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MUC16 SPECIFIC CHIMERIC ANTIGEN RECEPTORS AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application claims the benefit of U.S. Provisional Patent Application No.
62/680,297 filed June 4, 2018, which is hereby incorporated by reference in its entirety.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on May 23, 2019, is named 50471 715 601 SL .txt and is 331,880 bytes in
size.

BACKGROUND OF THE DISCLOSURE
[0003] Recombinant polypeptides such as chimeric polypeptides have been a valuable for
research, diagnostic, manufacturing and therapeutic applications. Modified effector cells
expressing antigen binding polypeptides such as CARs are useful in the treatment of diseases

and disorders such as infectious disease, autoimmune disorders and cancers.

INCORPORATION BY REFERENCE

[0004] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or

patent application was specifically and individually indicated to be incorporated by reference.

SUMMARY OF THE DISCLOSURE

[0005] Provided herein is an isolated nucleic acid encoding a chimeric antigen receptor
(CAR), wherein the CAR comprises (a) a MUC16 antigen binding domain; (b) a stalk domain;
(c) a transmembrane domain; (d) a costimulatory signaling domain comprising 4-1BB or CD28,
or both; and (e) a CD3 zeta signaling domain. In some embodiments, the MUC16 antigen
binding domain comprises at least one of: (a) a polypeptide having at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with at least one of amino acid
sequences as shown in SEQ ID NOs: 1, 3,5, 7,9, 12, and 14; (b) a polypeptide having at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with at least one of
amino acid sequences as shown in SEQ ID NOs: 2, 4, 6, 8, 10, 11, 13, and 15; and (c) a
polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identity with at least one of amino acid sequences as shown in SEQ ID NOs: 27-57.

1
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[0006] In some embodiments, the MUC16 antigen binding domain is a polypeptide having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with at least one
of amino acid sequences as shown in SEQ ID NOs: 27-57. In some embodiments, the stalk
domain is a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ ID NO: 16. In some embodiments, the
costimulatory signaling domain comprises 4-1BB. In some embodiments, the costimulatory
signaling domain of 4-1BB comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 22.
In some embodiments, the costimulatory signaling domain comprises CD28. In some
embodiments, the costimulatory signaling domain of CD28 comprises a polypeptide having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino
acid sequence of SEQ ID NO: 23.

[0007] In some embodiments, the CD3 zeta signaling domain comprises a polypeptide having
at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the
amino acid sequence of SEQ ID NO: 26. In some embodiments, the isolated nucleic acid as
provided herein can further comprise a truncated epidermal growth factor receptor. In some
embodiments, the truncated epidermal growth factor receptor is HER 1t and comprises a
polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identity with the amino acid sequence of SEQ ID NO: 65. In some embodiments, the truncated
epidermal growth factor receptor is HER1t-1 and comprises a polypeptide having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 66.

[0008] In some embodiments, the CAR comprises a polypeptide having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with an amino acid sequence
shown in SEQ ID NOs: 27-57.

[0009] Provided herein is a vector comprising a backbone and a nucleic acid sequence
encoding: (1) a truncated epidermal growth factor receptor comprising at least one of HER1t,
HER1t-1 or a functional variant thereof;, (2) a cytokine; and (3) a chimeric antigen receptor
(CAR), wherein the CAR comprises (a) a MUC16 antigen binding domain; (b) a stalk domain;
(c) a transmembrane domain; (d) a costimulatory signaling domain comprising 4-1BB or CD28,
or both; and (e) a CD3 zeta signaling domain.

[0010] In some embodiments, the cytokine is IL-15 or IL-12. In some embodiments, the
vector is a lentivirus vector, a retroviral vector, or a non-viral vector. In some embodiments, the
truncated epidermal growth factor receptor comprises a polypeptide having at least 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid sequence of
2
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SEQ ID NO: 65 or SEQ ID NO: 66. In some embodiments, the IL-15 is membrane bound IL-
15. In some embodiments, membrane bound IL-15 comprises a nucleotide sequence encoding
for SEQ ID NO: 161.

[0011] In some embodiments, any of the vectors provided herein can further comprise a
nucleotide sequence encoding a self-cleaving Thosea asigna virus (T2A) peptide. In some
embodiments, the backbone is Sleeping Beauty transposon DNA plasmid or pFUGW. In some
embodiments, any of the vectors provided herein can further comprise a promoter. In some
embodiments, the promoter is hEFlal. In some embodiments, the MUC16 antigen binding
domain comprises at least one of: (a) a polypeptide having at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity with at least one of amino acid sequences as
shown in SEQID NO: 1,3,5,7,9, 12, and 14; (b) a polypeptide having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with at least one of amino acid
sequences as shown in SEQ ID NOs: 2, 4, 6, 8, 10, 11, 13, and 15; and; (c)a polypeptide having
at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with at least
one of amino acid sequences as shown in SEQ ID NOs: 27-57. In some embodiments, the
MUCI16 antigen binding domain is a polypeptide having at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity with at least one of amino acid sequences as
shown in SEQ ID NO: 27-57. In some embodiments, the stalk domain comprises a polypeptide
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
the amino acid sequence of SEQ ID NO: 16. In some embodiments, the costimulatory signaling
domain comprises 4-1BB. In some embodiments, the costimulatory signaling domain of 4-1BB
comprises a nucleic acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 22.

[0012] In some embodiments, the costimulatory signaling domain comprises CD28. In some
embodiments, the costimulatory signaling domain of CD28 comprises a nucleic acid sequence
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
the amino acid sequence of SEQ ID NO: 23. In some embodiments, the CD3 zeta signaling
domain comprises a nucleic acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%.,
96%, 97%, 98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 26.
[0013] In some embodiments, the vector comprises a plasmid. In some embodiments, each
the vector comprises an expression plasmid. In some embodiments, the non-viral vector is a
Sleeping Beauty transposon.

[0014] Provided herein is an immune effector cell comprising any of nucleotides as provided
herein. Provided herein is an immune effector cell comprising (1) a cell tag (2) IL-15 and (3) a

chimeric antigen receptor (CAR), wherein the CAR comprises (a) a MUC16 antigen binding
3
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domain; (b) a stalk domain; (¢) a transmembrane domain; (d) a costimulatory signaling domain
comprising 4-1BB or CD28, or both; and (e) a CD3 zeta signaling domain.

[0015] In some embodiments, the IL-15 is membrane bound IL-15. In some embodiments, the
membrane bound IL-15 comprises the polypeptide sequence of SEQ ID NO: 161. In some
embodiments, the cell tag comprises HER 1t, and the HER 1t comprises the polypeptide sequence
of SEQ ID NO: 65. In some embodiments, the cell tag comprises HER1t-1, and the HER 1t-1
comprises the polypeptide sequence of SEQ ID NO: 66.

[0016] Provided herein is an immune effector cell comprising any of the vectors as described
herein. In some embodiments, the cell is a T cell, a Natural Killer (NK) cell, a cytotoxic T
lymphocyte (CTL), or a regulatory T cell. In some embodiments, the CAR comprises at least
one of amino acid sequences SEQ ID Nos: 27-57.

[0017] Provided herein is a method for stimulating a T cell-mediated immune response to a
target cell population or tissue in a human subject in need thereof, comprising administering to
the human subject an effective amount of a cell genetically modified to express a CAR, wherein
the CAR comprises (a) a MUC16 antigen binding domain; (b) a stalk domain; (c) a
transmembrane domain; (d) a costimulatory signaling domain comprising 4-1BB or CD28, or
both; (e) a CD3 zeta signaling domain; and (f) a truncated epidermal growth factor receptor
(HER1t). In some embodiments, the human has been diagnosed with at least one of ovarian and
breast cancer. In some embodiments, the ovarian or breast cancer is relapsed or refractory
ovarian or breast cancer.

[0018] Provided herein is an isolated nucleic acid encoding a chimeric antigen receptor
(CAR), wherein the CAR comprises: (a) a MUC16 antigen binding domain with at least one of
amino acid sequences of as shown in SEQ ID NO: 1-15 or 27-57; (b) a stalk domain with the
amino acid sequence of SEQ ID NO: 16; (c) a costimulatory signaling domain comprising CD28
with the amino acid sequence of SEQ ID NO: 23; (d) a HER1 tag which comprises at least one
of HER 1t with the amino acid sequence of SEQ ID NO: 65 and HER1t-1 with the amino acid
sequence of SEQ ID NO: 66; and (e) a CD3 zeta signaling domain with the amino acid sequence
of SEQ ID NO: 26.

[0019] Provided herein is an isolated nucleic acid encoding a chimeric antigen receptor
(CAR), wherein the CAR comprises: (a) a MUC16 antigen binding domain with at least one of
amino acid sequences as shown in SEQ ID NO: 1-15 or 27-57; (b) a stalk domain with the
amino acid sequence of SEQ ID NO: 16; (c) a costimulatory signaling domain comprising 4-
1BB with the amino acid sequence of SEQ ID NO: 23; (d) a HER1 tag which comprises at least
one of HER 1t with the amino acid sequence of SEQ ID NO: 65 and HER1t-1 with the amino
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acid sequence of SEQ ID NO: 66; (e) a CD3 zeta signaling domain with the amino acid

sequence of SEQ ID NO: 26.

[0020] Provided herein is a vector comprising any one or more of the polynucleotides as
described herein. In some embodiments, the vector is a lentivirus vector, a retroviral vector, or a
non-viral vector. In some embodiments, the non-viral vector is a Sleeping Beauty transposon.
In some embodiments, the vector is a plurality of vectors.

[0021] Provided herein is a system for expressing a CAR in an immune effector cell, the
system comprising one or more vectors encoding an isolated nucleic acid as provided herein. In
some embodiments, the immune effector cell is a T cell or NK cell. In some embodiments, the
system provided herein can further comprise a nucleic acid encoding at least one additional
gene. In some embodiments, the additional gene comprises a cytokine. In some embodiments,
the cytokine comprises at least one of IL-2, IL-15, IL-12, IL-21, and a fusion of IL-15 and IL-
15Ra. In some embodiments, the cytokine is in secreted form. In some embodiments, the
cytokine is in membrane bound form. In some embodiments, the system comprises one vector.
In some embodiments, the one or more vectors is a lentivirus vector, a retroviral vector, or a
non-viral vector. In some embodiments, the non-viral vector is a Sleeping Beauty transposon.
In some embodiments, the system provided herein can further comprise a Sleeping Beauty
transposase. In some embodiments, the Sleeping Beauty transposase is SB11, SB100X or
SB110. In some embodiments, the immune effector cell is a mammalian cell.

[0022] Provided herein is a method of expressing a CAR in an immune effector cell
comprising contacting the immune effector cell with the system as described herein.

[0023] Provided herein is a method of stimulating the proliferation and/or survival of
engineered T-cells comprising: (a) obtaining a sample of cells from a subject, the sample
comprising T-cells or T-cell progenitors; (b) transfecting the cells with one or more vectors
encoding an isolated nucleic acid as provided in any one of claims 1-34 and 47-52 and a vector
encoding a transposase , to provide a population of engineered MUC16 CAR-expressing T-cells;
(c) and optionally, culturing the population of MUC16 CAR T-cells ex vivo for 2 days or less.
[0024] In some embodiments, the method of stimulating the proliferation and/or survival of
engineered T-cells can further comprise transfecting the cells with a vector encoding a cytokine.
In some embodiments, the cytokine is a fusion protein comprising IL- 15 and IL- 15Ra. In
some embodiments, the one or more vectors is a lentivirus vector, a retroviral vector, or a non-
viral vector. In some embodiments, the non-viral vector is a Sleeping Beauty transposon. In
some embodiments, the method can further comprise a Sleeping Beauty transposase. In some

embodiments, the Sleeping Beauty transposase is SB11, SB100X or SB110.
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[0025] Provided herein is a method of treating cancer in a subject in need thereof comprising
administering to the subject one or more doses of an effective amount of engineered T-cells,
wherein the engineered T-cells comprise MUC16 CAR and membrane bound IL-15. In some
embodiments, a first dose of an effective amount of engineered T-cells is administered
intraperitoneally. In some embodiments, a second dose of an effective amount of engineered T-
cells is administered intravenously. In some embodiments, the cancer is ovarian cancer. In
some embodiments, the cancer is breast cancer. In some embodiments, the MUC16 CAR is
encoded by any one of sequences as shown in SEQ ID NOs: 95-107, 119-149, or 194-195. In
some embodiments, the membrane bound IL-15 is encoded by SEQ ID NO: 161. In some
embodiments, an effective amount of engineered T-cells is at least 10* cells/kg. In some
embodiments, an effective amount of engineered T-cells is at least 10* cells/kg. In some

embodiments, an effective amount of engineered T-cells is at least 10° cells/kg.

BRIEF DESCRIPTION OF THE FIGURES

[0026] The features of the present disclosure are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present disclosure will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the disclosure are utilized, and the accompanying
drawings of which:

[0027] FIG 1 is an exemplary schematic of Sleeping Beauty Transposon System. Sleeping
Beauty derived DNA plasmids coding for MUC16 CAR and cytokine such as membrane bound
IL15 (mbIL15) transposons and DNA plasmid coding for SB transposase are delivered into
immune effector cells e.g. by electroporation. The engineered immune effector cells can be
manufactured under point-of-care methods described herein. In certain cases, the MUC16 CAR
and/or cytokine can be co-expressed with a cell or kill tag for conditional in vivo ablation.
[0028] FIG 2 depicts exemplary gene expression cassettes for MUC16 CARs and cytokines in
different configurations with gene switch components.

[0029] FIG 3 depicts an illustration of MUC16 CARs with different stalk lengths.

[0030] FIG 4 shows expression of CAR, mbIL15 and HER1t1 transgenes. T cells were
nucleofected with MUC16-3 CAR-HER1t1 or MUC16-3 CAR-mbIL15-HER1t1 transposon and
SB transposase. Expression of transgenes was measured at Day 1 post nucleofection. Cells were
gated as live CD3” cells. Data shown is mean = SEM from three healthy donors.

[0031] FIG S shows expression of MUC16 CARs of different spacer lengths derived from
CD8 alpha hinge regions in CAR-T cells. MUC16 CAR-T cells were generated by
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electroporation of SB system plasmids in healthy donor T cells (donor # D133098). CAR-T cells

were numerically expanded ex vivo by co-culture with MUC16t expressing AaPC by once
weekly stimulation. Expression of CAR was measured by multi parameter flow cytometry at
Day 1 and Day 8 post nucleofection. Test articles are listed in Table 6.

[0032] FIG 6 shows CAR-T cells expressing MUC16 CARs of different spacer lengths
derived from CD8 alpha hinge regions. CAR-T cells were generated by electroporation of SB
system plasmids in healthy donor T cells (donor # D132552). CAR-T cells were numerically
expanded ex vivo by co-culture with MUC16t expressing AaPC by once weekly stimulation.
Expression of CAR was measured by multi parameter flow cytometry at Day 1 and Day 8 post
nucleofection. Test articles are listed in Table 7.

[0033] FIG 7 shows Western blot analysis of MUC16 CAR expression. MUC16 CAR
expression was measured by staining with mouse anti-human CD3( antibody. Lane 1: Protein
Marker; Lane 2: MUC16-3 CAR-HERIt1 T cells; and 3: MUC16-3 CAR-mbIL15-HER1t1 T
cells.

[0034] FIG 8 shows Western blot analysis of mbIL15 expression. mbIL15 expression was
measured by staining with anti- IL-15 antibody. Lane 1: Protein Marker; Lanes 2: MUC16-3
CAR-HERI1t1 T cells and Lane 3: MUC16-3 CAR-mbIL15-HERI1t1 T cells.

[0035] FIG 9 shows Western blot analysis of HER1t1 expression. HER1t1 expression was
measured by immunoprecipitation method followed by western blot. Lane 1: MUC16-3 CAR-
HERI1t1 T cells; Lane 2: MUC16-3 CAR-mbIL15-HER1t1 T cells; Lane 3: No lysate
immunoprecipitation control; Lane 4: A431 cell line lysate; and Lane 5: Protein Marker.
[0036] FIG 10A shows flow cytometry analysis of MUC16 expression in various tumor cell
lines tested.

[0037] FIG 10B shows specific cytotoxicity of MUC16 CAR-T cells. Cytotoxicity of MUC16-
3 CAR-HERIt1 T cells and MUC16-3 CAR-mbIL15-HER1t1 T cells towards various tumor cell
lines at varying E:T ratios. Control CAR-mbIL15-HER1t1 T cells were utilized as negative
control. Mean + SEM from triplicate wells from 3 donors is shown.

[0038] FIG 11 shows cytokine production by MUC16 CAR-T cells upon co-culture with
various tumor cell lines. CAR-T cells generated using three healthy donor T cells were co-
cultured with specified tumor cells lines at E:T ratio of 1:1 for seven days. Mean + SEM from
triplicate wells from 3 donors is shown.

[0039] FIG 12 shows cytotoxicity of MUC16 CAR-T cells in a luciferase assay. CAR-T cells
generated from two healthy donor T cells were cultured with tumor cell lines. Test articles are

listed in Table 8.
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[0040] FIG 13A shows biological function of mbIL15 in MUC16 CAR-T cells. CAR-T cells

were generated from three healthy donor T cells. Persistence of MUC16-3 CAR-HER1t1 T cells
and MUC16-3 CAR-mbIL15-HER1t1 T cells in in vitro culture in absence of antigen and
exogenous cytokines. Each symbol represents individual donor CAR-T cells. Mean + SEM
from three donors is shown.

[0041] FIG 13B shows biological function of mbIL15 in MUC16 CAR-T cells. CAR-T cells
were generated from three healthy donor T cells. Proliferation of CAR-T cells is shown. Each
symbol represents individual donor CAR-T cells. Mean + SEM from three donors is shown.
[0042] FIG 13C shows biological function of mbIL15 in MUC16 CAR-T cells. CAR-T cells
were generated from three healthy donor T cells. Memory marker analysis of MUC16-3 CAR-
mbIL15-HER1t1 T cells is shown. Each symbol represents individual donor CAR-T cells.
Mean + SEM from three donors is shown.

[0043] FIG 14 shows in vitro persistence of MUC16 CAR-T cells in absence of exogenous
cytokines. MUC16-2 CAR-HERI1t1 T cells and MUC16-2 CAR-mbIL15-HER1t1 T cells from
three healthy donor T cells were cultured in presence or absence of exogenous cytokines for 2
weeks. Viable T cells in culture without cytokine as a fraction of T cells in culture with
cytokines were graphed. Data shown is mean + SEM from three donors.

[0044] FIG 15 shows cetuximab-mediated ADCC activity (expressed as % cytotoxicity; y-axis)
of MUC16 CAR-T cells co-expressing HER1t1. Allogeneic NK cells were used as effector cells
at 10:1 E:T ratio. Cetuximab showed specific cytotoxicity towards HER1t1 expressing MUC16
CAR-T cells. Data shown are mean + SEM.

[0045] FIG 16 shows quantitative analysis of SKOV3-fLUC -MUC16 tumor burden as
measured by in vivo bioluminescence (IVIS) imaging. NSG mice (N = 5-7 mice per group) were
administered with SKOV3-fLUC- MUC16 tumor cell line viai.p. injection on Day 0. Tumor
bearing mice were treated with different MUC16 CAR-T treatment via single i.p. or i.v.
injection and tumor burden was quantified via IVIS through the course of treatment. Data shown
are mean = SEM. Arrow represents the day of CAR-T administration.

[0046] FIG 17 shows quantitative analysis of SKOV3-fLUC-MUCI16 tumor burden as
measured by in vivo bioluminescence (IVIS) imaging. NSG mice (N = 5-7 mice per group) were
administered with SKOV3-fLUC- MUC16 tumor cell line viai.p. injection on Day 0. Tumor
bearing mice were treated with different MUC16 CAR-T treatment via single i.p. injection five
days after tumor cell administration and tumor burden was quantified via IVIS through the

course of treatment. Data shown are mean + SEM.
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[0047] FIG 18A and FIG 18B show quantification of MUC16 CAR -T cells in the blood of

treated tumor bearing NSG mice. NSG mice (N = 5-7 mice per group) were administered with
SKOV3-fLUC- MUCI16 tumor cell line via i.p. injection. Tumor bearing mice were treated with
different MUC16 CAR-T treatment via single 1.p. injection five days after tumor cell
administration and CAR-T cells were quantified (number of CAR-T cells per mL of blood; y-
axis) via measurement of CD8” HER1t1" (FIG 18A) and CD4" HER1t1™ (FIG 18B) T cells in
mouse blood samples. Data shown are mean = SEM; n=5-7 mice at each time point.

[0048] FIG 19 shows quantitative analysis of SKOV3-fLUC- MUC16 tumor burden as
measured by in vivo bioluminescence (IVIS) imaging. NSG mice (N = 5 mice per group) were
administered with SKOV3-fLUC- MUC16 tumor cell line viai.p. injection on Day 0. Tumor
bearing mice were treated with one of the three different doses of MUC16-2 CAR-T cells via
single 1.p. injection five days after tumor cell administration and tumor burden was quantified
via IVIS through the course of treatment. Test articles are listed in Table 9. Data shown are
mean + SEM.

[0049] FIG 20 shows quantitative analysis of SKOV3-fLUC-MUCI16 tumor burden as
measured by in vivo bioluminescence (IVIS) imaging. NSG mice (N = 5 mice per group) were
administered with SKOV3-fLUC-MUCI16 tumor cell line via i.p. injection on Day 0. Tumor
bearing mice were treated with one of the three different doses of MUC16-3 CAR-T cells via
single 1.p. injection five days after tumor cell administration and tumor burden was quantified
via IVIS through the course of treatment. Test articles are listed in Table 9. Data shown are

mean £ SEM.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0050] The following description and examples illustrate embodiments of the invention in
detail. It1is to be understood that this invention is not limited to the particular embodiments
described herein and as such can vary. Those of skill in the art will recognize that there are
numerous variations and modifications of this invention, which are encompassed within its
scope.

[0051] All terms are intended to be understood as they would be understood by a person
skilled in the art. Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which the
disclosure pertains.

[0052] The section headings used herein are for organizational purposes only and are not to be

construed as limiting the subject matter described.
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[0053] Although various features of the invention can be described in the context of a single
embodiment, the features can also be provided separately or in any suitable combination.
Conversely, although the invention can be described herein in the context of separate
embodiments for clarity, the invention can also be implemented in a single embodiment.

[0054] The following definitions supplement those in the art and are directed to the current
application and are not to be imputed to any related or unrelated case, e.g., to any commonly
owned patent or application. Although any methods and materials similar or equivalent to those
described herein can be used in the practice for testing of the present disclosure, the preferred
materials and methods are described herein. Accordingly, the terminology used herein is for the
purpose of describing particular embodiments only, and is not intended to be limiting.

[0055] In this application, the use of the singular includes the plural unless specifically stated
otherwise. It must be noted that, as used in the specification, the singular forms “a,” “an” and

“the” include plural referents unless the context clearly dictates otherwise. In this application,

the use of “or” means “and/or” unless stated otherwise. Furthermore, use of the term

2% ¢
2

“including” as well as other forms, such as “include”, “includes,” and “included,” is not limiting,

29 CC

[0056] Reference in the specification to “some embodiments,” “an embodiment,” “one
embodiment” or “other embodiments” means that a particular feature, structure, or characteristic
described in connection with the embodiments is included in at least some embodiments, but not
necessarily all embodiments, of the inventions.

[0057] Asused in this specification and claim(s), the words “comprising” (and any form of
comprising, such as “comprise” and “comprises”), “having” (and any form of having, such as
“have” and “has”), “including” (and any form of including, such as “includes” and “include”) or
“containing” (and any form of containing, such as “contains” and “contain’) are inclusive or
open-ended and do not exclude additional, unrecited elements or method steps. It is
contemplated that any embodiment discussed in this specification can be implemented with
respect to any method or composition of the invention, and vice versa. Furthermore,
compositions of the invention can be used to achieve methods of the invention.

[0058] The term “about” in relation to a reference numerical value and its grammatical
equivalents as used herein can include the numerical value itself and a range of values plus or
minus 10% from that numerical value. For example, the amount “about 10” includes 10 and any
amounts from 9to 11. For example, the term “about” in relation to a reference numerical value
can also include a range of values plus or minus 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or
1% from that value.

[0059] By “isolated” is meant the removal of a nucleic acid from its natural environment. By

“purified” is meant that a given nucleic acid, whether one that has been removed from nature
10



CA 03101641 2020-11-25

WO 2019/236577 PCT/US2019/035384
(including genomic DNA and mRNA) or synthesized (including cDNA) and/or amplified under
laboratory conditions, has been increased in purity, wherein “purity” is a relative term, not
“absolute purity.” It is to be understood, however, that nucleic acids and proteins can be
formulated with diluents or adjuvants and still for practical purposes be isolated. For example,
nucleic acids typically are mixed with an acceptable carrier or diluent when used for
introduction into cells.

[0060] “Polynucleotide” or “oligonucleotide” as used herein refers to a polymeric form of
nucleotides of any length, either ribonucleotides or deoxyribonucleotides. This term refers only
to the primary structure of the molecule. Thus, this term includes double and single stranded
DNA, triplex DNA, as well as double and single stranded RNA. It also includes modified, for
example, by methylation and/or by capping, and unmodified forms of the polynucleotide. The
term is also meant to include molecules that include non-naturally occurring or synthetic
nucleotides as well as nucleotide analogs.

[0061] “Polypeptide” is used interchangeably with the terms “polypeptides” and “protein(s),”
and refers to a polymer of amino acid residues. A “mature protein” is a protein which is full-
length and which, optionally, includes glycosylation or other modifications typical for the
protein in a given cellular environment.

[0062] Nucleic acids and/or nucleic acid sequences are “homologous” when they are derived,
naturally or artificially, from a common ancestral nucleic acid or nucleic acid sequence. Proteins
and/or protein sequences are homologous when their encoding DNAs are derived, naturally or
artificially, from a common ancestral nucleic acid or nucleic acid sequence. The homologous
molecules can be termed homologs. For example, any naturally occurring proteins, as described
herein, can be modified by any available mutagenesis method. When expressed, this
mutagenized nucleic acid encodes a polypeptide that is homologous to the protein encoded by
the original nucleic acid. Homology is generally inferred from sequence identity between two or
more nucleic acids or proteins (or sequences thereof). The precise percentage of identity
between sequences that is useful in establishing homology varies with the nucleic acid and
protein at issue, but as little as 25% sequence identity is routinely used to establish homology.
Higher levels of sequence identity, e.g., 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or 99% or
more can also be used to establish homology.

[0063] The terms “identical” or “sequence identity” in the context of two nucleic acid
sequences or amino acid sequences of polypeptides refers to the residues in the two sequences
which are the same when aligned for maximum correspondence over a specified comparison
window. In one class of embodiments, the polypeptides herein are at least 80%, 85%, 90%,

98% 99% or 100% identical to a reference polypeptide, or a fragment thereof, e.g., as measured
11
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by BLASTP (or CLUSTAL, or any other available alignment software) using default

parameters. Similarly, nucleic acids can also be described with reference to a starting nucleic
acid, e.g., they can be 50%, 60%, 70%, 75%, 80%, 85%, 90%, 98%, 99% or 100% identical to a
reference nucleic acid or a fragment thereof, e.g., as measured by BLASTN (or CLUSTAL, or
any other available alignment software) using default parameters. When one molecule is the to
have certain percentage of sequence identity with a larger molecule, it means that when the two
molecules are optimally aligned, the percentage of residues in the smaller molecule finds a
match residue in the larger molecule in accordance with the order by which the two molecules
are optimally aligned.

[0064] “Transposon” or “transposable element” (TE) is a vector DNA sequence that can
change its position within the genome, sometimes creating or reversing mutations and altering
the cell’s genome size. Transposition often results in duplication of the TE. Class I TEs are
copied in two stages: first, they are transcribed from DNA to RNA, and the RNA produced is
then reverse transcribed to DNA. This copied DNA is then inserted at a new position into the
genome. The reverse transcription step is catalyzed by a reverse transcriptase, which can be
encoded by the TE itself. The characteristics of retrotransposons are similar to retroviruses,
such as HIV. The cut-and-paste transposition mechanism of class I TEs does not involve an
RNA intermediate. The transpositions are catalyzed by several transposase enzymes. Some
transposases non-specifically bind to any target site in DNA, whereas others bind to specific
DNA sequence targets. The transposase makes a staggered cut at the target site resulting in
single-strand 5° or 3° DNA overhangs (sticky ends). This step cuts out the DNA transposon,
which is then ligated into a new target site; this process involves activity of a DNA polymerase
that fills in gaps and of a DNA ligase that closes the sugar-phosphate backbone. This results in
duplication of the target site. The insertion sites of DNA transposons can be identified by short
direct repeats which can be created by the staggered cut in the target DNA and filling in by
DNA polymerase, followed by a series of inverted repeats important for the TE excision by
transposase. Cut-and-paste TEs can be duplicated if their transposition takes place during S
phase of the cell cycle when a donor site has already been replicated, but a target site has not yet
been replicated. Transposition can be classified as either “autonomous” or “non-autonomous” in
both Class I and Class I TEs. Autonomous TEs can move by themselves while non-
autonomous TEs require the presence of another TE to move. This is often because non-
autonomous TEs lack transposase (for class II) or reverse transcriptase (for class I).

[0065] “Transposase” refers an enzyme that binds to the end of a transposon and catalyzes the

movement of the transposon to another part of the genome by a cut and paste mechanism or a
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replicative transposition mechanism. In some embodiments, the transposase’s catalytic activity
can be utilized to move gene(s) from a vector to the genome.

[0066] The nucleic acid sequences and vectors disclosed or contemplated herein can be

29 CC 29 CC

introduced into a cell by “transfection,” “transformation,” “nucleofection” or “transduction.”

2%

“Transfection,” “transformation,” or “transduction,” as used herein, refer to the introduction of
one or more exogenous polynucleotides into a host cell by using physical or chemical methods.
Many transfection techniques are known in the art and include, for example, calcium phosphate
DNA co-precipitation (see, e.g., Murray E. J. (ed.), Methods in Molecular Biology, Vol. 7, Gene
Transfer and Expression Protocols, Humana Press (1991)); DEAE-dextran; electroporation;
cationic liposome-mediated transfection; tungsten particle-facilitated microparticle
bombardment (Johnston, Nature, 346: 776-777 (1990)); and strontium phosphate DNA co-
precipitation (Brash et al., Mol. Cell Biol., 7: 2031-2034 (1987)), and nucleofection (Trompeter
et al., J. Inmunol. Methods 274:245-256 (2003). Phage or viral vectors can be introduced into
host cells, after growth of infectious particles in suitable packaging cells, many of which are
commercially available.

[0067] “Promoter” refers to a region of a polynucleotide that initiates transcription of a
coding sequence. Promoters are located near the transcription start sites of genes, on the same
strand and upstream on the DNA (towards the 5’ region of the sense strand). Some promoters
are constitutive as they are active in all circumstances in the cell, while others are regulated
becoming active in response to specific stimuli, e.g., an inducible promoter.

[0068] The term “promoter activity” refers to the extent of expression of nucleotide sequence
that is operably linked to the promoter whose activity is being measured. Promoter activity can
be measured directly by determining the amount of RNA transcript produced, for example by
Northern blot analysis or indirectly by determining the amount of product coded for by the
linked nucleic acid sequence, such as a reporter nucleic acid sequence linked to the promoter.
[0069] “Inducible promoter” as used herein refers to a promoter which is induced into activity
by the presence or absence of transcriptional regulators, e.g., biotic or abiotic factors. Inducible
promoters are useful because the expression of genes operably linked to them can be turned on
or off at certain stages of development of an organism or in a particular tissue. Examples of
inducible promoters are alcohol-regulated promoters, tetracycline-regulated promoters, steroid-
regulated promoters, metal-regulated promoters, pathogenesis-regulated promoters, temperature-
regulated promoters and light-regulated promoters. In one embodiment, the inducible promoter
is part of a genetic switch.

[0070] The term “enhancer,” as used herein, refers to a DNA sequence that increases

transcription of, for example, a nucleic acid sequence to which it is operably linked. Enhancers
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can be located many kilobases away from the coding region of the nucleic acid sequence and
can mediate the binding of regulatory factors, patterns of DNA methylation, or changes in DNA
structure. A large number of enhancers from a variety of different sources are well known in the
art and are available as or within cloned polynucleotides (from, e.g., depositories such as the
ATCC as well as other commercial or individual sources). A number of polynucleotides
comprising promoters (such as the commonly-used CMV promoter) also comprise enhancer
sequences. Enhancers can be located upstream, within, or downstream of coding sequences.
The term “Ig enhancers” refers to enhancer elements derived from enhancer regions mapped
within the immunoglobulin (Ig) locus (such enhancers include for example, the heavy chain
(mu) 5’ enhancers, light chain (kappa) 5° enhancers, kappa and mu intronic enhancers, and 3’
enhancers (see generally Paul W. E. (ed), Fundamental Immunology, 3rd Edition, Raven Press,
New York (1993), pages 353-363; and U.S. Pat. No. 5,885,827).

[0071] “Coding sequence” as used herein refers to a segment of a polynucleotide that codes
for a polypeptide. The region or sequence is bounded nearer the 5” end by a start codon and
nearer the 3’ end with a stop codon. Coding sequences can also be referred to as open reading
frames.

[0072] “Operably linked” as used herein refers to refers to the physical and/or functional
linkage of a DNA segment to another DNA segment in such a way as to allow the segments to
function in their intended manners. A DNA sequence encoding a gene product is operably
linked to a regulatory sequence when it is linked to the regulatory sequence, such as, for
example, promoters, enhancers and/or silencers, in a manner which allows modulation of
transcription of the DNA sequence, directly or indirectly. For example, a DNA sequence is
operably linked to a promoter when it is ligated to the promoter downstream with respect to the
transcription initiation site of the promoter, in the correct reading frame with respect to the
transcription initiation site and allows transcription elongation to proceed through the DNA
sequence. An enhancer or silencer is operably linked to a DNA sequence coding for a gene
product when it is ligated to the DNA sequence in such a manner as to increase or decrease,
respectively, the transcription of the DNA sequence. Enhancers and silencers can be located
upstream, downstream or embedded within the coding regions of the DNA sequence. A DNA
for a signal sequence is operably linked to DNA coding for a polypeptide if the signal sequence
is expressed as a preprotein that participates in the secretion of the polypeptide. Linkage of DNA
sequences to regulatory sequences is typically accomplished by ligation at suitable restriction
sites or via adapters or linkers inserted in the sequence using restriction endonucleases known to

one of skill in the art.
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[0073] The term “transcriptional regulator” refers to a biochemical element that acts to prevent
or inhibit the transcription of a promoter-driven DNA sequence under certain environmental
conditions (e.g., a repressor or nuclear inhibitory protein), or to permit or stimulate the
transcription of the promoter-driven DNA sequence under certain environmental conditions
(e.g., an inducer or an enhancer).

[0074] The term “induction” refers to an increase in nucleic acid sequence transcription,
promoter activity and/or expression brought about by a transcriptional regulator, relative to some
basal level of transcription.

[0075] A “target” gene or “heterologous” gene, or “gene of interest (GOI)” refers to a gene
introduced into the host cell by gene transfer.

[0076] "Recombinase" as used herein refers to a group of enzymes that can facilitate site-
specific recombination between defined sites, where the sites are physically separated on a
single DNA molecule or where the sites reside on separate DNA molecules. The DNA
sequences of the defined recombination sites are not necessarily identical. Initiation of
recombination depends on protein-DNA interaction, within the group there are large number of
proteins that catalyze phage integration and excision (e.g., A integrase, .¢C31), resolution of
circular plasmids (e.g., Tn3, gamma delta, Cre, Flp), DNA inversion for expression of alternate
genes (e.g., Hin, Gin, Pin), assembly of genes during development (e.g., Anabaena nitrogen
fixation genes), and transposition (e.g., IS607 transposon). Most site-specific recombinases fall
into one of the two families, based on evolutionary and mechanistic relatedness. These are . A
integrase family or tyrosine recombinases (e.g., Cre, Flp, Xer D) and resolvase/integrase family
or serine recombinase family (e.g., $C31, TP901-1, Tn3, gamma delta).

[0077] “Recombination attachment sites” are specific polynucleotide sequences that are
recognized by the recombinase enzymes described herein. Typically, two different sites are
involved (termed "complementary sites"), one present in the target nucleic acid (e.g., a
chromosome or episome of a eukaryote or prokaryote) and another on the nucleic acid that is to
be integrated at the target recombination site. The terms “attB” and “attP,” which refer to
attachment (or recombination) sites originally from a bacterial target and a phage donor,
respectively, are used herein although recombination sites for particular enzymes can have
different names. The recombination sites typically include left and right arms separated by a
core or spacer region. Thus, an attB recombination site consists of BOB', where B and B' are the
left and right arms, respectively, and O is the core region. Similarly, attP is POP', where P and P'
are the arms and O is again the core region. Upon recombination between the attB and attP sites,
and concomitant integration of a nucleic acid at the target, the recombination sites that flank the

integrated DNA are referred to as “attL” and “attR.” The attL and attR sites, using the
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terminology above, thus consist of BOP' and POB', respectively. In some representations herein,
the "O" is omitted and attB and attP, for example, are designated as BB' and PP', respectively.
[0078] An “expression vector” or “vector” is any genetic element, e.g., a plasmid,
chromosome, virus, transposon, behaving either as an autonomous unit of polynucleotide
replication within a cell. (i.e. capable of replication under its own control) or being rendered
capable of replication by insertion into a host cell chromosome, having attached to it another
polynucleotide segment, so as to bring about the replication and/or expression of the attached
segment. Suitable vectors include, but are not limited to, plasmids, transposons, bacteriophages
and cosmids. Vectors can contain polynucleotide sequences which are necessary to effect
ligation or insertion of the vector into a desired host cell and to effect the expression of the
attached segment. Such sequences differ depending on the host organism; they include
promoter sequences to effect transcription, enhancer sequences to increase transcription,
ribosomal binding site sequences and transcription and translation termination sequences.
Alternatively, expression vectors can be capable of directly expressing nucleic acid sequence
products encoded therein without ligation or integration of the vector into host cell DNA
sequences.

[0079] Vector also can comprise a “selectable marker gene.” The term “selectable marker
gene,” as used herein, refers to a nucleic acid sequence that allows cells expressing the nucleic
acid sequence to be specifically selected for or against, in the presence of a corresponding
selective agent. Suitable selectable marker genes are known in the art and described in, e.g.,
International Patent Application Publications WO 1992/08796 and WO 1994/28143; Wigler et
al., Proc. Natl. Acad. Sci. USA, 77: 3567 (1980);, O’Hare et al., Proc. Natl. Acad. Sci. USA, 78:
1527 (1981); Mulligan & Berg, Proc. Natl. Acad. Sci. USA, 78: 2072 (1981); Colberre-Garapin
etal., J. Mol. Biol,, 150:1 (1981); Santerre et al., Gene, 30: 147 (1984); Kent et al., Science,
237:901-903 (1987); Wigler et al., Cell, 11: 223 (1977); Szybalska & Szybalski, Proc. Natl.
Acad. Sci. USA, 48: 2026 (1962); Lowy et al., Cell, 22: 817 (1980); and U.S. Pat. Nos.
5,122,464 and 5,770,359.

[0080] In some embodiments, the vector is an “episomal expression vector” or “episome,”
which is able to replicate in a host cell, and persists as an extrachromosomal segment of DNA
within the host cell in the presence of appropriate selective pressure (see, e.g., Conese et al
Gene Therapy, 11:1735-1742 (2004)). Representative commercially available episomal
expression vectors include, but are not limited to, episomal plasmids that utilize Epstein Barr
Nuclear Antigen 1 (EBNAT1) and the Epstein Barr Virus (EBV) origin of replication (oriP). The
vectors pREP4, pCEP4, pREP7, and pcDNA3.1 from Invitrogen (Carlsbad, Calif.) and pBK-
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CMYV from Stratagene (La Jolla, Calif.) represent non-limiting examples of an episomal vector
that uses T-antigen and the SV40 origin of replication in lieu of EBNA1 and oriP.

[0081] “Cancer cell” refers to a cell undergoing early, intermediate or advanced stages of
multi-step neoplastic progression as previously described (Pitot et al., Fundamentals of
Oncology, 15-28 (1978)). This includes cells in early, intermediate and advanced stages of
neoplastic progression including “pre-neoplastic” cells (i.e., “hyperplastic” cells and dysplastic
cells), and neoplastic cells in advanced stages of neoplastic progression of a dysplastic cell.
[0082] “Metastatic” cancer cell refers to a cancer cell that is translocated from a primary
cancer site (7.e., a location where the cancer cell initially formed from a normal, hyperplastic or
dysplastic cell) to a site other than the primary site, where the translocated cancer cell lodges and
proliferates.

[0083] “Cancer” refers to a plurality of cancer cells that may or may not be metastatic, such as
ovarian cancer, breast cancer, lung cancer, prostate cancer, cervical cancer, pancreatic cancer,
colon cancer, stomach cancer, esophagus cancer, mouth cancer, tongue cancer, gum cancer, skin
cancer (e.g., melanoma, basal cell carcinoma, Kaposi’s sarcoma, etc.), muscle cancer, heart
cancer, liver cancer, bronchial cancer, cartilage cancer, bone cancer, testis cancer, kidney cancer,
endometrium cancer, uterus cancer, bladder cancer, bone marrow cancer, lymphoma cancer,
spleen cancer, thymus cancer, thyroid cancer, brain cancer, neuron cancer, mesothelioma, gall
bladder cancer, ocular cancer (e.g., cancer of the cornea, cancer of uvea, cancer of the choroids,
cancer of the macula, vitreous humor cancer, etc.), joint cancer (such as synovium cancer),

glioblastoma, lymphoma, and leukemia.

MUC16

[0084] Also known as CA-125 (cancer antigen 125, carcinoma antigen 125, or carbohydrate
antigen 125) or mucin 16, MUC16 is a member of the mucin family of glycoproteins. MUC16
has been shown to play a role in advancing tumorigenesis and tumor proliferation by several
different mechanisms. Antibody based approaches against MUC16 have met with very little

success. Accordingly, other treatment strategies are needed.

[0085] MUCI6 is alarge carbohydrate antigen, also known as CA-125. MUCI16 is encoded
by the MUC16 gene located on human chromosome 19. MUCI16 is a highly glycosylated
multi-domain type I transmembrane protein comprising 3 domains. The C-terminal domain
contains multiple extracellular SEA (sea urchin sperm protein, enterokinase, and agrin) modules
that have an autoproteolytic activity. SEA harbors two proteolytic sites proximal to the

transmembrane (TM) domain. A large cleaved domain termed CA-125 is released into
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circulation at acidic pH. CA-125 is commonly used as disease biomarker for ovarian cancer.
The highly conserved truncated extracellular membrane tethered protein domain called
MUC16ecto domain. A MUCI16 antibody was identified that specifically bound the ectodomain
of MUCI16 that is retained on the tumor cell surface. “Overexpression of MUC16” by a cell of
interest (such as a cancer cell) refers to a higher level of MUC16 protein and/or mRNA that is
expressed by the cell of interest compared to a control cell (such as a non-cancerous cell, normal

cell, etc.).

Chimeric Antigen Receptors

[0086] In embodiments described herein, a CAR can comprise an extracellular antibody-
derived single-chain variable domain (scFv) for target recognition, wherein the scFv can be
connected by a flexible linker to a transmembrane domain and/or an intracellular signaling
domain(s) that includes, for instance, CD3( for T-cell activation. Normally when T cells are
activated in vivo they receive a primary antigen induced TCR signal with secondary
costimulatory signaling from CD28 that induces the production of cytokines (i.e., IL-2 and IL-
21), which then feed back into the signaling loop in an autocrine/paracrine fashion. As such,
CARs can include a signaling domain, for instance, a CD28 cytoplasmic signaling domain or
other costimulatory molecule signaling domains such as 4-1BB signaling domain. Chimeric
CD28 co-stimulation improves T-cell persistence by up-regulation of anti-apoptotic molecules
and production of IL-2, as well as expanding T cells derived from peripheral blood mononuclear
cells (PBMC).

[0087] In one embodiment, CARs are fusions of single-chain variable fragments (scFv)
derived from monoclonal antibodies specific for various epitopes of MUC16 for example, fused
to transmembrane domain and CD3-zeta endodomain. Such molecules result in the transmission
of a zeta signal in response to recognition by the scFv of its target.

[0088] In an embodiment, a CAR can have an ectodomain (extracellular), a transmembrane
domain and an endodomain (intracellular). In one embodiment of the CAR ectodomain, a signal
peptide directs the nascent protein into the endoplasmic reticulum. This is if the receptor is to be
glycosylated and anchored in the cell membrane for example. Any eukaryotic signal peptide
sequence is envisaged to be functional. Generally, the signal peptide natively attached to the
amino-terminal most component is used (e.g., in a scFv with orientation light chain - linker -
heavy chain, the native signal of the light-chain is used). In embodiments, the signal peptide is
GM-CSFRa (SEQ ID NO: 58) or IgK (SEQ ID NO: 59). Other signal peptides that can be used
include signal peptides from CD8alpha and CD28.
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[0089] The antigen recognition domain can be a scFv. There can however be alternatives. An
antigen recognition domain from native T-cell receptor (TCR) alpha and beta single chains are
envisaged, as they have simple ectodomains (e.g. CD4 ectodomain) and as well as other
recognition components such as a linked e.g., cytokine (which leads to recognition of cells
bearing the cytokine receptor). Almost anything that binds a given target, such as e.g., viral
associated antigen, with high affinity can be used as an antigen recognition region.

[0090] In general, CARs exist in a dimerized form and are expressed as a fusion protein that
links the extracellular scFv (VH linked to VL) region, a stalk domain, a transmembrane domain,
and intracellular signaling motifs. The endodomain of the first generation CAR induces T cell
activation solely through CD3-( signaling. The second generation CAR provides activation
signaling through CD3- and CD28, or other endodomains such as 4- 1BB or OX40. The 3rd
generation CAR activates T cells via a CD3-{-containing combination of three signaling motifs
such as CD28, 4-1BB, or 0X40.

[0091] In embodiments, the present invention provides chimeric antigen receptor (CAR)
comprising an extracellular domain, a transmembrane domain and an intracellular signaling
domain. In embodiments, the extracellular domain comprises a target-specific binding element
otherwise referred to as an antigen binding moiety or scFv and a stalk domain. In embodiments,
the intracellular signaling domain or otherwise the cytoplasmic signaling domain comprises, a
costimulatory signaling region and a zeta chain portion.

[0092] The costimulatory signaling region refers to a portion of the CAR comprising the
intracellular signaling domain of a costimulatory molecule. Costimulatory molecules are cell
surface molecules other than antigens receptors or their ligands that are required for an efficient
response of lymphocytes to antigen.

[0093] In embodiments, between the extracellular domain and the transmembrane domain of
the CAR, there is incorporated a stalk domain or stalk region. As used herein, the term "stalk
domain" or “stalk region” generally means any oligonucleotide- or polypeptide that functions to
link the transmembrane domain to, either the scFv or, the cytoplasmic domain in the polypeptide
chain. A stalk domain can include a flexible hinge such as a Fc hinge and optionally one or two
constant domains of Fc. In some instances, the stalk region comprises the hinge region from
IgGl. In alternative instances, the stalk region comprises the CH2CH3 region of
immunoglobulin and optionally portions of CD3. In some cases, the stalk region comprises a
CD8a hinge region, an IgG4-Fc 12 amino acid hinge region (ESKYGPPCPPCP) (SEQ ID NO:
196) or IgG4 hinge regions as described in WO/2016/073755.

[0094] In other embodiments, between the extracellular domain and the transmembrane

domain of the CAR, there is incorporated a spacer. A spacer can comprise a stalk region and a
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stalk extension region as depicted in FIG 3. In one embodiment, a spacer can include a single
stalk region. In another embodiment, a spacer can comprise a stalk region (designated as “s”)
and stalk extension region(s), which is herein designated as “s-n’.” For example, a spacer can
comprise one (1) stalk region and s’-n, whereinn canbe 0, 1,2,3,4,5,6,7,8,9,10, 11, 12, 13,
14, 15, 16, 17, 18, 19, or 20. In further embodiments, the stalk region can be linked to stalk
extension region s’-n via a linker.

[0095] The transmembrane domain can be derived from either a natural or a synthetic source.
Where the source is natural, the domain can be derived from any membrane-bound or
transmembrane protein. Suitable transmembrane domains can include the transmembrane
region(s) of alpha, beta or zeta chain of the T-cell receptor; or a transmembrane region from
CD28, CD3 epsilon, CD3(, CD45, CD4, CDS5, CD8alpha, CD9, CD16, CD22, CD33, CD37,
CD64, CD80, CD86, CD134, CD137 or CD154. Alternatively the transmembrane domain can
be synthetic, and can comprise hydrophobic residues such as leucine and valine. In some
embodiments, a triplet of phenylalanine, tryptophan and valine is found at one or both termini of
a synthetic transmembrane domain. Optionally, a short oligonucleotide or polypeptide linker, in
some embodiments, between 2 and 10 amino acids in length can form the linkage between the
transmembrane domain and the cytoplasmic signaling domain of a CAR. In some embodiments,
the linker is a glycine-serine linker. In some embodiments, the transmembrane domain
comprises a CD8a transmembrane domain or a CD3( transmembrane domain. In some
embodiments, the transmembrane domain comprises a CD8a transmembrane domain. In other
embodiments, the transmembrane domain comprises a CD3( transmembrane domain.

[0096] The intracellular domain can comprise one or more costimulatory domains. Exemplary
costimulatory domains include, but are not limited to, CD8, CD27, CD28, 4-1BB (CD137),
ICOS, DAPI10, DAP12, OX40 (CD134), CD3-zeta or fragment or combination thereof. In some
instances, a CAR described herein comprises one or more, or two or more of costimulatory
domains selected from CD8, CD27, CD28, 4-1BB (CD137), ICOS, DAP10, DAP12, 0X40
(CD134) or fragment or combination thereof. In some instances, a CAR described herein
comprises one or more, or two or more of costimulatory domains selected from CD27, CD28, 4-
I1BB (CD137), ICOS, 0X40 (CD134) or fragment or combination thereof. In some instances, a
CAR described herein comprises one or more, or two or more of costimulatory domains selected
from CD8, CD28, 4-1BB (CD137), DAP10, DAP12 or fragment or combination thereof. In
some instances, a CAR described herein comprises one or more, or two or more of costimulatory
domains selected from CD28, 4-1BB (CD137), or fragment or combination thereof. In some
instances, a CAR described herein comprises costimulatory domains CD28 and 4-1BB (CD137)

or their respective fragments thereof. In some instances, a CAR described herein comprises
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costimulatory domains CD28 and OX40 (CD134) or their respective fragments thereof. In some

instances, a CAR described herein comprises costimulatory domains CD8 and CD28 or their
respective fragments thereof. In some instances, a CAR described herein comprises
costimulatory domains CD28 or a fragment thereof. In some instances, a CAR described herein
comprises costimulatory domains 4-1BB (CD137) or a fragment thereof. In some instances, a
CAR described herein comprises costimulatory domains OX40 (CD134) or a fragment thereof.
In some instances, a CAR described herein comprises costimulatory domains CD8 or a fragment
thereof. In some instances, a CAR described herein comprises at least one costimulatory domain
DAPI10 or a fragment thereof. In some instances, a CAR described herein comprises at least one
costimulatory domain DAP12 or a fragment thereof.

[0097] The intracellular signaling domain, also known as cytoplasmic domain, of the CAR of
the present disclosure, is responsible for activation of at least one of the normal effector
functions of the immune cell in which the CAR has been placed. The term "effector function"
refers to a specialized function of a cell. Effector function of a T cell, for example, can be
cytolytic activity or helper activity including the secretion of cytokines. Thus the term
"intracellular signaling domain" refers to the portion of a protein which transduces the effector
function signal and directs the cell to perform a specialized function. While usually the entire
intracellular signaling domain can be employed, in many cases it is not necessary to use the
entire chain. To the extent that a truncated portion of the intracellular signaling domain is used,
such truncated portion can be used in place of the intact chain as long as it transduces the
effector function signal. The term intracellular signaling domain is thus meant to include any
truncated portion of the intracellular signaling domain sufficient to transduce the effector
function signal. In some embodiments, the intracellular domain further comprises a signaling
domain for T-cell activation. In some instances, the signaling domain for T-cell activation
comprises a domain derived from TCR zeta, FcR gamma, FcR beta, CD3 gamma, CD3 delta,
CD3 epsilon, CD5, CD22, CD79a, CD79 or CD66d. In some cases, the signaling domain for
T-cell activation comprises a domain derived from CD3(.

[0098] In embodiments, provided herein is an isolated nucleic acid encoding a chimeric
antigen receptor (CAR), wherein the CAR comprises (a) a MUC16 antigen binding domain; (b)
a stalk domain; (c) a transmembrane domain; (d) a costimulatory signaling domain comprising
4-1BB or CD28, or both; (e) a CD3 zeta signaling domain; and optionally (f) a truncated
epidermal growth factor receptor (HER 1t or HER1t1).

[0099] Included in the scope of the invention are nucleic acid sequences that encode
functional portions of the CAR described herein. Functional portions encompass, for example,

those parts of a CAR that retain the ability to recognize target cells, or detect, treat, or prevent a
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disease, to a similar extent, the same extent, or to a higher extent, as the parent CAR. In
reference to a nucleic acid sequence encoding the parent CAR, a nucleic acid sequence encoding
a functional portion of the CAR can encode a protein comprising, for example, about 10%, 25%,
30%, 50%, 68%, 80%, 90%, 95%, or more, of the parent CAR.

[00100] In embodiments, the CAR contains additional amino acids at the amino or carboxy
terminus of the portion, or at both termini, which additional amino acids are not found in 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 of the CAR, as compared to the biological activity of the parent CAR.

[00101] The term “functional variant,” as used herein, refers to a polypeptide, or a protein
having substantial or significant sequence identity or similarity to the reference polypeptide, and
retains the biological activity of the reference polypeptide of which it is a variant. Functional
variants encompass, for example, those variants of the CAR described herein (the parent CAR)
that retain the ability to recognize target cells to a similar extent, the same extent, or to a higher
extent, as the parent CAR. In reference to a nucleic acid sequence encoding the parent CAR, a
nucleic acid sequence encoding a functional variant of the CAR can be for example, about 10%
identical, about 25% identical, about 30% identical, about 50% identical, about 65% identical,
about 80% identical, about 90% identical, about 95% identical, or about 99% identical to the
nucleic acid sequence encoding the parent CAR.

[00102] A CAR described herein include (including functional portions and functional variants
thereof) glycosylated, amidated, carboxylated, phosphorylated, esterified, N-acylated, cyclized
via, e.g., a disulfide bridge, or converted into an acid addition salt and/or optionally dimerized or

polymerized, or conjugated.

Antigen Binding Moiety

[00103] In embodiments, a CAR described herein comprises a target-specific binding element
otherwise referred to as an antigen-binding moiety. In embodiments, a CAR described herein
engineered to target an antigen of interest by way of engineering a desired antigen-binding
moiety that specifically binds to an antigen on a cell.

[00104] In embodiments, the antigen binding moiety of a CAR described herein is specific to
MUC16 (MUC16 CAR). The MUCI16-specific CAR, when expressed on the cell surface,
redirects the specificity of T cells to human MUC16. In embodiments, the antigen binding

domain comprises a single chain antibody fragment (scFv) comprising a variable domain light
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chain (VL) and variable domain heavy chain (VH) of a target antigen specific monoclonal anti-
MUCI16 antibody joined by a flexible linker, such as a glycine-serine linker or a Whitlow linker.
In embodiments, the scFv are MUC16-1 scFv, MUC16-2 scFv, MUC16-3 scFv, MUC16-4 scFv,
MUC16-5 scFv, MUC16-6 scFv or MUC16-7 scFv. In embodiments, the scFv is humanized. In
some embodiments, the antigen binding moiety can comprise VH and VL that are directionally
linked, for example, from N to C terminus, VH-linker-VL or VL-linker-VH.

[00105] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VL polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with any one of amino acid sequences as shown in SEQ ID NOs: 1, 3, 5,
7,9, 12, and 14 (MUC16 VL).

[00106] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VH polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%.,
98%, 99% or 100% identity with any one of amino acid sequences as shown in SEQ ID NOs: 2,
4,6,8,10, 11, 13, and 15 (MUC16 VH).

[00107] In embodiments, a CAR described herein comprises antigen binding moieties VL (SEQ
IDNOs: 1,3,5,7,9, 12, or 14) and VH (SEQ ID NOs: 2, 4, 6, 8, 10, 11, or 15) with Gly-Ser
linker (SEQ ID NO: 83 or SEQ ID NO: 197) or functional variants of the linker.

[00108] In embodiments, a CAR described herein comprises a polypeptide having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with any one of amino acid
sequences as shown in SEQ ID NOs: 27-57 (VH, VL and linker).

[00109] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VH polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%.,
98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 2 (MUC16-1 VH).
[00110] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VL polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 1 (MUC16-1 VL).

[00111] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VH polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%.,
98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 4 (MUC16-2 VH).
[00112] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VL polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 3 (MUC16-2 VL).

[00113] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VH polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%.,

98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 6 (MUC16-3 VH).
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[00114] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VL polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 5 (MUC16-3 VL).

[00115] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VH polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%.,
98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 8 (MUC16-4 VH).
[00116] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VL polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 7 (MUC16-4 VL).

[00117] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VH polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%.,
98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 10 (MUC16-5 VH-
L).

[00118] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VH polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%.,
98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 11 (MUC16-5 VH-
F).

[00119] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VL polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 9 (MUC16-5 VL).

[00120] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VH polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%.,
98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 13 (MUC16-6 VH).
[00121] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VL polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 12 (MUC16-6 VL).
[00122] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VH polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%.,
98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 15 (MUC16-7 VH).
[00123] In embodiments, a CAR described herein comprises an antigen-binding moiety
comprising a VL polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 14 (MUC16-7 VL).
[00124] In embodiments, the antigen binding moiety has GM-CSFRa signal peptide having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino

acid sequence of SEQ ID NO: 58.
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[00125] In embodiments, a CAR described herein comprises a polypeptide having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 27. In embodiments, a CAR described herein comprises a polypeptide
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
the amino acid sequence of SEQ ID NO: 28. In embodiments, a CAR described herein
comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 29.

[00126] In embodiments, a CAR described herein comprises a polypeptide having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 30.

[00127] In embodiments, a CAR described herein comprises a polypeptide having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 31. In embodiments, a CAR described herein comprises a polypeptide
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
the amino acid sequence of SEQ ID NO: 32. In embodiments, a CAR described herein
comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 33.

[00128] In embodiments, a CAR described herein comprises a polypeptide having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 34. In embodiments, a CAR described herein comprises a polypeptide
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
the amino acid sequence of SEQ ID NO: 35. In embodiments, a CAR described herein
comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 36.

[00129] In embodiments, a CAR described herein comprises a polypeptide having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 37. In embodiments, a CAR described herein comprises a polypeptide
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
the amino acid sequence of SEQ ID NO: 38. In embodiments, a CAR described herein
comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 39.

[00130] In embodiments, a CAR described herein comprises a polypeptide having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 40. In embodiments, a CAR described herein comprises a polypeptide

having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
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the amino acid sequence of SEQ ID NO: 41. In embodiments, a CAR described herein

comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 42.

[00131] In embodiments, a CAR described herein comprises a polypeptide having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 43. In embodiments, a CAR described herein comprises a polypeptide
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
the amino acid sequence of SEQ ID NO: 44. In embodiments, a CAR described herein
comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 45.

[00132] In embodiments, a CAR described herein comprises a polypeptide having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 46. In embodiments, a CAR described herein comprises a polypeptide
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
the amino acid sequence of SEQ ID NO: 47. In embodiments, a CAR described herein
comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 48.

[00133] In embodiments, a CAR described herein a polypeptide having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid sequence of
SEQ ID NO: 49. In embodiments, a CAR described herein comprises g a polypeptide having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino
acid sequence of SEQ ID NO: 50. In embodiments, a CAR described herein comprises a
polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identity with the amino acid sequence of SEQ ID NO: 51.

[00134] In embodiments, a CAR described herein comprises a polypeptide having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 52. In embodiments, a CAR described herein comprises a polypeptide
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
the amino acid sequence of SEQ ID NO: 53. In embodiments, a CAR described herein
comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 54.

[00135] In embodiments, a CAR described herein comprises a polypeptide having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 55. In embodiments, a CAR described herein comprises a polypeptide

having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
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the amino acid sequence of SEQ ID NO: 56. In embodiments, a CAR described herein

comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%
99% or 100% identity with the amino acid sequence of SEQ ID NO: 57.

2

Stalk Domain

[00136] In embodiments, the MUC16 CAR of the invention comprises a stalk domain that
provides a separation between the antigen binding moiety and the T cell membrane. In
embodiments, the stalk domain establishes an optimal effector-target inter-membrane distance.
In embodiments, the stalk domain provides flexibility for antigen binding domain to reach its
target. In one embodiment, the stalk domain is a CD8alpha hinge domain.

[00137] In embodiments, the CD8alpha hinge domain comprises a polypeptide having at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 16.

Spacers

[00138] In other embodiments, between the extracellular domain and the transmembrane
domain of the CAR, there is incorporated a spacer. As described herein, a spacer can comprise a
stalk region and a stalk extension region as depicted in FIG 3. In one embodiment, a spacer can
include a single stalk region. In another embodiment, a spacer can comprise a stalk region
(designated as “s”) and stalk extension region(s), which is herein designated as “s-n’.” For
example, a spacer can comprise one (1) stalk region and s’-n, whereinn canbe 0, 1,2, 3,4, 5, 6,
7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, or 20. In further embodiments, the stalk region can
be linked to stalk extension region s’-n via a linker. A linker as described herein can include for
instance, a GSG linker (SEQ ID NO: 85), SGSG linker (SEQ ID NO: 86), (G4S)3 linker (SEQ
ID NO: 83), (G4S)4 linker (SEQ ID NO: 200) and/or a Whitlow linker.

[00139] In one embodiment, stalk region and stalk extension region(s) can be derived or
designed from a polypeptide of natural or of synthetic origin. The stalk region and/or stalk
extension region(s) can comprise hinge domain(s) derived from a cell surface protein or
derivatives or variants thereof. In some embodiments, the stalk region and/or stalk extension
region(s) can comprise a hinge domain derived from CD28 or CD8alpha (CD8a). In some
embodiments, each of the stalk region and stalk extension region(s) can be derived from at least
one of a CD8alpha hinge domain, a CD28 hinge domain, a CTLA-4 hinge domain, a LNGFR
extracellular domain, IgG1 hinge, IgG4 hinge and CH2-CH3 domain. The stalk and stalk

extension region(s) can be separately derived from any combination of CD8alpha hinge domain,
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CD28 hinge domain, CTLA-4 hinge domain, LNGFR extracellular domain, IgG1 hinge, IgG4

hinge or CH2-CH3 domain. As an example, the stalk region can be derived from CD8alpha
hinge domain and at least one stalk extension region can be derived from CD28 hinge domain
thus creating a hybrid spacer. As another example, the stalk region can be derived from an IgG1
hinge or IgG4 hinge and at least one stalk extension region can be derived from a CH2-CH3
domain of IgG.

[00140] In certain embodiments, the stalk region can comprise one or more dimerization sites
to form homo or hetero dimerized chimeric polypeptides. In other embodiments, the stalk
region or one or more stalk extension regions can contain mutations that eliminate dimerization
sites altogether. In some embodiments, a stalk extension region(s) can contain at least one fewer
dimerization site as compared to a stalk region. For example, if a stalk region comprises two
dimerization sites, a stalk extension region can comprise one or zero dimerization sites. As
another example, if a stalk region comprises one dimerization site, a stalk extension region can
comprise zero dimerization sites. In some examples, the stalk extension region(s) lacks a
dimerization site.

[00141] In some aspects of the embodiments disclosed herein, a stalk region of a subject
antigen binding polypeptide comprises a sequence with at least about 65%, 70%, 75%, 80%,
85%, 90%, 95%, 99% or greater identity to a CD8alpha hinge domain. A CD8alpha hinge
domain can comprise a polypeptide sequence with at least 65%, 70%, 75%, 80%, 85%, 90%,
95%, 99% or greater identity to the sequence shown in SEQ ID NO: 16. In some cases, a stalk
extension region comprises a polypeptide sequence with at least 65%, 70%, 75%, 80%, 85%,
90%, 95%, or greater identity to the sequence shown in SEQ ID NO: 16. In some cases, a stalk
extension region comprises a nucleotide sequence with at least 65%, 70%, 75%, 80%, 85%,
90%, 95%, or greater identity to the sequence shown in SEQ ID NO: 108. In some examples, a
stalk region and stalk extension region can together comprise a polynucleotide sequence with at
least 65%, 70%, 75%, 80%, 85%, 90%, 95%, or greater identity to the sequence shown in SEQ
ID NO: 16.

Transmembrane Domain

[00142] In embodiments, the CAR comprises a transmembrane domain that is fused to the
extracellular domain of the CAR stalk domain. In one embodiment, the transmembrane domain
that naturally is associated with one of the domains in the CAR is used. In embodiments, the

transmembrane domain is a hydrophobic alpha helix that spans the membrane.
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[00143] The transmembrane domain can be derived from either a natural or a synthetic source.
Where the source is natural, the domain can be derived from any membrane-bound or
transmembrane protein. Transmembrane regions of particular use in this invention can be
derived from (i.e. comprise at least the transmembrane region(s) of) the alpha, beta or zeta chain
of the T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CDS5, CD8alpha, CD9, CD16, CD22,
CD33, CD37, CD64, CD80, CD86, CD134, CD137, CD154. Alternatively the transmembrane
domain can be synthetic, in which case it will comprise predominantly hydrophobic residues
such as leucine and valine. In embodiments, a triplet of phenylalanine, tryptophan and valine
will be found at each end of a synthetic transmembrane domain. Optionally, a short
oligonucleotide or polypeptide linker, in embodiments, between 2 and 10 amino acids in length
can form the linkage between the transmembrane domain and the cytoplasmic signaling domain
of the CAR. In embodiments, the linker is a glycine-serine linker.

[00144] In embodiments, the transmembrane domain in a CAR described herein is the
CD8alpha transmembrane domain. In embodiments, the CD8alpha transmembrane domain
comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 20.

[00145] In embodiments, the transmembrane domain in a CAR described herein is the CD28
transmembrane domain. In embodiments, the CD28 transmembrane domain comprises a
polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identity with the amino acid sequence of SEQ ID NO: 21.

Cytoplasmic Domain (Co-Stimulatory Domain and Signaling Domain)

[00146] The cytoplasmic domain, also known as the intracellular signaling domain of a CAR
described herein, is responsible for activation of at least one of the normal effector functions of
the immune cell in which the CAR has been placed. The term “effector function” refers to a
specialized function of a cell. Effector function of a T cell, for example, can be cytolytic activity
or helper activity including the secretion of cytokines. Thus the term "intracellular signaling
domain" refers to the portion of a protein which transduces the effector function signal and
directs the cell to perform a specialized function. While usually the entire intracellular signaling
domain can be employed, in many cases it is not necessary to use the entire chain. To the extent
that a truncated portion of the intracellular signaling domain is used, such truncated portion can
be used in place of the intact chain as long as it transduces the effector function signal. The term
intracellular signaling domain is thus meant to include any truncated portion of the intracellular

signaling domain sufficient to transduce the effector function signal.
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[00147] Examples of intracellular signaling domains for use in a CAR described herein can
include the cytoplasmic sequences of the T cell receptor (TCR) and co-receptors that act in
concert to initiate signal transduction following antigen receptor engagement, as well as any
derivative or variant of these sequences and any synthetic sequence that has the same functional
capability.

[00148] Signals generated through the TCR alone are generally insufficient for full activation
of the T cell and that a secondary or co-stimulatory signal is also required. Thus, T cell
activation can be mediated by two distinct classes of cytoplasmic signaling sequence: those that
initiate antigen-dependent primary activation through the TCR (primary cytoplasmic signaling
sequences) and those that act in an antigen-independent manner to provide a secondary or co-
stimulatory signal (secondary cytoplasmic signaling sequences).

[00149] 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 stimulatory manner can contain signaling motifs which are known as
immunoreceptor tyrosine-based activation motifs or ITAMs.

[00150] Examples of ITAM-containing primary cytoplasmic signaling sequences that are of
particular use in the invention include those derived from TCR zeta, FcR gamma, FcR beta,
CD3 gamma, CD3 delta, CD3 epsilon, CDS5, CD22, CD79a, CD79b, and CD66d. In
embodiments, the cytoplasmic signaling molecule in a CAR described herein comprises a
cytoplasmic signaling sequence derived from CD3 zeta.

[00151] In embodiments, the cytoplasmic domain of the CAR can be designed to comprise the
CD3-zeta signaling domain by itself or combined with any other desired cytoplasmic domain(s)
useful in the context of a CAR described herein. For example, the cytoplasmic domain of the
CAR can comprise a CD3 zeta chain portion and a costimulatory signaling region. The
costimulatory signaling region 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 their ligands that is required for an efficient response of lymphocytes
to an antigen. Examples of such molecules include CD27, CD28, 4-1BB (CD137), OX40,
CD30, CD40, PD-1, ICOS, lymphocyte function-associated antigen-1 (LFA-1), CD2, CD7,
LIGHT, NKG2C, B7-H3, DAP10, DAP12 and a ligand that specifically binds with CD83, and
the like. In embodiments, costimulatory molecules can be used together, e.g., CD28 and 4-1BB
or CD28 and OX40. Thus, while the invention in exemplified primarily with 4-1BB and CD28
as the co-stimulatory signaling element, other costimulatory elements are within the scope of the

invention.
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[00152] The cytoplasmic signaling sequences within the cytoplasmic signaling portion of a
CAR described herein can be linked to each other in a random or specified order. Optionally, a
short oligo- or polypeptide linker, between 2 and 10 amino acids in length can form the linkage.
A glycine-serine doublet provides a particularly suitable linker.

[00153] In one embodiment, the cytoplasmic domain comprises the signaling domain of CD3-
zeta and the signaling domain of CD28. In another embodiment, the cytoplasmic domain
comprises the signaling domain of CD3-zeta and the signaling domain of 4-1BB. In yet another
embodiment, the cytoplasmic domain comprises the signaling domain of CD3-zeta and the
signaling domains of CD28 and 4-1BB.

[00154] In one embodiment, the cytoplasmic domain in a CAR described herein comprises the
signaling domain of 4-1BB and the signaling domain of CD3-zeta, wherein the signaling domain
of 4-1BB comprises a polypeptide sequence having at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% identity with the polypeptide sequence of SEQ ID NO:22, and
the signaling domain of CD3-zeta comprises a polypeptide sequence having at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the nucleic acid sequence of
SEQ ID NO: 26.

[00155] In one embodiment, the cytoplasmic domain in a CAR described herein is designed to
comprise the signaling domain of CD28 and the signaling domain of CD3-zeta, wherein the
signaling domain of CD28 comprises a polypeptide sequence having at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the polypeptide sequence of SEQ
ID NO: 23, and the signaling domain of CD3-zeta comprises a polypeptide sequence having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the
polypeptide sequence of SEQ ID NO: 26.

[00156] In one embodiment, the cytoplasmic domain in a CAR described herein comprises the
signaling domain of 4-1BB and the signaling domain of CD3-zeta, wherein the signaling domain
of 4-1BB comprises the amino acid sequence set forth in SEQ ID NO: 22 and the signaling
domain of CD3-zeta comprises the amino acid sequence set forth in SEQ ID NO: 26.

Additional Genetic Elements

[00157] Although cellular therapies hold great promise for the treatment of human disease,
significant toxicities from the cells themselves or from their transgene products have hampered
clinical investigation. In embodiments described herein, immune effector cells comprising a
CAR described herein that have been infused into a mammalian subject, e.g., a human, can be

ablated in order to regulate the effect of such immune effector cells should toxicity arise from
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their use. Therefore, certain in embodiments, in addition to the therapeutic MUC16-specific
chimeric antigen receptor described herein, a second gene is also introduced into an engineered
immune effector cell described herein. The second gene is effectively a “kill switch” that allows
for the depletion of MUC16 CAR or MUC16 CAR/mbIL-15 containing cells. In certain
embodiments, the “kill switch” is a HER1 tag or a CD20 tag which comprise a HER1
polypeptide or a CD20 polypeptide which comprises at least an antibody binding epitope of
HERT1 or CD20 or functional fragment thereof, and optionally a signal polypeptide sequence or
fragment thereof.

[00158] In certain embodiments, the second gene is a HER 1 tag which is Epidermal Growth
Factor Receptor (HER1) or a fragment or variant thereof. In embodiments, the second gene is a
HERI1 tag which is truncated human Epidermal Growth Factor Receptor 1 (for instance HER 1t
or HER1t1). In some cases, the second gene is a variant of a truncated human Epidermal Growth
Factor Receptor 1. In embodiments, at least one of HER1, HER 1t and HER1t1 provides a safety
mechanism by allowing for depletion of infused CAR-T cells through administering FDA
approved cetuximab or any antibody that recognizes HER1, HER 1t and/or HER1t1. In
embodiments, the HER 1t gene comprises a nucleotide sequence having at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the nucleic acid sequence of SEQ
ID NO: 65. In embodiments, the HER1t1 gene comprises a nucleotide sequence having at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the nucleic acid
sequence of SEQ ID NO: 66. The truncated HER1 sequence, for instance HER1t and HER 1t1
eliminate the potential for EGF ligand binding, homo- and hetero- dimerization of EGFR, and
EGFR mediated signaling while keeping cetuximab binding to the receptor intact (Ferguson, K.,
2008. A structure-based view of Epidermal Growth Factor Receptor regulation. Annu Rev
Biophys, Volume 37, pp. 353-373).

[00159] In further embodiments, in addition to the therapeutic MUC16-specific chimeric
antigen receptor of the invention the second gene introduced is a CD20 tag. In some cases, the
CD20 tag is a full-length CD20 polypeptide, or a truncated CD20 polypeptide (CD20t-1). In
some cases, the CD20 tag, for instance CD20 or CD20t-1 also provides a safety mechanism by
allowing for depletion of infused CAR-T cells through administering FD A-approved rituximab
therapy. In certain embodiments, the CD20 tag has a polypeptide sequence having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the sequence of SEQ
ID NO:36. In certain embodiments, the CD20 tag is a CD20t-1 tag and has a polypeptide
sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identity with the sequence of SEQ ID NO: 68. In some embodiments, the CD20 tag is encoded

by a CD20 gene which comprises a nucleotide sequence having at least 90%, 91%, 92%, 93%,
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94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the nucleic acid sequence of SEQ ID

NO: 160. In some embodiments, the CD20 tag is encoded by a CD20t-1 gene which comprises a
nucleotide sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identity with the nucleic acid sequence of SEQ ID NO: 160.

[00160] In embodiments, a CAR vector comprising a CAR described herein further comprises a
full length CD20 tag comprising a nucleic acid sequence having at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the nucleic acid sequence of SEQ ID
NO: 159.

[00161] In embodiments, the gene encoding the kill tag, for instance the HER 1t, HER 1t-1,
CD20 or CD20t-1 tag, is genetically fused to the MUC16 CAR at 3’ end via in-frame with a
self-cleaving peptide, for example but not restricted to 7hosea asigna virus (T2A) peptide. In
embodiments, the T2A peptide has an amino acid sequence having at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid sequence of SEQ
ID NO: 72.

[00162] In embodiments, the kill tag gene is cloned into a lentiviral plasmid backbone in frame
with the MUC16 CAR gene. In other embodiments, the kill tag is cloned into a separate
lentiviral vector. In other embodiments, both genes are cloned into a Sleeping Beauty
transposon vector. In yet other embodiments, the kill tag such as HER 1t, HER 1t-1, CD20 or
CD20t-1 1s cloned into a separate Sleeping Beauty transposon vector. In certain embodiments,
the kill tags have a signal peptide, for instance, GM-CSFRa signal peptide wherein the GM-
CSFRa signal peptide has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identity with the amino acid sequence of SEQ ID NO: 58. In certain embodiments, the
signal peptide is IgK having a sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or 100% identity with the nucleic acid sequence of SEQ ID NO: 59. In some cases
the signal peptide can be selected from IgE and CD8a variants and fragments thereof.

[00163] Exemplary gene expression cassettes encoding a CAR and a kill tag as described

herein are shown in FIGS 1 and 2.

Exemplary CAR Open Reading Frames

[00164] Exemplary CAR and human MUCI16 receptor open reading frames encompassed by
methods and compositions described herein are in Table 1:
Table 1.

SEQ
ID NO
27 MUC16-2 scFv.CD8a.4-1BBz

CAR ORF
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28 MUCI16-2 scFv.CD8a(2x).4-1BBz

29 MUCI16-2 scFv.CD8a(3x).4-1BBz

30 SP-MUCI16-3 scFv.CD8a.4-1BBz

31 MUCI16-3 scFv.CD8a.4-1BBz

32 MUCI16-3 scFv.CD8a(2x).4-1BBz

33 MUCI16-3 scFv.CD8a(3x).4-1BBz

34 MUCI16-2 (vh-vl)scFv.CD8a.CD28z

35 MUCI16-2 (vh-vl)scFv.CD8a(2x).CD28z

36 MUCI16-2 (vh-vl)scFv.CD8a(3x).CD28z

37 MUCI16-2 (vh-vl)scFv.CD8a.CD28.4-1BB z

38 MUCI16-2 (vh-vl)scFv.CD8a(2x).CD28 4-1BBz
39 MUCI16-2 (vh-vl)scFv.CD8a(3x).CD28.4-1BBz
40 MUCI16-2 (vl-vh)scFv.CD8a.CD28z

41 MUCI16-2 (vl-vh)scFv.CD8a(2x).CD28z

42 MUCI16-2 (vl-vh)scFv.CD8a(3x).CD28z

43 MUCI16-2 (vl-vh)scFv.CD8a.CD28.4-1BBz

44 MUCI16-2 (vl-vh)scFv.CD8a(2x).CD28 4-1BBz
45 MUCI16-2 (vl-vh)scFv.CD8a(3x).CD28 .4-1BBz
46 MUCI16-3 (vh-vl)scFv.CD8a.CD28z

47 MUCI16-3 (vh-vl)scFv.CD8a(2x).CD28z

48 MUCI16-3 (vh-vl)scFv.CD8a(3x).CD28z

49 MUCI16-3 (vh-vl)scFv.CD8a.CD28.4-1BBz

50 MUCI16-3 (vh-vl)scFv.CD8a(2x).CD28.4-1BBz
51 MUCI16-3 (vh-vl)scFv.CD8a(3x).CD28 4-1BBz
52 MUCI16-3 (vl-vh)scFv.CD8a.CD28z

53 MUCI16-3 (vl-vh)scFv.CD8a(2x).CD28z

54 MUCI16-3 (vl-vh)scFv.CD8a(3x).CD28z

55 MUCI16-3 (vl-vh)scFv.CD8a.CD28.4-1BBz

56 MUCI16-3 (vl-vh)scFv.CD8a(2x).CD28.4-1BBz
57 MUCI16-3 (vl-vh)scFv.CD8a(3x).CD28 4-1BBz

[00165] In embodiments, provided herein is an isolated nucleic acid encoding a CAR, wherein
the CAR comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or 100% identity with an amino acid of SEQ ID NO: 3-4 or SEQ ID NO: 5-6.
[00166] In each of the embodiments listed in Table 1 with “MUC16-2 scFv,” the CAR antigen
binding moiety is MUC16-2 scFv comprising a polypeptide having at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid sequence of SEQ
ID NO: 3-4. In embodiments, MUC16-3 scFv has GM-CSFRa signal peptide having at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 58.

[00167] In each of the embodiments in Table 1 with “CD8a,” the transmembrane region of the

CAR comprises CD8alpha transmembrane domain comprising a polypeptide having at least
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90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 20, and the stalk domain is CD8a comprising a polypeptide having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino
acid sequence of SEQ ID NO: 16.
[00168] In each of the embodiments in Table 1 with “CD28m,” the intracellular domain of the
CAR comprises CD28 with an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%
95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 21.
[00169] In each of the embodiments in Table 1 with “T2A”, the CAR ORF comprises a self-

2

cleaving Thosea asigna virus (T2A) peptide, which enables the production of multiple gene
products from a single vector. In embodiments, the T2A peptide has an amino acid sequence
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
the amino acid sequence of SEQ ID NO: 72.

[00170] In the embodiments in Table 1 with “HER1t,” the CAR ORF comprises truncated
human Epidermal Growth Factor Receptor 1 (HER1t), which provides a safety mechanism by
allowing for depletion of infused CAR-T cells through administering FDA approved cetuximab
therapy. The HER 1t gene as described herein can comprise a polypeptide sequence having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino
acid sequence of SEQ ID NO: 65. Unless otherwise noted in Table 1, HER1t tags have GM-
CSFRa signal peptide (“GM-CSFRsp”) (SEQ ID NO: 58). In certain embodiments, the HER 1t
can be substituted with another tag, for instance, HER1t-1. The HER1t-1 gene as described
herein can comprise a polypeptide sequence having at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 66 . In
the embodiments in Table 1 with “IgKsp,” the signal peptide is IgK having an amino acid
sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
the amino acid sequence of SEQ ID NO: 59.

[00171] In embodiments in Table 1 with “4-1BB,” the CAR ORF comprises costimulatory
molecule having a polypeptide sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 22.

[00172] In embodiments in Table 1 with “FL. CD20,” the CAR ORF comprises a full length
CD20 tag comprising a polypeptide sequence having at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 67. CD20
provides a safety mechanism by allowing for depletion of infused CAR-T cells through
administering FDA-approved rituximab therapy. In other embodiments, FL CD20 can be
substituted with CD20t-1 comprising a polypeptide sequence having at least 90%, 91%, 92%,
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93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid sequence of SEQ

ID NO: 68.

[00173] In certain embodiments in Table 1, the CAR ORF can be under the control of an
inducible promoter for gene transcription. In one aspect, the inducible promoter can be a gene
switch ligand inducible promoter. In some cases, an inducible promoter can be a small molecule
ligand-inducible two polypeptide ecdysone receptor-based gene switch, such as
RHEOSWITCH® gene switch. In some embodiments, the CAR ORF and gene switch
components can be configured as depicted in FIGS 1-2.

Cytokines

[00174] In some embodiments, a CAR described herein is administered to a subject with one or
more additional therapeutic agents that include but are not limited to cytokines. In some cases,
the cytokine comprises at least one chemokine, interferon, interleukin, lymphokine, tumor
necrosis factor, or variant or combination thereof. In some cases, the cytokine is an interleukin.
In some cases the interleukin is at least one of IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-
9, TL-10, IL-11, TIL-12, TL-13, TL-14, TL-15, TL-16, TL-17, TL-18, TL-19, IL-20, TL-21, TL-22, TL-
23, IL-24, IL-25, IL-26, IL-27, IL-28, IL-29, IL-30, IL-31, IL-32, IL-33 and functional variants
and fragments thereof. In some embodiments, the cytokines can be membrane bound or
secreted. In embodiments, the cytokine is soluble IL-15, soluble IL-15/IL-15Ra complex (e.g.,
ALT-803). In certain cases, the interleukin can comprise membrane bound IL-15 (mbIL-15) or a
fusion of IL-15 and IL-15Ra. In some embodiments, a mbIL-15 is 2 membrane-bound chimeric
1L-15 which can be co-expressed with a modified immune effector cell described herein. In
some embodiments, the mbIL-15 comprises a full-length IL-15 (e.g., a native IL-15 polypeptide)
or fragment or variant thereof, fused in frame with a full length IL-15R0, functional fragment or
variant thereof. In some cases, the IL-15 is indirectly linked to the IL-15Ra through a linker. In
some instances, the mbiL-15 1s as described in Hurton et al,, “Tethered 1L-15 augments
antitumor activity and promotes a stem-cell memory subset in tumor-specific T cells,” PNAS
2016. In some cases, the cytokine is expressed in the same immune effector cell as the CAR.
[00175] In further embodiments, an immune effector cell expressing a CAR described herein
expresses membrane-bound IL-15 (“mIL-15 or mbIL-157). In aspects of the invention, the
mblL-15 comprises a fusion protein between IL-15 and IL-15Ra. In further embodiments, the
mblIL-15 comprises an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 69. In
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certain cases, the CAR and the cytokine is expressed in separate vectors. In specific cases, the
vectors can be lentiviral vectors, retroviral vectors or Sleeping Beauty transposons.

[00176] In some embodiments, the mbIL-15 is expressed with a cell tag such as HER 1t, HER-
1t-1, CD20t-1 or CD20 as described herein. The mbIL-15 can be expressed in-frame with
HERI1t, HER-1t-1, CD20t-1 or CD20.

[00177] In some embodiments, the mbIL-15 can be under the control of an inducible promoter
for gene transcription. In one aspect, the inducible promoter can be a gene switch ligand
inducible promoter. In some cases, an inducible promoter can be a small molecule ligand-
inducible two polypeptide ecdysone receptor-based gene switch, such as RHEOSWITCH® gene
switch.

[00178] In another aspect, the interleukin can comprise IL-12. In some embodiments, the IL-12
is a single chain IL-12 (scIL-12), protease sensitive IL-12, destabilized IL-12, membrane bound
IL-12, intercalated IL-12. In some instances, the IL-12 variants are as described in
WO02015/095249, W0O2016/048903, W0O2017/062953, all of which is incorporated by reference
in their entireties.

[00179] In some embodiments, the cytokines described above can be under the control of an
inducible promoter for gene transcription. In one aspect, the inducible promoter can be a gene
switch ligand inducible promoter. In some cases, an inducible promoter can be a small molecule
ligand-inducible two polypeptide ecdysone receptor-based gene switch, such as

RHEOSWITCH® gene switch.

Gene Switch

[00180] Provided herein are gene switch polypeptides, polynucleotides encoding ligand-
inducible gene switch polypeptides, and methods and systems incorporating these polypeptides
and/or polynucleotides. The term “gene switch” refers to the combination of a response element
associated with a promoter, and for instance, an ecdysone receptor (EcR) based system which, in
the presence of one or more ligands, modulates the expression of a gene into which the response
element and promoter are incorporated. Tightly regulated inducible gene expression systems or
gene switches are useful for various applications such as gene therapy, large scale production of
proteins in cells, cell based high throughput screening assays, functional genomics and
regulation of traits in transgenic plants and animals. Such inducible gene expression systems can
include ligand inducible heterologous gene expression systems.

[00181] An early version of EcR-based gene switch used Drosophila melanogaster EcR
(DmEcR) and Mus musculus RXR (MmRXR) polypeptides and showed that these receptors in
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the presence of steroid, ponasteroneA, transactivate reporter genes in mammalian cell lines and
transgenic mice (Christopherson et al., 1992; No et al., 1996). Later, Suhr et al., 1998 showed
that non-steroidal ecdysone agonist, tebufenozide, induced high level of transactivation of
reporter genes in mammalian cells through Bombyx mori EcR (BmEcR) in the absence of
exogenous heterodimer partner.

[00182] International Patent Applications No. PCT/US97/05330 (WO 97/38117) and
PCT/US99/08381 (W099/58155) disclose methods for modulating the expression of an
exogenous gene in which a DNA construct comprising the exogenous gene and an ecdysone
response element is activated by a second DNA construct comprising an ecdysone receptor that,
in the presence of a ligand therefor, and optionally in the presence of a receptor capable of
acting as a silent partner, binds to the ecdysone response element to induce gene expression. In
this example, the ecdysone receptor was isolated from Drosophila melanogaster. Typically,
such systems require the presence of the silent partner, preferably retinoid X receptor (RXR), in
order to provide optimum activation. In mammalian cells, insect ecdysone receptor (EcR) is
capable of heterodimerizing with mammalian retinoid X receptor (RXR) and, thereby, be used to
regulate expression of target genes or heterologous genes in a ligand dependent manner.
International Patent Application No. PCT/US98/14215 (WO 99/02683) discloses that the
ecdysone receptor isolated from the silk moth Bombyx mori is functional in mammalian systems
without the need for an exogenous dimer partner.

[00183] U.S. Pat. No. 6,265,173 discloses that various members of the steroid/thyroid
superfamily of receptors can combine with Drosophila melanogaster ultraspiracle receptor
(USP) or fragments thereof comprising at least the dimerization domain of USP for use in a gene
expression system. U.S. Pat. No. 5,880,333 discloses a Drosophila melanogaster EcR and
ultraspiracle (USP) heterodimer system used in plants in which the transactivation domain and
the DNA binding domain are positioned on two different hybrid proteins. In each of these cases,
the transactivation domain and the DNA binding domain (either as native EcR as in
International Patent Application No. PCT/US98/14215 or as modified EcR as in International
Patent Application No. PCT/US97/05330) were incorporated into a single molecule and the
other heterodimeric partners, either USP or RXR, were used in their native state.

[00184] International Patent Application No. PCT/US01/0905 discloses an ecdysone receptor-
based inducible gene expression system in which the transactivation and DNA binding domains
are separated from each other by placing them on two different proteins results in greatly
reduced background activity in the absence of a ligand and significantly increased activity over
background in the presence of a ligand. This two-hybrid system is a significantly improved

inducible gene expression modulation system compared to the two systems disclosed in
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applications PCT/US97/05330 and PCT/US98/14215. The two-hybrid system is believed to

exploit the ability of a pair of interacting proteins to bring the transcription activation domain
into a more favorable position relative to the DNA binding domain such that when the DNA
binding domain binds to the DNA binding site on the gene, the transactivation domain more
effectively activates the promoter (see, for example, U.S. Pat. No. 5,283,173). The two-hybrid
gene expression system comprises two gene expression cassettes; the first encoding a DNA
binding domain fused to a nuclear receptor polypeptide, and the second encoding a
transactivation domain fused to a different nuclear receptor polypeptide. In the presence of
ligand, it is believed that a conformational change is induced which promotes interaction of the
first polypeptide with the second polypeptide thereby resulting in dimerization of the DNA
binding domain and the transactivation domain. Since the DNA binding and transactivation
domains reside on two different molecules, the background activity in the absence of ligand is
greatly reduced.

[00185] Certain modifications of the two-hybrid system could also provide improved sensitivity
to non-steroidal ligands for example, diacylhydrazines, when compared to steroidal ligands for
example, ponasterone A (“PonA”) or muristerone A (“MurA”). That is, when compared to
steroids, the non-steroidal ligands provided higher gene transcription activity at a lower ligand
concentration. Furthermore, the two-hybrid system avoids some side effects due to
overexpression of RXR that can occur when unmodified RXR is used as a switching partner. In
a preferred two-hybrid system, native DNA binding and transactivation domains of EcR or RXR
are eliminated and as a result, these hybrid molecules have less chance of interacting with other
steroid hormone receptors present in the cell, thereby resulting in reduced side effects.

[00186] The ecdysone receptor (EcR) is a member of the nuclear receptor superfamily and is
classified into subfamily 1, group H (referred to herein as “Group H nuclear receptors”). The
members of each group share 40-60% amino acid identity in the E (ligand binding) domain
(Laudet et al., A Unified Nomenclature System for the Nuclear Receptor Subfamily, 1999; Cell
97:161-163). In addition to the ecdysone receptor, other members of this nuclear receptor
subfamily 1, group H include: ubiquitous receptor (UR), Orphan receptor 1 (OR-1), steroid
hormone nuclear receptor 1 (NER-1), RXR interacting protein-15 (RIP-15), liver x receptor B
(LXRp), steroid hormone receptor like protein (RLD-1), liver x receptor (LXR), liver x receptor
a (LXRa), farnesoid x receptor (FXR), receptor interacting protein 14 (RIP-14), and farnesol
receptor (HRR-1).

[00187] In some cases, an inducible promoter (“IP”) can be a small molecule ligand-inducible
two polypeptide ecdysone receptor-based gene switch, such as Intrexon Corporation’s

RHEOSWITCH® gene switch. In some cases, a gene switch can be selected from ecdysone-
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based receptor components as described in, but without limitation to, any of the systems
described in: PCT/US2001/009050 (WO 2001/070816); U.S. Pat. Nos. 7,091,038; 7,776,587;
7,807,417, 8,202,718; PCT/US2001/030608 (WO 2002/029075); U.S. Pat. Nos. 8,105,825,
8,168,426; PCT/1J52002/005235 (WO 2002/066613); U.S. App. No. 10/468,200 (U.S. Pub. No.
20120167239); PCT/US2002/005706 (WO 2002/066614); U.S. Pat. Nos. 7,531,326; 8,236,556,
8,598,409; PCT/U52002/005090 (WO 2002/066612); U.S. Pat. No. 8,715,959 (U.S. Pub. No.
20060100416); PCT/US2002/005234 (WO 2003/027266); U.S. Pat. Nos. 7,601,508; 7,829,676,
7,919,269; 8,030,067, PCT/U52002/005708 (WO 2002/066615); U.S. App. No. 10/468,192
(U.S. Pub. No. 20110212528); PCT/US2002/005026 (WO 2003/027289); U.S. Pat. Nos.
7,563,879, 8,021,878; 8,497,093; PCT/US2005/015089 (WO 2005/108617); U.S. Pat. No.
7,935,510, 8,076,454, PCT/U52008/011270 (WO 2009/045370); U.S. App. No. 12/241,018
(U.S. Pub. No. 20090136465); PCT/US2008/011563 (WO 2009/048560); U.S. App. No.
12/247,738 (U.S. Pub. No. 20090123441); PCT/US2009/005510 (WO 2010/042189); U.S. App.
No. 13/123,129 (U.S. Pub. No. 20110268766); PCT/US2011/029682 (WO 2011/119773); U.S.
App. No. 13/636,473 (U.S. Pub. No. 20130195800); PCT/US2012/027515 (WO 2012/122025),
and, U.S. Pat. No. 9,402,919; each of which is incorporated by reference in its entirety.

[00188] Provided are systems for modulating the expression of a CAR and/or a cytokine in a
host cell, comprising polynucleotides encoding for gene-switch polypeptides disclosed herein.
Further provided herein are polynucleotides encoding gene switch polypeptides for ligand-
inducible control of gene expression, wherein the gene switch polypeptides comprise (a) a first
gene switch polypeptide comprising a DNA-binding domain (DBD) fused to a nuclear receptor
ligand binding domain; and (b) a second gene switch polypeptide comprising a transactivation
domain fused to a nuclear receptor ligand binding domain; wherein the first gene switch
polypeptide and the second gene switch polypeptide are connected by a linker. In some
embodiments, the linker is a cleavable or ribosome skipping linker sequence selected from the
group consisting of 2A, GSG-2A, GSG linker (SEQ ID NO: 85), SGSG linker (SEQ ID NO:
86), furinlink variants and derivatives thereof. In certain embodiments, the 2A linker is a p2A
linker, a T2A linker, F2A linker, or E2A linker.

[00189] In some embodiments, the DNA binding domain (DBD) comprises at least one of
GAL4 (GAL4 DBD), a LexA DBD, a transcription factor DBD, a steroid/thyroid hormone
nuclear receptor superfamily member DBD, a bacterial LacZ DBD, and a yeast DBD. In some
cases, the transactivation domain comprises at least one of a VP16 transactivation domain, and a
B42 acidic activator transactivation domain. In other cases, the nuclear receptor ligand binding
domain comprises at least one of a ecdysone receptor (EcR), a ubiquitous receptor, an orphan

receptor 1, a NER-1, a steroid hormone nuclear receptor 1, a retinoid X receptor interacting
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protein-15, a liver X receptor f, a steroid hormone receptor like protein, a liver X receptor, a
liver X receptor o, a farnesoid X receptor, a receptor interacting protein 14, and a famesol
receptor. In some embodiments, the nuclear receptor ligand binding domain is derived from the
Ecdysone Receptor polypeptide sequence of SEQ ID NOs: 91 and 92.

[00190] In yet another embodiment, the first gene switch polypeptide comprises a GAL4 DBD
fused to an EcR nuclear receptor ligand binding domain, and the second gene switch polypeptide
comprises a VP16 transactivation domain fused to a retinoid receptor X (RXR) nuclear receptor
ligand binding domain. In some cases, the first gene switch polypeptide and the second gene
switch polypeptide are connected by a linker, which is selected from the group consisting of 2A,
GSG-2A, GSG linker (SEQ ID NO: 85), SGSG linker (SEQ ID NO: 86), furinlink variants and
derivatives thereof.

[00191] In certain embodiments, two or more polypeptides encoded by a polynucleotide
described herein can be separated by an intervening sequence encoding a linker polypeptide. In
certain cases, the linker is a cleavage-susceptible linker. In some embodiments, polypeptides of
interest are expressed as fusion proteins linked by a cleavage-susceptible linker polypeptide. In
certain embodiments, cleavage-susceptible linker polypeptide(s) can be any one or more of’
F/T2A, T2A, p2A, 2A, GSG-p2A, GSG linker (SEQ ID NO: 85), and furinlink variants. In
certain embodiments, the linker polypeptide comprises SEQ ID NOs: 72-86 or 197-199.

[0126] In some cases, a viral 2A sequence can be used. 2A elements can be shorter than
IRES, having from 5 to 100 base pairs. In some cases, a 2A sequence can have 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, or 100 nucleotides in length. 2A linked genes
can be expressed in one single open reading frame and “self-cleavage” can occur co-
translationally between the last two amino acids, GP, at the C-terminus of the 2A polypeptide,
giving rise to equal amounts of co-expressed proteins.

[0127] A viral 2A sequence can be about 20 amino acids. In some cases, a viral 2A sequence
can contain a consensus motif Asp-Val/lle-Glu-X-Asn-Pro-Gly-Pro (SEQ ID NO: 201). A
consensus motif sequence can act co-translationally. For example, formation of a normal
peptide bond between a glycine and proline residue can be prevented, which can result in
ribosomal skipping and cleavage of a nascent polypeptide. This effect can produce multiple
genes at equimolar levels.

[0128] A 2A peptide can allow translation of multiple proteins in a single open reading frame
into a polypeptide that can be subsequently cleaved into individual polypeptide through a
ribosome-skipping mechanism (Funston, Kallioinen et al. 2008). In some embodiments, a 2A
sequence can include: F/T2A, T2A, p2A, 2A, T2A, E2A, F2A, and BmCPV2A, BmIFV2A, and

any combination thereof.
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[0129] In some cases, a vector can comprise an IRES sequence and a 2A linker sequence. In
other cases, expression of multiple genes linked with 2A peptides can be facilitated by a spacer
sequence (GSG (SEQ ID NO: 85)) ahead of the 2A peptides. In some cases, constructs can
combine a spacers, linkers, adaptors, promotors, or combinations thereof. For example, a
construct can have a spacer (SGSG (SEQ ID NO: 86) or GSG (SEQ ID NO: 85)) and furin
linker (R-A-K-R (SEQ ID NO: 81)) cleavage site with different 2A peptides. A spacer can be
an [-Ceui. In some cases, a linker can be engineered. For example, a linker can be designed to
comprise chemical characteristics such as hydrophobicity. In some cases, at least two linker
sequences can produce the same protein. In other cases, multiple linkers can be used in a vector.
For example, genes of interest can be separated by at least two linkers.

[0130] In certain embodiments, two or more polypeptides encoded by a polynucleotide
described herein can be separated by an intervening sequence encoding a linker polypeptide. In
certain cases, the linker is a cleavage-susceptible linker. In some embodiments, polypeptides of
interest are expressed as fusion proteins linked by a cleavage-susceptible linker polypeptide. In
certain embodiments, cleavage-susceptible linker polypeptide(s) can be any one or two of:
Furinlink, fmdv, p2a, GSG-p2a, and/or fp2a described in SEQ ID NOs: 72-86 or 197-199.
[0131] In some embodiments, a linker can be utilized in a polynucleotide described herein. A
linker can be a flexible linker, a rigid linker, an in vivo cleavable linker, or any combination
thereof. In some cases, a linker can link functional domains together (as in flexible and rigid
linkers) or releasing free functional domain in vivo as in in vivo cleavable linkers.

[0132] Linkers can improve biological activity, increase expression yield, and achieving
desirable pharmacokinetic profiles. A linker can also comprise hydrazone, peptide, disulfide, or
thioesther.

[0133] In some cases, a linker sequence described herein can include a flexible linker. Flexible
linkers can be applied when a joined domain requires a certain degree of movement or
interaction. Flexible linkers can be composed of small, non-polar (e.g., Gly) or polar (e.g., Ser or
Thr) amino acids. A flexible linker can have sequences consisting primarily of stretches of Gly
and Ser residues (“GS” linker). An example of a flexible linker can have the sequence of (Gly-
Gly-Gly-Gly-Ser)n (SEQ ID NO: 197). By adjusting the copy number “n”, the length of this
exemplary GS linker can be optimized to achieve appropriate separation of functional domains,
or to maintain necessary inter-domain interactions. Besides GS linkers, other flexible linkers can
be utilized for recombinant fusion proteins. In some cases, flexible linkers can also be rich in
small or polar amino acids such as Gly and Ser, but can contain additional amino acids such as
Thr and Ala to maintain flexibility. In other cases, polar amino acids such as Lys and Glu can be

used to improve solubility.
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[0134] Flexible linkers included in linker sequences described herein, can be rich in small or
polar amino acids such as Gly and Ser to provide good flexibility and solubility. Flexible linkers
can be suitable choices when certain movements or interactions are desired for fusion protein
domains. In addition, although flexible linkers does not have rigid structures in some cases, they
can serve as a passive linker to keep a distance between functional domains. The length of a
flexible linkers can be adjusted to allow for proper folding or to achieve optimal biological
activity of the fusion proteins.

[0135] A linker described herein can further include a rigid linker in some cases. A rigid
linker can be utilized to maintain a fixed distance between domains of a polypeptide. Examples
of rigid linkers can be: Alpha helix-forming linkers, Pro-rich sequence, (XP)n, X-Pro backbone,
A(EAAAK)nA (n = 2-5) (SEQ ID NO: 202), to name a few. Rigid linkers can exhibit relatively
stiff structures by adopting a-helical structures or by containing multiple Pro residues in some
cases.

[0136] A linker described herein can be cleavable in some cases. In other cases a linker is not
cleavable. Linkers that are not cleavable can covalently join functional domains together to act
as one molecule throughout an in vivo processes or an ex vivo process. A linker can also be
cleavable in vivo. A cleavable linker can be introduced to release free functional domains in
vivo. A cleavable linker can be cleaved by the presence of reducing reagents, proteases, to name
a few. For example, a reduction of a disulfide bond can be utilized to produce a cleavable
linker. In the case of a disulfide linker, a cleavage event through disulfide exchange with a thiol,
such as glutathione, could produce a cleavage. In other cases, an in vivo cleavage of a linker in a
recombinant fusion protein can also be carried out by proteases that can be expressed in vivo
under pathological conditions (e.g., cancer or inflammation), in specific cells or tissues, or
constrained within certain cellular compartments. In some cases, a cleavable linker can allow
for targeted cleavage. For example, the specificity of many proteases can offer slower cleavage
of a linker in constrained compartments. A cleavable linker can also comprise hydrazone,
peptides, disulfide, or thioesther. For example, a hydrazone can confer serum stability. In other
cases, a hydrazone can allow for cleavage in an acidic compartment. An acidic compartment
can have a pHup to 7. A linker can also include a thioether. A thioether can be nonreducible A
thioether can be designed for intracellular proteolytic degradation.

[0137] In certain embodiments, an fmdv linker polypeptide comprises a sequence that can be
at least about 45%, 50%, 55%, 60%, 65%, 70%., 75%, 80%, 85%, 90%, 95%., 97%, 98%, 99% or
100% identical to SEQ ID NO: 82. In certain embodiments, an fmdv linker polypeptide is one
or more of the linkers encoded in a single vector linking two or more fusion proteins. In certain

cases, an fmdv linker polypeptide can be encoded by a polynucleotide open reading frame
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(ORF) nucleic acid sequence. In some cases, an ORF encoding fmdv comprises or consists of a
sequence of SEQ ID NO: 173. In certain embodiments, a polynucleotide encoding fmdv is at
least 45%, 50%, 55%, 60%, 65%, 70%., 75%., 80%, 85%, 90%, 95%., 97%, 98%, 99% or 100%
identical to SEQ ID NO: 173.

[0138] In certain cases, a linker polypeptide can be a “p2a” linker. In certain embodiments, a
p2a polypeptide can comprise a sequence that can be about at least 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%., 99% or 100% identical to SEQ ID NO: 75. In
certain embodiments, the p2a linker polypeptide can be one or more of the linkers encoded in a
single vector linking two or more fusion proteins. In some cases, a p2a linker polypeptide can
be encoded by a polynucleotide open reading frame (ORF) nucleic acid sequence. In certain
embodiments, an ORF encoding p2a comprises or consists of the sequence of SEQ ID NO: 167.
In certain cases, a polynucleotide encoding p2a can be or can be about at least 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identical to SEQ ID
NO: 167.

[0139] In some cases, a linker polypeptide can be a “GSG-p2a” linker. In certain
embodiments, a GSG-p2a linker polypeptide can comprise a sequence that can be about at least
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100%
identical to SEQ ID NO: 76. In certain embodiments, a GSG-p2a linker polypeptide can be one
or more of the linkers encoded in a single vector linking two or more fusion proteins. In some
cases, a GSG-p2a linker polypeptide can be encoded by a polynucleotide open-reading frame
(ORF) nucleic acid sequence. An ORF encoding GSG p2a can comprises the sequence of SEQ
ID NO: 168. In some cases, a polynucleotide encoding GSG-p2a can be or can be about at least
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100%
identical to SEQ ID NO: 168.

[0140] A linker polypeptide can be an “fp2a” linker as provided herein. In certain
embodiments, a fp2a linker polypeptide can comprise a sequence that can be about at least 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identical to
SEQ ID NO: 77. In certain cases, an fp2a linker polypeptide can be one or more of the linkers
encoded in a single vector linking two or more fusion proteins. In some cases, a fp2a linker
polypeptide can be encoded by a polynucleotide open reading frame (ORF) nucleic acid
sequence. In certain embodiments, a polynucleotide encoding an fp2a linker can be or can be
about at least 45%, 50%, 55%, 60%, 65%, 70%., 75%, 80%, 85%, 90%, 95%., 97%, 98%, 99% or
100% identical to SEQ ID NO: 169.

[0141] In some cases, a linker can be engineered. For example, a linker can be designed to

comprise chemical characteristics such as hydrophobicity. In some cases, at least two linker
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sequences can produce the same protein. A sequence can be or can be about 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%., 95%, 96%, 97%, 98%. 99% , or 100% identical to a
sequence of SEQ ID NO: 72 to SEQ ID NO: 86 or SEQ ID NO: 197 to SEQ ID NO: 199. In
other cases, multiple linkers can be used in a vector. For example, genes of interest, and one or
more gene switch polypeptide sequences described herein can be separated by at least two
linkers. In some cases, genes can be separated by 2, 3,4, 5, 6, 7, 8,9, or up to 10 linkers.
[0142] A linker can be an engineered linker. Methods of designing linkers can be
computational. In some cases, computational methods can include graphic techniques.
Computation methods can be used to search for suitable peptides from libraries of three-
dimensional peptide structures derived from databases. For example, a Brookhaven Protein
Data Bank (PDB) can be used to span the distance in space between selected amino acids of a
linker.

[0143] In some embodiments are polynucleotides encoding a polypeptide construct
comprising a furin polypeptide and a 2A polypeptide, wherein the furin polypeptide and the 2A
polypeptide are connected by a polypeptide linker comprising at least three hydrophobic amino
acids. In some cases, at least three hydrophobic amino acids are selected from the list consisting
of glycine (Gly)(G), alanine (Ala)(A), valine (Val)(V), leucine (Leu)(L), isoleucine (Ile)(I),
proline (Pro)(P), phenylalanine (Phe)(F), methionine (Met)(M), tryptophan (Trp)(W). In some
cases, a polypeptide linker can also include one or more GS linker sequences, for instance (GS)n
(SEQ ID NO: 203), (SG)n (SEQ ID NO: 204), (GSG)n (SEQ ID NO: 198) and (SGSG)n (SEQ
ID NO: 199) wherein n can be any number from zero to fifteen.

[0144] Provided are methods of obtaining an improved expression of a polypeptide construct
comprising: providing a polynucleotide encoding said polypeptide construct comprising a first
functional polypeptide and a second functional polypeptide, wherein said first functional
polypeptide and second functional polypeptide are connected by a linker polypeptide comprising
a sequence with at least 60% identity to the sequence APVKQ (SEQ ID NO: 205); and
expressing said polynucleotide in a host cell, wherein said expressing results in an improved
expression of the polypeptide construct as compared to a corresponding polypeptide construct
that does not have a linker polypeptide comprising a sequence with at least 60% identity to the
sequence APVKQ (SEQ ID NO: 205).

[0145] In other instances, the linker can be an IRES. The term “internal ribosome entry site
(IRES)” as used herein can be intended to mean internal ribosomal entry site. In a vector
comprising an IRES sequence, a first gene can be translated by a cap-dependent, ribosome
scanning, mechanism with its own 5’-UTR, whereas translation of a subsequent gene can be

accomplished by direct recruitment of a ribosome to an IRES in a cap-independent manner. An
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IRES sequence can allow eukaryotic ribosomes to bind and begin translation without binding to
a 5’ capped end. An IRES sequence can allow expression of multiple genes from one transcript
(Mountford and Smith 1995).

[00192] Exemplary IRES sequences can be found in SEQ ID NO: 192 and 193. In certain
cases, a polynucleotide encoding 2xRbm3 IRES a can be or can be about at least 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identical to SEQ
ID NO: 192. In certain cases, a polynucleotide encoding EMCV IRES a can be or can be about
at least 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%., 90%, 95%, 97%, 98%. 99% or
100% identical to SEQ ID NO: 193.

[00193] In some embodiments are systems for modulating the expression of a CAR and a
cytokine in a host cell, comprising a first gene expression cassette comprising a first
polynucleotide encoding a first polypeptide; a second gene expression cassette comprising a
second polynucleotide encoding a second polypeptide; and a ligand; wherein the first and second
polypeptides comprise one or more of: (i) a transactivation domain; (ii) a DNA-binding domain;
and (ii1) a ligand binding domain; (iv) CAR; (vi) cytokine, and/or (vii) cell tag such that upon
contacting the host cell with the first gene expression cassette and the second gene expression
cassette in the presence of the ligand, the CAR and the cytokine are expressed in the host cell.
In some cases, the CAR is a MUC16 CAR and the cytokine is mbIL-15. In some cases,
MUC16CAR, mbIL-15 are co-expressed with one cell tag. In some cases, MUC16 CAR and
mblL-15 are each co-expressed with a cell tag. In other cases, MUC16 CAR is expressed with a
cell tag and mbIL-15 is expressed with a second cell tag. Exemplary configurations of gene
expression cassettes are depicted in FIGS 1 and 2. In other cases, the CAR is a MUC16 CAR
and the cytokine is IL-12. In some cases, MUC16CAR, IL-12 are co-expressed with one cell
tag. In some cases, MUC16 CAR and IL-12 are each co-expressed with a cell tag. In other
cases, MUC16 CAR is expressed with a cell tag and IL-12 is expressed with a second cell tag.
[00194] In some embodiments are systems for modulating the expression of a CAR and a
cytokine in a host cell, comprising a first gene expression cassette comprising a first
polynucleotide encoding a first polypeptide; a second gene expression cassette comprising a
second polynucleotide encoding a second polypeptide; and a ligand; wherein the first
polypeptide comprise one or more of: (i) a transactivation domain; (i1) a DNA-binding domain;
and (ii1) a ligand binding domain and the second polypeptide comprise one or more of (i) CAR;
(11) cytokine, and/or (iii) cell tag such that upon contacting the host cell with the first gene
expression cassette and the second gene expression cassette in the presence of the ligand, the
CAR and/or the cytokine are expressed in the host cell. In some cases, the CAR is a MUC16

CAR and the cytokine is mbIL-15. In some cases, MUC16 CAR and mbIL-15 are each co-
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expressed with a cell tag. In other cases, MUC16 CAR is expressed with a first cell tag and

mblL-15 is expressed with a second cell tag.

[00195] Exemplary configurations of systems for modulating the expression of a MUC16 CAR
and a cytokine in a host cell are depicted in FIGS 1-2. In some embodiments, the gene
expression cassettes are introduced into an immune effector cell using viral or viral based
systems. Examples of non-viral based delivery systems as described herein include SB11
transposon system, the SB100X transposon system, the SB110 transposon system, the piggyBac
transposon system. In one embodiment, the gene expression cassettes are introduced into an
immune effector cell in one or more Sleeping Beauty transposons.

[00196] Exemplary embodiments of gene expression cassettes that encode for constitutive
expression of MUC16 CAR, cytokine (such as mbIL-15 or IL-12) and cell tag are depicted in
FIG 1. FIG 1a-b depict exemplary gene expression cassette designs for MUC16 CAR, mblL-
15 and cell tag in various configurations. In this embodiment, the gene expression cassette is
introduced into an immune effector cell in one Sleeping Beauty transposon. FIG 1¢-d depict
gene expression cassette configurations where MUC16 CAR can be in one gene expression
cassette and mbIL-15 and cell tag are in a second gene expression cassette. In this embodiment,
the gene expression cassette is introduced into an immune effector cell in one or more Sleeping
Beauty transposons.

[00197] Exemplary embodiments of gene expression cassettes that encode for inducible
expression of MUC16 CAR, cytokine (such as mbIL-15) and/or cell tag are depicted in FIG 2.
FIG 2a-d depict exemplary gene expression cassette designs for MUC16 CAR, mbIL-15 and
cell tag in various configurations under the control of an inducible promoter. FIG 2e is an
exemplary embodiment of a gene expression cassette encoding gene-switch polypeptides as
described herein. In this embodiment, the gene expression cassette(s) is introduced into an

immune effector cell in one or more Sleeping Beauty transposons.

Ligands

[00198] In some embodiments, a ligand used for inducible gene switch regulation can be
selected from any of, but without limitation to, following: N-[(1R)-1-(1,1-dimethylethyl)butyl]-
N'-(2-ethyl-3-methoxybenzoyl)-3,5-dimethylbenzohydrazide (also referred to as veledimex),
(2S,3R,5R,9R, 10R, 13R, 14S,17R)-17- [(2S,3R)-3,6-dihydroxy-6-methylheptan- 2-y1]-2,3,14-
trihydroxy-10,13-dimethyl- 2,3,4,5,9,11,12,15,16,17-decahydro- 1H-cyclopenta[a]phenanthren-
6-one; N'-(3,5-Dimethylbenzoyl)-N'-[(3R)-2,2-dimethyl-3-hexanyl]-2-ethyl-3-
methoxybenzohydrazide; 5-Methyl-2,3-dihydro-benzo[ 1,4]dioxine-6-carboxylic acid N'~(3,5-
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dimethyl-benzoyl)-N'-(1-ethyl-2,2-dimethyl-propyl)-hydrazide; 5-Methyl-2,3-dihydro-
benzo[1,4]dioxine-6-carboxylic acid N'-(3,5-dimethoxy-4-methyl-benzoyl)-N'-(1-ethyl-2,2-
dimethyl-propyl)-hydrazide; 5-Methyl-2,3-dihydro-benzo[1,4]dioxine-6-carboxylic acid N'-(1-
tert-butyl-butyl)-N'-(3,5-dimethyl-benzoyl)-hydrazide; S-Methyl-2,3-dihydro-
benzo[1,4]dioxine-6-carboxylic acid N'-(1-tert-butyl-butyl)-N'~(3,5-dimethoxy-4-methyl-
benzoyl)-hydrazide; 5-Ethyl-2,3-dihydro-benzo[1,4]dioxine-6-carboxylic acid N'~(3,5-dimethyl-
benzoyl)-N'-(1-ethyl-2,2-dimethyl-propyl)-hydrazide; 5-Ethyl-2,3-dihydro-benzo[ 1,4]dioxine-6-
carboxylic acid N'-(3,5-dimethoxy-4-methyl-benzoyl)-N'-(1-ethyl-2,2-dimethyl-propyl)-
hydrazide; 5-Ethyl-2, 3-dihydro-benzo[ 1,4]dioxine-6-carboxylic acid N'-(1-tert-butyl-butyl)-N'-
(3,5-dimethyl-benzoyl)-hydrazide; 5-Ethyl-2,3-dihydro-benzo[ 1,4]dioxine-6-carboxylic acid N'-
(1-tert-butyl-butyl)-N'-(3,5-dimethoxy-4-methyl-benzoyl)-hydrazide; 3,5-Dimethyl-benzoic acid
N-(1-ethyl-2,2-dimethyl-propyl)-N'-(3-methoxy-2-methyl-benzoyl)-hydrazide; 3,5-Dimethoxy-
4-methyl-benzoic acid N-(1-ethyl-2,2-dimethyl-propyl)-N'-(3-methoxy-2-methyl-benzoyl)-
hydrazide; 3,5-Dimethyl-benzoic acid N-(1-tert-butyl-butyl)-N'-(3-methoxy-2-methyl-benzoyl)-
hydrazide; 3,5-Dimethoxy-4-methyl-benzoic acid N-(1-tert-butyl-butyl)-N'-(3-methoxy-2-
methyl-benzoyl)-hydrazide; 3,5-Dimethyl-benzoic acid N-(1-ethyl-2,2-dimethyl-propyl)-N'-(2-
ethyl-3-methoxy-benzoyl)-hydrazide; 3,5-Dimethoxy-4-methyl-benzoic acid N-(1-ethyl-2,2-
dimethyl-propyl)-N'-(2-ethyl-3-methoxy-benzoyl)-hydrazide; 3,5-Dimethyl-benzoic acid N-(1-
tert-butyl-butyl)-N'-(2-ethyl-3-methoxy-benzoyl)-hydrazide; 3,5-Dimethoxy-4-methyl-benzoic
acid N-(1-tert-butyl-butyl)-N'-(2-ethyl-3-methoxy-benzoyl)-hydrazide; 2-Methoxy-nicotinic
acid N-(1-tert-butyl-pentyl)-N'~(4-ethyl-benzoyl)-hydrazide; 3,5-Dimethyl-benzoic acid N-(2,2-
dimethyl-1-phenyl-propyl)-N'-(4-ethyl-benzoyl )-hydrazide; 3,5-Dimethyl-benzoic acid N-(1-
tert-butyl-pentyl )-N'-(3-methoxy-2-methyl-benzoyl)-hydrazide; and 3,5-Dimethoxy-4-methyl-
benzoic acid N-(1-tert-butyl-pentyl)-N'~(3-methoxy-2-methyl-benzoyl )-hydrazide.

[00199] In some cases, a ligand used for dose-regulated control of ecdysone receptor-based
inducible gene switch can be selected from any of, but without limitation to, an ecdysteroid,
such as ecdysone, 20-hydroxyecdysone, ponasterone A, muristerone A, and the like, 9-cis-
retinoic acid, synthetic analogs of retinoic acid, N,N’-diacylhydrazines such as those disclosed
in U.S. Pat. Nos. 6,013,836; 5,117,057; 5,530,028; and 5,378,726 and U.S. Published
Application Nos. 2005/0209283 and 2006/0020146; oxadiazolines as described in U.S.
Published Application No. 2004/0171651; dibenzoylalkyl cyanohydrazines such as those
disclosed in European Application No. 461,809; N-alkyl-N,N’-diaroylhydrazines such as those
disclosed in U.S. Pat. No. 5,225,443; N-acyl-N-alkylcarbonylhydrazines such as those disclosed
in European Application No. 234,994; N-aroyl-N-alkyl-N’-aroylhydrazines such as those

described in U.S. Pat. No. 4,985,461, arnidoketones such as those described in U.S. Published
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Application No. 2004/0049037; each of which is incorporated herein by reference and other

similar materials including 3,5-di-tert-butyl-4-hydroxy-N-isobutyl-benzamide, 8-O-
acetylharpagide, oxysterols, 22(R) hydroxycholesterol, 24(S) hydroxycholesterol, 25-
epoxycholesterol, T0901317, S-alpha-6-alpha-epoxycholesterol-3-sulfate (ECHS), 7-
ketocholesterol-3-sulfate, framesol, bile acids, 1,1-biphosphonate esters, juvenile hormone III,
and the like. Examples of diacylhydrazine ligands useful in the present disclosure include RG-
115819 (3,5 -Dimethyl-benzoic acid N-(1-ethy1-2,2-dimethyl-propy1)-N’-(2-methyl-3-
methoxy-benzoy1)-hydrazide- ), RG-115932 ((R)-3,5-Dimethyl-benzoic acid N-(1-tert-butyl-
buty1)-N’-(2-ethy1-3-methoxy-benzoy1)-hydrazide), and RG-115830 (3,5 -Dimethyl-b enzoic
acid N-(1-tert-butyl-buty1)-N’-(2-ethy1-3-methoxy-benzoy1)-hydrazide). See, e.g., U.S. patent
application Ser. No. 12/155,111, and PCT Appl. No. PCT/US2008/006757, both of which are

incorporated herein by reference in their entireties.

Non-Viral Based Delivery Systems

[00200] A nucleic acid encoding a CAR described invention can also be introduced into
immune effector cells using non-viral based delivery systems, such as the “Sleeping Beauty
(SB) Transposon System,” which refers a synthetic DNA transposon system for introducing
DNA sequences into the chromosomes of vertebrates. An exemplary SB transposon system is
described for example, in U.S. Pat. Nos. 6,489,458 and 8,227,432, and is illustrated in FIG 3.
The Sleeping Beauty transposon system comprises a Sleeping Beauty (SB) transposase and SB
transposon(s). As used herein, the Sleeping Beauty transposon system can comprise Sleeping
Beauty transposase polypeptides as well as derivatives, variants and/or fragments that retain
activity, and Sleeping Beauty transposon polynucleotides, derivatives, variants, and/or fragments
that retain activity. In certain embodiments, the Sleeping Beauty transposase is provided as an
mRNA. In some aspects, the mRNA encodes for a SB10, SB11, SB100x or SB110 transposase.
In some aspects, the mRNA comprises a cap and a poly-A tail.

[00201] DNA transposons translocate from one DNA site to another in a simple, cut-and-paste
manner. Transposition is a precise process in which a defined DNA segment is excised from one
DNA molecule and moved to another site in the same or different DNA molecule or genome.

As with other Tcl/mariner-type transposases, SB transposase inserts a transposon into a TA
dinucleotide base pair in a recipient DNA sequence. The insertion site can be elsewhere in the
same DNA molecule, or in another DNA molecule (or chromosome). In mammalian genomes,
including humans, there are approximately 200 million TA sites. The TA insertion site is

duplicated in the process of transposon integration. This duplication of the TA sequence is a
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hallmark of transposition and used to ascertain the mechanism in some experiments. The
transposase can be encoded either within the transposon or the transposase can be supplied by
another source, in which case the transposon becomes a non-autonomous element. Non-
autonomous transposons are most useful as genetic tools because after insertion they cannot
independently continue to excise and re-insert. SB transposons envisaged to be used as non-viral
vectors for introduction of genes into genomes of vertebrate animals and for gene therapy.
Briefly, the Sleeping Beauty (SB) system (Hackett et al., Mol Ther 18:674-83, (2010)) was
adapted to genetically modify the immune eftector cells (Cooper et al., Blood 105:1622-31,
(2005)). In one embodiment, this involved two steps: (i) the electro-transfer of DNA plasmids
expressing a SB transposon [i.e., chimeric antigen receptor (CAR) to redirect T-cell specificity
(Jin et al., Gene Ther 18:849-56, (2011); Kebriaei et al., Hum Gene Ther 23:444-50, (2012)) and
SB transposase and (i1) the propagation and expansion of T cells stably expressing integrants on
designer artificial antigen-presenting cells (AaPC) derived from the K562 cell line (also known
as AaPCs (Activating and Propagating Cells). In another, embodiment, the second step (i) is
eliminated and the genetically modified T cells are cryopreserved or immediately infused into a
patient.

[00202] In one embodiment, the SB transposon systems are described for example in Hudecek
et al., Critical Reviews in Biochemistry and Molecular Biology, 52:4, 355-380 (2017), Singh et
al., Cancer Res (8):68 (2008). April 15, 2008 and Maiti et al., J Immunother. 36(2): 112-123
(2013), incorporated herein by reference in their entireties.

[00203] In certain embodiments, a MUC16 CAR and mbIL-15 are encoded in a transposon
DNA plasmid vector, and the SB transposase is encoded in a separate vector. In certain
embodiments, a MUC16 CAR described herein is encoded in a transposon DNA plasmid vector,
mb-IL15 is encoded in a second transposon DNA plasmid vector, and the SB transposase is
encoded in a third DNA plasmid vector. In some embodiment, the CAR is encoded with a kill
tag, for instance, HER1t, HER 1t1, CD20 or CD20t-1. In some embodiments, the mbIL-15 is
encoded with a kill tag, for instance, HER1t, HER1t1, CD20 or CD20t-1.

[00204] In embodiments, the MUC16 CAR can be co-expressed with mbIL-15 and the cell tag
from a transposon DNA plasmid vector. In further embodiments, the MUC16 CAR can be
under the control of an inducible promoter. In another embodiment, the mbIL-15 can be under
the control of an inducible promoter. In one aspect, the inducible promoter can be a gene switch
ligand inducible promoter. In some cases, an inducible promoter can be a small molecule
ligand-inducible two polypeptide ecdysone receptor-based gene switch, such as

RHEOSWITCH® gene switch. In certain embodiments, the MUC16 CAR, mbIL-15 and kill

50



CA 03101641 2020-11-25

WO 2019/236577 PCT/US2019/035384

tag can be configured in one, two or more transposons. Exemplary configurations of the
MUCI16 CAR or mbIL15 under the control of an inducible promoter are depicted in FIG 2.
[00205] In embodiments, the MUC16 CARs and other genetic elements are delivered to a cell
using the SB11 transposon system, the SB100X transposon system, the SB110 transposon
system, the piggyBac transposon system (see, e.g., U.S. Patent No. 9,228,180, Wilson et al,
“PiggyBac Transposon-mediated Gene Transfer in Human Cells,” Molecular Therapy 15:139-
145 (2007), incorporated herein by reference in its entirety) and/or the piggyBat transposon
system (see, e.g., Mitra et al., “Functional characterization of piggyBat from the bat Myotis
lucifugus unveils an active mammalian DNA transposon,” Proc. Natl. Acad. Sci USA 110:234-
239 (2013). Additional transposases and transposon systems are provided in U.S. Patent Nos.;
7,148,203 8,227,432; U.S. Patent Publn. No. 2011/0117072; Mates et al., Nat Genet, 41(6):753-
61 (2009). doi: 10.1038/ng.343. Epub 2009 May 3, Gene Ther., 18(9):849-56 (2011). doi:
10.1038/gt.2011.40. Epub 2011 Mar 31 and in Ivics et al., Cell. 91(4):501-10, (1997), each of
which is incorporated herein by reference in their entirety.

[00206] In other embodiments, the MUC16 CAR and other genetic elements such as cytokines,
mblIL-15 and/or HER 1t/HER 1t1/CD20/CD20t-1 tag, can be integrated into the immune effector
cell’s DNA through a recombinase and integrating expression vectors. Such vectors can
randomly integrate into the host cell’s DNA, or can include a recombination site to enable the
specific recombination between the expression vector and the host cell’s chromosome. Such
integrating expression vectors can utilize the endogenous expression control sequences of the
host cell’s chromosomes to effect expression of the desired protein. In some embodiments,
targeted integration is promoted by the presence of sequences on the donor polynucleotide that
are homologous to sequences flanking the integration site. For example, targeted integration
using the donor polynucleotides described herein can be achieved following conventional
transfection techniques, e.g. techniques used to create gene knockouts or knockins by
homologous recombination. In other embodiments, targeted integration is promoted both by the
presence of sequences on the donor polynucleotide that are homologous to sequences flanking
the integration site, and by contacting the cells with donor polynucleotide in the presence of a
site-specific recombinase. By a site-specific recombinase, or simply a recombinase, it is meant a
polypeptide that catalyzes conservative site-specific recombination between its compatible
recombination sites. As used herein, a site-specific recombinase includes native polypeptides as
well as derivatives, variants and/or fragments that retain activity, and native polynucleotides,
derivatives, variants, and/or fragments that encode a recombinase that retains activity.

[00207] The recombinases can be introduced into a target cell before, concurrently with, or

after the introduction of a targeting vector. The recombinase can be directly introduced into a
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cell as a protein, for example, using liposomes, coated particles, or microinjection. Alternately, a
polynucleotide, either DNA or messenger RNA, encoding the recombinase can be introduced
into the cell using a suitable expression vector. The targeting vector components described
above are useful in the construction of expression cassettes containing sequences encoding a
recombinase of interest. However, expression of the recombinase can be regulated in other
ways, for example, by placing the expression of the recombinase under the control of a
regulatable promoter (7.e., a promoter whose expression can be selectively induced or
repressed).

[00208] A recombinase can be from the Integrase or Resolvase families. The Integrase family
of recombinases has over one hundred members and includes, for example, FLP, Cre, and
lambda integrase. The Integrase family, also referred to as the tyrosine family or the lambda
integrase family, uses the catalytic tyrosine's hydroxyl group for a nucleophilic attack on the
phosphodiester bond of the DNA. Typically, members of the tyrosine family initially nick the
DNA, which later forms a double strand break. Examples of tyrosine family integrases include
Cre, FLP, SSV1, and lambda () integrase. In the resolvase family, also known as the serine
recombinase family, a conserved serine residue forms a covalent link to the DNA target site
(Grindley, et al., (2006) Ann Rev Biochem 16:16).

[00209] In one embodiment, the recombinase is an isolated polynucleotide sequence
comprising a nucleic acid sequence that encodes a recombinase selecting from the group
consisting of a SPBc2 recombinase, a SF370.1 recombinase, a Bxb1 recombinase, an A118
recombinase and a $Rv1 recombinase. Examples of serine recombinases are described in detail
in U.S. Patent No. 9,034,652, hereby incorporated by reference in its entirety.

[00210] Recombinases for use in the practice of the present invention can be produced
recombinantly or purified as previously described. Polypeptides having the desired recombinase
activity can be purified to a desired degree of purity by methods known in the art of protein
ammonium sulfate precipitation, purification, including, but not limited to, size fractionation,
affinity chromatography, HPLC, ion exchange chromatography, heparin agarose affinity
chromatography (e.g., Thorpe & Smith, Proc. Nat. Acad. Sci. 95:5505-5510, 1998.)

[00211] In one embodiment, the recombinases can be introduced into the eukaryotic cells that
contain the recombination attachment sites at which recombination is desired by any suitable
method. Methods of introducing functional proteins, e.g., by microinjection or other methods,
into cells are well known in the art. Introduction of purified recombinase protein ensures a
transient presence of the protein and its function, which is often a preferred embodiment.
Alternatively, a gene encoding the recombinase can be included in an expression vector used to

transform the cell, in which the recombinase-encoding polynucleotide is operably linked to a
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promoter which mediates expression of the polynucleotide in the eukaryotic cell. The
recombinase polypeptide can also be introduced into the eukaryotic cell by messenger RNA that
encodes the recombinase polypeptide. It is generally preferred that the recombinase be present
for only such time as is necessary for insertion of the nucleic acid fragments into the genome
being modified. Thus, the lack of permanence associated with most expression vectors is not
expected to be detrimental. One can introduce the recombinase gene into the cell before, after, or
simultaneously with, the introduction of the exogenous polynucleotide of interest. In one
embodiment, the recombinase gene is present within the vector that carries the polynucleotide
that is to be inserted; the recombinase gene can even be included within the polynucleotide.
[00212] In one embodiment, a method for site-specific recombination comprises providing a
first recombination site and a second recombination site; contacting the first and second
recombination sites with a prokaryotic recombinase polypeptide, resulting in recombination
between the recombination sites, wherein the recombinase polypeptide can mediate
recombination between the first and second recombination sites, the first recombination site is
attP or attB, the second recombination site is attB or attP, and the recombinase is selected from
the group consisting of a Listeria monocytogenes phage recombinase, a Streptococcus pyogenes
phage recombinase, a Bacillus subtilis phage recombinase, a Mycobacterium tuberculosis phage
recombinase and a Mycobacterium smegmatis phage recombinase, provided that when the first
recombination attachment site is attB, the second recombination attachment site is attP, and
when the first recombination attachment site is attP, the second recombination attachment site is
attB

[00213] Further embodiments provide for the introduction of a site-specific recombinase into a
cell whose genome is to be modified. One embodiment relates to a method for obtaining site-
specific recombination in an eukaryotic cell comprises providing a eukaryotic cell that
comprises a first recombination attachment site and a second recombination attachment site;
contacting the first and second recombination attachment sites with a prokaryotic recombinase
polypeptide, resulting in recombination between the recombination attachment sites, wherein the
recombinase polypeptide can mediate recombination between the first and second recombination
attachment sites, the first recombination attachment site is a phage genomic recombination
attachment site (attP) or a bacterial genomic recombination attachment site (attB), the second
recombination attachment site is attB or attP, and the recombinase is selected from the group
consisting of a Listeria monocytogenes phage recombinase, a Streptococcus pyogenes phage
recombinase, a Bacillus subtilis phage recombinase, a Mycobacterium tuberculosis phage
recombinase and a Mycobacterium smegmatis phage recombinase, provided that when the first

recombination attachment site is attB, the second recombination attachment site is attP, and
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when the first recombination attachment site is attP, the second recombination attachment site is
attB. In an embodiment the recombinase is selected from the group consisting of an A118
recombinase, a SF370.1 recombinase, a SPPc2 recombinase, a pRv1 recombinase, and a Bxb1
recombinase. In one embodiment the recombination results in integration.

[00214] Regardless of the method used to introduce exogenous nucleic acids into a host cell, in
order to confirm the presence of the recombinant DNA sequence in the host cell, a variety of
assays can be performed. Such assays include, for example, “molecular biological” assays well
known to those of skill in the art, such as Southern and Northern blotting, RT-PCR and PCR;
“biochemical” assays, such as detecting the presence or absence of a particular peptide, e.g., by
immunological means (ELISAs and Western blots) or by assays described herein to identify

peptides or proteins or nucleic acids falling within the scope of the invention.

Viral Based Delivery Systems

[00215] Also provided herein are viral-based delivery systems, in which a nucleic acid of the
present invention is inserted. Representative viral expression vectors include, but are not limited
to, the adenovirus-based vectors (e.g., the adenovirus-based Per.C6 system available from
Crucell, Inc. (Leiden, The Netherlands)), lentivirus-based vectors (e.g., the lentiviral-based pLPI
from Life Technologies (Carlsbad, Calif.)) and retroviral vectors (e.g., the pFB-ERV plus pCFB-
EGSH), herpes viruses. In an embodiment, the viral vector is a lentivirus vector. Vectors
derived from retroviruses such as the lentivirus are suitable tools to achieve long-term gene
transfer since they allow long-term, stable integration of a transgene and its propagation in
daughter cells. Lentiviral vectors have the added advantage over vectors derived from onco-
retroviruses such as murine leukemia viruses in that they can transduce non-proliferating cells,
such as hepatocytes. They also have the added advantage of low immunogenicity. In general,
and in embodiments, a suitable vector contains an origin of replication functional in at least one
organism, a promoter sequence, convenient restriction endonuclease sites, and one or more
selectable markers, (e.g., WO 01/96584; WO 01/29058; and U.S. Pat. No. 6,326,193).

[00216] In embodiments, provided is a lentiviral vector comprising a backbone and a nucleic
acid sequence encoding a chimeric antigen receptor (CAR), wherein the CAR comprises (a) a
MUCI16 antigen binding domain; (b) a stalk domain; (c) a transmembrane domain; (d) a
costimulatory signaling domain comprising 4-1BB or CD28, or both; (e) a CD3 zeta signaling
domain. Optionally, the vector further comprises a nucleic acid encoding a truncated epidermal

growth factor receptor (HER1t or HER1t1), CD20t-1 or a full length CD20.
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[00217] In some cases is provided a vector comprising a backbone and a nucleic acid sequence
encoding (1) a truncated epidermal growth factor receptor for instance HER 1t or HERt-1 or a
functional variant thereof, and (2) a chimeric antigen receptor (CAR), wherein the CAR
comprises (a) a MUCI16 antigen binding domain; (b) a stalk domain; (¢) a transmembrane
domain; (d) a costimulatory signaling domain comprising 4-1BB or CD28, or both; and (e) a
CD3 zeta signaling domain.

[00218] In some cases is provided a vector comprising a backbone and a nucleic acid sequence
encoding (1) full length CD20, truncated CD20 or functional variants thereof, and (2) a chimeric
antigen receptor (CAR), wherein the CAR comprises (a) a MUC16 antigen binding domain; (b)
a stalk domain; (c) a transmembrane domain; (d) a costimulatory signaling domain comprising
4-1BB or CD28, or both; and (e) a CD3 zeta signaling domain.

[00219] In embodiments, the nucleic acid encoding the MUC16 specific CAR is cloned into a
vector comprising lentiviral backbone components. Exemplary backbone components include,
but are not limited to, pFUGW, and pSMPUW. The pFUGW lentiviral vector backbone is a
self-inactivating (SIN) lentiviral vector backbone and has unnecessary HIV-1 viral sequences
removed resulting in reduced potential for the development of neoplasia, harmful mutations, and
regeneration of infectious particles. In embodiments, the vector encoding the MUC16 CAR also
encodes mblL-15 in a single construct. In embodiments, the MUC16 CAR and mbIL-15 are
encoded on two separate lentiviral vectors. In some embodiments, the mbIL-15 is expressed
with a truncated epidermal growth factor receptor tag. In embodiments, the MUC16 CAR can
be co-expressed with mbIL-15 and the cell tag from a single lentiviral vector. In further
embodiments, the MUC16 CAR can be under the control of an inducible promoter. In another
embodiment, the mbIL-15 can be under the control of an inducible promoter. In one aspect, the
inducible promoter can be a gene switch ligand inducible promoter. In some cases, an inducible
promoter can be a small molecule ligand-inducible two polypeptide ecdysone receptor-based
gene switch, such as RHEOSWITCH® gene switch.

[00220] In one embodiment, a MUC16 CAR described herein comprises anti- MUC16 scFv,
human CD8 hinge and transmembrane domain, and human 4-1BB and CD3zeta signaling
domains. In another embodiment, the MUC16 CAR of the invention comprises anti- MUC16
scFv, human CDS8 hinge and transmembrane domain, human 4-1BB and CD3zeta signaling
domains and optionally, a truncated epidermal growth factor receptor (HER 1t or HER1t-1) tag.
Other suitable vectors include integrating expression vectors, which can randomly integrate into
the host cell’s DNA, or can include a recombination site to enable the specific recombination
between the expression vector and the host cell’s chromosome. Such integrating expression

vectors can utilize the endogenous expression control sequences of the host cell’s chromosomes
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to effect expression of the desired protein. Examples of vectors that integrate in a site specific
manner include, for example, components of the flp-in system from Invitrogen (Carlsbad, Calif))
(e.g., pcDNA™S5/FRT), or the cre-lox system, such as can be found in the pExchange-6 Core
Vectors from Stratagene (La Jolla, Calif.). Examples of vectors that randomly integrate into
host cell chromosomes include, for example, pcDNA3.1 (when introduced in the absence of T-
antigen) from Invitrogen (Carlsbad, Calif.), and pCI or pFN10A (ACT) FLEXI™ from Promega
(Madison, Wis.). Additional promoter elements, e.g., enhancers, regulate the frequency of
transcriptional initiation. Typically, these are located in the region 30-110 bp upstream of the
start site, although a number of promoters have 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 is preserved when elements are inverted or
moved relative to one another. In the thymidine kinase (tk) promoter, the spacing between
promoter elements can be increased to 50 bp apart before activity begins to decline. Depending
on the promoter, it appears that individual elements can function either cooperatively or
independently to activate transcription.

[00221] One example of a suitable promoter is the immediate early cytomegalovirus (CMV)
promoter sequence. This promoter sequence is a strong constitutive promoter sequence capable
of driving high levels of expression of any polynucleotide sequence operatively linked thereto.
[00222] Another example of a suitable promoter is human elongation growth factor 1 alpha 1
(hEF1al). In embodiments, the vector construct comprising a CAR described herein comprises
hEF1al functional variants.

[00223] However, other constitutive promoter sequences can also be used, including, but not
limited to the simian virus 40 (SV40) early promoter, mouse mammary tumor virus (MMTYV),
human immunodeficiency virus (HIV) long terminal repeat (LTR) promoter, MoMuLV
promoter, an avian leukemia virus promoter, an Epstein-Barr virus immediate early promoter, a
Rous sarcoma virus promoter, as well as human gene promoters such as, but not limited to, the
actin promoter, the myosin promoter, the 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 as previously described. The
use of an inducible promoter provides a molecular switch capable of turning on expression of
the polynucleotide sequence which it is operatively linked when such expression is desired, or
turning off the expression when expression is not desired. Examples of inducible promoters
include, but are not limited to a metallothionine promoter, a glucocorticoid promoter, a
progesterone promoter, and a tetracycline promoter. In one aspect, the inducible promoter can

be a gene switch ligand inducible promoter. In some cases, an inducible promoter can be a
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small molecule ligand-inducible two polypeptide ecdysone receptor-based gene switch, such as
RHEOSWITCH® gene switch.

[00224] In order to assess the expression of a CAR described herein or portions thereof, the
expression vector to be introduced into a cell can also contain either a selectable marker gene or
a reporter gene or both to facilitate identification and selection of expressing cells from the
population of cells sought to be transfected or infected through viral vectors or non-viral vectors.
In other aspects, the selectable marker can be carried on a separate piece of DNA and used in a
co-transfection procedure. Both selectable markers and reporter genes can be flanked with
appropriate regulatory sequences to enable expression in the host cells. Useful selectable
markers include, for example, antibiotic-resistance genes, such as neomycin resistance gene
(neo) and ampicillin resistance gene and the like. In some embodiments, a truncated epidermal
growth factor receptor (HER1t or HER1t-1) tag can be used as a selectable marker gene.
[00225] Reporter genes can be used for identifying potentially transfected cells and for
evaluating the functionality of regulatory sequences. In general, a reporter gene is a gene that is
not present in or expressed by the recipient organism or tissue and that encodes a polypeptide
whose expression is manifested by some easily detectable property, e.g., enzymatic activity.
Expression of the reporter gene is assayed at a suitable time after the DNA has been introduced
into the recipient cells. Suitable reporter genes include genes encoding luciferase, beta-
galactosidase, chloramphenicol acetyl transferase, secreted alkaline phosphatase, or the green
fluorescent protein gene (e.g., Ui-Tei et al., FEBS Letters 479: 79-82 (2000)). Suitable
expression systems are well known and can be prepared using known techniques or obtained
commercially. In general, the construct with the minimal 5' flanking region showing the highest
level of expression of reporter gene is identified as the promoter. Such promoter regions can be
linked to a reporter gene and used to evaluate agents for the ability to modulate promoter-driven
transcription.

[00226] In embodiments, a viral vector described herein can comprise a hEFlal promoter to
drive expression of transgenes, a bovine growth hormone polyA sequence to enhance
transcription, a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE), as
well as LTR sequences derived from the pFUGW plasmid.

[00227] Methods of introducing and expressing genes into a cell are well known. In the context
of an expression vector, the vector can be readily introduced into a host cell, e.g., mammalian,
bacterial, yeast, or insect cell by any method in the art. For example, the expression vector can
be transferred into a host cell by physical, chemical, or biological means.

[00228] Physical methods for introducing a polynucleotide into a host cell, for instance an

immune effector cell, include calcium phosphate precipitation, lipofection, particle
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bombardment, microinjection, electroporation, and the like. Methods for producing cells
comprising vectors and/or exogenous nucleic acids are well-known in the art. See, for example,
Sambrook et al. (Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory,
New York (2001)). In embodiments, a method for the introduction of a polynucleotide into a
host cell is calcium phosphate transfection or polyethylenimine (PEI) Transfection. In some
embodiments, a method for introduction of a polynucleotide into a host cell is electroporation.
[00229] Biological methods for introducing a polynucleotide of interest into a host cell, for
instance an immune effector cell, include the use of DNA and RNA vectors. Viral vectors, and
especially retroviral vectors, have become the most widely used method for inserting genes into
mammalian, e.g., human cells. Other viral vectors can be derived from lentivirus, poxviruses,
herpes simplex virus I, adenoviruses and adeno-associated viruses, and the like. See, for
example, U.S. Pat. Nos. 5,350,674 and 5,585,362.

[00230] Chemical means for introducing a polynucleotide into a host cell include colloidal
dispersion systems, such as macromolecule complexes, nanocapsules, microspheres, beads, and
lipid-based systems including oil-in-water emulsions, micelles, mixed micelles, and liposomes.
An exemplary colloidal system for use as a delivery vehicle in vifro and in vivo is a liposome
(e.g., an artificial membrane vesicle).

[00231] In the case where a viral delivery system is utilized, an exemplary delivery vehicle is a
liposome. Lipid formulations can be used for the introduction of the nucleic acids into a host
cell (in vitro, ex vivo, or in vivo). In another aspect, the nucleic acid can be associated with a
lipid. The nucleic acid associated with a lipid can be encapsulated in the aqueous interior of a
liposome, interspersed within the lipid bilayer of a liposome, attached to a liposome via a linking
molecule that is associated with both the liposome and the oligonucleotide, entrapped in a
liposome, complexed with a liposome, dispersed in a solution containing a lipid, mixed with a
lipid, combined with a lipid, contained as a suspension in a lipid, contained or complexed with a
micelle, or otherwise associated with a lipid. Lipid, lipid/DNA or lipid/expression vector
associated compositions are not limited to any particular structure in solution. For example,
they can be present in a bilayer structure, as micelles, or with a “collapsed” structure. They can
also simply be interspersed in a solution, possibly forming aggregates that are not uniform in
size or shape. Lipids are fatty substances which can be naturally occurring or synthetic lipids.
For example, lipids include the fatty droplets that naturally occur in the cytoplasm as well as the
class of compounds which contain long-chain aliphatic hydrocarbons and their derivatives, such
as fatty acids, alcohols, amines, amino alcohols, and aldehydes.

[00232] Lipids suitable for use can be obtained from commercial sources. For example,

dimyristyl phosphatidylcholine (“DMPC”) can be obtained from Sigma, St. Louis, Mo.; dicetyl
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phosphate (“DCP”) can be obtained from K & K Laboratories (Plainview, N.Y.); cholesterol

(“Chol”) can be obtained from Calbiochem-Behring; dimyristyl phosphatidylglycerol
(“DMPG”) and other lipids can be obtained from Avanti Polar Lipids, Inc. (Birmingham, Ala.).
Stock solutions of lipids in chloroform or chloroform/methanol can be stored at about -20 C.
Chloroform is used as the only solvent since it is more readily evaporated than methanol.
“Liposome” is a generic term encompassing a variety of single and multilamellar lipid vehicles
formed by the generation of enclosed lipid bilayers or aggregates. Liposomes can be
characterized as having vesicular structures with a phospholipid bilayer membrane and an inner
aqueous medium. Multilamellar liposomes have multiple lipid layers separated by aqueous
medium. They form spontaneously when phospholipids are suspended in an excess of aqueous
solution. The lipid components undergo self-rearrangement before the formation of closed
structures and entrap water and dissolved solutes between the lipid bilayers (Ghosh et al.,
Glycobiology 5: 505-10 (1991)). However, compositions that have different structures in
solution than the normal vesicular structure are also encompassed. For example, the lipids can
assume a micellar structure or merely exist as nonuniform aggregates of lipid molecules. Also

contemplated are lipofectamine-nucleic acid complexes.

Cells Comprising MUC16 CARs and Vectors

[00233] Provided herein are engineered cells expressing a CAR described herein. In certain
embodiments, an engineered cell described herein is an immune effector cell. In embodiments,
provided herein is an immune effector cell comprising a vector comprising a backbone and a
nucleic acid sequence encoding (1) a truncated epidermal growth factor receptor (HER 1t or
HER1t1) and (2) a chimeric antigen receptor (CAR), wherein the CAR comprises (a) a MUC16
antigen binding domain; (b) a stalk domain; (¢) a transmembrane domain; (d) a costimulatory
signaling domain comprising 4-1BB or CD28, or both; and e) a CD3 zeta signaling domain.
[00234] In certain embodiments is an immune effector cell comprising a chimeric antigen
receptor (CAR), wherein the CAR comprises (a) a MUC16 antigen binding domain; (b) a stalk
domain; (c) a transmembrane domain; (d) a costimulatory signaling domain comprising 4-1BB
or CD28, or both; e) a CD3 zeta signaling domain; and (f) a truncated epidermal growth factor
receptor (HER 1t or HER1t1).

[00235] In embodiments, provided herein is an immune effector cell comprising (1) a cell tag
for use as a kill switch, selection marker, a biomarker, or a combination thereof, and (2) a
chimeric antigen receptor (CAR), wherein the CAR comprises (a) a MUC16 antigen binding

domain; (b) a stalk domain; (c) a transmembrane domain; (d) a costimulatory signaling domain
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comprising 4-1BB or CD28, or both; and (e) a CD3 zeta signaling domain. In embodiments, the

cell tag is HER1t, HER1t1, CD20t-1 or CD20.

[00236] In embodiments, an immune effector cell is a T cell, a Natural Killer (NK) cell, a
cytotoxic T lymphocyte (CTL), and a regulatory T cell. In embodiments, the cell exhibits an
anti-tumor activity when the MUC16 antigen binding domain binds to MUCI16.

Modified Immune Effector Cells

[00237] Provided are immune effector cells modified to express one or more heterologous
genes or polypeptides described herein. Provided are immune effector cells modified to express
a MUC16 CAR described herein and at least one of a HER1t, HER 1t1, CD20 and CD20t-1 tag.
In some cases is provided an immune effector cell modified to express MUC16 CAR, mbIL-15
and at least one of a HER1t, HER1t1, CD20 and CD20t-1 tag disclosed herein.

[00238] “T cell” or “T lymphocyte” as used herein is a type of lymphocyte that plays a central
role in cell-mediated immunity. They can be distinguished from other lymphocytes, such as B
cells and natural killer cells (NK cells), by the presence of a T-cell receptor (TCR) on the cell
surface.

[00239] In some embodiments, modified immune effector cells are modified immune cells that
comprise T cells and/or natural killer cells. T cells or T lymphocytes are a subtype of white
blood cells that are involved in cell-mediated immunity. Exemplary T cells include T helper
cells, cytotoxic T cells, TH17 cells, stem memory T cells (TSCM), naive T cells, memory T
cells, effector T cells, regulatory T cells, or natural killer T cells.

[00240] T helper cells (TH cells) assist other white blood cells in immunologic processes,
including maturation of B cells into plasma cells and memory B cells, and activation of
cytotoxic T cells and macrophages. In some instances, TH cells are known as CD4+ T cells due
to expression of the CD4 glycoprotein on the cell surfaces. Helper T cells become activated
when they are presented with peptide antigens by MHC class II molecules, which are expressed
on the surface of antigen-presenting cells (APCs). Once activated, they divide rapidly and
secrete small proteins called cytokines that regulate or assist in the active immune response.
These cells can differentiate into one of several subtypes, including TH1, TH2, TH3, TH17,
Th9, or TFH, which secrete different cytokines to facilitate different types of immune responses.
Signaling from the APC directs T cells into particular subtypes.

[00241] Cytotoxic T cells (TC cells or CTLs) destroy virus-infected cells and tumor cells, and
are also implicated in transplant rejection. These cells are also known as CD8+ T cells since

they express the CD8 glycoprotein on their surfaces. These cells recognize their targets by
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binding to antigen associated with MHC class I molecules, which are present on the surface of
all nucleated cells. Through IL-10, adenosine, and other molecules secreted by regulatory T
cells, the CD8+ cells can be inactivated to an anergic state, which prevents autoimmune
diseases.

[00242] Memory T cells are a subset of antigen-specific T cells that persist long-term after an
infection has resolved. They quickly expand to large numbers of effector T cells upon re-
exposure to their cognate antigen, thus providing the immune system with “memory” against
past infections. Memory T cells comprise subtypes: stem memory T cells (TSCM), central
memory T cells (TCM cells) and two types of effector memory T cells (TEM cells and TEMRA
cells). Memory cells can be either CD4+ or CD8+. Memory T cells can express the cell surface
proteins CD45RO, CD45RA and/or CCR7.

[00243] Regulatory T cells (Treg cells), formerly known as suppressor T cells, play a role in the
maintenance of immunological tolerance. Their major role is to shut down T cell-mediated
immunity toward the end of an immune reaction and to suppress autoreactive T cells that
escaped the process of negative selection in the thymus.

[00244] Natural killer T cells (NKT cells) bridge the adaptive immune system with the innate
immune system. Unlike conventional T cells that recognize peptide antigens presented by major
histocompatibility complex (MHC) molecules, NKT cells recognize glycolipid antigen
presented by a molecule called CD1d. Once activated, these cells can perform functions
ascribed to both Th and Tc cells (i.e., cytokine production and release of cytolytic/cell killing
molecules). They are also able to recognize and eliminate some tumor cells and cells infected
with herpes viruses.

[00245] Natural killer (NK) cells are a type of cytotoxic lymphocyte of the innate immune
system. In some instances, NK cells provide a first line defense against viral infections and/or
tumor formation. NK cells can detect MHC presented on infected or cancerous cells, triggering
cytokine release, and subsequently induce lysis and apoptosis. NK cells can further detect
stressed cells in the absence of antibodies and/or MHC, thereby allowing a rapid immune

response.

Modified Immune Effector Cell Doses

[00246] In some embodiments, an amount of modified immune effector cells is administered to
a subject in need thereof and the amount is determined based on the efficacy and the potential of
inducing a cytokine-associated toxicity. In some cases, an amount of modified immune effector

cells comprises about 10 to about 10° modified immune effector cells/kg. In some cases, an
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amount of modified immune effector cells comprises about 10° to about 10° modified immune
effector cells/kg. In some cases, an amount of modified immune eftector cells comprises about
10* to about 10° modified immune effector cells/kg. In some cases, an amount of modified
immune effector cells comprises about 10° to about 10” modified immune effector cells/kg. In
some cases, an amount of modified immune effector cells comprises about 10° to about 10°
modified immune effector cells/kg. In some cases, an amount of modified immune effector cells
comprises about 10” to about 10" modified immune effector cells/kg. In some cases, an amount
of modified immune effector cells comprises about 10° to about 10° modified immune effector
cells/kg. In some cases, an amount of modified immune effector cells comprises about 10° to
about 10® modified immune effector cells/kg. In some cases, an amount of modified immune
effector cells comprises about 107 to about 10° modified immune effector cells/kg. In some
cases, an amount of modified immune effector cells comprises about 10° to about 10° modified
immune effector cells/kg. In some cases, an amount of modified immune effector cells
comprises about 10° to about 10" modified immune effector cells/kg. In some cases, an amount
of modified immune effector cells comprises about 10" to about 10* modified immune effector
cells/kg. In some cases, an amount of modified immune effector cells comprises about 10° to
about 10° modified immune effector cells/kg. In some instances, an amount of modified
immune effector cells comprises about 10° modified immune effector cells/kg. In some
instances, an amount of modified immune effector cells comprises about 10® modified immune
effector cells’kg. In some instances, an amount of modified immune effector cells comprises
about 10" modified immune effector cells/kg. In some instances, an amount of modified
immune effector cells comprises about 10° modified immune effector cells/kg. In some
instances, an amount of modified immune effector cells comprises about 10° modified immune
effector cells/kg.

[00247] In some embodiments, are CAR-T cells which are MUC16-specific CAR-T cells. In
some cases, an amount of MUC 16-specific CAR-T cells comprises about 10*to about 10° CAR-
T cells/kg. In some cases, an amount of MUC 16-specific CAR-T cells comprises about 10’ to
about 10’ CAR-T cells/kg. In some cases, an amount of MUC16-specific CAR-T cells
comprises about 10* to about 10° CAR-T cells/kg. In some cases, an amount of MUC16-
specific CAR-T cells comprises about 10° to about 10° CAR-T cells/kg. In some cases, an
amount of MUC16-specific CAR-T cells comprises about 10° to about 10° CAR-T cells/kg. In
some cases, an amount of MUC 16-specific CAR-T cells comprises about 10° to about 10’ CAR-
T cells/kg. In some cases, an amount of MUC 16-specific CAR-T cells comprises about 10° to
about 10’ CAR-T cells/kg. In some cases, an amount of MUC16-specific CAR-T cells

comprises about 10° to about 10° CAR-T cells/kg. In some cases, an amount of MUC16-
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specific CAR-T cells comprises about 10" to about 10° CAR-T cells/kg. In some cases, an

amount of MUC16-specific CAR-T cells comprises about 10° to about 10° CAR-T cells/kg. In
some cases, an amount of MUC 16-specific CAR-T cells comprises about 10° to about 10’ CAR-
T cells/kg. In some cases, an amount of MUC 16-specific CAR-T cells comprises about 10" to
about 10° CAR-T cells/kg. In some cases, an amount of MUC16-specific CAR-T cells
comprises about 10® to about 10° CAR-T cells/kg. In some instances, an amount of MUC 16-
specific CAR-T cells comprises about 10° CAR-T cells/kg. In some instances, an amount of
MUC16-specific CAR-T cells comprises about 10° CAR-T cells/kg. In some instances, an
amount of MUC16-specific CAR-T cells comprises about 10" CAR-T cells/kg. In some
instances, an amount of MUC16-specific CAR-T cells comprises about 10° CAR-T cells/kg. In
some instances, an amount of MUC 16-specific CAR-T cells comprises about 10° CAR-T
cells/kg. In some instances, an amount of MUC16-specific CAR-T cells comprises about 10°*
CAR-T cells/kg. In some instances, an amount of MUC16-specific CAR-T cells comprises
about 10° CAR-T cells/kg. In some instances, an amount of MUC 16-specific CAR-T cells
comprises about 10> CAR-T cells/kg.

Immune Effector Cell Sources

[00248] In certain aspects, the embodiments described herein include methods of making
and/or expanding the antigen-specific redirected immune effector cells (e.g., T-cells, Tregs, NK-
cell or NK T-cells) that comprises transfecting the cells with an expression vector containing a
DNA (or RNA) construct encoding the CAR, then, optionally, stimulating the cells with feeder
cells, recombinant antigen, or an antibody to the receptor to cause the cells to proliferate. In
certain aspects, the cell (or cell population) engineered to express a CAR is a stem cell, iPS cell,
T cell differentiated from iPS cell, immune effector cell or a precursor of these cells.

[00249] Sources of immune effector cells can include both allogeneic and autologous sources.
In some cases immune effector cells can be differentiated from stem cells or induced pluripotent
stem cells (iPSCs). Thus, cell for engineering according to the embodiments can be isolated
from umbilical cord blood, peripheral blood, human embryonic stem cells, or iPSCs. For
example, allogeneic T cells can be modified to include a chimeric antigen receptor (and
optionally, to lack functional TCR). In some aspects, the immune effector cells are primary
human T cells such as T cells derived from human peripheral blood mononuclear cells (PBMC).
PBMCs can be collected from the peripheral blood or after stimulation with G-CSF
(Granulocyte colony stimulating factor) from the bone marrow, or umbilical cord blood. In one

aspect, the immune effector cells are Pan T cells. Following transfection or transduction (e.g.,

63



CA 03101641 2020-11-25

WO 2019/236577 PCT/US2019/035384

with a CAR expression construct), the cells can be immediately infused or can be cryo-
preserved. In certain aspects, following transfection or transduction, the cells can be preserved
in a cytokine bath that can include IL-2 and/or IL-21 until ready for infusion. In certain aspects,
following transfection, the cells can be propagated for days, weeks, or months ex vivo as a bulk
population within about 1, 2, 3, 4, 5 days or more following gene transfer into cells. In a further
aspect, following transfection, the transfectants are cloned and a clone demonstrating presence
of a single integrated or episomally maintained expression cassette or plasmid, and expression of
the chimeric antigen receptor is expanded ex vivo. The clone selected for expansion
demonstrates the capacity to specifically recognize and lyse antigen-expressing target cells. The
recombinant T cells can be expanded by stimulation with IL-2, or other cytokines that bind the
common gamma-chain (e.g., [IL-7, IL-12, IL-15, IL-21, and others). The recombinant T cells
can be expanded by stimulation with artificial antigen presenting cells. The recombinant T cells
can be expanded on artificial antigen presenting cell or with an antibody, such as OKT3, which
cross links CD3 on the T cell surface. Subsets of the recombinant T cells can be further selected
with the use of magnetic bead based isolation methods and/or fluorescence activated cell sorting
technology and further cultured with the AaPCs. In a further aspect, the genetically modified
cells can be cryopreserved.

[00250] T cells can also be obtained from a number of sources, including bone marrow, lymph
node tissue, cord blood, thymus tissue, tissue from a site of infection, ascites, pleural effusion,
spleen tissue, and tumors. In certain embodiments of the present invention, any number of T cell
lines available in the art, can be used. In certain embodiments of the present invention, T cells
can be obtained from a unit of blood collected from a subject using any number of techniques
known to the skilled artisan, such as Ficoll® separation. In embodiments, cells from the
circulating blood of an individual are obtained by apheresis. The apheresis product typically
contains lymphocytes, including T cells, monocytes, granulocytes, B cells, other nucleated white
blood cells, red blood cells, and platelets. In one embodiment, the cells collected by apheresis
can be washed to remove the plasma fraction and to place the cells in an appropriate buffer or
media for subsequent processing steps. In one embodiment of the invention, the cells are washed
with phosphate buffered saline (PBS). In an alternative embodiment, the wash solution lacks
calcium and can lack magnesium or can lack many if not all divalent cations. Initial activation
steps in the absence of calcium lead to magnified activation. As those of ordinary skill in the art
would readily appreciate a washing step can be accomplished by methods known to those in the
art, such as by using a semi-automated “flow-through” centrifuge (for example, the Cobe 2991
cell processor, the Baxter CytoMate, or the Haemonetics Cell Saver 5) according to the

manufacturer's instructions. After washing, the cells can be resuspended in a variety of
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biocompatible buffers, such as, for example, Ca’"-free, Mg2+-free PBS, Plasmal.yte A, or other
saline solution with or without buffer. Alternatively, the undesirable components of the
apheresis sample can be removed and the cells directly resuspended in culture media.

[00251] In another embodiment, T cells are isolated 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 centrifugal elutriation. A specific subpopulation of T
cells, such as CD3”, CD28", CD4", CD8”, CD45RA", and CD45RO™ T cells, can be further
isolated by positive or negative selection techniques. In another embodiment, CD14+ cells are
depleted from the T-cell population. For example, in one embodiment, T cells are isolated by
incubation with anti-CD3/anti-CD28 (i.e., 3x28)-conjugated beads, such as DYNABEADS® M-
450 CD3/CD28 T, for a time period sufficient for positive selection of the desired T cells. In one
embodiment, the time period is about 30 minutes. In a further embodiment, the time period
ranges from 30 minutes to 36 hours or longer and all integer values there between. In a further
embodiment, the time period is at least 1, 2, 3, 4, 5, or 6 hours. In yet another embodiment, the
time period is 10 to 24 hours. In one embodiment, the incubation time period is 24 hours. For
isolation of T cells from patients with leukemia, use of longer incubation times, such as 24
hours, can increase cell yield. Longer incubation times can be used to isolate T cells in any
situation where there are few T cells as compared to other cell types, such in isolating tumor
infiltrating lymphocytes (TIL) from tumor tissue or from immune-compromised individuals.
Further, use of longer incubation times can increase the efficiency of capture of CD8+ T cells.
Thus, by simply shortening or lengthening the time T cells are allowed to bind to the CD3/CD28
beads and/or by increasing or decreasing the ratio of beads to T cells (as described further
herein), subpopulations of T cells can be preferentially selected for or against at culture initiation
or at other time points during the process. Additionally, by increasing or decreasing the ratio of
anti-CD3 and/or anti-CD28 antibodies on the beads or other surface, subpopulations of T cells
can be preferentially selected for or against at culture initiation or at other desired time points.
The skilled artisan would recognize that multiple rounds of selection can also be used in the
context of this invention. In certain embodiments, it can 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.

[00252] Enrichment of a T cell population by negative selection can be accomplished with a
combination of antibodies directed to surface markers unique to the negatively selected cells.
One method is cell sorting and/or selection via negative magnetic immunoadherence or flow
cytometry that uses a cocktail of monoclonal antibodies directed to cell surface markers present

on the cells negatively selected. For example, to enrich for CD4" cells by negative selection, a
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monoclonal antibody cocktail typically includes antibodies to CD14, CD20, CD11b, CD16,

HLA-DR, and CDS8. In certain embodiments, it can be desirable to enrich for or positively select
for regulatory T cells which typically express CD4", CD25", CD62L", GITR", and FoxP3™.
Alternatively, in certain embodiments, T regulatory cells are depleted by anti-CD25 conjugated
beads or other similar method of selection.

[00253] For isolation of a desired population of cells by positive or negative selection, the
concentration of cells and surface (e.g., particles such as beads) can be varied. In certain
embodiments, it can be desirable to significantly decrease the volume in which beads and cells
are mixed together (i.e., increase the concentration of cells), to ensure maximum contact of cells
and beads. For example, in one embodiment, a concentration of 2 billion cells/ml is used. In
one embodiment, a concentration of 1 billion cells/ml is used. In a further embodiment, greater
than 100 million cells/ml is used. In a further embodiment, a concentration of cells of 10, 15,
20, 25, 30, 35, 40, 45, or 50 million cells/ml is used. In yet another embodiment, a
concentration of cells from 75, 80, 85, 90, 95, or 100 million cells/ml is used. In further
embodiments, concentrations of 125 or 150 million cells/ml can be used. Using high
concentrations can result in increased cell yield, cell activation, and cell expansion. Further, use
of high cell concentrations allows more efficient capture of cells that can weakly express target
antigens of interest, such as CD28-negative T cells, or from samples where there are many
tumor cells present (i.e., leukemic blood, tumor tissue, etc.). Such populations of cells can 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.

[00254] In arelated embodiment, it can be desirable to use lower concentrations of cells. By
significantly diluting the mixture of T cells and surface (e.g., particles such as beads),
interactions between the particles and cells is minimized. This selects for cells that express high
amounts of desired antigens to be bound to the particles. For example, CD4" T cells express
higher levels of CD28 and are more efficiently captured than CDS™ T cells in dilute
concentrations. In one embodiment, the concentration of cells used is 5x10%/ml. In other
embodiments, the concentration used can be from about 1x10°/ml to 1x10%ml, and any integer
value in between.

[00255] In other embodiments, the cells can be incubated on a rotator for varying lengths of
time at varying speeds at either 2-10° C. or at room temperature.

[00256] T cells for stimulation can also be frozen after a washing step. After the washing step
that removes plasma and platelets, the cells can be suspended in a freezing solution. While

many freezing solutions and parameters are known in the art and will be useful in this context,
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one method involves using PBS containing 20% DMSO and 8% human serum albumin, or
culture media containing 10% Dextran 40 and 5% Dextrose, 20% Human Serum Albumin and
7.5% DMSO, or 31.25% Plasmalyte-A, 31.25% Dextrose 5%, 0.45% NaCl, 10% Dextran 40 and
5% Dextrose, 20% Human Serum Albumin, and 7.5% DMSO or other suitable cell freezing
media containing for example, Hespan and PlasmaLyte A, the cells then are frozen to -80 C at a
rate of 1 C per minute and stored in the vapor phase of a liquid nitrogen storage tank. Other
methods of controlled freezing can be used as well as uncontrolled freezing immediately at
-20 C or in liquid nitrogen. In certain embodiments, cryopreserved cells are thawed and washed
as described herein and allowed to rest for one hour at room temperature prior to activation
using the methods of the present invention.

[00257] Also provided in certain embodiments is the collection of blood samples or apheresis
product from a subject at a time period prior to when the expanded cells as described herein
might be needed. As such, the source of the cells to be expanded can be collected at any time
point necessary, and desired cells, such as T cells, isolated and frozen for later use in T cell
therapy for any number of diseases or conditions that would benefit from T cell therapy, such as
those described herein. In one embodiment a blood sample or an apheresis is taken from a
generally healthy subject. In certain embodiments, a blood sample or an apheresis is taken from
a generally healthy subject who is at risk of developing a disease, but who has not yet developed
a disease, and the cells of interest are isolated and frozen for later use. In certain embodiments,
the T cells can be expanded, frozen, and used at a later time. In certain embodiments, samples
are collected from a patient shortly after diagnosis of a particular disease as described herein but
prior to any treatments. In a further embodiment, the cells are isolated from a blood sample or
an apheresis from a subject prior to any number of relevant treatment modalities, including but
not limited to treatment with agents such as natalizumab, efalizumab, antiviral agents,
chemotherapy, radiation, immunosuppressive agents, such as cyclosporin, azathioprine,
methotrexate, mycophenolate, and FK506, antibodies, or other immunoablative agents such as
CAMPATH, anti-CD3 antibodies, cytoxan, fludarabine, cyclosporin, FK506, rapamycin,
mycophenolic acid, steroids, FR901228, and irradiation. These drugs inhibit either the calcium
dependent phosphatase calcineurin (cyclosporine and FK506) or inhibit the p70S6 kinase that is
important for growth factor induced signaling (rapamycin) (Liu et al., Cel/ 66:807-815, (1991);
Henderson et al., Immun 73:316-321, (1991); Bierer et al., Curr. Opin. Immun 5:763-773,
(1993)). In a further embodiment, the cells are isolated for a patient and frozen for later use in
conjunction with (e.g., before, simultaneously or following) bone marrow or stem cell
transplantation, T cell ablative therapy using either chemotherapy agents such as, fludarabine,

external-beam radiation therapy (XRT), cyclophosphamide, or antibodies such as OKT3 or
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CAMPATH. In another embodiment, the cells are isolated prior to and can be frozen for later
use for treatment following B-cell ablative therapy such as agents that react with CD20, e.g.,
Rituxan.

[00258] In a further embodiment of the present invention, T cells are obtained from a patient
directly following treatment. In this regard, it has been observed that following certain cancer
treatments, in particular treatments with drugs that damage the immune system, shortly after
treatment during the period when patients would normally be recovering from the treatment, the
quality of T cells obtained can be optimal or improved for their ability to expand ex vivo.
Likewise, following ex vivo manipulation using the methods described herein, these cells can be
in a preferred state for enhanced engraftment and in vivo expansion. Thus, it is contemplated
within the context of the present invention to collect blood cells, including T cells, dendritic
cells, or other cells of the hematopoietic lineage, during this recovery phase. Further, in certain
embodiments, mobilization (for example, mobilization with GM-CSF) and conditioning
regimens can be used to create a condition in a subject wherein repopulation, recirculation,
regeneration, and/or expansion of particular cell types is favored, especially during a defined
window of time following therapy. Illustrative cell types include T cells, B cells, dendritic cells,

and other cells of the immune system.

Activation and Expansion of T cells

[00259] Whether prior to or after engineering of the T cells to express a CAR described herein,
the T cells can be activated and expanded generally using methods as described, for example, in
U.S. Pat. Nos. 6,352,694 6,534,055; 6,905,680; 6,692,964; 5,858,358 6,887,466: 6,905,681
7,144,575 7,067,318; 7,172,869; 7,232.566: 7,175,843 5,883,223: 6,905,874; 6,797,514;
6,867,041; and U.S. Patent Application Publication No. 20060121005.

[00260] Generally, the T cells described herein are expanded by contact with a surface having
attached thereto an agent that stimulates a CD3/TCR complex associated signal and a ligand that
stimulates a co-stimulatory molecule on the surface of the T cells. In particular, T cell
populations can be stimulated as described herein, such as by contact with an anti-CD3
antibody, or antigen-binding fragment thereof, or an anti-CD2 antibody immobilized on a
surface, or by contact with a protein kinase C activator (e.g., bryostatin) in conjunction with a
calcium ionophore. For co-stimulation of an accessory molecule on the surface of the T cells, a
ligand that binds the accessory molecule is used. For example, a population of T cells can be
contacted with an anti-CD3 antibody and an anti-CD28 antibody, under conditions appropriate

for stimulating proliferation of the T cells. To stimulate proliferation of either CD4™ T cells or
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CD8" T cells, an anti-CD3 antibody and an anti-CD28 antibody. Examples of an anti-CD28

antibody include 9.3, B-T3, XR-CD28 (Diaclone, Besancon, France) can be used as can other
methods commonly known in the art (Berg et al., Transplant Proc. 30(8):3975-3977, (1998),
Haanen et al., J. Exp. Med. 190(9):13191328, (1999); Garland et al., J. Immunol Meth. 227(1-
2):53-63, (1999)).

[00261] In certain embodiments, the primary stimulatory signal and the co-stimulatory signal
for the T cell can be provided by different protocols. For example, the agents providing each
signal can be in solution or coupled to a surface. When coupled to a surface, the agents can be
coupled to the same surface (i.e., in “cis” formation) or to separate surfaces (i.e., in “trans”
formation). Alternatively, one agent can be coupled to a surface and the other agent in solution.
In one embodiment, the agent providing the co-stimulatory signal is bound to a cell surface and
the agent providing the primary activation signal is in solution or coupled to a surface. In
certain embodiments, both agents can be in solution. In another embodiment, the agents can be
in soluble form, and then cross-linked to a surface, such as a cell expressing Fc¢ receptors or an
antibody or other binding agent which will bind to the agents. In this regard, see for example,
U.S. Patent Application Publication Nos. 20040101519 and 20060034810 for artificial antigen
presenting cells (aAPCs) that are contemplated for use in activating and expanding T cells in the
present invention.

[00262] In one embodiment, the two agents are immobilized on beads, either on the same bead,
i.e., “cis,” or to separate beads, i.e., “frans.” By way of example, the agent providing the
primary activation signal is an anti-CD3 antibody or an antigen-binding fragment thereof and the
agent providing the co-stimulatory signal is an anti-CD28 antibody or antigen-binding fragment
thereof; and both agents are co-immobilized to the same bead in equivalent molecular amounts.
In one embodiment, a 1:1 ratio of each antibody bound to the beads for CD4" T cell expansion
and T cell growth is used. In certain aspects of the present invention, a ratio of anti CD3:CD28
antibodies bound to the beads is used such that an increase in T cell expansion is observed as
compared to the expansion observed using a ratio of 1:1. In one particular embodiment an
increase of from about 1 to about 3 fold is observed as compared to the expansion observed
using a ratio of 1:1. In one embodiment, the ratio of CD3:CD28 antibody bound to the beads
ranges from 100:1 to 1:100 and all integer values there between. In one aspect of the present
invention, more anti-CD28 antibody is bound to the particles than anti-CD3 antibody, i.e., the
ratio of CD3:CD28 is less than one. In certain embodiments of the invention, the ratio of anti
CD28 antibody to anti CD3 antibody bound to the beads is greater than 2:1. In one particular
embodiment, a 1:100 CD3:CD28 ratio of antibody bound to beads is used. In another

embodiment, a 1:75 CD3:CD28 ratio of antibody bound to beads is used. In a further
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embodiment, a 1:50 CD3:CD28 ratio of antibody bound to beads is used. In another

embodiment, a 1:30 CD3:CD28 ratio of antibody bound to beads is used. In embodiments, a
1:10 CD3:CD28 ratio of antibody bound to beads is used. In another embodiment, a 1:3
CD3:CD28 ratio of antibody bound to the beads is used. In yet another embodiment, a 3:1
CD3:CD28 ratio of antibody bound to the beads is used.

[00263] Ratios of particles to cells from 1:500 to 500:1 and any integer values in between can
be used to stimulate T cells or other target cells. As those of ordinary skill in the art can readily
appreciate, the ratio of particles to cells can depend on particle size relative to the target cell.
For example, small sized beads could only bind a few cells, while larger beads could bind many.
In certain embodiments the ratio of cells to particles ranges from 1:100 to 100:1 and any integer
values in-between and in further embodiments the ratio comprises 1:9 to 9:1 and any integer
values in between, can also be used to stimulate T cells. The ratio of anti-CD3- and anti-CD28-
coupled particles to T cells that result in T cell stimulation can vary as noted above, however
certain values include 1:100, 1:50, 1:40, 1:30, 1:20, 1:10, 1:9, 1:8, 1:7, 1:6, 1:5, 1:4, 1:3, 1:2,
1:1,2:1,3:1,4:1,5:1,6:1, 7:1, 8:1, 9:1, 10:1, and 15:1 with one ratio being at least 1:1 particles
per T cell. In one embodiment, a ratio of particles to cells of 1:1 or less is used. In one
particular embodiment, the particle:cell ratio is 1:5. In further embodiments, the ratio of
particles to cells can be varied depending on the day of stimulation. For example, in one
embodiment, the ratio of particles to cells is from 1:1 to 10:1 on the first day and additional
particles are added to the cells every day or every other day thereafter for up to 10 days, at final
ratios of from 1:1 to 1:10 (based on cell counts on the day of addition). In one particular
embodiment, the ratio of particles to cells is 1:1 on the first day of stimulation and adjusted to
1:5 on the third and fifth days of stimulation. In another embodiment, particles are added on a
daily or every other day basis to a final ratio of 1:1 on the first day, and 1:5 on the third and fifth
days of stimulation. In another embodiment, the ratio of particles to cells is 2:1 on the first day
of stimulation and adjusted to 1:10 on the third and fifth days of stimulation. In another
embodiment, particles are added on a daily or every other day basis to a final ratio of 1:1 on the
first day, and 1:10 on the third and fifth days of stimulation. One of skill in the art will
appreciate that a variety of other ratios can be suitable for use in the present invention. In
particular, ratios will vary depending on particle size and on cell size and type.

[00264] In further embodiments described herein, the immune effector cells, such as T cells, are
combined with agent-coated beads, the beads and the cells are subsequently separated, and then
the cells are cultured. In an alternative embodiment, prior to culture, the agent-coated beads and

cells are not separated but are cultured together. In a further embodiment, the beads and cells
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are first concentrated by application of a force, such as a magnetic force, resulting in increased
ligation of cell surface markers, thereby inducing cell stimulation.

[00265] By way of example, cell surface proteins can be ligated by allowing paramagnetic
beads to which anti-CD3 and anti-CD28 are attached (3x28 beads) to contact the T cells. In one
embodiment the cells (for example, 10* to 10° T cells) and beads (for example, DYNABEADS®
M-450 CD3/CD28 T paramagnetic beads at a ratio of 1:1, or MACS® MicroBeads from
Miltenyi Biotec) are combined in a buffer, for example, PBS (without divalent cations such as,
calcium and magnesium). Again, those of ordinary skill in the art can readily appreciate any cell
concentration can be used. For example, the target cell can be very rare in the sample and
comprise only 0.01% of the sample or the entire sample (i.e., 100%) can comprise the target cell
of interest. Accordingly, any cell number is within the context of the present invention. In
certain embodiments, it can be desirable to significantly decrease the volume in which particles
and cells are mixed together (i.e., increase the concentration of cells), to ensure maximum
contact of cells and particles. For example, in one embodiment, a concentration of about 2
billion cells/ml is used. In another embodiment, greater than 100 million cells/ml isused. In a
further embodiment, a concentration of cells of 10, 15, 20, 25, 30, 35, 40, 45, or 50 million
cells/ml is used. In yet another embodiment, a concentration of cells from 75, 80, 85, 90, 95, or
100 million cells/ml is used. In further embodiments, concentrations of 125 or 150 million
cells/ml can be used. Using high concentrations can result in increased cell yield, cell
activation, and cell expansion. Further, use of high cell concentrations allows more efficient
capture of cells that can weakly express target antigens of interest, such as CD28-negative T
cells. Such populations of cells can have therapeutic value and would be desirable to obtain in
certain embodiments. For example, using high concentration of cells allows more efficient
selection of CD8+ T cells that normally have weaker CD28 expression.

[00266] In one embodiment described herein, the mixture can be cultured for several hours
(about 3 hours) to about 14 days or any hourly integer value in between. In another embodiment,
the mixture can be cultured for 21 days. In one embodiment of the invention the beads and the
T cells are cultured together for about eight days. In another embodiment, the beads and T cells
are cultured together for 2-3 days. Several cycles of stimulation can also be desired such that
culture time of T cells can be 60 days or more. Conditions appropriate for T cell culture include
an appropriate media (e.g., Minimal Essential Media or RPMI Media 1640 or, X-vivo 15,
(Lonza)) that can contain factors necessary for proliferation and viability, including serum (e.g.,
fetal bovine or human serum), interleukin-2 (IL-2), insulin, IFN-.gamma., IL-4, IL-7, GM-CSF,
IL-10, IL-12, IL-15, TGFbeta, and TNF-alpha or any other additives for the growth of cells

known to the skilled artisan. Other additives for the growth of cells include, but are not limited
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to, surfactant, plasmanate, and reducing agents such as N-acetyl-cysteine and 2-
mercaptoethanol. Media can include RPMI 1640, AIM-V, DMEM, MEM, alpha-MEM, F-12,
X-Vivo 15, and X-Vivo 20, Optimizer, with added amino acids, sodium pyruvate, and vitamins,
either serum-free or supplemented with an appropriate amount of serum (or plasma) or a defined
set of hormones, and/or an amount of cytokine(s) sufficient for the growth and expansion of T
cells. Antibiotics, e.g., penicillin and streptomycin, are included only in experimental cultures,
not in cultures of cells that are to be infused into a subject. The target cells are maintained under
conditions necessary to support growth, for example, an appropriate temperature (e.g., 37° C.)
and atmosphere (e.g., air plus 5% CO,).

[00267] T cells that have been exposed to varied stimulation times can exhibit different
characteristics. For example, typical blood or apheresed peripheral blood mononuclear cell
products have a helper T cell population (Ty, CD4") that is greater than the cytotoxic or
suppressor T cell population (T¢, CD8™). FEXx vivo expansion of T cells by stimulating CD3 and
CD28 receptors produces a population of T cells that prior to about days 8-9 consists
predominately of Ty cells, while after about days 8-9, the population of T cells comprises an
increasingly greater population of T cells. Accordingly, depending on the purpose of
treatment, infusing a subject with a T cell population comprising predominately of Ty cells can
be advantageous. Similarly, if an antigen-specific subset of T¢ cells has been isolated it can be
beneficial to expand this subset to a greater degree.

[00268] Further, in addition to CD4 and CD8 markers, other phenotypic markers vary
significantly, but in large part, reproducibly during the course of the cell expansion process.
Thus, such reproducibility enables the ability to tailor an activated T cell product for specific
purposes.

[00269] In some cases, immune effector cells of the embodiments (e.g., T-cells) are co-cultured
with activating and propagating cells (AaPCs), to aid in cell expansion. AaPCs can also be
referred to as artificial Antigen Presenting cells (aAPCs). For example, antigen presenting cells
(APCs) are useful in preparing therapeutic compositions and cell therapy products of the
embodiments. In one aspect, the AaPCs can be genetically modified K562 cells. For general
guidance regarding the preparation and use of antigen-presenting systems, see, e.g., U.S. Pat.
Nos. 6,225,042, 6,355,479, 6,362,001 and 6,790,662; U.S. Patent Application Publication Nos.
2009/0017000 and 2009/0004142; and International Publication No. W0O2007/103009, each of
which is incorporated by reference. In yet a further aspect of the embodiments, culturing the
genetically modified CAR cells comprises culturing the genetically modified CAR cells in the
presence of dendritic cells or activating and propagating cells (AaPCs) that stimulate expansion

of the CAR-expressing immune effector cells. In still further aspects, the AaPCs comprise a
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CAR-binding antibody or fragment thereof expressed on the surface of the AaPCs. The AaPCs

can comprise additional molecules that activate or co-stimulate T-cells in some cases. The
additional molecules can, in some cases, comprise membrane-bound Cy cytokines. In yet still
further aspects, the AaPCs are inactivated or irradiated, or have been tested for and confirmed to
be free of infectious material. In still further aspects, culturing the genetically modified CAR
cells in the presence of AaPCs comprises culturing the genetically modified CAR cells in a
medium comprising soluble cytokines, such as IL-15, IL-21 and/or IL-2. The cells can be
cultured at a ratio of about 10:1 to about 1:10; about 3:1 to about 1:5; about 1:1 to about 1:3
(immune effector cells to AaPCs); or any range derivable therein. For example, the co-culture
of T cells and AaPCs can be at a ratio of about 1:1, about 1:2 or about 1:3.

[00270] In one aspect, the AaPCs can express CD137L. In some aspects, the AaPCs can
further express the antigen that is targeted by the CAR cell, for example MUC16 (full length,
truncate or any variant thereof. In other aspects, the AaPCs can further express CD64, CD86, or
mlIL15. In certain aspects, the AaPCs can express at least one anti-CD3 antibody clone, such as,
for example, OKT3 and/or UCHT1. In one aspect, the AaPCs can be inactivated (e.g.,
irradiated). In one aspect, the AaPCs can have been tested for and confirmed to be free of
infectious material. Methods for producing such AaPCs are known in the art. In one aspect,
culturing the CAR-modified T cell population with AaPCs can comprise culturing the cells at a
ratio of about 10:1 to about 1:10; about 3:1 to about 1:5; about 1:1 to about 1:3 (T cells to
AaPCs); or any range derivable therein. For example, the co-culture of T cells and AaPCs can
be at a ratio of about 1:1, about 1:2 or about 1:3. In one aspect, the culturing step can further
comprise culturing with an aminobisphosphonate (e.g., zoledronic acid).

[00271] In one aspect, the population of genetically modified CAR cells is immediately infused
into a subject or cryopreserved. In another aspect, the population of genetically modified CAR
cells is placed in a cytokine bath prior to infusion into a subject. In a further aspect, the
population of genetically modified CAR cells is cultured and/or stimulated for no more than 1,
2,3,4,5,6,7, 14, 21, 28, 35 42 days, 49, 56, 63 or 70 days. In an embodiment, a stimulation
includes the co-culture of the genetically modified CAR T cells with AaPCs to promote the
growth of CAR positive T cells. In another aspect, the population of genetically modified CAR
cells is stimulated for not more than: 1X stimulation, 2X stimulation, 3X stimulation, 4X
stimulation, 5X stimulation, 5X stimulation, 6X stimulation, 7X stimulation, 8X stimulation, 9X
stimulation or 10X stimulation. In some instances, the genetically modified cells are not
cultured ex vivo in the presence of AaPCs. In some specific instances, the method of the
embodiment further comprises enriching the cell population for CAR-expressing immune

effector cells (e.g., T-cells) after the transfection and/or culturing step. The enriching can
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comprise fluorescence-activated cell sorting (FACS) to sort for CAR-expressing cells. In a
further aspect, the sorting for CAR-expressing cells comprises use of a CAR-binding antibody.
The enriching can also comprise depletion of CD56+ cells. In yet still a further aspect of the
embodiment, the method further comprises cryopreserving a sample of the population of
genetically modified CAR cells.

[00272] In some cases, AaPCs are incubated with a peptide of an optimal length that allows for
direct binding of the peptide to the MHC molecule without additional processing. Alternatively,
the cells can express an antigen of interest (i.e., in the case of MHC-independent antigen
recognition). Furthermore, in some cases, APCs can express an antibody that binds to either a
specific CAR polypeptide or to CAR polypeptides in general (e.g., a universal activating and
propagating cell (uUAPC). Such methods are disclosed in WO/2014/190273, which is
incorporated herein by reference. In addition to peptide-MHC molecules or antigens of interest,
the AaPC systems can also comprise at least one exogenous assisting molecule. Any suitable
number and combination of assisting molecules can be employed. The assisting molecule can be
selected from assisting molecules such as co-stimulatory molecules and adhesion molecules.
Exemplary co-stimulatory molecules include CD70 and B7.1 (B7.1 was previously known as B7
and also known as CD80), which among other things, bind to CD28 and/or CTLA-4 molecules
on the surface of T cells, thereby affecting, for example, T-cell expansion, Thl differentiation,
short-term T-cell survival, and cytokine secretion such as interleukin (IL)-2. Adhesion
molecules can include carbohydrate-binding glycoproteins such as selectins, transmembrane
binding glycoproteins such as integrins, calcium-dependent proteins such as cadherins, and
single-pass transmembrane immunoglobulin (Ig) superfamily proteins, such as intercellular
adhesion molecules (ICAMs), that promote, for example, cell-to-cell or cell-to-matrix contact.
Exemplary adhesion molecules include LFA-3 and ICAMs, such as ICAM-1. Techniques,
methods, and reagents useful for selection, cloning, preparation, and expression of exemplary
assisting molecules, including co-stimulatory molecules and adhesion molecules, are
exemplified in, e.g., U.S. Pat. Nos. 6,225,042, 6,355,479, and 6,362,001, incorporated herein by
reference.

[00273] Cells selected to become AaPCs, preferably have deficiencies in intracellular antigen-
processing, intracellular peptide trafficking, and/or intracellular MHC Class I or Class 11
molecule-peptide loading, or are poikilothermic (i.e., less sensitive to temperature challenge than
mammalian cell lines), or possess both deficiencies and poikilothermic properties. Preferably,
cells selected to become AaPCs also lack the ability to express at least one endogenous
counterpart (e.g., endogenous MHC Class I or Class I molecule and/or endogenous assisting

molecules as described above) to the exogenous MHC Class I or Class II molecule and assisting
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molecule components that are introduced into the cells. Furthermore, AaPCs preferably retain
the deficiencies and poikilothermic properties that were possessed by the cells prior to their
modification to generate the AaPCs. Exemplary AaPCs either constitute or are derived from a
transporter associated with antigen processing (TAP)-deficient cell line, such as an insect cell
line. An exemplary poikilothermic insect cells line is a Drosophila cell line, such as a Schneider
2 cell line (see, e.g., Schneider 1972 Illustrative methods for the preparation, growth, and culture
of Schneider 2 cells, are provided in U.S. Pat. Nos. 6,225,042, 6,355,479, and 6,362,001.
[00274] In one embodiment, AaPCs are also subjected to a freeze-thaw cycle. In an exemplary
freeze-thaw cycle, the AaPCs can be frozen by contacting a suitable receptacle containing the
AaPCs with an appropriate amount of liquid nitrogen, solid carbon dioxide (i.e., dry ice), or
similar low-temperature material, such that freezing occurs rapidly. The frozen APCs are then
thawed, either by removal of the AaPCs from the low-temperature material and exposure to
ambient room temperature conditions, or by a facilitated thawing process in which a lukewarm
water bath or warm hand is employed to facilitate a shorter thawing time. Additionally, AaPCs
can be frozen and stored for an extended period of time prior to thawing. Frozen AaPCs can also
be thawed and then lyophilized before further use. Preferably, preservatives that might
detrimentally impact the freeze-thaw procedures, such as dimethyl sulfoxide (DMSO),
polyethylene glycols (PEGs), and other preservatives, are absent from media containing AaPCs
that undergo the freeze-thaw cycle, or are essentially removed, such as by transfer of AaPCs to
media that is essentially devoid of such preservatives.

[00275] In further embodiments, xenogenic nucleic acid and nucleic acid endogenous to the
AaPCs, can be inactivated by crosslinking, so that essentially no cell growth, replication or
expression of nucleic acid occurs after the inactivation. In one embodiment, AaPCs are
inactivated at a point subsequent to the expression of exogenous MHC and assisting molecules,
presentation of such molecules on the surface of the AaPCs, and loading of presented MHC
molecules with selected peptide or peptides. Accordingly, such inactivated and selected peptide
loaded AaPCs, while rendered essentially incapable of proliferating or replicating, retain
selected peptide presentation function. Preferably, the crosslinking also yields AaPCs that are
essentially free of contaminating microorganisms, such as bacteria and viruses, without
substantially decreasing the antigen-presenting cell function of the AaPCs. Thus crosslinking
maintains the important AaPC functions of while helping to alleviate concerns about safety of a
cell therapy product developed using the AaPCs. For methods related to crosslinking and
AaPCs, see for example, U.S. Patent Application Publication No. 20090017000, which is

incorporated herein by reference.
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[00276] In certain embodiments there are further provided an engineered antigen presenting
cell (APC). Such cells can be used, for example, as described above, to propagate immune
effector cells ex vivo. In further aspects, engineered APCs can, themselves be administered to a
patient and thereby stimulate expansion of immune effector cells iz vivo. Engineered APCs of
the embodiments can, themselves, be used as a therapeutic agent. In other embodiments, the
engineered APCs can used as a therapeutic agent that can stimulate activation of endogenous
immune effector cells specific for a target antigen and/or to increase the activity or persistence
of adoptively transferred immune effector cells specific to a target antigen.

[00277] As used herein the term “engineered APC” refers to cell(s) that comprises at least a
first transgene, wherein the first transgene encodes a HLA. Such engineered APCs can further
comprise a second transgene for expression of an antigen, such that the antigen is presented at
the surface on the APC in complex with the HLA. In some aspects, the engineered APC can be
a cell type that presented antigens (e.g., a dendritic cell). In further aspects, engineered APC can
be produced from a cell type that does not normally present antigens, such a T-cell or T-cell
progenitor (referred to as “T-APC"). Thus, in some aspects, an engineered APC of the
embodiments comprises a first transgene encoding a target antigen and a second transgene
encoding a human leukocyte antigen (HLA), such that the HLA is expressed on the surface of
the engineered APC in complex with an epitope of the target antigen. In certain specific aspects,
the HLA expressed in the engineered APC is HLA-A2.

[00278] In some aspects, an engineered APC of the embodiments can further comprise at least
a third transgene encoding co-stimulatory molecule. The co-stimulatory molecule can be a co-
stimulatory cytokine that can be a membrane-bound Cy cytokine. In certain aspects, the co-
stimulatory cytokine is IL-15, such as membrane-bound IL-15. In some further aspects, an
engineered APC can comprise an edited (or deleted) gene. For example, an inhibitory gene,
such as PD-1, LIM-3, CTLA-4 or a TCR, can be edited to reduce or eliminate expression of the
gene. An engineered APC of the embodiments can further comprise a transgene encoding any

target antigen of interest.

Point-of-Care

[00279] In one embodiment of the present disclosure, the immune effector cells described
herein are modified at a point-of-care site. In some cases, modified immune effector cells are
also referred to as engineered T cells. In some cases, the point-of-care site is at a hospital or at a
facility (e.g., a medical facility) near a subject in need of treatment. The subject undergoes

apheresis and peripheral blood mononuclear cells (PBMCs) or a sub population of PBMC can be
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enriched for example, by elutriation or Ficoll separation. Enriched PBMC or a subpopulation of
PBMC can be cryopreserved in any appropriate cryopreservation solution prior to further
processing. In one instance, the elutriation process is performed using a buffer solution
containing human serum albumin. Immune effector cells, such as T cells can be isolated by
selection methods described herein. In one instance, the selection method for T cells includes
beads specific for CD3 or beads specific for CD4 and CD8 on T cells. In one case, the beads
can be paramagnetic beads. The harvested immune effector cells can be cryopreserved in any
appropriate cryopreservation solution prior to modification. The immune effector cells can be
thawed up to 24 hours, 36 hours, 48 hours. 72 hours or 96 hours ahead of infusion. The thawed
cells can be placed in cell culture buffer, for example in cell culture buffer (e.g. RPMI)
supplemented with fetal bovine serum (FBS) or human serum AB or placed in a buffer that
includes cytokines such as IL-2 and IL-21, prior to modification. In another aspect, the
harvested immune effector cells can be modified immediately without the need for
cryopreservation.

[00280] In some cases, the immune effector cells are modified by engineering/introducing a
chimeric receptor, one or more cell tag(s), and/or cytokine(s) into the immune effector cells and
then rapidly infused into a subject. In some cases, the sources of immune effector cells can
include both allogeneic and autologous sources. In one case, the immune eftector cells can be T
cells or NK cells. In one case, the chimeric receptor can be a MUC16 CAR. In another case,
the cytokine can be mbIL-15. In one case, the mbIL-15 is of SEQ ID NO: 69, or variant or
fragment thereof. In yet another case, expression of mbIL-15 is modulated by ligand inducible
gene-switch expression systems described herein. For example, a ligand such as veledimex can
be delivered to the subject to modulate the expression of mbIL-15. In another case, the cytokine
can be IL-12. In yet another case, expression of IL-12 is modulated by ligand inducible gene-
switch expression systems described herein. For example, a ligand such as veledimex can be
delivered to the subject to modulate the expression of IL-12.

[00281] In another aspect, veledimex is provided at 5 mg, 10 mg, 15 mg, 20 mg, 30 mg, 40 mg,
50 mg, 60 mg, 70 mg, 80 mg, 90 mg or 100 mg. In a further aspect, lower doses of veledimex
are provided, for example, 0.5 mg, 1 mg, 5 mg, 10 mg, 15 mg or 20 mg. In one embodiment,
veledimex 1s administered to the subject 0, 1, 2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, or 21 days prior to infusion of the modified immune effector cells. In a further
embodiment, veledimex is administered about once every 12 hours, about once every 24 hours,
about once every 36 hours or about once every48 hours, for an effective period of time to a
subject post infusion of the modified immune effector cells. In one embodiment, an effective

period of time for veledimex administration is about: 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
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19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 days. In other embodiments, veledimex can be re-
administered after a rest period, after a drug holiday or when the subject experiences a relapse.
[00282] In certain cases, where an adverse effect on a subject is observed or when treatment is
not needed, the cell tag can be activated, for example via cetuximab, for conditional in vivo
ablation of modified immune effector cells comprising cell tags such as truncated epidermal
growth factor receptor tags as described herein.
[00283] In some embodiments, such immune effectors cells are modified by the constructs as
described in FIGS. 1-2 through electroporation. In one instance, electroporation is performed
with electroporators such as Lonza’s Nucleofector™ electroporators. In other embodiments, the
vector comprising the above-mentioned constructs is a non-viral or viral vector. In one case, the
non-viral vector includes a Sleeping Beauty transposon-transposase system. In one instance, the
immune effector cells are electroporated using a specific sequence. For example, the immune
effector cells can be electroporated with one transposon followed by the DNA encoding the
transposase followed by a second transposon. In another instance, the immune effector cells can
be electroporated with all transposons and transposase at the same time. In another instance, the
immune effector cells can be electroporated with a transposase followed by both transposons or
one transposon at a time. While undergoing sequential electroporation, the immune effector
cells can be rested for a period of time prior to the next electroporation step.
[00284] In some cases, the modified immune effector cells do not undergo a propagation and
activation step. In some cases, the modified immune effector cells do not undergo an incubation
or culturing step (e.g. ex vivo propagation). In certain cases, the modified immune effector cells
are placed in a buffer that includes IL-2 and IL21 prior to infusion. In other instances, the
modified immune effector cells are placed or rested in cell culture buffer, for example in cell
culture buffer (e.g. RPMI) supplemented with fetal bovine serum (FBS) prior to infusion. Prior
to infusion, the modified immune effector cells can be harvested, washed and formulated in
saline buffer in preparation for infusion into the subject.
[00285] In one instance, the subject has been lymphodepleted prior to infusion. In other
instances, lymphodepletion is not required and the modified immune effector cells are rapidly
infused into the subject. Exemplary lymphodepletion regimens are listed in Tables 2 and 3

below:

Table 2. Regimen 1

D-6 Admit / TV Hydration

D-5 Fludarabine 25 mg/m2, Cyclophosphamide 250 mg/m2
D-4 Fludarabine 25 mg/m2, Cyclophosphamide 250 mg/m2
D-3 Fludarabine 25 mg/m2 IV, Cyclophosphamide 250 mg/m2
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D-2 REST
D-1 REST
DO T-cell infusion

Table 3. Regimen 2

D-6 Admit / TV Hydration

D-5 Fludarabine 30 mg/m2, Cyclophosphamide 500 mg/m2
D-4 Fludarabine 30 mg/m2, Cyclophosphamide 500 mg/m2
D-3 Fludarabine 30 mg/m2 IV, Cyclophosphamide 500 mg/m2
D-2 REST

D-1 REST

DO T-cell infusion

[00286] In a further instance, the subject undergoes minimal lymphodepletion. Minimal
lymphodepletion herein refers to a reduced lymphodepletion protocol such that the subject can
be infused within 1 day, 2 days or 3 days following the lymphodepletion regimen. In one
instance, a reduced lymphodepletion protocol can include lower doses of fludarabine and/or
cyclophosphamide. In another instance, a reduced lymphodepletion protocol can include a
shortened period of lymphodepletion, for example 1 day or 2 days.

[00287] In one embodiment, the immune effector cells are modified by engineering/introducing
a chimeric receptor and a cytokine into said immune effector cells and then rapidly infused into
a subject. In other cases, the immune effector cells are modified by engineering/introducing a
chimeric receptor and a cytokine into said cells and then infused within at least: 0, 0.5, 1, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 hours into a subject. In
other cases, immune effector cells are modified by engineering/introducing a chimeric receptor
and a cytokine into the immune effector cells and then infused in 0 days, <1 day, <2 days, <3
days, <4 days, <5 days, <6 days or <7 days into a subject.

[00288] In some embodiments, an amount of modified effector cells is administered to a subject
in need thereof and the amount is determined based on the efficacy and the potential of inducing
a cytokine-associated toxicity. In another embodiment, the modified effector cells are CAR”
and CD3" cells. In some cases, an amount of modified effector cells comprises about 10* to
about 10° modified effector cells/kg. In some cases, an amount of modified effector cells
comprises about 10* to about 10° modified effector cells/kg. In some cases, an amount of
modified effector cells comprises about 10” to about 10° modified effector cells/kg. In some
cases, an amount of modified effector cells comprises about 10° to about 10’ modified effector

cells/kg. In some cases, an amount of modified effector cells comprises >10* but < 10° modified
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effector cells/kg. In some cases, an amount of modified effector cells comprises >10° but < 10°
modified effector cells/kg. In some cases, an amount of modified effector cells comprises >10°
but < 10" modified effector cells/kg.

[00289] In one embodiment, the modified immune effector cells are targeted to the cancer via
regional delivery directly to the tumor tissue. For example, in ovarian cancer, the modified
immune effector cells can be delivered intraperitoneally (IP) to the abdomen or peritoneal
cavity. Such IP delivery can be performed via a port or pre-existing port placed for delivery of
chemotherapy drugs. Other methods of regional delivery of modified immune effector cells can
include catheter infusion into resection cavity, ultrasound guided intratumoral injection, hepatic
artery infusion or intrapleural delivery.

[00290] In one embodiment, a subject in need thereof, can begin therapy with a first dose of
modified immune effector cells delivered via IP followed by a second dose of modified immune
effector cells delivered via IV. In a further embodiment, the second dose of modified immune
effector cells can be followed by subsequent doses which can be delivered via IV or IP. In one
embodiment, the duration between the first and second or further subsequent dose can be about:
0,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30 days. In one embodiment, the duration between the first and second or further subsequent
dose can be about: 0, 1,2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25,26,27, 28,29, 30, 31, 32, 33, 34, 35, or 36 months. In another embodiment, the duration
between the first and second or further subsequent dose can be about: 0, 1,2,3,4,5,6,7,8,9
or 10 years.

[00291] In another embodiment, a catheter can be placed at the tumor or metastasis site for
further administration of 1, 2, 3, 4,5, 6, 7, 8, 9, 10 doses of modified immune effector cells. In
some cases, doses of modified effector cells can comprise about 10*to about 10° modified
effector cells/kg. In cases where toxicity is observed, doses of modified effector cells can
comprise about 10° to about 10° modified effector cells/kg. In some cases, doses of modified
effector cells can start at about 10> modified effector cells/kg and subsequent doses can be
increased to about: 10*, 10°, 10°, 107, 10% or 10° modified effector cells/kg.

[00292] In other embodiments, a method of stimulating the proliferation and/or survival of
engineered cells comprises obtaining a sample of cells from a subject, and transfecting cells of
the sample of cells with one or more polynucleotides that comprise one or more transposons. In
one embodiment, the transposons encode a chimeric antigen receptor (CAR), a cytokine, one or
more cell tags, and a transposase effective to integrate said one or more polynucleotides into the
genome of said cells, to provide a population of engineered cells. In an embodiment, the

transposons encode a chimeric antigen receptor (CAR), a cytokine, one or more cell tags, gene
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switch polypeptides for ligand-inducible control of the cytokine and a transposase effective to
integrate said one or more polynucleotides into the genome of said cells, to provide a population
of engineered cells. In an embodiment, the gene switch polypeptides comprise 1) a first gene
switch polypeptide that comprises a DNA binding domain fused to a first nuclear receptor ligand
binding domain, and ii) a second gene switch polypeptide that comprises a transactivation
domain fused to a second nuclear receptor ligand binding domain. In some embodiments, the
first gene switch polypeptide and the second gene switch polypeptide are connected by a linker.
In one instance, lymphodepletion is not required prior to administration of the engineered cells
to a subject.

[00293] In one instance, a method of in vivo propagation of engineered cells comprises
obtaining a sample of cells from a subject, and transfecting cells of the sample of cells with one
or more polynucleotides that comprise one or more transposons. In one embodiment, the
transposons encode a chimeric antigen receptor (CAR), a cytokine, one or more cell tags, and a
transposase effective to integrate said one or more polynucleotides into the genome of said cells,
to provide a population of engineered cells. In an embodiment, the transposons encode a
chimeric antigen receptor (CAR), a cytokine, one or more cell tags, gene switch polypeptides for
ligand-inducible control of the cytokine and a transposase effective to integrate said one or more
polynucleotides into the genome of said cells, to provide a population of engineered cells. In an
embodiment, the gene switch polypeptides comprise 1) a first gene switch polypeptide that
comprises a DNA binding domain fused to a first nuclear receptor ligand binding domain, and
i1) a second gene switch polypeptide that comprises a transactivation domain fused to a second
nuclear receptor ligand binding domain. In some embodiments, the first gene switch
polypeptide and the second gene switch polypeptide are connected by a linker. In one instance,
lymphodepletion is not required prior to administration of the engineered cells to a subject.
[00294] In another embodiment, a method of enhancing in vivo persistence of engineered cells
in a subject in need thereof comprises obtaining a sample of cells from a subject, and
transfecting cells of the sample of cells with one or more polynucleotides that comprise one or
more transposons. In some cases, one or more transposons encode a chimeric antigen receptor
(CAR), a cytokine, one or more cell tags, and a transposase effective to integrate the DNA into
the genome of said cells, to provide a population of engineered cells. In some cases, one or
more transposons encode a chimeric antigen receptor (CAR), a cytokine, one or more cell tags,
gene switch polypeptides for ligand-inducible control of the cytokine and a transposase effective
to integrate the DNA into the genome of said cells, to provide a population of engineered cells.
In some cases, the gene switch polypeptides comprise 1) a first gene switch polypeptide that

comprises a DNA binding domain fused to a first nuclear receptor ligand binding domain, and
81



CA 03101641 2020-11-25

WO 2019/236577 PCT/US2019/035384

i1) a second gene switch polypeptide that comprises a transactivation domain fused to a second
nuclear receptor ligand binding domain, wherein the first gene switch polypeptide and the
second gene switch polypeptide are connected by a linker. In one instance, lymphodepletion is
not required prior to administration of the engineered cells to a subject.

[00295] In another embodiment, a method of treating a subject with a solid tumor comprises
obtaining a sample of cells from a subject, transfecting cells of the sample with one or more
polynucleotides that comprise one or more transposons, and administering the population of
engineered cells to the subject. In one instance, lymphodepletion is not required prior to
administration of the engineered cells to a subject. In some cases, the one or more transposons
encode a chimeric antigen receptor (CAR), a cytokine, one or more cell tags, and a transposase
effective to integrate the DNA into the genome of the cells. In some cases, the one or more
transposons encode a chimeric antigen receptor (CAR), a cytokine, one or more cell tags, gene
switch polypeptides for ligand-inducible control of the cytokine and a transposase effective to
integrate the DNA into the genome of the cells. In some cases, the gene switch polypeptides
comprise: 1) a first gene switch polypeptide that comprises a DNA binding domain fused to a
first nuclear receptor ligand binding domain, and ii) a second gene switch polypeptide that
comprises a transactivation domain fused to a second nuclear receptor ligand binding domain,
wherein the first gene switch polypeptide and second gene switch polypeptide are connected by
a linker. In some cases, the cells are transfected via electroporation. In some cases, the
polynucleotides encoding the gene switch polypeptides are modulated by a promoter. In some
cases, the promoter is a tissue-specific promoter or an EF1A promoter or functional variant
thereof. In some cases, the tissue-specific promoter comprises a T cell specific response
element or an NFAT response element. In some cases, the cytokine comprises at least one of
IL-1, IL-2, IL-15, IL-12, IL-21, a fusion of IL-15, IL-15R or an IL-15 variant. In some cases, the
cytokine is in secreted form. In some cases, the cytokine is in membrane-bound form. In some
cases, the cells are NK cells, NKT cells, T-cells or T-cell progenitor cells. In some cases, the
cells are administered to a subject (e.g. by infusing the subject with the engineered cells). In
some cases, the method further comprises administering an effective amount of a ligand (e.g.
veledimex) to induce expression of the cytokine. In some cases, the CAR is capable of binding
at least MUC-16. In some cases, the transposase is salmonid-type Tc1-like transposase. In some
cases, the transposase is SB11 or SB100x transposase. In other cases, the transposase is
PiggyBac. In some cases, the cell tag comprises at least one of a HER1 truncated variant or a

CD20 truncated variant.
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[00296] In embodiments described herein, is an immune effector cell (e.g., T cell) transduced
with Sleeping Beauty transposon(s) and Sleeping Beauty transposase. For example, the Sleeping
Beauty transposon or transposons can include a CAR that combines an antigen recognition
domain of MUC16 with a stalk domain of CD8 alpha hinge and variants thereof, an intracellular
domain of CD3-zeta, CD28, 4-1BB, or any combinations thereof and the intracellular domain
CD3zeta, one or more cell tags, one or more cytokines and optionally, components of the gene
switch system as described herein. Therefore, in some instances, the transduced T cell can elicit
a CAR-mediated T-cell response.

[00297] In embodiments described herein, is provided the use of a CAR to redirect the
specificity of a primary T cell to a MUC16 surface antigen. Thus, the present invention also
provides a method for stimulating a T cell-mediated immune response to a target cell population
or tissue in a mammal comprising the step of administering to the mammal a T cell that
expresses a CAR, wherein the CAR comprises a binding moiety that specifically interacts with
MUCI6, a stalk domain, a zeta chain portion comprising for example the intracellular domain of
human CD3zeta, and a costimulatory signaling region.

[00298] In one embodiment, the present disclosure includes a cellular therapy where T cells are
genetically modified to express the MUC16-specific CARs of the invention and the CAR T cell
is infused to a recipient in need thereof. The infused cell is able to kill cells overexpressing
MUCI16 in the recipient. Unlike antibody therapies, CAR T cells as described herein are able to
replicate in vivo resulting in long-term persistence that can lead to sustained effect on tumor
cells.

[00299] The invention additionally provides a method for detecting a disease that comprises
overexpression of MUC16 in a subject, comprising a) providing 1) a sample from a subject, and
i) any one or more of the antibodies, or antigen-binding fragments thereof, that are described
herein, b) contacting the sample with the antibody under conditions for specific binding of the
antibody with its antigen, and ¢) detecting an increased level of binding of the antibody to the
sample compared to a control sample lacking the disease, thereby detecting the disease in the
subject. In one embodiment, the disease is cancer. In a preferred embodiment, the cancer is
selected from the group of ovarian cancer and breast cancer. While not intending to limit the
method of detection, in one embodiment, detecting binding of the antibody to the sample is
immunohistochemical, enzyme-linked immunosorbent assay (ELISA), fluorescence-activated
cell sorting (FACS), Western blot, immunoprecipitation, and/or radiographic imaging.

[00300] Also provided herein is a method for treating a disease that comprises overexpression
of MUC16, comprising administering to a subject having the disease a therapeutically effective

amount of any one or more of the antibodies, or antigen-binding fragments thereof, that are
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described herein. In one embodiment, the disease is cancer, as exemplified by ovarian cancer
and breast cancer.

[00301] In one embodiment, the MUC16 CAR T cells described herein can undergo robust in
vivo T cell expansion and can persist for an extended amount of time. In another embodiment,
the CAR T cells described herein can evolve into specific memory T cells that can be
reactivated.

[00302] The CAR-modified T cells described herein can also serve as a type of vaccine for ex
vivo immunization and/or in vivo therapy in a mammal. In embodiments, the mammal is a
human. With respect to ex vivo immunization, at least one of the following occurs in vitro prior
to administering the immune effector cell into a mammal: 1) expansion of the cells, i1)
introducing a nucleic acid encoding a CAR to the cells, and/or iii) cryopreservation of the cells.
[00303] FXx vivo procedures are well known and are discussed more fully below. Briefly, cells
are isolated from a mammal (for example, a human) and genetically modified (i.e., transduced or
transfected in vifro) with a vector expressing a CAR disclosed herein. The CAR-modified cell
can be administered to a mammalian recipient to provide a therapeutic benefit. The mammalian
recipient can be a human and the CAR-modified cell can be autologous with respect to the
recipient. Alternatively, the cells can be allogeneic, syngeneic or xenogeneic with respect to the
recipient.

[00304] The procedure for ex vivo expansion of hematopoietic stem and progenitor cells is
described in U.S. Pat. No. 5,199,942, incorporated herein by reference, can be applied to the
cells of the present invention. Other suitable methods are known in the art, therefore the present
invention is not limited to any particular method of ex vivo expansion of the cells. Briefly, ex
vivo culture and expansion of T cells comprises: (1) collecting CD34+ hematopoietic stem and
progenitor cells from a mammal from peripheral blood harvest or bone marrow explants; and (2)
expanding such cells ex vivo. In addition to the cellular growth factors described in U.S. Pat. No.
5,199,942, other factors such as flt3-L, IL-1, IL-3 and c-kit ligand, can be used for culturing and
expansion of the cells.

[00305] In addition to using a cell-based vaccine in terms of ex vivo immunization, the present
invention also provides compositions and methods for in vivo immunization to elicit an immune
response directed against an antigen in a patient.

[00306] Generally, the cells activated and expanded as described herein can be utilized in the
treatment and prevention of diseases that arise in individuals who are immunocompromised. In
particular, the CAR-modified T cells of the invention are used in the treatment of MUC16
malignancies, such as for example, MUCI16. In certain embodiments, the cells of the invention

are used in the treatment of patients at risk for developing MUC16. Thus, the methods for the
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treatment or prevention of MUC16 comprising administering to a subject in need thereof, a
therapeutically effective amount of the CAR-modified T cells of the invention. In embodiments,
the cells activated and expanded as described herein can be utilized in the treatment of MUCI16.
[00307] Briefly, pharmaceutical compositions described herein can comprise a target cell
population as described herein, in combination with one or more pharmaceutically or
physiologically acceptable carriers, diluents or excipients. Such compositions can comprise
buffers such as neutral buffered saline, phosphate buffered saline and the like; carbohydrates
such as glucose, mannose, sucrose or dextrans, mannitol; proteins; polypeptides or amino acids
such as glycine; antioxidants; chelating agents such as EDTA or glutathione; adjuvants (e.g.,
aluminum hydroxide); and preservatives. In embodiments, compositions of the present invention
are formulated for intravenous administration.

[00308] Pharmaceutical compositions described herein can be administered in a manner
appropriate to the disease to be treated (or prevented). The quantity and frequency of
administration will be determined by such factors as the condition of the patient, and the type
and severity of the patient's disease, although appropriate dosages can be determined by clinical
trials.

[00309] When “an immunologically effective amount”, or “therapeutic amount” is indicated,
the precise amount of the compositions described herein to be administered can be determined
by a physician with consideration of individual differences in age, weight, and condition of the
patient (subject). It can generally be stated that a pharmaceutical composition comprising the T
cells described herein can be administered at a dosage of 10* to 10” cells/kg body weight, 10° to
10° cells/kg body weight, including all integer values within those ranges. T cell compositions
can also be administered multiple times at these dosages. The cells can be administered by
using infusion techniques that are commonly known in immunotherapy (see, e.g., Rosenberg et
al., New Eng. J. of Med. 319:1676, (1988)). The optimal dosage and treatment regime for a
particular patient can readily be determined by one skilled in the art of medicine by monitoring
the patient for signs of disease and adjusting the treatment accordingly.

[00310] In certain embodiments, it can be desired to administer activated T cells to a subject
and then subsequently redraw blood (or have an apheresis performed), activate T cells
therefrom, and reinfuse the patient with these activated and expanded T cells. This process can
be carried out multiple times every few weeks. In certain embodiments, T cells can be activated
from blood draws of from 10 cc to 400 cc. In certain embodiments, T cells are activated from
blood draws of 20 cc, 30 cc, 40 cc, 50 cc, 60 cc, 70 cc, 80 cc, 90 cc, or 100 cc. Not to be bound
by theory, using this multiple blood draw/multiple reinfusion protocol can serve to select out

certain populations of T cells. In another embodiment, it can be desired to administer activated
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T cells of the subject composition following lymphodepletion of the patient, either via radiation
or chemotherapy.

[00311] The administration of compositions described herein can be carried out in any
convenient manner, including by aerosol inhalation, injection, ingestion, transfusion,
implantation or transplantation. The compositions described herein can be administered to a
patient subcutaneously, intradermally, intratumorally, intranodally, intramedullary,
intramuscularly, by intravenous (i.v.) injection, or intraperitoneally. In one embodiment, the T
cell compositions of the present invention are administered to a patient by intradermal or
subcutaneous injection. In another embodiment, the MUC16 CAR-T cell compositions of the
present invention are administered by i.v. injection. The compositions of T cells can be injected
directly into a lymph node, or site of primary tumor or metastasis.

[00312] The dosage of the above treatments to be administered to a patient will vary with the
precise nature of the condition being treated and the recipient of the treatment. The scaling of
dosages for human administration can be performed according to art-accepted practices. For
example, the dose of the above treatment can be in the range of 1x10* CAR+ cells/kg to 5x10°
CAR+ cells/kg. Exemplary doses can be 1x10* CAR+ cells/kg, 1x10° CAR+ cells/kg, 1x10*
CAR+ cells/kg, 1x10° CAR+ cells/kg, 3x10° CAR+ cells/kg, 1x10° CAR+ cells/kg,5x10°
CAR+ cells/kg, 1x10” CAR+ cells/kg, 1x10° CAR+ cells/kg or 1x10° CAR+ cells/kg. The
appropriate dose can be adjusted accordingly for an adult or a pediatric patient.

[00313] Alternatively, a typical amount of immune effector cells administered to a mammal
(e.g., a human) can be, for example, in the range of one hundred, one thousand, ten thousand,
one million to 100 billion cells; however, amounts below or above this exemplary range are
within the scope of the invention. For example, the dose of inventive host cells can be about 1
million to about 50 billion cells (e.g., about 5 million cells, about 25 million cells, about 500
million cells, about 1 billion cells, about 5 billion cells, about 20 billion cells, about 30 billion
cells, about 40 billion cells, or a range defined by any two of the foregoing values), about 10
million to about 100 billion cells (e.g., about 20 million cells, about 30 million cells, about 40
million cells, about 60 million cells, about 70 million cells, about 80 million cells, about 90
million cells, about 10 billion cells, about 25 billion cells, about 50 billion cells, about 75 billion
cells, about 90 billion cells, or a range defined by any two of the foregoing values), about 100
million cells to about 50 billion cells (e.g., about 120 million cells, about 250 million cells, about
350 million cells, about 450 million cells, about 650 million cells, about 800 million cells, about
900 million cells, about 3 billion cells, about 30 billion cells, about 45 billion cells, or a range

defined by any two of the foregoing values).

86



CA 03101641 2020-11-25

WO 2019/236577 PCT/US2019/035384

[00314] Therapeutic or prophylactic efficacy can be monitored by periodic assessment of
treated patients. For repeated administrations over several days or longer, depending on the
condition, the treatment is repeated until a desired suppression of disease symptoms occurs.
However, other dosage regimens can be useful and are within the scope of the invention. The
desired dosage can be delivered by a single bolus administration of the composition, by multiple
bolus administrations of the composition, or by continuous infusion administration of the
composition.

[00315] The composition comprising the immune effector cells expressing the disclosed nucleic
acid sequences, or a vector comprising the those nucleic acid sequences, can be administered
with one or more additional therapeutic agents, which can be co-administered to the mammal.
By “co-administering” is meant administering one or more additional therapeutic agents and the
composition comprising the inventive host cells or the inventive vector sufficiently close in time
to enhance the effect of one or more additional therapeutic agents, or vice versa. In this regard,
the composition comprising the immune effector cells described herein or a vector described
herein can be administered simultaneously with one or more additional therapeutic agents, or
first, and the one or more additional therapeutic agents can be administered second, or vice
versa. Alternatively, the composition comprising the disclosed immune effector cells or the
vectors described herein and the one or more additional therapeutic agents can be administered
simultaneously.

[00316] An example of a therapeutic agents that can be included in or co-administered with the
composition (or included in kits) comprising the inventive host cells and/or the inventive vectors
are interleukins, cytokines, interferons, adjuvants and chemotherapeutic agents. In
embodiments, the additional therapeutic agents are IFN-alpha, IFN-beta, [FN-gamma, GM-CSF,
G-CSF, M-CSF, LT-beta, TNF-alpha, growth factors, and hGH, a ligand of human Toll-like
receptor TLR1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLRS, TLR9, and TLR10.

[00317] “Antifoaming agents” reduce foaming during processing which can result in
coagulation of aqueous dispersions, bubbles in the finished film, or generally impair processing.
Exemplary anti-foaming agents include silicon emulsions or sorbitan sesquoleate.

[00318] “Antioxidants” include, for example, butylated hydroxytoluene (BHT), sodium
ascorbate, ascorbic acid, sodium metabisulfite and tocopherol. In certain embodiments,
antioxidants enhance chemical stability where required.

[00319] Formulations described herein can benefit from antioxidants, metal chelating agents,
thiol containing compounds and other general stabilizing agents. Examples of such stabilizing
agents, include, but are not limited to: (a) about 0.5% to about 2% w/v glycerol, (b) about 0.1%

to about 1% w/v methionine, (c) about 0.1% to about 2% w/v monothioglycerol, (d) about 1 mM
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to about 10 mM EDTA, (e) about 0.01% to about 2% w/v ascorbic acid, (f) 0.003% to about

0.02% w/v polysorbate 80, (g) 0.001% to about 0.05% w/v. polysorbate 20, (h) arginine, (i)
heparin, (j) dextran sulfate, (k) cyclodextrins, (1) pentosan polysulfate and other heparinoids, (m)
divalent cations such as magnesium and zinc; or (n) combinations thereof.

[00320] “Binders” impart cohesive qualities and include, e.g., alginic acid and salts thereof;
cellulose derivatives such as carboxymethylcellulose, methylcellulose (e.g., Methocel®),
hydroxypropylmethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose (e.g., Klucel®),
ethylcellulose (e.g., Ethocel®), and microcrystalline cellulose (e.g., Avicel®); microcrystalline
dextrose; amylose; magnesium aluminum silicate; polysaccharide acids; bentonites; gelatin;
polyvinylpyrrolidone/vinyl acetate copolymer; crospovidone; povidone; starch; pregelatinized
starch; tragacanth, dextrin, a sugar, such as sucrose (e.g., Dipac®), glucose, dextrose, molasses,
mannitol, sorbitol, xylitol (e.g., Xylitab®), and lactose; a natural or synthetic gum such as
acacia, tragacanth, ghatti gum, mucilage of isapol husks, polyvinylpyrrolidone (e.g.,
Polyvidone® CL, Kollidon® CL, Polyplasdone® XL-10), larch arabogalactan, Veegum®,
polyethylene glycol, waxes, sodium alginate, and the like.

[00321] A “carrier” or “carrier materials” include any commonly used excipients in
pharmaceutics and should be selected on the basis of compatibility with compounds disclosed
herein, such as, compounds of ibrutinib and An anticancer agent, and the release profile
properties of the desired dosage form. Exemplary carrier materials include, e.g., binders,
suspending agents, disintegration agents, filling agents, surfactants, solubilizers, stabilizers,
lubricants, wetting agents, diluents, and the like. “Pharmaceutically compatible carrier
materials” can include, but are not limited to, acacia, gelatin, colloidal silicon dioxide, calcium
glycerophosphate, calcium lactate, maltodextrin, glycerine, magnesium silicate,
polyvinylpyrrollidone (PVP), cholesterol, cholesterol esters, sodium caseinate, soy lecithin,
taurocholic acid, phosphotidylcholine, sodium chloride, tricalcium phosphate, dipotassium
phosphate, cellulose and cellulose conjugates, sugars sodium stearoyl lactylate, carrageenan,
monoglyceride, diglyceride, pregelatinized starch, and the like. See, e.g., Remington: The
Science and Practice of Pharmacy, Nineteenth Ed (Easton, Pa.: Mack Publishing Company,
1995); Hoover, John E., Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton,
Pennsylvania 1975; Liberman, H A. and Lachman, L., Eds., Pharmaceutical Dosage Forms,
Marcel Decker, New York, N.Y ., 1980; and Pharmaceutical Dosage Forms and Drug Delivery
Systems, Seventh Ed. (Lippincott Williams & Wilkins1999).

[00322] “Dispersing agents,” and/or “viscosity modulating agents” include materials that
control the diffusion and homogeneity of a drug through liquid media or a granulation method or

blend method. In some embodiments, these agents also facilitate the effectiveness of a coating or
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eroding matrix. Exemplary diffusion facilitators/dispersing agents include, e.g., hydrophilic
polymers, electrolytes, Tween ® 60 or 80, PEG, polyvinylpyrrolidone (PVP; commercially
known as Plasdone®), and the carbohydrate-based dispersing agents such as, for example,
hydroxypropyl celluloses (e.g., HPC, HPC-SL, and HPC-L), hydroxypropyl methylcelluloses
(e.g., HPMC K100, HPMC K4M, HPMC K15M, and HPMC K100M), carboxymethylcellulose
sodium, methylcellulose, hydroxyethylcellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose phthalate, hydroxypropylmethylcellulose acetate stearate
(HPMCAS), noncrystalline cellulose, magnesium aluminum silicate, triethanolamine, polyvinyl
alcohol (PVA), vinyl pyrrolidone/vinyl acetate copolymer (S630), 4-(1,1,3,3-tetramethylbutyl )-
phenol polymer with ethylene oxide and formaldehyde (also known as tyloxapol), poloxamers
(e.g., Pluronics F68®, F88®, and F108®, which are block copolymers of ethylene oxide and
propylene oxide); and poloxamines (e.g., Tetronic 908®, also known as Poloxamine 908®,
which is a tetrafunctional block copolymer derived from sequential addition of propylene oxide
and ethylene oxide to ethylenediamine (BASF Corporation, Parsippany, N.J.)),
polyvinylpyrrolidone K12, polyvinylpyrrolidone K17, polyvinylpyrrolidone K25, or
polyvinylpyrrolidone K30, polyvinylpyrrolidone/vinyl acetate copolymer (S-630), polyethylene
glycol, e.g., the polyethylene glycol can have a molecular weight of about 300 to about 6000, or
about 3350 to about 4000, or about 7000 to about 5400, sodium carboxymethylcellulose,
methylcellulose, polysorbate-80, sodium alginate, gums, such as, e.g., gum tragacanth and gum
acacia, guar gum, xanthans, including xanthan gum, sugars, cellulosics, such as, e.g., sodium
carboxymethylcellulose, methylcellulose, sodium carboxymethylcellulose, polysorbate-80,
sodium alginate, polyethoxylated sorbitan monolaurate, polyethoxylated sorbitan monolaurate,
povidone, carbomers, polyvinyl alcohol (PVA), alginates, chitosans and combinations thereof.
Plasticizers such as cellulose or triethyl cellulose can also be used as dispersing agents.
Dispersing agents particularly useful in liposomal dispersions and self-emulsifying dispersions
are dimyristoyl phosphatidyl choline, natural phosphatidyl choline from eggs, natural
phosphatidyl glycerol from eggs, cholesterol and isopropyl myristate.

[00323] Combinations of one or more erosion facilitator with one or more diffusion facilitator
can also be used in the present compositions.

[00324] The term “diluent” refers to chemical compounds that are used to dilute the compound
of interest prior to delivery. Diluents can also be used to stabilize compounds because they can
provide a more stable environment. Salts dissolved in buffered solutions (which also can provide
pH control or maintenance) are utilized as diluents in the art, including, but not limited to a
phosphate buffered saline solution. In certain embodiments, diluents increase bulk of the

composition to facilitate compression or create sufficient bulk for homogenous blend for capsule
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filling. Such compounds include e.g., lactose, starch, mannitol, sorbitol, dextrose,
microcrystalline cellulose such as Avicel®; dibasic calcium phosphate, dicalcium phosphate
dihydrate; tricalcium phosphate, calcium phosphate; anhydrous lactose, spray-dried lactose;
pregelatinized starch, compressible sugar, such as Di-Pac® (Amstar); mannitol,
hydroxypropylmethylcellulose, hydroxypropylmethylcellulose acetate stearate, sucrose-based
diluents, confectioner’s sugar; monobasic calcium sulfate monohydrate, calcium sulfate
dihydrate; calcium lactate trihydrate, dextrates; hydrolyzed cereal solids, amylose; powdered
cellulose, calcium carbonate; glycine, kaolin, mannitol, sodium chloride; inositol, bentonite, and
the like.

[00325] “Filling agents” include compounds such as lactose, calcium carbonate, calcium
phosphate, dibasic calcium phosphate, calcium sulfate, microcrystalline cellulose, cellulose
powder, dextrose, dextrates, dextran, starches, pregelatinized starch, sucrose, xylitol, lactitol,
mannitol, sorbitol, sodium chloride, polyethylene glycol, and the like.

[00326] “Lubricants” and “glidants” are compounds that prevent, reduce or inhibit adhesion or
friction of materials. Exemplary lubricants include, e.g., stearic acid, calcium hydroxide, talc,
sodium stearyl fumerate, a hydrocarbon such as mineral oil, or hydrogenated vegetable oil such
as hydrogenated soybean oil (Sterotex®), higher fatty acids and their alkali-metal and alkaline
earth metal salts, such as aluminum, calcium, magnesium, zinc, stearic acid, sodium stearates,
glycerol, talc, waxes, Stearowet®, boric acid, sodium benzoate, sodium acetate, sodium
chloride, leucine, a polyethylene glycol (e.g., PEG-4000) or a methoxypolyethylene glycol such
as Carbowax™, sodium oleate, sodium benzoate, glyceryl behenate, polyethylene glycol,
magnesium or sodium lauryl sulfate, colloidal silica such as Syloid™, Cab-O-Sil®, a starch such
as corn starch, silicone oil, a surfactant, and the like.

[00327] “Plasticizers” are compounds used to soften the microencapsulation material or film
coatings to make them less brittle. Suitable plasticizers include, e.g., polyethylene glycols such
as PEG 300, PEG 400, PEG 600, PEG 1450, PEG 3350, and PEG 800, stearic acid, propylene
glycol, oleic acid, triethyl cellulose and triacetin. In some embodiments, plasticizers can also
function as dispersing agents or wetting agents.

[00328] “Solubilizers” include compounds such as triacetin, triethylcitrate, ethyl oleate, ethyl
caprylate, sodium lauryl sulfate, sodium doccusate, vitamin E TPGS, dimethylacetamide, N-
methylpyrrolidone, N-hydroxyethylpyrrolidone, polyvinylpyrrolidone, hydroxypropylmethyl
cellulose, hydroxypropyl cyclodextrins, ethanol, n-butanol, isopropyl alcohol, cholesterol, bile
salts, polyethylene glycol 200-600, glycofurol, transcutol, propylene glycol, and dimethyl

isosorbide and the like.
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[00329] “Stabilizers” include compounds such as any antioxidation agents, buffers, acids,
preservatives and the like.

[00330] “Suspending agents” include compounds such as polyvinylpyrrolidone, e.g.,
polyvinylpyrrolidone K12, polyvinylpyrrolidone K17, polyvinylpyrrolidone K25, or
polyvinylpyrrolidone K30, vinyl pyrrolidone/vinyl acetate copolymer (S630), polyethylene
glycol, e.g., the polyethylene glycol can have a molecular weight of about 300 to about 6000, or
about 3350 to about 4000, or about 7000 to about 5400, sodium carboxymethylcellulose,
methylcellulose, hydroxypropylmethylcellulose, hydroxymethylcellulose acetate stearate,
polysorbate-80, hydroxyethylcellulose, sodium alginate, gums, such as, e.g., gum tragacanth and
gum acacia, guar gum, xanthans, including xanthan gum, sugars, cellulosics, such as, e.g.,
sodium carboxymethylcellulose, methylcellulose, sodium carboxymethylcellulose,
hydroxypropylmethylcellulose, hydroxyethylcellulose, polysorbate-80, sodium alginate,
polyethoxylated sorbitan monolaurate, polyethoxylated sorbitan monolaurate, povidone and the
like.

[00331] “Surfactants” include compounds such as sodium lauryl sulfate, sodium docusate,
Tween 60 or 80, triacetin, vitamin E TPGS, sorbitan monooleate, polyoxyethylene sorbitan
monooleate, polysorbates, polaxomers, bile salts, glyceryl monostearate, copolymers of ethylene
oxide and propylene oxide, e.g., Pluronic® (BASF), and the like. Some other surfactants include
polyoxyethylene fatty acid glycerides and vegetable oils, e.g., polyoxyethylene (60)
hydrogenated castor oil; and polyoxyethylene alkylethers and alkylphenyl ethers, e.g., octoxynol
10, octoxynol 40. In some embodiments, surfactants can be included to enhance physical
stability or for other purposes.

[00332] “Viscosity enhancing agents” include, e.g., methyl cellulose, xanthan gum,
carboxymethyl cellulose, hydroxypropyl cellulose, hydroxypropylmethyl cellulose,
hydroxypropylmethyl cellulose acetate stearate, hydroxypropylmethyl cellulose phthalate,
carbomer, polyvinyl alcohol, alginates, acacia, chitosans and combinations thereof.

[00333] “Wetting agents” include compounds such as oleic acid, glyceryl monostearate,
sorbitan monooleate, sorbitan monolaurate, triethanolamine oleate, polyoxyethylene sorbitan
monooleate, polyoxyethylene sorbitan monolaurate, sodium docusate, sodium oleate, sodium
lauryl sulfate, sodium doccusate, triacetin, Tween 80, vitamin E TPGS, ammonium salts and the

like.

KITS AND COMPOSITIONS
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[00334] One aspect of the disclosure relates to kits and compositions including a first vector
including coding regions that encode the MUC16-specific CARs of the invention and optionally
genes included for safety reasons, e.g., HER1t or HER1t-1 and functional variants thereof, or
CD20 or CD20t-1, and functional variants thereof. The kits and compositions can further
include cytokines. In another aspect, the kits and compositions can include RHEOSWITCH®
gene switch components. These kits and compositions can include multiple vectors each
encoding different proteins or subsets of proteins. These vectors can be viral, non-viral,
episomal, or integrating. In some embodiments, the vectors are transposons, e.g., Sleeping
Beauty transposons.

[00335] In some embodiments, the kits and compositions include not only vectors but also cells
and agents such as interleukins, cytokines, interleukins and chemotherapeutics, adjuvants,
wetting agents, or emulsifying agents. In one embodiment the cells are T cells. In one
embodiment the kits and composition includes IL-2. In one embodiment, the kits and
compositions include IL-21. In one embodiment, the kits and compositions include Bcl-2,
STAT3 or STATS inhibitors. In embodiments, the kit includes IL-15, or mbIL-15.

[00336] Disclosed herein, in certain embodiments, are kits and articles of manufacture for use
with one or more methods described herein. Such kits include a carrier, package, or container
that is compartmentalized to receive one or more containers such as vials, tubes, and the like,
each of the container(s) comprising one of the separate elements to be used in a method
described herein. Suitable containers include, for example, bottles, vials, syringes, and test tubes.
In one embodiment, the containers are formed from a variety of materials such as glass or
plastic.

[00337] The articles of manufacture provided herein contain packaging materials. Examples of
pharmaceutical packaging materials include, but are not limited to, blister packs, bottles, tubes,
bags, containers, bottles, and any packaging material suitable for a selected formulation and
intended mode of administration and treatment.

[00338] For example, the container(s) include CAR-T cells (e.g., MUC16-specific CAR-T cells
described herein), and optionally in addition with cytokines and/or chemotherapeutic agents
disclosed herein. Such kits optionally include an identifying description or label or instructions
relating to its use in the methods described herein.

[00339] A kit typically includes labels listing contents and/or instructions for use, and package
inserts with instructions for use. A set of instructions will also typically be included.

[00340] In some embodiments, a label is on or associated with the container. In one
embodiment, a label is on a container when letters, numbers or other characters forming the

label are attached, molded or etched into the container itself; a label is associated with a
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container when it is present within a receptacle or carrier that also holds the container, e.g., as a
package insert. In one embodiment, a label is used to indicate that the contents are to be used for
a specific therapeutic application. The label also indicates directions for use of the contents, such

as in the methods described herein.

EXAMPLES

[00341] These examples are provided for illustrative purposes only and not to limit the scope of

the claims provided herein.

Example 1. Nucleofection of T cells with Sleeping Beauty System

[00342] To generate the genetically modified T cells, cryopreserved pan T cells were thawed,
washed and resuspended with pre-warmed Phenol Red free RPMI 1640 media supplemented
with FBS and Glutamax (R20 media) and placed in in a humidified incubator at 37°C with 5%
CO2. Cells were counted and centrifuged and resuspended in nucleofection buffer. To generate
CAR- T cells, a total of 15 ug of the transposon plasmid(s) comprising CAR constructs were
combined with 5 pg of plasmid encoding SB transposase for each nucleofection cuvette
containing a specified number of T cells (typically ranging from 5-40 x 10° per cuvette)
reaction. Electroporation of the T cells was achieved using the Amaxa 2b Nucleofection device
or 4D Nucleofector (Lonza, Walkersville, MD). Following electroporation, the contents from
each cuvette were transferred to pre-warmed R20 media and placed in incubator at 37°C. A
sample of each T cell culture was taken for flow cytometric analysis to characterize CAR,
HER1t and mbIL-15 expression where applicable at specified time point. For certain
experiments, CAR™ T cells were numerically expanded ex vivo for further characterization. For
ex vivo numerical expansion of the generated CAR" T cells, the T cells were further co-cultured
with activating and propagating cells (AaPCs). Briefly, irradiated AaPCs derived from K562 cell
line engineered to express CD86, 41BBL, mbIL15 along with truncated MUC16 (MUCI16t)
antigen were co-cultured with CAR'T cells in complete media with IL-21and IL-2 for
subsequent weekly AaPC additions.

[00343] Flow cytometric analysis for CAR, HER1t1 and mbIL 15 expression was performed at
Day 1 after electroporation and prior to each AaPC stimulation using HiL.yte™ Fluor 647-
conjugated recombinant MUC16t-Fc¢ fusion protein or Protein-L labelled with AF647 ,
Phycoerythrin (PE)-conjugated Cetuximab and Fluorescein isothiocyanate (FITC) conjugated
anti-IL-15 and anti-IL-15RA antibodies respectively.
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Example 2. Generation of MUC16 CAR-T Cells
[00344] CAR-T cells expressing MUC16-2 CAR were generated by electroporation of SB
system plasmids as described in Example 1. MUC16-2 CAR-HERIt1 T cells were generated by
electroporation of a SB transposon plasmid encoding MUC16-2 CAR and HER1t1 and SB11
transposase plasmid in to human T cells. MUC16-2 CAR-mbIL15-HER1t1 T cells were
generated by electroporation of (1) a SB transposon plasmid encoding MUC16-2 CAR
mbIL15 and HER1t1, and (2) a SB11 transposase plasmid in to human T cells. Expression of
CAR, mbIL15 and HER1t1 was quantified using multi parameter flow cytometry at Day 1 post
nucleofection.
[00345] Table 4 shows transfection efficiency as measured by % of cells expressing
transgenes in different donor T cells after nucleofection of SB system plasmids using
transposons expressing MUC16-2 CAR and HER1t1 genes (MUC16-2 CAR-HER1t1 T cells) or
MUC16-2 CAR, mbIL15 and HER1t1 (MUC16-2 CAR-mbIL15-HERI1t1 T cells) at Day 1 post

nucleofection. Cells were gated on live CD3+ population.

Table 4. Transfection efficiency as measured by CAR expression.

Donor ID #
Sample # D327320 | D326782 | D128090 | D326636 | D246366 | BO01000226
MUC16-2 CAR-
HER 111 334 38.6 20 333 314 479
MUC16-2 CAR-
mbIL15-HER 111 353 352 17.7 32.2 20.1 418

[00346] CAR-T cells expressing MUC16-3 CAR were generated by electroporation of SB
system plasmids as shown in Example 1. MUC16-3 CAR-HER1t1 T cells were generated by
electroporation of a SB transposon plasmid encoding MUC16-3 CAR and HER1t1 and SB11
transposase plasmid in to human T cells. MUC16-3 CAR-mbIL15-HER1t1 T cells were
generated by electroporation of a SB transposon plasmid encoding MUC16-3 CAR , mbIL15
and HER1t1 and SB11 transposase plasmid in to human T cells. Expression of CAR, mbIL15
and HER 1t1 was quantified using multi parameter flow cytometry at Day 1 post nucleofection.
[00347] As evidentin FIG 4, T cells nucleofected with either the MUC16-3-HER1t1 or the
MUC16-3-mbIL15-HER1t1 plasmids express transgenes as confirmed by HER1t1 expression
following overnight incubation post nucleofection. Individual data points from each donor are

shown in Table 5.

Table S. Transfection efficiency as measured by HER1t1 expression
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Donor ID#
Sample #
D327172 D137592 D305620
MUC16-3 CAR-HER1t1 47 41 43
MUC16-3 CAR-mbIL-15-HER1t1 55 47 45

Example 3. MUC16 CAR with different spacer lengths

[00348] CAR-T cells expressing MUC16 CARs of different spacer lengths derived from CD8
alpha hinge regions were generated by electroporation of SB system plasmids in healthy donor T
cells (donor # D133098) as described in Example 1. CAR-T cells were numerically expanded ex
vivo by co-culture with MUC16t expressing AaPC by once weekly stimulation as described in
Example 1. Expression of CAR was measured by multi parameter flowcytometry at Day 1 and
Day 8 post nucleofection. CAR-T test articles evaluated are listed in Table 6. FIG 5 shows
flow cytometry data on MUC16 CAR expression of different MUC16 CAR-T cells. Cells were
gated on live CD3" cells. As shown in FIG 5, varying degrees of MUC 16 CAR expression was
observed one day post gene transfer depending on MUC16 scFv and the spacer utilized for
construction of CAR molecule. Enrichment of CAR™T cells was observed upon co-culture of
CAR'T cells with MUC16t™ AaPC line in vitro. For MUC16 CAR-T cells derived from donor #
D133098, better enrichment of CAR™T cells was observed from Day 1 to Day 8 post
electroporation using CD8a(3x) spacer for MUC16-2 CAR and using CD8a(2x) spacer for
MUCI16-7 CAR.

Table 6. MUC16 CAR constructs as utilized in FIG 5

[No. Description of CAR constructs

1 MUC16-1 CD8a.CD28{ CAR-HER 1t1

2 MUC16-1 CD8a.4-1BB{ CAR-HER1t1

3 MUC16-2 CD8a.4-1BB{ CAR-HER1t1

4 MUC16-2 CD8a(2x).4-1BB{, CAR-HER 111
5 MUC16-2 CD8a(3x).4-1BB, CAR-HER 111
6 MUC16-6 CD8a.4-1BB{ CAR-HER1t1

7 MUC16-7 CD8a.4-1BB{ CAR-HER1t1

8 MUC16-7 CD8a(2x).4-1BB{, CAR-HER1t1
9 MUC16-7 CD8a(3x).4-1BB{, CAR-HER 111
10 MUC16-4 CD8a.4-1BB{ CAR-HER1t1
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11 MUC16-4 CD8a(2x).4-1BB{ CAR-HER1t1
12 MUC16-4 CD8a(3x).4-1BB{ CAR-HER1t1

[00349] MUC16-3 CAR-HERI1tl and MUC16-3-mbIL15-HER1t1 T cells expressing MUC16-
3 CARs of with different spacers derived from CD8 alpha hinge regions were generated by
electroporation of SB system plasmids in healthy donor T cells (donor # D132552). CAR'T cells
were numerically expanded ex vivo by co-culture with MUC16t expressing AaPC by once
weekly stimulation as previously described. Expression of MUC16-3 CAR was measured by
MUCI16-Fc¢ protein staining using multi parameter flow cytometry at Day 1 and Day 8 post
nucleofection. CAR-T constructs that were evaluated are listed in Table 7. FIG 6 shows flow
cytometry data on MUC16-3 CAR expression of different MUC16-3 CAR-T cells. As shown in
FIG 6, varying degree of MUC16 CAR expression one day after gene transfer was observed
depending on spacer utilized for construction of CAR molecule. Varying degree of enrichment
of CAR'T cells eight days post gene transfer was observed upon co-culture of CAR™T cells with
MUCI16t™ AaPC line in vitro depending on the spacer utilized for construction of CAR

molecule.

Table 7. MUC16 CAR constructs as utilized in FIG 6

No. Description of CAR constructs
1 MUC16-3 CD8a.4-1BB{ CAR-HER1t1

MUC16-3 CD8a(2x).4-1BB, CAR-HER 111
MUC16-3 CD8a(3x).4-1BB, CAR-HER 111

MUC16-3 CD8a.4-1BB{ CAR-mbIL15-HER1t1

MUC16-3 CD8a(2x).4-1BB{ CAR-mbIL15-HER1t1

MUC16-3 CD8a(3x).4-1BB{ CAR-mbIL15-HER1t1

N &N ] R W

Mock transfected T cells

Example 4. Western Blot

[00350] T cell lysates were generated by resuspending cell pellets in radio-immunoprecipitation
assay containing protease inhibitors. The cleared lysate was separated from the cellular extract
and stored cryopreserved. A bicinchoninic acid (BCA) assay was performed to determine the
total protein concentration and for normalization across samples. A total of 10 pg of protein
sample was analyzed by electrophoresis under reducing conditions. Protein material from the

gel was transferred to polyvinylidene fluoride (PVDF) membranes. Transferred protein
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membranes were blocked and then incubated with the primary antibody, mouse anti-human
CD3( or anti- IL-15 antibody on a rocking platform. The membrane was washed prior to adding
the appropriate horse-radish peroxidase (HRP)-labeled secondary antibody. Blots were prepared
using chemiluminescence (ECL) detection. Images of the western blot were captured on the
FluorChem™ E Imager system.

[00351] For the detection of HER 1t1, an immunoprecipitation method was performed followed
by western blot. . Additional controls were analyzed that include A431 cell lysate (positive
control) and an immunoprecipitation control (immunoprecipitation with no lysate; negative
control). Protein material from the gel was transferred to PVDF membranes. Transferred protein
membranes were blocked and then incubated with the primary antibody, mouse anti-human
EGFR antibody. The membrane was washed prior to adding the horse-radish peroxidase (HRP)-
labeled goat anti-mouse antibody. Images of the western blot were captured on the FluorChem™
E Imager.

[00352] FIGS 7-9 show images of Western Blots using MUC16-3 CAR-HER1t1 T cells and
MUCI16-3 CAR-mbIL15-HER1t1 T cell lysates. As shown in FIG 7, MUC16-3 CAR bands
were detected in both MUC16-3 CAR-HER1t1 T cell and MUC16-3 CAR-mbIL15-HER1t1 T
cell lysates. Native CD3( bands of lower molecular weight were also detected as expected form
CAR-T cell lysates. As shown in FIG 8, mbIL15 protein expression was detected only in lysate
from MUC16-3 CAR-mbIL15-HER1t1 T cells that co-express mbIL15 (FIG 8). FIG 9 shows
expression of HER1t1, of expected molecular weight of approximately 40kDa, in MUC16-3
CAR-HERI1t1 T cells and MUC16-3 CAR-mbIL15-HER1t1 T cells. In summary, these data
demonstrate T cells expressing MUC16 CAR, mbIL15, and HER1t can be generated using SB

system.

Example S. Cytotoxicity of MUC16-3 CAR-T Cells

[00353] T cell cytotoxic activity was determined using a luminescent cell viability assay. The
specific cytotoxicity of the MUC16-3 CAR-mbIL15-HER1t1 cells was assessed using CAR™ T
cells generated as described above. MUC16-3 CAR-mbIL15-HER1t1, the control MUC16-3
CAR-HERI1t1 T cells, and non-MUC16 control CAR-mbIL15-HER1t1 T cells were assessed for
expression of MUC16 CAR, HER1t1 and mbIL-15. Effector CAR-T cells were identified by the
expression of HER1t1. Different Effector: Target (E:T) ratios were evaluated with ovarian cell
line, SKVO3 with ectopic expression of MUC16t (SKOV3- MUCI16t), the SKVO3 parental line
that does not express MUC16, OVCAR3 with natural expression of MUC16, and the MUC16
negative cell line, A549. The supernatants from the cell culture were stored at -80°C until

cytokine analyses. The percent cytotoxicity was determined using the formula below:
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Average Target Only —Average Background)'

[00354] The specific cytotoxicity of MUC16-3 CAR-T cells generated from three healthy

Test—Average Background

Specific Cytotoxicity (%) = 100 x (1 —

donor T cells towards MUC 16-expressing tumor targets was demonstrated by comparing the
cytotoxic activity various tumor cell lines at varying E:T ratios. CAR-T cells expressing control
CAR were used as negative control. FIG 10A shows that MUC16t is expressed only by
SKOV3- MUCI16t tumor cells. Effector CAR-T cells (normalized based on HER1t1 cell
expression) were co-cultured with target tumor cells at varying E:T ratios. As shown in FIG
10B, both the MUC16-3 CAR-HERI1t1 T cells (lacking mbIL15) and MUC16-3 CAR-mbIL15-
HER1t1 demonstrated similar dose-dependent cytotoxicity against SKOV3- MUC16t and
OVCARS3 tumor cell lines. However, only MUC16-3 CAR-mbIL15-HER1t1 killed OVCAR3 at
the higher E:T ratio. The selective killing of OVCARS3 cells by MUC16-3 CAR-mbIL15-
HER1t1 suggests the enhanced activation of T cells in the modified T cells. No background
signal was detected from culture of labelled target cells alone. Furthermore, MUC16-specific
CAR-T cells did not kill MUC16t"® tumor cell lines (SKOV3 and A549) and no killing of any
tumor cell line was observed with control CAR-mbIL15-HERI1t T cells. Taken together, these
results demonstrate that MUC16-3 CAR-mbIL15-HER1t1 specifically mediated killing of
MUCI16-expressing tumor cell lines.

Example 6. Cytokine Production by MUC16-3 CAR-T Cells

[00355] Culture supernatants from cytotoxicity assay from Example 5 were screened using
custom multi-analyte kits for cytokine production including IFNy and Granzyme B.

[00356] Redirected specificity of MUC16-3 CAR-HER1t1 T cells (lacking mbIL15) and
MUC16-3 CAR-mbIL15-HER1t1 T cells towards MUC16 expressing tumor cells was further
studied by examining cytokine secretion upon co-culture with the MUC16- and non-expressing
and MUC16-expressing tumor cell lines. In these studies, cytokine production by MUC16-3
CAR-mbIL15-HERI1t1 T cells from 3 different donors was assessed at an E:T cell ratio of 1:1
after co-culture with tumor cell lines. As shown in FIG 11, elevated levels of proinflammatory
cytokines were observed only with tumor cell lines expressing MUC16t. Further, expression of
mbIL15 in MUC16-3 CAR-mbIL15-HERI1t1 T resulted in low cytokine production compared to
levels observed following testing of MUC16-3 CAR-HER1t1 T cells without mbIL15. These
data demonstrated that MUC16-3 CAR-mbIL15-HERT1t1 T cells exhibit specific cytotoxic
function towards MUC16-expressing tumor cells and showed that co-expression of mbIL15 can
reduce production of proinflammatory cytokines, without compromising the cytotoxic effects of

MUC16-3 CAR-mbIL15-HER1tI.
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Example 7. Specificity of MUC16 CAR-T Cells

[00357] T cell cytotoxic activity was determined using a luciferase assay. MUC16 CAR-T
cells (Table 8) along with control CAR-T cells were generated by electroporation of SB system
plasmids into two healthy donor T cells (D326782 and D132552) and numerically expanded by
ex vivo co-culture with AaPCs as described in Example 1. Cytotoxicity was evaluated at
different E:T ratios using SKOV3 -MUC16t, OVCAR3, and MUC16™¢ A549 cell lines as target
cells in triplicate wells. The percent cytotoxicity was determined using the formula as previously

described above.

Table 8. MUC16 CAR constructs as utilized in FIG 12

No. Description of CAR constructs

1 Control CAR-mbIL15-HER1t1 (Control)
MUCI16-2 CD8a.4-1BB{ CAR-mbIL15-HER 1t1
MUCI16-3 CD8a.4-1BB{ CAR-mbIL15-HER 1t1
MUCI16-3 CD8a(2x).4-1BB{ CAR-mbIL15-HER1t1

Al W DN

[00358] As shown in FIG 12, MUC16 CAR-T cells co-expressing mbIL15 and HER1t1
exhibited specific cytotoxicity of MUC16™ tumor cells lines in concentration dependent manner.
None of the MUC16 CAR-T cells tested exhibited significant cytotoxicity of MUC16™* tumor
cell line A549. MUC16-3 CAR-mbIL15-HERIt1 cells with CD8a(2x) spacer exhibited higher
specific cytotoxicity of MUC16" tumor cells lines compared to CD8a spacer in the CAR-T cells

generated from healthy donor T cells shown.

Example 8. Persistence and Lack of Autonomous Proliferation of MUC16 CAR-T Cells
Expressing mbIL15

[00359] To assess the impact of mbIL15 on persistence of the CAR-T cells, MUC16-3 CAR--
HERI1t1 T and MUC16-3 CAR-mbIL15-HERI1t1 T cells were labeled with CellTrace™ Violet
and co-cultured with autologous PBMCs. Co-cultures were maintained at for 14 days. During
cell culture, a cell samples were evaluated to measure viability and stained for flow cytometry
for the assessment of CAR T cells and memory phenotype. The proliferation was determined by
dilution of the dye.

[00360] Cell persistence assessments showed that MUC16-3 CAR-HER 1t (lacking mbIL15)
did not persist in culture after two weeks and only MUC16-3 CAR-mbIL15-HER1t1 T cells

were detected in culture lacking cytokines at day 14 (FIG 13A) demonstrating role of mbIL15 in
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improved persistence of CAR-T cells. Assessment of the potential for autonomous proliferation
showed that although MUC16-3 CAR-mbIL15-HERI1t1 T cells are detected at day 14, they
failed to undergo proliferation, demonstrated by the absence of daughter cells (FIG 13B).
Furthermore, at day 14, persistent MUC16-3 CAR-mbIL15-HER1t1 T cells showed an
enrichment of memory-like or quiescent state-like T cell population as determined by higher
levels of CD45RA™/CD45RO" cells compared to Day -1 (FIG 13C).

[00361] MUC16-2 CAR-HERI1t1 T cells (lacking mbIL15 expression) and MUC16-2 CAR-
mbIL15-HER1t1 T cells were generated by electroporation to SB system plasmids into three
healthy donor T cells. CAR-T cells were numerically expanded ex vivo by weekly stimulations
with AaPC. CAR-T cells were cultured in medium without exogenous cytokines for 2 weeks.
Viable T cells in culture as a fraction of starting cell numbers were calculated to show
persistence.

[00362] As shown in FIG 14, MUC16-2 CAR-mbIL15-HER1t1 T cells expressing mbIL15
could be maintained in ex vivo culture at Day 15 post withdrawal of cytokines, while MUC16-2
CAR-HERI1t1 T cells lacking mbIL 15 expression did not survive beyond 7 days in the absence
of cytokines.

[00363] These data shows improved persistence of MUC16 CAR-T cells when mbIL15 is co-
expressed with CAR.

Example 9. ADCC Assay

[00364] Autologous Natural killer (NK) cells were used as effector cells in ADCC assay. £x
vivo expanded MUC16-2 CAR-mbIL15-HER1t1 cells were used as the target cells in this assay.
Effector and target cell co-cultures were set up at a 10:1 E:T ratio in the presence of 10ug/mL
cetuximab or rituximab or without an antibody. Viability was assessed following the co-culture
using flow cytometry. In order to determine % ADCC, of CAR™ T cells, the fractional loss of
labelled CD3" cells was determined by comparison with the starting CAR™T cell population.
[00365] FIG 15 demonstrates that MUC16-2 CAR-mbIL15-HERI1t1 T cells generated from
three different healthy donor T cells were efficiently eliminated via ADCC when cetuximab was
added to the culture. Addition of anti-CD20 rituximab (non-specific control) to the culture
showed low background levels of cytotoxicity proving specificity of cetuximab mediated ADCC

of CAR-T cells. Data shown are mean +/- SEM.
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Example 10. Functional Evaluation of MUC16-2 CAR-T Cells in an In Vivo Model of

Ovarian Cancer

[00366] SKOV3-fLUC-MUCI16 were administered IP into NSG mice (Day 0). On Day 6, mice
with established tumor burden confirmed by IVIS imaging were randomized (n=5-7 mice per
group) to receive a single IP injection with either: Saline (HBSS), MUC16-2 CAR-HER1t1 T
cells (2x10° cells/mouse), MUC16-2 CAR-mbIL15-HERIt1 T cells (2x10° cells/mouse) or
single IV injection with MUC16-2 CAR-mbIL15-HER1t1 T cells (2x10° cells/mouse) .
Effectiveness against tumor growth was evaluated by in vivo bioluminescence (IVIS) imaging
performed every 3-4 days post CAR-T cell dosing to assess tumor burden. General safety was
evaluated by assessment of body weight and clinical observations performed throughout the
study at a minimum of 2-3 per week post CAR T cell administration.

[00367] As shown in FIG 16, single IP or IV injection of MUC16-2 CAR-T cells was effective
at eliminating SKOV3-fLUC-MUC16 tumor in mice. Anti-tumor response of CAR-T cells

injected vial IV injection was delayed in comparison to IP infusion.

Example 11. Functional Evaluation of MUC16-3 CAR-T Cells in an In Vivo Model of
Ovarian Cancer

[00368] SKOV3-fLUC-MUCI16 tumor cells were administered IP into NSG mice on Day 0. On
Day 5, mice with established tumor burden (as confirmed by IVIS imaging) were randomized
(n=5-7 mice per group) to receive a single IP injection with either: Saline (HBSS), MUC16-3
CAR-HERItI T cells (2x10° cells/mouse), or MUC16-3 CAR-mbIL15-HER1t1 T cells (2x10°
cells/mouse). Effectiveness against tumor growth was evaluated by in vivo bioluminescence
(IVIS) imaging performed every 3-4 days post CAR-T cell dosing to assess tumor burden.
Whole blood samples in EDTA were collected once per week and subjected to multi-parameter
flow cytometry for evaluation of MUC16 CAR T cell persistence, expansion and determination
of the different T cell subsets. Plasma samples were analyzed for human cytokine as an index of
T cell activity. General safety was evaluated by assessment of body weight and clinical
observations performed throughout the study at a minimum of 2-3 per week post CAR T cell
administration.

[00369] As shown in FIG 17, IP administration of MUC16-3 CAR-mbIL15-HERI1t1 T cells to
NSG mice bearing MUC16 expressing SKOV-3 tumors resulted in significant reduction (>3 log
decrease in total flux value) in tumor burden when compared to the saline control-treated group.
Co-expression of mbIL15 in the MUC16-3 CAR-mbIL15-HER1t1 T cells was associated with
significantly greater reductions in tumor burden compared to MUC16-3 CAR-HER1t1 T cells

lacking mbIL 15 expression.
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[00370] MUC16-3 CAR-mbIL15-HER1t1 T cells showed enhanced persistence and expansion

in vivo, as was demonstrated by increased numbers of T cells expressing HER1t1 in the blood
compared to MUC16-3 CAR-mbIL15-HER1t1 T cells. Furthermore, both CD4” and CD8”
CAR-T cells showed in vivo expansion and persistence. See FIGS 18A-B.

Example 12. Dose Response of MUC16 CAR-T Cells in an In Vivo Model of Ovarian
Cancer

[00371] SKOV3-fLUC-MUCI16 were administered IP into NSG mice on Day 0. On Day 6,
mice with established tumor burden (as confirmed by IVIS imaging) were randomized (n=5
mice per group) to receive a single IP injection with either: Saline (HBSS), three different doses
of MUC16-2 CAR-mbIL15-HER1t1 T cells (1x10°, 5x10°, or 1x10° cells/mouse), and
MUC16-3 CAR-mbIL15-HER1t1 T cells (1x10°, 5x10°, or 1x10° cells/mouse) or single dose
of MUC16-3 CAR-HERIt1 T cells (1x10° cells/mouse). MUC16-2 CAR-mbIL15-HER1t1 T
cells, MUC16-3 CAR-HERI1t1 T cells and MUC16-3 CAR-mbIL15-HER1t1 T cells were all
derived from a single donor and manufactured in <2 days. Effectiveness against tumor growth
was evaluated by in vivo bioluminescence (IVIS) imaging performed every 3-4 days post CAR-
T cell dosing to assess tumor burden.

[00372] As shown in FIGS 19-20, both MUC16-2 CAR-mbIL15-HER1t1 T cells and MUC16-
3 CAR-mbIL15-HER1t1 T cells exhibited CAR-T dose dependent elimination of SKOV3-
fLUC-MUCI16 tumor cells in mice. MUC16-3 CAR-mbIL15-HER1t1 T cells exhibited potent
anti-tumor response even at 1x10° CAR-T cells/mouse dose compared to MUC16-3 CAR-
HER1t1 T cells lacking mbIL15 at 1x10° CAR-T cell/mouse dose.

Table 9. Description of Test Articles as utilized in FIGS 19 and 20

Group # Test article

1 Saline (HBSS)

5 MUC16-2 CAR-mbIL15-HER1t1 (1E05 CAR-T/mouse)
6 MUC16-2 CAR-mbIL15-HER1t1 (SE05 CAR-T/mouse)
7 MUC16-2 CAR-mbIL15-HER1t1 (1IE06 CAR-T/mouse)
8

9

MUCI16-3 CAR-mbIL15-HER1t1 (1E05 CAR-T/mouse)
MUCI16-3 CAR-mbIL15-HER1t1 (SE05 CAR-T/mouse)
10 MUCI16-3 CAR-mbIL15-HER1t1 (1IE06 CAR-T/mouse)
11 MUCI16-3 CAR- HER1t1 (1E06 CAR-T/mouse)
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Example 13. Binding Affinity of Anti-MUC16 Monoclonal Antibodies
[00373] Binding affinity of various anti-MUC16 monoclonal antibodies (mAbs) were assessed
by surface plasmon resonance (SPR) assay using Biacore 3000. Anti-MUC16 mAbs were
generated via transient transfection of respective light and heavy chain plasmids into HEK-293
cells. Variable regions of anti-MUC16 mAbs were fused to mouse constant chain regions to
generate chimeric mouse I[gG1 mAbs. Truncated MUC16 fused to human Fc region was
immobilized on sensor chip CMS5. Different concentrations of mAbs were injected in solution

phase and data was analyzed using BIAevaluation to calculate KD of mAbs.

Table 10. Affinity of three anti-MUC16 mAbs.

Antibody Binding affinity to MUC16-Fc antigen (Kp, M)
MUC16-1 mAb (mIgG1l) 1.02e-10
MUC16-2 mAb (mIgG1l) 1.4e-11
MUC16-3 mAb (mIgG1l) 4.24e-9

[00374] Unless defined otherwise, all technical and scientific terms and any acronyms used
herein have the same meanings as commonly understood by one of ordinary skill in the art in the
field of this invention.
[00375] While preferred embodiments of the present disclosure have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by way
of example only. Numerous variations, changes, and substitutions will now occur to those
skilled in the art without departing from the present disclosure. It should be understood that
various alternatives to the embodiments described herein, or combinations of one or more of
these embodiments or aspects described therein can be employed in practicing the present
disclosure. It is intended that the following claims define the scope of the present disclosure and
that methods and structures within the scope of these claims and their equivalents be covered
thereby.

SEQUENCES

[00376] Provided in Table 11 is a representative list of certain sequences included in

embodiments provided herein.

Table 11. Exemplary Sequences

103



WO 2019/236577

CA 03101641 2020-11-25

PCT/US2019/035384

SEQ SEQ
Name ID | Amino Acid Sequence | ID Nucleotide Sequence
NO NO
CAR Sequences
GACATCGAGCTGACACAGAGCCCATC
TAGCCTGGCTGTGTCTGCCGGCGAGA
AAGTGACCATGAGCTGCAAGAGCAGC
DIELTQSPSSLAVSAG CAGAGCCTGCTGAACAGCCGGACCAG
EKVTMSCKSSQSLLN AAAGAATCAGCTGGCCTGGTATCAGC
SRTRKNQLAWYQQK AGAAGCCCGGCCAATCTCCTGAGCTG
MUCI16- 1 PGQSPELLIYWASTR 05 CTGATCTACTGGGCCAGCACAAGACA
1 VL QSGVPDRFTGSGSGT GAGCGGCGTGCCCGATAGATTCACAG
DFTLTISSVQAEDLA GATCTGGCAGCGGCACCGACTTCACC
VYYCQQSYNLLTFGP CTGACAATCAGTTCTGTGCAGGCCGA
GTKLEVKR GGACCTGGCCGTGTACTACTGTCAGC
AGAGCTACAACCTGCTGACCTTCGGA
CCCGGCACCAAGCTGGAAGTGAAGAG
A
GTGAAGCTGCAAGAGTCCGGCGGAGG
CTTTGTGAAGCCTGGCGGCTCTCTGAA
AGTGTCCTGTGCCGCCAGCGGCTTCA
VKLQESGGGFVKPG CCTTTAGCAGCTACGCCATGAGCTGG
GSLKVSCAASGFTES GTCCGACTGAGCCCTGAGATGAGACT
SYAMSWVRLSPEMR GGAATGGGTCGCCACCATCAGTAGCG
MUCI6- LEWVATISSAGGYIF CAGGCGGCTACATCTTCTACAGCGAC
| VH 2 | YSDSVQGRFTISRDN 96 | TCTGTGCAGGGCAGATTCACCATCAG
AKNTLHLQMGSLRS CCGGGACAACGCCAAGAACACCCTGC
GDTAMYYCARQGFG ACCTCCAGATGGGCAGTCTGAGAAGC
NYGDYYAMDYWGQ GGCGATACCGCCATGTACTACTGCGC
GTTVTVSS CAGACAAGGCTTCGGCAACTACGGCG
ACTACTATGCCATGGATTACTGGGGC
CAGGGCACCACCGTGACAGTCTCTTC
T
GACATCGAGCTGACACAGAGCCCATC
TAGCCTGGCTGTGTCTGCCGGCGAGA
AAGTGACCATGAGCTGCAAGAGCAGC
DIELTQSPSSLAVSAG CAGAGCCTGCTGAACAGCCGGACCAG
EKVTMSCKSSQSLLN AAAGAATCAGCTGGCCTGGTATCAGC
SRTRKNQLAWYQQK AGAAAACCGGACAGAGCCCCGAGCTG
MUCI16- 3 TGQSPELLIYWASTR 97 CTGATCTACTGGGCCAGCACAAGACA
2VL QSGVPDRFTGSGSGT GAGCGGCGTGCCCGATAGATTCACAG
DFTLTISSVQAEDLA GATCTGGCAGCGGCACCGACTTCACC
VYYCQQSYNLLTFGP CTGACAATCAGTTCTGTGCAGGCCGA
GTKLEIKR GGACCTGGCCGTGTACTACTGTCAGC
AGAGCTACAACCTGCTGACCTTCGGA
CCCGGCACCAAGCTGGAAATCAAGAG
A
VKLEESGGGFVKPGG GTGAAGCTGGAAGAGTCCGGCGGAGG
SLKISCAASGFTFRNY CTTTGTGAAGCCTGGCGGAAGCCTGA
AMSWVRLSPEMRLE AGATCAGCTGTGCCGCCAGCGGCTTC
MUC16- WVATISSAGGYIFYS ACCTTCAGAAACTACGCCATGAGCTG
> VH 4 | DSVQGRFTISRDNAK | 98 | GGTCCGACTGAGCCCCGAGATGAGAC
NTHLQMGSLRSGDT TGGAATGGGTCGCCACAATCAGCAGC
AMYYCARQGFGNYG GCAGGCGGCTACATCTTCTACAGCGA
DYYAMDYWGQGTT TAGCGTGCAGGGCAGATTCACCATCA
VTVSS GCCGGGACAACGCCAAGAACACCCTG
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Name

SEQ
ID
NO

Amino Acid Sequence

SEQ
ID
NO

Nucleotide Sequence

CACCTCCAGATGGGCAGTCTGAGATC
TGGCGACACCGCCATGTACTACTGCG
CCAGACAAGGCTTCGGCAACTACGGC
GACTACTATGCCATGGATTACTGGGG
CCAGGGCACCACCGTGACAGTCTCTT
CT

MUC16-
3VL

DIKMAQSPSSVNASL
GERVTITCKASRDIN
NFLSWFHQKPGKSPK
TLIYRANRLVDGVPS
RFSGSGSGQDYSFTIS
SLEYEDVGIYYCLQY
GDLYTFGGGTKLEIK

99

GACATCAAGATGGCTCAGTCCCCTTCT
AGCGTGAATGCTTCGCTAGGGGAGCG
TGTGACCATCACATGTAAAGCATCAC
GCGACATAAATAATTTCCTTTCCTGGT
TTCATCAGAAACCGGGCAAGTCGCCT
AAGACGCTGATTTACAGAGCAAATCG
GTTGGTAGATGGAGTGCCAAGCAGAT
TCAGCGGGAGCGGAAGTGGACAGGAT
TATAGCTTCACTATTTCATCCCTGGAA
TACGAGGACGTAGGTATCTATTATTG
CCTCCAGTATGGCGATCTTTACACATT
TGGTGGGGGGACTAAGCTGGAGATTA
AG

MUC16-
3VH

DVQLLESGPGLVRPS
QSLSLTCSVTGYSIVS
HYYWNWIRQFPGNK
LEWMGYISSDGSNEY
NPSLKNRISISLDTSK
NQFFLKFDFVTTADT
ATYFCVRGVDYWGQ
GTTLTVSS

100

GACGTGCAACTTCTGGAGAGCGGGCC
AGGGCTAGTCAGGCCCTCCCAGTCGC
TTTCACTGACTTGCAGTGTGACCGGTT
ACTCTATTGTGAGTCACTACTATTGGA
ACTGGATTCGGCAGTTCCCAGGCAAC
AAACTGGAATGGATGGGGTACATATC
TTCCGATGGCTCGAATGAATATAACC
CATCATTGAAAAATCGTATTTCCATCA
GTCTGGATACGAGTAAAAACCAGTTT
TTCCTCAAATTCGATTTCGTGACTACA
GCAGATACTGCCACATACTTCTGTGTA
CGAGGTGTCGATTATTGGGGACAGGG
CACAACGCTGACCGTAAGTTCT

MUC16-
4 VL

DIQMTQSSSFLSVSLG
GRVTITCKASDLIHN

WLAWYQQKPGNAPR
LLISGATSLETGVPSR
FSGSGSGNDYTLSIAS
LQTEDAATYYCQQY

WTTPFTFGSGTKLEIK

101

GACATCCAGATGACCCAGAGCAGCAG
CTTCCTGAGCGTGTCCCTTGGCGGCAG
AGTGACCATCACCTGTAAAGCCAGCG
ACCTGATCCACAACTGGCTGGCCTGG
TATCAGCAGAAGCCTGGCAACGCTCC
CAGACTGCTGATTAGCGGCGCCACCT
CTCTGGAAACAGGCGTGCCAAGCAGA
TTTTCCGGCAGCGGCTCCGGCAACGA
CTACACACTGTCTATTGCCAGCCTGCA
GACCGAGGATGCCGCCACCTATTACT
GCCAGCAGTACTGGACCACACCTTTC
ACCTTTGGCAGCGGCACCAAGCTGGA
AATCAAG

MUC16-
4VH

DVQLQESGPGLVNPS
QSLSLTCTVTGYSITN
DYAWNWIRQFPGNK
LEWMGYINYSGYTT
YNPSLKSRISITRDTS
KNQFFLHLNSVTTED
TATYYCARWDGGLT
YWGQGTLVTVSA

102

GACGTTCAGCTGCAAGAGTCTGGCCC
TGGCCTGGTCAATCCTAGCCAGAGCC
TGAGCCTGACATGTACCGTGACCGGC
TACAGCATCACCAACGACTACGCCTG
GAACTGGATCAGACAGTTCCCCGGCA
ACAAGCTGGAATGGATGGGCTACATC
AACTACAGCGGCTACACCACCTACAA
TCCCAGCCTGAAGTCCCGGATCTCCAT
CACCAGAGACACCAGCAAGAACCAGT
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SEQ
ID
NO

Amino Acid Sequence

SEQ
ID
NO

Nucleotide Sequence

TCTTCCTGCACCTGAACAGCGTGACC
ACCGAGGATACCGCCACCTACTACTG
CGCTAGATGGGATGGCGGCCTGACAT
ATTGGGGCCAGGGAACACTGGTCACC
GTGTCTGCT

MUC16-
5VL

DIQMTQSPSSLSASV
GDRVTITCKASDLIH
NWLAWYQQKPGKA
PKLLISGATSLETGVP
SRFSGSGSGTDFTLTI
SSLQPEDFATYYCQQ
YWTTPFTFGQGTKVE
IKR

103

GACATCCAGATGACCCAGAGCCCCAG
CAGCCTGAGCGCCAGCGTGGGCGACA
GGGTGACCATCACCTGCAAGGCCAGC
GACCTGATCCACAACTGGCTGGCCTG
GTACCAGCAGAAGCCCGGCAAGGCCC
CCAAGCTGCTGATCAGCGGCGCCACC
AGCCTGGAGACCGGCGTGCCCAGCAG
GTTCAGCGGCAGCGGCAGCGGCACCG
ACTTCACCCTGACCATCAGCAGCCTG
CAGCCCGAGGACTTCGCCACCTACTA
CTGCCAGCAGTACTGGACCACCCCCT
TCACCTTCGGCCAGGGCACCAAGGTG
GAGATCAAGAGG

MUC16-
5 VH-L

10

EVQLVESGGGLVQPG
GSLRLSCAASGYSITN
DYAWNWVRQAPGK
GLEWVGYINYSGYTT
YNPSLKSRFTISRDNS
KNTLYLQMNSLRAE
DTAVYYCARWDGGL
TYWGQGTLVTVSS

194

GAGGTGCAGCTGGTGGAGAGCGGCGG
CGGCCTGGTGCAGCCCGGCGGCAGCC
TGAGGCTGAGCTGCGCCGCCAGCGGC
TACAGCATCACCAACGACTACGCCTG
GAACTGGGTGAGGCAGGCCCCCGGCA
AGGGCCTGGAGTGGGTGGGCTACATC
AACTACAGCGGCTACACCACCTACAA
CCCCAGCCTGAAGAGCAGGTTCACCA
TCAGCAGGGACAACAGCAAGAACACC
CTGTACCTGCAGATGAACAGCCTGAG
GGCCGAGGACACCGCCGTGTACTACT
GCGCCAGGTGGGACGGCGGCCTGACC
TACTGGGGCCAGGGCACCCTGGTGAC
CGTGAGCAGC

MUC16-
5 VH-F

11

EVQLVESGGGLVQPG
GSLRLSCAASGYSITN
DYAWNWVRQAPGK
GLEWVGYINYSGYTT
YNPSLKSRFTISRDNS
KNTFYLQMNSLRAE
DTAVYYCARWDGGL
TYWGQGTLVTVSS

195

GAGGTGCAGCTGGTGGAGAGCGGCGG
CGGCCTGGTGCAGCCCGGCGGCAGCC
TGAGGCTGAGCTGCGCCGCCAGCGGC
TACAGCATCACCAACGACTACGCCTG
GAACTGGGTGAGGCAGGCCCCCGGCA
AGGGCCTGGAGTGGGTGGGCTACATC
AACTACAGCGGCTACACCACCTACAA
CCCCAGCCTGAAGAGCAGGTTCACCA
TCAGCAGGGACAACAGCAAGAACACC
TTCTACCTGCAGATGAACAGCCTGAG
GGCCGAGGACACCGCCGTGTACTACT
GCGCCAGGTGGGACGGCGGCCTGACC
TACTGGGGCCAGGGCACCCTGGTGAC
CGTGAGCAGC

MUC16-
6 VL

12

DIVLTQSPAIMSASLG
ERVTMTCTASSSVSS
SYLHWYQQKPGSSP
KLWIYSTSNLASGVP
GRFSGSGSGTSYSLTI
SSMEAEDAATYYCH
QYHRSPYTFGGGTKV

104

GACATCGTGCTGACACAGAGCCCTGC
CATCATGTCTGCCAGCCTCGGCGAGC

GAGTGACCATGACATGTACAGCCAGC
AGCAGCGTGTCCAGCAGCTACCTGCA
TTGGTATCAGCAGAAGCCCGGCAGCA
GCCCCAAGCTGTGGATCTACAGCACA
AGCAATCTGGCCAGCGGCGTGCCAGG
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SEQ
ID
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Amino Acid Sequence

SEQ
ID
NO

Nucleotide Sequence

EIKR

CAGATTTTCTGGTTCTGGCAGCGGCAC
CAGCTACAGCCTGACAATCAGCAGCA
TGGAAGCCGAGGATGCCGCCACCTAC
TACTGCCACCAGTACCACAGAAGCCC
CTACACCTTTGGCGGAGGCACCAAGG
TGGAAATCAAGCGG

MUC16-
6 VH

13

EVQLQQSGAELVKPG
ASVKLSCTASGFNIK
DTYMHWVKQRPEQG
LEWIGRVDPANGNT
KYDPKFQGKATLTA
DTSSNTAYLQLSSLTS
EDTAVYFCVRDYYG
HTYGFAFCDQGTTLT
VSA

105

GAGGTTCAGCTGCAGCAGTCTGGCGC
CGAACTTGTGAAACCTGGCGCCTCTG
TGAAGCTGAGCTGTACCGCCAGCGGC
TTCAACATCAAGGACACCTACATGCA
CTGGGTCAAGCAGAGGCCTGAGCAGG
GCCTCGAATGGATCGGAAGAGTGGAT
CCCGCCAACGGCAACACCAAATACGA
CCCCAAGTTCCAGGGCAAAGCCACAC
TGACCGCCGACACCTCTAGCAACACA
GCCTACCTGCAGCTGTCCAGCCTGAC
CTCTGAAGATACCGCCGTGTACTTCTG
CGTGCGGGACTACTACGGCCATACCT
ACGGCTTCGCCTTCTGCGACCAAGGC
ACAACCCTGACAGTGTCTGCT

MUC16-
7VL

14

DIQMTQSPSSLSASV
GDRVTITCTASSSVSS
SYLHWYQQKPGKAP
KLLIYSTSNLASGVPS
RFSGSGSGTDFTLTIS
SLQPEDFATYYCHQY
HRSPYTFGQGTKVEI
KR

106

GACATCCAGATGACACAGAGCCCTAG
CAGCCTGTCTGCCAGCGTGGGAGACA
GAGTGACCATCACCTGTACAGCCAGC
AGCAGCGTGTCCAGCAGCTACCTGCA
TTGGTATCAGCAGAAGCCCGGCAAGG
CCCCTAAGCTGCTGATCTACAGCACC
AGCAATCTGGCCAGCGGCGTGCCAAG
CAGATTTTCTGGCTCTGGCAGCGGCA
CCGACTTCACCCTGACCATATCTAGCC
TGCAGCCTGAGGACTTCGCCACCTAC
TACTGCCACCAGTACCACAGAAGCCC
CTACACCTTTGGCCAGGGCACCAAGG
TGGAAATCAAGCGG

MUC16-
7VH

15

EVQLVESGGGLVQPG
GSLRLSCAASGFNIK
DTYMHWVRQAPGK
GLEWVGRVDPANGN
TKYDPKFQGRFTISA
DTSKNTAYLQMNSL
RAEDTAVYYCVRDY
YGHTYGFAFWGQGT
LVTVSS

107

GAGGTGCAGCTGGTTGAATCTGGCGG
AGGACTGGTTCAGCCTGGCGGATCTC
TGAGACTGTCTTGTGCCGCCAGCGGC
TTCAACATCAAGGACACCTACATGCA
CTGGGTCCGACAGGCCCCTGGCAAAG
GACTTGAGTGGGTTGGAAGAGTGGAC
CCCGCCAACGGCAACACCAAATACGA
CCCCAAGTTCCAGGGCAGATTCACCA
TCAGCGCCGACACCAGCAAGAACACC
GCCTACCTGCAGATGAACAGCCTGAG
AGCCGAGGACACCGCCGTGTACTATT
GCGTGCGGGATTACTACGGCCATACC
TACGGCTTCGCCTTTTGGGGCCAGGG
CACACTGGTTACCGTTAGCTCT

CD8alpha
hinge

16

KPTTTPAPRPPTPAPTIA
SQPLSLRPEACRPAAGG
AVHTRGLDFACD

108

AAGCCCACCACCACCCCTGCCCCTAGACC
TCCAACCCCAGCCCCTACAATCGCCAGCC
AGCCCCTGAGCCTGAGGCCCGAAGCCTGT
AGACCTGCCGCTGGCGGAGCCGTGCACAC
CAGAGGCCTGGATTTCGCCTGCGAC
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SEQ
ID
NO

Amino Acid Sequence

SEQ
ID
NO

Nucleotide Sequence

CD8alpha
2x

17

KPTTTPAPRPPTPAPT
TASQPLSLRPEASRPA
AGGAVHTRGLDFAS
DKPTTTPAPRPPTPAP
TIASQPLSLRPEACRP
AAGGAVHTRGLDFA
CD

109

AAACCTACTACAACTCCTGCCCCCCG
GCCTCCTACACCAGCTCCTACTATCGC
CTCCCAGCCACTCAGTCTCAGACCCG
AGGCTTCTAGGCCAGCGGCCGGAGGC
GCGGTCCACACCCGCGGGCTGGACTT
TGCATCCGATAAGCCCACCACCACCC
CTGCCCCTAGACCTCCAACCCCAGCC
CCTACAATCGCCAGCCAGCCCCTGAG
CCTGAGGCCCGAAGCCTGTAGACCTG
CCGCTGGCGGAGCCGTGCACACCAGA
GGCCTGGATTTCGCCTGCGAC

CD8alpha
3x

18

KPTTTPAPRPPTPAPT
TASQPLSLRPEASRPA
AGGAVHTRGLDFAS
DKPTTTPAPRPPTPAP
TIASQPLSLRPEASRP
AAGGAVHTRGLDFA
SDKPTTTPAPRPPTPA
PTIASQPLSLRPEACR
PAAGGAVHTRGLDF
ACD

110

AAGCCTACCACCACCCCCGCACCTCG
TCCTCCAACCCCTGCACCTACGATTGC
CAGTCAGCCTCTTTCACTGCGGCCTGA
GGCCAGCAGACCAGCTGCCGGCGGTG
CCGTCCATACAAGAGGACTGGACTTC
GCGTCCGATAAACCTACTACCACTCC
AGCCCCAAGGCCCCCAACCCCAGCAC
CGACTATCGCATCACAGCCTTTGTCAC
TGCGTCCTGAAGCCAGCCGGCCAGCT
GCAGGGGGGGCCGTCCACACAAGGG
GACTCGACTTTGCGAGTGATAAGCCC
ACCACCACCCCTGCCCCTAGACCTCC
AACCCCAGCCCCTACAATCGCCAGCC
AGCCCCTGAGCCTGAGGCCCGAAGCC
TGTAGACCTGCCGCTGGCGGAGCCGT
GCACACCAGAGGCCTGGATTTCGCCT
GCGAC

CD8alpha
4x

19

TTPAPRPPTPAPTIAS
QPLSLRPEASRPAAG
GAVHTRGLDFASDKP
TTTPAPRPPTPAPTIA
SQPLSLRPEASRPAA
GGAVHTRGLDFASD
KPTTTPAPRPPTPAPT
TASQPLSLRPEASRPA
AGGAVHTRGLDFAS
DKPTTTPAPRPPTPAP
TIASQPLSLRPEACRP
AAGGAVHTRGLDFA
CD

111

AAGCCTACCACCACCCCCGCACCTCG
TCCTCCAACCCCTGCACCTACGATTGC
CAGTCAGCCTCTTTCACTGCGGCCTGA
GGCCAGCAGACCAGCTGCCGGCGGTG
CCGTCCATACAAGAGGACTGGACTTC
GCGTCCGATAAACCTACTACCACTCC
AGCCCCAAGGCCCCCAACCCCAGCAC
CGACTATCGCATCACAGCCTTTGTCAC
TGCGTCCTGAAGCCAGCCGGCCAGCT
GCAGGGGGGGCCGTCCACACAAGGG
GACTCGACTTTGCGAGTGATAAACCT
ACTACAACTCCTGCCCCCCGGCCTCCT
ACACCAGCTCCTACTATCGCCTCCCAG
CCACTCAGTCTCAGACCCGAGGCTTCT
AGGCCAGCGGCCGGAGGCGCGGTCCA
CACCCGCGGGCTGGACTTTGCATCCG
ATAAGCCCACCACCACCCCTGCCCCT
AGACCTCCAACCCCAGCCCCTACAAT
CGCCAGCCAGCCCCTGAGCCTGAGGC
CCGAAGCCTGTAGACCTGCCGCTGGC
GGAGCCGTGCACACCAGAGGCCTGGA
TTTCGCCTGCGAC

CD8alpha
™

20

IYIWAPLAGTCGVLLLS
LVITLYCNHRN

112

ATCTACATCTGGGCCCCTCTGGCCGGCAC
CTGTGGCGTGCTGCTGCTGAGCCTGGTCA
TCACCCTGTACTGCAACCACCGGAAT
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SEQ SEQ
Name ID | Amino Acid Sequence | ID Nucleotide Sequence
NO NO
TTTTGGGTGCTGGTGGTGGTTGGTGGAGT
CD28TM | 21 E‘JTV\EXQQ;(\}SJLACYSL 113 | CCTGGCTTGCTATAGCTTGCTAGTAACAG
TGGCCTTTATTATTTTCTGGGTG
AAGAGAGGCCGGAAGAAACTGCTGTACA
4-1BB KRGRKKLLYIFKQPFM TCTTCAAGCAGCCCTTCATGCGGCCCGTG
signaling | 22 | RPVQTTQEEDGCSCRFP | 114 | CAGACCACCCAGGAAGAGGACGGCTGCA
domain EEEEGGCEL GCTGCCGGTTCCCCGAGGAAGAGGAAGG
CGGCTGCGAACTG
AGGAGCAAGCGGAGCAGAGGCGGCCACA
CD28 RSKRSRGGHSDYMNM GCGACTACATGAACATGACCCCCCGGAGG
signaling | 23 | TPRRPGPTRKHYQPYAP | 115 | CCTGGCCCCACCCGGAAGCACTACCAGCC
domain PRDFAAYRS CTACGCCCCTCCCAGGGACTTCGCCGCCT
ACCGGAGC
DNAX-
activation
proein10 | | LCARPRRSPAQEDGK CTGTGCGCACGCCCACGCCGCAGCCC
(DAP 10) VYINMPGRG 116 | CGCCCAAGAAGATGGCAAAGTCTACA
Signaling TCAACATGCCAGGCAGGGGC
Domain
DNAX- TACTTCCTGGGCCGGCTGGTCCCTCGG
activation YFLGRLVPRGRGAAE GGGCGAGGGGCTGCGGAGGCAGCGA
P“ﬁ;n 12| 55 | AATRKQRITETESPY 117 | CCCGGAAACAGCGTATCACTGAGACC
(S?g nalﬁ?g QELQGQRSDVYSDL GAGTCGCCTTATCAGGAGCTCCAGGG
Domain NTQRPYYK TCAGAGGTCGGATGTCTACAGCGACC
TCAACACACAGAGGCCGTATTACAAA
CGGGTGAAGTTCAGCCGGAGCGCCGACG
CCCCTGCCTACCAGCAGGGCCAGAACCAG
RVKFSRSADAPAYQQG CTGTACAACGAGCTGAACCTGGGCCGGAG
ONQLYNELNLGRREEY GGAGGAGTACGACGTGCTGGACAAGCGG
CD3c DVLDKRRGRDPEMGG AGAGGCCGGGACCCTGAGATGGGCGGCA
o 5 | KPRRKNPQEGLYNELQ | .. | AGCCCCGGAGAAAGAACCCTCAGGAGGG
sighaling KDKMAEAYSEIGMKGE CCTGTATAACGAACTGCAGAAAGACAAG
domain RRRGKGHDGLYQGLST ATGGCCGAGGCCTACAGCGAGATCGGCAT
ATKDTYDALHMQALPP GAAGGGCGAGCGGCGGAGGGGCAAGGGC
R CACGACGGCCTGTACCAGGGCCTGAGCAC
CGCCACCAAGGATACCTACGACGCCCTGC
ACATGCAGGCCCTGCCCCCCAGA
VKLEESGGGFVKPGG GTGAAGCTGGAAGAGTCCGGCGGAGG
SLKISCAASGFTFRNY CTTTGTGAAGCCTGGCGGAAGCCTGA
AMSWVRLSPEMRLE AGATCAGCTGTGCCGCCAGCGGCTTC
WVATISSAGGYIFYS ACCTTCAGAAACTACGCCATGAGCTG
MUC16. DSVQGRFTISRDNAK GGTCCGACTGAGCCCCGAGATGAGAC
> SeFv NTLHLQMGSLRSGDT TGGAATGGGTCGCCACAATCAGCAGC
DS AMYYCARQGFGNYG GCAGGCGGCTACATCTTCTACAGCGA
1-1BBy 27 | DYYAMDYWGQGTT | 119 | TAGCGTGCAGGGCAGATTCACCATCA
VTVSSGGGGSGGGGS GCCGGGACAACGCCAAGAACACCCTG
GGGGSDIELTQSPSSL CACCTCCAGATGGGCAGTCTGAGATC
AVSAGEKVTMSCKSS TGGCGACACCGCCATGTACTACTGCG
QSLLNSRTRKNQLA CCAGACAAGGCTTCGGCAACTACGGC
WYQQKTGQSPELLIY GACTACTATGCCATGGATTACTGGGG
WASTRQSGVPDRFTG CCAGGGCACCACCGTGACAGTCTCTT
SGSGTDFTLTISSVQA CTGGTGGCGGTGGCTCGGGCGGTGGT
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EDLAVYYCQQSYNL
LTFGPGTKLEIKRKPT
TTPAPRPPTPAPTIAS
QPLSLRPEACRPAAG
GAVHTRGLDFACDIY
IWAPLAGTCGVLLLS
LVITLYCNHRNKRGR
KKLLYIFKQPFMRPV
QTTQEEDGCSCRFPE
EEEGGCELRVKFSRS
ADAPAYQQGQNQLY
NELNLGRREEYDVLD
KRRGRDPEMGGKPR
RKNPQEGLYNELQK
DKMAEAYSEIGMKG
ERRRGKGHDGLYQG
LSTATKDTYDALHM
QALPPR

GGGTCGGGTGGCGGCGGATCTGACAT
CGAGCTGACACAGAGCCCATCTAGCC
TGGCTGTGTCTGCCGGCGAGAAAGTG
ACCATGAGCTGCAAGAGCAGCCAGAG
CCTGCTGAACAGCCGGACCAGAAAGA
ATCAGCTGGCCTGGTATCAGCAGAAA
ACCGGACAGAGCCCCGAGCTGCTGAT
CTACTGGGCCAGCACAAGACAGAGCG
GCGTGCCCGATAGATTCACAGGATCT
GGCAGCGGCACCGACTTCACCCTGAC
AATCAGTTCTGTGCAGGCCGAGGACC
TGGCCGTGTACTACTGTCAGCAGAGC
TACAACCTGCTGACCTTCGGACCCGG
CACCAAGCTGGAAATCAAGAGAAAGC
CCACCACCACCCCTGCCCCTAGACCTC
CAACCCCAGCCCCTACAATCGCCAGC
CAGCCCCTGAGCCTGAGGCCCGAAGC
CTGTAGACCTGCCGCTGGCGGAGCCG
TGCACACCAGAGGCCTGGATTTCGCC
TGCGACATCTACATCTGGGCCCCTCTG
GCCGGCACCTGTGGCGTGCTGCTGCT
GAGCCTGGTCATCACCCTGTACTGCA
ACCACCGGAATAAGAGAGGCCGGAA
GAAACTGCTGTACATCTTCAAGCAGC
CCTTCATGCGGCCCGTGCAGACCACC
CAGGAAGAGGACGGCTGCAGCTGCCG
GTTCCCCGAGGAAGAGGAAGGCGGCT
GCGAACTGCGGGTGAAGTTCAGCCGG
AGCGCCGACGCCCCTGCCTACCAGCA
GGGCCAGAACCAGCTGTACAACGAGC
TGAACCTGGGCCGGAGGGAGGAGTAC
GACGTGCTGGACAAGCGGAGAGGCCG
GGACCCTGAGATGGGCGGCAAGCCCC
GGAGAAAGAACCCTCAGGAGGGCCTG
TATAACGAACTGCAGAAAGACAAGAT
GGCCGAGGCCTACAGCGAGATCGGCA
TGAAGGGCGAGCGGCGGAGGGGCAA
GGGCCACGACGGCCTGTACCAGGGCC
TGAGCACCGCCACCAAGGATACCTAC
GACGCCCTGCACATGCAGGCCCTGCC
CCCCAGA

MUC16-
2 scFv.

CD8a(2x
).4-1BBz

28

VKLEESGGGFVKPGG
SLKISCAASGFTFRNY
AMSWVRLSPEMRLE
WVATISSAGGYIFYS
DSVQGRFTISRDNAK
NTLHLQMGSLRSGDT
AMYYCARQGFGNYG
DYYAMDYWGQGTT
VTVSSGGGGSGGGGS
GGGGSDIELTQSPSSL
AVSAGEKVTMSCKSS
QSLLNSRTRKNQLA
WYQQKTGQSPELLIY

120

GTGAAGCTGGAAGAGTCCGGCGGAGG
CTTTGTGAAGCCTGGCGGAAGCCTGA
AGATCAGCTGTGCCGCCAGCGGCTTC
ACCTTCAGAAACTACGCCATGAGCTG
GGTCCGACTGAGCCCCGAGATGAGAC
TGGAATGGGTCGCCACAATCAGCAGC
GCAGGCGGCTACATCTTCTACAGCGA
TAGCGTGCAGGGCAGATTCACCATCA
GCCGGGACAACGCCAAGAACACCCTG
CACCTCCAGATGGGCAGTCTGAGATC
TGGCGACACCGCCATGTACTACTGCG
CCAGACAAGGCTTCGGCAACTACGGC
GACTACTATGCCATGGATTACTGGGG
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WASTRQSGVPDRFTG
SGSGTDFTLTISSVQA
EDLAVYYCQQSYNL
LTFGPGTKLEIKRKPT
TTPAPRPPTPAPTIAS
QPLSLRPEASRPAAG
GAVHTRGLDFASDKP
TTTPAPRPPTPAPTIA
SQPLSLRPEACRPAA
GGAVHTRGLDFACDI
YIWAPLAGTCGVLLL
SLVITLYCNHRNKRG
RKKLLYIFKQPFMRP
VQTTQEEDGCSCRFP
EEEEGGCELRVKFSR
SADAPAYQQGQNQL
YNELNLGRREEYDVL
DKRRGRDPEMGGKP
RRKNPQEGLYNELQ
KDKMAEAYSEIGMK
GERRRGKGHDGLYQ
GLSTATKDTYDALH
MQALPPR

CCAGGGCACCACCGTGACAGTCTCTT
CTGGTGGCGGTGGCTCGGGCGGTGGT
GGGTCGGGTGGCGGCGGATCTGACAT
CGAGCTGACACAGAGCCCATCTAGCC
TGGCTGTGTCTGCCGGCGAGAAAGTG
ACCATGAGCTGCAAGAGCAGCCAGAG
CCTGCTGAACAGCCGGACCAGAAAGA
ATCAGCTGGCCTGGTATCAGCAGAAA
ACCGGACAGAGCCCCGAGCTGCTGAT
CTACTGGGCCAGCACAAGACAGAGCG
GCGTGCCCGATAGATTCACAGGATCT
GGCAGCGGCACCGACTTCACCCTGAC
AATCAGTTCTGTGCAGGCCGAGGACC
TGGCCGTGTACTACTGTCAGCAGAGC
TACAACCTGCTGACCTTCGGACCCGG
CACCAAGCTGGAAATCAAGAGAAAAC
CTACTACAACTCCTGCCCCCCGGCCTC
CTACACCAGCTCCTACTATCGCCTCCC
AGCCACTCAGTCTCAGACCCGAGGCT
TCTAGGCCAGCGGCCGGAGGCGCGGT
CCACACCCGCGGGCTGGACTTTGCAT
CCGATAAGCCCACCACCACCCCTGCC
CCTAGACCTCCAACCCCAGCCCCTAC
AATCGCCAGCCAGCCCCTGAGCCTGA
GGCCCGAAGCCTGTAGACCTGCCGCT
GGCGGAGCCGTGCACACCAGAGGCCT
GGATTTCGCCTGCGACATCTACATCTG
GGCCCCTCTGGCCGGCACCTGTGGCG
TGCTGCTGCTGAGCCTGGTCATCACCC
TGTACTGCAACCACCGGAATAAGAGA
GGCCGGAAGAAACTGCTGTACATCTT
CAAGCAGCCCTTCATGCGGCCCGTGC
AGACCACCCAGGAAGAGGACGGCTGC
AGCTGCCGGTTCCCCGAGGAAGAGGA
AGGCGGCTGCGAACTGCGGGTGAAGT
TCAGCCGGAGCGCCGACGCCCCTGCC
TACCAGCAGGGCCAGAACCAGCTGTA
CAACGAGCTGAACCTGGGCCGGAGGG
AGGAGTACGACGTGCTGGACAAGCGG
AGAGGCCGGGACCCTGAGATGGGCGG
CAAGCCCCGGAGAAAGAACCCTCAGG
AGGGCCTGTATAACGAACTGCAGAAA
GACAAGATGGCCGAGGCCTACAGCGA
GATCGGCATGAAGGGCGAGCGGCGG
AGGGGCAAGGGCCACGACGGCCTGTA
CCAGGGCCTGAGCACCGCCACCAAGG
ATACCTACGACGCCCTGCACATGCAG
GCCCTGCCCCCCAGA

MUC16-
2 scFv.

CD8a(3x
).4-1BBz

29

VKLEESGGGFVKPGG
SLKISCAASGFTFRNY
AMSWVRLSPEMRLE
WVATISSAGGYIFYS
DSVQGRFTISRDNAK
NTLHLQMGSLRSGDT

121

GTGAAGCTGGAAGAGTCCGGCGGAGG
CTTTGTGAAGCCTGGCGGAAGCCTGA
AGATCAGCTGTGCCGCCAGCGGCTTC
ACCTTCAGAAACTACGCCATGAGCTG
GGTCCGACTGAGCCCCGAGATGAGAC
TGGAATGGGTCGCCACAATCAGCAGC

111




WO 2019/236577

CA 03101641 2020-11-25

PCT/US2019/035384

Name

SEQ
ID
NO

Amino Acid Sequence

SEQ
ID
NO

Nucleotide Sequence

AMYYCARQGFGNYG
DYYAMDYWGQGTT
VTVSSGGGGSGGGGS
GGGGSDIELTQSPSSL
AVSAGEKVTMSCKSS
QSLLNSRTRKNQLA
WYQQKTGQSPELLIY
WASTRQSGVPDRFTG
SGSGTDFTLTISSVQA
EDLAVYYCQQSYNL
LTFGPGTKLEIKRKPT
TTPAPRPPTPAPTIAS
QPLSLRPEASRPAAG
GAVHTRGLDFASDKP
TTTPAPRPPTPAPTIA
SQPLSLRPEASRPAA
GGAVHTRGLDFASD
KPTTTPAPRPPTPAPT
IASQPLSLRPEACRPA
AGGAVHTRGLDFAC
DIYIWAPLAGTCGVL
LLSLVITLYCNHRNK
RGRKKLLYIFKQPFM
RPVQTTQEEDGCSCR
FPEEEEGGCELRVKF
SRSADAPAYQQGQN
QLYNELNLGRREEYD
VLDKRRGRDPEMGG
KPRRKNPQEGLYNEL
QKDKMAEAYSEIGM
KGERRRGKGHDGLY
QGLSTATKDTYDAL
HMQALPPR

GCAGGCGGCTACATCTTCTACAGCGA
TAGCGTGCAGGGCAGATTCACCATCA
GCCGGGACAACGCCAAGAACACCCTG
CACCTCCAGATGGGCAGTCTGAGATC
TGGCGACACCGCCATGTACTACTGCG
CCAGACAAGGCTTCGGCAACTACGGC
GACTACTATGCCATGGATTACTGGGG
CCAGGGCACCACCGTGACAGTCTCTT
CTGGTGGCGGTGGCTCGGGCGGTGGT
GGGTCGGGTGGCGGCGGATCTGACAT
CGAGCTGACACAGAGCCCATCTAGCC
TGGCTGTGTCTGCCGGCGAGAAAGTG
ACCATGAGCTGCAAGAGCAGCCAGAG
CCTGCTGAACAGCCGGACCAGAAAGA
ATCAGCTGGCCTGGTATCAGCAGAAA
ACCGGACAGAGCCCCGAGCTGCTGAT
CTACTGGGCCAGCACAAGACAGAGCG
GCGTGCCCGATAGATTCACAGGATCT
GGCAGCGGCACCGACTTCACCCTGAC
AATCAGTTCTGTGCAGGCCGAGGACC
TGGCCGTGTACTACTGTCAGCAGAGC
TACAACCTGCTGACCTTCGGACCCGG
CACCAAGCTGGAAATCAAGAGAAAGC
CTACCACCACCCCCGCACCTCGTCCTC
CAACCCCTGCACCTACGATTGCCAGT
CAGCCTCTTTCACTGCGGCCTGAGGCC
AGCAGACCAGCTGCCGGCGGTGCCGT
CCATACAAGAGGACTGGACTTCGCGT
CCGATAAACCTACTACCACTCCAGCC
CCAAGGCCCCCAACCCCAGCACCGAC
TATCGCATCACAGCCTTTGTCACTGCG
TCCTGAAGCCAGCCGGCCAGCTGCAG
GGGGGGCCGTCCACACAAGGGGACTC
GACTTTGCGAGTGATAAGCCCACCAC
CACCCCTGCCCCTAGACCTCCAACCCC
AGCCCCTACAATCGCCAGCCAGCCCC
TGAGCCTGAGGCCCGAAGCCTGTAGA
CCTGCCGCTGGCGGAGCCGTGCACAC
CAGAGGCCTGGATTTCGCCTGCGACA
TCTACATCTGGGCCCCTCTGGCCGGCA
CCTGTGGCGTGCTGCTGCTGAGCCTG
GTCATCACCCTGTACTGCAACCACCG
GAATAAGAGAGGCCGGAAGAAACTG
CTGTACATCTTCAAGCAGCCCTTCATG
CGGCCCGTGCAGACCACCCAGGAAGA
GGACGGCTGCAGCTGCCGGTTCCCCG
AGGAAGAGGAAGGCGGCTGCGAACT
GCGGGTGAAGTTCAGCCGGAGCGCCG
ACGCCCCTGCCTACCAGCAGGGCCAG
AACCAGCTGTACAACGAGCTGAACCT
GGGCCGGAGGGAGGAGTACGACGTG
CTGGACAAGCGGAGAGGCCGGGACCC
TGAGATGGGCGGCAAGCCCCGGAGAA
AGAACCCTCAGGAGGGCCTGTATAAC
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GAACTGCAGAAAGACAAGATGGCCG
AGGCCTACAGCGAGATCGGCATGAAG
GGCGAGCGGCGGAGGGGCAAGGGCC
ACGACGGCCTGTACCAGGGCCTGAGC
ACCGCCACCAAGGATACCTACGACGC
CCTGCACATGCAGGCCCTGCCCCCCA
GA

SP-
MUCI16-
3 scFv.
CD8a.
4-1BBz

30

MLLLVTSLLLCELPH
PAFLLIPDIKMAQSPS
SVNASLGERVTITCK
ASRDINNFLSWFHQK
PGKSPKTLIYRANRL
VDGVPSRFSGSGSGQ
DYSFTISSLEYEDVGI
YYCLQYGDLYTFGG
GTKLEIKGGGGSGGG
GSGGGGSDVQLLESG
PGLVRPSQSLSLTCSV
TGYSIVSHYYWNWIR
QFPGNKLEWMGYISS
DGSNEYNPSLKNRISI
SLDTSKNQFFLKFDF
VTTADTATYFCVRG
VDYWGQGTTLTVSS
KPTTTPAPRPPTPAPT
IASQPLSLRPEACRPA
AGGAVHTRGLDFAC
DIYIWAPLAGTCGVL
LLSLVITLYCNHRNK
RGRKKLLYIFKQPFM
RPVQTTQEEDGCSCR
FPEEEEGGCELRVKF
SRSADAPAYQQGQN
QLYNELNLGRREEYD
VLDKRRGRDPEMGG
KPRRKNPQEGLYNEL
QKDKMAEAYSEIGM
KGERRRGKGHDGLY
QGLSTATKDTYDAL
HMQALPPR

122

ATGCTGCTGCTGGTGACCAGCCTGCT
GCTGTGTGAGCTGCCCCACCCCGCCTT
TCTGCTGATCCCCGACATCAAGATGG
CTCAGTCCCCTTCTAGCGTGAATGCTT
CGCTAGGGGAGCGTGTGACCATCACA
TGTAAAGCATCACGCGACATAAATAA
TTTCCTTTCCTGGTTTCATCAGAAACC
GGGCAAGTCGCCTAAGACGCTGATTIT
ACAGAGCAAATCGGTTGGTAGATGGA
GTGCCAAGCAGATTCAGCGGGAGCGG
AAGTGGACAGGATTATAGCTTCACTA
TTTCATCCCTGGAATACGAGGACGTA
GGTATCTATTATTGCCTCCAGTATGGC
GATCTTTACACATTTGGTGGGGGGAC
TAAGCTGGAGATTAAGGGCGGAGGCG
GAAGCGGAGGCGGAGGCTCCGGCGG
AGGCGGAAGCGACGTGCAACTTCTGG
AGAGCGGGCCAGGGCTAGTCAGGCCC
TCCCAGTCGCTTTCACTGACTTGCAGT
GTGACCGGTTACTCTATTGTGAGTCAC
TACTATTGGAACTGGATTCGGCAGTTC
CCAGGCAACAAACTGGAATGGATGGG
GTACATATCTTCCGATGGCTCGAATG
AATATAACCCATCATTGAAAAATCGT
ATTTCCATCAGTCTGGATACGAGTAA
AAACCAGTTTTTCCTCAAATTCGATTT
CGTGACTACAGCAGATACTGCCACAT
ACTTCTGTGTACGAGGTGTCGATTATT
GGGGACAGGGCACAACGCTGACCGTA
AGTTCTAAGCCCACCACCACCCCTGC
CCCTAGACCTCCAACCCCAGCCCCTA
CAATCGCCAGCCAGCCCCTGAGCCTG
AGGCCCGAAGCCTGTAGACCTGCCGC
TGGCGGAGCCGTGCACACCAGAGGCC
TGGATTTCGCCTGCGACATCTACATCT
GGGCCCCTCTGGCCGGCACCTGTGGC
GTGCTGCTGCTGAGCCTGGTCATCACC
CTGTACTGCAACCACCGGAATAAGAG
AGGCCGGAAGAAACTGCTGTACATCT
TCAAGCAGCCCTTCATGCGGCCCGTG
CAGACCACCCAGGAAGAGGACGGCTG
CAGCTGCCGGTTCCCCGAGGAAGAGG
AAGGCGGCTGCGAACTGCGGGTGAAG
TTCAGCCGGAGCGCCGACGCCCCTGC
CTACCAGCAGGGCCAGAACCAGCTGT
ACAACGAGCTGAACCTGGGCCGGAGG
GAGGAGTACGACGTGCTGGACAAGCG
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GAGAGGCCGGGACCCTGAGATGGGCG
GCAAGCCCCGGAGAAAGAACCCTCAG
GAGGGCCTGTATAACGAACTGCAGAA
AGACAAGATGGCCGAGGCCTACAGCG
AGATCGGCATGAAGGGCGAGCGGCG
GAGGGGCAAGGGCCACGACGGCCTGT
ACCAGGGCCTGAGCACCGCCACCAAG
GATACCTACGACGCCCTGCACATGCA
GGCCCTGCCCCCCAGA

MUCI16-
3 scFv.
CD8a.
4-1BBz

31

DIKMA QSPSSVNASL
GERVTITCKASRDIN
NFLSWFHQKPGKSPK
TLIYRANRLVDGVPS
RFSGSGSGQDYSFTIS
SLEYEDVGIYYCLQY
GDLYTFGGGTKLEIK
GGGGSGGGGSGGGG
SDVQLLESGPGLVRP
SQSLSLTCSVTGYSIV
SHYYWNWIRQFPGN
KLEWMGYISSDGSNE
YNPSLKNRISISLDTS
KNQFFLKFDFVTTAD
TATYFCVRGVDYWG
QGTTLTVSSKPTTTP
APRPPTPAPTIASQPL
SLRPEACRPAAGGAV
HTRGLDFACDIYIWA
PLAGTCGVLLLSLVIT
LYCNHRNKRGRKKL
LYIFKQPFMRPVQTT
QEEDGCSCRFPEEEE
GGCELRVKFSRSADA
PAYQQGQNQLYNEL
NLGRREEYDVLDKR
RGRDPEMGGKPRRK
NPQEGLYNELQKDK
MAEAYSEIGMKGER
RRGKGHDGLYQGLS
TATKDTYDALHMOQA
LPPR

123

GACATCAAGATGGCTCAGTCCCCTTCT
AGCGTGAATGCTTCGCTAGGGGAGCG
TGTGACCATCACATGTAAAGCATCAC
GCGACATAAATAATTTCCTTTCCTGGT
TTCATCAGAAACCGGGCAAGTCGCCT
AAGACGCTGATTTACAGAGCAAATCG
GTTGGTAGATGGAGTGCCAAGCAGAT
TCAGCGGGAGCGGAAGTGGACAGGAT
TATAGCTTCACTATTTCATCCCTGGAA
TACGAGGACGTAGGTATCTATTATTG
CCTCCAGTATGGCGATCTTTACACATT
TGGTGGGGGGACTAAGCTGGAGATTA
AGGGCGGAGGCGGAAGCGGAGGCGG
AGGCTCCGGCGGAGGCGGAAGCGAC
GTGCAACTTCTGGAGAGCGGGCCAGG
GCTAGTCAGGCCCTCCCAGTCGCTTTC
ACTGACTTGCAGTGTGACCGGTTACTC
TATTGTGAGTCACTACTATTGGAACTG
GATTCGGCAGTTCCCAGGCAACAAAC
TGGAATGGATGGGGTACATATCTTCC
GATGGCTCGAATGAATATAACCCATC
ATTGAAAAATCGTATTTCCATCAGTCT
GGATACGAGTAAAAACCAGTTTITTCC
TCAAATTCGATTTCGTGACTACAGCA
GATACTGCCACATACTTCTGTGTACGA
GGTGTCGATTATTGGGGACAGGGCAC
AACGCTGACCGTAAGTTCTAAGCCCA
CCACCACCCCTGCCCCTAGACCTCCA
ACCCCAGCCCCTACAATCGCCAGCCA
GCCCCTGAGCCTGAGGCCCGAAGCCT
GTAGACCTGCCGCTGGCGGAGCCGTG
CACACCAGAGGCCTGGATTTCGCCTG
CGACATCTACATCTGGGCCCCTCTGGC
CGGCACCTGTGGCGTGCTGCTGCTGA
GCCTGGTCATCACCCTGTACTGCAACC
ACCGGAATAAGAGAGGCCGGAAGAA
ACTGCTGTACATCTTCAAGCAGCCCTT
CATGCGGCCCGTGCAGACCACCCAGG
AAGAGGACGGCTGCAGCTGCCGGTTC
CCCGAGGAAGAGGAAGGCGGCTGCG
AACTGCGGGTGAAGTTCAGCCGGAGC
GCCGACGCCCCTGCCTACCAGCAGGG
CCAGAACCAGCTGTACAACGAGCTGA
ACCTGGGCCGGAGGGAGGAGTACGAC
GTGCTGGACAAGCGGAGAGGCCGGG
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ACCCTGAGATGGGCGGCAAGCCCCGG
AGAAAGAACCCTCAGGAGGGCCTGTA
TAACGAACTGCAGAAAGACAAGATGG
CCGAGGCCTACAGCGAGATCGGCATG
AAGGGCGAGCGGCGGAGGGGCAAGG
GCCACGACGGCCTGTACCAGGGCCTG
AGCACCGCCACCAAGGATACCTACGA
CGCCCTGCACATGCAGGCCCTGCCCC
CCAGA

MUCI16-
3 scFv.
CD8a(2x
).
4-1BBz

32

DIKMAQSPSSVNASL
GERVTITCKASRDIN
NFLSWFHQKPGKSPK
TLIYRANRLVDGVPS
RFSGSGSGQDYSFTIS
SLEYEDVGIYYCLQY
GDLYTFGGGTKLEIK
GGGGSGGGGSGGGG
SDVQLLESGPGLVRP
SQSLSLTCSVTGYSIV
SHYYWNWIRQFPGN
KLEWMGYISSDGSNE
YNPSLKNRISISLDTS
KNQFFLKFDFVTTAD
TATYFCVRGVDYWG
QGTTLTVSSKPTTTP
APRPPTPAPTIASQPL
SLRPEASRPAAGGAV
HTRGLDFASDKPTTT
PAPRPPTPAPTIASQP
LSLRPEACRPAAGGA
VHTRGLDFACDIYTW
APLAGTCGVLLLSLV
ITLYCNHRNKRGRKK
LLYIFKQPFMRPVQT
TQEEDGCSCRFPEEE
EGGCELRVKFSRSAD
APAYQQGQNQLYNE
LNLGRREEYDVLDK
RRGRDPEMGGKPRR
KNPQEGLYNELQKD
KMAEAYSEIGMKGE
RRRGKGHDGLYQGL
STATKDTYDALHMOQ
ALPPR

124

GACATCAAGATGGCTCAGTCCCCTTCT
AGCGTGAATGCTTCGCTAGGGGAGCG
TGTGACCATCACATGTAAAGCATCAC
GCGACATAAATAATTTCCTTTCCTGGT
TTCATCAGAAACCGGGCAAGTCGCCT
AAGACGCTGATTTACAGAGCAAATCG
GTTGGTAGATGGAGTGCCAAGCAGAT
TCAGCGGGAGCGGAAGTGGACAGGAT
TATAGCTTCACTATTTCATCCCTGGAA
TACGAGGACGTAGGTATCTATTATTG
CCTCCAGTATGGCGATCTTTACACATT
TGGTGGGGGGACTAAGCTGGAGATTA
AGGGCGGAGGCGGAAGCGGAGGCGG
AGGCTCCGGCGGAGGCGGAAGCGAC
GTGCAACTTCTGGAGAGCGGGCCAGG
GCTAGTCAGGCCCTCCCAGTCGCTTTC
ACTGACTTGCAGTGTGACCGGTTACTC
TATTGTGAGTCACTACTATTGGAACTG
GATTCGGCAGTTCCCAGGCAACAAAC
TGGAATGGATGGGGTACATATCTTCC
GATGGCTCGAATGAATATAACCCATC
ATTGAAAAATCGTATTTCCATCAGTCT
GGATACGAGTAAAAACCAGTTTITTCC
TCAAATTCGATTTCGTGACTACAGCA
GATACTGCCACATACTTCTGTGTACGA
GGTGTCGATTATTGGGGACAGGGCAC
AACGCTGACCGTAAGTTCTAAACCTA
CTACAACTCCTGCCCCCCGGCCTCCTA
CACCAGCTCCTACTATCGCCTCCCAGC
CACTCAGTCTCAGACCCGAGGCTTCT
AGGCCAGCGGCCGGAGGCGCGGTCCA
CACCCGCGGGCTGGACTTTGCATCCG
ATAAGCCCACCACCACCCCTGCCCCT
AGACCTCCAACCCCAGCCCCTACAAT
CGCCAGCCAGCCCCTGAGCCTGAGGC
CCGAAGCCTGTAGACCTGCCGCTGGC
GGAGCCGTGCACACCAGAGGCCTGGA
TTTCGCCTGCGACATCTACATCTGGGC
CCCTCTGGCCGGCACCTGTGGCGTGCT
GCTGCTGAGCCTGGTCATCACCCTGTA
CTGCAACCACCGGAATAAGAGAGGCC
GGAAGAAACTGCTGTACATCTTCAAG
CAGCCCTTCATGCGGCCCGTGCAGAC
CACCCAGGAAGAGGACGGCTGCAGCT
GCCGGTTCCCCGAGGAAGAGGAAGGC
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GGCTGCGAACTGCGGGTGAAGTTCAG
CCGGAGCGCCGACGCCCCTGCCTACC
AGCAGGGCCAGAACCAGCTGTACAAC
GAGCTGAACCTGGGCCGGAGGGAGG
AGTACGACGTGCTGGACAAGCGGAGA
GGCCGGGACCCTGAGATGGGCGGCAA
GCCCCGGAGAAAGAACCCTCAGGAGG
GCCTGTATAACGAACTGCAGAAAGAC
AAGATGGCCGAGGCCTACAGCGAGAT
CGGCATGAAGGGCGAGCGGCGGAGG
GGCAAGGGCCACGACGGCCTGTACCA
GGGCCTGAGCACCGCCACCAAGGATA
CCTACGACGCCCTGCACATGCAGGCC
CTGCCCCCCAGA

MUC16-
3 scFv.

CD8a(3x
).4-1BBz

33

DIKMAQSPSSVNASL
GERVTITCKASRDIN
NFLSWFHQKPGKSPK
TLIYRANRLVDGVPS
RFSGSGSGQDYSFTIS
SLEYEDVGIYYCLQY
GDLYTFGGGTKLEIK
GGGGSGGGGSGGGG
SDVQLLESGPGLVRP
SQSLSLTCSVTGYSIV
SHYYWNWIRQFPGN
KLEWMGYISSDGSNE
YNPSLKNRISISLDTS
KNQFFLKFDFVTTAD
TATYFCVRGVDYWG
QGTTLTVSSKPTTTP
APRPPTPAPTIASQPL
SLRPEASRPAAGGAV
HTRGLDFASDKPTTT
PAPRPPTPAPTIASQP
LSLRPEASRPAAGGA
VHTRGLDFASDKPTT
TPAPRPPTPAPTIASQ
PLSLRPEACRPAAGG
AVHTRGLDFACDIYI
WAPLAGTCGVLLLSL
VITLY CNHRNKRGRK
KLLYIFKQPFMRPVQ
TTQEEDGCSCRFPEE
EEGGCELRVKFSRSA
DAPAYQQGQNQLYN
ELNLGRREEYDVLDK
RRGRDPEMGGKPRR
KNPQEGLYNELQKD
KMAEAYSEIGMKGE
RRRGKGHDGLYQGL
STATKDTYDALHMOQ
ALPPR

125

GACATCAAGATGGCTCAGTCCCCTTCT
AGCGTGAATGCTTCGCTAGGGGAGCG
TGTGACCATCACATGTAAAGCATCAC
GCGACATAAATAATTTCCTTTCCTGGT
TTCATCAGAAACCGGGCAAGTCGCCT
AAGACGCTGATTTACAGAGCAAATCG
GTTGGTAGATGGAGTGCCAAGCAGAT
TCAGCGGGAGCGGAAGTGGACAGGAT
TATAGCTTCACTATTTCATCCCTGGAA
TACGAGGACGTAGGTATCTATTATTG
CCTCCAGTATGGCGATCTTTACACATT
TGGTGGGGGGACTAAGCTGGAGATTA
AGGGCGGAGGCGGAAGCGGAGGCGG
AGGCTCCGGCGGAGGCGGAAGCGAC
GTGCAACTTCTGGAGAGCGGGCCAGG
GCTAGTCAGGCCCTCCCAGTCGCTTTC
ACTGACTTGCAGTGTGACCGGTTACTC
TATTGTGAGTCACTACTATTGGAACTG
GATTCGGCAGTTCCCAGGCAACAAAC
TGGAATGGATGGGGTACATATCTTCC
GATGGCTCGAATGAATATAACCCATC
ATTGAAAAATCGTATTTCCATCAGTCT
GGATACGAGTAAAAACCAGTTTITTCC
TCAAATTCGATTTCGTGACTACAGCA
GATACTGCCACATACTTCTGTGTACGA
GGTGTCGATTATTGGGGACAGGGCAC
AACGCTGACCGTAAGTTCTAAGCCTA
CCACCACCCCCGCACCTCGTCCTCCAA
CCCCTGCACCTACGATTGCCAGTCAG
CCTCTTTCACTGCGGCCTGAGGCCAGC
AGACCAGCTGCCGGCGGTGCCGTCCA
TACAAGAGGACTGGACTTCGCGTCCG
ATAAACCTACTACCACTCCAGCCCCA
AGGCCCCCAACCCCAGCACCGACTAT
CGCATCACAGCCTTTGTCACTGCGTCC
TGAAGCCAGCCGGCCAGCTGCAGGGG
GGGCCGTCCACACAAGGGGACTCGAC
TTTGCGAGTGATAAGCCCACCACCAC
CCCTGCCCCTAGACCTCCAACCCCAG
CCCCTACAATCGCCAGCCAGCCCCTG
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AGCCTGAGGCCCGAAGCCTGTAGACC
TGCCGCTGGCGGAGCCGTGCACACCA
GAGGCCTGGATTTCGCCTGCGACATC
TACATCTGGGCCCCTCTGGCCGGCAC
CTGTGGCGTGCTGCTGCTGAGCCTGGT
CATCACCCTGTACTGCAACCACCGGA
ATAAGAGAGGCCGGAAGAAACTGCTG
TACATCTTCAAGCAGCCCTTCATGCGG
CCCGTGCAGACCACCCAGGAAGAGGA
CGGCTGCAGCTGCCGGTTCCCCGAGG
AAGAGGAAGGCGGCTGCGAACTGCG
GGTGAAGTTCAGCCGGAGCGCCGACG
CCCCTGCCTACCAGCAGGGCCAGAAC
CAGCTGTACAACGAGCTGAACCTGGG
CCGGAGGGAGGAGTACGACGTGCTGG
ACAAGCGGAGAGGCCGGGACCCTGA
GATGGGCGGCAAGCCCCGGAGAAAG
AACCCTCAGGAGGGCCTGTATAACGA
ACTGCAGAAAGACAAGATGGCCGAG
GCCTACAGCGAGATCGGCATGAAGGG
CGAGCGGCGGAGGGGCAAGGGCCAC
GACGGCCTGTACCAGGGCCTGAGCAC
CGCCACCAAGGATACCTACGACGCCC
TGCACATGCAGGCCCTGCCCCCCAGA

MUC16-
2 (vh-vl)
scFv.
CD8a.
CD238z

34

VKLEESGGGFVKPGG
SLKISCAASGFTFRNY
AMSWVRLSPEMRLE
WVATISSAGGYIFYS
DSVQGRFTISRDNAK
NTLHLQMGSLRSGDT
AMYYCARQGFGNYG
DYYAMDYWGQGTT
VTVSSGGGGSGGGGS
GGGGSDIELTQSPSSL
AVSAGEKVTMSCKSS
QSLLNSRTRKNQLA
WYQQKTGQSPELLIY
WASTRQSGVPDRFTG
SGSGTDFTLTISSVQA
EDLAVYYCQQSYNL
LTFGPGTKLEIKRKPT
TTPAPRPPTPAPTIAS
QPLSLRPEACRPAAG
GAVHTRGLDFACDIY
IWAPLAGTCGVLLLS
LVITLYCNHRNRSKR
SRGGHSDYMNMTPR
RPGPTRKHYQPYAPP
RDFAAYRSRVKFSRS
ADAPAYQQGQNQLY
NELNLGRREEYDVLD
KRRGRDPEMGGKPR
RKNPQEGLYNELQK
DKMAEAYSEIGMKG

126

GTGAAGCTGGAAGAGTCCGGCGGAGG
CTTTGTGAAGCCTGGCGGAAGCCTGA
AGATCAGCTGTGCCGCCAGCGGCTTC
ACCTTCAGAAACTACGCCATGAGCTG
GGTCCGACTGAGCCCCGAGATGAGAC
TGGAATGGGTCGCCACAATCAGCAGC
GCAGGCGGCTACATCTTCTACAGCGA
TAGCGTGCAGGGCAGATTCACCATCA
GCCGGGACAACGCCAAGAACACCCTG
CACCTCCAGATGGGCAGTCTGAGATC
TGGCGACACCGCCATGTACTACTGCG
CCAGACAAGGCTTCGGCAACTACGGC
GACTACTATGCCATGGATTACTGGGG
CCAGGGCACCACCGTGACAGTCTCTT
CTGGTGGCGGTGGCTCGGGCGGTGGT
GGGTCGGGTGGCGGCGGATCTGACAT
CGAGCTGACACAGAGCCCATCTAGCC
TGGCTGTGTCTGCCGGCGAGAAAGTG
ACCATGAGCTGCAAGAGCAGCCAGAG
CCTGCTGAACAGCCGGACCAGAAAGA
ATCAGCTGGCCTGGTATCAGCAGAAA
ACCGGACAGAGCCCCGAGCTGCTGAT
CTACTGGGCCAGCACAAGACAGAGCG
GCGTGCCCGATAGATTCACAGGATCT
GGCAGCGGCACCGACTTCACCCTGAC
AATCAGTTCTGTGCAGGCCGAGGACC
TGGCCGTGTACTACTGTCAGCAGAGC
TACAACCTGCTGACCTTCGGACCCGG
CACCAAGCTGGAAATCAAGAGAAAGC
CCACCACCACCCCTGCCCCTAGACCTC
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ERRRGKGHDGLYQG
LSTATKDTYDALHM
QALPPR

CAACCCCAGCCCCTACAATCGCCAGC
CAGCCCCTGAGCCTGAGGCCCGAAGC
CTGTAGACCTGCCGCTGGCGGAGCCG
TGCACACCAGAGGCCTGGATTTCGCC
TGCGACATCTACATCTGGGCCCCTCTG
GCCGGCACCTGTGGCGTGCTGCTGCT
GAGCCTGGTCATCACCCTGTACTGCA
ACCACCGGAATAGGAGCAAGCGGAG
CAGAGGCGGCCACAGCGACTACATGA
ACATGACCCCCCGGAGGCCTGGCCCC
ACCCGGAAGCACTACCAGCCCTACGC
CCCTCCCAGGGACTTCGCCGCCTACC
GGAGCCGGGTGAAGTTCAGCCGGAGC
GCCGACGCCCCTGCCTACCAGCAGGG
CCAGAACCAGCTGTACAACGAGCTGA
ACCTGGGCCGGAGGGAGGAGTACGAC
GTGCTGGACAAGCGGAGAGGCCGGG
ACCCTGAGATGGGCGGCAAGCCCCGG
AGAAAGAACCCTCAGGAGGGCCTGTA
TAACGAACTGCAGAAAGACAAGATGG
CCGAGGCCTACAGCGAGATCGGCATG
AAGGGCGAGCGGCGGAGGGGCAAGG
GCCACGACGGCCTGTACCAGGGCCTG
AGCACCGCCACCAAGGATACCTACGA
CGCCCTGCACATGCAGGCCCTGCCCC
CCAGA

MUC16-

2

(vh-vl)

scFv.
CD8a(2x

).

CD28z

35

VKLEESGGGFVKPGG
SLKISCAASGFTFRNY
AMSWVRLSPEMRLE
WVATISSAGGYIFYS
DSVQGRFTISRDNAK
NTLHLQMGSLRSGDT
AMYYCARQGFGNYG
DYYAMDYWGQGTT
VTVSSGGGGSGGGGS
GGGGSDIELTQSPSSL
AVSAGEKVTMSCKSS
QSLLNSRTRKNQLA
WYQQKTGQSPELLIY
WASTRQSGVPDRFTG
SGSGTDFTLTISSVQA
EDLAVYYCQQSYNL
LTFGPGTKLEIKRKPT
TTPAPRPPTPAPTIAS
QPLSLRPEASRPAAG
GAVHTRGLDFASDKP
TTTPAPRPPTPAPTIA
SQPLSLRPEACRPAA
GGAVHTRGLDFACDI
YIWAPLAGTCGVLLL
SLVITLYCNHRNRSK
RSRGGHSDYMNMTP
RRPGPTRKHYQPYAP
PRDFAAYRSRVKFSR

127

GTGAAGCTGGAAGAGTCCGGCGGAGG
CTTTGTGAAGCCTGGCGGAAGCCTGA
AGATCAGCTGTGCCGCCAGCGGCTTC
ACCTTCAGAAACTACGCCATGAGCTG
GGTCCGACTGAGCCCCGAGATGAGAC
TGGAATGGGTCGCCACAATCAGCAGC
GCAGGCGGCTACATCTTCTACAGCGA
TAGCGTGCAGGGCAGATTCACCATCA
GCCGGGACAACGCCAAGAACACCCTG
CACCTCCAGATGGGCAGTCTGAGATC
TGGCGACACCGCCATGTACTACTGCG
CCAGACAAGGCTTCGGCAACTACGGC
GACTACTATGCCATGGATTACTGGGG
CCAGGGCACCACCGTGACAGTCTCTT
CTGGTGGCGGTGGCTCGGGCGGTGGT
GGGTCGGGTGGCGGCGGATCTGACAT
CGAGCTGACACAGAGCCCATCTAGCC
TGGCTGTGTCTGCCGGCGAGAAAGTG
ACCATGAGCTGCAAGAGCAGCCAGAG
CCTGCTGAACAGCCGGACCAGAAAGA
ATCAGCTGGCCTGGTATCAGCAGAAA
ACCGGACAGAGCCCCGAGCTGCTGAT
CTACTGGGCCAGCACAAGACAGAGCG
GCGTGCCCGATAGATTCACAGGATCT
GGCAGCGGCACCGACTTCACCCTGAC
AATCAGTTCTGTGCAGGCCGAGGACC
TGGCCGTGTACTACTGTCAGCAGAGC
TACAACCTGCTGACCTTCGGACCCGG
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SADAPAYQQGQNQL
YNELNLGRREEYDVL
DKRRGRDPEMGGKP
RRKNPQEGLYNELQ
KDKMAEAYSEIGMK
GERRRGKGHDGLYQ
GLSTATKDTYDALH
MQALPPR

CACCAAGCTGGAAATCAAGAGAAAAC
CTACTACAACTCCTGCCCCCCGGCCTC
CTACACCAGCTCCTACTATCGCCTCCC
AGCCACTCAGTCTCAGACCCGAGGCT
TCTAGGCCAGCGGCCGGAGGCGCGGT
CCACACCCGCGGGCTGGACTTTGCAT
CCGATAAGCCCACCACCACCCCTGCC
CCTAGACCTCCAACCCCAGCCCCTAC
AATCGCCAGCCAGCCCCTGAGCCTGA
GGCCCGAAGCCTGTAGACCTGCCGCT
GGCGGAGCCGTGCACACCAGAGGCCT
GGATTTCGCCTGCGACATCTACATCTG
GGCCCCTCTGGCCGGCACCTGTGGCG
TGCTGCTGCTGAGCCTGGTCATCACCC
TGTACTGCAACCACCGGAATAGGAGC
AAGCGGAGCAGAGGCGGCCACAGCG
ACTACATGAACATGACCCCCCGGAGG
CCTGGCCCCACCCGGAAGCACTACCA
GCCCTACGCCCCTCCCAGGGACTTCG
CCGCCTACCGGAGCCGGGTGAAGTTC
AGCCGGAGCGCCGACGCCCCTGCCTA
CCAGCAGGGCCAGAACCAGCTGTACA
ACGAGCTGAACCTGGGCCGGAGGGAG
GAGTACGACGTGCTGGACAAGCGGAG
AGGCCGGGACCCTGAGATGGGCGGCA
AGCCCCGGAGAAAGAACCCTCAGGAG
GGCCTGTATAACGAACTGCAGAAAGA
CAAGATGGCCGAGGCCTACAGCGAGA
TCGGCATGAAGGGCGAGCGGCGGAG
GGGCAAGGGCCACGACGGCCTGTACC
AGGGCCTGAGCACCGCCACCAAGGAT
ACCTACGACGCCCTGCACATGCAGGC
CCTGCCCCCCAGA

MUC16-

2

(vh-vl)

scFv.
CD8a(3x

).

CD28z

36

VKLEESGGGFVKPGG
SLKISCAASGFTFRNY
AMSWVRLSPEMRLE
WVATISSAGGYIFYS
DSVQGRFTISRDNAK
NTLHLQMGSLRSGDT
AMYYCARQGFGNYG
DYYAMDYWGQGTT
VTVSSGGGGSGGGGS
GGGGSDIELTQSPSSL
AVSAGEKVTMSCKSS
QSLLNSRTRKNQLA
WYQQKTGQSPELLIY
WASTRQSGVPDRFTG
SGSGTDFTLTISSVQA
EDLAVYYCQQSYNL
LTFGPGTKLEIKRKPT
TTPAPRPPTPAPTIAS
QPLSLRPEASRPAAG
GAVHTRGLDFASDKP
TTTPAPRPPTPAPTIA

128

GTGAAGCTGGAAGAGTCCGGCGGAGG
CTTTGTGAAGCCTGGCGGAAGCCTGA
AGATCAGCTGTGCCGCCAGCGGCTTC
ACCTTCAGAAACTACGCCATGAGCTG
GGTCCGACTGAGCCCCGAGATGAGAC
TGGAATGGGTCGCCACAATCAGCAGC
GCAGGCGGCTACATCTTCTACAGCGA
TAGCGTGCAGGGCAGATTCACCATCA
GCCGGGACAACGCCAAGAACACCCTG
CACCTCCAGATGGGCAGTCTGAGATC
TGGCGACACCGCCATGTACTACTGCG
CCAGACAAGGCTTCGGCAACTACGGC
GACTACTATGCCATGGATTACTGGGG
CCAGGGCACCACCGTGACAGTCTCTT
CTGGTGGCGGTGGCTCGGGCGGTGGT
GGGTCGGGTGGCGGCGGATCTGACAT
CGAGCTGACACAGAGCCCATCTAGCC
TGGCTGTGTCTGCCGGCGAGAAAGTG
ACCATGAGCTGCAAGAGCAGCCAGAG
CCTGCTGAACAGCCGGACCAGAAAGA
ATCAGCTGGCCTGGTATCAGCAGAAA
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SQPLSLRPEASRPAA
GGAVHTRGLDFASD
KPTTTPAPRPPTPAPT
JASQPLSLRPEACRPA
AGGAVHTRGLDFAC
DIYIWAPLAGTCGVL
LLSLVITLYCNHRNR
SKRSRGGHSDYMNM
TPRRPGPTRKHY QPY
APPRDFAAYRSRVKF
SRSADAPAYQQGQN
QLYNELNLGRREEYD
VLDKRRGRDPEMGG
KPRRKNPQEGLYNEL
QKDKMAEAYSEIGM
KGERRRGKGHDGLY
QGLSTATKDTYDAL
HMQALPPR

ACCGGACAGAGCCCCGAGCTGCTGAT
CTACTGGGCCAGCACAAGACAGAGCG
GCGTGCCCGATAGATTCACAGGATCT
GGCAGCGGCACCGACTTCACCCTGAC
AATCAGTTCTGTGCAGGCCGAGGACC
TGGCCGTGTACTACTGTCAGCAGAGC
TACAACCTGCTGACCTTCGGACCCGG
CACCAAGCTGGAAATCAAGAGAAAGC
CTACCACCACCCCCGCACCTCGTCCTC
CAACCCCTGCACCTACGATTGCCAGT
CAGCCTCTTTCACTGCGGCCTGAGGCC
AGCAGACCAGCTGCCGGCGGTGCCGT
CCATACAAGAGGACTGGACTTCGCGT
CCGATAAACCTACTACCACTCCAGCC
CCAAGGCCCCCAACCCCAGCACCGAC
TATCGCATCACAGCCTTTGTCACTGCG
TCCTGAAGCCAGCCGGCCAGCTGCAG
GGGGGGCCGTCCACACAAGGGGACTC
GACTTTGCGAGTGATAAGCCCACCAC
CACCCCTGCCCCTAGACCTCCAACCCC
AGCCCCTACAATCGCCAGCCAGCCCC
TGAGCCTGAGGCCCGAAGCCTGTAGA
CCTGCCGCTGGCGGAGCCGTGCACAC
CAGAGGCCTGGATTTCGCCTGCGACA
TCTACATCTGGGCCCCTCTGGCCGGCA
CCTGTGGCGTGCTGCTGCTGAGCCTG
GTCATCACCCTGTACTGCAACCACCG
GAATAGGAGCAAGCGGAGCAGAGGC
GGCCACAGCGACTACATGAACATGAC
CCCCCGGAGGCCTGGCCCCACCCGGA
AGCACTACCAGCCCTACGCCCCTCCC
AGGGACTTCGCCGCCTACCGGAGCCG
GGTGAAGTTCAGCCGGAGCGCCGACG
CCCCTGCCTACCAGCAGGGCCAGAAC
CAGCTGTACAACGAGCTGAACCTGGG
CCGGAGGGAGGAGTACGACGTGCTGG
ACAAGCGGAGAGGCCGGGACCCTGA
GATGGGCGGCAAGCCCCGGAGAAAG
AACCCTCAGGAGGGCCTGTATAACGA
ACTGCAGAAAGACAAGATGGCCGAG
GCCTACAGCGAGATCGGCATGAAGGG
CGAGCGGCGGAGGGGCAAGGGCCAC
GACGGCCTGTACCAGGGCCTGAGCAC
CGCCACCAAGGATACCTACGACGCCC
TGCACATGCAGGCCCTGCCCCCCAGA

MUC16-
2 (vh-vl)
scFv.
CD8a.
CD28.
4-1BB.z

37

VKLEESGGGFVKPGG
SLKISCAASGFTFRNY
AMSWVRLSPEMRLE
WVATISSAGGYIFYS
DSVQGRFTISRDNAK
NTLHLQMGSLRSGDT
AMYYCARQGFGNYG
DYYAMDYWGQGTT
VTVSSGGGGSGGGGS

129

GTGAAGCTGGAAGAGTCCGGCGGAGG
CTTTGTGAAGCCTGGCGGAAGCCTGA
AGATCAGCTGTGCCGCCAGCGGCTTC
ACCTTCAGAAACTACGCCATGAGCTG
GGTCCGACTGAGCCCCGAGATGAGAC
TGGAATGGGTCGCCACAATCAGCAGC
GCAGGCGGCTACATCTTCTACAGCGA
TAGCGTGCAGGGCAGATTCACCATCA
GCCGGGACAACGCCAAGAACACCCTG
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GGGGSDIELTQSPSSL
AVSAGEKVTMSCKSS
QSLLNSRTRKNQLA
WYQQKTGQSPELLIY
WASTRQSGVPDRFTG
SGSGTDFTLTISSVQA
EDLAVYYCQQSYNL
LTFGPGTKLEIKRKPT
TTPAPRPPTPAPTIAS
QPLSLRPEACRPAAG
GAVHTRGLDFACDIY
IWAPLAGTCGVLLLS
LVITLYCNHRNRSKR
SRGGHSDYMNMTPR
RPGPTRKHYQPYAPP
RDFAAYRSKRGRKK
LLYIFKQPFMRPVQT
TQEEDGCSCRFPEEE
EGGCELRVKFSRSAD
APAYQQGQNQLYNE
LNLGRREEYDVLDK
RRGRDPEMGGKPRR
KNPQEGLYNELQKD
KMAEAYSEIGMKGE
RRRGKGHDGLYQGL
STATKDTYDALHMOQ
ALPPR

CACCTCCAGATGGGCAGTCTGAGATC
TGGCGACACCGCCATGTACTACTGCG
CCAGACAAGGCTTCGGCAACTACGGC
GACTACTATGCCATGGATTACTGGGG
CCAGGGCACCACCGTGACAGTCTCTT
CTGGTGGCGGTGGCTCGGGCGGTGGT
GGGTCGGGTGGCGGCGGATCTGACAT
CGAGCTGACACAGAGCCCATCTAGCC
TGGCTGTGTCTGCCGGCGAGAAAGTG
ACCATGAGCTGCAAGAGCAGCCAGAG
CCTGCTGAACAGCCGGACCAGAAAGA
ATCAGCTGGCCTGGTATCAGCAGAAA
ACCGGACAGAGCCCCGAGCTGCTGAT
CTACTGGGCCAGCACAAGACAGAGCG
GCGTGCCCGATAGATTCACAGGATCT
GGCAGCGGCACCGACTTCACCCTGAC
AATCAGTTCTGTGCAGGCCGAGGACC
TGGCCGTGTACTACTGTCAGCAGAGC
TACAACCTGCTGACCTTCGGACCCGG
CACCAAGCTGGAAATCAAGAGAAAGC
CCACCACCACCCCTGCCCCTAGACCTC
CAACCCCAGCCCCTACAATCGCCAGC
CAGCCCCTGAGCCTGAGGCCCGAAGC
CTGTAGACCTGCCGCTGGCGGAGCCG
TGCACACCAGAGGCCTGGATTTCGCC
TGCGACATCTACATCTGGGCCCCTCTG
GCCGGCACCTGTGGCGTGCTGCTGCT
GAGCCTGGTCATCACCCTGTACTGCA
ACCACCGGAATAGGAGCAAGCGGAG
CAGAGGCGGCCACAGCGACTACATGA
ACATGACCCCCCGGAGGCCTGGCCCC
ACCCGGAAGCACTACCAGCCCTACGC
CCCTCCCAGGGACTTCGCCGCCTACC
GGAGCAAGAGAGGCCGGAAGAAACT
GCTGTACATCTTCAAGCAGCCCTTCAT
GCGGCCCGTGCAGACCACCCAGGAAG
AGGACGGCTGCAGCTGCCGGTTCCCC
GAGGAAGAGGAAGGCGGCTGCGAAC
TGCGGGTGAAGTTCAGCCGGAGCGCC
GACGCCCCTGCCTACCAGCAGGGCCA
GAACCAGCTGTACAACGAGCTGAACC
TGGGCCGGAGGGAGGAGTACGACGTG
CTGGACAAGCGGAGAGGCCGGGACCC
TGAGATGGGCGGCAAGCCCCGGAGAA
AGAACCCTCAGGAGGGCCTGTATAAC
GAACTGCAGAAAGACAAGATGGCCG
AGGCCTACAGCGAGATCGGCATGAAG
GGCGAGCGGCGGAGGGGCAAGGGCC
ACGACGGCCTGTACCAGGGCCTGAGC
ACCGCCACCAAGGATACCTACGACGC
CCTGCACATGCAGGCCCTGCCCCCCA
GA

MUC16-
2 (vh-vl)

38

VKLEESGGGFVKPGG
SLKISCAASGFTFRNY

130

GTGAAGCTGGAAGAGTCCGGCGGAGG
CTTTGTGAAGCCTGGCGGAAGCCTGA
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scFv. AMSWVRLSPEMRLE AGATCAGCTGTGCCGCCAGCGGCTTC
CD8a(2x WVATISSAGGYIFYS ACCTTCAGAAACTACGCCATGAGCTG
).CD28. DSVQGRFTISRDNAK GGTCCGACTGAGCCCCGAGATGAGAC
4-1BB.z NTLHLQMGSLRSGDT TGGAATGGGTCGCCACAATCAGCAGC
AMYYCARQGFGNYG GCAGGCGGCTACATCTTCTACAGCGA
DYYAMDYWGQGTT TAGCGTGCAGGGCAGATTCACCATCA
VTVSSGGGGSGGGGS GCCGGGACAACGCCAAGAACACCCTG
GGGGSDIELTQSPSSL CACCTCCAGATGGGCAGTCTGAGATC
AVSAGEKVTMSCKSS TGGCGACACCGCCATGTACTACTGCG
QSLLNSRTRKNQLA CCAGACAAGGCTTCGGCAACTACGGC
WYQQKTGQSPELLIY GACTACTATGCCATGGATTACTGGGG
WASTRQSGVPDRFTG CCAGGGCACCACCGTGACAGTCTCTT
SGSGTDFTLTISSVQA CTGGTGGCGGTGGCTCGGGCGGTGGT
EDLAVYYCQQSYNL GGGTCGGGTGGCGGCGGATCTGACAT
LTFGPGTKLEIKRKPT CGAGCTGACACAGAGCCCATCTAGCC
TTPAPRPPTPAPTIAS TGGCTGTGTCTGCCGGCGAGAAAGTG
QPLSLRPEASRPAAG ACCATGAGCTGCAAGAGCAGCCAGAG
GAVHTRGLDFASDKP CCTGCTGAACAGCCGGACCAGAAAGA
TTTPAPRPPTPAPTIA ATCAGCTGGCCTGGTATCAGCAGAAA
SQPLSLRPEACRPAA ACCGGACAGAGCCCCGAGCTGCTGAT
GGAVHTRGLDFACDI CTACTGGGCCAGCACAAGACAGAGCG
YIWAPLAGTCGVLLL GCGTGCCCGATAGATTCACAGGATCT
SLVITLYCNHRNRSK GGCAGCGGCACCGACTTCACCCTGAC
RSRGGHSDYMNMTP AATCAGTTCTGTGCAGGCCGAGGACC
RRPGPTRKHYQPYAP TGGCCGTGTACTACTGTCAGCAGAGC
PRDFAAYRSKRGRK TACAACCTGCTGACCTTCGGACCCGG
KLLYIFKQPFMRPVQ CACCAAGCTGGAAATCAAGAGAAAAC
TTQEEDGCSCRFPEE CTACTACAACTCCTGCCCCCCGGCCTC
EEGGCELRVKFSRSA CTACACCAGCTCCTACTATCGCCTCCC
DAPAYQQGQNQLYN AGCCACTCAGTCTCAGACCCGAGGCT
ELNLGRREEYDVLDK TCTAGGCCAGCGGCCGGAGGCGCGGT
RRGRDPEMGGKPRR CCACACCCGCGGGCTGGACTTTGCAT
KNPQEGLYNELQKD CCGATAAGCCCACCACCACCCCTGCC
KMAEAYSEIGMKGE CCTAGACCTCCAACCCCAGCCCCTAC
RRRGKGHDGLYQGL AATCGCCAGCCAGCCCCTGAGCCTGA
STATKDTYDALHMQ GGCCCGAAGCCTGTAGACCTGCCGCT
ALPPR GGCGGAGCCGTGCACACCAGAGGCCT

GGATTTCGCCTGCGACATCTACATCTG
GGCCCCTCTGGCCGGCACCTGTGGCG
TGCTGCTGCTGAGCCTGGTCATCACCC
TGTACTGCAACCACCGGAATAGGAGC
AAGCGGAGCAGAGGCGGCCACAGCG
ACTACATGAACATGACCCCCCGGAGG
CCTGGCCCCACCCGGAAGCACTACCA
GCCCTACGCCCCTCCCAGGGACTTCG
CCGCCTACCGGAGCAAGAGAGGCCGG
AAGAAACTGCTGTACATCTTCAAGCA
GCCCTTCATGCGGCCCGTGCAGACCA
CCCAGGAAGAGGACGGCTGCAGCTGC
CGGTTCCCCGAGGAAGAGGAAGGCGG
CTGCGAACTGCGGGTGAAGTTCAGCC
GGAGCGCCGACGCCCCTGCCTACCAG
CAGGGCCAGAACCAGCTGTACAACGA
GCTGAACCTGGGCCGGAGGGAGGAGT
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ACGACGTGCTGGACAAGCGGAGAGGC
CGGGACCCTGAGATGGGCGGCAAGCC
CCGGAGAAAGAACCCTCAGGAGGGCC
TGTATAACGAACTGCAGAAAGACAAG
ATGGCCGAGGCCTACAGCGAGATCGG
CATGAAGGGCGAGCGGCGGAGGGGC
AAGGGCCACGACGGCCTGTACCAGGG
CCTGAGCACCGCCACCAAGGATACCT
ACGACGCCCTGCACATGCAGGCCCTG

CCCCCCAGA
GTGAAGCTGGAAGAGTCCGGCGGAGG
VKLEESGGGFVKPGG CTTTGTGAAGCCTGGCGGAAGCCTGA
SLKISCAASGFTFRNY AGATCAGCTGTGCCGCCAGCGGCTTC
AMSWVRLSPEMRLE ACCTTCAGAAACTACGCCATGAGCTG
WVATISSAGGYIFYS GGTCCGACTGAGCCCCGAGATGAGAC
DSVQGRFTISRDNAK TGGAATGGGTCGCCACAATCAGCAGC
NTLHLQMGSLRSGDT GCAGGCGGCTACATCTTCTACAGCGA
AMYYCARQGFGNYG TAGCGTGCAGGGCAGATTCACCATCA
DYYAMDYWGQGTT GCCGGGACAACGCCAAGAACACCCTG
VTVSSGGGGSGGGGS CACCTCCAGATGGGCAGTCTGAGATC
GGGGSDIELTQSPSSL TGGCGACACCGCCATGTACTACTGCG
AVSAGEKVTMSCKSS CCAGACAAGGCTTCGGCAACTACGGC
QSLLNSRTRKNQLA GACTACTATGCCATGGATTACTGGGG
WYQQKTGQSPELLIY CCAGGGCACCACCGTGACAGTCTCTT
WASTRQSGVPDRFTG CTGGTGGCGGTGGCTCGGGCGGTGGT
SGSGTDFTLTISSVQA GGGTCGGGTGGCGGCGGATCTGACAT
EDLAVYYCQQSYNL CGAGCTGACACAGAGCCCATCTAGCC
LTFGPGTKLEIKRKPT TGGCTGTGTCTGCCGGCGAGAAAGTG
MUC16- TTPAPRPPTPAPTIAS ACCATGAGCTGCAAGAGCAGCCAGAG
2 (vh-vl) QPLSLRPEASRPAAG CCTGCTGAACAGCCGGACCAGAAAGA
Fv GAVHTRGLDFASDKP ATCAGCTGGCCTGGTATCAGCAGAAA
%DS.a Gx | 39 TTTPAPRPPTPAPTIA 131 ACCGGACAGAGCCCCGAGCTGCTGAT
SQPLSLRPEASRPAA CTACTGGGCCAGCACAAGACAGAGCG
%ng GGAVHTRGLDFASD GCGTGCCCGATAGATTCACAGGATCT
44BBZ KPTTTPAPRPPTPAPT GGCAGCGGCACCGACTTCACCCTGAC
' TASQPLSLRPEACRPA AATCAGTTCTGTGCAGGCCGAGGACC
AGGAVHTRGLDFAC TGGCCGTGTACTACTGTCAGCAGAGC
DIYIWAPLAGTCGVL TACAACCTGCTGACCTTCGGACCCGG
LLSLVITLYCNHRNR CACCAAGCTGGAAATCAAGAGAAAGC
SKRSRGGHSDYMNM CTACCACCACCCCCGCACCTCGTCCTC
TPRRPGPTRKHYQPY CAACCCCTGCACCTACGATTGCCAGT
APPRDFAAYRSKRGR CAGCCTCTTTCACTGCGGCCTGAGGCC
KKLLYIFKQPFMRPV AGCAGACCAGCTGCCGGCGGTGCCGT
QTTQEEDGCSCRFPE CCATACAAGAGGACTGGACTTCGCGT
EEEGGCELRVKFSRS CCGATAAACCTACTACCACTCCAGCC
ADAPAYQQGQNQLY CCAAGGCCCCCAACCCCAGCACCGAC
NELNLGRREEYDVLD TATCGCATCACAGCCTTTGTCACTGCG
KRRGRDPEMGGKPR TCCTGAAGCCAGCCGGCCAGCTGCAG
RKNPQEGLYNELQK GGGGGGCCGTCCACACAAGGGGACTC
DKMAEAY SEIGMKG GACTTTGCGAGTGATAAGCCCACCAC
ERRRGKGHDGLYQG CACCCCTGCCCCTAGACCTCCAACCCC
LSTATKDTYDALHM AGCCCCTACAATCGCCAGCCAGCCCC
QALPPR TGAGCCTGAGGCCCGAAGCCTGTAGA

CCTGCCGCTGGCGGAGCCGTGCACAC
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CAGAGGCCTGGATTTCGCCTGCGACA
TCTACATCTGGGCCCCTCTGGCCGGCA
CCTGTGGCGTGCTGCTGCTGAGCCTG
GTCATCACCCTGTACTGCAACCACCG
GAATAGGAGCAAGCGGAGCAGAGGC
GGCCACAGCGACTACATGAACATGAC
CCCCCGGAGGCCTGGCCCCACCCGGA
AGCACTACCAGCCCTACGCCCCTCCC
AGGGACTTCGCCGCCTACCGGAGCAA
GAGAGGCCGGAAGAAACTGCTGTACA
TCTTCAAGCAGCCCTTCATGCGGCCCG
TGCAGACCACCCAGGAAGAGGACGGC
TGCAGCTGCCGGTTCCCCGAGGAAGA
GGAAGGCGGCTGCGAACTGCGGGTGA
AGTTCAGCCGGAGCGCCGACGCCCCT
GCCTACCAGCAGGGCCAGAACCAGCT
GTACAACGAGCTGAACCTGGGCCGGA
GGGAGGAGTACGACGTGCTGGACAAG
CGGAGAGGCCGGGACCCTGAGATGGG
CGGCAAGCCCCGGAGAAAGAACCCTC
AGGAGGGCCTGTATAACGAACTGCAG
AAAGACAAGATGGCCGAGGCCTACAG
CGAGATCGGCATGAAGGGCGAGCGGC
GGAGGGGCAAGGGCCACGACGGCCT
GTACCAGGGCCTGAGCACCGCCACCA
AGGATACCTACGACGCCCTGCACATG
CAGGCCCTGCCCCCCAGA

MUC16-
2 (vl-vh)
scFv.
CD8a.
CD238z

40

DIELTQSPSSLAVSAG
EKVTMSCKSSQSLLN
SRTRKNQLAWYQQK
TGQSPELLIYWASTR
QSGVPDRFTGSGSGT
DFTLTISSVQAEDLA
VYYCQQSYNLLTFGP
GTKLEIKRGGGGSGG
GGSGGGGSVKLEESG
GGFVKPGGSLKISCA
ASGFTFRNYAMSWYV
RLSPEMRLEWVATIS
SAGGYIFYSDSVQGR
FTISRDNAKNTLHLQ
MGSLRSGDTAMYYC
ARQGFGNYGDYYAM
DYWGQGTTVTVSSK
PTTTPAPRPPTPAPTI
ASQPLSLRPEACRPA
AGGAVHTRGLDFAC
DIYIWAPLAGTCGVL
LLSLVITLYCNHRNR
SKRSRGGHSDYMNM
TPRRPGPTRKHY QPY
APPRDFAAYRSRVKF
SRSADAPAYQQGQN
QLYNELNLGRREEYD

132

GACATCGAGCTGACACAGAGCCCATC
TAGCCTGGCTGTGTCTGCCGGCGAGA
AAGTGACCATGAGCTGCAAGAGCAGC
CAGAGCCTGCTGAACAGCCGGACCAG
AAAGAATCAGCTGGCCTGGTATCAGC
AGAAAACCGGACAGAGCCCCGAGCTG
CTGATCTACTGGGCCAGCACAAGACA
GAGCGGCGTGCCCGATAGATTCACAG
GATCTGGCAGCGGCACCGACTTCACC
CTGACAATCAGTTCTGTGCAGGCCGA
GGACCTGGCCGTGTACTACTGTCAGC
AGAGCTACAACCTGCTGACCTTCGGA
CCCGGCACCAAGCTGGAAATCAAGAG
AGGTGGCGGTGGCTCGGGCGGTGGTG
GGTCGGGTGGCGGCGGATCTGTGAAG
CTGGAAGAGTCCGGCGGAGGCTTTGT
GAAGCCTGGCGGAAGCCTGAAGATCA
GCTGTGCCGCCAGCGGCTTCACCTTCA
GAAACTACGCCATGAGCTGGGTCCGA
CTGAGCCCCGAGATGAGACTGGAATG
GGTCGCCACAATCAGCAGCGCAGGCG
GCTACATCTTCTACAGCGATAGCGTG
CAGGGCAGATTCACCATCAGCCGGGA
CAACGCCAAGAACACCCTGCACCTCC
AGATGGGCAGTCTGAGATCTGGCGAC
ACCGCCATGTACTACTGCGCCAGACA
AGGCTTCGGCAACTACGGCGACTACT
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VLDKRRGRDPEMGG
KPRRKNPQEGLYNEL
QKDKMAEAYSEIGM
KGERRRGKGHDGLY
QGLSTATKDTYDAL
HMQALPPR

ATGCCATGGATTACTGGGGCCAGGGC
ACCACCGTGACAGTCTCTTCTAAGCCC
ACCACCACCCCTGCCCCTAGACCTCC
AACCCCAGCCCCTACAATCGCCAGCC
AGCCCCTGAGCCTGAGGCCCGAAGCC
TGTAGACCTGCCGCTGGCGGAGCCGT
GCACACCAGAGGCCTGGATTTCGCCT
GCGACATCTACATCTGGGCCCCTCTG
GCCGGCACCTGTGGCGTGCTGCTGCT
GAGCCTGGTCATCACCCTGTACTGCA
ACCACCGGAATAGGAGCAAGCGGAG
CAGAGGCGGCCACAGCGACTACATGA
ACATGACCCCCCGGAGGCCTGGCCCC
ACCCGGAAGCACTACCAGCCCTACGC
CCCTCCCAGGGACTTCGCCGCCTACC
GGAGCCGGGTGAAGTTCAGCCGGAGC
GCCGACGCCCCTGCCTACCAGCAGGG
CCAGAACCAGCTGTACAACGAGCTGA
ACCTGGGCCGGAGGGAGGAGTACGAC
GTGCTGGACAAGCGGAGAGGCCGGG
ACCCTGAGATGGGCGGCAAGCCCCGG
AGAAAGAACCCTCAGGAGGGCCTGTA
TAACGAACTGCAGAAAGACAAGATGG
CCGAGGCCTACAGCGAGATCGGCATG
AAGGGCGAGCGGCGGAGGGGCAAGG
GCCACGACGGCCTGTACCAGGGCCTG
AGCACCGCCACCAAGGATACCTACGA
CGCCCTGCACATGCAGGCCCTGCCCC
CCAGA

MUCI16-
2 (vl-vh)
scFv.
CD8a(2x
).
CD28z

41

DIELTQSPSSLAVSAG
EKVTMSCKSSQSLLN
SRTRKNQLAWYQQK
TGQSPELLIYWASTR
QSGVPDRFTGSGSGT
DFTLTISSVQAEDLA
VYYCQQSYNLLTFGP
GTKLEIKRGGGGSGG
GGSGGGGSVKLEESG
GGFVKPGGSLKISCA
ASGFTFRNYAMSWV
RLSPEMRLEWVATIS
SAGGYIFYSDSVQGR
FTISRDNAKNTLHLQ
MGSLRSGDTAMYYC
ARQGFGNYGDYYAM
DYWGQGTTVTVSSK
PTTTPAPRPPTPAPTI
ASQPLSLRPEASRPA
AGGAVHTRGLDFAS
DKPTTTPAPRPPTPAP
TIASQPLSLRPEACRP
AAGGAVHTRGLDFA
CDIYIWAPLAGTCGV
LLLSLVITLYCNHRN

133

GACATCGAGCTGACACAGAGCCCATC
TAGCCTGGCTGTGTCTGCCGGCGAGA
AAGTGACCATGAGCTGCAAGAGCAGC
CAGAGCCTGCTGAACAGCCGGACCAG
AAAGAATCAGCTGGCCTGGTATCAGC
AGAAAACCGGACAGAGCCCCGAGCTG
CTGATCTACTGGGCCAGCACAAGACA
GAGCGGCGTGCCCGATAGATTCACAG
GATCTGGCAGCGGCACCGACTTCACC
CTGACAATCAGTTCTGTGCAGGCCGA
GGACCTGGCCGTGTACTACTGTCAGC
AGAGCTACAACCTGCTGACCTTCGGA
CCCGGCACCAAGCTGGAAATCAAGAG
AGGTGGCGGTGGCTCGGGCGGTGGTG
GGTCGGGTGGCGGCGGATCTGTGAAG
CTGGAAGAGTCCGGCGGAGGCTTTGT
GAAGCCTGGCGGAAGCCTGAAGATCA
GCTGTGCCGCCAGCGGCTTCACCTTCA
GAAACTACGCCATGAGCTGGGTCCGA
CTGAGCCCCGAGATGAGACTGGAATG
GGTCGCCACAATCAGCAGCGCAGGCG
GCTACATCTTCTACAGCGATAGCGTG
CAGGGCAGATTCACCATCAGCCGGGA
CAACGCCAAGAACACCCTGCACCTCC
AGATGGGCAGTCTGAGATCTGGCGAC
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RSKRSRGGHSDYMN
MTPRRPGPTRKHY QP
YAPPRDFAAYRSRVK
FSRSADAPAYQQGQ
NQLYNELNLGRREEY
DVLDKRRGRDPEMG
GKPRRKNPQEGLYNE
LQKDKMAEAYSEIG
MKGERRRGKGHDGL
YQGLSTATKDTYDA
LHMQALPPR

ACCGCCATGTACTACTGCGCCAGACA
AGGCTTCGGCAACTACGGCGACTACT
ATGCCATGGATTACTGGGGCCAGGGC
ACCACCGTGACAGTCTCTTCTAAACCT
ACTACAACTCCTGCCCCCCGGCCTCCT
ACACCAGCTCCTACTATCGCCTCCCAG
CCACTCAGTCTCAGACCCGAGGCTTCT
AGGCCAGCGGCCGGAGGCGCGGTCCA
CACCCGCGGGCTGGACTTTGCATCCG
ATAAGCCCACCACCACCCCTGCCCCT
AGACCTCCAACCCCAGCCCCTACAAT
CGCCAGCCAGCCCCTGAGCCTGAGGC
CCGAAGCCTGTAGACCTGCCGCTGGC
GGAGCCGTGCACACCAGAGGCCTGGA
TTTCGCCTGCGACATCTACATCTGGGC
CCCTCTGGCCGGCACCTGTGGCGTGCT
GCTGCTGAGCCTGGTCATCACCCTGTA
CTGCAACCACCGGAATAGGAGCAAGC
GGAGCAGAGGCGGCCACAGCGACTAC
ATGAACATGACCCCCCGGAGGCCTGG
CCCCACCCGGAAGCACTACCAGCCCT
ACGCCCCTCCCAGGGACTTCGCCGCC
TACCGGAGCCGGGTGAAGTTCAGCCG
GAGCGCCGACGCCCCTGCCTACCAGC
AGGGCCAGAACCAGCTGTACAACGAG
CTGAACCTGGGCCGGAGGGAGGAGTA
CGACGTGCTGGACAAGCGGAGAGGCC
GGGACCCTGAGATGGGCGGCAAGCCC
CGGAGAAAGAACCCTCAGGAGGGCCT
GTATAACGAACTGCAGAAAGACAAGA
TGGCCGAGGCCTACAGCGAGATCGGC
ATGAAGGGCGAGCGGCGGAGGGGCA
AGGGCCACGACGGCCTGTACCAGGGC
CTGAGCACCGCCACCAAGGATACCTA
CGACGCCCTGCACATGCAGGCCCTGC
CCCCCAGA

MUC16-

2

(vl-vh)

scFv.
CD8a(3x

).

CD28z

42

DIELTQSPSSLAVSAG
EKVTMSCKSSQSLLN
SRTRKNQLAWYQQK
TGQSPELLIYWASTR
QSGVPDRFTGSGSGT
DFTLTISSVQAEDLA
VYYCQQSYNLLTFGP
GTKLEIKRGGGGSGG
GGSGGGGSVKLEESG
GGFVKPGGSLKISCA
ASGFTFRNYAMSWV
RLSPEMRLEWVATIS
SAGGYIFYSDSVQGR
FTISRDNAKNTLHLQ
MGSLRSGDTAMYYC
ARQGFGNYGDYYAM
DYWGQGTTVTVSSR
SKRSRGGHSDYMNM

134

GACATCGAGCTGACACAGAGCCCATC
TAGCCTGGCTGTGTCTGCCGGCGAGA
AAGTGACCATGAGCTGCAAGAGCAGC
CAGAGCCTGCTGAACAGCCGGACCAG
AAAGAATCAGCTGGCCTGGTATCAGC
AGAAAACCGGACAGAGCCCCGAGCTG
CTGATCTACTGGGCCAGCACAAGACA
GAGCGGCGTGCCCGATAGATTCACAG
GATCTGGCAGCGGCACCGACTTCACC
CTGACAATCAGTTCTGTGCAGGCCGA
GGACCTGGCCGTGTACTACTGTCAGC
AGAGCTACAACCTGCTGACCTTCGGA
CCCGGCACCAAGCTGGAAATCAAGAG
AGGTGGCGGTGGCTCGGGCGGTGGTG
GGTCGGGTGGCGGCGGATCTGTGAAG
CTGGAAGAGTCCGGCGGAGGCTTTGT
GAAGCCTGGCGGAAGCCTGAAGATCA
GCTGTGCCGCCAGCGGCTTCACCTTCA
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TPRRPGPTRKHY QPY
APPRDFAAYRSRVKF
SRSADAPAYQQGQN
QLYNELNLGRREEYD
VLDKRRGRDPEMGG
KPRRKNPQEGLYNEL
QKDKMAEAYSEIGM
KGERRRGKGHDGLY
QGLSTATKDTYDAL
HMQALPPR

GAAACTACGCCATGAGCTGGGTCCGA
CTGAGCCCCGAGATGAGACTGGAATG
GGTCGCCACAATCAGCAGCGCAGGCG
GCTACATCTTCTACAGCGATAGCGTG
CAGGGCAGATTCACCATCAGCCGGGA
CAACGCCAAGAACACCCTGCACCTCC
AGATGGGCAGTCTGAGATCTGGCGAC
ACCGCCATGTACTACTGCGCCAGACA
AGGCTTCGGCAACTACGGCGACTACT
ATGCCATGGATTACTGGGGCCAGGGC
ACCACCGTGACAGTCTCTTCTAGGAG
CAAGCGGAGCAGAGGCGGCCACAGC
GACTACATGAACATGACCCCCCGGAG
GCCTGGCCCCACCCGGAAGCACTACC
AGCCCTACGCCCCTCCCAGGGACTTC
GCCGCCTACCGGAGCCGGGTGAAGTT
CAGCCGGAGCGCCGACGCCCCTGCCT
ACCAGCAGGGCCAGAACCAGCTGTAC
AACGAGCTGAACCTGGGCCGGAGGGA
GGAGTACGACGTGCTGGACAAGCGGA
GAGGCCGGGACCCTGAGATGGGCGGC
AAGCCCCGGAGAAAGAACCCTCAGGA
GGGCCTGTATAACGAACTGCAGAAAG
ACAAGATGGCCGAGGCCTACAGCGAG
ATCGGCATGAAGGGCGAGCGGCGGA
GGGGCAAGGGCCACGACGGCCTGTAC
CAGGGCCTGAGCACCGCCACCAAGGA
TACCTACGACGCCCTGCACATGCAGG
CCCTGCCCCCCAGA

MUCI16-
2 (vl-vh)
scFv.
CD8a.
cd28.
4-1bb.z

43

DIELTQSPSSLAVSAG
EKVTMSCKSSQSLLN
SRTRKNQLAWYQQK
TGQSPELLIYWASTR
QSGVPDRFTGSGSGT
DFTLTISSVQAEDLA
VYYCQQSYNLLTFGP
GTKLEIKRGGGGSGG
GGSGGGGSVKLEESG
GGFVKPGGSLKISCA
ASGFTFRNYAMSWV
RLSPEMRLEWVATIS
SAGGYIFYSDSVQGR
FTISRDNAKNTLHLQ
MGSLRSGDTAMYYC
ARQGFGNYGDYYAM
DYWGQGTTVTVSSR
SKRSRGGHSDYMNM
TPRRPGPTRKHY QPY
APPRDFAAYRSKRGR
KKLLYIFKQPFMRPV
QTTQEEDGCSCRFPE
EEEGGCELRVKFSRS
ADAPAYQQGQNQLY
NELNLGRREEYDVLD

135

GACATCGAGCTGACACAGAGCCCATC
TAGCCTGGCTGTGTCTGCCGGCGAGA
AAGTGACCATGAGCTGCAAGAGCAGC
CAGAGCCTGCTGAACAGCCGGACCAG
AAAGAATCAGCTGGCCTGGTATCAGC
AGAAAACCGGACAGAGCCCCGAGCTG
CTGATCTACTGGGCCAGCACAAGACA
GAGCGGCGTGCCCGATAGATTCACAG
GATCTGGCAGCGGCACCGACTTCACC
CTGACAATCAGTTCTGTGCAGGCCGA
GGACCTGGCCGTGTACTACTGTCAGC
AGAGCTACAACCTGCTGACCTTCGGA
CCCGGCACCAAGCTGGAAATCAAGAG
AGGTGGCGGTGGCTCGGGCGGTGGTG
GGTCGGGTGGCGGCGGATCTGTGAAG
CTGGAAGAGTCCGGCGGAGGCTTTGT
GAAGCCTGGCGGAAGCCTGAAGATCA
GCTGTGCCGCCAGCGGCTTCACCTTCA
GAAACTACGCCATGAGCTGGGTCCGA
CTGAGCCCCGAGATGAGACTGGAATG
GGTCGCCACAATCAGCAGCGCAGGCG
GCTACATCTTCTACAGCGATAGCGTG
CAGGGCAGATTCACCATCAGCCGGGA
CAACGCCAAGAACACCCTGCACCTCC
AGATGGGCAGTCTGAGATCTGGCGAC
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KRRGRDPEMGGKPR
RKNPQEGLYNELQK

DKMAEAYSEIGMKG
ERRRGKGHDGLYQG
LSTATKDTYDALHM
QALPPR

ACCGCCATGTACTACTGCGCCAGACA
AGGCTTCGGCAACTACGGCGACTACT
ATGCCATGGATTACTGGGGCCAGGGC
ACCACCGTGACAGTCTCTTCTAGGAG
CAAGCGGAGCAGAGGCGGCCACAGC
GACTACATGAACATGACCCCCCGGAG
GCCTGGCCCCACCCGGAAGCACTACC
AGCCCTACGCCCCTCCCAGGGACTTC
GCCGCCTACCGGAGCAAGAGAGGCCG
GAAGAAACTGCTGTACATCTTCAAGC
AGCCCTTCATGCGGCCCGTGCAGACC
ACCCAGGAAGAGGACGGCTGCAGCTG
CCGGTTCCCCGAGGAAGAGGAAGGCG
GCTGCGAACTGCGGGTGAAGTTCAGC
CGGAGCGCCGACGCCCCTGCCTACCA
GCAGGGCCAGAACCAGCTGTACAACG
AGCTGAACCTGGGCCGGAGGGAGGA
GTACGACGTGCTGGACAAGCGGAGAG
GCCGGGACCCTGAGATGGGCGGCAAG
CCCCGGAGAAAGAACCCTCAGGAGGG
CCTGTATAACGAACTGCAGAAAGACA
AGATGGCCGAGGCCTACAGCGAGATC
GGCATGAAGGGCGAGCGGCGGAGGG
GCAAGGGCCACGACGGCCTGTACCAG
GGCCTGAGCACCGCCACCAAGGATAC
CTACGACGCCCTGCACATGCAGGCCC
TGCCCCCCAGA

MUCI16-
2 (vl-vh)
scFv.
CD8a(2x
).
CD28.
4-1bb.z

44

DIELTQSPSSLAVSAG
EKVTMSCKSSQSLLN
SRTRKNQLAWYQQK
TGQSPELLIYWASTR
QSGVPDRFTGSGSGT
DFTLTISSVQAEDLA
VYYCQQSYNLLTFGP
GTKLEIKRGGGGSGG
GGSGGGGSVKLEESG
GGFVKPGGSLKISCA
ASGFTFRNYAMSWV
RLSPEMRLEWVATIS
SAGGYIFYSDSVQGR
FTISRDNAKNTLHLQ
MGSLRSGDTAMYYC
ARQGFGNYGDYYAM
DYWGQGTTVTVSSK
PTTTPAPRPPTPAPTI
ASQPLSLRPEASRPA
AGGAVHTRGLDFAS
DKPTTTPAPRPPTPAP
TIASQPLSLRPEACRP
AAGGAVHTRGLDFA
CDIYIWAPLAGTCGV
LLLSLVITLYCNHRN
RSKRSRGGHSDYMN
MTPRRPGPTRKHY QP

136

GACATCGAGCTGACACAGAGCCCATC
TAGCCTGGCTGTGTCTGCCGGCGAGA
AAGTGACCATGAGCTGCAAGAGCAGC
CAGAGCCTGCTGAACAGCCGGACCAG
AAAGAATCAGCTGGCCTGGTATCAGC
AGAAAACCGGACAGAGCCCCGAGCTG
CTGATCTACTGGGCCAGCACAAGACA
GAGCGGCGTGCCCGATAGATTCACAG
GATCTGGCAGCGGCACCGACTTCACC
CTGACAATCAGTTCTGTGCAGGCCGA
GGACCTGGCCGTGTACTACTGTCAGC
AGAGCTACAACCTGCTGACCTTCGGA
CCCGGCACCAAGCTGGAAATCAAGAG
AGGTGGCGGTGGCTCGGGCGGTGGTG
GGTCGGGTGGCGGCGGATCTGTGAAG
CTGGAAGAGTCCGGCGGAGGCTTTGT
GAAGCCTGGCGGAAGCCTGAAGATCA
GCTGTGCCGCCAGCGGCTTCACCTTCA
GAAACTACGCCATGAGCTGGGTCCGA
CTGAGCCCCGAGATGAGACTGGAATG
GGTCGCCACAATCAGCAGCGCAGGCG
GCTACATCTTCTACAGCGATAGCGTG
CAGGGCAGATTCACCATCAGCCGGGA
CAACGCCAAGAACACCCTGCACCTCC
AGATGGGCAGTCTGAGATCTGGCGAC
ACCGCCATGTACTACTGCGCCAGACA
AGGCTTCGGCAACTACGGCGACTACT
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YAPPRDFAAYRSKRG
RKKLLYIFKQPFMRP
VQTTQEEDGCSCRFP
EEEEGGCELRVKFSR
SADAPAYQQGQNQL
YNELNLGRREEYDVL
DKRRGRDPEMGGKP
RRKNPQEGLYNELQ
KDKMAEAYSEIGMK
GERRRGKGHDGLYQ
GLSTATKDTYDALH
MQALPPR

ATGCCATGGATTACTGGGGCCAGGGC
ACCACCGTGACAGTCTCTTCTAAACCT
ACTACAACTCCTGCCCCCCGGCCTCCT
ACACCAGCTCCTACTATCGCCTCCCAG
CCACTCAGTCTCAGACCCGAGGCTTCT
AGGCCAGCGGCCGGAGGCGCGGTCCA
CACCCGCGGGCTGGACTTTGCATCCG
ATAAGCCCACCACCACCCCTGCCCCT
AGACCTCCAACCCCAGCCCCTACAAT
CGCCAGCCAGCCCCTGAGCCTGAGGC
CCGAAGCCTGTAGACCTGCCGCTGGC
GGAGCCGTGCACACCAGAGGCCTGGA
TTTCGCCTGCGACATCTACATCTGGGC
CCCTCTGGCCGGCACCTGTGGCGTGCT
GCTGCTGAGCCTGGTCATCACCCTGTA
CTGCAACCACCGGAATAGGAGCAAGC
GGAGCAGAGGCGGCCACAGCGACTAC
ATGAACATGACCCCCCGGAGGCCTGG
CCCCACCCGGAAGCACTACCAGCCCT
ACGCCCCTCCCAGGGACTTCGCCGCC
TACCGGAGCAAGAGAGGCCGGAAGA
AACTGCTGTACATCTTCAAGCAGCCCT
TCATGCGGCCCGTGCAGACCACCCAG
GAAGAGGACGGCTGCAGCTGCCGGTT
CCCCGAGGAAGAGGAAGGCGGCTGC
GAACTGCGGGTGAAGTTCAGCCGGAG
CGCCGACGCCCCTGCCTACCAGCAGG
GCCAGAACCAGCTGTACAACGAGCTG
AACCTGGGCCGGAGGGAGGAGTACG
ACGTGCTGGACAAGCGGAGAGGCCGG
GACCCTGAGATGGGCGGCAAGCCCCG
GAGAAAGAACCCTCAGGAGGGCCTGT
ATAACGAACTGCAGAAAGACAAGATG
GCCGAGGCCTACAGCGAGATCGGCAT
GAAGGGCGAGCGGCGGAGGGGCAAG
GGCCACGACGGCCTGTACCAGGGCCT
GAGCACCGCCACCAAGGATACCTACG
ACGCCCTGCACATGCAGGCCCTGCCC
CCCAGA

MUCI16-
2 (vl-vh)
scFv.
CD8a(3x
).
CD28.
4-1bb.z

45

DIELTQSPSSLAVSAG
EKVTMSCKSSQSLLN
SRTRKNQLAWYQQK
TGQSPELLIYWASTR
QSGVPDRFTGSGSGT
DFTLTISSVQAEDLA
VYYCQQSYNLLTFGP
GTKLEIKRGGGGSGG
GGSGGGGSVKLEESG
GGFVKPGGSLKISCA
ASGFTFRNYAMSWV
RLSPEMRLEWVATIS
SAGGYIFYSDSVQGR
FTISRDNAKNTLHLQ
MGSLRSGDTAMYYC

137

GACATCGAGCTGACACAGAGCCCATC
TAGCCTGGCTGTGTCTGCCGGCGAGA
AAGTGACCATGAGCTGCAAGAGCAGC
CAGAGCCTGCTGAACAGCCGGACCAG
AAAGAATCAGCTGGCCTGGTATCAGC
AGAAAACCGGACAGAGCCCCGAGCTG
CTGATCTACTGGGCCAGCACAAGACA
GAGCGGCGTGCCCGATAGATTCACAG
GATCTGGCAGCGGCACCGACTTCACC
CTGACAATCAGTTCTGTGCAGGCCGA
GGACCTGGCCGTGTACTACTGTCAGC
AGAGCTACAACCTGCTGACCTTCGGA
CCCGGCACCAAGCTGGAAATCAAGAG
AGGTGGCGGTGGCTCGGGCGGTGGTG
GGTCGGGTGGCGGCGGATCTGTGAAG

129




WO 2019/236577

CA 03101641 2020-11-25

PCT/US2019/035384

Name

SEQ
ID
NO

Amino Acid Sequence

SEQ
ID
NO

Nucleotide Sequence

ARQGFGNYGDYYAM
DYWGQGTTVTVSSK
PTTTPAPRPPTPAPTI
ASQPLSLRPEASRPA
AGGAVHTRGLDFAS
DKPTTTPAPRPPTPAP
TIASQPLSLRPEASRP
AAGGAVHTRGLDFA
SDKPTTTPAPRPPTPA
PTIASQPLSLRPEACR
PAAGGAVHTRGLDF
ACDIYIWAPLAGTCG
VLLLSLVITLYCNHR
NRSKRSRGGHSDYM
NMTPRRPGPTRKHY
QPYAPPRDFAAYRSK
RGRKKLLYIFKQPFM
RPVQTTQEEDGCSCR
FPEEEEGGCELRVKF
SRSADAPAYQQGQN
QLYNELNLGRREEYD
VLDKRRGRDPEMGG
KPRRKNPQEGLYNEL
QKDKMAEAYSEIGM
KGERRRGKGHDGLY
QGLSTATKDTYDAL
HMQALPPR

CTGGAAGAGTCCGGCGGAGGCTTTGT
GAAGCCTGGCGGAAGCCTGAAGATCA
GCTGTGCCGCCAGCGGCTTCACCTTCA
GAAACTACGCCATGAGCTGGGTCCGA
CTGAGCCCCGAGATGAGACTGGAATG
GGTCGCCACAATCAGCAGCGCAGGCG
GCTACATCTTCTACAGCGATAGCGTG
CAGGGCAGATTCACCATCAGCCGGGA
CAACGCCAAGAACACCCTGCACCTCC
AGATGGGCAGTCTGAGATCTGGCGAC
ACCGCCATGTACTACTGCGCCAGACA
AGGCTTCGGCAACTACGGCGACTACT
ATGCCATGGATTACTGGGGCCAGGGC
ACCACCGTGACAGTCTCTTCTAAGCCT
ACCACCACCCCCGCACCTCGTCCTCCA
ACCCCTGCACCTACGATTGCCAGTCA
GCCTCTTTCACTGCGGCCTGAGGCCA
GCAGACCAGCTGCCGGCGGTGCCGTC
CATACAAGAGGACTGGACTTCGCGTC
CGATAAACCTACTACCACTCCAGCCC
CAAGGCCCCCAACCCCAGCACCGACT
ATCGCATCACAGCCTTTGTCACTGCGT
CCTGAAGCCAGCCGGCCAGCTGCAGG
GGGGGCCGTCCACACAAGGGGACTCG
ACTTTGCGAGTGATAAGCCCACCACC
ACCCCTGCCCCTAGACCTCCAACCCC
AGCCCCTACAATCGCCAGCCAGCCCC
TGAGCCTGAGGCCCGAAGCCTGTAGA
CCTGCCGCTGGCGGAGCCGTGCACAC
CAGAGGCCTGGATTTCGCCTGCGACA
TCTACATCTGGGCCCCTCTGGCCGGCA
CCTGTGGCGTGCTGCTGCTGAGCCTG
GTCATCACCCTGTACTGCAACCACCG
GAATAGGAGCAAGCGGAGCAGAGGC
GGCCACAGCGACTACATGAACATGAC
CCCCCGGAGGCCTGGCCCCACCCGGA
AGCACTACCAGCCCTACGCCCCTCCC
AGGGACTTCGCCGCCTACCGGAGCAA
GAGAGGCCGGAAGAAACTGCTGTACA
TCTTCAAGCAGCCCTTCATGCGGCCCG
TGCAGACCACCCAGGAAGAGGACGGC
TGCAGCTGCCGGTTCCCCGAGGAAGA
GGAAGGCGGCTGCGAACTGCGGGTGA
AGTTCAGCCGGAGCGCCGACGCCCCT
GCCTACCAGCAGGGCCAGAACCAGCT
GTACAACGAGCTGAACCTGGGCCGGA
GGGAGGAGTACGACGTGCTGGACAAG
CGGAGAGGCCGGGACCCTGAGATGGG
CGGCAAGCCCCGGAGAAAGAACCCTC
AGGAGGGCCTGTATAACGAACTGCAG
AAAGACAAGATGGCCGAGGCCTACAG
CGAGATCGGCATGAAGGGCGAGCGGC
GGAGGGGCAAGGGCCACGACGGCCT
GTACCAGGGCCTGAGCACCGCCACCA
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AGGATACCTACGACGCCCTGCACATG

CAGGCCCTGCCCCCCAGA
GACGTGCAACTTCTGGAGAGCGGGCC
AGGGCTAGTCAGGCCCTCCCAGTCGC
TTTCACTGACTTGCAGTGTGACCGGTT
ACTCTATTGTGAGTCACTACTATTGGA
ACTGGATTCGGCAGTTCCCAGGCAAC
AAACTGGAATGGATGGGGTACATATC
TTCCGATGGCTCGAATGAATATAACC
CATCATTGAAAAATCGTATTTCCATCA
GTCTGGATACGAGTAAAAACCAGTTT
TTCCTCAAATTCGATTTCGTGACTACA
DVQLLESGPGLVRPS GCAGATACTGCCACATACTTCTGTGTA
QSLSLTCSVTGYSIVS CGAGGTGTCGATTATTGGGGACAGGG
HYYWNWIRQFPGNK CACAACGCTGACCGTAAGTTCTGGCG
LEWMGYISSDGSNEY GAGGCGGAAGCGGAGGCGGAGGCTC
NPSLKNRISISLDTSK CGGCGGAGGCGGAAGCGACATCAAG
NQFFLKFDFVTTADT ATGGCTCAGTCCCCTTCTAGCGTGAAT
ATYFCVRGVDYWGQ GCTTCGCTAGGGGAGCGTGTGACCAT
GTTLTVSSGGGGSGG CACATGTAAAGCATCACGCGACATAA
GGSGGGGSDIKMAQ ATAATTTCCTTTCCTGGTTTCATCAGA
SPSSVNASLGERVTIT AACCGGGCAAGTCGCCTAAGACGCTG
CKASRDINNFLSWFH ATTTACAGAGCAAATCGGTTGGTAGA
QKPGKSPKTLIYRAN TGGAGTGCCAAGCAGATTCAGCGGGA
RLVDGVPSRFSGSGS GCGGAAGTGGACAGGATTATAGCTTC
MUC16- GQDYSFTISSLEYEDV ACTATTTCATCCCTGGAATACGAGGA
3 (vhevl) GIYYCLQYGDLYTFG CGTAGGTATCTATTATTGCCTCCAGTA
<cFv 16 GGTKLEIKKPTTTPAP 138 TGGCGATCTTTACACATTTGGTGGGG
CDSA RPPTPAPTIASQPLSL GGACTAAGCTGGAGATTAAGAAGCCC
CD%& RPEACRPAAGGAVH ACCACCACCCCTGCCCCTAGACCTCC
TRGLDFACDIYIWAP AACCCCAGCCCCTACAATCGCCAGCC
LAGTCGVLLLSLVITL AGCCCCTGAGCCTGAGGCCCGAAGCC
YCNHRNRSKRSRGG TGTAGACCTGCCGCTGGCGGAGCCGT
HSDYMNMTPRRPGP GCACACCAGAGGCCTGGATTTCGCCT
TRKHYQPYAPPRDFA GCGACATCTACATCTGGGCCCCTCTG
AYRSRVKFSRSADAP GCCGGCACCTGTGGCGTGCTGCTGCT
AYQQGQNQLYNELN GAGCCTGGTCATCACCCTGTACTGCA
LGRREEYDVLDKRR ACCACCGGAATAGGAGCAAGCGGAG
GRDPEMGGKPRRKN CAGAGGCGGCCACAGCGACTACATGA
PQEGLYNELQKDKM ACATGACCCCCCGGAGGCCTGGCCCC
AEAYSEIGMKGERRR ACCCGGAAGCACTACCAGCCCTACGC
GKGHDGLYQGLSTA CCCTCCCAGGGACTTCGCCGCCTACC
TKDTYDALHMQALP GGAGCCGGGTGAAGTTCAGCCGGAGC
PR GCCGACGCCCCTGCCTACCAGCAGGG

CCAGAACCAGCTGTACAACGAGCTGA
ACCTGGGCCGGAGGGAGGAGTACGAC
GTGCTGGACAAGCGGAGAGGCCGGG
ACCCTGAGATGGGCGGCAAGCCCCGG
AGAAAGAACCCTCAGGAGGGCCTGTA
TAACGAACTGCAGAAAGACAAGATGG
CCGAGGCCTACAGCGAGATCGGCATG
AAGGGCGAGCGGCGGAGGGGCAAGG
GCCACGACGGCCTGTACCAGGGCCTG
AGCACCGCCACCAAGGATACCTACGA
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NO NO
CGCCCTGCACATGCAGGCCCTGCCCC
CCAGA
GACGTGCAACTTCTGGAGAGCGGGCC
AGGGCTAGTCAGGCCCTCCCAGTCGC
TTTCACTGACTTGCAGTGTGACCGGTT
ACTCTATTGTGAGTCACTACTATTGGA
ACTGGATTCGGCAGTTCCCAGGCAAC
AAACTGGAATGGATGGGGTACATATC
TTCCGATGGCTCGAATGAATATAACC
CATCATTGAAAAATCGTATTTCCATCA
GTCTGGATACGAGTAAAAACCAGTTT
BXI?SLLLTECSS%?&/S%{)/SS TTCCTCAAATTCGATTTCGTGACTACA
HYYWNWIRQFPGNK GCAGATACTGCCACATACTTCTGTGTA
LEWMGYISSDGSNEY CGAGGTGTCGATTATTGGGGACAGGG
NPSLKNRISISLDTSK CACAACGCTGACCGTAAGTTCTGGCG
NQFFLKFDFVTTADT GAGGCGGAAGCGGAGGCGGAGGCTC
ATYFCVRGVDYWGQ CGGCGGAGGCGGAAGCGACATCAAG
GTTLTVSSGGGGSGG ATGGCTCAGTCCCCTTCTAGCGTGAAT
GGSGGGGSDIKMAQ GCTTCGCTAGGGGAGCGTGTGACCAT
SPSSVNASLGERVTIT CACATGTAAAGCATCACGCGACATAA
CKASRDINNFLSWFH ATAATTTCCTTTCCTGGTTTCATCAGA
QKPGKSPKTLIYRAN AACCGGGCAAGTCGCCTAAGACGCTG
RLVDGVPSRFSGSGS ATTTACAGAGCAAATCGGTTGGTAGA
GQDYSFTISSLEYEDV TGGAGTGCCAAGCAGATTCAGCGGGA
GIYYCLQYGDLYTFG GCGGAAGTGGACAGGATTATAGCTTC
MUCI16- GGTKLEIKKPTTTPAP ACTATTTCATCCCTGGAATACGAGGA
3 (vh-vl) RPPTPAPTIASQPLSL CGTAGGTATCTATTATTGCCTCCAGTA
scFv. 47 | RPEASRPAAGGAVHT | 139 TGGCGATCTTTACACATTTGGTGGGG
CD8a(2x RGLDFASDKPTTTPA GGACTAAGCTGGAGATTAAGAAACCT
). PRPPTPAPTIASQPLSL ACTACAACTCCTGCCCCCCGGCCTCCT
CD28z RPEACRPAAGGAVH ACACCAGCTCCTACTATCGCCTCCCAG
TRGLDFACDIYTWAP CCACTCAGTCTCAGACCCGAGGCTTCT
LAGTCGVLLLSLVITL AGGCCAGCGGCCGGAGGCGCGGTCCA
YCNHRNRSKRSRGG CACCCGCGGGCTGGACTTTGCATCCG
HSDYMNMTPRRPGP ATAAGCCCACCACCACCCCTGCCCCT
TRKHYQPYAPPRDFA AGACCTCCAACCCCAGCCCCTACAAT
AYRSRVKFSRSADAP CGCCAGCCAGCCCCTGAGCCTGAGGC
AYQQGONQLYNELN CCGAAGCCTGTAGACCTGCCGCTGGC
LGRREEYDVLDKRR GGAGCCGTGCACACCAGAGGCCTGGA
GRDPEMGGKPRRKN TTTCGCCTGCGACATCTACATCTGGGC
PQEGLYNELQKDKM CCCTCTGGCCGGCACCTGTGGCGTGCT
AFAYSEIGMKGERRR GCTGCTGAGCCTGGTCATCACCCTGTA
GKGHDGLY QGLSTA CTGCAACCACCGGAATAGGAGCAAGC
TKDTYDALHMQALP GGAGCAGAGGCGGCCACAGCGACTAC
PR ATGAACATGACCCCCCGGAGGCCTGG

CCCCACCCGGAAGCACTACCAGCCCT
ACGCCCCTCCCAGGGACTTCGCCGCC
TACCGGAGCCGGGTGAAGTTCAGCCG
GAGCGCCGACGCCCCTGCCTACCAGC
AGGGCCAGAACCAGCTGTACAACGAG
CTGAACCTGGGCCGGAGGGAGGAGTA
CGACGTGCTGGACAAGCGGAGAGGCC
GGGACCCTGAGATGGGCGGCAAGCCC
CGGAGAAAGAACCCTCAGGAGGGCCT
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GTATAACGAACTGCAGAAAGACAAGA
TGGCCGAGGCCTACAGCGAGATCGGC
ATGAAGGGCGAGCGGCGGAGGGGCA
AGGGCCACGACGGCCTGTACCAGGGC
CTGAGCACCGCCACCAAGGATACCTA
CGACGCCCTGCACATGCAGGCCCTGC
CCCCCAGA

MUCI16-
3 (vh-vl)
scFv.
CD8a(3x
).
CD28z

48

DVQLLESGPGLVRPS
QSLSLTCSVTGYSIVS
HYYWNWIRQFPGNK
LEWMGYISSDGSNEY
NPSLKNRISISLDTSK
NQFFLKFDFVTTADT
ATYFCVRGVDYWGQ
GTTLTVSSGGGGSGG
GGSGGGGSDIKMAQ
SPSSVNASLGERVTIT
CKASRDINNFLSWFH
QKPGKSPKTLIYRAN
RLVDGVPSRFSGSGS
GQDYSFTISSLEYEDV
GIYYCLQYGDLYTFG
GGTKLEIKKPTTTPAP
RPPTPAPTIASQPLSL
RPEASRPAAGGAVHT
RGLDFASDKPTTTPA
PRPPTPAPTIASQPLSL
RPEASRPAAGGAVHT
RGLDFASDKPTTTPA
PRPPTPAPTIASQPLSL
RPEACRPAAGGAVH
TRGLDFACDIYTWAP
LAGTCGVLLLSLVITL
YCNHRNRSKRSRGG
HSDYMNMTPRRPGP
TRKHYQPYAPPRDFA
AYRSRVKFSRSADAP
AYQQGQNQLYNELN
LGRREEYDVLDKRR
GRDPEMGGKPRRKN
PQEGLYNELQKDKM
AEAYSEIGMKGERRR
GKGHDGLYQGLSTA
TKDTYDALHMQALP
PR

140

GACGTGCAACTTCTGGAGAGCGGGCC
AGGGCTAGTCAGGCCCTCCCAGTCGC
TTTCACTGACTTGCAGTGTGACCGGTT
ACTCTATTGTGAGTCACTACTATTGGA
ACTGGATTCGGCAGTTCCCAGGCAAC
AAACTGGAATGGATGGGGTACATATC
TTCCGATGGCTCGAATGAATATAACC
CATCATTGAAAAATCGTATTTCCATCA
GTCTGGATACGAGTAAAAACCAGTTT
TTCCTCAAATTCGATTTCGTGACTACA
GCAGATACTGCCACATACTTCTGTGTA
CGAGGTGTCGATTATTGGGGACAGGG
CACAACGCTGACCGTAAGTTCTGGCG
GAGGCGGAAGCGGAGGCGGAGGCTC
CGGCGGAGGCGGAAGCGACATCAAG
ATGGCTCAGTCCCCTTCTAGCGTGAAT
GCTTCGCTAGGGGAGCGTGTGACCAT
CACATGTAAAGCATCACGCGACATAA
ATAATTTCCTTTCCTGGTTTCATCAGA
AACCGGGCAAGTCGCCTAAGACGCTG
ATTTACAGAGCAAATCGGTTGGTAGA
TGGAGTGCCAAGCAGATTCAGCGGGA
GCGGAAGTGGACAGGATTATAGCTTC
ACTATTTCATCCCTGGAATACGAGGA
CGTAGGTATCTATTATTGCCTCCAGTA
TGGCGATCTTTACACATTTGGTGGGG
GGACTAAGCTGGAGATTAAGAAGCCT
ACCACCACCCCCGCACCTCGTCCTCCA
ACCCCTGCACCTACGATTGCCAGTCA
GCCTCTTTCACTGCGGCCTGAGGCCA
GCAGACCAGCTGCCGGCGGTGCCGTC
CATACAAGAGGACTGGACTTCGCGTC
CGATAAACCTACTACCACTCCAGCCC
CAAGGCCCCCAACCCCAGCACCGACT
ATCGCATCACAGCCTTTGTCACTGCGT
CCTGAAGCCAGCCGGCCAGCTGCAGG
GGGGGCCGTCCACACAAGGGGACTCG
ACTTTGCGAGTGATAAGCCCACCACC
ACCCCTGCCCCTAGACCTCCAACCCC
AGCCCCTACAATCGCCAGCCAGCCCC
TGAGCCTGAGGCCCGAAGCCTGTAGA
CCTGCCGCTGGCGGAGCCGTGCACAC
CAGAGGCCTGGATTTCGCCTGCGACA
TCTACATCTGGGCCCCTCTGGCCGGCA
CCTGTGGCGTGCTGCTGCTGAGCCTG
GTCATCACCCTGTACTGCAACCACCG
GAATAGGAGCAAGCGGAGCAGAGGC
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GGCCACAGCGACTACATGAACATGAC
CCCCCGGAGGCCTGGCCCCACCCGGA
AGCACTACCAGCCCTACGCCCCTCCC
AGGGACTTCGCCGCCTACCGGAGCCG
GGTGAAGTTCAGCCGGAGCGCCGACG
CCCCTGCCTACCAGCAGGGCCAGAAC
CAGCTGTACAACGAGCTGAACCTGGG
CCGGAGGGAGGAGTACGACGTGCTGG
ACAAGCGGAGAGGCCGGGACCCTGA
GATGGGCGGCAAGCCCCGGAGAAAG
AACCCTCAGGAGGGCCTGTATAACGA
ACTGCAGAAAGACAAGATGGCCGAG
GCCTACAGCGAGATCGGCATGAAGGG
CGAGCGGCGGAGGGGCAAGGGCCAC
GACGGCCTGTACCAGGGCCTGAGCAC
CGCCACCAAGGATACCTACGACGCCC
TGCACATGCAGGCCCTGCCCCCCAGA

MUC16-
3 (vh-vl)
scFv.
CD8a.
CD28.
4-1BB.z

49

DVQLLESGPGLVRPS
QSLSLTCSVTGYSIVS
HYYWNWIRQFPGNK
LEWMGYISSDGSNEY
NPSLKNRISISLDTSK
NQFFLKFDFVTTADT
ATYFCVRGVDYWGQ
GTTLTVSSGGGGSGG
GGSGGGGSDIKMAQ
SPSSVNASLGERVTIT
CKASRDINNFLSWFH
QKPGKSPKTLIYRAN
RLVDGVPSRFSGSGS
GQDYSFTISSLEYEDV
GIYYCLQYGDLYTFG
GGTKLEIKKPTTTPAP
RPPTPAPTIASQPLSL
RPEACRPAAGGAVH
TRGLDFACDIYTWAP
LAGTCGVLLLSLVITL
YCNHRNRSKRSRGG
HSDYMNMTPRRPGP
TRKHYQPYAPPRDFA
AYRSKRGRKKLLYTF
KQPFMRPVQTTQEED
GCSCRFPEEEEGGCE
LRVKFSRSADAPAYQ
QGQNQLYNELNLGR
REEYDVLDKRRGRD
PEMGGKPRRKNPQE
GLYNELQKDKMAEA
YSEIGMKGERRRGKG
HDGLYQGLSTATKD
TYDALHMQALPPR

141

GACGTGCAACTTCTGGAGAGCGGGCC
AGGGCTAGTCAGGCCCTCCCAGTCGC
TTTCACTGACTTGCAGTGTGACCGGTT
ACTCTATTGTGAGTCACTACTATTGGA
ACTGGATTCGGCAGTTCCCAGGCAAC
AAACTGGAATGGATGGGGTACATATC
TTCCGATGGCTCGAATGAATATAACC
CATCATTGAAAAATCGTATTTCCATCA
GTCTGGATACGAGTAAAAACCAGTTT
TTCCTCAAATTCGATTTCGTGACTACA
GCAGATACTGCCACATACTTCTGTGTA
CGAGGTGTCGATTATTGGGGACAGGG
CACAACGCTGACCGTAAGTTCTGGCG
GAGGCGGAAGCGGAGGCGGAGGCTC
CGGCGGAGGCGGAAGCGACATCAAG
ATGGCTCAGTCCCCTTCTAGCGTGAAT
GCTTCGCTAGGGGAGCGTGTGACCAT
CACATGTAAAGCATCACGCGACATAA
ATAATTTCCTTTCCTGGTTTCATCAGA
AACCGGGCAAGTCGCCTAAGACGCTG
ATTTACAGAGCAAATCGGTTGGTAGA
TGGAGTGCCAAGCAGATTCAGCGGGA
GCGGAAGTGGACAGGATTATAGCTTC
ACTATTTCATCCCTGGAATACGAGGA
CGTAGGTATCTATTATTGCCTCCAGTA
TGGCGATCTTTACACATTTGGTGGGG
GGACTAAGCTGGAGATTAAGAAGCCC
ACCACCACCCCTGCCCCTAGACCTCC
AACCCCAGCCCCTACAATCGCCAGCC
AGCCCCTGAGCCTGAGGCCCGAAGCC
TGTAGACCTGCCGCTGGCGGAGCCGT
GCACACCAGAGGCCTGGATTTCGCCT
GCGACATCTACATCTGGGCCCCTCTG
GCCGGCACCTGTGGCGTGCTGCTGCT
GAGCCTGGTCATCACCCTGTACTGCA
ACCACCGGAATAGGAGCAAGCGGAG
CAGAGGCGGCCACAGCGACTACATGA
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ACATGACCCCCCGGAGGCCTGGCCCC
ACCCGGAAGCACTACCAGCCCTACGC
CCCTCCCAGGGACTTCGCCGCCTACC
GGAGCAAGAGAGGCCGGAAGAAACT
GCTGTACATCTTCAAGCAGCCCTTCAT
GCGGCCCGTGCAGACCACCCAGGAAG
AGGACGGCTGCAGCTGCCGGTTCCCC
GAGGAAGAGGAAGGCGGCTGCGAAC
TGCGGGTGAAGTTCAGCCGGAGCGCC
GACGCCCCTGCCTACCAGCAGGGCCA
GAACCAGCTGTACAACGAGCTGAACC
TGGGCCGGAGGGAGGAGTACGACGTG
CTGGACAAGCGGAGAGGCCGGGACCC
TGAGATGGGCGGCAAGCCCCGGAGAA
AGAACCCTCAGGAGGGCCTGTATAAC
GAACTGCAGAAAGACAAGATGGCCG
AGGCCTACAGCGAGATCGGCATGAAG
GGCGAGCGGCGGAGGGGCAAGGGCC
ACGACGGCCTGTACCAGGGCCTGAGC
ACCGCCACCAAGGATACCTACGACGC
CCTGCACATGCAGGCCCTGCCCCCCA
GA

MUCI16-
3 (vh-vl)
scFv.
CD8a(2x
).
CD28.
4-1BB.z

50

DVQLLESGPGLVRPS
QSLSLTCSVTGYSIVS
HYYWNWIRQFPGNK
LEWMGYISSDGSNEY
NPSLKNRISISLDTSK
NQFFLKFDFVTTADT
ATYFCVRGVDYWGQ
GTTLTVSSGGGGSGG
GGSGGGGSDIKMAQ
SPSSVNASLGERVTIT
CKASRDINNFLSWFH
QKPGKSPKTLIYRAN
RLVDGVPSRFSGSGS
GQDYSFTISSLEYEDV
GIYYCLQYGDLYTFG
GGTKLEIKKPTTTPAP
RPPTPAPTIASQPLSL
RPEASRPAAGGAVHT
RGLDFASDKPTTTPA
PRPPTPAPTIASQPLSL
RPEACRPAAGGAVH
TRGLDFACDIYTWAP
LAGTCGVLLLSLVITL
YCNHRNRSKRSRGG
HSDYMNMTPRRPGP
TRKHYQPYAPPRDFA
AYRSKRGRKKLLYTF
KQPFMRPVQTTQEED
GCSCRFPEEEEGGCE
LRVKFSRSADAPAYQ
QGQNQLYNELNLGR
REEYDVLDKRRGRD

142

GACGTGCAACTTCTGGAGAGCGGGCC
AGGGCTAGTCAGGCCCTCCCAGTCGC
TTTCACTGACTTGCAGTGTGACCGGTT
ACTCTATTGTGAGTCACTACTATTGGA
ACTGGATTCGGCAGTTCCCAGGCAAC
AAACTGGAATGGATGGGGTACATATC
TTCCGATGGCTCGAATGAATATAACC
CATCATTGAAAAATCGTATTTCCATCA
GTCTGGATACGAGTAAAAACCAGTTT
TTCCTCAAATTCGATTTCGTGACTACA
GCAGATACTGCCACATACTTCTGTGTA
CGAGGTGTCGATTATTGGGGACAGGG
CACAACGCTGACCGTAAGTTCTGGCG
GAGGCGGAAGCGGAGGCGGAGGCTC
CGGCGGAGGCGGAAGCGACATCAAG
ATGGCTCAGTCCCCTTCTAGCGTGAAT
GCTTCGCTAGGGGAGCGTGTGACCAT
CACATGTAAAGCATCACGCGACATAA
ATAATTTCCTTTCCTGGTTTCATCAGA
AACCGGGCAAGTCGCCTAAGACGCTG
ATTTACAGAGCAAATCGGTTGGTAGA
TGGAGTGCCAAGCAGATTCAGCGGGA
GCGGAAGTGGACAGGATTATAGCTTC
ACTATTTCATCCCTGGAATACGAGGA
CGTAGGTATCTATTATTGCCTCCAGTA
TGGCGATCTTTACACATTTGGTGGGG
GGACTAAGCTGGAGATTAAGAAACCT
ACTACAACTCCTGCCCCCCGGCCTCCT
ACACCAGCTCCTACTATCGCCTCCCAG
CCACTCAGTCTCAGACCCGAGGCTTCT
AGGCCAGCGGCCGGAGGCGCGGTCCA
CACCCGCGGGCTGGACTTTGCATCCG
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PEMGGKPRRKNPQE
GLYNELQKDKMAEA
YSEIGMKGERRRGKG
HDGLYQGLSTATKD
TYDALHMQALPPR

ATAAGCCCACCACCACCCCTGCCCCT
AGACCTCCAACCCCAGCCCCTACAAT
CGCCAGCCAGCCCCTGAGCCTGAGGC
CCGAAGCCTGTAGACCTGCCGCTGGC
GGAGCCGTGCACACCAGAGGCCTGGA
TTTCGCCTGCGACATCTACATCTGGGC
CCCTCTGGCCGGCACCTGTGGCGTGCT
GCTGCTGAGCCTGGTCATCACCCTGTA
CTGCAACCACCGGAATAGGAGCAAGC
GGAGCAGAGGCGGCCACAGCGACTAC
ATGAACATGACCCCCCGGAGGCCTGG
CCCCACCCGGAAGCACTACCAGCCCT
ACGCCCCTCCCAGGGACTTCGCCGCC
TACCGGAGCAAGAGAGGCCGGAAGA
AACTGCTGTACATCTTCAAGCAGCCCT
TCATGCGGCCCGTGCAGACCACCCAG
GAAGAGGACGGCTGCAGCTGCCGGTT
CCCCGAGGAAGAGGAAGGCGGCTGC
GAACTG
CGGGTGAAGTTCAGCCGGAGCGCCGA
CGCCCCTGCCTACCAGCAGGGCCAGA
ACCAGCTGTACAACGAGCTGAACCTG
GGCCGGAGGGAGGAGTACGACGTGCT
GGACAAGCGGAGAGGCCGGGACCCT
GAGATGGGCGGCAAGCCCCGGAGAA
AGAACCCTCAGGAGGGCCTGTATAAC
GAACTGCAGAAAGACAAGATGGCCG
AGGCCTACAGCGAGATCGGCATGAAG
GGCGAGCGGCGGAGGGGCAAGGGCC
ACGACGGCCTGTACCAGGGCCTGAGC
ACCGCCACCAAGGATACCTACGACGC
CCTGCACATGCAGGCCCTGCCCCCCA
GA

MUCI16-
3 (vh-vl)
scFv.
CD8a(3x
).
CD28.
4-1BB.z

51

DVQLLESGPGLVRPS
QSLSLTCSVTGYSIVS
HYYWNWIRQFPGNK
LEWMGYISSDGSNEY
NPSLKNRISISLDTSK
NQFFLKFDFVTTADT
ATYFCVRGVDYWGQ
GTTLTVSSGGGGSGG
GGSGGGGSDIKMAQ
SPSSVNASLGERVTIT
CKASRDINNFLSWFH
QKPGKSPKTLIYRAN
RLVDGVPSRFSGSGS
GQDYSFTISSLEYEDV
GIYYCLQYGDLYTFG
GGTKLEIKKPTTTPAP
RPPTPAPTIASQPLSL
RPEASRPAAGGAVHT
RGLDFASDKPTTTPA
PRPPTPAPTIASQPLSL
RPEASRPAAGGAVHT

143

GACGTGCAACTTCTGGAGAGCGGGCC
AGGGCTAGTCAGGCCCTCCCAGTCGC
TTTCACTGACTTGCAGTGTGACCGGTT
ACTCTATTGTGAGTCACTACTATTGGA
ACTGGATTCGGCAGTTCCCAGGCAAC
AAACTGGAATGGATGGGGTACATATC
TTCCGATGGCTCGAATGAATATAACC
CATCATTGAAAAATCGTATTTCCATCA
GTCTGGATACGAGTAAAAACCAGTTT
TTCCTCAAATTCGATTTCGTGACTACA
GCAGATACTGCCACATACTTCTGTGTA
CGAGGTGTCGATTATTGGGGACAGGG
CACAACGCTGACCGTAAGTTCTGGCG
GAGGCGGAAGCGGAGGCGGAGGCTC
CGGCGGAGGCGGAAGCGACATCAAG
ATGGCTCAGTCCCCTTCTAGCGTGAAT
GCTTCGCTAGGGGAGCGTGTGACCAT
CACATGTAAAGCATCACGCGACATAA
ATAATTTCCTTTCCTGGTTTCATCAGA
AACCGGGCAAGTCGCCTAAGACGCTG
ATTTACAGAGCAAATCGGTTGGTAGA
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RGLDFASDKPTTTPA
PRPPTPAPTIASQPLSL
RPEACRPAAGGAVH
TRGLDFACDIYTWAP
LAGTCGVLLLSLVITL
YCNHRNRSKRSRGG
HSDYMNMTPRRPGP
TRKHYQPYAPPRDFA
AYRSKRGRKKLLYTF
KQPFMRPVQTTQEED
GCSCRFPEEEEGGCE
LRVKFSRSADAPAYQ
QGQNQLYNELNLGR
REEYDVLDKRRGRD
PEMGGKPRRKNPQE
GLYNELQKDKMAEA
YSEIGMKGERRRGKG
HDGLYQGLSTATKD
TYDALHMQALPPR

TGGAGTGCCAAGCAGATTCAGCGGGA
GCGGAAGTGGACAGGATTATAGCTTC
ACTATTTCATCCCTGGAATACGAGGA
CGTAGGTATCTATTATTGCCTCCAGTA
TGGCGATCTTTACACATTTGGTGGGG
GGACTAAGCTGGAGATTAAGAAGCCT
ACCACCACCCCCGCACCTCGTCCTCCA
ACCCCTGCACCTACGATTGCCAGTCA
GCCTCTTTCACTGCGGCCTGAGGCCA
GCAGACCAGCTGCCGGCGGTGCCGTC
CATACAAGAGGACTGGACTTCGCGTC
CGATAAACCTACTACCACTCCAGCCC
CAAGGCCCCCAACCCCAGCACCGACT
ATCGCATCACAGCCTTTGTCACTGCGT
CCTGAAGCCAGCCGGCCAGCTGCAGG
GGGGGCCGTCCACACAAGGGGACTCG
ACTTTGCGAGTGATAAGCCCACCACC
ACCCCTGCCCCTAGACCTCCAACCCC
AGCCCCTACAATCGCCAGCCAGCCCC
TGAGCCTGAGGCCCGAAGCCTGTAGA
CCTGCCGCTGGCGGAGCCGTGCACAC
CAGAGGCCTGGATTTCGCCTGCGACA
TCTACATCTGGGCCCCTCTGGCCGGCA
CCTGTGGCGTGCTGCTGCTGAGCCTG
GTCATCACCCTGTACTGCAACCACCG
GAAT
AGGAGCAAGCGGAGCAGAGGCGGCC
ACAGCGACTACATGAACATGACCCCC
CGGAGGCCTGGCCCCACCCGGAAGCA
CTACCAGCCCTACGCCCCTCCCAGGG
ACTTCGCCGCCTACCGGAGCAAGAGA
GGCCGGAAGAAACTGCTGTACATCTIT
CAAGCAGCCCTTCATGCGGCCCGTGC
AGACCACCCAGGAAGAGGACGGCTGC
AGCTGCCGGTTCCCCGAGGAAGAGGA
AGGCGGCTGCGAACTGCGGGTGAAGT
TCAGCCGGAGCGCCGACGCCCCTGCC
TACCAGCAGGGCCAGAACCAGCTGTA
CAACGAGCTGAACCTGGGCCGGAGGG
AGGAGTACGACGTGCTGGACAAGCGG
AGAGGCCGGGACCCTGAGATGGGCGG
CAAGCCCCGGAGAAAGAACCCTCAGG
AGGGCCTGTATAACGAACTGCAGAAA
GACAAGATGGCCGAGGCCTACAGCGA
GATCGGCATGAAGGGCGAGCGGCGG
AGGGGCAAGGGCCACGACGGCCTGTA
CCAGGGCCTGAGCACCGCCACCAAGG
ATACCTACGACGCCCTGCACATGCAG
GCCCTGCCCCCCAGA

MUC16-
3 (vl-vh)
scFv.
CD8a.
CD238z

52

DIKMAQSPSSVNASL
GERVTITCKASRDIN
NFLSWFHQKPGKSPK
TLIYRANRLVDGVPS
RFSGSGSGQDYSFTIS

144

GACATCAAGATGGCTCAGTCCCCTTCT
AGCGTGAATGCTTCGCTAGGGGAGCG
TGTGACCATCACATGTAAAGCATCAC
GCGACATAAATAATTTCCTTTCCTGGT
TTCATCAGAAACCGGGCAAGTCGCCT
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SLEYEDVGIYYCLQY
GDLYTFGGGTKLEIK
GGGGSGGGGSGGGG
SDVQLLESGPGLVRP
SQSLSLTCSVTGYSIV
SHYYWNWIRQFPGN
KLEWMGYISSDGSNE
YNPSLKNRISISLDTS
KNQFFLKFDFVTTAD
TATYFCVRGVDYWG
QGTTLTVSSKPTTTP
APRPPTPAPTIASQPL
SLRPEACRPAAGGAV
HTRGLDFACDIYIWA
PLAGTCGVLLLSLVIT
LYCNHRNRSKRSRG
GHSDYMNMTPRRPG
PTRKHY QPY APPRDF
AAYRSRVKFSRSADA
PAYQQGQNQLYNEL
NLGRREEYDVLDKR
RGRDPEMGGKPRRK
NPQEGLYNELQKDK
MAEAYSEIGMKGER
RRGKGHDGLYQGLS
TATKDTYDALHMOQA
LPPR

AAGACGCTGATTTACAGAGCAAATCG
GTTGGTAGATGGAGTGCCAAGCAGAT
TCAGCGGGAGCGGAAGTGGACAGGAT
TATAGCTTCACTATTTCATCCCTGGAA
TACGAGGACGTAGGTATCTATTATTG
CCTCCAGTATGGCGATCTTTACACATT
TGGTGGGGGGACTAAGCTGGAGATTA
AGGGCGGAGGCGGAAGCGGAGGCGG
AGGCTCCGGCGGAGGCGGAAGCGAC
GTGCAACTTCTGGAGAGCGGGCCAGG
GCTAGTCAGGCCCTCCCAGTCGCTTTC
ACTGACTTGCAGTGTGACCGGTTACTC
TATTGTGAGTCACTACTATTGGAACTG
GATTCGGCAGTTCCCAGGCAACAAAC
TGGAATGGATGGGGTACATATCTTCC
GATGGCTCGAATGAATATAACCCATC
ATTGAAAAATCGTATTTCCATCAGTCT
GGATACGAGTAAAAACCAGTTTITTCC
TCAAATTCGATTTCGTGACTACAGCA
GATACTGCCACATACTTCTGTGTACGA
GGTGTCGATTATTGGGGACAGGGCAC
AACGCTGACCGTAAGTTCTAAGCCCA
CCACCACCCCTGCCCCTAGACCTCCA
ACCCCAGCCCCTACAATCGCCAGCCA
GCCCCTGAGCCTGAGGCCCGAAGCCT
GTAGACCTGCCGCTGGCGGAGCCGTG
CACACCAGAGGCCTGGATTTCGCCTG
CGACATCTACATCTGGGCCCCTCTGGC
CGGCACCTGTGGCGTGCTGCTGCTGA
GCCTGGTCATCACCCTGTACTGCAACC
ACCGGAATAGGAGCAAGCGGAGCAG
AGGCGGCCACAGCGACTACATGAACA
TGACCCCCCGGAGGCCTGGCCCCACC
CGGAAGCACTACCAGCCCTACGCCCC
TCCCAGGGACTTCGCCGCCTACCGGA
GCCGGGTGAAGTTCAGCCGGAGCGCC
GACGCCCCTGCCTACCAGCAGGGCCA
GAACCAGCTGTACAACGAGCTGAACC
TGGGCCGGAGGGAGGAGTACGACGTG
CTGGACAAGCGGAGAGGCCGGGACCC
TGAGATGGGCGGCAAGCCCCGGAGAA
AGAACCCTCAGGAGGGCCTGTATAAC
GAACTGCAGAAAGACAAGATGGCCG
AGGCCTACAGCGAGATCGGCATGAAG
GGCGAGCGGCGGAGGGGCAAGGGCC
ACGACGGCCTGTACCAGGGCCTGAGC
ACCGCCACCAAGGATACCTACGACGC
CCTGCACATGCAGGCCCTGCCCCCCA
GA

MUCI16-
3 (vl-vh)
scFv.

CD8a(2x

).

53

DIKMAQSPSSVNASL
GERVTITCKASRDIN
NFLSWFHQKPGKSPK
TLIYRANRLVDGVPS
RFSGSGSGQDYSFTIS

145

GACATCAAGATGGCTCAGTCCCCTTCT
AGCGTGAATGCTTCGCTAGGGGAGCG
TGTGACCATCACATGTAAAGCATCAC
GCGACATAAATAATTTCCTTTCCTGGT
TTCATCAGAAACCGGGCAAGTCGCCT
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CD28z SLEYEDVGIYYCLQY AAGACGCTGATTTACAGAGCAAATCG
GDLYTFGGGTKLEIK GTTGGTAGATGGAGTGCCAAGCAGAT
GGGGSGGGGSGGGG TCAGCGGGAGCGGAAGTGGACAGGAT
SDVQLLESGPGLVRP TATAGCTTCACTATTTCATCCCTGGAA
SQSLSLTCSVTGYSIV TACGAGGACGTAGGTATCTATTATTG
SHYYWNWIRQFPGN CCTCCAGTATGGCGATCTTTACACATT
KLEWMGYISSDGSNE TGGTGGGGGGACTAAGCTGGAGATTA
YNPSLKNRISISLDTS AGGGCGGAGGCGGAAGCGGAGGCGG
KNQFFLKFDFVTTAD AGGCTCCGGCGGAGGCGGAAGCGAC
TATYFCVRGVDYWG GTGCAACTTCTGGAGAGCGGGCCAGG
QGTTLTVSSKPTTTP GCTAGTCAGGCCCTCCCAGTCGCTTTC
APRPPTPAPTIASQPL ACTGACTTGCAGTGTGACCGGTTACTC
SLRPEASRPAAGGAV TATTGTGAGTCACTACTATTGGAACTG
HTRGLDFASDKPTTT GATTCGGCAGTTCCCAGGCAACAAAC
PAPRPPTPAPTIASQP TGGAATGGATGGGGTACATATCTTCC
LSLRPEACRPAAGGA GATGGCTCGAATGAATATAACCCATC
VHTRGLDFACDIYIW ATTGAAAAATCGTATTTCCATCAGTCT
APLAGTCGVLLLSLV GGATACGAGTAAAAACCAGTTTTTCC
ITLYCNHRNRSKRSR TCAAATTCGATTTCGTGACTACAGCA
GGHSDYMNMTPRRP GATACTGCCACATACTTCTGTGTACGA
GPTRKHYQPYAPPRD GGTGTCGATTATTGGGGACAGGGCAC
FAAYRSRVKFSRSAD AACGCTGACCGTAAGTTCTAAACCTA
APAYQQGQNQLYNE CTACAACTCCTGCCCCCCGGCCTCCTA
LNLGRREEYDVLDK CACCAGCTCCTACTATCGCCTCCCAGC
RRGRDPEMGGKPRR CACTCAGTCTCAGACCCGAGGCTTCT
KNPQEGLYNELQKD AGGCCAGCGGCCGGAGGCGCGGTCCA
KMAEAYSEIGMKGE CACCCGCGGGCTGGACTTTGCATCCG
RRRGKGHDGLYQGL ATAAGCCCACCACCACCCCTGCCCCT
STATKDTYDALHMQ AGACCTCCAACCCCAGCCCCTACAAT
ALPPR CGCCAGCCAGCCCCTGAGCCTGAGGC

CCGAAGCCTGTAGACCTGCCGCTGGC
GGAGCCGTGCACACCAGAGGCCTGGA
TTTCGCCTGCGACATCTACATCTGGGC
CCCTCTGGCCGGCACCTGTGGCGTGCT
GCTGCTGAGCCTGGTCATCACCCTGTA
CTGCAACCACCGGAATAGGAGCAAGC
GGAGCAGAGGCGGCCACAGCGACTAC
ATGAACATGACCCCCCGGAGGCCTGG
CCCCACCCGGAAGCACTACCAGCCCT
ACGCCCCTCCCAGGGACTTCGCCGCC
TACCGGAGCCGGGTGAAGTTCAGCCG
GAGCGCCGACGCCCCTGCCTACCAGC
AGGGCCAGAACCAGCTGTACAACGAG
CTGAACCTGGGCCGGAGGGAGGAGTA
CGACGTGCTGGACAAGCGGAGAGGCC
GGGACCCTGAGATGGGCGGCAAGCCC
CGGAGAAAGAACCCTCAGGAGGGCCT
GTATAACGAACTGCAGAAAGACAAGA
TGGCCGAGGCCTACAGCGAGATCGGC
ATGAAGGGCGAGCGGCGGAGGGGCA
AGGGCCACGACGGCCTGTACCAGGGC
CTGAGCACCGCCACCAAGGATACCTA
CGACGCCCTGCACATGCAGGCCCTGC
CCCCCAGA
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GACATCAAGATGGCTCAGTCCCCTTCT

AGCGTGAATGCTTCGCTAGGGGAGCG

TGTGACCATCACATGTAAAGCATCAC

GCGACATAAATAATTTCCTTTCCTGGT

TTCATCAGAAACCGGGCAAGTCGCCT

AAGACGCTGATTTACAGAGCAAATCG

GTTGGTAGATGGAGTGCCAAGCAGAT

TCAGCGGGAGCGGAAGTGGACAGGAT

DIKMAQSPSSVNASL TATAGCTTCACTATTTCATCCCTGGAA
GERVTITCKASRDIN TACGAGGACGTAGGTATCTATTATTG
NFLSWFHQKPGKSPK CCTCCAGTATGGCGATCTTTACACATT
TLIYRANRLVDGVPS TGGTGGGGGGACTAAGCTGGAGATTA
RFSGSGSGQDYSFTIS AGGGCGGAGGCGGAAGCGGAGGCGG
SLEYEDVGIYYCLQY AGGCTCCGGCGGAGGCGGAAGCGAC
GDLYTFGGGTKLEIK GTGCAACTTCTGGAGAGCGGGCCAGG
GGGGSGGGGSGGGG GCTAGTCAGGCCCTCCCAGTCGCTTTC
SDVQLLESGPGLVRP ACTGACTTGCAGTGTGACCGGTTACTC
SQSLSLTCSVTGYSIV TATTGTGAGTCACTACTATTGGAACTG
SHYYWNWIRQFPGN GATTCGGCAGTTCCCAGGCAACAAAC
KLEWMGYISSDGSNE TGGAATGGATGGGGTACATATCTTCC
YNPSLKNRISISLDTS GATGGCTCGAATGAATATAACCCATC
KNQFFLKFDFVTTAD ATTGAAAAATCGTATTTCCATCAGTCT
TATYFCVRGVDYWG GGATACGAGTAAAAACCAGTTTTTCC

MUC16- QGTTLTVSSKPTTTP TCAAATTCGATTTCGTGACTACAGCA
3 APRPPTPAPTIASQPL GATACTGCCACATACTTCTGTGTACGA
(vl-vh) SLRPEASRPAAGGAV GGTGTCGATTATTGGGGACAGGGCAC
ocFv 54 HTRGLDFASDKPTTT 146 AACGCTGACCGTAAGTTCTAAGCCTA
CD8a3x PAPRPPTPAPTIASQP CCACCACCCCCGCACCTCGTCCTCCAA
LSLRPEASRPAAGGA CCCCTGCACCTACGATTGCCAGTCAG

%IUSZ VHTRGLDFASDKPTT CCTCTTTCACTGCGGCCTGAGGCCAGC
TPAPRPPTPAPTIASQ AGACCAGCTGCCGGCGGTGCCGTCCA
PLSLRPEACRPAAGG TACAAGAGGACTGGACTTCGCGTCCG
AVHTRGLDFACDIYI ATAAACCTACTACCACTCCAGCCCCA
WAPLAGTCGVLLLSL AGGCCCCCAACCCCAGCACCGACTAT
VITLYCNHRNRSKRS CGCATCACAGCCTTTGTCACTGCGTCC
RGGHSDYMNMTPRR TGAAGCCAGCCGGCCAGCTGCAGGGG
PGPTRKHYQPYAPPR GGGCCGTCCACACAAGGGGACTCGAC
DFAAYRSRVKFSRSA TITTGCGAGTGATAAGCCCACCACCAC
DAPAYQQGQNQLYN CCCTGCCCCTAGACCTCCAACCCCAG
ELNLGRREEYDVLDK CCCCTACAATCGCCAGCCAGCCCCTG
RRGRDPEMGGKPRR AGCCTGAGGCCCGAAGCCTGTAGACC
KNPQEGLYNELQKD TGCCGCTGGCGGAGCCGTGCACACCA
KMAEAYSEIGMKGE GAGGCCTGGATTTCGCCTGCGACATC
RRRGKGHDGLYQGL TACATCTGGGCCCCTCTGGCCGGCAC
STATKDTYDALHMQ CTGTGGCGTGCTGCTGCTGAGCCTGGT

ALPPR CATCACCCTGTACTGCAACCACCGGA

ATAGGAGCAAGCGGAGCAGAGGCGG

CCACAGCGACTACATGAACATGACCC
CCCGGAGGCCTGGCCCCACCCGGAAG
CACTACCAGCCCTACGCCCCTCCCAG

GGACTTCGCCGCCTACCGGAGCCGGG
TGAAGTTCAGCCGGAGCGCCGACGCC
CCTGCCTACCAGCAGGGCCAGAACCA
GCTGTACAACGAGCTGAACCTGGGCC
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GGAGGGAGGAGTACGACGTGCTGGAC
AAGCGGAGAGGCCGGGACCCTGAGAT
GGGCGGCAAGCCCCGGAGAAAGAAC
CCTCAGGAGGGCCTGTATAACGAACT
GCAGAAAGACAAGATGGCCGAGGCCT
ACAGCGAGATCGGCATGAAGGGCGA
GCGGCGGAGGGGCAAGGGCCACGAC
GGCCTGTACCAGGGCCTGAGCACCGC
CACCAAGGATACCTACGACGCCCTGC

ACATGCAGGCCCTGCCCCCCAGA
GACATCAAGATGGCTCAGTCCCCTTCT
AGCGTGAATGCTTCGCTAGGGGAGCG
TGTGACCATCACATGTAAAGCATCAC
GCGACATAAATAATTTCCTTTCCTGGT
TTCATCAGAAACCGGGCAAGTCGCCT
DIKMAQSPSSVNASL AAGACGCTGATTTACAGAGCAAATCG
GERVTITCKASRDIN GTTGGTAGATGGAGTGCCAAGCAGAT
NFLSWFHQKPGKSPK TCAGCGGGAGCGGAAGTGGACAGGAT
TLIYRANRLVDGVPS TATAGCTTCACTATTTCATCCCTGGAA
RFSGSGSGQDYSFTIS TACGAGGACGTAGGTATCTATTATTG
SLEYEDVGIYYCLQY CCTCCAGTATGGCGATCTTTACACATT
GDLYTFGGGTKLEIK TGGTGGGGGGACTAAGCTGGAGATTA
GGGGSGGGGSGGGG AGGGCGGAGGCGGAAGCGGAGGCGG
SDVQLLESGPGLVRP AGGCTCCGGCGGAGGCGGAAGCGAC
SQSLSLTCSVTGYSIV GTGCAACTTCTGGAGAGCGGGCCAGG
SHYYWNWIRQFPGN GCTAGTCAGGCCCTCCCAGTCGCTTTC
KLEWMGYISSDGSNE ACTGACTTGCAGTGTGACCGGTTACTC
YNPSLKNRISISLDTS TATTGTGAGTCACTACTATTGGAACTG
MUC16- KNQFFLKFDFVTTAD GATTCGGCAGTTCCCAGGCAACAAAC
3 TATYFCVRGVDYWG TGGAATGGATGGGGTACATATCTTCC
(vi-vh) QGTTLTVSSKPTTTP GATGGCTCGAATGAATATAACCCATC
ScFv 55 APRPPTPAPTIASQPL 147 ATTGAAAAATCGTATTTCCATCAGTCT
CDSA SLRPEACRPAAGGAV GGATACGAGTAAAAACCAGTTTTTCC
CD23 HTRGLDFACDIYIWA TCAAATTCGATTTCGTGACTACAGCA
44BBZ PLAGTCGVLLLSLVIT GATACTGCCACATACTTCTGTGTACGA
' LYCNHRNRSKRSRG GGTGTCGATTATTGGGGACAGGGCAC
GHSDYMNMTPRRPG AACGCTGACCGTAAGTTCTAAGCCCA
PTRKHYQPYAPPRDF CCACCACCCCTGCCCCTAGACCTCCA
AAYRSKRGRKKLLYT ACCCCAGCCCCTACAATCGCCAGCCA
FKQPFMRPVQTTQEE GCCCCTGAGCCTGAGGCCCGAAGCCT
DGCSCRFPEEEEGGC GTAGACCTGCCGCTGGCGGAGCCGTG
ELRVKFSRSADAPAY CACACCAGAGGCCTGGATTTCGCCTG
QQGQNQLYNELNLG CGACATCTACATCTGGGCCCCTCTGGC
RREEYDVLDKRRGR CGGCACCTGTGGCGTGCTGCTGCTGA
DPEMGGKPRRKNPQ GCCTGGTCATCACCCTGTACTGCAACC
EGLYNELQKDKMAE ACCGGAATAGGAGCAAGCGGAGCAG
AYSEIGMKGERRRGK AGGCGGCCACAGCGACTACATGAACA
GHDGLYQGLSTATK TGACCCCCCGGAGGCCTGGCCCCACC
DTYDALHMQALPPR CGGAAGCACTACCAGCCCTACGCCCC

TCCCAGGGACTTCGCCGCCTACCGGA
GCAAGAGAGGCCGGAAGAAACTGCT
GTACATCTTCAAGCAGCCCTTCATGCG
GCCCGTGCAGACCACCCAGGAAGAGG
ACGGCTGCAGCTGCCGGTTCCCCGAG

141




WO 2019/236577

CA 03101641 2020-11-25

PCT/US2019/035384

Name

SEQ
ID
NO

Amino Acid Sequence

SEQ
ID
NO

Nucleotide Sequence

GAAGAGGAAGGCGGCTGCGAACTGC
GGGTGAAGTTCAGCCGGAGCGCCGAC
GCCCCTGCCTACCAGCAGGGCCAGAA
CCAGCTGTACAACGAGCTGAACCTGG
GCCGGAGGGAGGAGTACGACGTGCTG
GACAAGCGGAGAGGCCGGGACCCTG
AGATGGGCGGCAAGCCCCGGAGAAA
GAACCCTCAGGAGGGCCTGTATAACG
AACTGCAGAAAGACAAGATGGCCGA
GGCCTACAGCGAGATCGGCATGAAGG
GCGAGCGGCGGAGGGGCAAGGGCCA
CGACGGCCTGTACCAGGGCCTGAGCA
CCGCCACCAAGGATACCTACGACGCC
CTGCACATGCAGGCCCTGCCCCCCAG
A

MUCI16-
3 (vl-vh)
scFv.
CD8a(2x
).CD28.
4-1BB.z

56

DIKMA QSPSSVNASL
GERVTITCKASRDIN
NFLSWFHQKPGKSPK
TLIYRANRLVDGVPS
RFSGSGSGQDYSFTIS
SLEYEDVGIYYCLQY
GDLYTFGGGTKLEIK
GGGGSGGGGSGGGG
SDVQLLESGPGLVRP
SQSLSLTCSVTGYSIV
SHYYWNWIRQFPGN
KLEWMGYISSDGSNE
YNPSLKNRISISLDTS
KNQFFLKFDFVTTAD
TATYFCVRGVDYWG
QGTTLTVSSKPTTTP
APRPPTPAPTIASQPL
SLRPEASRPAAGGAV
HTRGLDFASDKPTTT
PAPRPPTPAPTIASQP
LSLRPEACRPAAGGA
VHTRGLDFACDIYIW
APLAGTCGVLLLSLV
ITLYCNHRNRSKRSR
GGHSDYMNMTPRRP
GPTRKHYQPYAPPRD
FAAYRSKRGRKKLL
YIFKQPFMRPVQTTQ
EEDGCSCRFPEEEEG
GCELRVKFSRSADAP
AYQQGQNQLYNELN
LGRREEYDVLDKRR
GRDPEMGGKPRRKN
PQEGLYNELQKDKM
AEAYSEIGMKGERRR
GKGHDGLYQGLSTA
TKDTYDALHMQALP
PR

148

GACATCAAGATGGCTCAGTCCCCTTCT
AGCGTGAATGCTTCGCTAGGGGAGCG
TGTGACCATCACATGTAAAGCATCAC
GCGACATAAATAATTTCCTTTCCTGGT
TTCATCAGAAACCGGGCAAGTCGCCT
AAGACGCTGATTTACAGAGCAAATCG
GTTGGTAGATGGAGTGCCAAGCAGAT
TCAGCGGGAGCGGAAGTGGACAGGAT
TATAGCTTCACTATTTCATCCCTGGAA
TACGAGGACGTAGGTATCTATTATTG
CCTCCAGTATGGCGATCTTTACACATT
TGGTGGGGGGACTAAGCTGGAGATTA
AGGGCGGAGGCGGAAGCGGAGGCGG
AGGCTCCGGCGGAGGCGGAAGCGAC
GTGCAACTTCTGGAGAGCGGGCCAGG
GCTAGTCAGGCCCTCCCAGTCGCTTTC
ACTGACTTGCAGTGTGACCGGTTACTC
TATTGTGAGTCACTACTATTGGAACTG
GATTCGGCAGTTCCCAGGCAACAAAC
TGGAATGGATGGGGTACATATCTTCC
GATGGCTCGAATGAATATAACCCATC
ATTGAAAAATCGTATTTCCATCAGTCT
GGATACGAGTAAAAACCAGTTTITTCC
TCAAATTCGATTTCGTGACTACAGCA
GATACTGCCACATACTTCTGTGTACGA
GGTGTCGATTATTGGGGACAGGGCAC
AACGCTGACCGTAAGTTCTAAACCTA
CTACAACTCCTGCCCCCCGGCCTCCTA
CACCAGCTCCTACTATCGCCTCCCAGC
CACTCAGTCTCAGACCCGAGGCTTCT
AGGCCAGCGGCCGGAGGCGCGGTCCA
CACCCGCGGGCTGGACTTTGCATCCG
ATAAGCCCACCACCACCCCTGCCCCT
AGACCTCCAACCCCAGCCCCTACAAT
CGCCAGCCAGCCCCTGAGCCTGAGGC
CCGAAGCCTGTAGACCTGCCGCTGGC
GGAGCCGTGCACACCAGAGGCCTGGA
TTTCGCCTGCGACATCTACATCTGGGC
CCCTCTGGCCGGCACCTGTGGCGTGCT
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GCTGCTGAGCCTGGTCATCACCCTGTA
CTGCAACCACCGGAATAGGAGCAAGC
GGAGCAGAGGCGGCCACAGCGACTAC
ATGAACATGACCCCCCGGAGGCCTGG
CCCCACCCGGAAGCACTACCAGCCCT
ACGCCCCTCCCAGGGACTTCGCCGCC
TACCGGAGCAAGAGAGGCCGGAAGA
AACTGCTGTACATCTTCAAGCAGCCCT
TCATGCGGCCCGTGCAGACCACCCAG
GAAGAGGACGGCTGCAGCTGCCGGTT
CCCCGAGGAAGAGGAAGGCGGCTGC
GAACTGCGGGTGAAGTTCAGCCGGAG
CGCCGACGCCCCTGCCTACCAGCAGG
GCCAGAACCAGCTGTACAACGAGCTG
AACCTGGGCCGGAGGGAGGAGTACG
ACGTGCTGGACAAGCGGAGAGGCCGG
GACCCTGAGATGGGCGGCAAGCCCCG
GAGAAAGAACCCTCAGGAGGGCCTGT
ATAACGAACTGCAGAAAGACAAGATG
GCCGAGGCCTACAGCGAGATCGGCAT
GAAGGGCGAGCGGCGGAGGGGCAAG
GGCCACGACGGCCTGTACCAGGGCCT
GAGCACCGCCACCAAGGATACCTACG
ACGCCCTGCACATGCAGGCCCTGCCC
CCCAGA

MUCI16-
3 (vl-vh)
scFv.
CD8a(3x
).CD28.
4-1BB.z

57

DIKMAQSPSSVNASL
GERVTITCKASRDIN
NFLSWFHQKPGKSPK
TLIYRANRLVDGVPS
RFSGSGSGQDYSFTIS
SLEYEDVGIYYCLQY
GDLYTFGGGTKLEIK
GGGGSGGGGSGGGG
SDVQLLESGPGLVRP
SQSLSLTCSVTGYSIV
SHY YWNWIRQFPGN
KLEWMGYISSDGSNE
YNPSLKNRISISLDTS
KNQFFLKFDFVTTAD
TATYFCVRGVDYWG
QGTTLTVSSKPTTTP
APRPPTPAPTIASQPL
SLRPEASRPAAGGAV
HTRGLDFASDKPTTT
PAPRPPTPAPTIASQP
LSLRPEASRPAAGGA
VHTRGLDFASDKPTT
TPAPRPPTPAPTIASQ
PLSLRPEACRPAAGG
AVHTRGLDFACDIYI
WAPLAGTCGVLLLSL
VITLYCNHRNRSKRS
RGGHSDYMNMTPRR
PGPTRKHYQPYAPPR

149

GACATCAAGATGGCTCAGTCCCCTTCT
AGCGTGAATGCTTCGCTAGGGGAGCG
TGTGACCATCACATGTAAAGCATCAC
GCGACATAAATAATTTCCTTTCCTGGT
TTCATCAGAAACCGGGCAAGTCGCCT
AAGACGCTGATTTACAGAGCAAATCG
GTTGGTAGATGGAGTGCCAAGCAGAT
TCAGCGGGAGCGGAAGTGGACAGGAT
TATAGCTTCACTATTTCATCCCTGGAA
TACGAGGACGTAGGTATCTATTATTG
CCTCCAGTATGGCGATCTTTACACATT
TGGTGGGGGGACTAAGCTGGAGATTA
AGGGCGGAGGCGGAAGCGGAGGCGG
AGGCTCCGGCGGAGGCGGAAGCGAC
GTGCAACTTCTGGAGAGCGGGCCAGG
GCTAGTCAGGCCCTCCCAGTCGCTTTC
ACTGACTTGCAGTGTGACCGGTTACTC
TATTGTGAGTCACTACTATTGGAACTG
GATTCGGCAGTTCCCAGGCAACAAAC
TGGAATGGATGGGGTACATATCTTCC
GATGGCTCGAATGAATATAACCCATC
ATTGAAAAATCGTATTTCCATCAGTCT
GGATACGAGTAAAAACCAGTTTITTCC
TCAAATTCGATTTCGTGACTACAGCA
GATACTGCCACATACTTCTGTGTACGA
GGTGTCGATTATTGGGGACAGGGCAC
AACGCTGACCGTAAGTTCTAAGCCTA
CCACCACCCCCGCACCTCGTCCTCCAA
CCCCTGCACCTACGATTGCCAGTCAG

143




WO 2019/236577

CA 03101641 2020-11-25

PCT/US2019/035384

Name

SEQ
ID
NO

Amino Acid Sequence

SEQ
ID
NO

Nucleotide Sequence

DFAAYRSKRGRKKL
LYIFKQPFMRPVQTT
QEEDGCSCRFPEEEE
GGCELRVKFSRSADA
PAYQQGQNQLYNEL
NLGRREEYDVLDKR
RGRDPEMGGKPRRK
NPQEGLYNELQKDK
MAEAYSEIGMKGER
RRGKGHDGLYQGLS
TATKDTYDALHMOQA
LPPR

CCTCTTTCACTGCGGCCTGAGGCCAGC
AGACCAGCTGCCGGCGGTGCCGTCCA
TACAAGAGGACTGGACTTCGCGTCCG
ATAAACCTACTACCACTCCAGCCCCA
AGGCCCCCAACCCCAGCACCGACTAT
CGCATCACAGCCTTTGTCACTGCGTCC
TGAAGCCAGCCGGCCAGCTGCAGGGG
GGGCCGTCCACACAAGGGGACTCGAC
TTTGCGAGTGATAAGCCCACCACCAC
CCCTGCCCCTAGACCTCCAACCCCAG
CCCCTACAATCGCCAGCCAGCCCCTG
AGCCTGAGGCCCGAAGCCTGTAGACC
TGCCGCTGGCGGAGCCGTGCACACCA
GAGGCCTGGATTTCGCCTGCGACATC
TACATCTGGGCCCCTCTGGCCGGCAC
CTGTGGCGTGCTGCTGCTGAGCCTGGT
CATCACCCTGTACTGCAACCACCGGA
ATAGGAGCAAGCGGAGCAGAGGCGG
CCACAGCGACTACATGAACATGACCC
CCCGGAGGCCTGGCCCCACCCGGAAG
CACTACCAGCCCTACGCCCCTCCCAG
GGACTTCGCCGCCTACCGGAGCAAGA
GAGGCCGGAAGAAACTGCTGTACATC
TTCAAGCAGCCCTTCATGCGGCCCGT
GCAGACCACCCAGGAAGAGGACGGCT
GCAGCTGCCGGTTCCCCGAGGAAGAG
GAAGGCGGCTGCGAACTGCGGGTGAA
GTTCAGCCGGAGCGCCGACGCCCCTG
CCTACCAGCAGGGCCAGAACCAGCTG
TACAACGAGCTGAACCTGGGCCGGAG
GGAGGAGTACGACGTGCTGGACAAGC
GGAGAGGCCGGGACCCTGAGATGGGC
GGCAAGCCCCGGAGAAAGAACCCTCA
GGAGGGCCTGTATAACGAACTGCAGA
AAGACAAGATGGCCGAGGCCTACAGC
GAGATCGGCATGAAGGGCGAGCGGC
GGAGGGGCAAGGGCCACGACGGCCT
GTACCAGGGCCTGAGCACCGCCACCA
AGGATACCTACGACGCCCTGCACATG
CAGGCCCTGCCCCCCAGA

SIGNAL

PEPTIDES

GMCSF
R alpha

58

MLLLVTSLLLCELPH
PAFLLIP

150

ATGCTTCTCCTGGTGACAAGCCTTCTG
CTCTGTGAGTTACCACACCCAGCATTC
CTCCTGATCCCA

Ig Kappa

59

MRLPAQLLGLLMLW
VPGSSG

151

ATGAGGCTCCCTGCTCAGCTCCTGGG
GCTGCTAATGCTCTGGGTCCCAGGAT
CCAGTGGG

Immuno-
globulin
E

60

MDWTWILFLVAAAT
RVHS

152

ATGGATTGGACCTGGATTCTGTTTCTG
GTGGCCGCTGCCACAAGAGTGCACAG
C

CD8a

61

MALPVTALLLPLALL
LHAARP

153

ATGGCGCTGCCCGTGACCGCCTTGCTC
CTGCCGCTGGCCTTGCTGCTCCACGCC
GCCAGGCCG
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ATGGGCACCAGCCTCCTCTGCTGGAT

(TT‘;?i) 62 gfgflgbiWMALCLL 154 | GGCCCTGTGTCTCCTGGGGGCAGATC
ACGCAGATGCT
ATGAAGCGCTTCCTCTTCCTCCTACTC

CD52 63 ﬁ%g%%%ﬂsmv 155 | ACCATCAGCCTCCTGGTTATGGTACA
GATACAAACTGGACTCTCA

Low-

affinity

ne"‘V;th ATGGGGGCAGGTGCCACCGGCCGCGC

f;gtor ¢4 | MGAGATGRAMDGPR | . | CATGGACGGGCCGCGCCTGCTGCTGT

LLLLLLLGVSLGGA TGCTGCTTCTGGGGGTGTCCCTTGGAG

receptor GTGCC

(LNGFR,

TNFRSF

16)

KILL SWITCH

RKVCNGIGIGEFKDS
LSINATNIKHFKNCTS
ISGDLHILPVAFRGDS
FTHTPPLDPQELDILK
TVKEITGFLLIQAWPE
NRTDLHAFENLEIIRG
RTKQHGQFSLAVVSL
NITSLGLRSLKEISDG
DVIISGNKNLCYANTI
NWKKLFGTSGQKTKI
ISNRGENSCKATGQV
CHALCSPEGCWGPEP
RDCVSCRNVSRGREC
VDKCNLLEGEPREFV
ENSECIQCHPECLPQA
MNITCTGRGPDNCIQ
CAHYIDGPHCVKTCP
AGVMGENNTLVWK
YADAGHVCHLCHPN
CTYGCTGPGLEGCPT
NGPKIPSIATGMVGA
LLLLLVVALGIGLFM

HERI1t 65

157

CGCAAAGTGTGTAACGGAATAGGTAT
TGGTGAATTTAAAGACTCACTCTCCAT
AAATGCTACGAATATTAAACACTTCA
AAAACTGCACCTCCATCAGTGGCGAT
CTCCACATCCTGCCGGTGGCATTTAGG
GGTGACTCCTTCACACATACTCCTCCT
CTGGATCCACAGGAACTGGATATTCT
GAAAACCGTAAAGGAAATCACAGGGT
TTTTGCTGATTCAGGCTTGGCCTGAAA
ACAGGACGGACCTCCATGCCTTTGAG
AACCTAGAAATCATACGCGGCAGGAC
CAAGCAACATGGTCAGTTTTCTCTTGC
AGTCGTCAGCCTGAACATAACATCCT
TGGGATTACGCTCCCTCAAGGAGATA
AGTGATGGAGATGTGATAATTTCAGG
AAACAAAAATTTGTGCTATGCAAATA
CAATAAACTGGAAAAAACTGTTTGGG
ACCTCCGGTCAGAAAACCAAAATTAT
AAGCAACAGAGGTGAAAACAGCTGC
AAGGCCACAGGCCAGGTCTGCCATGC
CTTGTGCTCCCCCGAGGGCTGCTGGG
GCCCGGAGCCCAGGGACTGCGTCTCT
TGCCGGAATGTCAGCCGAGGCAGGGA
ATGCGTGGACAAGTGCAACCTTCTGG
AGGGTGAGCCAAGGGAGTTTGTGGAG
AACTCTGAGTGCATACAGTGCCACCC
AGAGTGCCTGCCTCAGGCCATGAACA
TCACCTGCACAGGACGGGGACCAGAC
AACTGTATCCAGTGTGCCCACTACATT
GACGGCCCCCACTGCGTCAAGACCTG
CCCGGCAGGAGTCATGGGAGAAAACA
ACACCCTGGTCTGGAAGTACGCAGAC
GCCGGCCATGTGTGCCACCTGTGCCA
TCCAAACTGCACCTACGGATGCACTG
GGCCAGGTCTTGAAGGCTGTCCAACG
AATGGGCCTAAGATCCCGTCCATCGC
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CACTGGGATGGTGGGGGCCCTCCTCT
TGCTGCTGGTGGTGGCCCTGGGGATC
GGCCTCTTCATG

HERIt- 1

66

RKVCNGIGIGEFKDS
LSINATNIKHFKNCTS
ISGDLHILPVAFRGDS
FTHTPPLDPQELDILK
TVKEITGFLLIQAWPE
NRTDLHAFENLEIIRG
RTKQHGQFSLAVVSL
NITSLGLRSLKEISDG
DVIISGNKNLCYANTI
NWKKLFGTSGQKTKI
ISNRGENSCKATGQV
CHALCSPEGCWGPEP
RDCVSGGGGSGGGS
GGGGSGGGGSFWVL
VVVGGVLACYSLLV
TVAFIIFWVRSKRS

158

CGCAAAGTGTGTAACGGAATAGGTAT
TGGTGAATTTAAAGACTCACTCTCCAT
AAATGCTACGAATATTAAACACTTCA
AAAACTGCACCTCCATCAGTGGCGAT
CTCCACATCCTGCCGGTGGCATTTAGG
GGTGACTCCTTCACACATACTCCTCCT
CTGGATCCACAGGAACTGGATATTCT
GAAAACCGTAAAGGAAATCACAGGGT
TTTTGCTGATTCAGGCTTGGCCTGAAA
ACAGGACGGACCTCCATGCCTTTGAG
AACCTAGAAATCATACGCGGCAGGAC
CAAGCAACATGGTCAGTTTTCTCTTGC
AGTCGTCAGCCTGAACATAACATCCT
TGGGATTACGCTCCCTCAAGGAGATA
AGTGATGGAGATGTGATAATTTCAGG
AAACAAAAATTTGTGCTATGCAAATA
CAATAAACTGGAAAAAACTGTTTGGG
ACCTCCGGTCAGAAAACCAAAATTAT
AAGCAACAGAGGTGAAAACAGCTGC
AAGGCCACAGGCCAGGTCTGCCATGC
CTTGTGCTCCCCCGAGGGCTGCTGGG
GCCCGGAGCCCAGGGACTGCGTCTCT
GGTGGCGGTGGCTCGGGCGGTGGTGG
GTCGGGTGGCGGCGGATCTGGTGGCG
GTGGCTCGTTTTGGGTGCTGGTGGTGG
TTGGTGGAGTCCTGGCTTGCTATAGCT
TGCTAGTAACAGTGGCCTTTATTATTT
TCTGGGTGAGGAGTAAGAGGAGC

FL CD20

67

MTTPRNSVNGTFPAE
PMKGPIAMQSGPKPL
FRRMSSLVGPTQSFF
MRESKTLGAVQIMN
GLFHIALGGLLMIPA
GIYAPICVTVWYPLW
GGIMYIISGSLLAATE
KNSRKCLVKGKMIM
NSLSLFAAISGMILSI
MDILNIKISHFLKMES
LNFIRAHTPYINIYNC
EPANPSEKNSPSTQY
CYSIQSLFLGILSVML
IFAFFQELVIAGIVEN
EWKRTCSRPKSNIVL
LSAEEKKEQTIEIKEE
VVGLTETSSQPKNEE
DIEIIPIQEEEEEETET
NFPEPPQDQESSPIEN
DSSP

159

ATGACAACACCCAGAAATTCAGTAAA
TGGGACTTTCCCGGCAGAGCCAATGA
AAGGCCCTATTGCTATGCAATCTGGTC
CAAAACCACTCTTCAGGAGGATGTCT
TCACTGGTGGGCCCCACGCAAAGCTT
CTTCATGAGGGAATCTAAGACTTTGG
GGGCTGTCCAGATTATGAATGGGCTC
TTCCACATTGCCCTGGGGGGTCTTCTG
ATGATCCCAGCAGGGATCTATGCACC
CATCTGTGTGACTGTGTGGTACCCTCT
CTGGGGAGGCATTATGTATATTATTTC
CGGATCACTCCTGGCAGCAACGGAGA
AAAACTCCAGGAAGTGTTTGGTCAAA
GGAAAAATGATAATGAATTCATTGAG
CCTCTTTGCTGCCATTTCTGGAATGAT
TCTTTCAATCATGGACATACTTAATAT
TAAAATTTCCCATTTTTTAAAAATGGA
GAGTCTGAATTTTATTAGAGCTCACAC
ACCATATATTAACATATACAACTGTG
AACCAGCTAATCCCTCTGAGAAAAAC
TCCCCATCTACCCAATACTGTTACAGC
ATACAATCTCTGTTCTTGGGCATTTITG
TCAGTGATGCTGATCTTTGCCTTCTTC
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CAGGAACTTGTAATAGCTGGCATCGT
TGAGAATGAATGGAAAAGAACGTGCT
CCAGACCCAAATCTAACATAGTTCTC
CTGTCAGCAGAAGAAAAAAAAGAAC
AGACTATTGAAATAAAAGAAGAAGTG
GTTGGGCTAACTGAAACATCTTCCCA
ACCAAAGAATGAAGAAGACATTGAA
ATTATTCCAATCCAAGAAGAGGAAGA
AGAAGAAACAGAGACGAACTTTCCAG
AACCTCCCCAAGATCAGGAATCCTCA
CCAATAGAAAATGACAGCTCTCCT

CD20t-1

68

MTTPRNSVNGTFPAE
PMKGPIAMQSGPKPL
FRRMSSLVGPTQSFF
MRESKTLGAVQIMN
GLFHIALGGLLMIPA
GIYAPICVITVWYPLW
GGIMYIISGSLLAATE
KNSRKCLVKGKMIM
NSLSLFAAISGMILSI
MDILNIKISHFLKMES
LNFIRAHTPYINIYNC
EPANPSEKNSPSTQY
CYSIQSLFLGILSVML
IFAFFQELVIAGIVEN
EWKRTCSRPKSNIVL
LSAEEKKEQTIEIKEE
VVGLTETSSQPKNEE
DIE

160

ATGACCACACCACGGAACTCTGTGAA
TGGCACCTTCCCAGCAGAGCCAATGA
AGGGACCAATCGCAATGCAGAGCGGA
CCCAAGCCTCTGTTTCGGAGAATGAG
CTCCCTGGTGGGCCCAACCCAGTCCTT
CTTTATGAGAGAGTCTAAGACACTGG
GCGCCGTGCAGATCATGAACGGACTG
TTCCACATCGCCCTGGGAGGACTGCT
GATGATCCCAGCCGGCATCTACGCCC
CTATCTGCGTGACCGTGTGGTACCCTC
TGTGGGGCGGCATCATGTATATCATCT
CCGGCTCTCTGCTGGCCGCCACAGAG
AAGAACAGCAGGAAGTGTCTGGTGAA
GGGCAAGATGATCATGAATAGCCTGT
CCCTGTTTGCCGCCATCTCTGGCATGA
TCCTGAGCATCATGGACATCCTGAAC
ATCAAGATCAGCCACTTCCTGAAGAT
GGAGAGCCTGAACTTCATCAGAGCCC
ACACCCCTTACATCAACATCTATAATT
GCGAGCCTGCCAACCCATCCGAGAAG
AATTCTCCAAGCACACAGTACTGTTAT
TCCATCCAGTCTCTGTTCCTGGGCATC
CTGTCTGTGATGCTGATCTTTGCCTTC
TTTCAGGAGCTGGTCATCGCCGGCAT
CGTGGAGAACGAGTGGAAGAGGACCT
GCAGCCGCCCCAAGTCCAATATCGTG
CTGCTGTCCGCCGAGGAGAAGAAGGA
GCAGACAATCGAGATCAAGGAGGAG
GTGGTGGGCCTGACCGAGACATCTAG
CCAGCCTAAGAATGAGGAGGATATCG
AG

mblIL-15

mblIL15

69

MDWTWILFLVAAAT
RVHSNWVNVISDLK
KIEDLIQSMHIDATLY
TESDVHPSCKVTAM
KCFLLELQVISLESGD
ASIHDTVENLIILANN
SLSSNGNVTESGCKE
CEELEEKNIKEFLQSF
VHIVQMFINTSSGGG
SGGGGSGGGGSGGG

161

ATGGATTGGACCTGGATTCTGTTTCTG
GTGGCCGCTGCCACAAGAGTGCACAG
CAACTGGGTGAATGTGATCAGCGACC
TGAAGAAGATCGAGGATCTGATCCAG
AGCATGCACATTGATGCCACCCTGTA
CACAGAATCTGATGTGCACCCTAGCT
GTAAAGTGACCGCCATGAAGTGTTTT
CTGCTGGAGCTGCAGGTGATTTCTCTG
GAAAGCGGAGATGCCTCTATCCACGA
CACAGTGGAGAATCTGATCATCCTGG
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GSGGGSLQITCPPPMS
VEHADIWVKSYSLYS
RERYICNSGFKRKAG
TSSLTECVLNKATNV
AHWTTPSLKCIRDPA
LVHQRPAPPSTVTTA
GVTPQPESLSPSGKEP
AASSPSSNNTAATTA
AIVPGSQLMPSKSPST
GTTEISSHESSHGTPS
QTTAKNWELTASAS
HQPPGVYPQGHSDTT
VAISTSTVLLCGLSAV
SLLACYLKSRQTPPL
ASVEMEAMEALPVT
WGTSSRDEDLENCSH
HL

CCAACAATAGCCTGAGCAGCAATGGC
AATGTGACAGAGTCTGGCTGTAAGGA
GTGTGAGGAGCTGGAGGAGAAGAAC
ATCAAGGAGTTTCTGCAGAGCTTTGT
GCACATCGTGCAGATGTTCATCAATA
CAAGCTCTGGCGGAGGATCTGGAGGA
GGCGGATCTGGAGGAGGAGGCAGTG
GAGGCGGAGGATCTGGCGGAGGATCT
CTGCAGATTACATGCCCTCCTCCAATG
TCTGTGGAGCACGCCGATATTTGGGT
GAAGTCCTACAGCCTGTACAGCAGAG
AGAGATACATCTGCAACAGCGGCTTT
AAGAGAAAGGCCGGCACCTCTTCTCT
GACAGAGTGCGTGCTGAATAAGGCCA
CAAATGTGGCCCACTGGACAACACCT
AGCCTGAAGTGCATTAGAGATCCTGC
CCTGGTCCACCAGAGGCCTGCCCCTC
CATCTACAGTGACAACAGCCGGAGTG
ACACCTCAGCCTGAATCTCTGAGCCCT
TCTGGAAAAGAACCTGCCGCCAGCTC
TCCTAGCTCTAATAATACCGCCGCCAC
AACAGCCGCCATTGTGCCTGGATCTC
AGCTGATGCCTAGCAAGTCTCCTAGC
ACAGGCACAACAGAGATCAGCAGCCA
CGAATCTTCTCACGGAACACCTTCTCA
GACCACCGCCAAGAATTGGGAGCTGA
CAGCCTCTGCCTCTCACCAGCCTCCAG
GAGTGTATCCTCAGGGCCACTCTGAT
ACAACAGTGGCCATCAGCACATCTAC
AGTGCTGCTGTGTGGACTGTCTGCCGT
GTCTCTGCTGGCCTGTTACCTGAAGTC
TAGACAGACACCTCCTCTGGCCTCTGT
GGAGATGGAGGCCATGGAAGCCCTGC
CTGTGACATGGGGAACAAGCAGCAGA
GATGAGGACCTGGAGAATTGTTCTCA
CCACCTG

IL-15

70

NWVNVISDLKKIEDL
IQSMHIDATLYTESD
VHPSCKVTAMKCFLL
ELQVISLESGDASIHD
TVENLIILANNSLSSN
GNVTESGCKECEELE
EKNIKEFLQSFVHIVQ
MFINTS

162

AACTGGGTGAATGTGATCAGCGACCT
GAAGAAGATCGAGGATCTGATCCAGA
GCATGCACATTGATGCCACCCTGTAC
ACAGAATCTGATGTGCACCCTAGCTG
TAAAGTGACCGCCATGAAGTGTTTTCT
GCTGGAGCTGCAGGTGATTTCTCTGG
AAAGCGGAGATGCCTCTATCCACGAC
ACAGTGGAGAATCTGATCATCCTGGC
CAACAATAGCCTGAGCAGCAATGGCA
ATGTGACAGAGTCTGGCTGTAAGGAG
TGTGAGGAGCTGGAGGAGAAGAACAT
CAAGGAGTTTCTGCAGAGCTTTGTGC
ACATCGTGCAGATGTTCATCAATACA
AGC

IL-15Ra

71

ITCPPPMSVEHADIW
VKSYSLYSRERYICN
SGFKRKAGTSSLTEC
VLNKATNVAHWTTP

163

ATTACATGCCCTCCTCCAATGTCTGTG
GAGCACGCCGATATTTGGGTGAAGTC
CTACAGCCTGTACAGCAGAGAGAGAT
ACATCTGCAACAGCGGCTTTAAGAGA
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SLKCIRDPALVHQRP AAGGCCGGCACCTCTTCTCTGACAGA
APPSTVTTAGVTPQP GTGCGTGCTGAATAAGGCCACAAATG
ESLSPSGKEPAASSPS TGGCCCACTGGACAACACCTAGCCTG
SNNTAATTAAIVPGS AAGTGCATTAGAGATCCTGCCCTGGT
QLMPSKSPSTGTTEIS CCACCAGAGGCCTGCCCCTCCATCTA
SHESSHGTPSQTTAK CAGTGACAACAGCCGGAGTGACACCT
NWELTASASHQPPGV CAGCCTGAATCTCTGAGCCCTTCTGGA
YPQGHSDTTVAISTST AAAGAACCTGCCGCCAGCTCTCCTAG
VLLCGLSAVSLLACY CTCTAATAATACCGCCGCCACAACAG
LKSRQTPPLASVEME CCGCCATTGTGCCTGGATCTCAGCTGA
AMEALPVTWGTSSR TGCCTAGCAAGTCTCCTAGCACAGGC
DEDLENCSHHL ACAACAGAGATCAGCAGCCACGAATC
TTCTCACGGAACACCTTCTCAGACCAC
CGCCAAGAATTGGGAGCTGACAGCCT
CTGCCTCTCACCAGCCTCCAGGAGTGT
ATCCTCAGGGCCACTCTGATACAACA
GTGGCCATCAGCACATCTACAGTGCT
GCTGTGTGGACTGTCTGCCGTGTCTCT
GCTGGCCTGTTACCTGAAGTCTAGAC
AGACACCTCCTCTGGCCTCTGTGGAG
ATGGAGGCCATGGAAGCCCTGCCTGT
GACATGGGGAACAAGCAGCAGAGAT
GAGGACCTGGAGAATTGTTCTCACCA
CCTG
LINKERS
GAGGGCAGAGGAAGTCTTCTAACATGCG
T2A 72 ﬁgﬁGSLLTCGDVEEN 164 | GTGACGTGGAGGAGAATCCCGGCCCT
. AGAGCTAAGAGGGGAAGCGGAGAGGGCA
E‘é“&z RE %g%gggﬁgﬁGSLLT 165 | GAGGAAGTCTGCTAACATGCGGTGACGTC
GAGGAGAATCCTGGACCT
Furin- AGGGCCAAGAGGAGTGGCAGCGGCGAGG
SGSG- 74 %gg\s/(g%%glsGSLL 166 | GCAGAGGAAGTCTTCTAACATGCGGTGAC
T2A GTGGAGGAGAATCCCGGCCCT
Porcine
t"iSCh"l' »a | 75 | ATNFSLLKQAGDVEE | | | GCAACGAACTTCTCTCTCCTAAAACAGGC
f;gfm NPGP TGGTGATGTGGAGGAGAATCCTGGTCCA
(P2A)
GGAAGCGGAGCTACTAACTTCAGCCTGCT
GSG-p2a | ¢ | GSGATNFSLLKQAGD | | o | GAAGCAGGCTGGAGACGTGGAGGAGAAC
VEENPGP CCTGGACCT
CGTGCAAAGCGTGCACCGGTGAAACAGG
22 - E?g&fg ECSS\EEGQ\?P 169 | GAAGCGGAGCTACTAACTTCAGCCTGCTG
AAGCAGGCTGGAGACGTGGAGGAGAACC
GP CTGGACCT
Equine
rhinitis A CAGTGTACTAATTATGCTCTCTTGAAATTG
vis24 | 78 | QEINYALLKLAGDV |70 | GeTGGAGATGTTGAGAGCAACCCTGGACC
: ESNPGP
region T
(E2A
Foot-and- GTCAAACAGACCCTAAACTTTGATCTGCT
mouth 79 g%g&yggLLKLAG 171 | AAAACTGGCCGGGGATGTGGAAAGTAAT
disease CCCcaaececce

149
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NO NO

virus 2A

region

(F2A)

Linker 80 | APVKQGSG

Furinlinkl | 81 | RAKR 172 | COTGCAAAGCGT
AGAGCCAAGAGGGCACCGGTGAAACAGA

Fmdv ] RAKRAPVKQTLNFDL 173 CTTTGAATTTTGACCTTCTGAAGTTGGCAG

LKLAGDVESNPGP GAGACGTTGAGTCCAACCCTGGGCCC
(G4S)3
Linker GGTGGCGGTGGCTCGGGCGGTGGETGGGTC
83 SGGGSGGGGSGGGGV 174 | GGGTGGCGGCGGATCT

Whitlow GGCAGCACCTCCGGCAGCGGCAAGCCTG

Linker 84 EEESGSGKPGSGEGS 175 | GCAGCGGCGAGGGCAGCACCAAGGGC

GSG

linker 85 | GSG 176 | GGAAGCGGA

SGSG

linker 86 | SGSG 177 | AGTGGCAGCGGC

RTS-COMPONENTS

GPKKKRKVAPPTDVS
LGDELHLDGEDVAM
AHADALDDFDLDML
GDGDSPGPGFTPHDS
APYGALDMADFEFE
QMFTDALGIDEYGG

VP16
achgUon Q7
domain

178

GGCCCCAAGAAGAAAAGGAAGGTGGCCC
CCCCCACCGACGTGAGCCTGGGCGACGAG
CTGCACCTGGACGGCGAGGACGTGGCCAT
GGCCCACGCCGACGCCCTGGACGACTTCG
ACCTGGACATGCTGGGCGACGGCGACAG
CCCCGGCCCCGGCTTCACCCCCCACGACA
GCGCCCCCTACGGCGCCCTGGACATGGCC
GACTTCGAGTTCGAGCAGATGTTCACCGA
CGCCCTGGGCATCGACGAGTACGGCGGC

EMPVDRILEAELAVE
QKSDQGVEGPGGTG
GSGSSPNDPVTNICQ
AADKQLFTLVEWAK
RIPHFSSLPLDDQVIL
LRAGWNELLIASFSH
RSIDVRDGILLATGLH
VHRNSAHSAGVGAIF
DRVLTELVSKMRDM
RMDKTELGCLRAIILF
NPEVRGLKSAQEVEL
LREKVYAALEEYTRT
THPDEPGRFAKLLLR
LPSLRSIGLKCLEHLF
FFRLIGDVPIDTFLME
MLESPSDS

Retinoid x
receptor
RR) 88

179

GAGATGCCCGTGGACAGGATTCTGGAGGC
CGAACTCGCCGTGGAGCAGAAAAGCGAC
CAGGGCGTGGAGGGCCCCGGCGGAACCG
GCGGCAGCGGCAGCAGCCCCAACGACCC
CGTGACCAACATCTGCCAGGCCGCCGACA
AGCAGCTGTTCACCCTGGTGGAGTGGGCC
AAGAGGATTCCCCACTTCAGCAGCCTGCC
CCTGGACGACCAGGTGATCCTGCTGAGGG
CCGGATGGAACGAGCTGCTGATCGCCAGC
TTCAGCCACAGGAGCATCGACGTGAGGG
ACGGCATCCTGCTGGCCACCGGCCTGCAC
GTCCATAGGAACAGCGCCCACAGCGCCG
GAGTGGGCGCCATCTTCGACAGGGTGCTG
ACCGAGCTGGTGAGCAAGATGAGGGACA
TGAGGATGGACAAGACCGAGCTGGGCTG
CCTGAGGGCCATCATCCTGTTCAACCCCG
AGGTGAGGGGCCTGAAAAGCGCCCAGGA
GGTGGAGCTGCTGAGGGAGAAGGTGTAC
GCCGCCCTGGAGGAGTACACCAGGACCA
CCCACCCCGACGAGCCCGGCAGATTCGCC
AAGCTGCTGCTGAGGCTGCCCAGCCTGAG
GAGCATCGGCCTGAAGTGCCTGGAGCACC
TGTTCTTCTTCAGGCTGATCGGCGACGTG
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CCCATCGACACCTTCCTGATGGAGATGCT
GGAGAGCCCCAGCGACAGC

VP16-
linker-
RxR

89

GPKKKRKVAPPTDVS
LGDELHLDGEDVAM
AHADALDDFDLDML
GDGDSPGPGFTPHDS
APYGALDMADFEFE
QMFTDALGIDEYGGE
FEMPVDRILEAELAV
EQKSDQGVEGPGGT
GGSGSSPNDPVTNIC
QAADKQLFTLVEWA
KRIPHFSSLPLDDQVI
LLRAGWNELLIASFS
HRSIDVRDGILLATGL
HVHRNSAHSAGVGAI
FDRVLTELVSKMRD
MRMDKTELGCLRATI
LFNPEVRGLKSAQEV
ELLREKVYAALEEYT
RTTHPDEPGRFAKLL
LRLPSLRSIGLKCLEH
LFFFRLIGDVPIDTFL
MEMLESPSDS

180

GGCCCCAAGAAGAAAAGGAAGGTGGCCC
CCCCCACCGACGTGAGCCTGGGCGACGAG
CTGCACCTGGACGGCGAGGACGTGGCCAT
GGCCCACGCCGACGCCCTGGACGACTTCG
ACCTGGACATGCTGGGCGACGGCGACAG
CCCCGGCCCCGGCTTCACCCCCCACGACA
GCGCCCCCTACGGCGCCCTGGACATGGCC
GACTTCGAGTTCGAGCAGATGTTCACCGA
CGCCCTGGGCATCGACGAGTACGGCGGCG
AATTCGAGATGCCCGTGGACAGGATTCTG
GAGGCCGAACTCGCCGTGGAGCAGAAAA
GCGACCAGGGCGTGGAGGGCCCCGGCAG
AACCGGCGGCAGCGGCAGCAGCCCCAAC
GACCCCGTGACCAACATCTGCCAGGCCGC
CGACAAGCAGCTGTTCACCCTGGTGGAGT
GGGCCAAGAGGATTCCCCACTTCAGCAGC
CTGCCCCTGGACGACCAGGTGATCCTGCT
GAGGGCCGGATGGAACGAGCTGCTGATC
GCCAGCTTCAGCCACAGGAGCATCGACGT
GAGGGACGGCATCCTGCTGGCCACCGGCC
TGCACGTCCATAGGAACAGCGCCCACAGC
GCCGGAGTGGGCGCCATCTTCGACAGGGT
GCTGACCGAGCTGGTGAGCAAGATGAGG
GACATGAGGATGGACAAGACCGAGCTGG
GCTGCCTGAGGGCCATCATCCTGTTCAAC
CCCGAGGTGAGGGGCCTGAAAAGCGCCC
AGGAGGTGGAGCTGCTGAGGGAGAAGGT
GTACGCCGCCCTGGAGGAGTACACCAGG
ACCACCCACCCCGACGAGCCCGGCAGATT
CGCCAAGCTGCTGCTGAGGCTGCCCAGCC
TGAGGAGCATCGGCCTGAAGTGCCTGGAG
CACCTGTTCTTCTTCAGGCTGATCGGCGA
CGTGCCCATCGACACCTTCCTGATGGAGA
TGCTGGAGAGCCCCAGCGACAGC

GAL4
DNA
Binding
Domain

90

MKLLSSIEQACDICRL
KKLKCSKEKPKCAK
CLKNNWECRY SPKT
KRSPLTRAHLTEVES
RLERLEQLFLLIFPRE
DLDMILKMDSLQDIK
ALLTGLFVQDNVNK
DAVTDRLASVETDM
PLTLRQHRISATSSSE
ESSNKGQRQLTVSPE
F

181

ATGAAGCTGCTGAGCAGCATCGAGCAGG
CTTGCGACATCTGCAGGCTGAAGAAGCTG
AAGTGCAGCAAGGAGAAGCCCAAGTGCG
CCAAGTGCCTGAAGAACAACTGGGAGTG
CAGATACAGCCCCAAGACCAAGAGGAGC
CCCCTGACCAGGGCCCACCTGACCGAGGT
GGAGAGCAGGCTGGAGAGGCTGGAGCAG
CTGTTCCTGCTGATCTTCCCCAGGGAGGA
CCTGGACATGATCCTGAAGATGGACAGCC
TGCAAGACATCAAGGCCCTGCTGACCGGC
CTGTTCGTGCAGGACAACGTGAACAAGGA
CGCCGTGACCGACAGGCTGGCCAGCGTGG
AGACCGACATGCCCCTGACCCTGAGGCAG
CACAGGATCAGCGCCACCAGCAGCAGCG
AGGAGAGCAGCAACAAGGGCCAGAGGCA
GCTGACCGTGAGCCCCGAGTTT

Ecdysone
Receptor
Ligand
Binding

91

IRPECVVPETQCAMK
RKEKKAQKEKDKLP

VSTTTVDDHMPPIMQ
CEPPPPEAARIHEVVP

182

ATCAGGCCCGAGTGCGTGGTGCCCGA
GACCCAGTGCGCCATGAAAAGGAAGG
AGAAGAAGGCCCAGAAGGAGAAGGA
CAAGCTGCCCGTGAGCACCACCACCG
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RFLSDKLLVTNRQKN
IPQLTANQQFLIARLI
WYQDGYEQPSDEDL
KRITQTWQQADDEN
EESDTPFRQITEMTIL
TVQLIVEFAKGLPGF
AKISQPDQITLLKACS
SEVMMLRVARRYDA
ASDSILFANNQAYTR
DNYRKAGMAEVIED
LLHFCRCMYSMALD
NIHYALLTAVVIFSDR
PGLEQPQLVEEIQRY
YLNTLRIYILNQLSGS
ARSSVIYGKILSILSEL
RTLGMQNSNMCISLK
LKNRKLPPFLEEIWD
VADMSHTQPPPILESP
TNL

TCGATGACCACATGCCCCCCATCATG
CAGTGCGAGCCCCCCCCCCCCGAGGC
CGCCAGGATTCACGAGGTCGTGCCCA
GGTTCCTGAGCGACAAGCTGCTGGTG
ACCAACAGGCAGAAGAACATCCCCCA
GCTGACCGCCAACCAGCAGTTCCTGA
TCGCCAGGCTGATCTGGTATCAGGAC
GGCTACGAGCAGCCCAGCGACGAGGA
CCTGAAAAGGATCACCCAGACCTGGC
AGCAGGCCGACGACGAGAACGAGGA
GAGCGACACCCCCTTCAGGCAGATCA
CCGAGATGACCATCCTGACCGTGCAG
CTGATCGTGGAGTTCGCCAAGGGCCT
GCCCGGATTCGCCAAGATCAGCCAGC
CCGACCAGATCACCCTGCTGAAGGCT
TGCAGCAGCGAGGTGATGATGCTGAG
GGTGGCCAGGAGGTACGACGCCGCCA
GCGACAGCATCCTGTTCGCCAACAAC
CAGGCTTACACCAGGGACAACTACAG
GAAGGCTGGCATGGCCGAGGTGATCG
AGGACCTCCTGCACTTCTGCAGATGT
ATGTACAGCATGGCCCTGGACAACAT
CCACTACGCCCTGCTGACCGCCGTGG
TGATCTTCAGCGACAGGCCCGGCCTG
GAGCAGCCCCAGCTGGTGGAGGAGAT
CCAGAGGTACTACCTGAACACCCTGA
GGATCTACATCCTGAACCAGCTGAGC
GGCAGCGCCAGGAGCAGCGTGATCTA
CGGCAAGATCCTGAGCATCCTGAGCG
AGCTGAGGACCCTGGGAATGCAGAAC
AGCAATATGTGTATCAGCCTGAAGCT
GAAGAACAGGAAGCTGCCCCCCTTCC
TGGAGGAGATTTGGGACGTGGCCGAC
ATGAGCCACACCCAGCCCCCCCCCAT
CCTGGAGAGCCCCACCAACCTG

Ecdysone
Receptor
Ligand
Binding
Domain
-VY
variant
(EcR)

92

RPECVVPETQCAMK
RKEKKAQKEKDKLP
VSTTTVDDHMPPIMQ
CEPPPPEAARIHEVVP
RFLSDKLLVTNRQKN
IPQLTANQQFLIARLI
WYQDGYEQPSDEDL
KRITQTWQQADDEN
EESDTPFRQITEMTIL
TVQLIVEFAKGLPGF
AKISQPDQITLLKACS
SEVMMLRVARRYDA
ASDSILFANNQAYTR
DNYRKAGMAEVIED
LLHFCRCMYSMALD
NIHYALLTAVVIFSDR
PGLEQPQLVEEIQRY
YLNTLRIYILNQLSGS
ARSSVIYGKILSILSEL

183

CGGCCTGAGTGCGTAGTACCCGAGAC
TCAGTGCGCCATGAAGCGGAAAGAGA
AGAAAGCACAGAAGGAGAAGGACAA
ACTGCCTGTCAGCACGACGACGGTGG
ACGACCACATGCCGCCCATTATGCAG
TGTGAACCTCCACCTCCTGAAGCAGC
AAGGATTCACGAAGTGGTCCCAAGGT
TTCTCTCCGACAAGCTGTTGGTGACAA
ACCGGCAGAAAAACATCCCCCAGTTG
ACAGCCAACCAGCAGTTCCTTATCGC
CAGGCTCATCTGGTACCAGGACGGGT
ACGAGCAGCCTTCTGATGAAGATTTG
AAGAGGATTACGCAGACGTGGCAGCA
AGCGGACGATGAAAACGAAGAGTCG
GACACTCCCTTCCGCCAGATCACAGA
GATGACTATCCTCACGGTCCAACTTAT
CGTGGAGTTCGCGAAGGGATTGCCAG
GGTTCGCCAAGATCTCGCAGCCTGAT
CAAATTACGCTGCTTAAGGCTTGCTCA
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RTLGMQNSNMCISLK
LKNRKLPPFLEEIWD
VADMSHTQPPPILESP
TNL

AGTGAGGTAATGATGCTCCGAGTCGC
GCGACGATACGATGCGGCCTCAGACA
GTATTCTGTTCGCGAACAACCAAGCG
TACACTCGCGACAACTACCGCAAGGC
TGGCATGGCCGAGGTCATCGAGGATC
TACTGCACTTCTGCCGGTGCATGTACT
CTATGGCGTTGGACAACATCCATTAC
GCGCTGCTCACGGCTGTCGTCATCTTT
TCTGACCGGCCAGGGTTGGAGCAGCC
GCAACTGGTGGAAGAGATCCAGCGGT
ACTACCTGAATACGCTCCGCATCTATA
TCCTGAACCAGCTGAGCGGGTCGGCG
CGTTCGTCCGTCATATACGGCAAGAT
CCTCTCAATCCTCTCTGAGCTACGCAC
GCTCGGCATGCAAAACTCCAACATGT
GCATCTCCCTCAAGCTCAAGAACAGA
AAGCTGCCGCCTTTCCTCGAGGAGAT
CTGGGATGTGGCGGACATGTCGCACA
CCCAACCGCCGCCTATCCTCGAGTCCC
CCACGAATCTCTAG

GALA4-
Linker-
EcR

93

MKLLSSIEQACDICRL
KKLKCSKEKPKCAK
CLKNNWECRYSPKT
KRSPLTRAHLTEVES
RLERLEQLFLLIFPRE
DLDMILKMDSLQDIK
ALLTGLFVQDNVNK
DAVTDRLASVETDM
PLTLRQHRISATSSSE
ESSNKGQRQLTVSPE
FPGIRPECVVPETQCA
MKRKEKKAQKEKDK
LPVSTTTVDDHMPPI
MQCEPPPPEAARIHE
VVPRFLSDKLLVTNR
QKNIPQLTANQQFLI
ARLIWYQDGYEQPSD
EDLKRITQTWQQAD
DENEESDTPFRQITE
MTILTVQLIVEFAKG
LPGFAKISQPDQITLL
KACSSEVMMLRVAR
RYDAASDSILFANNQ
AYTRDNYRKAGMAE
VIEDLLHFCRCMY SM
ALDNIHYALLTAVVI
FSDRPGLEQPQLVEEI
QRYYLNTLRIYILNQ
LSGSARSSVIYGKILSI
LSELRTLGMQNSNM
CISLKLKNRKLPPFLE
EIWDVADMSHTQPPP
ILESPTNL

184

ATGAAGCTACTGTCTTCTATCGAACA
AGCATGCGATATTTGCCGACTTAAAA
AGCTCAAGTGCTCCAAAGAAAAACCG
AAGTGCGCCAAGTGTCTGAAGAACAA
CTGGGAGTGTCGCTACTCTCCCAAAA
CCAAAAGGTCTCCGCTGACTAGGGCA
CATCTGACAGAAGTGGAATCAAGGCT
AGAAAGACTGGAACAGCTATTTCTAC
TGATTTTTCCTCGAGAAGACCTTGACA
TGATTTTGAAAATGGATTCTTTACAGG
ATATAAAAGCATTGTTAACAGGATTA
TTTGTACAAGATAATGTGAATAAAGA
TGCCGTCACAGATAGATTGGCTTCAG
TGGAGACTGATATGCCTCTAACATTG
AGACAGCATAGAATAAGTGCGACATC
ATCATCGGAAGAGAGTAGTAACAAAG
GTCAAAGACAGTTGACTGTATCGCCG
GAATTCCCGGGGATCCGGCCTGAGTG
CGTAGTACCCGAGACTCAGTGCGCCA
TGAAGCGGAAAGAGAAGAAAGCACA
GAAGGAGAAGGACAAACTGCCTGTCA
GCACGACGACGGTGGACGACCACATG
CCGCCCATTATGCAGTGTGAACCTCC
ACCTCCTGAAGCAGCAAGGATTCACG
AAGTGGTCCCAAGGTTTCTCTCCGAC
AAGCTGTTGGTGACAAACCGGCAGAA
AAACATCCCCCAGTTGACAGCCAACC
AGCAGTTCCTTATCGCCAGGCTCATCT
GGTACCAGGACGGGTACGAGCAGCCT
TCTGATGAAGATTTGAAGAGGATTAC
GCAGACGTGGCAGCAAGCGGACGATG
AAAACGAAGAGTCGGACACTCCCTTC
CGCCAGATCACAGAGATGACTATCCT
CACGGTCCAACTTATCGTGGAGTTCG
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Name

SEQ
ID
NO

Amino Acid Sequence

SEQ
ID
NO

Nucleotide Sequence

CGAAGGGATTGCCAGGGTTCGCCAAG
ATCTCGCAGCCTGATCAAATTACGCT
GCTTAAGGCTTGCTCAAGTGAGGTAA
TGATGCTCCGAGTCGCGCGACGATAC
GATGCGGCCTCAGACAGTATTCTGTTC
GCGAACAACCAAGCGTACACTCGCGA
CAACTACCGCAAGGCTGGCATGGCCG
AGGTCATCGAGGATCTACTGCACTTCT
GCCGGTGCATGTACTCTATGGCGTTG
GACAACATCCATTACGCGCTGCTCAC
GGCTGTCGTCATCTTTTCTGACCGGCC
AGGGTTGGAGCAGCCGCAACTGGTGG
AAGAGATCCAGCGGTACTACCTGAAT
ACGCTCCGCATCTATATCCTGAACCA
GCTGAGCGGGTCGGCGCGTTCGTCCG
TCATATACGGCAAGATCCTCTCAATCC
TCTCTGAGCTACGCACGCTCGGCATG
CAAAACTCCAACATGTGCATCTCCCTC
AAGCTCAAGAACAGAAAGCTGCCGCC
TTTCCTCGAGGAGATCTGGGATGTGG
CGGACATGTCGCACACCCAACCGCCG
CCTATCCTCGAGTCCCCCACGAATCTC
TAG

GALA4-
Linker-
EcR

94

MKLLSSIEQACDICRL
KKLKCSKEKPKCAK
CLKNNWECRYSPKT
KRSPLTRAHLTEVES
RLERLEQLFLLIFPRE
DLDMILKMDSLQDIK
ALLTGLFVQDNVNK
DAVTDRLASVETDM
PLTLRQHRISATSSSE
ESSNKGQRQLTVSPE
FPGRPECVVPETQCA
MKRKEKKAQKEKDK
LPVSTTTVDDHMPPI
MQCEPPPPEAARIHE
VVPRFLSDKLLVTNR
QKNIPQLTANQQFLI
ARLIWYQDGYEQPSD
EDLKRITQTWQQAD
DENEESDTPFRQITE
MTILTVQLIVEFAKG
LPGFAKISQPDQITLL
KACSSEVMMLRVAR
RYDAASDSILFANNQ
AYTRDNYRKAGMAE
VIEDLLHFCRCMY SM
ALDNIHYALLTAVVI
FSDRPGLEQPQLVEEI
QRYYLNTLRIYILNQ
LSGSARSSVIYGKILSI
LSELRTLGMQNSNM
CISLKLKNRKLPPFLE

185

ATGAAGCTGCTGAGCAGCATCGAGCA
GGCTTGCGACATCTGCAGGCTGAAGA
AGCTGAAGTGCAGCAAGGAGAAGCCC
AAGTGCGCCAAGTGCCTGAAGAACAA
CTGGGAGTGCAGATACAGCCCCAAGA
CCAAGAGGAGCCCCCTGACCAGGGCC
CACCTGACCGAGGTGGAGAGCAGGCT
GGAGAGGCTGGAGCAGCTGTTCCTGC
TGATCTTCCCCAGGGAGGACCTGGAC
ATGATCCTGAAGATGGACAGCCTGCA
AGACATCAAGGCCCTGCTGACCGGCC
TGTTCGTGCAGGACAACGTGAACAAG
GACGCCGTGACCGACAGGCTGGCCAG
CGTGGAGACCGACATGCCCCTGACCC
TGAGGCAGCACAGGATCAGCGCCACC
AGCAGCAGCGAGGAGAGCAGCAACA
AGGGCCAGAGGCAGCTGACCGTGAGC
CCCGAGTTTCCCGGGCGGCCTGAGTG
CGTAGTACCCGAGACTCAGTGCGCCA
TGAAGCGGAAAGAGAAGAAAGCACA
GAAGGAGAAGGACAAACTGCCTGTCA
GCACGACGACGGTGGACGACCACATG
CCGCCCATTATGCAGTGTGAACCTCC
ACCTCCTGAAGCAGCAAGGATTCACG
AAGTGGTCCCAAGGTTTCTCTCCGAC
AAGCTGTTGGTGACAAACCGGCAGAA
AAACATCCCCCAGTTGACAGCCAACC
AGCAGTTCCTTATCGCCAGGCTCATCT
GGTACCAGGACGGGTACGAGCAGCCT
TCTGATGAAGATTTGAAGAGGATTAC
GCAGACGTGGCAGCAAGCGGACGATG
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SEQ
Name 1))
NO

Amino Acid Sequence | ID

SEQ
Nucleotide Sequence
NO

EIWDVADMSHTQPPP
ILESPTNL

AAAACGAAGAGTCGGACACTCCCTTC
CGCCAGATCACAGAGATGACTATCCT
CACGGTCCAACTTATCGTGGAGTTCG
CGAAGGGATTGCCAGGGTTCGCCAAG
ATCTCGCAGCCTGATCAAATTACGCT
GCTTAAGGCTTGCTCAAGTGAGGTAA
TGATGCTCCGAGTCGCGCGACGATAC
GATGCGGCCTCAGACAGTATTCTGTTC
GCGAACAACCAAGCGTACACTCGCGA
CAACTACCGCAAGGCTGGCATGGCCG
AGGTCATCGAGGATCTACTGCACTTCT
GCCGGTGCATGTACTCTATGGCGTTG
GACAACATCCATTACGCGCTGCTCAC
GGCTGTCGTCATCTTTTCTGACCGGCC
AGGGTTGGAGCAGCCGCAACTGGTGG
AAGAGATCCAGCGGTACTACCTGAAT
ACGCTCCGCATCTATATCCTGAACCA
GCTGAGCGGGTCGGCGCGTTCGTCCG
TCATATACGGCAAGATCCTCTCAATCC
TCTCTGAGCTACGCACGCTCGGCATG
CAAAACTCCAACATGTGCATCTCCCTC
AAGCTCAAGAACAGAAAGCTGCCGCC
TTTCCTCGAGGAGATCTGGGATGTGG
CGGACATGTCGCACACCCAACCGCCG
CCTATCCTCGAGTCCCCCACGAATCTC
TAG

Name

SEQ
D
NO

Nucleotide Sequence

Human EEF1A1
promoter variant

186

GAGCGTGCGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGCG

CACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGGTC
GGCGATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAA
CTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGA

GGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGA
ACGTTCTTITTTCGCAACGGGTTTGCCGCCAGAACACAG

6 site GAL4-
inducible
proximal factor

binding element
(PFB)

187

ATTGTTCGGAGCAGTGCGGCGCGTTTAGCGGAGTACTGTCCT
CCGATATTAATCGGGGCAGACTATTCCGGGGTTTACCGGCGC
ACTCTCGCCCGAACTTCACCGGCGGTCTTTCGTCCGTGCTTTA
TCGGGGCGGATCACTCCGAAC

Synthetic
mlmmtal . 1sg | AGGTCTATATAAGCAGAGCTCGTTTAGTGAACCCTCATTCTG
lflfé‘;‘;iﬁe GAGACGGATCCCGAGCCGAGTGTTTTGACCTCCATAGAA
Promoter]
Synthetic 5
UTR based on 189 | CAGCCGCTAAATCCAAGGTAAGGTCAGAAGA
RPL6
AACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAAT
SVA06 bolvA 100 | AGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCAT
© poly TCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATG
TCTGG
Bidirectional 191 | ATCGATTAATCTAGCGGCCCTAGACGAGCAGACATGATAAG
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D
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Nucleotide Sequence

aCA polyA
[bidirectional
polyA]

ATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTG
AAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTA
TTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAAC
AATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGATGTGG
GAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTAAA
ATCCGATAAGCGTACCTAGAGGC

2xRbm3 IRES

192

ACTAGTTTTATAATTTCTTCTTCCAGAATTTCTGACATTTTAT
AATTTCTTCTTCCAGAAGACTCACAACCTC

EMCV IRES

193

CCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCC
GCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTTTC
CACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACC
TGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCT
CTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGA
AGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGT
AGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACA
GGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTG
CAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATA
GTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAAC
AAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGG
ATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTTTA
GTCGAGGTTAAAAAACGTCTAGGCCCCCCGAACCACGGGGA
CGTGGTTTTCCTTTGAAAAACACGATC
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CLAIMS

What is claimed is:
1. An isolated nucleic acid encoding a chimeric antigen receptor (CAR), wherein the CAR
comprises

(a) a MUC16 antigen binding domain;

(b) a stalk domain;

(c) a transmembrane domain;

(d) a costimulatory signaling domain comprising 4-1BB or CD28, or both; and

(e) a CD3 zeta signaling domain.

2. The 1solated nucleic acid of claim 1, wherein the MUC16 antigen binding domain
comprises at least one of’
(a) a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with at least one of amino acid sequences as shown in SEQ ID NOs:
1,3,5,7,9, 12, and 14;
(b) a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with at least one of amino acid sequences as shown in SEQ ID NOs:
2,4.6,8,10, 11, 13, and 15; and
(c) a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with at least one of amino acid sequences as shown in SEQ ID NOs:
27-57.
3. The isolated nucleic acid of claims 1 or 2, wherein the MUC16 antigen binding domain is
a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identity with at least one of amino acid sequences as shown in SEQ ID NOs: 27-57.
4. The isolated nucleic acid of claims 1 or 2, wherein the stalk domain is a polypeptide
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the
amino acid sequence of SEQ ID NO: 16.
5. The 1solated nucleic acid of any of claims 1-4, wherein the costimulatory signaling domain
comprises 4-1BB.
6. The isolated nucleic acid of claim 5, wherein the costimulatory signaling domain of 4-1BB
comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ ID NO: 22.

7. The 1solated nucleic acid of any of claims 1-5, wherein the costimulatory signaling domain

comprises CD28.
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8. The 1solated nucleic acid of claim 7, wherein the costimulatory signaling domain of CD28
comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ ID NO: 23.

9. The isolated nucleic acid of any of claims 1-8, wherein the CD3 zeta signaling domain
comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ ID NO: 26.

10. The isolated nucleic acid of any of claims 1-9, further comprising a truncated epidermal
growth factor receptor.
11. The isolated nucleic acid of claim 10, wherein the truncated epidermal growth factor

receptor is HER 1t and comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 65.

12. The isolated nucleic acid of claim 10, wherein the truncated epidermal growth factor
receptor is HER1t-1 and comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 66.

13. The isolated nucleic acid of claim 1, wherein the CAR comprises a polypeptide having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with an amino
acid sequence shown in SEQ ID NOs: 27-57.

14. A vector comprising a backbone and a nucleic acid sequence encoding;
(1) a truncated epidermal growth factor receptor comprising at least one of HER 1t,
HER1t-1 or a functional variant thereof;
(2) a cytokine; and
(3) a chimeric antigen receptor (CAR), wherein the CAR comprises
(a) a MUC16 antigen binding domain;
(b) a stalk domain;
(c) a transmembrane domain;
(d) a costimulatory signaling domain comprising 4-1BB or CD28, or both; and

(e) a CD3 zeta signaling domain.

15. The vector of claim 14, wherein the cytokine is IL-15 or IL-12.
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16. The vector of claim 14 or 15, wherein the vector is a lentivirus vector, a retroviral vector,

or a non-viral vector.

17. The vector of claim 14 , wherein the truncated epidermal growth factor receptor
comprises a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with the amino acid sequence of SEQ ID NO: 65 or SEQ ID NO: 66.

18. The vector of claim 15, wherein the IL-15 is membrane bound IL-15.

19. The vector of claim 18, wherein membrane bound IL-15 comprises a nucleotide

sequence encoding for SEQ ID NO: 161.

20. The vector of any of claims 14-19, further comprising a nucleotide sequence encoding a

self-cleaving Thosea asigna virus (T2A) peptide.

21. The vector of any of claims 14-20, wherein the backbone is Sleeping Beauty transposon
DNA plasmid or pFUGW.

22. The vector of any of claims 14-21, further comprising a promoter.

23. The vector of claim 22, wherein the promoter is hEFlal.

24. The vector of any of claims 14-23, wherein the MUC16 antigen binding domain
comprises at least one of’

(a) a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identity with at least one of amino acid sequences as shown in SEQ ID NO: 1, 3,5, 7,9, 12,
and 14;

(b) a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identity with at least one of amino acid sequences as shown in SEQ ID NOs: 2, 4, 6, 8, 10,
11, 13, and 15; and;

(c) a polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identity with at least one of amino acid sequences as shown in SEQ ID NOs: 27-57.

25. The vector of any of claims 14-24, wherein the MUC16 antigen binding domain is a

polypeptide having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%

identity with at least one of amino acid sequences as shown in SEQ ID NO: 27-57.
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26. The vector of any of claims 14-25, wherein the stalk domain comprises a polypeptide
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the
amino acid sequence of SEQ ID NO: 16.

27. The vector of any of claims 14-26, wherein the costimulatory signaling domain comprises
4-1BB.
28. The vector of claim 27, wherein the costimulatory signaling domain of 4-1BB comprises a

nucleic acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identity with the amino acid sequence of SEQ ID NO: 22.

29. The vector of any of claims 14-26, wherein the costimulatory signaling domain comprises
CD28.
30. The vector of claim 29, wherein the costimulatory signaling domain of CD28 comprises a

nucleic acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identity with the amino acid sequence of SEQ ID NO: 23.

31. The vector of any of claims 14-30, wherein the CD3 zeta signaling domain comprises a
nucleic acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identity with the amino acid sequence of SEQ ID NO: 26.

32. The vector of any one of claims 14-31, wherein the vector comprises a plasmid.

33. The vector of claim 14-31, wherein each the vector comprises an expression plasmid.
34. The vector of claim 16, wherein the non-viral vector is a Sleeping Beauty transposon.
35. An immune effector cell comprising the nucleotide of any of claims 1-13.

36. An immune effector cell comprising (1) a cell tag (2) IL-15 and (3) a chimeric antigen
receptor (CAR), wherein the CAR comprises (a) a MUC16 antigen binding domain; (b) a stalk
domain; (c) a transmembrane domain; (d) a costimulatory signaling domain comprising 4-1BB

or CD28, or both; and (e) a CD3 zeta signaling domain.

37. The immune effector cell of claim 36, wherein the IL-15 is membrane bound IL-15.
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38. The immune effector cell of claim 36, wherein the membrane bound IL-15 comprises the

polypeptide sequence of SEQ ID NO: 161.

39. The immune effector cell of claim 36, wherein the cell tag comprises HER1t, and the

HER1t comprises the polypeptide sequence of SEQ ID NO: 65.

40. The immune effector cell of claim 36, wherein the cell tag comprises HER1t-1, and the

HER1t-1 comprises the polypeptide sequence of SEQ ID NO: 66.
41. An immune effector cell comprising the vector of any of claims 14-34.

42. The immune effector cell of any one of claims 35-41, wherein the cell isa T cell, a

Natural Killer (NK) cell, a cytotoxic T lymphocyte (CTL), or a regulatory T cell.

43, The immune effector cell of claim 36, wherein the CAR comprises at least one of amino

acid sequences SEQ ID Nos: 27-57.

44. A method for stimulating a T cell-mediated immune response to a target cell population
or tissue in a human subject in need thereof, comprising administering to the human subject an
effective amount of a cell genetically modified to express a CAR, wherein the CAR comprises

(a) a MUC16 antigen binding domain;

(b) a stalk domain;

(c) atransmembrane domain,;

(d) a costimulatory signaling domain comprising 4-1BB or CD28, or both,;

(e) a CD3 zeta signaling domain; and

(f) atruncated epidermal growth factor receptor (HER1t).

45. The method of claim 44, wherein the human has been diagnosed with at least one of

ovarian and breast cancer.

46. The method of claim 45, wherein the ovarian or breast cancer is relapsed or refractory

ovarian or breast cancer.

47.  Anisolated nucleic acid encoding a chimeric antigen receptor (CAR), wherein the CAR
comprises:

(a) a MUCI16 antigen binding domain with at least one of amino acid sequences of as
shown in SEQ ID NO: 1-15 or 27-57;

(b) a stalk domain with the amino acid sequence of SEQ ID NO: 16;
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(©) a costimulatory signaling domain comprising CD28 with the amino acid
sequence of SEQ ID NO: 23;
(d) a HER1 tag which comprises at least one of HER 1t with the amino acid sequence
of SEQ ID NO: 65 and HER 1t-1 with the amino acid sequence of SEQ ID NO: 66; and
(e) a CD3 zeta signaling domain with the amino acid sequence of SEQ ID NO: 26.

48. An isolated nucleic acid encoding a chimeric antigen receptor (CAR), wherein the CAR
comprises:

(a) a MUCI16 antigen binding domain with at least one of amino acid sequences as
shown in SEQ ID NO: 1-15 or 27-57;

(b) a stalk domain with the amino acid sequence of SEQ ID NO: 16;

(©) a costimulatory signaling domain comprising 4-1BB with the amino acid
sequence of SEQ ID NO: 23;

(d) a HER1 tag which comprises at least one of HER 1t with the amino acid sequence
of SEQ ID NO: 65 and HER1t-1 with the amino acid sequence of SEQ ID NO: 66; and

(e) a CD3 zeta signaling domain with the amino acid sequence of SEQ ID NO: 26.

49. A vector comprising any one or more of the polynucleotides in any of claims 47 and 48.

50. The vector of claim 49, wherein the vector is a lentivirus vector, a retroviral vector, or a
non-viral vector.

51. The vector of claim 50, wherein the non-viral vector is a Sleeping Beauty transposon.
52. The vector of claim 51, wherein the vector is a plurality of vectors.
53. A system for expressing a CAR in an immune effector cell, the system comprising one or

more vectors encoding an isolated nucleic acid as provided in any one of claims 1-13 and 47-48.
54. The system of claim 53, wherein the immune effector cell is a T cell or NK cell.

55. The system of any one of claims 53-54, further comprising a nucleic acid encoding at

least one additional gene.
56. The system of claim 55, wherein the additional gene comprises a cytokine.

57. The system of claim 56, wherein the cytokine comprises at least one of IL-2, IL-15, IL-
12, IL-21, and a fusion of IL-15 and IL-15Ra.

58.  The system of claim 56, wherein the cytokine is in secreted form.

59.  The system of claim 56, wherein the cytokine is in membrane bound form.
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60.  The system of any one of claims 53-59, wherein the system comprises one vector.

61.  The system of any one of claims 53-60, wherein the one or more vectors is a lentivirus

vector, a retroviral vector, or a non-viral vector.
62. The system of claim 61, wherein the non-viral vector is a Sleeping Beauty transposon.
63. The system of claim 62, further comprising a Sleeping Beauty transposase.

64.  The system of claim 63, wherein the Sleeping Beauty transposase is SB11, SB100X or
SB110.

65.  The system of any one of claims 53-64, wherein the immune effector cell is a

mammalian cell.

60. A method of expressing a CAR in an immune effector cell comprising contacting the

immune effector cell with a system of any one of claims 53-65.

67. A method of stimulating the proliferation and/or survival of engineered T-cells

comprising:

(a) obtaining a sample of cells from a subject, the sample comprising T-cells or T-cell

progenitors;

(b) transfecting the cells with one or more vectors encoding an isolated nucleic acid as
provided in any one of claims 1-13 and 44-45 and a vector encoding a transposase , to provide a

population of engineered MUC16 CAR-expressing T-cells;

(c) and optionally, culturing the population of MUC16 CAR T-cells ex vivo for 2 days or

less.

68.  The method of claim 67, further comprising transfecting the cells with a vector encoding
a cytokine.

69. The method of claim 68, wherein the cytokine is a fusion protein comprising IL- 15 and
IL- 15Ra.

70.  The method of any one of claims 67-69, wherein the one or more vectors is a lentivirus

vector, a retroviral vector, or a non-viral vector.

71. The method of claim 70, wherein the non-viral vector is a Sleeping Beauty transposon.
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72. The method of claim 71, further comprising a Sleeping Beauty transposase.

73.  The method of claim 72, wherein the Sleeping Beauty transposase is SB11, SB100X or
SB110.

74. A method of treating cancer in a subject in need thereof comprising administering to the
subject one or more doses of an effective amount of engineered T-cells, wherein the engineered

T-cells comprise MUC16 CAR and membrane bound IL-15.

75. The method of claim 74, wherein a first dose of an effective amount of engineered T-

cells is administered intraperitoneally.

76. The method of claim 75, wherein a second dose of an effective amount of engineered T-

cells is administered intravenously.
77. The method of claim 74, wherein the cancer is ovarian cancer.
78. The method of claim 74, wherein the cancer is breast cancer.

79. The method of claim 74, wherein the MUC16 CAR is encoded by any one of sequences
as shown in SEQ ID NOs: 95-107, 119-149, or 194-195.

80. The method of claim 74, wherein the membrane bound IL-15 is encoded by SEQ ID NO:
161.

81. The method of claim 74, wherein an effective amount of engineered T-cells is at least

10% cells/kg.

82. The method of claim 74, wherein an effective amount of engineered T-cells is at least

10* cells/kg.

83. The method of claim 74, wherein an effective amount of engineered T-cells is at least

10° cells/kg.
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