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DESCRIPTION

ADAPTER MOLECULES TO RE-DIRECT CART CELLS TO AN ANTIGEN OF
INTEREST

REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the priority benefit of United States provisional
application number 63/030,653, filed May 27, 2020, the entire contents of which is

incorporated herein by reference.
REFERENCE TO A SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing, which has been submitted
in ASCII format via EFS-Web and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on May 26, 2021, is named ANBOP0O00SWQO_ST25.txt and is 16.4

kilobytes in size.
BACKGROUND

1. Field

[0003] The present disclosure relates generally to the fields of immunology, virology,
and medicine. More particularly, it concerns bridging proteins that re-direct CAR-expressing
immune effector cells to any antigen of interest, and methods of using the same to treat

disease.

2. Description of Related Art

[0004] Recently engineered immune effector cells have become an attractive
therapeutic for the treatment of viral disease and cancer. For example, T cells can be
engineered to express chimeric antigen receptors (CARs) that target any particular antigen of
interest. Such cells enable targeted killing of cell that express cancer markers or any infected
with pathogens. Despite the promise of these new therapies, issue remain with off target
toxicities and lack of persistence of engineered cells in treated subjects. For example, tumor
heterogeneity and the loss of target antigen expression is a significant challenge for
developing effective chimeric antigen receptor (CAR) T-cell therapies. Very few tumor-
specific antigens exist (i.e., those expressed exclusively on tumor cells), while most are

tumor-associated (i.e., over-expressed on tumor cells, but to a lesser extent on healthy cells).
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Tumors also have the propensity to lose expression of CAR-targeted antigens, and thus many
groups are developing bi-specific and tri-specific CAR T cells in order to capture a greater
diversity of tumor cells. This is well-described in the context of B-cell malignancies, where
multi-specific CAR T cells against CD19, CD20 and CD22 are in clinical development. Solid
tumors and the solid tumor microenvironment are an even greater challenge to overcome with
considerably more tumor heterogeneity. New, more advanced methods, of targeting immune

effector cells are thus in great need.
SUMMARY

[0005] Provided herein are chimeric antigen receptor (CAR) bridging proteins that re-
direct mono-specific CAR-T cells to alternative or multiple target antigens. For example,
fusion proteins and antibody-conjugates are provided, which, on the one end, engage a CAR
and, on the other, a target antigen of choice. Therefore, in contrast to creating multi-specific
CARs, the bridging protein provided herein re-direct single-variant CAR-T cells toward
diverse antigens via multi-specific bridge proteins. Single or multiple bridge proteins can be
infused either sequentially or together as a moiety for a simultaneous multi-targeted

approach.

[0006] In some embodiments, the present disclosure provides chimeric antigen
receptor (CAR) bridging proteins comprising (1) an antigen-binding domain and (2) a CAR-
binding domain, that comprises at least a portion of an HIV-1 gp120 protein. In some aspects,
the CAR-binding domain is chemically conjugated to the antigen-binding domain. In some
aspects, the CAR bridging proteins further comprise an antibody Fc domain. In some aspects,
the Fc domain is positioned between the CAR-binding domain and the antigen-binding
domain. In some aspects, the CAR-binding domain is positioned between the antigen-binding
domain and the Fc domain. In some aspects, the CAR bridging proteins further comprise a
linker sequence between the antigen binding domain and the CAR-binding domain. In some
aspects, the CAR-binding domain comprises the sequence provided in SEQ ID NO: 6. In
some aspects, the Fc domain comprises a human Fc domain sequence. In other aspects, the Fc
domain comprises a human heavy chain Fc domain sequence. In still other aspects, the Fc
domain comprises CH2 and CH3 regions of a human heavy chain Fc domain sequence. In yet
other aspects, the Fc domain comprises substitutions relative to the wild-type human heavy

chain F¢ domain sequence which prevent binding to FcgR receptors. In other aspects, the Fc
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domain comprises a sequence that is at least 85%, at least 90%, at least 95%, or 100%

identical to the sequence provided by SEQ ID NO: 4.

[0007] In some aspects, the antigen-binding domain binds to a tumor antigen or a
viral antigen. In some aspects, the antigen-binding domain comprises a peptide that interacts
with an antigen of interest. In some aspects, the antigen-binding domain comprises an
antigen-binding portion of an antibody that recognizes the antigen of interest. In some
aspects, the antigen-binding domain comprises at least a portion of a ligand that interacts with
the antigen of interest. In some aspects, the antigen-binding domain is capable of binding to
CD19, CD20, or CD22. In other aspects, the antigen-binding domain is capable of binding to
a coronavirus spike protein. In further aspects, the coronavirus spike protein is a SARS-CoV-
1 or SARS-CoV-2 spike protein. In some aspects, the antigen-binding domain comprises at
least a portion of an ACE2 extracellular domain. In further aspects, the portion of an ACE2
extracellular domain is the ACE2t domain. In still further aspects, the ACE2t domain
comprises a sequence that is at least 85%, at least 90%, at least 95%, or 100% identical to the

sequence of SEQ ID NO: 2.

[0008] In some aspects, the CAR bridging proteins further comprise at least one
linker sequence between the CAR-binding domain, F¢ domain, and/or antigen-binding
domain. In some aspects, the CAR bridging protein comprises a linker sequence between
each of the CAR-binding domain, Fc domain, and/or antigen-binding domains. In some
aspects, the linker sequence comprises the sequence of GGGS (SEQ ID NO: 7). In some
aspects, the linker sequence comprises a sequence provided by SEQ ID NO: 8. In some

aspects, the CAR bridging protein forms a homodimer.

[0009] In other embodiments, the present disclosure provides chimeric antigen
receptor (CAR) bridging proteins comprising a CAR-binding domain and an antigen-binding
domain. In some aspects, the CAR-binding domain is chemically conjugated to the antigen-
binding domain. In some aspects, the CAR bridging proteins further comprising an antibody
Fc domain. In some aspects, the Fc domain is positioned between the CAR-binding domain
and the antigen-binding domain. In other aspects, the CAR-binding domain is positioned
between the antigen-binding domain and the Fc domain. In some aspects, the CAR-binding
domain comprises a peptide that interacts with the extracellular portion of a CAR. In some
aspects, the CAR-binding domain comprises the antigen-binding portion of an antibody that

recognizes the extracellular portion of a CAR. In some aspects, the CAR-binding domain
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comprises at least a portion of a ligand that interacts with the extracellular portion of a CAR.
In some aspects, the CAR-binding domain comprises at least a portion of an HIV-1 gp120
protein. In further aspects, the CAR-binding domain comprises the sequence provided in SEQ
ID NO: 6. In certain aspects, the CAR-binding domain consists essentially of the sequence
provided in SEQ ID NO: 6. In certain aspects, the CAR-binding domain consists of the
sequence provided in SEQ ID NO: 6.

[0010] In some aspects, the Fc domain comprises a human Fc domain
sequence. In some aspects, the Fc domain comprises a human heavy chain Fc domain
sequence. In some aspects, the Fc domain comprises CH2 and CH3 regions of a human heavy
chain Fc domain sequence. In some aspects, the Fc domain comprises substitutions relative to
the wild-type human heavy chain Fc domain sequence which prevent binding to FcgR
receptors. In some aspects, the Fc domain comprises a sequence that is at least 85%, at least
90%, at least 95%, or 100% identical to the sequence provided by SEQ ID NO: 4. In some
aspects, the antigen-binding domain binds to a tumor antigen or a viral antigen. In some
aspects, the antigen-binding domain comprises a peptide that interacts with an antigen of
interest. In some aspects, the antigen-binding domain comprises an antigen-binding portion
of an antibody that recognizes the antigen of interest. In some aspects, the antigen-binding
domain comprises at least a portion of a ligand that interacts with the antigen of interest. In
some aspects, the antigen-binding domain is capable of binding to CD19, CD20, or CD22. In
some aspects, the antigen-binding domain is capable of binding to a coronavirus spike
protein. In further aspects, the coronavirus spike protein is a SARS-CoV-1 or SARS-CoV-2

spike protein.

[0011] In some aspects, the antigen-binding domain comprises at least a portion of an
ACE2 extracellular domain. In some aspects, the portion of an ACE2 extracellular domain is
the ACE2t domain. In further aspects, the ACE2t domain comprises a sequence that is at least
85%, at least 90%, at least 95%, or 100% identical to the sequence of SEQ ID NO: 2. In some
aspects, the CAR bridging proteins further comprise at least one linker sequence between the
CAR-binding domain, Fc domain, and/or antigen-binding domain. In some aspects, the CAR
bridging protein comprises a linker sequence between the CAR-binding domain and the
antigen-binding domain, and optionally, the Fc domain. In some aspects, the linker sequence

comprises the sequence of GGGS (SEQ ID NO: 7). In some aspects, the linker sequence
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comprises a sequence provided by SEQ ID NO: 8. In some aspects, the CAR bridging protein

forms a homodimer.

[0012] In still other embodiments, the present disclosure provides nucleic acid
molecules encoding a CAR bridging protein of the present disclosure. In some aspects, the
sequence encoding the CAR bridging protein is operatively linked to an expression control
sequence. In some aspects, the nucleic acid molecules are further defined as an expression
vector. In some aspects, the expression vector is an episomal vector. In other aspects, the
expression vector is a viral vector. In further aspects, the viral vector is an adenovirus, adeno-

associated virus, retrovirus or lentivirus vector.

[0013] In yet other embodiments, the present disclosure provides pharmaceutical
compositions comprising a CAR bridging protein of the present disclosure in a
pharmaceutically acceptable carrier. In some aspects, the pharmaceutical compositions
further comprise a population of immune effector cells comprising a CAR polypeptide that

the CAR-binding domain of the CAR bridging protein binds.

[0014] In further embodiments, the present disclosure provides methods of treating a
subject in need thereof, the method comprising administering to the subject an effective
amount of a CAR bridging protein of the present disclosure. In some aspects, the subject has
previously been administered a population of immune effector cells comprising a CAR
polypeptide that the CAR-binding domain of the CAR bridging protein binds. In some
aspects, the methods further comprise administering to the subject an effective amount of a
population of immune effector cells comprising a CAR polypeptide that the CAR-binding
domain of the CAR bridging protein binds. In some aspects, the cells are allogeneic to the
subject. In some aspects, the cells are autologous to the subject. In some aspects, the cells are
HLA matched to the subject. In some aspects, the subject has a coronavirus infection. In
some aspects, the subject has a SAR-CoV infection. In some aspects, the subject has a SAR-
CoV-2 infection. In some aspects, the subject has COVID-19. In some aspects, the CAR
bridging protein comprises (i) an antigen-binding domain that is at least 85%, at least 90%, at
least 95%, or 100% identical to the sequence of SEQ ID NO: 2; and (ii) a CAR-binding
domain that is comprises the sequence provided in SEQ ID NO: 6, and wherein the CAR
polypeptide comprises a CD4 domain as its antigen-binding domain. In some aspects, the
subject has a cancer. In some aspects, the CAR bridging protein comprises an antigen-

binding domain that is capable of binding to CD19, CD20, or CD22.
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[0015] In still further embodiments, the present disclosure provides chimeric antigen
receptor (CAR) bridging proteins comprising a CAR-binding domain and an antigen-binding
domain. In some aspects, the antigen-binding domain is chemically conjugated to the CAR-
binding domain. In some aspects, the antigen-binding domain and the CAR-binding domain
are comprised in a fusion protein. In some aspects, the CAR bridging protein further
comprises an antibody Fc domain. In some aspects, the Fc domain is positioned between the
CAR-binding domain and the antigen-binding domain. In other aspects, the CAR-binding
domain is positioned between the antigen-binding domain and the Fc domain. In some
aspects, the CAR-binding domain comprises a peptide that interacts with the extracellular
portion of a CAR. In some aspects, the CAR-binding domain comprises the antigen-binding
portion of an antibody that recognizes the extracellular portion of a CAR. In some aspects,
the CAR-binding domain comprises at least a portion of a ligand that interacts with the
extracellular portion of a CAR. In some aspects, the CAR-binding domain binds to a portion
of the CAR that is specific for the target of the CAR. In some aspects, the CAR comprises
scFv and wherein the CAR-binding domain binds to a variable region of the scFv. In some
aspects, the CAR-binding domain comprises an antibody or an antigen binding fragment

thereof. In some aspects, the CAR-binding domain comprises scFv.

[0016] In some aspects, the CAR-binding domain comprises at least a portion of an
HIV-1 gp120 protein. In some aspects, the CAR-binding domain comprises the sequence
provided in SEQ ID NO: 6. In some aspects, the CAR is a CD19 specific CAR and the CAR
binding domain binds to the CD19-specific CAR. In some aspects, the CAR binding domain
comprises an antibody or an antigen binding fragment thereof. In some aspects, the CAR
binding domain comprises a scFv. In some aspects, the CAR-binding domain comprises at
least a portion of a CD19 protein. In some aspects, the Fc domain comprises a human Fc
domain sequence. In some aspects, the Fc domain comprises a human heavy chain Fc domain
sequence. In some aspects, the Fc domain comprises CH2 and CH3 regions of a human heavy
chain Fc domain sequence. In some aspects, the Fc domain comprises substitutions relative to
the wild-type human heavy chain Fc domain sequence which prevent binding to FcgR
receptors. In some aspects, the Fc domain comprises a sequence that is at least 85%, at least
90%, at least 95%, or 100% identical to the sequence provided by SEQ ID NO: 4. In some

aspects, the antigen-binding domain binds to a tumor antigen or a viral antigen.
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[0017] In some aspects, the antigen-binding domain comprises a peptide that interacts
with an antigen of interest. In some aspects, the antigen-binding domain comprises an
antigen-binding portion of an antibody that recognizes the antigen of interest. In some
aspects, the antigen-binding domain comprises at least a portion of a ligand that interacts with
the antigen of interest. In some aspects, the antigen-binding domain binds to CD19, CD20, or
CD22. In some aspects, the antigen-binding domain is capable of binding to a coronavirus
spike protein. In some aspects, the coronavirus spike protein is a SARS-CoV-1 or SARS-
CoV-2 spike protein. In some aspects, the antigen-binding domain comprises at least a
portion of an ACE2 extracellular domain. In some aspects, the portion of an ACE2
extracellular domain is the ACE2t domain. In some aspects, the ACE2t domain comprises a
sequence that is at lcast 85%, at least 90%, at least 95%, or 100% identical to the sequence of
SEQ ID NO: 2. In some aspects, the CAR bridging protein further comprises at least one
linker sequence between the CAR-binding domain, Fc domain, and/or antigen-binding
domain. In some aspects, the CAR bridging protein comprises a linker sequence between the
CAR-binding domain and the antigen-binding domain, and optionally, the Fc domain. In
some aspects, the linker sequence comprises the sequence of GGGS (SEQ ID NO: 7). In
some aspects, the linker sequence comprises a sequence provided by SEQ ID NO: 8. In some

aspects, the CAR bridging protein forms a homodimer.

[0018] In yet other embodiments, the present disclosure provides nucleic acid
molecule encoding a CAR bridging protein of the present disclosure. In some aspects, the
sequence encoding the CAR bridging protein is operatively linked to an expression control
sequence. In other aspects, the CAR bridging protein is further defined as an expression
vector. In some aspects, the expression vector is an episomal vector. In other aspects, the
expression vector is a viral vector. In some aspects, the viral vector is an adenovirus, adeno-

associated virus, retrovirus or lentivirus vector.

[0019] In other embodiments, the present disclosure provides pharmaceutical
compositions comprising a CAR bridging protein of the present disclosure in a
pharmaceutically acceptable carrier. In some aspects, the pharmaceutical compositions
further comprise a population of immune effector cells comprising a CAR polypeptide that
the CAR-binding domain of the CAR bridging protein binds.

[0020] In still other embodiments, the present disclosure provides methods of treating

a subject in need thereof, the method comprising administering to the subject an effective
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amount of a CAR bridging protein of the present disclosure. In some aspects, the subject has
previously been administered a population of immune effector cells comprising a CAR
polypeptide that the CAR-binding domain of the CAR bridging protein binds. In some
aspects, the methods further comprise administering to the subject an effective amount of a
population of immune effector cells comprising a CAR polypeptide that the CAR-binding
domain of the CAR bridging protein binds. In some aspects, the cells are allogeneic to the
subject. In some aspects, the cells are autologous to the subject. In some aspects, the cells are
HLA matched to the subject. In some aspects, the subject has a coronavirus infection. In
some aspects, the subject has a SAR-CoV infection. In other aspects, the subject has a SAR-
CoV-2 infection. In still other aspects, the subject has COVID-19. In some aspects, the CAR
bridging protein comprises (i) an antigen-binding domain that is at least 85%, at least 90%, at
least 95%, or 100% identical to the sequence of SEQ ID NO: 2; and (ii) a CAR-binding
domain that is comprises the sequence provided in SEQ ID NO: 6, and wherein the CAR
polypeptide comprises a CD4 domain as its antigen-binding domain. In certain aspects, the
CAR-binding domain consists essentially of the sequence provided in SEQ ID NO: 6. In
certain aspects, the CAR-binding domain consists of the sequence provided in SEQ ID NO:
6. In some aspects, the subject has a cancer. In some aspects, the CAR bridging protein
comprises an antigen-binding domain that is capable of binding to CD19, CD20, or CD22. In
some aspects, the CAR-binding domain of the CAR bridging protein comprises at least a
portion of a CD19 protein.

[0021] Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however, that the
detailed description and the specific examples, while indicating preferred embodiments of the
invention, are given by way of illustration only, since various changes and modifications
within the spirit and scope of the invention will become apparent to those skilled in the art

from this detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The following drawings form part of the present specification and are included
to further demonstrate certain aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in combination with the detailed

description of specific embodiments presented herein.
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[0023] FIGS. 1A-1E. Schematic representations of a bridging protein that redirects
CAR T cells. FIG. 1A illustrates the general concept of redirecting a CD4 CAR T cell to a
target cell using a bridging protein. FIG. 1B illustrates the specificities of the CD4 CAR T
cell both acting directly and acting through a bridging protein. FIG. 1C illustrates a bridging
protein that redirects CD4 CAR T cells to CoV infected cells. FIG. 1D illustrates the
simultaneous or sequential targeting of tumors, which can be used to target a variety of
malignant cells or to overcome antigen loss employed by tumor cells to evade targeted
therapies. FIG. 1E illustrates the general concept of redirecting a CD19-specific CAR T cell

to a target cell using a bridging protein.

[0024] FIGS. 2A-2C. Schematic representation of exemplary bridging proteins. FIG.
2A illustrates dimeric bridging proteins having an antigen-binding domain, an Fc region, and
a CAR-binding domain. FIG. 2B illustrates a method of conjugating the CAR-binding
domain (as represented by gpl20t) to an IgG antibody. FIG. 2C illustrates various
embodiments of bridging proteins that have a CAR-binding domain (as represented by

gp120t), and Fc region, and an antigen-binding domain.
[0025] FIG. 3. Schematic representation of the CD4-specific CAR T cell.

[0026] FIGS. 4A-4C. Further schematic representations of exemplary bridging
proteins. FIG. 4A show a representative method for retargeting CD19-specific CAR cells.
FIG. 4B illustrates dimeric bridging proteins having an antigen-binding domain, an F¢ region,
and a CD-19 CAR-binding domain, such as CD19, truncated CD19 (that binds to the CAR)
or an antibody domain specific for a CD19 CAR. FIG. 4C illustrates a method of conjugating
the CAR-binding domain (as represented by CD19t) to an IgG antibody.

[0027] FIG. 5. Anti-HIV CAR construct showing all the elements of the CAR
construct used to produce CAR-T cells targeting HIV env.

[0028] FIG. 6. Chemical conjugation of the CD4 binding loop of gp120 to an IgG
antibody. The sequence of the gp120 CD4 binding loop (SSGGDPEIVTH) is provided in
SEQ ID NO: 6.

[0029] FIGS. 7A-7D. Development and testing of bridge protein concept. FIG. 7A
illustrates that IgG conjugated with the CD4 binding loop of gpl120 (gp120t), as well as
FACS contour plots demonstrating the binding of bridge protein to CD4 receptors on primary



10

15

20

25

30

WO 2021/240240 PCT/1B2021/000358
10

T-cells. FIG. 7B provides FACS histograms and median fluorescent intensity (MFI) of
CAR4-bound bridge protein. FIG. 7C provides a schematic description of experiment where
CAR4 T cells were re-directed to tumour cells via both IgG and diabody conjugated
antibodies. FIG. 7D illustrates the percentage viable tumour cells following a 24-hour co-
culture with CAR4 T cells alone, CAR4 T cells with IgG, Card T cells with 1gG-gp120t
conjugate, and CAR4 T cells with diabody-gp120t conjugate.

DETAILED DESCRIPTION

[0030] Provided herein are bridging proteins that can be used to redirect CAR-T cells,
such as, for example, therapeutic CD4-specific CAR-T cells that are designed to recognize
and kill HIV-infected cells. In that example, the bridging proteins may comprise a truncated
gpl120 extracellular domain fused to a protein domain that binds to the target antigen of
interest (FIGS. 1A and 1B). For example, the protein domain may be an ACE2 extracellular
domain (the natural receptor used by CoV to infect human cells). When CoV infects a cell,
viral spike protein is expressed on the surface of the cell. Thus, in the presence of the gp120-
ACE2 bridging protein, the CD4-specific CAR-T cell will bind to viral spike protein present
on the surface of CoV-infected cells (FIG. 1C).

[0031] The bridging protein may comprise a truncated gpl20 peptide fused or
conjugated to a protein domain that binds to the target antigen of interest. In one example, the
bridging protein may comprise a truncated gpl20 peptide, a human Fc region, a protein
domain that binds to the target antigen of interest, and one or more linker sequence. In one
exemplary embodiment, the bridging protein may comprise, from N-terminus to C-terminus
or from C-terminus or N-terminus, the ACE2t portion of ACE2, which is the portion of the
ACE2 extracellular domain that contains all three domains required for CoV binding, a
human Fc domain, and a truncated gp120 peptide, with each domain being separated by a
linker (FIG. 2A). In another exemplary embodiment, the bridging protein may comprise,
from N-terminus to C-terminus or from C-terminus or N-terminus, the ACE2t portion of
ACE2, which is the portion of the ACE2 extracellular domain that contains all three domains
required for CoV binding, a truncated gp120 peptide, and a human Fc domain, with each
domain being separated by a linker (FIG. 2A). The bridging protein will be present as a

homodimer due to the interaction between the Fc domains.



10

15

20

25

30

WO 2021/240240 PCT/1B2021/000358
11

[0032] The bridging protein will re-direct the CD4-CAR T cells to recognize and kill
cells expressing the antigen of interest, e.g., a CoV spike protein (FIG. 1C). The CD4-CAR T
cells may have their endogenous TCR and/or MHC genes silenced to prevent allo-reactivity
(FIG. 3). The CD4-CAR T cells may further have one or more inhibitory receptors (e.g., PD1
and/or TIM3) silenced to enable the T cells to persist and provide a longer lasting therapeutic
effect (FIG. 3). These T cells can be prepared from healthy donor cells, making it an “off-the-
shelf” solution that (a) can be rapidly provided to patients, (b) is uncompromised by the
underlying disease (T cells from CoV-infected patients are severely exhausted), and (c) cost-

effective (>100 doses prepared from a single donor unit) (FIG. 3).

[0033] In a further aspect, a bridging protein of the embodiments can be used to re-
target other types of CAR-expressing effector cells, such as CD19 CAR T-cells. CD19
antigen loss is often encountered in patients receiving anti-CD19 CAR T-cell therapy, leading
to disease relapse. Simultaneous or sequential administration of bridge proteins can allow for
methods to re-direct anti-CD19 CAR T cells to other antigens on malignant cells. Thus, such

methods allow for the treatment of otherwise refractory disease.
L Definitions

[0034] As used herein, “essentially free,” in terms of a specified component, is used
herein to mean that none of the specified component has been purposefully formulated into a
composition and/or is present only as a contaminant or in trace amounts. The total amount of
the specified component resulting from any unintended contamination of a composition is
therefore well below 0.05%, preferably below 0.01%. Most preferred is a composition in
which no amount of the specified component can be detected with standard analytical

methods.

[0035] As used herein the specification, “a” or “an” may mean one or more. As used
herein in the claim(s), when used in conjunction with the word “comprising,” the words “a”

or “an” may mean one or more than one.

[0036] The use of the term “or” in the claims is used to mean “and/or” unless
explicitly indicated to refer to alternatives only or the alternatives are mutually exclusive,
although the disclosure supports a definition that refers to only alternatives and “and/or.” As

used herein “another” may mean at least a second or more.
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[0037] Throughout this application, the term “about” is used to indicate that a value
includes the inherent variation of error for the device, the inherent variation in the method
being employed to determine the value, the variation that exists among the study subjects, or

a value that is within 10% of a stated value.

2 EEIN3

[0038] “Nucleic acid,” “nucleic acid sequence,” “oligonucleotide,” “polynucleotide”
or other grammatical equivalents as used herein means at least two nucleotides, either
deoxyribonucleotides or ribonucleotides, or analogs thereof, covalently linked together.
Polynucleotides are polymers of any length, including, e.g., 20, 50, 100, 200, 300, 500, 1000,
2000, 3000, 5000, 7000, 10,000, etc. A polynucleotide described herein generally contains
phosphodiester bonds, although in some cases, nucleic acid analogs are included that may
have at least one different linkage, e.g, phosphoramidate, phosphorothioate,
phosphorodithioate, or O-methylphophoroamidite linkages, and peptide nucleic acid
backbones and linkages. Mixtures of naturally occurring polynucleotides and analogs can be
made; alternatively, mixtures of different polynucleotide analogs, and mixtures of naturally
occurring polynucleotides and analogs may be made. The following are non-limiting
examples of polynucleotides: a gene or gene fragment, exons, introns, messenger RNA
(mRNA), transfer RNA, ribosomal RNA, ribozymes, cDNA, cRNA, recombinant
polynucleotides, branched polynucleotides, plasmids, vectors, isolated DNA of any sequence,
isolated RNA of any sequence, nucleic acid probes, and primers. A polynucleotide may
comprise modified nucleotides, such as methylated nucleotides and nucleotide analogs. If
present, modifications to the nucleotide structure may be imparted before or after assembly of
the polymer. The sequence of nucleotides may be interrupted by non-nucleotide components.
A polynucleotide may be further modified after polymerization, such as by conjugation with
a labeling component. The term also includes both double- and single-stranded molecules.
Unless otherwise specified or required, the term polynucleotide encompasses both the
double-stranded form and each of two complementary single-stranded forms known or
predicted to make up the double-stranded form. A polynucleotide is composed of a specific
sequence of four nucleotide bases: adenine (A), cytosine (C), guanine (G), thymine (T), and
uracil (U) for thymine when the polynucleotide is RNA. Thus, the term “polynucleotide
sequence” is the alphabetical representation of a polynucleotide molecule. Unless otherwise
indicated, a particular polynucleotide sequence also implicitly encompasses conservatively
modified variants thereof (e.g., degenerate codon substitutions) and complementary

sequences as well as the sequence explicitly indicated. Specifically, degenerate codon
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substitutions may be achieved by generating sequences in which the third position of one or

more selected (or all) codons is substituted with mixed-base and/or deoxyinosine residues.

[0039] The terms “peptide,” “polypeptide” and “protein” used herein refer to
polymers of amino acid residues. These terms also apply to amino acid polymers in which
one or more amino acid residues is an artificial chemical mimetic of a corresponding
naturally occurring amino acid, as well as to naturally occurring amino acid polymers, those
containing modified residues, and non-naturally occurring amino acid polymers. In the

present case, the term “polypeptide” encompasses an antibody or a fragment thereof.

[0040] As used herein, a “safe harbor” profile refers to the insertion of foreign genetic
material into the genome of engineered cells at sites where transgene expression is sustained
(i.e., not silenced) and does not disrupt expression of endogenous genes. For example, a
“genetically safe harbor profile” may refer to a transgenic event that is positioned outside of
the coding and expression control regions of endogenous genes. In some aspects, identifying
whether an engineered cell has a safe harbor profile may comprise performing whole genome

sequencing or integration site analysis.
II. Bridging Proteins

[0041] The bridging protein comprises a CAR-binding domain and a protein domain
that binds to the target antigen of interest. In some cases, the CAR-binding domain and the
protein domain that binds to the target antigen of interest may be a chemical fusion of the two
domains. The arrangement could be multimeric, such as a diabody or multimers. The
multimers are most likely formed by cross pairing of the variable portion of the light and

heavy chains into a diabody.

[0042] In some embodiments, the bridging protein comprises a CAR-binding domain,
an antigen-binding domain, and, optionally, one or more linker sequence. In some cases, a
linker is present between the CAR-binding domain and the antigen-binding domain. In some

cases, the CAR-binding domain is directly fused to the antigen-binding domain.

[0043] In some embodiments, the bridging protein comprises a CAR-binding domain,
a human Fc region, an antigen-binding domain, and, optionally, one or more linker sequence.
In one embodiment, the bridging protein may comprise, from N-terminus to C-terminus or

from C-terminus or N-terminus, an antigen-binding domain, a human Fc domain, and a CAR-
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binding domain, with each domain either being separated by a linker or being directly fused
(FIGS. 2A-2C). In another embodiment, the bridging protein may comprise, from N-terminus
to C-terminus or from C-terminus or N-terminus, an antigen-binding domain, a CAR-binding
domain, and a human Fc domain, with each domain either being separated by a linker or
being directly fused (FIGS. 2A-2C). The bridging protein may be present as a homodimer
due to the presence of disulfide bonds formed between the Fc domains. However, in any of

the provided embodiments, the bridging protein may be a monomer.

A. CAR-binding Domain

[0044] The bridging proteins comprise a CAR-binding domain. The CAR-binding
domain is a protein domain that is sufficient to interact with the CAR expressed by the CAR-
T cells whose effector functions are sought to be redirected. The CAR-binding domain may
be positioned either between the Fc domain and the antigen-binding domain, or the CAR-
binding domain may be positioned at either terminal end of the bridging protein. The CAR-
binding domain may comprise the antigen-binding portions of an antibody, or antibody
fragment, that specifically recognizes the CAR. In cases where the CAR comprises a ligand
as its targeting domain, the CAR-binding domain of the bridging protein may comprise a
portion of a receptor that binds the ligand. In cases where the CAR comprises a receptor as its
targeting domain, the CAR-binding domain of the bridging protein may comprise a portion of
a ligand that binds the receptor. For example, if the CAR comprises a CD4 domain as its
targeting domain, the CAR-binding domain of the bridging protein may comprise a gp120
domain. For example, the gp120 domain may be a truncated gp120 domain as shown in SEQ
ID NO: 6, which is an 11 amino acid segment of the gp120 extracellular domain that
efficiently binds to CD4. As another example, if the CAR comprises an anti-CD19 domain as
its targeting domain, the CAR-binding domain of the bridging protein may comprise at least a
portion of CD19, sufficient to be bound by the anti-CD19 domain of the CAR (FIG. 1E).

B. Fc¢ Domain

[0045] The bridging proteins may comprise an Fc domain. The Fc domain may be
position either between the CAR-binding domain and the antigen-binding domain, or the Fc
domain may be positioned at either terminal end of the bridging protein. In some
embodiments, the Fc domain may be a human Fc domain sequence. The Fc domain may be a
human heavy chain Fc domain sequence. The Fc domain may contain only the CH2 and CH3

regions of a human heavy chain Fc domain. The Fc domain may contain substitutions that
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prevent Fc binding to FcgR receptors to reduce the risk of non-specific targeting of the CAR
T cell’s effector functions. For example, the Fc domain may comprise D265A and/or N297A
substitutions, which correspond to positions 46 and 78 in SEQ ID NO: 4, respectively. In
some aspects, the Fc domain has a sequence that is at least 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the sequence provided in SEQ ID NO:
4. In some aspects, the Fc domain has a sequence that is about 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the sequence provided in SEQ
ID NO: 4. In some aspects, the Fc domain has a sequence that is identical to the sequence
provided in SEQ ID NO: 4. In some aspects, the Fc domain is encoded by a codon-optimized
nucleic acid. In some aspects, the Fc domain is encoded by a sequence that is at least 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the
sequence provided in SEQ ID NO: 3. In some aspects, Fc domain is encoded by a sequence
that is about 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identical to the sequence provided in SEQ ID NO: 3. In some aspects, the Fc domain is

encoded by a sequence that is identical to the sequence provided in SEQ ID NO: 3.

C. Antigen-binding Domain

[0046] The bridging proteins comprise an antigen-binding domain that is capable of
binding to any antigen of interest. The antigen-binding domain may be positioned either
between the CAR-binding domain and the Fc domain, or the antigen-binding domain may be
positioned at either terminal end of the bridging protein. The antigen-binding domain may
comprise the antigen-binding portions of an antibody, or antibody fragment, that specifically
recognizes the antigen. An antigen-binding fragment of an antibody refers to a portion of a
protein that is capable of binding specifically to an antigen. In certain embodiments, the
antigen-binding fragment is derived from an antibody comprising one or more CDRs, or any
other antibody fragment that binds to an antigen but does not comprise an intact native
antibody structure. In certain embodiments, the antigen-binding fragment is not derived from
an antibody but rather is derived from a receptor. Examples of antigen-binding fragment
include, without limitation, a diabody, a Fab, a Fab', a F(ab'),, an Fv fragment, a disulfide
stabilized Fv fragment (dsFv), a (dsFv),, a bispecific dsFv (dsFv-dsFv'), a disulfide stabilized
diabody (ds diabody), a single-chain antibody molecule (scFv), an scFv dimer (bivalent
diabody), a multispecific antibody, a single domain antibody (sdAb), a camelid antibody or a

nanobody, a domain antibody, and a bivalent domain antibody.
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[0047] In cases where the antigen is a ligand, the antigen-binding domain of the
bridging protein may comprise a portion of a receptor that binds the ligand (FIG. 2C). In
cases where the antigen is a receptor, the antigen-binding domain of the bridging protein may
comprise a portion of a ligand that binds the receptor. For example, if the antigen is a CoV
spike protein, the antigen-binding domain of the bridging protein may comprise the ACE2
extracellular domain. In some aspects, the ACE2 extracellular domain may be a truncated
portion of the ACE2 extracellular domain (ACE2t). The ACE2t portion of the ACE2
extracellular domain may not include the proximal end of the native ACE2 extracellular
domain, which contains ADAM17, TMPRSS11d, and TMPRSS2 cleavage sites used for
creating the soluble form of ACE2 and facilitating CoV infection. Excluding the protease

cleavage sites prevents the unintended cleavage of the bridging protein.

[0048] In certain embodiments, the antigen-binding domain can comprise a peptide
(e.g., the extracellular domain of ACE2) that binds to a receptor (e.g., coronavirus spike
protein). The target binding domain may comprise the ACE2t portion of the ACE2
extracellular domain. The ACE2t portion contains all three domains required for CoV
binding. The ACE2t portion of the ACE2 extracellular domain does not include the proximal
end of the native ACE2 extracellular domain, which contains two cleavage sites important for

creating the soluble form of ACE2 and facilitating CoV infection.

[0049] In some aspects, the ACE2t portion of the ACE2 extracellular domain has a
sequence that is at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to the sequence provided in SEQ ID NO: 2. In some aspects, the ACE2t
portion of the ACE2 extracellular domain has a sequence that is about 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the sequence provided in
SEQ ID NO: 2. In some aspects, the ACE2t portion of the ACE2 extracellular domain has a
sequence that is identical to the sequence provided in SEQ ID NO: 2.

[0050] In some aspects, the ACE2t portion of the ACE2 extracellular domain is
encoded by a codon-optimized nucleic acid. In some aspects, the ACE2t portion of the ACE2
extracellular domain is encoded by a sequence that is at least 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the sequence provided in SEQ
ID NO: 1. In some aspects, the ACE2t portion of the ACE2 extracellular domain is encoded
by a sequence that is about 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identical to the sequence provided in SEQ ID NO: 1. In some aspects, the
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ACE2t portion of the ACE2 extracellular domain is encoded by a sequence that is identical to
the sequence provided in SEQ ID NO: 1.

[0051] Other exemplary antigens include surface antigens on cancer cells (FIG. 1D)
and surface antigens on infected cells. The surface antigen on cancer cells may be a tumor-
specific antigen, i.e., an antigen that is expressed exclusively on tumor cells. The surface
antigen on cancer cells may be a tumor-associated antigen, i.e., an antigen that is expressed
on healthy cells but is over-expressed on tumor cells. Examples of surface antigens on cancer
cells include HER-3, Herl/HER-3 fusion, CD19; CD123; CD22; CD30; CD171; CS-1 (also
referred to as CD2 subset 1, CRACC, SLAMF7, CD319, and 19A24); C-type lectin-like
molecule-1 (CLL-1 or CLECL1); CD33; epidermal growth factor receptor variant III
(EGFRvII); ganglioside G2 (GD2); ganglioside GD3 (aNeu5Ac(2-8)aNeuSAc(2-
3)bDGalp(1-4)bDGlep(1-1)Cer); TNF receptor family member B cell maturation (BCMA);,
Tn antigen ((Tn Ag) or (GalNAcau-Ser/Thr)); prostate-specific membrane antigen (PSMA);
Receptor tyrosine kinase-like orphan receptor 1 (RORI1), Fms-Like Tyrosine Kinase 3
(FLT3); Tumor-associated glycoprotein 72 (TAG72); CD38, CD44v6; Carcinoembryonic
antigen (CEA); Epithelial cell adhesion molecule (EPCAM); B7H3 (CD276); KIT (CD117);
Interleukin-13 receptor subunit alpha-2 (IL-13Ra2 or CD213A2); Mesothelin; Interleukin 11
receptor alpha (IL-11Ra); prostate stem cell antigen (PSCA); Protease Serine 21 (Testisin or
PRSS21); vascular endothelial growth factor receptor 2 (VEGFR2); Lewis(Y) antigen; CD24;
Platelet-derived growth factor receptor beta (PDGFR-beta); Stage-specific embryonic
antigen-4 (SSEA-4); CD20; Folate receptor alpha; Receptor tyrosine-protein kinase ERBB2
(Her2/neu); Mucin 1, cell surface associated (MUCT1); epidermal growth factor receptor
(EGFR); neural cell adhesion molecule (NCAM), Prostase; prostatic acid phosphatase (PAP);
elongation factor 2 mutated (ELF2ZM); Ephrin B2; fibroblast activation protein alpha (FAP);
insulin-like growth factor 1 receptor (IGF-I receptor), carbonic anhydrase IX (CAIX);
Proteasome (Prosome, Macropain) Subunit, Beta Type, 9 (LMP2); glycoprotein 100 (gp100);
oncogene fusion protein consisting of breakpoint cluster region (BCR) and Abelson murine
leukemia viral oncogene homolog 1 (Abl) (bcr-abl); tyrosinase; ephrin type-A receptor 2
(EphA2); Fucosyl GMI,; sialyl Lewis adhesion molecule (sle), ganglioside GM3
(aNeuS5Ac(2-3)bDGalp(1-4)bDGlep(1-1)Cer); transglutaminase 5 (TGSS); high molecular
weight-melanoma-associated antigen (HMWMAA); o-acetyl-GD2 ganglioside (OAcGD2);
Folate receptor beta; tumor endothelial marker 1 (TEM1/CD248), tumor endothelial marker
7-related (TEM7R); claudin 6 (CLDNG®), thyroid stimulating hormone receptor (TSHR);, G
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protein-coupled receptor class C group 5, member D (GPRCSD); chromosome X open
reading frame 61 (CXORF61); CD97, CD179a; anaplastic lymphoma kinase (ALK);
Polysialic acid; placenta-specific 1 (PLACI1);, hexasaccharide portion of globoH
glycoceramide (GloboH); mammary gland differentiation antigen (NY-BR-1), uroplakin 2
(UPK?2); Hepatitis A virus cellular receptor 1 (HAVCR1); adrenoceptor beta 3 (ADRB3);
pannexin 3 (PANX3); G protein-coupled receptor 20 (GPR20); lymphocyte antigen 6
complex, locus K 9 (LY6K), Olfactory receptor SIE2 (OR51E2); TCR Gamma Alternate
Reading Frame Protein (TARP); Wilms tumor protein (WT1); Cancer/testis antigen 1 (NY-
ESO-1); Cancer/testis antigen 2 (LAGE-1a); Melanoma-associated antigen 1 (MAGE-A1);
ETS translocation-variant gene 6, located on chromosome 12p (ETV6-AML); sperm protein
17 (SPA17); X Antigen Family, Member 1A (XAGE1); angiopoietin-binding cell surface
receptor 2 (Tie 2); melanoma cancer testis antigen-1 (MAD-CT-1); melanoma cancer testis
antigen-2 (MAD-CT-2); Fos-related antigen 1; tumor protein p53 (p53); p53 mutant;
prostein; surviving; telomerase; prostate carcinoma tumor antigen-1 (PCTA-1 or Galectin 8),
melanoma antigen recognized by T cells 1 (MelanA or MARTT); Rat sarcoma (Ras) mutant;
human Telomerase reverse transcriptase (hTERT); sarcoma translocation breakpoints;
melanoma inhibitor of apoptosis (ML-IAP); ERG (transmembrane protease, serine 2
(TMPRSS2) ETS fusion gene); N-Acetyl glucosaminyl-transferase V (NA17); paired box
protein Pax-3 (PAX3); Androgen receptor; Cyclin B1; v-myc avian myelocytomatosis viral
oncogene neuroblastoma derived homolog (MYCN), Ras Homolog Family Member C
(RhoC); Tyrosinase-related protein 2 (TRP-2); Cytochrome P450 1B1 (CYPIB1), CCCTC-
Binding Factor (Zinc Finger Protein)-Like (BORIS or Brother of the Regulator of Imprinted
Sites), Squamous Cell Carcinoma Antigen Recognized By T Cells 3 (SART3); Paired box
protein Pax-5 (PAXS); proacrosin binding protein sp32 (OY-TESI1); lymphocyte-specific
protein tyrosine kinase (LCK); A kinase anchor protein 4 (AKAP-4); synovial sarcoma, X
breakpoint 2 (SSX2); Receptor for Advanced Glycation Endproducts (RAGE-1); renal
ubiquitous 1 (RU1); renal ubiquitous 2 (RU2); legumain; human papilloma virus E6 (HPV
E6); human papilloma virus E7 (HPV E7); intestinal carboxyl esterase; heat shock protein
70-2 mutated (mut hsp70-2), CD79a; CD79; CD72; Leukocyte-associated immunoglobulin-
like receptor 1 (LAIR1); Fc¢ fragment of IgA receptor (FCAR or CD89); Leukocyte
immunoglobulin-like receptor subfamily A member 2 (LILRA2); CD300 molecule-like
family member f (CD300LF); C-type lectin domain family 12 member A (CLEC12A); bone
marrow stromal cell antigen 2 (BST2), EGF-like module-containing mucin-like hormone

receptor-like 2 (EMR2); lymphocyte antigen 75 (LY75); Glypican-3 (GPC3), Fc receptor-
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like 5 (FCRLS); and immunoglobulin lambda-like polypeptide 1 (IGLL1). Examples of
surface antigens on infected cells include viral spike or envelope proteins (e.g., HIV-1 gp120,
HIV-1 gp4l, HIV-1 gp160, SARS-CoV S protein, SARS-CoV-2 S protein, MERS S protein,
Ebolavirus glycoprotein, influenza haemaglutinin, influenza neuraminidase, hepatitis C E1,
hepatitis C E2, Dengue virus E dimer, Chikungunya virus E1, Chikungunya virus El,
cytomegalovirus glycoprotein, herpes simplex virus gB, herpes simplex virus gH, herpes
simplex virus gL, herpes simplex virus gM, Epstein-Barr virus gp350, and Epstein-Barr virus

gp42).

D. Linkers

[0052] The bridging proteins may comprise at least one peptide linker (or spacer)
positioned between the fused polypeptide sequences, so as to allow correct folding and/or
prevent steric hindrance of the fused domains. The peptide linkers may be flexible linkers. In
some aspects, a linker is between 2 and 20 peptides long, between 2 and 18 peptides long,
between 2 and 16 peptides long, between 2 and 14 peptides long, between 2 and 12 peptides
long, between 2 and 10 peptides long, between 4 and 20 peptides long, between 4 and 18
peptides long, between 4 and 16 peptides long, between 4 and 14 peptides long, between 4
and 12 peptides long, or between 4 and 10 peptides long. In some aspects, a linker comprises
a core sequence of GGGS (SEQ ID NO: 7). In some aspects, a linker comprises the sequence
SSGGGGSGGGGGGSS (SEQ ID NO: 9) or the sequence SSGGGGSGGGGGGSSRSS
(SEQ ID NO: 10). Preferably, a linker comprises the sequence SSGGGGS (SEQ ID NO: 8).
Where a bridging protein contains more than one linker, each linker in the bridging protein

may have the same sequence or each linker may have a different sequence.

[00S3] Alternatively, the CAR-binding domain and the antigen-binding domain of the
bridging proteins may be chemically conjugated. For example, cysteine residues of the
antigen-binding domain may be site-specifically and efficiently coupled with a thiol-reactive
reagent. The thiol-reactive agent may be, for example, a maleimide, an 1odoacetamide, a
pyridyl disulfide, or other thiol-reactive conjugation partner. As such, the CAR-binding
domain portion of the bridging protein may comprise, for example, a maleimide loop.
Chemical conjugation can then be initiated with dithiothreitol (DTT) reduction and the

addition of the CAR-binding domain-maleimide.
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II.  Chimeric Antigen Receptors

[0054] Chimeric antigen receptor (CAR) molecules are recombinant fusion proteins
and are distinguished by their ability to both bind a target (e.g., a coronavirus spike protein)
and transduce activation signals via immunoreceptor activation motifs (ITAMs) present in
their cytoplasmic tails in order to activate genetically modified immune effector cells for

killing, proliferation, and cytokine production.

[0055] A chimeric antigen receptor according to the embodiments can be produced by
any means known in the art, though preferably it is produced using recombinant DNA
techniques. A nucleic acid sequence encoding the several regions of the chimeric antigen
receptor can be prepared and assembled into a complete coding sequence by standard
techniques of molecular cloning (genomic library screening, PCR, primer-assisted ligation,
site-directed mutagenesis, etc.). The resulting coding region can be inserted into an
expression vector and used to transform suitable host allogeneic or autologous immune

effector cells.

[0056] Embodiments of the CARs described herein include nucleic acids encoding a
target-specific chimeric antigen receptor (CAR) polypeptide comprising an intracellular
signaling domain, a transmembrane domain, and an extracellular domain comprising a target-
binding domain. Optionally, a CAR can comprise a hinge domain positioned between the
transmembrane domain and the target-binding domain. In certain aspects, a CAR of the
embodiments further comprises a signal peptide that directs expression of the CAR to the cell

surface. For example, in some aspects, a CAR can comprise a signal peptide from GM-CSF.

[0057] In certain embodiments, the CAR can also be co-expressed with a membrane-
bound cytokine to improve persistence when there is a low amount of target. For example,

CAR can be co-expressed with membrane-bound IL-15.

[0058] Depending on the arrangement of the domains of the CAR and the specific
sequences used in the domains, immune effector cells expressing the CAR may have different
levels activity against target cells. In some aspects, different CAR sequences may be
introduced into immune effector cells to generate engineered cells, the engineered cells
selected for elevated SRC and the selected cells tested for activity to identify the CAR

constructs predicted to have the greatest therapeutic efficacy.
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[0059] The chimeric construct may be introduced into immune effector cells as naked
DNA or in a suitable vector. Methods of stably transfecting cells by electroporation using
naked DNA are known in the art. See, e.g., U.S. Pat. No. 6,410,319 Naked DNA generally
refers to the DNA encoding a chimeric receptor contained in a plasmid expression vector in
proper orientation for expression. Alternatively, a viral vector (e.g., a retroviral vector,
adenoviral vector, adeno-associated viral vector, or lentiviral vector) can be used to introduce
the chimeric construct into immune effector cells. Suitable vectors for use in accordance with
the method of the present invention are non-replicating in the immune effector cells. A large
number of vectors are known that are based on viruses, where the copy number of the virus
maintained in the cell is low enough to maintain the viability of the cell, such as, for example,

vectors based on HIV, SV40, EBV, HSV, or BPV.

A. Antigen-binding Domain

[0060] In certain embodiments, an antigen binding domain can comprise
complementarity determining regions of a monoclonal antibody, variable regions of a
monoclonal antibody, and/or antigen binding fragments thereof. For example, the antigen
binding domain may comprise the complementarity determining regions of an antibody that
binds to CD19. A “complementarity determining region (CDR)” is a short amino acid
sequence found in the variable domains of antigen receptor (e.g., immunoglobulin and T-cell
receptor) proteins that complements an antigen and therefore provides the receptor with its
specificity for that particular antigen. Each polypeptide chain of an antigen receptor contains
three CDRs (CDR1, CDR2, and CDR3). Since the antigen receptors are typically composed
of two polypeptide chains, there are six CDRs for each antigen receptor that can come into
contact with the antigen -- each heavy and light chain contains three CDRs. Because most
sequence variation associated with immunoglobulins and T-cell receptors are found in the
CDRs, these regions are sometimes referred to as hypervariable domains. Among these,
CDR3 shows the greatest variability as it is encoded by a recombination of the VJ (VD] in
the case of heavy chain and TCR off chain) regions. In another embodiment, that specificity is
derived from a peptide (e.g., cytokine) that binds to a receptor. In another embodiment, that
specificity is derived from a receptor (e.g., the extracellular domain of CD4, such as the D1
and D2 domains of CD4) that binds to a viral glycoprotein. In aspects where the antigen-
binding domain is derived from CD4, the portions of CD4 that form the antigen-binding
domain may be mutated to limit binding to MHC Class IL
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[0061] 1t is contemplated that the CAR nucleic acids, in particular the scFv sequences
are human genes to enhance cellular immunotherapy for human patients. In a specific
embodiment, there is provided a full-length CAR ¢DNA or coding region. The antigen
binding regions or domains can comprise a fragment of the VH and VL chains of a single-
chain variable fragment (scFv) derived from a particular mouse, or human or humanized
monoclonal antibody. The fragment can also be any number of different antigen binding
domains of an antigen-specific antibody. In a more specific embodiment, the fragment is an
antigen-specific scFv encoded by a sequence that is optimized for human codon usage for
expression in human cells. In certain aspects, VH and VL domains of a CAR are separated by
a linker sequence, such as a Whitlow linker. CAR constructs that may be modified or used
according to the embodiments are also provided in International (PCT) Patent Publication

No. W02015/123642, incorporated herein by reference.

[0062] As previously described, the prototypical CAR encodes a scFv comprising VH
and VL domains derived from one monoclonal antibody (mAb), coupled to a transmembrane
domain and one or more cytoplasmic signaling domains (e.g. costimulatory domains and
signaling domains). Thus, a CAR may comprise the LCDR1-3 sequences and the HCDR1-3
sequences of an antibody that binds to an antigen of interest, such as tumor associated
antigen. In further aspects, however, two of more antibodies that bind to an antigen of interest
are identified and a CAR is constructed that comprises: (1) the HCDR1-3 sequences of a first
antibody that binds to the antigen; and (2) the LCDR1-3 sequences of a second antibody that
binds to the antigen. Such a CAR that comprises HCDR and LCDR sequences from two
different antigen binding antibodies may have the advantage of preferential binding to
particular conformations of an antigen (e.g., conformations preferentially associated with

cancer cells versus normal tissue).

[0063] Alternatively, it is shown that a CAR may be engineered using VH and VL
chains derived from different mAbs to generate a panel of CAR+ T cells. The antigen binding
domain of a CAR can contain any combination of the LCDR1-3 sequences of a first antibody

and the HCDR1-3 sequences of a second antibody.

B. Hinge Domain

[0064] In certain aspects, a CAR polypeptide of the embodiments can include a hinge
domain positioned between the target-binding domain and the transmembrane domain. In

some cases, a hinge domain may be included in CAR polypeptides to provide adequate
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distance between the target-binding domain and the cell surface or to alleviate possible steric
hindrance that could adversely affect target binding or effector function of CAR-modified T
cells. The hinge domain may comprise a sequence that binds to an Fc receptor, such as
FcyR2a or FeyRl1a. For example, the hinge sequence may comprise an Fc domain from a
human immunoglobulin (e.g., IgG1, IgG2, 1gG3, 1gG4, IgAl, IgA2, IgM, IgD or IgE) that

binds to an Fc receptor.

[0065] In some cases the CAR hinge domain could be derived from human
immunoglobulin (Ig) constant region or a portion thereof including the Ig hinge, or from
human CD8a transmembrane domain (FACDIYIWAPLAGTCGVLLLSLVITLYCNHRN,;
SEQ D NO: 11) and CD8a-hinge region
(KPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD; SEQ ID NO: 12). In
one aspect, the CAR hinge domain can comprise a hinge-CH>-CHj3 region of antibody isotype
IgGy
(ESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFN
WYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSS
IEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSL
GKM; SEQ ID NO: 13). In some aspects, point mutations could be introduced in antibody
heavy chain CH; domain to reduce glycosylation and non-specific Fc gamma receptor

binding of CAR-modified immune effector cells.

[0066] In certain aspects, a CAR hinge domain of the embodiments comprises an Ig
Fc domain that comprises at least one mutation relative to wild type Ig Fc domain that
reduces Fc-receptor binding. For example, the CAR hinge domain can comprise an IgG4-Fc
domain that comprises at least one mutation relative to wild type IgG4-Fc¢ domain that
reduces Fc-receptor binding. In some aspects, a CAR hinge domain comprises an IgG4-Fc
domain having a mutation (such as an amino acid deletion or substitution) at a position
corresponding to 1.235 and/or N297 relative to the wild type IgG4-Fc sequence. For example,
a CAR hinge domain can comprise an IgG4-Fc domain having a L235E and/or a N297Q
mutation relative to the wild type IgG4-Fc sequence. In further aspects, a CAR hinge domain
can comprise an IgG4-Fc domain having an amino acid substitution at position L235 for an
amino acid that is hydrophilic, such as R, H, K, D, E, S, T, N or Q or that has similar

properties to an “E,” such as D. In certain aspects, a CAR hinge domain can comprise an



10

15

20

25

30

WO 2021/240240 PCT/1B2021/000358
24

IgG4-Fc domain having an amino acid substitution at position N297 for an amino acid that

has similar properties to a “Q,” such as S or T.

C. Transmembrane Domain

[0067] The target-specific extracellular domain and the intracellular signaling-domain
may be linked by a transmembrane domain. Polypeptide sequences that can be used as part of
transmemebrane domain include, without limitation, the human CD4 transmembrane domain,
the human CD28 transmembrane domain, the transmembrane human CD3( domain, or a
cysteine mutated human CD3C domain, or other transmembrane domains from other human
transmembrane signaling proteins, such as CD16, CD8, and erythropoietin receptor. In some
aspects, for example, the transmembrane domain may comprise a sequence at least 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to one of those
provided in U.S. Patent Publication No. 2014/0274909 (e.g. a CD8 and/or a CD28
transmembrane domain) or U.S. Patent No. 8,906,682 (e.g. a CD8o, transmembrane domain),
both incorporated herein by reference on their entirety. In certain specific aspects,
transmembrane regions may be derived from (i.e. comprise at least the transmembrane
region(s) of) the alpha, beta or zeta chain of the T-cell receptor, CD3 epsilon, CD45, CD4,
CDS5, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137, CD154.
In certain specific aspects, the transmembrane domain can be 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% identical to a CD8a transmembrane domain or a

CD28 transmembrane domain.

D. Intracellular signaling domain

[0068] The intracellular signaling domain of the chimeric antigen receptor of the
embodiments is responsible for activation of at least one of the normal effector functions of
the immune cell engineered to express a CAR. The term “effector function” refers to a
specialized function of a differentiated cell. Effector function of a T cell, for example, may be
cytolytic activity or helper activity including the secretion of cytokines. Effector function in a
naive, memory, or memory-type T cell includes antigen-dependent proliferation. Thus, the
term “intracellular signaling domain” refers to the portion of a protein that transduces the
effector function signal and directs the cell to perform a specialized function. In some
aspects, the intracellular signaling domain is derived from the intracellular signaling domain
of a native receptor. Examples of such native receptors include the zeta chain of the T-cell

receptor or any of its homologs (e.g., eta, delta, gamma, or epsilon), MB1 chain, B29, Fc
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RIII, Fc RI, and combinations of signaling molecules, such as CD3( and CD28, CD27, 4-
1BB/CD137, ICOS/CD278, IL-2RB/CD122, IL-2Ra/CD132, DAP10, DAPI12, CDA40,
0X40/CD134, and combinations thereof, as well as other similar molecules and fragments.
Intracellular signaling portions of other members of the families of activating proteins can be

used, such as FcyRIIT and FceRL

[0069] While usually the entire intracellular signaling domain will be employed, in
many cases it will not be necessary to use the entire intracellular polypeptide. To the extent
that a truncated portion of the intracellular signaling domain may find use, such truncated
portion may be used in place of the intact chain as long as it still transduces the effector
function signal. The term “intracellular signaling domain” is thus meant to include a
truncated portion of the intracellular signaling domain sufficient to transduce the effector
function signal, upon CAR binding to a target. One or multiple cytoplasmic domains may be
employed, as so-called third generation CARs have at least two or three signaling domains
fused together for additive or synergistic effect, for example the CD28 and 4-1BB can be
combined in a CAR construct. In certain specific aspects, the intracellular signaling domain
comprises a sequence 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identical to a CD3¢ intracellular domain
(RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP
QEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQA
LPPR; SEQ ID NO: 14), a CD28 intracellular domain, a CD137 intracellular domain, or a
domain comprising a CD28 intracellular domain fused to the 4-1BB intracellular domain. In a
preferred embodiment, the human CD3( intracellular domain is used as the intracellular

signaling domain for a CAR of the embodiments.

[0070] In specific embodiments, intracellular receptor signaling domains in the CAR
include those of the T cell antigen receptor complex, such as the { chain of CD3, also Fcy
RIII costimulatory signaling domains, CD28, CD27, DAP10, CD137, 0X40, CD2, alone or
in a series with CD3C, for example. In specific embodiments, the intracellular domain (which
may be referred to as the cytoplasmic domain) comprises part or all of one or more of
TCRC chain, CD28, CD27, OX40/CD134, 4-1BB/CD137, FceRly, ICOS/CD278, IL-
2RB/CD122, IL-2Ra/CD132, DAP10, DAP12, and CD40. In some embodiments, one
employs any part of the endogenous T-cell receptor complex in the intracellular domain. One

or multiple cytoplasmic domains may be employed, as so-called third generation CARs have
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at least two or three signaling domains fused together for additive or synergistic effect, for

example.

[0071] In some embodiments, the CAR comprises additional other costimulatory
domains. Other costimulatory domains can include, but are not limited to one or more of
CD28, CD27, 0X-40 (CD134), DAP10, and 4-1BB (CD137). In addition to a primary signal
initiated by CD3(, an additional signal provided by a human costimulatory receptor inserted
in a human CAR is important for full activation of T cells and could help improve in vivo

persistence and the therapeutic success of the adoptive immunotherapy.
IV.  Modification of Endogenous Gene Expression

[0072] In some aspects, the engineered immune effector cells are modified to
decrease or eliminate the expression of one or more endogenous genes. For example, the
engineered immune effector cells may be modified to knock down or knock out at least one
immune checkpoint protein. The at least one immune checkpoint gene may be selected from
the group consisting of: PD1, CTLA4, LAG3, TIM3, TIGIT, CD96, BTLA, KIRs, adenosine
A2a receptor, Vista, IDO, FAS, SIRP alpha, CISH, SHP-1, FOXP3, LAIR1, PVRIG,
PPP2CA, PPP2CB, PTPN6, PTPN22, CD160, CRTAM, SIGLEC7, SIGLECY, CD244,
TNFRSF10B, TNFRSF10A, CASP8, CASP10, CASP3, CASP6, CASP7, FADD, TGFBRI],
TGFRBRI, SMAD2, SMAD3, SMAD4, SMADI10, SKI, SKIL, TGIF1, IL10RA, IL10RB,
HMOX2, IL6R, IL6ST, EIF2AK4, CSK, PAGI, SIT1, PRDM1, BATF, GUCY1A2,
GUCY1A3, GUCY1B2, and GUCY1B3.

[0073] In some aspects, the engineered immune effector cells are modified to
decrease or eliminate the expression of one or more HIV co-receptor. For example, the

engineered immune effector cells are modified such that CCRS5 expression is silenced.

[0074] As another example, HLA genes in the engineered immune effector cells may
be modified in various ways. For example, the engineered immune effector cells may be
engineered such that they do not express functional HLA-A, HLA-B, and/or HLA-C on their
surface. The HLA-A negative engineered immune effector cells may be derived from an
HLA-homozygous individual. Alternatively, the engineered immune effector cells may be
HLA-A homozygous. Further, the engineered immune effector cells, regardless of whether
they are HLA-A negative or HLA-A homozygous, may be HLA-homozygous at HLA-B,
HLA-C, and/or HLA-DRBI1 alleles.
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[0075] In some aspects, the engineered immune effector cells may be modified to
knock down or knock out the expression of one or more T-cell receptor component. For
example, in some aspects, the cell lacks expression or have reduced expression of TCRa,
TCRB, TCRa and TCRP, TCRy, TCRS, TCRy and TCRS, or any combination of the
foregoing. Such can occur by any suitable manner, including by introducing zinc finger
nucleases (ZFN), for example, targeting the constant region of one or more of the TCR

receptor components.

[0076] Knocking out an endogenous gene may comprise introducing into the cells an
artificial nuclease that specifically targets the endogenous gene’s locus. In various aspects,
the artificial nuclease may be a zinc finger nuclease, TALEN, or CRISPR/Cas9. In various
aspects, introducing into the cells an artificial nuclease may comprise introducing mRNA

encoding the artificial nuclease into the cells.

[0077] For example, in some aspects, a target endogenous gene includes a deletion or
mutation generated by a zinc finger nuclease, TALEN, or CRISPR/Cas9 system that renders
the gene or gene product non-functional. Such a deletion or mutation may occur in both

alleles of the target endogenous gene.

[0078] Knocking down the expression of an endogenous gene may comprise
introducing into the cells an inhibitory nucleic acid, such as a construct encoding a miRNA.
An inhibitory nucleic acid may inhibit the transcription of a gene or prevent the translation of
a gene transcript in a cell. An inhibitory nucleic acid may be from 16 to 1000 nucleotides
long, and in certain embodiments from 18 to 100 nucleotides long. In certain embodiments,
the inhibitory nucleic acid is an isolated nucleic acid that binds or hybridizes to a gene of
interest. The inhibitory nucleic acid may silence the expression of a target gene by at least
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%, and
preferably by at least 75%.

[0079] Inhibitory nucleic acids are well known in the art. For example, siRNA,
shRNA, miRNA and double-stranded RNA have been described in U.S. Patents 6,506,559
and 6,573,099, as well as in U.S. Patent Publications 2003/0051263, 2003/0055020,
2004/0265839, 2002/0168707, 2003/0159161, and 2004/0064842, all of which are herein
incorporated by reference in their entirety. In various aspects, knocking down the expression

of an endogenous gene may comprise the use of miRNA expression constructs, of multiple
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miRNAs and use thereof to knockdown target gene expression. In some aspects, the
expression constructs include a promoter element, a spacer sequence and a miRNA coding
sequence. Examples of such miRNA expression constructs can be found in WO
2019/186274 and U.S. Pat. 9,556,433, which are each incorporated herein by reference in

their entirety.

[0080] Within certain aspects expression vectors are employed to express a
nucleic acid of interest, such as a nucleic acid that inhibits the expression of a particular gene.
Expression requires that appropriate signals be provided in the vectors, and which include
various regulatory elements, such as enhancers/promoters from both viral and mammalian
sources that drive expression of the genes of interest in host cells. Elements designed to
optimize RNA stability in host cells also are defined. The conditions for the use of a number
of dominant drug selection markers for establishing permanent, stable cell clones expressing
the products are also provided, as is an element that links expression of the drug selection

markers to expression of the polypeptide.

A. Regulatory Elements

[0081] Throughout this application, the term “expression construct” or
“expression vector” i1s meant to include any type of genetic construct containing a nucleic
acid coding for a gene product in which part or all of the nucleic acid encoding sequence is
capable of being transcribed. The transcript may be translated into a protein, but it need not
be. In certain embodiments, expression includes both transcription of a gene and translation
of mRNA into a gene product. In other embodiments, expression only includes transcription
of the nucleic acid encoding a gene of interest i.e., as is the case with RNA molecules of the

embodiments.

[0082] In certain embodiments, the nucleic acid encoding a gene product is
under transcriptional control of a promoter. A “promoter” refers to a DNA sequence
recognized by the synthetic machinery of the cell, or introduced synthetic machinery,
required to initiate the specific transcription of a gene. The phrase “under transcriptional
control” means that the promoter is in the correct location and orientation in relation to the

nucleic acid to control RNA polymerase initiation and expression of the gene.

[0083] The term promoter will be used here to refer to a group of

transcriptional control modules that are clustered around the initiation site for eukaryotic
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RNA polymerase (Pol) I, IT or III. Much of the thinking about how promoters are organized
derives from analyses of several viral Pol II promoters, including those for the HSV
thymidine kinase (tk) and SV40 early transcription units. These studies, augmented by more
recent work, have shown that promoters are composed of discrete functional modules, each
consisting of approximately 7-20 bp of DNA, and containing one or more recognition sites

for transcriptional activator or repressor proteins.

[0084] At least one module in each promoter functions to position the start site
for RNA synthesis. The best known example of this is the TATA box, but in some promoters
lacking a TATA box, such as the promoter for the mammalian terminal deoxynucleotidyl
transferase gene and the promoter for the SV40 late genes, a discrete element overlying the

start site itself helps to fix the place of initiation.

[0085] Additional promoter elements regulate the frequency of transcriptional
initiation. Typically, these are located in the region 30-110 bp upstream of the start site,
although a number of promoters have recently been shown to contain functional elements
downstream of the start site as well. The spacing between promoter elements frequently is
flexible, so that promoter function is preserved when elements are inverted or moved relative
to one another. In the tk promoter, the spacing between promoter elements can be increased
to 50 bp apart before activity begins to decline. Depending on the promoter, it appears that
individual elements can function either co-operatively or independently to activate

transcription.

[0086] In some embodiments, the promoter comprises an Elongation Factor 1
short (EF 1s) promoter. In other embodiments, the human cytomegalovirus (CMV) immediate
early gene promoter, the SV40 early promoter, the Rous sarcoma virus long terminal repeat,
rat insulin promoter and glyceraldehyde-3-phosphate dehydrogenase can be used to obtain
high-level expression of the coding sequence of interest. The use of other viral or
mammalian cellular or bacterial phage promoters which are well-known in the art to achieve
expression of a coding sequence of interest is contemplated as well, provided that the levels

of expression are sufficient for a given purpose.

[0087] By employing a promoter with well-known properties, the level and
pattern of expression of the protein of interest following transfection or transformation can be

optimized. Further, selection of a promoter that is regulated in response to specific
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physiologic signals can permit inducible expression of the gene product. Tables 1 and 2 list
several regulatory elements that may be employed, in the context of the present invention, to
regulate the expression of the gene of interest. This list is not intended to be exhaustive of all
the possible elements involved in the promotion of gene expression but, merely, to be
exemplary thereof. In some aspects, a promoter for use according to the instant embodiments

is a non-tissue specific promoter, such as a constitutive promoter.

[0088] Enhancers are genetic elements that increase transcription from a
promoter located at a distant position on the same molecule of DNA. Enhancers are
organized much like promoters. That is, they are composed of many individual elements,

each of which binds to one or more transcriptional proteins.

[0089] The basic distinction between enhancers and promoters is operational.
An enhancer region as a whole must be able to stimulate transcription at a distance; this need
not be true of a promoter region or its component elements. On the other hand, a promoter
must have one or more elements that direct initiation of RNA synthesis at a particular site and
in a particular orientation, whereas enhancers lack these specificities. Promoters and
enhancers are often overlapping and contiguous, often seeming to have a very similar

modular organization.

[0090] Below is a list of viral promoters, cellular promoters/enhancers and
inducible promoters/enhancers that could be used in combination with the nucleic acid
encoding a gene or miRNA of interest in an expression construct (Table 1 and Table 2).
Additionally, any promoter/enhancer combination (as per the Eukaryotic Promoter Data Base
EPDB) could also be used to drive expression of the gene or miRNA of interest. Truncated
promoters may also be used to drive expression. Eukaryotic cells can support cytoplasmic
transcription from certain bacterial promoters if the appropriate bacterial polymerase is

provided, either as part of the delivery complex or as an additional genetic expression

construct.
TABLE 1
Promoter and/or Enhancer
Promoter/Enhancer References
Elongation Factor 1 alpha (EFla) | Kim ez al.,, 1990
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TABLE 1

Promoter and/or Enhancer

Promoter/Enhancer

References

Immunoglobulin Heavy Chain

Banerji et al., 1983; Gilles et al., 1983; Grosschedl
et al., 1985; Atchinson et al., 1986, Imler er al.,
1987, Weinberger ef al., 1988; Kiledjian et al.,
1988; Porton ef al.; 1990

Immunoglobulin Light Chain

Queen et al., 1983; Picard ef al., 1984

T-Cell Receptor

Luria ef al., 1987, Winoto ef al., 1989; Redondo et
al.; 1990

HLA DQ a and/or DQ 3

Sullivan ef al., 1987

B-Interferon

Goodbourn er al, 1986; Fujita et al,
Goodbourn et al., 1988

1987;

Interleukin-2

Greene et al., 1989

Interleukin-2 Receptor

Greene et al., 1989; Lin et al., 1990

MHC Class I1 5 Kochefal., 1989
MHC Class I HLA-DRa Sherman ez al., 1989
B-Actin Kawamoto ez al., 1988; Ng et al.; 1989

Muscle Creatine Kinase (MCK)

Jaynes et al., 1988; Horlick et al., 1989; Johnson et
al., 1989

Prealbumin (Transthyretin)

Costa et al., 1988

Elastase I

Ornitz et al., 1987

Metallothionein (MTII)

Karin et al., 1987; Culotta et al., 1989

Collagenase

Pinkert et al., 1987; Angel eral., 1987a

Albumin

Pinkert ez al., 1987, Tronche et al., 1989, 1990

o-Fetoprotein

Godbout ef al., 1988; Campere ef al., 1989

t-Globin Bodine ez al., 1987, Perez-Stable et al., 1990
B-Globin Trudel ef al., 1987

c-fos Cohenetal., 1987

c-HA-ras Triesman, 1986; Deschamps ef al., 1985
Insulin Edlund et al., 1985

Neural Cell Adhesion Molecule
(NCAM)

Hirsh et al., 1990

oL1-Antitrypain

Latimer ef al., 1990
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TABLE 1

Promoter and/or Enhancer

Promoter/Enhancer References

H2B (TH2B) Histone Hwang et al., 1990
Mouse and/or Type I Collagen Ripe et al., 1989
Glucose-Regulated Proteins | Chang ef al., 1989
(GRP94 and GRP78)

Rat Growth Hormone Larsen et al., 1986
Human Serum Amyloid A (SAA) | Edbrooke ef al., 1989
Troponin I (TN I) Yutzey et al., 1989
Platelet-Derived Growth Factor | Pech er al., 1989
(PDGF)

Duchenne Muscular Dystrophy Klamut ef al., 1990
SV40 Banerji ef al., 1981; Moreau et al., 1981; Sleigh et

al., 1985; Firak ef al., 1986; Herr et al., 1986;
Imbra et al., 1986; Kadesch ef al., 1986, Wang et
al., 1986; Ondek er al., 1987; Kuhl et al., 1987;
Schaffner ef al., 1988

Polyoma Swartzendruber et al., 1975, Vasseur et al., 1980;
Katinka et al., 1980, 1981; Tyndell ef al., 1981;
Dandolo et al., 1983; de Villiers ef al., 1984; Hen
et al., 1986; Satake er al., 1988; Campbell and
Villarreal, 1988

Retroviruses Kriegler ef al., 1982, 1983; Levinson ef al., 1982;
Kriegler ef al., 1983, 1984a, b, 1988; Bosze ef al.,
1986; Miksicek ez al., 1986; Celander et al., 1987,
Thiesen et al., 1988; Celander e al., 1988; Choi ef
al., 1988; Reisman ef al., 1989

Papilloma Virus Campo et al., 1983; Lusky ef al., 1983; Spandidos
and/or Wilkie, 1983; Spalholz ef al., 1985; Lusky
et al., 1986; Cripe ef al., 1987; Gloss et al., 1987;
Hirochika et al., 1987, Stephens et al., 1987

Hepatitis B Virus Bulla er al., 1988, Jameel et al., 1986; Shaul et al.,
1987; Spandau ez al., 1988; Vannice ef al., 1988

Human Immunodeficiency Virus | Muesing et al., 1987; Hauber et al, 1988;
Jakobovits ef al., 1988; Feng et al., 1988; Takebe
et al, 1988; Rosen et al., 1985; Berkhout et al.,
1989; Laspia et al., 1989, Sharp et al, 1989,
Braddock ez al., 1989

Cytomegalovirus (CMV) Weber et al., 1984; Boshart ef al., 1985; Foecking
et al | 1986
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TABLE 1

Promoter and/or Enhancer

Promoter/Enhancer

References

Gibbon Ape Leukemia Virus

Holbrook ef al., 1987; Quinn et al., 1989

TABLE 2

Inducible Elements

Element Inducer References
MTII Phorbol Ester (TFA) Palmiter et al, 1982
Heavy metals Haslinger et al, 1985;

Searle et al., 1985; Stuart
et al., 1985; Imagawa et
al., 1987, Karin ef al,
1987; Angel et al., 1987b;
McNeall et al., 1989

MMTV (mouse mammary | Glucocorticoids Huang ef al., 1981; Lee et
tumor virus) al., 1981, Majors et al.,
1983; Chandler ef al,
1983; Ponta er al., 1985,
Sakai et al., 1988
B-Interferon poly(rI)x Tavernier et al., 1983
poly(rc)
Adenovirus 5 E2 EIA Imperiale ez al., 1984
Collagenase Phorbol Ester (TPA) Angel et al., 1987a
Stromelysin Phorbol Ester (TPA) Angel et al., 1987b
Sv40 Phorbol Ester (TPA) Angel er al., 1987b
Murine MX Gene Interferon, Newcastle | Hug ef al., 1988
Disease Virus
GRP78 Gene A23187 Resendez et al., 1988
a-2-Macroglobulin IL-6 Kunz ez al., 1989
Vimentin Serum Rittling et al., 1989
MHC Class I Gene H-2xb | Interferon Blanar ef al., 1989
HSP70 ElA, SV40 Large T | Taylor et al, 1989, 1990a,
Antigen 1990b
Proliferin Phorbol Ester-TPA Mordacq et al., 1989
Tumor Necrosis Factor PMA Hensel et al., 1989
Thyroid Stimulating | Thyroid Hormone Chatterjee et al., 1989
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TABLE 2

Inducible Elements

Element Inducer References

Hormone oo Gene

[0091] Where any cDNA insert is employed, one will typically include a
polyadenylation signal to effect proper polyadenylation of the gene transcript. The nature of
the polyadenylation signal is not believed to be crucial to the successful practice of the
invention, and any such sequence may be employed such as human growth hormone and
SV40 polyadenylation signals. In some aspects, however, a polyadenylation signal sequence
is not included in a vector of the embodiments. For example, incorporation of such a signal

sequence in lentiviral vectors (before a 3’ LTR) can reduce resulting lentiviral titers.

[0092] A spacer sequence may be included in the nucleic acid construct. The
presence of a spacer appears to enhance knockdown efficiency of miRNA (Stegmeier ef al.,

2005). Spacers may be any nucleotide sequence. In some aspects, the spacer is GFP.

[0093] Also contemplated as an element of the expression cassette is a
terminator. These elements can serve to enhance message levels and to minimize read

through from the cassette into other sequences.

B. Selectable Markers

[0094] In certain embodiments of the invention, the cells contain nucleic acid
constructs of the present invention, a cell may be identified in vitro, ex vivo or in vivo by
including a marker in the expression construct. Such markers would confer an identifiable
change to the cell permitting easy identification of cells containing the expression construct.
Usually the inclusion of a drug selection marker aids in cloning and in the selection of
transformants, for example, genes that confer resistance to neomycin, puromycin,
hygromycin, DHFR, GPT, zeocin and histidinol are useful selectable markers. Alternatively,
enzymes such as herpes simplex virus thymidine kinase (k) or chloramphenicol
acetyltransferase (CAT) may be employed. Immunologic markers also can be employed.
The selectable marker employed is not believed to be important, so long as it is capable of
being expressed simultaneously with the nucleic acid encoding a gene product. Further

examples of selectable markers are well known to one of skill in the art.
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V. Delivery of Nucleic Acid Molecules and Expression Vectors
[0095] In certain aspects, vectors for delivery of nucleic acids of the

embodiments could be constructed to express these factors in cells. In a particular aspect, the

following systems and methods may be used in delivery of nucleic acids to desired cell types.

A. Homologous Recombination

[0096] In certain aspects of the embodiments, the vectors encoding nucleic acid
molecules of the embodiments may be introduced into cells in a specific manner, for
example, via homologous recombination. Current approaches to express genes in stem cells
have involved the use of viral vectors (e.g., lentiviral vectors) or transgenes that integrate
randomly in the genome. These approaches have not been successful due in part because the
randomly integrated vectors can activate or suppress endogenous gene expression, and/or the
silencing of transgene expression. The problems associated with random integration could be

partially overcome by homologous recombination to a specific locus in the target genome.

[0097] Homologous recombination (HR), also known as general
recombination, is a type of genetic recombination used in all forms of life in which nucleotide
sequences are exchanged between two similar or identical strands of DNA. The technique has
been the standard method for genome engineering in mammalian cells since the mid 1980s.
The process involves several steps of physical breaking and the eventual rejoining of DNA.
This process is most widely used in nature to repair potentially lethal double-strand breaks in
DNA. In addition, homologous recombination produces new combinations of DNA
sequences during meiosis, the process by which eukaryotes make germ cells like sperm and
ova. These new combinations of DNA represent genetic variation in offspring which allow
populations to evolutionarily adapt to changing environmental conditions over time.
Homologous recombination is also used in horizontal gene transfer to exchange genetic
material between different strains and species of bacteria and viruses. Homologous
recombination is also used as a technique in molecular biology for introducing genetic

changes into target organisms.

[0098] Homologous recombination can be used as targeted genome
modification. The efficiency of standard HR in mammalian cells is only 10 to 10® of cells
treated (Capecchi, 1990). The use of meganucleases, or homing endonucleases, such as I-Scel

have been used to increase the efficiency of HR. Both natural meganucleases as well as
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engineered meganucleases with modified targeting specificities have been utilized to increase
HR efficiency (Pingoud and Silva, 2007, Chevalier et al., 2002). Another path toward
increasing the efficiency of HR has been to engineer chimeric endonucleases with
programmable DNA specificity domains (Silva ef al., 2011). Zinc-finger nucleases (ZFN) are
one example of such a chimeric molecule in which Zinc-finger DNA binding domains are
fused with the catalytic domain of a Type IIS restriction endonuclease such as FoklI (as
reviewed in Durai ef al., 2005; W02005028630). Another class of such specificity molecules
includes Transcription Activator Like Effector (TALE) DNA binding domains fused to the
catalytic domain of a Type IIS restriction endonuclease such as Fokl (Miller ef al, 2011:
W02010079430).

B. Nucleic Acid Delivery Systems

[0099] One of skill in the art would be well equipped to construct a vector
through standard recombinant techniques (see, for example, Sambrook er al., 2001 and
Ausubel ef al., 1996, both incorporated herein by reference). Vectors include but are not
limited to, plasmids, cosmids, viruses (bacteriophage, animal viruses, and plant viruses), and
artificial chromosomes (e.g., YACs), such as retroviral vectors (e.g., derived from Moloney
murine leukemia virus vectors (MoMLV), MSCV, SFFV, MPSV, SNV efc), lentiviral vectors
(e.g., derived from HIV-1, HIV-2, SIV, BIV, FIV efc.), adenoviral (Ad) vectors including
replication competent, replication deficient and gutless forms thereof, adeno-associated viral
(AAV) vectors, simian virus 40 (SV-40) vectors, bovine papilloma virus vectors, Epstein-
Barr virus, herpes virus vectors, vaccinia virus vectors, Harvey murine sarcoma virus vectors,

murine mammary tumor virus vectors, Rous sarcoma virus vectors.

1. Episomal Vectors

[00100] The use of plasmid- or liposome-based extra-chromosomal (i.e.,
episomal) vectors may be also provided in certain aspects of the invention, for example, for
reprogramming of somatic cells. Such episomal vectors may include, e.g., oriP-based vectors,
and/or vectors encoding a derivative of EBV-protein EBNA-1. These vectors may permit
large fragments of DNA to be introduced to a cell and maintained extra-chromosomally,
replicated once per cell cycle, partitioned to daughter cells efficiently, and elicit substantially

Nno immune response.
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[00101] In particular, EBNA-1, the only viral protein required for the replication
of the oriP-based expression vector, does not elicit a cellular immune response because it has
developed an efficient mechanism to bypass the processing required for presentation of its
antigens on MHC class I molecules (Levitskaya ef al., 1997). Further, EBNA-1 can act in
frans to enhance expression of the cloned gene, inducing expression of a cloned gene up to
100-fold in some cell lines (Langle-Rouault e al., 1998; Evans ef al., 1997). Finally, the

manufacture of such oriP-based expression vectors is inexpensive.

[00102] Other extra-chromosomal vectors include other lymphotrophic herpes
virus-based vectors. Lymphotrophic herpes virus is a herpes virus that replicates in a
lymphoblast (e.g., a human B lymphoblast) and becomes a plasmid for a part of its natural
life-cycle. Herpes simplex virus (HSV) is not a "lymphotrophic" herpes virus. Exemplary
lymphotrophic herpes viruses include, but are not limited to EBV, Kaposi's sarcoma herpes
virus (KSHYV); Herpes virus saimiri (HS) and Marek's disease virus (MDV). Also other
sources of episome-based vectors are contemplated, such as yeast ARS, adenovirus, SV40, or

BPV.

[00103] One of skill in the art would be well equipped to construct a vector
through standard recombinant techniques (see, for example, Maniatis ef al, 1988 and

Ausubel et al., 1994, both incorporated herein by reference).

[00104] Vectors can also comprise other components or functionalities that
further modulate gene delivery and/or gene expression, or that otherwise provide beneficial
properties to the targeted cells. Such other components include, for example, components that
influence binding or targeting to cells (including components that mediate cell-type or tissue-
specific binding); components that influence uptake of the vector nucleic acid by the cell;
components that influence localization of the polynucleotide within the cell after uptake (such
as agents mediating nuclear localization); and components that influence expression of the

polynucleotide.

[00105] Such components also might include markers, such as detectable and/or
selection markers that can be used to detect or select for cells that have taken up and are
expressing the nucleic acid delivered by the vector. Such components can be provided as a
natural feature of the vector (such as the use of certain viral vectors which have components

or functionalities mediating binding and uptake), or vectors can be modified to provide such
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functionalities. A large variety of such vectors are known in the art and are generally
available. When a vector is maintained in a host cell, the vector can either be stably replicated
by the cells during mitosis as an autonomous structure, incorporated within the genome of the

host cell, or maintained in the host cell's nucleus or cytoplasm.

2. Transposon-based System

[00106] According to a particular embodiment the introduction of nucleic acids
may use a transposon - transposase system. The used transposon - transposase system could
be the well known Sleeping Beauty, the Frog Prince transposon - transposase system (for the
description of the latter see e.g., EP1507865), or the TTAA-specific transposon piggyback

system.

[00107] Transposons are sequences of DNA that can move around to different
positions within the genome of a single cell, a process called transposition. In the process,
they can cause mutations and change the amount of DNA in the genome. Transposons were

also once called jumping genes, and are examples of mobile genetic elements.

[00108] There are a variety of mobile genetic elements, and they can be grouped
based on their mechanism of transposition. Class 1 mobile genetic elements, or
retrotransposons, copy themselves by first being transcribed to RNA, then reverse transcribed
back to DNA by reverse transcriptase, and then being inserted at another position in the
genome. Class II mobile genetic elements move directly from one position to another using a

transposase to "cut and paste" them within the genome.

3. Viral Vectors

[00109] In generating recombinant viral vectors, non-essential genes are
typically replaced with a gene or coding sequence for a heterologous (or non-native) protein
or nucleic acid. Viral vectors are a kind of expression construct that utilizes viral sequences to
introduce nucleic acid and possibly proteins into a cell. The ability of certain viruses to infect
cells or enter cells via pH-dependent or pH-independent mechanisms, to integrate their
genetic cargo into a host cell genome and to express viral genes stably and efficiently have
made them attractive candidates for the transfer of foreign nucleic acids into cells (e.g,
mammalian cells). Non-limiting examples of virus vectors that may be used to deliver a

nucleic acid of certain aspects of the present invention are described below.
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[00110] Retroviruses have promise as gene delivery vectors due to their ability
to integrate their genes into the host genome, transferring a large amount of foreign genetic
material, infecting a broad spectrum of species and cell types and of being packaged in

special cell-lines (Miller, 1992).

[00111] In order to construct a retroviral vector, a nucleic acid is inserted into
the viral genome in the place of certain viral sequences to produce a virus that is
replication-defective. In order to produce virions, a packaging cell line containing the gag,
pol, and env genes but without the LTR and packaging components is constructed (Mann ez
al., 1983). When a recombinant plasmid containing a cDNA, together with the retroviral LTR
and packaging sequences is introduced into a special cell line (e.g., by calcium phosphate
precipitation for example), the packaging sequence allows the RNA transcript of the
recombinant plasmid (i.e., the vector genome) to be packaged into viral particles, which are
then secreted into the culture media (Nicolas and Rubenstein, 1988; Temin, 1986; Mann et
al., 1983). The media containing the recombinant retroviruses is then collected, optionally
concentrated, and used for gene transfer. Depending on the tropism of the envelope protein
used to cover the vector particles surface, retroviral vectors are able to infect a broad variety
of cell types. However, integration and stable expression require the division of host cells
(Paskind ef al., 1975).

[00112] Lentiviruses are complex retroviruses, which, in addition to the
common retroviral genes gag, pol, and env, contain other genes with regulatory or structural
function. Lentiviral vectors are well known in the art (see, for example, Naldini ef al., 1996;
Zufferey et al., 1997; Blomer et al., 1997, Giry-Laterriere ef al.,, 2011; U.S. Patents 6,013,516
and 5,994,136).

[00113] Recombinant lentiviral vectors are capable of infecting non-dividing
cells and can be used for both in vivo and ex vivo gene transfer and expression of nucleic acid
sequences. For example, recombinant lentivirus capable of infecting a non-dividing cell
wherein a suitable host cell is transfected with two or more vectors carrying the packaging
functions, namely gag, pol and env, as well as rev and that is described in U.S. Patent

5,994,136, incorporated herein by reference.
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C. Nucleic Acid Delivery

[00114] Introduction of a nucleic acid, such as DNA or RNA, into cells to be
programmed with the current invention may use any suitable methods for nucleic acid
delivery for transformation of a cell, as described herein or as would be known to one of
ordinary skill in the art. Such methods include, but are not limited to, direct delivery of DNA
such as by ex vivo transfection (Wilson e# al., 1989, Nabel er al, 1989), by injection (U.S.
Patent Nos. 5,994,624, 5,081,274, 5,945,100, 5,780,448, 5,736,524, 5,702,932, 5,656,610,
5,589,466 and 5,580,859, each incorporated herein by reference), including microinjection
(Harland and Weintraub, 1985; U.S. Patent No. 5,789,215, incorporated herein by reference);
by electroporation (U.S. Patent No. 5,384,253, incorporated herein by reference; Tur-Kaspa
et al., 1986; Potter et al., 1984); by calcium phosphate precipitation (Graham and Van Der
Eb, 1973; Chen and Okayama, 1987, Rippe et al., 1990); by using DEAE-dextran followed
by polyethylene glycol (Gopal, 1985); by direct sonic loading (Fechheimer et al., 1987); by
liposome mediated transfection (Nicolau and Sene, 1982; Fraley etal, 1979,
Nicolau et al., 1987, Wong ef al., 1980; Kaneda et al., 1989; Kato et al., 1991) and receptor-
mediated transfection (Wu and Wu, 1987, Wu and Wu, 1988); by microprojectile
bombardment (PCT Application Nos. WO 94/09699 and 95/06128; U.S. Patent Nos.
5,610,042; 5322,783 5,563,055, 5,550,318, 5,538,877 and 5,538,880, and each incorporated
herein by reference); by agitation with silicon carbide fibers (Kaeppler et al., 1990, U.S.
Patent Nos. 5,302,523 and 5,464,765, ecach incorporated herein by reference); by
Agrobacterium-mediated transformation (U.S. Patent Nos. 5,591,616 and 5,563,055, each
incorporated herein by reference); by desiccation/inhibition-mediated DNA uptake
(Potrykus ef al., 1985), and any combination of such methods. Through the application of
techniques such as these, organelle(s), cell(s), tissue(s) or organism(s) may be stably or

transiently transformed.

2. Liposome-Mediated Transfection

[00115] In a certain embodiment of the invention, a nucleic acid may be
entrapped in a lipid complex such as, for example, a liposome. Liposomes are vesicular
structures characterized by a phospholipid bilayer membrane and an inner aqueous medium.
Multilamellar liposomes have multiple lipid layers separated by aqueous medium. They form
spontaneously when phospholipids are suspended in an excess of aqueous solution. The lipid

components undergo self-rearrangement before the formation of closed structures and entrap
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water and dissolved solutes between the lipid bilayers (Ghosh and Bachhawat, 1991). Also
contemplated is a nucleic acid complexed with Lipofectamine (Gibco BRL) or Superfect
(Qiagen). The amount of liposomes used may vary upon the nature of the liposome as well as
the cell used, for example, about 5 to about 20 ug vector DNA per 1 to 10 million of cells

may be contemplated.

[00116] Liposome-mediated nucleic acid delivery and expression of foreign
DNA in vitro has been very successful (Nicolau and Sene, 1982; Fraley et al, 1979,
Nicolau ef al., 1987). The feasibility of liposome-mediated delivery and expression of foreign
DNA in cultured chick embryo, HeLa and hepatoma cells has also been demonstrated
(Wong et al., 1980).

[00117] In certain embodiments of the invention, a liposome may be complexed
with a hemagglutinating virus (HVJ). This has been shown to facilitate fusion with the cell
membrane and promote cell entry of liposome-encapsulated DNA (Kaneda ef al,, 1989). In
other embodiments, a liposome may be complexed or employed in conjunction with nuclear
non-histone chromosomal proteins (HMG-1) (Kato ef al,, 1991). In yet further embodiments,
a liposome may be complexed or employed in conjunction with both HVJ and HMG-1. In

other embodiments, a delivery vehicle may comprise a ligand and a liposome.

3. Electroporation

[00118] In certain embodiments of the present invention, a nucleic acid is
introduced into an organelle, a cell, a tissue or an organism via electroporation.
Electroporation involves the exposure of a suspension of cells and DNA to a high-voltage
electric discharge. Recipient cells can be made more susceptible to transformation by
mechanical wounding. Also the amount of vectors used may vary upon the nature of the cells
used, for example, about 5 to about 20 pg vector DNA per 1 to 10 million of cells may be

contemplated.

[00119] Transfection of eukaryotic cells using electroporation has been quite
successful. Mouse pre-B  lymphocytes have been transfected with human
kappa-immunoglobulin genes (Potter e al., 1984), and rat hepatocytes have been transfected

with the chloramphenicol acetyltransferase gene (Tur-Kaspa ez al., 1986) in this manner.
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4. Calcium Phosphate
[00120] In other embodiments of the present invention, a nucleic acid is

introduced to the cells using calcium phosphate precipitation. Human KB cells have been
transfected with adenovirus 5 DNA (Graham and Van Der Eb, 1973) using this technique.
Also in this manner, mouse L(A9), mouse C127, CHO, CV-1, BHK, NIH3T3 and HeLa cells
were transfected with a neomycin marker gene (Chen and Okayama, 1987), and rat

hepatocytes were transfected with a variety of marker genes (Rippe ef al., 1990).

5. DEAE-Dextran

[00121] In another embodiment, a nucleic acid is delivered into a cell using
DEAE-dextran followed by polyethylene glycol. In this manner, reporter plasmids were

introduced into mouse myeloma and erythroleukemia cells (Gopal, 1985).

D. Cell Culturing

[00122] Generally, cells of the present invention are cultured in a culture

medium, which is a nutrient-rich buffered solution capable of sustaining cell growth.

[00123] Culture media suitable for isolating, expanding and differentiating stem
cells according to the method described herein include but not limited to high glucose
Dulbecco’s Modified Eagle’s Medium (DMEM), DMEM/F-12, Liebovitz L-15, RPMI 1640,
Iscove’s modified Dulbecco’s media (IMDM), and Opti-MEM SFM (Invitrogen Inc.).
Chemically Defined Medium comprises a minimum essential medium such as Iscove’s
Modified Dulbecco’s Medium (IMDM) (Gibco), supplemented with human serum albumin,
human Ex Cyte lipoprotein, transferrin, insulin, vitamins, essential and non-essential amino
acids, sodium pyruvate, glutamine and a mitogen is also suitable. As used herein, a mitogen
refers to an agent that stimulates cell division of a cell. An agent can be a chemical, usually
some form of a protein that encourages a cell to commence cell division, triggering mitosis.
In one embodiment, serum free media such as those described in U.S. Pat. No. 5,908,782 and
WQ096/39487, and the "complete media" as described in U.S. Pat. No. 5,486,359 are
contemplated for use with the method described herein. In some embodiments, the culture
medium is supplemented with 10% Fetal Bovine Serum (FBS), human autologous serum,
human AB serum or platelet rich plasma supplemented with heparin (2 U/mL). Cell cultures
may be maintained in a CO; atmosphere, e.g., 5% to 12%, to maintain pH of the culture fluid,

incubated at 37°C in a humid atmosphere and passaged to maintain a confluence below 85%.
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VI Immune Effector Cells

[00124] Immune effectors cells may be T cells (e.g., regulatory T cells, CD4+
T cells, CD8+ T cells, or gamma-delta T cells), natural killer (NK) cells, invariant NK cells,
or NKT cells. Also provided herein are methods of producing and engineering the immune
effector cells as well as methods of using and administering the cells for adoptive cell
therapy, in which case the cells may be autologous or allogeneic. Thus, the immune effector

cells may be used as immunotherapy, such as to target cancer cells.

[00125] The immune effector cells may be isolated from subjects, particularly
human subjects. The immune effector cells can be obtained from a subject of interest, such as
a subject suspected of having a particular disease or condition, a subject suspected of having
a predisposition to a particular disease or condition, a subject who is undergoing therapy for a
particular disease or condition, a subject who is a healthy volunteer or healthy donor, or from
a blood bank. Immune effector cells can be collected, enriched, and/or purified from any
tissue or organ in which they reside in the subject including, but not limited to, blood, cord
blood, spleen, thymus, lymph nodes, bone marrow, tissues removed and/or exposed during
surgical procedures, and tissues obtained via biopsy procedures. The isolated immune
effector cells may be used directly, or they can be stored for a period of time, such as by

freezing.

[00126] Tissues/organs from which the immune effector cells are enriched,
isolated, and/or purified may be isolated from both living and non-living subjects, wherein
the non-living subjects are organ donors. Inmune effector cells isolated from cord blood may
have enhanced immunomodulation capacity, such as measured by CD4- or CD8-positive T
cell suppression. The immune effector cells may be isolated from pooled blood, particularly
pooled cord blood, for enhanced immunomodulation capacity. The pooled blood may be from

2 or more sources, such as 3,4, 5, 6,7, 8, 9, 10 or more sources (e.g., donor subjects).

[00127] The population of immune cells can be obtained from a subject in need
of therapy or suffering from a disease associated with reduced immune effector cell activity.
Thus, the cells will be autologous to the subject in need of therapy. Alternatively, the
population of immune effector cells can be obtained from a donor, preferably an allogeneic
donor. Allogeneic donor cells may or may not be human-leukocyte-antigen (HLA)-
compatible. To be rendered subject-compatible, allogeneic cells can be treated to reduce

immunogenicity.
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[00128] Sources of immune effector cells include both allogeneic and
autologous sources. In some cases, immune effector cells may be differentiated from stem
cells or induced pluripotent stem cells (iPSCs). Thus, cell for engineering according to the
embodiments can be isolated from umbilical cord blood, peripheral blood, human embryonic
stem cells, or iPSCs. For example, allogeneic T cells can be modified to include a chimeric
antigen receptor (and optionally, to lack functional TCR and/or MHC). In some aspects, the
immune effector cells are primary human T cells, such as T cells derived from human
peripheral blood mononuclear cells (PBMC), PBMC collected after stimulation with G-CSF,
bone marrow, or umbilical cord blood. Following transfection or transduction (e.g., with a
CAR expression construct), the cells may be immediately infused or may be stored. In
certain aspects, following transfection, the cells may be propagated for days, weeks, or
months ex vivo as a bulk population within about 1, 2, 3, 4, 5 days or more following gene
transfer into cells. In a further aspect, following transfection, the transfectants are cloned and
a clone demonstrating presence of a single integrated or episomally maintained expression
cassette or plasmid, and expression of the chimeric antigen receptor is expanded ex vivo. The
clone selected for expansion demonstrates the capacity to specifically recognize and lyse
antigen-expressing target cells. The recombinant T cells may be expanded by stimulation
with IL-2, or other cytokines that bind the common gamma-chain (e.g., IL-7, 1L-12, IL-15,
IL-21, and others). The recombinant T cells may be expanded by stimulation with artificial
antigen presenting cells. The recombinant T cells may be expanded on artificial antigen
presenting cell or with an antibody, such as OKT3, which cross links CD3 on the T cell
surface. Subsets of the recombinant T cells may be deleted on artificial antigen presenting
cell or with an antibody, such as Campath, which binds CD52 on the T cell surface. In a
further aspect, the genetically modified cells may be cryopreserved.

[00129] In further aspects, immune effector cells of the embodiment have been
selected for high mitochondrial spare respiratory capacity (SRC). As used herein an
“immune effector cell having high mitochondrial SRC” refers to an immune effector cell
(e.g., a T-cell) having higher mitochondria activity or mitochondria number than a
corresponding average immune effector cell (e.g., a T-cell). Thus, in some aspects, a cell
composition of the embodiments comprises a population of immune effector cells having
high mitochondrial SRC, for example a population of CAR-expressing T-cell having high
mitochondrial SRC.
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[00130] Immune effector cells, such as CD8" T cells, with high mitochondrial
SRC may exhibit enhanced survival relative to cells with lower SRC during stress conditions,
such as high tumor burden, hypoxia, lack of nutrients for glycolysis, or a suppressive
cytokine milieu. Moreover, immune effector cells selected for high mitochondrial SRC may
retain cytotoxic activity, even under stress conditions. Accordingly, by selecting immune
effector cells with high mitochondrial SRC improved cell composition for both therapy and

for testing of CAR constructs can be produced.

[00131] In one aspects, transgenic immune effector cells are provided that
comprise a reporter that can be used to determine the mitochondrial SRC of the transgenic
effector cells. For example, transgenic cells may comprise a reporter polypeptide that is
linked to a mitochondria localization signal. For example, the reporter can be a fluorescent
polypeptide such an enhanced Yellow Fluorescence Protein (YFP) or an enhanced Green
Fluorescence Protein (EGFP) and the mitochondria localization signal can be from
glutaredoxin (Grx2). In this context the fluorescence reporter identifies CAR+ T cells with
high mitochondrial SRC. For example, the transgenic cells expressing the reporter can be
sorted based on intensity fluorescence and infused for tumor killing in vivo. Likewise, the
transgenic cells could be tested for ex vivo killing of target cells to determine, for example,

the therapeutic effectiveness of a candidate CAR polypeptide.

[00132] In some aspects, the mitochondrial reporter gene for use according to
the embodiments may be an endogenous gene. In further aspects, the mitochondrial reporter
gene may be an exogenous gene, such as a gene encoding a fluorescent reporter protein. In
some aspects, the fluorescent reporter protein may comprise a mitochondrial localization
sequence. In certain aspects, a method for selecting immune effector cells having high SRC

may comprise flow cytometry or FACS.

[00133] In certain aspects, expression of the reporter gene for identifying
immune effector cells with SRC may be under the control of a nuclear promoter (e.g.,
hEF1a). In certain aspects, expression of the reporter gene may be under the control of a
mitochondrial promoter. In certain aspects, the expressed reporter protein may comprise a
mitochondrial localization sequence. In certain aspects, the expressed reporter protein may
be directed to the cell surface. In certain aspects, expression of the reporter gene may be
under the control of a mitochondrial promoter and the expressed reporter protein may be

directed to the cell surface. In some aspects, an exogenous reporter gene may be flanked by a
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transposon repeat or a viral LTR. In some aspects, an exogenous reporter gene may be

comprised in an extrachromosomal nucleic acid, such as an mRNA or an episomal vector.

VII. Methods for Propagating Immune Effector Cells

[00134] In some cases, immune effector cells of the embodiments (e.g., T-cells)
are co-cultured with activating and propagating cells (AaPCs), to aid in cell expansion. For
example, antigen presenting cells (APCs) are useful in preparing therapeutic compositions
and cell therapy products of the embodiments. For general guidance regarding the preparation
and use of antigen-presenting systems, see, e.g., U.S. Pat. Nos. 6,225,042, 6,355,479,
6,362,001 and 6,790,662; U.S. Patent Application Publication Nos. 2009/0017000 and
2009/0004142; and International Publication No. WO02007/103009, each of which is

incorporated by reference.

[00135] In some cases, AaPCs express an antigen of interest (e.g., a CoV spike
protein). Furthermore, in some cases, APCs can express an antibody that binds to either a
specific CAR polypeptide or to CAR polypeptides in general (e.g., a universal activating and
propagating cell (UAPC). Such methods are disclosed in International (PCT) Patent Pub. no.
WO0/2014/190273, which is incorporated herein by reference. In addition to antigens of
interest, the AaPC systems may also comprise at least one exogenous assisting molecule. Any
suitable number and combination of assisting molecules may be employed. The assisting
molecule may be selected from assisting molecules such as co-stimulatory molecules and
adhesion molecules. Exemplary co-stimulatory molecules include CD70 and B7.1 (B7.1 was
previously known as B7 and also known as CD80), which among other things, bind to CD28
and/or CTLA-4 molecules on the surface of T cells, thereby affecting, for example, T-cell
expansion, Thl differentiation, short-term T-cell survival, and cytokine secretion such as
interleukin (IL)-2 (see Kim et al., 2004). Adhesion molecules may include carbohydrate-
binding glycoproteins such as selectins, transmembrane binding glycoproteins such as
integrins, calcium-dependent proteins such as cadherins, and single-pass transmembrane
immunoglobulin (Ig) superfamily proteins, such as intercellular adhesion molecules
(ICAMs), that promote, for example, cell-to-cell or cell-to-matrix contact. Exemplary
adhesion molecules include LFA-3 and ICAMs, such as ICAM-1. Techniques, methods, and
reagents useful for selection, cloning, preparation, and expression of exemplary assisting
molecules, including co-stimulatory molecules and adhesion molecules, are exemplified in,

e.g., US. Pat. Nos. 6,225,042, 6,355,479, and 6,362,001, incorporated herein by reference.
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[00136] Cells selected to become AaPCs, preferably have deficiencies in
intracellular antigen-processing, intracellular peptide trafficking, and/or intracellular MHC
Class I or Class IT molecule-peptide loading, or are poikilothermic (i.e., less sensitive to
temperature challenge than mammalian cell lines), or possess both deficiencies and
poikilothermic properties. Preferably, cells selected to become AaPCs also lack the ability to
express at least one endogenous counterpart (e.g., endogenous MHC Class I or Class 11
molecule and/or endogenous assisting molecules as described above) to the exogenous MHC
Class I or Class II molecule and assisting molecule components that are introduced into the
cells. Furthermore, AaPCs preferably retain the deficiencies and poikilothermic properties
that were possessed by the cells prior to their modification to generate the AaPCs. Exemplary
AaPCs either constitute or are derived from a transporter associated with antigen processing
(TAP)-deficient cell line, such as an insect cell line. An exemplary poikilothermic insect cells
line is a Drosophila cell line, such as a Schneider 2 cell line (see, e.g., Schneider 1972)
Mustrative methods for the preparation, growth, and culture of Schneider 2 cells, are

provided in U.S. Pat. Nos. 6,225,042, 6,355,479, and 6,362,001.

[00137] In one embodiment, AaPCs are also subjected to a freeze-thaw cycle.
In an exemplary freeze-thaw cycle, the AaPCs may be frozen by contacting a suitable
receptacle containing the AaPCs with an appropriate amount of liquid nitrogen, solid carbon
dioxide (i.e., dry ice), or similar low-temperature material, such that freezing occurs rapidly.
The frozen APCs are then thawed, either by removal of the AaPCs from the low-temperature
material and exposure to ambient room temperature conditions, or by a facilitated thawing
process in which a lukewarm water bath or warm hand is employed to facilitate a shorter
thawing time. Additionally, AaPCs may be frozen and stored for an extended period of time
prior to thawing. Frozen AaPCs may also be thawed and then lyophilized before further use.
Preferably, preservatives that might detrimentally impact the freeze-thaw procedures, such as
dimethyl sulfoxide (DMSO), polyethylene glycols (PEGs), and other preservatives, are
absent from media containing AaPCs that undergo the freeze-thaw cycle, or are essentially
removed, such as by transfer of AaPCs to media that is essentially devoid of such

preservatives.

[00138] In further embodiments, xenogenic nucleic acid and nucleic acid
endogenous to the AaPCs, may be inactivated by crosslinking, so that essentially no cell

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

VII. Therapeutic Applications

[00139] In some aspects, the CAR bridging proteins and chimeric antigen
receptor constructs and cells of the embodiments find application in subjects having or
suspected of having a coronavirus infection. Suitable immune effector cells that can be used
include cytotoxic lymphocytes (CTL). As is well-known to one of skill in the art, various
methods are readily available for isolating these cells from a subject. For example, using cell
surface marker expression or using commercially available kits (e.g., ISOCELL™ from
Pierce, Rockford, 1I1.).

[00140] Once it is established that the transfected or transduced immune
effector cell (e.g., T cell) is capable of expressing the chimeric antigen receptor as a surface
membrane protein with the desired regulation and at a desired level, it can be determined
whether the chimeric antigen receptor is functional in the host cell to provide for the desired
signal induction. Subsequently, the transduced immune effector cells are reintroduced or
administered to the subject to activate anti-tumor responses in the subject. To facilitate
administration, the transduced T cells according to the embodiments can be made into a
pharmaceutical composition or made into an implant appropriate for administration in vivo,
with appropriate carriers or diluents, which further can be pharmaceutically acceptable. The
means of making such a composition or an implant have been described in the art (see, for
instance, Remington's Pharmaceutical Sciences, 16th Ed., Mack, ed, 1980). Where
appropriate, the transduced T cells can be formulated into a preparation in semisolid or liquid

form, such as a capsule, solution, injection, inhalant, or aerosol, in the usual ways for their
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respective route of administration. Means known in the art can be utilized to prevent or
minimize release and absorption of the composition until it reaches the target tissue or organ,
or to ensure timed-release of the composition. Desirably, however, a pharmaceutically
acceptable form is employed that does not ineffectuate the cells expressing the chimeric
antigen receptor. Thus, desirably the transduced T cells can be made into a pharmaceutical
composition containing a balanced salt solution, preferably Hanks' balanced salt solution, or

normal saline.

[00141] In certain embodiments, CAR-expressing cells of the embodiments are
delivered to an individual in need thereof, such as an individual that has cancer or an
infection. The cells then enhance the individual’s immune system to attack the respective
cancer or pathogen-infected cells. In some cases, the individual is provided with one or more
doses of the antigen-specific CAR cells. In cases where the individual is provided with two
or more doses of the antigen-specific CAR cells, the duration between the administrations
should be sufficient to allow time for propagation in the individual, and in specific
embodiments the duration between doses is 1, 2, 3, 4, 5, 6, 7, or more days. Suitable doses for
a therapeutic effect would be at least 10° or between about 10 and about 10'° cells per dose,
for example, preferably in a series of dosing cycles. An exemplary dosing regimen consists
of four one-week dosing cycles of escalating doses, starting at least at about 10° cells on Day
0, for example increasing incrementally up to a target dose of about 101 cells within several
weeks of initiating an intra-patient dose escalation scheme. Suitable modes of administration
include intravenous, subcutaneous, intracavitary (for example by reservoir-access device),

intraperitoneal, and direct injection into a tumor mass.

[00142] In certain embodiments, the CAR-expressing cells are delivered to an
individual in need thereof prior to the delivery of a bridging protein. In some cases, the
duration between the administration of the CAR-expressing cells and the bridging protein
may be 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 2 weeks,
3 weeks, 4 weeks, 5 weeks, 6 weeks, 1 month, 2 months, 3 months, 4 months, 5 months, 6
months, 7 months, 8 months, 9 months, or more. In some cases, the individual is provided
with one or more doses of the CAR-expressing cells and/or the bridging protein. In cases
where the individual is provided with two or more doses of the CAR-expressing cells and/or
the bridging protein, the duration between the administrations between doses may be [, 2, 3,

4,5, 6,7, or more days.
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[00143] In certain embodiments, the CAR-expressing cells are delivered to an
individual in need thereof after the delivery of a bridging protein. In some cases, the duration
between the administration of the bridging protein and the CAR-expressing cells may be 1
day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 2 weeks, 3 weeks,
4 weeks, 5 weeks, 6 weeks, 1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 7
months, 8 months, 9 months, or more. In some cases, the individual is provided with one or
more doses of the CAR-expressing cells and/or the bridging protein. In cases where the
individual is provided with two or more doses of the CAR-expressing cells and/or the
bridging protein, the duration between the administrations between doses may be |, 2, 3, 4, 5,

6, 7, or more days.

[00144] In certain embodiments, the CAR-expressing cells are delivered to an
individual in need thereof simultaneously with the delivery of a bridging protein. In some
cases, the individual is provided with one or more doses of the CAR-expressing cells and/or
the bridging protein. The second or more delivery may be of only CAR-expressing cells,
only of bridging protein, or of a combination of the two. In cases where the individual is
provided with two or more doses of the CAR-expressing cells and/or the bridging protein, the

duration between the administrations between doses may be |, 2, 3, 4, 5, 6, 7, or more days.

[00145] In some cases, a patient that has been previously treated with CAR-
expressing cells may be treated with a bridging protein to re-direct the effector functions of
the CAR-expressing cells. In some cases, a patient that has been previously treated with
CAR-expressing cells and a bridging protein may be treating with a different bridging protein
to re-direct the effector functions of the CAR-expressing cells. This may be done to treat a

new tumor or a new infection in the patient. This may be done in the case of antigen loss.

[00146] In any of the provided embodiments, a patient may be treated with
more than one bridging protein in order to direct the effector functions of the CAR-

expressing cells to multiple targets.

[00147] A pharmaceutical composition of the embodiments (e.g., comprising
CAR-expressing T-cells) can be used alone or in combination with other well-established
agents useful for treating cancer. Whether delivered alone or in combination with other
agents, the pharmaceutical composition of the embodiments can be delivered via various

routes and to various sites in a mammalian, particularly human, body to achieve a particular
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effect. One skilled in the art will recognize that, although more than one route can be used
for administration, a particular route can provide a more immediate and more effective
reaction than another route. For example, intradermal delivery may be used for the treatment
of melanoma. Local or systemic delivery can be accomplished by administration comprising
application or instillation of the formulation into body cavities, inhalation or insufflation of
an aerosol, or by parenteral introduction, comprising intramuscular, intravenous, intraportal,

intrahepatic, peritoneal, subcutaneous, or intradermal administration.

[00148] A composition of the embodiments can be provided in unit dosage
form wherein each dosage unit, e.g., an injection, contains a predetermined amount of the
composition, alone or in appropriate combination with other active agents. The term unit
dosage form as used herein refers to physically discrete units suitable as unitary dosages for
human and animal subjects, each unit containing a predetermined quantity of the composition
of the embodiments, alone or in combination with other active agents, calculated in an
amount sufficient to produce the desired effect, in association with a pharmaceutically
acceptable diluent, carrier, or vehicle, where appropriate. The specifications for the unit
dosage forms of the embodiments depend on the particular pharmacodynamics associated

with the pharmaceutical composition in the particular subject.

[00149] Desirably an effective amount or sufficient number of the isolated
transduced T cells is present in the composition and introduced into the subject such that
long-term, specific, anti-tumor responses are established to reduce the size of a tumor or
eliminate tumor growth or regrowth than would otherwise result in the absence of such
treatment. Desirably, the amount of transduced T cells reintroduced into the subject causes a
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 98%, or 100% decrease in tumor
size when compared to otherwise same conditions wherein the transduced T cells are not
present. As used herein the term “anti-tumor effective amount” refers to an effective amount

of CAR-expressing immune effector cells to reduce cancer cell or tumor growth in a subject.

[00150] Accordingly, the amount of transduced immune effector cells (e.g., T
cells) administered should take into account the route of administration and should be such
that a sufficient number of the transduced immune effector cells will be introduced so as to
achieve the desired therapeutic response. Furthermore, the amounts of each active agent
included in the compositions described herein (e.g., the amount per each cell to be contacted

or the amount per certain body weight) can vary in different applications. In general, the
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concentration of transduced T cells desirably should be sufficient to provide in the subject
being treated at least from about 1 x 10° to about 1 x 10° transduced T cells, even more
desirably, from about 1 x 107 to about 5 x 10® transduced T cells, although any suitable
amount can be utilized either above, e.g., greater than 5 x 10® cells, or below, e.g., less than 1
% 107 cells. The dosing schedule can be based on well-established cell-based therapies (see,
e.g., Topalian and Rosenberg, 1987; U.S. Pat. No. 4,690,915), or an alternate continuous

infusion strategy can be employed.

[00151] These values provide general guidance of the range of transduced T
cells to be utilized by the practitioner upon optimizing the method of the embodiments. The
recitation herein of such ranges by no means precludes the use of a higher or lower amount of
a component, as might be warranted in a particular application. For example, the actual dose
and schedule can vary depending on whether the compositions are administered in
combination with other pharmaceutical compositions, or depending on interindividual
differences in pharmacokinetics, drug disposition, and metabolism. One skilled in the art
readily can make any necessary adjustments in accordance with the exigencies of the

particular situation.
IX. Kits of the Embodiments

[00152] Any of the compositions described herein may be comprised in a kit.
In some embodiments, CAR bridging proteins and/or CAR-expressing immune effector cells
are provided in the kit, which also may include reagents suitable for expanding the cells, such
as media, APCs, engineered APCs, growth factors, antibodies (e.g., for sorting or

characterizing CAR-expressing cells) and/or plasmids encoding transgenes.

[00153] In a non-limiting example, a chimeric antigen receptor expression
construct, one or more reagents to generate a chimeric antigen receptor expression construct,
cells for transfection of the expression construct, and/or one or more instruments to obtain
allogeneic cells for transfection of the expression construct (such an instrument may be a

syringe, pipette, forceps, and/or any such medically approved apparatus).

[00154] In some embodiments, an expression construct for eliminating
endogenous TCR a/p expression and/or MHC expression (e.g., beta-2 microglobulin), one or
more reagents to generate the construct, and/or CAR+ cells are provided in the kit. In some

embodiments, there includes expression constructs that encode zinc finger nuclease(s).
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[00155] In some aspects, the kit comprises reagents or apparatuses for
electroporation of cells.
[00156] The kits may comprise one or more suitably aliquoted compositions of

the embodiments or reagents to generate compositions of the embodiments. The components
of the kits may be packaged either in aqueous media or in lyophilized form. The container
means of the kits may include at least one vial, test tube, flask, bottle, syringe, or other
container means, into which a component may be placed, and preferably, suitably aliquoted.
Where there is more than one component in the kit, the kit also will generally contain a
second, third, or other additional container into which the additional components may be
separately placed. However, various combinations of components may be comprised in a
vial. The kits of the embodiments also will typically include a means for containing the
chimeric antigen receptor construct and any other reagent containers in close confinement for
commercial sale. Such containers may include injection or blow molded plastic containers

into which the desired vials are retained, for example.
X. Examples

[00157] The following examples are included to demonstrate preferred
embodiments of the invention. It should be appreciated by those of skill in the art that the
techniques disclosed in the examples which follow represent techniques discovered by the
inventor to function well in the practice of the invention, and thus can be considered to
constitute preferred modes for its practice. However, those of skill in the art should, in light
of the present disclosure, appreciate that many changes can be made in the specific
embodiments which are disclosed and still obtain a like or similar result without departing

from the spirit and scope of the invention.
Example 1 — Construction of CAR-antigen bridging protein

[00158] The inventors sought to develop a bridge protein to re-direct HIV-
specific CAR T cells to an antigen expressed on tumour cells, and thereby demonstrate
killing of these target cells. To this end, a bridging protein was created by conjugating or
fusing gp120t to an antigen binding domain, such as an antibody that binds to a target antigen

of interest.
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A. Methodology

[00159] Construct design and molecular cloning. Anti-HIV CAR T cells were
previously developed based on the use of a truncated CD4 (CD4t) extracellular domain
(CAR4), which recognizes HIV envelope (env, gp120) protein. Unlike the full-length CD4
glycoprotein, which contains four immunoglobulin domains (D1 to D4), CD4t makes use of a
truncated CD4 protein that consists of the D1 and D2 domains. Therefore, the CAR-modified
cells will bind HIV env on infected cells. The essential CAR4 design is presented in FIG. 5.

[00160] Lentiviral vector production. Lentiviral vectors were produced by
transfecting HEK293T cells with CAR-carrying plasmids, as well as lentiviral packaging
plasmids PAX2 and VSVg. The cell culture medium was replenished at 4-6 hours and
subsequently harvested at 12-24-48 hours for viral particle collection. The culture medium
was collected, filtered to remove cellular debris, and viral particles enriched using
ultracentrifugation (19,500 rpm, 2 hours). Final aliquots of concentrated lentiviral vectors
were stored at -80°C. Functional viral vector titres were assessed by transducing HT1080

cells over a range of dilutions and measuring the percentage of cells expressing the RQRS.

[00161] Cells and cell lines. Primary T cells were prepared from anonymised
buffy coat blood units procured from the Blood Transfusion Centre of the University Hospital
of Geneva. Peripheral blood mononuclear cells (PBMCs) were isolated using Ficoll, T cells
separated using Miltenyi CD4/CD8 microbeads and cryopreserved in aliquots in liquid
nitrogen. In these proof of principle investigations, HL-60 cells transduced to express CD117

were used as target cells.

[00162] CAR T cell manufacturing. Cryopreserved T cells were thawed,
cultured overnight in TexMACS medium, and activated the following day using either
CD3/CD28 microbeads (1:1 ratio) or TransAct (Miltenyi), and virally transduced with CAR
constructs at a multiplicity of infection (MOI) of 3-7. Transductions were performed in high
density volumes (2 million cells per ml per cm?), and the medium replenished after 18-24
hours and every other day thereafter for T-cell maintenance at a cell density 1 million per

mL.

[00163] Flow cytometry was performed 5-7 days post-transduction of T cells.
Cells were harvested, washed, resuspended in FACS buffer (Ca/Mg2+ Free PBS, 2 mM
EDTA, 0.5% BSA) and stained for 20-30 min with CD34 antibody (QBEnd10) to assess the
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frequency of reporter gene (RQRS) expressing cells. Following staining, cells were washed
with PBS, resuspended in FACS buffer, and cell surface expression was assessed via flow

cytometry.

[00164] Bridge protein design and production. A bridge protein construct was
designed based on the chemical conjugation of a truncated glycoprotein 120 (gp120t) to IgG
and diabody antibody formats. A truncated gp120 fragment of 11 amino acids was chemically
synthesized (SSGGDPEIVTH; SEQ ID NO: 6) with a maleimide loop. To allow for
conjugation, IgG and diabody proteins were produced with cysteine residues. Chemical
conjugation was initiated with dithiothreitol (DTT) reduction and the addition gpl20t-
maleimide (FIG. 6).

[00165] Cytotoxicity assays. CAR4 T cells were co-cultured for 18-24 hours
with target cells at an effector to target ratio of 1:1. Conjugated antibodies were also added to
a final concentration of 500 nM. The ability of CAR4 T cells to bind to the tumor-associated
antigen (CD117 in this case) on HL-60 cells was assessed by measuring the proportional

decreases in the percentage of viable target cells remaining in the co-cultures.

B. Results

[00166] Bridge protein binds CD4 and is redirected to kill tumour cells. The
inventors first set out to demonstrate successful conjugation of gp120t to an IgG, and binding
to CD4 protein expressed on T cells (FIG. 7A). To test this, primary T cells were exposed to
varying concentrations of the IgG-conjugates for 30 min, followed by two washes to remove
unbound IgG, and staining with FITC-labelled protein A for detection of CD4-bound IgG
protein. The IgG-conjugate proteins were able to bind natural CD4 on primary T cells, and
importantly, recapitulate an equivalent percentage of CD4 positive cells when compared to

using an anti-CD4 antibody (58.5% and 56.9%, respectively).

[00167] Next, a similar experiment was performed to confirm binding of the
IgG-conjugate to CAR4 receptors (FIG. 7B). For this, HT1080 cells were transduced with
lentiviral vectors carrying a CAR4 construct, and the cells exposed to varying concentrations
of either IgG or IgG-conjugated proteins. As seen in flow cytometric histograms in FIG. 7B,
there was an evident and proportional increase in the median fluorescent intensity (MFI) of
FITC-labelled Protein-A when using the IgG-conjugated bridge proteins, but which was not

observed when using IgG alone.
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[00168] Finally, the inventors sought to demonstrate that the bridge proteins
were able to re-direct CAR4 T cells to target and kill tumour cells (FIGS. 7C and 7D). In this
experiment, CD117-expressing HL.-60 tumour cells were co-cultured with CAR4 T-cells (1:1
ratio) and various bridge protein configurations (500 nM). The inventors also created an anti-
CD117 diabody, which was conjugated with gp120t in this assessment. Following a 24 co-
culture, significantly increased cytotoxicity of target cells was observed when using IgG-
conjugated (65%) and diabody-conjugated (90%) bridge proteins when normalized to
controls (CAR4 T cells only, no bridge proteins). This confirmed that the bridge proteins
were able to effectively bind CAR4 T-cells and re-direct them toward tumor cells such that

they elicit specific cytotoxicity.

C. Summary and Conclusion

[00169] This confirms that an antibody conjugate capable of bridging HIV-
specific CAR T cells to tumor cells expressing an antigen of interest serves to re-direct the
cytotoxicity of the HIV-specific CAR T cells. Once engaged, the CAR T cells demonstrated
effective killing of tumor cells, which was more pronounced with the use of a diabody-
gp120t conjugate. Future experiments include re-directing CAR4 T-cells to other relevant
tumour-associated antigens, including CD19, CD20 and CD22 for B-cell malignancies, as

well as antigens expressed on solid tumours.

[00170]  All of the methods disclosed and claimed herein can be made and executed
without undue experimentation in light of the present disclosure. While the compositions and
methods of this invention have been described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be applied to the methods and in the
steps or in the sequence of steps of the method described herein without departing from the
concept, spirit and scope of the invention. More specifically, it will be apparent that certain
agents which are both chemically and physiologically related may be substituted for the
agents described herein while the same or similar results would be achieved. All such similar
substitutes and modifications apparent to those skilled in the art are deemed to be within the

spirit, scope and concept of the invention as defined by the appended claims.
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