling domain of ICOS.

[06234] In some embodiments, the anti-GCC CAR comprises an amino acid sequence
that is at least 80%, §5%, 290%, 95%, 96%, 97%, 98%, 99% or 100% identical to an amino
acid sequences provided in Table 4.

[0235]

Table 4. Amino Acid Sequences of Exemplary anti-GCC CARs

66



WO 2022/123316 PCT/1B2021/000873

CAR

Sequencs

Vi-
01
CAR

MOWSCHLFLYVATATGVHSEVOLQESGPGLVEPSETLSLTCTVARGASISHY Y WSWFRQPAGKGLEW
IGRIYPSGSTSYNPSLKSRVAMSVDTPENQFSLKESSVTAADTAVYYCARDRSTGWSEWNSDLWG
ROGTLVTVISRAAAIEVMYPPRPYLDNEKSNGTHHVKGEHLCPSPLEPGPSEPFWVLVVVGGVLACYS
LEVIVAFIFWY RSKRSRLLHSDYMNMTPREPGPTRKHY(QPYAPPRDFAAYRS
RVKFSRSADAPAYQOQCGONQLYNELNLGRREEYDVLDERRGRDPEMGGKPRRENPOEGLENELQK
DEMAEAFSEIGMK GERREGKGHDGLFOQGLSTATKDTFDALHMQALPPR (SEQ ID NO: 48)

NS
CAR

MELGLSWVFLVAILLEGVQCQOVOLVESGGGLVOPGGSLRLSCTASGFTFSRYWMSWVROAPGKGL
EWVAKIEHDGGEKY Y VDSVKGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCATDYTRDVWGQG
TAVIVISRAAATEVMYPPRPYLDNER SNGTHH VK GEHLCPSPLFPGPSKPFWVLVVVGGVLACYSLL
VIVAFIIFWYV REKRSRLLHSDYMMNMTPRRPGPTRKHYQPYAPPRDFAAYRS
RVKFSRSADAPAYQUQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLENELQK
DEMAEAFSEIGMKGERBRGKGHDGLFOQGLSTATKDTFDALEMQALPPR (SEQ 1D NO: 493

/36
CAR

MELGLSWVFLVAILEGVOQCEVQLVESGGGLAQPGGILERLSCAASGFTFSRYWMTWVROAPGGRL
EWVAKIKYDGSEK Y YADSVKGRFTISRONAKNSLYLOMDSLRAEDTAVYYCTRDYNEDYWGQG
TLVTVSSRAAAIEVMYPPPYLDNEK SNGTHHVKGKHLCPSPLFPGPSKPFWVLVVVGGVLACYSLL
VIVAPHFWY RSKRSRLLHSDYMNMTERRPGPTRKHYQPFYAPPRDFAAYRS
RVKFSESADAPAY(QQGONOQLYNELNLGRREEYD VLDKRRGEDPEMGGKPRRENPQEGLFNELQK
DKMAEAFSEIGMKGERRRGKGHDGLFOOLSTATEDTFDALHMQALPPR (SEQ 1D NG: 50)

V48
CAR

MELGLSWVFLVAILEGVQCEVQLVESGGGLVQPGGSLRLTCAASGEFTFSRY WMTW VRQAPGKGL
EWVAKIRHDGGEKYYPDSVKGRFTVSRDNAKNSLYLOMDNLRAEDTAMY YCTRDYNKDLWGO
GTLVTVSSRAAAIEVMYPPPYLDNEKSNGTIHVKGKHLCPSPLFPGRIKPEWVLVVVOGVLACYSL
LVTVAFHFWY RSKRSRLLHSDYMNMTPRRPGPTREHYQPYAPPRDFAAYRS
RVKFSRSADAPAYQOQCGONQLYNELNLGRREEYDVLDERRGRDPEMGGKPRRENPOEGLENELQK
DEMAEAPSEIGME GERRRGRGHDGLFOQGLSTATKDTFDALHMQALPPR (SEQ ID NO: 51)

Vil
CAR

MELGLSWVFLVARLEGVQCEVOLVESGGGLVOPGGSLRLSCAASGFTFSRYWMTWVRQOAPGKGL
EWVAKIRHDGGEKY YADSVKGRFTISRDNAKNSLYLOMNSLRAEDTAVYYCTRDYNKDYWGQG
TLVTVSSEAAAIEVMYPPPYLDNEKSNGTHRHVEGKHLCESPLFPGPSKPFWVLVVVGGVLACYSLL
VIVAFIIFWYV REKRSRLLHSDYMMNMTPRRPGPTRKHYQPYAPPRDFAAYRS
RVKFSRSADAPAYQUQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLENELQK
DEMAEAFSEIGMKGERBRGKGHDGLFOQGLSTATKDTFDALEMQALPPR (SEQ 1D NO: 523

Vi
CAR

MGWSCHLFLVATATGVHSQVQLOESGPGL VK PSETLSLTCTVSGASISHY Y WSWEFRQPAGKGLEW
IGRIYPSGSTSYNPSLESRVAMSVDTPKNQFSLNLSSVTAADTAVY YCARDRSTGWSEWNSDLWG
RGTLVTVSSRAAATEVMYPPPYLDNEKSNGTIHHVKGKHLCPSPLFPGPSKPFWVLVYVVGGVLACYS
LLEVIVAFHFWVRSKERSRLLHSDYMNMTPRRPGPTRKHYOQPYAPPRDFAAYRSRVKFSRSADAPAY
QOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPREKNPOEGLFNELOQKDKMAEAFSEIGMK
GERRRGKGHDGLFOQGLITATKDTFBALHMOQALPPR (SEQ ID NO: 47
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[6236] In some embodiments, the anti-GCC CAR comprises an aming acid sequence
that is at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ 1D NO:
47,

{6237} In some embodiments, the anti-GCC CAR comprises an amino acid sequence
that 1s at least 80%, 85%, 90%, 95%, 96%, 97%, I8%, 99% or 100% ideniical to SEQ 13 NO:

48,

[6238] In some embodiments, the anti-GCC CAR comprises an aming acid sequence
that is at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ 1D NO:
49,

[6239] In some embodiments, the anti-GCC CAR comprises an amino acid sequence
that is at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ 1D NO:
50.

02401 In some embodiments, the anti-GCC CAR comprises an amino acid sequence
that is at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO:
51

[0241] In some embodiments, the anti-GCC CAR comprises an amino acid sequence
that is at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ 1D NO:
52.

Functional Features of CARs

(62421 Also expressly included within the scope of the invention are functional
portions of the CARSs disclosed herein. The term “functional portion” when used in reference
to a CAR refers to any part or fragment of one or more of the CARs disclosed herein, which
part or fragment retains the biological activity of the CAR of which 1t is a part (the parent
CAR}. Functional portions encompass, for example, those parts of a CAR that retain the
ability to recognize target cells, or detect, treat, or prevent a disease, to a similar extent, the
same extent, or 1o a higher extent, as the parent CAR. In reference to the parent CAR the
functional portion can comprise, for instance, about 10%, 25%, 30%, 50%, 68%, 80%, 90%,

93%, or more, of the parent CAR.
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[6243] The functional portion can comprise additional amino acids at the amino or
carboxy termunus of the portion, or at both termini, which additional amino acids are not
found 1n the amino acid sequence of the parent CAR. Desirably, the additional amino acids do
not interfere with the biological function of the functional portion, e.g., recognize target cells,
detect cancer, treat or prevent cancer, etc. More desirably, the additional amino acids enhance

~

the biological activity, as compared to the biological activity of the parent CAR.

{0244} Included in the scope of the disclosure are functional varianis of the CARs
disclosed herein. The term “functional variant” as used heremn refers to a CAR, polypeptide,
or protein having substantial or significant sequence identity or similarity to a parent CAR,
which functional variant retaing the biological activity of the CAR of which it ts a variant.
Functional vanants encompass, for example, those varants of the CAR described herein (the
parent CAR) that retain the ability to recognize target cells to a similar extent, the same
extent, or {0 a higher extent, as the parent CAR. In reference to the parent CAR, the functional
variant can, for mstance, be at least about 30%, 30%, 75%, 80%, 9G%, 98% or more wdentical

n anmino acid sequence to the parent CAR.

[0245] A functional variant can, for example, comprise the amino acid sequence of the
parent CAR with at least one conservative anuno acid substitution. Alternatively or
additionally, the functional variants can comprise the anuno acid sequence of the parent CAR
with at least one non-conservative amino acid substitution. In this case, it 1s preferable for the
non-conservative amino acid substitution to not interfere with or inhibit the biological activity
of the functional varant. The non-conservative aming acid substitution may enhance the
biological activity of the functional vanant, such that the biological activity of the functional

variant 18 mcereased as compared to the parent CAR.

[0246] Arnino acid substitutions of the CARs are preferably conservative aming acid
substitutions. Conservative amino acid substitutions are known i the ari, and mnclude amino
acid substitutions in which one amino acid having certan physical and/or chemical properties
ts exchanged for another ammo acid that has the same or similar chemical or physical
properties. For mstance, the conservative amino acid sebstitution can be an acidic/negatively
charged polar amino acid substituted for another acidic/negatively charged polar amune acid

{e.g., Asp or Glu}, an amino acid with a nonpolar side chain substituted for another aming

69



WO 2022/123316 PCT/1B2021/000873

acid with a nonpolar side chain {e g, Ala, Gly, Val, He, Leu, Met, Phe, Pro, Trp, Cys, Val,
etc.), a basic/positively charged polar amino acid substituted for another basic/positively
charged polar amino acid {e.g. Lys, His, Arg, eic.}, an uncharged amino acid with a polar side
chain substituted for another uncharged amino acid with a polar side chain {e.g., Asn, Gin,
Ser, Thr, Tyr, etc ), an amino acid with a beta-branched side-chain substituted for another
amino acid with a beta-branched side-chain {e.g., He, Thr, and Val}, an amino acid with an
aromatic side-chain substituted for another amino acid with an aromatic side chain {e. g., His,
Phe, Trp, and Tyr), etc.

6247} The CAR can consist essentially of the specified amino acid sequence or
sequences described herein, such that other components, e.g., other amino acids, do not

materially change the biological activity of the functional variant

[0248] The CARs {(including functional portions and functional variants) can be of any
length, 1 e, can comprise any number of aming acids, provided that the CARs (or functional
portions or functional variants thereof) retain their biological activity, e g, the ability to
specifically bind to antigen, detect diseased cells in a mammal, or treat or prevent disease in a
mammal, etc. For exarople, the CAR can be about 50 to about 5000 anuno acids long, such as
50, 70, 75, 100, 125, 150, 175, 200, 300, 400, S00, 600, 700, $00, 900, 1000 or more aming

acids 1o length

(02497 The CARs {including functional portions and functional vanants of the
mvention} can comprise synthetic amino acids in place of one or more naturally-occurring
anmuno acids. Such synthetic amino acids are known n the art, and include, for example,
aminocyclohexane carboxyiic acid, norleucineg, -arino n-decanoic acid, homoserine, S-
acetylaminomethyl-cysteine, trans-3- and trans-d-hydroxyprohine, 4-aminophenylalanine, 4-
nitrophenylalanine, 4-chlorophenylalaning, 4-carboxyphenylalanine, -phenylsering -
hydroxyphenyialanine, phenylglycine, a-naphthylalanine, cyclohexylalamne,
cyclohexylgiveine, mdolime-2-carboxylhic acid, 1,23 d-tetrabydrosoquinoline-3-carboxylic
acid, amunomalonic acid, amnomalonic acid monocamide, N'-benzyl-N'-methyl-lysine, N' N'-
dibenzyi-lysing, 6-hvdroxylysine, omithine, ~aminocyclopentane carboxylic acid, a-

aminocyclohexane carboxylic acid, a~amunocycloheptane carboxylic acid, a~{(Z-aming-2-
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norbornane}-carboxylic acid, y-diaminobutyric acid, B-diaminopropionic acid,

homophenylalanine, and a-tert-butylglycine.

[6250] The CARs (including functional portions and functional variants) can be
glycosylated, amndated, carboxylated, phosphorylated, esterified, N-acylated, cyclized via,
e.g., a disulfide bridge, or converted into an acid addition salt and/or optionally dimerized or

polymenized, or conjugated.
Substitutions and Variants

[6251] In some embodiments, amino acid sequence variants of the antibodies provided
herein are contemplated. For example, it may be desirable to improve the binding affinity
and/or other biological properties of the antibody. Amino acid sequence variants of an
antibody may be prepared by introducing appropriate modifications into the nucleic acid
sequence encoding the antibody, or by peptide synthesis. Such modifications include, for
example, deletions from, and/or insertions into and/or substitutions of residues within the
amino acid sequences of the antibody. Any combination of deletion, mnsertion, and
substitution can be made to arrive at the final construct, provided that the final construct

possesses the desired characteristics, e.g., antigen-binding.
a) Substitution, Insertion, and Deletion Vanants

32521 In some embodiments, antibody variants having one or more amino acid
substitutions are provided. Sites of interest for substitutional mutagenesis include the HVRs
and FRs. As further described below in reference to amuno acid side chain classes. Amino
acid substitutions may be introduced into an antibody of interest and the products screened for
a desired activity, e.g , retained/improved antigen binding, decreased immunogenicity, or

mproved ADCC or CDC.

[3253] Amino acids may be grouped according to commeon side-chain properties:
[0254] (1) hydrophobic: Norleucine, Met, Ala, Val, Leu, He;

[B2585] (2) neutral hydrophilic: Cys, Ser, Thr, Asn, Glo!

[6256] (3} acidhic: Asp, Glu:

16257] (4} bastc: His, Lys, Arg;
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[(258] {5} residues that influence chain ortentation: Gly, Pro;
(8259 () aromatic: Trp, Tyr, Phe
[0260] Non-conservative substitutions will entail exchanging a member of one of

these classes for another class.

(02611 In some aspects,the antigen binding domain is humanized. A non-human
antibody 1s humanized, where specific sequences or regions of the antibody are modified to
increase similarity to an antibody naturally produced in a human or fragment thereof. In one
aspect, the antigen binding domain 1s humanized. A humanized antibody {or antigen binding
fragment) can be produced using a variety of techruques known in the art, including but not
hirntted to, CDR-grafiing (see, e.g., European Patent No. EP 239 400; International
Publication No, WO 91/09967; and U.S. Pat. Nos. 5,225,539, 5,530,101, and 5,585,089, each
of which is incorporated herein 1n its entirety by reference), veneerng or resurfacing (see,
e.g., European Patent Nos. EP 592,106 and EP 519,596; Padlan, 1991, Molecular
Immunology, 28(4/5):489-498,; Studnicka et al,, 1994, Protein Engineering, 7(6):805-814; and
Roguska et al., 1994, PNAS, 91:969-973, each of which 13 incorporated herein by its entirety
by reference), chain shuffhng (see, e.g., 1.S. Pat. No. 5,565,332, which is incorporated herem
i its entirety by reference), and techniques disclosed 1n, e g, U.S. Patent Apphcation
Publication No. US2005/0042664, U.S. Patent Apphication Publication No. US2Z005/0048617,
UK. Pat. No. 6,407,213, UK. Pat. No. 5,766,386, International Publication No. WO 9317108,
Tanetal, J. Immunol, 169:1119-25 (2002}, Caldas et al., Protem Eng., 13(5}:353-60 (2000},
Morea et al., Methods, 20(3).267-79 {(2000), Baca et al., J . Biol. Chem., 272(16): 10678-84
{1997), Roguska et al,, Protein Eng., 9(101:895-004 (1996}, Couto et al., Cancer Res., 55 (23
Supp)5973s-5977s (1995}, Couto et al,, Cancer Res., S5(8y:1717-22 {1995}, Sandhu I §,
Gene, 150(2):409-10 (1994}, and Pedersen et al., J . Mol. Biol, 235(3}:959-73 {1994}, each of
which is incorporated herein in #ts entirety by reference. Often, framework residues in the
framework regions will be substituted with the corresponding residue from the CDR donor
antibody to alter, for example improve, antigen binding. These framework substitutions, e.g.,
conservative substitutions are identified by methods well-known in the art, e. g, by modeling
of the interactions of the CDR and framework residues to identify framework residues

important for antigen binding and sequence comparison to wdentify unusual framework
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residues at particular posttions. {See, e.g., Queen et al, UK. Pat. No. 5,585,089; and
Riechmann et al ) 1988, Nature, 332:323, which are mncorporated herein by reference in their

entireties. }

[6262] A humamzed antibody or antibody fragment has one or more amino acid
residues remaming in it from a source which is nonhuman. These norhuman amino acid
residues are often referred to as “import” residues, which are typically taken from an “import”
variable domain. As provided herem, humanized antibodies or antihody fragments comprise
one or more CDRs from nonhuman immunoglobulin molecules and framework regions
wherein the amuno acid residues comprising the framework are derived completely or mostly
from human germline. Multiple techniques for humanization of antibodies or antibody

fragments are well known in the art.

[06263] One type of substitutional variant involves substituting one or more
hypervariable region residues of a parent antibody {e.g., a humanized or human antibody}.
Generally, the resulting variant (s} selected for further study will have modifications (e g,
improvements) in certain biological properties {e g., increased affinity, reduced
mmunogenicity ) relative to the parent antibody and/or will have substantially retained certan
biological properties of the parent antibody. An exemplary substitutional variant 15 an affimty
matured antibody, which may be conveniently generated, e.g., using phage display-based
affinity maturation techruques such as those described herein. Briefly, one or more HVR
residues are mutated and the vanant antibodies displayed on phage and screened for a

particular biological activity (e.g. binding affinity}.

[0264] Alterations {e.g., substitutions) may be made in HVRs, e.g., to improve
antibody affinity. Such alterations may be made n HVR “hotspots, 7 1.¢., residues encoded by
codons that undergo mutation at high frequency during the somatic maturation process {see,
e.g., Chowdhury, Methods Mol. Biol. 207: 179-196 (2008)), and/or SDRs {a-CDRs), with the
resulting vanant VH or VL being tested for binding affimty. Affinity maturation by
constructing and reselecting from secondary libraries has been descrnibed, eg., in
Hoogenboom et al. 1in Methods m Molecular Biology 178: 1-37 (0" Brien et al | ed., Human
Press, Totowa, NJ, (2001}.) In some embodiments of affingty maturation, diversity 18

mtroduced mto the variable genes chosen for maturation by any of a variety of methods {e.g,,
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error-prone PCR, chain shuftling, or oligonuclestide-directed mutagenesis}). A secondary

g,
library 1s then created. The library s then screened to identify any antibody variants with the
desired affinity. Another method to introduce diversity imnvolves HVR-directed approaches, in
which several HVR residues {e.g., 4-6 residues at a time) are randomized. HVR residues
involved in antigen binding may be specifically identified, e g, using alanine scanning

mutagenesis or modeling. CDR-H3 and CDR-L3 n particular are often targeted.

8265} In some embodiments, substitutions, insertions, or deletions may occur within
one or more HVRSs so long as such alterations do not substantially reduce the ability of the
antibody to bind antigen. For example, conservative alterations {e.g., conservative
substitutions as provided herein) that do not substantially reduce binding affinity may be
made in HVRs. Such alterations may be outside of HVR “hotspots” or CDRs. In some
embodiments of the variant VH sequences provided above, each HVR etther is unaltered, or

contains no more than one, two or three amino acid substitutions.

[0266] A useful method for identification of residues or regions of an antibody that
may be targeted for mutagenesis 1s called “alanine scanning mutagenesis” as described by
Cunningham and Wells (1989) Science, 244; 1081-1085. In this method, a residue or group of
target residues {e.g., charged residues such as Arg, Asp, His, Lys, and Glu) are wdentified and
replaced by a neutral or negatively charged amuno acid (e g., alanine or polyalanine) to
determine whether the interaction of the antibody with antigen 1s affected. Further
substitutions may be mitroduced at the amino acid locations demonstrating functional
sensitivity to the mitial substitutions. Alternatively, or additionally, a crystal structure of an
antigen-antibody complex to identify contact pomts between the antibody and antigen. Such
contact restdues and neighboring residues may be targeted or ebmmated as candidates for
substitution. Variants may be screened to determme whether they contain the desired

properiies.

[0267] Armino acid sequence insertions mclude amino-and/or carboxyi-terminal
fusions ranging o length from one residue to polyvpeptides containing a hundred or more
residues, as well as intrasequence msertions of single or multiple amino acid residues.
Examples of terminal insertions include an antibody with an N-termunal methionyl residue.

Gther msertional variants of the antibody molecule mnchude the fusion to the N-or C-terminus
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of the antibody {0 an enzyme {e.g., for ADEPT) or a polypeptide which increases the serum

half-life of the antibody.
b} Glvcosylation varianis

[6268] In some embodiments, an antibody provided herein is altered to increase or
decrease the extent to which the antibody s glycosviated. Addition or delation of
glycosylation sites to an antibody may be conveniently accomplished by altering the amino

acid sequence such that one or more glycosylation sites is created or removed.

[6269] Where the antibody comprises an Fc region, the carbohydrate attached thereto
may be altered. Native aniibodies produced by mammalian cells typically comprise a
branched, biantennary oligosaccharide that 15 generally attached by an N-linkage to Asn297 of
the CHZ domain of the Fc region. See, e.g., Wright etal TIBTECH 15: 26-32 (1997). The
oligosaccharide may include various carbohydrates, e g., mannose, N-acetyl glucosamine
(GlcNAcg), galactose, and sialic acid, as well as a fucose attached to a GleNAc in the “stem”
of the biantennary oligosaccharide structure. In some embodiments, modifications of the
oligosaccharide in an antibody of the present application may be made in order to create

antibody variants with certain improved properties.

[6276] In some embodiments, antibody variants are provided having a carbohydrate
structure that lacks fucose attached (directly or indirectly) to an Fe region. For example, the
amount of fucose n such antibody may be from 19%to 80%, from 19%t0 65%, from 5%to
65%o0r from 20%to 40%. The amount of fucose 15 determined by caleulating the average
amount of fucose within the sugar chain at Asn297, relative to the sum of all glycostructures
attached to Asn 297 {e.g., complex, hybrid and high mannose siructures) as measured by
MALDI-TOF mass spectrometry, as described in WO 2008/077546, for example. Asn297
refers to the asparagine residue located at about position 297 1n the Fe region (EU numbering
of Fc region residues), however, Asn297 may also be located about + 3 amino acids apstream
or downstream of position 297, 1.e, between positions 294 and 300, due to minor sequence
varations i antibodies. Such fucosylation variants may have mnproved ADCC function. See,
e.g., US Patent Publication Nos. US 2003/0157108 (Presta, L.}, US 2004/0093621 (Kyowa
Hakko Kogyo Co,, Ltd). Examples of publications related to “defucosylated” or “fucose-

deficient” antibody varants include: US 2003/0157108, WO 2000/61739, W0 2001/2924¢6,
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LS 2003/0115614; UK 2002/0164328; US 2004/0093621; US 2004/0132140; US
2004/0110704; US 2004/0110282; US 2004/0109865; WO 2003/085119; WO 2003/084570;
WO 2005/035586; WO 2005/035778, W2005/053742;, WQZ002/031140; Okazaki et al. J.
Mol Biol 336: 1239-1249 (2004); Yamane-OChnuki et al Biotech. Bioeng. 87 614 (2004).
Examples of cell lines capable of producing defucosylated antibodies include Leci3 CHO
cells deficient in protein fucosylation (Ripka et al. Arch. Biochem Biophys. 249 533-345
(1986); US Patent Application No. US 2003/0157108 Al, Presta, L; and WO 2004/056312
Al, Adams et al ), and knockout cell lines, such as alpha-1, 6-fucosyliransferase gene, FUTS,
knockout CHO cells (see, e.g., Yamane-Chnuki et al. Biotech. Bioeng. 87: 614 (2004};
Kanda, Y. et al, Biotechnol. Bioeng. , 94 (4).680-688 (2006}, and WOZ003/085107).

(6271} Antibody variants are further provided with bisected oligosaccharides, eg., in
which a biantennary oligosaccharide attached to the Fc region of the antibody 15 hisected by
GlcNAc. Such antibody variants may have reduced fucosylation and/or improved ADCC
function. Examples of such antibody variants are described, e g., in WO 2003/011878 (Jean-
Matret et al }; US Patent No. 6,602,684 (Umana et al); and US 2005/0123546 (Umana et al ).
Antibody vanants with at least one galactose residue o the ohigosacchanide attached to the Fe
region are also provided. Such antibody vanants may have improved CDC function. Such
antibody varniants are described, e g, in WO 1997/30087 (Patel et al}; WO 1998/58964 (Raju,
S.); and WO 1999/22764 (Raju, 8.},

[6272] The CARs (including functional portions and functional varants thereof) can
be obtained by methods known in the art. The CARs may be made by any suitable method of
making polypeptides or proteins. Suitable methods of de nove synthesizing polypeptides and
protemns are described i references, such as Chan et al | Fmoc Solid Phase Peptide Synthesis,
Oxford Umversity Press, Oxford, United Kingdom, 2000; Peptide and Protein Drug Analysis,
ed. Reid, R, Marcel Dekker, Inc., 2000; Eputope Mapping, ed. Westwood et al, Oxford
University Press, Oxford, United Kingdom, 2001, and U.S. Pat. No. 5,449 752, Also,
polypeptides and proteins can be recombinantly produced using the nucleic acids described
herein using standard recombinant methods. See, for instance, Sambrook et al., Molecular
Cloning: A Laboratory Manual, 3rd ed., Cold Spring Harbor Press, Cold Spring Harbor, N.Y.
2001; and Ausubel et al., Current Protocols in Molecular Biology, Greene Publishing

Associates and John Wiley & Sons, N'Y, 1994, Further, some of the CARs (including
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functional portions and functional variants thereof} can be 1solated and/or purified froma
source, such as a plant, a bacterium, an insect, a mammal, ¢ g., a rat, a human, etc. Methods of
isolation and purification are well-known in the art. Alternatively, the CARs described herein
{(inchuding functional portions and functional variants thereof} can be commercially
synthesized by cormpanies. In this respect, the CARs can be synthetic, recombinant, isolated,

and/or purified.
Detectable Markers and Tags

[6273] A CAR, a T cell expressing a CAR, monoclonal antibodies, antigen binding
fragments thereof, specific for one or more of the antigens disclosed hergin, can aiso
expressed with (e.g., co-expressed) with a tag protein. In some embodiments, a furn
recoguition site and downstream 2A self-cleaving peptide sequence, designed for
simultaneous bicistronic expression of the tag sequence and the CAR sequence. In some
embodiments, the 2A sequence comprises the nucleic acid sequence of
GSGATNFSLLKOQAGDVEENPGP SEQ ID NO: 44, In some embodiments, furin and PZA
sequence comprises the nucleic acid sequence that encodes the amino acid sequence of SEQ
ID NO: 44 In some embodiments, the P2A tag comprises the amino acid sequence of SEQ ID
NO: 44 or a sequence with at least 95%, at least 96%, at least 97%, at least 98%, at least 99%

wdentity thereof.

[6274] Tn some embodiments, a CAR, a T cell expressing a CAR, monoclonal
antibodies, antigen binding fragments thereof, specific for one or more of the antigens
disclosed heremn, can also expressed with EGFR. In some embodiments, the CAR, T cell
expressing a CAR, monoclonal antibodies, antigen binding fragments thereot, specific for one
or more of the antigens disclosed herem, are expressed with {e.g., co-expressed) truncated
EGFR (tEGFR). In some embodiments, tEGFR comprises an amino acid sequence that is at
least 95% identical, at feast 96% dentical, at least 97% 1dentical, at teast 98%% 1dentical, at

teast 99% identical or 100% 1dentical to SEQ ID NG: 43,

EGER:

MLLLVTSLLLCELPHPAFLLIPRKVONGIGIGEFR DSLSINATNIKHFKNCTSISGDRLHIL
PVAFRGDSFTHTPPLDPQELDILKTVREITGFLLIGAWPENRTDLHAFENLEHRGRTKG
HGOFSLAVVSLNITSLGLRSLKEISDPGDVHSGNKNLCYANTINWEKLFGTSGORKTKIES
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NRGENSCKATGOVCHALCSPEGOWGPEPRDCVEURNVSRGRECVIKONLLEGEPRE
FVENSECIQCHPECLPOQAMNITCTGRGPDNCIQCAHYIDGPHCVKTCPAGYVMGENNT
LVWERYADAGHVCHLCHPNCTYGCTGPGLEGOPTNGPRIPSIATGMVGALLLLLVVA
LOGIGLEFM (SEQ ID NO: 43)

[6275] A CAR, a T cell expressing a CAR, monoclonal antibodies, antigen binding
fragments thereof, specific for one or more of the antigens disclosed herein, can also be
conjugated with a detectable marker; for example, a detectable marker capable of detection by
ELISA, spectrophotometry, flow cytometry, microscopy or diagnostic imaging techniques
{(such as computed tomography (CT}, computed axial tomography {(CAT) scans, magnetic
resonance mmaging (MRI), nuclear magnetic resonance imaging NMRI}, magnetic resonance
tomography (MTR), ultrasound, fiberoptic examination, and laparoscopic examination),
Specific, non-limiting examples of detectable markers include fluorophores,
chemiluminescent agents, enzymatic linkages, radiocactive isotopes and heavy metals or
compounds {for example super paramagnetic iron oxude nanocrystals for detection by MRI).
For example, useful detectable markers include fluorescent compounds, including fluorescen,
fluorescein sothiocyanate, rthodamine, S-dimethylamine-1-napthalenesulfonyl chioride,
phycoerythrin, lanthanide phosphors and the hike Bioluminescent markers are also of use,
such as luctferase, Green fluorescent protein {GFP), Yellow fluorescent protein {YFP). A
CAR, a T cell expressing a CAR, an antibody, or antigen binding portion thereof, can also be
conjugated with enzymes that are useful for detection, such as horseradish peroxidase, B-
galactosidase, luciferase, alkaline phosphatase, glucose oxidase and the like. When a CAR, a
T cell expressing a CAR, an antibody, or antigen binding portion thereof, 1s conjugated with a
detectable enzyme, 1t can be detected by addmg additional reagents that the enzyme uses to
produce a reaction product that can be discerned. For example, when the agent horseradish
peroxidase 13 present the addition of hydrogen peroxide and diamunobenzidine leads to a
colored reaction product, which is visually detectable. A CAR, a T cell expressing a CAR, an
antibody, or antigen binding portion thereof, may also be conjugated with biotin, and detected
through indirect measurement of avidin or streptavidin binding. It should be noted that the

avidin itself can be conjugated with an enzyme or a fluorescent label

[6276] A CAR, a T cell expressing a CAR, an antibody, or antigen binding portion

thereof, may be conjugated with a paramagnetic agent, such as gadohinium. Paramagnetic
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agents such as superparamagnetic ron oxide are also of use as labels. Antibodies can also be
conjugated with lanthanides {such as europium and dvsprosium}, and manganese. An
antibody or antigen binding fragment may also be labeled with a predetermined polypeptide
epitopes recognized by a secondary reporter {such as leucine zipper pair sequences, binding

sites for secondary antibodies, metal binding domains, epitope tags).

(62771 A CAR, a T cell expressing a CAR, an antibody, or antigen binding portion
thereof, can also be conjugated with a radiolabeled anmuno acid. The radiolabel may be used
for both diagnostic and therapeutic purposes. For instance, the radiolabel may be used to
detect one or more of the antigens disclosed herein and antigen expressing cells by x-ray,
emission specira, or other diagnostic techniques. Further, the radiolabel may be used
therapeutically as a toxin for treatment of tumors in a subject, for example for treatment of a
neuroblastoma. Examples of labels for polypeptides mclude, but are not limited to, the

- , . ~ o typ B 1Sng 35g 90w, 99y iiiy. 125y 13y
following radinisotopes or radionuclectides: “H, HC, N, 238, v, ¥ T¢, {n, 1¥°], ¥L

[6278] Means of detecting such detectable markers are well known to those of skill in
the art. Thus, for example, radiolabels may be detected using photographic film or
seintitlation counters, fluorescent markers may be detected using a photodetector to detect
enutied dlunmimation. Enzymatic labels are typically detected by providing the enzyme with a
substrate and detecting the reaction product produced by the action of the enzyme on the

substrate, and colorimetric labels are detected by simply visualizing the colored label

Nucleic acids, Expression vectors, and Host Cells

{62749 Further provided by an embodiment of the invention 1s a nucleic acid
comprising a nucleotide sequence encoding any of the CARs, an antibody, or antigen binding
portion thereof, described herein (including functional portions and functional vanants
thereof). The nucleic acids of the vention may comprise a nucleotide seguence encoding any
of the leader sequences, antigen binding domains, transmembrane domains, and/or

mitraceliular T cell signaling domains described heremn.

[0280] In one aspect, the present invention encompasses a recombinant nucleic acid

construct comprising a nucleic acid molecule encoding a CAR, wherein the nucleic acud
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molecule comprises the nucleic acid sequence encoding an anti-GCC binding domain, eg.,
described herein, that is contiguous with and in the same reading frame as a nucleic acid
sequence encoding an intracellular signaling domain. An exemplary intracellular signaling
domain that can be used in the CAR includes, but is not limited to, one or more intracelhidar
signaling domains of, e g, CD3-zeta, D28, 4-18BB, and the like. In some embodiments, the

CAR can comprise any combination of CD3-zeta, CD28, 4-1BB, and the like.

{0281} In one aspect, the present invention provides a nucleic acid comprising a
nucleotide sequence that 1s at least about 70% or more, e.g., about 80%, about 90%, about
91%, about 92%, about 93%, about 94%, about 95%, about 6%, about 7%, about 98%, or

about 99% identical to a the nucleic acid encoding a CAR construct described herein.

{62821 In some embodiments, the nucleic acid encodes an anti-GCC binding domain
selected from an anti-GCC VH sequence provided in Tables 1-3 or Table 7. In some
embodiments, the nucleic acid comprises a sequence that is at least about 70% or more, e.g.,
about 80%, about 90%, about ©1%, about 2%, about 93%, about 94%, about 95%, about
96%, about 97%, about 98%, or about 99% identical to any one of SEQ ID NQOs: 61-70. In
some embodiments, the nucleic acid comprises a sequence 1dentical to any one of SEQ 1D

NOs: 61-76

[6283] In some embodiments, the nucleotide sequence may be codon-modified.
Without being bound to a particular theory, it s believed that codon optimization of the
nucleotide sequence increases the translation efficiency of the mRNA transcripts. Codon
optimization of the nucleotide sequence may ovolve substituting a native codon tor another
codon that encodes the same amino acid, but can be translated by tRNA that 1s more readily
available withun a cell, thus increasing translation efficiency. Optimization of the nucleotide
sequence may also reduce secondary mRNA structures that would interfere with translation,

thus mcreasing translation efficiency.

[6284] In an embodiment of the vention, the nucleic acid may comprise a codon-
modified nocleotide sequence that encodes the antigen binding domain of the mventive CAR.
In another embodiment of the invention, the nucleic acid may comprise a codon-modified
nucleotide sequence that encodes any of the CARs described herein (including functional

portions and functional varnants thereof}.
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[6285] In one aspect aspect, the invention pertains o a vector comprising a nucleic
acid molecule described heremn, e g, a nucleic acid molecule encoding a CAR described
heremn. In one embodiment, the vector is selected from the group consisting of a DNA | a

RNA, a plasmid, a lentiviral vector, adenoviral vector, or a retrovirus vector.

[6286] In one embodiment, the vector s a lentiviral vector. In one embodiment, the

vector further comprises a promoter. In one embodiment, the promoter is an EF-1 promoter.

(62871 Hxpression vectors include plasmids, retroviruses, cosmuds, YACs, EBY
derived episomes, and the hke A convenient vector is one that encodes a functionally
complete human CH or CL immunoglobulin sequence, with appropriate restriction sties
engineered so that any VH or VL sequence can be easily inserted and expressed. In such
vectors, splicing usually occurs between the splice donor site in the inserted J region and the
splice acceptor site preceding the human C region, and also at the splice regions that occur
within the human CH exons. Suitable expression vectors can contain a number of
components, for example, an origin of replication, a selectable marker gene, one or more
expression conirol elements, such as a transcription control element (e g., promoter, enhancer,
or terminator) and/or one or more translation signals, a signal sequence or leader sequence,
and the hike. Polyadenylation and transcription termination occur at native chromosomal sites
downstream of the coding regions. The resulting chimeric antibody may be joined to any
strong promoter. Examples of suitable vectors that can be used include those that are suitable
for mammabian hosts and based oo viral replication systems, such as simian virus 40 (SV40),
Rous sarcoma viras (RSV), adenovirus 2, bovine papitloma virus (BPV), papovavirus BK
nmutant {BRVY), or mouse and human cytomegalovirus {CMV), and moloney murine leukenua
virus {MMLV}, native Ig promoters, etc. A vanety of suitable vectors are known m the art,
mcluding vectors which are maintamned in single copy or multiple copies, or which become
integrated into the host cell chromosome, e.g., via LTRs, or via artificial chromosomes
engineered with multiple integration sites (Lindenbaum et al. Nucleic Acids Res. 32:¢172
{2004}, Kennard et al. Biotechnol. Biveng. Ouline May 20, 2009). Additional examples of

suitable vectors are listed in a later section.

[(288] The present invention also mcludes an RNA constroct that can be divectly

transfected into a cell. A method for generating mRNA for use in transfection involves in
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vitro transcription {(IVT) of a template with specially designed primers, followed by polyA
addition, to produce a construct containing 3' and 5' untranslated sequence (“UTR”), a 5' cap
and/or Internal Ribosome Entry Site (IRES), the nucleic acid to be expressed, and a polyA
tail, typically 50-2000 bases in length. RNA so produced can efficiently transfect different
kinds of cells. In one embodiment, the template includes sequences for the CAR. Inan
embodiment, an RNA CAR vector is transduced into a cell, e g, T cell or NK cell, by

electroporation.

[6289] Thus, the nvention provides an expression vector comprising a nucleic acid
encading an antibody, antigen-binding fragment of an antibody {e.g., a human, humanized,
chimeric antibody or antigen-binding fragment of any of the foregoing), antibody chain (e.g,,
heavy chain, light chain} or antigen-binding portion of an antibody chain that binds a GCC

protein.

32901 Expression in eukaryotic host cells 15 useful because such cells are more likely
than prokaryotic cells to assemble and secrete a properly folded and immunologically active
antibody. However, any antibody produced that is tnactive due to improper folding may be
renaturable according to known methods (Kim and Baldwin, “Specific Intermediates 1o the
Folding Reactions of Small Proteins and the Mecharusm of Protein Folding”, Ann. Rev.
RBiochem. 51, pp. 459-89 (1982)). It 1s possible that the host cells will produce portions of
intact antibodies, such as hight chain dirers or heavy chain dimers, which also are antibody

homologs according to the present invention,

[3291] In an embodiment, the nucleic acids can be incorporated into a recombinant
expression vector. In this regard, an embodiment provides recombinant expression vectors
comprising any of the nacleic acids. For purposes herein, the term “recombinant expression
vector” means a genetically-modified oligonuclectide or polynucleotide construct that permits
the expresston of an mRNA, protein, polypeptide, or peptide by a host cell, when the
construct comprises a nucleotide sequence encoding the mRNA, protem, polypeptide, or
peptide, and the vector 18 contacted with the cell under conditions sufficient to have the
mRNA, protein, polvpeptide, or peptide expressed within the cell. The vectors are not

naturally-occurring as a whole.



WO 2022/123316 PCT/1B2021/000873

[6292] However, parts of the vectors can be naturally-occurring. The recombinant
expression vectors can comprise any type of nucleotides, mcluding, bui not limited to DNA
and RNA, which can be single-stranded or double-stranded, synthesized or obtained in part
from natural sources, and which can contain natural, non-natural or altered nucleotides. The
recombinant expression vectors can comprise naturally-occurring or non-naturally-occurring
internucleotide linkages, or both types of hinkages. Preferably, the non-naturally occurring or
altered nucleotides or internucleotide linkages do not hinder the transcription or replication of

the vector.

(8293} In an embodiment, the recombinant expression vector can be any suitable
recombinant expression vector, and can be used to transform or transfect any suitable host
cell. Suitable vectors include those designed for propagation and expansion or for expression
or both, such as plasmids and viruses. The vector can be selected from the group consisting of
the pUC series (Fermentas Life Sciences, Glen Burnie, Md.}, the pBluescript series
{(Stratagene, Lalolla, Calit)), the pET series (Novagen, Madison, Wis.), the pGEX series

{Pharmacia Biotech, Uppsala, Sweden), and the pEX series (Clontech, Palo Alto, Calit).

[0294] Bacteriophage vectors, such as &, AZapll (Stratagene), EMBLA4, and ANMI
149, also can be used. Exaroples of plant expression vectors include pBIO1, pBIIOL 2,
pBHOL.3, pBII2T and pBIN19 (Clontech). Examples of animal expression vectors include
pEUK-C1, pMAM, and pMAMneo {(Clontech). The recombinant expression vector may be a
viral vector, e.g., a retroviral vector or a lentiviral vector. A lentiviral vector 15 a vector
derived from at least a portion of a lentivirus genome, mcluding especially a self~mactivating
lentiviral vector as provided 1n Milone et al., Mol Ther. 17(8}: 1453-1464 (2009}, Other
examples of lentivirus vectors that may be used mn the clinig, include, for example, and not by
way of mitation, the LENTIVECTOR® gene delivery technology from Oxford BioMedica
ple, the LENTIMAX™ vector system from Lentigen and the like. Nonchmcal types of
lentiviral vectors are also avatlable and would be known to one skilled 1 the art.

[(295] A mumber of transfection technigues are generally known i the art (see, e.g,,
Graham et al., Virology, 52: 456-467 (1973); Sambrook et al,, supra; Davis et al | Basie

Methods in Molecolar Biology, Elsevier (1986); and Chu et al, Gene, 13: 97 (1981).
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[6296] Transfection methods include calcium phosphate co-precipitation (see, e.g.,
Graham et al., supra}, direct micro injection into cultured cells (see, e.g., Capecchy, Cell, 22

479-48% {1980})}, electroporation {see, e.g., Shigekawa et al., BioTechnigues, 6: 742-751

&

{1988}, liposome mediated gene transfer {see, e g., Mannino et al,, BioTechniques, 6: 682-

690 (1988)), lipid mediated transduction (see, .2, Feigner et al, Proc. Natl. Acad Sci. USA,
84: 7413-7417 (1987}), and nucleic acid delivery using high velocity microprojectiles (see,

e.g., Klein et al, Nature, 327: 70-73 (1987}).

[6297] In an embodiment, the recombinant expression vectors can be prepared using
standard recombinant DNA techniques described i, for example, Sambrook et al | supra, and
Ausubel et al | supra. Constructs of expression vectors, which are circular or linear, can be
prepared to contain a replication system functional in a prokaryotic or eukaryotic host cell.
Replication systems can be derived, e g, from ColEL, 2u plasmud, A, SV40, bovine papilloma

virus, and the like.

[3298] The recombinant expression vector may comprise regulatory sequences, such
as transcription and translation inttiation and termination codons, which are specific to the
type of host cell {e.g., bacterur, fungus, plant, or amimal) into which the vector 18 to be
wtroduced, as appropriate, and taking into consideration whether the vector is DNA- or RNA-

based. The recombinant expression vector may comprise restriction sites to facilitate cloning.

82991 The recombinant expression vector can include one or more marker genes,
which allow for selection of transtormed or transfected host cells. Marker genes include
biocide resistance, e.g., resistance to antibiotics, heavy metals, ete., complementation 1 an
auxotrophic host to provide prototrophy, and the like. Suitable marker genes for the mventive
expression vectors melude, for instance, ngomycin/GG41 8 resistance genes, hvgromycin
resistance genes, histidinol resistance genes, tetracycline resistance genes, and ampiciihn

resistance Zenes.

[6300] The recombinant expression vector can comprise a native or nonnative
promoter operably linked to the nucleotide sequence encoding the CAR (including functional
portions and functional variants thereof}, or to the nucleotide sequence which 1s
complementary to or which hybridizes to the nucleotide sequence encoding the CAR. The

selection of promoters, e.g., strong, weak, inducible, tissue-specific and developmental-
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specific, is within the ordinary skill of the artisan. Simiarly, the combining of a nucleotide
sequence with a promoter 15 also within the skill of the artisan. The promoter can be a non-
viral promoter or a viral promoter, e.g., a cytomegalovirus {CMV) promoter, an SV40

promoter, an RSY promoter, EF alpha promoter or a promoter found in the long-terminal

repeat of the murine stemn cell virus.

[6301] The recombinant expression vectors can be designed for either transient
expression, for stable expression, or for both. Also, the recombinant expression vectors can be

made for constitutive expression or for inducible expression.

(6362} Further, the recombinant expression vectors can be made to include a suicide
gene. As used herein, the term “suicide gene” refers to a gene that causes the cell expressing
the suicide gene to die. The suicide gene can be a gene that confers sensitivity to an agent,
e.g., a drug, upon the cell in which the gene is expressed, and causes the cell to die when the
cell is contacted with or exposed to the agent. Suicide genes are known in the art (see, for
example, Suicide Gene Therapy: Methods and Reviews, Springer, Caroline J. {Cancer
Research UK Centre for Cancer Therapeutics at the Institute of Cancer Research, Sutton,
Surrey, UK}, Humana Press, 2004) and include, for example, the Herpes Suoplex Virus
(HSV) thymidine kinase {(TK) gene, cviosine danunase, purine nucleoside phosphorylase, and

nitroreductase.

[3303] An embodiment further provides a host cell comprising any of the recombinant
expression vectors described herein. As used herein, the term “host cell” refers to any type of
cell that can contain the mventive recombinant expression vector. The host cell canbea
eukaryotic cell, e g, plant, aumal, fungy, or algae, or can be a prokaryotic cell, e.g , bacteria
or protozoa. The host cell can be a cultured cell or a primary cell, 1.e., solated directly from
an organism, e.g., a human. The host cell can be an adherent cell or a suspended cell, 1.e, a
cell that grows 10 suspension. Suitable host cells are known m the art and include, for
mstance, DHSa E. colt cells, Clunese hamster ovarian cells, monkey VERO cells, COS cells,
HEK293 cells, HEK293T cells, and the hike. For purposes of amplitying or replicating the
recombinant expression vector, the host cell may be a prokaryotic cell, e.g., a DHSa cell. For
purposes of producing a recombinant CAR, the host cell may be a mammahan cell. The host

cell may be a human cell. While the host cell can be of any cell type, can onginate from any
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type of tissue, and can be of any developmental stage, the host cell may be a peripheral blood
fymphocyte (PBL} or a peripheral blood monenuclear cell (PBMC). The host cell mayv bea T

cell.

[6304] For purposes herein, the T cell can be anv T cell, such as a cultured T cell, e g,
a primary T cell, ora T cell from a cultured T cell line, e g, Jurkat, SupTi eic, ora T cell
obtained from a mammal. If obtained from a mammal, the T cell can be obtained from
numerous sources, including but not limtted to blood, bone marrow, lymph node, the thymus,
or other tissues or fluids. T cells can also be enriched for or purified. The T cell may bea
human T cell. The T cell may be a T cell isolated from a human. The T cell can be any type of
T cell and can be of any developmental stage, including but not limited to, CD4+/CD8+
double positive T cells, CD4+ helper T cells, e g, Thi and Th2 cells, CDE+ T cells {e.g.,
cytotoxic T cells), tumor infiltrating cells, memory T cells, memory stem cells, e Tsem,

naive T cells, and the like. The T cell may be a CD8+ T cell or a CD4+ T cell.

[H305] In an embodiment, the CARs as described herein can be used in suitable non-T
cells. Such cells are those with an immune-ettector function, such as, for example, NK celis,

and T-like cells generated from pluripotent stem cells.

3366} One aspect of the present application provides an engineered immune etfector
cell, comprising any one of the CARs described herein, or any one of the solated nuclew
acids described above, or any one of the vectors described above. In some embodiments, the
mmune effector cell 15 a T cell, an NK cell, a peripheral blood mononuclear cell (PBMC), a
hematopoietic stem cell, a pluripotent stem cell, or an embryonic stem cell. Tn some

embodiments, the immune effector cell 1s a T cell.

{83071 Also provided by an embodiment is a population of cells comprising at least
one host cell described herein. The population of cells can be a heterogeneous population
comprising the host cell comprising any of the recombinant expression vectors described,
addition to at least one other cell, e.g., ahostcell {e.g., a T cell), which does not comprise any
of the recombinant expression vectors, or a cell otherthana Teell, eg,a B eell, a
macrophage, a neutrophil, an erythrocyte, a hepatocyte, an endothelial cell, an epithelial cell,
a muscle cell, a brain cell, etc. Alternatively, the population of cells can be a substantially

homogeneous population, in which the population comprises mainly host cells {e.g,,
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consisting essentially of) comprising the recombinant expression vector. The population also
can be a clonal population of cells, i which all cells of the population are clones of a single
host cell comprising a recombinant expression vector, such that all cells of the population
comprise the recombinant expression vector. In one embodiment of the invention, the
population of cells 15 a clonal population comprising host cells comprising a recombinant

expression vector as described herein.

[3308] CARs (including functional portions and vanants thereof), nucleic acids,
recombinant expression vectors, host cells (including populations thereof), and antibodies
(including antigen binding portions thereof), can be isolated and/or purified. For example, a
purified {or 1solated) host cell preparation is one 1n which the host cell 1s more pure than cells
in thetr natural environment within the body. Such host cells may be produced, for example,
by standard purification techniques. In some embodiments, a preparation of a host cell s
purified such that the host cell represents at least about 50%, for example at least about 70%,
of the total cell content of the preparation. For example, the purity can be at least about 50%,

can be greater than about 60%, about 70% or about 80%, or can be about 100%.

[63089] The nucleic acid sequences coding for the desired molecules can be obtamned
using recombinant methods known in the art, such as, for example by screening libraries from
cells expressing the gene, by deriving the gene from a vector known to include the same, or

by solating directly from cells and tissues containing the same, using standard techniques.

[6310] Alternatively, the gene of interest can be produced synthetically, rather than
cloned. The present invention also provides vectors in which a DNA of the present invention
13 inserted. Vectors derived from retroviruses such as the lentivirus are suttable tools to
achigve long-term gene transfer since they allow long-term, stable integration of a transgene
and its propagation m daoghter cells. Lentiviral vectors have the added advantage over

vectors dertved from onco-retroviruses such as murine leukemia viruses m that they can
transduce non proliferating cells, such as hepatocytes. They also have the added advantage of
fow tmmunogenicity.

[6311] The expression of natural or synthetic nucleic acids encoding CARs may be
achieved by operably hnking a nucleic acid encoding the CAR polypeptide or portions thereof

10 a promoter, and imcorporating the consiruct mte an expression vector. The vectors can be
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suitable for replication and integration eukaryotes. Typical cloning vectors contain
transcription and translation terminators, initiation sequences, and promoters useful for

regulation of the expression of the desired nucleic acid sequence.

[6312] The expression constructs of the present ivention may also be used for nucleic
acid immunization and gene therapy, using standard gene delivery protocols. Methods for
gene delivery are known in the art. Seg, e g, U.S. Pat. Nos. 5,399,346, 5,580,859, 5,589,460
incorporated by reference herein in their entireties. In another embodiment, the invention

provides a gene therapy vector.

[6313] The nucleic acid can be cloned into a number of types of vectors. For example,
the nucleic acid can be cloned mio a vector includimg, but not himited to a plasmud, a
phagemid, a phage dertvative, an animal vims, and a cosmid. Vectors of particular interest
include expression vectors, replication vectors, probe generation vectors, and sequencing

vectors. Further, the expression vector may be provided to a cell in the form of a viral vector.

[6314] Viral vector technology i1s well known in the art and 1s described, for example,
in Sambrook et al. (2001, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory, New York}, and in other virology and molecular biology manuals. Viruses, which
are usetul as vectors mclude, but are not limited to, retroviruses, adenoviruses, adeno-
associated viruses, herpes viruses, and lentivimses. In general, a suttable vector contains an
origin of replication functional 1o at least one orgamism, a promoter sequence, convenient
restriction endonuclease sites, and one or more selectable markers, {e.g., WO 01/96584; WO

01/29058; and UK. Pat. No. 6,326,193},

[6315] A number of viral based systems have been developed for gene transter mto
maromalian cells. For example, retroviruses provide a conventent platform for gene delivery
systems. A selected gene can be nserted into a vector and packaged in retroviral particles
using technigues known in the art. The recombinant vims can then be isolated and delivered
1o cells of the subject either in vivo or ex vivo, A number of retroviral systems are known n
the art. In some embodiments, adenovirus vectors are used. A number of adenovirus vectors

are known in the art. In one embodiment, lentivims vectors are used.

[#316] Additional promoter elements, e g., enhancers, regulate the frequency of

transcriptional inttiation. Typically, these are located 1 the region 30-110 bp upstream of the
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start site, although a number of promoters have recently been shown to contain functional
elements downstream of the start site as well. The spacing between promoter elements
frequently is flexible, so that promoter function 1s preserved when elements are mverted or
moved relative to one another. In the thymidine kinase (tk) promoter, the spacing between
promoter elements can be increased to 30 bp apart before activity begins to decline.
Depending on the promoter, it appears that individual elements can function etther

cooperatively or independently to activate transcription.

(6317} One example of a suitable promoter 1s the immediate early cytomegalovirus
(CMV) promoter sequence. This promoter sequence 1S a strong constitutive promaoter
sequence capable of driving high levels of expression of any polynucleotide sequence

operatively linked thereto.

[6318] Another example of a suttable promoter 1s Elongation Growth Factor -1 a (EF-
la). However, other constitutive promoter sequences may also be used, including, but not
limited to the simian vims 40 (SV40) early promoter, mouse mammary tumor virus (MMTV},
human immunodeficiency vims {HIV) long terminal repeat (LTR) promoter, MoMuLV
promoter, an avian leukemia vims promoter, an Epstemn-Barr vims immediate early promoter,
a Rous sarcoma vims promoter, as well as human gene promoters such as, but vot limited to,
the actin promoter, the myosin promoter, the hemoglobin promoter, and the creatine kinase
promoter. Further, the invention should not be limited to the use of constitutive promoters.
Inducible promoters are also contemplated as part of the invention. The use of an mducible
promoter provides a molecular switch capable of turning on expression of the polynucleotide
sequence which 1t 1s operatively linked when such expression is desired, or turning off the
expression when expression 15 not desired. Examples of inducible promoters melude, but are
not imited to a metallothionine promoter, a glucocorticoid promoter, a progesterone

promoter, and a tetracycline promoter.

[6319] In order to assess the expression of a CAR polypeptide or portions thereof, the
expression vector to be introduced nto a cell can also contan etther a selectable marker gene
or a repotter gene ot both to facilitate wdentification and selection of expressing cells from the

population of cells sought to be transfected or infected through viral vectors. In other aspects,
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the selectable marker may be carned on a separate piece of DNA and used in a co-transfection

procedure.

[6326] Both selectable markers and reporter genes may be flanked with appropriate
regulatory sequences to enable expression in the host cells. Useful selectable markers include,
for example, antibiotic-resistance genes, such as neo and the like Reporter genes are used for
identifying potentially transfected cells and for evaluating the functionality of regulatory
sequences. In general, a reporter gene is a gene that is not present in or expressed by the
recipient organism or tissue and that encodes a polypeptide whose expression is manifested by
some easily detectable property, e.g., enzymatic activity. Expression of the reporter gene is
assaved at a suitable time after the DNA has been introduced into the recipient cells. Suitable
reporter genes may include genes encoding huciferase, beta-galactosidase, chioramphenicol
acetyl transferase, secreted alkaline phosphatase, or the green fluorescent protein gene {e.g.,
Ui-Tei et al, 2000 FEBS Letters 479: 79-82). Suitable expression systems are well known and
may be prepared using known techruques or obtained commercially. In general, the construct
with the mumal §' flanking region showing the highest level of expression of reporter gene 18
identified as the promoter. Such promoter regions may be linked to a reporter gene and used

to evaluate agents for the ability 1o modulate promoter- driven transcription.

[6321] Methods of ntroducing and expressing genes wnto a cell are known in the art,
In the context of an expression vector, the vector can be readidy introduced 10to a host cell,
e.g., mamumalian, bacterial, yeast, or insect cell by any method in the art. For example, the
expression vector can be transferred 1nto a host cell by physical, chemical, or biological
means. Physical methods for introducing a polynucleotide 1nto a host cell mclude calcum
phosphate precipitation, lipofection, particle bombardment, micromnjection, electroporation,
and the ke Methods for producing cells comprising vectors and/or exogenous nucleic acids
are well-known in the art. See, for example, Sambrook et al (2001, Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory, New York). A preferred method for the

witroduction of a polynucleotide mnto a host cell 15 calcium phosphate transfection.

[6322] Biological methods for introducing a polynucleotide of interest into a host cell
include the use of DNA and RNA vectors. Viral vectors, and especially retroviral vectors,

have become the most widely used method for mserting genes mto mammalian, ¢.g., human
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cells. Other viral vectors can be derived from lentivirus, poxviruses, herpes simplex vims 1,
adenoviruses and adenc-associated viruses, and the like. See, for example, U.8. Pat. Nos.
5,350,674 and 5,585,362, Chemical means for introducing a polynuclestide into a host cell
include colloidal dispersion systems, such as macromolecule complexes, nanocapsules,
microspheres, beads, and lipid-based systems including oil-in-water emulsions, micelles,

mixed micelles, and iposomes.

(3323} An exemplary colloidal system for use as a delivery vehicle m vitro and in
vive s a liposome {e.g., an artificial membrane vesicle). In the case where a non-viral
delivery system 1s utilized, an exemplary delivery vehicle is a nanoparticle, e.g., a liposome or
other suitable sub-micron sized delivery system. The use of liptd formulations 15 contemplated
tor the mntroduction of the nucleic acids nto a host cell (in vitro, ex vivo or 1 vive). In
another aspect, the nucleic acid may be associated with a lipid. The nucleic acid associated
with a lipid may be encapsulated in the aqueous interior of a liposome, interspersed within the
hipid bilayer of a liposome, attached 1o a liposome via a linking molecule that ts associated
with both the hiposome and the ohigonucleotide, entrapped in a liposome, complexed with a
hiposorae, dispersed 1n a solution containing a hipid, mixed with a ipid, combined with a lipad,
contained as a suspension i a hpid, contained or complexed with a micelle, or otherwise
associated with a hpud. Lipid, bpid/DNA or ipid/expression vector associated compositions
are not limited to any particular structure tn solution. For example, they may be present in a
bilayver structure, as micelles, or with a “collapsed” struciure. They may alse simply be
interspersed in a solution, possibly formuing aggregates that are not umform 1o size or shape.
Lipds are fatty substances which may be naturally occurring or synthetic lipids. For example,
bipids include the fatty droplets that naturally occur i the cyioplasm as well as the class of
compounds which contain long-cham aliphatic hydrocarbons and thewr denivatives, such as

fatty acids, alcohols, amines, amino alcohols, and aldehydes.

[6324] Lipids suitable for use can be obtained from commercial sources. For example,
dimyristyl phosphatidyicholing ("DMPC”) can be obtained from Sigma, St. Louis, MG,
dicetyl phosphate ("DCP”) can be obtained from K & K Laboratories (Plainview, NY);
cholesterol (“Chor} can be obtamned from Calbiochem-Behring; dimyristyl

phosphatidviglycerol ("DMPG™) and other lipids may be obtained from Avanti Polar Lapids,

Inc. (Birmingham, AL). Stock solutions of fipids 1n chloreform or chloroform/methancl can
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be stored at about -20°C. Chloroform is used as the only solvent since 1t 1s more readily
evaporated than methano! “Liposome” is a generic term encompassing a variety of single and
multilamellar lipid vehicles formed by the generation of enclosed lipid bilayers or aggregates.
Liposomes can be characterized as having vesicular structures with a phospholipid bilayer
membrane and an inner aqueous medium. Multilamellar liposomes have multiple lijid layers
separated by agueous medium. They form spontaneously when phospholipids are suspended
in an excess of agueous solution. The lipid components undergo self-rearrangement before the
formation of closed structures and entrap water and dissolved solutes between the lipid

bilayers (Ghosh et a, 1991 Glycobiology 5. S05-10).

[6325] However, compositions that have different structures in solution than the
normal vesicular structure are also encompassed. For example, the lipids may assume a
micellar structure or merely exist as nonuniform aggregates of hipid molecules. Also
contemplated are hipofectaminenucleic acid complexes. Regardless of the method used to
mtroduce exogenous nucleic acids mto a host cell or otherwise expose a cell to the mhubitor of
the present invention, n order to confirm the presence of the recombinant DNA sequence in
the host cell, a vaniety of assays may be performed. Such assays nclude, for exanple,
“molecular biclogical” assays well known to those of skill in the art, such as Southern and
Northern blotting, RT-PCR and PCR; “biochemucal” assays, such as detecting the presence or
absence of a particular peptide, e.g., by immunological means (ELISAs and Western blots) or

by assays described herein to wdentify agents falling within the scope of the mvention.

[B8326] The present invention further provides a vector comprising a CAR encoding
nucleic acid molecule. In one aspect, a CAR vector can be directly transduced mto a cell, e.g.,
a T cell. In one aspect, the vector 18 a cloning or expression vector, ¢.g., a vector including,
but not hmuted to, one or more plasmids fe.g., expression plasmids, cloming vectors,
municircles, minivectors, double minute chromosomes), retroviral and lentiviral vector
constructs. In one aspect, the vector s capable of expressing the CAR construct in

mammalian T cells. In one aspect, the mammahian T cell 1s 2 human T cell.

(6327} In some aspects, non-viral methods can be used to deliver a nucleic acid
encoding a CAR described herein into a cell or tissue or a subject. In some embodiments, the

non-viral method includes the use of a transposon (also called a transposable element). In
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some embodiments, a transposon is a piece of DNA that can msert itself at a location in a
genome, for example, a piece of DNA that 1s capable of seif-replicating and inserting its copy
into a genome, or a piece of DNA that can be sphiced out of a longer nucleic acid and inserted

into another place in a genome.

[6328] Additional and exemplary transposons and non-viral delivery methods are
described on pages196-198 of International Apphication WO 2016/164731, filed April 8,
2016, which 1s incorporated by reference m its entirety.

Sources of T cells
[6329] Prior to expansion and genetic modification, e.g., to express a CAR described
heren, a source of cells, e g, T cell or NK cells, can be obtained from a subject. The term
“subject” 1s ntended to include hiving organisms in which an immune response can be elicited
{e.g., mammals} Examples of subjects include humans, dogs, cats, mice, rats, and transgenic

species thereof

[6330] In embediments, immune effector cells {e g, a population of immune effector
celis), e.g., T cells, are dertved from (e.g., differentiated from} a stem cell, e.g., an embryonic
stem cell or a pluripotent stem cell, e g., an induced pluripotent stem cell (iIPSC). In
embodiments, the cells are autologous or allogeneic. In embodiments wherein the cells are
allogeneic, the cells, e g, derived from stem cells (e.g, 1iPSCs), are modified to reduce their
alloreactivity. For example, the cells can be modified to reduce alloreactivity, e.g., by
modifying (e.g., disrupting) their T cell receptor. In embodiments, a stte specific nuclease can
be used to distupt the T cell receptor, e.g., after T-cell differentiation. In other examples, cells,
e.g., T cells dertved from 1PSCs, can be generated from virus-specific T cells, which are less
Likely to cause graft-versus-host disease because of their recognition of a pathogen-derived
antigen. Tu yet other examples, alloreactivity can be reduced, e g., minumized, by generating
1PSCs from common HLA haplotypes such that they are histocompatible with matched,

unrelated recipient subjects.

[6331] Tn yet other examples, alloreactivity can be reduced, e.g., minimized, by
repressing HLA expression through genetic modification. For example, T cells derived from
1PSCs can be processed as described i, e.g, Themeh et al. Nat. Biotechnol. 31.10(2013):928-

35, mncorporated herein by reference. In some examples, immune effector cells, e g, T cells,
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derived from stem cells, can be processed/generated using methods described in

WO2014/165707, incorporated herein by reference.

16332} T cells can be obtained from a number of sources, including peripheral blood
mononuclear cells, bone marrow, lymph node tissue, cord blood, thymus tissue, tissue froma
site of infection, ascites, pleural effusion, spleen tissue, and tumors. In certain aspects of the
present disclosure, any number of T cell lines available in the art, may be used. In certain
aspects of the present disclosure, T cells can be obtained from a unit of blood collected from a
subject using any number of techniques known to the skilled artisan, such as Ficoli™
separation. In one preferred aspect, cells from the circulating blood of an individual are
obtamned by apheresis. The apheresis product typically contains lymphocytes, including T
cells, monocytes, granulocytes, B cells, other nucleated white blood cells, red blood cells, and
platelets. In one aspect, the cells collected by apheresis may be washed to remove the plasma
fraction and to place the cells in an appropriate buffer or media for subsequent processing
steps. In one aspect of the invention, the cells are washed with phosphate buffered saline
(PBS). In an alternative aspect, the wash solution lacks calcium and may lack magnesium or

may lack many if not all divalent cations.

[3333] frutial activation steps 1 the absence of calcium can lead to magnified
activation. As those of ordinary skill in the art would readily appreciate a washing step may
be accomplished by methods known to those in the art, such as by using a semi-automated
“flow-through” centrifuge (for example, the Cobe 2991 cell processor, the Baxter CytoMate,
or the Haemonetics Cell Saver 5) according to the manufacturer’s mstructions. After washing,
the cells may be resuspended in a variety of biscompatible baffers, such as, for example, Ca-
free, Mg-free PBS, Plasmalyte A, or other saline solution with or without buffer.
Alternatively, the undesirable components of the apheresis sample may be removed and the
cells directly resuspended 1o culture media.

[6334] It 1s recogmized that the methods of the application can atihize cultare media
conditions comprising 3% or less, for example 2%, human AB serum, and employ known
culture media conditions and compositions, for example those deseribed in Smith et al., “BEx

vivo expansion of human T cells for adoptive immumotherapy using the novel Xeno-free TS
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Immune Cell Serum Replacement” Clinical & Translational Immunology {2015) 4, €31;

dot10.1038/c11.2014.31.

[8335] In one aspect, T cells are 1solated from peripheral blood lymphocytes by lysing
the red blood cells and depleting the monocytes, for example, by centrifugation through a
PERCOLL™ gradient or by counterflow cenirifugal elutriation. A specific subpopulation of T
cells, such as CD3+, CD28&+, CD4+, CD&+ CD4SRA+, and CD45RO+T cells, can be further
isolated by positive or negative selection techniques. For example, in one aspect, T cells are
isolated by incubation with anti-CD3/anti-CD28 {e g, 3x28})-conjugated beads, such as
DYNABEADS® M-450 CD3/CD28 T, for a ime pertod sufficient for positive selection of
the desired T cells. In one aspect, the time period 1s about 30 minutes. In a further aspect, the
time period ranges from 30 nunutes to 36 hours or longer and all integer values there between.
In a further aspect, the time period s at least 1, 2, 3, 4, 5, or 6 hours. In yet another preferred
aspect, the time period is 10 to 24 hours. In one aspect, the incubation time period is 24 hours.
Longer imncubation times may be used to 1solate T cells in any situation where there are few T
cells as compared to other cell types, such in isolating tumor mfilirating lymphocytes (TIL)
from tumor tissue or from immunocompronused individuals. Further, use of longer mcubation
times can merease the efficiency of capture of CD8&+ T cells. Thus, by simply shortening or
lengthening the time T cells are allowed to bind to the CD3/CD28 beads and/or by mncreasing
or decreasing the ratio of beads to T cells {as described further herein}, subpopulations of T
cells can be preferentially selected for or agamst at culture mitiation or at other time points
during the process. Additionally, by imncreasing or decreasing the ratio of anti-CD3 and/or
anti-CD2Z8 antibodies on the beads ¢ r other surface, subpopulations of T cells can be
preferentially selected for or agamst at culture imitiation or at other desired time pomnts. The
skilled artisan would recognize that multiple rounds of selection can also be used in the
context of this 1nvention. In certain aspects, it may be desirable to perform the selection
procedure and use the “unselected” cells in the activation and expansion process.
“Unselected” cells can also be subjected to further rounds of selection.

[8336] Enrichment of a T cell population by negative selection can be accomplished
with a combination of antibodies directed to surface markers unigue to the negatively selected
cells. One method 1s cell sorting and/or selection via negative magnetic immunoadherence or

flow cytometry that uses a cocktaii of monoclonal antibodies directed to cell surface markers
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present on the cells negatively selected. For example, to enrich for CD4+ cells by negative
selection, a monoclonal antibody cocktail typically includes antibodies to T4, CD20,
CDlib, CD16, HLA-DR, and CDE. In certain aspects, it may be destrable to enrich for or
positively select for regulatory T cells which typically express CD4d+, CD25+, CD62LIN,
GITRA, and FoxP3+.

{6337} Alternatively, in certain aspects, T regulatory celis are depleted by anti-(C25
conjugated beads or other simuar method of selection. The methods described herein can
include, e g, selection of a specific subpopulation of immune effector cells, e g, T cells, that
are a T regulatory cell-depleted population, CDZ5+ depleted cells, using, e.g., a negative
selection technique, e.g., described herein. Preferably, the population of T regulatory depleted

cells contains less than 30%, 25%, 20%, 15%, 10%, 5%, 4%, 3%, 2%, 1% of CD25+ cells.

[6338] In one embodiment, T regulatory cells, e g, CD25+ T cells, are removed from
the population using an anti-CD25 antibody, or fragment thereof, or a CD25-binding higand,
fL-2. In one embodiment, the antt-CD2S antibody, or fragment thereof, or CD25-binding
ligand s conjugated to a substrate, e.g., a bead, or 1s otherwise coated on a substrate, e g, a
bead. Tn one embodiment, the anti-CD25 antibody, or fragment thereof, s conjugated to a

substrate as described heremn

[6339] Tn one embodiment, the T regulatory cells, e g, CD25+ T cells, are removed
from the population using CD25 depletion reagent from Miltenyi™. In one embodiment, the
ratio of cells to CD2S depletion reagent 1s 1e7 cells to 20 ul,, or le7 cells to 15 ul,, or 1e7 cells
to 10 ul, orle7 celisto S ok, orle7 cells t0 2.5 ul, or le7 cells to 1. 25 ull. In one
emnbodiment, e.g., for T regulatory cells, e g, CD25+ depletion, greater than 500 milhon
cells/ml 15 used. In a further aspect, a concentration of cells of 600, 700, 800, or 900 nullion
cells/ml 1s used. In one embodiment, the population of immune effector cells {0 be depleted
inchides about 6 x 109 CD25+ T cells. In other aspects, the population of immune effector
cells to be depleted include about 1 x 109 to Ix 10 10 D25+ T cell, and any miteger value in
between. In one embodiment, the resuiting population T regulatory depleted cells has 2 x
1O9T regulatory cells, eg, CD25+ cells, orless(eg, 1 x 109, S x 108, 1 x 10§, 5x 107, 1 &

107, or less CD25+ cells).
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[68340] In one embodiment, the T regulatory cells, e.g., CD25+ cells, are removed
from the population using the ChinMAC system with a depletion tubing set, such as, e.g.,
tubing 162-01. In one embodiment, the ChiniMAC system is run on a depletion setting such

as, e.g., DEPLETIONZ.1.

[6341] Without wishing to be bound by a particular theory, decreasing the level of
negative regulators of timmune cells {e.g., decreasing the number of unwanted immune celis,
e.g., TREG cells), in a subject prior to apheresis or during manufacturing of a CAR-
expressing cell product can reduce the risk of subject relapse. For example, methods of
depleting TREG cells are known in the art. Methods of decreasing TREG cells include, but
are not limited to, cyclophosphamide, anti-GITR antibody (an anti-GITR antibody described

herein), CD25-depletion, and combinations thereof.

[06342] In some embodiments, the manufacturing methods comprise reducing the
number of (e.g., depleting) TREG cells prior to manufacturing of the CAR-expressing cell.
For example, manufacturing methods comprise contacting the sample, e.g., the apheresis
sample, with an anti- GITR antibody and/or an anti-CD25 antibody {(or fragment thereof, or a
CD25-binding ligand), e.g., to deplete TREG cells prior to manufacturing of the CAR-

expressing cell {e.g., T cell, NK cell) product.

[0343] In an embodiment, a subject 1s pre-treated with one or more therapies that
reduce TREG cells prior to collection of cells for CAR-expressing cell product
manufacturing, thereby reducing the risk of subject relapse to CAR-expressing cell treatioent.
In an embodiment, methods of decreasing TREG cells include, but are not limited to,
adminisiration to the subject of one or more of cyclophosphamide, anti-GITR antibody,

{2 5-depletion, or a combination thereof. Admimistration of one or more of
cyclophosphamide, anti-GITR antibody, CD25-~ depletion, or a combination thereof, can

occur before, during or after an wtusion of the CARexpressing cell product.

[6344] In an embodiment, a subject 1s pre-treated with cyclophosphamide prior to
collection of cells for CAR-~expressing cell product mamifacturing, thereby reducing the risk
of subject relapse to CAR-expressing cell treatment. In an embodiment, a subject 1s pre-

treated with an anti-GITR antibody prior to collection of cells for CAR-expressing cell
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product manufacturing, thereby reducing the risk of subject relapse to CAR-expressing cell

freatiment.

[8345] In one embodiment, the population of cells to be removed are neither the
regulatory T cells or tumor cells, but cells that otherwise negatively affect the expansion
and/or function of CART celis, e g cells expressing CD14, CDilb, CD33, CD135, or other
markers expressed by potentially immune suppressive cells. In one embodiment, such cells
are envisioned to be removed concurrently with regulatory T cells and/or tumor cells, or

following said depletion, or in another order.

(8346} The methods described herein can mnclude more than one selection step, ez,
more than one depletion step. Enrichment of a T cell population by negative selection can be
accomplished, e.g., with a combination of antibodies directed to surface markers unique to the
negatively selected cells. One method 15 cell sorting and/or selection via negative magnetic
immunoadherence or flow cytometry that uses a cocktail of monoclonal antibodies directed to
cell surface markers present on the cells negatively selected. For example, to enrich for CD4+
cells by negative selection, a monocional anttbody cocktatl can include antibodies to CD14,

CD20, CDlib, CDlo, HLA-DR, and CD3.

(83471 The methods described herein can further include removing cells from the
population which express a tumor antigen, e.g., a tumor antigen that does not comprise CD25,
e.g., CD19, CD30, CD38, CD123, CD20, CD14 or CDlb, to thereby provide a population of
T regulatory depleted, e.g., CD25+ depleted, and tumor antigen depleted cells that are suttable
for expression of a CAR, e.g., a CAR described herein. In one embodiment, tumor antigen
expressing cells are removed simultaneously with the T regulatory, e g., CD25+ cells. For
example, an anti-CD25 antibody, or fragment thereof, and an anti-tumor antigen antibody, or
fragment thereof, can be attached to the same substrate, e.g., bead, which can be used to
remove the cells or an anti-CD23 antibody, or fragment thereof, or the anti-tumor antigen
antibody, or fragment thereof, can be attached to separate beads, a mixture of which can be
used to remove the cells. In other embodiments, the removal of T regudatory cells, e.g,,
CD25+ cells, and the removal of the tumor antigen expressing ¢ells 1s sequential, and can

cccur, e.g., 1n either order.
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[8348] Also provided are methods that include removing cells from the population
which express a check point inhibitor, e.g., a check point imhibitor described herein, e.g., one
or more of PD+ cells, FAG3+ cells, and TIM3+ celis, to thereby provide a population of T
regulatory depleted, e g, CD25+ depleted cells, and check point inhibitor depleted cells, e g,
PD1-+, FAG3+ and/or TIM3+ depleted cells. Exemplary check point inhibitors include B7-
Hi, B7-1, CD160, P1H, 2B4, PD1, TIM3, CEACAM (e.g.. CEACAM-1, CEACAM-3 and/or
CEACAM 5), LAGS3, TIGIT, CTLA-4, BTLA and LAIR! . In one embodiment, check point
inhibitor expressing cells are removed simultaneously with the T regulatory, e g, CD25+
cells. For example, an anti-CD25 antibody, or fragment thereof, and an anti-check point
inhibitor antibody, or fragment thereof, can be attached to the same bead which can be used to
remove the cells, or an anti-CD2S antibody, or fragment thereof, and the anti-check point
mtubttor antibody, or fragment there, can be attached to separate beads, a mixture of which
can be used to remove the cells. Tn other embodiments, the removal of T regulatory cells, e g,
CD25+ cells, and the removal of the check pomt inhibitor expressing cells 15 sequential, and

can oceur, e.g., in either order.

[0349] In one embodiment, a T cell population can be selected that expresses one or
more of IFN-g, TNFa, IL-17A, IL-2, 1L-3, [L-4, GM-CSF, 1L-10, IL~13, granzyoe B, and
perforin, or other appropriate molecules, e g, other cytokines. Methods for screening for cell
expression can be determuned, ¢.g., by the methods described 1n PCT Publication No.. WO

2013/126712.

[B354] For 1solation of a desired population of cells by positive or negative selection,
the concentration of cells and surface {e.g., particles such as beads) can be varied. In certamn
aspects, it may be desirable to significantly decrease the volume 1n which beads and cells are
mixed together {e.g., increase the concentration of cells), to ensure maximom contact of cells
and beads. For example, in one aspect, a concentration of 2 billion cells/mi 1s used. In one
aspect, a concentration of 1 billion cells/mi 15 used. In a further aspect, greater than 100
mllion cells/ml 15 used. In a further aspect, a concentration of cells of 10, 15, 20, 25, 30, 35,
40, 45, or 50 million cells/ml 15 used. In vet one aspect, a concentration of cells from 75, 80,
85, 90, 95, or 100 muthion cells/mli is used. In further aspects, concentrations of 125 or 150

million cells/ml can be used.

9%



WO 2022/123316 PCT/1B2021/000873

[8351] Using high concentrations can result in increased cell yield, cell activation, and
cell expansion. Further, use of high cell concentrations aliows more efficient capture of cells
that may weakly express target antigens of interest, such as {'D28-negative T cells, or from
samples where there are many tumor celis present {e.g., leukemic blood, tumor tissue, etc.).
Such populations of cells may have therapeutic value and would be desirable to obtain. For
example, using high concentration of cells allows more efficient selection of CD8+ T cells

that normally have weaker CD28 expression.

[B353] In a related aspect, 1t may be desirable to use lower concentrations of cells. By
significantly diluting the mixture of T cells and surface {e.g., particles such as beads})
interactions between the particles and cells s minimized. This selects for cells that express
high amounts of desired antigens to be bound to the particles. For example, CD4+ T cells
express higher levels of CID28 and are more efficiently captured than CD8+ T cells in dilute

concentrations.

[6353] In one aspect, the concentration of cells used 15 5 X 10e6/ml. In other aspects,
the concentration used can be from about 1X 105/mi to 1X 106/ml, and any integer value in

hetween,

[0354] In other aspects, the cells may be incubated on a rotator for varying lengths of
time at varying speeds at etther 2-10°C or at room temperature. T cells for stimulation can
also be frozen after a washing step. Wishing not to be bound by theory, the freeze and
subsequent thaw step provides a more unitorm product by removing granulocytes and 1o some
extent monocytes in the cell population. After the washing step that removes plasma and
platelets, the cells may be suspended 1 a freezing solution. While many freezing solutions
and parameters are known 1 the art and will be useful in this context, one method mvolves
using PBS contamuing 20% DMSO and &% human serom albumin, or culture media
containing 10% Dextran 40 and 5% Dextrose, 20% Human Serum Albumim and 7.5% DMSQ0,
or 31.25% Plasmalyte-A, 31.25% Dextrose 5%, 0.45% Na(l, 10% Dextran 40 and 5%
Dextrose, 20% Human Serum Albumin, and 7.5% DMSO or other suitable cell freezing
media contamning for example, Hespan and Plasmalyie A, the cells then are frozen to -80°C

at a rate of 17 per minute and stored mn the vapor phase of a liguid mitrogen storage tank. Other
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methods of controlled freezing may be used as well as uncontrolled freezing immediately at -

207 C or n liguid nitrogen.

[8355] In certain aspects, cryopreserved cells are thawed and washed as described
herein and allowed to rest for one hour at room temperature prior to activation using the

methods of the present disclosure.

[H356] Also contemplated in the context of the invention is the collection of blood
samples or apheresis product from a subject at a time period prior to when the expanded cells
as described herein might be needed. As such, the source of the cells to be expanded can be
collected at any time point necessary, and desired cells, such as T cells, isolated and frozen for
later use in T cell therapy for any number of diseases or conditions that would benefit from T

cell therapy, such as those described herein.

[6357] In one aspect a blood sample or an apheresis is taken from a generally healthy
subject. In certain aspects, a blood sample or an apheresis 15 taken from a generally healthy
subject who is at risk of developing a disease, but who has not yvet developed a disease, and
the cells of interest are 1solated and frozen for later use. In certain aspects, the T cells may be
expanded, frozen, and used at a later time. In certain aspects, samples are collected from a
patient shortly after diagnosis of a particular disease as described herein but prior to any

treatments.

[3358] In a further aspect, the cells are solated from a blood sample or an apheresis
from a subject prior to any number of relevant treatment modalities, including but not fimited
to treatment with agents such as natalizomab, efalizumab, antiviral agents, chemotherapy,
radiation, wymunosuppressive agents, such as cvclosporin, azathioprine, methotrexate,
mycophenolate, and FR506, antibodies, or other immunoablative agents such as CAMPATH,
anti-CD3 antibodies, cytoxan, fludarabine, cyclosporin, FK306, rapamycin, mycophenolic
acid, sterowds, FROC1228, and uradiation

[0359] Tn a further aspect of the present disclosure, T cells are obtained from a patient
directly following treatment that leaves the subject with functional T cells. In this regard, it
has been observed that following certain cancer treatments, m particular treatments with drugs

that damage the immune system, shortly after treatment during the period when patients
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would normally be recovering from the treatment, the quality of T cells obtained may be

optimal or improved for their ability to expand ex vivo.

[8360] Likewise, following ex vivo manipulation using the methods described heremn,
these cells may be in a preferred state for enhanced engraftment and in vive expansion. Thus,
it is contemplated within the context of the present disclosure to collect blood cells, including
T cells, dendritic cells, or other cells of the hematopoigtic lineage, during this recovery phase.
Further, in certain aspects, mobilization (for example, mobilization with GM-CSF) and
conditioning regimens can be used to create a condition in a subject wherein repopulation,
recirculation, regeneration, and/or expansion of particular cell types 1s favored, especially
during a defined window of time following therapy. lilustrative cell types include T cells, B

cells, dendritic cells, and other cells of the immune system.

[06361] In some embodiments, the T cell population 1s diaglycerol kinase (DGK)-
deficient. DGR deficient cells include cells that do not express DGK RNA or protein, or have
reduced or inhibited DGK activity. DGK-deficient cells can be generated by genetic
approaches, e.g., adnunistering RNA-interfering agents, e g, siRNA, shRNA, miRNA, to
reduce or prevent DGK expression. Alternatively, DGE-deficient cells can be generated by

treatment with DGK inhibuors deseribed herein

[0362] In one embodiment, a T cell population 1s Tkaros-deticient. Tkaros-~deficient
cells include cells that do not express Tkaros RNA or protein, or have reduced or intubited
Tkaros activity, Tkaros-deficient cells can be generated by genetic approaches, e.g.,

adnmunistering RNAnterfering agents, e.g., siRNA, shRNA, miRNA, 1o reduce or prevent

Tkaros expression.

[3363] Alternatively, Ikaros-deficient cells can be generated by treatment with Tkaros
mtubttors, e.g., lenalidomide. In embodiments, a T cell population 1s DGK-deficient and
Taros-deficient, e.g., does not express DGR and Tkaros, or has reduced or intubited DGK and
Tkaros activity. Such DGK and Tkaros-deficient cells can be generated by any of the methods
described herein. In an embodiment, the NK cells are obtained from the subject. In another

embodiment, the NK celis are an NK cell hne, e g, NK-92 cell ine (Conkwest).

Alogeneic CAR Immune Effector Cells
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[8364] In embeodiments described herein, the immune effector cell can be an
allogeneic immune effector cell, e g, T cell or NK cell. For example, the cell can be an
allogeneic T cell, e.g., an allogeneic T cell lacking expression of a functional T cell receptor

(TCR) and/or human leukocyte antigen (HLA}, e.g., HLA class { and/or HLA class 1L

[8365] AT cell lacking a functional TCR can be, e.g., engineered such that it does not
express any functional TCR on 13 surface, engineered such that it does not express one or
more subunits that comprise a functional TCR or engineered such that it produces very lhittle
functional TCR on s surface. Alternatively, the T cell can express a substantially impaired
TCR, e.g., by expression of mutated or truncated forms of one or more of the subunits of the
TCR. The term “substantially impatred TCR” means that this TCR will not elicit an adverse

imimune reaction in a host.

[8366] A T cell described herein can be, e g, engimeered such that 1t does not express
a functional HLA on tis surface. For example, a T cell described herein, can be engineered
such that cell surface expression HLA, e ¢., HLA class | and/or HLA class 11, 1s

downregulated.

[06367] In some embodiments, the T cell can lack a functional TCR and a functional
HLA eg., HLA class I and/or HLA class Hl. Modified T cells that lack expression of a
functional TCR and/or HLLA can be obtained by any suttable means, including a knock out or
koock down of one or more subunit of TCR or HLA. For example, the T cell can includea
knock down of TCR and/or HL A using siRNA, shRNA, clustered regularly interspaced short
palindromic repeats (CRISPR} transeriptionactivator hike effector nuclease (TALEN), or zinc

finger endonuclease (ZFN).

[(3368] In some embodiments, the allogeneic cell can be a cell which does not
expresses or expresses at low levels an inhibitory molecule, e.g. by any method described
herein. For example, the cell can be a cell that does not express or expresses at low levels an
mhibitory molecule, ¢ g, that can decrease the ability of a CAR-expressing cell to mount an
unmune effector response. Examples of inhibitory molecules nclude PD1, PD-L1, CTLA4,
TIM3, LAG3, VISTA, BTLA, TIGIT, LAIRI, CD160, 2B4, CD8O, D86, B7-H3 (CD276),
B7-H4 (VTCN1), HVEM (TNFRSF14 or CD270), KIR, AZaR, MHC class [, MHC class If,

GALS, and adenosine. Inhibition of an inhibitory molecule, e g, by inhibition at the DNA,
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RNA or protein level, can optimize a CAR-expressing cell performance. In embodiments, an
inhibitory nucleic acid, e g., an inhibitory nucleic acid, e.g., a dsRNA, e g, an siRNA or
shRINA, a clustered regularly interspaced short palindromic repeats (CRISPRY, a
transcription-activator like effector nuclease (TALEN), or a zinc finger endonuclease {ZFN),

e.g., as described herein, can be used.
siRNA and shRNA to inhibit TCR or HLA

[(6369] In some embodiments, TCR expression and/or HLA expression can be
inhibited using siRNA or shRNA that targets a nucleic acid encoding @ TCR and/or HLA,
and/or an inhibitory molecule (e.g., PD1, PD-L1, PD-12, CTLA4, TIM3, CEACAM (e g,
CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIR],
CD160, 2B4, CD8RO, CDEO, B7-H3 (CD276), B7-H4 (VTCN1), HVEM (TNFRSF14 or
CD270y, KIR, AZaR, MHC class I, MHC class 1T, GAL9Y, and adenosine}, macell, eg T

cell.

(8379} Expression systems for siRNA and shRNAs, and exemplary shRNAs, are
described, e.g., in paragraphs 649 and 650 of International Publication WO2015/142675, filed
March 13, 2015, which is incorporated by reference in 1ts entirety.

CRISPR to inhibit TCR or HLA
{3711 “CRISPR” or “CRISPR to TCR and/or HLA” or “CRISPR to inlubit TCR
and/or HLA” as used herein refers to a set of clustered regularly interspaced short palindromic
repeats, or a system comprising such a set of repeats. “Cas”, as used herein, refers to a

CRISPR-associated protein.

[6372] A “CRISPR/Cas” system refers to a system derived from CRISPR and Cas
which can be used to silence or mutate a TCR and/or HLA gene, and/or an inhibitory
molecule (e.g., PD, PD-L1, PD-L2, CTLA4, TIM3, CEACAM (e.g., CEACAM-1,
CBACAM-3 and/or CEACAM-3), LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4,
CD80, CD8a, B7-H3 (CD276), B7-H4 (VTUNT), HVEM (TNFRSF14 or CD2703, KIR,
AZaR, MHC class I, MHC class I, GALY, and adenosine}, ina cell, e g., T cell. The

CRISPR/Cas system, and uses thereof, are described, e.g., 10 paragraphs 651-658 of
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International Publication W(2015/142675, filed March 13, 20135, which 1s incorporated by

reference in ifs entirety.
TALEN to inhibit TCR and/or HLA

[6373] “TALEN” or “TALEN to HLA and/or TCR” or “TALEN to mhibit HLA
and/or TCR” refers to a transcription activator-like effector nuclease, an artificial nuclease
which can be used to edit the HLA and/or TCR gene, and/or an mhibitory molecule (e.g.,
PD1, PD-L1, PD-L2, CTLA4, TIM3, CEACAM {(eg., CEACAM-1, CEACAM-3 and/or
CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIRL, CD160, 2B4, CDS0, CD86, B7-H3
(CD276), B7-H4 (VTUNT), HVEM (TNFRSF14 or CD270), KIR, AZaR, MHC class I, MHC

ciass If, GALS, and adenosine), ina cell, e g, T cell

[6374] TALENSs, and uses thereof, are described, e.g., in paragraphs 659-6635 of
International Publication W20 15/142675, filed March 13, 2015, which s incorporated by
reference in ifs entirety.

Zing finger nuclease to mhibit HLA and/or TCR
[8375] “ZFN” or “Zinc Finger Nuclease” or “ZFN to HLA and/or TCR” or “ZFN to
inhibit HLA and/or TCR” refer to a zinc finger nuclease, an artificial nuciease which can be
used to edit the HLA and/or TCR gene, and/or an infubitory molecule (e.g., PD1, PD-L1, PD}-
L2, CTLA4, TIM3, CEACAM (eg., CEACAM-1, CEACAM-3 and/or CEACAM-5}, EAGS,
VISTA, BTLA, TIGIT, LAIRL, CD160, 2B4, CDS0, CD86, B7-H3 (CD276), B7-H4
(VICND), HVEM (TWNFRSF14 or CD270), KIR, AZaR, MHC class I, MHC class 1, GALS,
and adenosine}, ina cell, e.g., T cell.
[6376] ZFNs, and uses thereof, are described, e.g , in paragraphs 666-671 of
International Publication WO20 15/142675, filed March 13, 2015, which 1s incorporated by
reference in ifs entirety.

Telomerase expression

183771 While not wishing to be bound by any particular theory, in some embodiments,
a therapeutic T cell has short term persistence in a patient, due to shortened telomeres m the T
cell; accordingly, transfection with a telomerase gene can lengthen the telomeres of the T cell

and improve persisience of the T cell in the patient. See Carl June, “Adoptive T cell therapy
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for cancer in the clinic”, Journal of Clinical Investigation, 117:1466-1476 (2007). Thus, in an
embodiment, an immune effector cell, e g, a T cell, ectopically expresses a telomerase

TERT, eg., hTERT. In some aspects,

S =1k

subumit, e.g., the catalytic subunit of telomerase, e g,
this disclosure provides a method of producing a CAR-expressing cell, comprising contacting
a cell with a nucleic acid encoding a telomerase subunit, e.g., the catalytic subunit of

telomerase, eg., TERT, e.g., hTERT. The cell may be contacted with the nucleic acid before,

simuitaneous with, or after being contacted with a construct encoding a CAR.

[6378] In one aspect, the disclosure features a method of making a population of
immune effector cells (e.g, T celis, NK cells). In an embodiment, the method comprises:
providing a population of immune effector cells (e.g., T cells or NK cells), contacting the
population of immune effector cells with a nucleic acid encoding a CAR; and contacting the
population of immune effector cells with a nucleic acid encoding a telomerase subunit, e g,

hTERT, under conditions that allow for CAR and telomerase expression.

[6379] In an embodiment, the nucleic acid encoding the telomerase subunit 15 DNA.
In an embodiment, the nucleic acid encoding the telomerase subunit comprises a promoter
capable of driving expression of the telomerase subunit AACS 1724 1 (Meyerson et ah,
“hBEST2, the Putative Human Telomerase Catalvtic Subunit Gene, Is Up-Regulated i Tumor

Cells and during Immortalization” Cell Volume 90, Issue 4, 22 August 1997, Pages 785-795).
& > > ol o

Methods of Treatment

[6384] The present ivention relates rmethods of treatment comprising administering
an anti-GCC antigen binding molecule to a subject. In some embodiments, anti-GCC CARs
and antigen binding molecules disclosed berein can be used in methods of treating or
preventing a disease 1n a mammal. To this regard, an embodiment provides a method of
treating of preventing cancer i a mammal, comprising administering to the manuunal the
CARs, the nucleic acids, the recombinant expression vectors, the host cells, the population of
cells, the antibodies and/or the antigen binding portions thereof, and/or the pharmaceutical
compositions in an amount effective to treat or prevent cancer in the mammal. The invention
also relates to an anti-GCC antigen binding molecule as described herein {e.g. a sdAb or

CAR) for use m the treatment of a disease. The mvention also relates to an anti-GCC antigen
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binding molecule as described herein {e.g. a sdAb or CAR) for use in the treatment of cancer.
The invention also relates to an anti-GCC antigen binding molecule as described herein {(e.g. a

sdAb or CAR) for use in the manutacture of a medicament for the treatment of cancer.

[6381] The administration of the compositions described herein may be carried out in
any convenient manner, including by aerosol inhalation, injection, ingestion, transfusion,
implantation or transplantation. The compositions described herein may be admunistered to a
patient transarterially, subcutaneously, intradermally, intratumorally, intranodally,
intramedullary, intramuscularly, by intravenous (1.v.} injection, or intraperitoneally. In one
embodiment, the compositions described herein, e g., comprising a C AR-expressing cell, are
administered to a patient by intradermal or subcutaneous injection. In one embodiment, the
the compositions described herein, e.g., comprising a CAR-expressing cell, are administered
by tv. injection. The compositions described herein, e g, comprising a CAR-expressing cell,

may be mjected directly into a tumor, lymph node, or site of infection.

[6382] It can generally be stated that a pharmaceutical composition comprising the
immune effector cells described herein may be administered at a dosage of 104 to 109 cells/kg
body weight, in some 1ostances 105 1o 106 cells/kg body weight, including all mteger values
within those ranges. The immune effector cell compositions may also be administered
multiple tumes at these dosages. The cells can be administered by using infusion technigues
that are coromonly known i immunotherapy {(see, e.g., Rosenberg et al,, New Eng. J . of

Med. 319:1676, 1988).

[3383] In certan aspects, it may be desvred to adnurnister activated ynmune effector
cells to a subject and then subsequently redraw blood {or have an apheresis performed),
activate the cells therefrom according to the present imnvention, and reinfuse the patient with
these activated and expanded cells. This process can be carried out multiple times every few
weeks. In certain aspects, the cells can be activated from blood draws of from 10c¢ to 400¢c.
In certain aspects, the cells are activated from blood draws of 20cc, 30ce, 40¢c, 50cc, 60cc,

T0cce, 80¢e, SGce, or 100ce.

[6384] In some embodiments, the anti-GCC CAR 15 expressed on donor cells. In some
embodiments the donor T celis for use tn the T cell therapy are obtained from a patient {e.g.,

for an autologous T cell therapy ). In other embodiments, the donor T cells for use in the T cell
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therapy are obtained from a subject that is not the patient (e.g., an allogeneic T cell therapy).
The CAR+ T cells may be admunistered at a therapeutically effective amount. For example, a
therapeutically effective amount of the T cells may be at least about 10* cells, at least about
107 cells, at least about 10° cells, at least about 10V cells, at least about 10% cells, at least about

10°, or at least about 10/7.

[H385] In some embodiments, the therapeutically effective amount of the T cells 15
about 10* cells, about 107 cells, about 10° cells, about 107 cells, or about 10° cells. In some
embodiments, the therapeutically effective amount of the CAR T cells s about 2 X

10° cells/kg, about 3 X 10° cells/kg, about 4 X 10° cells/kg, about 5 X 10° cells/kg, about 6 X
10° celis/kg, about 7 X 10° celis/kg, about § X 10° cells/ke, about 9 X 10° cells/kg, about 1 X
107 cells/kg, about 2 X 107 cells/kg, about 3 X 107 cells/kg, about 4 X 107 cells/kg, about 5 X
107 cells/kg, about 6 X 107 cells/kg, about 7 X 107 cells/kg, about & X 107 cells/kg, or about 9
X 107 cells/ke. In some embodiments, the therapeutically effective amount of the CAR-
positive viable T cells is between about 1 X 10° and about 2 X 10° CAR-positive viable T

cells per kg body weight up to a maximurn dose of about 1 x 10° CAR-positive viable T cells.

[6386] In some embodiments, the therapeutically effective amount of the CAR-
positive viable T cells ts between about 0.25 X 10%and 2 X 10° In some embodiments, the
therapeutically effective amount of the CAR-positive viable T cells 15 about 0.25 x 10°, 0.3 x
10% 0.4 x 10° about 0.5 x 10° about 0.6 x 10° about 0.7 x 10°, about 0.8 x 10% about 0.9 x
10° about 1.0 x 10°, about 1.1 x 10° about 1.2 x 10° about 1.3 x 10%, about | 4 x 10°, about
1.5 % 10° about 1.6 x 10°% about 1.7 x 10%, about 1.8 x 10°, about 1.9 x 1¢°, or about 2.0 x 10°

CAR-positive viable T cells.

33871 In some embodiments, the therapeutically effective amount of the CAR-
positive viable T cells is between about 0.4 x 10% and about 2 x 10° CAR-positive viable T
cells. In some embodiments, the therapeutically effective amount of the CAR-positive viable
T cells is about 0.4 x 10%, about 0.5 x 10%, about 0.6 x 10%, about 0.7 x 10%, about 0.8 x 108,
about 0.9 x 10% about 1.0 x 10%, about 1.1 x 10%, about 1.2 x 10%, about 1.3 x 10%, about 1 4 x
10% about 1.5 x 10, about 1.6 x 108, about 1.7 x 108, about 1.8 x 10%, about 1.9 x 10%, or

about 2.0 x 10* CAR-positive viable T cells.
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[8388] In some embodiments, a dose of CAR-expressing cells {e g., CAR-expressing
cells described herein, eg, GUC CAR-expressing cells described herein) comprises about 1 x
106 celis/m2 to about T x 109 cells/mZ, e.g., about 1 x 107 cells/m2 to about 5 x 108 cells/m2,
e.g., about 1.5 x 107 cells/m2, about 2 x 107 cells/m2, about 4.5 x 107 cells/m2, about 108

cells/m2, about 1.2 x 108 cells/m2, or about 2 x 108 cells/m2.

[H389] The disclosure includes (among other things) a type of cellular therapy where
T cells are genetically modified to express a chimeric antigen receptor {CAR) and the CAR T
cell 1s infused to a recipient in need thereof. The infused cell 1s able to kill tumor cells in the
recipient. Unlike antihody therapies, CAR-modified T cells are able to replicate in vivo
resulting in long-term persistence that can lead to sustained tumor control. In various aspects,
the T cells admunistered to the patient, persist in the patient for at feast four months, five
months, six months, seven months, eight months, nine months, ten months, eleven months,
twelve months, thirteen months, fourteen month, fifteen months, sixieen months, seventeen
months, eighteen months, nineteen months, twenty months, twenty-one months, twenty-two
months, twenty-three months, two vears, three years, four vears, or five years after

adminsiration of the T cell to the patient.

[3394] In some embodiments, the GCC CAR-expressing cells are adrministered in a
plurality of doses, e g, a first dose, a second dose, and optionally a thurd dose. In
embodiments, the method comprises treating a subject (e.g., an adult subject) having a cancer
{e.g., colorectal cancer), comprising admnistering to the subject a first dose, a second dose,
and optionally one or more additional doses, each dose comprising ynmume effector cells
expressing a CAR molecule, eg., an GCC CAR molecule, e g, a CAR molecule provided m
Table 7.

[6391] In ernbodiments, the method comprises administering a dose of 2-5x10° viable
{ ARexpressing cells/kg, wherem the subject has a body mass of less than S0 kg; or
administering a dose of 1.0 -2.5 x10% viable CAR-expressing cells, wherein the subject has a
body mass of at least 50 kg,

[6392] In embodiments, a single dose 1s admimstered to the subject, e.g., a pediatnic or

an adult subject.
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[6393] In embodiments, the doses are administered on sequential days, e.g., the first
dose 1s administered on day 1, the second dose 1s administered on day 2, and the optional third

dose (if administered) 1s administered on day 3.
[6394] In embodiments, a fourth, fifth, or sixth dose, or more doses, are administered.

[8395] In embodiments, the first dose comprises about 10% of the total dose, the
second dose comprises about 30% of the total dose, and the third dose comprises about 60%
of the total dose, wherein the aforementioned percentages have a sum of 100%. In
embodiments, the first dose comprises about 9-11%, 8-12%, 7-13%, or 5-15% of the total
dose. In embodiments, the second dose comprises about 29-31%, 28-32%, 27-33%, 26-34%,
25-35%, 24-36%, 23-37%, 22-38%, 21-39%, or 20-40% of the total dose. In embodiments,
the third dose comprises about 55-65%, 50-70%, 45-75%, or 40-80% of the total dose. In
embodiments, the total dose refers to the total number of viable CAR-expressing cells
administered over the course of | week, 2 weeks, 3 weeks, or 4 weeks. In some embodiments
wherein two doses are administered, the total dose refers to the sum of the number of viable
CAR-expressing cells administered to the subject in the first and second doses. In some
embodiments wherein three doses are admunstered, the total dose refers to the sum of the
number of viable CAR-expressing cells admmistered to the subject in the first, second, and

third doses.

[3396] In embodiments, the dose 13 measured according to the number of viable CAR-
expressing cells therein. CAR expression can be measured, e.g., by tlow cytometry using an
antibody molecule that binds the CAR molecule and a detectable label Viability can be

measured, e.g., by Cellometer.

[3397] The invention also includes a type of cellular therapy where immune effector
cells, e.g., NK cells or T cells are modified, e g, by i vitro transcribed RNA, to transiently
express a chimeric antigen receptor {CAR) and the CAR-expressing {e.g., CART) cell 13
mfused to a recipient in need thereof. The mfused cell 1s able to kil cancer cells in the
recipient. Thus, m various aspects, the CAR-expressing cells, e.g., T cells, adoumistered to the
patient, 1s present for less than one month, e.g., three weeks, two weeks, one week, after

admumstration of the CAR expressing cell, e.g., T cell, to the patient.
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[6398] Without wishing to be bound by any particular theory, the anti-cancer
immunity response elicited by the CAR-modified T cells may be an active or a passive
immune response, or alternatively may be due to a direct vs indirect immune response. In one
aspect, the CAR (e.g., GCC -CAR) transduced T cells exhibit specific promflammatory
cytokine secretion and potent cytolytic activity in response to human cancer cells expressing
the target antigen {e g., GCC), resist soluble target antigen inhibition, mediate bystander
killing and mediate regression of an established human cancer. For example, antigen-less
cancer cells within a heterogenecus field of target antigen-expressing cancer may be
susceptible to indirect destruction by target antigen-redirected T cells that has previously

reacted against adjacent antigen-positive cancer cells.

33949 In one aspect, the disclosure features a method of treating cancer in a subject.
The method comprises administering to the subject a therapy that includes administering a
CAR-expressing cell (e g, GCC CAR-expressing cell} such that the cancer s treated in the
subject. In one embodiment, the therapy of a CAR-expressing cell {e.g, GCC CAR-
expressing cell) described herem results in one or more oft improved or increased anti-tumor
activity of the CAR-expressing cell {e g, GCC CAR-expressing cell}; ncreased prohiferation
ot persisience of the CAR-expressing cell; improved or increased nfiliration of the CAR-
expressing cell; improved inlubition of tumor progression; delay of tumor progression;
inhibition or reduction in cancer cell proliferation; and/or reduction m tumor burden, e g,
tumor volume, or size. In one embodiment, the therapy results in mereased persistence of the
{CAR-expressing cell and/or increased persistence of the CAR-expressing cell and a lower,

e.g., reduced, risk of relapse.

[B400] The present mvention provides methods for inhibiting the proliferation of or
reducing an antigen-expressing {e.g., GCC ~expressing) cell population. In one embodiment,
the methods comprise administering a CAR therapy {e.g., a population of CAR expressing
cells}. In certain embodiments, the therapy described herein reduces the quantity, number,
amount or percentage of cells and/or cancer cells by at least at least 5% , 10%, at least 15%, at
least 209, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%%, at least 85%, at
least 90%, at least 95%, or at least 99% in a subject with or animal model of an antigen (e g,

GCC) or another cancer associated with antigen-expressing {e.g. GUC -expressing} cells
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relative to the quantity, number, amount, or percentage of cells and/or cancer cells in a subject
treated with a different cancer therapy. In one embodiment, the subject 13 a mammal. In some

embdiments, the subject 1s a human.

[(401] The invention also provides methods for preventing, treating and/or managing
a disorder, e.g., a disorder associated with antigen-expressing cells (e.g., GCC -expressing

celis) {e.g

&0

a cancer described herein), the methods comprising adminmstering {o a subject in
need a CAR expressing cell (e.g., GCC CAR-expressing cell, a population of CAR-expressing

cells). In one aspect, the subject is a human.

8402} In one aspect, the invention pertains to a method of inhubiting growth of a
cancer cell, {e.g , an antigen-expressing, e.g., GCC -expressing, cancer cell), comprising
contacting the cancer cell with a CAR-expressing {(e.g., GUC CAR expressing) cell, e g, an
GCC CART cell, described herein, such that the CART ts activated i response to the antigen

and targets the cancer cell, wherein the growth of the cancer 15 inhibited.

[3403] The present disclosure also provides methods for preventing, treating and/or
managing a disease, e g., a disease associated with antigen-expressing {e.g., GCC -expressing)
cells {e.g., a cancer expressing the antigen, e.g., GCC), the methods comprising administering
to a subject in need an CAR-expressing {e.g., GCC CAR-expressing} cell that binds to the

antigen-expressing cell. In some embodimenbts, the subject is a buman.

[8404] The present disclosure also provides methods for preventing, treating and/or
managing a disease associated with antigen~-expressing {e.g., GCC -expressing) cells, the
methods comprising adnumstering to a subject in need a CART cell {e.g, an anti- GCC
CART cell) of the invention that binds to the antigen-expressing {e.g., GCC -expressing) cell.

In one aspect, the subject i3 a human,

[0405] The present disclosure also provides methods for preventing relapse of cancer,
e.g.,associated with antigen~-expressing {e.g., GCC -expressing) cells, the methods comprising
admunistering to a subject i need thereot a CART cell {e.g., an anti-GCC CART cell) of the
mvention that binds to the antigen~-expressing (e.g., GCC -expressing) cell. In one aspect, the
methods comprise administering to the subject in need thereof an effective amount of a CART
cell {e.g., an anti- GCC CART cell} described herein that binds to the antigen expressing {(e.g.,

GCC -expressing} cell in combmation with an effective amount of another therapy.
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[8406] An embodiment further comprises lymphodepleting the mammal prior to
admimstering the CARs disclosed heremn. Examples of lymphodepletion include, but may not
be limited to, nonmyeloablative lvmphodepleting chemotherapy, myeloablative

fymphodepleting chemotherapy, total body trradiation, ete.

{6487} In a particular exemplary aspect, subjects may undergo leukapheresis, wherein
feukocytes are collected, enriched, or depleted ex vive to select and/or isolate the cells of
interest, e.g., T cells. These T cell 1solates may be expanded by methods known 1n the art and
treated such that one or more CAR constructs of the invention may be mtroduced, thereby
creating a CAR T cell of the invention. Subjects in need thereof may subsequently undergo
standard treatment with high dose chemotherapy followed by peripheral blood stem cell
transplantation. In certain aspects, following or concurrent with the transplant, subjects
receive an infusion of the expanded CAR expressing celis of the present invention. In an

additional aspect, expanded cells are administered before or following surgery.

[3408] For purposes of the methods, wherein host cells or populations of celis are
administered, the cells can be cells that are aliogeneic or autologous to the mammal.
Preferably, the cells are autologous to the mammal As used herein, allogeneic means any
material derived from a different anumal of the same species as the individual to whom the
material 15 mtroduced. Two or more individuals are said to be allogeneic to one another when
the genes at one or more loct are not wentical. Tn some aspects, allogeneic maternial from
individuals of the same species may be sufficiently unlike genetically to mteract antigenically.
As used herein, “autologous” means any matenal derived from the same individual to whom

it 18 later to be re-ntroduced inio the mdividual

[8409] The mammal referred to herein can be any mammal As used heremn, the term
“mammal” refers to any mammal, ncluding, but not hnuted to, mammals of the order
Rodentia, such as mice and hamsters, and mammals of the order Logomorpha, such as rabbits.
The mammals may be from the order Carnivora, mcluding Felines (cats) and Canines {dogs}.
The mammals may be from the order Arttodactyla, meluding Bovines (cows) and Swines
{pigs} or of the order Perssodactyla, ncluding Equines {(horses). The mammals may be of the
order Primates, Ceboids, or Simotds (monkeys} or of the order Anthropoids (homans and

apes). In some embodiments, the mammal 15 a human

113



WO 2022/123316 PCT/1B2021/000873

[6419] With respect to the methods, the cancer can be any cancer, including any of
acute lymphocytic cancer, acute myelowd leukemia, alveolar rhabdomyosarcoma, bladder
cancer {e.g., bladder carcinoma), bone cancer, brain cancer {e.g., meduloblastoma}, breast
cancer, cancer of the anus, anal canal, or anorectum, cancer of the eye, cancer of the
intrahepatic bile duct, cancer of the joints, cancer of the neck, galibladder, or pleura, cancer of
the nose, nasal cavity, or middle ear, cancer of the oral cavity, cancer of the vulva, chronic
lymphocytic leukemia, chronic myeloid cancer, colon cancer, esophageal cancer, cervical
cancer, fibrosarcoma, gastrointestinal carcinoid tumor, head and neck cancer (e g, head and
neck squamous cell carcinoma), Hodgkin lymphoma, hypopharynx cancer, kidney cancer,
larynx cancer, leukenua, hiquid tumors, liver cancer, lung cancer {e.g, non-small cell lung
carcinoma and lung adenocarcinoma), lymphoma, mesothelioma, mastocytoma, melanoma,
multiple myeloma, nasopharyox cancer, non-Hodgkmn lymphoma, B-chronic lymphocytic
leukemia, hairy cell leukenua, acute lymphoceytic leukerma ( ALL), and Burkitt's lymphoma,
Qvarian cancer, pancreatic cancer, peritoneum, omentum, and mesentery cancer, pharynx
cancer, prostate cancer, rectal cavncer, renal cancer, skin cancer, small intestine cancer, soft
fissue cancer, solid tumors, synovial sarcoma, gastric cancer, testicular cancer, thyroid cancer,

and ureter cancer.

[6411] In certain ernbodiments, the cancer 13 a gastrointestinal cancer. Tn some
embodiments, the cancer 1s gastric cancer. In some embodimenis, the cancer 1s colorectal
cancer. In some embodiments, the cancer is colon cancer. In some embodiments, the cancer

has abnormal expression of GCC.

[6412] The terms “treat,” and “prevent” as well as words stemmung therefrom, as used
heremn, do not necessarly imply 100% or complete treatment or prevention. Rather, there are
varying degrees of treatment or preveniion of which one of ordimary skill in the art recognizes
as having a potential benefit or therapeutic effect. In this respect, the methods can provide any
amount or any level of treatment or prevention of cancer in a mammal.

[B413] Furthermore, the treatment or prevention provided by the method can include
treatment or prevention of one or more conditions or symptoms of the disease, e.g., cancer,
being treated or prevented. Also, for purposes herein, “prevention” can encompass delaying

the onset of the disease, or a symptom or condition thereof.
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[8414] Another embodiment provides a method of detecting the presence of cancer in
a mammal, comprising: (2} contacting a sample comprising one or more cells from the
mammal with the CARs, the nucleic acids, the recombinant expression vectors, the host cells,
the population of cells, the antibodies, and/or the antigen binding portions thereof, or the
pharmaceutical compositions, thereby forming a complex, {b) and detecting the complex,
wherein detection of the complex 1s indicative of the presence of cancer in the mammal. In
some embodiments, the contacting can take place 1in vitro or in vivo with respect to the

mammal. In some embodiments, the contacting is #n vitro.
041 5]

[6416] The sample may be obtained by any suitable method, e g., biopsy or necropsy.
A biopsy 18 the removal of tissue and/or cells from an mndividual. Such removal may be to
collect tissue and/or cells from the individual in order to perform experimentation on the
removed tissue and/or celis. This experimentation may include experiments to deternune if
the individual has and/or 1s suffering from a certain condition or disease-state. The condition

or disease may be, e g., cancer.

(0417} With respect to an embodiment of the method of detecting the presence of a
proliferative disorder, e g, cancer, in a mammal, the sample comprising cells of the mammal
can he a sample corprising whole cells, lysates thereof, or a fraction of the whole cell lysates,
e.g., a nuclear or cytoplasmic fraction, a whole protem fraction, or a nucleic acid fraction. If
the sample comprises whole cells, the cells can be any cells of the manunal, e.g., the cells of

any organ or tissue, including blood cells or endothehial cells.

[0418] Also, detection of the complex can occur through any number of ways known
in the art. For mstance, the CARs disclosed herem, polypeptides, proteins, nucleic acids,
recombinant expression vectors, host cells, populations of cells, or antibodies, or antigen
binding portions thereof, described herein, can be labeled with a detectable label such as, for
mstance, a radigisotope, a fluorophore (e g., fluorescein sothiocyanate (FITC), phycoerythrin
(PE)), an enzyme {e.g., alkaline phosphatase, horseradish peroxidase}, and element particles

{e.g., gold particles) as disclosed supra.

[B419] Methods of testing a CAR for the abulity to recogmze target cells and for

antizen specificity are known in the art. For instance, Clav et al., J. Immunol, 163: 507-513
gen sp Y ) 3 ; )
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(1999), teaches methods of measuring the release of cytokines (e g, mterferon-y,
granulocyte/monocyte colony stimulating factor (GM-CSF), tumor necrosis factor a {TNF-a)
or mterleukin 2 (IL-2)}. In addition, CAR function can be evaluated by measurement of

cellular cytotoxicity, as described in Zhao et al, |, Immunol, 174: 4415-4423 (2005).

[6420] Another embodiment provides for the use of the CARs, nucleic acids,
recombinant expression vectors, host cells, populations of cells, antibodies, or antigen binding
portions thereof, and/or pharmaceutical compositions of the invention, for the treatment or
prevention of a proliferative disorder, e g., cancer, in a mammal. The cancer may be any of

the cancers described herein.

[0421] Any method of administration can be used for the disclosed therapeutic agents,
including local and systemic administration. For example topical, oral, intravascular such as
intravenous, intramuscular, intraperitoneal, intranasal, intradermal, intrathecal and
subcutaneous adminustration can be used. The particular mode of administration and the
dosage regimen will be selected by the attending clirucian, taking into account the particulars
of the case (for example the subject, the disease, the disease state involved, and whether the
treatroent 1s prophylactic). o cases in which more than one agent or composition i3 being
admunistered, one or more routes of administration may be used; for example, a
chemotherapeutic agent may be adnunistered orally and an antibody or antigen binding
fragment or conjugate or composition may be administered intravenously. Methods of
admuustration imclude igection for which the CAR, CAR T Cell, conjugates, antibodies,
antigen binding fragments, or compositions are provided 1n a nontoxic pharmaceutically
acceptable carrier such as water, saling, Ringer's solotion, dextrose solution, 5% human serum
albumun, fixed oils, ethyl oleate, or hposomes. In some embodiments, local adminstration of
the disclosed compounds can be used, for mstance by applying the antibody or antigen
binding fragment 1o a region of tissue from which a tumor has been removed, or a region
suspected of bemg prone to tumor development. In some embodiments, sustamned intra-
tumoral (or near-tumoral) release of the pharmaceutical preparation that includes a
therapeutically effective amount of the antibody or antigen binding fragment may be
beneficial. In other examples, the conjugate s applied as an eve drop topically to the cornea,

or mtravitreally inio the eye.
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[6422] The disclosed therapeutic agents can be formulated in umit dosage form
suitable for individual administration of precise dosages. In addition, the disclosed therapeutic
agents may be administered in a single dose or in a multiple dose schedule. A multiple dose
schedule 1s one i which a primary course of treatment may be with more than one separate
dose, for instance 1-10 doses, followed by other doses given at subsequent time intervals as
needed to maintain or reinforce the action of the compositions. Treatment can involve daily or
muiti-daily doses of compound(s) over a period of a few days to months, or even years. Thus,
the dosage regime will also, at least in part, be determined based on the particular needs of the
subject to be treated and will be dependent upon the judgment of the administering
practitioner.

0423} In one embodiment, the CAR is mtroduced into immune effector cells, e g,
using in vitro transcription, and the subject {e g , human} receives an mitial administration of
CAR-expressing cells of the invention, and one or more subsequent administrations of the
CAR-expressing cells of the invention, wherein the one or more subsequent administrations
are administered less than 15 days, eg., 14, 13,12, 11,10, 9,8,7, 6, 5, 4, 3, or 2 days after
the previous admunistration. Tn one embodiment, more than one adminisiration of the CAR-
expressing cells of the mnvention are adnunistered to the subject {e.g., human) per week, e.g.,
2, 3, or 4 admmistrations of the CARexpressing cells of the invention are adnmunistered per
week. In one embodiment, the subject {e.g., human subject) receives more than one
administration of the CAR-expressing cells per week {e.g., 2, 3 or 4 admustrations per week)
{also referred to herein as a cycle}, followed by a week of no CAR-expressing celis
administration, and then one or more additional admimstration of the CAR-expressing cells
{e.g., more than one adnumistration of the CAR-expressing cells per week) 1s adnunistered to
the subject. In another embodiment, the subject (¢ g., human subject) receives more than one
cycle of CAR-expressing cells, and the time between each cycle is less than 10,9, 8,7, 6, 5, 4,
or 3 days. In one embodiment, the CAR-expressing cells are administered every other day for
3 adnunistrations per week. In one embodiment, the CARexpressing cells of the mvention are

admunistered for at least two, three, four, five, six, seven, eight or more weeks.

[3424] Typical dosages of the antibodies or conjugates can range from about 0.01 to

about 30 me/ke, such as from about 0.1 to about 10 mg/kg.
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[8425] In particular examples, the subject is administered a therapeutic composition
that imcludes one or more of the conpugates, antibodies, compositions, CARs, CAR T cells or
additional agents, on a multiple daily dosing schedule, such as at feast two consecutive days,
10 consecutive days, and so forth, for example for a period of weeks, months, or years. In one
example, the subject 1s admunistered the conjugates, antibodies, compositions or additional
agents for a period of at least 30 days, such as at least 2 months, at least 4 months, at least 6

months, at least 12 months, at least 24 months, or at least 36 months.

[3426] In some embodiments, the disclosed methods include providing surgery,
radiation therapy, and/or chemotherapeutics to the subject in combination with a disclosed
antibody, antigen binding fragment, conjugate, CAR or T cell expressing a CAR (for
example, sequentially, substantially stmultaneously, or simultaneously). Methods and
therapeutic dosages of such agents and treatments are known to those skilled in the art, and
can be determined by a skilled clinician. Preparation and dosing schedules for the additional
agent may be used according to manufacturer’s instructions or as determined empirically by
the skilled practitioner. Preparation and dosing schedules for such chemotherapy are also
described 10 Chernotherapy Service, (19923 Ed., M. C. Perry, Wilhams & Willans, Baltimore,
Md.

64271 Tn some embodiments, the combination therapy can include administration of a
therapeutically effective amount of an additional cancer mhibitor 1o a subject. Non-limiting
examples of additional therapeutic agents that can be used with the corabination therapy
nchide microtubule binding agents, DNA intercalators or cross-hinkers, DNA synthesis
mhubitors, DNA and RNA transcription inhibitors, antibodies, enzymes, enzyme inhibitors,
gene regulators, and angiogenesis mhibitors. These agents (which are administered at a
therapeutically effective amount) and treatments can be used alone or it combination. For
example, any suitable anti-cancer or anti-angiogenic agent can be administered in
combmation with the CARS, CAR-T cells, antibodies, antigen binding fragment, or
conjugates disclosed herein. Methods and therapeutic dosages of such agents are known to

those skilled in the art, and can be determined by a skilled climician.

[(3428] Additional chemotherapeutic agents include, but are not himited to alkylating

agents, such as nitrogen mustards {for example, chlorambucii, chlormeathine,
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cyclophosphamide, ifosfamide, and melphalan), nitrosoureas {for example, carmustine,
fotemustine, lomustine, and streptozocin), platinem compounds (for example, carboplatin,
cisplatin, oxaliplatin, and BBR3464), busuifan, dacarbazing, mechlorethamine, procarbazine,
temozolomide, thiotepa, and vramustine; antimetabolites, such as folic acid {for example,
methotrexate, pemetrexed, and raltitrexed), purine (for example, cladribine, clofarabine,
fludarabine, mercaptopurineg, and tioguaning), pyrimidine {for example, capecitabine),
cytarabine, fluorouractl, and gemcitabine; plant alkaloids, such as podophyllum (for example,
etoposide, and teniposide), taxane (for example, docetaxel and paciitaxel}, vinca (for example,
vinblastine, vincristine, vindesine, and vinorelbine); cytotoxic/antitumor antibiotics, such as
anthracychine family members (for example, daunorubicin, doxorubicin, epirubicin,
tdarubicin, mitoxantrone, and valrubicin), bleomvycin, rifampicin, hydroxyurea, and
mitomycin, topoisomerase mhubitors, such as topotecan and rinotecan; monoclonal
antibodies, such as alemtuzumab, bevacizumab, cetuximab, gemtuzumab, rituximab,
pamutumumab, pertuzumab, and trastuzumab; photosensitizers, such as aminolevulinue acid,
methyl aminolevulinate, porfimer sodium, and verteporfin; and other agents, such as
aluretinoin, aliretarnine, amsacrine, anagrehde, arsenic trioxide, asparaginase, axitinb,
bexarotens, bevacizumab, bortezomib, celecoxib, dentleukin diftitox, erlotinth, estramustine,
gefitinub, hydroxycarbamide, sroatinib, lapatiub, pazopanib, pentostatin, masoprocol,
mitotane, pegaspargase, tamoxifen, sorafentb, sunitinth, vemurafinib, vandetantb, and
tretinoin. Selection and therapeutic dosages of such agents are known to those skilled m the

art, and can be determined by a skilled clinician.

[6429] General Chemotherapeutic agents constdered for use i combmation therapies
mchide anastrozole (Arnimidex®}, bicalutamide (Casodex®), bleomycin sulfate
{Blenoxane®), busulfan (Myleran®), busulfan mjection (Buselfex®), capecitabine
{Xeloda®j), N4-pentoxycarbonyi-5-deoxy-S-fluorocytiding, carboplatin (Paraplatin®j,
carmustine {BiICNU®), chlorambuct (Leukeran®j), cisplatin (Platinol®), cladribine
{Leustatin®), cyclophosphamide (Cytoxan® or Neosar®), cytarabine, cytosine arabingside
(Cytosar-U®}, cytarabine liposome injection {DepoCyt®}, dacarbazine (DTIC-Dome®),
dactinomycin {Actinomycin D, Cosmegan), daunombicin hydrochloride {Cembidine®),
daunombicin citrate liposome injection {DaunoXome®), dexamethasone, docetaxel

{Taxotere®), doxorubicin hydrochlonde {Adriamycin®, Rubex®), etoposide (Vepesid®),
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fludarabine phosphate (Fiudara®), S-flycrouracil (Adruci®, Efudex®), flutamide
{Hulexin®}, tezacttibine, Gemcitabine {difluorodeoxycitiding}, hydroxvurea (Hydrea®),
Idarubicin ({damycin®), tfosfamide (IFEX®), irinotecan (Camptosar®}), L-asparaginase
(ELSPAR®), leucovorin calcium, melphalan (Alkeran®), 6-mercaptopurine (Purinethol®),
methotrexate (Folex®), mitoxantrone (Novantrone®), mylotarg, paclitaxel {Taxol®), phoenix
(Yurium9OO/MX-DTPA), pentostatin, polifeprosan 20 with carmustine implant {(Gliadel®),
tamoxifen citrate (Nolvadex®), teniposide (Vumon®), 6-thioguanine, thiotepa, tirapazamine
{Tirazone®), topotecan hydrochloride for mjection (Hycamptin®), vinblastine (Velban®},

vineristine {Oncovin®), and vinorelbine (Navelbine®}.

[3430] Exemplary alkvlating agents are disclosed on pages 270-271 of International
Application WO 2016/164731, filed Aprd 8, 2016, which 1s incorporated by reference n its
entirety. Further examples include include, without imutation, nitrogen mustards,
ethylenimine dertvatives, alkyl sulfonates, nitrosoureas and triazenes): uractl mustard
{Ammouracd Mustard®, Chlorethamunacil®, Demethyldopan®, Desmethyldopan®,
Haemanthamine®, Nordopan®, Uracil mitrogen mustard®, Uracillost®, Uracilmostaza®,
Uramustin®, Uramustine®), chlormethine (Mustargen®), cyclophosphamide (Cytoxan®,
Neosar®, Clafen®, Endoxan®, Procytox®, Revimmune™), ifosfamide (Mitoxana®),
melphalan (Alkeran®j), Chlorambuci! (Leukeran®), pipobroman {Amedel®, Vercyte®),
triethylenemelaming (Hemel®, Hexalen®, Hexastat®), triethylenethiophosphoramine,
Temozolomide {Temodar®), thiotepa (Thioplex®), busulfan (Busilvex®, Myleran®j,
carmustine {BICNU®), lomustine (CeeNUR), streptozocin {Zanosar®), and Dacarbazine
(DTIC-Dome®). Additional exemplary alkylating agents include, without limitation,
Oxaliplatin (Eloxatin®);, Temozolomide (Temodar® and Termodal®), Bactinomycin (also
known as actinomycin-B, Cosmegen®); Meiphalan {also known as L-PAM, L-sarcolysin, and
phenylalanine mustard, Alkeran®}); Altretamine (also known as hexamethyimelamine
{(HMM), Hexalen®); Carmustine (BiICNU®Y), Bendamustine (Treanda®};, Busunlfan
{Busulfex® and Myleran®}; Carboplatin (Paraplatin®}; Lomustine {also known as CUNU,
CeeNU®Y, Cisplatin {also known as CDDP, Platinol® and Platinol®-AQ); Chlorambucit
{Levkeran®}; Cyclophosphamide (Cytoxan® and Neosar®}; Dacarbazine (also known as
DTIC, DIC and imidazole carboxamide, DTIC-Dome®}; Altretamine {also known as

hexamethylmelamine (HMM)}, Hexalen®}); fosfamide (fex®); Prednumustine; Procarbazine
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{(Matulane®}), Mechiorethamine {also known as nitrogen mustard, mustine and
mechioroethamine hydrochlonide, Mustargen®}; Streptozocin {(Zanosar®); Thiotepa (also
known as thiophosphoamide, TESPA and TSPA, Thioplex®); Cyclophosphamide
(Endoxan®, Cytoxan®, Neosar®, Procytox®, Revimmune®}; and Bendamustine HC1

{Treanda®).

(3431} Exemplary platinom based agents include, without hmitation, carboplatin,

cisplatin, and oxahiplatin.

[3432] Exemplary angiogenesis inhibitors inclode, without imitation A6 (Angstrom
Pharmacueticals), ABT-510 (Abbott Laboratories), ABT-627 (Atrasentan) (Abbott
Laboratories/Xinlay), ABT-869 {Abbott Laboratories), Actinud (CC4047, Pomalidomide)
(Celgene Corporation), AJGVPEDF 1D (GenVec), ADH-1 {Exherin) {Adherex
Technologies), AEE788 (Novartis), AG-013736 {Axitinib}) (Pfizer), AG3340 (Prinomastat)
{Agouron Pharmaceuticals), AGX1053 {AngioGenex}, AGX51 (AngioGenex), ALN-VSP
(ALN-VSP 02) {Alnvlam Pharmaceuticals), AMG 386 {Amgen), AMG706 {Amgen),
Apatiub (YNOGRD) (Jiangsu Hengrm Medicine), AP23573 (Ridaforolimus/MK866%) (Ariad
Pharmaceuticals), AQ4N {(Novavea), ARQ 197 (ArQule), ASA404 (Novartis/Antisoma),
Atpruvod (Callisto Pharmaceuticals), ATN-161 {Attenuon), AV-412 (Aveo
Pharmaceuticals), AV-951 {(Aveo Pharmaceuticals), Avastin (Bevacizuroab) (Genentech),
AZD21T71 (Cedirarub/Recenting (AstraZeneca), BAY 57-9352 (Telatimb) (Bayer), BEZ235
{(Novartis), BIBF1120 (Boehringer Ingelbeum Pharmaceuticals), BIBW 2992 (Boehringer
Ingelheim Pharmaceuticals), BMS-275291 (Bristol-Myers Squibb}, BMS-582664 (Brivanib}
(Bristol-Myers Squibb}, BMS-690514 (Bristol-Myers Squnbb), Calentriol, CCE-779 (Torisel)
{Wyeth), CDP-791 (ImClone Systems), Ceflatonin (Homoharmingtoning/HHT) (ChemGenex
Therapeutics), Celebrex (Celecoxib) (Phizer), CEP-7055 (Cephalon/Sanott), CHIR-265
{Chiron Corporation), NGR-TNF, COL-3 {Metastat) {Collagenex Pharaceuticals),
Combretastatin {Oxigene), CP-751, 87 {Figihwnumab) (Plizer), CP-547,632 (Pfizer), TS-
7017 (Daucht Sankyo Pharma), CT-322 (Angiocept) { Adnexus}, Curcurmin, Dalteparin
{Fragmin} {(Pfizer), Disulfiram (Antabuse}, E7820 (Eisai Limited}, E7080 (Eisai Limited),
EMD 121974(Cilengitide) (EMD Pharmaceuticals), ENMD-1198 (EntreMed), ENMD-2076
{EntreMed), Endostar (Simcere}, Erbitux {ImClone/Bristol-Myers Squibb}, EZN-2208 (Enzon

Pharmaceuticals), EZN-2968 (Enzon Pharmaceuticals}, GU1008 (Genzyme), Genistein,
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GSK136308% Foretinib) {GlaxoSmithKline), GW786034 (Pazopanib) {GlaxoSmithKline},
GT-111 {Vascular Biogenics Ltd.), IMC—1121B (Ramucirumab} (ImClone Systems), IMC-
18F1 (ImClone Systems), IMC-3G3 (ImClone LLCY, INCBO07839 (Incyte Corporation),
INGN 241 (Introgen Therapeutics), Iressa (£D1839/Gefitib), LBH589
(Faridak/Pancbinostst) (Novartis), Lucentis {Rantbizumab) {Genentech/Novartis), LY3 17613
(Enzastaurin) (El Lilly and Company}, Macugen (Pegaptanib} (Pfizer), MED1522 {Abegrin)
{(Medlmmune}, MLNS518(Tandutinib) (Millennium), Neovastat (AE941/Benefin} (Aeterna
Zentaris), Nexavar {Bayer/Onyx ), NM-3 (Genzyme Corporation}, Noscapme (Cougar
Biotechnology}, NPT2358 (Nereus Pharmaceuticals}, OS1-930 (OS1), Palomud 529 (Paloma
Pharmaceuticals, Inc.}, Panzem Capsules (2ME2) (EntreMed), Panzem NCD (2MEZ)
(EntreMed), PF-02341066 (Pfizer, PF-04554878 (Pfizer), PI-88 (Progen Industries/Medigen
Biotechnology), PKC412 (Novartis), Polyphenon E (Green Tea Extract) (Polypheno E
International, Tnc), PPI-2458 (Praecis Pharmaceuticals), PTC299 (PTC Therapeutics),
PTK787 (Vatalanub) (Novartis), PXD101 (Belinostat) {CuraGen Corporation), RADOO]
{(Everohmus) (Novartis), RAF26S (Novartis), Regorafenib (BAY73-4506) (Bayer), Revhinnd
{Celgene), Retaane {Alcon Research), SN38 (Liposomaly (Neopharm), SNS-032 (BMS-
387032) (Sunesis), SOMR30(Pasireotide) {Novartis), Squalanune {(Genaera), Suramin, Sutent
{(Plizer), Tarceva {Genentech), TB~403 {Thrormmbogenies), Tempostatin (Collard
Biopharmaceuticals), Tetrathiomolybdate {Sigma-Aldrich), TG100801 (TargeGen),
Thalidomide (Celgene Corporation), Tinzaparin Sodium, TKIZ38 (Novartis), TRCO93
{Tracon Pharmaceoticals Inc.}, VEGF Trap { Afhibercept} {Regeneron Pharmaceuticals),
VEGEF Trap-Eve (Regeneron Pharmaceuticals), Veglin (VasGene Therapeutics}, Bortezomib
{(Millennum), XL184 (Exelixis}, X1.647 (Exelpas), XL784 (Exelixis), XL820 {Exelixis},
X1.999 (Exelixis), ZD36474 { AstraZeneca), Vorinostat (Merck), and ZSTK474.

[8433] Exemplary Vascular Endothelial Growth Factor (VEGEF) receptor inhuibitors
include, but are not limuted to, Bevacizumab (Avastin®}, axitinib {Inlyta®}; Brivanib
alaninate (BMS-5826064, (S)-{((R}-I-(4-(4-Fluoro-2-methyl-17/-indol-5-yloxy}-5-
methylpyrrolof 2 1-/}[1 2, 4triazin-6-vioxypropan-2-yhi2-aminopropanoate); Sorafenib
{Nexavar®);, Pazopanib (Votrient®); Sunitinib malate (Sutent®); Cediranib (AZD2171, CAS
288383-20-1); Vargatef (BIBF1120, CAS 928326-83-4}; Foretimb (GSK1363089); Telatinib
(BAYS7-9352, CAS 332012-40-5); Apatinib {YNOOED1, CAS 811803-05-1); Imatintb
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{Gleevec®}); Ponatinib (AP24534, CAS 943319-70-8); Tivozamb (AV951, CAS 475108-18-
0}, Regorafentb (BAY73-4506, CAS 755037-03-7); Vatalanib dihydrochioride (PTK787,
CAS 212141-51-0); Brivamub (BMS-540215, CAS 649735-46-6); Vandetanib {Caprelsa® or
AZD6474); Motesanib diphosphate { AMIGT706, CAS 857876-30-3, N-(2,3-dihydro-3, 3-
dimethyl- IH-indol-6-y1}-2-[{4-pyridinylmethyDamino}-3-pyridinecarboxamide, described in
PCT Publication No. WO 02/066470}); Dovitirub dilactic acid (TKI258, CAS 852433-84-2);
Linfanib (ABTRG9, CAS 796967-16-3); Cabozantiub (XL184, CAS 849217-68-1};
Lestaurtintb (CAS 111358-88-4); N-[5-{[[5-( 1,1-Dimethylethvi}-Z-oxazolyl] methyljthio] -2-
thiazolyl] -d-piperidinecarboxamide (BMS38703, CAS 345627-80-7); (3R 4R)-4-Amino-i-
{{4-{(3-methoxyphenyljamino}pyrrolo [2, 1-f] {1,2,4] tniazin-5-viimethyhpiperidin-3 -ol
{(BMS69035 14); N-(3,4-Dichioro-2-fluorophenyl}-6-methoxy-7- {[(3aa,5P ,Gaa}-octahydro-2-
methvlcyclopentafelpyrrol-S-yHmethoxy]- 4-quinazolinamme (X1.647, CAS 781613-23-8);
4-Methyl-3-[[1~methyl-6-(3-pyridinyl)-1/-pyrazolof 3, 4-Vlpyrimudin-4-ylanuno}-/V-{3-
(trifluoromethyDphenyl}-benzamide (BHG712, CAS 940310-85-0); . and Aflibercept
{(Evlea®). Exemplary EGF pathway inhibitors include, without hmutation tyrphostin 46, EKB-
569, erlotirub (Tarceva®), gefitintb (Iressa®), erbitux, mumotuzumab, lapatinib (Tykerb®),
cetuximab {anti-EGFR mAb), 188Re-labeled mimotuzumab (anti-EGFR oAb}, and those
compounds that are generically and specifically disclosed in W 97/02266, EP 0 564 409,
W 99/03854, EP 0 520 722, EP 0 566 226, EP 0 787 722, EP 0 837 063, US 5,747,498, WO
98/10767, W 97/30034, W 97/49088, W( 97/38983 and W 96/33980.

[B3434] Exemplary EGFR antibodies include, but are not himated to, Cetivamab
(Erbitux®j; Panttumumab (Vectibix®};, Matuzumab (EMD-72000); Trastuzumab

{Herceptin®);, Nimotuzumab (hR3), Zaloturmumab; TheralClM b-R3; MDX0447 (CAS
339151-96-1); and chB06 (mAb-806, CAS 946414-09-1). Exemplary Epidermal growth factor
receptor (EGFR)} mhubitors mnclude, but not limited to, Erfotimib hydrochloride (Tarceva®),
Gefitnib (Iressa®); N-[4-{(3-Chloro-4-fluorophenyllamino] -7- [[{3 "S"}-tetrahydro-3 -
furanyl] oxy] -6-quinazolinyl} -4{dimethylamino}-2-butenamide, Tovok®); Vandetamb
{Caprelsa®}; Lapatimb (Tykerb®}); (3R 4R}-4-Amino-I- {{4-({3 -
methoxyphenvhamino)pvrrole {2, 1-f] [1,2,4] triazin-5-yDmethyljpiperidin-3 —ol
{(BMS690514); Canertinib dihydrochloride (C1-1033); 6-[4-{(4-Ethyl-Ipiperazinyl}
methvijphenyli-/V-[(IR}-I-phenylethyii- 7/ -Pyrrolof2 3- 7lpyri in idin-4-ain inc (AEE7SS,
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CAS 497839~62—O); Mubritinib (TAK165);, Pelitimib (EKB569);, Afatinib (BIBW2992);
Neratinib (HKLZ ; A-{4-[[I-{(3-Fluoropheny Dhmethyl}-1//-indazol-5-yHamino}-5-
methy 2 4Mrazin-6-yl}-carbamic acid, 3 }-3-in orpholiny 1 cthyl ester

(BMSS‘)%26); /\’—(’3,4—Dmhloro~2~ﬂuorophenyI)ué—methoxy-7-{{(3&&,5 p,6aay-octahydro-2-

methyleyciopentafcipyrrol-3-ylmethoxyl- 4-quinazolinamine {XL647, CAS 781013-23-8);
and 4-{4- [{{ 1R)- 1-Phenylethyl} aming] -7A/-pyrrolof 2,3-z/1 pyrt mudi n-6-y 1J-phenol
(PKI1 66, CAS 187724-61-4).

[0435] Exemplary mTOR inhibttors include, without limitation, rapamycin
(Rapamune®}, and analogs and derivatives thereof, SDZ-RAD; Temsirohimus {(Torisel®; also
known as CCI-779); Ridaforolimus (formally known as deferolimus, (IR 2R, 48)-4-[(2R}-2 {(
IR.9S, 125, 1SR, 16E 18R, 19R Z1R, 235,24£ 264,287 308,328 35R)- 1,18-dihydroxy- 19,30-
dimethoxy-15,17,21,23, 29,35-hexamethyl-2,3,10,14,20-pentaoxo-11,36-dioxa-4-
azatricyclo[30.3.1.0 4 9] hexatniaconta-16,24,26 28-tetraen-12-yljpropyi]-2-
methoxyeyclohexyl dimethylphosphinate, also known as AP23573 and MESB66S, and
described in PCT Publication No. WO 03/064383); Everolimus {Afintor® or RADOGT ),
Rapamycin (AY22989, Sirolirous®); Simapirood (CAS 164301-51-3); (5-{2,4-Bis[(35)-3-
methylmorpholin-4- yljpyrido{2,3-vpynimudin-7-yvl}-2-methoxyphenymethanol {AXD8O35);
2-Amino-8- [trans-A- (2-hydroxyethoxyjeyclohexyl]-o-(6-methoxy-3-pyridinyl}-4-methyl-
pyrido]2,3-/jpynimidin-7(8 }-one (PF04691502, CAK 1013101-36-4); and 2-{1 4-dioxo-4-{]4-
{4-ox0-&phenyl-4//-1- benzopyran-2-yhmorpholinium-4-yHmethoxy fbutyl}-L-arginylglycyl-

La-aspartyll-serme (SEQ ID NO: 73}, mnner salt (SF1126, CAS 936487-67-1).

[8436] Exemplary immumomodulators include, e g, afutuzumab (available from
Roche®y); pegfilgrastim (Neulasta®), lenahidonide (CC-5013, Revinid®); thalidomide
(Thalomid®), actimud (CCA4047); and IRX-2 (muxtore of homan cytolines includimg
interfeukim 1, interfeskin 2, and interferon g, CAS 951209-71-5, available from IRX
Therapeutics). Exemplary anthracyclings include, e g, doxorebicin (Adnamyem® and
Rubex®}; blesmycim (lenoxane®}; daunorebicin (davombicin hydrochloride, daunomycin,
and rubidomycin hydrochioride, Cembidine®); daunorubicin hiposomal {(daunorubicin citrate
liposome, DaunoXome®);, mitoxantrone (BHAD, Novantrone®); epirubicin (Ellence™);
tdambicin (Idamycin®, Idamycin PFS®);, mitomycin C (Mutamycin®}; geldanamycin,

herbimycin; ravidomyein, and desacetylravidomycin. Exemplary vinca alkaloids include, eg.,
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vinorelbine tartrate (Navelbine®), Vincristine (Oncovin®), and Vindesine {Eldisine®)};
vinblastine (alse known as vinblastine sulfate, vincaleukoblastine and VLB, Alkaban-AQ®
and Velban®); and vinorelbine (Navelbine®}. Exemplary protecsome inhibitors include
bortezonub {Velcade®); carfilzomib (PX-171-007, (§)-4-Methyl-A/-{{S)-1-({{8}-4-methyl-1-
((R)-2-methyloxiran-2-vi)-l-oxopentan-2-vhamino}-l-oxo-3-phenylpropan-2-y - 2-((8)-2-{2-
morpholinoacetamido}-4-phenylbutanamido)-pentanamide); marizomib {(NPI-0052); ixazonub
citrate (MLN-9708); delanzomib (CEP-18770}; and C-Mcthy - V- (2- methy 1-S-thiazol
vijcarbony 1J-L-scry 1- C-methy - V- ( 53-2-[(2/")-2- methyl-2-cxaranyl] -2-oxo- 1-
{phenylmethyhethyl] - L-serinanude (ONX-09 12).

0437} Exemplary Phosphoinositide 3-kinase (PI3K)} inhibitors include, but are not
limited to, 4-[2-( 1H-Indazol-4-y1}-6- {{4-{methvisulfonypiperazin- 1-yvljmethyl] thieno [3,2-
dipyrimidin-4-yiimorpholine {(also known as GDC 0941 and described m PCT Publication
Nos. WO 09/036082 and WO 09/055730); 2-Methyl-2-{4-[3-methyl-2-oxo-8-{quinolin-3-v1}-
2,3-dihydroimudazof4,S-cljqunolin-l-yliphenylpropionitrile (also known as BEZ 235 or
NVEP-BEZ 235, and described 10 PCT Publication No. WO 06/122806); 4-(triflucromethyl)-5-
(2,6-dimorpholinopyrimidin-4-yHpyridin-2-aroine {also known as BKM120 or NVP-
BREMI120, and described i PCT Publication No. WO2007/084786); Tozasertib (VX680 or
MK-0457, CAS 639089-54-6); (5€)- 3-[[4-(4-Pyndiny}-6-quinohinylimethylene}-2 4-
thiazolidinedione {GSK 1059615, CAS 958852~ 01-2}; {1E,48 ,4aR 5R 6a8 9aR}-5-
{Acetyloxy)~ 1-[{di-2-propenylaminoymethylene] - 4,4a,5,6,6a,8,9,9a-octahydro-li-hydroxy-4-
{methoxymethyl)-da, ca-dimethylcyclopental 5,6naphthofl, 2-clpyran-2,7, 10({H)-trione
(PXB66, CAS 502632-66-8), and &-Phenyl-2-{morpholin-4-yi}-chromen-4-one (L.Y294002,
AN 154447-36-6).

[6438] Exemplary Protein Kinase B (PKB) or AKT mhibitors include, but are not
timited to. 8-[4-{(I-Aminocyclobutybphenyi]-9-phenyl-1, 2 4-triazolo[3,4-f}{ L 6 Inaphthyridin-
3(2H)-one (MK-2206, CAS 1032349-93-1}; Perrfosme (KRX0401}; 4-Dodecyl-N-1,3,4-
thiadiazol-2-yibenzenesulfonamide (PHT-427, CAS 1191951-57-1}); 4-[2-(4-Amuno-1,2,5-
oxadiazol-3-yi}-lethyl-7-{{38}-3-piperidinyimethoxy}-tH-imidazo[4, 5-clpyridin-4-yi}-2-
methvi-3-butyn-2-ol (GSK 690693, CAS 937174-76-03; 8-(I-Hydroxvethyl}-2Z-methoxy-3-{{4-
methoxyphenylimethoxy]- 6H-dibenzo{b,djpyran-6-one {palonud 529, P529, or 8G-00529};

Tricirbine {6-Amino-4-methyl-&-(P-D-ribofuranosyl}-4H,SH-pyrrolof4,3, 2-defpyrimidel4,5-
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clpyridazine); {(aSi-a-{{{5-(3-Methyl-IH-indazol-5-v1}-3-pyridinyloxy Jmethyi]-
benzeneethanamine (AG674563, CAS 552325-73-2); 4-[(4-Chlorophenyl}methyl}-I-
{(7THpvrrolo] 2,3-d]pyrimidin-d-vi)- 4-piperidimanmine {CCT128930, CAS 885499-61-6); 4-(4-
Chiorophenyly-4-[4-(1H pyrazol-4-yliphenvl} -piperidine (AT7867, CAS 857531-00-1); and
Archexin (RX-0201, CAS 663232-27-7).

[(3439] Drugs that inhibit either the calciom dependent phosphatase calcineurin
{cyclosporine and FK506) or inhihit the p7086 kinase that 15 important for growth factor
induced signaling (rapamycin). {Liu et al | Cell 66:807-815, 1991; Henderson et al., Immun.
73:316-321, 1991; Bierer et al, Curr. Opin. Immun. 5:763-773, 1993) can also be used. Ina
further aspect, the cell compositions of the present invention may be adminustered to a patient
in conjunciion with {e.g., before, simultaneously or following} bone marrow transplantation,
T cell ablative therapy using chemotherapy agents such as, fludarabine, external-beam
radiation therapy (XRT), cyclophosphamide, and/or antibodies such as OKT3 or CAMPATH
In one aspect, the cell compositions of the present ovention are admunistered following B-cell
ablative therapy such as agents that react with CD20, e.g., Rituxan. For example, 1 one
ermnbodiment, subjects may undergo standard treatroent with hugh dose chemotherapy followed
by peripheral blood stem cell transplantation. In certain embodiments, following the
transplant, subjects receive an infusion of the expanded sromune cells of the present ivention.

In an additional embodiment, expanded cells are admunistered before or following surgery.

[0440] The combination therapy may provide syoergy and prove synergistic, that is,
the effect achieved when the active ingredients used together 15 greater than the sum of the
effects that results from using the compounds separately. A synergistic effect may be attained
when the active mgredients are: (1) co-formulated and administered or delivered
stmultaneocusly in a combined, unit dosage formulation; (2} delivered by alternation or in
parallel as separate formalations; or {3) by some other regimen. When delivered in
alternation, a synergistic effect may be attained when the compounds are admmistered or
delivered sequentially, for example by different injections 1n separate syringes. In general,
during alternation, an effective dosage of each active ingredient 13 administered sequentially,
e senally, whereas in combination therapy, effective dosages of two or more active

ingredients are adminstered together.
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6441} In one embodiment, an effective amount of an antibody or antigen binding
fragment that specifically binds to one or more of the antigens disclosed herein or a conjugate
thereof 1s admuinistered o a subject having a tumor following anti-cancer ireatment. Aftera
sufficient amount of time has elapsed to allow for the administered antibody or antigen
binding fragment or conjugate to form an immune complex with the antigen expressed on the
respective cancer cell, the immune complex is detected. The presence {or absence) of the
immune complex indicates the effectiveness of the treatment. For example, an increase in the
immune complex compared to a control taken prior to the treatment indicates that the
treatment 18 not etfective, whereas a decrease in the immune complex compared to a control

taken prior to the treatment indicates that the treatment 1s effective.

[0442] In various embodiments, an anti-GCC antigen binding agent as described
herein may be included in a course of treatment that further includes admirnustration of at least
one additional agent to a subject. In various embodiments, an additional agent administered
m combination with an anti-GCC antigen binding agent as described herein may be
chemotherapy agent. In various ernbodiments, an additional agent adourustered in
combination with an antigen binding agent as described herein may be an agent that inhibits

mflammation.

[0443] In some embodiments, anti-GCC antigen binding agent 15 a single domain
antibody with specificity for human GCC. In some embodiments, the anti- GCC single
domam antibody can be conjugated {e g, linked to) to a therapeutic agent(e.g., a
chemotherapeutic agent and a radiocactive atom} for binding to a cancer cell, delivering
therapeutic agent to the cancer cell, and kitling the cancer cell which expresses human GCC.
In some embodiments, an anti~GCC binding agent 18 linked to a therapeutic agent. In some
embodiments, therapeutic agent 1s a chemotherapeutic agent, a cytokine, a radicactive atom,
an siRNA, or a toxin. In some embodiments, therapeutic agent 1s a chemotherapeutic agent In

some embodiments, the agent 1s a radicactive atom.

[Bdd4] In some embodiments, the methods can be performed in conjunction with other
therapies for GCC-associated disorders. For example, the composition can be admunistered to

a subject at the same time, prior to, or after, chemotherapy. In some embodiments, the
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composition can be administered to a subject at the same time, prior to, or after, an adoptive

therapy method.

[8445] In various embodiments, an additional agent administered in combination with
an anti-GCC binding agent as described herein may be administered at the same time as an
anti- GCC binding agent, on the same day as an anti- GCC binding agent, or in the same week
as an anti- GCC binding agent. In various embodiments, an additional agent administered in
combination with an anti- GCC binding agent as described herein may be administered ina
single formulation with an anti- GCC binding agent. In certain embodiments, an additional
agent administered in a manner temporally separated from administration of an anti-GCC
binding agent as described herein, e.g., one or more hours before or after, one or more days
before or after, one or more weeks before or after, or one or more months before or after
administration of an anti- GCC binding agent In various embodiuments, the administration
frequency of one or more additional agents may be the same as, similar to, or different from

the admustration frequency of an anti- GCC binding agent as described heremn.

(8446} Encompassed within combination therapy is the a treatment regimen that
meludes administration of two distinet antibodies as described herein and/or a treatment
regimen that includes administration of an antibody as described herein by a plorality of

formulations and/or routes of adnumstration,

[08447] In some embodiments, compositions can be formulated with one or more
additional therapeutic agents, e.g., additional therapies for treating or preventing a GCC-
associated disorder {e.g., a cancer or autoimmune disorder) 10 a subject.  Addutional agents for
treating a GCC-associated disorder 1n a subject will vary depending on the particular disorder
being treated, but can mnclude, without limutation, ritwamab, cyclophosphamide, doxorubicin,
vincristine, predmsone, osfamde, carboplatin, etoposide, dexamethasone, cytarabing,

cisplatin, cyclophosphanide, or fludarabine.

[6448] A composition described herein can replace or augment a previously or
currently admmistered therapy. For example, upon treating with a composition described
heremn, admunistration of the one or more additional active agents can cease or dumimsh, e.g.,
be adonnistered at lower levels, e.g., lower levels of a reference antibody that cross-competes

for GCC binding) followmg admnstration of an anti-GCC binding agent described heren,
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In some embodiments, administration of the previous therapy can be maintained. In some
embodiments, a previous therapy will be maintained until the level of the composition reaches
a level sufficient to provide a therapeutic effect. The two therapies can be administered in

combination.

[8449] In some embodiments, the subject can be administered an agent which reduces
or amehiorates a side effect associated with the administration of the therapy or combination
described herein, e g., a CAR-expressing cell {e.g., GCC CAR-expressing cell) and an
additional agent. Side effects associated with the adminustration of 3 CAR-expressing cell
include, but are not limited to CRS, and hemophagocytic lymphohistiocytosis (HLH), also
termed Macrophage Activation Syndrome (MAS). Symptoms of CRS include high fevers,
nausea, transient hypotension, hypoxia, and the like. Accordingly, the methods described
herein can comprise admunistering a therapy described herein, e.g., a CAR-expressing cell
{e.g., GCC CAR-expressing cell), to a subject and further adnumustering an agent to manage
elevated levels of a soluble factor resulting from treatment with a CAR-expressing cell. In one
embodiment, the soluble factor elevated in the subject 15 one or more of IFN-g, TNFa, 1L-2
and IL-6. Therefore, an agent adrmnistered 1o treat this side effect can be an agent that
neutralizes one or more of these soluble factors. Such ageots include, but are not lunted to a
steroid, an inhibitor of TNFa, and an inhibitor of 11.-6. An example of a TNFa imbhibitor is

entanercept. An example of an 1L~ mnhibitor 13 Tocihzumab.

[0450] In one embodiment, the subject can be adnumistered an agent which enhances
the activity of the therapy described herein, e.g., a CAR-expressing cell {e.g., GCC CAR
expressing cell). For example, in one embodiment, the agent can be an agent which inhubits an
inhibitory molecule. Additional inhibitory molecules, e.g., can, in some embodiments,
decrease the ability of a CAR-expressing cell to mount an immune effector response.
Hxamples of inhibitory molecules include PD1, PD-F1, CTFA4, TIM3, FAGS, VISTA,
BTFA, TIGIT, FAIRY, CD606, and 2B4.

(84511 Intubition of an mhibitory molecule, e.g., by inhibition at the BNA, RNA or
proten fevel, can optimize a CAR-expressing cell performance. In embodiments, an
whibitory nucleic acid, e.g., an mhibitory nucleic acid, e.g., a dsRNA, e.g, an siRNA or

shRINA, can be used to inhibit expression of an mhibttory molecule in the CAR-expressing
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cell. In an embodiment the inhibitor 15 an shRNA. In an embodiment, the mhibitory molecule
is inhibited within a CAR-expressing cell. In these embodiments, a dsRNA molecule that
inhibits expression of the inhubitory molecule s hinked to the nucleic acid that encodes a

component, e.g., all of the components, of the CAR

[0452] In some embodiments, the mhibitor of an inhibitory signal can be, e g, an
antibody or antibody fragment that binds to an inhibitory molecule. For example, the agent
can be an antibody or antibedy fragment that binds to PD1, PD-L1, PD-L2 or CTLAd (e g,
ipilimumab (also referred to as MDX-010 and MDX-101, and marketed as Yervoy®; Bristol-
Myers Squibb; Tremelimumab (IgG2 monoclonal antibody available from Pfizer, formerly
known as ticiimumab, CP-675,206}. - The agent which enhances the activity of e g, a CAR-
expressing cell {e.g., GCC CAR-expressing cell) can be, e.g, a fusion protemn comprising a
first domain and a second domain, wherein the first domain s an intubitory molecule, or
fragment thereof, and the second domain is a polypeptide that is associated with a positive
signal, e.g., the polypeptide that 15 associated with a positive signal 1s CD28, ICOS, and
fragments thereof, e g., an mtracelular signaling domain of CD28 and/or ICOS 1o one
ernbodiment, the fusion protein 1s expressed by the same cell that expressed the CAR. In
another embodiment, the fusion protein is expressed by a cell, eg., a T cell that does not

express an anti-GCC CAR.

[3453] In another embodiment, the subjects receive an infusion of the CAR-
expressing cell, e.g. compositions of the present disclosure prior to transplantation, e.g.,
allogeneic stem cell tranaplant, of cells. In a preferred embodiment, CAR expressing cells
transiently express CAR, e.g., by electroporation of an mRNA encoding a CAR, whereby the
expression of the CAR 1s terminated prior to infusion of donor stem cells to avord engrafiment

failure.

[B454] Some patients may experience allergic reactions to the compounds of the
present disclosure and/or other anti~cancer agent(s) during or after admumstration; therefore,
anti-allergic agents are often admunistered to nunimize the risk of an allergic reaction.
Sutable anti-allergic agents include corticosterouds, such as dexamethasone (e.g.,
Diecadron®), beclomethasone {e.g., Beclovent®), hydrocortisone (also known as cortisone,

hydrocortisone sodium succinate, hydrocortisone sodium phosphate, and sold under the
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tradenames Ala-Cort®, hydrocoriisone phosphate, Solu-Cortef®, Hydrocort Acetate® and
Lanacort®), predmisolone (sold under the tradenames Delta-Cortel®, Orapred®, Pediapred®
and Prelone®), prednisone (sold under the tradenames Deltasone®, Liquid Red®,
Meticorten® and Orasone®), methyiprednisolone {also known as 6-methylprednisolone,
methylprednisolone acetate, methylprednisolone sodium succinate, sold under the tradenames
Duralone®, Medralone®, Medrol®, M-Prednisol® and Solu-Medrol®); antihistamines, such
as diphenhydramine (e g, Benadryl®), hyvdroxyzine, and cyproheptadine; and
bronchodilators, such as the beta-adrenergic receptor agonists, albutercl (e.g., Provenul®),
and terbutaline {Brethine®). Some patients may experience nausea during and after
admimistration of the compound of the present disclosure and/or other anti-cancer agent({s};
therefore, anti-emetics are used in preventing nausea (upper stomach) and vomiting. Suitable
anti~emetics include aprepitant {Emend®), ondansetron {Zofran®), granisetron HC1
(Kytril®), lorazepam (Attvan® dexamethasone (Decadron®), prochlorperazine

{Compazine®), casopitant {(Rezone® and Zuorisa®), and combivations thereof,

[3455] Medication to alleviate the pain experienced during the treatment period s
often prescribed to make the patient more comfortable. Common over-the-counter analgesics,
such Tylenol®, are often used. However, opioid analgesic drugs such as
hydrocodone/paracetamol or hydrocodone/acetaminophen {e.g., Vicodm®), morphine {e g,
Astramorph® or Avinza®), oxyeodone (e.g., OxyContin® or Percocet®), oxymorphone
hydrochlonde (Opana®), and fentanyl (e.g., Duragesic®} are also useful for moderate or

severe pam.

[6456] In an effort to protect normal celis from treatment toxicity and to himit organ
toxicities, cytoprotective agents {such as neuroprotectants, free-radical scavengers,
cardtoprotectors, anthracyclhine extravasation neutralizers, nutrients and the hike) may be used
as an adjunct therapy. Suttable cytoprotective agents include Amifostine (Ethyol®j),
ghutaming, dimesna {(Tavocept®), mesna (Mesnex®), dexrazoxane (Zinecard® or Totect®},
xaliproden (Xapria®), and leucovonn (also known as calciom leucovorin, citrovorum factor

and folmic acid}.

(34571 The stracture of the active compounds identified by code numbers, generic or

trade names may be taken from the actual edition of the standard compendium “The Merck
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Index” or from databases, e.g. Patents International {e.g. IMS World Publications}. The above-
mentioned compounds, which can be used in combination with a compound of the present
disclosure, can be prepared and administered as described in the art, such as i the documents

cited above,

[8458] In one embodiment, the present disclosure provides pharmaceutical
compositions comprising at least one therapeutic agent of the present disclosure (eg., a
therapeutic agent of the present disclosure) or a pharmaceutically acceptable salt thereof
together with a pharmaceutically acceptable carrier suitable for administration to a human or

animal subject, etther alone or together with other anti-cancer agents.

[0459] In one embodiment, the present disclosure provides methods of treating human
or amimal subjects suffering from a cellular proliferative disease, such as cancer. The present
disclosure provides methods of treating a human or animal subject in need of such treatment,
comprising administering to the subject a therapeutically effective amount of a therapeutic
agent of the present disclosure or a pharmaceutically acceptable salt thereof, either alone or n

combination with other anti-cancer agents.

[03460] In particular, compositions will either be formulated together as a combination
therapeutic or adnurustered separately. In combination therapy, the compound of the present
disclosure and other anti-cancer agent{s) may be admmistered either simultaneously,
concurrently or sequentially with no specific time hnuts, wherein such adnumstration

provides therapeutically effective levels of the two compounds in the body of the patient.

[B8461] In some embodiments, the compound of the present disclosure and the other
anti~cancer agent{s} is generally administered sequentially 1n any order by infusion or orally.
The dosing regimen may vary depending upon the stage of the disease, physical fitness of the
patient, safety profiles of the individual drugs, and tolerance of the mdividual drugs, as well
as other criteria well-known to the attending physician and medical practitioner(s}
administering the combination. The therapeuotic agent of the present disclosure {e.g., GCC

C AR} and other anti-cancer agent{s} may be adnunistered within minutes of each other, hours,
days, or even weeks apart depending upon the particular cycle being used for treatment. In
addition, the cycle could include administration of one drug more often than the other during

the treatment cycle and at different doses per administration of the drug.
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[8462] A therapeutic agent (e.g., GCC CAR) of the present disclosure may also be
used to advantage in combination with known therapeutic processes, for example, the

administration of hormones or especially radiation. A compound of the present disclosure
may i particular be used as a radiosensitizer, especially for the treatment of tumors which

exhibit poor sensitivity to radiotherapy.

[(3463] In embodiments, the subject can be administered an agent which reduces or
amehiorates a side effect associated with the administration of a CAR-expressing cell. Side
effects associated with the admunistration of a CAR-expressing cell include, but are not
limited to CRS, and hemophagocytic lymphohistiocytosis (HLH}, also termed Macrophage
Activation Syndrome (MAS).

(08464} Accordingly, the methods described herein can comprise adminustering a CAR
expressing cell described herein to a subject and further administering one or more agents to
manage elevated levels of a soluble factor resulting from treatment with a CAR-expressing
cell. In one embodiment, the soluble factor elevated in the subject is one or more of IFN-g,
TNFa, IL- 2 and IL-6. In an embodiment, the factor elevated in the subject 1s one or more of
[L-1, GMICSF, TL-10, 1L-8, IL-S and fraktalkine. Therefore, an agent administered 1o treat this

side effect can be an agent that neutralizes one or more of these soluble factors.

[6465] In one embodiment, the agent that neutralizes one or more of these soluble
forms 15 an antibody or antigen binding fragment thereof. Examples of such agents include,
but are not lunited 1o a steroid (e g., corticosteroid), an intubitor of TNFa, and an intubitor of
IL-6. An example of a TNFa inhibutor 15 an anti-TNFa antibody molecule such as, mfloamab,
adalimumab, certolizumab pegol, and golimumab. Another example of a TNFa mnhibttor 5 a
fusion protein such as entanercept. Small molecule inhibitor of TNFa include, but are not
hnuted to, xanthine denivatives {e.g. pentoxifyiline)} and bupropton. An example of an I1L-6
wnhibitor s an anti-IL-6 antibody molecule such as tocihizamab {(toe), sarilomab, elstdimomab,
CNTO 328, ALDSIB/BMS-945429, CNTQ 136, CPSI-2364, CDP6033, VX30, ARGX-109,
FE301, and FMI01. In one embodiment, the anti-1L-0 antibody molecule 15 tocilizumab. An

example of an [L~1R based inhibitor 1s anakinra.

[B466] In some embodiment, the subject 18 admunistered a corticosterond, such as, e.g |

methylpredmsolone, hydrocortisone, among others. In some embodiments, the subject 1s
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administered a vasopressor, such as, .g., norepinephrine, dopamine, phenylephrine,

epinephrine, vasopressin, or a combination thereof

[8467] In an embodiment, the subject can be administered an antipyretic agent. Inan

embodiment, the subject can be admmnistered an analgesic agent.

[8468] In one embodiment, the subject can be further administered an agent which
enhances the activity or fitness of 3 CAR-expressing cell. For example, in one embodiment,
the agent can be an agent which imhibits a molecule that modulates or regulates, e.g., mnhibits,
T cell function. In some embodiments, the molecule that modulates or regulates T cell
function 15 an hubitory molecule. Inhibitory molecules, e g., Programmed Death 1 (PD-1) or
PD-1 ligand (PD-L1), can, in some embodiments, decrease the ability of a CAR-expressing
cell to mount an immune effector response. Examples of inhibitory molecules include PD-1,
PD-LT, CTLA4, TIM3, CEACAM (e.g, CEACAM-1, CEACAM-3 and/or CEACAM-S),
LAG3, VISTA, BTLA, TIGIT, LAIRY, CD60, 2B4, CD80, CD86, B7-H3 (CD276). B7-H4
(VICND), HVEM (TWNFRSF14 or CD270), KIR, AZaR, MHC class I, MHC class 1, GALS,
and adenosine. Inhibition of a molecule that modulates or regulates, e.g., mhibits, T cell
function, e.g., by inhibition at the DNA, RNA or protein level, can optimize a CAR-
expressing cell performance. In embodiments, an agent, e g., an inhibutory nucleic acid, e g,
an inlubitory nucleic acid, e g, an wdubitory nucleic acid, e g, a dsRNA, e.g, an siRNA or
shRNA, a clustered regularly interspaced short palindromic repeats {CRISPR), a
transcription-activator like effector nuclease (TALEN), or a zinc finger endonuclease (ZFN),
e.g., as described herein, can be used to inhibit expression of an inhibitory molecule i the
CAR-~expressing cell. In an embodiment, the mhibitor 15 an shRNA. In an embodiment, the
agent that modulates or regulates, e.g., miubits, T-cell function 1s mhibited within a3 CAR-
expressing cell. In these embodiments, a dsRNA molecule that mhibits expression of a
molecule that modulates or regulates, e.g., inhibiats, T-cell function 1s linked to the nucleic
acid that encodes a component, e.g., all of the components, of the CAR.

[B469] In an embodiment, a nucleic acid molecule that encodes a disRNA molecule
that inhibits expression of the molecule that modulates or regulates, e g., inhibits, T-cell
function 13 operably hinked to a promoter, e.g., a Hi- or a Ub-derived promoter such that the

dsRNA molecule that mhubiis expression of the molecule that modulates or regulates, e.g.,
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inhibits, T-cell function is expressed, e.g., is expressed within a CAR-expressing cell See
e.g., Tiscomia ., “Development of Lentiviral Vectors Expressing sitRNA,” Chapter 3, 1n
Gene Transfer: Delivery and Expression of DNA and RNA (eds. Friedmann and Rossi). Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY, USA, 2007, Brummelkamp TR, et
al. {2002) Science 296 550-553; Miyagishi M, et al. {(2002) Nat. Biotechnol. 19: 497-500.

{3470 In an embodiment the nucleic acid molecule that encodes a dsRNA molecule
that intubits expression of the molecule that modulates or regulates, e.g., inhibits, T-cell
function is present on the same vector, e.2., a lentiviral vector, that comprises a nucleic acid
molecule that encodes a component, e.g., all of the components, of the CAR. Insuchan
embodiment, the nucleic acid molecule that encodes a dsRNA molecule that inhubits
expression of the molecule that modulates or regulates, e g . inhibits, T-cell function is located
on the vector, e.g., the lentiviral vector, 5’ or 37~ to the nucleic acid that encodes a
component, e.¢., all of the components, of the CAR. The nucleic acid molecule that encodes a
dsRINA molecule that inhubits expression of the molecule that modulates or regulates, e.g.,
inhtbhits, T-cell function can be transcribed wn the same or different direction as the nuclewe
acid that encodes a componert, e g., all of the components, of the CAR. In an embodiment the
nucleic acid molecule that encodes a dsRNA molecule that inlubits expression of the molecule
that modulates or regulates, e g, nhibits, T-cell function is present on a vector other than the
vector that comprises a nucleic acid molecule that encodes a component, e.g., all of the
components, of the CAR. In an embodiment, the nucleic acid molecule that encodes a dsRNA
molecule that inhibits expression of the molecule that modulates or regulates, e g, nhubits, T~
cell function it transiently expressed within a CAR-expressing cell. In an embodiment, the
nucleic acid molecule that encodes a dsRNA molecule that mhibits expression of the molecule
that modulates or regulates, e g, inhibits, T-cell function 15 stably mtegrated nto the genome
of a CAR-expressing cell. Configurations of exemplary vectors for expressing a component,
e.g., all of the components, of the CAR with a dsRNA molecule that inhibits expression of the
molecule that modulates or regulates, e g., inhibits, T-cell function, 15 provided, e.g., in Figure
47 of International Publication W20 15/090230, filed December 19, 2014, which is herein

incorporated by reference.

[6471] In embodiments, the therapy described herein, e.g., 8 CAR-expressing cell

(e.g., GCC CAR-expressing cell), 1s administered in combination with an anti-epileptic agent,
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e.g., acetazolamide, bivaracetam, carbamazepine, clobazam, clonazepam, eslicarbazepine
acetate, ethosuxinmide, gabapentin, lacosamide, lamotriging, levetiracetam, oxcarbazepine,
perampanel, phenobarbital, phenvtoin, piracetam, pregabalin, primidone, rudinamide, sodium
valproate, stiripeniol, tiagabine, topiramate, valporic acid, vigabatrin, zonisamide. See, Weller
etal Lancet 13.9(2012)e375-e382. In embodiments, the anti epileptic agent is administered
i an amount effective to prevent seizures before the therapy described herein, e g, a CAR-
expressing cell {e.g. GCC CAR-expressing cell). In embodiments, admuustration of the anti-
epileptic agent 1s optionally continued throughout and after admunistration the therapy
described herein, e g., a CAR-expressing cell {e.g. GCC CAR-expressing cell}. In
embodiments, the therapy described herein, e g, a CAR-expressing cell (e g. GCC CAR-

expressing cell}, may be used in a treatment m combination with an anti-epileptic agent and

radiation.
0472} Cytokine Release Syndrome (CRS)
[6473] Cytokine release syndrome (CRS) 1s a potentially life-threatening cytokine-

associated toxicity that can occur as a result of cancer immunotherapy, e g., cancer antibody
therapies or T cell immunotherapies {e.g, CAR T cells). CRS results from high-level immune
activation when large numbers of lymphocytes and/or myeloid cells release inflammatory
cytokines upon activation. The severity of CRS and the timing of onset of symptorns can vary
depending on the magnitude of immune cell activation, the type of therapy adnmunistered,
and/or the extent of tumor burden i a subject. In the case of T-cell therapy for cancer,
symptom onset is typically days to weeks after admimistration of the T-cell therapy, e.g., when

there 1s peak in vivo T-cell expansion. See, e.g., Lee et al. Blood. 124.2(2014):. 188-95,

[B474] Symptoms of CRS can melude neurologic toxicity, disseminated intravascular
coagulation, cardiac dysfunction, adult respiratory distress syndrome, renal fasture, and/or
hepatic faihire. For example, symptoms of CRS mnclude high fevers, nausea, transient
hypotension, hypoxia, and the like. CRS may inchude clinical constitutional signs and
symptoms such as fever, fatigue, anorexia, myalgias, arthalgias, nausea, vomting, and
headache. CRS may nclude clinical skin signs and symptoms such as rash. CRS may include
chmcal gastrointestinal signs and symsptoms such as nausea, vomiting and diarrhea. CRS

may inclode clinical respiratory signs and symptoms such as tachypnea and hypoxemia. CRS
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may include clinical cardiovascular signs and symptoms such as tachycardia, widened pulse
pressure, hypotension, increased cardac output {early} and potentially diminished cardiac
output (late}. CRS may include chinical coagulation signs and symptoms such as elevated d-
dimer, hypofibrinogenemia with or without bleeding. CRS may include clinical renal signs
and symptoms such as azotemia. CRS may include clinical hepatic signs and symptoms such
as transaminitis and hyperbilirubinenua. CRS may include clinical neurologic signs and
symptoms such as headache, mental status changes, confusion, delirium, word finding

difficulty or frank aphasia, hallucinations, tremor, dymetria, altered gait, and seizures.

0475} fL-6 15 thought to be a mediator of CRS toxicity. See, e g., 1d. High [L-6 levels
may initiate a proinflarmamatory IL-6 signaling cascade, leading to one or more of the CRS
symptoms. In some cases, the level of C-reactive protein {CRP) (a hiomolecule produced by
the liver, e g, in response to IL-6} can be a measure of 1L-6 activity. In some cases, CRP
levels may increase several fold {e g, several logs) during CRS. CRP levels can be measured

using methods described herein, and/or standard methods avadable in the art.

8476} CRS Grading
(6477} In some embodiments, CRS can be graded in severity from 1-5 as follows.

(Grades 1-3 are less than severe CRS. Grades 4-5 are severe CRS. For Grade 1 CRS, only
symptomatic treatment 15 needed {e.g., nausea, fever, fatigue, myalgias, malaise, headache)
and symptoms are not life threatening. For Grade 2 CRS, the symptoms require moderate
mtervention and generally respond to moderate intervention. Subjects having Grade 2 CRS
develop hypotension that 1s responsive to either flnds or one low-dose vasopressor; or they
develop grade 2 organ toxicity or nuld respiratory symptors that are responsive to low flow

oxygen (<40% oxygen).

[0478] In Grade 3 CRS subjects, hypotension generally cannot be reversed by fluid
therapy or one low dose vasopressor. These subjects generally require more thao low flow
oxygen and have grade 3 organ toxicity {(e.g., renal or cardiac dysfunction or coagulopathy)
and/or grade 4 transammnitis. Grade 3 CRS subjects require more aggressive mtervention, e.g.,
oxygen of 40% or higher, high dose vasopressor{s), and/or multiple vasopressors. Grade 4
RS subjects suffer from immediately life-threatening symptoms, including grade 4 organ

toxicity or a need for mechanical ventilation. Grade 4 CRS subjects generally do not have
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transaminitis. in Grade 5 CRS subjects, the toxicity causes death. For example, criteria for
grading CRS 15 provided herein as Table 9. Unless otherwise specified, CRS as used herein

refers to CRS according to the criteria of Table 9.

Table 9. CRS Grading

Gl Supportive care only
G2 IV therapies+/- hospitalization.
o3 Hypotension requiring IV fhuids or low-dose vasoactives or hyvpoxemia

requiting oxvgen, CPAP, or BIPAP,

Grd Hypotension requiring high-dose vasoaciives or hypoxemia requiring
mechanical
Gr§ Death

CRS Therapies

84791 Therapies for CRS mnclude IL~6 inhibitor or IL-6 receptor (IL-6R) mhibitors
{e.g., tocilizumab or siftuximab), sgpl30 blockers, vascactive medications, corticosteroids,
wrununosuppressive agents, and mechanical ventilation. Exemplary therapies for CRS are
described 10 International Application W02014011984, which 1s hereby imcorporated by

reference.

[0480] Tocilizumab s a humanized, sromunoglobulin Glkappa anti-human TL-6R
monoclonal antibody. See, e.g | 1d Tocihizumab blocks binding of 1L.-6 1o soluble and
membrane bound IL- 6 receptors (IL~-6Rs) and thus inhubitos classical and trans-11-6
signaling. In embodiments, tocilizumab 15 administered at a dose of about 4-12 mg/kg, e.g.,
about 4-8 mg/kg for adults and about 8-12 mg/kg for pediatric subjects, e g., admunistered
over the course of 1 hour. In some embodiments, the URS therapeutic 1s an inhibitor of HL.-6
signalling, e.g., an wmhibttor of 1L-6 or [L-6 receptor. In one embodiment, the mhibitor 1s an
anti-IL-6 antibody, e.g., an anti~IL-6 chimeric monoclonal antibody such as siltuximab. In
other embodiments, the ihibitor comprises a soluble gpl30 or a fragment thereof that 1s

capable of blocking IL-6 signalling. In some embodiments, the sgpli30 or fragment thereof 18
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fused to a heterologous domain, e g, an Lc domain, e g., 15 a gpl30-Le fusion protein such as
LE301. In embodiments, the inhibitor of IL-0 signalling comprises an antibody, eg., an
antibody to the IL-6 receptor, such as sarilumab, olokizumab (CDP6038), elstiimomab,
simkumab (CNTO 136}, ALDS18/BMS- 945429, ARGX-109, or EMI101. In some

embodiments, the inhibitor of 1IL-6 signaling comprises a small molecule such as CPST2364.

{481} Exemplary vasoactive medications include but are not himited to angiotensin-1
I, endothelin-1, alpha adrenergic agonists, rostanoids, phosphodiesterase mhibitors,
endothelin antagonists, motropes {e g., adrenaline, dobutamine, isoprenaline, ephedrine),
vasopressors {e.g., noradrenaline, vasopressin, metaranunol, vasopressin, methylene blue),
inodilators {e.g., milrinone, levosimendan), and dopamine. Exemplary vasopressors include
but are not limited to norepinephrine, dopamine, phenylephrine, epinephrine, and vasopressin.
In some embodiments, a high-dose vasopressor includes one or more of the following:
norpepinephrine monotherapy at >20 ug/min, dopamine monotherapy at >10 ug/kg/nun,
phenylephrine monotherapy at >200 ug/min, and/or epinephrine monotherapy at >10 ug/min.
In some embodiments, if the subject is on vasopressin, a lugh-dose vasopressor includes
vasopressin + norepinephrine equivalent of >10 ug/min, where the norepinephrine equivalent
dose = [norepinephrine (ug/mun)} + [dopamine (ug/kg/min) / 2] + [epinephrine (ug/min)} +
[phenylephrine (ug/mun) / 10]. To some embodiments, if the subject 1s on cornbination
vasopressors (not vasopressing, a high-dose vasopressor inchides norepimephrine equivalent of
>20 ag/mn, where the norepinephring equuvalent dose = [norepinephnine (ug/mm}] +
[dopamine {(ug/kg/vun}/ 2] + [epinephrine (ug/min}} + [phenylephrine (ug/min} / 10]. See

eg., Id

[(3482] In some embodiments, a low-dose vasopressor 1s 8 vasopressor administered at
a dose less than one or more of the doses histed above for high-dose vasopressors. Exemplary
corticosteroids melude but are not limited to dexamethasone, hydrocortisone, and
methylprednisoione. In embodiments, a dose of dexamethasone of 0.5 mg/keg 1s used. In
embodiments, a maximum dose of dexamethasone of 10 mg/dose 13 used. In embodiments, a

dose of methylprednisolone of 2 mg/kg/day 1s used.

[B483] Exemplary smmunosuppressive agents include but are not imited to an

inhibitor of TNFa or an inhibitor of IL-1. In embodiments, an inhibitor of TNFa comprises an
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anti-TNFa antibody, e.g., monoclonal antibody, e g., inflixamab. In embodiments, an inhibitor
of TNFa comprises a soluble TNFa receptor {e.g., etanercept). In embodiments, an 1L-1 or IL-

IR mnhibitor comprises anakinga.

[(3484] In some embodiments, the subject at risk of developing severe CRS is
adnmunistered an anti-IFN-gamma or anti-siF2Ra therapy, e.g., an antibody molecule direcied

against IFN-gamma or siF2Ra.

[0485] In embodiments, for a subject who has received a therapeutic antibody
molecule such as blinatumomab and who has CRS or 15 at risk of developing CRY the
therapeutic antibody molecule s administered at a lower dose and/or a lower frequency, or

administration of the therapeutic antibody molecule 18 halted.

[0486] In embodiments, a subject who has CRS or 15 at risk of developing CRS is
treated with a fever reducing medication such as acetaminophen. embodiments, a subject
herein 1s administered or provided one or more therapies for CRS described herein, eg., one
or more of IL-6 inhibitors or IL-6 receptor (IL-6R) inhubitors {e.g., toctlizumab}, vasoactive
medications, corticosteroids, immunosuppressive agents, or mecharical ventilation, in any

combination, e.g., in combination with a CAR-expressing cell described herein.

04871 In embodiments, a subject at risk of developing CRS {e.g., severe CRS} {e g,
identified as having a high risk status for developing severe CRS) is administered one or more
therapies for CRS described herein, e.g., one or more of IL-6 inlubitor or IL-6 receptor (T1-
6R} whibitors (e.g., tocilizumab), vasoactive medications, corticosteroids,
wununosuppressive agents, or mechanical ventilation, 1 any combination, e.g., 1o

combination with a CAR-expressing cell described heren

[(3488] In embodiments, a subject heremn {e.g., a subject at risk of developing severe
CRS or a subject wdentified as at risk of developing severe CRS) 1s transferred to an intensive
care unit. In some embodimoents, a subject herein {e.g., a subject at risk of developing severe
CRS or a subject wdentified as at risk of developing severe CRS) 1s monstored for one ore
more symptoms or conditions associated with CRS, such as fever, elevated heart rate,
coagulopathy, MODS (uultiple organ dysfunction syndrome), cardiovascular dysfunction,
distributive shock, cardiomyopathy, hepatic dysfunction, renal dysfunction, encephalopathy,

chinical serzures, respiratory fatlore, or tachyeardia. In some embodiments, the methods herein
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comprise administering a therapy for one of the symptoms or conditions associated with CRS.
For mstance, in embodiments, e.g., if the subject develops coagulopathy, the method
comprises administering cryoprecipitate. In some embodiments, e g, if the subject develops
cardigvascular dystfunction, the method comprises administering vasoactive infusion support.
In some embodiments, e.g, if the subject develops distributive shock, the method comprises
administering alpha-agonist therapy. In some embodiments, e.g , if the subject develops
cardiomyopathy, the method comprises administering milrinone therapy. In some
embodiments, e g, if the subject develops respiratory failure, the method comprises
performing mechanical ventilation (e.g., invasive mechanical ventilation or noninvasive
mechanical venitilation). In some embodiments, e.g., if the subject develops shock, the method
comprises adnunistering crystallowd and/or colloid fluids. In embodiments, the CAR-
expressing cell 1s adnunistered prior to, concurrently with, or subsequent to adminustration of
one or more therapies for CRS described herein, e.g., one or more of 1L-6 intubttor or [L-6
receptor (IL~-GR) inhibitors {e. g., tocilizumab), vasoactive medications, corticosteroids,
mununosuppressive agents, or mechanical ventilation. In embodiments, the CAR-expressing
cell 15 administered within 2 weeks {e.g., within 2 or 1 week, or within 14 days, e g, within
14, 13,12, 11, 10, 9,8, 7, 6, 3, 4, 3, 2, 1 day or less) of adnmumstration of one or more
therapies for CRS described herein, e.g., one or more of IL-6 inhibitors or [L-6 receptor (1L~
6R ) mhubitors {e.g., tocilizumab), vasoactive medications, corticosteroids,
muenosuppressive agents, or mechanical ventilation. In embodiments, the CAR-expressing
cell 1s admimstered atleast 1 day (e.g., atleast 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15,
16,17, 18,19, 20, 1, week, 2 weeks, 3 weeks, 4 weeks, 1 month, 2 months, 3 months, 3
months, or more} before or after admimstration of one or more therapies for CRS described
herein, e.g., one or more of IL-0 inlubitors or [L-6 receptor (IL-6R) inhibitors {e.g.,
tocilizumab), vasocactive medications, corticosteroids, immunosuppressive agents, or

mechanical ventilation.

[(3489] In embodiments, a subject herein {e.g., a subject at risk of developing severe
CRS or a subject identified as at risk of developing severe CRS) 1s admunistered a single dose
of an 1L-6 inhibitor or IL-6 receptor (IL-0R) inhibitor {e g, toctlizumab). In embodiments, the
subject 1s administered a plurality of doses {e.g., 2, 3, 4, 5, 6, or more doses) of an IL-6

inhibitor or IL-0 receptor (1L.-0R) inhibitor {e.g

&0

tocilizumaby).

141



WO 2022/123316 PCT/1B2021/000873

8490} In embodiments, a subject at fow or no risk of developing CRS {e.g., severe
CRS} (e.g., identified as having a low nisk status for developing severe CRS) s not
adnunistered a therapy for CRS described herein, e.g., one or more of 1L-6 mhibitor or IL-6
receptor (IL-6R) inhibitors {e.g., tocilizumab), vasoactive medications, corticosteroids,

&

immunosuppressive agents, or mechanical ventiation.

(3491} In some embodiments, the subject treated by the methods disclosed herein has

a low severity of CRS, e.g, grade 1, grade 2 or grade 3.

[(3492] In embodiments, the viable CAR-expressing cells are admunistered in
ascending doses. In embodiments, the second dose is larger than the first dose, e g, larger by
1(3%%, 20%, 30%, or 50%. In embodiments, the second dose is twice, three times, four times,
or five times the size of the first dose. In embodiments, the third dose is larger than the second
dose, e.g., larger by 10%, 20%, 30%, or 50%. In embodiments, the third dose s twice, three

times, four times, or five times the size of the second dose.

[3493] In certain embodiments, the method includes one, two, three, four, five, six,

seven or all of a)-h) of the following:

[06494] a} the number of CAR-expressing, viable celis administered in the first dose 18
no more than 1/3, of the number of CAR-expressing, viable cells administered in the second

dose;

08495} b} the number of CAR-expressing, viable cells admirustered in the first dose 13
no more than /X, wherein X152, 3,4, 3, 6,7, 8,9, 10, 15, 20, 30, 40 or 50, of the total
number of CARexpressing, viable cells administered;

[0496] c} the number of CAR-expressing, viable celis administered 1n the first dose is
no more than 1 x 107, 2x 107, 3x 107, 4% 107, 5x 107, 6 x 107, Tx 107, 8 x 107, 9 x 107, }
x 108, 175 x 108, 2x 108, 3 x 108, 4 x 108, or S x 108 CAR-expressing, viable cells, and the

second dose 1s greater than the first dose;

[6497] d} the number of CAR-expressing, viable cells administered in the second dose
s no more than 1/2, of the number of CAR-expressing, viable cells administered m the third

dose;
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[8498] e} the number of CAR-expressing, viable cells administered 1n the second dose
is no more than 1/Y wherein Y182, 3,4, 5, 6,7, 8,9, 10, 15, 20, 30, 40 or 50, of the total

number of CAR-expressing, viable cells administered;

[(3499] t} the number of CAR-expressing, viable cells administered in the second dose
isno more than 1 x 107, 2x 107, 3 x 107, 4 x 107, 5x 107, 6 x 107, 7x 107, 8 x 107, 9 x 107,
Txi08 1.75x 108, 2 x 108, 3 x 108, 4 x 108, or 5 x 108 CAR-expressing, viable cells, and

the third dose 1s greater than the second dose;

{500 h} the dosages and time periods of admiunistration of the first, second, and
optionally third doses are selected such that the subject experiences CRS at a level no greater

than 4, 3,2, or 1.

65611 In embodiments, the total dose 1s about S x 108 CAR-expressing, viable cells.
In embodiments, the total dose 15 about 5 x 107 - 5 x 108 CAR-expressing, viable cells. In
embodiments, the first dose 1s about S x 107 {e.g., £ 10%, 20%, or 30%6) CAR-expressing,
viable cells, the second dose 1s about 1.5 x 108 {e.g., £ 10%, 20%, or 30%) CAR-expressing,
viable cells, and the third dose is about 3 x 108 {e.g., = 10%, 20%, or 30%) CAR-expressing,

viable cells.

[6502] In embodiments, the subject 1s evaluated for CRS after receiving a dose, ez,

after receiving the first dose, the second dose, and/or the third dose.

3563} In embodiments, the subject receives a CRS treatment, e g, tocilizumab, a
corticosteroid, etanercept, or stltuximab. In embodiments, the CRS treatment is administered
before or after the first dose of cells comprising the CAR molecule. In embodiroents, the CRS
treatment 15 administered betore or afier the second dose of cells comprising the CAR
molecule. In embodiments, the CRS treatment 1s administered before or after the third doss of
cells comprising the CAR molecule. In embodiments, the CRS treatment ts administered
between the first and second doses of cells comprising the CAR molecule, and/or between the

second and third doses of cells comprising the CAR molecule.

[0504] In embodiments, in a subject having CRS after the first dose, e.g., CRS grade
I, 2, 3, or 4, the second dose 18 adnumstered at least 2, 3, 4, or S days after the first dose. In

embodiments, in a subject baving CRS afier the second dose, eg., CRS grade 1, 2, 3, or 4, the
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third dose 1s admunistered at least 2, 3, 4, or 5 days after the second dose. In embodiments, in
a subject having CRS after the first dose, the second dose of CAR-expressing cells is delayed
relative to when the second dose would have been administered had the subject not had CRK.
In embodiments, in a subject having CRS after the second dose, the third dose of CAR-

expressing cells is delayed relative to when the third dose would have been administered had

the subject not had CRS.

35851 In embodiments, the subject has a cancer with a high disease burden before the
first dose is administered. In embodiments, the subject has bone marrow blast levels of at least
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, %%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, or
50%, e.g., at least 5%. In embodiments, the subject has a cancer instage I I, UL, or IV In
embodiments, the subject has a tumor mass ofat least 1, 2, 5, 10, 20, 50, 100, 200, 500, or

1000 g, e g., in a single tumor or a plurality of tumors.

[8506] In some embodiments, the subject has cancer {e.g., a colorectal cancer). In
some embodiments, the cancer is a disease associated with GCC expression, .2, as described

herein. In embodiments, the CAR molecule 1s a CAR molecule as described herein.

6587 In one aspect, CAR-expressing cells, e g, GCC CAR-expressing cells, are
generated using lentiviral viral vectors, such as lentivirus. CAR-expressing cells generated
that way will have stable CAR expression. Vectors derived from retroviruses such as the
fentivirus are suitable tools to achieve long-term gene transfer since they allow long-term,
stable integration of a transgene and s propagation in daughter cells. Lentiviral vectors have
the added advantage over vectors derived from onco-retroviruses such as murine leukenua
viruses in that they can transduce non prohiferating cells, such as hepatocyies. They also have
the added advantage of low immunogenicity. A retroviral vector may also be, e.g., a
gammaretroviral vector, A gammaretroviral vector may mclude, e.g., a promoter, a packaging
signal (v}, a primer binding site (PBS), one or more fe.g., two) long terminal repeats (LTR),
and a transgene of interest, e.2., a gene encoding a CAR. A gammaretroviral vector may lack
viral structural gens such as gag, pol, and env. Exemplary gammaretroviral vectors include
Murine Leukemia Virus (MLV}), Spleen- Focus Fornung Virus (SFFV}, and

Myeloproliferative Sarcoma Virus (MPSV), and vectors derived therefrom. Other
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gammaretroviral vectors are described, e.g., in Tobias Maetzig et a | “Gammaretroviral

Vectors: Biology, Technology and Application” Viruses. 2011 Jun; 3(6}. 677-713.

pnnnng

8508] In one aspect, the CAR-expressing cells transigntly express CAR vectors for 4,
5,6,7,8,9 10, 11,12, 13, 14, 15 days after transduction. Transient expression of CARs can
be effected by RNA CAR vector delivery. In one aspect, the CAR RNA 13 transduced into the

T cell by electroporation.

[6509] A potential issue that can arise in patients being treated using transiently
expressing CAR-expressing cells (particularly with murine scFv bearing CAR-expressing
cells) 15 anaphylaxis after multiple treatments. Without being bound by this theory, it is
believed that such an anaphylactic response might be caused by a patient developing humoral
anti-C AR response, 1.e., anti-CAR antibodies having an anti-IgE isotype. It is thought that a
patient’s antibody producing cells undergo a class switch from IgG isotype {(that does not
cause anaphvlaxis) to IgE isotype when there is a ten to fourteen day break in exposure to

antigen.

{6510} if a patient 15 at high risk of generating an anti-CAR antibody response during
the course of transient CAR therapy {such as those generated by RNA transductions), CAR-

expressing cell infusion breaks should not last more than ten to fourteen days.
Compositions

(8511} Compositions are provided herein for use in gene therapy, immunotherapy
and/or cell therapy that include one or more of the disclosed CARs, or T cells expressing a
CAR, antibodies, antigen binding fragments, conjugates, CARs, or T cells expressing a CAR
that specifically bind to one or more antigens disclosed herein, in a carrier (suchas a
pharmaceutically acceptable carrier). The compositions can be prepared 10 unit dosage forms
for adnurmustration to a subject. The amount and tinung of admunistration are at the discretion
of the treating clinician to achieve the desired outcome. The compositions can be formulated
for systemic (such as intravenous) or local {such as mtra-tumor) admuustration. In one
exarnple, a disclosed CARs, or T cells expressing a CAR, antibody, antigen binding fragment,
conjugate, 1s formulated for parenteral adminstration, such as mtravenous administration.
Compositions including a CAR, or T cell expressing a CAR, a conjugate, antibody or antigen

binding fragment as disclosed herein are of use, for example, for the treatment and detection
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of a tumor, for example, and not by way of himitation, a neuroblastoma. In some examples,
the compositions are useful for the treatment or detection of a carcinoma. The compositions
including a CAR, or T cell expressing a CAR, a conjugate, antibody or antigen binding
fragment as disclosed herein are also of use, for example, for the detection of pathological

ANGIOYENesIs.

[6512] The compositions for adminstration can include a solution of the CAR or T
cell expressing a CAR, conjugate, antibody or antigen binding fragment dissolved ina
pharmaceutically acceptable carrier, such as an aqueous carrier. A variety of agueous carriers
can be used, for example, buffered saline and the like. These solutions are sterile and
generally free of undesirable matter. These compositions may be sterilized by conventional,
well known sterilization techniques. The compositions may contain pharmaceutically
acceptable awaliary substances as required to approximate physiological conditions such as
pH adjusting and buffering agents, toxicity adjusting agents, adjuvant agents, and the like, for
example, sodiur acetate, sodium chloride, potassium chloride, calcium chlonde, sodium
lactate and the hike. The concentration of a CAR, or T cell expressing a CAR, antibody or
antigen binding fragment or conjugate in these formulations can vary widely, and will be
selected primanly based on fluid volumes, viscosities, body weight and the like in accordance
with the particular mode of adnunistration selected and the subject's needs. Actual methods of
preparing such dosage forms for use in gene therapy, immunotherapy and/or cell therapy are

known, or will be apparent, to those skilled 1o the art.

[B513] In some embodiments, the composttion comprises a GCC CAR n combination
with one or more pharmaceutically or physiologically acceptable carriers, diluents or
excipients. Such compositions may comprise buffers such as neutral buffered saline,
phosphate buffered saling and the ike; carbohydrates such as glucose, mannose, sucrose or
dextrans, manmitol, protems; polypeptides or amino acids such as glycine,; antioxidants;
chelating agents such as EDTA or glutathione, adjuvants (e.g., alominum hydroxide); and
preservatives. Compositions of the present mvention are o one aspect formulated for

intravenous administration.

[B514] Pharmaceutical compositions of the present invention may be administered i a

manner appropriate 1o the disease to be treated {or prevented). The quantity and frequency of
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adnmunistration will be determined by such factors as the condition of the patient, and the type
and severiiy of the patient’s disease, although appropriate dosages may be determined by

clinical trials.

[B515] In one embodiment, the pharmaceutical composition is substantially free of,
e.g., there are no detectable levels of a contaminant, e g, selected from the group consisting
of endotoxin, mycoplasma, replication competent lentivirus (RCL}, p24, VSV-G nucleic acid,
HIV gag, residual anti-CD3/anti-CD28 coated beads, mouse antibodies, pooled human serum,
bovine serum albumin, bovine serum, culture media components, vector packaging cell or
plasmud components, a bacterium and a fungus. In one embodiment, the bacterium is at least
one selected from the group consisting of Alcaligenes faecalis, Candida albicans, FEscherichia
coli, Haemophilus influenza, Neisseria meningitides, Pseudomonas aeruginosa,

Staphylococcus aureus, Streptococcus pneumonia, and Streptococcus pyogenes group A,

3516} In one aspect, the present invention provides a population of CAR-expressing
cells, ey, CART cells or CAR-expressing NK cells.  In one aspect, the present mvention
provides methods comprising administering a population of CAR-expressing cells {(e.g.,
CART cells or CAR-expressing NK cells), in combination with another agent, e g., a kinase

wnhibitor, such as a kinase mbubitor described herein,

(65171 Tn another aspect, the invention pertains to a cell comprising a vector described
herein. In one embodiment, the cell 15 a cell described heren, eg., a human Tcell, e g, a

human T cell described herein. In one embodiment, the human T cell 15 a CD8+ T cell

[3518] In another aspect, the mvention pertains to a method of making a cell
comprising transducing a cell described heren, e.g, a T cell described herein, with a vector of

comprising a nucleic acid encoding a CAR, e g., a CAR described herein

[6519] The present invention also provides a method of generating a population of
RNA engineered cells, e.g., cells described herein, e g, T cells, transiently expressing
exogenous RNA The method comprises introducing an in vitro transcribed RNA or synthetic
RNA into a cell, where the RNA comprises a nucleic acid encoding a CAR molecule

described herein.
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[6520] In embeodiments of any of the methods and compositions described herein, the
cell comprising 2 CAR comprises a nucleic acid encoding the CAR. In one embodiment, the
nucleic acid encoding the CAR 15 a lentiviral vector. In one embodiment, the nucleic acid
encoding the CAR 13 introduced into the cells by lentiviral transduction. In one embodiment,
the nucleic acid encoding the CAR 1s an RNA, e g., an in vitro transcribed RNA. In one
embodiment, the nucleic acid encoding the CAR s introduced into the cells by

electroporation.

[0521] In embodiments of any of the methods and compositions described herein, the
celiis a T cell or an NK cell. In one embodiment, the T cell 1s an autologous or aliogeneic T

cell.

(65221 A typical composition for intravenous admumstration includes about 0.01 to
about 30 mg/kg of antibody or antigen binding fragment or conjugate per subject per day (or
the corresponding dose of a CAR, or T cell expressing a CAR, conjugate including the
antibody or antigen binding fragment). Actual methods for preparing administrable
compasitions will be known or apparent to those skilled in the art and are described in more
detail 1 such publications as Remington's Pharmaceutical Science, 19th ed, Mack Publishing

Company, Easton, Pa. (1995}

[6823] A CAR, or T cell expressing a CAR, antibodies, antigen binding fragments, or
conjugates may be provided in lyophiized form and rehydrated with sterile water before
admuustration, although they are also provided in sterile solutions of known concentration.
The CARs, or T cells expressing a CAR, antibody or antigen binding fragroent or comjugate
solution is then added to an infusion bag contaimung 0.9% sodium chloride, USP, and i some
cases adminstered at a dosage of from 0.5 to 15 mg/kg of body weight. Considerable
expertence 1s available m the art in the admmisiration of antibody or antigen binding fragment
and conjugate drugs; for example, antibody drugs have been marketed o the UK. since the
approval of RITUXAN® m 1997 A CAR, or T cell expressing a CAR, antibodies, antigen
binding fragments and conjugates thereof can be administered by slow infusion, rather than in
an intravenous push or bolus. In one example, a higher loadimg dose 1s administered, with
subsequent, maintenance doses being administered at a lower level For example, an imtial

loading dose of 4 meg/kg antibody or antigen binding fragment (or the corresponding dose of a
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conjugate including the antibody or antigen binding fragment} may be nfused over a period
of some 90 munutes, followed by weekly maintenance doses for 4-8 weeks of 2 mg/kg infused

over a 30 minute period if the previous dose was well tolerated.

[6524] Controlled release parenteral formulations can be made as implants, oily
injections, or as particulate systems. For a broad overview of protein delivery systems see,
Banga, A I, Therapeutic Peptides and Proteins: Formulation, Processing, and Delivery
Systems, Technomic Publishing Company, Inc., Lancaster, Pa., (1995). Particulate systems
include microspheres, microparticles, microcapsules, nanocapsules, nanospheres, and
nanoparticles. Microcapsules contain the therapeutic protein, such as a cytotoxin or a drug, as
a central core. In microspheres, the therapeutic is dispersed throughout the particle. Particles,
microspheres, and microcapsules smaller than about 1 um are generally referred to as
nanoparticles, nanospheres, and nanocapsules, respectively. Capillaries have a diameter of
approximately 5 pm so that only nanoparticles are administered mtravenously. Microparticles
are typically around 100 ym in diaroeter and are adnmumstered subcutaneously or
miramuscularly. See, for example, Kreuter, I, Colloidal Drug Delivery Systems, J. Kreuter,
ed., Marcel Dekker, Inc., New York, N.Y,, pp. 219-342 (1994); and Tice & Tabibi, Treatise
on Controlled Drug Delivery, A Kydoneus, ed., Marcel Delker, Inc. New York, NY., pp.
315-339, (1992).

[3525] Polymers can be used for 1on-controlled release of the CARs, or T cells
expressing a CAR, antibody or antigen binding fragroent or conjugate compositions disclosed
herein. Various degradable and nondegradable polymernic matrices for use in controlled drug
delivery are known n the art {Langer, Accounts Chem. Res. 26:537-542, 1993}, For example,
the block copolymer, polaxamer 407, exists as a viscous yet mobile hiquad at low temperatures
but forms a semusohid gel at body temperature. It has been shown to be an effective vehicle for
formulation and sustained delivery of recombinant interleukin-2 and urease {(Johnston et al,,
Pharm. Res. 9:425-434, 1992; and Pec et al., J. Parent. Sci. Tech. 44(2}:58-65, 1990}
Alternatively, hydroxyapatite has been used as a microcarrier for controlled refease of
proteins {Entema et al, Int. J. Pharm. 112:215-224, 1994} in yet another aspect, liposomes
are used for controlled release as well as drug targeting of the hipid-capsulated drog (Betagert
et al., Liposome Drug Delivery Systems, Technomic Publishing Co., Inc., Lancaster, Pa.

{1993)). Numerous additional systems for controlled delivery of therapeutic proteins are
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known (see 11.8. Pat. Nos. 5,055,303 5,188,837, 4,235,871; 4,501,728; 4,837,028: 4,957,735,
5.019,369; 5,055,303; 5,514,670; 5,413,797, 5,268,164, 5,004,697; 4,902,505; 5,506,206;
5,271,961; 5,254,342 and 5,534,496},

Kits

[8526] In one aspect, kits employing the CARs disclosed herein are also provided. For
example, kits for treating a tumor in a suebject, or making a CAR T cell that expresses ong or
more of the CARs disclosed herein. The kits will typically include a disclosed antibody,
antigen binding fragment, conjugate, nucleic acid molecule, CAR or T cell expressing a CAR
as disclosed heremn. More than one of the disclosed antibodies, antigen binding fragments,
corjugates, nucleic acid molecules, CARs or T cells expressing a CAR can be included i the
kit.

(6527 The kit can include a container and a label or package insert on or associated
with the container. Suitable containers include, for example, botiles, vials, syringes, etc. The
containers may be formed from a variety of materials such as glass or plastic. The container
typically holds a composition including one or more of the disclosed antibodies, antigen
binding fragments, conjugates, nucleic acid molecules, CARs or T cells expressing a CAR. In
several embodiments the container may have a sterile access port (for example the container
may be an mtravenous solution bag or a vial having a stopper pierceable by a hypodermic
mjection needle). A label or package insert indicates that the composition s used for treating

the particular condition.

[3528] The label or package insert typically will further include instructions for use of
a disclosed antibodies, antigen binding fragments, conjugates, nucleic acid molecules, CARs
or T cells expressing a CAR, for example, in a method of treating or preventing a tumor or of
making a CAR T cell. The package mnsert typically includes mstructions customarily mcluded
i commercial packages of therapeutic products that contain information about the
mdications, usage, dosage, admimstration, contraindications and/or wamings concerning the
use of such therapeutic products. The mstructional materials may be written, in an electronic
form {such as a computer diskette or compact disk) or may be visual (such as video files). The
kits may also imclude additional components to facilitate the particular application for which

the kit 18 designed. Thus, for example, the kit may additionally contam means of detecting a
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label {such as enzyme substrates for enzymatic labels, filter sets to detect fluorescent labels,
appropriate secondary labels such as a secondary antibody, or the hike). The kits may
additionally include buffers and other reagents routinely used for the practice of a particular

method. Such kits and appropriate contents are well known to those of skill in the art.
Sirategies for Resulating Chimeric Antigen Receptors

[6529] There are many ways CAR activities can be regulated. In some embodiments,
a regulatable CAR {RCAR) where the CAR activity can be controlied is desirable to optimize
the safety and efficacy of a CAR therapy. For example, inducing apoptosis using, €.g., a
caspase fused to a dimerization domain {see, e.g., Di etal, N Engl . Med 2011 Nov. 3;
365(18):1673- 1683}, can be used as a safety switch in the CAR therapy of the instant
invention. In another example, CAR-expressing cells can also express an inducible Caspase-9
{(1Caspase-9} molecule that, upon administration of a dimerizer drug (e g, nmiducid {also
called AP1903 (Bellicum Pharmaceuticals) or APZ20187 {Ariad)) leads to activation of the
Caspase-2 and apoptosis of the cells. The Caspase-9 molecule contains a chemical inducer of
dimerization {CID) binding domain that mediates dimerization in the presence of a C1D. This
results 1n inducible and selective depletion of CAR-expressing cells. In some cases, the
iCaspase-2 molecule is encoded by a nucleic acid molecule separate from the CAR-encoding
vector(s). In some cases, the iCaspase-2 molecule is encoded by the same nucleic acid
molecule as the CAR-encoding vector. The iCaspase-9 can provide a safety switch to avoid
any toxicity of CAR-expressing cells. See, e.g., Song et al. Cancer Gene Ther. 2008;
15(10}:667-75; Clinical Trial Id. No. NCT02107963; and D1 Stast et al. N Engl . Med.
2011; 365:1673-83.

[6530] Alternative strategies for regulating the CAR therapy of the mstant invention
nclude utilizing small molecules or antibodies that deactivate or turn off CAR activity, e.g.,
by deleting CAR-expressing cells, e.g., by inducing antibody dependent cell-mediated
cytotoxicity (ADCC) For example, CAR-expressing cells described herein may also express
an antigen that 13 recognized by molecules capable of inducing cell death, e.g., ADCC or
comphment-induced cell death. For example, CAR expressing cells described herein may also
express a receptor capable of being targeted by an antibody or antibody fragment. Examples

of such receptors inchude EpCAM, VEGFR, integrins (e.g., integrins anb3, a4, al%b3, adb7,

151



WO 2022/123316 PCT/1B2021/000873

aSbl, anb3, an), members of the TNF receptor superfamily (e.g., TRAIL-RI , TRAIL-RZ),
PDGEF Receptor, interferon receptor, folate receptor, GPNMB, ICAM-1 , HLA-DR, CEA,
CA-125, MUC1, TAG-72, IL-6 receptor, 5T4, GD2, GD3, CD2, CD3, CD4, CDS, CD1 1,
CD1 1 a/LFA-1, CD15, CDISATGE2, CD19, CD20, (D22, CD23/1gE Receptor, CD2S,
D28, CD3O, CD33, CD3E, CD40, CD41 , CD44, CD51, CD52, CDE2L, D74, CD30,
CDi25, CD147/basigin, CD1S2/CTLA-4, CD154/CD40L, CDI9S/CCRS, CD319/SLAMET,
and EGFR, and truncated versions thereof (e.g., versions preserving one or more extracellular
epitopes but lacking one or more regions within the cytoplasmic domain). For example, CAR-
expressing cells described herein may also express a truncated epidermal growth factor
receptor (EGFR) which lacks signaling capacity but retains the epitope that is recognized by
molecules capable of inducing ADCC, e g, cetuximab (ERBITUX®), such that
adminstration of cetuxumnab mduces ADCC and subsequent depletion of the CAR-expressing

cells (see, e.g., WOI011/056894, and Jonnalagadda et al., Gene Ther 2013; 20(8)853-860).

[6531] Another strategy inchudes expressing a highly compact marker/suicide gene
that corobines target epitopes from both CD32 and CD20 antigens 1o the CAR-expressing
cells described herein, which binds rituxiroab, resulting in selective depletion of the CAR-
expressing cells, e.g, by ADCC (see, e g, Phulip et al, Blood 2014; 124(831277-1287). Other
methods for depleting CAR-~expressing cells described heremn mnclude adnmunistration of
CAMPATH®, a monoclonal anti-CDS2 antibody that selectively binds and targets mature
lymphoevies, e.g., CAR-expressing cells, for destruction, e.g., by mducing ADCC. In other
embodiments, CAR-expressing cells can be selectively targeted using a CAR hgand, e.g., an
anti-idiotypic antibody. In some embodiments, the anti-idiotypic antibody can cause effector
celt activity, e.g, ADCC or ADC activities, thereby reducing the number of CAR-expressing
cells. In other embodiments, the CAR ligand, e.g., the antudiotypic antibody, can be coupled
to an agent that induces cell killing, e.g., a toxin, thereby reducing the mumber of CAR-
expressing cells. Alternatively, the CAR molecules themselves can be configured such that
the activity can be regulated, e.g., furned on and off, as described below.

[6532] In some embodiments, a RCAR comprises a set of polypeptides, typically two
it the simplest embodiments, in which the components of a standard CAR described herein,
e.g., an antigen binding domain and an intracellular signaling domain, are partitioned on
separate polypeptides or members. In some embodiments, the set of polypeptides include a
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dimerization switch that, upon the presence of a dimerization molecule, can couple the
polypeptides to one another, e g, can couple an antigen binding domamn to an intracellular

signaling domain,

533 Additional description and exemplary configurations of such regulatable CARs
are provided herein and in International Publiciation No. WO 2015/090229, hereby
incorporated by reference in His entirety. In an embodiment, an RCAR comprises two
polypeptides or members: 1} an intracellular signaling member comprising an intracellular
signaling domain, e g, a primary intracellular signaling domain described herein, and a first
switch domain; 2) an antigen binding member comprising an antigen binding domain, e g.,
that targets a tumor antigen described herein, as described herein and a second switch domain.
Optionally, the RCAR comprises a transmembrane domain described herein. In an
embodiment, a transmembrane domain can be disposed on the intracellular signaling member,
on the antigen binding member, or on both. (Unless otherwise indicated, when members or
elements of an RCAR are described herein, the order can be as provided, but other orders are
ncluded as well. In other words, 1t an embodiment, the order 1s as set out in the text, but in
other embodiments, the order can be different. E g, the order of elements on one side of a
transmermbrane region can be ditferent from the example, e.g., the placement of a switch

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

[3534] In an embodument, the first and second switch domains can form an
mtraceliular or an extracellular dimenization switch. In an embodiment, the dimerization
switch can be a homodimerization switch, e.g., where the first and second switch domain are
the same, or a heterodimernization switch, e.g., where the first and second swiich domain are

different from one another.

[6535] In embodiments, an RCAR can comprise a “muts switch.” A multi switch can
comprise heterodimerization switch domains or homodimerization swiich domains. A mult
switch comprises a plurality of, eg., 2, 3,4, 5, 6, 7, &, 9, or 10, switch domains,
independently, on a first member, e.g., an antigen binding member, and a second member,
e.g., an mtracellvlar signaling member. In an embodiment, the first member can comprise a

plurality of first switch domains, and the second member can comprise a plurality of second

o
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switch domains. In an embodiment, the first member can comprise a first and a second switch

domain, and the second member can comprise a first and a second switch domain.

[8536] In an embodiment, the mitraceliular signaling member comprises one or more
intraceliular signaling domains, e g., a primary intraceliular signaling domain and one or more

costimulatory signaling domains.

{35371 In an embodiment, the antigen binding member may comprise one or more
intracelivlar signaling domains, e g., one or more costimulatory signaling domains. Inan
embodiment, the antigen binding member comprises a plurality, e.g., 2 or 3 costimulatory
signaling domains described herein, e.g., selected from 4-1BB, CD28, CD27, ICOS, and
0X40, and in embodiments, no primary intracellular signaling domam. In an embodiment, the
antigen hinding member comprises the following costimulatory signaling domains, from the
extracellular to intracellular direction: 4-188-CD27; 4-188-CD27. CD27-4-1BB; 4-
IBBCD28; CD28-4-1BB; OX40-CD2g; CD28-0X40; CD28-4-1BB; or 4-1BB-CD28 In
such embodiments, the intracellular binding member comprises a CD3zeta domain. In one
such emnbodiment the RCAR comprises (1} an antigen binding member comprising, an
antigen binding domain, a transmembrane domamn, and two costimulatory domains and a first
switch doman; and (2) an intracellular signaling domain comprising a transruembrane domamn
or membrave tethering domamn and at least one primary intracellular signaling domain, and a

second swiich domain.

[B838] An embodiment provides RCARs wherein the antigen binding member 15 not
tethered to the surface of the CAR cell. This allows a cell having an intracellular signaling
member to be convemently paired with one or more antigen binding domains, without
transformung the cell with a sequence that encodes the antigen binding member. In such
embodiments, the RCAR comprises: 1) an mitraceliular signaling member comprising: a first
switch domain, a fransmembrane domain, an intracellular signaling domain, e.g., a primary
mtraceliular signaling domain, and a first switch domain; and 2} an antigen binding member
comprising. an antigen binding domain, and a second switch domain, wherein the antigen
binding member does not comprise a transmembrane domain or membrane tethering domain,
and, optionally, does not comprise an intracellular signaling domam. In some embodiments,

the RCAR may further comprise 3} a second antigen binding member comprising: a second
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antigen inding domain, e g, a second antigen binding domain that binds a different antigen

than s bound by the antigen binding domain; and a second switch domain.

[8539] Also provided herein are RCARs wherein the antigen binding member
comprises bispecific activation and targeting capacity. In this embodiment, the antigen
binding member can comprise a plurality, e.g., 2, 3, 4, or 5 antigen binding domamns, e g.,
scFvs, wherein each antigen binding domain binds to a target antigen, e.g. different antigens
or the same antigen, e.g., the same or different eptiopes on the same antigen. Inan
embodiment, the plurality of antigen binding domains are in tandem, and optionally, a linker
or hinge region 1s disposed between each of the antigen binding domains. Suitable linkers and

hinge regions are described heren.

(05401 An embodiment provides RCARs having a configuration that allows switching
of proliferation. In this embodiment, the RCAR comprises: 1} an intraceliular signaling
member comprising: optionally, a transmembrane domain or membrane tethering domain; one
or more co-stimulatory signaling domain, e g, selected from 4-1B8, CD28, CD27, ICOS, and
OX40, and a switch domain; and 2} an antigen binding member comprising: an antigen
binding domain, a transmembrane domain, and a primary intracellular signaling domain, e.g,,
a {D3zeta domain, wherein the antigen binding member does not comprise a swiich domain,
or does not comprise a switch domam that dumenizes with a switch domain on the intracellular
signaling member. In an embodiment, the antigen binding member does not comprise a
costimulatory signaling domain. In an embodiment, the intracellular signaling member
comprises a swiich domam from a homodimerization switch. In an embodiment, the
mtracelinlar signaling member comprises a first switch domain of 3 heterodimerization switch
and the RCAR comprises a second mitracellular signaling memwber which comprises a second
switch domain of the heterodimerization switch. In such embodiments, the second
witraceliular signaling member comprises the same intracellular signaling domains as the
mtraceliolar signaling member. In an embodiment, the dimerization switch 15 intracellular. In

an embodiment, the dimerization switch is extracellular.

[6541] Also provided herein are nucleic acids and vectors comprising RCAR

encoding sequences. Sequence encoding various elements of an RCAR can be disposed on the
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same nucleic acid molecule, e.g., the same plasmid or vector, e g., viral vecior, e.g., lentiviral

vVeCior.

[8542] In an embodiment, (1} sequence encoding an antigen binding member and (i1}
sequence encoding an intracellular signaling member, can be present on the same nucleic

acid, e.g., vector. Production of the corresponding proteins can be achieved, e g, by the use of

separate promoters, or by the use of a bicistronic transcription product {which can result in the
production of two proteins by cleavage of a single translation product or by the translation of
two separate protein products). Inan embodiment, a sequence encoding a cleavable peptide,
e.g., a PZA or F2A sequence, 1s disposed between (1) and {11}, In an embodiment, a sequence
encoding an IRES e.g, an EMCV or EV71 IRES, s disposed between (1) and (i1). In these
embodiments, (1} and (11} are transcribed as a single RNA. In an embodiment, a first promoter
is operably linked to (1) and a second promoter 15 operably linked to (11}, such that (1) and (11}

are transcribed as separate mRNAs.

[0543] Alternatively, the sequence encoding various elements of an RCAR can be
disposed on the different nucleic acid molecules, e g, different plasmids or vectors, e g, viral
vector, e.g, lentiviral vector. E g, the (1) sequence encoding an antigen binding member can
be present on a first nucleic acid, e.g., a first vector, and the (1t) sequence encoding an
mitracellular signaling member can be present on the second nucleic acid, e.g., the second

vecior.

[0544] Unless stated otherwise, all technical and scientific terms and phrases used
herein have the same meaning as commmonly understood by one of ordinary skill 10 the art.
Although any methods and materials simtlar or equivalent to those described herein can be
used in the practice or testing of the present invention, the preferred methods and materials

are now described. All publications mentioned herein are mncorporated herein by reference.

[3545] Standard techniques may be used for recombinant DNA, oligonucleotide
synthesis, and tissue culture and transformation {e.g., electroporation, hipofection}). Enzymatic
reactions and purification techniques may be performed according to manufacturer's
specifications or as commonly accomplished in the art or as described heremn. The foregoing
techmiques and procedures may be generally performed according to conventional methods

well known in the art and as described 1n various general and more specific references that are
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cited and discussed throughout the present specification. See e.g., Sambrook et al. Molecular
Cloning: A Laboratory Manual (2d ed., Cold Spring Harbor Laboratory Press, Cold Spring

Harbor, N.Y. (1989}, which s incorporated herein by reference for any purpose.

[B546] All publications, patent applications, patents and other references mentioned
herein are incorporated by reference in their entirety. The present invention will be more fully

understood by reference to the following Examples.
EXAMPLES

{5471 These Examples are set forth to aid m the understanding of the invention but
are not mtended to, and should not be construed to limit its scope in any way. The Examples
do not include detailed descriptions of conventional methods that would be well known to

those of ordinary skill in the art {molecular cloning technigues, etc.).

Example 1. Isolation and selection of GCC VH antibodies

[B3548] Single domam heavy chain antibodies (vH) were generated that specifically
target human GCC {e.g., anti-GCC binders provided in Tables 1-3}. As shown in Table 5,
recombinant single domain anti-GCC VH constructs were assessed for binding affinity to
GCC in vitro. Binding kinetics were determined using an Octet binding assay. These were
measured in real-time bio-layer interferometer based biosensor Octet (ForteBio). All the
binding studies were performed 1in HBS-ET Octet kinetics buffer. Biosensors were always
washed m Octet kinetics buffer in between different steps. A seven point, two-fold didution
sertes of each VH was made The contact time for each of the association steps was 300
seconds and the dissociation step was varied between 400-600 seconds. Kinetic association
{(ka} and dissociation {kd) rate constants were determined by processing and fitting the data to
a 1:1 binding model using ForteBio Analysis software. The calculated affinity and kinetic

constants are shown in Table 8.

[06549] Binding of single domain antibodies to CT26 cells was measured using flow
cytometry. CT26 cells were mcubated with serially diluted VH and fluorescence was

measured by flow cytometry. Anti-GCC VH antibodies were confirmed for binding to CT26
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cells by a FACS dose response assay to obtain an on cell binding EC50 (nM) as shown in

Table 5.

Table 5. Binding Affinity of GCC VH antibodies

GLC Amtigen Keoff (1/5) KD{M) on cell binding
Binding agent ECS8 (M)
Vi (.00020795 3.2935E-10 7.2E-10
V3 0.0007186067 7 T13E-09 1. S2E-09
V36 0.0035 0.000000105 N/A
V48 0.000341 1.375E-09 1.01E-09
V51 0.00185 9.544E-09 N/A
[0550] To deterraine stability, VH constructs were subjected to size exclusion

chromatography (SEC). Brietly, purtfied VH were stored at varied concentrations in PBS

buffer overnight at 4°C, and then analysed at various time points using a SEC columm.

Samples were mjected in a sodium phosphate buffer. Bata were collected over time and the

area of monomer peak remaining after storage as compared to that present at the start (T=0}

was calculated. Stability results were obtained as shown in Table 6 below.

Table 6. Overnight stability using SEC

Anti-GCC | % 4°C Monomer (%6} | Purity (%) RT {min}
VH
antihody
Vi 108 4 91.5 3.586
V5 123.04 79.2 317
V36 92.43 79.36 3.08
V48 104.54 73.91 3.208
Vi1 1092 59.22 3.304
[3551] ELISA were performed to measure VH binding to human light chains. Binding

values for each of the VH (imeasured as OD4530nm} were less than 0.1, which 1s the

background signal for this assay.
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Example 2. Design and characterization of GUC Chimeric Antigen Receptors

[B552] Chimeric antigen receptor constructs are engineered to include an extracellular
binding doman {e.g., anti-GCC binder sequence) comprising the single domain antibodies
described above {e g, a VH provided in Table 2 or Table 3). CAR T consiructs are generated
by linking the binder sequence in frame to CD28 hinge/transmembrane domains and
costimtlatory domain and U3 zeta-1xx signaling domain. Schematics of exemplary CAR
constructs are shown in Fig. 1A and 1B. Exemplary CAR construct sequences tested in this
example are provided in Table 4. V1 (SEQ ID NO:1) and V1-01 (SEQ ID NO: 20} are

expected to work in the examples below.

[B553] Nucleic acids encoding the CAR construct sequences {SEQ ID Nos: 61-70)
were cloned into a retroviral plasmid backbone. Retroviral vector containing supernatants
were generated by transient transfection of phenix ampho cells (ATCC CRLU-3213}and

retroviral vector-containing supernatants were harvested, and stored at —80° C.

35541 Human primary T cells from healthy donors were purified from Peripheral
blood mononuclear cell (PBMC) solated from leukopaks {(purchased from commercial
provider with donor's written consent) using immunomagnetic bead selection of CD3+ cells
according to manufacturer's protocol (EasySep™ Human T Cell Isolation Kit, Stem Cell
Technologies #179531). T cells were cultured in X-vivo 15 medurn (Lonza #04-744Q)
supplemented with 10% Perucillin-Streptomycin {Gibeo 15140-122) and Zng/ml1L-2
{(Milteynt 130-097-743) at a density of 1 mulon cells/mi. Cells were activated with
CD3/CD28 MACS® T Cell TransAct reagent { Miltenyi Biotec MACS #130-111-160) and
transduced on day 2 or day 3 with retroviral vectors encoding CAR constructs overnight. The
next day, CAR-T cell coltures were transferred to a G-Rex6® Well Plate {(WilsonWolf P/N
80240M) and propagated i X-vivo 15 medium (Lonza #04-744Q) supplemented with 10%
Pencillin-Streptomycin (Gibeo 15140-122) and Zng/mi 1L-2 (Milteyru 130-097-743) antil

harvest on day 7-10. Medium change and I1.-2 replenishment were performed every 2-3 days.

[B555] CAR T cell expression was evaluated by flow cytometry using an anti-EGFR
antibody (R&D systems: FABOS77R} or soluble GCC extracellar domain recombinant protemn

for CAR surface expression,
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Example 3. GCC CAR T cell activity in vifro

[B556] The present Example describes anti-GCC CAR T cell activity in visro. CAR-T
cells expressing anti-GCC CARs (SEQ 1D NO: 48-52) were examined for cytotoxicity against
GCC-expressing and GUC-negative target cancer cell lines. The target cancer cell ines
included GSU, LS1034 and HTSS, which endogenously express GCC, as well as HT29-GCC,
a human colorectal cancer cell line engineered to stably express GCC, and 1ts vector control
cell line that 1s GCC-negative, HT29-vec. Bach target cell line was seeded in a 384-well plate,
and GCC CAR-T or non-targeting CAR-T cells {negative control) were added at effector-to-
target (E:T) ratios of 10:1, 3:1, 1.1 and 0.3:1 Wells with target cells only and wells with
effector cells only were included as controls. After two days, cell viability was measured
using Cell Titer-Glo® One Solution Assay (Promega, G8462). Percent viahility of target cells
was calculated from the luminescence signals of the co-culture wells, after first subtracting
the signals of the effector-cells-only wells, then dividing by the signals of the target-cell-only
wells. Percent killing was calculated by subtracting the percent viability of target cells from

1005 GUC CAR-T cells.

[65587] VH anti-GCC binders extubited cell killing against GCC-expressing target cell
lines, 1 contrast to nop~targeting CD19 CAR-T cells (1928z-1xx} used as a control. As
shown in Fig. 2A-2D, CAR-T cells expressing anti-GCC CARs in the absence of truncated
EGFR (tEGFR) demonstrated in vitro cytotoxicity against GCC expressing cells HT29-GCC
cells, human colorectal cancer cell ine HT29 engineered to stably express GCC) (Fig 2A);
and endogenously expressing GCC cell ines GSU (Fig 2C) and 151034 (Fig 2B}, As shown
i Fig. 3A-3D, CAR-T cells expressing anti-GCC CARs in the presence of truncated EGFR
(tEGFR) {(SEQ ID NOs: 56-603 also demonstrated in virre cytotoxicity against GCC
expressing cells HT29-GCC (Fig. 3A), GSU (Fig. 3C) and £L51034 (Fig. 3D). Bars represent
mean+SD values from three technical replicates. Data are representative of >3 independent
experiments performed with anti-GCC CAR T cells from >3 donors. GOC CAR-T cells did
not exhibit cell kalling against the GCC-negative HT29-vec cells (Fig 2B and Fig. 3B),

indicating GCC CAR-T celi killing activity was antigen-dependent.

[558] In addition to antigen-dependent cell killing, the in vitro activity of GCC CAR-

T cells was also assessed by evaluating its antigen-dependent secretion of IFNy and 1L.2. GCC
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CAR-T cells with anti-GCC VH binders were co-cultured with GCC-expressing and GCC-
negative target cancer cell hines at E:'T ratios of 10:1, 311, 1:1 and 6.3:1. Supernatant was
collected after two days of co-culture. Secreted IFNy and 11.2 in the supernatant were detected
using the Intellicyt QOBeads Human PlexScreen kit (Sartorius, 907023 GCC CAR-T cells with
all VH binders secreted IFNy both in the presence of tEGFR (SA-5D) and the absence of (4A-
45 when co-cultured with GCC-expressing target cells, but not when co-cultured with GCC-
negative target cells (Fig. 4B and 5B), mmdicating antigen-dependent cytokine release. GCC
CAR-T cells with all VH binders secreted IL2 both in the presence (7A-7D) and absence of
tEGFR (6A-6D) when co-cultured with GCC-expressing target cells, but not when co-
cultured with GCC-negative target celis (Fig. 6B and 7B), indicating antigen-dependent

cytokine release.

Example 4. GCC CAR T cell activity in vivo

(8559 The present example describes anti-GCC CAR T cell activity i vivo. The
antitumor activity of GCC CAR-T with different VH binders were studied in multiple human
colorectal cancer tumor xenograft models expressing guanylyl cyclase C (GCC)
endogenously. Non-obese diabetic/severe combined immunodeficient/y-chain—/— (NSG} mice
were inoculated subeutaneously with either HT35 cells, L81034 cells, or GSU cells. When
average tumor volume reached approximately 150 ram®, GCC CAR-T cells or mock T cells
{non targeted CAR-T) were adnumstered intravenously (TV) acutely. Ditferent dose levels
and donor sources were evaluated and indicated as shown n Fig. 8A-18. Tumor volume and

body weight were measured twice weekly for up to 50 days.

[0560] Change in average tumor volume (mm”} over tirne (40 days) was determined in
a HTSS model {endogenously expressing GCC expressing colorectal cancer, GCC H-
score=300/300} treated with anti-GCC CAR-T cells manufactured tfrom two different healthy
donors 13393 (Fig. BA) and D686 (Fig. 8B). Change in average turnor volume (ram’) over
time {42 days} was determined in a HT5S5 model treated with anti-GCC CAR-T celis
manufactored from three different healthy donors D393 (Fig. 943, D797 (Fig. 9B) and D954

(Fig. 9C). Change in average tumor volume (mm’) over time (42 days) was determined in a
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HT35 model treated with anti-GCC CAR-T cells co-expressing tEGFR manufactored from
healthy donors D393 (Fig. 10A), D797 (Fig. 10B} and D954 (Fig. 10C) and treated with anti-
GCC CAR-T cells in the absence of tEGFR manufactured from healthy donors D393, Change
in average tamor volume (mni’) over time (42 days) was determined in a HT55 model treated
with anti-GCC CAR-T cells manufactured from three different healthy donors D393 (Fig.
1A}, D954 (Fig. 11B) and D686 (Fig. 11C). Change in average tumor volume (mm’) over
time {42 days} was determined in a HT35 model treated with v48 anti-GCC CAR-T cells co-
expressing tEGFR manufactured from healthy donors D393 (Fig. 12A), D954 (Fig. 12B) and
D686 (Fig. 12C) at doses of 0.25 x 10° CAR+ cells, 0.5 x 10° CAR+ cells, or 1 x 10° CAR+

cells.

(85611 Change inn average tumor volume (mm3} over time (42 days} was determined
in @ GSU model {endogencusly GCC expressing gastric cancer, GCC H-score=170/300)
treated with anti-GCC CAR-T cells manufactured from two healthy donors D393 (Fig. 13A),
D934 (Fig. 13B), D393 (Fig. 15A), D934 (Fig. 158) and D686 (Fig. 15C) in the absence of
tEGFR. Change in average tumor volume {mm3) over time (42 days) was determined ina
GSU model {endogenously GCC expressing gastric cancer, GCC H-score=170/300) treated
with anti-GCC CAR-T cells co-expressing tEGFR manufactured from different healthy
donors D393 (Fig. 14A) and D954 (Fig. 148}, D393 (Fig. 16A), D954 (Fig. 16B) and D686
{Fig. 16C).

[0562] Change i average tumor volume {(mm3) over time {42 days) was determuned
i1 a L81034 model (endogenously GUU expressing colorectal cancer, GCC H-
score=300/300) treated with anti-GCC CAR-T cells manufactured from a healthy donor co-

expressing tEGFR (Fig. 18} or in the absence of tEGFR (Fig. 17).

[0563] Acute IV admumstration of GCC CAR-T cells from multiple donors led to
sigmficant inhibition of tumor growth in all tumor models compared to their respective
control group. There was no significant body weight loss observed in L81034 or GSU tumor
bearing NSG muce treated with GCC CAR T cells compared with their respective control
group. In HT-55 tumor model, body weight loss observed 1s due to tumor burden. Tumor

burden reduction post GUC CAR-T cell treatment results i body weight gamn,
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[8564] Having thus described several aspects of at least one embodiment of this
invention, it is to be appreciated that various alterations, modifications, and improvements
will readily be apparent to those skilled in the art. Such alterations, modifications, and
improvements are intended to be part of this disclosure, and are intended to be within the
spirit and scope of the invention. Accordingly, the foregoing description and drawings are by

way of example only and the invention s described in detail by the claims that follow.

Table of Sequences

[H565] Table 7 below provides descriptions and sequences disciosed herem.

Table 7. Table of Sequences

SEQID Description  Sequence

; NO | ;

1 Vi vH QVOQLOESGPGLVKPSETLSLTUTVSGASISHYYWS

| | WIRQPAGKGLEWIGRIYPSGSTSYNPSLEKSRVAMS
VDTPENQFSLNLSSVTAADTAVYYCARDRSTGWS
EWNADLWGRGTLVTVES :

2 ..................... | TR HEWM’LAGEQG\/LLLSLVML‘;C

transmernbrane |

- domain

KRGREKLLYIFKQPFMRPVGTTQEEDGCSCRFPER
Intracellular FEGGCEL

domain
Pl CD3zeta RVKFSRSADAPAYKQGQNQLYNELNLGRREEYDV
| signaling  LDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKM
 domain  AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY |
| DALHMOALPPR |
S g TTTPAPRPPIPAPTIASOPLSLRPEACRPAAGGAVE
E sequence TRGLDFACD
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¥ Leader MKHLWFFLLLVAAPRWVLS

Sequence (v1}

¥ Leader MELGLSWVFLVAILEGVQC
| Sequence (v5, |
V36, v48, vS1)

V1 HCDRI - HYYWS

VaSHEDRTTT
VSLHCDRI  RYWMT

\,EHCURQMYPSGSESYI\PSLhS .....................................................................................

/5 HCDR2 KIRHDGGEKYYVDSVEG

 V3SHCDR2 KIKYDGSEKYYADSVKG
V43 HCDR2Z | KIRHDGGEKYYPDSVKG

VST HCDR2 KIRHDGGEKYYADSVEG
Vi HCDR3 DRSTGWSEWNSDL

17 WSHCDRS  BYTRDV
""""""""""""""" V36HCDR3  DYNKDY

- V48 HCDR3 : DYNKDL

- EVOLOESGPGLVEPSETLSLTCTVSGASISHYYWS
WIRQPAGKGLEWIGRIYPSGSTSYNPSLEKSRVAMS
VDTPENQFSLKLSSVTAADTAVYYCARDRSTGWS
EWNADLWGRGTLVTVES |

QVOLVESGGGLVOPGGSLRLSCTASGFTFSRY WAL
 SWYRQAPGKGLEWVAKIRHDGGEKYYVDSVKGR
§F‘HSRDNAKNSLYLQMNSLMED'rA'vYYCATDYT |
ROVWGOGTAVTVSS |
QVOLVESGGGLYOPGGSLRLSCAASGFTFSRY WM
SWVRQAPGKGLEWVAKIKYDGSEKYYVDSVKGR
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FTISRDNAKNSVYLOMNSURAEDTGVYYCATDET
RDVWGQGTTVTVSS
9 EVQLVESGGGLVQPGGSLRLSCAASGFTFSRYWM
 TWVRQAPGRGLEWVAKIRYDGGEKYYVDSVKGR
 FTISRDNAKNSLYLQMNSLRAEDTAVYYCATDFT
5 RDVWGQGTTVIVSS |
24 A% QVOLVESGGGLVQPGGSLRLSCAASGENFGRYWM |
| |  SWVRQAPGKGREWVAKIKYDGSEKYYVDSVKGR
 FTISRDNAKNSLYLQMNSLRAEDTAVYYCATDFT
 RDVWGQGTTVIVSS
R R O R RS TR
5 |  SWVRQAPGKGREWVAKIKYDGSEKYYADSVKGR
 FTISRDNAKNSLYLQMNSLRADDTAVYYCATDFT
 RDVWGQGTTVTVSS
26 Ve EVOLVESGGGLAQPGGSLRLSCAASGFTFSRYWM
| |  TWVRQAPGGRLEWVAKIKYDGSEKYYADSVKGR
 FTISRDNAKNSLYLQMDSLRAEDTAVYYCTRDYN
KDYWGQGTLVTVSS |
EVGLVESGGGLVOPGGSTRUTCAASGFTFSRYWM
 TWVRQAPGKGLEWVAKIRHDGGEKY YPDSVKGR
 FTVSRDNAKNSLYLQMDNLRAEDTAMYYCTRDY
 NKDLWGQGTLVTVSS |
EVGLVESGGGLVOPGGSL R SCAASGETFSRY WM
 TWVRQAPGKGLEWVAKIRHDGGEKYYADSVKGR
 FTISRDNAKNSLYLQMNSLRAEDTAVYYCTRDYN
| KDYWGQGTLVTVSS
29 CD28hinge | [EVMYPPPYLDNEKSNGTIHVKGKHLCPSPLEPGP
| domain SKP

- Transmembran |

e domain
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IEVMYPPPYLDNEKSNGTIHHVKGKHLCPSPLEPGP
SKPFWVLVVVGGVLACYSLLVTVAFUFWY

hinge/transme
mbrane domain

''''''''''''''''''''''''''''''''''''''''''''''''''  RSKRSRLLHSDYMNMTPRRPGPTRIGHYQPYAPPR
DFAAYRS

33 (D3zIXX RVKFSRSADAPAYOQGONOLYNELNLGRREEYDV
%LDKRRGRDPEMGGKPRRKNPQEGLFNEI.QKDKM |
AEAFSEIGMEGERRRGRGHDGLFOGLSTATKDTF
DALHMOQALPPR
SKPFWVLVVVGGVLACYSLLVTVAFIFWVRSKRS
transmembrane RLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAY
 RSRVKFSRSADAPAYQQGONQLYNELNLGRREEY
éD\H,,DKRRGRDPEMGGKPRRKNPQEGI,,FNELQKD
KMAEAFSEIGMEGERRRGEKGHDGLFQGLSTATKD
TFDALHMOALPPR |
MGWSCHEFLVATATGVHSEVQLOESGPGLVEPSE
TLSLTCTVSGASISHY YWSWFRQPAGKGLEWIGRI
YPSGETSYNPSLKSRVAMSVDTPENQFSLKLSSVT
AADTAVYYCARDRSTGWSEWNSDLWGRGTLVTY
SSIEVMYPPPYLDNEKSNGTHHVKGKHLCPSPLEP
GPSKPFWVLVVVGGVLEACYSLLVTVAFIIFWVRSK
RSRELHSDYMNMTPRRPGPTRKHYQPYAPPRDFA
AYRSRVKFSRSADAPAYQOQGONQLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRENPGEGLFNELOK
DKMAEAFSEIGMEGERRRGKGHDGLFQGLSTATK
DTFDALHMOALPPR
MELGLSWVFLVAH EGVQCQVQLVESGGGLVQPG
GSLRLSCTASGFTFSRYWMSWVROAPGKGLEWY |
AKIRHDGGEKYYVDSVKGRFTISRDNAKNSLYLOQ
MNSLRAEDTAVYYCATDYTRDYVWGQGTAVTIVSS

(D28 signal
domain
CP32z-1XX
mutant
signaling
domain
COMBINED

and
intracellular

 domains
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IEVMYPPPYLDNEK SNGTHHVKGKHLCPSPLFPGP
 SKPFWVLVVVGGVLACYSLLYTVAFIFWVRSKRS
éR’E,,I,,HSDYMM»{TPRRPGPTRKHYQPYAPPRDFAAY
 RSRVKFSRSADAPAYQQGONQLYNELNLGRREEY
éDVI_.DKRRGRDPEMGGKPRRKNPQEGE_,FNELQKD
 KMAEAFSEIGMKGERRRGKGHDGLFQGLSTATKD
TFDALHMQALPPR |
_— AR VLGSRV AT EGVOCEVOLVESGAOLAGRE
| éGSLRLSCAASG‘FTFSRY‘V"»’I\/{TWVRQAPGGRLEWV |
 AKIKYDGSEKYYADSVKGRETISRDNAKNSLYLG |
éMDSLRAEDTAVYYCTRDYNKDYWGQGTLVTVSS
IEVMYPPPYLDNEKSNGTIHVKGKHLCPSPLFPGP
SKPFWVLYVVGGYLACYSLLVTVAFIFWVRSKRS
 RLLHSDYMNMTPRRPGPTRKHYQPY APPRDFAAY
éRSR‘\/KFSRSADAPAYQQGQNQLYNELNLGRREEY
 DVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKD
éKMAEAFSEIGNH(GERRRGKGHDGLFQGLSTATKD
TFDALHMQALPPR
éMELGLSWVFL’VAILEGVQCEVQLVESG‘GGLVQPG
 GSLRLTCAASGETESRYWMTWVRQAPGKGLEWY
éAKERHDG‘GEKYYPDSVKGRFI'VSRDNAKNSLYLQ
 MDNLRAEDTAMYYCTRDYNKDLWGQGTLVTVSS
éIEVMYPPPYLDNEKSNG’I‘HHVKGKHLCPSPLFPGP
 SKPFWVLVVVGGVLACYSLLYTVAFIFWVRSKRS
éR’E,,I,,HSDYMM»{TPRRPGPTRKHYQPYAPPRDFAAY
 RSRVKFSRSADAPAYQQGONGL YNELNLGRREEY
éD\H,,DKRRGRDPEMGGKPRRKNPQEGI,,FNELQKD
 KMAEAFSFIGMKGERRRGKGHDGLFQGLSTATKD
TFDALHMQALPPR |
EC VSLCAR MELGLSWVFLVAILEGVQCEVOLVESGGGLVOPG
| |  GSLRLSCAASGFTFSRYWMTWYRQAPGKGLEWY |
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AKIRHDGGEKYYADSVKGRFTISRDNAKNSLYLG
 MNSLRAEDTAVYYCTRDYNKDYWGQGTLVTVSS
IEVMYPPPYLDNEKSNGTITHVKGKHLCPSPLFPGP
 SKPFWVLYVVGGVLACYSLLVTVAFIFWY
 RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPR
 DFAAYRSRVKFSRSADAPAYQQGONQLYNELNLG |
 RREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNE
LOKDKMAEAFSEIGMKGERRRGKGHDGLFQGLST |
 ATKDTFDALHMOQALPPR |
1 e
| enferotoxin :
41 GCCAA MKTLLLDLALWSLLFQPGWLSFSSQVSONCHNGS
5 Sequence  YEISVLMMGNSAFAEPLKNLEDAVNEGLEIVRGRL |
|  ONAGLNVTVNATFMYSDGLIHNSGDCRSSTCEGL
 DLLRKISNAQRMGCVLIGPSCTYSTFQMYLDTELS
 YPMISAGSFGLSCDYKETLTRLMSPARKLMYFLYN
 FWKTNDLPFKTYSWSTSYVYKNGTETEDCFWYLN |
 ALEASVSYFSHELGFKYVLRQDKEFQDILMDENR
 KSNVIIMCGGPEFLYKLKGDRAVAEDIVIILVDLEN
DQYFEDNVTAPDYMKNVLVLTLSPGNSLLNSSFSR
 NLSPTKRDFALAYLNGILLFGHMLKIFLENGENITT
 PKFAHAFRNLTFEGYDGPYTLDDWGDVDSTMVLL
YTSVDTKKYKVLLTYDTHYNKTYPVDMSPTFTW
 KNSKLPNDITGRGPQILMIAVFTLTGAVVLLLLVAL
LMLRKYRKDYELROKKWSHIPPENIFPLETNETNH
VSLKIDDDKRRDTIQRLRQCKYDKKRVILKDLKHN
 DGNFTEKQKIELNKLLQIDYYNLTKFYGTVELDT
 MIFGVIEYCERGSLREVLNDTISYPDGTFMDWEFKI
 SVLYDIAKGMSYLHSSKTEVHGRUKSTNCVVDSR
 MVVKITDFGCNSILPPKKDLWTAPEHLRQANISQK
GDVYSYGUAQENLRKETFYTLSCRDRNEKIFRVEN
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SNGMKPFRPDLFLETAEEKELEVYLLVENCWEED |
PEKRPDFRKIETTLAKIFGLFHDOKNESYMDTLIRR
LQLYSRNLEHUVEERTOLYKAERDRADRENFMLE
PRLVVKSLEKERKGFVEPELYEEVTIVFSDIVGFTTICK
YSTPMEVVDMLNDIYKSFDHIVDHHDVYRVETIG |
DAYMVASGLPKRNGNRHAIDIAKMALEILSFMGT |
FELEHUPGLPIWIRIGVHSGPCAAGVVGIKMPRYCL
FGDTVNTASRMESTGLPLRIHVSGSTIAILKRTECQ)
FLYEVRGETYLKGRGNETTYWLTGMKDOKIFNLPT
PPTVENQORLOAEFSDMIANSLOKROAAGIRSQKP
RRVASYKKGTLEYLQLNTTDKESTYF |
E2 ...................... R P ]\/E'FFGJS\RWTF‘EVAHKG\/QC
43 3} tEGFR MELLVTSLLLCELPHPAFLLIPREKVUNGIGIGEFKDS
| | éLSiNA'I‘NIKHF KNCTSISGDLHIE PVAFRGDSFTHTP
%PLDPQELDILKI'VKEE"E’GFLLEQAVV’E—”’ENR’I‘DLE—L’%_FE
NLEHRGRTKOQHGOFSLAVVSENITSLGLRSLKEISD
GEVISGNKNLCYANTINWKKLFGTSGQKTKIISNR
GENSCKATGOVCHALCSPEGCWGPEPRDCVSCRN
VSRGRECVDKCONLLEGEPREFVENSECIQCHPECLP
%QAE‘VLNI'I'C’I’GRGPDNCIQCAHYIDGPHCVKTCPAG
VMGENNTLVWEYADAGHVCHLCHPNCTYGCTGP
GLEGCPINGPKIPSIATGMVGALLLLEVVALGIGLF
P M

PZA - GSGATNFSLLKQAGDVEENPGP

- 45 Leader - MALPVTALLLPLALLLHAARY

| sequence

46 VICAR MGWSCHLFLVATATGVHS

| | QVOLQESGPGLYKPSETLSLTCTVSGASISHY YWS |
éWFRQPAGKGLEWEGMYPSGSTSYNPSLKSRVAMS
VDTPKNQFSLNLSSVTAADTAVYYCARDRSTGWS
éEWNsDLWGRGTL\/"I‘VssmwviypppywNEKSNG



WO 2022/123316 PCT/1B2021/000873

THHVKGKHLCPSPLFPGPSKPYWVLVVVGGVLAC |
YSLEVTVAFOFWVRSKRSRULHSDYMNMTPRRPG
PTRKHYOQPYAPPRDFAAYRSRVKESRSADAPAYQ
QGONQLYNELNLGRREEYDVLDKRRGRDPEMGG
KPRRENPQEGLINELOQKDKMAEAFSEIGMKGERR
ROGKGHDGLFQGLSTATKDTFDALHMOQALPPR

MGWSCHLFLVATATGVHS
QVOLOESGPGLVEPSETLSLTCTVSGASISHYYWS |
é‘WFRQPAGKGLE‘NEGRIYPSGS'I'SYNPSLKSRVAI%S
VDTPKNQFSLNLSSVTAADTAVYYCARDRSTGWS
EWNSDLWGRGTLVTVSSRAAAIEVMYPPPYLDNE
%KSNGTHHVKGKHLCPSPLFPGPSKPFX/V\/TL\/’\/ GG
VLACYSLLVTVAFIIFWVRSKRSRULHSDYMNMTP
RRPGPTRKHYQPYAPPRDFAAYRSRVEKFSRSADAP
éAYQQGQNQLYNELNLGRREE‘H)\@DKRRGREPE
MGGKPRRKNPQEGLENELOQKDEKMAEAFSEIGMEG
ERRRGKGHDGLFOQGLSTATEDTFDALHMOALPPR
éMG\NSCHLFLVA’I'A'I’GVHSE\/’QLQESGPGL‘VKPSE :
TLSLUTCTVSGASISHY YWSWERQPAGKGLEWIGRI
YPSGSTSYNPSLKSRVAMSVDTPENQFSEKLSSVT
AADTAVYYCARDRSTGWSEWNSDEWGRGTLVTY
SSRAAAIEVMYPPPYLDNEKSNGTHHVEKGKHLCPS
PLFPGPSKPFWVLVVVGGVLACYSLLVTIVAFHEW |
%VRSKRSRLI,,HSDYN@NIWTPRRPGPTRKHYQPYAPP :
RDFAAYRSRVEKFSRSADAPAYQOGONQLYNELNL
GRREEYDVLDKRRGRDPEMGGKPRRENPOEGLEN
ELOKDKMAEAFSEIGMKGERRRGKGHDGLFQGLS
TATKDTFDALHMOQALPPR
MELGLSWVFLVAIR EGVQCQVQLVESGGGLVQPG
GSLERLSCTASGETFSRYWMSWVROAPGKGLEWY |
AKIRHDGGEKYYVDSVKGRFTISRDNAKNSLYLOQ
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MNSLRAEDTAVYYCATDYTRDVWGOGTAVTIVSS
RAAAIEVMYPPPYLDNEKSNGTHHVKGKHLCPSPL
FPGPSKPFWVLVVVGGVLACYSLLVTVAFHFWVR
SERSRLLHSDYMNMTPRRPGPTREKHYQPYAPPRD
FAAYRSRVKFSRSADAPAYQOQGONQLYNELNLGR
REEYDVLDKRRGRDPEMGGKPRRENPOQEGLEFNEL
QKDEMAEAFSEIGMKGERRRGKGHDGLFQGLSTA
: 3 TRDTFBALHMQALPPR
50 V36 CAR MELGLSWVFLVAIL EGVQCEVQLVESGGGLAQPG
| GSLRLSCAASGFTEFSRYWMTWVYRQGAPGGRLEWY |
AKIKYDGSEKYYADSVEGRFTISRDNAKNSLYLG
MDSLRAEDTAVYYCTRDYNKDYWGOGTLVTVSES
RAAAIEVMYPPPYLDNEKSNGTHHVEGKHLCPSPL
FPGPSKPITWVLVVVGOGVLACYSLLVTVAFHIWYR
éSKRSRLI,,HSDYN@N,MTPRRPGPTRKHYQPYAPPRD
FAAYRSRVEFSRSADAPAYQOGONQLYNELNLGR
REEYDVLDEKRRGRDPEMGGKPRRENPOEGLUFNEL
QEDEKMAEAFSEIGMKGERRRGRGHDGLFQGLSTA
TEDTFDALHMOQALPPR |
ET. V48 CAR  MELGLSWVFLVAILEGVQCEVQLVESGGGLVOPG |
GSLRETCAASGFTFSRYWMTWVYRQAPGKGLEWY
%A}QRHDGGEKYYPDSVKGRFTVSRDNAKNSLYLQ
MDNLRAEDTAMYYCTRDYNKDLWGOGTLVTVSS
RAAAIEVMYPPPYLDNEKSNGTHHVKGKHLCPSPL
FPGPSKPFWVLVVVGGVLACYSLLVTVAFHFWVR
SKRSRLLHSDYMNMTPRRPGPTREKHY(QPYAPPRD
FAAYRSRVKFSRSADAPAYQOQGONQLYNELNLGR.
REEYDVLDKRRGRDPEMGGKPRRENPOQEGLFNEL
OKDEMAEAFSEIGMEKGERRRGKGHDGLFQGLSTA
TRDTFDALHMOALPPR E
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S2UVSICAR T MELGLSWVFLVAILEGVQCEVQLVESGGGLVQPG
5  GSLRLSCAASGFTFSRYWMTWVRGAPGKGLEWY
 AKIRHDGGFKYYADSVKGRFTISRDNAKNSLYLO
 MNSLRAEDTAVYYCTRDYNKDYWGQGTLVTVSS
 RAAAIEVMYPPPYLDNEKSNGTHHVKGKHLCPSPL
 FPGPSKPFWVLVVVGGVLACYSLLVIVAFIFWY
 RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPR
 DFAAYRSRVKFSRSADAPAYQQGONQLYNELNLG |
 RREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNE
LOKDKMAEAFSEIGMKGERRRGKGHDGLFQGLST |
 ATKDTFDALHMQALPPR :
TR —
| sequence |
4 Linker GeeGs
| Sequence |
$S WICAR  MGWSCHLFLVATATGVHS
5 - (8z1xx- QVOLOESGPGLVKPSETLSLTCTVSGASISHYYWS
IEGFR)  WFRQPAGKGLEWIGRIYPSGSTSYNPSLKSRVAMS
|  VDTPKNQFSLNLSSVTAADTAVYYCARDRSTGWS
 EWNSDLWGRGTLVTVSSRAAAIEVMYPPPYLDNE
 KSNGTHHVKGKHLCPSPLFPGPSKPFWVLVVVGG
VLACYSLLVTVAFIFWVRSKRSRLLHSDYMNMTP
 RRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAP |
 AYQQGONQLYNELNLGRREEYDVLDKRRGRDPE
 MGGKPRRKNPQEGLENELQKDKMAEAFSEIGMKG
 BRRRGKGHDGLFQGLSTATKDTFDALHMQALPPR
 GSGATNFSLLKQAGDVEENPGP
MLLLVTSLLLCELPHPAFLLIPRKVCNGIGIGEFKDS
 LSINATNIKHFKNCTSISGDLHILPYAFRGDSFTHTP
 PLDPQELDILKTVKEITGFLLIQAWPENRTDLHAFE
 NLENRGRTKQHGOFSLAVYSLNITSLGLRSLKEISD |
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GDVISGNKNLCY ANTINWKKLFGTSGOKTKIISNR
 GENSCKATGOVCHALCSPEGCWGPEPRDCVSCRN
 VSRGRECVDKCNLLEGEPREFVENSECIGCHPECLP
QAMNITCTGRGPDNCIQUAHYIDGPHOVKTCPAG
 VMGENNTLYWKY ADAGHVCHLCHPNCTYGCTGP
GLEGCPTNGP 5
KIPSIATGMVGALLLLLVVALGIGLFM

56 Vi-01 CAR MGWSCHLFLVATATGVHSEVQLGESGPGLYVKPSE

{28z xx- TLSLTCTVSGASISHY YWSWEFROQPAGKGLEWIGR]

{EGFR)  YPSGSTSYNPSLKSRYAMSVDTPKNQFSLKLSSVT

 AADTAVYYCARDRSTGWSEWNSDLWGRGTLVTY |
SSRAAATEVMYFPPYLDNEKSNGTIHVKGKHLCPS
 PLFPGPSKPFWVLVVVGGVLACYSLLVIVAFIFW
 VRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPF
 RDFAAYRSRVKFSRSADAPAYQQGONQLYNELNL
 GRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFN
 FLOKDKMAEAFSEIGMKGERRRGKGHDGLFQGLS
 TATKDTFDALHMQALPPR :
 GSGATNFSLLKQAGDVEENPGP |
MLLLVTSLLLCELPHPAFLLIPRKVCNGIGIGEFKDS
LSINATNIKHFKNCTSISGDLHILPY AFRGDSFTHTP
PLDPQELDILKTVKEITGFLLIQAWPENRTDLHAFE
 NLEHRGRTKQHGQFSLAVVSLNITSLGLRSLKEISD
 GDVISGNKNLCYANTINWKKLFGTSGOKTKISNR
 GENSCKATGOVCHALCSPEGCWGPEPRDCVSCRN
 VSRGRECVDKCNLLEGEPREFVENSECIQCHPECLP
QAMNITCTGRGPDNCIQCAHYIDGPHOVKTCPAG
 VMGENNTLYWKY ADAGHVCHLCHPNCTYGCTGP
GLEGCPTNGP 5
KIPSIATGMYGALLLLLVVALGIGLEM
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57 V5 CAR MELGLSWVFLVAILEGVQUOVOLVESGGGLVQPG
| (2Bzlxx-  GSLRLSCTASGFTFSRYWMSWVRQAPGKGLEWY

EGFR)  AKIRHDGGEKY YVDSVKGRFTISRDNAKNSLYLQ

 MNSLRAEDTAVYYCATDYTRDVWGQGTAVTVSS
 RAAAIEVMYPPPYLDNEKSNGTHHYKGKHLCPSPL
 FPGPSKPFWVLVVVGGVLACYSLLVTVAFIIFWVR
SKRSRLLHSDYMNMTPRRPGPTRKHYQPY APPRD
 FAAYRSRVKFSRSADAPAYQQGONGLYNELNLGR
 REEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNEL
QKDKMAEAFSEIGMK GERRRGK GHDGLFQGLSTA
 TKDTFDALHMOQALPPR 5
 GSGATNFSLLKQAGDVEENPGP :
MULLVTSLLLCELPHPAFLLIPRKVENGIGIGEFKDS
LSINATNIKHFKNCTSISGDLHILPVAFRGDSFTHTP
 PLDPOELDILKTVKEITGFLLIQAWPENRTDLHAFE
 NLEIRGRTKQHGQFSLAVVSLNITSLGLRSLKEISD
 GDVISGNKNLCYANTINWKKLFGTSGQKTKIISNR |
GENSCKATGQVCHALCSPEGCWGPEPRDCYSCRN
 VSRGRECVDKCNLLEGEPREFVENSECIQCHPECLP
 QAMNITCTGRGPDNCIQUAHYIDGPHCVKTCPAG
 VMGENNTLYWKY ADAGHYCHLCHPNCTYGCTGP
 GLEGCPTNGP :
KIPSIATGMVGALLLLLVVALGIGLEM

58 V36 CAR MELGLSWVFLVAILEGVQCEVQLVESGGGLAQPG
| (28zlxx-  GSLRLSCAASGFTFSRYWMTWVRQAPGGRLEWY

EGFR) AKIKYDGSEKYYADSVKGRFTISRDNAKNSLYLQ
éI»ﬁ)SLRAEDTAVYYCTRDWWDYWGQGTLVTVSS
RAAATEVMYPPPYLDNEKSNGTIHVK GKHLCPSPL
FPGPSKPFWVLVVVGGVLACYSLLYTVAFIIFWVR
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SKRSRLLHSDYMNMTPRRPGPTRKUVOPVAPPRD
 FAAYRSRVKFSRSADAPAYQQGQNQLYNELNLGR
 REFYDVLDKRRGRDPEMGGKPRRKNPQEGLENEL
QKDKMAEAFSEIGMKGERRRGKGHDGLEQGLSTA |
 TKDTFDALHMOQALPPR 5
 GSGATNFSLLKQAGDVEENPGP |
MLLLVTSLLLCELPHPAFLLIPRKVCNGIGIGEFKDS
LSINATNIKHFKNCTSISGDLHILPY AFRGDSFTHTP
PLDPQELDILKTVKEITGFLLIQAWPENRTDLHAFE
 NLEHRGRTKQHGQFSLAVVSLNITSLGLRSLKEISD
 GDVISGNKNLCYANTINWKKLFGTSGQKTKIISNR
 GENSCKATGOVCHALCSPEGCWGPEPRDCVSCRN
 VSRGRECVDKCNLLEGEPREFVENSECIQCHPECLP
QAMNITCTGRGPDNCIQCAHYIDGPHOVKTCPAG
 VMGENNTLYWKY ADAGHVCHLCHPNCTYGCTGP
GLEGCPTNGP :
 KIPSIATGMYGALLLLLVVALGIGLEM

VA CAR T MELGLSWVEL VAILEGVQCEVOLVESGGGLVGPG
germres GSLRLTCAASGFTFSRYWMTWYRQAPGKGLEWY
EGFR)  AKIRHDGGEKY YPDSVKGRFTVSRDNAKNSLYLO
 MDNLRAEDTAMYYCTRDYNKDLWGQGTLYTVSS |
 RAAAIEVMYPPPYLDNEKSNGTHHVKGKHLCPSPL
 FPGPSKPFWVLVVVGGVLACYSLLYTVAFIFWVR
SKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRD
 FAAYRSRVKFSRSADAPAYQQGUNQLYNELNLGR
 REEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNEL
 QKDKMAEAFSEIGMKGERRRGK GHDGLFQGLSTA
 TKDTFDALHMQALPPR |
 GSGATNFSLLKQAGDVEENPGP



WO 2022/123316 PCT/1B2021/000873

MLLLVTSLULCELPHPAFLLIPRKVCNGIGIGEFKDS
 LSINATNIKHFKNCTSISGDLHILPVAFRGDSFTHTP
PLDPQELDILKTVKEITGFLLIQAWPENRTDLHAFE
 NLEHRGRTKQHGQFSLAVVSLNITSLGLRSLKEISD
 GDVISGNKNLCYANTINWKKLFGTSGQKTKIISNR
 GENSCKATGOVCHALCSPEGCWGPEPRDCVSCRN
 VSRGRECVDKCNLLEGEPREFVENSECIQCHPECLP
QAMNITCTGRGPDNCIQUAHYIDGPHOVKTCPAG
 VMGENNTLYWKY ADAGHVCHLCHPNCTYGCTGP
GLEGCPTNGP 5
 KIPSIATGMYGALLLLLVVALGIGLEM

50 VETCAR T MELGESWVFLVATLEGVOCEVOLVESGGEIVORG ™
| (ZBzlxx-  GSLRLSCAASGFTFSRYWMTWVRQAPGKGLEWY |
{EGFR)  AKIRHDGGEKYY ADSVEGRFTISRDNAKNSLYLO

MNSLRAEDTAVYYCTRDYNKDYWGOGTLVTVSES
RAAAIEVMYPPPYLDNEKSNGTHHVEGKHLCPSPL
FPGPSKPITWVLVVVGGVLACYSLLVTVAFHIFWVR
SKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRD
FAAYRSRVEFSRSADAPAYOQQGONQLYNELNLGR
REEYDVLDEKRRGRDPEMGGKPRRENPQEGLENEL
QEDEKMAEAFSEIGMKGERRRGRGHDGLFQGLSTA
TEDTFDALHMOQALPPR |
GSGATNFSLLKQAGDVEENPGP :
MLLIVTSLLLCELPHPAFLLIPRKVONGIGIGEFKDS
éLSINATNIKE-{FKNC'E'SISGDLHILPVAFR(}DSF'I’H'I’P
éPLDPQELDELKT\/’KEE'I’GFLLEQAWPENRTDLHAFE
NEEHRGRTKOQHGQFSLAVVSLNITSLGERSEKEISD
GDVHSGNENLOYANTINWRKKLFGTSGORTKIISNR
GENSCKATGOVCHALCSPEGCWGPEPRDCVSCRN
VSRORECYDKCONLLEGEPREFVENSECIQCHPECLP
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QAMNITCTGRGPDNCIQCAHYIDGPHCVKTCPAG
 VMGENNTLVWKY ADAGHYCHLCHPNCTYGCTGP |
GLEGCPTNGP |
KIPSIATGMVGALLLLLVVALGIGLIM

6 VI0UCAR  ATGGGCTGGTICTIGTATIATCITGITICICGICG
5 Nucleicacid  CAACTGCTACAGGCGTTCATTCTGAAGITCAACT
sequence CCAAGAATCTGGTCCTGGCCTGGTGAAACCTTCC |
 GAAACTCTCTCACTCACCTGTACCGTCTCAGGCG
CTTCAATATCACACTATTATTGGTCTTGGTTCCG
 GCAACCTGCAGGCAAAGGTCTCGAATGGATAGG
CAGAATATATCCCAGTGGAAGCACCTCCTATAA
TCCCTCTCTCAAGTCAAGAGTTGCAATGAGCGTT |
 GACACACCCAAGAACCAATTCTCCCTCAAGCTG
 TCATCTGTAACTGCCGCCGATACTGCOGTTTACT
 ACTGCGCTAGAGATAGATCAACCGGATGGTCAG
 AATGGAATTCAGATCTGTGGGGACGGGGAACCC
 TCGTGACCGTATCTTCTCGGGCGGCCGCAATTGA |
 AGTTATGTATCCTCCTCCTTACCTAGACAATGAG
 AAGAGCAATGGAACCATTATCCATGTGAAAGGG
 AAACACCTTTGTCCAAGTCCCCTATTTICCCGGAC
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ECTTCTAA,GCCCTTTTGGGTGCTGGTGGTGGTTGG
TGGAGTCCTGGUCTTGCTATAGCTTGCTAGTAACA
GTGGCCTTTATTATTTTCTGGGTGAGGAGTAAGA
GOAGCAGGUTCCTGCACAGTGACTACATGAACA
éTGACTCCCC(}CCGCCCC(}GGCCCACCC(KiAA(}C
ATTACCAGCCCTATGCCCCACCACGCGACTTOGC
AGCCTATCGCTCCAGAGTGAAGTTCAGCAGGAG
COGCAGACGUUCCCGCGTACCAGUAGGGCCAGAA
éCCA(}CTCTATAACGAGCTCAATCTAGGACGAAG
AGAGGAGTACGATGTTTTGGACAAGAGACGTGG
CCGLGGACCOTGAGATGGOGGGOGAAAGUCGAGAA
GOAAGAACCCTCAGGAAGGCCTOTTCAATGAAC
TOCAGAAAGATAAGATOGLCGGAGGUCTTCAGTG
%AGA'I"E'GGGA'I'GAAAGGCGAGCGCCGGAGGGGC |
AAGGGGCACGATGOGCCTTTTCCAGGGTCTCAGT

ACAGCCACCAAGGACACCTTCGACGCCCTTICAL

@ V5 CAR ATGGAACTGGOACTGTETTGGOTGTTICCTGHTCG
| Nucleicacid | CTATATTGGAAGGAGTACAGTGCCAGGTCCAGE
sequence TCGTCOAGTCCGGGGGTGGOCTGGTGCAGCOCE
GCGGCAGCCTCCGGETGAGCTGCACAGCCTCAG
GGTTTACATTCAGCAGGTACTGGATGAGTTGGG
 TTAGGCAAGCCCCTGGCAAAGGCCTGGAGTGGG
TGGOCAAAATCCGACATGATGGGGGOGAAAAGT |
 ACTATGTGGATAGTGTGAAGGGACGGTTCACAA
 TATCACGAGACAATGCCAAAAACTCTTTGTACCT |
 GCAAATGAACTCCCTGOGCGCCGAAGACACAGE
TGTGTACTACTGCGCTACAGACTACACTAGGGA
CGTCTGGGGTCAAGGAACAGCCGTCACCGTGAG
TAGTCGGGOGGCCGCAATTGAAGTTATGTATCCT |
 CCTCCTTACCTAGACAATGAGAAGAGCAATGGA
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ACCATTATCCATGTGAAAGGGAAACACCTTIGT
 CCAAGTCCCCTATTTCCCGGACCTTCTAAGECCT
TTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGE
TTGCTATAGCTTGCTAGTAACAGTGGCCTTTATT
ATTTTCTGGGTGAGGAGTAAGAGGAGCAGGCTC
CTGCACAGTGACTACATGAACATGACTCCCCGE
 CGOCCCBGGOCCACCCGCAAGCATTACCAGOCC
 TATGOCCCACCACGCGACTTCGCAGECTATOGCT |
 CCAGAGTGAAGTTCAGCAGGAGCGCAGACGCCC
CCGOGTACCAGCAGGGCCAGAACCAGCTCTATA
 ACGAGCTCAATCTAGGACGAAGAGAGGAGTACG
ATGTTTTGGACAAGAGACGTGGCCGGGACCCTG
 AGATGGGGGGAAAGCCGAGAAGGAAGAACCCT
CAGGAAGGCCTGTTCAATGAACTGCAGAAAGAT |
 AAGATGGCGGAGGCCTTCAGTGAGATTGGGATG
 AAAGGCGAGCGCCGOAGGGGCAAGGGGCACGA
TGGCCTTTTCCAGGGTCTCAGTACAGCCACCAAG
 GACACCTTCGACGCCCTTCACATGCAGGCCCTGE
CCCCTCGCTAA |

V36 CAR
Nucleic acid

- sequence

ATGGAGCTGGGATTGTCCTGGGTTTTCCTGGTGE |
éCTATACTCGAA(}e:;{:GTACAGTGT(}AA(}T(}CAGT
 TGOTGGAGAGTGGCGGTGGOCTGGCCCAGCCGG
GAGGCTCTTTGAGACTCTCCTGOGCTGCCTCOGG
CTTCACTTTCTCCCGCTATTGGATGACCTGGGTC
CGGCAGGCGCCCGGCGGACGCCTGGAGTGGGTG
GCTAAGATCAAGTATGATGGATCAGAAAAATAT
TACGCAGATAGCGTAAAAGGCCGGTTCACAATA
TCCAGGGATAATGCAAAAAACTCCCTGTATCTG
CAGATGGATAGCCTGCGCGOTGAAGACACCGCC
GTATATTATTGCACAAGAGACTACAATAAAGAT
TACTGGGGCCAGGGAACCCTGGTTACGGTGAGC



WO 2022/123316 PCT/1B2021/000873

TCACGGGCGGCCGCAATTGAAGTTATGTATCCTC |
CTCCTTACCTAGACAATGAGAAGAGUAATGGAA
CCATTATCCATGTGAAAGGGAAACACCTTITGTCC
%AAGTCCCCTATTTCCCGGACCTTCTAAGCCCTTT
TCGOGTGUTGOTGOGTGORTTGOGTGGAGTCCTGOOTT
GCTATAGUTTGCTAGTAACAGTGGUUTTTATTAT
éTTTCTGGGTGAGGAGTAAGAGGAGCAGGCTCCT |
GCACAGTGACTACATGAACATCGACTOCCOCGCCG

éCCCC(K}GCCCACCCGCAAGCATTACCA(}CCCTA :
TGCCCCACCACGCGACTTCGCAGCCTATOGCTOC

 GCGTACCAGCAGGGCCAGAACCAGCTCTATAAC |
 GAGCTCAATCTAGGACGAAGAGAGGAGTACGAT |
GTTTTGGACAAGAGACGTGGCCGGGACCCTGAG
 ATGGGGGGAAAGCCGAGAAGGAAGAACCCTCA
GGAAGGCCTGTTCAATGAACTGCAGAAAGATAA |
 GATGGCGGAGGCCTTCAGTGAGATIGGGATGAA
 AGGCGAGCGCCGGAGGGGCAAGGGGCACGATG
 GCCTTTTCCAGGGTCTCAGTACAGCCACCAAGG
 ACACCTTCGACGCCCTTCACATGCAGGCCCTGEC
CCCTCaC |

V48 CAR ATGGAGCTGGOGGCTTTCTTGGGTGTTTCTGGTAG
Nucleic acid CCATCCTCOGAGGGAGTCCAGTGCGAGOGTCCAGC |
sequence TCGTCGAATCTGGUGGHGGOCTGGTCCAGCCTG
GCGOHTTCTCTCCGUCTGACCTGTGUGGCCTCAGG
GTTCACTTTCAGUCGGTACTGGATGACATGOGGTG
AGACAGGCCCCCGGCAAGOGGACTGGAATGGGTA
GCAAAGATTAGGCACGACGGUGGTGAGAAATALC
TATCCCGACAGTGTCAAGGGGUGGTTTACTGTCT
CCCGAGATAATGUCAAAAACTCACTCTACCTGC
AGATGGATAATCTGCGAGCGGAGGATACTGCTA
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TGTACTACTGTACTCGAGACTACAACAAGGACC
 TGTGGGGGCAGGGGACACTGGTGACGGTTAGTT |
 CTCGGGCGGCCGCAATTGAAGTTATGTATCCTEC
TCCTTACCTAGACAATGAGAAGAGCAATGGAAC
 CATTATCCATGTGAAAGGGAAACACCTITGTCC
AAGTCCCCTATTTCCCGGACCTTCTAAGCCCTTT
TGGOTGCTGGTGOTGGTTGGTGGAGTCOTGGCTT
 GCTATAGCTTGCTAGTAACAGTGGCCTTTATTAT |
TITCTGGGTGAGGAGTAAGAGGAGCAGGCTCCT
GCACAGTGACTACATGAACATGACTCCCCGOCG

CCCCGGGCCCACCCGCAAGCATTACCAGCCCTA
TGCCCCACCACGCGACTTCGCAGCCTATCGCTCC |

 GCGTACCAGCAGGGCCAGAACCAGCTCTATAAC |
 GAGCTCAATCTAGGACGAAGAGAGGAGTACGAT |
GTTTTGGACAAGAGACGTGGCCGGGACCCTGAG
 ATGGGGGGAAAGCCGAGAAGGAAGAACCCTCA
GGAAGGCCTGTTCAATGAACTGCAGAAAGATAA
 GATGGCGGAGGCCTTCAGTGAGATTGGGATGAA
 AGGCGAGCGCCGGAGGGGCAAGGGGCACGATG
 GCCTTTTCCAGGGTCTCAGTACAGCCACCAAGG
 ACACCTTCGACGCCCTTCACATGCAGGOCCTGOC
CCCTOGC 5

V51 CAR ATGGAACTGGGACTGTCATGOGTCTTTUTCGTGG
Nucleie acid CCATTCTCGAGGGOGTCCAGTGTGAGGTTCAGC
sequence TGGTOGGAGAGCGGHGHLGGOTUTGOTTCAGCCAG
| GTGGCAGTCTTAGOGTTGTCATGTOGCCGUGAGCG
GOTTCACGTTCTCACGATATTGGATGACCTGGOT
TCGCCAGGCACCAGGGAAGOGGGUTOGGAGTGGOT
%CGCCI’%.AGA’I'CAGGCACGACGGCGGAGAAAAAT |
ATTACGUGGATTCCGTGAAAGGUAGATTCACAA
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TCTCTAGGGATAACGCCAAAAATTCCCTTTATCT
 TCAGATGAATAGCCTGAGGGCTGAAGACACTGC
CGTGTACTACTGCACGCGGGATTACAACAAAGA
TTATTGGGGCCAGGGAACACTGGTGACCGTCAG
CTCTCGGGCGGCCGCAATIGAAGTTATGTATCCT |
CCTCCTTACCTAGACAATGAGAAGAGCAATGGA
 ACCATTATCCATGTGAAAGGGAAACACCTTIGT
CCAAGTCCCCTATTTCCCGGACCTTCTAAGOCCT
TITGGGTGCTGOTGGTGOTIGOTGGAGTCCTGGE
TTGCTATAGCTTGCTAGTAACAGTGGCCTTTATT
ATTTTCTGGGTGAGGAGTAAGAGGAGCAGGCTC
CTGCACAGTGACTACATGAACATGACTCCCCGE
CGCOCCGGGOCCACCCGCAAGCATTACCAGOCC
TATGCCCCACCACGCGACTTCGCAGOCTATOGCT |
CCAGAGTGAAGTTCAGCAGGAGCGCAGACGCCC
CCGOGTACCAGCAGGGOCAGAACCAGCTCTATA
 ACGAGCTCAATCTAGGACGAAGAGAGGAGTACG
ATGTTTTGGACAAGAGACGTGGCCGGGACCCTG
 AGATGGGGGGAAAGCCGAGAAGGAAGAACCCT
CAGGAAGGCCTGTTCAATGAACTGCAGAAAGAT
 AAGATGGCGGAGGCCTTCAGTGAGATTGGGATG
 AAAGGCGAGCGCCGGAGGGGCAAGGGGCACGA
TGGCCTTITCCAGGGTCTCAGTACAGCCACCAAG
 GACACCTTCGACGCCCTTCACATGCAGGCCCTGE
CCCCTOGEC 5

VIEOECAR A+ ATGGGUTGGTCTTGTATTATCTTGTTTCTCGTCG |
tEGFR CAACTGCTACAGGCGTTCATTICTGAAGTTCAACT
Nucleic Acid CCAAGAATCTGOTCCTGOCCTGGTGAAACCTTCC
Sequence GAAACTCTCTCACTCACCTGTACCGTICTCAGGOG
%C’I"E“CAA'I‘A"E’CACAC"I'AT'I'A'I"i“G(H'C’I"i‘GG'I'TCCG
GCAACCTGCAGGUAAAGGTCTCGAATGGATAGG
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CAGAATATATCCCAGTGGAAGCACCTCCTATAA
TCCCTCTCTCAAGTCAAGAGTTGCAATGAGCGTT |
 GACACACCCAAGAACCAATTCTCOCTCAAGCTG
TCATCTGTAACTGCCGCOGATACTGOOGTTTACT
 ACTGCGCTAGAGATAGATCAACCGGATGGTCAG
 AATGGAATTCAGATCTGTGGGGACGGGGAACCC
TCGTGACCGTATCTICTCGGGOGGCCGOAATTGA
AGTTATGTATCCTCCTCOTTACCTAGACAATGAG
 AAGAGCAATGGAACCATTATCCATGTGAAAGGG
AAACACCTTTGTCCAAGTCCCCTATITCCCGGAC |
CTTCTAAGCCCTTTTGGGTGCTGGTGGTGGTTGG
TGGAGTCCTGGCTTGCTATAGCTTGCTAGTAACA |
 GTGGCCTTTATTATTTICTGGGTGAGGAGTAAGA
GGAGCAGGCTCCTGCACAGTGACTACATGAACA
TGACTCCCCGOCGOCCCGGGOCCACCCGOAAGE
ATTACCAGCCCTATGCCCCACCACGCGACTTCGC |
 AGCCTATCGCTCCAGAGTGAAGTTCAGCAGGAG
CGCAGACGCCCCCGOGTACCAGCAGGGCCAGAA
CCAGCTCTATAACGAGCTCAATCTAGGACGAAG
 AGAGGAGTACGATGTTTTGGACAAGAGACGTGG
CCGGGACCCTGAGATGGGGGGAAAGCCGAGAA
 GGAAGAACCCTCAGGAAGGCCTGTTCAATGAAC
 TGCAGAAAGATAAGATGGCGGAGGCCTICAGTG
 AGATTGGGATGAAAGGCGAGCGCCGGAGGGGE
 AAGGGGCACGATGGCCTTTTCCAGGGTCTCAGT

 ACAGCCACCAAGGACACCTTCGACGCCCTTCAC
 ATGCAGGCCCTGOCCCCTCGCGGAAGCGGAGCT
 ACTAACTTCAGCCTGCTGAAGCAGGCTGGAGAC
 GTGGAGGAGAACCCTGGACCCATGCTTCTCCTG
 GTGACAAGCCTTCTGCTCTGTGAGTTACCACACC
CAGCATTCCTCCTGATCCCACGCAAAGTGTGTAA
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CGGAATAGGTATTGGTGAATTTAAAGACTCACT

CTCCATAAATGCTACGAATATTAAACACTTCAA
 AAACTGCACCTCCATCAGTGGCGATCTCCACATC
CTGCOGGTGGCATTTAGGGGTGACTCCTTCACAC |
 ATACTCCTCCTCTGGACCCACAGGAACTGGATAT
TCTGAAAACCGTAAAGGAAATCACAGGGTTTTT
 GCTGATTCAGGCTTGGCCTGAAAACAGGACGGA
COTCCATGOCTTTGAGAACCTAGAAATCATACGC |
GGCAGGACCAAGCAACATGGTCAGTITTCTCTT
GCAGTCGTCAGCCTGAACATAACATCCTTGGGA

TTACGCTCCCTCAAGGAGATAAGTGATGGAGAT

GTGATAATTTCAGGAAACAAAAATTTGTGCTAT
 GCAAATACAATAAACTGGAAAAAACTGTTTGGG
ACCTCCGGTCAGAAAACCAAAATTATAAGCAAC
 AGAGGTGAAAACAGCTGCAAGGCCACAGGCCA
 GGTCTGCCATGOCTTGTGOTCCCCCGAGGGOTGE
 TGGGGCCCGGAGCCCAGGGACTGCGTCTCTTGE
CGGAATGTCAGCCGAGGCAGGGAATGCGTGGAC
 AAGTGCAACCTTCTGGAGGGTGAGCCAAGGGAG
TTTGTGGAGAACTCTGAGTGCATACAGTGCCAC
CCAGAGTGCCTGCCTCAGGCCATGAACATCACC
 TGCACAGGACGGGGACCAGACAACTGTATCCAG
TGTGCCCACTACATIGACGGCCCCCACTGOGTCA
 AGACCTGCOCGGCAGGAGTCATGGGAGAAAACA
 ACACCCTGGTCTGGAAGTACGCAGACGOCGGCC
ATGTGTGCCACCTGTGCCATCCAAACTGCACCTA
 COGATGCACTGGGCCAGGTCTTGAAGGCTGTCC
CACGAATGGGCCTAAGATCCCGTCCATCGCCAC
 TGGGATGGTGGGGGCCCTCCTCTTGCTGOTGGTG
 GTGGCCCTGGGGATCGGCCTCTTCATG 5

184
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67 VSCARY T ATGGAACTGGGACTGTCTIGGGTGTTCCTGGTCG
5 EGFR  CTATATTGGAAGGAGTACAGTGCCAGGTCCAGC
Nucieie Acid | TOGTCGAGTCOGGGGGTGGCCTGGTGCAGCCCG
Sequence  GCGGCAGCCTCCGGCTGAGCTGCACAGCCTCAG
|  GGTTTACATTCAGCAGGTACTGGATGAGTTGGG
TTAGGCAAGCCCCTGGCAAAGGCCTGGAGTGGG
TGGCCAAAATCCGACATGATGGGGGOGAAAAGT |
ACTATGTGGATAGTGTGAAGGGACGGTTCACAA
 TATCACGAGACAATGCCAAAAACTCTTTGTACCT
 GCAAATGAACTCOCTGOGCGCCGAAGACACAGC
 TGTGTACTACTGCGCTACAGACTACACTAGGGA
COTCTGOGGTCAAGGAACAGCCGTCACCGTGAG
 TAGTGCGGCCGCAATTGAAGTTATGTATCCTCCT |
COTTACCTAGACAATGAGAAGAGCAATGGAACC |
 ATTATCCATGTGAAAGGGAAACACCTTTGTCCA
 AGTCCCCTATTTCCCGGACCTTCTAAGCCCTTTT
 GGGTGCTGGTGGTGGTTGOTGGAGTCCTGGCTT
 GCTATAGCTTGCTAGTAACAGTGGCCTTTATTAT |
TTTCTGGGTGAGGAGTAAGAGGAGCAGGCTCCT
 GCACAGTGACTACATGAACATGACTCCCCGCCG
CCCCGGGCCCACCCGCAAGCATTACCAGCCCTA
TGCCCCACCACGCGACTTCGCAGCCTATCGCTCC |
 AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCC
 GOGTACCAGCAGGGCCAGAACCAGCTCTATAAC
 GAGCTCAATCTAGGACGAAGAGAGGAGTACGAT |
 GTTTTGGACAAGAGACGTGGCCGGGACCCTGAG
 ATGGGGGGAAAGCCGAGAAGGAAGAACCCTCA
 GGAAGGCCTGTTCAATGAACTGCAGAAAGATAA
 GATGGCGGAGGCCTTCAGTGAGATTGGGATGAA
 AGGCGAGCGCCGGAGGGGEAAGGGGCACGATG
GCCTTTTCCAGGGTCTCAGTACAGOCACCAAGG
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ACACCTTCGACGCCCTICACATGCAGGCCCTGCC |
CCCTCGCGGAAGCGGAGCTACTAACTTCAGCCT
GCTGAAGCAGGCTGGAGACGTGGAGGAGAACC
CTGGACCCATGCTTCTCCTGOTGACAAGCCTTCT |
 GCTCTGTGAGTTACCACACCCAGEATTCCTCCTG
ATCCOACGCAAAGTGTGTAACGGAATAGGTATT
 GGTGAATTTAAAGACTCACTCTCCATAAATGCTA
COAATATTAAACACTTCAAAAACTGCACCTCCA
 TCAGTGGCGATCTCCACATCCTGCCGGTGGOATT
 TAGGGGTGACTCCTTCACACATACTCCTCCTOTG
 GACCCACAGGAACTGGATATTCTGAAAACCGTA
 AAGGAAATCACAGGGTTTTTGCTGATTCAGGCTT |
 GGOCTGAAAACAGGACGGACCTCCATGOCTTTG
 AGAACCTAGAAATCATACGCGGCAGGACCAAGC |
 AACATGGTCAGTTTTCTCTIGCAGTCGTCAGOCT
GAACATAACATCCTTGGGATTACGCTCCCTCAA
GGAGATAAGTGATGGAGATGTGATAATTTCAGG
AAACAAAAATTTGTGCTATGCAAATACAATAAA
CTGGAAAAAACTGTTTGGGACCTCCGGTCAGAA 5
AACCAAAATTATAAGCAACAGAGGTGAAAACA

 GCTGCAAGGCCACAGGCCAGGTCTGCCATGCCT

TGTGCTCCCCCGAGGGCTGOTGGGGCCCGGAGE

CCAGGGACTGCGTCTCTIGOCGGAATGTCAGCC
 GAGGCAGGGAATGCGTGGACAAGTGCAACCTTC |
 TGGAGGGTGAGCCAAGGGAGTTTGTGGAGAACT |
 CTGAGTGCATACAGTGCCACCCAGAGTGCCTGC
 CTCAGGCCATGAACATCACCTGCACAGGACGGG
 GACCAGACAACTGTATCCAGTGTGCCCACTACA
TTGACGGCCCCCACTGOGTCAAGACCTGOCCGG
 CAGGAGTCATGGGAGAAAACAACACCCTGGTCT |
 GGAAGTACGCAGACGCCGGCCATGTGTGCCACT
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 TGTGCCATCCAAACTGCACCTACGGATGCACTG
 GGOCAGGTCTTGAAGGCTGTCCCACGAATGGGC
 CTAAGATCCCGTCCATCGCCACTGGGATGGTGG
 GGGECCTCCTCTTGCTGCTGOTGGTGOCCCTGGG
 GATCGGCCTCTTOATG 5
""""""""""""""""""""""""""""""""""""""""""""" ATGGAGCTGGGATTGTCCTGGGTTTTCCTGGTGG |
CTATACTCGAAGGCGTACAGTGTGAAGIGCAGT
TGGTGGAGAGTGGCGGTGGCCTGGCCCAGCCGG
 GAGGCTCTTTGAGACTCTCCTGCGCTGOCTOCGG
 CTTCACTTTCTCCCGCTATIGGATGACCTGGGTC
 CGGCAGGCGCCCGGCGGACGCCTGGAGTGGGTG
 GCTAAGATCAAGTATGATGGATCAGAAAAATAT |
 TACGCAGATAGCGTAAAAGGCCGGTTCACAATA
 TCCAGGGATAATGCAAAAAACTCCCTGTATCTG

- 68 V36 CAR +
| EGFR
Nucleic Acid

 Sequence

PCT/1B2021/000873

CAGATGGATAGCCTGCGCGCTGAAGACACCGCC
 GTATATTATTGCACAAGAGACTACAATAAAGAT
§TACTGGGGCCAGGGAACCCTGGTTACGGTGAGC
TCACGGGCGGCCGCAATTGAAGTTATGTATCCTC
CTCCTTACCTAGACAATGAGAAGAGCAATGGAA
 CCATTATCCATGTGAAAGGGAAACACCTTTGTCC
éAAGTCCCCTATTTCCCGGACCTTCTAA{}CCCTTT
TGGGTGCTGGTGGTGOTTGGTGGAGTCCTGGOTT
GCTATAGCTTGCTAGTAACAGTGGCCTTTATTAT |
TTTCTGGGTGAGGAGTAAGAGGAGCAGGCTCCT
§GCA(::AGTGM:M(iA'I‘GAACA'ﬁ?GAC"I‘CCCCG{:«::G |

- CCCCGGGCCCACCUGUAAGCATTACCAGCCCTA

TOCCCCACCACGUGACTTCGCAGCCTATCGUTCC
AGAGTOGAAGTTCAGCAGGAGCGCAGACGLCOCC
GUGTACCAGCAGOGGUCCAGAACCAGCTUTATAAC
GAGUTCAATCTAGGACGAAGAGAGGAGTACGAT
GITTTGGACAAGAGACGTGGUOCGGGACCCTGAG
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EATGGGGGGAAAGCCGAGAA,GGAAGAACCCTCA .
GGAAGGCCTOGTTCAATGAACTGCAGAAAGATAA
GATGGCGGAGGCCTTCAGTGAGATTGGGATGAA
%/5\GGCGA(}(ZGCC(3(}1@&(}(}(}GCAAGGGGCACGATG |
éGCCTTTTCCAGGGTCTCAGTACAGCCACCAA(}G :
ACACCTTCOGACGCCCTTCACATGUAGGCCCTGCC
éCCCTCGCGGAAGCGGA(,}CTACTAACTT{IA(}CCT |
%(}CTGAAGCAGGCTGGAGACGTGGAGGAGAACC E
CTGGACCCATGUTTCTCCTOGGTGACAAGCOTTCT
GCTCTOGTGAGTTACCACACCCAGCATTCCTCCTG
éA’E'CCCACGCAAAG’I'G’E‘GTAACGGAA"E’AGGI‘A"H'
GOTCGAATTTAAAGACTCACTCTCCATAAATGCTA
CGAATATTAAACACTTCAAAAACTGCACCTCCA
TCAGTOGGCGATCTCCACATCCTGUOCGGTGGCATT
TAGGGGTGACTCCTTCACACATACTCOTCCTICTG
GACCCACAGGAACTOGGATATTICTGAAAACCGTA
AAGGAAATCACAGOGTTTTTGCTGATTCAGGCTT
%GGCC’I'GAAAACAGGACGGACC'I‘CCATGCC’ITI‘G
AGAACCTAGAAATCATACGCGGCAGGACCAAGL
%AACA'I‘GGTCAG’I"ITI‘C'I'C'I"I‘GCAGTCGTCAGCC'I‘
éGAACA’I‘AACA’I‘CC'I"l‘GGGA’I"l‘ACGC'I‘CCC'I'CAA
GGAGATAAGTGATGGAGATGTGATAATTTCAGG
AAACAAAAATTTGTGCTATGCAAATACAATAAA
%C’I‘GGAAAAAAC'I'G'I"l"I‘GGGACCTCCGG’I‘CAGAA |
AACCAAAATTATAAGCAACAGAGGTGAAAACA

GCTGCAAGGCCACAGGUCAGGTCTGCCATGOCT

TGTGCTCCCCCGAGGGUTGCTOGGGGUCCGGAGT

éCCAGGGACTG*CGTCTCTTGCCGGAATGTCAG€C :
GAGGCAGGGAATGCGTGGACAAGTGCAACCTTC
TGGAGGGTGAGCCAAGGGAGTTTGTGGAGAACT
%CTGAGTGCATACAGTGCCACCCAGAGTGCCTGC |
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CTCAGGCCATGAACATCACCTGCACAGGACGGG
éGACCAGACAACTGTATCCAGTGTGCCCACTACA |
éTTGACGGCCCCCACTGCGTCAAGACCTGCCCGG .
CAGGAGTCATGGGAGAAAACAACACCCTGGTCT
GGAAGTACGCAGACGCCGGUCATGTGTGUCACC
%T(}TGCCATCCfV\ACTGCACCTA(IGGATGCACTG |
GGUCAGOGTUTTGAAGGCTGTCCCACGAATOGOGO

éCTAAGATCCCGTCCATCGCCACTGGGATGGTGG :
GGOGCCCTCCTCTTGUTGCTGOTGGTGGCCCTGOGO
GATCGGUCTCTTCATG

T AR T AT GG AGCT GGG ECTT CTIGGGTGTTICTGGTAG ™
5 EGFR CCATCCTCGAGGGAGTCCAGTGCGAGGTCCAGC
Nucieic Acid | TOGTCGAATCTGGCGGGGGGCTGGTCCAGCCTG
Sequence  GCGGTTCTCTCCGOCTGACCTGTGCGGCCTCAGS

GQTITCACTTTCAGCCGGTACTGGATGACATGGGTG
AGACAGGCCCCCGGCAAGGGACTGGAATGGGTA
GCAAAGATTAGGCACGACGGCGGTGAGAAATALC
TATCCCGACAGTOGTCAAGGGGCGOGTTTACTGTCT
éCCCGAGATAATGCCAAAAACTCACTCTACCTGC
%/5\GATGGATAATCTGCGA{KI(}(}AGGATACTGCTA
éTGTACTACT(}TACTC(}A(}ACTACAA(ZAA(}(}ACC
TGTGOGGOGOCAGGGGACACTGGTGACGGTTAGTT
CTCGGGOGGUCGCAATTGAAGTTATOGTATOCTCC
TCCTTACCTAGACAATGAGAAGAGUAATGGAAL
éCATTATCCA’E’G"I'GAAAGGGAAACACC'I"E"i‘G’i‘CC |
AAGTCCCCTATTTCCCGGACCTTUTAAGCCCTTT
TOGGTOGCTOGGTGOTOGTTGGTGGAGTCUTGGCTT
GCTATAGCTTGCTAGTAACAGTGGOUTTTATTAT
TTTCTGGOGTOGAGGAGTAAGAGGAGCAGGCTCCT |
GCACAGTGACTACATGAACATGACTCCCCGCCG

CCCCGGGUCCACCCGCAAGCATTACCAGUCCTA
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 TGCCCCACCACGCGACTTCGCAGCCTATCGCTCC |
 AGAGTGAAGTTCAGCAGGAGCGCAGACGCECCC |
 GCGTACCAGCAGGGCCAGAACCAGCTCTATAAC
 GAGCTCAATCTAGGACGAAGAGAGGAGTACGAT |
 GTTTTGGACAAGAGACGTGGCCGGGACCCTGAG
 ATGGGGGGAAAGCCGAGAAGGAAGAACCCTCA
 GGAAGGCCTGTTCAATGAACTGCAGAAAGATAA
 GATGGCGGAGGCCTTCAGTGAGATTGGGATGAA
 AGGCGAGCGCOGGAGGGGOAAGGGGCACGATG
GOCTTTTCCAGGGTCTCAGTACAGCCACCAAGG
 ACACCTTCGACGCCCTTCACATGCAGGCCCTGOC
CCOTCGCGGAAGCGGAGCTACTAACTTCAGCCT
GCTGAAGCAGGCTGGAGACGTGGAGGAGAACC
CTGGACCCATGCTTCTCCTGOTGACAAGCCTTCT |
 GCTCTGTGAGTTACCACACCCAGCATTCCTCCTG
ATCCCACGCAAAGTGTGTAACGGAATAGGTATT
 GGTGAATTTAAAGACTCACTCTCCATAAATGCTA
CGAATATTAAACACTTCAAAAACTGCACCTCCA
TCAGTGGCGATCTCCACATCCTGCCGGTGGCATT
 TAGGGGTGACTCCTTCACACATACTCCTCCTCTG
 GACCCACAGGAACTGGATATTCTGAAAACCGTA
 AAGGAAATCACAGGGTTTTTGCTGATTCAGGCTT |
GGOCTGAAAACAGGACGGACCTCCATGOCTITG
 AGAACCTAGAAATCATACGCGGCAGGACCAAGC |
 AACATGGTCAGTTTTCTCTTGCAGTCGTCAGCCT
 GAACATAACATCCTTGGGATTACGCTCCCTCAA
 GGAGATAAGTGATGGAGATGTGATAATTTCAGG
 AAACAAAAATTTGTGCTATGCAAATACAATAAA
CTGGAAAAAACTGTTTGGGACCTCCGGTCAGAA
 AACCAAAATTATAAGCAACAGAGGTGAAAACA

GCTGCAAGGOCACAGGCCAGGTCTGCCATGCCT
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TGTGCTCCCCCGAGGGCTGCTGGGGCCCGGAGC
CCAGGGACTGOGTCTCTTGOCGGAATGTCAGCC
 GAGGCAGGGAATGCGTGGACAAGTGCAACCTTC |
 TGGAGGGTGAGCCAAGGGAGTTTGTGGAGAACT |
 CTGAGTGCATACAGTGCCACCCAGAGTGOCTGE
CTCAGGCCATGAACATCACCTGCACAGGACGGG
 GACCAGACAACTGTATCCAGTGTGCCCACTACA
TTGACGGCCCCCACTGOGTCAAGACCTGOCCGG
 CAGGAGTCATGGGAGAAAACAACACCCTGGTCT
 GGAAGTACGCAGACGCCGGCCATGTGTGCCACT
 TGTGCCATCCAAACTGCACCTACGGATGCACTG
GGCCAGGTCTTIGAAGGCTGTCCOACGAATGGGE
 CTAAGATCCCGTCCATCGCCACTGGGATGOTGG
 GOGCCCTCCTCTTGCTGCTGOTGGTGGCCCTGAG
 GATCGGCCTCTTCATG |
70 VSICAR+  ATGGAACTGGGACTGTCATGGGTCTTITCTCGTGG
 CCATTCTCGAGGGGOTCCAGTGTGAGGTTCAGE
 TGGTGGAGAGCGGGEGGOGTCTGETTCAGCCAG
 GTGGCAGTCTTAGGTTGTCATGTGCCGCGAGCG
 GGTTCACGTTCTCACGATATTGGATGACCTGGGT |
TCGCCAGGCACCAGGGAAGGGGCTGOAGTGGGT |
 CGCCAAGATCAGGCACGACGGCGGAGAAAAAT
ATTACGCGGATTCOGTGAAAGGCAGATTCACAA
 TCTCTAGGGATAACGCCAAAAATTCCCTTTATCT
TCAGATGAATAGCCTGAGGGCTGAAGACACTGC
 CGTGTACTACTGCACGCGGGATTACAACAAAGA
TTATTGGGGCCAGGGAACACTGGTGACCGTCAG
 CTCTCGGGCGGCCGCAATIGAAGTTATGTATCCT |
CCTCCTTACCTAGACAATGAGAAGAGCAATGGA
ACCATTATCCATGTGAAAGGGAAACACCTTTGT

V5l CAR +
EGFR
Nuciewe Acid

Sequence

PCT/1B2021/000873



WO 2022/123316 PCT/1B2021/000873

CCAAGTCCCCTATTTCCCGGACCTICTAAGOCCT
TTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGE |
 TTGCTATAGCTTGCTAGTAACAGTGGCCTTTATT
ATTTTCTGGGTGAGGAGTAAGAGGAGCAGGCTC
 CTGCACAGTGACTACATGAACATGACTCCCCGE
CGCCCCGOGCCCACCCGOAAGCATTACCAGECC
 TATGOCCCACCACGCGACTTCGCAGCCTATCGET
CCAGAGTGAAGTTCAGCAGGAGCGCAGACGECC |
 CCGOGTACCAGCAGGGCCAGAACCAGCTCTATA
 ACGAGCTCAATCTAGGACGAAGAGAGGAGTACG
 ATGTTTTGGACAAGAGACGTGGCOGGGACCCTG
 AGATGGGGGGAAAGCCGAGAAGGAAGAACCCT
CAGGAAGGCCTGTTCAATGAACTGCAGAAAGAT
 AAGATGGCGGAGGCCTTCAGTGAGATTGGGATG
 AAAGGCGAGCGCCGGAGGGGCAAGGGGCACGA
TGGOCTTTTCCAGGGTCTCAGTACAGCCACCAAG
 GACACCTTCGACGCCCTTCACATGCAGGOCCTGE |
CCCCTCGOGGAAGCGGAGCTACTAACTTCAGCC
TGCTGAAGCAGGCTGGAGACGTGGAGGAGAACT |
CTGGACCCATGCTTCTCCTGGTGACAAGCCTTCT
 GCTCTGTGAGTTACCACACCCAGCATICCTCCTG
ATCCCACGCAAAGTGTGTAACGGAATAGGTATT
 GGTGAATTTAAAGACTCACTCTCCATAAATGCTA
CGAATATTAAACACTTCAAAAACTGCACCTCCA
TCAGTGGCGATCTCCACATCCTGCCGGTGGCATT |
 TAGGGGTGACTCCTTCACACATACTCCTCCTCTG
 GACCCACAGGAACTGGATATTCTGAAAACCGTA
 AAGGAAATCACAGGGTTTTTGCTGATTCAGGCTT
 GGCCTGAAAACAGGACGGACCTCCATGCCTTTG
 AGAACCTAGAAATCATACGCGGCAGGACCAAGE
 AACATGGTCAGTTTTCTCTTGCAGTCGTCAGOCT
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GAACATAACATCCTTGGGATTACGCTCOCTCAA
 GGAGATAAGTGATGGAGATGTGATAATTTCAGG
 AAACAAAAATTTGTGCTATGCAAATACAATAAA
CTGGAAAAAACTGTTTGGGACCTCOGGTCAGAA
 AACCAAAATTATAAGCAACAGAGGTGAAAACA

 GCTGCAAGGOCACAGGCCAGGTCTGCCATGOCT

TGTGCTCCCCCGAGGECTGCTGGOGOCCGGAGE

CCAGGGACTGOGTCTCTTGCCGGAATGTCAGEC
 GAGGCAGGGAATGCGTGGACAAGTGCAACCTTC |
 TGGAGGGTGAGCCAAGGGAGTTTGTGGAGAACT |
 CTGAGTGCATACAGTGCCACCCAGAGTGOCTGE
CTCAGGCCATGAACATCACCTGCACAGGACGGG
GACCAGACAACTGTATCCAGTGTGCCCACTACA
TTGACGGCCOCCACTGOGTCAAGACCTGOCCGG
 CAGGAGTCATGGGAGAAAACAACACCCTGGTCT |
GGAAGTACGCAGACGCOGGCCATGTGTGCCACC
TGTGCCATCCAAACTGCACCTACGGATGCACTG
 GGCCAGGTCTTGAAGGCTGTCCCACGAATGGGE

CTAAGATCCCGTCCATCGCCACTGGGATGGTGG
GGGCCCTCCTCTTGOTGCTGETGGTGECCCTGGG
 GATCGGCCTCTTCATG |

Equivalents
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2% 46

[8566] Use of ordinal terms such as “first,” “second,” “third,” etc., in the claims to
modify a claim element dogs not by #tself connote any priority, precedence, or order of one
claim element over another or the temporal order in which acts of a method are performed,
but are used merely as labels to distinguish one claim element having a certain name from
another element having a same name (but for use of the ordinal termy) to distinguish the claim

elements.

8567} The articles “a” and “an” as used herein m the specification and in the claims,
unless clearly indicated to the contrary, should be understood to include the plural referents.
Claims or descriptions that include “or” between one or more members of a group are
constdered satisfied if one, more than one, or all of the group members are present in,
emploved in, or otherwise relevant to a given product or process unless indicated to the
contrary or otherwise evident from the context. The invention includes embodiments in which
exactly one member of the group 15 present in, emploved in, or otherwise relevant to a given
product or process. The invention also includes embodiments i which more than one, or the
entire group members are present in, emploved in, or otherwise relevant to a given product or
process. Furthermore, it 1s to be understood that the invention encompasses all varations,
combinations, and permutations in which one or more limitations, elements, clauses,
descriptive terms, ete., from one or more of the histed claims 13 introduced 1nto another claim
dependent on the same base claim (or, as relevant, any other claim} unless otherwise indicated
or unless 1t would be evident to one of ordinary skill in the art that a contradiction or
mconsistency would anse. Where elements are presented as hists, {e.g., in Markush group or
similar format) it 1s to be understood that each subgroup of the elements 1s also disclosed, and
any element(s) can be removed from the group. It should be understood that, in general,
where the mmvention, or aspects of the invention, is/are referred to as comprising particular
elements, features, etc., certain embodiments of the mvention or aspects of the mvention
consist, or consist essentially of, such elements, features, etc. For purposes of simplicity those
embodiments have not in every case been specifically set forth in so many words herein. It
should also be understood that any embodiment or aspect of the invention can be explicitly
excluded from the claims, regardless of whether the specific exclusion is recited in the

specification. The publications, websites and other reference materials referenced herein to
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describe the background of the invention and to provide additional detail regarding its practice

are hereby incorporated by reference.

195



WO 2022/123316 PCT/1B2021/000873

We clabm:

1.

b

An anti-guanylyl cyclase C (GCC) chimeric antigen receptor (CAR) comprising an
extracetlular antigen binding domain that binds to guanylyl cyclase C {(GCC), a

transmembrane domain, and at least one intracellular signaling domain.

The anti-GCC CAR of claim |, wherein the antigen binding domain comprises

a heavy chamn variable region (Vi) with complementarity determining region
{CDR) sequences of HYYWS (HCDR1) (SEQ 1D NO: &), RIYPSGSTSYNPSLKS
(HCDR2) {(SEQ 1D NO: 11) and DRSTGWSEWNSDL (HCDR3} (SEQ 1D NO: 16);

a heavy chain variable region (Vi) with complementarity determining region
(CDR) sequences of RYWMS (HCDR1} (SEQ 1D NO: 93,
KIRHDGGEKYYVDSVKG (HCDR2}Y (SEQ 1D NO: 12) and DYTRDV (HCDR3)
(SEQ ID NO: 17):

a heavy chain variable region (Vi) with complementarity determining region
(CDR) sequences of RYWMT (HCDRU) (SEGQ ID NG: 10},
KIKYDGSEKYYADSVEG (HCDR2) (SEQ ID NG: 13) and DYNKDY (HCDR3)
(SEQ ID NO: 18);

a heavy chain vanable region (Vi) with complementarity determining region
{CDR) sequences of RYWMT (HCDRD) (SEQ ID NG: 10),
KIRHDGGEEYYPDSVKG (HCDR2) (SEQ ID NQ: 14) and DYNKDL (HCDR3)
(SEQIDNG: 19 or

a heavy chain vanable region (Vi) with complementarity determining region
{CDR) sequences of RYWMT (HCDR1 (SEQ 1D NG: 103,
KIRHBGGEKYYADSVKG (HCDR2) (SEQ ID NO: 153 and DYNKDY (HCDR3})
(SEQID NO: 18),

The anti~-GCC CAR of clamm 1, wheremn the antigen binding domain comprises a
heavy chan variable region (VH) that s at least 90% 1dentical to SEQ IBD NO: T or

SEQ ID NO: 20,
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4. The anti-GCC CAR of clamm 1, wherein the antigen binding domam comprises

an immunoglobuiin heavy chain variable (VH) region comprising an amino
acid sequence that is at least 90% identical to SEQ 1D NO: 21;

an immunoglobulin heavy chain variable (VH) region comprising an amino
acid sequence that 1s at least 90% identical to SEQ 1D NO: 26;

an immunoglobulin heavy chain variable (VH) region comprising an amino
acid sequence that 1s at least 90% identical to SEQ 1D NO: 27; or

an immunoglobulin heavy chain variable (VH) region comprising an amino

acid sequence that 1s at least 90% identical to SEQ 1D NO: 28,

5. The anti-GCC CAR of any one of claims -4, wherem the antigen binding domain
comprises an immunoglobulin variable heavy cham only anti-GCC antigen binding
domain,

6. The anti-GCC CAR of any one of clawns 1-3, wheremn the extracellular anti-GCC
antigen binding domain 1s preceded by a leader nucleotide sequence encoding a leader

peptide.

7. The anti-GCC CAR of claim 28, wherein the leader peptide comprises SEQ ID NO» 6,
SEQID NGOG 7, or SEQ 1D NO: 42

8 The anti-GCC CAR of anv one of claims 1-7, further comprising a hinge domain.
< 5 el =

S, The anti-GCC CAR of claim 8, wherein the hinge domain 1s comprises a hinge
2 Fue o

domain of CD28.

10. The anti-GCC CAR of claim 9, wherein the CD28 hinge domain comprises SEQ ID
NG: 29
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It

12.

13.

14.

16.

18

19

The anti-GCC CAR of any one of claims 8-10, wherein the hinge domain 15 fused to

the transmembrane domain.

The anti-GCC CAR of any one of claims 1-11, wherein the transmembrane domain
comprises a transmembrane domain of a protein selected from the alpha, beta or zeta
chain of the T-cell receptor, CD8, CD28, CD3 epsilon, CD435, (D4, CD5, CDY, CDY,
CD16, CD22, D33, CD37, Cho4, CHAE0, T3, UDRo, T34, D137, CD154, and

TNFRSF19, and any combination thereof

The anti-GCC CAR of claim 12, wherein the transmembrane domain comprises a

CD28 transmembrane domain.

The anti-GCC CAR of claim 13, wheremn the CD2R transmernbrane domain comprises

SEQ ID NO: 30,

. The anti-GCC CAR of any one of claius 1-14, wherein the at least one intracellular

signaling domain comprises a costimulatory domain and a primary signaling domain,

The anti-GCC CAR of clamm 15, wheren the costimulatory domain comprises a
functional signaling domain of OX40, CD70, CD27, CD28, DS, ICAM-1, LFA-1
(CD11a/CD1RY, ICOS (CD278), DAPIO, DAPILZ, and 4-1BB (CD137), or any

combination thereof,

. The anti-GCC CAR of claim 16, wherein the costimulatory domain comprises a

functional signaling domain of CDZ8.

The anti-GCC CAR of clamm 17, wherein the CD28 costimulatory domain comprises

SEQ ID NO: 32,

2. The anti-GCC CAR of claim 15-18, wherein the primary signaling domain comprises

a CD3zeta signaling domain.

198



WO 2022/123316 PCT/1B2021/000873

20

o

21

5y

3.
oy’

24.

26.

. The anti-GCC CAR of claim 19, wherein the CD3 zeta signaling domain comprises
SEQ 1D NO: 33,
An anti-GCC CAR comprising a sequence selected from the group consisting of SEQ

1D NQO: 47-52.

?. An isolated polvnucleotide encoding the anti-GCC CAR of any one of claims 1-21.

. The solated polvnucleotide of claim 22, further comprising a truncated sequence of

epidermal growth factor receptor (tEGFR).
The 1solated polynucleotide of claim 23, wherein the tEGFR comprises a nucleic acid
sequence that encodes an anuno acid sequence that 13 at least 95%, 96%, 97%, 98%,

99% identical to SEQ 1D NG: 43

. The solated polynucleotide of claim 24, wherein the tEGFR comprises a nucleic acid

sequence that encodes an anuno acid sequence that 13 identical to SEQ TD NG: 43,
The 1solated polynucieotide of any one of claims 22-25, further comprnising a furin
recognition site and downstream 2A self-cleaving peptide sequence, designed for

simuthtaneous bicistrome expression of the tag sequence and the CAR sequence.

. The 1solated polynucleotide of claim 26, wherein the 2A self-cleaving peptide 1s

selected from F2A P2A E2A and T2A.

. The 1solated polynuclestide of claim 27, wherein the 2A self-cleaving peptide 15 PZA.

. A vector comprising the isolated polynucleotide of any one of ¢laims 22-28.
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37

38,

39

. The vector of claim 29, wherein the vector is an adenoviral vector, an adenovirus-
associated vector, a DNA vector, a lentiviral vector, a plasmid, a retroviral vector, or

an RNA vector.

1. A cell comprising the vector of clatm 29 or 30,

2. The cell of claim 31, wherein the cell is a T cell, an allogeneic T cell, an autologous T

cell, or a tumor-infiltrating lymphocyte (TIL).

. A population of cells comprising the anti-GCC CAR of any one of claims 1-200r the

nucleic acid of any one of claims 22-32.

. A kit comprising the population of cells of claim 33,

. A pharmaceutical composition comprising a population of the cells of clawm 31 or 32,

The pharmaceutical composition of ¢claim 35, wherein greater than 70%, 80%, 90%
> & E >

or 95% of the cells in the population express the anti-GCC CAR.

A method of treating a cancer comprising administering a pharmaceutical composition
or population of cells comprising the anti-GCC CAR of any one of claims 1-20to a

subject in need of treatment.

The method of clamm 37, wherein the cancer 1s selected from gastromtestinal cancer,
colorectal cancer, colorectal adenocarcinoma, colorectal leiomyosarcoma, colorectal
lymphoma, colorectal melanoma, a colorectal newroendocrine tumor, metastatic colon
cancer, stomach cancer, gastric adenocarcinoma, gastric lymphoma, gastric sarcoma,
esophageal cancer, squamous cell carcinoma, adenocarcinoma of the esophagus, or

pana:reatic cancer.

. The method of claim 38, wherein the cancer 1s a gastrointestinal cancer,
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40. The method of claim 39, wherein the gastromntestinal cancer 1s colon cancer, colorectal

Cancer, stomach cancer, or esophageai Cancer.

41. A method of reducing tumor growth or tumor size comprising adminstering a
pharmaceutical composition or population of cells comprising the anti-GCC CAR of

any one of claims 1-21 to a subject in need of treatment
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