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ALLOGENEIC CELL COMPOSITIORS AND METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS
101]  This application clairus the priority to, and benefit of, U.S. Provisional Application No.
, 2018, U.S. Provisional Application No. 62/744,073, filed on
October 10, 2018, U.S. Provisional Application No. 62/815,334, filed on March 7, 2019, and

U.S. Provisional Application No. 62/815,880, filed on March &, 2019, The contents of each of

02/727,498, filed on September S

these applications are hereby incorporated by reference in their entireties.

FIELD OF THE DISCLOSURE
102]  The disclosure is directed to molecular biology, and more, specifically, to chimeric

receptors, allogeneic cell compositions, methods of making and methods of using the same.

INCORPORATION-BY-REFERENCE OF SEQUENCE LISTING
[63] The contents of the file named “POTH-046 001WO Sequencelisting txt”, which was
created on September 5, 2019, and is 55.7 MB in size are hereby incorporated by reference in

their entirety.

BACKGROUND OF THE INVENTION
[04] There has been a long-felt but unmet need 1o the art for an allogeneic cell composition
that overcomes the challenges presented by eliminating genes involved in a graft versus host
response and host versus graft response. The disclosure provides allogeneic cell compositions,
methods of making and methods of using these compositions which comprise non-naturally
occurring structural improvements to restore responsiveness of allogeneic cells to environmental

stimuli as well as reduce or prevent rejection by natural killer cell-mediated cytotoxicity.

SUMMARY OF THE INVENTION
[65] The present disclosure provides a non-naturally occurring chimeric stimulatory receptor
(CSR) comprising: (a) an ectodomain comprising a activation component, wherein the activation

component 18 1solated or derived from a first protein; (b) a transmembrane domain; and {c) an
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endodomain comprising at least one signal transduction domain, wherein the at least one signal
transduction domain is isolated or derived from a second protein; wherein the first protein and
the second protein are not identical.

186] The activation component can comprise a portion of one or more of a component of a T-
cell Receptor (TCR), a component of a TCR complex, a component of a TCR co-receptor, a
component of a TCR co-stimulatory protein, a component of a TCR inhibitory protein, a
cytokine receptor, and a chemokine receptor to which an agonist of the activation component
binds. The activation component can comprise a CD2 extraceliular domain or a portion thereof
to which an agonist binds.

167] The signal transduction domain can comprise one or more of a component of a human
signal transduction dorsain, T-cell Receptor (TCR), a component of a TCR complex, a
component of a TCR co-receptor, a component of a TCR co-stimulatory protein, a component of
a TCR inhibitory protein, a cytokine receptor, and a chemokine receptor. The signal
transduction domain can comprise a CD3 protein or a portion thereof. The CD3 protein can
comprise a CD3( protein or a portion thereof.

108] The endodomain can further comprise a cytoplasmic domain. The cytoplasmic domain
can be isolated or derived from a third protein. The first protein and the third protein can be
identical. The ectodomain can further comprise a signal peptide. The signal peptide can be
derived from a fourth protein. The first protein and the fourth protein can be identical. The
transmembrane domain can be isolated or derived from a fifth protein. The first protein and the
fifth protein can be identical.

109] In some aspects, the activation component does not bind a naturally-occurring molecule.
In some aspects, the activation component binds a naturally-occurring molecule but the CSR
does not transduce a signal upon binding of the activation component to a naturally-occurring
molecule. In some aspects, the activation component binds to a non-naturally occurring
molecule. In some aspects, the activation component does not bind a naturally-occurring
molecule but binds a non-naturally occurring molecule. The CSR can selectively transduces a
signal upon binding of the activation component to a non-naturally occurring molecule.

In a preferred aspect, the present disclosure provides a non-naturally occurring chimeric

stimulatory receptor (CSR) comprising: (a) an ectodomain comprising a signal peptide and an
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activation component, wherein the signal peptide comprises a CDZ signal peptide or a portion
thereof and wherein the activation component comprises a CD2 extracellular domain or a portion
thereof to which an agonist binds; (b) a transmembrane domain, wherein the transmembrane
domain comprises a CD2 transmembrane domain or a portion thereof; and (¢) an endodomain
comprising a cytoplasmic domain and at feast one signal transduction domain, wherein the
cytoplasmic domain comprises a CD2 cytoplasmic domain or a portion thereof and wherein the
at least one signal transduction domain comprises a CD3{ protetn or a portion thereof. In some
aspects, the non-naturally CSR comprises an amino acid sequence at least 80%, at least 90%, at
least 95% or at least 99% 1dentical to SEQ ID NO:17062. In a preferred aspect, the non-naturally
occurring CSR comprises an amino acid sequence of SEQ D NO: 17062,

1018} The present disclosure also provides a nou-naturally occurring chimeric stimulatory
receptor (CSR) wherein the ectodomain comprises a modification. The modification can
comprise a mutation or a truncation of the amino acid sequence of the activation component or
the first protein when compared to a wild type sequence of the activation component or the first
protein. The mutation or a truncation of the amino acid sequence of the activation component
can comprise a mutation or truncation of a CD2 extracellular domain or a portion thereof to
which an agonist binds. The mutation or truncation of the CD2 extracellular domain can reduce
or eliminate binding with naturally occurring CD58. Tn some aspects, the CD2 extracellular
domain comprising the mutation or truncation comprises an amino acid sequence at least 80%, at
least 90%, at least 95% or at least 99% identical to SEQ ID NO:17119. In a preferred aspect, the
D2 extracellular domain comprising the mutation or truncation comprises an amino acid
sequence of SEQ D NO: 17119

1011} Ina preferred aspect, the present disclosure provides non-naturally occurring chimeric
stimulatory receptor (CSR) comprising: (a) an ectodomain comprising a signal peptide and an
activation component, wherein the signal peptide comprises a CD2 signal peptide or a portion
thereof and wherein the activation component comprises a CD2 extracellular domain or a portion
thereof to which an agonist binds and wherein the CD2 extracellular domain or a portion thereof
to which an agonist binds comprises a mutation or truncation; (b} a transmembrane domain,
wherein the transmembrane domain comprises a CD2 transmembrane dorain or a portion

thereof, and {(c¢) an endodomain comprising a cytoplasmic domain and at least one signal
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transduction domain, wherein the cytoplasmic domain comprises a CD2 cytoplasmic domain or
a portion thereof and wherein the at least one signal transduction domain comprises a CD3(
protein or a portion thereof. In some aspects, the non-naturally CSR comprises an amino acid
sequence at least 80%, at least 90%, at least 95% or at least 99% identical to SEQ ID NO: 17118
In a preferred aspect, the non-naturally occurring CSR comprises an amino acid sequence of
SEQIDNG:17118.

8121 The present disclosure provides a nucleic acid sequence encoding any CSR disclosed
herein. The present disclosure provides a vector comprising a nucleic acid sequence encoding
any CSR disclosed herein. The present disclosure provides a transposon comprising a nucleic
acid sequence encoding any CSR disclosed herein.

813} The present disclosure provides a cell comprising any CSR disclosed herein. The present
disclosure provides a cell comprising a nucleic acid sequence encoding any CSR disclosed
herein. The present disclosure provides a cell comprising a vector comprising a nucleic acid
sequence encoding any CSR disclosed herein. The present disclosure provides a cell comprising
a transposon comprising a nucleic acid sequence encoding any CSR disclosed herein.

18141 A modified celi disclosed herein can be an allogeneic cell or an autologous cell. In some
preferred aspects, the modified cell is an allogeneic cell. In some preferred aspects, the modified
cell is an allogeneic T-cell or a moditied allogeneic CAR T-cell.

1615} The present disclosure provides a composition comprising any CSR disclosed herein. The
present disclosure provides a composition comprising a nucleic acid sequence encoding any CSR
disclosed herein. The present disclosure provides a composition comprising a vector comprising
a nucleic acid sequence encoding any CSR disclosed herein. The present disclosure provides a
composition comprising a transposon comprising a nucleic acid sequence encoding any C8R
disclosed herein. The present disclosure provides a composition comprising a moditied cell
disclosed herein or a composition comprising a plurality of modified cells disclosed herein.

1816} The present disclosure provides a modified T lymphocyte {T-cell), comprising: (a) a
modification of an endogenous sequence encoding a T-cell Receptor (TCR), wherein the
modification reduces or eliminates a level of expression or activity of the TCR; and (b} a
chimeric stimnulatory receptor (CSR) comprising: (i) an ectodomain comprising an activation

component, wheretn the activation component 1s isolated or derived from a first protein; (i) a
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transmembrane domain; and (iii) an endodomain comprising at least one signal transduction
domain, wherein the at least one signal transduction domain 1s isolated or derived from a second
protein; wherein the first protein and the second protein are not identical.

16171 The modified T-cell can further comprise an inducible proapoptotic polypeptide. The
modified T-cell can further comprise a modification of an endogenous sequence encoding Beta-
2-Microglobulin (B2ZM), wherein the modification reduces or eliminates a level of expression or
activity of a major histocompatibility complex (MHC) class I (MHC-I).

1018} The modified T-cell can further comprise a non-naturally occurring polypeptide
comprising an HLA class T histocompatibility antigen, alpha chain E (HLA-E) polypeptide. The
non-naturally occurring polypeptide comprising a HLA-E polypeptide can further comprise a
B2M signal peptide. The non-naturally occurring polypeptide comprising a HL A-E polypeptide
can turther comprise a BZM polypeptide. The non-naturally occurring polypeptide comprising an
HLA-E polypeptide can further comprise a linker, wherein the linker is positioned between the
B2M polypeptide and the HL A-E polypeptide. The non-naturally occurring polypeptide
comprising an HLA-E polypeptide can further comprise a peptide and a B2ZM polypeptide. The
non-naturally occurring polypeptide comprising an HLA-E can further comprise a first linker
positioned between the B2M signal peptide and the peptide, and a second linker positioned
between the B2ZM polypeptide and the peptide encoding the HLA-E.

1619} The modified T-cell can further comprise a non-naturally occurring antigen receptor, a
sequence encoding a therapeutic polypeptide, or a combination thereof. The non-naturally
occurring antigen receptor can comprise a chimeric antigen receptor (CAR).

1026] The CSR can be transiently expressed in the modified T-cell. The CSR can be stably
expressed in the modified T-cell. The polypeptide comprising the HLA-E polypeptide can be
transiently expressed in the modified T-cell. The polypeptide comprising the HLA-E polypeptide
can be stably expressed in the modified T-cell. The inducible proapoptotic polypeptide can be
transiently expressed in the modified T-cell. The inducible proapoptotic polypeptide can be
stably expressed in the modified T-cell. The non-naturally occurring antigen receptor or a
sequence encoding a therapeutic protein can be transiently expressed in the modified T-cell. The
non-naturally occurring antigen receptor or a sequence encoding a therapeutic protein can be

stably expressed in the modified T-cell.
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1621} The modified T-cell can be an autologous cell. The modified T-cell can be an allogeneic
cell. The modified T-cell can be an early memory T cell, a stem cell-like T cell, a stero memory
T cell (Tsom), a central memory T cell (Tom) or a stem cell-like T cell.

1022} The present disclosure provides a composition comprising any modified T-cell disclosed
herein. The present disclosure also provides a composition comprising a population of modified
T lymphocytes (T-cells), wherein a plurality of the modified T-cells of the population comprise
the CSR disclosed herein. The present disclosure also provides a composition comprising a
population of T lymphocytes (T-cells), wherein a plurality of the T-cells of the population
comprise the modified T-cell disclosed herein.

1623} The present disclosure provides methods of treating a disease or disorder comprising
administering to a subject in need thereof a therapeutically-effective amount of any composition
disclosed herein; or a composition for use in the treatment of a disease or disorder. In one
aspect, the composition is a modified T-cell or population of modified T-cells as disclosed
herein. The present disclosure also a method of treating a disease or disorder comprising
administering to a subject in need thereof a therapeutically-effective amount of a composition
disclosed herein and at least one non-naturally occurring molecule that binds the CSR.

1024} The present disclosure provides a method of producing a population of modified T-cells
comprising, consisting essential of, or consisting of introducing into a plurality of primary
human T-cells a composition comprising the CSR of the present disclosure or a sequence
encoding the same to produce a plurality of modified T-cells under conditions that stably express
the CSR within the plurality of modified T-cells and preserve desirable stem-like properties of
the plurality of modified T-cells. The present disclosure provides a composition comprising a
population of modified T-cells produced by the method. In some aspects, at least 5%, at least
10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least
45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at teast 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% of the population comprising the CSR expresses one or more cell-surface
marker(s) of a stem memory T cell (Tsom) or a Tsem-like cell; and wherein the one or more cell-
surface marker(s) comprise CD45RA and CDGZL. some aspects, at feast 5%, at least 10%, at

feast 15%, at least 20%, at least 25%, at feast 30%, at least 35%, at least 40%, at least 45%, at
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least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
feast 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%%, at least 99%, or
100% of the population expresses one or more cell-surface marker(s) of a central memory T cell
{Tom) or a Tom-like cell; and wherein the one or more cell-surface marker(s) comprise CD45RO
and CDO6ZL. The composition can be for use in the treatment of a disease or disorder. The
present disclosure also provides for use of a composition produced by the method for the
treatment of a disease or disorder. The present disclosure further provides a method of treating a
disease or disorder comprising administering to a subject in need thereof a therapeutically-
effective amount of the composition produced by the method. The method of treating can further
comprising administering an activator composition to the subject to activate the population of
modified T-cells in vivo, to induce cell division of the population of modified T-cells in vivo, or
a combination thereof.

1825} The present disclosure provides a method of producing a population of modified T-cells
comprising, consisting essential of, or consisting of introducing into a plurality of primary
human T-cells a composition comprising the CSR of the present disclosure or a sequence
encoding the same to produce a plurality of modified T-cells under conditions that transiently
express the CSR within the plurality of modified T-cells and preserve desirable stem-like
properties of the plurality of modified T-cells. The present disclosure provides a composition
comprising a population of medified T-cells produced by the method. In some aspects, at least
5%, at least 10%, at feast 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least
40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% of the population comprising the U8R expresses one or more cell-
surface marker(s) of a stem memory T cell {Tsom) or a Tsow-like cell; and wherein the one or
more cell-surface marker(s) comprise CD4SRA and CD62ZL. some aspects, at least 5%, at least
10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least
45%, at feast 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% of the population expresses one or more celi-surface marker(s) of a central

memory T cell (Tam) or a Tom-like cell; and wherein the one or more cell-surface marker(s)
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comprise CD45R0 and CD62L. The composition can be for use in the treatment of a disease or
disorder. The present disclosure also provides for use of a composition produced by the method
for the treatment of a disease or disorder. The present disclosure further provides a method of
treating a disease or disorder comprising administering to a subject in need thereof a
therapeutically-effective amount of the composition produced by the method. In some aspects,
the moditied T-cells within the population of modified T-cells administered to the subject no
fonger express the CSR.

1026] The present disclosure provides a method of expanding a population of modified T-cells
comprising ntroducing into a plurality of primary human T-cells a composition comprising the
(SR of the present disclosure or a sequence encoding the same to produce a plurality of
modified T-cells under conditions that stably express the CSR within the plurality of modified T-
cells and preserve desirable stem-like properties of the plurality of modified T-cells and
contacting the cells with an activator composition to produce a plurality of activated modified T-
cells, wherein expansion of the plurality of moditfied T-cells is at least two fold higher than the
expansion of a plurality of wild-type T-cells not stably expressing the CSR under the same
conditions. In some aspects, at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at
least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at
least 90%, at least 97%, at least 98%, at least 99%, or 100% of the population comprising the
SR expresses one or more cell-surface marker(s) of a stern memory T cell (Tsom) or a Tsom-
like cell; and wherein the one or more cell-surface marker(s) comprise CD45RA and CD62L.
some aspects, at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at
least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at
teast 70%, at least 75%, at least 0%, at least 85%, at least 90%, at least 95%, at least 96%, at
feast 97%, at least 98%, at least 99%, or 100% of the population expresses one or more cell-
surface marker(s) of a central memory T cell {Tom) or a Tom-like cell; and wherein the one or
more cell-surface marker(s) comprise CD45R0 and CD62L. The present disclosure provides a
composition comprising a population of modified T-cells expanded by the method. The
composition can be for use in the treatment of a disease or disorder. The present disclosure also

provides for use of a composition expanded by the method for the treatment of a disease or
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disorder. The present disclosure further provides a method of treating a disease or disorder
comprising administering to a subject in need thereot a therapeutically-etffective amount of the
composition expanded by the method. The method of treating can further comprising
administering an activator composition to the subject to activate the population of modified T-
cells in vivo, to induce cell division of the population of modified T-cells in vivo, or a
combination thereof.

18271 The present disclosure provides a method of expanding a population of modified T-cells
comprising introducing into a plurality of primary human T-cells a composition comprising the
CSR of the present disclosure or a sequence encoding the same to produce a plurality of
modified T-cells under conditions that transiently express the CSR within the plurality of
modified T-cells and preserve desirable stem-like properties of the plurality of moditied T-cells
and contacting the cells with an activater composition to produce a plurality of activated
modified T-cells, wherein expansion of the plurality of modified T-cells is at least two fold
higher than the expansion of a plurality of wild-type T-cells not transiently expressing the CSR
under the same conditions. The present disclosure provides a composition comprising a
population of modified T-cells expanded by the method. In some aspects, at least 5%, at least
10%, at feast 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least

4

80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
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%, at least S0%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least
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99%, or 100% of the population comprising the CSR expresses one or more cell-surface
marker(s} of a stem memory T cell (Tsem) or a Tsem-like cell; and wherein the one or more cell-
surface marker(s}) comprise CD45RA and CD62L. some aspects, at least 5%, at least 10%, at
least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at
teast 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
feast 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% of the population expresses one or more cell-surface marker(s) of a central memory T cell

; and wherein the one or more cell-surface marker(s) comprise CD45SRO

E

{Tom) or a Tow-like cell
and CD6ZL The composition can be for use in the treatment of a disease or disorder. The present
disclosure also provides for use of a composition expanded by the method for the treatment of a

disease or disorder. The present disclosure further provides a method of treating a disease or
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disorder comprising administering to a subject in need thereof a therapeutically-effective amount
of the composition expanded by the method. In some aspects, the modified T-cells within the
population of modified T-cells administered to the subject no longer express the CSR.

1628} Any of the above aspects can be combined with any other aspect.

1629] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. In the Specification, the singular forms also include the plural unless the context
clearly dictates otherwise; as examples, the terms “a,” “an,” and “the” are understood to be
singular or plural and the term “or” 1s understood to be 1nclusive. By way of exaruple, “an
element” means one or more element. Throughout the specification the word “comprising,” or
variations such as “comprises” or “comprising,” will be understoed to iraply the inclusion of a
stated element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps. About can be
understood as within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, $.5%, 0.1%, 0.05%, or
0.01% of the stated value. Unless otherwise clear from the context, all numerical values
provided herein are modified by the term “about.”

1836] Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present disclosure, suitable methods and matenials are
described below. All publications, patent applications, patents, and other references mentioned
herein are incorporated by reference in their entirety. The references cited herein are not
admitted to be prior art to the claimed invention. In the case of contlict, the present
Specification, including definitions, will control. In addition, the materials, methods, and
examples are lustrative only and are not intended to be limiting. Other features and advantages

of the disclosure will be apparent from the following detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
1031}  The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will be provided by

the Office upon request and payment of the necessary fee.
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16327 KIG. 1 is a schematic diagram depicting a T-cell receptor (TCR) and co-receptors CD28
and CD2.

1833] FIG. 2 1s a schematic diagram depicting primary and secondary co-stimulation is
delivered to T-cell via binding of agonist mAbs (anti-CD3, anti-CD28, and anti-CD2). Full T-
cell activation critically depends on TCR engagement in conjunction with a second signal by co-
stimulatory receptors that boost the immune response. Primary and secondary co-stimulation can
be delivered to T-cell via treatment with and engagement of surface receptors with agonist mAbs
(E.g. anti-CD3, anti-CD28, and anti-CD2).

1634] FIG. 3 is a schematic diagram showing that, in absence of TCR, only secondary co-
stimulation is delivered to T-cell via binding of agonist mAbs. Since full T-cell activation is
critically dependent on primary stimoulation via CD3{ in conjunction with a second signal by co-
stimulatory receptors, T cell activation and expansion is suboptimal and thus reduced.

1035} FIG. 4 15 a schematic diagram showing that, in absence of TCR, stimulation 1s
enhanced with expression of Chimeric Stimulatory Receptors (CSRs). In the absence of TCR,
but in the presence of surface-expressed CSR/s, primary and secondary co-stimulatory signals
are delivered when T cell 1s treated with standard agonist mAbs. Since a fuller T-cell activation
is achieved via CSR-mediated stimulatory signals, T cell activation and expansion is enhanced.
1036] ¥IG. 515 a schematic diagram depicting an exemplary CSR CD28z of the disclosure.
16377 KIG. 6 is a schematic diagram depicting an exemplary CSR CD2z of the disclosure.
1038] FIG. 7 15 a schematic of a strategy for mutation of CSR CD2z to eliminate natural
ligand (CD38) binding. A panel of CSR CD2z mutants was designed within the extracellular
domain of CD2. The goal of this panel was to identify mutants that no longer bind CDS8 but
retain thetr receptivity to being bound by the anti-CD2 activator reagent. This may be desirable
for two main reasons: 1) CDS8 expression by activated T cells may interact with the wild type
(WT) CD2z CSR and possibly interfere with the optimal performance of the CSR, and 2} since
the WT CD2z CSR might function as a natural ligand CAR, it is possible that T cells expressing
the CSR may mediate cytotoxic activity against CD358-expressing cells, including activated T
cells. Thus, a mutant CD2z CSR that cannot interact with CIDS8 but retains its ability to bind

activating anti-CD2 reagent for optimal cell expansion is desired.
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1039} FIG. 8 is a schematic diagram depicting an exemplary CSR CD2z-D111H of the
disclosure. A D111H mutation 15 within the CD2 extracellular domain of the CSR CD2z-D111H
construct.

[040] FIGS. 9A-9B are a series of plots showing that piggyBac® delivery of CSR enhances
the expanston of TCRb/b2M double-knockout CAR-T cells. Pan T cells isolated from normal
donor blood were genetically modified using the piggyBac® DNA modification system in
combination with the Cas-CLOVER™ gene-editing system. Cells were electroporated in a single
reaction with a transposon encoding a CAR, selection gene and a CSR {either CD28z or CD2z),
an mRNA encoding the super piggyBac™ transposase enzyroe, an mRNA encoding Cas-
CLOVER™, and multiple guide RNA (gRNA) targeting TCRb and b2M in order to knockout
the TCR and MHCI {(double-knockout, DKO). The cells were subsequently stimulated with
agonist mAbs anti-CD2, anti-CD3 and anti-CD28, and were later selected for genetic
modification over the course of a 16 day culture period. At the end of the initial culture period all
T cells expressed the CAR, indicating successful selection for genetically-modified cells (data
not shown). In the samples expressing either CD2z or CD28z CSR, a greater degree of
expansion of the DKO cells was observed as a greater frequency of the CAR alone DKO cells
(FIG. 9A and 9B). In DKO CAR-T cell samples expressing either CDZ2z or CDZ28z CSR, at least
a two fold expansion of the cells was observed in comparison to DEO CAR-T cells alone.

(6417 FIGS. 10A-10B are a series of plots showing that CSR CD2z or CD28z in purified
DKO CAR-T cells results in enhanced expansion upon re-stimulation. After initial genetic
modification and a first round of stimulation and expansion, cells from each group (Mock (W'T
CAR-T cells), DKO CAR-T cells, DKO CAR-T cells + CD2z CSR, and DKO CAR-T cells +
CD28z C8SR) were purified for TCRMHCT cells using magnetic beads. The purified cells were
then re-stimulated using anti-CD2, anti-CD3, and anti-CD28 agonist mAbs. At the end of the 14
day culture period, TCR and MHCT expression (A) as well as magnitude of cell population
expansion (B} was determined. After this secondary expansion, all purified BKO cells, including
those expressing either CD2z or CD28z TSR, were still extremely pure for DKO cells (>98.8%
DKO}. BKO CAR-T cells expressing either CD2z or CD28z CSR resulted in enhanced

expansion when compared to those not expressing either CSR.
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{6427 KIG. 11 15 a graph showing that cytokine supplementation can further expand purified
DKO CAR-T cells expressing CSR upon re-stimnulation.  After initial genetic modification and a
first round of stimulation and expansion, cells expressing CSRs were purified for DKO celis
using magnetic beads. The purified cells were then re-stimulated using anti-CD2, anti~-CD3, and
anti~CD28 agonist mAbs in the presence exogenous purified recombinant IL7 and IL15. At the
end of the 14 day culture period, magnitude of cell population expansion was determined. After
a secondary expaunsion, all purified BKO cells, including those expressing either CD2z or CI28z
CSR, were still extremely pure for TCRMHCT cells (>98 8% double knockout (data not
shown)). In addition, cells grew robustly in the presence of IL7 and H.15, which was greater than
that without supplementation. These data demonstrate that exogenous cytokines may be added to
turther expand WT CAR-T cells expressing CSR.

18437 FIG. 12 1s a graph showing that surface expression of CAR is not significantly affected
by co-expression of CSR in DKO cells. After secondary expansion, cells (Mock (WT T cells),
WT CAR-T cells, DKO CAR-T cells, DKO CAR-T cells + CD2z CSR, and DKO CAR-T cells +
D28z CSR) were stained for the surface-expression of CAR and compared to control WT
CAR-T cells and Mock T cells. Expression of CD2z or CD28z CSR does not have a significant
irpact on expression of CAR molecule on the surface of T cells.

1044}  ¥IG. 13 is a graph showing that expression of CSRs does not significantly affect DKO
CAR-T cell cytotoxicity in vifro. After secondary expansion, cells (Mock (WT T cells), WT
CAR-T cells, BKO CAR-T cells, BKO CAR-T cells + CD2z CSR, and DKO CAR-T cells +
D28z CSR) were co-cultured with engineered K562-BCMA-Luciferase (eK562-Luc. BCMA)
or negative control line K562-PSMA -Luciterase (eK562-Luc PSMA)} for 48 hours at 10:1, 3:1,
or T:1 E:T ratios. Luciferase signal was measured to determine cytotoxicity. Killing of eK562-
Luc PSMA is shown in dotted lines, while killing of eK562-Luc BCMA is shown in solid lines.
Al CAR™ T cells expressed an anti-BCMA specific CAR. DKO CAR-T cells exhibit similar in
vitro cytotoxicity as WT CAR-TCR cells. This activity 1s not significantly affected by CD2z or
CD28z CSR co-expression.

1045}  FIG. 14 is a graph showing that expression of CSRs does not significantly affect BKO
CAR-T cell secretion of IFNg /n vifro. Supernatants from the 48 hour killing assay were assayed

for secreted IFNg as a measure of antigen-specific functionality of the BCMA CAR T cells. All

I
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CAR-T cells, either with or without CD2z or CD28z (SR expression secrete IFNg in response to
co-culture with target cells expressing BCMA (eK562-Luc. BCMA), but not those expressing an
irrelevant target (eK562-Luc PSMA).

1046] ¥IG. 15 1s a series of plots showing that expression of CSRs does not significantly
affect DKO CAR-T cell proliferation in vitro. Mock {WT T-cells), WT CAR-T cells, DKO
CAR-T cells, DKO CAR-T cells + CD2z CSR, and DKO CAR-T cells + CD28z CSR cells were
fabellied with Cell Trace Violet (CTV), which is diluted as cells proliferate. The cells were co-
cultured for 5 days with eK562-Luc PSMA or eK562-Luc BCMA cells ata 1:2 E:T ratio. All
CAR-T cells, etther with or without CD2z or CD28z proliferate in response to target cells
expressing BCMA (eK562-Luc BCMA) but not those expressing an irrelevant antigen (eK562-
Luc PSMA).

1847 FIG. 16 1s a pair of graphs showing that the memory phenotype of DKO CAR-T is not
significantly affected with CD2z CSR co-expression. WT CAR-T cells, DKO CAR-T cells,
DEO CAR-T cells + CD2z, and DKO CAR-T cells + CD28z were stained for expression of
surface CD45RA, CD45RO, and CD62L to define Tsem, Tem, Tem, and Teft cells; Tsem
(CD45RATCDASROCDOZL™), Tom (CD4SRACD4SROTCDO2L"), Tem (CD45RA”
CD45SROTCDO2LY), Teff (CD45RATCD4SROCDO2L). WT and DKO CAR-T cells with or
without CD2z are comprised predominantly of exceptionally high levels of favorable Tscm and
Tem cells. However, when CD28z is expressed in DKO CAR-T cells, the phenotype is
signiticantly more differentiated, favoring Tom and Tem cells. This phenotype may have a
negative impact on the i vive functionality of these CAR T cells since they appear to be more
differentiated.

[048] ¥IG. 17 is a series of graphs showing that the expression of activation/exhaustion
markers in DKO CAR-T is not significantly affected with CD2z CSR co-expression. Mock (WT
T cells), WT CAR-T cells, BKO CAR-T cells, BKO CAR-T cells + CD2z, and DKO CAR-T
cells + CD28z were examined by flow cytometry for the expression of important exhaustion
molecules Lag3, PD1, and Tim3. WT and DK CAR-T cells with or without CD2z have little to
no expression of exhaustion molecules when compared to mock T cells. However, expression of
D28z CSR in DKO CAR-T during the expansion process leads to significant upregulation of

exhaustion markers Lag3, PD1, and Tim3. This phenotype may have a negative impact on the in
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vivo functionality of these CAR T cells since they appear to be more exhausted. By contrast,
D2z expression has little to no effect on the exhaustion phenotype of DEO CAR-T cells while
significantly enhancing the expansion capability of the cells.

1049]  ¥IG. 18 is a graph showing that delivery of CSR enhances the expansion of CAR-T
cells. CSRs were delivered to CAR-T cells either transiently by mRNA or stably by piggyBac”,
Pan T cells 1solated from the blood of a normal donor were genetically modified using the
piggyBac® DNA modification system and the standard Poseida process. Cells were co-
electroporated in a single reaction with mRNA encoding the Super piggyBac’™ transposase
enzyme {SPB), a transposon encoding a BCMA CAR and selection gene, along with an
additional mRNA encoding a CSR (either CD28z or CD2z; resulting in transient expression)} or a
D19 mRNA control, or, with a transposon encoding a BCMA CAR, selection gene and a CSR
(either CD28z or CD2z; resulting in stable expression). The cells were subsequently stimulated
with agonist mAbs anti-CD2, anti-CD3 and anti-CD28, and were later selected for genetic
modification over the course of a 19 day culture period. At the end of the initial culture period all
T cells expressed the CAR, indicating successful selection for genetically-modified cells (data
not shown). Bars represent total live CAR-T cells in well and numbers indicate fold-
enhancement of expansion above CAR-T cells produced in the absence of a CSR or a CD19
mRNA control. In the samples expressing either C32z or CD28z CSR, either transiently or
stably, a greater degree of expansion of the CAR-T cells.

1086} FIG. 1915 a series of bar graphs showing that expression of CSRs does not significantly
affect CAR-T cell cytotoxicity. CSRs were delivered to CAR-T cells either transiently by mRNA
or stably by piggyBac®. Pan T cells isolated from the blood of a normal donor were genetically
modified using the piggyBac® DNA modification system and the standard Poseida process. Cells
were co-electroporated in a single reaction with mRNA encoding the Super piggyBac™
transposase enzyme (SPB), a transposon encoding a BCMA CAR and selection gene, along with
an additional mRNA encoding a CSR (either CD328z or CD2z; resulting in transient expression),
or, with a transposon encoding a BCMA CAR, selection gene and a CSR (either CD28z or
CD2z; resulting in stable expression). The cells were subsequently stimulated with agonist mAbs
anti-CD2, anti-CD3 and anti-CD28, and were later selected for genetic modification over the

course of a 19 day culture period. At the end of the initial culture pertod all T cells expressed the
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CAR, indicating successful selection for genetically-modified cells {data not shown). To assess
CAR-T cell ability to kill, cells were co-cultured with engineered KS562-BCMA-Luciferase
(eK562-Luc. BCMA) or negative control line K562-Luciferase {eK562-Luc) for 48 hours at 10:1,
3:1, or 1:1 E:T ratios. Luciferase signal was measured to determine cytotoxicity. Killing of
eK562-Luc is shown tn bar graph on left, while killing of eK562-Luc BCMA is shown in bar
graph on right. Al CAR™ T cells expressed an anti-BCMA specific CAR and exhibited similar in
vifro cytotoxicity against BCM A+ target cells. In summary, this activity was not significantly
affected by transient or stable CSR co-expression.

1031} ¥IG. 20 1s a schematic diagram showing that, in presence of TCR, stimulation 1s
enhanced with expression of Chimeric Stimulatory Receptors (CSRs). In the presence of surface-
expressed CSR/s, etther transiently or stably expressed, enhanced primary and secondary co-
stimulatory signals are delivered when T cell is treated with reagents displaying agonist mAbs.
In one aspect, this schematic diagram represents an autologous cell. Since a fuller T-cell
activation is achieved via CSR-mediated stimulatory signals, T cell activation and expansion ts
enhanced.

10521 FIG. 21 15 a series of graphs showing that C8Rs are expressed on the surface of T cells
and do not lead to cellular activation in the absence of exogenous stimulation. Pan T cells from
normal blood donors were stimulated with anti-CD3/anti-CD28 beads in standard T cell culture
media, then rested. These cells were then electroporated (BTX ECM 830 electroporator (@ 500V
for 700 us) with 10 pg of mRBRNA encoding either CD28 CSR, CD2 CSR, or wild-type CD19
control. Two days later the electroporated cells were examined by flow cytometry for surface-
expression of each molecule and data are shown as stacked histograms. In addition, cell size
{(FSC-A) and CD6Y expression was evaluated as a possible indication of cellular activation
above the Mock electroporated control cells. Increased surface expression of CD28, CD2, and
D19 were detected in T cells electroporated either with CD28z CSR, CD2z CSR or CD19,
respectively. Expression of these molecules on the surface of T celis did not intrinsically activate
the cells in the absence of exogenous stimulation.

165317  KIG. 22 15 a series of line graphs showing that CSR molecules can be delivered
transiently during manufacturing for the enhanced expansion of CAR-T cells. Pan T cells

isolated from healthy donor blood were genetically modified using the pigeyBac® DNA
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modification system in combination with the Cas-CLOVER™ gene-editing system (CC) for the
production of allogeneic (Allo) CAR-T cells, or without CC gene-editing for the production of
autologous {Auto) CAR-T cells; auto CAR-T celis were produced by nuclecfection of an mRNA
encoding the super piggyBac® transposase enzyme (SPB) and a transposon encoding a CAR,
selection gene and a safety switch. For production of Allo CAR-T, cells were electroporated
(EP) 1n a single reaction with an mRNA encoding the SPB enzyme, an mRNA encoding CC,
multiple guide RNAs (gRNA) targeting TCRb and b2M for the knockout of TCR and MHCI,
and a transposon encoding either a CAR, selection gene and the CSR CD2z, or a transposon
encoding a CAR, selection gene and a safety switch that did not encode a CSR. For CAR-T cells
that did not receive a CSR encoded in the transposon for stable integration, the CD2z CSR was
provided to the cells transiently as an mRNA only once 1n the initial EP reaction, at varying
amounts of 5 pg, 10 pg, and 20 ug of mRNA in a 100 pl EP reaction. Following EP, all celis
were subsequently stimulated with a cocktail of agonist mAbs anti-CD2, anti-CD3 and anti-
CD28, and were later selected for genetic modification over the course of a 19-day culture period
using the selection gene. At the end of the initial culture period, all T cells expressed the CAR,
indicating successtul selection for genetically-modified cells (data not shown). Data for each is
shown in line graph at various days of production. In the samples where the CD2z CSR was
provided stably (as encoded in the transposon (Stable)) or transiently (as encoded in mRNA
{mRINNA))}, a greater degree of expansion of the CAR-T cells was cbserved as compared to the
CAR-T cells produced without a CSR. These data show that the CSR can be delivered
transiently as mRINA during manufacturing for enhanced expansion of both autelogous and
allogeneic CAR-T products.

1034} ¥1G. 23A 15 a bar graph showing CSR CD2z mutant staining data. A panel of CSR
D2z mutants was designed, constructed, and tested for surface expression and binding to
several anti-CD?2 antibody reagents. To do so, each mutant was synthesized, subcloned into an
in-house mRNA production vector, and then high-quality mRNA was produced for each. K562
cells were electroporated with 9 ug of mRNA, and surface-expression of each molecule was
analyzed by flow cytometry the next day and data are shown as bar graphs. Each molecule was

stained with anti-CD2 activator reagent, anti-CD2 monoclonal antibody (clone TS1/8), or anti-

17



CA 03111384 2021-03-02

WO 2020/051374 PCT/US2019/049816

CD2 polyclonal antibody reagent (goat anti-human CD2). Variable binding was observed for
each coustruct and data are summarized in FIG. 23C.

[855] FIG., 238 is a series of bar graphs showing CSR CD2z mutant degranulation data. The
panel of CSR CD2z mutants was tested for the capability of mediating degranulation against
CDSB-positive cell targets. T cell degranulation ts a surrogate of T cell killing that can be
measured by FACS staining for intracellular CD107a expression following coculture with target
cell lines expressing target antigen. Specifically, pan T cells from normal blood donors were
stimulated with anti-CD3/anti-CD28 beads in standard T cell culture media, then rested. These
cells were then electroporated (BTX ECM 830 electroporator @) S00V for 700 us) with 9 pg of
mRNA expressing CSR CD2z mutants and cultured overnight. The next day, the cells were
cocultured for 4-6 hours in the presence of various target cell lines. Positive target cell lines
included K562 cells or Rat2 cells that were electroporated or lipofected, respectively, with
mRNA enceding human CD58, while negative controls were either RatZ cells that were not
electroporated or CSR CD2z mutant expressing T cells alone. Ouly T cells expressing CSR
D2z mutants that recognized surface-expressed human CD58 were capable of degranulating at
fevels above background. Littie reactivity was observed for the D111H, K67R/Y 110D,
KO67R/QT70K/Y 110D/D111H, Delta K106-120, CD3z deletion and mock control, and data are
summarized in F1G. 23C.

[656] KIG. 23C i1s a summary of staining and degranulation data. Data from surface-
expression and binding studies, as well as those from degranulation experiments for each CSR
CD2z mutant is summarized in the table. Two candidates that are expressed on the surface
and/or retain binding to the anti-CD2 activator reagent that do not mediate anti-CDS8
degranulation activity are the D111H and K67R/Y 110D CSR CD2z mutants. Only the D111H
mutant is strongly bound by all staining reagents on the cell surface while completely abrogating
anti-CIS8 degranulation activity.

1057} FIG. 23D is a series of flow cytometry plots showing the expression of CD48, CD58 or
CDS% on K562 and Rat2 cells. To confirm possible ligands for the CSR WT CD2z molecule, a
panel of known and suspected ligands inchuding human CD48, CD38, and CD59 were tested.
Degranulation of engineered T cells was evaluated against the cell lines K562 and Rat2 that were

made to overexpress the target ligands and confirmed for expression by FACS staining. Red
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histograms are unstained cells and blue histograms are cells that were electroporated/lipotected
with mRINA and then stained for expression of the respective marker by FACS.

1658 FIG, 23K is a bar graph showing that CSR CD2z recognizes human CD358, but not
CD48 or CD59. To confirm possible ligands for the CSR WT CD2z molecule, a panel of known
and suspected ligands including human CD48, CDSB, and CD39 were tested. Degranulation of
engineered T cells was evaluated against the cell lines K562 and Rat2 that were made to
overexpress the target ligands and confirmed for expression by FACS staining. Cells were
electroporated/lipofected with mRNA and then stained for expression of the respective marker
by FACS. As a control, a BCMA CAR was included as well as a K562 cell line overexpressing
BCMA . In addition, T cells transfected with GFP were also included as a control. T cell
degranulation is a surrogate of T cell killing that can be measured by FACS staining for
intraceliular CD107a expression following coculture with target cell lines expressing target
antigen. Pan T cells from normal blood donors were stimulated with anti-CD3/anti-CD28 beads
in standard T cell culture media, then rested. These T cells were then electroporated with mRNA
expressing CSR WT CD2z, BCMA CAR, or GFP and cultured overnight. The next day, the cells
were cocultured for 4-6 hours in the presence of the various target cell lines that were
electroporate/lipofected with mRNA encoding human CD48, CD58 or CD59, while negative
controls were either K562 or Rat2 cells that were not electroporated/lipofected, or each of the
electroporated T cells alone. T cells expressing either the CSR WT CD2z or BCMA CAR were
capable of degranulating at levels above background when cocultured with cell Hues
pverexpressing human CD358 or BCMA, respectively, and not against human CD48 or CD59.
Little reactivity was observed for the T cells expressing GFP.

1059}  ¥IG. 24A 1s a bar graph showing that the delivery of CSR CD22-D111H mutant
enhances the expansion of Allo CAR-T cells. Pan T cells isolated from healthy donor blood were
genetically modified using the piggyBac® DNA modification system in combination with the
Cas-CLOVER™ gene-editing system (CC) for the production of allogeneic (Allo) CAR-T cells,
or without CC gene-editing, as a control, for the production of autologous {Auto) CAR-T
without a CSR (No CSRY; auto CAR-T cells were produced by nucleofection of an mRNA
encoding the super piggyBac™ transposase enzyme (SPB) and a transposon encoding a CAR,

selection gene and a safety switch. For production of Allo CAR-T, cells were electroporated
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{EP) in a single reaction with an mRNA encoding the SPB enzyme, an mRNA encoding CC,
multiple guide RNAs (gRNA) targeting TCRb and b2M for the knockout of TCR and MHCI,
and a transposon enceding either a CAR, selection gene and either the WT or mutant (D111H)
CSR CD2z, or a transposon encoding a CAR, selection gene and a safety switch that did not
encode a CSR. For the latter, Allo CAR-T cells that did not receive a CSR encoded in the
transposon for stable integration, the WT or mutant (D111H) CSR CD2z was provided to the
cells transiently as an mRNA ouly once in the initial EP reaction. Following EP, all cells were
subsequently stimulated with a cocktail of agonist mAbs anti-CD2, anti-CD3 and anti-CD28, and
were later selected for genetic modification over the course of up to a 15-day culture period
using the selection gene. At the end of the nitial culture period, all T cells expressed the CAR,
indicating successful selection for genetically-modified cells (data not shown), and then all non-
edited TCR-positive cells were depleted via negative selection to vield a population of Allo
CAR-T cells that were >99% TCR-negative (data not shown). Al samples were performed in
duplicate, except the Auto (No CSR) control, and data for peak expansion for each {day of peak
expansion is displayed) is shown in bar graph where error bars represent standard deviation. In
the samples where either the WT or mutant (I3111H) CD2z was provided stably {(as encoded in
the transposon (Stable)) or transiently (as encoded in mRNA (mRNA)), a greater degree of
expansion of the Allo CAR-T cells was observed as compared to the Allo CAR-T cells produced
without a CSR.

1068} FIG. 24B 15 a series of bar graphs showing that the delivery of CSR CD22z-D111H
mutant does not inhibit gene editing. Pan T cells isolated from healthy donor blood were

®

genetically modified using the piggyBac® DNA modification system in combination with the
Cas-CLOVER™ gene-editing system {(CC) to produce allogeneic (Allo) CAR-T cells. Cells
were electroporated (EP) in a single reaction with an mRNA encoding the SPB enzyme, an
mRNA encoding CC, multiple guide RNA (gRNA) targeting TCRb and b2M for the knockout of
TCR and MHCH, and a transposon encoding either a CAR, selection gene and either the WT or
mutant (D1ITH) CSR CD2z, or a transposon encoding a CAR, selection gene and a safety

switch that did not encode a CSR. For the latter, cells that did not receive a CSR encoded in the
transposon for stable integration, the WT or mutant (D111H) CSR CD2z was provided

2

transiently as an mRNA only once in the initial EP reaction. Following EP, all cells were
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subsequently stimulated with a cocktail of agonist mAbs anti-CD2, anti-CD3 and anti-CD2E, and
were later selected for genetic modification over the course of up to a 14-day culture period
using the selection gene. At the end of the initial culture period, all T cells expressed the CAR|
indicating successful selection for genetically-modified cells (data not shown). All samples were
performed in duplicate, and data is shown in bar graph where error bars represent standard
deviation. In the samples where either the WT or mutant (D111H) CD2z was provided stably (as
encoded in the transposon {Stable)) or transtently (as encoded tn mRNA (mRNA)), a similar or
greater degree of gene editing of the Allo CAR-T cells was observed as compared to the Allo
CAR-T cells produced without a CSR.

1061} FIG. 24C is a bar graph showing that the memory phenotype of Allo CAR-T is not
signiticantly affected by delivery of CD2z CSRs. Allo CAR-T cells with no CSR and Allo CAR-
Ts with CSR that was delivered either stably or transiently were stained for expression of surface
CD45RA, CD45SRO, and CD62L to define Tsem, Toem, Tem, and Tetf cells; Tsem
(CD4SRATCD4SROCDE2L), Tem (CD45RACD4SROTCDO2LT), Tem (CD45RA”
CD45ROCD62L), Teff (CD45RACD4SROCDG2L). All samples were performed in
duplicate, and data is shown in bar graph where errvor bars represent standard deviation. Delivery
of CSRs did not dramatically affect the levels of favorable Tscm and Tem cells in the products.
1062}  ¥IG. 25 1s a schematic diagram depicting an exeraplary HLA-bGBE composition of the
disclosure.

1063}  FIG. 26 15 a schematic diagram depicting an exemplary HLA-gBE composition of the
disclosure.

1064} FIG. 27 is a pair of graphs showing that expression of single-chain HLA-E diminishes
NK cell-mediated cytotoxicity against HEL A-deficient T cells. B2M and TCRaf was knocked-out
of T cells (Jurkat) using CRISPR. BZM/TCRap double-knockout (DKO) T cells were
electroporated with mRNA encoding an HLA-E molecule (HLA-bGBE), expressed on a single
chain with B2M and the peptide VMAPRETLIL (SEQ ID NO: 17127) (B2M/peptide/HLA-E}.
DEKO T cells electroporated with varying amounts of mRNA encoding single chain HLA-E were
used as targets for artificial antigen presenting cell (aAPC)-expanded NK celis in a 3 hour co-

culture. % cytotoxicity was calculated based on the number of target cells remaining after 3
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hours compared to target cells alone. These data demonstrate that surface expression of HLA-E
in DEO T cells reduces the total level of cell killing by NK cells in a dose-dependent manner.
18657 FIG, 28 15 a listing of gRINA sequences (from top to bottom) and primer sequences
{from top to bottom)

1866 K16, 29 15 a series of flow cytometry plots showing that targeted knockout of
endogenous HLA-ABC, but not HLA-E. Since we showed that surface expression of HLA-E in
MHCIE KO T cells can increase their resistance to NK celi-mediated cytotoxicity, we explored
additional strategies beyond introduction of a single-chain HLA-E gene. To do so, multiple
guide RNA (gRNA) were designed to distupt the expression of the main targets of host versus
graft (Hv(3}, HLA-A, HLA-B and HLA-C, while minimizing disruption of endogenous HLA-E.
Specifically, guides were designed to target a conserved region occurring in all the three MHCI
protein targets, but not in HLA-E. Pan human T cells were electroporated with mRNA encoding
CRISPR Cas® in combination with various gRNAs and efficiency of MHCI knockout was
measured by surface HLA-A and HLA-E expression. FACS analysis of HLA-A and HLA-E
expression was performed after a single round of T cell expansion and data are displayed below.
These data demonstrate that gene-editing technology can be used to target disruption of MHCI
while retaiming levels of endogenous HLA-E on the surface of gene-edited T cells.

10677  ¥IG. 30 is a schematic diagram of the missing-self hypothesis of natural killer mediated
toxicity towards MHCI-KO cells.

1068}  FIG. 31 is a schematic depiction of the Csy4-T2A-Clo051-G48hinker-dCas9 construct
map (Embodiment 2).

10697  FIG. 32 is a schematic depiction of the pRT1-Clo051-dCas9 Double NLS construct
map {Embodiment 1}.

1076} FIG. 33 15 a schematic diagram showing an exemplary method for the production of
allogeneic CAR-Ts of the disclosure.

1071} FIG. 34A is a graph showing high efficiency gene editing of endogencus TCRa in
proliferating Jurkat cells and in resting primary human pan T cells as an exemplary method for
the production of allogeneic and universal CAR-Ts using Cas-CLOVER™ (an RNA-guided
fusion protein comprising a dCas9-Clo051). Cas-CLOVER system disrupted TCRa expression

in rapidly proliferating Furkat T cells and non-dividing resting T cells at comparably high levels.

22



CA 03111384 2021-03-02

WO 2020/051374 PCT/US2019/049816

16721 FIG. 348 is a series of flow cytometry graphs showing efficient gene editing of
endogenous TCRa, TCRb, and B2ZM in resting primary human pan T cells using Cas-
CLOVER™ Critical targets TCRa, TCRB, and B2M that mediate alloreactivity were efficiently
edited by Cas-CLOVER in resting human T cells.

16731 KIG. 35 15 a series of tlow cytometry plots showing that Cas-CLOVER can be
multiplexed by co-delivering reagents for TCRp and B2ZM into primary human T cells.
TCRB/P2M double knock-out (DKO) cells were turther enriched using antibody-beads based
purification, and purified cells were analyzed by FACS for downregulation of surface expressed
CD3 and B2M.

16747 KIG. 36 15 a series of graphs demonstrating reduced alloreactivity after KO of TCR and
MHCI Alloreactivities of WT or DEKO (TCR and MHCT) CAR-T cells was analyzed by mixed
lymphocyte reaction (MLR) and [FNy by ELISpot assay. On the left, WT or gene-edited DKO
CAR-T cells were labeled with celltrace violet (CTV) and mixed at 1:1 ratio with irradiated
peripheral blood mononuclear cells (PBMC)s and incubated for 12 days or 20 hr before analysis
of proliferation or activation-induced secretion of IFNy by ELISpot assay, respectively. WT or
DKO CAR-T cells were incubated with PBMCs from either allogenic (Donor #1 PBMC and
Donor #2 PBMC) or autologous (Autologous PBMC) donors at 1:1 ratio. After 12 days, CTV
dye dilution was assessed by FACS and results showed significant proliferation of WT CAR-T
cells when incubated with allogeneic PBMCs; proliferative rates of 40% and 39% by WT CAR-
T cells was observed when cultured with allogeneic PBMCs from two different donors in
comparison to only 2% when WT CAR-T cells were incubated with autologous PBMCs. On the
other hand, DKO CAR-T cells did not proliferate when incubated with allogeneic PBMCs,
demonstrating that KO of TCR and MHCT resulted in the elimination of graft-versus-host
alloreactivity. This was also true in the short-term IFNy by ELISpot assay (lower left) which
showed that only WT CAR-T cells became activated and secreted IFNy when incubated with
allogeneic PBMCs, but not the DKO CAR-T cells. On the right, irradiated WT or DKO CAR-T
cells were mixed at 1:1 ratio with PBMCs labeled with CFSE and incubated for 12 days or 20hr
before analysis of proliferation or activation-induced secretion of IFiNy by ELISpot assay,
respectively. After 12 days, CFSE dye dilution was assessed by FACS and showed significant

proliferation of PBMUCs (most likely T cells) when incubated with allogeneic CAR-T cells; 37%
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and 9% of PBMCs proliferated in comparison to only 2% when incubated with autologous CAR-
T cells. On the other hand, PBMCs did not proliferate above background when incubated with
allogeneic CAR-T cells, demonstrating that KO of TCR and MHCI resulted in the elimination of
host-versus-graft alloreactivity. This was also true in the short~-terra IFNy by ELISpot assay
{lower left) which showed that only WT CAR-T cells caused activation and secretion of IFNy by
PBMCs when incubated with allogeneic CAR-Ts, not the DKO CAR-T cells.

1075} FIG. 37 is a series of graphs showing that DKO and WT CAR-Ts have similar CAR-
expression and stem-like phenotypes. Gene editing does not aftect CAR-T cell phenotype.
BCMA CAR-expressing TCRB/B2ZM DKO and WT T cells were analyzed for phenotype. CAR
expression was comparable in WT and DKO. WT and DKO CAR-T cells were analyzed by
FACS for expression of CD45RA and CD62L., markers for T stem cell memory (TSCM). These
data demonstrate that gene editing of allo CAR-Ts does not significantly reduce the composition
of memory CAR-T cells, retaining the exceptionally high and predominantly Tscm phenotype.
1076}  ¥I1G. 38 is a series of graphs showing that BKO CAR-Ts are highly functional. Gene
editing does not affect CAR-T cell functionality. BCMA CAR-expressing TCRE/B2M DK O and
WT T cells were analyzed for function. Proliferation against H929 (BCMA-) tumor lines was
assessed by mixing CAR-T cells with H929 cells, incubated for 7 days, and analyzed for tumor-
specific proliferation by FACS. Cytotoxicity and IFNg secretion against H929 (BCMA-+) tumor
lines was assessed by mixing CAR-T cells with H929 cells at various ratios, incubated for 24hrs
and analyzed for tumor-specific killing by FACS. Cytotoxicity data are normalized to the tumor
cell only sample. These data show that gene editing to produce DKO CAR-T cells does not
significantly affect their functional capacity.

10771 K1G. 394 1s a schematic diagram showing preclinical evaluation of the P-PSMA-101
transposon when delivered by a full-length plasmid (FLP) versus a nanotransposon {INT) at
‘stress’ doses using the Murine Xenograft Model. The murine xenogratt model using a
luciterase-expressing LNCaP cell line (LNCaP luc) injected subcutaneously (8C) into NSG mice
was utilized to assess in vivo anti-tumor efficacy of the P-PSMA-101 transposon as delivered by
a full-length plasmid (FLP} or a nanotransposon {(INT) at two different “stress’ doses (2.5x1076 or
4x1076) of total CAR-T cells from two different normal donors. Al CAR-T cells were produced

using piggyBac® (PB) delivery of P-PSMA-101 transposon using either FLP or NT delivery.
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Mice were injected in the axilla with LNCaP and treated when tumors were established (100-200
mm® by caliper measurement). Mice were treated with two different ‘stress’ doses (2.5x10°6 or
4x10°6) of P-PSMA-101 CAR-Ts by 1V injection for greater resolution in detecting possible
functional differences in efficacy between transposon delivery by the FLP and the NT.

1678] K16, 39B are a series of graphs showing the tumor volume assessment of mice ireated
as described in FIG. 34A. Tumor volume assessment by caliper measurement for control mice
{black), Donor #1 FLP mice (red}, Donor #1 NT mice (blue), Donor #2 FLP mice (orange), and
Donor #2 NT mice (green} as displayed as group averages with error bars (top) and individual
mice (bottom). The y-axis shows the tumor volume (mm’) assessed by caliper measurement. The
x-axis shows the number of days post T cell treatment. Delivered by NT, P-PSMA-101
transposon at a ‘stress’ dose demonstrated enhanced anti-tumor efficacy as measured by caliper

in comparison to the FLP and control mice against established SC LNCaP luc solid tumors.

DETAILED DESCRIPTION OF THE INVENTION
10797  The present disclosure provides a non-naturally occurring chirneric stimulatory receptor
{CSR) comprising, consisting essential of, or consisting of’ (a) an ectodomain comprising a
activation component, wherein the activation component is isolated or derived from a first
protein; (b} a transmembrane domain; and (¢} an endodomain comprising at least one signal
transduction domain, wherein the at least one signal transduction domain is isolated or derived
from a second protein, wherein the first protein and the second protein are not identical.
{6806} The activation component can comprise, consist essential of, or consist of: one or more
of a component of a human transmembrane receptor, a human cell-surface receptor, a T-cell
Receptor (TCR), a component of a TCR complex, a component of a TCR co-receptor, a
component of a TCR co-stimulatory protein, a component of a TCR inhibitory protein, a
cytokine receptor, or a chemokine receptor. The activation component can comprise, consist
essential of, or consist of: a portion of one or more of a component of a T-cell Receptor (TCR), a
component of a TCR complex, a component of a TCR co-receptor, a component of a TCR co-
stimulatory protein, a component of a TCR inhibitory protein, a cytokine receptor, or a
chemokine receptor to which an agonist of the activation component binds.
{6817 The ectodomain can comprise, consist essential of, or consist oft a CD2 extracellular

domain or a portion thereof to which an agouist binds or the ectodomain can comprise, consist
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essential of, or consist of. a CD28 extracellular domain or a portion thereof to which an agonist
binds. The activation component can comprise, consist essential of, or consist of: a CD2
extracellular domain or a portion thereof to which an agonist binds or the activation component
can comprise, consist essential of, or consist oft a CD2R extracellular domain or a portion thereof
to which an agonist binds. The CD2 extracellular domain to which an agonist binds comprises,
consists essential of, or consists of the amino acid sequence at feast 95% identical to the amino
acid sequence of SEQ 1D NO: 17111, The CD2 extracellular domain to which an agonist binds
comprises, consists essential of, or consists of the amino acid sequence at least 99% identical to
the amino acid sequence of SEQ ID NGO 17111, The CD2 extracellular domain to which an
agonist binds comprises, consists essential of, or consists of the amino acid sequence of SEQ ID
NG 17111 The CD28 extracellular domain to which an agonist binds comprises, consists
essential of, or consists of the amino acid sequence at least 95% identical to the amino acid
sequence of SEQ 1D NO: 17099, The CD28 extracellular domain to which an agonist binds
comprises, consists essential of, or consists of the amino acid sequence at least 99% identical to
the amino acid sequence of SEQ ID NO: 17099, The CD28 extracellular domain to which an
agonist binds comprises, consists essential of, or conststs of the amino acid sequence of SEQ 1D
NG: 17099,

[082] The signal transduction domain can comprise, consist essential of, or consist of: one or
more of a component of a human signal transduction domain, T-cell Receptor (TCR), a
component of a TCR complex, a component of a TCR co-receptor, a component of a TCR co-
stimulatory protein, a component of a TCR inhibitory protein, a cytokine receptor, or a
chemokine receptor. The second protein can comprise, consist essential of, or consist oft a CD3
protein or a portion thereof. The signal transduction domain can comprise, consist essential of, or
consist of a CD3 protein or a portion thereof. The CD3 protein can comprise, consist essential
of, or consist of a CD3( protein or a portion thereof. The CD3( protein comprises, consists
essential of, or consists of the amino acid sequence at least 95% identical to the amino acid
sequence of SEQ 1D NO: 17102, The CD3( protein comprises, consists essential of, or consists
of the amino acid sequence at least 99% identical to the amino acid sequence of SEQ D NO:
17102. The CD3{ protein comprises, consists essential of, or consists of the amino acid sequence

of SEQ ID NO: 17102
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{683} The endodomain of a CSR of the present disclosure can further comprise, consist
essential of, or consist of a cytoplasmic domain. The cytoplasmic domain can be isolated or
dertved trom a third protein. In some aspects, the first protein and the third protein of a CSR of
the present disclosure are identical. The cytoplasmic domain can comprise, consist essential of,
or consist of: a CDB2 cytoplasmic domain or a portion thereof or the cytoplasmic domain can
comprise, consist essential of, or consist of: a CD28 ¢ytoplasmic domain or a portion thereof.
10841 The CD2 cvioplasmic domain comprises, consists essential of, or consists of the aming
acid sequence at least 95% identical to the amino acid sequence of SEQ ID NO: 17113 The CD2
cytoplasmic domain comprises, consists essential of, or consists of the amino acid sequence at
least 99% identical to the aminc acid sequence of SEQ ID NO: 17113, The CD2 cytoplasmic
dormain comprises, consists essential of, or consists of the amino acid sequence of SEQ ID NG:
17113. The CD2Z8 cytoplasmic domain comprises, consists essential of, or consists of the amino
acid sequence at least 95% identical to the amino acid sequence of SEQ ID NO: 17101, The
CD28 cytoplasmic domain comprises, consists essential of, or consists of the amino acid
sequence at least 99% identical to the amino acid sequence of SEQ ID NO: 17101, The CD28
cytoplasmic domain comprises, consists essential of, or consists of the amino acid sequence of
SEQID NO: 17101,

16857 The endodomain of a CSR of the present disclosure can further comprise, consist
essential of, or consist of a signal peptide. The signal peptide can be isolated or derived from a
fourth protein. In some aspects, the first protein and the fourth protein of a CSR of the present
disclosure are identical. The signal peptide can comprise, consist essential of, or consist of: a
CD2 signal peptide or a portion thereof, the signal peptide can comprise, consist essential of, or
constst of: a CD28 signal peptide or a portion thereof or the signal peptide can comprise, consist
essential of, or consist of: a CD8a signal peptide or a portion thereot. The CD2 signal peptide
comprises, consists essential of, or consisis of the amino actd sequence at feast 95% tdentical to
the amino acid sequence of SEQ ID NO: 17110, The CD2 signal peptide comprises, consists
essential of, or consists of the amino acid sequence at least 99% identical to the amino acid
sequence of SEQ ID NO: 17110. The CD2 signal peptide comprises, consists essential of, or
consists of the amino acid sequence of SEQ 1D NO: 17110, The CD28 signal peptide comprises,

consists essential of, or conststs of the amino acid sequence at feast 95% identical o the amino

27



CA 03111384 2021-03-02

WO 2020/051374 PCT/US2019/049816

acid sequence of SEQ 1D NO: 17098, The CD2¥ signal peptide comprises, consists essential of)
or consists of the amino acid sequence at least 99% identical to the amino acid sequence of SEQ
1D NO: 17098, The CD28 signal peptide comprises, consists essential of, or consists of the
amino acid sequence of SEQ ID NG: 17098, The CD8a signal peptide comprises, consists
essential of, or consists of the amino acid sequence at least 95% identical to the amino acid
sequence of SEQ 1D NO: 17037, The CD8a signal peptide comprises, consists essential of, or
consists of the amino actd sequence at least 99% identical to the amino acid sequence of SEQ ID
NO: 17037, The CD8a signal peptide comprises, consists essential of, or consists of the amino
acid sequence of SEQ 1D NO: 17037,

[686] The ransmembrane domain of a CSR of the present disclosure can be iselated or
derived from a fifth protein. In some aspects, the first protein and the fifth protein of a CSR of
the present disclosure are identical. The transmembrane domain can comprise, consist essential
of, or consist of: a CD2 transmembrane domain or a portion thereof or the transmembrane
domain can comprise, consist essential of, or consist of: a CD28 transmembrane domain or a
portion thereof. The CD2 transmembrane domain comprises, consists essential of, or consists of
the amino acid sequence at least 95% identical to the amino acid sequence of SEQ ID NO:
17112, The CDZ transmembrane domain comprises, consists essential of, or consists of the
amino acid sequence at least 99% ideuntical to the amino acid sequence of SEQ D NO: 17112,
The CD2 transmembrane domain comprises, consists essential of, or consists of the amino acid
sequence of SEQ 1D NO: 17112 The CD28 transmembrane domain comprises, consists essential
of, or consists of the amino acid sequence at least 95% identical to the amino acid sequence of
SEQ ID NO: 17100. The CD28 transmembrane domain comprises, consists essential of, or
constists of the amino acid sequence at least 99% identical to the amino acid sequence of SEQ ID
NO: 17100. The CD28 transmembrane domain comprises, consists essential of, or consists of the
amino acid sequence of SEQ 13 NG: 17100,

10871 In some aspects, the activation component of the CSR of the present disclosure does not
bind or is incapable of binding a naturally-occurring molecule. In some aspects, the activation
component of the CSR of the present disclosure binds or is capable of binding a naturally-
occurting molecule and the CSR transduces a signal upon binding of the activation compounent to

the naturally-occuring molecule. In other aspects, the activation component of the CSR of the
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present disclosure can bind a naturally-occurring molecule but the CSR does not transduce a
signal upoun binding of the activation component to a naturally-occurring molecule. In preferred
aspects, the activation component of the CSR of the present disclosure binds or is capable of
binding to a non-naturally occurring molecule. The activation component of the CSR. of the
present disclosure selectively transduces a signal upon binding of a non-naturally occurring
molecule to the activation component. In one aspect, the naturally occurring molecule is an
naturally occurring agonist/activating agent for the activation component of the CSR. The
naturally occurring agonist/activating agent that can bind a CSR activation component can be
any naturally occurring antibody or antibody fragment. The naturally occurring antibody or
antibody fragment can be a naturally occurring anti-CD3 antibody or fragment thereof, an anti-
D2 antibody or fragment thereof, an anti-CD28 antibody or fragment thereof, or any
combination thereof. In some aspects, the naturally oceurring agonist/activating agent that can
bind a CSR activation component can be one or more of an anti-human CD3 monospecific
tetrameric anttbody complex, an anti-human CD2 monospecific tetrameric antibody complex, an
anti-human CD28 monospecific tetrameric antibody complex, or a combination thereof. In one
aspect, the non-naturally occurring molecule ts an non-naturally occurring agonist/activating
agent for the activation component of the CSR. The non-naturally occurring agonist/activating
agent that can bind a CSR activation component can be any non-naturally occurring antibody or
antibody fragment. The non-naturally occurring antibody or antibody fragment can be a non-
naturally occurring anti-CD3 antibody or fragment thereof, an anti-CD2 antibody or fragment
thereof, an anti-CD28 antibody or fragment thereof, or any combination thereof. In some
aspects, the non-naturally occurring agonist/activating agent that can bind a CSR activation
component can be one or more of an anti-human CD3 monospecific tetrameric antibody
complex, an anti-human CD2 monospecific tetrameric antibody complex, an anti-human CD28
monospecific tetrameric antibody complex, or a combination thereof. In some aspects, the non-
naturally occurring agonist/activating agent that can bind a CSR activation component can be
selected from the group consisting of anti-CD2 monoclonal antibody, BTI-322 (Przepiorka et al.,
Blood 92(11):4066-4071, 1998) and humanized anti-CD2 monoclonal antibody clone AFC-
TAB-104 (Siplizumab }(Bissonnette et al. Arch. Dermatol. Res. 301(6):429-442, 2009).
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{688}  In some aspects, the ectodomain of the CSR of the present disclosure can comprise a
modification. The modification can comprise a mutation or a truncation in the amino acid
sequence of the activation component or the first protein when compared to a wild type amino
acid sequence of the activation component or the first protein. The mutation or a truncation in
the amino acid sequence of the activation component or the first protein can comprise a mutation
or truncation of a CD2 extracellular domain or a portion thereof to which an agonist binds. The
mutation ot truncation of the CD2 extraceliular domain reduces or eliminates binding with
naturally occurring CD58.

16891 A reduction in binding is when at least 50%, at least 75%, at least 30%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% of the binding ability of the routated or truncated CD2 extracellular domain is reduced
when compared to the naturally cccurring wild-type counterpart. An elimination in binding is
when 100% of the binding ability of the mutated or truncated CD2 extracelular domain is
reduced when compared to the naturally occurring wild-type CD2 extracellular domain.

10967 The mutated or truncated CD2 extracelular domain binds anti-CD2 activating agonists
and anti-CD2 activating molecules but does not bind naturally occurring CDS8. The mutated or
truncated CD2 extracellular domain comprises, consists essential of, or consists of the amino
actd sequence at least 80% identical to the amino acid sequence of SEQ ID NO: 17119, The
mutated or truncated CD2 extracellular domain comprises, consists essential of, or consists of
the amino acid sequence at least 85% identical to the amino acid sequence of SEQ ID NO:
17119 The mutated or truncated CD2 extracellular domain comprises, consists essential of, or
consists of the amino acid sequence at least 90% identical to the amino acid sequence of SEQ ID
NO: 17119, The mutated or truncated CD2 extracellular domain comprises, consists essential of,
or consists of the amino acid sequence at least 95% identical to the amino acid sequence of SEQ
1D NO: 17119, The mutated or truncated CD2 extracellular domain comprises, consists essential
of, or consists of the amino acid sequence at least 99% identical to the amino acid sequence of
SEQ ID NG: 17119, The mutated or trancated CD2 extracellular domain comprises, consists
essential of, or consists of the amino acid sequence of SEQ ID NG: 17119 . The CSR comprising
the mutated or truncated CD2 extracellular domain comprises, consists essential of, or consists

of the amino acid sequence at least 90% identical to the amino acid sequence of SEQ 1D NO:

¢
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17118. The CSR comprising the mutated or truncated CD2 extraceliular domain comprises,
counsists essential of, or consists of the amino acid sequence at least 95% identical to the amino
acid sequence of SEQ D NO: 17118, The CSR comprising the mutated or truncated CD2
extracellular domain comprises, consists essential of, or consists of the amino acid sequence at
least 99% identical to the amino acid sequence of SEQ 1D NO: 17118, The USR comprising the
mutated or truncated CD2 extracellular domain comprises, consists essential of] or consists of
the amino acid sequence of SEQ 1D NGO 17118,

1091}  The present disclosure also provides a non-naturally occurring chimeric stimulatory
receptor {CSR) comprising, consisting essential of, or consisting of: (a) an ectodomain
comprising a activation component, wherein the activation component is isolated or derived
from a first protein and wherein the activation component binds to a noun-naturally occurring
molecule but does not bind a naturally-occurring molecule; (b) a transmembrane domain; and {¢)
an endodomain comprising at least one signal transduction domain, wherein the at least one
signal transduction domain is isolated or derived from a second protein; wherein the first protein
and the second protein are not identical.

10921  The present disclosure also provides a non-naturally occurring chimerte stimulatory
receptor {CSR) comprising, consisting essential of, or consisting of: (a) an ectodomain
comprising a activation component, wherein the activation component is isolated or derived
from a first protein; (b) a transmembrane domain; and (¢} an endodomain comprising at least one
signal transduction dorsain, wherein the at least one signal transduction domain is 1solated or
dertved from a second protein; wherein the first protein and the second protein are not identical
and wherein the CSR does not transduce a signal upon binding of a naturally-occurring molecule
to the activation component.

093] The present disclosure also provides a non-naturally occurring chimeric stimulatory
receptor (CSR) comprising, consisting essential of, or consisting of’ (a) an ectodomain
comprising a activation component, wherein the activation component is isolated or dertved
from a first protein; (b} a transmembrane domain; and (¢) an endodomatn comprising at feast one
signal transduction domain, wherein the at least one signal transduction domain is isolated or

derived from a second protein; wherein the first protein and the second protein are not identical
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and wherein the CSR transduces a signal upon binding of a non-naturally-cccurring molecule to
the activation component.

1094 The present disclosure also provides a non-naturally occurring chimeric stimulatory
receptor {CSR) comprising, consisting essential of, or consisting of: (a) an ectodomain
comprising a signal peptide and an activation component, wherein the signal peptide comprises a
D2 signal peptide or a portion thereof and wherein the activation component comprises a CD2
extracellular domain or a portion thereof to which an agonist binds; (b) a transmembrane
domain, wherein the transmembrane domain comprises a CD2 transmembrane domain or a
portion thereof] and (¢} an endodomain comprising a cytoplasmic domain and at least one signal
transduction domain, wherein the cytoplasmic domain comprises a CD2 cytoplasmic domain or
a portion thereof and wherein the at least one signal transduction domain comprises a CD3(
protein or a portion thereof.

10957  The present disclosure also provides a non-naturally occurring chimeric stimulatory
receptor {CSR) comprising, consisting essential of, or consisting of: (a} an ectodomain
comprising a signal peptide comprising the amino acid sequence of SEQ 1D NO: 17110 and an
activation component comprising the amino acid sequence of SEQ ID NG 17111, (b)a
transmembrane domain of SEQ ID NO: 17112; and (¢} an endodomain comprising a cytoplasmic
domain comprising the amino acid sequence of SEQ ID NG: 17113 and at least one signal
transduction domain comprising the amino acid sequence of SEQ ID NG: 17102, The non-
naturally occurring chimeric stimulatory receptor (CSR) can comprise, consist essential of, or
consist of an amino acid sequence at least 80% identical to SEQ ID NO:17062. The non-
naturally occurring chimeric stimulatory receptor (CSR) can comprise, consist essential of, or
constst of an amino acid sequence at least 85% identical to SEQ ID NO: 17062, The non-
naturally occurring chimeric stimulatory receptor (CSR) can comprise, consist essential of, or
consist of an amino acid sequence at least 90% tdentical to SEQ 1D NO:17062. The non-
naturally occurring chimeric stimulatory receptor (CSR) can comprise, consist essential of, or
consist of an amino acid sequence at least 95% 1dentical to SEQ ID NO: 17062, The non-
naturally occurring chimeric stimulatory receptor (CSR) can comprise, consist essential of, or

consist of an amino acid sequence at least 99% identical to SEQ 1D NO:17062. The non-
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naturally occurring chimeric stimulatory receptor (CSR) can comprise, consist essential of, or
counsist of an amino acid sequence of SEQ 1D NO:17062.

1096] The present disclosure further provides a non-naturally occurring chimeric stimulatory
receptor {CSR) comprising, consisting essential of, or consisting of: (a) an ectodomain
comprising a signal peptide and an activation component, wherein the signal peptide comprises a
D2 signal peptide or a portion thereof and wherein the activation component comprises a
mutation or truncation of a wild-type CD2 extraceliular domain or a portion thereof to which an
agonist binds; (b) a transmembrane domain, wherein the transmembrane domain comprises a
CD2 transmembrane dorain or a portion thereof; and (¢} an endodomain comprising a
cytoplasmic domain and at least one signal transduction domain, wherein the cytoplasmic
domain comprises a CD2 cytoplasmic domain or a portion thereof and wherein the at least one
signal transduction domain comprises a CD3( protein or a portion thereof. In one aspect, the
mutation or truncation of the CD2 extracellular domain reduces or eliminates binding with
naturally occurring CD58&. In another aspect, the mutated or truncated CD2 extracellular domain
binds anti-CDZ activating agonists and anti-CD?2 activating molecules but does not bind
naturally occurring CDS3.

1097}  The present disclosure further provides a non-naturally occurring chimeric stimulatory
receptor {CSR) comprising, consisting essential of, or consisting of: (a) an ectodomain
comprising a signal peptide comprising the amino acid sequence of SEQ D NG: 17110 and a
activation component comprising the amino acid sequence of SEQ ID NG: 17119, (b) a
transmembrane domain of SEQ 1D NO: 17112; and (¢} an endodomain comprising a cytoplasmic
domain comprising the amino acid sequence of SEQ ID NO: 17113 and at least one signal
transduction domain comprising the amino acid sequence of SEQ 1D NG: 17102, The non-
naturally occurring chimeric stimulatory receptor (CSR) can comprise, consist essential of, or
consist of an amino acid sequence at least 80% tdentical to SEQ 1D NO: 17118, The non-
naturally occurring chimeric stimulatory receptor (CSR) can comprise, consist essential of, or
consist of an amino acid sequence at least 85% 1dentical to SEQ ID NO: 17118, The non-
naturally occurring chimeric stimulatory receptor (CSR) can comprise, consist essential of, or
consist of an amino acid sequence at least 90% identical to SEQ 1D NO: 17118, The non-

naturally occurring chimeric stimulatory receptor (CSR) can comprise, consist essential of, or
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consist of an acid sequence at least 95% identical to SEQ ID NO: 17118, The non-naturally
occurring chimeric stimulatory receptor (CSR) can comprise, consist essential of, or consist of
an acid sequence at least 99% identical to SEQ ID NO: 17118, The non-naturally cccurring
chimeric stimulatory receptor (CSR) can comprise, consist essential of, or consist of an acid
sequence of SEQ ID NG 17118,

1098}  The present disclosure also provides a nucleic acid sequence encoding an amino acid
sequence of any chimeric stimulatory receptor (CSR) disclosed herein. The present disclosure
also provides transposon, a vector, a donor sequence or a donor plasmid comprising, consisting
essential of or consisting of a nucleic acid sequence encoding the amino acid sequence of any
chimeric stimulatory receptor (CSR) disclosed herein. In one aspect, the vector can be a viral
vector. In one aspect, a viral vector can be an an adenoviral vector, adeno-associated viral
(AAV) vector, retroviral vector, lentiviral vector or a chimeric viral vector.

10997  The present disclosure also provides a cell comprising, consisting essential of or
conststing of any chimeric stimulatory receptor (TSR} disclosed herein. The present disclosure
also provides a cell comprising, consisting essential of or consisting of a nucleic acid sequence
encoding an amino acid sequence of any chimeric stimulatory receptor {CSR} disclosed herein.
The present disclosure also provides a cell comprising, consisting essential of or consisting of a
transposon, a vector, a donor sequence or a donor plasmid coraprising, consisting essential of or
consisting of a nucleic acid sequence encoding the amino acid sequence of any chimeric
stimulatory receptor (CSR) disclosed herein. In one aspect, the vector can be a viral vector. In
one aspect, a viral vector can be an an adenoviral vector, adenoc-associated viral (AAV) vector,
retroviral vector, lentiviral vector or a chimeric viral vector. A cell of the present disclosure
comprising, consisting essential of or consisting of any chimeric stimulatory receptor (CSR)
disclosed herein can be an aliogeneic cell or an autologous cell. In some preferred embodiments,
the cell is an allogenetc cell.

181060} The present disclosure also provides a composition comprising, consisting essential of
or consisting of any chimeric stimulatory receptor (CSR) disclosed herein. The present
disclosure also provides a composition comprising, consisting essential of or consisting of a
nucleic acid sequence encoding an amino acid sequence of any chimeric stimulatory receptor

(CSR) disclosed herein. The present disclosure also provides a composition comprising,
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consisting essential of or consisting of a transposon, a vector, a donor sequence or a donor
plasmid comprising, consisting esseuntial of or consisting of a nucleic acid sequence encoding the
amino acid sequence of any chimeric stimulatory receptor {CSR) disclosed herein. In one aspect,
the vector can be a viral vector. In one aspect, a viral vector can be an an adenoviral vector,
adeno-assoctated viral (AAV) vector, retroviral vector, lentiviral vector or a chimeric viral
vector. The present disclosure also provides a composition comprising, consisting essential of or
consisting of a cell or a plurality of cells comprising, consisting essential of or consisting of any
chimeric stimulatory receptor (CSR) disclosed herein.

16188} The present disclosure provides a modified cell comprising, consisting essential of, or
consisting of a chimeric stimulatory receptor (CSR) comprising, consisting essential of, or
counsisting of: {1} an ectodomain comprising an activation component, wherein the activation
component is isolated or derived from a first protein; (ii) a transmembrane domain; and (iii) an
endodomain comprising at least one signal transduction domain, wherein the at least one signal
transduction domain is tsolated or derived from a second protein; wherein the first protein and
the second protein are not identical.

18182} The present disclosure also provides a modified cell comprising, consisting essential of,
or consisting of (a) a chimeric stimulatory receptor (CSR) comprising: (i) an ectodomain
comprising an activation component, wherein the activation component is isolated or derived
from a first protein; (i1} a transmembrane domain; and (ii1} an endodomain comprising at least
one signal transduction domain, wherein the at least one signal transduction doroain 1s isolated or
dertved from a second protein; wherein the first protein and the second protein are not identical;
and {b) an inducible proapoptotic polypeptide.

[61063] The present disclosure also provides a modified cell comprising, consisting essential of
or consisting of’ {a) a chimeric stimulatory receptor (CSR) comprising: (i} an ectodomain
comprising an activation component, wherein the activation component is isolated or derived
from a first protein; (i1} a transmembrane domain; and (iii} an endodomain comprising at least
one signal transduction domain, wherein the at least one sigoal transduction domain is isolated or
derived from a second protein; wherein the first protein and the second protein are not identical;

{(b) a sequence encoding an inducible proapoptotic polypeptide; and wherein the cell 1s a T-cell,
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{c) a modification of an endogenous sequence encoding a T-cell Receptor (TCR), wherein the
modification reduces or eliminates a level of expression or activity of the TCR.

1861084} The present disclosure provides a moditied cell comprising, consisting essential of, or
consisting of: {a) a modification of an endogenous sequence encoding Beta-2-Microglobulin
{B2M), wherein the meodification reduces or eliminates a level of expression or activity of a
major histocompatibility complex (MHC) class I (MHC-1); and (b} a non-naturally occurring
sequence comprising an HL A class I histocompatibility antigen, alpha chain E (HLA-E)
polypeptide.

10105] The present disclosure provides a modified T lymphocyte (T-cell) comprising,
consisting essential of, or consisting of’ {(a) a madification of an endogencus sequence encoding
a T-cell Receptor (TCR), wherein the modification reduces or eliminates a level of expression or
activity of the TCR; and (b) chimeric stimulatory receptor (CSR) comprising: (i) an ectodomain
comprising an activation component, wherein the activation component is isolated or derived
from a first protein; (it} a transmembrane domain; and (i1t} an endodomain comprising af feast
one signal transduction domain, wherein the at least one signal transduction domain is isolated or
dertved from a second protein; wherein the first protein and the second protein are not identical.
18106} The present disclosure provides a modified T lymphocyte (T-celly comprising,
consisting essential of, or consisting of: (a) a modification of an endogenous sequence encoding
a T-cell Receptor {(TCR), wherein the modification reduces or eliminates a level of expression or
activity of the TCR; (b) chimeric stimulatory receptor (CSR) comprising: {1} an ectodomain
comprising an activation component, wherein the activation component is isolated or derived
from a first protein; (i1} a transmembrane domain; and (i1} an endodomain comprising at least
one signal transduction domain, wherein the at least one signal transduction domain is isolated or
derived from a second protein; wherein the first protein and the second protein are not identical;
and {c¢) a non~-naturally occurring chimeric antigen receptor.

[80107] The present disclosure provides a modified T lvmphocyte {T-cell} comprising,
consisting essential of, or consisting of: (a) a modification of an endogenous sequence encoding
a T-cell Receptor {(TCR), wherein the modification reduces or eliminates a level of expression or
activity of the TCR; (b) a modification of an endogenous sequence encoding Beta-2-

Microglobulin (B2M), wherein the modification reduces or eliminates a level of expression or
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activity of a major histocompatibility complex (MHC) class I (MHC-I}; and {(c} a chimeric
stimulatory receptor (CSR) comprising: (1) an ectodomain comprising an activation component,
wherein the activation component is isolated or derived from a first protein; (i) a transmembrane
domain; and (111} an endodomain comprising at least one signal transduction domain, wherein the
at least one signal transduction domain is 1solated or derived from a second protein; wherein the
first protein and the second protein are not identical.

8188} The present disclosure provides a modified T lymphocyte (T-cell} comprising,
consisting essential of, or consisting of: (a) a modification of an endogenous sequence encoding
a T-cell Receptor (TCR), wherein the modification reduces or eliminates a level of expression or
activity of the TCR; (b) a modification of an endogenous sequence encoding Beta-2-
Microglobulin (B2M), wherein the modification reduces or eliminates a level of expression or
activity of a major histocompatibility complex (MHC) class I (MHC-I); (¢} a chimeric
stimulatory receptor (CSR) comprising: (1} an ectodomain comprising an activation component,
wherein the activation component is isolated or derived from a first protein; (it} a transmembrane
domain; and (i) an endodomain comprising at least one signal transduction domain, wherein the
at least one signal transduction domain is isolated or derived from a second protein; wherein the
first protein and the second protein are not identical; and {d} a non-naturally occurring chimeric
antigen receptor.

[0109] The present disclosure also provides a modified T lymphocyte (T-cell} comprising,
consisting essential of, or consisting of: {a) a modification of an endogenous sequence encoding
a T-cell Receptor (TCR), wherein the modification reduces or eliminates a level of expression or
activity of the TCR; (b} a modification of an endogenous sequence encoding Beta-2-
Microglobulin (B2M), wherein the modification reduces or eliminates a level of expression or
activity of a major histocompatibility complex (MHC) class I (MHC-I}; (¢} a non-naturally
occurring sequence comprising an HLA class I histocompatibility antigen, alpha chain E (HLA-
E); and (d} a chimeric stimulatory receptor (CSR) comprising: (1) an ectodomain comprising an
activation component, wherein the activation component is isolated or derived from a first
protein; (i1} a transmembrane domain; and (ii1) an endodomain comprising at least one signal
transduction domain, wherein the at least one signal transduction domain 1 1solated or derived

from a second protein; wherein the first protein and the second protein are not identical.
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10110} The present disclosure also provides a modified T lymphocyte (T-cell} comprising,
consisting essential of, or consisting of: {a) a modification of an endogenous sequence encoding
a T-cell Receptor (TCR), wherein the modification reduces or eliminates a level of expression or
activity of the TCR; (b) a modification of an endogenous sequence encoding Beta-2-
Microglobulin (B2M), wherein the modification reduces or eliminates a level of expression or
activity of a major histocompatibility complex (MHC) class I (MHC-I}; (¢} a non-naturally
occurring sequence comprising an HLA class I histocompatibility antigen, alpha chain E (HLA-
E}; (d) a chimeric stimulatory receptor {CSR) comprising: (i) an ectodomain comprising an
activation component, wherein the activation component is isolated or derived from a first
protein; (i1} a transmembrane domain; and (ii1) an endodomain comprising at least one signal
transduction domain, wherein the at least one signal transduction domain 1 1solated or derived
from a second protein; wherein the first protein and the second protein are not identical; and (e) a
non-naturally occurring chimeric antigen receptor.

10111} The present disclosure also provides a modified T lymphocyte (T-cell), consisting
essential of, or consisting of: (a) a modification of an endogenous sequence encoding a T-cell
Receptor (TCR), wherein the modification reduces or eliminates a level of expression or activity
of the TCR; (b) a modification that reduces or eliminates a level of expression or activity of a
HL A class T histocompatibility antigen, alpha chain A (HLA-A), HLA class T histocompatibility
antigen, alpha chain B (HLA-B), HLA class [ histocompatibility antigen, alpha chain C (HLA-
), or a combination thereof, and (¢} a chimeric stirnulatory receptor (CSR) comprising: (i) an
ectodomain comprising an activation component, wherein the activation component is 1solated or
derived trom a first protein; (i1} a transmembrane domain; and (ii1) an endodomain comprising at
least one signal transduction domain, wherein the at least one signal transduction domain is
isolated or derived from a second protein; wherein the first protein and the second protein are not
identical.

18112} The present disclosure also provides a modified T lymphocyte (T-cell), consisting
essential of, or consisting oft (a) a modification of an endogenous sequence encoding a T-cell
Receptor { TCR), wherein the modification reduces or eliminates a level of expression or activity
of the TCR, (b) a modification that reduces or eliminates a level of expression or activity of a

HLA class I histocompatibility antigen, alpha chain A (HLA-A)}, HLA class I histocompatibility
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antigen, alpha chain B (HLA-B), HLA class [ histocompatibility antigen, alpha chain C (HLA-
), or a combination thereof, {¢) a non-naturally occurring sequence comprising an HLA class 1
histocompatibility antigen, alpha chain E (HLA-E}; and (d) a chimeric stimulatory receptor
(CSR) comprising: (i) an ectodomain comprising an activation component, wherein the
activation component is isolated or derived from a first protein; (i} a transmembrane domain;
and (111} an endodomain comprising at least one signal transduction domain, wherein the at least
one signal transduction domain is isolated or derived from a second protein; wherein the first
protein and the second protein are not identical.

[6113] A modified cell of the present disclosure (preferably a modified T-cell of the present
disclosure} can further comprise, consist essential of, or consist of an inducible proapoptotic
polypeptide. The inducible proapoptotic polypeptide comprises, consisis essential of, or consists
of the amino acid sequence at least 95% identical to the amino acid sequence of SEQ 1D NO:
14641, The inducible proapoptotic polypeptide comprises, consists essential of, or consists of the
amino acid sequence at least 99% identical to the amino acid sequence of SEQ H2 NO: 14641,
The inducible proapoptotic polypeptide comprises, consists essential of) or consists of the amino
acid sequence of SEQ 1D NG: 14641,

180114} A modified cell of the present disclosure (preferably a modified T-cell of the present
disclosure) can further comprise, consist essential of, or consist of a modification of an
endogencus sequence encoding Beta-2-Microglobulin (B2ZM), wherein the modification reduces
or eliminates a level of expression or activity of a major histocompatibility complex (MHC)
class [ (MHC-I}. A reduction of a level of expression or activity 1s when at least 50%, at least
75%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% of the expression of the MHC- in a cell or the
tunctional activity of the MHC-1 in a cell is reduced when compared to the naturally occurring
wild-type counterpart of the cell. A reduction of a level of expression or activity is when at least
50%, at least 75%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% of the expression of the MHC-1in
a T-cell or the functional activity of the MHC-I in a T-cell is reduced when compared to a
naturally occurring wild-type T-cell. An elimination a level of expression or activity 15 when

100% of the expression of the MHC-I in a cell or the functional activity of the MHC-Iin a cell is
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reduced when compared to the naturally occurring wild-type counterpart of the cell. An
elimination a level of expression or activity 1s when 100% of the expression of the MHC-Tin a
T-cell or the functional activity of the MHC-I in a T-cell is reduced when compared to the
naturally occurring wild-type T-cell.

[6115] A modified cell of the present disclosure (preferably a modified T-cell of the present
disclosure} can further comprise, consist essential of, or consist of a non-naturally occurring
polypeptide comprising an HLA class | histocompatibility antigen, alpha chain E (HLA-E). The
HLA-E polypeptide comprises, consists essential of, or consists of the amino acid sequence at
least 95% identical to the amino acid sequence of SEQ ID NO: 17131, The HL A-E polypeptide
comprises, consists essential of, or consists of the amino acid sequence at least 99% identical to
the amino acid sequence of SEQ 1D NO: 17131, The HLA-E polypeptide comprises, consists
essential of, or consists of the amino acid sequence of SEQ ID NG: 17131

10116] The non-naturally occurring polypeptide comprising a HLA-E can further comprise,
constst essential of, or consist of a B2ZM signal peptide. The B2M signal peptide comprises,
consists essential of, or consists of the amino acid sequence at feast 95% identical to the amino
acid sequence of SEQ 1D NO: 17126, The B2M signal peptide comprises, consists essential of,
or consists of the amino acid sequence at least 99% 1dentical to the amino acid sequence of SEQ
ID NO: 17131, The B2M signal peptide comprises, consists essential of, or consists of the
amino acid sequence of SEQ ID NQO: 17131,

10117} The non-naturally occurring polypeptide comprising a HLA-E can further coraprise,
consist essential of, or consist of a B2M polypeptide. The B2ZM polypeptide comprises, consists
essential of, or consists of the amino acid sequence at least 95% identical to the amino acid
sequence of SEQ 1D NO: 17129, The BZM polypeptide comprises, consists essential of, or
consists of the amino acid sequence at least 99% identical to the amino acid sequence of SEQ ID
NGO 17129, The B2M polypeptide comprises, consists essential of, or consists of the amino acid
sequence of SEQ 1D NO: 17129

10118] The non-naturally occurning polypeptide comprising a HLA-E can further comprise,
consist essential of, or consist of a linker molecule (referred to herein as a linker). The non-
naturally occurring polypeptide comprising a HLA-E can further comprise, consist essential of,

or consist of a linker, wherein the linker is positioned between the B2ZM polypeptide and the
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HLA-E polypeptide. The linker comprises, consists essential of, or consists of the amino acid
sequence at Jeast 95% identical to the amino acid sequence of SEQ ID NO: 17130. The linker
comprises, consists essential of, or consists of the amino acid sequence at feast 99% identical to
the amino acid sequence of SEQ ID NGO: 17130, The linker comprises, consists essential of, or
constists of the amino acid sequence of SEQ 1D NG: 17130,

[0119] The non-naturally occurring polypeptide comprising a HLA-E can further comprise,
consist essential of, or consist of a peptide and a3 B2M polypeptide. The peptide comprises,
consists essential of, or consists of the amino acid sequence at feast 95% identical to the amino
actd sequence of SEQ ID NO: 17127, The peptide comprises, consists essential of, or consists of
the amino acid sequence at least 99% identical to the amino acid sequence of SEQ 1D NO:
17127, The peptide comprises, consisis essential of, or consists of the amino acid sequence of
SEGID NG: 17127

101206} The non-naturally occurring polypeptide comprising a HLA-E can further comprise,
consist essential of, or consist of a first linker positioned between the BZM signal peptide and the
peptide, and a second linker positioned between the B2M polypeptide and the HLA-E
polypeptide. The first Hoker comprises, consists essential of, or consists of the amino acid
sequence at least 95% identical to the amino acid sequence of SEQ ID NO: 17128 The first
linker comprises, consists essential of, or consists of the amino acid sequence at least 99%
tdentical to the amino acid sequence of SEQ 1D NO: 17128, The first linker comprises, consists
essential of, or consists of the amivo acid sequence of SEQ ID NG: 17128, The second linker
comprises, consists essential of, or consists of the amino acid sequence at feast 95% identical to
the anuno acid sequence of SEQ ID NO: 17130. The second linker comprises, consists essential
of, or conststs of the amino acid sequence at least 99% identical to the amino acid sequence of
SEQ ID NO: 17130, The second linker comprises, consists essential of, or consists of the amino
acid sequence of SEQ 1D NG: 17130,

10121} In one aspect, the non-naturally occurring polypeptide comprising an HLA-E
comprises, consists essential of, or consists of a B2M signal peptide, a peptide, a first linker, a
B2M polypeptide, a second linker and an HLA-E polypeptide. The peptide can be positioned
between the B2ZM signal peptide and the first linker, the B2ZM polypeptide can be positioned

between the first linker and the second linker and the second linker can be positioned between
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the BZM polypeptide and the HLA-E polypeptide. The non-naturally occurring polypeptide
comprising an HLA-E comprises, consists essential of, or consists of the amino acid sequence at
least 95% identical to the amino acid sequence of SEQ ID NO: 17064. The non-naturally
occurring polypeptide comprising an HLA-E comprises, consisis essential of, or consists of the
amino acid sequence at least 99% identical to the amino acid sequence of SEQ H2 NO: 17064,
The non-naturally occurring polypeptide comprising an HUA-E comprises, consists essential of,
or consists of the amino acid sequence of SEQ 1D NG: 17064, The non-naturally occurring
polypeptide comprising an HLA-E can be encoded by the nucleic acid have the sequence of SEQ
D NG: 17065

10122} In one aspect, the non-naturally occurring polypeptide comprising an HLA-E
comprises, consists essential of, or consists of a B2M signal peptide, a B2M polypeptide, a linker
and an HLA-E polypeptide. The BZM polypeptide can be positioned between the B2M signal
peptide and the linker, the linker can be positioned between the B2M polypeptide and the HLA-
E polypeptide. The non-naturally occurring polvpeptide comprising an HLA-E comprises,
consists essential of, or consists of the amino acid sequence at least 95% identical to the amino
acid sequence of SEQ 1D NO: 17066, The non-naturally occurring polypeptide comprising an
HLA-E comprises, consists essential of, or consists of the amino acid sequence at least 99%
identical to the amino acid sequence of SEQ 1D NO: 17066. The non-naturally occurring
polypeptide comprising an HLA-E comprises, consists essential of, or consists of the amino acid
sequence of SEQ ID NO: 17066, The non-naturally occurring polypeptide comprising an HLA-E
can be encoded by the nucleic acid have the sequence of SEQ ID NO: 17067,

10123] In one aspect, the non-naturally occurring polypeptide comprising an HLA-E
comprises, consists essential of, or consists of a B2M signal peptide and an HLA-E polypeptide.
The B2M signal peptide can be positioned before (e.g. 5 in the context of a nucleic acid
sequence or amino terminus in the context of an amino acid sequence) HLA-E polypeptide. The
non-naturally occurring polypeptide comprising an HLA-E comprises, consists essential of, or
consists of the amino acid sequence at least 95% identical to the amino acid sequence of SEQ ID
NO: 17068. The non-naturally occurring polvpeptide comprising an HLA-E comprises, consists
essential of, or consists of the amino acid sequence at feast 99% 1dentical to the amino acid

sequence of SEQ 1D NO: 17008, The non-naturally occurring polypeptide comprising an HLA-
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E comprises, consists essential of, or consists of the amino acid sequence of SEQ ID NO: 17068,
The non-naturally occurring polypeptide comprising an HUA-E can be encoded by the nucleic
acid have the sequence of SEQ 1D NO: 17069,

16124} A modified cell of the present disclosure (preferably a modified T-cell of the present
disclosure) can further comprise, consist essential of, or consist of a non-naturally occurring
antigen receptor, a sequence encoding a therapeutic polypeptide, or a combination thereof. Ina
preferred aspect, the non-naturally occurring antigen receptor comprises, consists essential of or
consists of a chimeric antigen receptor (CAR). The CAR comprise, consist essential of, or
consist of (a) an ectodomain comprising an antigen recognition region, (b} a transmembrane
domain, and (¢} an endodomain comprising at feast one costimulatory domain. The ectodomain
of the CAR can further comprise, consist essential of, or consist of a signal peptide. The
ectodomain of the CAR can further comprise, consist essential of, or consist of 3 hinge between
the antigen recognition region and the transmembrane domain. The endodomain of the CAR can
further comprise, counsist essential of, or consist of a human CD3( endodomain. The at least one
costimulatory domain of the CAR can further comprise, consist essential of, or consist of'a
buman 4-1BB, CD28, CD40, ICOS, MyD83, 0X-40 intracellular segment, or any combination
thereof. In a preferred aspect, at least one costimulatory domain comprises a human CD28 and/or
a 4-1BB costimulatory domain.

(6125} A modified cell of the present disclosure can be an immune cell or an immune cell
precursor. The tnumune cell can be a lymphoid progenitor cell, a natural killer (NK) cell, a
cytokine induced killer (CIK)) cell, 2 T lymphocyte (T-cell), 2 B lymphocyte (B-cell) or an
antigen presenting cell (APC). In preferred aspects, the immune cell 1s a T cell, an early memory
T cell, a stem cell-like T cell, a stem memory T cell {Tsom), a central memory T cell (Tem)ora
stem cell-like T cell. The immune cell precursor can a hematopoietic stem cell (HSC). The
modifted cell can be a stem cell, a differentiated cell, a somatic cell or an antigen presenting cell
(APC). The modified cell can be an autclogous cell or an allogeneic cell. In one aspect, the cell
is a modified allogeneic T-cell. In another aspect, the cell 1s modified allogeneic T-cell
expressing a chimeric antigen receptor {CAR), a CAR T-cell.

8126} A modified cell of the present disclosure (preferably a modified T-cell of the present

disclosure} can express a CSR of the present disclosure transiently or stably. In one aspect, a
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SR of the present disclosure is transiently expressed in a modified cell of the present disclosure
{(preferably a modified T-cell of the present disclosure). In oune aspect, a CSR of the present
disclosure is stably expressed in a modified cell of the present disclosure (preferably a modified
T-cell of the present disclosure).

[6127] A modified cell of the present disclosure (preferably a modified T-cell of the present
disclosure) can express a non-naturally occurring polypeptide comprising the HLA-E of the
present disclosure transiently or stably. In one aspect, a non-naturally occurring polypeptide
comprising the HLA-E of the present disclosure is transiently expressed in a modified cell of the
present disclosure {(preferably a modified T-cell of the present disclosure). In one aspect, a non-
naturally occurring polypeptide comprising the HLA-E of the present disclosure is stably
expressed in a modified cell of the present disclosure (preferably a modified T-cell of the present
disclosure}.

10128} A modified cell of the present disclosure (preferably a modified T-cell of the present
disclosure)} can express an inducible proapoptotic polypeptide of the present disclosure
transiently or stably. In one aspect, an inducible proapoptotic polypeptide of the present
disclosure is transiently expressed in a modified cell of the present disclosure (preferably a
modified T-cell of the present disclosure). In a preferred aspect, an inducible proapoptotic
polypeptide of the present disclosure is stably expressed in a modified cell of the present
disclosure {preferably a modified T-cell of the present disclosure).

10129] A moditied cell of the present disclosure (preferably a modified T-cell of the present
disclosure) can express a non-naturally occurring antigen receptor or a sequence encoding a
therapeutic protein of the present disclosure transiently or stably. In one aspect, a non-naturally
occurring antigen receptor or a sequence encoding a therapeutic protein of the present disclosure
is transiently expressed in a modified cell of the present disclosure (preferably a modified T-cell
of the present disclosure). In a preferred aspect, a non-naturally occurring antigen receptor or a
sequence encoding a therapeutic protein of the present disclosure is stably expressed in a
modified cell of the present disclosure (preferably a modified T-cell of the present disclosure).
(6130} In one aspect, a CSR of the present disclosure is stably expressed, the inducible

proapoptotic polypeptide of the present disclosure is stably expressed and a non-naturally
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occurring antigen receptor or a sequence encoding a therapeutic protein is stably expressed in a
modified cell of the present disclosure (preferably a modified T-cell of the present disclosure).
18131} Inone aspect, a CSR of the present disclosure is stably expressed, a non-naturally
occurring polypeptide comprising the HLA-E of the present disclosure is stably expressed, the
inducibie proapoptotic polypeptide of the present disclosure 1s stably expressed and a non-
naturally occurring antigen receptor or a sequence encoding a therapeutic protein is stably
expressed in a modified cell of the present disclosure (preferably a modified T-cell of the present
disclosure).

16132} In one aspect, a CSR of the present disclosure 1s stably expressed, a non-naturally
occurring polypeptide comprising the HLA-E of the present disclosure is transiently expressed,
the inducible proapoptotic polypeptide of the present disclosure is stably expressed and a non-
naturally occurring antigen receptor or a sequence encoding a therapeutic protein is stably
expressed in a modified cell of the present disclosure (preferably a modified T-cell of the present
disclosure).

(6133} Inone aspect, a CSR of the present disclosure is transiently expressed, the inducible
proapoptotic polypeptide of the present disclosure is stably expressed and the non-naturally
occurring antigen receptor or a sequence encoding a therapeutic protein is stably expressed in a
modified cell of the present disclosure (preferably a modified T-cell of the present disclosure).
[0134] In one aspect, a CSR of the present disclosure is transiently expressed, a non-naturally
occurting polypeptide comprising the HLA-E of the present disclosure is transiently expressed,
the inducible proapoptotic polypeptide of the present disclosure is stably expressed and a non-
naturally occurring antigen receptor or a sequence encoding a therapeutic protein is stably
expressed in a modified cell of the present disclosure {preferably a modified T-cell of the present
disclosure}.

8135} Inone aspect, a CSR of the present disclosure is transiently expressed, a non-naturally
occurring polypeptide comprising the HLA-E of the present disclosure is stably expressed, the
inducible proapoptotic polypeptide of the present disclosure 1s stably expressed and a non-
naturally occurring antigen receptor or a sequence encoding a therapeutic protein is stably
expressed in a modified cell of the present disclosure (preferably a modified T-cell of the present

disclosure},
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{6136} The present disclosure provides a modified cell {preferably a modified T-cell
comprising, consisting essential of, or consisting of (a) a modification of an endogenous
sequence encoding a T-cell Receptor {TCR}, wherein the modification reduces or eliminates a
level of expression or activity of the TCR; and (b) a sequence encoding a chimeric stiraulatory
receptor {CSR) comprising: (1} an ectodomain comprising an activation component, wherein the
activation component 1s 1solated or derived from a first protein; (i1} a transmembrane domain;
and (i1t} an endodomain comprising at least one signal transduction domain, wherein the at least
one signal transduction domain is isolated or derived from a second protein; wherein the first
protein and the second protein are not identical.

(6137} The modified cell further can further comprise, consist essential of or consist of a
sequence encoding an inducible proapoptotic polypeptide. The modified cell can further
comprise, consist essential of or consist of a sequence encoding a non-naturally occurring
antigen receptor, a sequence encoding a therapeutic polypeptide, or a combination thereof. The
non-naturally occurring antigen receptor can comprise, consist essential of or cousist of a
chimeric antigen receptor (CAR).

18138} A transposon, a vector, a donor sequence or a donor plasmid can comprise, consist
essential of or consist of the sequence encoding the CSR, the sequence encoding the inducible
proapoptotic polypeptide, or a combination thereof. The transposon, the vector, the donor
sequence or the donor plasmid can further comprise, consist essential of or consist of a sequence
encoding a non-naturally occurring antigen receptor or a sequence encoding a therapeutic
protein. The transposon, the vector, the donor sequence, or the donor plasmid can further
comprise, consist essential of or consist of a sequence encoding a selection marker. The
transposon can be a piggyBac” transposon, a pigey-Bac® like transposon, a Sleeping Beauty
transposon, a Helraiser transposon, a Tol2 transposon or a TcBuster transposon. The sequence
encoding the CSR can be transiently expressed in the cell. The sequence encoding the CSR can
be stably expressed in the cell. The sequence encoding the inducible proapoptotic polypeptide
can be stably expressed in the cell. The sequence encoding a non-naturally occurring antigen
receptor of a sequence encoding a therapeutic protein is stably expressed in the cell. In some
aspects, the sequence encoding the CSR can be transiently expressed in the cell and the sequence

encoding the inducible proapoptotic polypeptide can be stably expressed in the cell. In some
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aspects, the sequence encoding the CSR can be stably expressed in the cell and the sequence
encoding the inducible proapoptotic polypeptide can be stably expressed 1o the cell Tn some
aspects, the sequence encoding the CSR can be transiently expressed in the cell, the sequence
encoding the inducible proapoptotic polypeptide can be stably expressed in the cell and sequence
encoding a non-naturally occurring antigen receptor or a sequence encoding a therapeutic protein
is stably expressed in the cell. In some aspects, the sequence encoding the CSR can be stably
expressed in the cell, the sequence encoding the inducible proapoptotic polypeptide can be stably
expressed in the cell and sequence encoding a non-naturally occurring antigen receptor or a
sequence encoding a therapeutic protein 18 stably expressed in the cell. In one aspect, the vector
can be a viral vector. In one aspect, a viral vector can be an an adenoviral vector, adeno-
associated viral (AAV) vector, retroviral vector, lentiviral vector or a chimeric viral vector.
[6139] A first transposon, a first vector, a first donor sequence, or a first donor plasmid can
comprise, consist essential of or consist of the sequence encoding the CSR. The first transposon,
the first vector, the first donor sequence, or the first donor plasmid can further comprise, consist
essential of or consist of a sequence encoding a first selection marker,

18140} A second transposon, a second vector, a second donor sequence, or a second donor
plasnud can comprise, consist essential of or consist of one or more of the sequence encoding the
inducible proapoptotic polypeptide, the sequence encoding a non-naturally occurring antigen
receptor, and the sequence encoding a therapeutic protein. The second transposon, the second
vector, the second donor sequence, or the second donor plasmid can further compnise, consist
essential of or consist of a sequence encoding a second selection marker. The first selection
marker and the second selection marker are identical. The first selection marker and the second
selection marker are not identical. The selection marker can comprise, consist essential of or
consist of a cell surface marker. The selection marker can comprise, consist essential of or
consist of a protein that is active in dividing cells and not active in non-dividing cells. The
selection marker can comprise, consist essential of or consist of a metabolic marker.

10141} In one aspect, the selection marker can comprise, consist essential of or consist of a
dihydrofolate reductase (DHFR) mutein enzyme. The DHFR mutein enzyme can comprise,

counsist essential of or consist of the amino acid sequence of SEQ ID NG 17012,
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16142} The DHFR mutein enzyme of SEQ ID NO: 17012 can further comprise, consist
essential of or consist of a mutation at one or more of positions 80, 113, or 153, The amino acid
sequence of the DHFR mutein enzyme of SEQ D NO: 17012 can further comprise, consist
essential of or consist of one or more of 4 substitution of a Phenylalanine (F) or a Leucine (L) at
position 80; a substitution of a Leucine (1) or a Valine (V} at position 113, and a substitution of
a Valine (V) or an Aspartic Acid (D) at posttion 153,

18143} A modified cell of the present disclosure (preferably a modified T-cell of the present
disclosure) can further comprise, consist essential of or consist of a gene editing composition.
The gene editing composition can comprise, consist essential of or consist of a sequence
encoding a DNA binding domain and a sequence encoding a nuclease protein or a nuclease
domain thereot. The gene editing composition can be expressed transiently by the modified cell.
The gene editing composition can be expressed stably by the medified cell.

180144} The gene editing composition can comprise, consist essential of or consist of a sequence
encoding a nuclease protein or a sequence encoding a nuclease domain thereot. The sequence
encoding a nuclease protein or the sequence encoding a nuclease domain thereof can comprise,
consist essential of or consist of a DNA sequence, an RNA sequence, or a combination thereof.
The nuclease or the nuclease domain thereot can comprise, consist essential of or consist of one
or more of a CRISPR/Cas protein, a Trauscription Activator-Like Effector Nuclease (TALEN), a
Zine Finger Nuclease (ZFN), and an endonuclease. The CRISPR/Cas protein can comprise,
consist essential of or consist of a nuclease-inactivated Cas (dCas) protein. The nuclease or the
nuclease domain thereof can comprise, consist essential of or consist of a nuclease-inactivated
Cas (dCas) protein and an endonuclease. The endonuclease can comprise, consist essential of or
consist of a Clo051 nuclease or a nuclease domain thereof. The gene editing composition can
comprise, consist essential of or consist of a fusion protein. The tusion protein can comprise,
consist essential of or consist of a nuclease-inactivated Cas9 (dCas9) protein and a Clo051
nuclease or a Clo051 nuclease domain. The fusion protein can comprise, consist essential of or
consist of the amino acid sequence of SEQ ID NGO 17013, The fusion protein 1s encoded by a
nucleic acid comprising, consisting essential of or consisting of the sequence of SEQ ID NO:

17014, The fusion protein can comprise, consist essential of or consist of the amino acid
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sequence of SEQ ID NO: 17058, The fusion protein is encoded by a nucleic acid comprising,
consisting essential of or consisting of the sequence of SEQ 1D NO: 17059

16145} The gene editing composition can further comprise, consist essential of or consist of a
guide sequence. The guide sequence can comprise, consist essential of or consist of an RNA
sequence. In aspects when the moditied cell 1s a T-cell, the guide RNA can comprise, consist
essential of or consist of a sequence complementary to a target sequence encoding an
endogenous TCR. The guide RNA can comprise, consist essential of or consist of a sequence
complementary to a target sequence encoding a B2ZM polypeptide. The guide RNA can
comprise, consist essential of or consist of a sequence complementary to a target sequence
within a safe harbor site of a genomic DINA sequence.

10146] The transposon, the vector, the donor sequence or the donor plasmid can further
comprise, consist essential of or consist of a gene editing composition comprising a guide
sequence and a sequence encoding a fusion protein comprising a sequence encoding an
inactivated Cas9 (dCas9) and a sequence encoding a Clo051 nuclease or a nuclease domain
thereof.

18147} The first transposon, the first vector, the first donor sequence or the first donor plasmid
can further comprise, consist essential of or consist of a gene editing composition comprising a
guide sequence and a sequence encoding a fusion protein comprising a sequence encoding an
inactivated Cas9 (dCas9) and a sequence encoding a Clo051 nuclease or a nuclease domain
thereof.

16148} The second transposon, the second vector, the second donor sequence or the second
donor plasmid can further comprise, consist essential of or consist of a gene editing composition
comprising a guide sequence and a sequence encoding a fusion protein comprising a sequence
encoding an inactivated Cas9 (dCas9) and a sequence encoding a Clo051 nuclease or a nuclease
domain thereof.

16149} A third transposon, a third vector, a third donor sequence or a third donor plasmid can
comprise, consist essential of or consist of a gene editing composition comprising a guide
sequence and a sequence encoding a fusion protein comprising a sequence encoding an
inactivated Cas9 {(dCas9) and a sequence encoding a Clo051 nuclease or a nuclease domain

thereof.
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16150} The Cio051 nuclease or a nuclease domain thereof can induce a single or double strand
break in a target sequence. The donor sequence or a donor plasmid can integrate at a position of
single or double strand break or at a position of cellular repair within a target sequence, or a
combination thereof.

16158} The present disclosure provides a composition comprising, consisting essential of, or
consisting of a modified cell of the present disclosure {preferably a modified T-cell of the
present disclosure).

10152] The present disclosure provides a plurality of modified cells comprising any non-
naturally occurring chimeric stimulatory receptor (CSR) disclosed herein and provides a
plurality of modified cells comprising any modified cell disclosed herein. The plurality of
modified cells can comprise, consist essential of, or consist of immune cells or an immune cell
precursors. The plurality of immune cells can comprise, consist essential of, or consist of
lymphotd progenitor cells, natural killer (NK) cells, cytokine induced killer (CIK) cells, T
lymphocytes (T-celis), B lymphocytes (B-cells) or antigen presenting cells {APCs).

10153} The present disclosure provides a composition comprising a population of modified
cells, wherein a plurality of the modified cells of the population comprise any non-naturally
occurring chimeric stimulatory receptor (CSR) disclosed herein and provides a composition
comprising a population of modified cells, wherein a plurality of the modified cells of the
population comprise any modified cell disclosed herein. The population of moditied cells can
comprise, consist essential of, or consist of immune celis or an immune cell precursors. The
population of immune cells can comprise, consist essential of, or consist of ivmphoid progenitor
cells, natural kaller (NK) cells, cytokine induced killer (CIK) cells, T lymphocytes {T-cells), B
lymphocytes (B-cells) or antigen presenting cells (APCs). The composition can comprise a
pharmaceutically-acceptable carrier.

18154} The present disclosure provides a composition comprising a population of modified T
tymphocytes (T-celis), wherein a plurality of the modified T-cells of the population comprise
any non-naturally occurring chimeric stimulatory receptor (CSR) disclosed herein and provides a
composition comprising a population of T lymphocytes {T-cells), wherein a plurality of the T-
cells of the population comprise any modified T-cell disclosed herein. The composition can

comprise a pharmaceutically-acceptable carrier.
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{6185} Preferably, the present disclosure provides a composition comprising a population of T
lymphocytes (T-cells), wherein a plurality of the T-cells of the population comprise a non-
naturally occurring chimeric stimulatory receptor (CSR) comprising, consisting essential of, or
consisting of: (a) an ectodomain comprising a activation compouent, wherein the activation
component is isolated or derived from a first protein; (b) a transmembrane domain; and (¢} an
endodomain comprising at least one signal transduction domain, wherein the at least one signal
transduction domain is isclated or derived from a second protein, wherein the first protein and
the second protein are not identical. The composition can comprise a pharmaceutically-
acceptable carrier. In some aspects, at least 5%, at least 10%, at least 15%, at least 20%, at least
25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at feast 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the population comprise
the CSR.

10156] The plurality of the T-cells of the population can further comprise an inducible
proapoptotic polypeptide. In some aspects, at least 5%, at least 10%, at least 15%, at least 20%,
at feast 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at feast 55%, at
least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the population
comprise the inducible proapoptotic polypeptide.

10187} The plurality of the T-cells of the population can further comprise a modification of an
endogenous sequence encoding a T-cell Receptor (FCR), wherein the modification reduces or
eliminates a level of expression or activity of the TCR. In some aspects, at least 5%, at least
10%, at feast 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least
45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% of the population comprise the modification of the endogenous sequence
encoding the TCR, wherein the modification reduces or eliminates a level of expression or
activity of the TCR.

10188] The plurality of the T-cells of the population can further comprise a modification of an

endogenous sequence encoding Beta-2-Microglobulin (BZM), wherein the modification reduces
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or eliminates a level of expression or activity of a major histocompatibility complex (MHC)
class T (MHC-T). In some aspects, at least 5%, at least 10%, at least 15%, at least 20%, at least
25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least BO%, at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the population comprise
the moditication of the endogenous sequence encoding B2M, wherein the modification reduces
or eliminates a level of expression or activity of MHC-L

10159] The plurality of the T-cells of the population can further comprise a modification of an
endogenous sequence encoding a T-cell Receptor (TCR), wherein the modification reduces or
eliminates a level of expression or activity of the TCR and a modification of an endogenous
sequence encoding Beta-2-Microglobulin (B2M), wherein the modification reduces or eliminates
a level of expression or activity of a major histocompatibility complex (MHC) class I (MHC-I).
18160} In some aspects, at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at
least 30%, at least 35%, at least 40%, at least 45%, at least S0%, at least 55%, at least 60%, at
teast 65%, at least 70%, at least 75%, at least 80%, at least 83%, at least 0%, at least 95%, at
feast 96%, at least 97%, at least 98%, at least 99%, or 100% of the population comprise both
modification of the endogenous sequence encoding the TCR, wherein the modification reduces
or eliminates a level of expression or activity of the TCR and the modification of the endogenous
sequence encoding B2M, wherein the moditication reduces or eliminates a level of expression or
activity of MHC-L

0161} The plurality of the T-cells of the population can further comprise a non-naturally
occurring sequence comprising an HLA class [ histocompatibility antigen, alpha chain E (HLA-
E} polypeptide. In some aspects, at least 5%, at least 10%, at least 15%, at least 20%, at least
25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at feast 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the population comprise
the non-naturally occurring sequence comprising the HLA-E polypeptide.

10162} The plurality of the T-cells of the population can further comprise a non-naturally
occurting antigen receptor, a sequence encoding a therapeutic polypeptide, or a combination

thereof. In some aspects, at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at
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least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at
teast 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99%, or 100% of the population comprise the non-
naturally occurring antigen receptor, the sequence encoding a therapeutic polypeptide, or a
combination thereof. In preferred aspects, the non-naturally occurring antigen receptor is a
chimeric antigen receptor (CAR).

18163} The plurality of the T-cells of the population can comprise an early memory T cell, a
stem cell-like T cell, a stem memory T cell (Tsom), a central memory T cell (Towm) or a stem cell-
like T cell. In some aspects, one or more of a stern cell-like T cell, a stern cell memory T cell
{Tscm) and a central memory T cell (Tom) comprise at least 5%, at feast 10%, at least 15%, at
teast 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the
population of modified T-cells.

10164} Insome aspects, at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at
feast 30%, at least 35%, at least 40%, at feast 45%, at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99%, or 100% of the population comprising the
'SR expresses one or more cell-surface marker(s) of a stem memory T cell (Tscm) or a Tsom-
like cell; and wherein the one or more cell-surface marker(s) comprise CD45RA and CD62L.
18163} Insome aspects, at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at
least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at
least D96%, at least 97%, at least 98%, at least 99%, or 100% of the population expresses one or
more cell-surface marker(s) of a central memory T cell (Tem) or a Taw-like cell; and wherein the
one or more cell-surface marker(s) comprise CD45R0 and CD62L.

16166} In some aspects, at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at
least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at

teast 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at
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least 90%, at least 97%, at least 98%, at least 99%, or 100% of the population expresses one or
more of CD127, CD4SRO, CD95 and [L-2Rp cell-surface marker(s).

18167} The present disclosure provides compositions for use in the treatment of a disease or
disorder disclosed herein or the use of a composition for the treatruent of any disease or disorder
disclosed herein. The present disclosure also provides methods of treating a disease or disorder
comprising, consisting essential of, or consisting of administering to a subject in need thereof a
therapeutically-effective amount of a composition disclosed herein. The compositions can
comprise, consist essential of or consist of any of the modified cells or populations of modified
cells disclosed herein. Preferably, any of the modified T-cells or CAR T-cells disclosed herein.
10168} The present disclosure provides a method of producing a modified T-cell comprising,
consisting essential of, or consisting of, introducing into a primary human T-cell a composition
comprising a Chimeric Stimulator Receptor (CSR)} of the present disclosure or a sequence
encoding the same to produce a moditied T-cell under conditions that stably express the CSR
within the modified T-cell and preserve desirable stem-like properties of the modified T-cell.
The primary human T-cell can be a resting primary human T-cell. The present disclosure
provides a modified T-cell produced by the disclosed method. The present disclosure provides a
method of administering the modified T-cell comprising the stably expressed CSR produced by
the disclosed method. The present disclosure provides the method of administering the modified
T-cell comprising the stably expressed CSR produced by the disclosed method to treat a disease
or disorder.

18169} The present disclosure provides a method of producing a population of modified T-cells
comprising, consisting essential of, or consisting of, introducing into a plurality of primary
human T-cells a composition comprising a Chimeric Stimulator Receptor (CSR) of the present
disclosure or a sequence encoding the same to produce a plurality of modified T-cells under
conditions that stably express the USR within the plurality of modified T-cells and preserve
desirable stem-like properties of the plurality of modified T-cells. The primary human T-cells
can comprise resting primary human T-cells. The present disclosure provides a population of
moditied T-cells produced by the disclosed method. The present disclosure provides a method of
administering the population of modified T-cells comprising the stably expressed CSR produced

by the disclosed method. The present disclosure provides a method of administering the
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population of modified T-cells comprising the stably expressed CSR produced by the disclosed
method to treat a disease or disorder.
18176} The present disclosure provides a method of producing a modified T-cell comprising,
consisting essential of, or consisting of, introducing into a primary human T-cell a composition
comprising a Chimeric Stimulator Receptor (CSR) of the present disclosure or a sequence
encoding the same to produce a modified T-cell under conditions that transiently express the
>SR within the modified T-cell and preserve desirable stem-like properties of the modified T-
cell. The primary human T-cell can be a resting primary human T-cell. The present disclosure
provides a modified T-cell produced by the disclosed method. The present disclosure provides a
method of administering the modified T-cell comprising the transiently expressed CSR produced
by the disclosed method. In one aspect, the present disclosure provides a method of
administering the modified T-cell produced by the disclosed method after the modified T-cell no
longer expresses the CSR. The present disclosure provides a method of administering a
modified T-cell comprising the transiently expressed CSR produced by the disclosed method to
treat a disease or disorder. In one aspect, the present disclosure provides a method of
administering the modified T-cell produced by the disclosed method afier the modified T-cell no
longer expresses the CSR to treat a disease or disorder.
10171} The present disclosure provides a method of producing a population of modified T-cells
comprising, consisting essential of, or consisting of, introducing into a plurality of primary
hursan T-cells a composition coruprising a Chimeric Sumulator Receptor (CSR) of the present
disclosure or a sequence encoding the same to produce a plurality of modified T-cells under
conditions that transiently express the CSR within the plurality of moditied T-cells and preserve
desirable stem-like properties of the plurality of modified T-cells. The primary human T-cells
can comprise resting primary human T-cells. The present disclosure provides a population of
modified T-cell produced by the disclosed method. The present disclosure provides a method of
administering the population of modified T-cells comprising the transiently expressed CSR
produced by the disclosed method. In one aspect, the present disclosure provides a method of
administering the population of modified T-cells produced by the disclosed method after the
plurality of T-cells no fonger express the CSR. The present disclosure provides a method of

administering the population of modified T-cells comprising the transiently expressed CSR
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produced by the disclosed method to treat a disease or disorder. In one aspect, the present
disclosure provides a method of adruinistering the population of modified T-cells produced by
the disclosed method after the plurality of modified T-cells no longer express the CSR to treat a
disease or disorder.

16172} The method of producing a modified T-cell or producing a population of modified T-
cells can further comprise introducing a medification of an endogenous sequence encoding a T-
cell Receptor (TCR ), wherein the modification reduces or eliminates a level of expression or
activity of the TCR. The method of producing a modified T-cell or producing a population of
modified T-cells can further comprise introducing a modification of an endogenous sequence
encoding Beta-2-Microglobulin (B2M), wherein the modification reduces or eliminates a level of
expression or activity of a major histocompatibility complex (MHC) class [ (MHC-1). In some
aspects, the method of producing a modified T-cell or producing a population of modified T-
cells can further comprising introducing both a modification of an endogenous sequence
encoding TCR, wherein the modification reduces or eliminates a level of expression or activity
of the TCR and introducing a modification of an endogenous sequence encoding B2ZM, wherein
the modification reduces or eliminates a level of expression or activity of MHC-1.

18173} The method of producing a modified T-cell or producing a population of modified T-
cells can further comprise introducing 1nto the primary human T-cell or plurality of primary
human T cells a composition comprising an antigen receptor, a therapeutic protein or a sequence
encoding the same. In one aspect, the antigen receptor is a non-naturally occurring antigen
receptor. In a preferred aspect, the method of producing a medified T-cell or producing a
population of modified T-cells can further comprise introducing into the primary human T-cell
or plurality of primary human T cells a composition comprising a Chimeric Antigen Receptor
{(CAR) or a sequence encoding the same. The method can further comprise introducing into the
primary human T-cell or plurality of primary buman T cells a composition comprising an
inducible proapoptotic polypeptide or a sequence encoding the same. The method of producing a
modified T-cell or producing a population of modified T-cells can further comprise introducing
into the primary human T-cell or plurality of primary human T cells a composition comprising
an antigen receptor, a therapeutic protein or a sequence encoding the same and a composition

comprising an inducible proapoptotic polypeptide or a sequence encoding the same.
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{6174} The method of producing a modified T-cell or producing a population of modified T-
cells can further comprise contacting the modified T-cell or population of modified T-cells with
an activator composition. The activator composition can comprise, consist essential of| or
consist of one or more agonists or activating agents that can bind a CSR activation coraponent of
the modified T-cell or plurality of modified T-cells. The agonist/activating agent can be
naturally occurring or non-naturally occurring. In preferred aspects, the agonist/activating agent
ts an antibody or antibody fragment. The agonist/activating agent can be one or more of an anti-
CD3 antibody or fragment thereof, an anti-CD?2 antibody or fragment thereof, an anti-CD238
antibody or fragment thereof, or any combination thereof. In some aspects, the
agonist/activating agent that can be one or more of an anti-human CD3 monospecific tetrameric
antibody complex, an anti-human CD2 monospecific tetrameric antibody complex, an anti-
human CD28 monospecific tetrameric antibody complex, or a combination thereof. The
agonist/activating can contact the modified T-cell or population of modified T-cells in vitro, ex
vivo or in vivo., In a preferred aspect, the agonist/activating activates the moditied T-cell or
population of modified T-cells, induces cell division in the moditied T-cell or population of
modified T-cells, increases cell division (e.g., cell doubling time} in the modified T-cell or
population of modified T-cells, increases fold expansion in the modified T-cell or population of
modified T-cells, or any combination thereof.

{6175} The present disclosure provides a method of expanding a population of modified T-cells
comprising, consisting essential of, or consisting of, introducing into a plurality of primary
human T-cells a composition comprising a Chimeric Stimulator Receptor (CSR) of the present
disclosure or a sequence encoding the same to produce a plurality of moditied T-cells under
conditions that stably express the CSR within the plurality of modified T-cells and preserve
desirable stem-like properties of the plurality of moditied T-cells and contacting the cells with an
activator composition to produce a plurality of activated modified T-cells, wherein expansion of
the plurality of modified T-cells is at least two fold higher than the expansion of a plurality of
wild-type T-celis not stably expressing a CSR of the present disclosure under the same
conditions. The method wherein the expansion of the plurality of modified T-cells is at least

three fold, at least four fold, at least five fold, at least six fold, at least seven fold, at least eight
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fold, at least nine fold or at least 10 fold higher than the expansion of a plurality of wild-type T-
cells not stably expressing a CSR of the present disclosure under the same conditions.

18176} The present disclosure provides a method of expanding a population of modified T-cells
comprising, consisting essential of, or consisting of, wntroducing into a plurality of primary
human T-cells a composition comprising a Chimeric Stimulator Receptor (CSR) of the present
disclosure or a sequence encoding the same to produce a plurality of modified T-cells under
conditions that transiently express the CSR within the plurality of modified T-cells and preserve
desirable stem-like properties of the plurality of modified T-cells and contacting the cells with an
activator composition to produce a plurality of activated modified T-cells, wherein expansion of
the plurality of modified T-cells is at least two fold higher than the expansion of a plurality of
wild-type T-cells not transiently expressing a CSR of the present disclosure under the same
conditions. The method wherein the expansion of the plurality of moditied T-cells is at least
three fold, at least tour told, at least five fold, at least six fold, at least seven fold, at least eight
fold, at least nine fold or at least 10 fold higher than the expansion of a plurality of wild-type T-
cells not transiently expressing a CSR of the present disclosure under the same conditions.
18177} The activator composition of the methods of expanding a population of can comprise,
consist essential of, or consist of one or more agonists or activating agents that can bind a CSR
activation component of the modified T-cell or plurality of modified T-celis. The
agonist/activating agent can be naturally occurring or non-naturally cccurring. In preferred
aspects, the agonist/activating agent is an antibody or antibody fragment. The agonist/activating
agent can be one or more of an anti-CD3 antibody or fragment thereof, an anti-CD2 antibody or
fragment thereof, an anti-CD28 antibody or fragment thereof, or any combination thereof. In
some aspects, the agonist/activating agent that can be one or more of an anti-human CD3
monospecific tetrameric antibody complex, an anti-human CD2 monospecific tetrameric
antibody complex, an anti-human CD28 monospecific tetrameric antibody complex, or a
combination thereof.

10178] The conditions can comprise culturing the modified T-cell or plurality of modified T-
cells in a media comprising a sterol; an alkane; phosphorus and one or more of an octanoic acid,
a palmitic acid, a linoleic acid, and an oleic acid. The culturing can be in vivo or ex vivo. The

modified T-cell can be an allogeneic T-cell or the plurality of modified T-cells can be allogenetc
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T-cells. The modified T-cell can be an autologous T-cell or the plurality of modified T-cells can
be autologous T-cells,

18179} In some aspects, the media can comprise one or more of octancic acid at a concentration
of between 0.9 mg/kg to 90 mg/kg, inclusive of the endpoints; palmitic acid at a concentration of
between (.2 mg/kg to 20 mg/kg, inclusive of the endpoints; linoleic acid at a concentration of
between 0.2 mg/kg to 20 mg/kg, inclusive of the endpoints; oleic acid at a concentration of 0.2
mg/kg to 20 mg/kg, inchusive of the endpoints, and a sterol at a concentration of about 0.1 mg/kg
to 10 mg/kg, inclusive of the endpoints.

10180] In some aspects, the media can comprise one or more of octanoic acid at a concentration
of about 9 mg/kg, palmitic acid at a concentration of about 2 mg/kg, linoleic acid ata
concentration of about 2 mg/kg, oleic acid at a concentration of about 2 mg/kg and a sterol at a
concentration of about 1 mg/kg.

10181} In some aspects, the media can comprise one or more of octaneic acid at a concentration
of between 6.4 pmol/kg and 040 pmol/kg, inclusive of the endpoints; palmitic acid at a
concentration of between 0.7 umol/kg and 70 pmol/kg, inclusive of the endpoints; linoleic acid
at a concentration of between 0.75 umol/kg and 75 pmol/kg, inclusive of the endpoints; oleic
acid at a concentration of between 0.75 umol/kg and 75 pmol/kg, inclusive of the endpoints; and
a sterol at a concentration of between 0.25 pmol/kg and 25 pmol/kg, inclusive of the endpoints.
(6182} In some aspects, the media can comprise one or more of octanoic acid at a concentration
of about 64 umol/kg, palmitic acid at a concentration of about 7 umol/kg, linoleic acid at a
concentration of about 7.5 umol/kg, oleic acid at a concentration of about 7.5 umol/kg and a
sterol at a concentration of about 2.5 umol/kg.

[6183] The present disclosure provides composttions comprising any modified T-cell produced
by a method dislosed herein. The present disclosure provides compositions comprising any
population of modified T-cell produced by a method disiosed herein. The present disclosure
provides compositions comprising any modified T-cell expanded by a method dislosed herein.
The present disclosure provides compositions comprising any population of modified T-cell
expanded by a method dislosed herein.

10184] The present disclosure provides compositions for use in the treatment of a disease or

disorder disclosed herein or the use of a composition for the treatment of any disease or disorder
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disclosed herein. The present disclosure also provides methods of treating a disease or disorder
comprising, consisting essential of, or consisting of administering to a subject in need thereof a
therapeutically-effective amount of a composition disclosed herein and at least one non-naturally
occurring molecule which binds to the activation component of a CSR disclosed herein. The
compositions can comprise, consist essential of or consist of any of the modified cells or
populations of modified cells disclosed herein. Preferably, any of the modified T-cells or CAR
T-cells disclosed herein. Any non-naturally occurring molecule capable of binding to the
activation component of the CSR of the present disclosure and selectively transducing a signal
upon binding can be administered. Preferably, the non-naturally occurring molecule 15 an noo-
naturally CSR agonist/activating agent for the activation component. The non-naturally
occurting agonist/activating agent that can bind a CSR activation component can be any non-
naturally occurring antibody or antibody fragment. The non-naturally occurring antibody or
antibody fragment can be a non-naturally occurring anti-CD¥3 antibody or fragment thereof, an
anti~-CD2 antibody or fragment thereof, an anti-CD28 antibody or fragment thereof, or any
combination thereof. In some aspects, the non-naturally occurring agonist/activating agent that
can bind a CSR activation component can be one or more of an anti-human CD3 monospecific
tetrameric antibody complex, an anti-human CD2 monospecific tetrameric antibody complex, an
anti-human CD28 monospecitic tetrameric antibody complex, or a combination thereof. In some
aspects, the non-naturally occurring agonist/activating agent that can bind an activation
component can be selected from the group consisting of anti-CD2 monoclonal antibody, BTI-
322 (Przepiorka et al,, Blood 92(11):4006-4071, 1998) and humanized anti-CD2 monoclonal
antibody clone AFC-TAB-104 (Siplizumab }Bissonnette et al. Arch. Dermatol. Res. 301{6):429-
442, 2009). In some aspects, administration of non-naturally occurring molecule capable of
binding to the activation component of the CSR stimulates cell division of the modified cells in
vivo., Thus, the present disclosure provides a method of stimulating cell division of a modified
cell of the present disclosure in vivo by administering a non-naturally CSR agonist/activating
agent for the activation component to a subject harboring the rooditied cell of the present
disclosure.

IB1853] Insome aspects, the disease or disorder is a cell proliferation disease or disorder. In

some aspects, the cell proliferation disease or disorder ts cancer. The cancer can be a solid
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tumor cancer or a hematologic cancer. In some aspects, the solid tumor is prostate cancer or
breast cancer. In preferred aspects, the prostate cancer 13 castrate-resistant prostate cancer. In
some aspects, the hematologic cancer is multiple myeloma.

[0186] The modified cells or population of modified cells comprised within the disclosed
compositions can be cultured in vitro or ex vivo prior fo administration to a subject in need
thereof. The modified cells can be allogenic modified cells or autologous modified cells. In
some aspects, the cells are allogeneic modified T-cells or autologous moditied T-celis. In some
aspects, the cells are allogeneic modified CAR T-cells or autologous modified CAR T-cells. In
some aspects, the cells are allogeneic modified CAR T-cells comprising a CSR of the present
disclosure or autologous modified CAR T-cells comprising a CSR of the present disclosure.
10187} The modified cell compositions or the compositions comprising populations of
modified cells can be administered to the patient by any means known in the art. In some
aspects, the composition 1s administered by systemic administration. In some aspects, the
composition is administered by intravenous administration. The intravenous administration can
be in an intravenous injection or an intravenous infusion. In some aspects, the composition is
administered by local administration. In some aspects, the composition is administered by an
intraspinal, intracerebroventricular, intraccular or intraosseous injection or infusion.

16188} The therapeutically effective amount can be a single dose or multiple doses of modified
cell compositions or the compaositions comprising populations of modified cells. In some
aspects, the therapeutically etfective dose is a single dose and wherein the allogeneic cells of the
composition engraft and/or persist for a sufficient time to treat the disease or disorder. In some
aspects, the single dose is one of atleast 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, 100 or any number of doses in between that are manufactured simultanecusly
(0189} Insome aspects, the uses and methods for the treatment of a disease or disorder further
provide that subjects do not develop graft v host (GvH) disease, host v graft (Hv(G) disease, or a
combination thereof, following administration of modified cell compositions disclosed herein or
the compositions comprising populations of modified cells disclosed herein.

16190} Allogeneic cells of the disclosure are engineered to prevent adverse reactions to

engrattment following administration to a subject. Allogeneic cells may be any type of cell.
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(6191} In some embodiments of the composition and methods of the disclosure, allogeneic
cells are stern cells. In some embodiments, allogeneic cells are derived from stem cells.
Exemplary stem cells include, but are not limited to, embryonic stem cells, adult stem cells,
induced pluripotent stem cells (PSCs), multipotent stern cells, pluripotent stern cells, and
hematopoetic stem cells (HSCs).

(0192} Insome embodiments of the composition and methods of the disclosure, allogeneic
cells are differentiated somatic cells.

180193} In some embodiments of the composition and methods of the disclosure, allogeneic
cells are immune cells. In some embodiments, alfogeneic cells are T lymphocytes (T cells). In
some embodiments, allogeneic cells are T cells that do not express one or more components of a
naturally-occurring T-cell Receptor (TCR). In some embeodiments, allogeneic cells are T cells
that express a non-naturally occurring antigen receptor. Alternatively, or in addition, in some
embodiments, allogeneic cells are T cells that express a non-naturally occurring Chimeric
Stimulatory Receptor {C8R). In some embodiments, the non-naturally occurring CSR comprises
or consists of a switch receptor. In some embodiments, the switch receptor comprises an
extracellular domain, a transmembrane domain, and an intracellular domain. In some
embodiments, the extracellular domain of the switch receptor binds to a TCR co-stimulatory
molecule and transduces a signal to the intracellular space of the allogeneic cell that recapitulates
TCR signaling or TCR co-stimulatory signaling.

Chimeric Stimulatory Receptors (C3Rs)

18194} Adoptive cell compositions that are “universally” safe for administration to any patient
requires a significant reduction or elimination of alloreactivity.

16195} Towards this end, allogeneic cells of the disclosure are modified to interrupt expression
or function of a T-cell Receptor (TCR) and/or a class of Major Histocompatibility Complex
{MHC). The TCR mediates graft vs host {GvH) reactions whereas the MHC mediates host vs
graft (Hv(G) reactions. In preferred embodiments, any expression and/or function of the TCR is
eliminated in allogeneic cells of the disclosure to prevent T-cell mediated GvH that could cause
death to the subject. Thus, in particularly preferred embodiments, the disclosure provides a pure
TCR-negative allogeneic T-cell composition (e.g. each cell of the composition expresses at a

fevel so low as to either be undetectable or non-existent}.
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[0196] In preferred embodiments, expression and/or function of MHC class [ (MHC-L,
specifically, HLA-A, HLA-B, and HLA-C) 1s reduced or elirninated in allogeneic cells of the
disclosure to prevent HvG and, consequently, to improve engraftment of allogeneic cells of the
disclosure in a subject. Improved engraftment of the allogeneic cells of the disclosure results in
longer persistence of the cells, and, therefore, a larger therapeutic window for the subject.
Specifically, in the allogeneic cells of the disclosure, expression and/or function of a structural
element of MHC-], Beta-2-Microglobulin (B2ZM}, 1s reduced or eliminated in allogeneic cells of
the disclosure.

(0197}

e above strategies for generating an allogeneic cell of the disclosure induce further
challenges. T Cell Receptor (TCR} knockout (KO) in T cells results in loss of expression of
CD3-zeta (CD3z or CD3(), which is part of the TCR complex. The loss of CD3( in TCR-KO T-
celis dramatically reduces the ability of optimally activating and expanding these cells using
standard stimulation/activation reagents, including, but not linuted to, agonist anti-CD3 mAb.
When the expression or function of any one component of the TCR complex is interrupted, all
components of the complex are lost, including TCR-alpha (TCRa), TCR-beta (TCRB), CD3-
gamma (CD3y), CD3-epsilon (CD3g), CD3-delta (C3338), and CD3-zeta (CD3(). Both CD3¢ and
CD3( are required for T cell activation and expansion. Agonist anti-CD3 mAbs typically
recognize CD3e and possibly another protein within the complex which, 1o turn, signals to
CD3C. CD3( provides the primary stimulus for T cell activation (along with a secondary co-
stimulatory signal) for optimal activation and expansion. Under normal conditions, full T-cell
activation depends on the engagement of the TCR in conjunction with a second signal mediated
by one or more co-stimulatory receptors (e.g. CD28, CD2, 4-1BBL, etc.. .} that boost the
immune response. However, when the TCR is not present, T cell expansion is severely reduced
when stimulated using standard activation/stimulation reagents, including agonist anti-CD3
mAb. In fact, T cell expansion is reduced to only 20-40% of the normal level of expansion when
stimulated using standard activation/stimulation reagents, including agonist anti-CD3 mAb.
10198] The disclosure provides a Chirneric Stimulatory Receptor (CSR) to deliver CD3z
primary stimulation to allogeneic T cells in the absence of an endogenous TCR (and,
consequently, an endogenous CD3() when stimmulated using standard activation/stimulation

reagents, including agonist anti-CD3 mAb.

[
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(6199} Inthe absence of an endogenous TCR, Chimeric Stimulatory Receptors (CSRs) of the
disclosure provide a CD3( stimulus to enhance activation and expansion of allogeneic T cells. In
other words, i the absence of an endogenous TCR, Chimeric Stimulatory Receptors (CSRs) of
the disclosure rescue the allogeneic cell from an activation-based disadvantage when compared
to non-atlogeneic T-cells that express an endogenous TCR. In some embodiments, CSRs of the
disclosure comprise an agonist mAb epitope extracellularly and a CD3( stimulatory domain
intracellularly and, functionally, convert an anti-CD28 or anti-CD2 binding event on the surface
into a CD3z signaling event in an allogeneic T cell modified to express the CSR. In some
embodiments, a CSR comprises a wild type CD28 or CD2 protein and a CD3z intracellular
stimulation domain, to produce CD28z CSR and CD2z CSR, respectively. In preferred
embodiments, CD28z CSR and/or CD2z CSR further express a non-naturally occurring antigen
receptor and/or a therapeutic protein. In preferred embodiments, the non-naturally occurring
antigen receptor comprises a Chimeric Antigen Receptor.

10200] The data provided herein demonstrate that modified allogeneic T cells of the disclosure
comprising/expressing a CSR of the disclosure improve or rescue, the expansion of allogeneic T
cells that no longer express endogencus TCR when compared to those cells that do not
comprise/express a CSR of the disclosure.

10201] A wildtype/natural human CD28 protein (NCBIL CD28 HUMAN; UniProt/Swiss-Prot:
P10747.1) comprises or consists of the amino acid sequence of

LLLATNLEPSIQVTGNKILVKOSPMLVAYDNAVNLSCRKY SYNLEFSREFRASLHKGLDSAVE
VCVVYGNYSQQLOV *’S‘\’l‘(;f NC‘D("” GNESVTEFYLONLYVNQTDIYFCRIEVMYPPPYLDNEKS
NGTIIHVKGKHLCPSPLEPGPSKEPFWVLVVVGGVLACY SLLVTIVAFT TFWVRSKRERLLHSDYM
NMTPRRPGPTRKHYQPYAPPRDFAAYRS (SEQ ID NO: 17086)

10202] A nucleotide sequence encoding wildtype/natural CD28 protein (NCBL CCDS2361 1)
comprises or consists of the nucleotide sequence of’

ATGCTCAGGCTGCTCTTGGCTCTCAACTTATTCCCTTCAAT T "AA{”—TPJ{CACGZ\MKC7\7‘xCAT rT
TCGTGAAGCAGTCGCCCATGCTTGTAGCGTACGACAATGCGGTCAACCTTAGCTGCAAGTATTC
CTACARATCTCTTCTCAAGGGAGTTCCGGECATCCCTTCACAAAGGACTGGATAGTGCTGTGGAA

GTCTETETTGTATATGCGAATTACTCCCAGCAGCTTCAGGTTTACTCARAAACGGGETTCAACT
GTGATGGGARARTTGGGCAR XT\JA \TCAG uﬁ”‘“mT”‘TAC ”‘TC AGAARTTTGTATGTTAACCARAC
AGATATTTACTTCTGCAARMATTGAAGTTATGTATCCTCC C ' TACCTAGACAATGAGAAGAGC
ARTGGANCCATTATCCATGTGARAGGCGAAACACCTTTGT! “”AA{“—TCCCC 'ATTTCCCGGACCTT
CTAAGCCCTTTTGGETGCTGETGETGETTGETGGAGTCCTGGCTTGCTATAGCTTGCTAGTAAC
AGTGGCCTTTATTATTTTCTGGGTGAGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACATG
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T3 T T (T (8 gt S 1 P N (o P N S 0 P S Ty £ (8 AT TACCAGCCCTATGCCCCACCACGE
AACATGACTCCCCGCCGECCCCGGGCCCACCCGCAAGCATTACCAGCCCTATGCCCCACCALCGLG
MitideleerNelelel dalatalidalalil 7 T 4770 bR
ACTTCGCAGCCTATCGCTCCTGA {SEQ ID NO: 17027)

10203] An exemplary CSR CD28z protein of the disclosure comprises or consists of the amino

acid sequence of (CD28 Signal peptide, (28 Extracellular Domain, CD28 Transmembrane

domain, CN28 Cytoplasmic Domain, CD3z Intracellular Domain):
MLRLLIAINLEPSIQVIGNKILVKQOS FM

R 9
VCVVYGNYSQOQLOVYS KT??NCUUTTﬁTESVTFY*ﬂNLYTNF”
NGTITHVKGKHLCPSPLEPGI
NMTPRRPGPTRKHYQPYAPPRDFAAYRS?VK“ RSADAPAYKOGON o
KREGRDPEMGGKPRRKNPOEGLYNELOKDKMAEAYSEIGMKGERRRGKG HDGL “CL TATKDT
YDALHMQALPPR (SEQ ID NO: 17060)

CI28 Signal peptide:
[LRLLLATINLEPSIQVTG (SEQ ID NO: 17093)

l--)

(D28 Ixiracellulor Domain:
NEKILVEQSPMLVAYDNAVNLSCKYSYNLESREFRASLHKGLDSAVEVCVVYGNYSQQOLOVY
GFNCDGKLGNESVTEYLONLYVNQTDIYFCKIEVMYPP PYLD}\E"”}\C TIHVKGKHLCPSPLY
PGPSKP (SEQ ID NO: 17099)

CID28 Transmembrane domain:
FWVLVVVGGVLACYSLLVTVAFIIFWY (SEQ ID NO: 17

|_..l
o
o
!

CD28 Cytoplasmic Domain:
RSKRZRLLHSDYMNMTPRRPGPTRRKHYQPYAPPRDFAAYRS (SEQ ID NO:

[
~d
-
()
[

CD3z Intracellular Domain:
RVI‘TFSP3/—xL,APZ\VK\gZQT\TQI.YT\TAMNLGR' LEYDVLDKRRGRDPEMGGKPRRENPOEGLYNELQOK
DRMAEAYS KGERRRGKGHDGLYOGLSTATKDTYDALHMOALPPR {(SEQ ID NO:

[
-J
font
(&)
N

10284} An exemplary nucleotide sequence encoding a CSR CD28z protein of the disclosure
comprises or consists of the nucleotide sequence of (CD28 Signal peptide, CD28 Extracellular

Domain, (28 Transmembrane domain, (D28 Cytoplasmic Domain, CD3z Intracellular

Domain):

ATGCTGAGACTCGCTGCTGGCCOTGAATCTGTTCCCCAGCATCCAAGTGACCGGCAACAAGATCC

TGGTCAAGCAGAGCCCTATGCTGGTGGCCTACGACAACGCCGTGAACCTGAGCTGCAAGTACAG
A

~

Fatici ~ lalalilslinral
CTACAACCTGTTCAGCAGAG

T e et R o et T s 1 S T .
AGTTCOGGGECCAGCCTGCACAAAGGACTGGATTCTGECTGTGEAA
T S ST PN R N S TR YR TN T TN L T N e SR N N T N R A T
GTGIGCCGTGETGCTACGGCAACTACAGCCAGCAGCTGCAGGTCTACAGCAAGACCGGCTTCAACT

g e TR I N T B NI N R NS R R R NN TS TR TS AR NN A £ R (Y
GCGACGGCAAGCTGGGCAATGAGAGCGTGACCTTICTACCTGC AAA\A'\/ TGTACGTGAACCAGAC

A T R R T N N A T 7N T TR, N S T A A R T R 1
CGACATCTATTTCTGCAAGATCGAAGTGATGTACCCGCCTCCTTACCTGGACAACGAGAAGTC
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Iaralaral Nl Wil s la Vel Wa Vet leleled: -t / T YT T T T wf\rwrr NITI TN T NI "lr7'//-«/~ YT I Y T
AACGGCACCATCATCCACGTGAAGGGCAAGCACCTGE (—u( CTCCACTG CCCGGACCTA
o T T CTGGGTGC TG T TG T TOTTGGCGGCGTGCTGGCCTGT A T T A (Y
GL CAAGCCTTTCTGGGETGCTCETTGTTGETT Cm&,\,; CGTGCTGGCCTGTTATAGCCTGC lub TTAC

AGTGGCCTTCATCAT C TTTTGEGE 'l C CGAAGCAAGCGGAGCCGGCTGCTGCACAGCGACTACATG
AACATGACCCCTAGACGGCCCGGACCAACCAGAAAGCACTACCAGCCTTACGCTCCTCCTAGAG
ACTTCGCCGCCTACCGGTCCAGAGTGAAGTTCTCCAGATCCGCCGATSCTCCCGCCT, ATT‘AGCA

GGGCC 1—x7‘xCC7\GCTf C7-\7‘x(;GZ\GCm SAACCTGGGGAGAAGAGAAGAGTACGATGTGCTG AC

AAGCGGAGAGGCAGAGH CCT(A TGGGCEGCAAGCCCAGACGGAAGAATCCTCAAGAGGGCC
TGTACAATG AACT’?Q \;AAE\ ACAIGC’JCGAJ CCCTACAGCGAGATCGGAATGAA GGCC;J
GCGCAGAAGAGGCAAGGGA ACGAT GGACTGTACCAGGGCCTGAGCACCGUCACCAAGGATALCC
TATGATG C”‘”T CACATGCAGGCCCTGCCTCCAAGA (SEQ ID NO: 17061)

D28 Signal peptide:
ATGCTGAGACTGCTGCTGGCCCTGAATCTGTTCCCCAGCATCCAAGTGACCGGEE  (SEQ
NCO: 17103)

[l
-

(D28 Ixiracellulor Domain:

ABACAAGATCCTGCGETCAAGC? G?—\g CCTATGCTGEETGGECCTACGACAACGCCGETGAACCTGEAGCT
GCAAGTACAGCTACAZ CC= TTCAGCAGAGAGTTC uGGCCZ\G (CTGCACAAAGGACTGGATTC
TCECTGTGGAAGTGTGCETGGETGTACGGCAACTACAGCCAGCAGCTGCAGSTCTACAGCAAGALC

T
1
GCCTTCAACTGCCGACGGCAAGCTGECECAATGAGAGCEGTGACCTTCTACCTGCAAAACCTGTACG

Tc
TCGAACCAGACCGACATCTATTTCTGCAAGATCGAAGTGATGTACCCGCCTCCTTACCTGGACAA
CGAGA G” ’JCA. GGC CCATCATCCACGTGAAGGGCAAGCACCTGTGTCCTTCTCCACTGTTC

CCCGGA AGCAAGCCT (SEQ ID NO: 17104)

CD28 Transmembrane domain:

TTCTGGGTGCTCGTTGTTGTTGGCGGLGTGUTGGCCTGTTATAGCCTGCTGGTTACAGTGGCOT
TCATCATCTTITGGGTC (SEQ ID NO: 171005)

CD28 Cytoplasmic Domain:

CGAAGCAAGCGGAGCCGGLCTGCTGCACAGCGALCT TGARACATGACCC iT?—\gA M;C CCGGAC
CAACC \GAAAGCACTACCAGCCTTACGCTCCTC iT?—\gP\GT—\C T?G CGCCTACCGGTCC

SEQ ID NO: 17106)

CD3z Intracetlular Domain:

AGZ—‘&GTGZ—&AGTTCT CCAGATCCGCCGATGCTCCCGCCTATAMGCAGGGCCAGAACCAGCTGTACA
ACGAG ACCTGGEGEAGAAGAGANGA TAC””‘J“ sTGCTGGACE Z\GCGGAGAGG AGAGATC
TGAG Af sGCGGCAAGCC \,A(l'\ CGGAAGAATCCTCAAGAGGGCCTGTACAATGAACTGCAGAAA

NG
o elelerNelelol ot GOGAGATCCCARATE GOGCCAGCGC e
GACAAGATGCCCCAGGCCTACAGCGAGAT CGGAATGAAGGGCGAGCGCA C*Px. AGAGGCAAGH JC*P&,
o o v GO ACCACCGOCACCAAGGATACCTATE GCCCTEO) TGOR
A CGATGGACTG IAC CAGGGC 1 2~ (, ACCGCCACCAAGGA CCTATGATGCC C, CACATGC

GGCCCTGCCTCCAAGA (SEQ ID NC: 17107)

102057 A wildtype/natural human CD2 protein (NCBI: CD2 HUMAN; UniProt/Swiss-Prot:

P06729.2) comprises or consists of the amino acid sequence of:
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MSPPCKEVASTLLIFNVSSKGAVSKEITNALETWGALGODINLDIPSFOMSDDIDDIKWERTSD
VKKIAQFRVFKF"*'.T_“KF‘VD"’Y‘{ JFRNGTLRKIKHLETDDOQDIVEVS IYDTRGKNVLEKIFDLKIQE
RVSKPKISWTCINTTLTCEVMNGTDPELNLYODGKHLKLSQRVITHRKWI TS LSAKFKCTAGNKY
SKESSVEPVSCPEKGLDIYLITGICGGGSLIMVEVALLVEY ITKREKORSRRNDEELETRAHRY
ATEERGRKPHOQIPASTPONPATSQHPPPPPG H:'\SQ“PQHRPVP"’“H'{\/”H”'V‘K'{“PAP“’“Tg\/
HOQKGPPLPRPRVOPKPPHGAAENSLSPSSN (SEQ ID NO: 17108)

182867 A nuclectide sequence encoding wildtype/natural CD2 protein (NCBE CCIDS889.1)
mmprises or consists of the nucleotide sequence of’

TGAGCTTTCCATGTARATTTGTAGCCAGCTTCC TGATTTTCAATGTTTCTTCCARAGGTG
CA TCTCCARRGAGATTACGAATGCCTTGGAR 7&6 "“Cuf”—TC”“m '‘GGGTCAGGACATCAACTT
GGACATTCCTAGTTTTCARATGAGTGATGATATTGACGATATAAAATGGCGARAAANNCTTCAGAC
ARGAARANAGATTGCACAATTCAGAARANGAGARAGAGACTTTCAAGGAAARANGATACATATAAGC
T A’T' TTARAARATGGARCTCTGAARATTAAGCATCTCAAGACCGATGATCAGGATATCTACAAGET

ATCAATATATGATACAAAAGGAAAARAATGTGTTGGAARAAATATTTGATTTGAAGATTCAAGAG
AK;UCT?T AAAACCAARGATCTCCT EGP\”’T 'GTATCAACACAACCCTGACCTGTGAGETARATGA
ATGGAACTGACCCCGARTTAMACCTGTATCAAGATGGGAANCATCTAAMACTTTCTCAGAGGGT
CATCACACACAAGTGGACCACCAGC CTGA{”—TCCZ\T@J&T CAAGTGCACAGCAGGGAACARAGTC
AGCAAGGAATCCAGTGTCGAGCCTGTCAGCTGTCCAGAGAAAGGTCTGGACATCTATCTCATCA
TTGGCATATCTGGAGCGAGGCAGCCTCTTGATGGTCTTITGTGGCACT (3(,’1'(2(" TTTCTATATCAC

CARARAGGARARARCAGAGGAGTCGCAGARATGATGAGGAGCTGGAGACAAGAGCCCACAGAGTA

GCTACTGARGRARGGGGCCGEARGCCCCACCARATTCCAGT ””AP\CCC TCAGAATCCAGCAA
CTTCCCAACATCCT CCT CACCACCTGGTCATCGTTCCCAGGCACCTAGTCATCGTCCCCCGLT
=CCT'\JGALACC(—= TTCAGCACCAGCCTCAGAAGAGGCCTCCTGCTCCGTCGGGCACACAAGTT

RO T NS N S NS 4 N N (4T el lile s ANCCTCCCCATCCEGECAG
CACCAGCAGAAAGGCCCGLCCCCTICC ,pn(Jr&p{;* CGAG -{:A[\‘( CCAAMAACCTCCCCATGGEGEGECAG

CAGAAAACTCATTGTCCCCTTCCTCTAATTAA (SEQ ID NO: 17109)

102067} An exemplary CSR CD2z protein of the disclosure comprises or consists of the amino

actd sequence of (D2 Signal peptide, CD2 Extracellular Domain, CD2 Transmembrane

domain, {D2 Cytoplasmic Domain, CD3z Intracellular Domain):

MSFPCKEVASFLLIFNVSSKGAVSKEITNALETWGALGQDINLD T PSFOMSDDIDDIKWERKTSD

KKRTAQFRRKEKETFRERKDTYKLFKNGTLRIKHLKTDDGDIYRVSIYDTRKGEKNVLEKTFDLKIQE

RVSKPRISWTCINTTLTCEVMNGTDPELNLYODGRKHLKLSQRVITHRWTTSLSAKFKCTAGNKY
SVEPVSCPERGLDIYLITGICGGGSLIMVEVALIVEYT

c
-3

SKESSVEFPV, KREKQRERRNDEELETRAHRY
ATEERGREKPHQIPASTPONPATSQHPPPPPGHRSE QAP&HRPPPPGHR VQHOPQRRPPAPSGTQV
HOQKGPPLPRPRVOPKPPHGAAENSLSPESNRVKE SREADAPAYROQGONQLYNELNLGRREEYD
VLDKRRGRDPEMGGKFPRREKNPOEGLYNELOKDEKMAEAY SEIGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMQALPPR (SEQ ID NO: 17062)

Y
(]
—

D2 Signal peptide. MSFPCKFVASFLLIFNVSSKGAVS (3SEQ ID NOC: 1711
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CD2 Extracellulor Domain:

KEITNALETWGALGODINLDIPSFOMSDDIDD IKWEKTSDEKERKIAQFRKERETFRKEKDTYKLEK
NGTLKIKHLETDDODIYREVS IYDTKGENVLEKIFDLKIQERYVSKPKISWTCINTTLTCEVMNGT
i INLYODGKHLKLSORVITHRKWT TS LSARFKCTAGNRKVSKESSVEPVSCPERGLD (SEQ

NO: 17111)

T

CD2 Transmembrane domain: IYLTICICGEGSLIMVEVALLVEYIT (SEQ ID NO:
17112

CH2 Cytoplasmic Domain:

KREKQRSRRNDEELETRAHRVATEERGREK ?H TDASTPQNP&TSQHP#P "PGEHRSQAPSHRPPP
PGHRVQHQPOKRPPAPSGTOVHOOKGPPLPRPRVOPKPPHGAAENSLSPSSN (SEQ ID NO:
171133

'/

CD3z Intracellular Domain:
RVKEFSREADAPAYKOGONOLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRENPOREGLYNELOK
DKMAFAYSEICMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR (SEQ Ib NGO
17102

10208} The present disclosure provides a non-naturally occurring CSR CDZ protein
comprising, consisting essential of, or consisting of an amino acid sequence at least 80%, at least
85%, at least 90%, at least 91%, at least 92%, at least 93%%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% 1identical to SEQ ID NO:17062. The
present disclosure provides a CD2 signal peptide comprising, consisting essential of, or
consisting of an amino acid sequence at feast 80%, at least 83%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%,

least 99% or 100% 1dentical to SEQ D NO:17110. The present disclosure provides a CD2
extracetlular domain comprising, consisting essential of, or consisting of an amino acid sequence
at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
feast 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to SEQ ID
NO:17111. The present disclosure provides a CD2 transmembrande domain comprising,
consisting essential of, or consisting of an amino acid sequence at least 80%, at least 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
teast 97%, at least 98%, at least 99% or 100% identical to SEQ D NO:17112. The present
disclosure provides a CD2 cytoplasmic domain comprising, consisting essential of, or consisting
of an amino acid sequence at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at

least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
68
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100% 1identical to SEQ ID NO:17113. The present disclosure provides a CD3z intracellular
domain comprising, consisting essential of, or consisting of an amino acid sequence at least
80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to SEQ 1D

NO: 17102

10209] An exerplary nucleotide sequence encoding a CSR CD2z protein of the disclosure
comprises ot consists of the amino acid sequence of (CD2 Nignal peptide, CD2 Fxnracellilar

Diomain, CD2 Transmembrane domain, UD2 Cytoplasmic Domain, CD3z Intracellular Domain):

ATGAGCTTCCCTTCGCAAGTTCCTGGCCAGCTTCCTGCTGATCTTCAACGTETCCTCTAAGGGCG
CCGTGTCCAAAGﬁGATCACAAACF”CCTCUH ACCTCUUFAJLC”“ﬂF”CCACUH“ATTAACCT

GACATCCCCAGCTTCCAGATGAGCGACGACATCGATGACATC, AAAACCAGCGAC
ZL/NA V\GAAGATCGCCCAGTTCCLGGAAAGAGAAAGAGACATT 371( ACCTACAAG

iediilel NalIay - Valalaluny: ek ~ N R N A 7 COGACGACT ok Yot ety Arl ~ 77
GITCAAGAACGGCACCCTIGAAGATCAAGCACCTGARARACCGACGACCAGGACAT CTATAAGG]

N
]

G’I’C CATCTACGACACCAAGGGCAAGAACGTGCT CJf”AA..A(?fATC.’Z’?" CGACCTCAAGATCCAAGAG
CGGGTGTCCAAGCCTAAGA C’TJGA““C I JCATC’F\ACAC ACA CTG/Z\ CCTG Gh A GTGF\ TGA
AC.‘GGCA"/" CAC’C’ CGAGC ' ACC CGT
SATCACC TGGAC! T GTG
TCTAAL G!L,_/ CC‘ GCGTCGAGCCCGTETCT ’quv CIGAAAAAGGACTGGACATCTACCTGATCA

TCGGUATCTGTGGCGGUGGAAGCCTGCTGATGGTGTTITGTGGCTOTGCTGGTGTTCTACATCAC
CAAGCGGAAGAAGCAGCGGAGLAGACGGAACGACGAGGAACTGGARACACGGGCCCATAGAGTG
GUCACCGAGGAAAGAGGUAGARAGCCCCACCAGATTCCAGCCAGCACACCCCAGRAATCCTGCCA
COTCTCAACACCCTCCACCTCCACCTGGACACAGATCTCAGGCCCCATCTCACAGACTTCCACC
ACCTGETCATCGCETGCAGCACCAGCCTCAGARRAGACCTCCTGCTCCTAGCGGCACACAGETG
CACCAGGAAAAAGGACCTCCACTGCCTCGGCCTAGAGTGCAGCCEAAACCTCCTGATGGCGCCG
CTGAGAACAGCCTGTCTCCAAGCAGCAACAGAGTGAAGTTCAGCCGCAGCGCCGATGCTCCTGE

CTATAAGCAGGGACAGAACCAGUTGTACAACGAGTTGART TG OGC”GcrﬁAUAAGACTACCAI
GTGCTGGACARGCGE! GAgC”“gﬁGAmC“ 'GAGATGGGCGECAAGCCCAGACGGAAGAATCCTC

AAGAGGGCCTGTATAATGAGCTGCAGARAGACAAGAT GGCCGAGGCCTACAGCGAGATCGGAAT
GAAGGGCGAGCGCAGANGAGGCAAGGGACACGATGCGACTGTATCAGGGCCTGAGCACCGCCACC

AANGGATACCTATGATGCCCTGCACATGCAGGCCCTGCCTCCAAGA {SEQ ID NO: 17063)

(‘BZ ‘%i@nai peptide‘
TGAGCTTCCCTTGCAAGTTCGTGGCCAGCTTCCTGCTGATCTTCARCGTGTCCTCTARGGGCG

uTu“bu (SEQ ID NO: l/1i4)

CD2 Extracelfuiar Domain:
AAAGAGATCACAARNCGCCCTGGAARCCTGGGGAGCCCTCGECCAGGATATTAACCTGEGGACATC
CCAGCTTCCAGATGAGCGACGACATCGATGACATCAAGTGGGAGARAACCAGCGACAAGAAMGAA
GATCGCCCAGTTCCGGAAAGAGAAAGAGACATTCAAAGAGAAGGACACCTACAAGCTGTTCAAG
AACGGCACCCTGAAGATCAAGCACCTGAAAACCCGACCGACCAGGAC D\”C’T'P\”AAGG” 'GTCCATCT
ACGACACCAAGGE \,PA AACGTGCTGGAAAAGATCTTCGACCTCAAGATCCAAGAGCGGGTGRTC
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CA NN ATCAGCTGGL elor Guer Y-YoF N Vet SN e g ~ T Y leTay Vay:
AAGCCTAAGATCAGCTGGACCTGCATCAACACCACACTGACCTGCGAAGTGATGAACGGCACA

INelalale TR A T TR D A T S Nelal CTGAGCCAGCGCGTCATCACCC
GACCCCGAGCTGAACCTGTACCAGGATGG \,PJ—‘;A CACCTGAAGCTGAGCCAGCGCGETGATCACCC
7 N Nar ¥ Nelalalle 7 lalelalaleler ¥ 7 CTCT
ACARAGTGGACARACAAGCCT AC\, GCCAAGTTC GCACCGCCGGERAAACAAAGTGETCTAAAGA
R P —— CoaT S ealalele 77 R alara aE= . a4
GTCCAGCGTCGAGCCCGETE TGCCCTGAL .x[’\,\Ap‘\:T{.JAC TGGAC {(SEQ 1D 1\’02 /L J )

D2 Transmembrane domain:
ATCTACCTGATCATCCGCATCTGETGGCGGECECAAGCCTGCTGATGGTGTTIGTGGCTCTGCTGG

TGTTCTACATCACC (3SEQ ID NO: 17118)

Al g e ’ ;
(D2 Cytoplasmic Domain:
AAULJ.AAJAHprGCG AGCAGACGGAACGACGAGGAACTGGAARACACGGGCCCATAGAGTGE

ACCGAGGAAAGAGGCAGAAAGCCCCACCAGATTCCAGCCAGCACACCCCAGAATCCTGCCAL
CTCTCANCACCCTCCACCTCCACCTGGACACAGATCTCAGGCCCCATCTCAC TxCA‘“”T”‘ ACCA
CCTGETCATCGGLTGCAGCACCAGCCTCAGAAAAGACCTCCTGCTCCTAGCGGCACACAGGTGC
ACCA 'SCAAA. GGACCTCCACTGCCTCGGCOTAGAGTGCAGCCTARAACCTCCTCATGGLGLCGT
TGAGAACAGCCTGTCTCCAAGCAGCAAC (SEQ ID NO: 17117)

CD3z Intraceﬁuiar Domain:

AGA’”’T‘GA. TTCAGCCGCAGT JCCGA"’”’J TCCTGCCTATARGCAGGGACAGAACCA (?CT’?’T‘ACA
GZ\\JC"T” ATCTGGEGCGCAGAGAAGAGTACGATGTGCTGCGACAAGCGGAGAGGCAGAGATCC
=G JAT@:UC GGCARGCCCAG] ”‘l;u \AGAATCCT ”‘“ACL{K;U 2CCTGTATA? XT\J/?\U?TC“LF\\;AF*A
ACAAGATGGCCGAGGCCTACAGCGAGATCGGAAT GARGGGCGAGCGCAGAAGAGGCAAGGGAC
?xCGZ‘_mCGf\C' GTATCAGGGCCTGAGCACCGCCACCAAGGATACCTATGATGCCCTGCACATGCA

GGCCCTGCCTCCAAGA (SEQ ID NO: 17107)

102106]  An exemplary mutant CSR CD22z-D111H protein of the disclosure comprises or
consists of the amino acid sequence of (CD2 Signal peptide, (D2 Exfracellular domain with

DIIH mutaiion within the CD2 Pxtracellular domain, CD2 Transmembrane domain, CH2

Cyteplasmic domain, CD3z Intracellular domain):

MEFRPCKEFVASFLLIFNVESKGAVEKE I TNALETWGALGODINLDIPSFOMSDDIDDIRWEKTSD
KEKKTAQFRRKEKETFKERKDTYKLFENGTLRIKHLKTDDODTY HTKGENVLEKTIFDLKIQE

VSKPKLSWTTTWTIQTC”VMNGTHU”LNLQJUUV”LKfQQQVITHEVTTSL% KFRCTAGNEV
SKESSVEPVSCPEKGLDIYLITGICGGGSLIMVEVALLVEY I TERKKQRSRRNDEELETRAHRY
ATEERGRKPHQIRASTPQNRATSQHPPPPPGHRSQAPSHRPPPPGHRVQHQPQKRPRAPSGTQV
HOQKGPPLEPRPRVOPREPHGAARNSLSPSSENRVEFSRSADAPAYROQGONQLYNELNLGRREEYD
VLDKRRGRDPEMGGKPRRENPOQEGLYNELOQKDEMAFRAYSEIGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMQOALPPR (SEQ ID NO: 17118

-3

D2 Skgﬂgﬂ pepnde MS CKEVASFLLIFNVSSKGAVS (3EQ ID NO: 17110)

(D2 Extracellular domain with D/ 1 1H mutation within the CD2 Extracellilar domain:
KEITNALETWGALGQDINLDIFPSEFOMSDD _DT‘JIKWFKTQDKKKTAQFRKEKFT?KFKDTYKLFK
NGTLKIKHLKTDDODIYKVST .’"TKK“K“\TVT_C KIFPDLKIQERVSKPKISWTCINTTLTCEVMNGT

o
/0
i
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7R FTT O ONY T T ! ST N T
TAGNEKVSKESSVEPVSCPEKGL (SEQ ID

L2

DPELNLYQDGKHLKLSQRVITHEWT TS LS AKERC
A

CD?2 Transmembrane domain:
IYLIIGICGGEGSLIMVEVALLVEYIT (SEQ ID NO: 17112)

CB.Z Cytoplasmic domain:
SEEKKQORSRRNDEELETRAHRVATEERGRE )
PG”’. VOHOPORRPPAPSGTOQVHQORKGPPLPRPRV(Q

17113)

1
Lohooo Ay

STPONPATSOHPPPPPGHRSQAPS
VoW
F

h R
KPPHGAAENSLSPSSN (SEQ ID NOC:

CD3z Intracellular domain:
RVKESRSADAPAYKOGONOLYNELNLGERREEYDVLDKRRGRDPEMGGKPRRENPOQEGLYNELQK
DRMARAYSEIGMKGERRRGKGHDGLY QGLSTATKDTYDALHMOQALPPR (SEQ ID NO:

17102)

{6211} The present disclosure provides a non-naturally occurring CSR CDZ protein
comprising, consisting essential of, or consisting of an amino acid sequence at least 80%, at least
85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% identical to SEQ ID NO:17118. The
present disclosure provides a CD2 extracellular domain comprising, consisting essential of, or
consisting of an amino acid sequence at least 80%, at least 85%, at feast 90%, at least 91%, at
feast 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99% or 100% identical to SEQ ID NO:17119.

10212] An exemplary nucleotide sequence encoding a mutant CSR CD2z-D111H protein of the
disclosure comprises or consists of the amino acid sequence of (CD2 Signal peptide, (D2

bixtracellular domain with D11LH mutation within the CD2 fxiracellular domain T2

Transmembrane domain, CD2 Cyteplasmic domain, CD3z Intracellular domain):

ATGAGCTTCCCTTGCAAGTTCGTGGCCAGCTTCCTGCTGATCTTCAACGTGTCCTCTAAGGGCG

CCETGTCCAAAGAGATCACAAACGCCCTIGGAARACCTGGGCGAGCCCTCGGCCAGGATATTAACCT
GGACATCCCCAGCTT T'C,LGATGA"_:C(JHF'GACA CGATGACATCAAGTGGGAGARAACCAGCGAC
AAGAAGAAGATCGCCCA f“T.’.’f’” CGGARAGAGARAGAGACATTCARAGAGAAGGACACCTACAAGC
’ GTTCAT SAACGGCACCCTGAA JATCAAGCAC’CTGAF\,AA CCGACGACCAGGACATCTATAAGGT
GTCCATCTAC "%CA"CA[;GG sCAAGAACGTGCTGGAAAA T SACCTCAAGATCCAAGAG
CCGGTGTCCAAGCCTAAGATCAGCTGGACC TGCATCAAC”‘ ‘GACCTGCGAAGTGATGA
ACGGCACAGACCCCGAGCTGAACCTCTACCAGGATGGCAA GCTGAGCCAGCGCGET

R e T PR e e CCEOA P
GATCACCCACAAGTGGACAACAAGCCTGAGCGLCAAGTTCE ( CGCCGGAAACARAGTG
~ et P T P T T R -
TCTAA CC € CCETGTCTTGCCCTE 24 [GGACATC 'Aa,f, GATCA

A
TCTAAAGAGTCCAGCGETCGAGCCCC CTTrGCCCTG n[i\..../—_\A GGACT

Falss! 1T N N T T T Y
CTGCTGGTGTTCTACATCAC

aalal 1*~</~< M 1 N ' T ot datel SnFalfal sl r
TCGGCATCTGTGGCGECCEAAGCCTGCTGATGGTGTTTGTG

~J
[E—
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CAAGCGGAAGAAGCAGCGGAGCAGACGGAACGACGAGGAACTGGAAACACGGGCCCATAGAGTG
GCCACCGAGGAAAGAGGCAGAAAGCCCCACCAGATTCCAGCCAGCACACCCCAGAATCCTGCCA
CCTCTCAACACCCTCCACCTCCACCTGGACACAGATCTCAGGCCCCATCTCACAGACCTCCACC
ACCTEETCATCGEETGCAGCACCAGCCTCAGARRRGACCTCCTGCTCCTAGCGRCACACAGETYGE
CACCAGCARAAAGGACCTCCACTGCCTCGGCCTAGAGTGCAGCCTAAACCTCCTCATGECGICG
CTGAGAACAGCCTGTCTCCAAGCAGCAACAGAGTGAAGTTCAGCCGCAGCGCCGATGCTCCTGE

CTATAAGCAGGGACAGAACCAGCTGTACAACCGAGCTGAATCTG }G GGCGCAGAGAAGAGTACGAT

TR ey Ner N eleler Ner Ve -ULlaleluLer TGOGOGCCARGCOCAC e T
GTGCTGGACAAGCGGAGAGGCAGAGATCCTCGAGATGGGCGGCAAGCCCAGACGGAAGAATCCTC
CCCCOTOTATAATGACC TOOAC _— AP N o o T R JI——.
AAGAGG \JC CTGTATAATGAGCTGCAGAAAGACAAGATGGCCGA C"\J/ CTACAGCGAGATCGGAAT
- T N T S NalTalitb: i~ ~m T
GAAGGGCGAGCGCAGARAGAGGCAAGGGACACGATGGACTGTATCAGGCGCCTGAGCACCGCCALCC

AAGGATACCTATGATGCCCTGCACATGCAGS CCTGCCTCCZ\ACA {SEQ ID NO: 17120)

D2 Signal peptide:
ATGAG “mT”l“”' TSCAAGTTCGTGGCCAGCTTCCTGCTGATCTTCAACGTGTCCTCTAAGGECG
CCETGTCC (SEQ ID NC: 17114)

CD2 Extroacellulor domain with D1 1LLH mutation within the CD2 Extracellular a’omam:
AAAGAGATCACAAACGCCCTGGARAACCTGGGEGAGCCCTCGGCCAGGATATTAACCTGGACATCC
CCAGCTTCCAGATGAGCGACGACATCCGATGACATCAAGT GGGAGAANACCAGCG AC[‘ AAGAAGAA
GATCGCCCAGTTCCGGAAAGAGAAAGAGACAT TCAAAGAGAAGGACACCTACAAGCTGTTCAAG
AACGGCACCCTGAAGATCAAGCACCTCGAL AA\,C” CGACCAGGACATCTATAAGGTGTCCATCT
ACCACACCARAGGGCAAGAACGTGCTGGAAAAGCATCTTCGACCTCAAGATCCAAGACGCGGGETGTC
CAAGCCTAAGATCAGCTGGACCTGCATCAACACCACACTGACCTGCGAAGTGATGAACGGCACA
GACCCCGAGCTGAACCTGTACCAGGATGGCAAACACCTGAAGCTGAGCCAGCGCETGATCACCC
AC[‘ AAGTGGACAACAAGCC T( ACGCGCCAAGTTCAAGTGCACCGCCGGAAACAAAGTGTCTAAAGA
TCCAGCGTCGAGCCCETGTCTTGCCCTCGAAAMAAGGACTGGAC (SEQ ID NO )

oy
7

}
4L

[

[

3
\
7

CD?2 Transmembrane domain:
ATCTACCTGATCATCGGECATCTGETGGCGHECEGAAGCCTGCTGATGGETGTTYGTGGCTCTGCTEG
TCTTCTACATCACC (SEQ ID NC: 1711¢6)

N < . .
(D2 C ympiagmw domain:

[ s e TNty NeTar Vet < g g - AT T o S N S TR £ T
AAGCOGGAAGAAGCAGCGCAGCAGACGGAACGACGAGGAACTGGAAACACGGGCCCATAGAGTGG
CCACCGACGARAAGAGGCOA OO A CAGAT TCOAGCCAGCACACCCCACARATCCTGOCAC
CCA C"f{b GAAAGAGGCAGAAAGCCCCACCAGATTCCAGCCAGCACACCCCAGAATCCTGCCAC

AT CCTCCRCCTCCACCTGERCACT TOTCACCCCCCDTOT R COTOCRC T
CTCTCAACACCCTCCACCTCCACCTGGACACAGATCTCAGGCCCCATCTCACAGACCTCCACCA

C 'TTGG 'CATCGGGTGECAGCACCAGCCTCAGAARAGACCTCCTGCT ”’TACCKJ\JC AC’TVEUTM
ACCAGCAAARANGGACCTCCACTGCCTCGGCCTAGAGTGCAGCCTARAAMCCTCCT AT sCGCCGEC
TGAGAACAGCCTGTCTCCAAGCAGCAAC (3SEQ ID NO: 17117)

D3z Intracellular domain:

AGAGTGAAGTTCAGCCGCAGCGCCGATGCTCCTGCCTATAAGCAGGGACAGAACCAGCTGTACA
ACGAGCTGAATCTGGGGCGECAGAGAAGAG T ]‘ \CCATGTGCTGGACAAGCGGAGAGGCAGAGATCC
TGAGATGGGCGGCAAGCCCAGACGEGAAGAATCCTCAAGAGEGGCCTGTATAATGAGCTGCAGAAA
GACAAGATGGCCGAGGCCTACAGCGAGATCGGAATGAAGGGCGAGCGCAGAAGAGGCAAGGGAC

.
)
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ACGATGGACTGTATCAGGGCCTGAGCACCGCCACCAAGGATACCTATGATGCCCTGCACATGCA

LA AL L
e e e e e s s I Il ((\ N - Ly ARY
GGCCCTGCCTCCAAGA (SEQ ID NC:17107)

Endogenous TCR Knock-out

10213} Gene editing compositions of the disclosure, including but not imited to, RNA-guided
fusion proteins comprising dCas9-Clo051, may be used to target and decrease or eliminate
expression of an endogenous T-cell receptor of an allogeneic cell of the disclosure. In preferred
embodiments, the gene editing compositions of the disclosure target and delete a gene, a portion
of a gene, or a regulatory element of a gene (such as a promoter) encoding an endogenous T-cell
receptor of an allogeneic cell of the disclosure.

10214] Nonlimiting examples of primers (including a T7 promoter, genome target sequence,
and gRNA scaffold) for the generation of guide RNA (gRNA) termplates for targeting and
deleting TCR-alpha (TCR-«) are provided in Table 10

10215} Table 10. Target sequences underlined

Name Seguence SEQ ID NO:
TCRa~
TAATACGACTCACTATA GCTGETACACGGECAGGGETCA .

(IR':_\TZ-\_“-E’\YT e r1|r1r1h| ~ NN 16821
i TAGAGCTAGAAATAG
TCRa-
gRNA-WT TAATACGACTCACTATA GAGAATCAAAATCGGETGAAT 16822
oy
o
TCRa—
gRNA--WT {TAATACGACTCACTATA GTGCTAGACATGAGGTCTA 16823
4
TCRa~—
gRNA-WT TAATACGACTCACTATAG GCTGGETACACGGECAGGETCA 168524
1-2G
TCR&_ iy MDD OTOR AT A ~ N Ty valalaluar Wil

RNA—TT AATACGACTCRCTATA GAGAATCAARATCGGTGAAT 600
gRNA-WT 16825
j CTTTTAGAGCTAGARATAG
TCRa~ . N N e

ENA-WT TAATACGACTCACTATA GGATTTAGAGTCTCTCAGC 1 680¢
JRNA-WL N Lo ©
,; GCTTTTAGAGCTAGAAATAG
TCRa-
GRNA-WT ACGACTCACTATA GTGCTAGACATGAGGTCTA 6827
4 DNIN AL vy J L
y TAGAGCTAGAARATAG
TCRa— ~ .

TAANTACGACTCACTATA GACACCTTCTTCCCCAGCCC 6878

RNA-WT 16828
El GTTTTAGAGCTAGARATAG
5

~1
(4l
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TCRa~ . R
TAATACGACTCACTATA g tggaataatgctgttgttga

GRNA-
NG1-L

GUTTTAGAGCTAGAARATAG

!_..\
N
w2
N
e

TCRa~- e _— C s
TAATACGACTCACTATA ¢ catcacaggaactttctaaa

gRNA- . -

NG2 -1, GTITTTAGAGCTAGARATAG

6830

oy

TCRa-

4--i AT L

A AT ACCGACTCACTRAS e s leE e le s lelo Yor:
GRIB- TAATACGACTCACTATA gtaaaaccaagaggccacaq 16831
- LT T T
NG3-1, CTTTTAGAGCTAGAAATAG
Az 3l
tl:vc;qu T LAV AT LELIEFA T ) =t =Wl N N Ty = - e i -
B2 TAATACGACTCACTATA g acccyggecactitcaggagy L6532
r},__.: A- - . N - = Loonsa
GTTTTAGAGCTAGAAATAG

TCRa—
gRNA~
NG5 -1,

TAATACCGACTCACTATA gattaaacccggeoccacttto

fealspirataatasl nYeleuLy: 7 TN
GTTTTAGAGCTAGAAATAG

}_.\
(&)}
P
(A.‘
(43

I‘\_P’\‘“
gRNA~
NG1-R

TAATACEACTCACT]

GUTTTAGAGCTAGAARA’ [ nCz

K._)
[9)
o]
)
e

r'[: o [’. a-

TAATACGACTCACTATA ¢ agctttgaaacaggtaagac
g&\lﬁ 3 5 <
GTTTTACAGCTAGAARATAG

NGZ2-1-R

Oh
<o
&2

TCRa-
gRNA-
NGZ~2-R

iy
[0)
o]
w
[0)

CTTTTAGAGOT N
GTTTTAGAGCTAGARATAG
NG4-R

TCRa—-
AATACGACTCACT tttcasa —gtcag
P‘NA“ TAATAC Al \CT 7 ttcaaaacct ogfgdf 168237
:~r'1|-ﬂr'1r»-|z/\\ C:E (:r:w ]3 .
N :3-R
TCR&a— TAATACCACTCLACTATA o P,tg(,”,\_r‘.i_qt_gg,:_Cf.,ggl,_vt_g
gRNA~ ’ J ESitASaR AR AoAE - 16838

TCRa- .

gRNA-

NGH-2-R

oain TAATACGACTCACTATA gcectgtggtceccagetgaggtyg 16839
giﬂ:. . |CTTTTAGAGCTAGRARTAG LREs
TCRa-

16840

TCRa-

gRNA-

NGL-3-R

€841l

Y

TCRa~—
AATACGACTCACTATA gtgtggtccagectgaggthgac
GRNA- TAATACGA ACTATA gtgtggtccagcoctgaggtgag

- GTTTTAGA sl DTN
- & PAGAGCTAGRAATAG
NG5-3-Rb

[y
N
[va
s
N

18216} Nonlimiting examples of primers for the generation of guide RNA (gRNA)} templates

for targeting and deleting TCR-beta (TCR-) are provided in Table 11

16217} Table 11, Target sequences underlined
74
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Name Seqguenc

AATACGACTCACTATA GGCTGCTCCTTGAGGGGCTG
G”TTTAr CTXTAAALAG

Y
[a)
o0
o
(93]

TAATACGACTCACTATA GGCAGTATCTGGAGTCATTG

GRNA=WT | s v oo o 16844
e J’J'[} TAGAGCTAGARATAG

7

TCRb-

GRNA-WT TAATACGACTCACTATA GGCCTCGGCGCTGACGATCT 16845
3

QRNAHWT TAATACGACTCACTATA GGCTCTCGGAGAATGACGAG 16846
5
S

TCRb~

Q]\r\'“ [r1

(o)
ea)
fins
~

RNA-TT TAATACGACTCACTATA GGAGAATGACGAGTGGACCC 16848
RN —TT 6 >
g o P T TAGAGCTAGAAATAG ot

i e S T N YA 3 \TOANAAL ARG

TAATACGACTCACTATA (jh*(z[b;.b(jc/—\l SARATGACGAG

JRNA-WT PR s ” 16849
- GYTTTAGAGCTAGAAAT
~

T N ST AT STy T (S T g
TAATACGACTCACTATA & CAAACACAGCGACCTCGGGT

GTTTTAGAGCTAGAALATAG

»..,
[o)
o0
(8]
O

TAATACGACTCACTATA G TGGCTCAAACACAGCGACCT
GITTTAGAGCTAGAAATAG

€851

Y

TAATACGACTCL

GTTTTAGAGC

VECTATA G AGGGCGGGCTGCTCCTTGAG

TAGARAATAG

[y
N
[va
[@y)
N

TAATACGACTCACTATA GTATCTGGAGTCATTGAGGEG

GTTTTAGAGCTAGAAATAG

oy

TCRE -~ o
TAATACGAC
JRNA-

16854

iy
;_‘i
[
=
B
[}
I
[}
Q
b
B
Hy
‘f\j
e
b
[}

e Qb_

m o ~ alinlalValy i alak: SO T eelsler Yoy
TAATACGACTCACTATA & CCACACCCAAAAGGCCACAC

GITTTTAGAGCTAGAAATAG

«Q
B
A

i
}_.\
(&)}
C
wn
[9)Y

PCRb>— . TR o . o

- TAATACGACTCACTATA (J ACTGCCTGAGCAGCCGCCTG .
gRNA- e T . 16857
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TAATACGACTCACTATA G TGAGGGTCTCGGCCASCTTC

GTTTTA

QN A

VWGAGCTAGAARTAG

+
Q
&
T

GRNA-
NG5-R

TBATAC

GTTTTAGAGCTAGAAATAG

GACTCACTATA G ATGACGAGTGGACCCAGGAT

TAATACGACTCACTATA G TGGCTCAAACACAGCGACCT
GITTTAGA G

GCTAGAAATAG

-1
GRNA-
-3
N G-

8218} Nonlimuting examples of primers for the generation of guide RNA (gRNA) templates

for targeting and deleting beta-2-microglobulin {B2M) are provided in Table 12
10219] Table 12.

Target sequences underiined

Name

Segquencs

B2-

TAATACGACTCACTATAG AGACAGGTGACGGTCCCTGC

& ] ‘TTTAGAGCTAGAARTAG

1 Prom- N . 16862
NG1-R GTTTTAGAGCTAGARATAG
AN T LT
B2-
- B TAATACGACTCACTATA GCAGTGCCAGGETTAGAGAGA -
2 Prom— 16863

NG-R

TAATACGACTCACTATA GRAGTTGACTTACTGAAGAA
GTTTTAGAGCTAGAAATAG

}) D

Ex2-
NG-L

}__
'15
H
TP‘

B2~

NG2 -1

GTTTTAGAGCTAGAAATAG

5 Ex2 -~ . o 1le8¢6
NG2-R TTTTZ\U \GCTAGARAATAG
B2~ TAATACGACTCACTATA gatattcctecagGTACTCCA

o Ex2- S — 16887

b2MEx1
NG~
left

Tl

TAATACGACTCACTATA GGCCACGGAGCGAGACATCT
:J]lr[ TTAGAGCTAGAARATAG

}._l
(o))
[ex
P

baMEx]1
NG
right

(o))
0
o
e

3
(@)}
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GTTTTAGAGCTAGAARTAG
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GAGAGAGAATTGARAAAG
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Endogenous MHC Kaock-out

102206} Gene editing compositions of the disclosure, including but not limited to, RNA-guided

fusion proteins comprising dCas9-Clo051, may be used to target and decrease or eliminate

expression of an endogenous MHCE, MHCH, or MHC activator of an allogeneic cell of the

disclosure. In preferred embodiments, the gene editing compositions of the disclosure target and

delete a gene, a portion of a gene, or a regulatory element of a gene (such as a promoter}

encoding one or more components of an endogenous MHCIE, MHCH, or MHC activator of an

allogeneic cell of the disclosure.

10221} Nonlimiting examples of guide RNAs (gRNAs) for targeting and deleting MHC

activators are provided in Tables 13 and 14.

10222}

Table 13.

Gene

Reagent/

Type

Left Target Seguence

Right Target
Sequence

SEQ ID
NC

T3

C2TA

C2TA
exon 4
NG

CATCGCTGTTAAGAAGCTCC

CTACCACTTCTATGACCAGA

16880

C2TA
exond
NG

GGCCCTCCAGCTGGGAGTCT

CAGTAAGTTTCTGETCGEETS

REXANK

RFXANK
exonl
NG1

GGGTCTGCTGGETCTGGEATG

1e873

GGACCCTGAAGACCCCGEGAG

RFXANK
axonl
NG2

GTTCTGAGGCAGGGETCTGC

16874

CCCGGAGAGGAGGCTGCAGA {le

REXAP

REXAP
Exon

NG1

CCCGCCCCAACGCTECCCCC

CTGTGCCAAGGGGCCGEGGEA

REXAP
Exon 1
NG2

CCTTCGCACAGGTACCTAAC

N

o T 1 v o £ gt 1t 4 T 7 £ g gy Tt e
AGAGGAGGCTGGEGCGAGGACE

¢

RFX5

REXS
exon 1
NG1

GTCTTGGGGCTCTTAGCATC

CCCAGGTGGETGCTGAGGCT G

,_.
[0))
(o]
[o)
et

RFX5
exon -
NG2

NI

ieg7s8

GGGATCCTGGTAAGTGTGTT

~d
~3
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RFX5
exonb
NG3

TCTGATGATCTTGCCAAAGT

1e3879

ATCAAAGCTCGAAGGCTTGE

N
[aie)
w0
[e¢)

~d
9]




PCT/US2019/049816

CA 03111384 2021-03-02

R fAa
22691 LOLODVOHIISLOOSLODIOL | 86831 OOVIILISISOYILIDLLID SgUoK2
QUORD FhID
LM
9T DYINVOVOYYOOSLIDIOVDD 9uOxS
769 VI VAN 22L0D 00N ] —QUOXS WLZD
_ T OVYOVIVIIOTIOIVINLOD ; uoxs L
0F691T  OVYOVIVOIDDIILYODLOS v yuoxs Voo
2 YLI2
TZ69T DID22422IDLLIDVYLOVD | L6391 OJ24DV¥DIDLOOYIDLIODIDD QuUox3 QUOXD YITD
02697 LODYDLOYLOLODVDLLYOY | 968971 SYYDYILYIEDDLILTOOLOD ¥ uox2 con
FUSXS HLID
6T62T VWOVOSVDLVLOLLOYIDVY SE89T] DDLODVYVDVYYLLDLODIIND y ucxs b uo¥e WIZD
uoThe
coToowoad
626971 LODDLODDLDODLOVOD ,um,.YoEouQ ) i
o o —-ONZ9d-IM
UT 8100
uctTbax .
69 795034914009 wu c? HQ p-aesomoTd
326971 POLOSLSLLO2D99 I3 0W0
b B ~OWZa- 1
UT £330
WYNNYEDLLYYOVIV. ctiome
€691 o DLIVYOVOVIVID
LE69 o DYDY ~ONZE - 1M
83T691  DDLODODLOLLLOLILIOLOYY 76891 JIOIVIYIVIODVYIDOVYIODID T uUoxs ON-TXH-Z24 oI
L1691 YYOYDYOOVIOLYOIOOWIL | £6897 ¥oolovipbrojvojzezed & UoXD CON-ZRB~-2d | —Ceaed
ST69T YYDV VYDIOVIILOVDLIOVYD Y ¢638CT DJILIVVYODVIVIOVIVIVIIIY I uexs DN-ZZd-2d
, £
ST6ST  ODDI2DLDDDIVIDIDVYY Tegst DDA IDIN DIV D Teyouord P ol
~ISA0WUOT I~ 7F
S
1697 06897 D20919V09D Biisee) Tozouoad [
b169 0689T  D0DIOVOOIVIIDYIIOYYD 1O tsqomeTa v
] 9N
DOLO22ADDOVDLODVIVIY L 6882871 VIAVIVOVILDDVIIDLOVDE 223 0owoId .
0HLIOOL L VOV | 688 VHVOYLIDOVIDOLS a 1siowoTi-og
ON {adsTao I ERLEEREER P ON EREENGCER uctThol _ R
\ - 7 . . adA1/qusbesy ERED)
1T Ods sousnbes jqebrey aebre], 1ybry-oN{dl 0ds jebrey ageT-oN| 0 uoxE N ¢ o

WO 2020/051374

v ygey [$7z0)




PCT/US2019/049816

CA 03111384 2021-03-02

TuCKe YNYXIY

£OR
Q
GOTI  JO00I009099YYODD08LIY | 1691  OOXYOISINLLOLYILI00Y I~
Se69T  LODOVALIDIOOISOYDDDD | TI691 JIVIOYIIILOSS99LIDLD Nwz
TUOKXD gXE
FEE9T  99LL099VVIILIDVVYD 0T691T  I19YYYIDOLIDIVOIYILIDL I mmmw .
=57 G¥dd
€€697  LIDIDIOVYLOOIONIVODD | 60697 OVYVIHSODISIIOLLONODIV ~o7s mxmw
T AN
ZEGST DIDNODVYDIOOINDISDVIOD| €069T DIVIOVIIOIOODDOOLLIOID 1 Croxs mwmm
-TXS
OYYODDLILOOVIE - m,,w T
AN AL TVl
c-1xa
ANV Ny Yy oo T
1D9555200009 L SAVRAY —
CHOT  SEIUDISVONDOVOIUSSYS | L0691  20330I0093L0I0000008 o1
e TUOKY JYXIM
0£69 O9ISIIDOVYIOIVOLOYID | 90651 DOOYDIIVINNII9SDDD0D wwz
TUOXE YRDE| .oy
76 o o
Th"” g
626971 9DIOODLIDOYIIBIDDLID 0691 SIDIDOOOVLIDOBHIINVYD TUCKT SVELS
82691 DOVHIYDODILIOOVIOVIY | PO69T|  OVVLIDVINOYIWIODLLOD ¢oN
1 Uoxy JVXAd
LZ69TT W9O99S009999YYOD9IOLD L £06GT  D200091090YYI0DD920D 1 .
~LHA-MNVIIA
¢ -TUCKSD
~LA-MNVXAY
9Z69TI  ISYSISIOVOVIOIOYIO0S | 20691 IOSI05I0DLIIDLLOILD EON
T cUueRy MNYXIT
§ZE9T  DDIDIDOVIIOIOOVSIYYD | 10691 JIIODISVISLOSIOVOYDIL il TR
769 ZUOXD WNYRIE
FT69T  YOUYDDIOOSVLOVIVISODD| 00691 22IDLO999VIOOVIIILIO 1 Tuoxs xzmwww
RSN
£Z69T  HYDHIDIOVIYYILIODYOD | £6891] SIVIDIZIDDVLODLILODD HON

WO 2020/051374

&0




CA 03111384 2021-03-02

PCT/US2019/049816

WO 2020/051374

el

SI2IVYDLLLOOVD

Ch

5-g¥

-SXdd -

O

-

F-TX2

~OXIY -

&1



CA 03111384 2021-03-02

WO 2020/051374 PCT/US2019/049816

Engineered HILA-E compositions

10224] MHCI knockout {(KO) renders cells resistant to killing by T cells, but also makes
them susceptible to natural killer (NK celi-mediated cytotoxicity {“"Missing-self hypothesis™)
{see FIG. 30} It is hypothesized that NK rejection would reduce the in vivo efficacy and/or
persisience of these KO cells in a therapeutic setting, such as allogeneic (alloy CAR-T
therapy. Retention of MHCI on the surface of allo CAR-T cells would render them
susceptible to killing by host T cells, as observed in the classic mixed lymphocvie reaction
{MLR} experiment. Tt 1s estimated that up to 10% of a person’s T celis are specific to foreign
MHC, which would mediate the rejection of foreign cells and tissues. A targeted KO of
MHCI specifically HLA-A, B and C, which can be achieved by targeted KO of B2M, resulis
11y a toss of additional HLA molecules inciuding HLA-E. Loss of HLA-E, for example,
renders the KO cells more susceptible to NK cell-mediated cytotoxicity due to the “Missing-
self Hypothesis”. NK-mediated cvtotosicity against missing-self celis is a defense
mechanism against pathogens that downregulate MHC on the surface of infected cells to
evade detection and killing by cells of the adaptive immune system.

[02258] Two strategies are contemplated by the disclosure for engineening allo (MHCI-neg)
T cells (including CAR-T cells) more resistant to NK cell-mediated cytotoxicity. In some
embodiments, a sequence encoding a molecule (such as single-chain HLA-E} that reduces or
prevents NK killing 1s introduced or delivered to an allogeneic cell. Altematively, or in
addition, gene editing methods of the disclosure retain certain endogenous HLA molecules
{such as endogenous HLA-E}. For example, the first approach involves piggyBac® (PB)
delivery of a single-chain (sc)HLA-E molecule to B2M KO T cells.

{0226} The second approach uses a gene editing composition with guide RNAs selective for
HLA-A, HLA-B and HLA-C, but not, for example, HLA-E or other molecules that are
protective against natural-killer cell mediated cytotoxicity for MHCI KO cells.

{62277 Alternative or additional molecules to HLA-E that are protective against NK cell-
mediated cyiotoxicity include, but are not limuted to, CD47, interferon alpha/beta receptor 1
{(IFNAR1), human [FNARI], interferon alpha/beta receptor 2 (IFNAR2), human IFNARZ,
HLA-GT, HLA-G2, HLA-G3, HLA-G4, HLA-GS, HLA-G6, HLA-(G7, human carcino
emnbryonic antigen-related cell adhesion molecule 1 (CEACAMY), viral hemoagglutinuns,
CD48, LLT1 (also referred to as C-type lectin domain family 2 member (CLC2DY), ULBP2,
ULBP3, and sMICA or a variant thereof,

82
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{0228} An exempimy CD47 prmein of the disclosure comprises or consisis of the amine

MWPLYAALLLGSACCGSAQLLFNKTKSVEFTFUNDTVVIPCFVINMEAQNTTEVY Y

KWKFRKGRDIYTFDGALNKATVPTDFSSAKIEVSQLLKGDASLKMDESDAVSHTGNY

TCEVTELTREGETUELKYRVVSWESPNENHIVIFPIFAHLFWGOFGIKTIKYRYGGM
DEKTIALIVAGILVITVIVIVGAILFVPGEYSLENATGLGLIVISTGHILLHYYVESTAIG
LESFVIAVIQVIAYILAVVGLSLCIAACIPMEGPLLISGLSHL ALAQGLLGLVYMKEFTAS
NOKTIOQPPREAVEEPLNAFKESKGMMNDE (SEQ 1D NO: 17016)

{0229} An exempimy INFARI protein of the disclosure comprises or consists of the amino

MMVVLLGATTLVLVAVAPWVLSAAAGGENLKSPORKVEVDIIDDNEILRWNRSZDESVGNVT
FSEDYCKITGMDNWIKLSGCONITSTRKCONFSSLELNVYERIKLRIRARRENTSSWYEVDSE
TPFRKAQIGPPEVHLEAEDRAIVIHISPGT WDSVMhAL)bugki SLVIWKNESGVEERI

SWKIGVYSEVHCIKTITVENELPPPENIEVSVQ

ENIYSRHKIYELSPETTYCLK x%*m
4 .K*«PWYANMTF\;«@% GNPT{KWKQ.PD( ENVKTTQCVEPQ \F‘CK
KEDTEIQAFLLPEVENT RSLSDSFHT Y TGAPKO

/
LI!EII“"ENTuN ARKIIEKRTDVTVVNLKFLTVVCVRARAETM EKLN?SSV

o

/1

KPGNTSRKIWLIVGICIALFALPFVIYAAKVFLRCINYVEFPSLKFPSS55IDE
LLLSTSEEQIBRCFITENISTIATVEETNQTDEDARKEYSSQTSQDSGNY SN
SKISEELQCDFV (SEQ ID NC: 17017).

{(1423&}} An exempiaiy INFARZ2 prmein of the disclosure comprises or consisis of the amino

Smicy:;

ONAFT YDSPDYTLESCTFTTSIPM.RQTTSWL KNHS

HY If%i SKP’ nJT%SFCDLTI STHEAYVITVLEGESGNTTLE
SCSHNEFWLAIDMS LEEH 3*“CLFNHlHVMVKFPSIVEEELQLD SLVIEEQSEGIVKK
HRKPEIKGNMSGNEFTYTIIDKLIPNTNYCVSVYLEESDEQAVIKSPLECTLLPPGOESESAR
SARIGGIITVELIALVLTSTIVILEWIGYICLRNSLPREVLNFHNFLAWFFPNLPFLEAMD
MVEVIYINRERKRKVWDYNYDDESDSEDTEAAPRTSGCGY TMHGLTVRPLGOASATS TESQL T
DPESEEEPDLPEVDVELFTMPRDS POOLELLSGPCERRKSPLODFPFPEEDYSSTEGSGGR
TTENVDLNSVELRVLDDEDSDDLEAPLMLS SHLERMVDPRD PONVQSNHLLASGEGTOPT
FPSPSSEGLWSEDAPSDQSDTSESDVDLGDGYIMR (SEQ ID NO: 17018).

{0231} An exemplary HLA-G1 pmtem of the disclosure compnses or consists of the amano

3

MVVMAPRTLEFLLLSGALTLTETWAGSHSMRYFSAAVSRPGRGEPRFIAMGYVDDTQOFVREDS
DSACPRMEPRAPWVEQEGPEYWEEETRNTRKAHAQOTDRMNLOTLRGYYNQISEASSHTLOWMIG
CDLGSDGERLLRGYREQYAYDGRDYLALNEDLRSWIAADTAAQTSKRKCEAANVAEQRRAYLEG
TCVE%LdRYL NGKEMLORADPEPKTEVTHHPVEFDYEATLRCWALGEYPAETIILTWORDGEDQ
TODVELVETRPAGDGTEFOKWAAVVVPSGEEQRYTCHVOQHEGLPEPLIMLRWKQSSLPTIPIMG
IVACLVVLAAVVTGAAVAAVIWRKKSSD (SEQ ID NO: 17019).

)

,
o2
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{0232} An exernplary HLA-G2 protein of the disclosure comprises or consists of the amino

MVVMAPRTLFLLLSGALTLTETWAGSHSMRYF SAAVSRPGRGEPRFIAMGYVDDTQFVRFDS
DSACPRMEPRAPWVEQEGPE YWEEETRNTKAHAQTDRMNLOTLRGY YNQSEADPPKTHVTHHE
PVFDYEATLRCWALGFYPAET ILTWQRDGEDQTQDVELVETRPAGDCT FOKWAAVVVESCER
QRYTCHVQHEGLPEPLMLRWKQSSLPTIPIMGIVAGLVVLAAVVTGAAVAAVLWRKKSSD
(SEQ ID NO: 17020).

{02331 An exemplary HLA-G3 protein of the disclosure comprises or consists of the amino
acid sequence of (Alpha chain 1, Alpha chain 2, Alpha chain 3):
MVVMAPRTLEFLLLSGALTLTETWAGSHSMRYFSAAVSRPGRGEPRFIAMGYVDDTQRFVREDS

DESACPRMEPRAPWVEQEGPEYWEEETRNTRAHAQTDRMNLOTLRGYYNQSEARKQSSLEPTIPT
MGIVAGLVVLAAVVTGAAVAAVILWRKEKSSD (SEQ ID NO: 17021).

{0234} An exemplary HLA-G4 protein of the disclosure comprises or consists of the amino
acid sequence of (Alpha chain 1, Alpha chain 2, Alpha chain 3):

MVVMAPRTLELLLSGALTLTETWAGSHEMRYFSAAVISRPGRGEPRFIAMGYVDDTQFVREDS
DSACPRMEPRAPWVEQEGPEYWEEE TRNTRAHAQTDRMNLOTLRGYYNQSEASSHILOWMIG
COLGSDGRLLRGYEQYAYDGRKDY LALNEDLRSWIAADTAAQISKRRKCEAANVAEQRRAYLEG

TCVEWLHRYLENGREMLORAKQSSLPTIPIMGIVAGLVVLAAVVTGAAVAAVEWRKKSSD
{(SEQ ID NO: 1702Z).

{0235} An exemplary HLA-GS protein of the disclosure comprises or consists of the anino
acid sequence of (Alpha chain 1, Adipha chain 2, Alpha chain 3, infron 4}

MVVMAPRTLEFLLLSGALTLTETWAGSHEMRYF SAAVSRPGRGEPRFIAMGYVDDTQEFVREDS
DSACPRMEPRAPHVEQEGPEYWERE TRNTKAHAQTDRMNLOQTLRGYYNQSEASSHTLOWMIG
CDLGSDGRLLRGYEQYAYDGRDYLALNEDLRSWTAADTAADISRRECEAANVAEQRRAYLEG
TCVEWLHRYLENGKEMLORADPPKTHVITHHPVEDYEAT LROCWALGEY PAET TLTWOQRDGEDQ
TODVELVETRPAGDGT FQRKWAAVVVPSGEEQRYTCHVQHEGLPE PIMLRWSKEGDEGIMSVR
ESRELSEDL (SEQ ID NO: 17023).

{0236} An exemplary HLA-GS protein of the disclosure comprises or consists of the anino
acid sequence of (Alpha chain 1, Adipha chain 2, Alpha chain 3, infron 4}
MVVMAPRTLFLLLSGALTLTETWAGSHSMRYFSAAVSRPGRGEPREFIAMGYVDDTQEFVREDS
DSACPRMEPRAPWVEQEGPEYWEEETRENTRAHAQTDRMNLOTLRGYYNQSEADPPKTHVTHE
PVEDYEATLRCWALGEYPAE T T LTWORDGEDOTODVELVETRPAGDGT FOEWAAVVVESGEER
ORYTCHVOHEGLPEPLMLRWSKEGDGGIMSVRESRSLSEDL (SEQ ID NO: 17024).

{02371 An exemplary HLA-GS protein of the disclosure comprises or consists of the amino
actd sequence of (Alpha chain 1, Alpha chain 2, Alpha chain 3, intron 2.

MVVMAPRTLELLLSGALTLTETWAGSHEMRYFSAAVISRPGRGEPRFIAMGYVDDTQFVREDS
DEACPRMEPRAPWVEQEGPEYWEEETRNTEAHAQTDRMNLOTLRGYYNQSEASE (SEQ ID
NO: 17025).
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{0238} An exemplary CEACAMI protein of the disclosure comprises or consists of the
amino acid sequence of (Extraceflular, 7A4, Cyioplasmic):

MGHLSAPLERVREVPWOGLLLTASLLTEFWNPPTTAQLTTESMPEFNVARGKEVLLLVHNLPQ
QLEGYSWYKGERVIGNRQIVGYAIGTQQATPCGPANSGRETIYPNASLL IONVTONDTGRY
TLOVIKSDLVNEEATGOFHVY PELPEPSISESNNSNPVEDRDAVARFTCEPETODTTYLWWI
NNOSLPVSPRLOLSNGNRTLILLSVIRNDTGPYRCEIQNPYVSANRSDPVTLNVIYGPDTR
TISPSDTYYRPGANLSLSCYAASNPRPAQY SWLINGTERQSTQELFIPNITVNNSGSYTCH
ANNSVTGCNRTTVKTLIVTELSPVVAKPQIKASKTTVTGDEDSVNLTCSTNDTGISIRWE
FRNQSLPSSERMKLSQGNTTLS INPVKREDAGTYWCEVENPISKNQSDPIMLNVNYNALR
QENGLSPGATAGIVIGVVALVALTAVALACFLHFGKTGRASDORDLTERKPSVSNHTQDH
SNDPENEMRNEVTYSTLNFEAQQOPTQOPTSASPSLTATEITYSEVKEQ (SEQ ID NO:
17026 .

{02391 An exemplary viral hemaggluotinin protein of the disclosure comprises or consists of

the amino acid sequence of (HA for Influenza A virus{A/NewCaledonia/2Z0/199%HIN1 )
T™):
MKAKLLVLLCTEFTATYADTICIGYHANNSTDTVDTVLEKNVIVTHSVNLLEDSENGKLCL
LKGIAPLOLGNCSVAGWILGNPECELLISKESWSY IVETPNPENGTCY PGYFADYEELRE
VLS SVSSFERFETFPKESSWPNHTVTGVSASCSHNGKSSEFYRNLIWLTGRKNGLY PNLSKS
YVNNKEKEVLVIWGVHHPPNIGNQRALYHTENAYVEVVSSHYSRRETPETAKRPKVRDQE
Gt Y LJEPGDTIT WY AFALSRGEGSG SNAPMDECDAKCQTPQOG
AINSSLPEFONVHPVTIGECPRKYVRSAKLRMYVTGLRNIPS IQSRGLEGATAGETEGGWTGM
VDGWYGYHHCQNEQGESGYAADQKSTONATINGITNKVNSVIEKMNT QFTAVGKEFNKLERRM
ENT KVDDRGEFLDIWTYNAELILVLLENERTLDEFHDSNVK KVKSQLKNNAKETGNGC
FEFYHRCNNECMESVENGTY DY PRKY SEESKLNREKIDGVRLESMGVYQTILATYSTVASSL
VLLVSLGAISFWMCSNGSLQCRICI (SEQ ID NO: 17027).

{0240} An exeroplary CD48 protein of the disclosure comprises or consists of the anuno
acid sequence of (Signal peptide, Chain, Pro peptide removed in mature form}:

MCSRGWDSCLALELLLLPLSLLVTS IQGHLVHEHMTVVSGSNVTLNISESLP
ENYROQLTWEFYTFDQRIVEWDSREKSKYFESKFRGRVRLDPOSGALY ISKVQ
KREDHSTYIMRVLEKETGNEQEWKIKLOQVLDPVPEPVIKIEKIEDMDDNCYL
KLSCVIPGESVNYTWYGDERPFPRKELONSVLETTLMPHNY SRCYTCQOVSN
SYSSKNGTVCLSPRPCTLARS FGVEWIASWLVVIVPTILGLLLT (SEQ ID NO:

17628) .

10241} An exemplary LLT1 protein of the disclosure comprises or consists of the amino
acid sequence of {Cytoplasmic, 744, Extracelluiar).

MHDSNNVERDITPSELPANPGCLHSKEHSIKATLIWRL FF
ANCHQEPSVCLOQAACPESWIGFOQRKCEY EFSDDTRKNWTSSORE
FLLRYRGPSDEWIGLSREQGOPWKWINGTEWTREQFPILCAGE

KWICSKSDIHV (SEQ ID NO: 17029).

FLIMFLTIIVCGMVAALSAIR
N ~

1.
R

B
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An exemplary ULBP2 protewn of the disclosure comprises or consisis of the amino

acid sequence of (also known as NKG2D ligand; Genbank ACCESSION No. AAQED028):

1 maaaaatkil
61 flhydcgnkt
121 lgarmscegk
181 stfthyfsmgde

N
IS
font

filpgi

[0243]

acid
1 maaaaspail
£1 nflsydcgsd
121 tlgvrmscec
181 tffkmvsmred
241 lpgi (SEQ

[0244]

Lalpllllis gwsragradp

vtpvsplgkk

Ilnvttawkaqg

aeghssgswg fsfdggifll
igwledflmg mdstlepsag

ID

MNOY »
IN »

priailp }ii
kvismghle

Yoy,

eadgyirgsw
ckswlrdflm
ID NC: 17

o

7
i

30%.

domainy {Genbank Accession No. Q29983)

hslaoyditvi
npvirevvdi
fdsekrmwtt
aplamssgtt

ahsiwynfti
. gqlemlirevgqg
lfdsnnrkwt

RO}

ta pptmapglag

. gliratattli

pkirpgprwe
lteglrdiqgl

vhpgarkn

avgggvdekt
enytpkeplt
kwendkvvam

lLoclliilpe

An exemplary ULBP3 protein of the disclosure comprises or consists of the amino

sequence of {also known as NKG2D ligand; Genbank ACCHESSION No. NP_078794):

cevgsgvdgk
Lledftpsgpl
ekwekdsglt
wsfliilcfi

An exemplary sMICA protein of the disclosure comprises or consists of the anino

acid sequence of (Signal Peptide, Portion of Extracellular domain, 7M agnd cvioplasmic

s vgsgfltevh
ahlikdgkegl
lamnvinflk

itvitcrasgf

ldggpilircd
hslgeirvce
edamk tkthy
vpwnitliswr
st huvp SRV
sdhr

1 mgigpvEilll ag‘fpfaopu aaaephsliry
6l rgkcrakpgy gwaedvlgnk twdretrdlt
121 ihednstrss qniyydgeLf lsgnletkew
181 hamhadclge lrrylksgvv Lrrtvpprvn
241 gdgvslshdt ggqwgdvlpdg ngtygtwvat
301 lvigshwgtf hvsavaaaal f*ii’f}V“F
361 datglgfgpl msdigstgst ega (SEQ

[0245]

acid sequence of (Alpha-1, Alpha-2, Alpha-3):

An exemplary sMICA protein of the disclosure comprises or consists of the anino

1 mgigpvilll agifpfappg aaaephslry nltviswdgs vgsgfltevh ldggpflred

6l rgkcrakpgg gwaedvlgnk twdretrdlt gngkdirmtl ahikdgkegl hslgeirvee
121 ihednstrss ghfyydgelf lsgnletkew tmpgssragt lamnvrnflk edamkthkthy
181 hamhadclge lrrylksgvy VI virseasegn itvtcrasgf ypwnitlswr
241 gdgvslishdt g Wqu7baa naquusqt ricggeeqrf ccymcnuanb sthpvpsgkv
301 lvigshwgtf hvsavaa fviiifyvre ekkktsaaeg pelvslqvlid ghpvgtsdhr
36l datqglgfgpl msdlgstgst ega (SEQ ID NO: 17033).

[0246]

acid sequence of (Signal peptide; Alpha-1. Alpha-2, d/pha-3):

MEEVLLTPORTLLSLVIALLFPSMASM

[s2]

rgkcorakpdqq

gwaedvlgnk

vgsgfltevh

An exemplary sMICA protein of the disclosure comprises or consists of the anino

Ldggpflired

ephsiry
twdretrdl!

nltviswdgs

qnc*»'cu rmt

. ahikdgkegl

L -
121 ihednstrss ghfyydgelf lsgnletkew tmpgssragt 1
181 hamhadelge lrrylksgvv lrrtvppmvn virseasegn itvtcrasgf
241 gdgvslshdt ggwgdvlipdy ngtygtwvat ricggeeqrfi tcymehsgnh
301 lvlgshw (SEQ ID NG: 17034)

hslgeirvece

thy
yownitlswr
sthpvpsgkv
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{06247} An exeraplary sMICA protein of the disclosure comprises or consists of the amino
acid sequence of (Signal peptide):

MGGVZLTQRTLLS VLALLFPSMASMEPHSLRYNLTVLSWDGSVOSGEFLTEVHLDGQPEFLRC
ROKCRAKPOGOUWAEDVLGNKTWDRETRDLTGNGELDLEMTLAHIKLDOQREGLHEHS LOEIRVC

EIHEDNSTRSSQHEYYNGELFLSONLETKEWIMPOSSRAQTLTHYHAMEADCLOELRRYLKS
GVVLRRIVPPMVDVIRSEASEGNITVICRASGEYPWNITLSWROQDGVSLEEDTQOWGDVLED
GNGTYQTWVATRICQGEEQRFTCYMEESGNESTHRPVPSGRVILVLOSHEW (SEQ ID NO:
17035y .

[0248] An exemplary bGBE Trimer (270G and 4845 protein of the disciosure comprises or
consists of the amino acid sequence of!

MSRSVALAVLALLSLSGLEAVMAPRTLILGGGGESGEEESGEEGES IQRT PKIQVY SRHPAENG
KSNFLNCYVSGFHPSDIBEVDLLEKNGERIEKVEHSDLSFSKDWSEFYLLYYTEFTRPTERKDEYAC
RVNHVTLSQPKIVKWDRDMGGGGESGGGEGSGGEGESGEEESGSHILKYFHTSVSRPGRGEPRET
SVGYVDDTQOFVREFDNDAASPRMVPRAPWMEQEGSEYWDRETRSARDTAQIFRVNLRTLRGY
NOSEAGSHTLOWMHGCELGPDGRFLRGYEQFAYDGKDYLTLNEDLRSWIAVDTAAQT SEQKS
NDASEAEHQRAYLEDTCVEWLHKY LEKGKETLLHLEPPRK THVTHHPISDHEATLRCWALGEY
PAH:‘LW‘QQDG‘ FIQWlE;VEi“”AFD”mekWAAVVJESG”EW” TCHVQHEGLPEEVT

LRWEKPASCPTIPIVGITAGLVLLGSVVSGAVVAAVIWRKKSSCGKGGES Y SKAEWSDSAQGSE
SHSL* (SEQ ID NO: “6972).

r
1
L
A

=<

[024%] An exemplary bGBE Trimer (270G and 4845 protein of the disciosure comprises or

consists of the nucleic acid sequence of;

atgtctegeagegtggecctyggecgtgetggecctygetgtecectgtetggectagay
gatggccccccqqac ctgatcctgggaggaggag cggcggaggaggoetacygy
gcggetetatcoca acacctaagatccadgy ¢ ctcocggeacccagoagaga
aagagcaacttao 't#ctacgtgagcggctttcacc;"tccgacatcgagththct
gectgaagaatggegagagaatecgagaaggtggageactecgacctgagettctecaaggatt
ggtctttttatects ataccgagtttacccectacagagaaggacgagtacgeoctgt
cgcgtgaaccacgtgaca ccagecasagategtgaagtgggacegggatatgggcygyg
cggcgqctctggcgg: ggcggeageggeggcggeggcetecggaggaggeggetetgygecageo
actcectgaagtatttccacacctctgtgagoccgygccaggcagaggagagecacggttecate
tetgtgggetacygtgy: gttegtgaggtttgacaatgatgccgeccageccaag
aatggtgectagggea gagcagygaggycagegagtattgggacagyggagacce
ggagcgocagagacac : agattttccggJ gaacctgagaaccctgaggggctactat
aatcagtcocgaggecyggetetecacacactecagtggatgcacggaty ctgggaccaga
tggccegettectgeggggctacgageagtttgectatgacggeaaygyg cetgaccctga
acgaggacctgagatcctggacegecgtggatacageccgaeccagatcagegagcagaagtac
aatgacgcatcitgaggcagagcaccagaggygcatatetggaggatacetgecgtggagtgget
gcacaagtacctggagaagggecaaggagacactgetgecacectggageccectaagacecacy
tgacacaccacccaatcagcgaccacgaggecaccetgaggtgttgggeactgggettectat
cccgcoccgagatecaccctygacatggecageaggacggadgagggacacaccecaggatacagaget
ggtggagaccaggcecceygea gthdtcuﬂqcatttcagiaqtqqqcc;cggtggt;qtgpctt
ccggagaggagcagagatacacctgtcacgtgeagoacy agagccagtgacc
ctgaggtggaagoate ¢ aatccctatce cgoaggectggt
qptqrqu;,tctgtggtgathqaccaqtgﬁfﬁgccgﬁcqiqa :LQﬁCﬁgai aagagca
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gcggaggcaagggaggctectactecaagygcagagtggagegacteogeecagggaetaetygay
agccactecctgtga {(SEQ ID NO: 169735 .

10250} An exernplary bGBE Trimer (Z70R and 4848) protein of the disclosure comprises or

consists of the amino acid sequence of:

MSRSVALAVL LGGGEGESGEEEIGGEEES IQRTPRKIQVY SRHFPAENG
KSNFLNCYVS [ERVE hguLuFSKhW\PAuuVEWF”mP ERKDEYAC
RVNHVTLSQP SJGJGSGCﬂpSG"HSJK"rhmrfSprT GEFRFI
SVGYVDDTQFVRED . MEQEGSEYWDRETRSA AQIFRVNLRTLRGYY
N 3: C?HTLQWM'G ELGPDRRFLRGYEQFAYDGKDYLT

TAVDTAAQISEQKS
QRAYLEDTCVEWLHKYLEKGKETLLHLEPP THHEPISDHEATLRCWALGEY
JODGEGHTOQDTELVETRPAG ”;i'“ QEWAAVVVESGEEQRYTCHVOHEEGLEER IT\T
TIPIVGITAGLVLLGSVVSGAVVAAVIWRKKSSGGRGGSY SKAEWS DSAQG

SH3L* (SEQ ID NO: 16874).

{0251} An exernplary bGBE Trimer (270R and 484%) protein of the disclosure comprises or

consists of the nucleic acid sequence of:

.Q

gqocctgetgtecocctgtetggactgys

Q
[te]
)]
[te]
ie}
0
Q
te
t

gatggccbpcwmn tgat crg Odggaggagg tccggaggcy
gecggetetat atccaggtgtattecteggeacccagecgagaacygyge
aagagcaact rachgctttCPCFcttﬁﬂﬂa ratogaggtggataet
gctgaagaats ggtggagcactcocgacctgagettaotceccaaggatt
ggtcttttta Jagtttaccccta;agagdaggacgagtacgcctgt
cgcgtgaaccacy gceccaaagategtygaagtgggaceygggatatgggeygyg
cggeggcetotggeg cggocggcggegygctecggaggaggeggetetgygcagcec
actccc;gjagtat ctgtgagecyggccaggecagaggagagecacggtteate

ctgtgggetacgt tacacagttcgtgaggtttgacaat UJCgCCUCCagCCQddq
aafggtrcp ofsfe ggagcaggaggygcagcegagtattgggacagggagaccc
ggagcgccagagacacagcacagattttcegggtgaacctgagaacectgaggggctactat
aatcagtocgaggecyggetcetecacacactecagtggatygcacggatgegagetgggacecaga
tegecgettectygeggyggetacgageagtttgectatgacggeaaggattacctgacectyga
acgaggacctgagatectyggaccgcecgtggatacagccygceccagattcagegagcagaagtee
adtqahucaLctgag;cagagcaccaga;ggcatatctqqaqqa*d:*fjcgtggdqtggct
gcacaagtacctggagaagggcaaggagacactgoetgcacetggageccectaagacacacy
tgacacaccacccaatcagcgaccacgaggocaccetgaggtgttgggecactgggettetat
cccgecgagatcacectgacatggcagecaggacggagagggacacacecaggatacagaget
ggtggagaccaggocagaecggegatggeacattiteagaaghgggocgecgtggtggtgeatt
ccggagaggagceagagatacacctgtcacgtgeagcacgagggactgocagagecagtgacce
ctgaggtggaagectygccagecageccacaateect qtpqiqqqq<+:atcgcaqqcctggt
gectgctgggetotgtggtgagoggageagtggtggecgecgtgatetggcggaagaagagca
goggaggoaagggagygctoctactecaaggecagagtggagecgactocgoccagggetetgag
agccactceccctgtga (SEQ ID NO: 16375).

0252} An exemplary gBE Dimer (R and 8) protein of the disclosure comprises or consists
of the amino acid sequence of;

MSRSVALAVLALLSLSGLEATQRTPKIQVYSREPAENGKSNEFLNCYVSGFHPSDIEY
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DLLKNGERIEKVEHSDLS FSKDWS FYLLYYTEFT PTEKDEYACRVNHVTLSQPKIVKWDER
DMGGGGSGEEESGEEGSGEEESESHELKY FHTSVSRPGREEPRFISVEYVDDTQFVREDN
DAASPRMVPRAPWMEQEGSE YWDRETRSARDTAQI FRVNLRTLRGY YNQSEAGSHT LOWM
HGCELGPDRRFLRGYEQFAYDGKDYLTLNEDLRSWTAVDTAAQT SEQKSNDAS EAEHORA
YLEDTCVEWLHKY LEKG EPPKTHVTHHPISDHEATLRCWALGFYPARETITLTWQ
ODGEGHTQDTELVETRPAGDGTFQKWAAVVVESGER QniTC%VCPECLP PVTLRWKPAS

QPTIPIVGIIAGLVLLGSVVSGAVVAAVIWRKKSSGGKGGSY SKAEWSDSAQGSESHSL

(SEQ ID NO: 16976)

£
./
L

10253} An exerplary gBE Dimer (R and 8) protein of the disclosure comprises or consists
of the nucleic acid sequence of:
ATGAGCAGATCTGTGGCCCTGGCTETTCTGGCTCTGCTGTCTCTGTCTGGCCTGGAAGCCAT
CCAGCGGACCCCTAAGATCCAGGTGTACAGCAGACACCCCGCCGAGAACGGCAAGAGCAACT
TCCTCGAACTGCTACGTGTCCGGCTTTCACCCCAGCGACATTGAGGTGGACCTGCTGAAGAAC
GGCGAGCGGATCGAGAAGGTGGAACACAGCGATCTGAGCTTCACGCAAGGACTGETCCTTCTA

CCTGCTGTACTACACCGAGTTCACCCCTACCGAGAAGGACGAGTACGCCTGCAGAGT GAACC
ACGTGACACTGAGCCAGCCTAAGATCGTGAAGTGGGACAGAGATATGGECGGAGGCGGATCT

GETGGCGEAGGAAGTGGCEECEGAGGATCTGLEGETGETGETTCTG GATvTCACACCCTGAA
GTACTTTCACACCTCCGTGTCCAGACCTGGCAGAGGUGAGCCTAGATTCATCAGCGETGGECT
ACGTGGACGACACCCAGTTCGTCAGATTCGACAACGACGCCGCCTCTCCTCGGATGETTCCT
AGAGCACCCTGGATGGAACAAGAGGGCAGCGAGTACTGGCATCGCGAGACAAGAAGCGCCAG
AGACACAGCC AUATCT'CCCCGTGAATCTGAQ. \WCCOCTGCGGEGGCTACTACAATCAGTCTG
AGGCCGGCTCTCACACCCTGCAGT GGATGCATGEATGTGAACTGGGCCCCGACAGALGGTTC
CTGAGAGG CT“TGnGCACTTCGCCTACG CGGCAAGGACT CCTGAV-CTGaACGAubACCT
GAGAAGCTGGACCGCCGTGEATACAGCCGCTCAGATCAGCGAGCAGAAGTCTAACGACGCCA
CGAGGCCGAARCACCAGAGAGCCTATCTGGAAGATACCTGCGT GGAAT GGCTGCACAAGTAC
CTGGAAAAGGGCAAAGAGACACTGCTGCACCTGGAACCTCCAAAGACACATGTGACCCACCA
TCCTATCAGCGACCACGAGGCCACACTGAGATGTTGEGLCCTGGECTTTTACCCTGCCGAGA
TCACACTGACATGGCAGCAGGATGGCGAGGGCCACACACAGGATACAGAGCTGGTGGAAACA

AGACCTGCCGGCGACGGCACCTTCCAGRAATGGGOTGLTGTGETTGTGCCCAGCGGLGAGGA
ACAGAGATACACCTG'\ \CGTGCAGCACGAGGGACTGCUTGAACCTGTGACTCTGAGAT GGA
AGCCTGCCAGCCAGCCAACAA ]i‘TL&TCGTGGGAA?”DTTbCCGIL”TGGTGC'C””LC%A
TCTGCTGGTTTCTGETGCTGTGETGGCCGCCGTGATTTGGAGAAAGAAGTCCTCTGGCGGCAA
AGGCGGCTCCTACTCTAAGGCCGAGTGGAGCGATTCTGCCCAGGGCTCTGAAAGCCACAGCC

TGTAGATAA (SEQ ID NO: 169877).

<
30
7l

{0234} An exemplary gBE Dimer (G and §) protein of the disclosure comprises or consists
of the amino acid sequence of;

DLLENGERIEKVEHSDLSESK SETPTERKDEYACRVNEVY L&) KIVEWDR
DMGGGESGGEELIEGEEESGEEESE LEYFHTEVERPGRGEPREISVG ZDTQFERFD\
IZXKbP?ﬁﬂ PRAPWMEC(Q nvgp"ﬁ AﬁljﬁijD?fggTFp [Jhplfﬂfgvv’iz GSHTLOWM
GPDGRIFLRGYEQFAYDGKI LRSWIAVDTAAQT F”KSN ASE&&HQVA
EDTCVEWLEKYLEKGKETLL! 1 TPP ISDHEATLRCWALGEYPAEITLTWQ
ODGEGHTODTELVETRPAGDGTEFQKY “AVVVPSGFuu?YTCHVCPE;LPFﬁVTLRWKPAS
[IPIVGIIAGLVLLGSVVSGAVVAAVIWRKKSSGGKGESY SKAEWSDSAQGSESHSL

{SEQ ID NO: 169783)

1

.
Y1

)

,
&
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[0255]  An exernplary gBE Dimer (G and 8) protein of the disclosure comprises or consists
of the amino acid sequence of;

ATGAGCAGATCTGTGGCCLTCGCTGTTCTGELTCTGL
CCAGCGGACCCCTAAGATC \AfCTC.ACXGC. GACACCCCGCCGAGAACGGCAAGAGCAACT
TCCTCGAACTGCTACGTGTCCGECTTTCACCCCAGCGACATTGAGGTGGACCTGCTGAAGAAC
GGCGAGCGGATCGAGAAGGTGGAACACAGCGATCTGAGCTTCACGCAAGGACTGETCCTTCTA
CCTGCTGTACTACACCGAGTTCACCCCTACCGAGAAGGACGAGTACGCCTGCAGAGTGAACCT
ACGTGACACTGAGCCAGCCTAAGATCGTGAAGTGGGACAGAGATATGGECGGAGGCGGATCT
GGTGGCGGAGGAAGTGGCGGCGCGAGGATCTGLCLGEGTGETGGTTCTGGATCTCACAGCCTGAA
GTACTTTCACACCTCCGTGETCCAGACCTGECAGAGGCGAGCCTAGATTCATCAGCE 'uGGCT
ACGTGGACGACACCCAGTTCGETCAGATTCGACAACGACGCCGCCTCTCCTCGEGATGETTCC
AGAGCACCCTGGATGGAACAAGAGGGCAGCGAGTACTGGCGATCGCGAGAL AnunﬁCCCCCAG
AGACACAGCC AUATCTTCCCCGTGAA’,TG GAACCCTCCCFCmeLCT.CAA CAGTCTG
AGGCCEGCTCTCACACCCTGCAGT GGATGCATGGATGTGAACTCGLCCCCGACAGACAGTTC
CTCACAGUCT“TGnGCACTTCGCCTACGACGGCAnuCRC ACCTGACACTGAACGAGGACCT
GAGAAGCTGGACCGCCGTGEATACAGCCGCTCAGATCAGCGAGCAGAAGTCTAACGACGCCA
GCGAGGCCGAACACCAGAGAGCCTAT CTGGAAGATACCTGCETGGAATGGCTGCACAAGTAC
CTGCGAAAAGGGCAAAGAGACACTGCTGCACCTGGAACCTCCAAAGACACATGTGACCCACCA
TCCTATCAGCGACCACGAGGCCACACTGAGATGTTGEGLCCTGGECTTTTACCCTGCCGAGA
TCACACTGACATGGCAGCAGGATGGCGAGGGCCACACACAGGATACAGAGCTGGTGGAAACA
AGACCTGCCGLCGACGGCACCTTCCAGAAATGGGCTGCTCTGGTTGTGCCCAGCGGCGAGGA
ACAGAGATACACCTGTCACGTGCAGCACGAGGGACTGCCTGAACCTGTGACTCTGAGATGGA
AGCCTGCCAGCCAGCCAACAAT CCCCATCGTGGGAATCATT GCCGLCCTGETGCTGCT GGGA
TCTGCTGGTTTCTGETGCTGTGETGGCCGCCGTGATTTGGAGAAAGAAGTCCTCTGGCGGCAA
AGGCGGCTCCTA TCiAhcﬂCLbApm””A”“”“TlCTGCCCAGJGCTCTGAAAGCCALA?CC
TGTAGATAA (SEQ I'D NO: 16879)

;CTGTCTCTGTCTGGCCTGGAAGCCAT

(‘2 -’D

{0256} A wildtvpe/natural human HLA-E protein (NCBE HLAE HUMAN; UniProt/Swiss
Prot: P13747 4) comprises or consists of the amino acid sequence of

MVDGTLLLLLSEALALTOTWAGSHSLKYFHTSVSRPGRGEPRELIS
SERMVERAPWMEQEGSEYWDRETRSARDTAQIFRVNLRTLRGYYN
GPDGRFLRGYEQFAYDGKDYLTLNEDLRSWTAVDTAADIS HUhSRPﬁSFAFHCRAYTEDTP”
WLHKLEKGKETLLH 'mL'P THVTHHPISDHEATLRCWALGEYPARTTLTY

ELVETRPAGDGTEFOKWAAVVVPSGEEQCRYTCEVOEEGLPEPVTLRWKPASQP
VLLGSVVSGAVVAAV TWRT' SSGEKGGSYSKAEWSDSAQGSESHSL (SEQ ID NO:

VGLVDDTFFVRFDNDAA
38

trj

\’T‘

- '-4
-

{31237} A nucleotide sequence encoding wildtype/natural HLA-E protein (NCBE
CCDS34379.1) comprises or consists of the nucleotide sequence of:

ATGGTAGATGGAACCCTCCTITTACTCCTCTCGEAGGCCCTGGCCCTTACCCAGACCT GGG
GGGUTCCCACTCCTTGAAL THTTTLC&CACTTCCG TGT PC“CCCLG3CCGCGG?C GCCCC
GCTTCATCTCTGTGLGCTACCGTGGACGACACCCAGTTCGTGCGCTTCGACAACGACGCCGCGE
AGTCCGAGGATGGETGLCGLGEGCGCCETEGEAT GGA“CAGCACFCUTCAGAGTn* 'GGGACCG
GGAGACACGGAGCGUCAGGGACACCGCACAGATTTTCCGAGTGAATCTGCGGACGCTGLGCG
GCTACTACAATCAGAGCGAGGCCGGGETCT CACACCCTGCAGTGGATGCATGGCTGCGAGTTG

GGGCCCGACGGLUGCTTCCTCCGCGGETATGAACAGTTCGCCTACGACGGCAAGGATTATCT

G0
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CACCCTGAAT GAGGACCTGUGUTCCTGGACCGUGETGEACACGGCGECTCAGATCTCCGAGT
AAAAGTCAAATGATGCCTCTGAGGCGGAGCACCAGAGAGCCTACCTGGAAGACACATGCCTG
GAGTGGCTCCACAAATACCTGGAGRAAGGGGAAGGAGACGCTGCTTCACCTGGAGCCCCCARAA
GACACACGTGACTCACCACCCCATCTCTGACCATGAGGCCACCCTGAGGTGCTGGGECCCTGE
GCTTCTACCCTGCGGAGATCACACTGACCTGGCAGCAGGATGGEGAGGGCCATACCCAGGAC
ACGGAGCTCGTGGAGACCAGGCCTCCAGGLGGATGGAACCTTCCAGAAGTGGGCAGCTGTGET
GGTGCCTTCT GGAGAGGAGCAGAGATACACGTGCCATGTGCAGCATGAGGGGCTACCCGAGC
CCGTCACCCTGAGATGGAAGCCGGCTTCCCAGCCCACCATCCCCATCGTGGGCATCATTGCT
GGCCTGGTTCTICCTTGGATCTGTGETCTCTGGAGCTGTGETTGCTGCTGTGATATGGACGGAA
GAAGAGCTCAGGTGGARAAGGAGGGAGCTACTCTAAGGUTGAGT GGAGCGACAGTGCLCAGE

GGTCTGAGTCTCACAGCTTGTAA (SEQ ID NO: 17123)

{0258} An exemplary WT HLA-E Monomer (R and 8) protein of the disclosure comprises

or consisis of the amino acid sequence of:

T
i

MSRSVALAVLALLCLSGLEAGSHSLEYEFETSVERPGRGEPREISVGYVDDTQEVRE

DNDAASPRMVPRAPWMEQEGSEYWDRETRSARDTAQIFRVNLRTLRGYYNQSEAGSHTLO
WMHGCELGPDRREFLRGYEQFAYDGKDY LT LNEDLRSWTAVDTAAQISEQKSNDASEARHQ
RAYLEDTCVEWLHKY LEKGKETLLHLEPPRTHVTHHP IS DHEAT LRCWALGEFYPAETTLT

WOUDGEGHTORTELVETRPAGDGTFQEKWAAVVVEPSGE
ASQPTIPIVGITIAGLVLLGSVVSGAVVAAVIWRKKSSGGKG

L {(8EC ID NO: 1&980)

=
Ep
A
~4
@)
G2
i
U
jxal
J

L PVTLRWKP

P
SAQGSHESHS

1
D)
N
]
iy
n i
<
[
’J;J
':-4
n
o
14>

{3239}  An exemplary WT HLA-E Monomer (R and &) protein of the disclosure comprises
or counsists of the nucleic acid sequence of

ATGAGCAGATCTGTIGGCCCTGGCTGTICTGGLTICTGCTGTCTCTGICTGGACTGGAAGCCGE
CAGCCACAGCCTGAAGTACTTTC WCCAGCGTGTCCAGACCTGGCAGAGGCGAGCLTAGAT
TCATCAGCGTGEGCTACGTGCACGACACCCAGTTCGTCAGATTCGACAACGACGCCGCCTCT
CCTCGGATGGTTCCTAGAGCACCCTGGATGGAACAAGAGGGCAGCGAGTACTGGGACAGAGA
GACAAGAAGCGCCAGAGACACAGCCCAGATCTTCAGAGTGAACCTGCEGACCCTGCEGEGLT
ACTACAATCAGTCTGAAGCCGGCTCTCACACCCTGCAGTGGATGCACGGATGTGAACTGGGEC
CCCGACAGAAGATTCCTGAGAGGCTACGAGCAGTTCGCCTACGACGGCAAGGACTACCTGAC
ACTGAACGAGGACCTGAGAAGCTGGACCGCCETGGATACAGCCGCTCAGATCAGTGAGCAGA
AGTCTAACGACGCCTCTGAGGCCGAACACCAGAGAGCCTACCTGGAAGATACCTGCGTGGAA
TGGCTGCACAAGTACCTGGAARAGGGCARAAGAGACACTGCTGCACCTGGAACCTCCARAGAC
ACACGTGACCCACCATCCTATCAGCGACCACGAGGCCACACTGAGATGTTGGGCCCTGEGLT
TTTACCCCGCCGAGATCACACTGACAT GGCAGCAGGATGGCGAGLGCCACACACAGGATACA
GAGCTGGTGGAAACAAGACCTGCCGGCGACGGCACCTTCCAGAAATGGECTGOTGTGGTGET
TCCCAGCHGGUGAGGAACAGAGATACACCTGTCACGTGCAGCACGAGGGACTGCCTGAACCTG
TGACACTGAGGTGGAAGCCTGCCAGCCAGCCTACAATCCCCATCOGT GGGAATCATTGCCGGE
CTGGTGCTGCTGEHGATCTGTGGTITTCTGGTGCAGT GGTGGCCGCCGTGATCTGLCGGAAAAR
AAGCTCAGGCLGGCAAAGGCGCCTCCTACTCCAAAGCCCAGTGGAGCGATTCTGCCCAGGGCT

CTGAAAGCCACTCTCTGTAGATAA (SEQ ID NO: 16981).

/

[6266] An exemplary WT HLA-E Monomer (G and 8) protein of the disclosure comprises
or consists of the nucleic acid sequence of
MSRSVALAVLALLSLSGLEAGSHS LKYFHTSVSRPGRGEFPREISVGYVDDTQFVRE

G
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DNDAASPRMVPRAPWMEQEGSEYWDRETRSARDTAQIFRVNLRT LRGYYNQSEAGSHTLQ
WMHGCELGPDRGRELRGYEQFAYDGKDY LT LNEDLRSWIAVDTAAQISEQRSNIASEAEHQ
i L

Q
[

RAYLEDTCVEWLEKY LEKGKETLLHLEPPRTHVTEHP IS DHEATLRCWALGEFYPAETTLT

TRPAGDGTEFORWAAVVVESGEEQRYTCHVOHEGLPEPVT LRWKP

y: I
WOODGEGHTQDTELVE )
PTIPIVGITAGLVLLGSVVSGAVVAAVIWRKKSSGEKGEESY SKAEWS DSAQGSESHS

L (SEQ ID NO: 16882).

iy
[#p]
O

{0261} An exemplary WT HLA-E Monomer (G and &) protein of the disclosure comprises
or consists of the nucleic acid sequence of;

AT

CAGCCACAGCCTGAAGTACTTTC

N R T T ST S 0 S o SIS S ST S T 3 T 7 7 S T T 7 4 0 ¢ T 4 T =4 T~ S o0 7y 7 P
\GCAGATCTGTGGCCCTGECTETTCTGECTCTGUTETCTCTGTCTGGACTEGAAGCS

T N ET T S
AGCGTGETCCAGACC

A CTGGCAGAGGCGAGCCTAGAT
TCATCAGCGTGGGCTACGTGGACGACACCCAGTTICGTCAGATTCGACAACGACGLCGCCTCT
CCTCGGATGGTTCCTAGAGCACCCT GGAT GGAACAAGAGGGCAGCGAGTACTGGGACAGAGA

ACAAGAAGCGCCAGAGACACAGCCCAGATCTTCAGAGTGAACCT GCGGACCCTGCEEEGECT
ACTACAATCAGTCTGAAGCCGGCTCTCACACCCTGCAGTGGATGCACGGATGTGAACTGGEC
CCCGACGGAAGATTCCTGAGAGGCTACGAGCAGTTCGCCTACGACGGCAAGGACTACCTGAC
ACTGAACGAGGACCTGAGAAGCTGGACCGCCETGGATACAGCCGCTCAGATCAGCGAGCAG
AGTCTAACGACGCCTCTGAGCGCCGAACACCAGAGAGCCTACCTGGAAGATACCTGCGTGGAA
TGGCTGCACAAGTACCTGGAARAAGGGCAAAGAGACALTGCTGCACCTGGAACCTCCAAAGAC
ACACGTGACCCACCATCCTATCAGCGACCACGAGGCCACACTGAGATGTTGLGCCCTGGGELT
TTTACCCCGCCGAGATCACACTGACATGGCAGCAGGATGGCCGAGGGCCACACACAGGATACA
GAGCTGGTGGAAACAAGACCTGCCGGCGACGGCACCTTCCAGAAATGGECTGOTGTGGTGET
TCCCAGCGGCGAGGAACAGAGATACACCTGTCACGTGCAGCACGAGGGACTGCCTGAACCTG
TGACACTGAGGTGGAAGCCTGCCAGCCAGCCTACAATCCCCATCGTGEGAATCATTGCCGGEL
CTGGTGCTGCTGGGATCTGTGGTTTCTGGTGCAGT GGTGGCCGCCGTGATCTGGCGGAARAAR
AAGCTCAGGCGGCAAAGGLGGCTCCTACTCCAAAGUCGAGT GGAGCGATTCTGCCCAGGGCT
CTGAAAGCCACTCTCTGTAGATAA (SEQ ID NO: 16883).

6262} A wildtype/natural human B2ZM protein (NCBE B2MG _HUMAN; UniProt/Swigs-
Prot: P61769.1) comprises or consists of the amino acid sequence of!

MSRSVALAVLALLSLSGLEAIQRTPKIQVYSRHEHPAENGKSNFLNCYVSGEFHEPEDIEVDLLEN

Y FH B
SDLSFSKDWSEYLLYYTEFTPTEKDEYACRVNHVTLSQPKIVKWDEDM (SEQ
-

6263} A nucleofide sequence encoding wildtype/natural B2M protein (NCBE:
CCDS10113.1) comprises or consists of the nucleotide sequence of:

ATGTCTCGCTCCGTGGCCTTAGCTGTGCTCGCGCTACTCTCTCTTTCTGGCCTGGAGGCTAT
CCAGCGTACTCCAAAGATTCAGGTTTACTCACGTCATCCAGCAGAGAATGGAAAGTCAAATT
TCCTGAATTGCTATGTGTCTGGGTTTCATCCATCCGACATTGAAGT TGACTTACT GAAGAAT
GCGAGAGAGAATTGAAAAAGTGCAGCATTCAGACTTGTCTTTCAGCAAGGACTGGTCTTTCTA
TCTTGTACTACACTGAATTCACCCCCACTGAAAAAGATGAGTATGCCTGCCGTGTGAACC

CATITUTU ST S P S RS e S e A A YA ITON PITTUTUN 7y T N e S AT e O A PN A N AT T A 7y Na e T
ACTTTGTCACAGCCCAAGATAGTTAAGTGGGATCGAGACATGTAA (SEQ T

™ NO -
L IN »
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{0264} An exernplary HLA-bGBE (Single Chain Trimer) protein of the disclosure

B2M domain, Linker, HLA-E peptide):

MSRSVALAVELALLSLSGLEAVMAPRTLILGGGGESGEGEGESGGEES IQRIPRIQVYSRHPAENG
KESNFLNCYVSGFHPSDIEVDLIEKNGERIERVERSDLSFSKOWSFYLLYYTEFTPTERKDEYAC
RVNHVILSQPRKIVEWDRDMGGGGS GGGESGEEGIGEEESGSHELKYFHTSVSRPGRGEPRET
SVGYVDDTOFVREDNDAAS PRMVPRAPWMEQEGSEYWDRETRSARDTAGTIERVNLRTLRGYY
NOSEACSHTLOWMHGCELGPDGRFLRGYEQFAYDGRDYLTLNEDLRSWTAVDTAAQT SEQRS
NDASEARHORAYLEDTCVEWLHKYLERKGEETLLHLEPPRTHVTHHPISDHEATLRCWALGEY
PAE I TLTWOODGEGHTODTE LVETRPAGDGTEQRWAAVVVPSGERORY TCHVOHEGLPEDYT
LRWEKPASQPTIPIVGIIAGLVLLGSVVEGAVVAAVIWRKKS SGCGKGGSYSKAEWSDSAQGSE
SHSL (SEQ ID NO: 17064)

BZNESQﬁHﬂpepﬁde:MSRSVALAVLALLSLSGLEA (SEQ ID NC: 17126}
PqﬁkkiVMAPRTLIL (SEQ ID NC: 17127;

Linker: GGGGSGGGGSGGEGEES (SEQ ID NO: 17128)

B2M da{mzin:

LNCYVSGFHPSDIEVDLLENGERIEKVEHSDLSFSKDWSE

VNHVTLSQPKIVKWDRDM (SEQ ID NO: 17129)

. e NN N NN N RPN L PN T PN 0N o N N Y 7 T - T e 5
Linker: GGGGSGGGESGGEESEGEES (SEQ ID NO: 17130)

HLA-E peptide:
GSHSLEYFHTSVSRPGRGEPRFISVGYVDDTOFVREDNDAASPRMVPRAPWMEQEGSEYWDR
ETRSARDTAQIFRVNLRTLRGYYNOSEAGSETLOWMHGCELGPDGREFLRGYEQFAYDGKDY L

T SWTAVDTAAQT YKSNDASEAEHQRAY DTCVEWLHKY LEKGKETLLHLEFPPK
THVTHHPISDHEATLRCWALGEY PAERTTLTWQODGEGHTQDTELVETRPAGDGT FOKWAAVV

VPSGEREQR

KSS5GG

KAEWSDS

S
SAQGS

YSs

KGGS

{0268] An exemplary nucleotide sequence encoding a HLA-BGBE (Single Chain Trimer)

protein of the disclosure comprises or consists of the nucleotide sequence of (B2M Signal

ATGTCTCGCAGCETGGCCOTGECCETGCTEGCCCTGCTGTCCCTEGTCTGGCCTGGAGGCCET
GATGGCCCCCCGGACCCTGATCCTGGGAGGAGGAGGCAGUGECHGGAGGAGGCTCLGGAGGLG
GCGGUTCTATCCAGCGCACACCTAAGATCCAGETGTATTICTCGGCACCCAGCCGAGAACGEC
AAGAGCAACTTCCTGAATTGCTACGTGAGCGGUT T TCACCCTTCCGACATCGAGGTGEATCT
GCTGAAGAATCGGUGAGAGARATCGAGRAGGTGGAGCACTCCCGACCTGAGUCTTCTCCAAGGATY
GEICTTITTATCTCCTGTACTATACCGACGTTTACCCOCTACRAGRAGRAAGEACGAGTACGLCTET
CCOGTGAACCACGTGACACTGTCCCAGCCAAAGATCCGTGAAGTGGGACCGGGATATGEGCGE
CCGLCGELCTCTGECEECEECEECAGCGELELELEGLGECTCCGEAGGAGGCEGEETCTGGCAGCC
ACTCCCTGAAGTATTTCCACACCTCTCTGAGCCGECLAGGUAGAGGAGAGCCACGLTTCATT
TOTGTGGECTACGTEGACGATACACAGTTCGTGAGETTTGACAATGATGCCGCCAGUCCAAG
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AATGETGCCTAGGGCUCCATGEATGGAGCAGGAGGGLAGCGAGTATTGGCACAGGHAGACCT
GGAGCGCCAGAGACACAGCACAGATTTTCCGGGTGAACCTGAGAACCCTGAGGGGCTACTAT
AATCAGTCCGAGGCCGGCTCTCACACACTCCAGTGGATGCACGGATGCGAGCTGGGACCAGA
TGGECOGCTTCCTECEGGEECTACGAGCAGTTTGCCTATGACGGCAAGGATTACCTGACLCTGA
ACGAGGACCTGAGATCCTEGACCGCCGTGEGATACAGCCGCCCAGATCAGCGAGCAGAAGTCC
AATGACGCATCTGAGGCAGAGCACCAGAGGGCATATCTGGAGGATACCTGCGTGGAGTGGECT
GCACAAGTACCTGGAGAAGGGCAAGGAGACACTECTGCACCTGGAGCCCCCTAAGACCCACG
TGACACACCACCCAATCAGCGACCACGAGGCCACCCTEAGGTGTTGEGGCACTGGGCTTCTAT
CCCGCCGAGATCACCCTGACATGGCAGCAGGACGGAGAGGGACACACCCAGGATACAGAGCT
GGTGGAGACCAGGCCCGCCGGLGATGGCACATTTCAGAAGTGGGECCEGCCETGETEETGCCTT
COGGAGAGGAGCAGAGATACACCTGTCACGTGCAGCACGAGEGACTGCCAGAGCCAGTGALC
CTGAGGTGGAAGCCTGCCAGCCAGCCCACAATCCCTATCGTGGGAATCATCGCAGGCCTGGET
GCTGCTGGECTCTGTGETGAGCGGAGCAGTGETGGECCGLCETCATCTGEGLGGAAGAAGAGCA
GUGGAGGCAAGGCGAGGCTCCTACTOCAAGGCAGAGTGRAGCRGACTCCGCCCAGGGCTCTGAG
AGCCACTCCCTGTGA  (SEQ ID NO: 17065)

B2M Signal pepiide:
ATGTCTCGCAGCLGTGGCCCTCGCCETGCTGGCCCTECTETCCCTGTCTGEGCCTGGAGGCC
(SEQ ID NOC: 1717

Peptide: GTGATGGCCCCCCGCACCCTGATCCTG (SEQ TID NO: 17133)

Linker: GGAGGAGGCAGGCAGCGGCGEGAGGAGGCTCCGGAGGLGECGGCTCT (SEQ ID NO:

17134)
17134)

B2y dtmmiw

ATCCAG iP”““”mAAG ' ATTCTCGEGECACC SCCGAGAACGGCAAGAGC
CTT (_,U[Cf\} TTGCOTAC T «J;ac"c”” “c' ATCEAGGTEEATCTGCTS
AILLLL&GAGAATJG/G/ GCETGGAGCACTCCGA GCFiC”””AAJGA”TQv”
TATCTGCTGTACTATACC ACTTTA&CkaACAGAUAAQCHCh.?TA CGCCTGETCECETGAA

CCACGTGACACTGETCCCAGCCAAAGATCETGAAGT GGGACCGGGATATG (SEQ ID NO:
17135)

Linker:
GGCEGCGECEHEETCTGECEGCEECEGCAGTEHEELGLEECEGCTCCEGAGGAGHCGEECTCT
{SEQC ID No: 171

HLA-T peptide:
GGCAGCCACTCCCTGAAGTATTTCCACACCTCTGTGAGCCGEGGCCAGGCAGAGGAGAL
GTTCATCTCTGTGEGEGEL TAv‘”TCﬁCwP TACACAGTTCGTGAGETTTGACAATGATGCCGCC
GCCCAAGAATGETGCCT SCCCCATGGATGEAGCAGGAG CAGCGAGTATTG
GAbALLCGGzJJGJCAC \CACAGC AFAGATTTT”“ﬂCLLLAAF”””AUAACJL GAGGGG

\GA
CTACTATRAATCAGTCCGAGGECC

GﬁCTCTCACACA”TTDACTCh% GCACGGATGCGAGCTGG
SACCAGATGGCCGCTTCCTE CGAGCAGTTTGCCTATGACGGCAAGGATTACCTG

ALLLiLmAFGAUGA”“l“ApPiLLlGQ“CCJC‘TTSpAIALALLFGFCCAJATJACCGAGCA
GAAGTCCAATGACGCATC TGAFCCAGAGC“JCANACC sCATATCTGGAGGATACCTGCGTGE
AGTGGCTGCACAAGTACCTGGAGAAGGGCAAGGAGACACTGCTGCACCTGGAGCCCCCTAAG
ACCCACGTGACACACCACCCAATCAGCGACCACGAGGCCACCCTGAGGTGTTGGGCACTGEG
CTTCTATCCCGCCGAGATCACCCTGACATGGCAGCAGGACGGAGAGGGACACACCCAGGATA
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CAGAGCTGGTGGAGACCAGGCCCGCLGGCGATGLCACATTTCAGAAGT GGGCCGCCETGETG
STGCCTTCCGGAGAGGAGC AuAbALA”ACCTGTCACG'GCA&CA.-AGGGACTG“”AHAGCC
AGTGAC’CTGAGGTGCAAGCCTFCC CCAGCCCACAATCCCTATCGTGGGAATCATCGCAG
GCCTGGETGITGCTGLECTCTGTG ﬁGAGLGG GCAGTGGETGGCCGCCGTGATCTGGCEGAAG
AALALLA‘”GGAGGCAAﬂCﬂAGGCL CCTACTCCAAGGCAGAGTGGAGCGACTCCGCCCAGGG
CTCTGAGAGCCACTCCCTGTGA (SEQ ID NO: 17137)

C

)]

{0266} An exemplary HLA-gBE (Single Chain Dimer) protein of the disclosure cormprises
or consists of the amino acid sequence of (B2ZM Signal peptide, B2M domain, Linker, HLA-
E peptide):

MSRSVALAVLALLSLSGLEA QKT PRIQVYSRAPAENGRESNEFLNCYVSGrHFSDIEVDLLEN
GERIERVEHSDLSEFSKDWSEFYLLYYTEFTPITERDEYACRVNHVILSQPRKIVEKWDRDMGGGGS

GGGGESGEEGESGEEESGSHSLKYFHT SVSRPGRGEPRETISVGYVDDTQFVREFDNDAASPRMVE

<

RAPWMEQEGSEYWDRETRSARDTAQIFRVNLRTLRGYYNQOSEAGSHTLOWMHGCELGPDRRE
LRGYEQFAYDGRDYLTLNEDLRSWIAVDTAAQI SEQKSNDASEAEHQRAYLEDT CVEWLHEY
LEKGKETLLHLEPPKTHVIHHPISDEEAT LRCWALGEYPAEITLTWQODGE UA;u=TuMVL”
RPAGDGTEORKWAAVVVPSGEEQRYTCHVOHEGLPEPVT LRWKPASQPTIPIVGITAGLVLLG
SVVSGAVVAAVIWRKKSSGGKGGSY YRKAEWSDSAQGSESHSL (SEC ID NO: 17066)

B2M Signal peptide: MSRSVALAVLALLSLSGLEA (SEQ ID NO: 17126)

B2M domain:
IORTPKICVY SREPAENGKSNEFLNCYVSGFHPSDIEY LL:KU«"RTEKVEHQN.LFSKDWSF
YLIYYTEFTPTEKDEYACRVNHVTLSOPKIVEWDRDM 2N

[1‘

‘-;
T 2
i
L)
faa
o]
/
@)
&
20
—
-3
—
N
(e}

Ilﬂi\.ﬁ,r GGGGEIGEGEEESGEGEGEESGGEEGES (S:\:j ID NO: 1713O>

1L A-E peptide:
GSHSLEYFHTSVSRPGRGEPRFISVGYVDDTQFVREFDNDAAS PRM”DRAPWMEChSSElWUR
bTRSARLTL;Iﬁ‘VNLRTLRCXYYQSE WGSHTLOWMHGCELGEDRRELEGYEQFAYDGKDY
TLNEDLRSWTAVDTAAQISHEQKSNDASEAEHQRAYLEDTCY mWJPVYLFKGVJiLLHLﬁPPK
THVTJHPlS‘HEA”L”“WALuL”PA‘;ILTVQCDGEGHlQDi”*MEMPDAGDG”FQ<vAAVJ
VPSGEEQRYTCHVQHEGLPEPVTLRWKPASQPTIPIVGILIAGLY
SRKGGSYYKAEWSDSAQGSESHST E D NO: 1713

T

LLGSVVSGAVVAAVIWRK
.
1)

?»<' y-}

Y
X
ay

KSSGGKG

[0267] An exemplary nucleotide sequence encoding a HLA-gBE (Single Chain Dimer)
protetn of the disclosure comprises or consists of the nucleotide sequence of {B2ZM Signal
peptide, BM domain, Linker, HLA-E peptide):
ATGAGCAGATCTGTGGCCCTGGUTGTTICTGECTCTECTGTCTCTGTCTGGCCTEGAAGCCAT
CCAGCGGACCCCTAAGATCCAGGTIGTACAGCAGACACCCCGUCCGAGAACGGCAAGAGCAACT
TCCTCGAACTGCTACGTGTCCGGCTTTCACCCCAGCGACATTGAGCTCGGACCTGCTGAAGAAL
GGCGAGCCGATCGAGAAGG TGGAACACAGCCATC TGAGC TTCAGCAAGGACTGG TCCTTCTA

CCTGCTGTACTACACCGAGTTCACCUCCTACCGAGAAGGACGAGTACGCCTIGCAGAGTGAACC

ébCFCACA TCAGCCAGCCTAAGAT CGTGAAGTGGCGACAGAGATATGEGCGGAGGCGGEATCT
GGTGGCGGAGGAAGTGGCGECECAGGAT CTGECEETGETGGTTCT GGATCTCACAGCCTGAA
GTA CTT ,AC CCTCCGTGTCCAGACCTGGLCAGAGGCGAGCCTAGATTCATCAGLGTGGGCT

Ned

5



CA 03111384 2021-03-02

WO 2020/051374 PCT/US2019/049816

ACGTGGACGACACCCAGTTCGTCAGATTCGACAACGACGCCGCCTCTCCTCGGATGETTCCT
AGAGCACCCTGGATGGAACAAGAGGGCAGCGAGTACTGGGATCGCGAGACAAGAAGCGCCAG
AGACACAGCCCAGATCTTCCGCCETGAACCTGAGAACCLTGCGGGGCTACTACAATCAGTCTG
AGGCC C" CTCTCACACCCTGCAGTGGATGCATGGATGTGAACTGGGCCCCGACAGACGGTTC
CTGAGA ‘7T’””AGCA”IICCCLiA“”ACGGCAA sGACTACCTGACACTGAACGAGGACCT
CACAAFCTCGACCGCCGTU sATACAGCCGCTCAGATCAGCGAGCAGAAGTCTAACGACGCCA
GCGAGGCCGAACACCA AC@CTA CTGGAAG TACCTGCGTGGXATGGCTGCJfaAGTAC
CTGGAAAAC GGCAAA‘ GACACTGCTGCACCTGGAACCTCCAAAGACACATGTGACCCACCA
TCCTATCAGCGACCACGA GCCCACACTG GATGTTGGGCCCTGGGCTTTTACCCTGCCGAGA
TCACACTGACATGGCAGCAGGATGGUGAGGGCCACAL “QAGGATACAG GCTGGETGEGAAACA
AGACCTGCCGGCGACGGCACCTTCCAGAAATGEECTG STTGTGCCCAGCGGCGAGGA

ACAGAGATACACCTGTCACGTGCAGCACGAGGGACTGCCTGAACCTGTGACTCTGAGATGGA

AGCCTGCCAGCCAGCCAACAATCCCCATCETGGGAATCATTGCCGGUCTGETGCTGCTGGGA
[GCTGETTTCTGETGCTGTGETGECCGCCGTGATTTGCGAGAAAGAAGTCCTCT GGCGGCAA
AGGCGGCTCCTACTATAAGGCCCAGTGGAGCGATTCTGCCCAGGGCTCTGAAAGCCACAGCC
TGTGA (SEQ ID NO: 17067)

B2M Signal peptide:
ATGAGCAGATCTGTGGCCCTEGCTGTTCTGGCTCTG

SEQ ID NG: 17132)

TETOTGECOTER 4
[ GTCTGGCCTGEGAAGC

B2M domain:
ATCCAGCGGACCCCTAAGATCCACGTGTACAGCAGACACCCCGCCGAGAACGGCAAGAGCAA
CTTCCTGAACTGCTACGETET CCGGECTTTCACCCCAGCEGACATT GAGGT GGACCTECTGAAGA
ACGGCGAGCGEGATCGAGAAGGTGGAACACAGCGAT CTGAGCTTCAGCAAGGACTGETCCTTIC
TACCTGCTGTACTACACCGAGTTCACCCCTACCGAGAAGGACCGAGTACGCCTGCAGACTGAA
CCACGCGTGACACTGAGCCAGCCTAAGATCGTGAAGTGEGACAGAGATATE (SEQ ID NC:

17135)

f‘
7\

Linker:
GGCCEGAGGCEHATCTGETEGCGECAGGAACGTGGCHGLERAGGATCTGGCHETEETGETTCT

{SEC ID NO: 17136)

HLA-E peptide:

GGATCTCAC GCCTGAAGTACTTTCACACCTCCGTGTCCAGACCTGGCAGAGGCGAGCCTAG
ATTCATCAGCGTGGGCTACGTGGACGACACCCAGTTCGTCAGATTCGACAACGACGCCGCCT

CTCCTCGG]TGGTT“”'RLALLDL(L”GGAN”GAL\ VAGAGGGCAGCGAGTACTGGGATCGC
GAGACAAGAAGCGCCAGAGACACAGCCC! G7lJTTCC”C TGAACCTGAGAACCCTGCGGEE
CTACTACAATCAGTCTGAGGCCGGCTCTCACACCCTGCAGTGGATGCATGGATGTGAACTGG
GCCCCGACAGACGGTTCCTGAGAGGCTATGAGCAGTTCGCCTACGACGGCAAGGACTACCTG
ACACTCGAACGAGGACCTGAGAAGCTGGACCGCCOTGGATACAGCCGCT CAGATCAGCGAGCA

GAAGTCTAACGACGCCAGCGAGGCCGAACACCAGAGAGCCTATCTGGRAAGATACCTGLGTGG
AHTFCCT“CAV. WGTACCTGGAAAAGGGCARAGAGACACTGCTGCACCTGGARAACCTCCARAAG
ACACATGTGACCCACCATCCTATCAGCGACCACGAGGCCACACT GAGATGTTGEGCCCT GGG

CTTTTAC CTGCCGAUW'CACACTCAV-*GGCAGCAﬁ? \TGGCGAGGGCCACACACAGGATA

CAGAGUTGGTGGARACAAGACCTGCCGGCGEACGGCACCTTCCAGAAAT GGGCTGUTETGGETT
GTGCCL&G””JJGA GAA ”\LALAT&C&CCT”M“’”GTGCA7CA””AGGGACTGCC1@AACC
TGTGACTCTGAGATGGAAGCCTGCCAGCCAGCCAACAATCCCCATCGTGGGAATCATTGCCG
GCCTGGETG TGCTGGCATCTGTGGTTTC@GGTGCT? 'GGTGGCCGCCGTGATTTGGAGAAAG
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AAGTWCWCWWGCGGC%AACGLLC‘]WL”KCTAMAACCCT AGTGGAGCGATTCTGCCCAGGE

CTCTGAAAGCCACAGCCTGTGA (SEQ ID NO: l/lB/)

{0268} An exemplary HLA-BE (Monomer) protein of the disclosure comprises or consists

of the amino acid sequence of (B2ZM Signal peptide, HLA-E peptide):

MSRSVALAVLALLSLSGLEAGSHSLEYFHTSVSRPGRGEPRFISVEGYVDDTQFVREFDNDAAS
PRMVPRAPWMEQEGSEYWDRETRSARDTAQIFRVNLRTLRGYYNQSEAGSHETLOWMHGCELG
wa'BLRﬁYEﬂPAXDQKJYLL;””UARGWMAV“WAAQLUT DKSNDASEAEHQRAYLEDTCVE
WLHKYLEKGKETLLHELE PFKT{VT%HPISDPEATLQCW LGEYPAEITLTWQODGEGHTQDT
ELVETRPAGDGTFOKWAAVY SGEEQRYTCHVQHEGLPEPVTILRWKPASQPTIPIVGIIAG
LVLLGSVVSGAVVAA f[b“ﬁ'°°C(KGG"Y§KAFWSISA SSESHSL (SEQ ID NO:
17068)

B2M Signal peptide: MSRSVALAVLALLSLSGLEA (SEQ ID NO: 17126)

HLA-E peptide:
GSHSLKYFHTSVSRPGRGEPRFISVGYVDDTOEY
ETRSARDTAQIFRVNLRTLRGYYNQSEAGSHT LOWM
TLNEDLRSWTAVDTAAQISEQKSNDASEAEHQRAY

e
THVTHHPISDHEEATLRCWALGEYPAEITLTWOQODGEGHT ODTELVETRPAGDGT FQKWAAVY
VPSGEEQRYTCHEVOQHEGLPEPVTLRWKPASQP

(

-
/s
SQPTIPIVGIIAGLVLLGSVVSGAVVAAVIWRK
KSSGEKRGGSYYRAEWSDSAQGSESHSL (S I

R LN“AASPRMVPRADWMEQTCL“-WDR
HGCELGPDRREFLRGYEQFAYDGKRDY

LEDTCVEWLHERYLERG kE”LL&LHPE?

Y
~
sl

N1
N

SEQ ID NO: 17131}

{0269} An exernplary nucleotide sequence encoding a HLA-bE (Monomer) protein of the
disclosure comprises or consists of the nuclectide sequence of (B2M Signal peptide, HLA-F
peptide}:
ATGTCTCGCAGCGTGGLCLTGGCCETECTGGCCCTGCTGTCCCTGTCTGEUCTEGAGGCCGG

CAGCCACTCCCTGAAGTATTTCCACACCTCTGTGAGCCGGLCAGGCAGAGGAGAGCCACGET
TCATCTCTGTGGGCTACCTGGACCATACACAGTTCGTGAGETTTGACAATGATGCCGCCAGC
CRAﬁCﬁATGSTGCCThGCGCRCRATGbATGGAGCAuu fffAﬂCbAST.TTQGGhuhVCGA
GACCCGGAGCGCCAGAGACACAGCACAGATTTTCCGGETGAACCTGAGAACCCTGAGG
AuTATAK”CAG””CGACﬂ“”CGNINMWA”AFA“M““P“ICLAIGC&CGGZTGCGAH CTGGGA
CCAGATCGCCGCTTCCTGUGGGECTACGAGCAGTTTGCCTATGACGGCAAGGATTACCTGAC
CCTGAACGAGGACCTGAGATCCTGGACCGCCGTGGATACAGCCGCCCAGATCAGCGAGCAGA
AGTCCAATGACGCATCTGAGGCAGAGCACCAGAGLGCATATCTGGAGGCATACCTGCGTGCGAG
TGGCTGCACAAGTACCTGGAGAAGGGCAAGGAGACACTGCTGCACCTGGAGCCCCUCTAAGAC
CCACGTGACACACCACCCAATCAGCGACCACGAGGCCACCCTGAGGTGETTGEGCACTGGECT
TCTATCCCGCCGAGATCACCCTGACATGGCAGCAGGACGGAGAGGGACACACCCAGGATACA
GAGCTGGT GUAuAvuAGCCCCGCCGC CGATGGCACATTTCAGRAAGTGGGCCGCCETEETGET
GCCTTCCGGAGAGGAGCAGAGATACACCTGTCACGTGCAGCACGAGGGACTGCCAGAGCCAG
16AULUTGAGGTGGA\CCClCLLAGC”KGCCC CAATCCCTATCGTGGGAATCATCGCAGGC
CTGCTGCTGCTGGGLTCTGCTGGTGAGCGGAGCAGTGGTGGCCGCCETGATCTGEUGGAAGAA
GAGCAGCGGAGGCAAGGGAGGCTCCTACTATAAGGCAGAGTGGAGCGACTCCGCCCAGGECT

CTGA {(SEC ID NO: 17069)
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B2M Signal peptide:
ATGTCTCGCAGLCGTGGCCCTGECCEGTGCTGGCCCTGLTETCCCTETCTGGECCTGGAGGCC
(SEQ ID NC: 1713%Z)

1L A-E peptide:
CGCAGCCACTCCCTGAAGTATTTCCACACCTCTGTGAGCCGGCCAGGCAGAGGAGAGCCACEG
GTTCATCTCTGTGGEET ACCTGG \CGATACACAGTTC vTaAACG 'TTGACAATGATGCCGCCA

GCCCAAGAATGGTGCCTAGGGCCCCATGGATGGAGCAGGAGGGCAGCG! C:rr"—‘—‘vn—.‘ﬁCwup*Ct—\C("
CAGACCCGGAGCGCCAGAGACACAGCACAGATTTTCC GGTCZ‘Q\ CCTGAGAACCCTGAGGGG
CTACTATAATCAGTCCGAGGCCGGCTCTCACACACTCCACGTGGATGCACGGATGCGAGCTGG
GACCAGATCGCCGCTTCCTGC CTACGAGCAGTTTGCCTATGACGGCAAGGATTACCTG
ACCCTGAACGAGGACCTGAGATCCTGGACCGCCETGCGATACAGCCGCCCAGATCAGCGAGCA
GAAGTCCAATGACGCATCT ”TAGGC‘AGAGCACCF\GnGCﬂ’“ATATC”GG GGATACCTGCGETGG
AGTGGCTGCACAAGTACCTGGAGAAGGGCAAGGAGACACTGCTGCACCTGGAGCCCCCTAAG
ACCCACGTGACACACCACCCAATCAGCGACCACGAGGCCACCCTGAGGTGTTGLEGCACTGGE
CTTCTATCCCGCCGAGATCACCCTCGACATGGCAGCAGGACGCGAGAGGGACACACCCAGGATA
CTGGETGGAGACCAGGCLCGCOGGCEATGGCACATTTCAGARAGT GGGECCGCLGTG :
CTTCCGGAGAGGAGCA TACACCTGTCACGTGCAGCACGAGGGACTGCCAGAG
AGTCGACCCTGAGGTGGAAGCCTGCCAGCCAGCCCACAATCCCTATCGTGGGAATCATCGCAG
GCCTGGTGCTGCTGGECTCTGTGET GAGCGGAGCAGTGETGGLCHCTUGTGATCTGGCEGAAG
AAGAGCAGCGGAGGCAAGGGAGGCTCCTACTATAAGGCAGAGTGGAGCGACTCCGCCCAGT

CTuTuA (SEQ ID NO: 17137)

“’]5
)
.’ﬂ
»\r

’“) )]

'

Inumune and Immusne Precursor Cells

[0278] In certain embodiments, immune cells of the disclosure comprise lymphoid
progenitor cells, natural killer (NK) cells, T lymphocytes (T-cell}, stem memory T cells
{Tscm cells), central memory T cells (Tom), stem cell-like T cells, B lymphocyies (B-cells),
myeloid progenttor cells, neutrophils, basophils, eosimophils, monocytes, macrophages,
platelets, ervihrocvtes, red blood celis (RBCs), megakaryocyies or osteoclasts.

{9271} In certain embodiments, immune precursor cells comprise any cells which can
differentiate into one or more types of immune cells. In certain embodiments, immune
precursor cells comprise multipotent stern cells that can self renew and develop nto immune
cells. In certain embodiments, immune precursor cells comprise hematopoietic stem cells
{HSCs} or descendants thereof. In certain embodiments, immune precursor cells comprise
precursor cells that can develop mto immune cells. In certain embodiments, the immune
precursor cells comprise hematopoietic progenitor cells (HPCs).

Hemaitopoietic Stem Cells (HSCs)

[6272] Hematopoietic stem cells (HSCs) are multipotent, self-renewing cells. All

differentiated blood cells from the lymphoid and myeloid lineages arise from HSCs. HSCs

)
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~
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can be found in adult bone marrow, peripheral blood, mobilized peripheral blood, peritoneal
dialysis effluent and umbilical cord blood.

[0273] HSCs of the disclosure may be isolated or derived from a primary or cultured stem
cell. HSCs of the disclosure may be isolated or derived from an embryonic siem cell, a
multipotent stern cell, a plunipotent stem cell, an adult stem cell, or an imduced plunipotent
stem cell iPSC).

[0274] Immune precursor cells of the disclosure may comprise an HSC or an H8C
descendent cell. Exemplary HSC descendent cells of the disclosure include, but are not
hmited to, multipotent stem cells, lymphowd progenitor cells, natural killer (NK) celis, T
lymphocyte cells {T-cells), B lymphocyte cells (B-cells), mveloid progenitor cells,
neutrophils, basophils, eosinophils, monocytes, and macrophages.

[6278] HSCs produced by the methods of the disclosure may retain features of “primitive”
stem cells that, while 1solated or derived from an aduit stem cell and while commutted fo a
single lineage, share characteristics of embryonic stem cells. For example, the “primitive”
HSCs produced by the methods of the disclosure retain their “stemness” following division
and do not differentiate. Consequently, as an adoptive cell therapy, the “primnitive” HSCs
produced by the methods of the disclosure not only replenish their numbers, but expand in
vivo. “Primitive” H5Cs produced by the methods of the disclosure may be therapeutically-
effective when admimstered as a single dose. In some embodiments, primitive HSCs of the
disclosure are CD34+. In some ernbodiments, prinitive HSCs of the disclosure are CD34+
and CD38-. In some embodiments, primitive HSCs of the disclosure are CD34+, CD38- and
CD920+. In some embodiments, primitive HSCs of the disclosure are CD 34+, CD38-, CDO0+
and CD43RA-. In some embodiments, primmitive HSCs of the disclosure are CD34+, CD3%-,
CD90+, CD43RA-, and CD49f+. In some embodiments, the most primitive HSCs of the
disclosure are CD34-+ CD¥38-, CD90+, CB43RA- and CD49{+.

[6276] In some embodiments of the disclosure, primitive HSCs, HSCs, and/or HSC
descendent cells may be modified according to the methods of the disclosure to express an
exogenous sequence {e.g. a chimeric antigen receptor or therapeutic protein}. In some
embodiments of the disclosure, modified primitive HSCs, modified HSCs, and/or modified
HSC descendent cells may be forward differentiated to produce a modified immune cell
mcluding, but not hmited to, a modified T cell, a modified natural killer cell and/or a
modified B-cell of the disclosure.

7 Cells
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18277 Modified T cells of the disclosure may be derived from modified hematopoietic
stern and progenitor cells (HSPCs) or modified HSCs.

{6278} Unlike traditional biologics and chemotherapeutics, modified-T cells of the
disclosure possess the capacity to rapidly reproduce upon antigen recognition, thereby
potentially obviating the need for repeat treatments. To achieve thus, in some embodiments,
maodified-T cells of the disclosure not only drive an initial response, but also persist in the
patient as a stable population of viable memory T cells to prevent potential relapses.
Alternatively, in some embodiments, when 1t is not desired, modified-T cells of the
disclosure do not persist in the patient.

[0279] Intensive efforts have been focused on the development of antigen receptor
molecules that do not cause T cell exhaustion through antigen-independent (tonic) signaling,
as well as of a modified-T cell product containing early memory T cells, especially stem cell
mernory (Tsom) or stem cell-like T cells. Stem celi-like modified-T cells of the disclosure
exhibit the greatest capacity for self-renewal and multipotent capacity to derive central
memory {Tem) T cells or Tou ke cells, effector memory (Ten) and effector T cells (Te),
thereby producing better tumor eradication and long-term modified-T cell engrafiment. A
inear pathway of differentiation may be responsible for generating these cells: Naive T cells
(T} > Tsens > Tom > Tem > Tr > Tre, whereby T is the parent precursor cell that directly
gives rise to Tson, which then, in tum, divectly gives rise to Tom, eic. Compositions of T
cells of the disclosure may comprise one or more of each parental T cell subset with Tsem
cells being the most abundant {e.g. Tscm > Tom > Teve > Te > Trr).

10288] In some embodiments of the methods of the disclosure, the immune cell precursor is
differentiated 1mto or 15 capable of differentiating into an early memory T cell, a stern cell like
T-cell, a Naive T cells (T}, a Tseny, a Tonv, a Tem, a T, or a Tre. In some embodiments, the
immne cell precursor is a primitive HSC, an HSC, or a HSC descendent cell of the
disclosure.

[0281] In some embodiments of the methods of the disclosure, the immune cell is an early
memory T cell, a stem cell like T-cell, a Naive T cells (T}, a Tsem, @ Tom, a Tev, a Te, or a
Tz

[0282] In some embodiments of the methods of the disclosure, the immune cell 1s an early
memory T cell.

[#283] In some embodiments of the methods of the disclosure, the immune cell is a stem

cell like T-cell.
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10284] In some embodiments of the methods of the disclosure, the tmmune cell 15 a Tson
[028%] In some embodiments of the methods of the disclosure, the immune cell s a Tom
[0286] In some embodiments of the methods of the disclosure, the methods modify and/or
the methods produce a plurality of modified T cells, wherein at least 2%, 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 95%, 99%
or any percentage in between of the plurality of modified T cells expresses one or more cell-
surface marker{s) of an early memory T cell. In certain embodiments, the plurality of
modified early memory T cells comprises at least one modified stem cell-like T cell. In
certain embodiments, the plurality of modified early memory T cells comprises at least one
modified Tscw. In certain embodiments, the plurality of modified early memory T cells
comprises at least one modified Tom

[6287] In some embodiments of the methods of the disclosure, the methods modify and/or
the methods produce a plurality of modified T cells. wherein at least 2%, 5%. 10%, 15%,
20%, 25%, 309%, 35%, 40%, 45%, 50%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%
or any percentage in between of the plurality of modified T cells expresses one or more cell-
surface marker(s) of a stem cell-like T cell. In certain embodiments, the plurality of modified
stem cell-like T cells comprises at least one modified Tsom. In certain embodiments, the
plurality of modified stem cell-like T cells comprises at least one modified Tom.

[6288] In some embodiments of the methods of the disclosure, the methods modify and/or
the methods produce a plurality of modified T cells, wherein at least 2%, 5%. 10%, 15%,
20%, 25%, 309%, 35%, 40%, 45%, 50%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%
or any percentage in between of the plurality of modified T cells expresses one or more cell-
surface marker(s) of a stem memory T cell (Tsenm). In certain embodiments, the cell~surface
markers comprise CDO2L and CD45RA. In certain embodiments, the cell-surface markers
comprise one or more of COO2L, CD45RA, CD28, CCR7, CD127, CD45RO, TD95, UD95
and TL-2RP. In certain embodiments, the cell-surface markers comprise one or more of
CD45RA, CDOS, 1L-2RB, CCRY, and CD62L.

{028%] In some embodiments of the methods of the disclosure, the methods modify and/or
the methods produce a plurality of modified T cells, wherein at least 2%, 5%, 10%, 15%,
209, 25%, 30%, 35%, 40%, 45%, 50%, 60%, 65%, 70%., 75%, 80%, 85%, 90%, 95%, 99%
or any percertage in between of the plurality of modified T cells expresses one or more cell-
surface marker(s} of a central memory T cell (Towm). In certain embodiments, the cell-surface

markers comprise one or more of CD4SR0O, CD93, IL-2RB, CCR7, and CD62L.
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18296] In some embodiments of the methods of the disclosure, the methods modify and/or
the methods produce a plurality of modified T cells, wherein at least 2%, 5%, 10%. 15%
209%, 25%, 30%. 35%, 40%, 45%. 50%. 601%, 635%, T0%. 75%. 8%, 85%. 90%, 95%, 99%
or any percentage in between of the plurality of modified T cells expresses one or more cell-
surface marker(s) of anaive T cell (T} In certain embodiments, the cell-surface markers
comprise one or more of CD45RA, CCRT and CD62L.
{0291} In some embodiments of the methods of the disclosure, the methods modify and/or
the methods produce a plurality of modified T cells, wherein at least 2%, 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%, 65%. 70%, 75%, B0%, 85%. 20%, 95%, 99%
or any percentage in between of the plurality of modified T ceils expresses one or more cell-
surface marker(s) of an effector T-cell {modified Trrr). In certain embodiments, the cell-
surface markers comprise one or more of CD45RA, CD935, and [L-2R
{06292} In some embodiments of the methods of the disclosure, the methods modify and/or
the methods pioduca a plurality of modified T cells, wherein at least 2%, 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 509%, 6(%, 65%, 70%, 75%, 83%, 85%, 909%, 95%, 99%
or any percentage mn between of the plurality of modified T cells expresses one or more cell-
urface marker(s} of a stem cell-like T cell, a stem memory T cell (Tsom) or a central memory
T cell (Tom).
[6293] In some embodiments of the methods of the disclosure, a buffer comprises the
iminune cell or precursor thereof. The buffer maintains or enhances a level of cell viability
and/or a stem-like phenotype of the immune cell or precursor thereof, including T-cells. In
certain embodiments, the buffer maintains or enhances alevel of cell viability and/or a stem-
like phenotype of the primary human T cells prior to the nucleofection. fn certain
embodiments, the butfer maintains or enhances a level of cell viability and/or a stem-like
phenotype of the primary human T cells during the nucleofection. In certain embodiments,
the buffer maintains or enhances a level of cell viabiliy and/or a stem-like phenotype of the
primary human T cells following the nucleofection. In certain erabodiments, the buffer
comprises one or more of KCEL MgClz, CiNa, Glucose and Ca(NGs)z in any absolute or
relative abundance or conceniration, and, optionally, the buffer further comprises a
supplement selected from the group consisting of HEPES, Tris/HCl, and a phosphate bufter.
in certain embodiments, the buffer comprises 5 mM KCl, 15 mM MgCly, 90 mM CINa, 10
mM Glucose and (.4 mM Ca{NG: ). In certain embodiments, the buffer comprises 5 mM

KCL 15 mM MgClz, 90 mM CINa, 10 mM Glacose and 0.4 mM Ca(NG3):2 and a supplement
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comprising 20 mM HEPES and 75 mM Tris/HCL In certain embodiments, the bufter
comprises 5 mM KCL 15 mM MgClz, 90 mM CiNa, 10 mM Glucose and 0.4 mM Ca(NGs )
and a supplement comprising 40 mM Na:HPO4«/NaH2POs at pH 7.2, In certain embodiments,
the composttion comprising primary human T cells comprises 100 pl of the buffer and
between Sx10° and 25x10° cells. Tn ceriain embodiments, the composition comprises a
scalable ratio of 250x10° primary human T cells per milliliter of buffer or other media during
the introduction siep.

18294 In some embodiments of the methods of the disclosure, the methods comprise
contacting an iromune cell of the disclosure, including a T cell of the disclosure, and a T-cell
expansion composition. In some embodiments of the methods of the disclosure, the step of
niroducing a transposon and/or transposase of the disclosure into an immune cell of the
disclosure may further comprise contacting the immmune cell and a T-cell expansion
composition. In some embodiments, including those in which the mtroducing step of the
methods comprises an eleciroporation or a nucleofection step, the eleciroporation or a
nucleofection step may be performed with the immune cell contacting T-cell expansion
composttion of the disclosure.

[00295] In some embodiments of the methods of the disclosure, the T-cell expansion
composition comprises, consists essentiatly of or consists of phosphorus; one or more of an
octanoic acid, a palmitic acid, a lincleic acid, and an oleic acid; a sterol; and an alkane.
[3296] In certain embodiments of the methods of producing a modified T cell of the
disclosure, the expansion supplement comprises one or more cyitokine(s). The one or more
cvtokine(s) may comprise any cyiokine, inchuding but not limited to, lymphokines.
Exemplary lympokines include, but are not houted to, interleukin-2 (1L.-2), interleukin-3 (IL-
3}, interleukin-4 (1L-4), interleukin-5 (1L-5), interfeukin-6 (L-6), interleukin-7 (1L-7),
interieukin-15 (IL-15}, interfeukin-21 (JL-21}, granulocyie-macrophage colonv-stimulating
factor (GM-CSFY and imterferon-garmma (INFy). The one or more cytokine(s) may comprise
IL-2.

16297} In some embodiments of the methods of the disclosure, the T-cell expansion
composition comprises human serum albumin, recombinant human insulin, human
transferrin, 2-Mercaptoethanol, and an expansion supplement. Tn certain embodiments of this
method, the T-cell expansion composttion further comprises one or more of octanoic acid,
nicotinamide, 2,4.7 9-tetramethvi-5-decyn-4,7-diol (TMDD), ditsopropyl adipate (DIPA), n-

butyl-benzenesulfonamide, 1,2-benzenedicarboxylic acid, bis(Z-methyipropyl) ester, palmitic
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acid, linoleic acid, oleic acid, stearic acid hydrarzide, oleamide, a sterol and an alkane. In
certain embodiments of this method, the T-cell expansion composition further comprises one
or more of octanoic acid, palmitic acid, linoleic acid, oleic acid and a sterol. In certain
embodiments of this method, the T-cell expansion composition further comprises one or
more of octanoic acid at a concentration of between 0.9 mg/kg 1o 90 mg/kg, inclusive of the
endpoints; palmitic acid at a concentration of between 0.2 mg/kg to 20 mg/kg, inclusive of
the endpoints; linoleic acid at a concentration of between 0.2 mg/kg to 20 mg/kg, inchusive of
the endpoints; oleic acid at a concentration of 0.2 mg/kg to 20 mg/kg, inclusive of the
endpoints; and a sterol at a concentration of about 0.1 mg/kg to 10 mg/kg, inclusive of the
endpoints. In certain embodiments of this method, the T-cell expansion composition further

comprises one or more of octanoic acid at a concentration of about 9 mg/ke, palmitic acid at

a concentration of about 2 mg/kg, linoleic acid at a concentration of about 2 mg/kg, oleic acid
at a concentration of about 2 mg/kg and a sterol at a concentration of about | mg/kg. In
certain embodiments of this method, the T-cell expansion composition further comprises one
or more of octanocic acid at a concentration of between 6.4 umol/kg and 640 ymol/kg,
inclusive of the endpoints; palnutic acid at a concentration of between 0.7 uwmol/kg and 70
umol/kg, inclusive of the endpoints; linoleic acid at a concentration of between 0.75 pmol/kg
and 75 umol/kg, inclusive of the endpoints; oleic acid at a conceniration of between .75
umol/kg and 75 umol/kg, inclusive of the endpoints; and a sterol at a conceniration of
between 0.25 umol/kg and 25 wmol/kg, imclusive of the endpoints. In certain embodiments of
this method, the T-cell expansion composition further comprises one or more of octanoic acid
at a concentration of about 64 umol/kg, palmitic acid af a concentration of about 7 pmol/kg,
hinoleic acid at a concentration of about 7.5 pmol/kg, oleic acid at a concentration of about
7.5 umol/kg and a sterol at a concentration of about 2.5 pmol/kg.

[#298] In certain embodiments, the T-cell expansion composition comprises one or more of
human serum albumin, recombinant human insulin, human transferrin, 2-Mercaptosthanol,
and an expansion supplement to produce a plurality of expanded roodified T-cells, wherein at
teast 2% of the pluralitv of modified T-cells expresses one or more cell-surface marker(s) of
an early memory T cell, a stem cell-like T cell, a stem memory T cell (Tsom) and/or a central
memory T cell (Ton). In certain embodiments, the T-cell expansion composition comprises
or further comprises one or more of octanoic acid, nicotinamide, 2.4,7 9-tetramethyl-5-
decyn-4,7-diol (TMDD), diisopropyl adipate (BIPA), n-butyl-benzenesulfonamide, 1,2~

benzenedicarboxylic acid, bis(Z-methylpropyl) esier, palmitic acid, linoleic acid, oleic acid,
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stearic acid hydrazide, oleamude, a sterol and an alkane. In certain embodiments, the T-cell
expansion composttion comprises one or more of octanoic acid, palmitic acid, hinoleic acid,
oleic acid and a sterol (e g. cholesterol). In certain embodiments, the T-cell expansion
composition comprises one or more of octanocic acid at a concentration of between 6.9 mg/kg
to 90 mg/kg, inclusive of the endpoints; palmatic acid at a concentration of between 0.2
mg/ke to 20 mg/kg, inclusive of the endpomnts; hinoleic acid at a concentration of between 0.2
mg/ke to 20 mg/kg, inclusive of the endpoints; oleic acid at a concentration of 0.2 mg/kg to
20 mg/kg, inclusive of the endpoinis; and a sterol at a concentration of about 8.1 mg'kg o 10
mg/kg, inclusive of the endpoints (wherein mg/kg = parts per million). In certain
embodiments, the T-cell expansion composition compiises one or more of octanoic acid at a
concentration of about 9 mg/kg, palmitic acid at a concentration of abowt 2 mg/kg, linoleic
acid at a concentration of about 2 mg/kg, oleic acid at a concentration of about 2 mg/kg, and
a sterol at a concentration of about | rog/kg (wherein mg/kg = parts per rmllion). In certain
embodiments, the T-cell expansion composition comprises one or more of octanoic acid at a
concentration of 9.19 mg/ke, palmitic acid at a concentration of 1.86 mg/kg, hnoleicacid at a
concentration of about 2.12 mg/kg, oleic acid at a concentration of about 2.13 mg/kg, and a
sterol at a concentration of about 1.01 mg/kg (wherein mg/kg = parts per mitlion}. In certain
embodiments, the T-cell expansion composition comprises octanoic acid at a concentration of
9.19 mg/kg, palmitic acid at a concentration of 1.86 mg/ke, linoleic acid at a concentration of
2.12 mg/kg, oletc acid at a concentration of about 2.13 mg/kg, and a sterol at a concentration
of 1.01 mg/kg (wherein mg/kg = parts per mullion). In certain embodiments, the T-cell
expansion composition comprises one or more of cctanoic acid at a concentration of between
6.4 umol/kg and 640 pmol/kg, inclusive of the endpoimts; palmitic acid at a conceniration of
between 0.7 umol/kg and 70 umol/kg, inclusive of the endpoints; linoleicacid ata
concentration of between 0.75 umol/kg and 75 umol/kg, inclusive of the endpoints; oleic
acid at a concentration of between 0.75 umol/kg and 75 pmol/kg, inclusive of the endpoints;
and a sterol at a concentration of between 0.25 umol/kg and 25 prool/kg, inclusive of the
endpoints. In certain embodiments, the T-cell expansion composition comprises one or more
of octanoic acid at a concentration of about 64 pmol/kg, palmitic acid at a concentration of
about 7 pmol/kg, limoleic acid at a concentration of about 7.5 umol/kg, oleic acid at a
concentration of about 7.5 pmol/kg and a sterol at a concentration of about 2.5 umol/kg. In
certain embodiments, the T-cell expansion composition comprises one or more of octanoic

acid at a conceniration of about 63.75 umol/kg, palmitic acid at a concentration of about 7.27
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umol/kg, hinoleic acid at a concentration of about 7.57 wmol/kg, oleic actd at a congcentration
of about 7.56 umol/kg and a sterol at a concentration of about 2.61 umol/kg. In certain
embodiments, the T-cell expansion composition comprises octanoic acid at a concentration of
about 63.75 umol/kg, palmitic acid at a conceniration of about 7.27 umol/kg, linoleic acid at
a concentration of about 7.57 umol/kg, oleic acid at a concentration of 7.56 ymol/kg and a
sterol at a concentration of 2.61 pmol/kg.

{0299} As used herein, the terms “supplemented T-cell expansion composition” or “T-cell
expansion composttion” may be used interchangeably with a media comprising one or more
of human serum albumin, recombinant human insulin, human transfernn, 2-Mercaptoethanol,
and an expansion supplement at 37°C. Alternatively, or in addition, the terms “supplemented
T-cell expansion composition” or “T-cell expansion composition” mayv be used
mierchangeably with a media comprising one or more of phosphorus, an octanoic fatly acid,
a palmitic fatty acid, a linoleic fatty acid and an oleic acid. Tn certain embodiments, the media
comprises an amount of phosphorus that is 10-fold higher than may be found in, for example,
Iscove's Modified Dulbecco's Medium ((IMDM); available at ThermoFisher Scientific as
Catalog number 12440053).

{0300} As used herein, the terms “supplemented T-cell expansion composition” or “T-cell
expansion composition” may be used interchangeably with a media compnising one or more
of human serum albumin, recombinant human insulin, human transferrin, 2-Mercaptoethanol,
{scove’s MM, and an expansion supplement at 37°C. Alternatively, or in addition, the terms
“supplemented T-cell expansion composition”™ or “T-cell expansion composition” may be
used interchangeably with a media comprising one or more of the following elements: boron,
sodium, magnesium, phosphorus, potassium, and calcium. In certain embodiments, the ferms
“supplemented T-cell expansion composition” or “T-cell expansion composition” may be
used interchangeably with a media comprising one or more of the following elements present
mn the corresponding average concentrations: boron at 3.7 mg/L, sodium at 3000 mg/L,
magnesium at 18 mg/L, phosphorus at 29 mg/L., potassium at 15 mg/L and calciumn at 4
mg/L.

{0361} As used herein, the terms “supplemented T-cell expansion composition”™ or “T-cell
expansion composttion” may be used interchangeably with a media comprising one or more
of human serum albumin, recombinant human insulin, human {ransferrin, 2-Mercaptoethanol,
and an expansion supplement at 37°C. Alternatively, or in addition, the terms “supplemented

T-cell expansion composition” or “T-cell expanston composttion” may be used
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imterchangeably with a media comprising one or more of the following components: oclanoic
acid (CAS No. 124-07-2), nucotmaride (CAS No. 98-92-0), 2.4,7 9-tetramethyl-5-decyn-4,7-
diol (TMDD} (CAS No. 126-86-3), ditsopropyl adipate (DIPA)Y (CAS No. 6938-94-9), n-
butyl-benzenesulfonamide (CAS No. 3622-84-2}, 1,2-benzenedicarboxylic acid, bis(2-
methyipropvl) ester (CAS No. 84-69-5), palmatic acid (CAS No. 57-10-3), linoleic acid (CAS
No. 60-33-3), oleic acid (CAS No. 112-80-1}, stearic acid hydrazide (CAS No. 4130-54-5),
oleamide (CAS No. 3322-62-1), sterol {e.g., cholasterol) ({CAS No. 57-88-3), and alkanes
{e.g.. nonadecane) (CAS No. 629-92-5). In certain embodiments, the terms “supplemented T-
cell expansion composttion” or “T-cell expansion composition” may be used interchangeably
with a media comprising one or more of the following components: octanoic acid (CAS No.
124-07-2), nicotinamide (CAS No. 98-92-0}, 2.4,7 9-tetramethyl-5-decyn-4,7-diol (TMDD)
(CAS No. 126-86-3), dusopropyl adipate (DIPA) (CAS No. 6938-94-9), n-butvl-
benzenesulfonanmide (CAS No. 3622-84-2), 1,2-benzenedicarboxylic acid, his(2-
methyipropyl} ester (CAS No. 84-69-5), palmitic acid (CAS No. 537-10-3), linoleic acid (CAS
Mo, 60-33-3), oleic acid {CAS No. 112-80-1), stearic acid hydrazide {CAS No. 4130-54-5),
oleamide (CAS No. 3322-62-1), sterol {e.g., cholesterol) (CAS No. 57-88-3), alkanes (e.g.,
nonadecane) {CAS No. 629-92-5), and phenol red (CAS No. 143-74-8). In certain
embodiments, the terms “supplemented T-cell expansion composition”™ or “T-cell expansion
composition” may be used interchangeably with a media comprising one or more of the
following components: octanoic acid {CAS No. 124-07-2), nicotinamide (CAS No. 98-92-0),
2,4,7 9-tetramethyl-S-decyn-4,7-diol (TMDD) (CAS No. 126-86-3), duisopropyl adipate
(BIPA) (CAS No. 6938-94-93, n-butyl-benzenesulfonamide (CAS No. 3622-84-23, 1,2-
benzenedicarboxylic acid, bis(Z-moethylpropyl) ester (CAS No. 84-69-5), palmuatic acid {CAS
No. 57-10-3), linoleic acid ({CAS No. 60-33-3), oleic acid (CAS No. 112-80-1}, stearic acid
hvdrazide (CAS No. 4130-54-5), oleamide (CAS Wo. 3322-62-1), phenol red (CAS No. 143-
74-8} and lanolin alcohol.

[3302] In certain embodiments, the terms “supplemented T-cell expansion composition” or
“T-cell expansion composition” may be used inferchangeably with a media comprising one
or more of human serum albumin, recombinant human msulin, human transferrin, 2-
Mercaptoethanol, and an expansion supplement at 37°C. Alternatively, or in addition, the
terms “supplemented T-cell expansion composition™ or “T-cell expansion composition” may
be used interchangeably with a media comprnising one or more of the following ions: sodium,

ammonium, potassium, magnesium, calcium, chloride, sulfate and phosphate.
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18363} As used herein, the terms “supplemented T-cell expansion composition” or “T-cell
expansion composttion” may be used interchangeably with a media comprising one or more
of human serum albumin, recombinant human insulin, human {ransferrin, 2-Mercaptoethanol,
and an expansion supplement at 37°C. Alternatively, or in addition, the terms “supplemented
T-cell expansion composition” or “T-cell expanston composttion” may be used
mterchangeably with a media comprising one or more of the following free amine acids:
histidine, asparagine, serine, glutamate, arginine, glvcine, aspartic acid, glutamic acid,
threonine, alaning, proline, cysteine, lyvsine, tyrosine, methionine, valine, 1soleucine, leucine,
phenylalanine and tryptophan. In certain embodiments, the terms “supplemented T-cell

[¥s

expansion composition” or “T-cell expansion composition” may be used interchangeably

with a media comprising one or more of the foliowing free amino acids in the corresponding
average mole percentages: histidine (about 1%, asparagine {about 0.5%}), serine {(about
1.5%), glutamine {about 67%;), arginine (about 1.5%), glycine {about 1.5%), aspartic acid
{about 1%}, glutamic acid (about 2%, threonine (about 2%, alanine {about 1%, proline
{about 1.5%), cysteine (about 1.5%), lysine (about 3%}, tyrosine {about 1.5%), methionine
{about 1%;). valine {about 3.5%), isoleucine {about 3%), leucine {about 3.5%), phenylalanine
{about 1.5%) and tryptophan {(about 0.5%). In certain embodiments. the terms “supplemented
T-cell expansion composition” or “T-cell expansion composition” mav be used
mierchangeably with a media comprising one or more of the following free amino acids in
the corresponding average mole percentages: histidine (about .78%), asparagine {about
0.4%5), serine {about 1.6%), glutamine (about 67.01%:), arginine (about 1.67%), glvcine
{about 1.72%}), aspartic acid {about 1.00%), glutamic acid (about 1.93%), threonine (about
2.38%), alanine {about 1.11%), proline (about 1.49%), cysteine (about 1.65%), lysine (about
2.84%g}, tyrosine {about 1.62%). methionine (about 0.85%), valine {about 3.45%), isoleucine
{about 3.14%;), leucine (about 3.3%), phenvlalanine (about 1.64%) and trypiophan {about
0.37%:.

[0304] As used herein, the terms “supplemented T-cell expansion composition”™ or “T-cell
expansion compostiion” may be used interchangeably with a media comprising one or more
of human serum albumin, recombinant homan insulin, human transfernn, 2-Mercaptoethanol,
Iscove’s MDM, and an expansion supplement at 37°C. Alternatively, or in addition, the terms
“supplemented T-cell expansion composition” or “T-cell expansion composition” may be
used interchangeably with a media comprising one or more of phosphorus, an octanoic fatty

acid, a palmitic {atty acid, a linoletc fatty acid and an oleic acid. In certain embodiments, the
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media comprises an amount of phosphorus that is 10-fold higher than may be found n, for
example, Iscove's Modified Dulbecco's Medium (AMDM); available at ThermoFisher
Scientific as Catalog number 12440053},

[8308] In certain embodiments, the terms “supplemented T-cell expansion composition”™ or
“T-cell expansion composition” may be used interchangeably with a media comprising one
or more of octanocic acid, pabmatic acid, linoleic acid, oleic acid and a sterol (e g cholesterol).
In certain embodiments, the terms “supplemented T-cell expansion composition” or “T-cell
expansion composition” may be used interchangeably with a media comprising one or more
of octanoic acid at a concentration of between 0.9 mg/kg to 90 mg/'kg, inclusive of the
endpoints; palmitic acid at a concentration of between 0.2 mg/kg to 20 mg/kg, inclusive of
the endpoints; linoleic acid at a concentration of between 0.2 mg/ke to 20 mg/kg, inclusive of
the endpoints; oleic acid at a concentration of 0.2 mg/kg to 20 mg/kg, mnchisive of the
endpoints; and a sterol at a concentration of about 0.1 mg/kg to 10 mg/kg, inclusive of the
endpoints {(wherein mg/kg = parts per million}. In certain embodiments, the terms
“supplemented T-cell expansion composition” or “T-cell expansion composition” may be
used interchangeably with a media coraprising one or more of octanoic acid at a
concentration of about 9 mg/kg, palmitic acid at a concentration of about 2 mg/kg. linoleic
acid at a conceniration of about 2 mg/kg, oleic acid at a concentration of about 2 mg/kg, and
a sterol at a concentration of about T mg/kg {wherein mg/kg = parts per million}. In cerfain

33

embodiments, the terms “supplemented T-cell expansion composition” or “T-cell expansion
composition” may be used mterchangeably with a media comprising one or more of octanoic
acid at a concentration of 9.19 mg/keg, palmitic acid at a concentration of 1.86 mg/kg, hnoleic
acid at a concentration of about 2.12 mg/kg. oleic acid at a concentration of about 2.13
mg/kg, and a sterol at a concentration of about 1.01 mg/kg (wherein mg/kg = parts pe
million). In certain embodiments, the terms “supplemented T-cell expansion composition™ or
“T-cell expansion composition” may be used interchangeably with a media comprising one
or more of octanoic acid at a concentration of 9.19 mg/Kg, palmatic acid at a concentration of
1.86 mg/kg, linoleic acid at a concentration of 2.12 mg/kg, oleic acid at a concentration of
about 2.13 mg/ke, and a sterol at a concentration of 1.01 mg/kg (wherein mg/kg = parts per
million). In certain embodiments, the terms “supplemented T-cell expansion composition” or
“T-cell expansion composition” may be used interchangeably with a media comprising one
or more of octancic acid at a concentration of between 6.4 umol/kg and 640 pmoi/kg,

nclusive of the endpoints; palmutic acid at a concentration of between 0.7 umol/kg and 70
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umol/kg, imclusive of the endpoints; linoleic acid at a concentration of between 0.75 pmol/kg
and 75 prool/kg. inclusive of the endpoints; oleic acid at a concentration of between 0.75
umol/kg and 75 umol/kg, inclusive of the endpoints; and a sterol at a concentration of
between 0.25 pmol/kg and 25 umol/kg, inclusive of the endpoints. In certain embodiments,
the terms “supplemented T-cell expansion composition” or “T-cell expansion compostiion”
may be used interchangeably with a media comprising one or more of octanoic acid at a
concentration of about 64 umol/kg, palmitic acid at a conceniration of about 7 umol/kg,
hinoletc acid at a concentration of about 7.5 umol/kg, oleic acid at a concentration of about
7.5 umol/kg and a sterol at a concentration of about 2.5 pmol/kg.

[0306]  In certain embodiments, the terms “supplemented T-cell expansion compaosition” or
“T-cell expansion composition” may be used interchangeably with a media comprising one
or more of oclanocic acid at a concentration of about 63.75 pmol/kg, palmitic acid at a
concentration of about 7.27 umol/kg, linoleic acid at a concentration of about 7.57 umol/kg,
oleic acid at a concentration of abowt 7.56 pmol/kg and a sterol at a concentration of abowt
2.61 umol/kg. In certain embodiments, the terms “supplemented T-cell expansion
composition” or “T-cell expansion coraposition” may be used interchangeably with a media
comprising one or more of octanoic acid at a concentration of about 63.75 umol/kg, palnutic
acid at a conceniration of about 7.27 umol/kg, linoleic acid at a concentration of about 7.57
wmol/kg, oleic acid at a concentration of 7.56 umol/kg and a sterol at a concentration of 2.61
pumol/kg.

16367} In certain embodiments of the methods of producing a modified T cell {(e.g a stem
cell-like T cell, a Tsonm and/or a Tont) of the disclosure, the method comprises contacting a
modified T cell and an inhibitor of the P13K-Akt-mTOR pathway. Modified T-cells of the
disclosure, including modified stem celi-like T cells, Tsom and/or Tow of the disclosure, may
be incubated, cultured, grown, stored, or otherwise, combined at any step in the methods of
the procedure with a growth medium cornprising one or more inhibitors a component of a
PI3K pathway. Exemplary inhibitors a component of a PI3K pathway include, but are not
himited fo, an inhibitor of GSK3p such as TW5119 (also known as GSK 3B inhibitor Xii;
CAS Number 601514-19-6 having a chemical formula CisHuN4O2). Exemplary inhibitors of
a component of a PI3K pathway include, but are not limited to, bb007 (BLUEBIRDRBIQ™),
Additional Exemplary inhibitors of a component of a PI3K pathway include, but are not
fimited to, an allosteric Akt inhibitor VI {also referred to as Akti-1/2 having Compound

number 10196499), ATP competitive inhibitors (Orthosteric inhibitors targeting the ATP-
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binding pocket of the protem kinase B (Akt)), Isoquinoline-S-sulfonamides (H-8, H-89, and
MNL-71-101), Azepane derivatives (A series of structures denived from (—)-balanol),
Aminofurazans {GSK690693), Heterocyclic rings (7-azaindole, 6-phenylpurine derivatives,
pvirolo] 2, 3-djpyrimidine denvatives, CCT128930, 3-aminopvrrolidine, anilinotriazole
derivatives, spiroindoline derivatives, AZDS363, ipatasertib (GDC-0068, RG7440), A-
674563, and A-443654), Phenvipyrazole derivatives {AT7867 and AT13148),
Thiophenecarboxamide derivatives {Afuresertib (GSK2110183), 2-pyrimidyl-5-
amidothiophene derivative (DC120)}, uprosertib (GSK2141795)3, Allosteric inhibitors
{Superior o orthosteric inhibitors providing greater specificity, reduced side-effects and less
toxicity ), 2,3-diphenviguinoxaline analogues (2,3-diphenvlguinoxaline derivatives,

triazolo} 3,4-f}{ 1,6 naphthyridin-3{2H)-one derivative (MK-2206)}, Alkylphospholipids
(Edelfosine (1-0-~octadecyl-2-O-methyl-rac-gly cero-3-phosphocholine, ET-18-OCH3)
timofosine (BM 41.440), miliefosine (hexadecyiphosphocholine, HeP(C), perifosine (-
21266}, erucyviphosphocholine (ErPC), erufosine (ErPC3, erucyiphosphohomocholine},
Indole-3-carbinol analogues (Indole-3-carbinol, 3-chlorcacetylindole, diindolylmethane,
diethy] 6-roethoxy-3,7-dihvdroindolo [2,3-blcarbazole-2, 10-dicarboxylate (SR13668), OSU-
A9}, Sulfonamide denivatives (PH-316 and PHT-427), Thiourea derivatives (PIT-1, PIT-2,
DM-PIT-1, N-{(1-methyl-1H-pyrazol-4-vhcarbonyl}-N'-{3-bromophenvi)-thiourea), Purine
derivatives {Triciribine (TCN, NSC 154020}, tricinibine mono-phosphate active analogue
(TCN-P), 4~-anmuno-pyrido{2.3-d]pyrimudine derivative API-1, 3~phenyl-3H-~irmdazof4,5-
bipyridine derivatives, ARQ 092), BAY 1125976, 3-methyvl-xanthine, quinoline-4-
carboxamide and 2-{4-(cyclohexa-~1,3-dien-1-vi)-1H-pyrazol-3-vliphenol, 3-oxo-tirucalhic
acid, 3a- and 3f-acetoxy-tirucallic acids, acetoxy-tirucallic acid, and irreversible indubitors
{antibiotics, Lactoguinomycin, Frenolicin B, kalafungin, medermycin, Boc-Phe-vinyl ketone,
4-hvdroxynonenal (4-HNE), 1,6-naphthyridinone derivatives, and imidazo-1,2-pyridine
derivatives).

{0308} In certain embodiments of the methods of producing a modified T cell (e.g. a stem
cell-like T celi, a Tsom and/or a Tow) of the disclosure, the method comprises contacting a
modified T cell and an inhibitor of T cell effector differentiation. Exemplary inhibttors of T
cell effector differentiation include, but are not limited fo, a BET inhibitor (e.g. JQ1, a
hienotriazolodiazeping) and/or an inhibitor of the BET family of proteins (e.g. BRD2, BRO3,

BRD4, and BRDT).
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1836%] In certain embodiments of the methods of producing a modified T cell {e.g. a stem
cell-like T cell, a Tsowm and/or a Tow) of the disclosure, the method comprises contacting a
modified T cell and an agent that reduces nucleo-cytoplasmic Acetvi-CoA. Exemplary agents
that reduce nucleo-cyioplasmic Acetvi-CoA include, but are not limited to, 2-hydroxy-citrate
(2-HCY as well as agents that increase expression of 4css /.

{0318} 1In certain embodiments of the methods of producing a modified T cell (e.g. a stem
cell-like T celi, a TSCM and/or a TCM) of the disclosure, the method comprises contacting a
modified T cell and a composition comprising a histone deacetylase (HDAC) inhibiior. In
some embodiments, the coraposition comprising an HDAC iohibitor comprises or consists of
valproic acid, Sodium Phenvibutyrate (NaPB) or a combination thereof In some
embodiments, the composition comprising an HDAC inhibitor comprises or consists of
valproic acid. In some embodiments, the composition comprising an HDAC inhubitor
comprises or consists of Sodium Phenvibutvrate (NaPB).

{0311} In certain embodiments of the methods of producing a modified T cell (e.g a stem
cell-like T cell, a Tson and/or a Tow of the disclosure, the activation supplement may
comprise one or more cytokine(s). The one or more cvtokine(s) may comprise any cyliokine,
mcluding but not limited to, lymphokines. Fxemplary lvmpokines include, but are not limited
to, interleukin-2 ((L-2), interleukin-3 {IL-3), interteukin-4 (JL-4}, interleukin-5 (JL-5},
mierleukin-6 (FL-6}, interlevkin-7 (IL-7}, mterfevkin-15 (IL-15), interlevkin-21 (1L-21),
granlocyte-macrophage colony-stimulating factor (GM-CSF) and mterferon-gamma (INFy).
The one or more cyiokine(s) may comprise 1L-2.

18312} In certain embodiments of the methods of producing a modified T cell {e.g. a stem
cell-like T cell, a Tsowm and/or a Tow) of the disclosure, the activation supplement may
comprise one or more activator complexes. Exemplary and nonlimiting activator complexes
may comprise a monomeric, dimeric, trimeric or tetrameric antibody complex that binds one
or more of CD3, CD28, and CD2. In some embodiments, the activation supplement
comprises or consists of an activator complex that comprises a human, a humanized or a
recombinant or a chimeric antibody. In some embodiments, the activation supplement
comprises or consists of an activator complex that binds CD3 and CD28. In some
ernbodiments, the activation supplement comprises or consists of an activator complex that
binds CD3, CD28 and CD2.

Natural Killer (NK) celis
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18313} In certain embodiments, the modified tmmune or immune precursor cells of the
disclosure are natural killer (NK) cells. In certain embodiments, NK cells are cvtotoxic
lymphocytes that differentiate from lvmphoid progenitor cells.

[8314] Modified NK celis of the disclosure may be derived from modified hematopoisiic
stem and progenitor cells (HSPCs) or modified HSCs.

[3318] In certain embodiments, non-activated NK cells are denved from CD3-depleted
teukopheresis (containing CD14/CD19/CD56+ cells).

18316] In certain embodiments, NK cells are electroporated using a Lonza 4D nucleofecior
or BTX ECM 830 {500V, 700 usec pulse length, 0.2 ram electrode gap, one pulse). All Lonza
4D nucleofector programs are contemplated as within the scope of the methods of the
disclosure.

[3317] In certain embodiments, Sx10EG cells were electroporated per eleciroporation in 100
uL. P3 buffer n cuvettes. However, this ratio of cells per volume is scalable for commercial
manufacturing methods.

18318] In certain embodiments, NK cells were stimulated by co-culture with an additional
cell line. fn certain embodiments, the additional cell line comprises artificial antigen
prasenting cells (aAPCs). In certain embodiments, stimulation occurs atday 1,2, 3,4, 5,6, or
7 following electroporation. In certain embodiments, stimutation occurs at day 2 following
glectroporation,

[3319] In certain embodiments, NK cells express 36,

B cells

10328] In certain embodiments, the modified tmmune or immune precursor cells of the
disclosure are B cells. B cells are a type of lymphocyte that express B cell receptors on the
cell surface. B cell receptors bind to specific antigens.

[08321] Modified B cells of the disclosure may be derived from modified hematopoietic
stem and progenitor cells (HSPCs) or modified HSCs.

[3322] In certain embodiments, HSPCs are modified using the methods of the disclosure,
and then primed for B cell differentiation in presence of human 1L-3, Fi3L, TP, SCF, and
(-CSF for at least 3 days, at least 4 days, at least 5 davs, at least 6 days or at least 7 days. In
certain embodiments, HSPCs are modified using the methods of the disclosure, and then
primed for B cell differentiation in presence of human §L.-3, Ft3L, TPO, SCF, and G-CS8F for

5 davs.
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10323] In certain embodiments, following priming, modified HSPC cells are transterred to a
laver of feeder cells and fed hi-weekly, along with transter to a fresh layer of feeders once per
week. In certain embodiments, the feeder cells are MS-5 feeder cells.

[8324] In certain embodiments, modified HSPC cells are cultured with MS-5 feeder cells
foratleast 7, 14, 21, 28, 30, 33, 35, 42 or 48 days. In certain embodiments, modified HSPC
cells were cultured with MS-5 feeder cells for 33 days.

Inducible Proapopiotic Polypeptides

18325] Inducible proapoptotic polypeptides of the disclosure are superior to existing
inducible polypeptides because the inducible proapoptotic polvpeptides of the disclosure are
far less immunogenic. While inducible proapoptotic polypeptides of the disclosure are
recombinant polypeptides, and, therefore, non-naturally occurring, the sequences that are
recombined to produce the mducible proapoptotic polypeptides of the disclosure do not
comprise non-human sequences that the host human immune system could recognize as
“non-self” and, consequently, induce an immune response in the subject receiving an
mducible proapopiotic polypeptide of the disclosure, a cell comprising the inducible
proapoptotic polypeptide or a composition comprising the inducible proapoptotic polypeptide
or the cell comprising the inducible proapoptotic polypeptide.

{#8326] The disclosure provides inducible proapoptotic polypeptides comprising a Higand
binding region, a linker, and a proapoptotic peptide, wherein the inducible proapoptotic
polypeptide does not comprise a non-hurnan sequence. In certain embodiments, the non-
human sequence comprises a restriction site. In certain embodiments, the proapoplotic
peptide 1s a caspase polypeptide. In certain embodiments, the caspase polvpeptide is a
caspase 9 polypeptide. In certain embodiments, the caspase 9 polypeptide is a truncated
caspase 9 polypeptide. Inducible proapoptotic polypeptides of the disclosure may be non-
naturally occurring.

{33277 Caspase polypeptides of the disclosure mclude, but are not limited to, caspase 1,
caspase 2, caspase 3, caspase 4. caspase 5, caspase 6, caspase 7. caspase 8, caspase 9, caspase
10, caspase 11, caspase 12, and caspase 14. Caspase polvpeptides of the disclosure include,
but are not Himited to, those caspase polypeptides associaied with apopiosis including caspase
2, caspase 3, caspase 6, caspase 7, caspase 8, caspase 9, and caspase 10. Caspase
polyvpeptides of the disclosure include, but are not limited to, those caspase polypeptides that

initiate apoptosis, including caspase 2, caspase 8, caspase 9, and caspase 10. Caspase
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polvpeptides of the disclosure include, but are not limited to, those caspase polypeptides that
execute apoptosis, including caspase 3, caspase 6, and caspase 7.

16328] (aspase polypeptides of the disclosure may be encoded by an anuno acid or a
nucleic acid sequence having one or more modifications compared to a wild type aming acid
or anucleic actd sequence. The nucleic acid sequence encoding a caspase polypeptide of the
disclosure may be codon optimized. The one or more maodifications to an arnino acd and/or
nucleic acid sequence of a caspase polypeptide of the disclosure may increase an mteraction,
a cross-Hinking, a cross-activation, or an activation of the caspase polypeptide of the
disclosure compared to a wild type anino acid or a nucleic acid sequence. Alternatively, or in
addition, the one or more modifications o an amino acid and/or nucleic acid sequence of a
caspase polypeptide of the disclosure may decrease the immunogenicity of the caspase
polypeptide of the disclosure compared to a wild type amino acid or a nucleic acid sequence.
[6329] Caspase polypeptides of the disclosure may be truncated compared to a wild tyvpe
caspase polypeptide. For example, a caspase polypeptide may be truncated to eliminate a
sequence encoding a Caspase Activation and Recruitment Domain (CARD) o eliminate or
minimize the possibility of activating a local inflanunatory response 1o addition to inthating
apoptosis in the cell comprising an inducible caspase polyvpeptide of the disclosure. The
nucleic acid sequence encoding a caspase polypeptide of the disclosure mav be spliced (o
form a variant amino acid sequence of the caspase polypeptide of the disclosure compared to
a wild type caspase polvpeptide. Caspase polypeptides of the disclosure may be encoded by
recombinant and/or chimeric sequences. Recombinant and/or chimeric caspase polypeptides
of the disclosure may include sequences from one or more different caspase polypeptides.
Altematively, or in addition, recombinant and/or chimeric caspase polypeptides of the
disclosure may inchude sequences from one or more species (e.g. a human sequence and a
non-human sequence). Caspase polvpeptides of the disclosure may be non-naturally
OCCWTIng.

(6330} The higand binding region of an inducible proapoptotic polvpeptide of the disclosure
may include any polypeptide sequence that facilitates or promotes the dimerization of a first
inducible proapoptotic poly peptide of the disclosure with a second inducible proapoptotic
polvpeptide of the disclosure, the dimernization of which activates or induces cross-linking of
the proapoptotic polypeptides and initiation of apoptosis in the cell.

[#6331] The ligand-binding {“dimerization”) region may comprise any polypeptide or

functional domain thereof that will allow for induction using an endogenous or non-naturally
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occurring higand (1.e. and induction agent), for example, a non-naturally occurring synthetic
higand. The ligand-binding region may be mternal or external to the cellular merobrane,
depending upon the nature of the inducible proapopiotic polypeptide and the choice of figand
(i.e. induction agent). A wide variety of ligand-binding polypeptides and functional domains
thereof, including receptors, are known. Ligand-binding regions of the disclosure may
include one or more sequences from a receptor. Of particular interest are ligand-binding
regions for which ligands (for example, small organic ligands) are known or may be readily
produced. These ligand-binding regions or receptors may include, but are not himited to, the
FEKBPs and cyvclophilin receptors, the steroid receptors, the tetracycline receptor, and the like,
as well as “non-naturally occurring” receptors, which can be obtained from antibodies,
particularly the heavy or light chain subunit, mutaied sequences thereof, random amino acid
sequences obtained by stochastic procedures, combinatorial syntheses, and the like. In certain
embodiments, the ligand-binding region is selected from the group consisting of a FKBP
ligand-binding region, a cyclophilin receptor ligand-binding region, a steroid receptor ligand-
binding region, a cyclophilin receplors ligand-binding region, and a tetracycline recepior
higand-binding region.

16332] The ligand-binding regions comprising one or more receptor domain{s) may be at
feast about 50 amino acids, and fewer than about 350 amino acids, usually fewer than 200
amino acids, either as the endogenous domain or truncated active portion thereof The
binding region may, for example, be small (< 25 kDa, to allow efficient transfection m viral
veciors), monomeric, nonimmunogenic, have svnthetically accessible, cell permeable,
nontoxic higands that can be configured for dimenization.

10333} The ligand-binding regions comprising one or more receptor domain(s) may be
intracellular or extracellular depending upon the design of the inducible proapoptotic
polypeptide and the availability of an appropriate ligand {1.e. induction agent). For
hydrophobic ligands, the binding region can be on either side of the membrane, but for
hydrophilic higands, particularly protein ligands, the binding region will usually be external o
the cell membrane, unless there is a transport system for internalizing the ligand in a form in
which it is available for binding. For an iniracellular receptor, the inducible proapoptotic
polvpeptide or a fransposon or vector compnsing the inducible proapoptotic polypeptide may
encode a signal peptide and transmembrane domain 5" or 3 of the receptor domain sequence

or may have a hipid attachment signal sequence 5' of the receptor domain seguence. Where
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the receptor domain is between the signal peptide and the transmembrane domain, the
receptor domain will be extracellular.

16334] Antibodies and antibody subunits, e g.. heavy or light chain, particularly fragments,
more particularly all or part of the variable region, or fusions of heavy and light chain to
create high-affinity binding, can be used as a ligand binding region of the disclosure.
Antibodies that are contemplated include ones that are an ectopically expressed human
product, such as an extracellular domain that would not trigger an immune response and
generally not expressed in the periphery (1.e., outside the CNS/brain area). Such examples,
mclude, but are not limited to low affinity nerve growth factor receptor (LNGFR), and
embryvonic swrface proteins {i.e., carcincembryonic antigen). Yet further, antibodies can be
prepared against hapienic molecules, which are physiologically acceptable, and the individual
antibody subunits screened for binding affinity. The ¢cBNA encoding the subunits can be
isolated and modified by deletion of the constant region, portions of the variable region,
mutagenesis of the variable region, or the like, to obtain a binding protein domain that has the
appropriate affinity {or the higand. In this way, almost any physiologically acceptable
haptenic compound can be emploved as the higand or to provide an epitope for the higand.
instead of antibody units, endogenous receptors can be emploved, where the binding region
or domain is known and there is a useful or known ligand for binding.

[6338] For multimerizing the recepior, the ligand for the ligand-binding region/receptor
domains of the inducible proapoptotic polypeptides may be multimeric in the sense that the
ligand can have at least two binding sites, with each of the binding sites capable of binding to
a ligand receptor region (t.e. aligand having a first binding sile capable of binding the higand-
binding region of a first inducible proapoptotic polvpeptide and a second binding site capable
of binding the ligand-binding region of a second inducible proapoptotic polypeptide, wherein
the ligand-binding regions of the first and the second inducible proapopiotic polvpeptides are
either identical or distingt). Thus, as used herein, the term “multimeric ligand binding region”
refers to a igand-bindimg region of an inducible proapoptotic polvpeptide of the disclosure
that binds to a multimeric ligand. Multimeric ligands of the disclosure include dimeric
higands. A dimeric ligand of the disciosure may have two binding sites capable of binding to
the ligand receptor domain. In certain embodirments, multimeric ligands of the disclosure are
a dimer or higher order oligomer. usually not greater than about tetrameric, of small synthetic
organic molecules, the individual molecules typically being at least about 150 Da and less

than about S kDa, usually less than about 3 kDa. A variety of pairs of synthetic ligands and
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receptors can be emploved. For example, in embodiments involving endogenous receptors,
dimeric FK306 can be used with an FKBP12 receptor, dimenized cyclosporin A can be used
with the cyclophilin receptor, dimerized estrogen with an estrogen receptor, dimerized
glucocorticoids with a glucocorticoid receptor, dimenzed tetracycline with the tetracycline
recepior, dimerized vitarmn D with the vitamin D receptor, and the like. Aliematively, higher
orders of the ligands, e.g., timeric can be used. For erobodiments involving non~-naturally
occurring receptors, e.g., antibody subunits, modified antibody subumits, single chain
antibodies comprised of heavy and light chain variable regions in tandem, separated by a
flexible linker, or modified receptors, and mutated sequences thereof, and the like, any of a
farge variety of compounds can be used. A significant characteristic of the uniis comprising a
muttimeric ligand of the disclosure is that each binding site is able to bind the receptor with
high affimity, and preferably, that they are able to be dimerized chemically. Also, methods are
available to balance the hydrophobicity/hy drophilicity of the ligands so that they are able to
dissolve in serum at functional levels, yet diffuse across plasma membranes for most
applications.

[0336] Activation of inducible proapoptotic polvpeptides of the disclosure may be
accomplished through, for example. chemically induced dimerization (C1D) mediated by an
mnduction agent to produce a conditionally controlled protein or polypeptide. Proapoptotic
polypeptides of the disclosure not only inducible, but the induction of these polypeptides is
also reversible, due to the degradation of the labile dimerizing agent or adnunistration of a
monomeric competitive inhibitor.

{6337} In certain embodiments, the higand binding region cormprises a FK506 binding
protein 12 (FKBP12) polypeptide. In certain erabodirents, the ligand binding region
comprises a FKBP12 polypeptide having a substitution of valine (V) for phenylalanine (F) at
position 36 (F36V}. In certain embodiments, in which the ligand binding region comprises a
FKBP12 polypeptide having a substitution of valine (V) for phenylalanine (F) at posttion 36
(F36V), the induction agent may comprise AP1903, a synthetic drug (CAS Index Narme: 2-
Piperidinecarboxylic acid, 1-[{28)-1-0x0-2-(3,4,5-trimethoxyphenviybutyii-, 1,2-
ethanediybis|imino{2-ox0-2,1-ethanediyijoxy-3,1-phenylenef(1R}-3-3 4~
dimethoxvphenvhpropylidene]jester, [28-[H{R*)2RFSHSF UR*),ZR*[{11-(OCH CAS
Registry Number: 195514-63-7;. Molecular Formula: C78H98N4020; Molecular Weight:
1411.65}). In certain embodiments, in which the ligand binding region comprises a FKBP12

polypeptide having a substitution of valine (V) for phenylalanine (F) at position 36 (F36V),
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the induction agent may comprise AP20187 (CAS Registry Number: 195514-80-8 and
Molecular Formula: C8ZH1I07NS020). In certam embodiments, the induction agent is an
AP20187 analog, such as, for example, AP1510. As used herein, the induction agents
AP20187, AP1903 and AP1510 may be used interchangeably.

[3338] AP1903 APT is manufactured by Alphora Research Inc. and AP1903 Dirug Product
for Injection 13 made by Formatech Inc. It 15 formulated as a 5 mg/mL solution of AP1903 in
a 25% solution of the non-ionic solubilizer Solutol HS 15 (250 mg/mL, BASF). At room
iemperature, this formudation 15 a clear, slightly vellow sohution. Upon refrigeration, this
formulation undergoes a reversible phase transition, resulting 10 a malky solution. This phase
transition is reversed upon re-warnung to room temperature. The fill is 233 mL ina 3 mL
glass vial {approximately 10 mg AP1903 for Injection total per vial}. Upon determining a
need to administer AP1903, patients may be, for example, administered a single fixed dose of
AP1903 for Injection (0.4 mg/kg) via IV mfusion over 2 hours, using a non-DEHP, non-
ethylene oxide sterilized infusion set. The dose of AP1903 is calculated individually for all
patients, and is not be recalculated unless body weight fluctuates by 210%. The calculated
dose is diluted in 100 mL i 0.9% normal saline before infusion. In a previous Phase [ study
of AP1903, 24 healthy volunteers were treated with single doses of AP1903 for Injection at
dose levels of 0.01, 0.05, 0.1, 0.5 and 1.0 mg/kg nfused IV over 2 hours. AP1903 plasma
levels were directly proportional to dose, with mean Cmax values ranging from
approximately 10-1275 ng/mL over the 0.01-1.0 mg/kg dose range. Following the initial
mfusion period, blood concentrations demonstrated a rapid distribution phase, with plasma
levels reduced to approximately 18, 7, and 1% of maximal concentration at 0.5, 2 and 10
howrs post-dose, respectively. AP1903 for Injection was shown to be safe and well tolerated
at all dose levels and demonstrated a favorable pharmacokinetic profile. Tubiucci J B, et al,, J
Clin Pharmacol. 41: 870-9, 2001,

{0339} The fixed dose of AP1903 for injection used, for example, may be 0.4 mg/kg
mtravenously infused over 2 hours. The amount of AP1903 needed in vitro for effective
signaling of cells is 10-100 nM (1600 Da MW). This equates to 16-160 ug/L or "0.016-1.6
ng'kg (1.6-160 ug/kg) Doses up to 1 mg'kg were well-tolerated in the Phase 1 study of
AP1903 described above. Therefore, 0.4 mg/kg may be a safe and effective dose of AP1903
for this Phase I study in combination with the therapeutic cells.

{0340} The amino acid and/or nucleic acid sequence encoding ligand binding of the

disclosure may contain sequence one or more modifications compared to a wild type amino
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acid or nucleic acid sequence. For example, the amino acid and/or nucleic acid sequence
encoding higand binding region of the disclosure may be a codon-optimized sequence. The
one or more modifications may increase the binding affinity of a ligand {e.g. an induction
agent) for the Hgand binding region of the disclosure compared to a wild tvpe polypeptide.
Alternatively, or in addition, the one or more modifications may decrease the
inwnunogenicity of the ligand binding region of the disclosure compared to a wild type
polvpeptide. Ligand binding regions of the disclosure and/or induction agents of the
disclosure may be non-naturally occurring.

{6341} Modified cells, transposons and/or vectors of the disclosure may comprise an
mducible proapoptotic polvpeptide comprising {(a} a ligand binding region, (b} a linker, and
(c) a proapoptotic polypeptide, wherein the inducible proapopiotic polvpeptide does not
comprise a non-human sequence. In certain embodiments, the non-human sequence
comprises a restriction site. In certain embodiments, the ligand binding region may be a
multimeric ligand binding region. Inducible proapoptotic polypeptides of the disclosure may
also be referred (o as an “1C9 safety switch”. In certain embodiments, modified cells and/or
iransposons of the disclosure may comprise an inducible caspase polvpeptide comprising (a)
a ligand binding region, {b) a linker, and (¢} a caspase polypeptide, wherein the inducible
proapoptotic polypeptide does not comprise a non-human sequence. In certain embodiments,
modified cells and/or transposons of the disclosure may comprise an inducible caspase
polypeptide comprising (a) a ligand binding region, (b) a linker, and (c) a caspase
polvpeptide, wherein the inducible proapoptotic polypeptide doses not comprise a non-human
sequence. In certain embodiments, transposons of the disclosure may cornprise an inducible
caspase polypeptide comprising (a) a ligand hinding region, (b) a linker, and (¢} a truncaied
caspase 9 polypeptide, wherein the inducible proapoptotic polvpeptide does not comprise a
non-human sequence. In certain embodiments of the inducible proapoptotic polypeptides,
mducible caspase polypeptides or truncated caspase 9 polypeptides of the disclosure, the
higand binding region may comprise a FKS06 bindimg protein 12 (FKBP12) polvpeptide. In
certain embodiments, the aming acid sequence of the ligand binding region that comprise a
FK506 binding protein 12 (FKBP12) polypeptide may comprise a modification at position 36
of the sequence. The modification may be a substitution of valine (V) for phenylalanine (F) at
position 36 (F36YV).

[8342] In certain embodiments, the FKBP12 polypeptide is encoded by an amino acid

SeqUeNnce CoOmprising
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GYQVETISPGDGRIFPERGOTCYVHY TOMLEDGKEKVDSSRODRNKPFKFMLGKOEVI
RGWEEGVAQMSVGORAKLTISPDY AYGATGHPGIIPPHATLVFDVELLKLE (SEQ ID
NO: 14635).

[08343] In certain embodiments, the FKBP12 polypeptide is encoded by a nucleic acid
SeqUeNnce CoOmprising
GGGGTCCAGGTCGAGACTATTTCACCAGGGGATGGGCGAACATTICCAAAAAGG
GGCCAGACTTGCGTCGTGCATTACACCGGGATGCTGGAGGACGGGAAGAAAGTG
GACAGCTCCAGGGATCGCAACAAGCCCTTCAAGTTCATGCTGGGAAAGCAGGAA
GTGATCCGAGGATGGGAGGAAGGCGTGGCACAGATGTCAGTCGGLCAGCGGGL
CAAACTGACCATTAGCCCTGACTACGCTTATGGAGCAACAGGCCACCCAGGGAT
CATTCCCCCTCATGCCACCCTGGTCTTCGAT GTGGAACTGCTGAAGUTGGAG
(SEQ ID NO: 14636). In certain embodiments, the mduction agent specific for the ligand
binding region may cormprise a FK506 binding protein 12 (FKBP12) polypeptide having a
substitution of valine (V) for phenvlalanine (F} at position 36 (F36V) comprises AP20187
and/or AP1903, both synthetic drugs.

[0344] In certain embodiments of the inducible proapoptotic polypeptides, inducible
caspase polypeptides or truncated caspase 9 polypeptides of the disclosure, the linker region
is encoded by an amino acid comprising GGGGS (SEQ ID NO: 14637) or a nucleic acid
sequence comprising GGAGGAGGAGGATCC (SEQ ID NG: 14638). In certain
embodiments, the nucleic acid sequence encoding the linker does not comprise a restriction
site.

18345] In certain embodiments of the truncated caspase 9 polvpeptides of the disclosure, the
iruncated caspase 9 polypeptide 1s encoded by an amuno acid sequence that does not comprise
an arginine (R) at position 87 of the sequence. Altematively, or in addition, in certain
embodiments of the inducible proapoptotic polvpeptides, inducible caspase polvpeptides or
truncaled caspase 9 polypeptides of the disclosure, the truncated caspase 9 polypeptide is
encoded bv an amino acid sequence that does not comprise an alamine (A) at position 282 the
sequence. In certain embodiments of the inducible proapoptotic polvpeptides, inducible
caspase polypeptides or truncated caspase 9 polypeptides of the disciosure, the truncated
caspase 9 polypeptide i1s encoded by an amino acid comprising
GFGDVGALESLRGNADLAYILSMEPCGHCLIINNYNFCRESGLRTRTGSNIDCEKLRR
RESSLHFMVEVRGDLTAKKMVLALLELAQQODHGALDCCVVVILSHGCQASHLQFPG

AVYGTDGCPVSVERIVNIFNGTSCPSLGGKPRLFFIQACGGEQRKDHGFEVASTSPEDE
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SPGANPEPDATPFQEGLRTFDOLDAISSLPTPSDIFVSYSTFPGFVSWRDPKSGSWYVE
TLDDIFEQWAHSEDLGSLLLRVANAVSVEKGIYKOQMPGCFNFLREKKLFFKTS (SEQ ID
NQO: 14639} or a nucleic acid sequence comprising
TTTGGGCACGTOGGGGOCCCTGGAGTCTCTGCCGAGGAAATGCCGATCTGGOTTAC
ATCCTGAGCATGGAACCCTGCGGCCACTOGTCTGATCATTAACAATGTGAACTICT
GCAGAGAAAGCGGACTGCGAACACGGACTGGCTCCAATATTGACTGTGAGAAGC
TGCGGAGAAGGTTCTCTAGTCTGCACTTTATGGTCGAAGTGAAAGGGGATCTGAC
COCCAAGAAAATGOTGCTGOGCCCTGCTGGAGCTGGCTCAGCAGGACCATGGAGT
TCTGGATTGCTGCGTGGTCGTGATCCTGTCCCACGGGTGCCAGGCTTICTCATCTG
CAGTTCCCCGGAGCAGTGTACGGAACAGACGGCTGTCCTGTCAGCGTGGAGAAG
ATCGTCAACATCTTCAACGGCACTTCTTGCCCTAGTCTGGGGGGAAAGCCAAAAL
TCTTCTTTATCCAGGCCTOGTGGCGGGGAACAGAAAGATCACGGCTTCGAGGTGG
CCAGCACCAGCCCTGAGGACGAATCACCAGGGAGCAACCCTGAACCAGATGCAA
CTCCATTCCAGGAGGGACTGAGGACCTTTGACCAGCTGGATGCTATCTCAAGCCT
GCCCACTCCTAGTGACATTTTCOGTGTICTTACAGTACCTTCCCAGGOTTIGTCTCAT
GGCGCGATCCCAAGTCAGGGAGCTGGTACGTGGAGACACTGGACGACATCITTG
AACAGTGOGCCCATTCAGAGGACCUTGCAGAGCCTGCTGCTGCGAGTGGCAAACG
CTGTCTCTGTGAAGGGUATCTACAAACAGATGCCCGGUTGCTTCAATTTTCTGAG
AAAGAAACTGTTCTTTAAGACTTCC (SEQ ID NO: 14640).

[3346] In certain embodiments of the inducible proapoptotic polypeptides, wherein the
polyvpeptide comprises a truncated caspase 9 polvpeptide, the inducible proapoptotic
polvpeptide is encoded by an amino acid sequence comprising
GYVOVETISPGDGRTFPEKRGOTCVVHY TGMLEDGRKKVDSSRDRNKPFKFMLGKOEVI
RGWEEGVAQMSVGORAKLTISPDY AYGATGHPGIPPHATLVFDVELLKLEGGGGS
GFGEBVGALESLRGNADLAYILSMEPCGHCLIINNVYVNFCRESGLRTRTGSNIDCEKLRR
RFSSLHFMVEVRGDLTAKKMVYLALLELAQQDHGALDCCVVVILSHGCQASHLQFPG
AVYGTDGCPYSVERIVNIFNGTSCPSLGGKPRKLFFIQACGGEQRKDHGFEV ASTSPEDE
SPGSNPEPDATPFQEGLRTFDQLDBAISSLPTPSDIFVSYSTFPGFVSWRDPKSGSWYVE
TLDDIFEQWAHSEDLOSLLLRVANAVSVRKGIYKOMPGCFNFLREKLFFKTS (SEG 1D
NO: 14641) or the nucleic acid sequence comprising
ggggiccaggicgagactatiicaccaggegatggocgaacatiiccaaanaggggccagactigegicgtgcattacaccgggatg
ctggageacgggaagaaagtogacageiccagggatcgcaacaageccticaagticalociggpaaagcaggaagigatccgag

galgggageaaggcgigocacagaigicagicggecagegggecaaacigaccatiageccigactacgettalggageaacagg
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ccacceagggatcaticeeccicatgecacectggtcttegalgiggaactgelgaagctggagesagoasoacoatccggatiiog
ggacgiggggoccctggagictetgegaggaaatgocgatetggetiacaiccigageaiggaaceeigeggoecacigicigateatt
aacaatgigaactictgcagagaaagcggacigegaacacggactggctocaatatigacigigagaagetgeggagaagpticicta
gictgcacittatggicgaagteaaaggesatcigaccgccaagaaaatggioctogccetgctggagctgecicageaggaccatyg
gagetctggatigctgegtootegigatectglicccacgggigecaggcticteatetigeagticeccggageagiglacegaacaga
cggeigiectgicagegtggagaagatcgtcaacalicticaacggeacticitgeectagicigggeggaaagecaaaactgtictitat
ccaggecigtegcgggaaacagaaagatcacggcttcgaggtegccageaccageccigaggacgaalcaccaggzagcaacce
tgaaccagatgcaaciceaticcaggagggactgaggacciitgaccagetggatgctaictcaagectgeccacicctagigacatiit
cgtgictiacagtaccticecaggceitigicicatggegegatoccaagicagggageiggtacgiggagacactggacgacatctiiga
acagigggcccaticagaggacctgeagagecigetgetgogagtggcaaacgetgicicigigaaggocaiciacaaacagatgec
cgeotpcitcaatttictgagaaagaaactgtictttaagactice (SEQ 1D NO: 14642).

[6347] Inducible proapoptotic polypepiides of the disclosure may be expressed in a cell
under the transcriptional regulation of any promoter capable of imitiating and/or regulating
the expression of an inducible proapoptotic polypepiide of the disclosure in that cell. The
term “promoter” as used herein refers to a promoter that acts as the initial binding site for
RNA polymerase to transcribe a gene. For example, inducible proapoptotic polypeptides of
the disclosure may be expressed in a mammalian cell under the transcriptional regulation of
any promoter capable of initiating and/or regulating the expression of an inducible
proapoptotic polvpeptide of the disclosure in a marnmalian cell, inclading, but not inuted to
native, endogenous, exogenous, and heterologous promoters. Preferred marmmalian cells
include human cells. Thus, inducible proapoptotic polypepiides of the disclosure may be
expressed 1o a human cell under the transeriptional regulation of any promoter capable of
imtiating and/or regulating the expression of an inducible proapopiotic polvpeptide of the
disclosure in a human cell, mcluding, but not limited to, a human promoter or a viral
promoter. Exemplary promoters for expresston in human cells include, but are not limited to,
a buman cytomegalovirus (CMV) immediate early gene promoter, a SV40 early promoter, a
Rous sarcoma virus long terminal repeat, B-actin promoter, a rat insulin promoter and a
elvceraldehvde-3-phosphate dehvdrogenase promoter, each of which may be used to obtain
high-level expression of an inducible proapoptotic polvpeptide of the disciosure. The use of
other viral or mammalian cellular or bacterial phage promoters which are well known in the
art to achieve expression of an inducible proapoptotic polvpeptide of the disclosure is
contemplated as well, provided that the levels of expression are sufficient for initiating

apoptosis in a cell. By employing a promoter with well-known properties, the tevel and
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pattern of expression of the protein of interest following transfection or franstormation can be
optinized.

[0348] Selection of a promoter that is regulated in response 1o specific physiologic or
synthetic signals can permit inducible expression of the inducible proapopiotic polvpeptide of
the disclosure. The ecdysone system (Invitrogen, Carisbad, Calif ) is one such system. This
system 1s designed to allow regulated expression of a gene of interest in mamumalian cells. |t
consists of a tightlv regulated expression mechanism that allows virtually no basal level
expression of a transgene, but over 200-fold inducibility. The system is based on the
heterodimeric ecdvsone receptor of Drosophila, and when ecdysone or an analog such as
muristerone A binds to the receptor, the receptor activates a promoter to turn on expression of
the downstream transgene high levels of mRNA transcripts are attained. In this system, both
monomers of the heterodimeric receptor are constitulively expressed from one vector,
whereas the ecdvsone-~responsive promoter, which drives expression of the gene of interest, is
on another plasmid. Engineering of thus type of system into a vector of interest may therefore
be useful. Another inducible system that may be useful 18 the Tet-Of™ or Tet-On™ sysiem
{Clontech, Palo Alto, Cahif) oniginally developed by Gossen and Bujard (Gossen and Bujard,
Proc. Natl. Acad. Sci. USA, 89:5547-5551, 1992; Gossen et al.. Science, 268:1766-1769,
1995). This system also allows high levels of gene expression to be regulated in response to
tetracycline or tetracycling derivatives such as doxyeychine. In the Tet-On™ gystem, gene
expression 1s turned on in the presence of doxycycline, whereas in the Tet-Off ™ gystem,
gene expression is turned on in the absence of doxyveycline. These systems are based on two
regulatory elements denived {rom the tetracy cline resistance operon of £ coli: the

tetracy cline operator sequence {to which the tetracvcline repressor binds) and the tetracvcline
repressor protein. The gene of interest is cloned into a plasmid behind a promoter that has
tetracycline-responsive elements present in it. A second plasmud contains a regulatory
element called the tetracycline~-controlled transactivator, which is composed, in the Tet-Off™
system, of the VP16 domain frora the herpes simplex virus and the wild-tvpe tetracycline
repressor. Thus, in the absence of doxycevcling, franscription is constitudively on. In the Tet-
On™ gystem, the tetracveline repressor is not wild type and in the presence of doxycvcline
activates transcription. For gene therapy vector production, the Tet-Off™ gsystem may be
used so that the producer cells could be grown in the presence of tetracycline or doxycycline
and prevent expression of a potentially toxic transgene, but when the vector s introduced to

the patient, the gene expression would be constitutively on
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18348] In some circumstances, it 13 desirable {0 regulate expression of a transgene in a gene
therapy vector. For example, different viral promoters with varying strengths of activity are
utilized depending on the level of expression desired. In mammalian cells, the UMV
nmmediaie earty promoter is often used io provide strong transcriptional activation. The
CMV promoter is reviewed in Bonnelly, J 1, et al,, 1997, Annu. Rev. Invnunol. 15:617-48.
Modified versions of the CMYV promoter that are less potent have also been used when
educed levels of expression of the transgene are desired. When expression of a transgene in
hematopoietic cells is desired, retroviral promoters such as the LTRs from MLV or MMTV
are often used. Other viral promoters that are used depending on the desired effect include
SV40, RSY LTR, HIV-1 and HIV-2Z LTR, adenovirus promoters such as from the E1A, E2A,
or MLP region, AAV LTR, HSV-TK, and avian sarcoma virus,
[#38¢] In other examples, promoters may be selected that are developmentally regulaied
and are active in particular differentiated cells. Thus, for exaraple, a promoter may not be
active inn a pluripotent stem cell, but, for example, where the pluripotent stem cell
differentiates into a more mature cell, the promoter may then be activated.
[0351] Similarly tissue specific promoters are used to effect transcription in specific tissues
or cells so as 1o reduce potential toxicity or undesirable effects to non-targeted fissues. These
promoters may result in reduced expression compared to a stronger promoter such as the
CMV promoter, but may also result in more limited expression, and imnumogenicity (Bojak,
A, etal, 2002, Vaccine. 20:1975-79; Cazeaux, N., et al., 2002, Vaccine 20:3322-31). For
example, tissue specific promoters such as the PSA associated promoter or prostate-specific
glandular kallikrein, or the muscle creatine kinase gene may be used where appropriate.
[0352] Examples of tissue specific or differentiation specific promoters include, but are not
himmited to, the following: B29 (B celis); U314 (monocvtic cells); CD43 (leukocytes and
platelets); CD45 (hematopoistic cells), CD68 (macrophages}; desmin (muscle); elastase-1
{pancreatic acinar cells); endoglin (endothelial cells); fibronectin (differentiating cells,
healing tissues); and Fli-1 {endothelial cells). GF AP (astrocytes).
{0353} In certain indications, it is desirable to activate transcription at specific times after
administration of the gene therapy vector. This is done with such promoters as those that are
hormone or cvtokine regulatable. Cytokine and inflammatory protein responsive promoters
that can be used include K and T kininogen (Kagevama et al , (1987} J. Biol. Chem., 262,
345-2351), c-fos, TNF-alpha, C-reactive protein {Arcone, ef al., {1988} Nucl. Acids Res.,

16(8), 3195-3207}, haptoglobin {Olivierc et al., (1987 EMBO 1., 6, 1905-1912), serum
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amyloid A2, C/EBP alpha, TL-1, IL-6 (Poli and Cortese, (1989) Proc. Nai'l Acad. Sci. USA,
R6, 8202-8206), Complement C3 (Wilson et al., (1990) Mol. Cell. Biol., 6181-6191), {L-8,
alpha-1 acid glycoprotein {Prowse and Baumann, (1988) Mol Cell Biol, 8, 42-51}, alpha-1
antitry psin, lipoprotein lipase {(Zechner et al., Mol. Cell. Biol,, 2394-2401, 1988),
angiotensinogen (Ron, et al., (1991} Mol. Cell. Biol,, 2887-2893}, {ibrinogen, ¢-jun
(inducible by phorbol esters, TNF-alpha, UV radiation, retinoic acid, and hydrogen
peroxide}, collagenase (induced by phorbol esters and retinoic acid), metaliothionein (heavy
metal and glucocorticoid inducible), Stromelysin (inducible by phorbol ester, mterleukin-1
and EGF), alpha-2 macroglobulin and alpha-1 anti-chymotrypsin. Other prorooters include,
for example, SV40, MMTVY, Human Immunodeficiency Virus {(MV), Moloney virus, ALV,
Epstein Basr virus, Rous Sarcoma virus, human actin, myosin, hemoglobin, and creatine.
{3384} 1t1s envisioned that anv of the above promoters alone or in combination with
another can be useful depending on the action desired. Promoters, and other regulatory
elements, are selected such that they are functional in the desired cells or tissue. In addition,
this hist of promoters should not be construed 1o be exhaustive or hmiting, other promoters
that are used in conjunction with the promoters and methods disclosed herein.

Antigen Recepiors

[#355] Insome embodiments of the compositions and methods of the disclosure, a modified
autologous cell of the disclosure comprises an antigen receptor.

[3386] In some embodiments of the compositions and methods of the disclosure, a vector
comprises a sequence encoding a chimeric antigen receptor or a portion thereof. Exemplary
veciors of the disclosure include, bui are not limiied to, viral vectors, non-viral vectors,
plasmids, nanoplasmids, nunicircles, transposition systems, liposomes, polymersomes,
micelles, and nanoparticles.

[#387] Insome embodiments of the compositions and methods of the disclosure, a
transposon comprises a sequence encoding a chimeric antigen receptor or a portion thereof,
In some embodiments, the transposon is integrated onto a genomic sequence of an autologous
cell by a transposase.

{0358] In some embodiments of the compositions and methods of the disclosure, a donor
ohigonucleotide or a donor plasnud comprises a sequence encoding a chimeric antigen
receptor or a portion thereof In some embodiments, the donor oligonucleotide or the donor
plasmid are entirely or partially integrated into a chromosomal sequence of an autologous

cell following a single or double-strand break and, optionally, cell-mediated repair.
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{0359} Exemplary antigen receptors include nov-naturally occurring transmembrane
proteins that bind an antigen at a site in an extaceliular doroain and transduce or induce an
miracellular signal through an intracellular domain.

[#368] In some embodiments, non-naturally occwrring antigen receptors include, but are not
himted to, recombinant, variani, chimeric, or synthetic T-cell Receptors (TCRs). In some
embodiments, vanant TCRs confain one or more sequence variations in either a nucleotide or
amino acid sequence encoding the TCR when compared to a wild type TCR. In some
ernbodiments, a synthetic TCR comprises at least one synthetic or modified nucleic acid or
arnino acid encoding the TCR. Tn some embodiments, a recombinant and/or chimeric TCR 1s
encoded by anucleic acid or amino acid sequence that etther across ifs entire length or a
portion thereof, is non-naturally occurring because the sequence is isolated or derived from
OnE OF MOTS SOUrCe sequences.

{0361} In some embodiments, non-naturally occurring antigen receptors include, but are not
himited to, chimeric antigen recepiors.

Chimeric Antigen Receptors

[0362] In some embodiments of the compositions and methods of the disclosure, a modified
autoiogous cell of the disclosure comprises a chimeric antigen receptor.

[#363] Insome embodiments of the compositions and methods of the discloswre, a
transposon comprises a sequence encoding a chimeric antigen receptor or a portion thereof
[3364] Chimeric antigen receptors ({CARs) of the disclosure may comprise (a) an
ectodomain comprising an antigen recognition region, {b} a transmembrane domain, and (c)
an endodomain comprising at least one costimnulatory domain. In certain embodiments, the
ectodornain may further comprise a signal peptide. Alternatively, or in addition, mn certain
embodiments, the ectodomain may further comprise a hinge between the antigen recognition
region and the transmembrane domain. In certain embodiments of the CARs of the
disclosure, the signal peptide may comprise a sequence encoding a human CD2, CD33,
CD3e, CD3y, CD3L, CD4, CDBa, CD1Y, CD2E, 4-1BB or GM-CSFR signal peptide. In
certain embodiments of the CARs of the disclosure, the signal peptide mayv comprise a
sequence encoding a human CD8a signal peptide. In certain embodiments, the
iransmernbrane domain may comprise a sequence encoding a human CD2, CD33, CD3e,
CD3y, (D3 CD4, CD8a, CDI9, CD28, 4-18BB or GM-CSFR transmembrane domain. In
certain embodiments of the CARs of the disclosure, the transmembrane domain may

comprise a sequence encoding a human CD8a transmembrane domain. In certain
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ernbodiments of the CARs of the disclosure, the endodomain may comprise a human CD3(
endodomain.

[0368]  In certain embodiments of the C ARs of the disclosure, the at least one costimulatory
domain may compiise a human 4-18B8, CD28, CD40, ICOS, MyD88, 8X-40 intracellular
segment, or any combination thereof. In certain embodiments of the CARs of the disclosure,
the at least one costimulatorv domain may comprise a CD28 and/or a 4-1BB costimulatory
domain. In certain embodiments of the CARs of the disclosure, the hinge may comprise a
sequence denived from a human CD8a, 1gG4, and/or CD4 sequence. In certain embodiments
of the CARs of the disclosure, the hinge may comprise a sequence derived from a human
CD8u sequence.

{0366} The CD28 costimulatory domain may comprise an amino acid sequence comprising
RVEKFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRGRDBPEMGGRPRRKNP(
EGLYNELOQKDKMAEAYSEIGMEKGERRRGKGHDGLYQGLSTATKDTY DALHMQALP
PR (SEQ i NG: 14477) or a sequence having at least 70%, &0%, 90%. 95%, or 99%
identity to the amino acid sequence compnsing
RVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRENPQ
EGLYNELGKDKMAFEAYSEIGMKGERRRGKGHBGLY QGLSTATKDTYDALHMOQALP
PR{SEQ ID NG: 14477). The CD28 costinnilatory domain may be encoded by the nucleic
acid sequence comprising
cgcgigaagittagicgatcageagatgececagetiacaaacagggacagaaccagetgiataacgageigaatctgggeegeega
gaggaatatgacgigciggataagcggagaggacgcgaceccgaaatggpagocaagoeocaggegcaaaaaccceicaggaagyg
ceiglalaacgagetgeagaaggacaaaatggeagaageciaticigagalcggeatgaaggeooagcgacggagagecaaagy
geacgatgggcigtaccagggacigageaccgecacaaaggacacclatgatgetctgeatatgeaggeacigeciccaagg
(SEQ ID NO: 14478). The 4-1BB costimulatory domain may compiise an amino acid
sequence comprising KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL
(SEQ ID NO: 14479) or a sequence having at Jeast 70%, 80%, 90%, 95%, or 99% identity to
the amino acid sequence comprising
KRGREKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL (SEQ 1D NO: 14479y .
The 4-1BB costimulatory domain may be encoded by the nucleic acid sequence comprising
aagagaggcaggaagaaactgcigiatatiticasacageccticatgegeecegtgcagaciacecaggaggaagacgggigotco
tetcgaticectigageaagaggaaggegggigtgagcte (SEQ 1D NO: 14480). The 4-1BR costimulatory
domain may be located between the transmembrane domain and the CD28 costimulatory

domain.
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18367] In certain embodiments of the CARs of the disclosure, the hinge may comprise a
sequence dertved from a human CD8a, 1gG4, and/or CD4 sequence. In certain embodiments
of the CARs of the disclosure, the hinge may comprise a sequence derived from a human
CD8a sequence. The hinge may comprise a human CD8o¢ amino acid sequence comprising
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD (SEC 1D NGO 14481)
or a sequence having at least 70%, 80%, 90%, 95%, or 99% identity to the amino acid
sequence comprising TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD
(SEQ ID NQO: 14481). The human CD8a hinge amino acid sequence may be encoded by the
nucleic acid sequence comprising
actaccacaccageacctagaccaccaactccagetccaaccategegagicageccctgagicigagacctgaggectzeagace
agctgcaggaggagctgigeacaccaggggcctiggacticgecigegac (SEQ 1D NO: 144323,

{0368] 'The disclosure provides single chain variable fragment (scFv) compositions and
methods for use of these compositions 1o recognize and bind to a specific target protein. ScFy
compositions comprise a heavy chain variable region and a ight chain varnable region of an
antibody. ScFv corapositions may be incorporated into an antigen recognition region of a
chimeric antigen receptor of the discloswre. ScFys are fusion proteins of the variable regions
of the heavy {VH) and hight (VL) chains of immunoglobulins, and the VH and VL domains
are connected with a short peptide tinker. ScFvs retain the specificity of the oniginal
inwnunoglobulin, despiie removal of the constant regions and the mitroduction of the linker.
An exemplary hinker comprises a sequence of GGGGSGGGGSGGGES (SEQ ID NG
144833

Centyring

10369] Centyrins of the disclosure specifically bind to an antigen. Chimeric antige
receptors of the disclosure comprising one or more Centyrins that specifically bind an antigen
may be used to direct the specificity of a cell, (e.g. a cvtotoxic immune cell} towards the
specific antigen.

{8378} Centyrins of the disclosure may comprise a protein scaffold, wherein the scaffold is
capable of specifically binding an antigen. Centyrins of the disclosure may comprise a
protein scaffold comprising a consensus sequence of at least one fibronectin type 1 (FN3)
domain, wherein the scaffold is capable of specifically binding an antigen. The at least one
fibronectin type HI (FN3) domain may be derived from a human protein. The human protein

may be Tenascin-C. The consensus sequence may comprise
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LPAPEKNLVVSEVTEDSLRLAWTAPDAAFDSFLIQYQESERKVGEAINLTVPGSERSYDL

TGLEPGTEYTVSIYGVKGGHRSNPLSAEFTT (SEQ ID NO: 14488) or
MLPAPKINLVVSEVTEDSLRLSWTAPDAAFDSFLIQYQESEKVGEAINLTVPGSERSY
DLTGLKPGTEYTVSIYGVKGGHRSNPLSAEFTT (SEQ 1D NG: 14489} The consensus
sequence may comprise an amino sequence at least 74% identical o
LPAPKNLYVVSEVTEDSLRLSWTAPDAAFDSFLIQYQESEKVGEAINLTVPGSERSY DL
TGLKPGTEYTVSIYGVKGGHRSNPLSAEFTT (SEQ 1D NO: 1448%) or
MLPAPKNLVVSEVTEDSLRLSWTAPDAAFDSFLIQYQESERVGEAINLTVPGSERSY
DLTGLKPGTEYTVSIYGVKGGHRSNPLSAEFTT (SEG 1D NO: 14489). The consensus
sequence may encoded by a nucleic acid sequence comprising
atgctocctgeaccaaagaacciggtgptotcicaigigacagaggatagtoccagactgtcatggactigciccegacgeagecticg
atagtittatcatcgtolaccgggagaacalcgaaaccggegaggccatigicctgacagigecagggtecgaacgetctiatgacetyg
acagatcigaageccggaactgagtactaigigeagatcgecggegicaaaggaggeaatalcageticeetctgicegeaaleticac
caca (SEQ 1D NO: 14490). The consensus sequence may be modified at one or more
positions within {(a} a A-B loop comprising or consisting of the amino acid residues TEDS
(SEQ 1D NO: 14491) at positions 13~16 of the consensus sequence; (b) a B-C loop
comprising or consisting of the amino acid residues TAPDAAF (SEQ 1D NG: 14492} at
positions 22-28 of the consensus sequence: (¢} a C-D loop comprising or consisting of the
amino acid residues SEXKVGE (SEQ 1D NG 14493) at positions 38-43 of the consensus
sequence; {(d) a D-E loop comprsing or consisting of the amino acid residues GSER (SEQ
1D NG: 14494) at positions 51-54 of the consensus sequence; {e) a E-F loop comprising or
consisting of the amino acid residues GLKPG (SEQ ID NG: 14493) al positions 60-64 of the
consensus sequence; () a F-G loop comprising or consisting of the amino acid residues
KGGHRSN (SE(Q 1D NO: 14496) at positions 75-81 of the consensus sequence; or {g) any
combination of (a)«(f). Centyrins of the disclosure may comprise a consensus sequence of at
feast S fibronectin type T (FN3) domains, at least 10 fibronectin type HH (FN3) domains or
one affinity selected from a Ko of less than or equal to 107"M, less than or equal to 1077°M,
less than or equal to 10711M, Tess than or equal to 1071°M, less than or equal to 107 1°M, less
than or equal to 107"*M. and less than or equal to 107 °M. The Kp may be determined by
surface plasmon resonance.

{8371} The term “antibody mimetic” 15 intended to describe an organic compound that

specifically binds a target sequence and has a structure distinct from a naturally-occurring
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antibody. Antibody mimetics may comprise a profein, a nucleic acid, or a small molecule.
The target sequence to which an antibody mirmetic of the disclosure specifically binds may be
an anfigen. Antibody numetics may provide superior properties over antibodigs including,
but not imited to, superior solubility, tissue penetration, stability towards heat and enzymes
{e.g. resistance (o enzymatic degradation), and lower production costs. Exemplary antibody
mimetics include, but are not limited to, an affibody, an afflilin, an affimer, an affitin, an
alphabody, an anticalin, and avimer {(also known as avidity multimer}, a DARPm (Designed
Ankyrin Repeat Protein), a Fynomer, a Kunitz domain peptide, and a monobody.

[0372] Affibody molecules of the disclosure comprise a protein scaffold comprising or
consisting of one or more alpha helix without any disulfide bridges. Preferably, affibody
molecules of the disclosure comprise or consist of three alpha helices. For example, an
affibodv molecule of the disclosure may comprise an immunoglobulin binding domain. An
affibody molecule of the disclosure may comprise the Z domain of protein A

{0373} Affilin molecules of the disclosure comprise a protein scaffold produced by
modification of exposed amino acids of, for example, either gamma-B crystallin or ubtquitin.
Affilin molecules functionally mimic an antibody’s affinity to antigen, but do not structurally
numic an antibody. In any protein scaffold used to make an affilin, those amino acids that are
accessible to solvent or possible binding partners in a properlyv-folded protein molecude are
considered exposed amino acids. Any one or more of these exposed amino acids may be
maodified to specifically hind 1o a target sequence or antigen.

{0374} Affimer molecules of the disclosure comprise a protein scaffold comprising a highly
stable protein engineered to display peptide loops that provide a high affinity binding site for
a specific target sequence. Exemplary affimer molecules of the disclosure comprise a protein
scaffold based upon a cystatin protein or tertiary structure thereof, Exemplary affimer
molecules of the disclosure may share a common tertiary structure of comprising an alpha-
helix lving on top of an anti-parallel beta-sheet.

[B378] Affitin molecules of the disclosure comprise an artificial protein scaffold, the
structure of which may be derived, for example, from a DNA binding protein (e.g. the DNA
binding protein Sac7d). Affitins of the disclosure selectively bind a target sequence, which
may be the entirety or part of an antigen. Exemplary affitins of the disclosure are
manufactured by randomizing one or more amino acid sequences on the binding surface of a
DNA binding protein and subjecting the resultant protein to ribosome display and selection.

Targel sequences of affiting of the disclosure may be found, for example, in the genome or on
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the surface of a peptide, protein, virus, or bacteria. In certain embodiments of the disclosure,
an affitin molecule may be used as a specific inhibitor of an enzyme. Affitin molecules of the
disclosure may include heat-resistant proteins or derivatives thereof

[#8376] Alphabody molecules of the disclosure may also be referred to as Cell-Penetrating
Alphabodies (CPAB). Alphabody molecules of the disclosure comprise small proteins
{(typically of less than 10 ka) that bind to a variety of target sequences (including antigens).
Alphabody molecules are capable of reaching and binding to intracellular farget sequences.
Structurally, alphabody molecules of the disclosure comprise an artificial sequence forming
single chain alpha helix (simular to naturally occurring coiled-coil structures). Alphabody
molecules of the disclosure may comprise a protein scaffold comprising one or more aming
acids that are modified to specifically bind target proteins. Regardiess of the binding
specificity of the molecule, alphabody molecules of the disclosure maintain correct folding
and thermostability.

16377} Anticalin molecules of the disclosure comprise artificial proteins that bind to target
sequences or sites 1o either proteins or small molecules. Anticalin molecules of the disclosure
may comprise an artificial protein derived from a human lipocalin.  Anticalin molecules of
the disclosure may be used in place of, for example, monoclonal antibodies or fragments
thereof. Anticalin molecules may demonstrate superior tissue penetration and thermostability
than monoclonal antibodies or fragments thereof. Exemplary anticalin molecules of the
disclosure may comprise about 180 amine acids, having a mass of approximatelv 20 kDa.
Structurally, anticalin molecules of the disclosure comprise a barrel structure comprising
antiparalie] beta-strands pairwise connected by loops and an attached alpha helix. In
preferred erobodirnents, anticalin molecules of the disclosure comprise a barrel structure
comprising eight antiparalle! beta-strands pairwise connected by loops and an attached alpha
hehix.

[#378] Avimer molecules of the disclosure comprise an artificial protein that specifically
binds fo a target sequence (which may also be an antigen). Avimers of the disclosure may
recognize multiple binding sites within the same target or within distinet targets. When an
avimer of the disclosure recognize more than one target, the avimer mimics function of a bi-
spectfic antibody. The artificial protein aviroer may comprise two or more peptide sequences
of approximately 30-35 amino acids each. These peptides may be connected via one or more
linker peptides. Amino acid sequences of one or more of the peptides of the avimer may be

derived from an A domain of a membrane receptor. Avimers have a rigid structure that may
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optionally comprise disulfide bonds and/or caleium. Avimers of the disclosure may
demonstrate greater heat stability compared to an antibody.

{0379] DARPins (Designed Ankyrin Repeat Proteins) of the disclosure comprise
genetically-engineered, recombinant, or chimeric proteins having high specificity and high
affimity for atarget sequence. In certamn ermnbodiments, DARPins of the disclosure are derived
from ankyrin proteins and, optionally, comprise at least three repeat motifs {also referred to
as repetitive structural units) of the ankyrin protein. Ankyrin proteins mediate high-affinity
protein-protein interactions. DARPins of the disclosure comprise a large target interaction
surface.

16386G] Fvnomers of the disclosure comprise small binding proteins (about 7 kDa) derived
from the human Fyn SH3 domain and engineered to bind to target sequences and molecules
with equal affinity and equal specificity as an antibody.

[6381] Kuniiz domain peptides of the disclosure comprise a protein scaffold comprising a
Kunitz domain, Kunitz domains comprise an active site for inhibiting protease activity.
Structurally, Kunitz domains of the disclosure comprise a disulfide-rich alpha+beta fold. This
structure 15 exemplified by the bovine pancreatic trypsin inhibitor. Kunitz domain peptides
recognize specific protein structures and serve as competitive protease inhibitors. Kunitz
domains of the disclosure mav comprise Ecallantide (derived from a human lipoprotein-
associated coagulation inhibitor (LACT)).

[6382] Monobodies of the disclosure are small proteins {comprising about 94 amino acids
and having a mass of about 10 kDa} comparable in size {0 a single chain antibody. These
gengtically engingered proteins specifically bind target sequences mcluding antigens.
Monobadies of the disclosure may specifically target one or more distinct proteins or target
sequences. In preferred embodiments, monobodies of the disclosure comprise a protein
scaffold mimicking the structure of human fibronectin, and more preferably, mimicking the
structure of the tenth extracellular type H domain of fibronectin. The tenth exiracellular type
I domain of fibronectin, as well as a monobody numetic thereof, contains seven beta sheets
forming a barrel and three exposed loops on each side corresponding to the three
complementarity determining regions {CDRs) of an antibody. In contrast to the structure of
the variable domain of an antibody, a monobody lacks any binding site for muetal 1015 as well
as a central disulfide bond. Multispecific monobodies may be optimized by modifying the
foops BC and FG. Monobodies of the disclosure may comprise an adnectin.

VHH
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18383] In certain embodiments, the CAR comprises a single domain antibody (SdAb). In
ceriain embodiments, the SdAbis a VHH.

[3384] The disclosure provides chimeric antigen recepiors (CARS) comprising at least one
VHH (a VCAR). Chimeric antigen receptors of the disclosure may comprise more than one
VHH. For example, a bi-specific VCAR may comprise two VHHs that specifically bind two
distinet antigens.

[0385] VHH proteins of the disclosure specifically bind to an antigen. Chimeric antigen
receptors of the disclosure comprising one or more VHHs that specifically bind an antigen
may be used to direct the specificity of a cell, (e.g. a cviotoxic immune cell) towards the
specific antigen.

[8386] At least one VHH protein or VCAR of the disclosure can be optionally produced by
a cell tine, a mixed cell line, an immortalized cell or clonal population of immortalized cells,
as well known in the art. See, e g, Ausubel, et al | ed., Current Protocols in Molecular
Biology, John Wiley & Sons, Inc., NY, N.Y. (1987-2001); Sambrook, et al., Molecular
Cloning: A Laboratory Manual, 2nd Edition, Cold Spring Harbor, N.Y. (1989); Harlow and
Lane, Antibodies, a Laboratory Manual, Cold Spring Harbor, N.Y. (1989); Colligan, et al ,
eds.. Current Protocols in Immunology, John Wiley & Sons, Inc., NY (1994-2001); Colligan
et al., Current Protocols in Protein Science, John Wiley & Sons, NY, N.Y ., (1997-2001).
{8387 Awmino acids from a VHH protein can be altered, added and/or deleted to reduce
nwnunogenicity or reduce, enhance or modify binding, affinity, on-rate, off-rate, avidity,
specificity, half-life, stability, solubility or any other suitable characteristic, as known in the
{6388} Optionally, VHH proteins can be engineered with retention of high affinity for the
antigen and other favorable biological properties. To achieve this goal, the VHH proteins can
be optionally prepared by a process of analysis of the parental sequences and various
conceptual engineered products using three-dimensional models of the parental and
engineered sequences. Three-dimensional models are comymonly available and are fanuliar to
those skilled in the art. Computer programs are available which illustraie and display
probable three-dimensional conformational structures of selected candidate sequences and
can roeasure possible imynunogenicity {e.g., Immunofilter program of Xencor, Inc. of
Monrovia, Calif)). Inspection of these displays permits analysis of the hikely role of the
residues in the functioning of the candidate sequence, i.e., the analysis of residues that

mfluence the ability of the candidate VHH protein to bind its antigen. Tn this way, residues
134



CA 03111384 2021-03-02

WO 2020/051374 PCT/US2019/049816

can be selected and combined from the parent and reference sequences so that the desired
charactenistic, such as affinity for the target antigen{s). is achieved. Aliematively, orin
addition to, the above procedures, other suitable methods of enginearing can be used.

[#8389] Screening VHH for specific binding to simular proteins or fragments can be
conventently achieved using nucleotide (BNA or RNA display) or peptide display libraries,
for example, 1n vitro display. This method involves the screening of large collections of
peptides for individual members having the desired function or structure. The displayed
nucleotide or peptide sequences can be from 3 to 5000 or more nucleotides or amino acids in
length, frequently from 5-100 amano acids long, and often from about 8 to 25 amino acids
fong. In addition to direct chemical synthetic methods for generating peptide libraries, several
recombinant DNA methods have been described. One type involves the display of a peptide
sequence on the surface of a bacteriophage or cell. Each bacteriophage or cell contains the
nucleotide sequence encoding the particular displaved peptide sequence. The VHH proteins
of the disclosure can bind human or other mammalian proteins with a wide range of affinities
(KD). In a preferred embodiment, at least one VHH of the present disclosure can optionally
bind to a target protein with high affinity, for example, with a KD equal to or less than about
1077 M, such as but not limited to, 0.1-9.9 (or any range or value therein) X 1072, 107, 107,
1071 10712 1078 1071 107 or any range or value therein, as determined by surface
plasmon resonance or the Kinexa method, as practiced by those of skill in the art.

[0396] The affinity or avidity of a VHH or a VCAR for an antigen can be determined
experimentally using anv suitable method. {See, for example, Berzofsky, et al., “Antibody-
Antigen Interactions,” In Fundamental Immunology, Paul, W. E., Ed., Raven Press: New
York, N.Y. (1984); Kuby, Jams Immunology, W.H. Freeman and Company: New York, N.Y.
{1992); and methods described herein). The measured affinity of a particular VHH-antigen or
VCAR-antigen interaction can vary if measured under different conditions (e.g., salt
concentration, pH). Thus, measurements of affinity and other antigen-binding parameters
(e.g., KD, Kon, Koff) are preferably made with standardized solutions of VHH or VCAR and
antigen, and a standardized buffer, such as the buffer described hersin.

18321} Competitive assays can be performed with the VHH or VCAR of the disclosure in
order to determine what proteins, antibodies, and other antagonists compete for binding to a
target protein with the VHH or VCAR of the present disclosure and/or share the epitope
region. These assays as readily known to those of ordinary skill in the art evaluate

competition between antagonists or igands for a limtted number of binding sites on a protem.
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The protein and/or antibody 1s immobilized or insolubilized before or after the competition
and the sample bound to the target protem is separated from the unbound sample, for
example, by decanting (where the protein/antibody was preinsolubilized) or by centrifuging
{where the protein/antibody was precipitated after the competiiive reaction). Also, the
competitive binding may be determined by whether function is altered by the binding or lack
of binding of the VHH or VCAR to the target protein, e.g., whether the VCAR molecule
inhibits or potentiates the enzymatic activity of, for example, a label. ELISA and other
functional assays may be used, as well known n the art.

{03921  In certain embodiments, the CAR comprises a single domain antibody {SdAb). In
certain embodiments, the SdAbisa VH.

[6393] The disclosure provides chimeric antigen receptors (CARs) comprising a single
domamn antibody (VU ARs). In certain embodiments, the single domain antibody comprises a
VH. In certain embodiments, the VH is isolated or dernived from a human sequence. In certain
embodiments, VH comprises a human CDR sequence and/or a human frammework sequence
and a non-hurnan or humanized sequence {e.g. a rat Fe domain). To certain embodiments, the
VH is a fully humanized VH. In certain embodiments, the VH s neither a naturally occurring
antibody nor a fragment of a naturally occurring aniibody. In certain embodiments, the VH is
not a fragment of a monoclonal antibody. Tn certain embodiments, the VH is a UniDab™
antibody {TeneoBio),

{8394} In certain embodiments, the VH is fully engineered using the UniRat™ (TenezoBio)
system and “NGS-based Discovery” (o produce the VH. Using this method, the specific VH
are not naturallyv-occurring and are generated using fully engineered systems. The VH are not
derived from naturally-cccurring monoclonal antibodies (mAbs) that were either 1solated
directly from the host (for example, a mouse, rat or human} or directly from a single clone of
cells or cell line (hybridoma}. These VHs were not subsequently cloned from said cell

lines. Instead, VH sequences are fully-engineered using the UniRat™ svstem as transgenes
that comprise human variable regions {VH domains} with a rat Fe domain, and are thus
human/rat chimeras without a light chain and are unlike the standard mAb format. The native
rat genes are knocked out and the only antibodies expressed in the rat are from transgenes
with VH domains linked to a Rat Fc {UniAbs). These are the exclusive Abs expressed in the
UniRat. Next generation sequencing {(NGS) and bioinformatics are used to identify the full

antigen-specific repertoire of the heavy-chain antibodies generated by UniRat™ afier
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immurization. Then, a unique gene assembly method is used to convert the anlibody
repertoire sequence mformation into large collections of fully-huran heavy-chain antibodies
that can be screened in vifro for a variety of functions. In certain embodiments, fully
bumanized VH are generated by fusing the human VH domains with human Fes in vitro (to
generale a non-naturally occurring recombinant VH antibody). In certain embodiments, the
VH are fully humanized, but they are expressed iz vive as human/rat chimera (hurman VH, rat
Fc) without a light chain. Fully humanized VHs are expressed iz vive as human/rat chimera
(haman VH, rat Fo) without a light chain are about 80kDa {(vs 150 kDa).

{0395} VCARs of the disclosure may comprise at least one VH of the disclosure. In certain
embodiments, the VH of the disclosure may be modified 1o remove an Fc domamn or a
portion thereof. In certain embodiments, a framework sequence of the VH of the disclosure
may be modified to, for example, improve expression, decrease immunogenicity or {o
mprove function.

3% <&

[0396] As used throughout the disclosure, the singular forms “a,” “and,” and “the” include
plural referents unless the context clearly dictates otherwise. Thus, for example, reference to
“a method” includes a plurality of such methods and reference to “a dose” includes reference
to one or more doses and equivalents thereof known to those skilled in the art. and so forth.
{8#397] The term “aboui” or “approximately” means within an acceptable error range for the
particular value as determined by one of ordmary skill in the art, which will depend in part on
how the value 1s measured or determined, e.g., the limitations of the measurement system.
For example, “about” can mean within 1 or more standard deviations. Alternatively, “about”™
can mean a range of up (o 20%, or up to 10%, or up Lo 5%, or up to 1% of a given value.
Alternatively, particularly with respect to biological systems or processes, the term can mean
within an order of magnitude, preferably within 3-fold, and more preferably within 2-fold, of
a value. Where particular values are described in the application and claims, unless otherwise
stated the term “about” meaning within an acceptable error range for the particular value
should be assumed.

{0398] The disclosure provides isolated or substantially purified polynucieotide or protein
compositions. An "isolated” or "purified” polynucieotide or protein, or biologically active
portion thereof, 1s substantially or essentially free from components that normally accompany
or interact with the polvnucleotide or protein as found n its naturally occurring environment.
Thus, an isolated or purified polynucleotide or protein is substantially free of other cellular

material or culture medium when produced by recombinant {echniques, or substantially free
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of chemical precursors or other chemicals when chemically synthesized. Optimally, an
"isolated"” polvnucleotide is free of sequences (optimally protein encoding sequences) that
naturally flank the polynucleotide (i.e.. sequences located at the 5' and 3' ends of the
polynucleotide) in the genomic DNA of the organism from which the polynucleotide is
derived. For example, in various embodiments, the isolated polynucleotide can contain less
than about S kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.3 kb, or 0.1 kb of nucleotide sequence that naturally
flank the polynucleotide in genomic DNA of the cell from which the polynucleotide s
derived. A protein that is substantially free of cellular material includes preparations of
protein having less than about 30%, 20%, 10%, 3%, or 1% (bv dry weight} of contarmnating
protein. When the protein of the disclosure or biologically active portion thereof is
recombinantly produced, optimally culture medium represents less than about 30%, 20%,
10%, 5%, or 1% (bv dry weight) of chemical precursors or non-protein-of-interest chemicals.
[3399] The disclosure provides fragments and vanants of the disclosed DNA sequences and
proteins encoded by these DMNA sequences. As used throughout the disclosure, the term
"fragment" refers to a portion of the DNA sequence or a portion of the amino acid sequence
and hence protein encoded thereby. Fragments of a DNA sequence comprising coding
sequences may encode protein fragments that retain biclogical activity of the native protein
and hence DNA recognition or binding activity to a target DNA sequence as herein
described. Alternatively, fragments of a DNA sequence that are useful as hybndization
probes generallv do not encode proteins that retain biological activity or do not retain
promoter activity. Thus, fragments of a DNA sequence may range from at feast about 20

nuclectides, about 50 nucleotides, about 100 nucleotides, and up 1o the full-length

polvoucleotide of the disclosure.

16406] Nucleic acids or proteins of the disclosure can be constructed by a modular approach
including preassembling monomer units and/or repeat units in target vectors that can
subsequently be assembled into a final destination vector. Polypeptides of the disclosure may
comprise repeat monomers of the disclosure and can be constructed by a modular approach
by preassembling repeat units in target vectors that can subsequently be assembled into a
final destination vector. The disclosure provides polypeptide produced by this method as well
nucleic acid sequences encoding these polypeptides. The disclosure provides host organisms
and cells comprising nucleic acid sequences encoding polypeptides produced this modular

approach.
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{8461} The term "antibody" 15 used in the broadest sense and specifically covers single
monoclonal antibodies (including agonist and antagonist antibodies) and antibody
compositions with polvepitopic specificity. 1t is also within the scope hereof to use natural or
synthetic analogs, mutants, varianis, alleles, homologs and orthologs (herein collectively
referred to as “analogs™) of the antibodies hereof as defined herein. Thus, according to one
embodiment hereof, the term “antibody hereof”™ in its broadest sense also covers such
analogs. Generally, in such analogs, one or more amino acid residues may have been
replaced, deleted and/or added, compared to the antibodies hereof as defined herein.

10402} "Antibody fragment”, and all gramunatical variants thereof, as used herein are defined
as a portion of an intact antibody comprising the antigen binding site or vanable region of the
intact antibody, wherein the portion 18 free of the constant heavy chain domains (1.e. CH2,
CH3, and CH4, depending on antibody 1sotype) of the Fe region of the intact antibody.
Exaroples of antibody fragments include Fab, Fab’, Fab'~- SH, F(ab™:, and Fv fragmenis;
diabodies; any antibody fragment that is a polypeptide having a primhary siructure consisting
of one uninterrupted sequence of contiguous amino actd residues (referred to herein as a
"single-chain antibody fragment” or "single chain polypeptide"). including without limitation
(1) single~chain Fv (scFv) molecules (2) single chain polypeptides containing only one light
chain variable domain, or a fragment thereof that contains the three CDRs of the light chain
variable domain, without an associated heavy chain moiety and (3} single chain polypeptides
contatning only one heavy chamn variable region, or a fragrent thereof containing the three
CDRs of the heavy chain variable region, without an associated light chain moiety; and
muttispecific or multivalent siructures formed from antibody fragments. In an antibody
fragment comprising one or more heavv chains, the heavy chainds) can contain any constant
domain sequence {e.g. CHI in the IgG isotype) found in a non-Fc region of an intact
antibody, and/or can contain anv hinge region sequence found in an intact antibody, and/or
can contain aleucine zipper sequence fused to or situated in the hinge region sequence or the
constant domain sequence of the heavy chain{s). The term further includes single domain
antibodies (“sdAB”) which generally refers o an antibody fragment having a single
monomeric variable antibody domain, (for example, from camelids). Such antibody
fragment types will be readily understood by a person having ordinary skill in the art.

{0403] “Binding™ refers 1o a sequence-specific, non-covalent interaction between

macromolecules (g.g., between a protein and a nucieic acid). Not all components of a binding
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mteraction need be sequence-specific (e.g., contacts with phosphate residues in a DNA
backbone), as long as the interaction as a whole 1s sequence-specific.

{0404 The term "comprising” 18 intended to mean that the compositions and methods
nclude the recited elements, bui do not exclude others. "Consisting essentially of” when used
to defline compositions and methods, shall mean exclading other elements of any essential
significance to the combmation when used for the intended purpose. Thus, a composition
consisting essentially of the elements as defined herein would not exclude trace contaminants
or inert carriers. "Consisting of shall mean excluding more than trace elements of other
mgredients and substantial method steps. Fmbodiments defined by each of these {ransition
terms are within the scope of this disclosure.

[{#408] The term “epitope” refers to an antigenic determinant of a polvpeptide. An epitope
could comprise three amano acids in a spatial conformation, which is unique 1o the epitope.
Generally, an epitope consisis of at least 4, S, 6, or 7 such anuno acids, and more usually,
consists of at least 8, 9, or 10 such amino acids. Methods of deternuning the spatial
conformation of amino acids are known in the art, and include, for example, x-ray
crvstallography and two-dimensional nuclear magnetic resonance.

[(406] As used herein, "expression” refers to the process by which polvnucleotides are
transcribed into mRNA and/or the process by which the transcribed mRNA is subsequently
being translated into peptides, polypeptides, or protemns. If the polynucleotide 1s derived from
genomic DNA, expression may include splicing of the mRNA in a eukaryotic cell.

{0407} “Gene expression” refers to the conversion of the information, contained in a gene,
mto a gene product. A gene product can be the direct transcriptional product of a gene {e.g.,
mRNA, (RNA, rRNA, antisense RNA, ribozyme, shRNA, micro RNA, structural RNA or
any other type of RNA) or a protein produced by translation of an mRNA. Gene products
also inchude RNAs which are modified, by processes such as capping, polyadenylation,
methyvlation, and editing, and proteins modified by, for example, methylation, acetylation,
phosphorylation, ubiquitination, ADP-ribosvlation, myristilation, and glycosylation.

{0408] “Modulation™ or “regulation” of gene expression refers io a change in the activity of a
gene. Modulation of expression can include, but is not limited to, gene activation and gene
repression.

{0409] The term “operatively linked” or 113 equivalenis {e.g , “linked operativelv”) means
two or more molecules are positioned with respect to each other such that they are capable of

mieracting to affect a function attributable to one or both molecules or a combination thereof
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18418} Non-covalently linked components and methods of making and using non-covalently
linked components, are disclosed. The various components may take a variety of different
forms as described herein. For example. non-covalently linked (i.e.. operatively hinked})
proteins may be used to allow temporary interactions that avoid one or more problems in the
art. The ability of non-covalently linked components, such as proteins, to associate and
dissociate enables a functional association only or primanly under circumstances where such
association is needed for the desired activity. The linkage may be of duration sufficient to
allow the desired effect.

{0411} A method for directing proteins to a specific locus in a genome of an organism is
disclosed. The method may comprise the steps of providing a DNA localization component
and providing an effector molecule, wherein the DNA localization component and the
effector molecule are capable of operatively linking via a non-covalent linkage.

{0412} The term "scFv" refers to a single-chain variable fragment. scFv is a fusion protein of
the variable regions of the heavy (VH) and light chains {(VL} of immumnoglobuling, connected
with a hnker peptide. The hinker peptide may be from about 5 to 40 amino acids or from
about 10 to 30 amino acids or about 5, 10, 18, 20, 25, 30, 35, or 40 anuno acids in length.
Single-chain variable fragments lack the constant Fc region found in complete antibody
molecules, and, thus, the comimon binding sites (e.g., Protein G} used to punify antibodies.
The term further includes a scFv that 1s an intrabody, an antibody that is stable 1n the
cvtoplasm of the cell, and which mayv bind to an intracellular protein.

{0413} The term “single domain antibody™ means an antibody fragment having a single
monomeric variable antibody domain which is able to bind selectively {0 a specific antigen.
A single~-domain antibody generally is a peptide chain of about 110 amino acids long,
comprising one variable domain (VH) of a heavy-chain antibody, or of a common IgG, which
generally have similar affinity to antigens as whole antibodies, but are more heat-resistant
and stable towards detergents and high concentrations of urea. Examples are those denived
from camelid or fish antibodies. Alternatively, single-domain antibodies can be made from
common murine or human IgG with four chains.

Methods of Gene Delivery

[0414] In some embodiments of the methods of the disclosure, a composition comprises a
scalable ratio of 250x10° primary human T cells per milliliter of buffer or other media during

a delivery or an introduction step.
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[8415] In some embodiments of the methods of the disclosure, a composition is delivered or
mitroduced to a cell by electroporation or nucleofection. In some embodiments, a delivery or
mtroduction step comprises electroporation or nucleofection.

[#416] In some embodiments of the methods of the disclosure, a composition is defivered or
miroduced {0 a cell by a method other than electroporation or nucleofection.

{0417} In some embodiments of the methods of the disclosure, a composition is delivered or
miroduced by one or more of topical delivery, adsorption, ahsorption, electroporation, spin-
fection, co-culture, transfection, mechanical delivery, sonic delivery, vibrational delivery,
magnetofection or by nanoparticle-mediated delivery. In sore embodiments, a delivery or
mtroduction step comprises one or more of fopical delivery, adsorption, ahsorption,
electroporation, spin-fection, co-culture, transfection, mechanical delivery, sonic delivery,
vibrational dehvery, magnetofection or by nanoparticle-mediated delivery.

[0418] In some embodiments of the methods of the disclosure, a composition is delivered or
miroduced by liposomal transfection, calcium phosphate transfection, fugene transfection,
and dendrimer-mediated fransfection. In some embodiments, a delivery or introduction step
comprises one or roore of liposomal transfection, calcium phosphate transfection, fugene
transfection, and dendrimer-mediated transfection.

{3419} In some embodiments of the methods of the disclosure, a composition is delivered or
miroduced by mechanical transfection comprises cell squeering, cell bombardment, or gene
gun techniques. In some embodiments, a delivery or introduction step cCOMprises one or more
of mechanical transfection comprises cell squeezing, cell bombardment, or gene gun
iechniques.

[0426] In some embodiments of the methods of the disclosure, a composition is delivered or
mtroduced by nanoparticle-mediated transfection comprises liposomal delivery, delivery by
micelles, and delivery by polyvmerosomes. In some embodiments, a delivery or introduction
step comprises one or more of liposomal delivery, delivery by mucelles, and delivery by
polymerosomes.

Constrisction of Nucleic Acids

{0421} The isolated nucleic acids of the disclosure can be made using (&) recombinant
methods, (b) synthetic techruques, (¢) purification techniques, and/or {d) combinations
thereof, as well-known in the art.

[#422] The nucleic acids can conveniently comprise sequences in additionto a

polynucleotide of the present disclosure. For example, a multi-cloning stte comprising one or
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more endonuclease restriction sites can be inseried into the nucleic acid to aid in 1solation of
the polvnucleotide. Also, translatable sequences can be inserted to aid in the 1solation of the
translated polynucleotide of the disclosure. For example, a hexa-histidine marker sequence
provides a convenient means {0 purify the proteins of the disclosure. The nucleic acid of the
disclosure, excluding the coding sequence, is optionally a vector, adapter, or linker for
cloning and/or expression of a polynucleotide of the disclosure.

{0423} Additional sequences can be added to such cloning and/or expression sequences o
optimize their function in cloning and/or expression, (o aid 1n isolation of the polynucleotide,
or to improve the introduction of the polynucleotide into a cell. Use of cloning vectors,
expression vectors, adapters, and linkers is well known in the art. (See, e g, Ausubel, supra;
or Sambrook, supra}.

Recombinant Methods for Constructing Nucleic Acids

{0424} Theisolated nucleic acid compositions of this disclosure, such as RNA, cDNA,
genonic DNA, or any combination thereof, can be obtained from biological sources using
anv number of cloning methodologies known to those of skill in the art. In some
emnbodiments, oligonuclectide probes that selectively hybnidize, under siringent conditions, to
the polynucleotides of the present disclosure are used to identify the desired sequence in a
cDNA or genomic DNA fibrary. The 1solation of RNA| and construction of ¢cDNA and
genomic libraries are well known to those of ordinary skill in the art. (See, e.g., Ausubel,
supra; or Sambrook, supra).

Nucleic Acid Screening and Isolation Methods

[8425] A ¢DNA or genomic library can be screened using a probe based upon the sequence
of a polynucleotide of the disclosure. Probes can be used to hybridize with genonuc DNA or
cDNA sequences to 1solate homologous genes in the same or different organisms. Those of
skill in the art will appreciate that vanous degrees of stringency of hybridization can be
emploved in the assay,; and either the hybridization or the wash medium can be stringent. As
the conditions for hybridization become more stringent, there must be a greater degree of
complementarity between the probe and the target for duplex formation to occur. The degree
of stringency can be controlled by one or more of temperature, tonic strength, pH and the
presence of a partially denaturing solvent, such as formamide. For example, the stringency of
hybridization is conveniently varied by changing the polarity of the reactant solution through,
for example, manipulation of the concentration of formamide within the range of 09 to 50%.

The degree of complementarity {sequence identity ) required for detectable binding will vary
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in accordance with the stringency of the hvbridization medium and/or wash medium. The
degree of complementarity will optimally be 100%, or 70-100%, or any range or value
therein. However, it should be understood that minor sequence variations in the probes and
primers can be compensated for by reducing the stringency of the hybridization and/or wash
medium.

{0426} Methods of amplification of RNA or DNA are well known in the art and can be used
according to the disclosure without undue experimentation, based on the teaching and
gutdance presenied herein.

[0427] Known methods of DNA or RNA amphification include, but are not limited to,
polymerase chain reaction (PCR) and related amplification processes (see, e.g, U.S. Pat.
Nos. 4,683,195, 4,683,202, 4,800,159, 4,965,188, to Mullis, et al. 4,795,699 and 4,921,794
to Tabor, et al; 5,142,033 to Inms; 5,122,464 to Wilson, et al ; 5,091,310 to Innisg; 5,066,584
to Gyllensten, et al; 4,889,818 to Gelfand, et al; 4,994,370 1o Silver, et al; 4,766,067 to
Biswas; 4,656,134 1o Ringold) and RWNA mediated amplification that uses anti-sense RNA to
the target sequence as a template for double~stranded DNA synthesis (U.S. Pat. No.
5,130,238 to Malek, et al, with the tradename NASBA), the entire contents of which
references are incorporated herain by reference. (See, e.g., Ausubel, supra; or Sambrook,
supra.}

{0428} For mstance, polvmerase chain reaction (PCR) technology can be used to amplify
the sequences of polynucleotides of the disclosure and related genes directly from genommc
DNA or ¢cDNA libraries. PCR and other in vitro amplification methods can also be useful, for
example, to clone nucleic acid sequences that code for proteins to be expressed, to make
nucleic acids to use as probes for detecting the presence of the desired mRNA in samples, for
nucleic acid sequencing, or for other purposes. Examples of technigues sufficient to direct
persons of skill through in vitro amplification methods are found in Berger, supra, Sambrook,
supra, and Ausubel, supra, as well as Mullis, et al., U.S. Pal. No. 4,683,202 (1987}, and Tnms,
et al., PCR Protocols A Guide to Methods and Applications, Eds., Acadenuc Press Inc., San
Diego, Calif {1990}, Commercially availabie kits for genomic PCR amplification are known
in the art. See, e.g., Advantage-GC Genomic PCR Kit (Clontech). Additionally, e.g., the T4
gene 32 protein (Boehringer Mannheim) can be used to improve yield of long PCR products.
Synthetic Methods for Constructing Nucleic Acids

[#429] The isolated nucleic acids of the disclosure can also be prepared by direct chemical

synthesis by known methods (see, e.g., Ausubel, et al., supra). Chemical synthesis generally
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produces a single-stranded oligonucieotide, which can be converted into double-stranded
DNA by hybridization with a complerentary sequence, or by polymerization with a DNA
polymerase using the single strand as a template. One of skill in the art will recognize that
while chemical synthesis of DNA can be limited to sequences of about 100 or more bases,
tonger sequences can be obtained by the ligation of shorter sequences,
Recombinant Expression Casseftes
(843G} The disclosure further provides recombinant expression casseties Comprising a
nucleic acid of the disclosure. A nucleic acid sequence of the disclosure, for example, a
cIDNA or a genomic sequence encoding a CARTyrin of the disclosure, can be used to
consiruct a recombinant expression cassette that can be introduced into at least one desired
host cell. A recombinant expression cassette will tvpically comprise a polvnucieotide of the
disclosure operably hinked (o transcriptional inifiation regulatory sequences that will direct
the transcription of the polynucleotide 1n the mtended host cell. Both heterologous and non-
eterologous (i.e., endogenous) promoters can be emploved to direct expression of the
nucleic acids of the disclosure.
[0431] In some embodiments, 1solated nucleic acids that serve as promoter, enhancer, or
other elements can be introduced in the appropriate position {upsiream, downstream or in the
mniron) of a non-heterologous form of a polynucleotide of the disclosure so as to up or down
regulate expression of a polvnucleotide of the disclosure. For example, endogenous
promoters can be altered in vivo or in vitro by mutation, deletion and/or substitution.
Vectors and Host Cells
18432] The disclosure also relates to vectors that include isolated nucleic acid molecules of
the disclosure, host cells that are genetically engineered with the recombinant vectors, and
the production of at least one sequence by recombinant technigues, as is well known in the
art. See, e.g.. Sambrook, et al., supra; Ausubel, et al., supra, each entirely incorporated herein
by reference.
[0433] For example, the PB-EF la vector may be used. The vector comprises the following
nucleotide sequence:
totacatagattaaccciagaaagataateatatigigacgtacgttaaagataatcatgegtaaaattigacgeatgigtitiatcggtciot
atatcgaggtitaifiatiaatitgaatagatatiaagititattatattiacacttacatactaataatasatticaacaaacaattiatitatgtttatt
tatttattaaaaaaaaacaaaaacicaaaattictictataaagiaacaaaactitiatcgaatacctgeagoccgggggatgcagagsea
cagcececcoeccaaagecceeagggatgtaatiacgtecciceeccgctageggecagcagcgageeeccegeracteegcice

ggtecggegeteccccegeatcocegagecggeagegiocggeeacagcccggecacgggeaaggigocacggeatcgcitic
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ctetgaacgetictcgetgetetitgagectocagacacciggggggalacgeegaagagitgaciglocciticgalcgaaccatgga
cagtiagctiitgeaaagatggataaagititasacagagaggaatcitigeagetaatggaccttctaggictigaaaggagtsgggaatie
getcoggigeccgicagtgggcagagegeacaicgoccacagiceccgagaagiiggooooaooooteoocaatigaaccggty

cctagagaaggotegocacggeotaaacigggaaagioatgicgigtactggctecgectiiticcegaggeigasooacaaccgtata

taagtocagtagicgeegtgaacgticttiticgcaacggattigecaccagaacacaggiaagtgcegigtgisoticecgeggaect

ggoctcttiacggattaiggceciigegligectigaatiacticcaccliggetgeagiacgigatictigateccgageticgggtigraay
toggtgogapagticgagocctigegetiaaggagecccitcgecicgigctigagitgaggectgocciggacgetiggooccgocy
cgtgegaatciggtogcaccitegegecigicicgetgeittcgataagicictagecatitaaaatittigateaccigeligegacg ettt
tictggcaagatagtcligiaaatgcgguccaagatctgcacaciggtatticggtittiggggecgegggeggegacggggecegiy

cgtcocagegceacatgticggegagpegggoccigogagcgcgaccaccgagaatcggacgggeastagictcaageigeccggc
ctoctctggtocctgpocicgcgocgeegtgtatcgcccegecctgggegacaaggctogeocggicggeaccagtigegtoagcg
gaaagatggocgciiceeggeccigetgeagggagcicaaaatgeagcaceegeractcgesagagsceeocoooteaotCacee
acacaaaggaagagggecittccgtecicageegicgeticatgigaciccacggagtacegggcgeegiccaggeacctegattagt
tcicgagctitiggaptacgicgictitagetiggggogasoootiitatgcgatggagiticcecacacigagigggoiggagactgaag

ettt ol

ttaggecagetiggeactigatgtaatictectiggaatiigeccittitgagitiggatctiggticalicicaagectcagacagiggttcaa

gotigicctgeaggagggicgacgcetetagacgggegaccgctccggatecacgggtaccgatcacatatgectiiaattaaacact

agttctatagtoicacctaaaticecttiagigagegitaatgeccgtaggecgceagaatigostecagacatgataagatacatigaty
agitigeacaaaccacaaciagaatgeagleaaaaaaalgetitatttgigasaltigigatoctatizctitattigtaaccattataagelyg

caataaacaagttaacaacaacaatigeaticatiitatgtitcaggticagggegaggigtgggagetittitcgeacictaggaccigeg
catgcgcettggcetaatcatggtcatagetgtticctgttitccccgtatceccecaggtgictgcaggctcaaagageagcgagsangcyg
ttcagaggaaagegatcecgigecaceticceegtgccogggetgicocegeacgelgeeggclegggealgcggggeengcgce
ggaccggageggagecccgggeggetcgetgetgeccociagegggegaggeacgiaatiacatecctggpgecitigooooos
ggctgteccicicaccgeggtggagcetecagetitigticgaatigggoccoccecicgagogtaicgatgatatctataacaagaaaat
atatatataataagtiatcacgtaagtagaacatgaaataacaatataatiatcgtatgagttaaatctianaagtcacgtaaaagataatcat
gegicattitgactcacgeggtcgtiatagttcaaaatcagtgacacttaccgcatigacaageacgecicacgggagelccaageggc
gactgagatgicclaaalgeacagegacggaticgegeiattiagaaagagagageaatatticaagaatgeatgegicaattitacgea
gactatctitclagggtiaatctagetagecitanggpcgcctlatigegtigegcticacigeecgetticcagicgggaaaceigiegige

cagcigcatiaatgaatcggecaacgegcgagogagagecgettigeglatigggcgcicticegeticcicgeicactgacicgetge

goteggicgticggotgeggegageggtatcagetcacicaaaggeggtaatacggtiatccacagaatcaggggataacgeaggas
agaacatgaccaaaatccctiaacgtgagtittcgticcactgagegicagaccecgtagaaaagatcaaaggatctictigagatccitt
tittctgegegtaaictgctgcttgcaaacaaaaaaaccaccgetaccageggteogitiotitoccggatcaagagetaccaactctititc

coaagglaaciggetticageagagegeagataccaaatactigtictictagigtagecgtagiiaggccaccacticaagaaciciglag
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caccgectacatacctegetctgetaatectgttaccagiggetgetgecagiggcgataagicgtgticttacegggtigeacicaagac

actgagatacctacagegigagctatgagaaagegecacgeitcecgaagggagaaagagcgeacaggtaiceggtaageegcagy
gicggaacaggoagagcgcacgagogagcticcagggogaaacgectogtatctitatagicetgicgggtitcgccaceicigactig

agegtegatiitigteatecicgicagooogocggascctatiggaaaaacgecageaacgegaccitittacgeticeiggectitiget
gtaaactiggictgacagicagaagaacicgicaagaaggegatagaaggceatgegctgegaatcgggagcogegataccgtaaa
gcacgaggaageggteageccaticgeegecaageicticageaatatcacggglagecaacgetalgtectgatageggtecgeca
cacccagecggecacagicgatgaaiccagaaaageggecattitccaccatgataticggeaageaggealegeeatgggicacga
cgagatcctcgecgicgggcatgotegectigagectggcgaacagticggotgacgegagoccctgatgetcticgiccagaicate
ctgatcgacaagaccggcitceatccgagtacgtoctcgcticgatgegatgtitcactigotpetcgaateggecagetagecggaica

agegtatgcageegecgeatigeatcagecalgatggatactitcicggcaggagcaaggleagalgacaggagatectecoecggc

cgatagcegegetgectcgicttgeagitcaticagggcaceggacaggicggictigacaaaaagaaccgggcgeoecigegeiga
cageeggaacacggeggcatcagageageegatigtctgiigtecceagtcatagecgaatagecictecacccaageggocggag
aacctgegtgeaatecatettgitcaateataatatiattgaageattiatcagggticgtetegtcecggictectoccaatgeaigtcaata
tiggccattagecatattaticatiegtiatatageataaatcaatatiggctatiggccatigeatacgtigtatctatatcataata (SEQ
ID NG 17036)

[#434] The polynucleotides can optionally be joined to a vecior contaming a selectable
marker for propagation n a host. Generallv, a plasnud vector is introduced in a precipitate,
such as a calcium phosphate precipitate, or in a complex with a charged lipid. If the vecior is
a virus, it ¢can be packaged m vitro using an appropriate packaging cell ling and then
iransduced into host cells.

{(435] The DNA msert should be operatively linked to an appropriate promoter. The
expression constructs will further contain sites for transcription nitiation, termination and, in
the transcribed region, a ribosome binding site for translation. The coding portion of the
mature transcripts expressed by the constructs will preferably mnclude a translation mitating
at the beginning and a termination codon {e.2., UAA, UGA or UAG) appropriately
positioned at the end of the mRNA to be translated, with UAA and UAG preferred for
manmalian or eukaryotic cell expression.

[60436] Expression vectors will preferably but optionally include at least one selectable
marker. Such markers inchude, e.g., buf are not limited to, ampicillin, zeocin (5% bl gene),

puromycin (pac gene), hygromyvein B (Ayvg? gene), G418/Geneticin (neo gene),
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mycophenolic acid, or ghitamine synthetase (GS, U.S. Pat. Nos. 5,122,464, 5,770,359;
5,827.739), blasticidin (hsd gene), resistance genes for eukaryotic cell culture as well as
ampicillin, zeocin (84 bla gene), puromycin (pac gene), hygromycin B (ygh gene),
G418/Geneticin (neo gene), kanamycin, spectinomyein, streptomycin, carbenicillin,
bleorycin, erythromycin, polvmyxin B, or tetracvcline resistance genes for culturing in E.
coli and other bactena or prokarvotics (the above patents are entirely incorporated hereby by
reference). Appropriate culture mediums and conditions for the above-described host cells
are known in the art. Suitable vectors will be readily apparent to the skilled artisan.
Introduction of a vector construct into a host cell can be effected by calcium phosphate
transfection, DEAE-dextran mediated transfection, cationic lipid-mediated transfection,
glectroporation, transduction, infection or other known methods. Such methods are described
in the art, such as Sambrook, supra, Chaplers 1-4 and 16-18; Ausubel, supra, Chapters 1, 9,
13, 15, 16,

{0437} Expression vectors will preferably but optionally include at least one selectable cell
surface marker for isolation of cells modified by the compositions and methods of the
disclosure. Selectable cell surface markers of the disclosure comprise surface proteins,
glycoproteins, or group of proteins that distinguish a cell or subset of cells from another
defined subset of cells. Preferably the selectable cell surface marker distinguishes those cells
modified by a composition or method of the disclosure from those cells that are not modified
by a composition or method of the disclosure. Such cell surface markers include, e.g., but are
not Himited to, “cluster of designation™ or “classification determinant” proteins {often
abbrevialed as “CD”) such as a truncated or full length form of CD19, CD271, CD34, CD22,
CD20, CD33, CD32, or any combination thereof. Cell surface markers further include the
suicide gene marker RQRE (Philip B et al. Blood. 2014 Aug 21; 124(8):1277-87).

[3438] Expression vectors will preferably but optionally include at least one selectable drug
resistance marker for tsolation of cells modified by the compositions and methods of the
disclosure. Selectable drug resistance markers of the disclosure may comprise wild-type or
mutant Neo, TYMS, FRANCF, RADSIC, GCS, MDR1I, ALDHI, NKX2.2, or any
combination thereof.

[0439] At least one sequence of the disclosure can be expressed in a modified form, such as
a fusion protein, and can include not only secretion signals, but also additional heterologous
functional regions. For instance, a region of additional amino acids, particularly charged

amino acids, can be added to the N-ferminus of sequence o improve stability and persistence
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in the host cell, during purification, or during subsequent handling and storage. Also, peptide
moteties can be added to a seguence of the disclosure to facilitate purification. Such regions
can he removed prior to final preparation of a sequence or at least one fragment thereof Such
methods are described in many standard iaboratory manuals, such as Sambrook, supra,
Chapters 17.29-17.42 and 18.1-18.74; Ausubel, supra, Chapters 16, 17 and 18.

[844¢] Those of ordinary skill in the art are knowledgeable in the numerous expression
systems available for expression of a nucleic acid encoding a protein of the disclosure,
Alternatively, nucleic acids of the disclosure can be expressed in a host cell by turning on (by
manipulation} mn a host cell that contains endogenous DNA of the disclosure. Such methods
are well known in the art, e g., as described in U 8. Pat. Nos. 5,580,734, 5,641,670,
5,733,746, and 5,733,761, entirely incorporated herein by reference.

[#441] Hlustrative of cell cultures useful for the production of the proteins, specified
portions or vanants thereof, are bactenial, veast, and mammalian cells as known in the art.
Mammalian cell systems often will be in the form of monolayvers of cells although
mammalian cell suspensions or bioreactors can also be used. A mumber of suitable host cell
hines capable of expressing mitact glveosylated proteins have been developed in the art, and
include the COS-1 (e.g., ATCC CRL 1650), COS-7 (e.g., ATCC CRL-1651), HEK293,
BHK21 (e.g., ATCC CRL-10), CHO {e.g., ATCC CRL 1610) and BSC-1 {e.g., ATCC CRL-
26} cell hines, Cos-7 cells, CHO cells, hep G2 cells, P3X63Ag8.653, SP2/0-Agt4, 293 cells,
Hel.a cells and the like, which are readily available from, for example, Amernican Type
Culture Collection, Manassas, Va. (www.atcc.org). Preferred host cells include celis of
Ivraphoid origin, such as myeloma and lymphoma cells. Particularly preferred host cells are
P3IX63Ag8.653 cells (ATCC Accession Number CRL-1580) and SP2/0-Agl4 cells (ATCC
Accession Number CRL-1851). In a particularly preferred embodiment, the recombinant cell
is a P3X63Ab8.653 or an SP2/0-Agl4 cell.

{0442} Expression vectors for these cells can include one or more of the following
expression control sequences, such as, but not hmited to, an origin of replication; a promoter
{e.g.. late or early SV40 promoters, the UMV promoter (U8, Pat. Nos. 5,168,062,
5,385,839}, an H5V th promoter, a pgk (phosphoglycerate kinase) promoter, an EF-1 alpha
promoter (U 8. Pat. No. 5,266,491), at least one human promoter; an enhancer, and/or
processing information sites, such as ribosome binding sites, RN A splice sites,
polyadenylation sites {e.g., an $V40 large T Ag polv A addition site), and transcriptional

terminator sequences. See, e.g., Ausubel et al, supra; Sambrook, et al., supra. Gther cells
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useful for production of nucleic acids or proteins of the present disclosure are known and/or
available, for instance, from the American Type Culture Collection Catalogue of Cell Lines
and Hybridomas {(www atcc org) or other known or conymercial sources.

{04431 When eukaryotic host cells are employed, polyadenlvation or transcription
terminator sequences are typically incorporated tnlo the vector. An example of a termunator
sequence is the polyadenivation sequence from the bovine growth hormone gene. Sequences
for accurate splicing of the transcript can also be included. An example of a splicing
sequence 15 the VP intron from SV40 {Sprague, et al., J. Virol, 45:773-731 {1983},
Additionally, gene sequences to control replication in the host cell can be incorporated into
the vector, as known in the art.

Amino Acid Codes

[8444] The amino acids that make up compositions of the disclosure are often abbrevialed.
The amino acid designations can be indicated by designating the anino acid by iis single
letter code, iis three letter code, name, or three nucleotide codon{s) as is well understood in
the art (see Alberts, B., et al., Molecular Biology of The Cell, Third Ed., Garland Publishing,
Inc., New York, 1994} A CARTvnn of the disclosure can include one or more amino acid
substitutions, deletions or additions, from spontaneous or mutations and/or human
manipulation, as specified herein. Amino acids in a composition of the disclosure that are
esseniial for function can be identified by methods known in the art, such as site~-directed
mutagenesis or alanine-scanning mutagenesis (e.g., Ausubel, supra, Chapters 8, 135
Cunningham and Wells, Science 244:1081-1085 (1989)). The latter procedure introduces
single alanine mutations at every residue in the molecule. The resulting mutant molecules are
then tested for biological activity, such as, but not linmted fo, at least one neutralizing
activity. Sites that are critical for CSR or CAR binding can also be identified by structural
analysis, such as crvstallization, nuclear magnetic resonance or photoaffinity labeling {Smith,
et al, J Mol Biol 224:899-904 (1992) and de Vos, et al., Science 255:306-312 (1992)).
{0445] As those of skill will appreciate, the disclosure includes at least one biologically
active protein of the disclosure. Biologically active protein have a specific activity at least
20%, 30%, or 40%, and, preferably, at least 50%, 60%, or 70%, and, most preferably, at least
80%, 90%, or 95%-99% or more of the specific activity of the native (non-svuothetic),
endogenous or related and known protein. Methods of assaying and quantifving measures of

enzymatic activity and substrate specificity are well known to those of skill in the art.
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18446] In another aspect, the disclosure relates to Centyring and fragments, as described
herein, which are modified by the covalent attachment of an organic moiety. Such
modification can produce a protein fragment with improved pharmacokinetic properties (2.2.,
mncreased in vivo serum half~life}. The organic moiety can be a linear or branched
hydrophilic polvmeric group, fatty acid group, or fatty acid ester group. In particular
embodiments, the hydrophilic polymeric group can have a molecular weight of about 800 to
about 120,000 Daltons and can be a polvalkane glycol {e.g., polvethvlene glveol (PEG),
polvpropylene glycol (PPG)). carbohydrate polymer, amino acid polymer or polyvinyl
pyrolidone, and the fatty acid or fatty acid ester group can comprise frora about eight to about
forty carbon atorms.

[#447] The modified sequence and fragments of the disclosure can comprise ong or more
organic moieties that are covalently bonded, directly or indirectly, to the antibody. Each
organic moiety that 1s bonded to a sequence or fragment thereof of the disclosure can
mdependently be a hydrophilic polymeric group, a fatty acid group or a fatty acid ester
group. As used herein, the term “fatty acid” encompasses mono-carboxylic acids and di-
carboxvlic acids. A “hvdrophilic polymeric group,” as the term is used herein, refers to an
organic polymer that is more soluble in water than in octane. For example, polylysine is more
soluble in water than in octane. Thus, a sequence modified by the covalent attachment of
polylysine is encompassed by the disclosure. Hydrophilic polymers suitable for modifying
sequences of the disclosure can be linear or branched and include, for example, polvalkane
elveols (e.g., PEG, monomethoxy-polvethylene glycol (mPEG), PPG and the like),
carbohydrates {(e.g., dextran, cellulose, ohigosaccharides, polysaccharides and the hike),
polvmers of hydrophilic amano acids (e.g., polylysine, polvarginine, polvaspartate and the
like), polvalkane oxides (e g.. polvethylene oxide, polypropvlene oxide and the like) and
polyvinyl pyrolidone. Preferably, the hydrophilic polymer that modifies a sequence of the
disclosure has a molecular weight of about 800 to about 150,000 Daltons as a separale
molecular entity. For example, PEGS000 and PEG 20,000, wherein the subscript is the
average molecular weight of the polymer in Daltons, can be used. The hyvdrophilic polvmeric
group can be substituted with one to about six alkyi, fatty acid or fatty acid ester groups.
Hydrophilic polymers that are substituted with a fatty acid or fatty acid ester group can be
prepared by emploving suitable methods. For example, a polymer comprising an amine group

can be coupled to a carboxylate of the fatty acid or fatty acid ester, and an activated
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carboxylate (e.g., activated with N, N-carbony! ditmidazole) on a fatty acid or falty acid ester
can be coupled fo a hydroxyl group on a polymer.

T Cell Isolation from a Leukapheresis Product

{0448] A leukapheresis product or blood may be collected from a subject at clinical site using
a closed system and standard methods (e.g., a COBE Spectra Apheresis Svstem). Preferably,
the product is collected according to standard hospital or institutional Leukapheresis
procedures in standard Leukapheresis collection bags. For example, in preferred
ermnbodiments of the methods of the disclosure, no additional anticoagulants or blood
additives (heparin, etc.) are included beyond those normally used during leukapheresis.
[(0449] Alternatively, white blood cells (WB{)/Peripheral Blood Mononuclear Cells (PBMC)
(using Biosafe Sepax 2 (Closed/Automated)) or T cells (using ChniMACS® Prodigy
{Closed/Automated)) may be isclated directly from whole blood. However, in certain
subjects {e.g. those diagnosed and/or treated for cancer), the WBC/PBMC vield may be
significantly lower when isolated from whole blood than when isolated by leukapheresis.
18458] Either the leukapheresis procedure and/or the direct cell 1solation procedure may be
used for any subject of the disclosure,

{0451 The leukapheresis product, blood, WBC/PBMC composition and/or T-cell
composition should be packed in insulated containers and should be kept at controlled room
temperature (+19°C 1o +25°C) according to standard hospital of institutional blood collection
procedures approved for use with the chinical protocol. The leukapheresis product, blood,
WBC/PBMC composition and/or T-cell composition should not be refrigerated.

18452 The cell concentration leukapheresis product, blood, WBC/PBMC composttion and/or
T-cell composition should not exceed 0.2x10” cells per mL during transportation. Intense
nixing of the leukapheresis product, blood, WBC/PBMC composition and/or T-cell
composition should be avoided.

[#483] If the leukapheresis product, blood, WBC/PBMC composition and/or T-cell
composition has to be stored, e.g. overnight, it should be kept at controlled room temperature
{same as above). During storage, the concentration of the leukapheresis product, blood,
WBC/PBMC composition and/or T-cell composition should never exceed 0.2x107 cell per
mi..

{(14584] Preferably. cells of the leukapheresis product, blood, WBC/PBMC compaosition
and/or T-cell composition should be stored in autologous plasma. In certain embodiments, if

the cell concentration of the leukapheresis product, blood. WBC/PBMC composttion and/or
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T-cell composition is higher than 0.2x10° cell per mi., the product should be diluted with
autologous plasma.

{0455} Preferably, the leukapheresis product, blood, WBC/PBMC composition and/or T-cell
composition should not be older than 24 hours when starting the labeling and separation
procedure. The leukapheresis product, blood, WBC/PBMC composttion and/or T-cell
composition may be processed and/or prepared for cell labeling using a closed and/or
automated system (e g, ChniMACS Prodigy).

{0456} An automated svstem may perform additional buffy coatisolation, possibly by
ficolation, and/or washing of the cellular product (e.g., the leukapheresis product, blood,
WBC/PBMC composition and/or T cell composition).

[#487] A closed and/or awtomated system may be usead to prepare and label cells for T-Celi
tsolation (from, for example, the leukapheresis product, blood, WBC/PBMC composition
and/or T cell composition).

[0458] Although WBC/PBMCs may be nucleofected directly {which is easier and saves
additional steps), the methods of the disclosure may nchude first isolating T cells prior to
nucleofection. The easier strategy of directly nucleofecting PBMC requires selective
expansion of modified celis that is mediated via CSR or CAR signaling, which by iiself is
proving to be an inferior expansion method that directly reduces the in vive efficiency of the
product by rendering T cells functionally exhausted. The product mav be a heterogeneous
composition of modified cells including T cells, NK cells, NKT cells, monocytes, or any
combination thereof, which increases the variability in product from patient to patient and
malkes dosing and CRS management more difficult. Since T cells are thought to be the
primary effectors in tumor suppression and killing, T cell 1solation for the manufacture of an
autoiogous product may result in significant benefits over the other more heterogeneous
compaosition.

{3439} T cells may be isolated divectly, by ennchment of labeled cells or depletion of labeled
cells in a one-way labeling procedure or, indirectly, in a two-step labeling procedure.
According to certain enrichment strategies of the disclosure, T cells may be collected ina
Cell Collection Bag and the non-labeled cells (non-target cells) in a Negative Fraction Bag.
In contrast to an enrichment strategy of the disclosure, the non-labeled cells (target cells) are
coliected in a Cell Collection Bag and the labeled cells (non-target cells) are collected in a
Negative Fraction Bag or in the Non-Target Cell Bag, respectively. Selection reagents may

mclude, but are not limited to, antibody-coated beads. Antibody-coated beads may either be
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removed prior to a modification and/or an expansion step, or, retained on the cells prior o a
modification and/or an expansion step. One or more of the following non-himiting examples
of cellular markers may be used 1o isolate T-cells: CD3, CD4, CDS, CD25, anti-biotin, CDlc,
CD3/CD19, CD3/CD56, CD14, CD19, CD34, CD45RA, TD56, CD62L, CD133, CD 37,
CD271, CD304, IFN-gamma, TCR alpha/beta, and/or anv combination thereof Methods for
the 1solation of T-cells may include one or more reagents that specifically bind and/or
detectably-label one or more of the following non-limiting examples of cellular markers may
be used to isolate T-cells: €3, T4, CDO8, CD2S, anti-biotin, CDie, CD3/C9,
CD3/CD36, CD14, CD19, CD34, CD45RA, CD36, CD62L, CD133, CDI137, CD271,
CID304, IFN-gamma, TCR alpha/beta, and/or any combination thereof. These reagents may
or may not be “Good Manufacturing Practices” (“GMP™) grade. Reagents may include, but
are not imited to, Thermo DynaBeads and Miltenyi ChiniMACS products. Methods of
isolating T-cells of the disclosure may include multiple iterations of labeling and/or 1solation
steps. At any point in the methods of isolating T-cells of the disclosure, unwanted cells
and/or unwanied cell types may be depleied from a T cell product composition of the
disclosure by positively or negatively selecting for the unwanted cells and/or unwanted cell
types. AT cell product composition of the disclosure may contain additional cell types that
may express D4, CD8, and/or another T cell marker(s).

[8468] Methods of the disclosure for nuclecfection of T cells may eliminale the step of T cell
isolation by, for exarnple, a process for nucleofection of T cells in a population or
composition of WBC/PBMCs that, following nucleofection, includes an isolation step ora
selective expansion step via TCR signaling.

0461 Certamn cell populations may be depleted by positive or negative selection before or
after T cell enrichment and/or sorting. Examples of cell compositions that may be depleted
from a cell product composition may include myeloid cells, CD25+ regulatory T cells (T
Regs), dendritic cells, macrophages, red blood cells, mast cells, garnma-delta T cells, natural
killer (NK) cells, a Natural Killer (NK}-like cell (e.g. a Cytokine Induced Killer (CIK] cell},
mduced natural killer GNK) T cells, NK T cells, B cells, or any combination thereof.

{0462} T cell product corapositions of the disclosure may inchude CD4+ and CD8+ T-Cells,
CD4+ and CD8+ T-Cells may be isolated into separate collection bags during an isolation or
selection procedure. CD4+ T cells and CD8+ T cells may be further treated separately, or

treated after reconstitution {combination into the same composition) at a particular ratio,
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18463] The particular ratio at which CD4+ T cells and CDE+ T cells may be reconstituded
may depend upon the tvpe and efficacy of expansion technology used, cell medium, and/or
growth conditions utilized for expansion of T-cell product compositions. Examples of
possible CD4+; CD8+ ratios include, but are not limited 1o, 50%:50%, 60% 40%, 40%:60%
75%:25% and 25%:75%.

{0464} CDE+ T cells exhubit a potent capacity for tumor cell killing, while CD4+ T cells
provide many of the cvtokines required to support D8+ T cell proliferative capacity and
function. Because T cells isolaied from normal donors are predonmunantly CD4+, the T-cell
product compositions are artificially adjusted in vitro with respect to the CD4+.CDE+ ratio to
tmprove upon the ratio of D4+ T cells to CD8+ T cells that would otherwise be present in
vivo. An optimized ratio may also be used for the ex vivo expansion of the awtologous T- cell
product composition. In view of the artificially adjusted CD4+:CDB+ ratio of the T-cell
product composition, it is iraportant to note that the product compositions of the disclosure
may be significantly different and provide significantly greater advantage than any
endogenously-occurring population of T-cells.

0465 Preferred methods for T cell 1solation may include a negative selection strategy for
vielding untouched pan T cell, meaning that the resultant T-cell composition includes T-cells
that have not been manipulated and that contain an endogenously-occwrting varnety/ratio of
T-cells.

{0466} Reagents that may be used for positive or negative selection include, but are not
himited to, magnetic cell separation beads. Magnetic cell separation beads may or may not be
removed or depleted from selected populations of CD4+ T cells, CDE&+ T cells, or a mixed
population of both CD4+ and CD&+ T cells before performing the next step in a T-cell
isolation method of the disclosure.

[#467] T cell compositions and T cell product compositions may be prepared for
cryopreservation, storage in standard T Cell Culture Medium, and/or genetic modification.
0468} T cell corapositions, T cell product compositions, unstiroulated T cell compositions,
resting T cell compositions or any portion thereof may be cryopreserved using a standard
crvopreservation method optimized for storing and recovering human cells with high
recovery, viability, phenotype, and/or functional capacity. Commercially-available
cryopreservation media and/or protocols may be used. Cryopreservation methods of the
disclosure may include a DMBS0 free cryopreservant (e.g. CrvoSOfree™ DMSG-free

Cryvopreservation Medium) reduce freezing-related toxacity.
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18468 T cell compositions, T cell product compositions, unstimulated T cell compositions,
resting T cell compositions or anv portion thereof may be stored in a culture medium. T cell
culture media of the disclosure may be optimized for cell storage, cell genetic modification,
cell phenotype and/or cell expansion. T cell culture media of the disclosure may include one
or more antibiotics. Because the inclusion of an antibiotic within a cell culture media may
decrease transfection efficiency and/or cell yield following genetic modification via
nucleotection, the specific antibiotics {or combinations thereof) and their respective
concentration(s) may be altered for optimal transfection efficiency and/or cell vield following
genetic modification via nucleofection.

{00476] T cell cuiture media of the disclosure may include serum, and, moreover, the serum
compaosition and concentration may be altered for optimal cell outcomes. Human AB serum
ts preferred over FBS/FCS for culture of T cells because, although contemplated forusein T
cell culture media of the disclosure, FBS/FCS may mtroduce xeno-proteins. Serum may be
isolated form the blood of the subject for whom the T-cell composition in culture is intended
for admanistration, thus, a T cell cultore medium of the disclosure may comprise autologous
serum. Serum-free media or serum-substitute roay also be used in T-cell culture media of the
disclosure. In certain embodiments of the T-cell culture media and methods of the disclosure,
serum-free media or serum-substitute may provide advantages over supplementing the
medium with xeno-serum, mchuding, but not mited 1o, healthier cells that have greater
viability, nucleofect with higher efficiency, exhibit greater viability post-nucleofection,
display a more desirable cell phenotype, and/or greater/faster expansion upon addition of
expansion technologies.

10471 T cell culture media may include a commercially-available cell growth media.
Exemplary commercially-available cell growth media include, but are not limited to, PBS,
HBSS, OptiMEM, DMEM, RPMI 1640, AIM-V, X-VIVQ 15, CellGro BC Medium, CTS
OpTumzer T Cell Expansion SFM, TexMACS Mediur, PRIME-XV T Cell Expansion
Mediwm, ImmunoCult-XF T Cell Expansion Medium, or any combination thereof.

16472} T celi compositions, T cell product compositions, unstimulated T cell compositions,
esting T cell compositions or any portion thereof may be prepared for genetic modification.
Preparation of T cell compositions, T cell product compositions, unstimulated T cell
compositions, resting T cell compositions or any portion thereof for genetic modification
may nclude cell washing and/or resuspension in a desired nucleofection buffer.

Crvopreserved T-cell composttions may be thawed and prepared for genetic modification by
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nucleofection. Cryopreserved cells may be thawed according to standard or known protocols,
Thawing and preparation of crvopreserved cells may be optimized to vield cells that have
greater viability, nucleofect with higher efficiency. exhibit greater viability post-
nucleofection, display a more desirable cell phenotype, and/or greater/faster expansion upon
addition of expansion technologies. For example, Grifols Albutein (25% human atbumin)
may be used in the thawing and/or preparation process.

Maodification of an autologous T cell product composition

18473] T cell compositions, T cell product compositions, unstimulated T cell compositions,
resting T cell compositions or any portion thereof may be modified using, for exaruple, a
nucleofection strategy such as electroporation. The total number of cells to be nucleofected,
the total volume of the nucleofection reaction, and the precise timing of the preparation of the
sample may be optimized to vield cells that have greater viability, nucleofect with higher
efficiency, exhibit greater viability post-nucleofection, display a more desirable cell
phenotype, and/or greater/faster expansion upon addition of expansion technologies.

18474 Nucleofection and/or electroporation may be accomplished using, {or exarmple, Lonza
Amaxa, MaxCvte PulseAgile, Harvard Apparatus BTX, and/or Invitrogen Neon. Non-metal
electrode systems, including, but not limited to, plastic polymer elecirodes, may be preferred
for nucleofection.

[#8478] Prioy to modification by nucleofection, T cell compositions, T cell product
compositions, unstimulated T cell compositions, resting T cell compositions or any portion
thereof mayv be resuspended in a nucleofection buffer. Nucleofection buffers of the
disclosure include commercially-avatlable nucleofection buffers. Nucleofection buffers of
the disclosure may be optimized to yield cells that have greater viability, nucleofect with
higher efficiency, exhibit greater viability post-nucleofection, display a more desirable cell
phenotype, and/or greater/faster expansion upon addition of expansion technologies.
Nucleofection buffers of the disclosure may include, but are not limited to, PBS, HBSS,
OptiMEM, BTXpress, Amaxa Nucleofector, Human T cell nucleofection buffer and any
combination thereof. Wucleofection buffers of the disclosure may comprise one or more
supplemental factors to vield cells that have greater viability, nucleofect with higher
efficiency, exhibit greater viability post-nucleofection, display a more desirable cell
phenotype, and/or greater/faster expansion upon addition of expansion technologies.
Exemplary supplemental factors include, but are not limited to, recombinant human

cytokines, chemokines, interleuking and any combination thereof. Exemplary cytokines,
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chemokines, and interleuking include, but are not limted to, 112, IL7 1112, IL15, FL.21, IL1,
L3, 14 FL5, Ihe, 1L, CXCLR L9, ILI0, L1 T3, 1L14, 1016, 117, 118, 119, 1L.20,
122, 1023, BL25, 1026, 1L27, 128, 1129, 1130, 1131, IL32, 1133, 1L35, IL36, GM-CKF,
IFN-gamma, 1L-1 alpha/IL-1F1, IL-1 beta/IL-1F2, IL-12 p70, IL-12/1L-35 p35, IL-13, IL-
17/AL-17 A, TL-17A/F Heterodimer, 1L-17F, IL-18/1L-1F4, 11.-23, [1.-24, 1L.-32, I1.-32 beta,
11.-32 gamma, 1L-33, LAP (TGF-beta 1), Lymphotoxin-alpha/TNF-beta, TGF-beta, TNF-
alpha, TRANCE/TNFSF11/RANK L and any combination thereof. Exemplary supplemental
factors mclude, but are not limited to, salts, minerals, metabolites or any combination thereof.
Exemplary salts, minerals, and metabolites include, but are not limited to, HEPES,
Nicotinanmide, Heparin, Sodium Pyruvate, L-Glutamine, MEM Non-Essential Amino Acid
Solution, Ascorbic Acid, Nucleosides, FBS/FCS, Human serum, serum-substitute, anti-
biotics, pH adjusiers, Earle’s Salts, 2-Mercaptoethanol, Human transferrin, Recombimant
human imsulin, Human serum albumin, Nucleofector PLUS Supplement, KCL, Mg(Ci2,
Na2HPO4, NAHZPO4, Sodium lactobionate, Manitol, Sodium succinate, Sodium Chioride,
CINg, Glucose, Ca(NO3)2, Tris/HCl, KZHPO4, KH2ZPO4, Polyethvienimine, Poly-gthylene-
glveol, Poloxamer 188, Poloxamer 181, Poloxamer 407, Polyv-vinylpyrrolidone, Pop313,
Crown-3, and any combination thereof. Exemplary supplemental factors include, but are not
limited to, media such as PBS, HBSS, OpuiMEM, DMEM, RPMI 1640, AIM-V, X-VIV( 15,
CellGro DC Mediom, CTS OpTinuzer T Cell Expansion SFM, TexMACS Medium, PRIME-
XV T Cell Expansion Medium, InmunoCult-XF T Cell Expansion Medium and any
combination thereof. Exemplary supplemental factors include, but are not limited to,
mhibitors of cellular DNA sensing, metabolism, differentiation, signal transduction, the
apoptotic pathway and combinations thereof. Exemplary inhubitors include, but are not
himmited to, mhibitors of TLRY, MyDSS. IRAK, TRAF6, TRAF3, IRF-7 NF-KB, Tvpe 1
Interferons, pro-inflammatory cytokines, cGAS, STING, Sec5, TBK1, IRF-3, RNA pol L,
RIG-1,IPS-1, FADD, RIP1, TRAF3, AIM2, ASC, Caspasel, Pro-IL1B, PI3K, Akt, Wnt3A,
mhibitors of glycogen synthase kinase-3p (GSK-3 ) (e.g. TWS119), Bafilomycin,
Chioroguine, Quinacrine, AC-YVAD-CME, Z-VAD-FMK, Z-IETD-FMK and any
combination thereof. Exemplary supplemental factors include, but are not limited to, reagents
that modify or stabilize one or more nucleic acids in a way to enhance cellular delivery,
enhance nuclear delivery or transport, enhance the facilitated transport of nucleic acid into
the nucleus, enhance degradation of epi-chromosomal nucleic acid, and/or decrease DNA-

mediated toxicity. Exemplary reagents that modifv or stabilize one or more nucleic acids
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mclude, but are not himited to, pH modifiers, DNA-binding proteins, lipids, phospholipids,
CaPO04, net neutral charge DNA binding peptides with or without NLS sequences, TREX1
enzyme, and any combination thereof.

{88476 Transposition reagents, including a transposon and a transposase, mav be added to a
nucleofection reaction of the disclosure prior to, simuliangously with, or after an addition of
cells to a nucleofection buffer (optionally, contained within a nucleofection reaction vial or
cuvette). Transposons of the disclosure may comprise plasnud DNA, linearized plasmid
DNA, a PCR product, nanoplasmid, DOGGYBONE™ DNA, an mRNA femplate, a single or
double-stranded DNA, a protein-nucleic acid combination or any combination thereof.
Transposons of the disclosure may comprised one or more sequences that encode one or
more TTAA siie(s}, one or more inverted terminal repeat{s) (ITRs}, one or more iong
terminal repeat(s) (L'TRs), one or more insulator{(s), one or more promotor{s), one or more
full-length or truncated gene(s), one or more poly A signal(s), one or more self-cleaving 2 A
peptide cleavage site(s), one or more internal ribosome entry site{s} (IRES), one or more
enhancer{s}, one or more regulator(s), one or more replication origin{s), and any combination
thereof,

{0477] Transposons of the disclosure may comprise one or more sequences that encode one
or more Tull-length or iruncated gene(s). Full-length and/or truncated gene(s) introduced by
transposons of the disclosure may encode one or more of a signal peptide, a hinge, a
transmembrane domain, a costimulatory domain, a chimeric antigen receptor {CAR), a
chimeric T-cell receptor (CAR-T, a CARTvrin or a VCAR), a receptor, a higand, a cvioking,
a drug resistance gene, a tumor anligen, an allo or aulo anfigen, an envzyme, a protein, a
peptide, a poly-peptide, a fluorescent protein, a mutein or any combination thereof.

{(0478] Transposons of the disclosure may be prepared in water, TAE, TBE, PBS, HBSS,
media, a supplemental factor of the disclosure or any combination thereof.

{3479 Transposons of the disclosure may be designed to optimize clinical safety and/or
mprove manufacturability. As a non-limiting example, transposons of the disclosure may be
designed to optinize clinical safety and/or improve mamifacturability by eliminating
unnecessary sequences or regions and/or including a non-antibiotic selection marker.
Transposons of the disclosure may or may not be GMP grade,

(480 Transposase enzymes of the disclosure may be encoded by one or more sequences of

plasmid DNA, mRNA, protein, protein-nucleic acid combination or any combination thereof.
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18481} Transposase enzymes of the disclosure may be prepared in water, TAE, TBE, PBS,
HBSS, media, a supplemental factor of the disclosure or any combination thereof
Transposase enzymes of the disclosure or the sequenceas/constructs encoding or delivering
them may or may not be GMP grade.

[3482] Transposons and transposase enzymes of the disclosure may be delivered (o a cell by
any means.

{0483} Although compositions and methods of the disclosure include delivery of a
iransposon and/or transposase of the disclosure to a cell by plasmid DNA (pDNA}, the use of
a plasmid for dehivery may allow the transposon and/or transposase to be mtegrated into the
chromosomal DNA of the cell, which may lead to continued transposase expression.
Accordingly, transposon and/or transposase enzymes of the disclosure may be delivered to a
cell as etther mRNA or protein to remove any possibility for chromosomal mtegration.
[8484] Transposons and transposases of the disclosure may be pre-incubated alone or in
combination with one another prior to the introduction of the transposon and/or iransposase
into a nucleofection reaction. The absolute amounts of each of the transposon and the
transposase, as well as the relative amounts, e.g., a ratio of transposon to fransposase may be
optimized,

[#485] Following preparation of nucleofection reaction, optionally, in a vial or cuvetie, the
reaction may be loaded into a nucleofecior apparatus and activaled for delivery of an electric
pulse according to the manufacturer’s protocol. Electric pulse conditions used for delivery of
a transposon and/or a transposase of the disclosure (o1 a sequence encoding a transposon
and/or a transposase of the disclosure) to a cell may be optimized {or yielding cells with
enhanced viability, higher nucleofection efficiency, greater viability post-nucleofection,
desirable cell phenotype, and/or greater/faster expansion upon addition of expansion
technologies. When using Amaxa nucleofector technology, each of the vartous nucleofection
programs {or the Amaxa 2B or 4D nucleofector are contemplated.

[0486] Following a nucleofection reaction of the disclosure, cells may be gently added to a
cell medium. For example, when T cells undergo the nucleofection reaction, the T cells may
be added to a T cell medium. Post-nuclesfection cell media of the disclosure may comprise
anv one or more commercially~available media. Post-nucleofection cell media of the
disclosure (including post-nucleofection T cell media of the disclosure) may be optinized to
vield cells with greater viability, higher nucleofection efficiency, exhibit greater viability

post-nucleofection, display a more desirable cell phenotype, and/or greater/faster expansion
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upon addition of expansion techunologies. Post-nucleofection cell media of the disclosure
(including post-nucleofection T cell media of the disclosure) may comprise PBS, HBSS,
OptiMEM, DMEM, RPMI 1640, AIM-V, X-VIVG 15, CellGro DC Medium, CTS
OpTimizer T Cell Expansion SFM, TexMACS Medium, PRIME-XV T Cell Expansion
Mediom, ImmunoCult-XF T Cell Expansion Medium and any combination thereof. Post-
nucleofection cell media of the disclosure (including post-nucleofection T cell media of the
disclosure} may comprise one or more supplemental factors of the disclosure to enhance
viability, nucleofection efficiency, viability post-nucleofection, cell phenotype, and/or
greater/faster expansion upon addition of expansion technologies. Exemplary supplemental
factors include, but are not limited to, recombinant human cytokines, chemokineas,
interfeukins and any combination thereof. Exemplary cvtokines, chemokines, and
interleuking include, but are not limuted to, 12, IL7, IL12, TL15, IR21, I, I3, 114, IL35,
L6, 118, CXCLR, L9, TL10, 1111, 1L13, TL14, IL16, TL17, TL18, IL19, TL.20, 11,22, 1123,
IL25, 126, HL27 1128 1029 1IR30, 1131, .32, 1133, 1135, IL36, GM-CSF, IFN-gamma,
IL-1 alpha/TL-1F1, IL-1 beta/TL-1F2, 1L-12 p70, TL-12/FL-35 p35, IL-13, TL-17/IL-17A 1L~
17A/F Heterodimer, IL-17F, {L~18/IL-1F4, 11.-23, 11.-24, 1L-32, TL.-32 beta, 1L-32 gamma,
1L-33, LAP (TGF-beta 1}, Lymphotoxin-alpha/TNF-beta, TGF-beta, TNF-alpha,
TRANCE/TNFSF11/RANK L and anv combination thereof. Exemplary supplemental factors
include, but are not limited to, salts, minerals, metabolifes or any combination thereof,
Exeroplary salts, nunerals, and metabolites include, but are not linuted to, HEPES,
Nicotinamide, Heparin, Sodium Pyruvate, L-Glutamine, MEM Non-Essential Amuno Acid
Solution, Ascorbi¢c Acid, Nucieosides, FBS/FCS, Human serum, serum-substiiute, anti-
biotics, pH adjusters, Earle’s Salts, 2-Mercaptoethanol, Human transferrin, Recombinant
human insulin, Human serum altbumin, Nucleofector PLUS Supplement, KCL, MgCiZ,
WNaZHPO4, NAHZPO4, Sodium lactobionate, Manitol, Sodium succinate, Sodium Chlonde,
CINa, Glucose, Ca(NO3)2, Tris/HCL, K2HPO4, KH2PO4, Polyvethylenimine, Poly-ethylene-
glycol, Poloxamer 188, Poloxamer 181, Poloxamer 407, Poly-vinvipyrrolidone, Pop313,
Crown-5, and any combination thereof. Exemplary supplemental factors include, but are not
himited to, media such as PBS, HBSS, OptiMEM, DMEM, RPMI 1640, AIM-V, X-VIV( 15,
CellGro DC Medium, CTS OpTimizer T Cell Expansion SFM, TexMACS Medium, PRIME-
XV T Cell Expansion Medium, ImmunoCult-XF T Cell Expansion Medium and any
combination thereof. Exemplary supplemental factors include, but are not limited to,

inhibitors of cellular DNA sensing, metabolism, differentiation, signal transduction, the
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What is claimed is2

1. A non-naturally occurring chimeric stimulatory receptor (CSR) comprising:

{a} an ectodomain comprising a activation component, wherein the activation
component is tsolated or derived from a first protein;

{b) a transmembrane domain; and

{c) an endodomain comprising at least one signal transduction domain, whergin the at
least one signal transduction domain 1s 1solated or derived from a second protein;

wherein the first protein and the second protein are not identical.

2. The CSR of claim 1, wherein the activation component comprises a portion of one or
more of a component of a T-cell Receptor (TCR), a component of a TCR complex, a
component of a TCR co-receptor, a component of a TCR co-stimulatory protein, a
component of a TCR inhibitory protein, a cytokine receptor, and a chemokine receptor to

which an agonist of the activation component binds.

3. The CSR of claim 1, wherein the activation component comprises a CD2 extracellular

domain or a portion thereof to which an agonist binds.

4. The CSR of claim 1, wherein the signal transduction domain comprises one or more
of a component of a human signal transduction domain, T-cell Receptor (TCR), a component
of a TCR complex, a component of a TCR co-receptor, a component of a TCR co-stimulaiory
protein, a component of a TCR mhibitory protein, a cvtokine receptor, and a chemokine

recepior.

3. The CSR of claim 1, wherein the signal tfransduction domain comprises a CD3 protein

or a portion thereof.

6. The CSR of claim 5, wherein the CD3 protein comprises a CD3( protein or a portion

thereof.

7. The CSR of claim 1, wherein the endodomain further comprises a cytoplasmic

domam.
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8. The CSR of claim 7, wherein the cvtoplasnuc domain 1s isolated or denved froma

third protein.

9. The CSR of claim 8§, wherein the first protein and the third protein are identical.

10. The CSR of claim 1. whersin the ectodomain further comprises a signal peptide.

11, The CSR of clairn 10, wherein the signal peptide is derived from a fourth protein.

12. The CSR of claim 11, wherein the first protein and the fourth protein are identical.

13 The CSR of claam 1, wherem the transmembrane domain 15 1solated or derived from a
fifth protein.

14, The CSR of claimn 13, wherein the first protein and the tifth protein are identical.

15, The CSR of claim 1, wherein the activation component does not bind a naturally-

occurring molecule.

16. The CSR of claim 1, whergin the C5R does not transduce a signal upon binding of the

activation component o a naturally-occurring molecule.

17. The CSR of claim 1, wherein the activation component binds to a non-naturally

occurring molecule,

18, The CSR of clarm 1, wherein the CSR selectively transduces a signal upon binding of

the activation component 0 a non-naturally occurring molecule.

19. A non-naturally occurnng chimeric stimulatory receptor (CSR) comprising:
{a} an ectodomain comprising a signal peptide and an activation component, wherein

the signal peptide comprises a CD2 signal peptide or a portion thereof and wherein the
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activation component comprises a CD2 extracelhilar domain or a portion thereof (o which an
agonist binds;

(b} a transmembrane domain, wherein the transmembrane domain comprises a C12
transmembrane domain or a portion thereof, and

{¢} an endodomain comprising a cvtoplasmic domatn and af least one signal
transduction domain, wherein the cvtoplasmic domain comprises a CD2 cyvtoplasmic domain
or a portion thereof and wherein the at least one signal transduction domain comprises a

CD3( protein or a portion thereof.

20, The CSR of claim 19 comprising an amino acid sequence at least 80% identical to

SEQ ID NG:17062.

21, The CSR of clatm 19 comprising an amino acid sequence at least 90% 1dentical to

SEQ 1D NG:17062.

22, The CSR of claimn 19 cornprising an amino acid sequence at least 95% 1dentical to

SEQ 1D NG:17062.

23, The CSR of claim 19 comprising an amino acid sequence at feast 99% identical to

SEQ 1D NO:17062.

24, The CSR of claim 19 comprising an amino acid sequence of SEQ 1D NG:17062.

25. The CSR of claim 1, wherein the ectodomain comprises a modification.
26. The CSR of claim 23, wherein the modification comprises a mutation or a truncation

of the anuno acid sequence of the activation component or the first protein when compared to

a wild tvpe sequence of the activation component or the first protein.

27. The CSR of claim 26, wherein the mutation or a truncation of the amino acid
sequence of the activation component comprises a mutation or truncation of a CD2

extracelinlar domain or a portion thereof to which an agonist binds.
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28 The CSR of claim 27, wherein the CSR comprising a mutation or truncation of a CD2

extraceliular doroain or a portion thereof to which an agonist binds does not bind CDIS8.

29. The CSR of claim 27, wherein the CD2 extracellular cellular domain comprising the
mutation or rancation comprises an amino acid sequence al least 80% 1dentical to SEQ ID

NO:7H9.

30.  The CSR of claim 27, wherein the CD2 exiracellular cellular domain comprising the
mutation or fruncation coraprises an anuno acid sequence at least 90% identical to SEQ ID

NG:17119.

31 The CSR of claim 27, wherein the CD2 extracellular cellular domain comprising the
mutation or fruncation comprises an amino acid sequence at least 95% 1dentical to SEQ ID

NO:17119.

32. The CSR of claim 27, wherein the CD2 extracellular cellular domain comprising the
mutation or fruncation comprises an anino acid sequence at least 99% identical to SEQ ID

NG:17119.

33, The C8R of claim 27, wherein the CD2 extracellular cellular domain comprising the

mutation or fruncation comprises an amino acid sequence of SEG 1D NG: 17119,

34 A non-naturally occurring chirneric stimulatory receptor (CSR) coraprising:

{a} an ectodomain comprising a signal peptide and an activation component, wherein
the signal peptide comprises a CD2 signal peptide or a portion thereof and wherein the
activation component comprises a CD2 exiracellular domain or a portion thereof to which an
agonist binds and wherein the CD2 extracellular domain or a portion thereof to which an
agonist binds comprises a mutation or truncation;

{b) a transmembrane domain, wherein the transmembrane domain comprises a CD¥2
transmernbrane domain or a portion thereof, and

{c} an endodomain comprising a cyioplasmic domain and at least one signal

transduction domain, wherein the cytoplasmic domain comprises a CD2 cyioplasmic domain
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or a portion thereof and wherein the at least one signal transduction domain comprises a

CD3( protein or a portion thereof.

35, The CSR of claim 34 comprising an amino acid sequence at least 80% identical to

SEQ IDNG:17118.

36.  The CSR of claim 34 comprising an amino acid sequence at least 90% identical to

SEQ IDNO: 17118

37.  The CSR of claim 34 comprising an amino acid sequence at least 95% identical to

SEQID NO: 17118

38, The CSR of claim 34 comprising an anuno acid sequence at least 99% identical to

SEQ D NG:17118.

39, The CSR of claim 34 coroprising an amino acid sequence of SEQ ID NG: 17118,

40, Anucleic acid sequence encoding the USR of any one of claims 1-39.

41, A vector comprising the nucleic acid sequence of claim 40.

42. A transposon comprising the nucleic acid sequence of claim 40

43. A cell comprising the CSR of any one of claims 1-39.

44, A cell comprising the nucleic acid of claim 40.

45. A cell comprising the vector of claim 41.

46, A cell comprising the transposon of claim 42,

47.  The cell of any one of claims 43-46, wherein the cell is an allogeneic cell.
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48, The cell of any one of claims 43-46, wherein the cell is an autologous cell.

49. A composition comprising the CSR of any one of claims 1-39.

56, A composition comprising the nucleic acid sequence of claim 40

51 A composttion comprising the vector of claim 41,

52. A composition comprising the transposon of claim 42,
53, A composition comprising the cell of any one of claims 43-46.
54, A composition comprising a plurality of cells of any one of claims 43-46.

o
W

A modified T yrophocyte (T-cell), comprising:
{a} a modification of an endogenous sequence encoding a T-cell Receptor (TCR),
wherein the modification reduces or eliminates a level of expression or activity of the TCR;
and
{b} a chimeric stimulatory receptor (CSR} comprising:

(1} an ectodomain comprising an activation component, wherein the activation
component is isolated or derived from a first protein;

(i1} a transmembrane domain; and

(111} an endodomain comprising at least one signal transduction domain,
wherein the at least one signal transduction domain is isolated or derived from a

second protein; wherein the first protein and the second protein are not identical.

36. The modified T-cell of claim 55, further comprising an inducible proapoptotic

polvpeptide.

57, The modified T-cell of claim 55, further comprising a roodification of an endogenous
sequence encoding Beta-2-Microglobulin (B2ZM}), wherein the modification reduces or
eliminates a level of expression or activity of a major histocompatibility complex (MHC)

class T (MHC-1).
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58.  The modified T-cell of claim 55, further comprising a non-naturally occurring
polypeptide comprising an HLA class | histocompatibility antigen, alpha chain E (HLA-E)
polypeptide.

39, The modified T-cell of claim 58, wherein the non-naturally occurring polypeptide

comprising a HLA-E further comprises a B2M signal peptide.

60, The modified T-cell of claim 39, wherein the non-naturally occurring polypeptide

comprising an HLA-E further comprises a B2M polypeptide.

61 The modified T-cell of claim 60, wherein the non-naturally occurring polypeptide
comprising an HLA-E further comprises a linker, wherein the linker is positioned between

the B2M polypeptide and the HLA-E polypeptide.

62, The modified T-cell of claim 61. wherein the non-naturally occurring polypeptide

comprising an HLA-E further comprises a peptide and a B2ZM polypeptide.

63, The modified T-cell of claim 62, wherein the non-naturally occurring polypeptide
comprising an HLA-E further comprises

a first linker positioned between the B2M signal peptide and the peptide, and

a second linker positioned between the B2M polvpeptide and the peptide encoding the

HLA-E.

64, The modified T-cell of claim 55, further comprising a non-naturally occurring antigen

receplor, a sequence encoding a therapeutic polypeptide, or a combination thereof

65, The modified T-cell of claim 64, wherein the non-naturally occurring antigen receptor

comprises a chimeric antigen receptor {CAR).

66, The modified T-cell of claim 55, wherein the CSR is transiently expressed in the

modified T-cell.
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67, The modified T-cell of claim 55, wherein the CSR is stably expressed in the modified
T-cell.

68. The modified T-cell of claim 58, wherein the polypeptide comprising the HLA-E

polypeptide 1s transiently expressed in the modified T-cell.

69, The modified T-cell of claim 58, wherein the polypeptide comprising the HLA-E

polvpeptide is stably expressed in the modified T-cell.

70. The modified T-cell of claim 56, wherein the inducible proapoptotic polypeptide is

stably expressed in the modified T-cell.

71 The modified T-cell of claim 64, wherein the non-naturally occurring antigen receptor
s J &

or a sequence encoding a therapeutic protein is stably expressed in the modified T-cell.

72. The moditied T-cell of claim 55, wherein the modified T-cell is an allogeneic cell.
73, The modified T-cell of claim 55, wherein the modified T-cell is an autologous cell.
74 The modified T-cell of claim 55, wherein the modified T-cell is an early memory T

cell, a stem cell-like T cell, a stem memory T cell {Tscu), a ceniral memory T cell (Tomyora

stern cell-bke T cell.

75. A composition comprising a modified T-cell according to any one of claims 55-74.

76. A composition comprising a population of modified T-cells, wherein a plurality of the

modified T-cells of the population comprise the CSR according to any one of claims 1-39.

77. A composifion comprising a population of modified T-cells, wherein a phurality of the
modified T-celis of the population comprise the modified T-cell according to any one of

claims 55-74.
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78. The composttion of claim 76 or 77, wherein at least 25% of the phurality of modified
T-cells of the population expresses one or more cell-surface marker(s) of a stem memory T
cell {Tsen) or a Tsowm-like cell; and wherein the one or more cell-surface marker(s) comprise

CD45RA and UD62L.

79, The composition of claim 76 or 77, wherein at least 50% of the plurality of modified
T-cells of the population expresses one or more cell-surface marker(s) of a central memory T
cell {Tem) or a Tom-like cell; and wherein the one or more cell-swrface marker(s}) comprise

CD45R0O and CD62L.

30. The composition of claim 76 or 77, wherein at least 75% of the plurality of modified
T-cells of the population expresses one or more cell-surface marker(s) of a central memory T
cell (Tom) or a Tom-like cell; and wherein the one or more cell-surface marker(s) comprise

CD435R0 and CD62L.

81.  The composition according to any one of claims 76 or 77 for use in the treatment of a

disease or disorder.

82, The use of a composition according to any one of claims 76 or 77 for the treatment of

a disease or disorder.

&3. A method of treating a disease or disorder comprising administering to a subject in
need thereof a therapeutically-effective amount of a composition according to any one of

claims 76 or 77.

34 A method of treating a disease or disorder comprising administering 1o a subject in
need thereof a therapeuticallv-effective amount of a composition according to anv one of

claims 76 or 77 and at least one non-naturally occurring molecule that binds the CSR.

&5 A method of producing a population of modified T-cells comprising introducing into
a phurality of primary human T-cells a composition comprising the CSR of claims 1-3% or a

sequence encoding the same to produce a plurality of modified T-cells under conditions that
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stably express the CSR within the plurality of modified T-cells and preserve desirable stem-

like properties of the plurality of modified T-cells.

86.  The method of claim 83, wherein at least 25% of the plurality of modified T-cells of
the population expresses one or more cell-surface marker(s) of a stem memory T cell {Tsca}
or a Tscm-like cell; and wherein the one or more cell-surface marker(s) comprise UD45RA

and CD62L.

87.  The method of claim 85, wherein at least 50% of the plurality of modified T-cells of
the population expresses one or more cell-surface marker(s) of a central memory T cell {(Tom}
or a Tem-like cell; and wherein the one or more cell-surface marker{s) comprise CD45R0O

and CD62L.

88.  The method of claim &3, wherein at least 75% of the plurality of modified T-cells of
the population expresses one or more cell-surface marker(s) of a central memory T cell (Ton)
or a Toem-like cell; and wherein the one or more cell-surface marker(s) compnse CD43RO

and CD62ZL.

89, A composifion comprising a population of modified T-cells produced by the method

of claim 85,

906.  The composttion of claim 89 for use in the treatment of a disease or disorder.
91.  The use of a composition of claim 89 for the treatment of a disease or disorder.
92 A method of treating a disease or disorder comprising administering 1o a subject in

need thereof a therapeutically~effective amount of the composition of claim 89.
93.  The method of claim 92, further comprising administering an activator composition (o

the subject to activate the population of modified T-cells i vivo, to induce cell division of

the population of modified T-cells in vivo, or a combination thereof,
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94 A method of producing a population of modified T-cells comprising introducing into

a plurality of primary human T-cells a composition comprising the CSR of claims 1-3% or a
sequence encoding the same to produce a plurality of modified T-cells under conditions that
transiently express the CSR within the plurality of modified T-cells and preserve desirable

stem-like properties of the plurality of modified T-cells.

95, The method of claim 94, wherein at least 25% of the plurality of modified T-cells of
the population expresses one or more cell-surface marker(s) of a stem memory T cell (Tsov)
or a Tscm-like cell; and wherein the one or more cell-surface marker{s) comprise CD45RA

and CD62ZL.

96.  The method of claim 94, wherein at feast 50% of the plurality of modified T-cells of
the population expresses one or more cell-surface marker(s) of a central memory T cell {Tom)
or a Tom-like cell; and wherein the one or more cell-surface marker(s) comprise CD45RO

and CD62L.

97. The method of claim 94, wherein at least 75% of the plurality of modified T-cells of
the population expresses one or more cell-surface marker(s) of a central memory T cell {Tom)
or a Tom-like cell; and wherein the one or more cell-surface marker{s) comprise CD43R0

and CD62L.

98. A composition comprising a population of modified T-cells produced by the method

of claim 94.

99.  The composition of claim 98 for use in the treatment of a disease or disorder.

100.  The use of a composition of claim 98 for the treatment of a disease or disorder.

101, A method of treating a disease or disorder comprising administering o a subject in

need thereot a therapeutically-effective amount of the composition of claim 98.

102, A method of claim 101, wherein the modified T-cells within the population of

modified T-cells administered to the subject no longer express the CSR.
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103, A method of expanding a population of modified T-cells comprising introducing into
a plurality of primary human T-cells a composition comprising the CSR of claims 1-3%ora
sequence encoding the same to produce a plurality of modified T-cells under conditions that
stably express the CSR within the plurality of modified T-cells and preserve desirable stem-
like properties of the plurality of modified T-cells and contacting the cells with an activator
composition to produce a plurality of activated modified T-cells, wherein expansion of the
plurality of modified T-~cells is at least two fold higher than the expansion of a plurality of

wild-type T-cells not stably expressing the CSR under the same conditions.

104, The method of claim 103, wherein at least 25% of the plurality of modified T-cells of
the population expresses one or more cell-surface marker(s) of a stem memory T cell (Tsom)
or a Tscm-like cell; and wherein the one or more cell-surface marker(s) comprise CD45RA

and CD62L.

105, The method of claim 103, wherein at least 50% of the plurality of modified T-cells of
the population expresses one or more cell-surface marker(s) of a central memory T cell {Tom)
or a Tom-like cell; and wherein the one or more cell-surface marker{s) comprise CD43R0

and CD62L.

106.  The method of claim 103, wherein at least 75% of the plurality of modified T-cells of
the population expresses one or more cell-surface marker(s) of a central memory T cell (Ton)
or a Tem-like cell; and wherein the one or more cell-surface marker{s) comprise CD45RO

and CD62L.

107. A composition comprising a population of modified T-cells expanded by the method

of claim 103.

108, The composition of claim 107 for use in the treatment of a disease or disorder.

109, The use of a composition of claim 107 for the treatment of a disease or disorder.
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110, A method of treating a disease or disorder comprising admunistering to a subject in

need thereof a therapeutically-effective amount of the composition of claim 107.

111, The method of claim 110, further comprising administering an activator composition
to the subject to activate the population of modified T-cells in vivo, to induce cell division of

the population of modified T-cells in vivo, or a combination thereof.

112, A method of expanding a population of modified T-cells comprising introducing into
a plurality of primary human T-cells a composition comprising the CSR of claims 1-3% or a
sequence encoding the same to produce a plurality of modified T-cells under conditions that
transiently express the CSR within the plurality of modified T-cells and preserve desirable
stem-like properties of the plurality of modified T-cells and contacting the cells with an
activator composition to produce a plurality of activated modified T-cells, wherein expansion
of the plurality of modified T-cells is at least two fold higher than the expansion of a plurality

of wild-type T-cells not transiently expressing the CSR under the same conditions.

113, The method of claim 112, wherein at least 25% of the plurality of modified T-cells of
the population expresses one or more cell-surface marker(s) of a stem memory T cell (Tscum}
or a Tsca-like cell; and wherein the one or more cell-surface marker{s) comprise CD45RA

and CD62L.

114, The method of claim 112, wherein at least 50% of the plurality of modified T-cells of
the population expresses one or more cell-surface marker(s) of a central memory T cell (Ton)
or a Tem-like cell; and wherein the one or more cell-surface marker{s) comprise CD45RO

and CD62L.

115 The method of claim 112, wherein at least 75% of the plurality of modified T-cells of
the population expresses one or more cell-surface marker(s} of a central memory T cell (Ton)
or a Tom-like cell; and wherein the one or more cell-swrface marker(s) comprise CD43RO

and CD62L.

116. A composition comprising a population of modified T-cells expanded by the method

of claim 112
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17 The composttion of claima 116 for use in the treatment of a disease or disorder.
18. The use of a composition of claim 116 for the treatment of a disease or disorder.

19 A method of treating a disease or disorder comprising adnunistering to a subject in

eed thereof a therapeutically-effective amount of the composition of claim 116,

20, A method of claim 119, wherein the modified T-cells within the population of

1wdified T-cells administered to the subject no longer express the CSR.
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FIG. 14
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