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A METHOD FOR TREATING DISEASE
USING FOXP3+CD4+ T CELLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 17/523,431, filed on Nov. 10, 2021,
which claims priority to U.S. Provisional Patent Application
No. 63/111,905, filed on Nov. 10, 2020, the content of which
is incorporated herein by reference in its entirety.

SEQUENCE LISTING

[0002] This application contains a Sequence Listing that
has been submitted electronically as an XML file named
47902-0016003_SI,_ST26.xml. The XML file, created on
Nov. 1, 2022, is 60,819 bytes in size. The material in the
XML file is hereby incorporated by reference in its entirety.

BACKGROUND

[0003] This document relates to methods and materials for
treating a mammal having an autoimmune disease. For
example, this document provides materials and methods for
producing a T cell comprising a forkhead box P3 (FOXP3)
polypeptide and one or more transcription factors. This
document also provides methods and materials for treating
a mammal having an autoimmune disease, where the meth-
ods include administering to a mammal having an autoim-
mune disease an effective amount of the T cell.

[0004] Autoimmunity is a common disease in the United
States, with more than 20 million people suffering from one
of 81 known autoimmune diseases. Regulatory T cells
(Tregs) are a subpopulation of T cells that modulate the
immune system and maintain tolerance to self-antigens.
Tregs play a role in preventing or treating autoimmune
disease (Sakaguchi et al., Int’l Immun., 21(10):1105-1111
(2009)). FOXP3, a transcription factor expressed in Tregs,
has been implicated in maintaining Treg immunosuppres-
sive functions (Hort et al., Science, 299:1057-1061 (2003)).
FOXP3* Tregs may impair (e.g., eliminate and/or inhibit)
responder T cells involved in causing autoimmune disease
by a granzyme-dependent or perforin-dependent mechanism
(Trzonkowski et al., Clin. Immunol., 112:258-67 (2004)).
FOXP3* Tregs also may impair (e.g., eliminate and/or
inhibit) responder T cells involved in causing autoimmune
disease, by delivering a negative signal to responder T cells
via up-regulation of intracellular cyclic AMP, which causes
inhibition of responder T cell proliferation (Gondex et al., J.
Immunol., 174:1783-6 (2005)).

SUMMARY

[0005] This document provides methods and materials
that can be used to treat mammals identified as having an
autoimmune disease. For example, this document provides
materials and methods for a T cell containing a FOXP3
polypeptide and one or more transcription factors. In another
example, this document provides materials and methods for
producing a T cell containing a FOXP3 polypeptide, one or
more transcription factors, and a therapeutic gene product.
This document also provides materials and methods for
producing a T cell containing a FOXP3 polypeptide, one or
more transcription factors, and a therapeutic gene product
and/or a binding agent. In addition, this document provides
methods and materials for treating a mammal having an
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autoimmune disease, where the methods include adminis-
tering to the mammal an effective amount of a T cell (e.g.,
any of the T cells described herein). The methods and
materials provided herein can provide a way to enhance
and/or stabilize the immunosuppressive effects ofa T cell in
order to treat the autoimmune disease.

[0006] In general, one aspect of this document features a
method for increasing T cell function, where the method
includes introducing into a T cell: (i) a first nucleic acid
sequence encoding a FOXP3 polypeptide; and (ii) a second
nucleic acid sequence encoding one or more transcription
factors. In some embodiments, the one or more transcription
activators, when present in a mammalian cell, elicit a T reg
phenotype in the mammalian cell as compared to when the
one or more transcription factors is/are not present in the
mammalian cell. In some embodiments, the first nucleic acid
sequence can include a mutation that results in nuclear
localization of the FOXP3 polypeptide. In some embodi-
ments, the mutation that results in nuclear localization of the
FOXP3 polypeptide can be in a sequence encoding a nuclear
export sequence. In some embodiments, the nuclear export
sequence can include an amino acid substitution selected
from the group of L69A, L71A, L74A, L76A, 1.242A,
L246A, and L.248A. In some embodiments, the first nucleic
acid sequence can include a mutation that results in stabi-
lization of the FOXP3 polypeptide. In some embodiments,
the mutation that results in stabilization of the FOXP3
polypeptide can change the level of phosphorylation of the
FOXP3 polypeptide compared to FOXP3 polypeptide not
having the mutation. In some embodiments, the mutation
can result in the expression of a FOXP3 polypeptide having
an amino acid substitution selected from the group of S19A,
S33A, S57A, S58A, S59A, T115A, S418D, and S422A. In
some embodiments, the mutation that results in the stabili-
zation of the FOXP3 polypeptide can change the level of
acetylation of the FOXP3 polypeptide compared to FOXP3
polypeptide that not having the mutation. In some embodi-
ments, the mutation can result in the production of a FOXP3
polypeptide having an amino acid substitution mutation
selected from the group of K31R, K206R, K216R, K227R,
K250R, K252R, K268R, and K277R. In some embodiments,
the one or more transcription factors can be selected from
the group of: BLIMPI, EOS, ROR-gt, FOXO1, GATAI,
HELIOS, 1D2, ID3, IRF4, LEF1, SATB1, GATA3, NFATc2,
RUNXI, BCl111b, Foxpl, Fox4, BACH2, STAT3, and
XBP1. In some embodiments, the one or more transcription
factors can be selected from selected form the group of:
BLIMPI, EOS, GATA1, HELIOS, GATA3, and NFATc2. In
some embodiments, the transcription factor can be BLIMP-
1.

[0007] In some embodiments, the introducing step further
includes introducing a nucleic acid construct, where the
nucleic acid construct includes the first nucleic acid
sequence and the second nucleic acid sequence. In some
embodiments, the nucleic acid construct can further include
apromoter operably linked to the first nucleic acid sequence.
In some embodiments, the first nucleic acid sequence can be
5' positioned relative to the second nucleic acid sequence in
the nucleic acid construct. In some embodiments, the nucleic
acid construct further can include an additional nucleic acid
sequence between the first nucleic acid sequence and the
second nucleic acid sequence, where the additional nucleic
acid sequence operably links the second nucleic acid
sequence to the first nucleic acid sequence. In some embodi-
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ments, the second nucleic acid sequence is 5' positioned
relative to the first nucleic acid sequence in the nucleic acid
construct. In some embodiments, the nucleic acid construct
further includes an additional nucleic acid sequence between
the second nucleic acid sequence and the first nucleic acid
sequence, where the additional nucleic acid sequence oper-
ably links the first nucleic acid sequence to the second
nucleic acid sequence. In some embodiments, the additional
nucleic acid sequence can encode an internal ribosome entry
site (IRES) sequence or a self-cleaving amino acid. In some
embodiments, the additional nucleic acid sequence can
include a promoter or enhancer.

[0008] In some embodiments, the introducing step further
includes introducing a third nucleic acid sequence encoding
a therapeutic gene product into the T cell, where the third
nucleic acid sequence is operably linked to a promoter. In
some embodiments, the therapeutic gene product can be an
antigen-binding antibody fragment or antibody that is
capable of binding to an I[.-6, an IL-6R, an IFN alpha
receptor, or a TGF beta receptor polypeptide. In some
embodiments, the therapeutic gene product can be an anti-
gen-binding fragment or antibody that is capable of binding
to a IL-6 polypeptide or an IL.-6R polypeptide.

[0009] In some embodiments, the nucleic acid sequence
construct further includes a third nucleic acid sequence
encoding the therapeutic gene product. In some embodi-
ments, the introducing step further can include introducing
a third nucleic acid sequence encoding a therapeutic gene
product into the T cell, where the third nucleic acid sequence
is operably linked to a promoter. In some embodiments, the
therapeutic gene product can be an antigen-binding antibody
fragment or antibody that is capable of binding to an IL-6,
an IL-6R, an IFN alpha receptor, or a TGF beta receptor
polypeptide. In some embodiments, the therapeutic gene
product is an antigen-binding fragment or antibody that is
capable of binding to an IL-6 polypeptide or an IL-6R
polypeptide. In some embodiments, the third sequence can
be 5' positioned relative to the first sequence and the second
sequence, where the third sequence is operably linked a
promoter. In some embodiments, the third sequence can be
3' positioned relative to the first and second sequence, where
the third sequence is operably linked to the first sequence
and/or the second sequence.

[0010] In some embodiments, the introducing step further
includes introducing a fourth nucleic acid sequence encod-
ing a binding agent into the T cell, where the fourth nucleic
acid sequence is operably linked to a promoter. In some
embodiments, the nucleic acid construct further includes a
fourth nucleic acid sequence encoding a binding agent. In
some embodiments, the binding agent can be an antibody or
antigen-binding fragment. In some embodiments, the anti-
gen-binding domain can be an antigen-binding fragment
selected from the group of a Fab, a F(ab'), fragment, a scFV,
a scab, a dAb, a single domain heavy chain antibody, and a
single domain light chain antibody. In some embodiments,
the antigen-binding fragment can be a scFv that is capable
of binding to an antigen on an autoimmune cell. In some
embodiments, the scFv is capable of binding to a cell
adhesion molecule. In some embodiments, the cell adhesion
molecule can be ICAM-1, VCAM-1, or MADCAM-1. In
some embodiments, the binding agent can be a LFA-1
polypeptide. In some embodiments, the binding agent is a
chimeric antigen receptor, where the chimeric antigen recep-
tor includes an extracellular domain, a transmembrane
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domain, and an intracellular domain, where the extracellular
domain includes an antibody or antigen-binding fragment
capable of binding to an antigen on an autoimmune cell, and
where the intracellular domain includes a cytoplasmic sig-
naling domain and one or more co-stimulatory domains. In
some embodiments, the antigen-binding domain is an anti-
gen-binding fragment can be selected from the group of a
Fab, a F(ab'), fragment, a scFV, a scAb, a dAb, a single
domain heavy chain antibody, and a single domain light
chain antibody. In some embodiments, the antigen-binding
fragment can be a scFv that is capable of binding to an
antigen on an autoimmune cell. In some embodiments, the
scFv can be capable of binding to a cell adhesion molecule.
In some embodiments, the cell adhesion molecule can be
ICAM-1, VCAM-1, or MADCAM-1. In some embodi-
ments, the cytoplasmic signaling domain can be a CD3 zeta
domain. In some embodiments, the co-stimulatory domain
can include at least one of a CD48, 4-1BB, ICOS, X-40, or
CD27 domain. In some embodiments, the fourth sequence
can be 5' positioned relative to the first sequence and the
second sequence, where the fourth sequence is operably
linked a promoter. In some embodiments, the fourth
sequence can be 3' positioned relative to the first and second
sequence, where the fourth sequence is operably linked to
the first sequence and/or the second sequence.

[0011] In some embodiments, the nucleic acid construct
further includes a third sequence encoding any of the
therapeutic gene products described herein and a fourth
sequence encoding any of the binding agents described
herein. In some embodiments, the third sequence can be
operably linked to a promoter and/or operably linked the
first sequence and/or second sequence, and where the fourth
sequence is operably linked to a promoter and/or operably
linked the first sequence and/or second sequence.

[0012] In some embodiments, the nucleic acid construct
can include a viral vector selected from the group of a
lentiviral vector, a retroviral vector, an adenoviral vector, or
an adeno-associated viral (AAV) vector. In some embodi-
ments, the viral vector can be a lentiviral vector. In some
embodiments, the introducing step includes viral transduc-
tion.

[0013] In some embodiments, the T cell is a CD4* T cell
or a CD4*/CD45RA* T cell. In some embodiments, the
method further includes: obtaining a T cell from a patient or
obtaining T cells allogenic to the patient. In some embodi-
ments, the method further includes: treating the obtained T
cells to isolate a population of cells enriched for CD4* T
cells or CD4*/CD45RA™ T cells.

[0014] In another aspect, this document features a T cell
produced by any of the methods described herein. In another
aspect, this document features a composition including any
of the T cells described herein.

[0015] In another aspect, this document features a T-cell
including: a first nucleic acid sequence encoding a FOXP3
polypeptide; and a second nucleic acid sequence encoding
one or more transcription factors. In some embodiments, the
one or more transcription factors, when present in a mam-
malian cell, elicit a T reg phenotype in the mammalian cell
as compared to when the transcription factor is not present
in the mammalian cell. In some embodiments, the nuclear
export sequence of the FOX3P polypeptide can include an
amino acid substitution selected from the group of L69A,
L71A, L74A, L76A, 1.242A, L.246A, and L.248A. In some
embodiments, the first nucleic acid sequence can include a
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mutation that results in stabilization of the FOXP3 polypep-
tide. In some embodiments, the mutation that results in
stabilization of the FOXP3 polypeptide can change the level
of phosphorylation of the FOXP3 polypeptide compared to
FOXP3 polypeptide not having the mutation. In some
embodiments, the mutation results in the production of a
FOXP3 polypeptide having an amino acid substitution
selected from the group of S19A, S33A, S57A, S58A, S59A,
T115A, S418D, and S422A. In some embodiments, the
mutation that results in the stabilization of the FOXP3
polypeptide can change the level of acetylation of the
FOXP3 polypeptide compared to FOXP3 polypeptide that
not having the mutation. In some embodiments, the mutation
results in the production of a FOXP3 polypeptide having an
amino acid substitution mutation selected from the group of
K31R, K206R, K216R, K227R, K250R, K252R, K268R,
and K277R. In some embodiments, the one or more tran-
scription factors can be selected from the group of: BLIMP1,
EOS, ROR-gt, FOXO1, GATA1, HELIOS, ID2, ID3, IRF4,
LEF1, SATB1, GATA3, NFATc2, RUNX1, BC111b, Foxpl,
Fox4, BACH2, STAT3, and XBP1. In some embodiments,
the one or more transcription factors can be selected from
selected form the group of: BLIMPI, EOS, GATAI,
HELIOS, GATA3, and NFATc2. In some embodiments, the
transcription factor can be BLIMP-1. In some embodiments,
the first nucleic acid sequence can be operably linked to a
promoter. In some embodiments, the second nucleic acid
sequence can be operably linked to a promoter.

[0016] In some embodiments, the T-cell further includes a
third nucleic acid sequence encoding a therapeutic gene
product into the T cell, where the third nucleic acid sequence
is operably linked to a promoter. In some embodiments, the
therapeutic gene product can be an antigen-binding antibody
fragment or antibody that is capable of binding to an IL-6,
an IL-6R, an IFN alpha receptor, or a TGF beta receptor
polypeptide. In some embodiments, the therapeutic gene
product can be an antigen-binding fragment or antibody that
is capable of binding to a IL-6 polypeptide or an IL-6R
polypeptide.

[0017] In some embodiments, the T-cell further includes
introducing a fourth nucleic acid sequence encoding a
binding agent into the T cell, where the fourth nucleic acid
sequence is operably linked to a promoter. In some embodi-
ments, the binding agent can be an antibody or antigen-
binding fragment. In some embodiments, the antigen-bind-
ing domain can be an antigen-binding fragment selected
from the group of a Fab, a F(ab'), fragment, a scFV, a scAb,
a dAb, a single domain heavy chain antibody, and a single
domain light chain antibody. In some embodiments, the
antigen-binding fragment can be a scFv that is capable of
binding to an antigen on an autoimmune cell. In some
embodiments, the scFv is capable of binding to a cell
adhesion molecule. In some embodiments, the cell adhesion
molecule can be ICAM-1, VCAM-1, or MADCAM-1. In
some embodiments, the binding agent can be a LFA-1
polypeptide.

[0018] In some embodiments, the binding agent is a chi-
meric antigen receptor, where the chimeric antigen receptor
includes an extracellular domain, a transmembrane domain,
and an intracellular domain, where the extracellular domain
includes an antibody or antigen-binding fragment capable of
binding to an antigen on an autoimmune cell, and where the
intracellular domain includes a cytoplasmic signaling
domain and one or more co-stimulatory domains. In some
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embodiments, the antigen-binding domain can be an anti-
gen-binding fragment selected from the group of a Fab, a
F(ab"), fragment, a scFV, a scAb, a dAb, a single domain
heavy chain antibody, and a single domain light chain
antibody. In some embodiments, the antigen-binding frag-
ment can be a scFv that is capable of binding to an antigen
on an autoimmune cell. In some embodiments, the scFv is
capable of binding to a cell adhesion molecule. In some
embodiments, the cell adhesion molecule can be ICAM-1,
VCAM-1, or MADCAM-1. In some embodiments, the
cytoplasmic signaling domain can be a CD3 zeta domain. In
some embodiments, the co-stimulatory domain can include
at least one of a CD48, 4-1BB, ICOS, X-40, or CD27
domain.

[0019] In another aspect, this document features a com-
position including a T cell produced using any of the
methods described herein.

[0020] In another aspect, this document features a method
of producing a T cell population expressing an exogenous
FOXP3 polypeptide and one or more transcription factors,
where the method includes culturing a T cell (e.g., any of the
exemplary T cells described herein) in growth media under
conditions sufficient to expand the population of T cells.

[0021] In another aspect, this document features a popu-
lation of T cells produced using any of the methods
described herein. In another aspect, this document features
a composition including the population of T cells produced
using any of the methods described herein.

[0022] In another aspect, this document features a vector
including a first nucleic acid sequence encoding a FOXP3
polypeptide and a second nucleic acid sequence encoding a
one or more transcription factors. In some embodiments, the
one or more transcription factors, when present in a mam-
malian cell, elicit a T reg phenotype in the mammalian cell
as compared to when the transcription factor is not present
in the mammalian cell. In some embodiments, the nuclear
export sequence of the FOX3P polypeptide can include an
amino acid substitution selected from the group of L69A,
L71A, L74A, L76A, 1.242A, L.246A, and L.248A. In some
embodiments, the first nucleic acid sequence can include a
mutation that results in stabilization of the FOXP3 polypep-
tide. In some embodiments, the mutation that results in
stabilization of the FOXP3 polypeptide can change the level
of phosphorylation of the FOXP3 polypeptide compared to
FOXP3 polypeptide not having the mutation. In some
embodiments, the mutation results in the production of a
FOXP3 polypeptide having an amino acid substitution
selected from the group of S19A, S33A, S57A, S58A, S59A,
T115A, S418D, and S422A. In some embodiments, the
mutation that results in the stabilization of the FOXP3
polypeptide can change the level of acetylation of the
FOXP3 polypeptide compared to FOXP3 polypeptide that
not having the mutation. In some embodiments, the mutation
can result in the production of a FOXP3 polypeptide having
an amino acid substitution selected from the group of K31R,
K206R, K216R, K227R, K250R, K252R, K268R, and
K277R. In some embodiments, the one or more transcription
factors can be selected from the group of: BLIMP1, EOS,
ROR-gt, FOXO1, GATA1, HELIOS, ID2, ID3, IRF4, LEF1,
SATBI1, GATA3, NFATc2, RUNX1, BC111b, Foxpl, Fox4,
BACH2, STAT3, and XBP1. In some embodiments, the one
or more transcription factors can be selected from selected
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form the group of: BLIMP1, EOS, GATAl, HELIOS,
GATA3, and NFATc2. In some embodiments, the transcrip-
tion factor can be BLIMP-1.

[0023] In some embodiments, the vector further includes
apromoter operably linked to the first nucleic acid sequence.
In some embodiments, the first nucleic acid sequence can be
5' positioned relative to the second nucleic acid in the vector.
In some embodiments, the vector further includes an addi-
tional nucleic acid sequence between the first nucleic acid
sequence and the second nucleic acid sequence, where the
additional nucleic acid sequence operably links the second
nucleic acid sequence to the first nucleic acid sequence. In
some embodiments, the second nucleic acid sequence can be
5' positioned relative to the first nucleic acid sequence in the
vector. In some embodiments, the vector further includes an
additional nucleic acid sequence between the second nucleic
acid sequence and the first nucleic acid sequence, where the
additional nucleic acid sequence operably links the first
nucleic acid sequence to the second nucleic acid sequence.
In some embodiments, the additional nucleic acid sequence
can encode an internal ribosome entry site (IRES) sequence
or a self-cleaving amino acid. In some embodiments, the
additional nucleic acid sequence can include a promoter or
enhancer.

[0024] In some embodiments, the vector further includes
a third nucleic acid sequence encoding a therapeutic gene
product. In some embodiments, the therapeutic gene product
can be an antigen-binding antibody fragment or antibody
that is capable of binding to an IL.-6, an IL.-6R, an IFN alpha
receptor, or a TGF beta receptor polypeptide. In some
embodiments, the therapeutic gene product can be an anti-
gen-binding fragment or antibody that is capable of binding
to an IL-6 polypeptide or an IL-6R polypeptide. In some
embodiments, the third nucleic acid sequence can be 5'
positioned relative to the first sequence and the second
sequence, where the third nucleic acid sequence is operably
linked to a promoter. In some embodiments, the third nucleic
acid sequence can be 3' positioned relative to the first and
second nucleic acid sequence, where the third nucleic acid
sequence is operably linked to the first nucleic acid sequence
and/or the second nucleic acid sequence.

[0025] In some embodiments, the vector further includes
a fourth nucleic acid sequence encoding a binding agent. In
some embodiments, the binding agent can be an antibody or
antigen-binding fragment. In some embodiments, the anti-
gen-binding domain can be an antigen-binding fragment
selected from the group of a Fab, a F(ab'), fragment, a scFV,
a scAb, a dAb, a single domain heavy chain antibody, and
a single domain light chain antibody. In some embodiments,
the antigen-binding fragment can be a scFv that is capable
of binding to an antigen on an autoimmune cell. In some
embodiments, the scFv is capable of binding to a cell
adhesion molecule. In some embodiments, the cell adhesion
molecule can be ICAM-1, VCAM-1, or MADCAM-1. In
some embodiments, the binding agent can be a LFA-1
polypeptide.

[0026] In some embodiments, the binding agent is a chi-
meric antigen receptor, where the chimeric antigen receptor
includes an extracellular domain, a transmembrane domain,
and an intracellular domain, where the extracellular domain
includes an antibody or antigen-binding fragment capable of
binding to an antigen on an autoimmune cell, and where the
intracellular domain includes a cytoplasmic signaling
domain and one or more co-stimulatory domains. In some
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embodiments, the antigen-binding domain can be an anti-
gen-binding fragment selected from the group of a Fab, a
F(ab"), fragment, a scFV, a scAb, a dAb, a single domain
heavy chain antibody, and a single domain light chain
antibody. In some embodiments, the antigen-binding frag-
ment can be a scFv that is capable of binding to an antigen
on an autoimmune cell. In some embodiments, the scFv is
capable of binding to a cell adhesion molecule. In some
embodiments, the cell adhesion molecule can be ICAM-1,
VCAM-1, or MADCAM-1. In some embodiments, the
cytoplasmic signaling domain can be a CD3 zeta domain. In
some embodiments, the co-stimulatory domain includes at
least one of a CD48, 4-1BB, ICOS, X-40, or CD27 domain.
[0027] In some embodiments, the fourth nucleic acid
sequence can be 5' positioned relative to the first nucleic acid
sequence and the second nucleic acid sequence, where the
fourth nucleic acid sequence is operably linked a promoter.
In some embodiments, the fourth nucleic acid sequence can
be 3' positioned relative to the first and second nucleic acid
sequence, where the fourth nucleic acid sequence is operably
linked to the first nucleic acid sequence and/or the second
nucleic acid sequence. In some embodiments, the third
nucleic acid sequence is operably linked to a promoter
and/or operably linked the first nucleic acid sequence and/or
second nucleic acid sequence, and where the fourth nucleic
acid sequence is operably linked to a promoter and/or
operably linked the first nucleic acid sequence and/or second
nucleic acid sequence.

[0028] In some embodiments, the vector includes a viral
vector selected from the group of a lentiviral vector, a
retroviral vector, an adenoviral vector, or an adeno-associ-
ated viral (AAV) vector. In some embodiments, the viral
vector can be a lentiviral vector.

[0029] In another aspect, this document features a com-
position including any of the vectors described herein. In
another aspect, this document features a kit including any of
the compositions described herein.

[0030] In another aspect, this document features a method
of treating an autoimmune disease or disorder in a patient
including administering any of the T cells described herein,
or any of the compositions described herein. In some
embodiments, the subject can be previously diagnosed or
identified as having an autoimmune disease or disorder. In
some embodiments, the autoimmune disease or disorder can
be lupus, rheumatoid arthritis, multiple sclerosis, insulin
dependent diabetes mellitis, myasthenia gravis, Graves dis-
ease, autoimmune hemolytic anemia, autoimmune throm-
bocytopenia purpura, Goodpasture’s syndrome, pemphigus
vulgaris, acute rheumatic fever, post-streptococcal glomeru-
lonephritis, Crohn’s disease, Celiac disease, or polyarteritis
nodosa. In some embodiments, the administering of the
autologous or allogenic T cell population can include intra-
venous injection or intravenous infusion. In some embodi-
ments, the administering can result in amelioration of one or
more symptoms of the autoimmune disease or disorder.
[0031] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention pertains. Although methods and materials similar
or equivalent to those described herein can be used to
practice the invention, suitable methods and materials are
described below. All publications, patent applications, pat-
ents, and other references mentioned herein are incorporated
by reference in their entirety. In case of conflict, the present
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specification, including definitions, will control. In addition,
the materials, methods, and examples are illustrative only
and not intended to be limiting.

[0032] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and
the description below. Other features, objects, and advan-
tages of the invention will be apparent from the description
and drawings, and from the claims.

DESCRIPTION OF THE DRAWING

[0033] FIG. 1 is a diagram showing an exemplary tar-
getable cell with enforced expression of a FOXP3 polypep-
tide. Enforced expression of a FOXP3 polypeptide results in
a core Treg suppressive program (e.g., IL-2 consumption
and increase in CD25 expression, an increase in adenosine,
an increase in CD39 expression, and expression of CTLA-
4).

[0034] FIG. 2 is a diagram showing an exemplary tar-
getable cell with enforced expression of a FOXP3 polypep-
tide and a therapeutic gene product. Expression of a thera-
peutic gene product in addition to a FOXP3 polypeptide can
result in enhancement of a core Treg program. Examples of
suitable therapeutic gene products include, without limita-
tion, IL6R scFv, IFNaR scFv, 1L-10, IL-4, IL-13, and any
other anti-fibrotic-related output.

DETAILED DESCRIPTION

[0035] This document provides methods and materials
that can be used to treat mammals identified as having an
autoimmune disease. For example, this document provides
materials and methods for producing a T cell containing a
FOXP3 polypeptide and one or more transcription factors
(miRNA). In another example, this document provides
materials and methods for producing a T cell containing a
FOXP3 polypeptide, one or more transcription factors, and
a therapeutic gene product. In a third example, this docu-
ment also provides materials and methods for producing a T
cell containing a FOXP3 polypeptide, one or more transcrip-
tion factors, and a binding agent. In a fourth example, this
document provides materials and methods for producing a T
cell containing a FOXP3 polypeptide, one or more transcrip-
tion factors, a therapeutic gene product, and a binding agent.
In addition, this document provides methods and materials
for treating a mammal having an autoimmune disease,
where the methods include administering to the mammal an
effective amount of a T cell produced using any of the
methods described herein.

[0036] This document provides methods and materials for
introducing into a T cell (e.g., CD4" T cell, CD4"CD45RA*
T cell, CD4*CD62L* T cell, or central memory T cell) a first
nucleic acid sequence encoding a FOXP3 polypeptide and a
second nucleic acid sequence encoding one or more tran-
scription factors. In some embodiments, the one or more
transcription factors, when present in a mammalian cell,
elicits a T reg phenotype in the mammalian cell as compared
to when the transcription factor(s) is/are not present in the
mammalian cell.

[0037] Insome embodiments, a first nucleic acid sequence
encoding a FOXP3 polypeptide having one or more muta-
tions is introduced into a T cell (e.g., CD4" T cell, CD4"
CD45RA™ T cell, CD4*CD62L™" T cell, or central memory
T cell). For example, a mutation in the first nucleic acid
sequence encoding a FOXP3 polypeptide can include, with-
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out limitation, mutations that result in an amino acid sub-
stitution that changes the stability (e.g., level of phospho-
rylation or acetylation), function (e.g., transcriptional
regulation), or sub-cellular localization (e.g., nuclear local-
ization) of the encoded FOXP3 polypeptide.

[0038] In some embodiments, a FOXP3 polypeptide can
have an amino acid substitution in one or more nuclear
export sequences (NES) that can result in nuclear localiza-
tion of the FOXP3 polypeptide. Transducing cells with a
FOXP3 polypeptide having one or more amino acid substi-
tutions, amino acid insertions, and/or amino acid deletions in
the nuclear export sequences can result in establishment,
maintenance, or enhancement of a FOXP3 polypeptide-
dependent expression profile that is indicative of expression
profiles seen in native Treg cells (e.g., Treg cells isolated
from a healthy human). In some cases, a cell (e.g., a CD4*
T cell) with a FOXP3 polypeptide-dependent expression
profile can have increased immunosuppressive function. For
example, a cell transduced with a FOXP3 polypeptide
having one or more amino acid substitutions, amino acid
insertions, and/or amino acid deletions as described herein
can have increased expression of genes that are transcrip-
tional targets of a FOXP3. Increased expression of these
genes (e.g., [1-2, Ctla-4, and Tnfrsf18) can result in increased
Treg cell function (e.g., inhibition of responder cell prolif-
eration). In some embodiments, a FOXP3 polypeptide can
having one or more amino acid substitutions, amino acid
insertions, and/or amino acid deletions within a sequence
encoding a NES. In cases where the FOXP3 polypeptide
includes one or more amino acid deletions, the one or more
deletions can be within a part of a NES (e.g., deletion of a
part of a NES, deletion of an entire NES, or deletion of a
larger fragment containing a NES sequence (e.g., corre-
sponding to exon 2 or exon 7 of a FOXP3 polypeptide). For
example, a FOXP3 polypeptide having the amino acids
corresponding to exon 2-deleted (FOXP3d2), amino acids
corresponding to exon 7 deleted (FOXP3d7), or amino acids
corresponding to exon 2 and 7-deleted (FOXP3d2d7) can
result in the nuclear localization of the FOXP3 polypeptide.
In some embodiments, point mutations in the first nucleic
acid sequence encoding the nuclear export sequences (e.g.,
NES1, having an amino acid sequence set forth in SEQ ID
NO: 4, and NES2, having the amino acid sequence of SEQ
ID NO: 5) can be any mutation (e.g., nucleic acid substitu-
tion, insertion, and/or deletion) that results in a change
within the amino acid sequence of NES1 and/or NES2 and
renders the nuclear export signal non-functional. Amino acid
substitutions in NES1 and/or NES2 that can result in nuclear
localization of a FOXP3 polypeptide include, without limi-
tation: of L69A, L71A, L74A, L76A, L242A, 1.246A, and
L.248A. FOXP3 polypeptides harboring any one or more of
these amino acid substitutions, amino acid insertions, and/or
amino acid deletions can sequestered to the nucleus.

[0039] In some embodiments, the first nucleic acid
sequence encoding the FOXP3 polypeptide can encode one
or more fragments of a full length FOXP3 polypeptide (e.g.,
a full length FOXP3 polypeptide such as version
NP_001107849.1). In some embodiments, a cell can be
transduced with a first nucleic acid sequence encoding a
FOXP3 polypeptide that includes at least the regions of
FOXP3 that have DNA-binding properties (e.g., polypeptide
fragments of FOXP3 that can bind to a ATAACA DNA
sequence) (Li et al., Acta Biochim. Biophysc. Sin., 49(9):
792-99 (2017)).
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[0040] In some embodiments, an amino acid substitution
in a FOXP3 polypeptide that changes the level of phospho-
rylation can stabilize the FOXP3 polypeptide (e.g., increase
the half-life of the FOXP3 polypeptide). For example, a
mutation in a first nucleic acid sequence encoding a FOXP3
polypeptide can result in an amino acid substitution that
changes the level of phosphorylation of the FOXP3 poly-
peptide compared to a FOXP3 polypeptide not having the
amino acid substitution. Non-limiting examples of amino
acid substitutions that can change the level of phosphory-
lation of the FOXP3 polypeptide include S19A, S33A,
S57A, S58A, S59A, T115A, S418D, and S422A.

[0041] In some embodiments, an amino acid substitution
in a FOXP3 polypeptide is a phosphomimetic amino acid
substitution. Phosphomimetics are amino acid substitutions
that mimic a phosphorylated polypeptide or can encourage
phosphorylation at a particular amino acid position, thereby
activating or deactivating the polypeptide. For example, the
phosphorylation of Ser418 can be enforced by a phospho-
serine mimetic substitution of that residue into an alanine or
aspartate. A mutation can be made in the first nucleic acid
sequence encoding a FOXP3 polypeptide to produce a
FOXP3 polypeptide having the S418D substitution. The
S418D residue then serves as phosphomimetic amino acid
residue. Additional amino acid residues that can be substi-
tuted to produce phosphomimetic amino acid residues
include serines at positions 19, 33, 41, 88, and 422, threo-
nines at sites 114 and 175 in FOXP3. See, Morawski, et al.,
J Biol Chem., 288(34): 24494-24502 (2013). For example,
phosphomimetics of these sites can be engineered by sub-
stituting the serine or threonine for alanine. These phospho-
mimetics can enhance the stability and immunosuppressive
activity of a FOXP3 polypeptide.

[0042] In some embodiments, an amino acid substitution
in a FOXP3 polypeptide that changes the level of acetylation
can stabilize the FOXP3 polypeptide (e.g., increase the
half-life of the FOXP3 polypeptide). For example, a muta-
tion in a first nucleic acid sequence encoding a FOXP3
polypeptide can result in an amino acid substitution that
changes the level of acetylation of the FOXP3 polypeptide
compared to a FOXP3 polypeptide not having the amino
acid substitution. Non-limiting examples of amino acid
substitutions that can change the level of acetylation of the
FOXP3 polypeptide include K31R, K206R, K216R, K227R,
K250R, K252R, K268R, and K277R.

[0043] In some embodiments, a second nucleic acid
encoding one or more transcription factors is introduced into
a T cell (e.g., CD4™ T cell, CD4*CD45RA™ T cell, CD4*
CD62L* T cell, or central memory T cell) along with the first
nucleic acid sequence encoding the FOXP3 polypeptide. In
some embodiments, introducing a first nucleic acid sequence
encoding a FOXP3 polypeptide and a second nucleic acid
sequence encoding one or more transcription factors into a
CD4* T cell enhances the suppressive activity of the T cell.
In some embodiments, introducing a second nucleic acid
sequence encoding one or more transcription factors into a
CD4* T cell elicits a T reg phenotype (e.g., immune sup-
pression phenotype) in the T cell as compared to when the
one or more transcription factors is/are not present in the
mammalian cell. For example, introducing a second nucleic
acid sequence encoding an NFATC2 polypeptide into a T
cell (e.g., CD4™ T cell or any of the other exemplary T cells
described herein) can induce a T reg phenotype (e.g.,
immune suppression phenotype) in the T cell. In another
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example, introducing a second nucleic acid sequence encod-
ing a GATA3 polypeptide into a T cell (e.g., CD4+ T cell or
any of the other exemplary T cells described herein) can
induce a T reg phenotype (e.g., immune suppression phe-
notype) in the T cell. Non-limiting examples of transcription
factors that can be used to enhance the T reg phenotype of
a T cell include BLIMP1, EOS, ROR-yt, FOXO1, GATAI,
HELIOS, 1D2, ID3, IRF4, LEF1, SATB1, GATA3, NFATc2,
RUNXI, BCl111b, Foxpl, Fox4, BACH2, STAT3, and
XBP1. For example, a first nucleic acid sequence encoding
the FOXP3 polypeptide and a second nucleic acid sequence
encoding BLIMP-1 polypeptide can be introduced into a T
cell (e.g.,, CD4" T cell, CD4*CD45RA* T cell, CD4*
CD62L* T cell, or central memory T cell). Dntmt3a is
responsible for methylation of genomic DNA encoding
FOXP3 causing downregulation of FOXP3 and reducing the
immunosuppressive functionality of the T cell. BLIMP1
blocks the upregulation of Dnmt3a. (See Garg, et al., Cel/
Reports, 26:1854-1868 (2019)). Expression of BLIMP1
prevents methylation (e.g., silencing) of FOXP3 thereby
enabling continued expression of FOXP3 and maintenance
of the T reg phenotype in the T cell. A T reg phenotype can
include, e.g., one or more of IL.-2 consumption, an increase
in CD25 expression, an increase in adenosine, an increase in
CD39 expression, and expression of CTLA-4. Additional
markers of a T reg phenotype are known in the art.

[0044] This document provides methods and materials for
introducing into a T cell (e.g., CD4" T cell, CD4"CD45RA*
T cell, CD4*CD62L* T cell, or central memory T cell) a first
nucleic acid sequence encoding a FOXP3 polypeptide (e.g.,
any of the exemplary FOXP3 polypeptides described herein)
and a second nucleic acid sequence encoding one or more
transcription factors (e.g., any of the exemplary transcription
factors described herein), and a therapeutic gene product.
Any appropriate therapeutic gene product that enhances the
immunosuppressive effects of a T cell (e.g., a CD4*CD45*
T cell) can be used. Examples of therapeutic gene products
include, without limitation, antigen or antigen-binding frag-
ments directed to interferon alpha receptor 1 (IFNAR1),
interleukin 10 (IL-10, interleukin 4 (IL-4), interleukin 13
(IL-13), interleukin 6 (IL-6), IL-6 receptor (IL-6R), and any
other anti-fibrotic agent. In some embodiments, the thera-
peutic gene product can enhance the immunosuppressive
effect of the transduced cell. For example, a therapeutic gene
product can be any polypeptide or other agent that prohibits
an IL-6 polypeptide from binding to an IL-6 receptor
(IL-6R). In such cases, a therapeutic gene product can be an
antagonist for IL-6R (e.g., an antibody or antigen-binding
fragment that binds to IL.-6R) and/or blocking antibody or
antigen-binding fragment of 1L.-6 (e.g., a scFv capable of
binding to IL.-6). Additional examples of therapeutic gene
products include, without limitation, cytokines, cytokine
receptors, differentiation factors, growth factors, growth
factor receptors, peptide hormones, metabolic enzymes,
receptors, T cell receptors, chimeric antigen receptors
(CARs), transcriptional activators, transcriptional repres-
sors, translation activators, translational repressors,
immune-receptors, apoptosis inhibitors, apoptosis inducers,
immune-activators, and immune-inhibitors.

[0045] This document provides methods and materials for
introducing into a T cell (e.g., CD4" T cell, CD4"CD45RA*
T cell, CD4*CD62L* T cell, or central memory T cell) a first
nucleic acid sequence encoding a FOXP3 polypeptide (e.g.,
any of the exemplary FOXP3 polypeptides described herein)
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and a second nucleic acid sequence encoding one or more
transcription factors (e.g., any of the exemplary transcription
factors described herein), a therapeutic gene product (e.g.,
any of the exemplary therapeutic gene products as described
herein), and a binding agent. Also provided herein are
methods and materials for introducing into a T cell (e.g.,
CDA4* T cell, CD4*CD45RA™* T cell, CD4*CD62L" T cell,
or central memory T cell) a first nucleic acid sequence
encoding a FOXP3 polypeptide (e.g., any of the exemplary
FOXP3 polypeptides described herein) and a second nucleic
acid sequence encoding one or more transcription factors
(e.g., any of the exemplary transcription factors described
herein), and a binding agent.

[0046] As used herein, “binding agent” refers to any
variety of extracellular substance that binds with specificity
to its cognate binding partner. In some embodiments, a cell
(e.g., a CD4*CD45RA™ T cell) can be transduced with
nucleic acid sequences encoding a mutated FOXP3 poly-
peptide as described herein, one or more transcription fac-
tors, and a binding agent. In some embodiments, a binding
agent can be any polypeptide that enhances the immuno-
suppressive effect of a T cell (e.g., a CD4*CD45RA™ T cell).
In some embodiments, a binding agent can be a polypeptide
that binds to molecules found specifically on autoimmune
cells or tissues. For example, a binding agent can be a
lymphocyte function associated antigen-1 (LFA-1) polypep-
tide. An LFA-1 can bind to cell adhesion molecules on the
surface of cells associated with autoimmune diseases.
Examples of binding partners for LFA-1 include, without
limitation, ICAM-1, VCAM-1 and MADCAM-1. In another
example, a binding agent can be a polypeptide that binds to
a VCAM-1 polypeptide (e.g., a scFv capable of binding to
a VCAM-1 polypeptide). In yet another example, a binding
agent can be a polypeptide that binds to a MADCAM-1
polypeptide (e.g., a scFv capable of binding to a MAD-
CAM-1 polypeptide). In some embodiments, a binding
agent can be a chimeric antigen receptor (CAR) as described
herein where the CAR has an extracellular domain, a trans-
membrane domain, and an intracellular domain. In cases
where the binding agent is a CAR, the extracellular domain
includes a polypeptide capable of binding to a molecule
found specifically on autoimmune cells or tissues. For
example, the extracellular domain can include an scFV
capable of binding to antigen on an autoimmune cell.

[0047] As used herein, “FOXP3” refers to the FOXP3
gene or protein that is a transcription factor in the Forkhead
box (Fox) family of transcription factors (Sakaguchi et al.,
Int’l Immun., 21(10):1105-1111 (2009); Pandiyan, et al.,
Cytokine, 76(1):13-24 (2015)), or a variant thereof (e.g., a
FOXP3 protein having one or more (e.g., one, two, three,
four, five, six, seven, eight, nine, ten, eleven, twelve, thir-
teen, fourteen, fifteen, sixteen, seventeen, eighteen, nine-
teen, or twenty amino acid substitutions, amino acid dele-
tions, or amino acid insertions as compared to a wildtype
FOXP3 protein). In some embodiments, when preparing a T
cell to be used in the treatment of a mammal having an
autoimmune disease by administering to the mammal the T
cell, FOXP3 refers to human FOXP3 or a variant thereof. An
example of a wildtype human FOXP3 polypeptide includes,

without limitation, NCBI reference sequence: NP
001107849.1 or a fragment thereof.
[0048] As used herein, “nuclear localization” means an

increase in the level of FOXP3 (e.g., any of the FOXP3
polypeptides described herein) in the nucleus of a mamma-
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lian cell (e.g., any of the T cells described herein) as
compared to a control mammalian cell (e.g., a mammalian
cell expressing wildtype FOXP3 or a mammalian cell not
genetically modified to include any of a first, second, third,
and fourth nucleic acid sequences as described herein).

[0049] In some embodiments referring to a first nucleic
acid sequence encoding a FOXP3 (e.g., full length FOXP3)
polypeptide, the nucleic acid sequence is at least 70% (e.g.,
at least 75%, 80%, 85%, 90%, 95%, 99% and 100%)
identical to:

(SEQ ID NO: 1)
AGTTTCCCACAAGCCAGGCTGATCCTTTTCTGTCAGTCCACTTCACCAAG

CCTGCCCTTGGACAAGGACCCGATGCCCAACCCCAGGCCTGGCAAGCCCT
CGGCCCCTTCCTTGGCCCTTGGCCCATCCCCAGGAGCCTCGCCCAGCTGG
AGGGCTGCACCCAAAGCCTCAGACCTGCTGGGGGCCCGGGGCCCAGGGGGE
AACCTTCCAGGGCCGAGATCTTCGAGGCGGGGCCCATGCCTCCTCTTCTT
CCTTGAACCCCATGCCACCATCGCAGCTGCAGCTCTCAACGGTGGATGCC
CACGCCCGGACCCCTGTGCTGCAGGTGCACCCCCTGGAGAGCCCAGCCAT
GATCAGCCTCACACCACCCACCACCGCCACTGGGGTCTTCTCCCTCAAGG
CCCGGCCTGGCCTCCCACCTGGGATCAACGTGGCCAGCCTGGAATGGGTG
TCCAGGGAGCCGGCACTGCTCTGCACCTTCCCAAATCCCAGTGCACCCAG
GAAGGACAGCACCCTTTCGGCTGTGCCCCAGAGCTCCTACCCACTGCTGG
CAAATGGTGTCTGCAAGTGGCCCGGATGTGAGAAGGTCTTCGAAGAGCCA
GAGGACTTCCTCAAGCACTGCCAGGCGGACCATCTTCTGGATGAGAAGGG
CAGGGCACAATGTCTCCTCCAGAGAGAGATGGTACAGTCTCTGGAGCAGC
AGCTGGTGCTGGAGAAGGAGAAGCTGAGTGCCATGCAGGCCCACCTGGCT
GGGAAAATGGCACTGACCAAGGCTTCATCTGTGGCATCATCCGACAAGGG
CTCCTGCTGCATCGTAGCTGCTGGCAGCCAAGGCCCTGTCGTCCCAGCCT
GGTCTGGCCCCCGGGAGGCCCCTGACAGCCTGTTTGCTGTCCGGAGGCAC
CTGTGGGGTAGCCATGGAAACAGCACATTCCCAGAGTTCCTCCACAACAT
GGACTACTTCAAGTTCCACAACATGCGACCCCCTTTCACCTACGCCACGC
TCATCCGCTGGGCCATCCTGGAGGCT CCAGAGAAGCAGCGGACACTCAAT
GAGATCTACCACTGGTTCACACGCATGTTTGCCTTCTTCAGAAACCATCC
TGCCACCTGGAAGAACGCCATCCGCCACAACCTGAGTCTGCACAAGTGCT
TTGTGCGGGTGGAGAGCGAGAAGGGGGCTGTGTGGACCGTGGATGAGCTG
GAGTTCCGCAAGAAACGGAGCCAGAGGCCCAGCAGGTGTTCCAACCCTAC
ACCTGGCCCCTGACCTCAAGATCAAGGAAAGGAGGATGGACGAACAGGGG
CCAAACTGGTGGGAGGCAGAGGTGGTGGGGGCAGGGATGATAGGCCCTGG
ATGTGCCCACAGGGACCAAGAAGTGAGGTTTCCACTGTCTTGCCTGCCAG
GGCCCCTGTTCCCCCGCTGGCAGCCACCCCCTCCCCCATCATATCCTTTG
CCCCAAGGCTGCTCAGAGGGGCCCCGGTCCTGGCCCCAGCCCCCACCTCC
GCCCCAGACACACCCCCCAGTCGAGCCCTGCAGCCAAACAGAGCCTTCAC

AACCAGCCACACAGAGCCTGCCTCAGCTGCTCGCACAGATTACTTCAGGG
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-continued

CTGGAAAAGTCACACAGACACACAAAATGTCACAATCCTGTCCCTCACTC
AACACAAACCCCAAAACACAGAGAGCCTGCCTCAGTACACTCAAACAACC
TCAAAGCTGCATCATCACACAATCACACACAAGCACAGCCCTGACAACCC
ACACACCCCAAGGCACGCACCCACAGCCAGCCTCAGGGCCCACAGGGGCA
CTGTCAACACAGGGGTGTGCCCAGAGGCCTACACAGAAGCAGCGTCAGTA
CCCTCAGGATCTGAGGTCCCAACACGTGCTCGCTCACACACACGGCCTGT
TAGAATTCACCTGTGTATCTCACGCATATGCACACGCACAGCCCCCCAGT
GGGTCTCTTGAGTCCCGTGCAGACACACACAGCCACACACACTGCCTTGC
CAAAAATACCCCGTGTCTCCCCTGCCACTCACCTCACTCCCATTCCCTGA
GCCCTGATCCATGCCTCAGCTTAGACTGCAGAGGAACTACTCATTTATTT
GGGATCCAAGGCCCCCAACCCACAGTACCGTCCCCAATAAACTGCAGCCG

AGCTCCCCA.

[0050] In some embodiments referring to a first nucleic
acid sequence encoding a FOXP3 polypeptide having a
mutation in exon 2, the nucleic acid sequence corresponding
to FOXP3 exon 2 is at least 80% (e.g., at least 85%, 90%,
95%, 99% and 100%) identical to:
CCTGCCCTTGGACAAGGACCCGATGCC-
CAACCCCAGGCCTGGCAAGCCCTCGGCCC
CTTCCTTGGCCCTTGGCCCATCCCCAG-
GAGCCTCGCCCAGCTGGAGGGCTGCACCCA
AAGCCTCA-
GACCTGCTGGGGGCCCGGGGCCCAGGGG-
GAACCTTCCAGGGCCGAGAT
CTTCGAGGCGGGGCCCATGCCTCCTCTTCTTCCTT-
GAACCCCATGCCACCATCGCAG CTGCAG (SEQ ID
NO: 2). In some embodiments referring to a first nucleic acid
sequence encoding a FOXP3 polypeptide having a deleted
exon 2, the nucleic acid sequence that is deleted from full
length FOXP3 polypeptide (SEQ ID NO: 1) is SEQ ID NO:
2 or a fragment of SEQ ID NO: 2.

[0051] In some embodiments referring to a first nucleic
acid sequence encoding a FOXP3 polypeptide having a
mutation in exon 7, the nucleic acid sequence corresponding
to FOXP3 exon 7 is at least 80% (e.g., at least 85%, 90%,
95%, 99% and 100%) identical to: CTGGTGCTG-
GAGAAGGAGAAGCTGAGTGCCATGCAGGCC-
CACCTGGCTGGGAAAAT GGCACTGACCAAGGCTT-
CATCTGTG (SEQ ID NO: 3). In some embodiments
referring to a first nucleic acid sequence encoding a FOXP3
polypeptide having a deleted exon 7, the nucleic acid
sequence that is deleted from full length FOXP3 (SEQ ID
NO: 1) is SEQ ID NO: 3 or a fragment of SEQ ID NO: 3.
In some embodiments referring to a first nucleic acid
sequence encoding a FOXP3 polypeptide having a deleted
exon 2 and a deleted exon 7, the nucleic acid sequences that
are deleted from full length FOXP3 (SEQ ID NO: 1) are
SEQ ID NO: 2 or a fragment thereof and SEQ ID NO: 3 or
a fragment thereof.

[0052] In some embodiments referring to a mutation in a
nuclear export sequence of FOXP3, the amino acid sequence
corresponding to the NES1 is QLQLPTLPL (SEQ ID NO:
4). In some embodiments referring to a mutation in a nuclear
export sequence of FOXP3, the amino acid sequence cor-
responding to the NES2 is VQSLEQQLVL (SEQ ID NO: 5).
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[0053] As used herein, the term “chimeric antigen recep-
tor” or “CAR” refers to a chimeric antigen receptor com-
prising an extracellular domain, a transmembrane domain,
and an intracellular domain. In some cases, the extracellular
domain can comprise an antigen-binding domain as
described herein. In some cases, the transmembrane domain
can comprise a transmembrane domain derived from a
natural polypeptide obtained from a membrane-binding or
transmembrane protein. For example, a transmembrane
domain can include, without limitation, a transmembrane
domain from a T cell receptor alpha or beta chain, a CD3
zeta chain, a CD28 polypeptide, or a CD8 polypeptide. In
some cases, the intracellular domain can comprise a cyto-
plasmic signaling domain as described herein. In some
cases, the intracellular domain can comprise a co-stimula-
tory domain as described herein.

[0054] As used herein, “T-cell function” refers to a T cell’s
(e.g., any of the exemplary T cells described herein) sur-
vival, stability, and/or ability to execute its intended func-
tion. For example, a CD4"* T cell can have an immunosup-
pressive function. A CD4* T cell including a first nucleic
acid sequence encoding a FOXP3 polypeptide can have a
FOXP3-dependent expression profile that increases the
immunosuppressive function of the T cell. For example, a
cell transduced with a mutated FOXP3 polypeptide as
described herein can have increased expression of genes that
are transcriptional targets of a FOXP3 that can result in
increased T reg cell function. In some embodiments, a T cell
is considered to have T reg function if the T cell exhibits or
maintains the potential to exhibit an immune suppression
function.

[0055] As used herein, the term “activation” refers to
induction of a signal on an immune cell (e.g., a Bcell or T
cell) that to results in initiation of the immune response (e.g.,
T cell activation). In some cases, upon binding of an antigen
to a T cell receptor (TCR) or an exogenous chimeric antigen
receptor (CAR), the immune cell can undergo changes in
protein expression that result in the activation of the immune
response. In some cases, a TCR or CAR includes a cyto-
plasmic signaling sequence that can drive T cell activation.
For example, upon binding of the antigen, a chimeric
antigen receptor comprising an intracellular domain that
includes a cytoplasmic signaling sequence (e.g., an immune-
receptor tyrosine-based inhibition motifs (ITAM)) that can
be phosphorylated. A phosphorylated ITAM results in the
induction of a T cell activation pathway that ultimately
results in a T cell immune response. Examples of ITAMs
include, without limitation, CD3 gamma, CD3 delta, CD3
epsilon, TCR zeta, FcR gamma, FcR beta, CDS5, CD22,
CD79a, and CD66d.

[0056] As used herein, the term “stimulation” refers to
stage of TCR or CAR signaling where a co-stimulatory
signal can be used to achieve a robust and sustained TCR or
CAR signaling response. As described herein, a co-stimu-
latory domain can be referred to as a signaling domain. In
some cases, a signaling domain (e.g., co-stimulatory
domain) can be a CD27, CD28, 0X40, CD30, CDA40,
B7-H3, NKG2C, LIGHT, CD7, CD2, 4-1BB, or PD-1.
[0057] In some embodiments where the chimeric antigen
receptor polypeptide includes a CD3 zeta cytoplasmic sig-
naling domain, the CD3 zeta cytoplasmic signaling domain
has an amino acid sequence that is at least 80% (e.g., at least
85%, 90%, 95%, 99% and 100%) identical to: MKWKA-
LFTAAILQAQLPITEAQSFGLLDPKLCYLLDGIL-
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FIYGVILTALF LRVKFSRSADAPAYQQGQNQLY-
NELNLGRREEYDVLDKRRGRDPEMGGKP
QRRKNPQEGLYNELQKDKMAEAYSEI-
GMKGERRRGKGHDGLYQGLSTATK DTY-
DALHMQALPPR (NCBI Reference No.: NP_932170)
(SEQ ID NO: 13), or a fragment thereof that has activating
or stimulatory activity.

[0058] In some embodiments where the chimeric antigen
receptor polypeptide includes a CD28 co-stimulatory
domain, the CD28 co-stimulatory domain is at least 80%
(e.g., at least 85%, 90%, 95%, 99% and 100%) identical to:

(SEQ ID NO: 6)
IEVMYPPPYLDNEKSNGTI IHVKGKHLCPSPLFPGPSKPFWVLVVVGGVL

ACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPR

DFAAY.

Transcription Factors

[0059] As used herein, the term “transcription factor”
refers to a polypeptide possessing one or more domains that
bind to a DNA-regulatory sequence (e.g., promoter,
enhancer, or silencer) to modulate the rate of gene transcrip-
tion. This may result in increased or decreased gene tran-
scription, protein synthesis, and subsequent altered cellular
function.

[0060] As used herein, BLIMP1 also known as PRDM1
refers to PR/SET domain 1 polypeptide. When preparing a
T cell or treating a mammal with a T cell, BLIMP1 or
PRDM1 refers to human BLIMP1 or PRDM1. An example
of a human BLIMP1 or PRDMI1 polypeptide includes,
without limitation, NCBI reference sequence: NP_001189.2.
In some embodiments referring to a second nucleic acid
sequence encoding a BLIMP1 (e.g., full length BLIMP1)
polypeptide, the nucleic acid sequence is at least 70% (e.g.,
at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 99%, or at least 100%) identical to:

(SEQ ID NO: 7)
AACACAGACAAAGTGCTGCCGTGACACTCGGCCCTCCAGTGTTGCGGAGA

GGCAAGAGCAGCGACCGCGGCACCTGTCCGCCCGGAGCTGGGACGCGGGT
GCCCGGGCGGCCGGACGAAGCGAGGAGGGACCGCCGAGGTGCGCGTCTGT
GCGGCTCAGCCTGGCGGGGGACGCGGGGAGAATGTGGACTGGGTAGAGAT
GAACGAGACTTTTCTCAGATGTTGGATATTTGCTTGGAAAAACGTGTGGG
TACGACCTTGGCTGCCCCCAAGTGTAACTCCAGCACTGTGAGGTTTCAGG
GATTGGCAGAGGGGACCAAGGGGACCATGAAAATGGACATGGAGGATGCG
GATATGACTCTGTGGACAGAGGCTGAGTTTGAAGAGAAGTGTACATACAT
TGTGAACGACCACCCCTGGGATTCTGGTGCTGATGGCGGTACTTCGGTTC
AGGCGGAGGCATCCTTACCAAGGAATCTGCTTTTCAAGTATGCCACCAAC
AGTGAAGAGGTTATTGGAGTGATGAGTAAAGAATACATACCAAAGGGCAC
ACGTTTTGGACCCCTAATAGGTGAAATCTACACCAATGACACAGTTCCTA
AGAACGCCAACAGGAAATATTTTTGGAGGATCTATTCCAGAGGGGAGCTT

CACCACTTCATTGACGGCTTTAATGAAGAGAAAAGCAACTGGATGCGCTA
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TGTGAATCCAGCACACTCTCCCCGGGAGCAARACCTGGC TGCGTGTCAGA
ACGGGATGAACATCTACTTCTACACCATTAAGCCCATCCCTGCCAACCAG
GAACTTCTTGTGTGGTATTGT CGEGACT TTGCAGAAAGGCT TCACTACCC
TTATCCCGGAGAGCTGACAATGATGAATCTCACACAAACACAGAGCAGTC
TAAAGCAACCGAGCACTGAGAAAAATGAACTCTGCCCAAAGAATGTCCCA
AAGAGAGAGTACAGCGTGAAAGAAATCCTAAAATTGGACTCCAACCCCTC
CAAAGGAAAGGACCTCTACCGTTCTAACATTTCACCCCTCACATCAGAAA
AGGACCTCGATGACTTTAGAAGACGTGGGAGCCCCGARATGCCCTTCTAC
CCTCGGETCGTTTACCCCATCCGGGCCCCTCTGCCAGAAGACTTTTTGAA
AGCTTCCCTGGCCTACGGGAT CGAGAGACCCACGTACATCACTCGCTCCC
CCATTCCATCCTCCACCACTCCAAGCCCCTCTGCAAGAAGCAGCCCCGAC
CAAAGCCTCAAGAGCTCCAGCCCTCACAGCAGCCCTGGGAATACGGTGTC
CCCTGTGGGCCCCGGCTCTCAAGAGCACCGGGACTCCTACGCTTACTTGA
ACGCGTCCTACGGCACGGAAGGT TTGEGCTCCTACCCTGGCTACGCACCC
CTGCCCCACCTCCCGCCAGCTTTCATCCCCTCGTACAACGCTCACTACCC
CAAGTTCCTCTTGCCCCCCTACGGCATGAATTGTAATGGCC TGAGCGCTG
TGAGCAGCATGAATGGCATCAACAACTTTGGCCTCTTCCCGAGGCTGTGC
CCTGTCTACAGCAATCTCCTCEGTGGGEECAGCCTGCCCCACCCCATGCT
CAACCCCACTTCTCTCCCGAGCTCGCTGCCCTCAGATGGAGCCCGGAGET
TGCTCCAGCCGGAGCATCCCAGGGAGGTGCTTGTCCCGGCGCCCCACAGT
GCCTTCTCCTTTACCGGGGCCGCCGCCAGCATGAAGGACAAGGCCTGTAG
CCCCACAAGCGEGTCTCCCACGGCGGGAACAGCCGCCACGGCAGAACATG
TGGTGCAGCCCAAAGCTACCTCAGCAGCGATGGCAGCCCCCAGCAGCGAC
GAAGCCATGAATCTCATTAAAAACAAAAGAAACATGACCGGCTACAAGAC
CCTTCCCTACCCGCTGAAGAAGCAGAACGGCAAGATCAAGTACGAATGCA
ACGTTTGCGCCAAGACTTTCGGCCAGCTCTCCAATCTGAAGGTCCACCTG
AGAGTGCACAGTGGAGAACGGCC TTTCAAATGTCAGACT TGCAACAAGGE
CTTTACTCAGCTCGCCCACCTGCAGAAACACTACCTGGTACACACGGGAG
ARAAGCCACATGAATGCCAGGTCTGCCACAAGAGAT TTAGCAGCACCAGC
AATCTCAAGACCCACCTGCGACTCCATTCTGGAGAGAAACCATACCAATG
CAAGGTGTGCCCTGCCAAGTTCACCCAGTTTGTGCACCTGAAACTGCACA
AGCGTCTGCACACCCGEGAGCGGCCCCACAAGTGCTCCCAGTGCCACAAG
AACTACATCCATCTCTGTAGCCTCAAGGTTCACCTGAAAGGGAACTGCGC
TGCEGECCCCGGCGCCTGGGCTGCCCT TGGAAGAT CTGACCCGAATCAATG
AAGAAATCGAGAAGT TTGACATCAGTGACAATGCTGACCGGCTCGAGGAC
GTGGAGGATGACATCAGTGTGATCTC TGTAGTGGAGAAGGAAATTCTGGC
CGTGGTCAGAAAAGAGAAAGAAGAAACTGGCCTGAAAGTGTCTTTGCAAA
GAAACATGGGGAATGGACTCCTCTCCTCAGGGTGCAGCCTTTATGAGTCA

TCAGATCTACCCCTCATGAAGTTGCCTCCCAGCAACCCACTACCTCTGGT
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ACCTGTAAAGGTCAAACAAGAAACAGTTGAACCAATGGATCCTTAAGATT
TTCAGAAAACACTTATTTTGTTTCTTAAGT TATGACTTGGTGAGTCAGGG
TGCCTGTAGGAAGTGGCTTGTACATAATCCCAGCTCTGCAAAGCTCTCTC
GACAGCAAATGGTTTCCCCTCACCTCTGGAATTAAAGAAGGAACTCCAAA
GTTACTGAAATCTCAGGGCATGAACAAGGCAAAGGCCATATATATATATA
TATATATATCTGTATACATATTATATATACTTATTTACACCTGTGTCTAT
ATATTTGCCCCTGTGTATTTTGAATATTTGTGTGGACATGTTTGCATAGC
CTTCCCATTACTAAGACTATTACCTAGTCATAATTATTTTTTCAATGATA
ATCCTTCATAATTTATTATACAATTTATCATTCAGAAAGCAATAATTAAA
AAAGTTTACAATGACTGGAAAGATTCCTTGTAATTTGAGTATAAATGTAT
TTTTGTCTTGTGGCCATTCTTTGTAGATAATTTCTGCACATCTGTATAAG
TACCTAAGATTTAGTTAAACAAATATATGACTTCAGTCAACCTCTCTCTC
TAATAATGGT TTGAAAATGAGGT TTGGGTAATTGCCAATGTTGGACAGTT
GATGTGTTCATTCCTGGGATCCTATCATTTGAACAGCATTGTACATAACT
TGGGGGTATGTGTGCAGGATTACCCAAGAATAACTTAAGTAGAAGAAACA
AGAAAGGGAATCTTGTATATTTTTGTTGATAGTTCATGTTTTTCCCCCAG
CCACAATTTTACCGGAAGGGTGACAGGAAGGCTTTACCAACCTGTCTCTC
CCTCCAAAAGAGCAGAATCCTCCCACCGCCCTGCCCTCCCCACCGAGTCC
TGTGGCCATTCAGAGCGGCCACATGACTTTTGCATCCATTGTATTATCAG
AAAATGTGAAGAAGAAAAAAATGCCATGTTTTAAAACCACTGCGAAAATT

TCCCCAAAGCATAGGTGGCTTTGTGTGTGTGCGATTTGGGGGCTTGAGTC

TGGGTGGTGTTTTGTTGTTGGTTTTTGTTGCTTTTTTTTTTTTTTTTTTT

TTAATGTCAAAATTGCACAAACATGGTGCTCTACCAGGAAGGATTCGAGG

TAGATAGGCTCAGGCCACACTTTAAAAACAAACACACAAACAACAAARAL

CGGGTATTCTAGTCATCTTGGGGTAAAAGCGGGTAATGAACATTCCTATC

CCCAACACATCAATTGTATTTTTTCTGTAAAACTCAGATTTTCCTCAGTA

TTTGTGTTTTTACATTTTATGGT TAAT TTAATGGAAGATGAAAGGGCATT

GCAAAGTTGTTCAACAACAGTTACCTCATTGAGTGTGTCCAGTAGTGCAG

GAAATGATGTCTTATCTAATGATTTGCTTCTCTAGAGGAGAAACCGAGTA

AATGTGCTCCAGCAAGATAGACTTTGTGTTATTCTATCTTTTATTCTGCT

AAGCCCAAAGATTACATGTTGGTGTTCAAAGTGTAGCAAAAAATGATGTA

TATTTATAAATCTATTTATACCACTATATCATATGTATATATATTTATAA

CCACTTAAATTGTGAGCCAAGCCATGTAAAAGATCTACTTTTTCTAAGGG

CAAAAAAAADADAAAAAAAAAAAAGAACACTCCTTTCTGAGACTTTGCTTA

ATACTTGGTGACCTCACAATCACGTCGGTATGATTGGGCACCCTTGCCTA

CTGTAAGAGACCCTAAAACCTTGGTGCAGTGGTGGGGACCACAAAACAAC

CAGGGAGGAAGAGATACATCATTTTTTAGTATTAAGGACCATCTAAGACA

GCTCTATTTTTTTTTTGCCACTTTATGATTATGTGGTCACACCCAAGTCA

CAGAAATAAAAAACTGACTTTACCGCTGCAATTTTTCTGTTTTCCTCCTT
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ACTAAATACTGATACATTACTCCAATCTATTTTATAATTATATTTGACAT
TTTGTTCACATCAACTAATGTTCACCTGTAGAAGAGAACAAATTTCGAAT
AATCCAGGGAAACCCAAGAGCCTTACTGGTCTTCTGTAACTTCCAAGACT
GACAGCTTTTTATGTATCAGTGTTTGATAAACACAGTCCTTAACTGAAGG
TAAACCAAAGCATCACGTTGACATTAGACCAAATACTTTTGATTCCCAAC
TACTCGTTTGTTCTTTTTCTCCTTTTGTGCTTTCCCATAGTGAGAATTTT
TATAAAGACTTCTTGCTTCTCTCACCATCCATCCTTCTCTTTTCTGCCTC
TTACATGTGAATGTTGAGCCCACAATCAACAGTGGTTTTATTTTTTCCTC
TACTCAAAGTTAAAACTGACCAAAGTTACTGGCTTTTTACTTTGCTAGAA
CAACAAACTATCTTATGTTTACATACTGGTTTACAATGTTATTTATGTGC

AAATTGTCAAAATGTAAATTAAATATAAATGTTCATGCTTTACCAAAA.

[0061] As used herein, EOS also known as Ikzf4 refers to
Ikaros family zinc finger 4 polypeptide. When preparing a T
cell or treating a mammal with a T cell, EOS or Ikzf4 refers
to human EOS or Ikzf4. An example of a human EOS or
Ikzf4 polypeptide includes, without limitation, NCBI refer-
ence sequence: NP_001338018.1. In some embodiments
referring to a second nucleic acid sequence encoding a EOS
(e.g., full length EOS) polypeptide, the nucleic acid
sequence is at least 70% (e.g., at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 99%, or at least
100%) identical to:

(SEQ ID NO: 8)
CCCTTCTCAGGTGAAGCTGCTGATGGAGATGGAGCC

GCCGCCACCGCCGCCTCTGAGCGCCCGGGTCCTGGC
TCCGGCCCGGCGACTGCCGCCGCCTCAGTGACCCCA
CTCCCCCCGCACTGGGCCGCCCGGGCCAGAGTGGGG
GACCCCCGCCCCCTCGCCTCCCTCTCCCCCAACACT
GTCCCCTCTCCCCAACCCCTCACAGCCTGCGCGCGC
GCGGAGACACCTCAGTCTACATGGGGAGGACAGAGA
AGCGCAAAGAACAAGAGAAAAGATGCATCCATCTGA
GATCTAAAAGGAGACAATGAGAATCTCTTTAAAATG
GACATAGAAGACTGCAATGGCCGCTCCTATGTGTCT
GTAGGACCAATGAAGGAATTATTGGCATGCACTAAA
GGAGATAGCAAGATGGGTCAGACACACATATGAGAG
TCATTGGCAACACCCGGGTAATGTAAGGAATCCACG
CTTCCTGGAAGGTGAGTGGCTGGGCTCACCCCTGCC
TGCCACTGAGACGCAGACATGCATACACCACCCGCA
CTCCCTCGCCGTTTCCAAGGCGGCGGCCGCGTTCGC
ACCCCAGGGTCTCACCGGCAAGGGAAGGATAATCTG
GAGAGGGATCCCTCAGGAGGGTGTGTTCCGGATTTC

TTGCCTCAGGCCCAAGACTCCAACCATTTTATAATG
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GAATCTTTATTTTGTGAAAGTAGCGGGGACTCATCT

CTGGAGAAGGAGTTCCTCGGGGCCCCAGTGGGGCCC
TCGGTGAGCACCCCCAACAGCCAGCACTCTTCTCCT
AGCCGCTCACTCAGTGCCAACTCCATCAAGGTGGAG
ATGTACAGCGATGAGGAGTCAAGCAGACTGCTGGGG
CCAGATGAGCGGCTCCTGGAAAAGGACGACAGCGTG
ATTGTGGAAGATTCATTGTCTGAGCCCCTGGGCTAC
TGTGATGGGAGTGGGCCAGAGCCTCACTCCCCTGGG
GGCATCCGGCTGCCCAATGGCAAGCTCAAGTGTGAC
GTCTGCGGCATGGTCTGTATTGGACCCAACGTGCTC
ATGGTGCACAAGCGCAGTCACACTGGTGAAAGGCCC
TTCCATTGCAACCAGTGTGGTGCCTCCTTCACCCAG
AAGGGGAACCTGCTGCGCCACATCAAGCTGCACTCT
GGGGAGAAGCCCTTTAAATGTCCCTTCTGCAACTAT
GCCTGCCGCCGGCGTGATGCACTCACTGGTCACCTC
CGCACACACTCAGTCTCCTCTCCCACAGTGGGCAAG
CCCTACAAGTGTAACTACTGTGGCCGGAGCTACAAA
CAGCAGAGTACCCTGGAGGAGCACAAGGAGCGGTGC
CATAACTACCTACAGAGTCTCAGCACTGAAGCCCAA
GCTTTGGCTGGCCAACCAGGTGACGAAATACGTGAC
CTGGAGATGGTGCCAGACTCCATGCTGCACTCATCC
TCTGAGCGGCCAACTTTCATCGATCGTCTGGCCAAT
AGCCTCACCAAACGCAAGCGTTCCACACCCCAGAAG
TTTGTAGGCGAAAAGCAGATGCGCTTCAGCCTCTCA
GACCTCCCCTATGATGTGAACTCGGGTGGCTATGAA
AAGGATGTGGAGTTGGTGGCACACCACAGCCTAGAG
CCTGGCTTTGGAAGTTCCCTGGCCTTTGTGGGTGCA
GAGCATCTGCGTCCCCTCCGCCTTCCACCCACCAAT
TGCATCTCAGAACTCACGCCTGTCATCAGCTCTGTC
TACACCCAGATGCAGCCCCTCCCTGGTCGACTGGAG
CTTCCAGGATCCCGAGAAGCAGGTGAGGGACCTGAG
GACCTGGCTGATGGAGGTCCCCTCCTCTACCGGCCC
CGAGGCCCCCTGACTGACCCTGGGGCATCCCCCAGC
AATGGCTGCCAGGACTCCACAGACACAGAAAGCAAC
CACGAAGATCGGGTTGCGGGGGTGGTATCCCTCCCT
CAGGGTCCCCCACCCCAGCCACCTCCCACCATTGTG
GTGGGCCGGCACAGTCCTGCCTACGCCAAAGAGGAC
CCCAAGCCACAGGAGGGGTTATTGCGGGGCACCCCA

GGCCCCTCCAAGGAAGTGCTTCGGGTGGTGGGCGAG

11
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AGTGGTGAGCCTGTGAAGGCCTTCAAGTGTGAGCAC

TGCCGTATCCTCTTCCTGGACCACGTCATGTTCACT
ATCCACATGGGCTGCCATGGCTTCAGAGACCCTTTT
GAGTGCAACATCTGTGGTTATCACAGCCAGGACCGG
TACGAATTCTCTTCCCACATTGTCCGGGGGGAGCAT
AAGGTGGGCTAGCAACCTCTCCCTCTCTCCTCAGTC
CACCACTCCACTGCCCTGACTACAGGCATTGATCCC
TGTCCCCACCATTTCCCAAGGAGTTTTGCTTTGTAG
CCCTCACTACTGGCCACCTGACCTCACACCTGACCC
TGACCCCTCCTCACCTATTCTCTTCCTCTATCCTGA
CCGATGTAAGCATTGTGATGAAACAGATCTTTTGCT
TATGTTTTTCCTTTTTATCTTCTCTCATCCCAGCAT
ACTGAGTTATTTATTAATTAGTTGATTTATTTTTGC
CTTTTTAAATTTTAACTTATATCAGTCACTTGCCAC
TCCCCCACCCTCCTGTCCACAACTCCTTTCCACTTT
AGGCCAATTTTTCTCTCTTAGATCTTCCAGCAGCCC
CAGGGGTAGGAAGCTCCTCTTAGTACTAAGAGACTT
CAAGCTTCTTGCTTTAAGTCCTCACCCTTTACATTA
TCTAATTCTTCAGTTTTGATGCTGATACCTGCCCCC
GGCCCTACCTTAGCTCTGTGGCATTATATCTCCTCT
CTGGGACTCTTCAACCTGGTACTCCATACCTCTTGT
GCCCTCTCACTTTAGGCAGCTTGCACTATTCTTGAA
TGAATGAAGAATTATTTCCTCATTTGGAAGTAGGAG
GGACTGAAGAAATTCTCCCCAGGCACTGTGGGACTG
AGAGTCCTATTCCCCTAGTAATAGGTCATATTCCCC
TAGTAATATGAGTTCTCAAAGCCTACATTCAGGATC
TCCCTCTAGGATGTGATAGATCTGGTCCCTCTCCTT
GAACTACCCCTCCACACGCTCTAGTCCCTTCAACCT
ACCGGTCTATTAAGTGGTGGCTTTTCTCTCCTTGGA
GTGCCCCAATTTTATATTCTCAGGGGCCAAGGCTAG
GTCTGCAACCCTCTGTCTCTGACAGATTGGGAGCCA
CAGGTGCCTAATTGGGAACCAGGGCATGGGAAAGGA
GTGGGTCAAAATTCTTCTCTTTCTCCTCCACCTCTC
AAACTTCTTCACTATAGTGACCTTCCTAGGCTCTCA
GGGGCTCCTTCAGTCCCCATCCTATGAGAAACTAGT
GGGTTGCTGCCTGATGACAAGGGGTTGTTTCAGCCC
CTCAGTCATGCTGCCTTCTGCTGCTCCCTCCCAGCA
GGATTCACCCTCTCATTCCCGGGCTCCTGGGCCCTG

TTCTTAGGATCAGTGGCAGGGAGAAACGGGTATCTC
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TTTTCTCTCTTCTAATTTTCAGTATAACCAAAAATT

ATCCCAGCATGAGCACGGGCACGTGCCCTTCACCCC
ATTCCACCCTTGTTCCAGCAAGACTGGGATGGGTAC
AACTGAACTGGGGTCTTCCTTTACTACCCCCTTCTA
CACTCAGCTCCCAGACACAGGGTAGGAGGGGGGACT
GCTGGCTACTGCAGAGACCCTTGGCTATTTGAGTAA
CCTAGGATTAGTGAGAAGGGGCAGAAGGAGATACAA
CTCCACTGCAAGTGGAGGTTTCTTTCTACAAGAGTT
TTCTGCCCAAGGCCACAGCCATCCCACTCTCTGCTT
CCTTGAGATTCAAACCAAAGGCTGTTTTTCTATGTT
TAAAGAAAAAAAAAAGTAAAAACCAAACACAACACC
TCACAAGTTGTAACTCTTGGTCCTTCTCTCTCTCCT
TTTCTCTTCCCTTCCTTCCCCTTCCATCTTTCTTTC
CACATGTCCTTTCCTTATTGGCTCTTTTACCTCCTA
CTTTTCTCACTCCCTATCAGGGATATTTTGGGGGGG
GATGGTAAAGGGTGGGCTAAGGAACAGACCCTGGGA
TTAGGGCCTTAAGGGCTCTGAGAGGAGTCTACCTTG
CCTTCTTATGGGAAGGGAGACCCTAAAAAACTTTCT
CCTCTTTGTCCTCCTTTTTCTCCCCCACTCTGAGGT
TTCCCCAAGAGAACCAGATTGGCAGGGAGAAGCATT
GTGGGGCAATTGTTCCTCCTTGACAATGTAGCAATA
AATAGATGCTGCCAAGGGCAGAAAATGGGGAGGTTA
GCTCAGAGCAGAGTAGTCTCTAGAGAAAGGAAGAAT
CCTCAACGGCACCCTGGGGTGCTAGCTCCTTTTTAG
AATGTCAGCAGAGCTGAGATTAATATCTGGGCTTTT
CCTGAACTATTCTGGTTATTGAGCCCTTCCTGTTAG
ACCTACCGCCTCCCACCTCTTCTGTGTCTGCTGTGT
ATTTGGTGACACTTCATAAGGACTAGTCCCTTCTGG
GGTATCAGAGCCTTAGGGTGCCCCCATCCCCTTCCC
CAGTCAACTGTGGCACCTGTAACCTCCCGGAACATG
AAGGACTATGCTCTGAGGCTATACTCTGTGCCCATG
AGAGCAGAGACTGGAAGGGCAAGACCAGGTGCTAAG
GAGGGGAGAGGGGGCATCCTGTCTCTCTCCAGACCA
TCACTGCACTTTAACCAGGGTCTTAGGTACAAAATC
CTACTTTTCAGAGCCTTCCAGCTCTGGAACCTCAAA
CATCCTCATGCTCTCTCCCAGCTCCTTTTGCATAAA
AAAAAAAGTAAAGAAAAAGAAAAAAANAATACACACA
CACTGAAACCCACATGGAGAAAAGAGGTGTTTCCTT

TTATATTGCTATTCAAAATCAATACCACCAACAAAAL

12
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TATTTCTAAGTAGACACTTTTCCAGACCTTTGTTTT

TTTGTGTCAGTGTCCAAGCTGCAGATAGGATTTTGT
AATACTTCTGGCAGCTTCTTTCCTTGTGTACATAAT
ATATATATATACATATATATATATATTTTTAATCAG
AAGTTATGAAGAACAAAAAGAAAAAATAAACACAGA
AGCAAGTGCAATACCACCTCTCTTCTCCCTCTCTCC
TAGGGTTTCCTTTGTAGCCTATGTTTGGTGTCTCTT

TTGACCTTTACCCCTTCACCTCCTCCTCTCTTCTTC

TGATTCCCCTCCCCCCCTTTTTTAAAGAGTTTTTCT

CCTTTCTCAAGGGGAGTTAAACTAGCTTTTGAGACT

TATTGCAAAGCATTTTGTATATGTAATATATTGTAA

GTAAATATTTGTGTAACGGAGATATACTACTGTAAG

TTTTGTACTGTACTGGCTGAAAGTCTGTTATAAATA

AACATGAGTAATTTAACA.

As used herein, GATALI refers to a GATA binding
protein 1 polypeptide. When preparing a T cell or treating a
mammal with a T cell, GATA1 refers to human GATA1. An
example of a human GATA1 polypeptide includes, without
limitation, NCBI reference sequence: NP_002040.1. In
some embodiments referring to a second nucleic acid
sequence encoding a GATAl (e.g., full length GATA1)
polypeptide, the nucleic acid sequence is at least 70% (e.g.,
at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 99%, or at least 100%) identical to:

(SEQ ID NO:

ACACTGAGCTTGCCACATCCCCAAGGCGGCCGAACC

CTCCGCAACCACCAGCCCAGGTTAATCCCCAGAGGC

TCCATGGAGTTCCCTGGCCTGGGGTCCCTGGGGACC

TCAGAGCCCCTCCCCCAGTTTGTGGATCCTGCTCTG

GTGTCCTCCACACCAGAATCAGGGGTTTTCTTCCCC

TCTGGGCCTGAGGGCTTGGATGCAGCAGCTTCCTCC

ACTGCCCCGAGCACAGCCACCGCTGCAGCTGCGGCA

CTGGCCTACTACAGGGACGCTGAGGCCTACAGACAC

TCCCCAGTCTTTCAGGTGTACCCATTGCTCAACTGT

ATGGAGGGGATCCCAGGGGGCTCACCATATGCCGGC

TGGGCCTACGGCAAGACGGGGCTCTACCCTGCCTCA

ACTGTGTGTCCCACCCGCGAGGACTCTCCTCCCCAG

GCCGTGGAAGATCTGGATGGAAAAGGCAGCACCAGC

TTCCTGGAGACTTTGAAGACAGAGCGGCTGAGCCCA

GACCTCCTGACCCTGGGACCTGCACTGCCTTCATCA

CTCCCTGTCCCCAATAGTGCTTATGGGGGCCCTGAC

TTTTCCAGTACCTTCTTTTCTCCCACCGGGAGCCCC

9)
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CTCAATTCAGCAGCCTATTCCTCTCCCAAGCTTCGT
ACAGAGCTGGARATGGTGATGAATCTTTTTTAATCA
GGAACTCTCCCCCTGCCTCCCTGTGAGGCCAGEGAG
ARGGACAATTTCTTTTCATTGCACTTTGACTATGGA
TGTGTGAACTGCGGAGCAACAGCCACTCCACTGTCE
AACAGAGGCTATTGATGECTATATAACGTGTGACAR
CCQGAGGGACAGGACAGECCACTACCTATGCAACGCC
TGAGCTTTCACCCGARAGGGAGCACTCCAATATGEC
TGCGGCCTCTATCACAAGATGAATGGGCAGAACAGE
AATTGACCTCACCTCAAGCACACCCAATGGACAGCA
CCCCTCATCCGGCCCAAGAAGCGCCTCATTGTCAGT
TGCCTCACCAAGTCACATGACAAGCACARATTCAGT
AAACGGGCAGGTACTCAGTGCACCAACTGCCAGACE
ARAGCTAGARATGCAGAGTGATGAAGAGTGTGACAG
ACCACCACGACACTGTGGCGGAGARATGCCAGTERE
GAAACCCCTGAGCCGTGAAGATGAGAT CAGGGGCCA
GATCCCGTGTGCAATGCCTGCGGCCTCTACTACAAG
TGATGAGGGTAGCAGCCTAGAAGAACCCCTAATTGA
CTACACCAGGTGAACCGGCCACTGACCATGCGGAAG
GAGCAGCCAGGTGGCTCACAACAGCAAAGTCCAGGA
GATGGTATTCAGACTCGAAACCGCAAGACATCTGGA
GCTTCAAGGCGAGGGAGGAATCCGECTTCCGAATGE
AAAGGGAAAAAGARACGGGGCTCCAGTC TAGGGAGGT
TGAACGCCCCTTCCACTGTAACCAGTGTGGAGCTTC
ACAGGAGCAGCCGAAGEACCAGCTGGTGCCTTTATG
TTTTACTCAGAAGGGCAACCTTCTGAGACACATARA
GTGETGACTCECGGCAGCAATAGCAGGAATTGTEEE
GTTACACTCTGGAGAGAAGCCGTTCARATGTCCTTT
GAGGTGACTTCAGGCCTGACACTAGGCCCCCCAGET
CTGTAGCTACGCCTGTAGAAGAAGGGACGCCCTCAC
ACTGCCCATCTCTACCAAGECCTGEGCCCTATARTE
AGGACACCTCAGGACCCATTCTGTGAGTARACCTCA
CTGTCAGGGCCTGTTAGCCACCTCATGCCTTTCCCT
CAAGTGCAACTACTGTGGACGAAGCTACAAGCAGCE
GGACCCCTACTGGGCTCACCCACEEGCTCCTTCCCC
CAGTTCACTGGAGGAGCACAAGGAACGCTGCCACAA
ACAGGCCCCATGCCCCCCACCACCAGCACTACTETE
CTATCTCCAGAATGTCAGCATGGAGGCTGCTGGGCA
GTGECTCCGCTCAGCTCATGAGGGCACAGAGCATEE
GGTCATGAGTCACCATGTACCTCCTATGGAAGATTG
CCTCCAGAGGAGEGATGETGTCCTTCTCCTCTTGTA
TAAGGAACAAGAGCCTATTATGGACAACAATATTTC
GCCAGAATTCTGGACAACCCAAGTCTCTEGGCCCCA
TCTGETACCTTTTGAGAGACCTGCTGTCATAGAGAA
GGCACCCCCTAACTTGAACCTTCARAGCTTTTGTAA
GCTCACGGEGAATATGGGARAACGTARAAGCTCCAC
AATAARACCACCARAGTCCTGARA .
TCCACAARAGTTTGTGGGGGAAAAGCT CATGCGATT
[0063] As used herein, IKZF2 refers to a IKAROS family
zinc finger 2 polypeptide. When preparing a T cell or
treating a mammal with a T cell, IKZF2 refers to human
IKZF2. An example of a human IKZF2 polypeptide
includes, without limitation, NCBI reference sequence:
NP_001072994.1. In some embodiments referring to a sec-
ond nucleic acid sequence encoding a IKZF2 (e.g., full
length IKZF2) polypeptide, the nucleic acid sequence is at
least 70% (e.g., at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 99%, or at least 100%)

identical to:

CAGCTACCCAGATATTCACTTTGATATGAACTTAAC
ATATGAGAAGGAGGCTGAGCTGATGCAGTCTCATAT
GATGGACCAAGCCATCAACAATGCAATCACCTACCT
TGGAGCTGAGGCCCTTCACCCTCTGATGCAGCACCC
GCCAAGCACAATCGCTGAAGTGGCCCCAGTTATAAG
CTCAGCTTATTCTCAGGTCTATCATCCAAATAGGAT
AGAAAGACCCATTAGCAGGGAAACTGCTGATAGTCA

TGAAAACAACATGGATGGCCCCATCTCTCTCATCAG
(SEQ ID NO: 10)

GCTAACCCTGCTCCTCGCTGAAGATGGAGGAAGTAA

AAACAGGATTACCCTTAGCTACAGATCCACTGCCTT

AGTTTCCACCACCAACTGCAGTGCACAAACACACGT

TAGGCACAGGAAAGAAAGAAAGACAGAGGACACATT

AACAGTAAACACAAACAAAAGGGTGATGGGATTATT

TTACTGCATGCACTGCTGAGCCCGACATTGTCACCT

CCTCTTTGAGGGGTTAGAAGAAGCTGAGATCTCCCG

ACCAAAGAGTCGACCCCAGGAAAGAGAGGCCTCTCC

CAGCAATAGCTGCCTGGATTCCACTGACTCAGAAAG

CAGCCATGATGACCACCAGTCCTACCAAGGACACCC

TGCCTTAAATCCCAAGAGGAAACAAAGCCCAGCTTA

CATGAAGGAGGATGTCAAAGCTTTGGATACTACCAA

GGCTCCTAAGGGCTCTCTGAAGGACATCTACAAGGT

CTTCAATGGAGAAGGAGAACAGATTAGGGCCTTCAA
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GTGTGAGCACTGCCGAGTCCTTTTCCTAGACCATGT
CATGTACACCATTCACATGGGTTGCCATGGCTACCG
GGACCCACTGGAATGCAACATCTGTGGCTACAGAAG
CCAGGACCGTTATGAGTTTTCATCACACATTGTTCG
AGGGGAGCACACATTCCACTAGGCCTTTTCATTCCA
AAGGGGACCCCTATGAAGTAAAGAACTGCACATGAA
GAAATACTGCACTTACAATCCCACCTTTCCTCAAAT
GTTGACATACCTTTTATTTTTTTTAATATTATTACT
GTTGATAATTCTTATTTTGTGGAGGCAGTGTCATTT
GCTCTGCCTAATTACGATAAGGAAGAAACAGAAGAG
AGAAGGGGCGGGAATATTGTTTCTTTATCACCTGGC
TTGTTTATTTTGTGGGAATT TAAGAGCAGTCCATTT
CTACCAAGGCATATCATGCTTTGAAAAATCACTTGA
TTCATAAAGATTCACCTAAGAGATTCTGATTTGCCA
CTGATATTCAGAATTATGATGGAAGACAGGAAAGTT
CAGAGTTTTCTGGGTAGGACTTTGGTGGTTTAAAAA
TGGTATAAGTAACTTTATTCTTGAAAGAAGAATGTG
TTTCAAACTGTAAACCAATTTTTTGTTCTTCAGAGA
TCATGGAACACAAACACATTGTTATTTTCAGTGATA
ACTCCTAAGAGGAGCTGAGTTGTTGTGGGTTCTATG
TTTACTTCCCCTATGGAATTTATAATTCAGTATGTT
TTACACTGTACCATATAGCAAAACTTTTAAACTACA
GGTAGTTAAGGGCCACCTACAATACATCTGAGGTCC
TGTGATCTTATTTTTCTAAACGTAAGCACTGTTTTT
CCATAGTTTTGATGACTGGCATTTTATAGACACCCT
GGCAGCCTTACTTTTAACACCTTTAAGGAATAGTAT
TTTTATGTAGTTTTCAGAATAACATATGGTCTAAGA
GTGGATAAAAGGCAGTCAATAATTTCTGGGAGGGAC
TTCTACTTTCATAAATTTGTTTGAGAGGTTTTCTTT
TAAAGTTGTAATGTGATGGCAGCATAGTATATGTAT
TTGTTTCTAAAAGTATGCTTACGATTGTCACTTTAT
CAGCATTTAATCAGTGTTAACCAGTCAGCAGAAAAA
TATAATTATGCTAACAGTAGGGGGAGAAAACCCACT
TAGAAATCCCTTTTCTGGTATTTCTCTTTTCACTAG
TTTTTTTCAAGATGTGACCTCCCGGTGTTCTGTCCA
TAGTTCATTCATCCTTTACTCTTCGAGTAGAAGGTC
TTAAAAGTCTTCCTGTCGGCTGTTTCTTTCAAAATC
TCCTCAGAGCAATTGCTAATTTGGCCTGAATCTGGT

AACTTGAACCCTGTAAGGTTACAGAACTAGGGCTAT

14
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TTATTTTAGCATTTCTTCAGTAGTATTTACTACTCT
TGTTGCAAAGAAAAGGGAATGGGACTTCTTTGTAAC
CTGTACCTTGGACAACAGATAAAAGAAACAAAALAAA
TAAGAAAGTTTACTTTTACCCTTCTTGGAGTCTAGA
ATGTGACAGAACCCCCAAAGGAAAGTCCTGCACATT
TTTCTGTTTCCAAAACATTTAATTGTGTAAGTCCTT
GTCAGAAATGAATCTCAATCCCTTAGTATAGAATTC
CCCTTACATGGTATAGGTTGCCATATTTCATGTGCA
GATTTTAATTTCATTTATGTGGGCGCTCTGTTTTTT
CTTTGCAGTCCAGCCACATTAGAGGGGAGGAACCGA
GTGATATTGATTCAAGTCATTTTAGGGGGACATACT
TGGAAGGCAGAACTTGCTGCTTCTGTTTGGGGAGGA
CAGACCTGACTGTGACTGGATTATCTGATAACCATT
TGTGAATACTGAAATTCTGTTAGGCAGTAACTGATA
ACTGCTCTAAAGGATCATTAAATAGGATGCTGAAAT
TATGTATCTTAATACAGTGTGGTATGAGAATTACCA
AGTCAAGAGAATTGTGGACATAAGCAAGTTTGGCCC
CAATACTGCTCTTAACTCATTTTCCAGCTTACTATT
TGCTATTTAAATGGTAGGCACCAGCTAAGCACTTCT
AAGCACTAACACAGCTAGAACTAGGCAAAAATGGTT
AGAACTCAGCTCTCTTCTACTAGTCCCTGTCATAAT
TATTTTTGGGAAAATGTCCAAACTGCCCCCTTTAAA
TCTAAGGGAATGCACCAAAACAGAGATATATAGAAT
GTCAACCATTTCATTTTTTTTTTTCTGCATGCCTTG
GTACATAGTGAACATACAACCTATTTAAAGATAAAG
CATGTTTTTGAGACTCGCTCACCCCCCCCCACCCAA
CCACTCCCAAATAATAATTGGGATGCCATTTTTTTT
CCTTTTGGATGAGGTAAATAATTTTAAGGTTCACAA
TTTTGTCTTTTACTGCAATTTAAGGAAACATTTGGA
TGTCAGTCAATATGTTCATAATTTTGGCTGTGTGCG
AATTTCTGCTGGCATTATCTATGAATTTTCTTCCTA
CTTATTTTTTTTTCAGTATATGAACAATCATGTATC
TACCTGCCCCAGGATGAAACTAAATTTAGGTGGACC
CTAAACCTTATGAAGACAGTGCTGAGGCACTTTCCT
TTTCTGATTTCATCTTTTTGGGAATCTGTTTTATTG
AAGGTAGTTAGTAGTTGAGAGTGCATTTGCTACAAG
CATATACTTGTATCTTCCTAGCTTCATGAGGAACAG
ARAGAGGTGGATATGGCTCAGGGTGTGGCAGGGACA

ATTGAGGACAAAGTCAATTCAAATTTGTGGGTCAGA
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AAGAATTTTTGTGGACGTAGTGTTTTTGGAGAAACT
CTGGATGGTTATATGTGCATGCCTTTTCTTCAAAAG
GAAATACGCAAGGTTGTAGCATCTAAAAATAAACAT
AAGAGTCAGACACCAAATAAATCAAGTTTTACATAA
CAGTTGTATGCCCAGTTTGTTTAGGTGAGATTTCAC
ATTACAGAAAGTATTTGAGGAGCATGAAAATGGGTT
ATCTTCTGTATTTTCCAGTTTGGCAAAAGTTCAGAA
TTTCATCACATTGCTTTGCCCTAATTTTGCCCAGAA
TTTTATCTTAGCCTCTCTCTGACAGTGATGAATCAT
GCTCAAAAGCCATTCTAATTGGACCTTTTTAAGACA
GGGAAAGGGATCAGTAGGCGGATTGGAAGAAATTTC
AAGTCATTGAAATATTCCATTGAGATTTCCTAAAGG
GACAAAATTGGGAAAATAAGAAACTACGACTTAGAT
TTGGCTACGTAGTAGAAAGTATCTCCCCTACATACA
TACAGGCAATTGTATGTATGAATCATAGGGTATATG
TGTGTGTATACTACACACACATTCTTTTAAAGAGAA
TTCATGGAAAAAAAAGCAGTTGGAGTGATCAGATGT
ATTGCAAAAACATACAGAGAATTTAAATGACAGTTA
ATACCAAGAAATTAGTTGGGTTTACTTTATCAGGTC
GTAATAGGAATCACTAAAGAAGTTACTAGTGTGTCT
TTAGGACCAGTGGCAACTCTTAAACTAAAACTTTGG
GTCCTTATTATCTACTTACAGAACAAAGTGAAACAA
ACAATGATTAAGCTGATTGGATATACATTCAAAGAT
ATTTAATGTAAAGTTTTTTGGAATACGAAGAAAATT
CAGAAAATAAATATTATCAACAGTTACTTATTGGCA
AATAGAGAAAGACAAGAATAGTTTAGTGAGCCCGGT
ATTTTGTTTTTATAGTTTTTATCTCAGTTGTACAAC
TCACAAAACCATGAAGTCTTTGGTATTTTATAAATG
TTTAACAAAATTTACATCAGATTAAGGCATTTAGAT
GAAAATTATTATGTTCTCACTATCTTCCAAATTTTA
TTTCATCCTATCTCCAAAATGATTTCTTAGGGTACA
AAAAGAGCAGACGGGGCTGTAAAAATACAAGCAAAL
AACTGTGTGCCCCTAGTTTCAGGCAGAACTTAAACT
GTCAGAGGTACTAGCTACATGATTTGTTTTTTAACT
TTGGATTGTTCACGTCCAAAAATGGATAAATTACAT
TTGTGTTTATCATCAGTTGCATTTTATGTATTATTT
TAATAAATACTATCTGAATGAAGACTATTCTAAACC
AGAAAATTCCCCAAATCCAAAAGAAAAAAAALAGTGG

GAAGAGGTGAAATTGAAGTTTGTGTATATGAAAGTT

15

Apr. 6, 2023

-continued

ATCTTAGACATATTTTTAATTCTCCAGTTTCTGCAA
AATAATTAAAATATACAGTAACTGGTCTCCTAAATC
CTGAATTTAATGTATTAAATACTTATGTTCTTTATA
TTGGTGCCTTTTTAAAATGCATTGAGAGTGTTGGTT
AGCTGTTGCAGCTGTACAACACTTTTAATATGCATT
TTTAAAAATCACTTAAAATTGAGTACTATATAATTC
ATCTCTGCATTTTTAGTGCAAATCTTTAGAGCAATT
TCTAATAGAGAAATTTTCAGCTCAGCTGTTAAAAGG
AAAAGGAAACTTTGAAACTAGACTTTACTACCTTTT
TAGTTTCATAGTATTTCTGAATATGATTACAAGATT

ATGCAGGTAAAATATAGAGTGAAACTTTACCTGTGA

ATTGAATTATAATTTGTGTTTTTGTTTTGTTTTTAA

GGAAGAATAAGTTCTGTATCAAACAAGAATTTATTA

GATAATTTTTTGGTCAATAAAATACAGTATTCATTT

GGATTTTCATCTCCAGACTAGTATTGTTCTAGTCTT

GGAATCTGTATTTTCTAATCTGTTAGAAAATAGAGA

TTGAAAATTGATGGAATAATGTGAAAAAGCAGGTAA

TTAATTCTCCTTGAACAAAGCAAAACTGAACAGTCA

TATCACATTGCTATTCTCCAAAGCATAATCTCAAAT

GGTTTCATATCATGGTTGTGTATTACTTGCAATGGG

TGTGTTAGGATATGACAGCTTTTTAAAAAAATGAGC

TGCTGGTTATACAAAGCAAATGGCATATGACCAAGA

AGCTGTGATATGCTAGTGTTTCTTTTTATCATAGTG

TATTACTAGGCCAAATAATGACACCTTGAATATTTT

TACATTTATTGCAGAAACCTTAAACTTTGGAATTTC

CATAAGGTTTTTATGTAATATTCTATTTCTAGCTTT

TTAGTTTTATCTTGCTGTACTGTAAGTTTGAGGATA

TTTTTCACCTGCACTCTTAGGAATAAGTTCATAATT

CTGTTTATGGGGCTTTCCTCCCATAACACTGCATTT

GTATATTTTCTGTATAAAATATGTGTTGTGTATTAA

CCTTTATCCCATACAGAGAGTGGTACATGAATGACT

AGTTTTCTAAGATGTCCTTTTTATTGTGAATAAAAT

ATAAAAGTTAAAGGCCCTCTGCTAAGTCACATAAAG

TACAGCATATAAGTTCATATAGGTACAAATAAATGA

GTTTGCAGTGAATTGGGCCTTCAAATTACCTCAAGT

GACAGATAGTAAGAAAAGCTTCTTGAGCAGGTGGAG

GTCACTGAATCCCCTACTATGCACTTACCAAGATTT

TACTTACTTTAATTTACTGGAAATTGATTTTTTAAA

AAATGACTACACTGTAACAAGGGAAGGGATCTGGGT
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TTTTTTGTTGTTTTATTCTTGTTTTTTTTAAGTAGT

TCAAATTCTGAAACTGTGATTTAAAAATTTTTTACA

GTCAAGCATTCTGATTTTGAACATAACTCCCTTCCC

TTTCTGTGTAACAAAGGTCTCTCTGTTATCTCTTAA

ATTTTGTTACATCTCCCTCAGCCTCTTTCTTTGTCC

GTCTCCCTTCTGTCATTGTCTATGGATGTTTACCTC

TCTGTTCTCCTAAAAGTTTGAAGATTAGGTCAACTC

TTATTTCTAGTTCATTGGTAATTTAATCTTAATTTT

TTTTTCGTGATTTTTGTTGGTTGTATAATCTGCTGA

CGTATTTTTATACTCAAGTGTAGTTTTCTATTAAAA

AGAAAAGTGGTTGGATTAAAAATAGTAAGCTATGTA

ACCCTCATGTTACTTTCACTTTCAAATATTGGGTAC

CTAAAACATTACTTCAGAGATTATGTAATCCTATTA

TAGTATGTTTGCTTTCCTTTATTGTTGGATTTTACA

TTCTGATTTGGCTTTCCTCCAAAAAATGTATATCAT

GAAAGACTAGACAGTTATTTGCAAGTGTTTAGAAAG

GTGTTAAAAATGTAAAGCAAAGAGTCTTAACTTTCT

CCTAATTGGGAGAAAAATGCTTTAACATTACTATAA

TAATATTCCAGGTTTGGAGGGGGTCTCCAGGCCCCA

TATTTGCTGTTAATAGTTGGACCTTTTAGACCATGT

GTTATTTGCAATCCCAGAATGATTGCTTCTGCTATT

AGTTAAAAAGATACTATTCTTTTCTTTCTGTACAAG

TGCAATACTCCCCTTGAAGTCTTAAAAACTATGGTG

ATTTTTTTTTCTTTTCTGACCTATTCTTCCTTTAGC
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AGGCAGTTACTGCATTTCTGCATTTGTACAGTATGT
GTCTTGGCCATTTTAGATATTCTTTCTTTAACAATA
CCAAAGGTAATTAGACTATTTTAAAGACTAATTGCT
TGACAGTTTCTAGGGTATTTTGTGTTTTAGAAGCAA
AAAAAGAAAAAAARATAGGTCAAACCAGTAAACCTC
ATTTTTTTTCAAACTAATAATTTGGGGAAATAAARR
CTATTGTTTAAAAAAGAAATATATATATATATATAT
AAATATATATGTAAAGTTAAAATTCCATACCTTGTA
TGTCAGGTTTGCTAAGTGTAATGTAGTTTTTTTAAG
GCTCAAATACCATACCTCAGAAAATGAGGTTTACTA
TGGAAATACTGAAACAGTCTTTGCAGCTGTGTGACA
AGTCACTCTACTACATACTGATTTGGAGACCTCCGC
TAAATAGTTTTATCACTGCAGACTAAAATGTGGGAC
TTGTATCTTCTTTGTTTTTAATGCACACACATACAT
GTTCTGTGCATGTATGTGGTTACTGTGTATATGTGT
ATGAGTGTTGTATATGCATGTGTGAGTGTGTGTCTG
TATGTGTGTACAACTAAAGAAGCTGCAGAAACTTTG
TAATACTTTGTGAAAAGGATTATATTATAAAGGTTT
GTACTGTCTGAGTGCACAGCTACTGGAATAAATTTA
GGGAATCTCAGGAACAAGCATATAATTTGTCCAAGA
TTTATTTCTTCTCAGAAGTGTAAGTGCAGTTTTTAA
TTCTGTATATTATTTAATATTTTACCAATAAAATAA

ACTTCTGACATAAAAA .

[0064] As used herein, GATA3 refers to a GATA binding
protein 3 polypeptide. When preparing a T cell or treating a
mammal with a T cell, GATA3 refers to human GATA3. An
example of a human GATA3 polypeptide includes, without
limitation, NCBI reference sequence: NP_001002295.1. In
some embodiments referring to a second nucleic acid
sequence encoding a GATA3 (e.g., full length GATA3)
polypeptide, the nucleic acid sequence is at least 70% (e.g.,
at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 99%, or at least 100%) identical to:

TAATGACAAAAAGAAACTCATAAAAGTCATAGTATG
TTAAAGGACACAACAAGCAAAGAGAAAAACACTCCA
CAATCAAAAGATTACAGAATGTGGAAACCACTAGTC
TGATCTCATGGTATCTTTATTTAAGCTAAATTTCCA
TGGAAATTAGTAATCTTTTGCTTGAAAAATGTGTCC
TAAAGTTGAACTTTTTACAGATTGAATCTTCTTAGA

CCCTCGCCCAATGCTCTAAATTAAGAACCTAATACT
(SEQ ID NO: 11)

TAATATTTTTATTTTACTTCTCCCCTTTTAGAAATA

AACTTTTAAATAAAAGCAAAGCACTTAGCTGAGTTT

TAAACACTTACATATCACCTATTGGAGAAATTTTTT

TTAAAAATATTTGGAGCAGTCCTGTTTTCATACAAA

TTTAAGTAAGAGGTATTTTTCTTATACATATTTATA

TGTAGTGTGCTAATTTTCTTTTTTTATACCTGTGTC

CCTGTAGTAAAACTGCTGTAATATAAATACATGTTT

TGTTAAAAGATAACATTTCTTTGGCATTTCTTTTAA

GAACACTGAGCTGCCTGGCGCCGTCTTGATACTTTC

AGAAAGAATGCATTCCCTGTAAAAAAAAAAAAADNDD

TACTGAGAGAGGGAGAGAGAGAGAGAAGAAGAGAGA

GAGACGGAGGGAGAGCGAGACAGAGCGAGCAACGCA

ATCTGACCGAGCAGGTCGTACGCCGCCGCCTCCTCC

TCCTCTCTGCTCTTCGCTACCCAGGTGACCCGAGGA

GGGACTCCGCCTCCGAGCGGCTGAGGACCCCGGTGC

AGAGGAGCCTGGCTCGCAGAATTGCAGAGTCGTCGC
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CCCTTTTTACAACCTGGTCCCGTTTTATTCTGCCGT
ACCCAGTTTTTGGATTTTTGTCTTCCCCTTCTTCTC
TTTGCTAAACGACCCCTCCAAGATAATTTTTAAAAA
ACCTTCTCCTTTGCTCACCTTTGCTTCCCAGCCTTC
CCATCCCCCCACCGAAAGCAAATCATTCAACGACCC
CCGACCCTCCGACGGCAGGAGCCCCCCGACCTCCCA
GGCGGACCGCCCTCCCTCCCCGCGCGCGGGTTCCGG
GCCCGGCGAGAGGGCGCGAGCACAGCCGAGGCCATG
GAGGTGACGGCGGACCAGCCGCGCTGGGTGAGCCAC
CACCACCCCGCCGTGCTCAACGGGCAGCACCCGGAC
ACGCACCACCCGGGCCTCAGCCACTCCTACATGGAC
GCGGCGCAGTACCCGCTGCCGGAGGAGGTGGATGTG
CTTTTTAACATCGACGGTCAAGGCAACCACGTCCCG
CCCTACTACGGAAACTCGGTCAGGGCCACGGTGCAG
AGGTACCCTCCGACCCACCACGGGAGCCAGGTGTGC
CGCCCGCCTCTGCTTCATGGATCCCTACCCTGGCTG
GACGGCGGCAAAGCCCTGGGCAGCCACCACACCGCC
TCCCCCTGGAATCTCAGCCCCTTCTCCAAGACGTCC
ATCCACCACGGCTCCCCGGGGCCCCTCTCCGTCTAC
CCCCCGGCCTCGTCCTCCTCCTTGTCGGGGGGCCAC
GCCAGCCCGCACCTCTTCACCTTCCCGCCCACCCCG
CCGAAGGACGTCTCCCCGGACCCATCGCTGTCCACC
CCAGGCTCGGCCGGCTCGGCCCGGCAGGACGAGARAA
GAGTGCCTCAAGTACCAGGTGCCCCTGCCCGACAGC
ATGAAGCTGGAGTCGTCCCACTCCCGTGGCAGCATG
ACCGCCCTGGGTGGAGCCTCCTCGTCGACCCACCAC
CCCATCACCACCTACCCGCCCTACGTGCCCGAGTAC
AGCTCCGGACTCTTCCCCCCCAGCAGCCTGCTGGGC
GGCTCCCCCACCGGCTTCGGATGCAAGTCCAGGCCC
AAGGCCCGGTCCAGCACAGAAGGCAGGGAGTGTGTG
AACTGTGGGGCAACCTCGACCCCACTGTGGCGGCGA
GATGGCACGGGACACTACCTGTGCAACGCCTGCGGG
CTCTATCACAAAATGAACGGACAGAACCGGCCCCTC
ATTAAGCCCAAGCGAAGGCTGTCTGCAGCCAGGAGA
GCAGGGACGTCCTGTGCGAACTGTCAGACCACCACA
ACCACACTCTGGAGGAGGAATGCCAATGGGGACCCT
GTCTGCAATGCCTGTGGGCTCTACTACAAGCTTCAC
AATATTAACAGACCCCTGACTATGAAGAAGGAAGGC

ATCCAGACCAGAAACCGAAAAATGTCTAGCAAATCC
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AAAAAGTGCAAAAAAGTGCATGACTCACTGGAGGAC
TTCCCCAAGAACAGCTCGTTTAACCCGGCCGCCCTC
TCCAGACACATGTCCTCCCTGAGCCACATCTCGCCC
TTCAGCCACTCCAGCCACATGCTGACCACGCCCACG
CCGATGCACCCGCCATCCAGCCTGTCCTTTGGACCA
CACCACCCCTCCAGCATGGTCACCGCCATGGGTTAG
AGCCCTGCTCGATGCTCACAGGGCCCCCAGCGAGAG
TCCCTGCAGTCCCTTTCGACTTGCATTTTTGCAGGA
GCAGTATCATGAAGCCTAAACGCGATGGATATATGT
TTTTGAAGGCAGAAAGCAAAATTATGTTTGCCACTT
TGCAAAGGAGCTCACTGTGGTGTCTGTGTTCCAACC
ACTGAATCTGGACCCCATCTGTGAATAAGCCATTCT
GACTCATATCCCCTATTTAACAGGGTCTCTAGTGCT
GTGAAAAAAAAAATGCTGAACATTGCATATAACTTA
TATTGTAAGAAATACTGTACAATGACTTTATTGCAT
CTGGGTAGCTGTAAGGCATGAAGGATGCCAAGAAGT
TTAAGGAATATGGGAGAAATAGTGTGGAAATTAAGA
AGAAACTAGGTCTGATATTCAAATGGACAAACTGCC
AGTTTTGTTTCCTTTCACTGGCCACAGTTGTTTGAT
GCATTAAAAGAAAATAAAAAAAAGAAAARAAGAGAAL
AGAAAAAAAAAGAAAAAAGTTGTAGGCGAATCATTT
GTTCAAAGCTGTTGGCCTCTGCAAAGGAAATACCAG
TTCTGGGCAATCAGTGTTACCGTTCACCAGTTGCCG
TTGAGGGTTTCAGAGAGCCTTTTTCTAGGCCTACAT
GCTTTGTGAACAAGTCCCTGTAATTGTTGTTTGTAT
GTATAATTCAAAGCACCAAAATAAGAAAAGATGTAG
ATTTATTTCATCATATTATACAGACCGAACTGTTGT
ATAAATTTATTTACTGCTAGTCTTAAGAACTGCTTT
CTTTCGTTTGTTTGTTTCAATATTTTCCTTCTCTCT
CAATTTTTGGTTGAATAAACTAGATTACATTCAGTT

GGCCTAAGGTGGTTGTGCTCGGAGGGTTTCTTGTTT

CTTTTCCATTTTGTTTTTGGATGATATTTATTAAAT

AGCTTCTAAGAGTCCGGCGGCATCTGTCTTGTCCCT

ATTCCTGCAGCCTGTGCTGAGGGTAGCAGTGTATGA

GCTACCAGCGTGCATGTCAGCGACCCTGGCCCGACA

GGCCACGTCCTGCAATCGGCCCGGCTGCCTCTTCGC

CCTGTCGTGTTCTGTGTTAGTGATCACTGCCTTTAA

TACAGTCTGTTGGAATAATATTATAAGCATAATAAT

AAAGTGAAAATATTTTAAAACTA.
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[0065] As used herein, NFATC?2 refers to a nuclear factor
of activated T cells 2 polypeptide. When preparing a T cell
or treating a mammal with a T cell, NFATC?2 refers to human
NFATC2. An example of a human NFATC2 polypeptide
includes, without limitation, NCBI reference sequence:
NP_001129493.1. In some embodiments referring to a sec-
ond nucleic acid sequence encoding a NFATC2 (e.g., full
length NFATC2) polypeptide, the nucleic acid sequence is at
least 70% (e.g., at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 99%, or at least 100%)
identical to:

(SEQ ID NO: 12)
GCGTTGCCTCTGGAGTAAGCCGGATCGCGGAGCCGC

GCCGACTCCGCCGAGCCGGGAGCCGGGAGGCGCGCA
GCTCCCGGGTCGCTCCGAGGCTCCTCGGCCAGGGCA
GCCCCGCGGGCACGCGGTAGAGAAGACGGCGTCCCC
TCGGCTGCTGGTCGATACAAACAGATCCCCCTTTCC
AAACACGCGCCAAGTCCCCGTGCCCTCCAGATGCAG
AGAGAGGCTGCGTTCAGACTGGGGCACTGCCATCCC
CTCCGCATCATGGGGTCTGTGGACCAAGAAGAGCCG
AATGCACATAAGGTCGCCAGCCCACCCTCCGGACCC
GCATACCCCGATGATGTCCTGGACTATGGCCTCAAG
CCATACAGCCCCCTTGCTAGTCTCTCTGGCGAGCCC
CCCGGCCGATTCGGAGAGCCGGATAGGGTAGGGCCG
CAGAAGTTTCTGAGCGCGGCCAAGCCAGCAGGGGCTC
TCGGGCCTGAGCCCTCGGATCGAGATCACTCCGTCC
CACGAACTGATCCAGGCAGTGGGGCCCCTCCGCATG
AGAGACGCGGGCCTCCTGGTGGAGCAGCCGCCCCTG
GCCGGGGTGGCCGCCAGCCCGAGGTTCACCCTGCCC
GTGCCCGGCTTCGAGGGCTACCGCGAGCCGCTTTGC
TTGAGCCCCGCTAGCAGCGGCTCCTCTGCCAGCTTC
ATTTCTGACACCTTCTCCCCCTACACCTCGCCCTGC
GTCTCGCCCAATAACGGCGGGCCCGACGACCTGTGT
CCGCAGTTTCAAAACATCCCTGCTCATTATTCCCCC
AGAACCTCGCCAATAATGTCACCTCGAACCAGCCTC
GCCGAGGACAGCTGCCTGGGCCGCCACTCGCCCGTG
CCCCGTCCGGCCTCCCGCTCCTCATCGCCTGGTGCC
AAGCGGAGGCATTCGTGCGCCGAGGCCTTGGTTGCC
CTGCCGCCCGGAGCCTCACCCCAGCGCTCCCGGAGT
CCCTCGCCGCAGCCCTCATCTCACGTGGCACCCCAG
GACCACGGCTCCCCGGCTGGGTACCCCCCTGTGGCT
GGCTCTGCCGTGATCATGGATGCCCTGAACAGCCTC

GCCACGGACTCGCCTTGTGGGATCCCCCCCAAGATG
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TGGAAGACCAGCCCTGACCCCTCGCCGGTGTCTGCC

GCCCCATCCAAGGCCGGCCTGCCTCGCCACATCTAC
CCGGCCGTGGAGTTCCTGGGGCCCTGCGAGCAGGGT
GAGAGGAGAAACTCGGCTCCAGAATCCATCCTGCTG
GTTCCGCCCACTTGGCCCAAGCCGCTGGTGCCTGCC
ATTCCCATCTGCAGCATCCCAGTGACTGCATCCCTC
CCTCCACTTGAGTGGCCGCTGTCCAGTCAGTCAGGC
TCTTACGAGCTGCGGATCGAGGTGCAGCCCAAGCCA
CATCACCGGGCCCACTATGAGACAGAAGGCAGCCGA
GGGGCTGTCAAAGCTCCAACTGGAGGCCACCCTGTG
GTTCAGCTCCATGGCTACATGGAAAACAAGCCTCTG
GGACTTCAGATCTTCATTGGGACAGCTGATGAGCGG
ATCCTTAAGCCGCACGCCTTCTACCAGGTGCACCGA
ATCACGGGGAAAACTGTCACCACCACCAGCTATGAG
AAGATAGTGGGCAACACCAAAGTCCTGGAGATACCC
TTGGAGCCCAAAAACAACATGAGGGCAACCATCGAC
TGTGCGGGGATCTTGAAGCTTAGAAACGCCGACATT
GAGCTGCGGAAAGGCGAGACGGACATTGGAAGAAAG
AACACGCGGGTGAGACTGGTTTTCCGAGTTCACATC
CCAGAGTCCAGTGGCAGAATCGTCTCTTTACAGACT
GCATCTAACCCCATCGAGTGCTCCCAGCGATCTGCT
CACGAGCTGCCCATGGTTGAAAGACAAGACACAGAC
AGCTGCCTGGTCTATGGCGGCCAGCAAATGATCCTC
ACGGGGCAGAACTTTACATCCGAGTCCAAAGTTGTG
TTTACTGAGAAGACCACAGATGGACAGCAAATTTGG
GAGATGGAAGCCACGGTGGATAAGGACAAGAGCCAG
CCCAACATGCTTTTTGTTGAGATCCCTGAATATCGG
AACAAGCATATCCGCACACCTGTAAAAGTGAACTTC
TACGTCATCAATGGGAAGAGAAAACGAAGTCAGCCT
CAGCACTTTACCTACCACCCAGTCCCAGCCATCAAG
ACGGAGCCCACGGATGAATATGACCCCACTCTGATC
TGCAGCCCCACCCATGGAGGCCTGGGGAGCCAGCCT
TACTACCCCCAGCACCCGATGGTGGCCGAGTCCCCC
TCCTGCCTCGTGGCCACCATGGCTCCCTGCCAGCAG
TTCCGCACGGGGCTCTCATCCCCTGACGCCCGCTAC
CAGCAACAGAACCCAGCGGCCGTACTCTACCAGCGG
AGCAAGAGCCTGAGCCCCAGCCTGCTGGGCTATCAG
CAGCCGGCCCTCATGGCCGCCCCGCTGTCCCTTGCG

GACGCTCACCGCTCTGTGCTGGTGCACGCCGGCTCC
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CAGGGCCAGAGCTCAGCCCTGCTCCACCCCTCTCCG

ACCAACCAGCAGGCCTCGCCTGTGATCCACTACTCA
CCCACCAACCAGCAGCTGCGCTGCGGAAGCCACCAG
GAGTTCCAGCACATCATGTACTGCGAGAATTTCGCA
CCAGGCACCACCAGACCTGGCCCGCCCCCGGTCAGT
CAAGGTCAGAGGCTGAGCCCGGGTTCCTACCCCACA
GTCATTCAGCAGCAGAATGCCACGAGCCAAAGAGCC
GCCAAAAACGGACCCCCGGTCAGTGACCAAAAGGAA
GTATTACCTGCGGGGGTGACCATTAAACAGGAGCAG
AACTTGGACCAGACCTACTTGGATGATGAGCTGATA
GACACACACCTTAGCTGGATACAAAACATATTATGA
AACAGAATGACTGTGATCTTTGATCCGAGAAATCAA
AGTTAAAGTTAATGAAATTATCAGGAAGGAGTTTTC
AGGACCTCCTGCCAGAARATCAGACGTAAAAGAAGCC
ATTATAGCAAGACACCTTCTGTATCTGACCCCTCGG
AGCCCTCCACAGCCCCTCACCTTCTGTCTCCTTTCA
TGTTCATCTCCCAGCCCGGAGTCCACACGCGGATCA
ATGTATGGGCACTAAGCGGACTCTCACTTAAGGAGC
TCGCCACCTCCCTCTAAACACCAGAGAGAACTCTTC
TTTTCGGTTTATGTTTTAAATCCCAGAGAGCATCCT
GGTTGATCTTAATGGTGTTCCGTCCAAATAGTAAGC
ACCTGCTGACCAAAAGCACATTCTACATGAGACAGG
ACACTGGAACTCTCCTGAGAACAGAGTGACTGGAGC
TTGGGGGGATGGACGGGGGACAGAAGATGTGGGCAC
TGTGATTAAACCCCAGCCCTTGCGTTCGTTTTTCCA
GGTCACAGATACAGCTCCTGTACCTTTTGAAGGCAA
GGAGTTCTCAGAGCAACCAAAGGAACGTGACCCAAG
AGCCCAGCTTACAGGCTGAAGAAACCCAAAACCCTC
GATAGAGACAGAAACTGAACTGTCAGTCCTTAGAGC
TCGCCCAGTCCATGCCACAACTGGGCCACAGCTARAA
GCTTTATTTTTGAATTCTCATTCCAAAACCAAACTG
TCTTGCCCAGACAAGATCACCTGTTAAGACTTCTTG
GCGTTAAGTTATGACATGTATACGCGTTTGTTATTA
TTATTTTTTCTGCTTTAAAAGGCTGACCAGGGCACC
TAGCCCTGGAGCTGTCTTGGCGAGCTGTTCTTTAAC
CCCTGCAGCACGCAGTCCTGCTAACACAATTTCCAT
AGACTTGGGGGGCTGACCCAGGCTGCAGAGAGCAAG
CACCTGTCTGCTGCAGCTGTACAACCTGGATGCTTT

GCAAGGTTCCGGCTTGCTTTCTTCCTAGCAGCCAGA
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GTGCTTTTCCGTAAAGCGGTGGAGAAT CTCARGCAT

GTGCATTTAATTGAGGAATAGCAGAAGGGCTAAAGC
AACCAAGAAAAGAAGTGTGGGTATTTTTGTTAAGTA
AAACAGCCCAAGTGCTTCTGGAGGTGGGTTTCTACC
AAGATAGAGGAAAAGGGCTGAATTCCCTCTAAGTGG
GACAGCCGAGCTCAGGATGTGCTTCCCAGCTTCACT
GGTTAATTTGACCTGAACCTATTTAAAGATCCCTTC
TGCCCCTGAAGACCTATCCGCACTCAAATTCTAACA
TGAAGAAATCTACTCGAATGCATCCTTTACTTTGAA
TGAGCTCTATTCGGTTGCATGTTATATGTGATTTCC
TTCCTCCCAACTGTTTCCACTGAGCGCACCCAGTCT
CCCCTAGTCTTCCTCTGTGGGTGTGATTTTTGTGAT
TTTTACAAACAAAACCCTTGAAGTTCTTGGCAGATG
TGTTTGTTTCTGTTTGCATGTACTGCAGATACCCCA
GGACAAGCGGGGGATTCATTTTTCAGCCATTCAGTT
GTTTCCTCAATAATCCGCAGCAAAGTGAAAATATTC
TTAGCACTCAGACTGTACTTAGAGTGTTTTCTCAGT
CCAGTCTGTACAGTCTGTAGGCAGAAGGCCTCAGAA
GAAAGTCATGGCCACTCAGTGCCCACTGTGGGCTTT
GTAAGTCCTGGCTCTCCCGTCAAGGTTACCCAGAGG
TAAAAGCTTCCTGGGAGTGGGGCCAGGTGTGTTTGG
CACTCCAGATAGAAGGCAAAATGCTCAGATTCGGGC
CTGTGCACTTGTATGCAACCTGTCGGTCGATACCTA
GCATTTATTTTTCCCTGACAATGAACGACCTTTCCC
TCACCCACCCTAAGCTCAAAGAGTTTAGCAARATTC
TCTTTTAAATAAACAGAATGCCAGTAAGAGGTTGAC
CCCTACCATGGAACTTCTGGGATGCTAAATACTTCC
TCATGAACAAAATAAGTTCCTTATTATAAGTTCCTT
ATACTAGCAGCTTCACCTAAAGAATTTTCTCTCCAG
CAATATTGACTTCACTGGGGAAAAGCCAAGAGTGTG
TGGTGAGTGATTTGTTCTCACTCGACCTGGCTAGGA
CTGGCTAGGAGCTGTTTTTTGTACATGAGGGAATTT
GGGCTTTCCTCAGTTATCTGAATGTTTTACCCAAGT
GCCTTCCTGCTATTGTAGCAAAGTAGCTCAGCTTCC
TTGTCCACAGGGTGAAAAAGGACTAATGCATTTTCC
ATCAGTTTTCTAACTATGTTAGCAAAAACGGCCTCC
TGGTAGCTCAACCTCCTGTACGCGTGTGTGTGTGTA
ATACACACACAAATAAACCCCTCTGTTTTTCTAAGA

CATCTTAGCTGGATATTATAGGAAGCACTTTCATAA
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-continued
ACAACTGTAACAAATCGCAAAGGAAAGAGAAACAAA

AGCATTAGATTTGAGACATAAACAGGCAAGAGAAAG
TGTATTAGGAACTGACAGCTATCAAGGAAGTTTTGT
CAGTTACAAATGCTAGGAGGAAATTTTGCCAAGAAG
GATGGCTCATGAAATATTTCCAGTACGGGAAGAGGC
AATAAGATCCTCTAAGAGAATGAGAAAGTAGGGGTG
TCTAAATGGTAAAGATGGGTGTGTTGCACGTGTGTT
AGAAGGATCTCAGTTGAGTGAAGGTTTGCACTGCTA
CATCTAAGTTAATGTAAATATGTAGCACTCTGACAG
GTCTACCGTGTTGCTGAATGTAGTATATTTCCAAAG
TTTGCAAGTCTTCCTGTATTGTACAAAGATGCTGCT
GCTTGATAATATGTATAGCAATCCAGATTAGTATGT
TATTAAATTTTATTTTCTTACCTGTATTTTTATGCT
TTTTACCTGTCCTCAAAATATTACACCCCTGTTGGA
ATTAGATTTATATTTATAAATGGTCAGAAATCTTTT
TAAGTGTCTCTTTTTACACATAGGTTGATTTTTTTT
TCTTAAGAGAAATGATGTATTCTTGAAACATTTGTT
ACTCATTCCAGGAAACAAAAACCCATATAATAAAAC
CCCCACTCAGAGCCTGTTAGTCACCTCTCTAGAAGA
TGGCATCTCAGGAGAAGGAATGGCTTTGTGGAAGAA
GGAATCACCTTTTTCTTGCTCAAGAATTATGCTGAC
TTCAGCCCTGAGCCTGGATCTGGTCACTGAGAATCA
TCAAGTGTCTAGATCCTCCCCCCAAAATAACTAATT
TAGTAGGTGATTTTGATTTTAAAAAATTGACACCAA
AACCCTGCCTGCATTGTAATGGAATTCGAAAAGAAT
TCATGTTCACAGAACTCAACGTTCAGGCTAATATTT
ACAGAAGGGACCAAATCTAAATCCTGGTAGATAACT
CCTGTATGCTTTATCCAAAGGACACCCACAGTTTTC
CAGCATAGATATAACCAAGGATGAATTGATTCCTTC
AAAGAACTGGGAGGCACGGATATTGCATTTTTTGTT
TACATCCAGTAGCCAAGACGCCTCAGTGAGCCAGTC
TTGGGCAGAGGCTGTCACATTTAGGCAGATTGGAAG
TTGGTATGTTCTAATTCTCACTCTGGACTACAGTGA
GGCTGAATTTATCATGTCAAAAAAAAAAAAARAADAA
AGACCTTTCCAAGTGCTTTCTATTGCTCAGAATTGA
AAGAATGTTTTCATTTCAAGTTTACAAGAGGCATGG
ATGGAGTTGTGACGTTCTTGACAAGCTGGGCTAACC
TTTCCCGAACTTGTTTCCCGGAGGCAAGGTGCTCGG

TGACCCAGCGCATCTTAACCTTGGGTCTCCTAGGCT
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CGAGGCTAGGGCATTACGTTTCGTGGAACCARAGCA

GCCAATTGCATAGCAAGTATTTTCCTGCATTCCAAT
TAAATGCTTAAGAAAAAGCAGCATCCTATAARATTG
TGATCATAAACATCCATTTCCCTCAGCTTTTGTGAG
TGCCTTGACTTACAGCCAACATCACTGTTTAACTCA
GTCTGTTTAAAAACAAACTTTTCTGGTGGTTGATAA
CAGAGAGTTGCTCCCTGAGCCATCAGGGTCCTGGGA
GCTGGAAGTGAAAGGGTTATTAACATTCTACCTTTA
TGCAGCTGTTGGCTGACCAGAATAAACTCCCTGCTG
AGTTCAAGCTTTGAATGGAATGGATGCAAATGATGT
TGTTTCCATTAGAGCAGGTGCTCACAGCATTCTGAT
TGGCCTGAGCAGACCGAGGCTATGGCTGTTGGGACA
AGCTTAGCATCCTGGACATCTTGTCAAAGAACCTCA
CTCACCCCTCTGGCCTCTACAGCCCTCAGAGGAGAG
AAAACCAATTCTCCAACAAACAGGTCTCTCCAACAT
GGTGGTGCTGGCAGGCTTAGGTTTAGAAAATCCTGA
CTGTTAAAGGCGTTTGAATACATCACATTCCTATGC
AAATGTTTTTAATCTCCAGTTTAATGTAGTTTATTT
TTCCTATATGTAAAGTATTTTTATACGGCTTGTATC
ATGATAGTTTAGCAATAAAACAGTTGGAAGCAA .

[0066] As used herein, XBP1 also known as refers to an
X-box binding protein 1 polypeptide. When preparing a T
cell or treating a mammal with a T cell, XBP1 refers to
human XBP1. An example of a human XBP1 polypeptide
includes, without limitation, NCBI reference sequence:
NP_005071.2. In some embodiments referring to a second
nucleic acid sequence encoding a XBP1 (e.g., full length
XBP1) polypeptide, the nucleic acid sequence is at least
70% (e.g., at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 99%, or at least 100%) identical
to:

(SEQ ID NO: 14)
GAGCATGCTCCCGCTGCAGTTAACTAGCCCAACCTA

TTTCTTTAATTCAGCCCATCCCTTCGTTTCCCTTAA
GGGATACTTTTAGTTAATTTAATATCTATAGAAACA
ATGCTAATGACTGGTTTGCTGTTAATAAATATGTGG
GTAAATCTCTGTTCAGGGTTCTCAGCTCTGAAGGTT

GTAAGATCCCTGATTTCCCACTTCACACCTCTATAT

TTCCTTTTTTTTTTTTTTTTTTTT TGAGACAGAGTC

TCACTCTCGCCCAGGCTGGAGTGCAGTGGCACGATC

TCTGCTCACTGCAAGCTCCGCCTCCCGGGTTCACGC

CATTCTCCCGCCTCAGCCTTCCGAGTAGCTGGGACT

ACAGGCGCCCGCCACTACGCCCGGCTAATTTTTTGT
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ATTTTTAGTAGAGACGGGGTTTCACCGTGTTAGCCA
GGATGGTCTTGATCTCCTGACTTCGTGATCCGCCTG
CCTCGGCCTCCGAAAGTGCTGGGATTACAAGCGTGA
GCCACCGCGCCCGGCCTCACACCTCTATATTTCTGT
GTGTGTGTCTTTAATTCCTCTAGCACTGCTGGGTTA
GGGTCTCCCTGACCGAGCTGGTCTCGGCAGATAAGG
TTTCACCATGTTGGCCAGGCTGGTCTCAAACTCCTG
ACTTCAGGGGATCCCCGCCCCAGCCTCCCAAAGAGC
TGGGATTACGGGCATGAGTCACCGTGCCCAGCCAAT
TTTCTTTTGTTTTTTCTTTTGAGACAGGATCTCACT
CTGTCACCCAGGCTTGAATGCAGTGGTACCATCTCG
GCTCACTGCAGCCTCAATCTTCTGGGCTCAAATGAT
CCTCCCACCTTAGCCTCCCGAGCAGCTGGGGCTACA
AGTGCACACTACCAAGCCCAGCTAATTTTTTTTTTT
TTTTTTTTTTTTTGAGACAGAGTCTTGCTGTGTCCC
TCACCCAGGTTGGAGAGCAGTGGTTCGATCTTGGCT
CACTACAACCTCTGCCTCCCGTGTTCAAGCAATTCT
CGTGCCTCAGCCTCCTCAGTAGCTGGGATTACAGGC
ACGTGCCACCATGCCCAGTTAATTTTTGTATTTTTA
ATAGAGACGGGGTTTCGCCATGTTGACCAGGCTGGT
CTTGAACCCCTGACCTCAGCCTCCCAAAGTGCTGAG
ATTACAGGTGTGAGCCGACATGCTAGGCCTATACAT
TTCAAAATTATGTTGCTATGTTCATAAAGATGTATA
TATGGTAACTTGTACCTTCAATCAACATGAAATACC
CTTCTTTGTCCTTTTAATGCCTTTATGATAAATTCT
GTCTCATATTAATATTGCTACATATGCTTTCTTTCC

ATAAACATTTCCATAAACATAAAAATGGCTGGTAAG

TCATTTTCCTTTTTTTTAAAAAAATTTTTGTTTTTT

AGAGGCAGGAGCTCATTCTGTCTCCCAGGTTGGAGT

ACAATGGTTCAATCATAGCTCATAGTTTACTGCAGC

CTCGAACTCCTGGGTTCAAGGGATCTTACCACCTCC

GTCTTCCGAGCAGCTGGGACTACAGGTGCAAGTCAC

CACGCCTGGTTAATTTTTTTAAATTTTTTGTAGAGA

CAAGGTCACAATATGTTTCCCAGCCTGGTCTTGAAC

TCCTGGCCTCAAGCAATCCTCCTGCCTTGAGAAATA

TAGTAAACAAAAAATGTGAAATAACATGGCAGAAAT

AAGTCCAAATAAATAAATAATCAAAAATAAATACAA

ATGATTTATATTCTCTTCTTAAAAGAGAGCTCTGAG

AAACCCCAAAGCCAGCTATATGTTGTTTATAAAGAG
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ACATACATAAAACAAAACAGCATGATTAAGAAGATA
ATATAACCCATTCACATTTATGTTTTATTATTTATA
TATTTGGACTTATTCCTGCCATGTTATTTTCTGTTT
TCTGCTTACCAGTGTACAGTATTTTTCTGTTTTCCC
TTTTCTGGAATGCCTATTTATTTCTGTTCCTGTTTT

GTCCACCCTTTCCTGACTGATTCTTTCTGAATAATG

ACTTTTTTTTTTTTTTTTTTTTTTTTTGAGAARAGTC

TCACTCTGTTGACCAGGCTGGAGTGCAATGGCACAA

TCTTGGCTAATTGCAACCTCTGCCTCCCAGGTTCAA

GACATTATCCTGCCTCAGCCTCCCCAGTAGCTGAGA

TTACAGGCGCCCCCCACCATGTCCGGCTAATTTTTG

TATTTTTAGTAGAGACTGGGTTTCACCATGTTGGCC

AGGCTGGTCTCGAACTCCTGATCTCAGGTGATCTGC

CCACCTCGGCCTCCCAAAGTGCTGGGATTACAGGGG

TGAGCCACCGCGTTTGGCCTCAAAGACCGAGAACTT

TGTAATTTATATATTTTATAGCTCTTATCACAGGTG

TCTAGTAAATATTTTTAAACACTTATGGCACCTGAT

GCAAGAATTACCAGGTTCATTTTATAGAGAGGATAT

GAAACTGTCCAAGGGTTTGGACTCACATGTTCAAGA

CTGCATGGACAGCAATCTGTAGTGGGTCAAATTATT

GTTTTTAGTATGATTTAAAGTGTTTGTCAAAAATAT

AAAAGTTTTGAAAACAAGCTGGGGAAGTGAATTTCA

ATATCGCATTAACTAAGATCAAAGTGCAATTCATCA

ACCTTTTTTCCCCATCCCGCACCCTGTGCTTTCTCT

ACTCAGTTACTCACTACACCCTGCTGGACTAAAAGG

GTCCTCCAGCATTTTCTTTCTTACACAGTGAAAGAC

ATTCTCTTGGCATTAATAAATGTTCACTTAATAAAT

ARAAAAGGGCCGGGCTCTGTGGTTCCTGCCTGCAATC

CCAGCAGTTTGGGAGGCCAAGGCAAGAGGATCGCTT

GAGCCTAGGAGTTCCAGCCTAGGCAACGTGGCGAAA

CCCAGTCTCAAAAAAAAARAAAAAGGAAAAAADAGGC

ATCAAAAAATAAAACGTAACAGGTGGCATGACATGA

CATGACTTTTCTAACAGCCTCTTACAGCTTTCCAAG

GTCTTTTAATATGAAGCTATAGGTCTCGGCTAGAAG

ACACCTCCAGACTTCTCCCAAAACATTTCAGAGGCC

CGGAGTAAGTCTCCCCACATCTGAAGGCACATCAGA

ACCCAGGTGGCCCAAGCTGATGAGAGTTAAACAGGA

AGTTGGTTTCTTGGTCCGGCAGAGACTCCAATCACC

CCCACCTCTTTTCCAACCCACAGGACAGCACGTGCT
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CAGGAGGCTCTGGAGTTGGGACAGCCCAGTTAAAAA
AAAAAAAATCATTGATTTCCCTCCCAACGAAGAGGG
AGAAAACACGTTAGGAGACTCGTGGCCCAGTCCTGG
CAAAAACCAAAACTATGTCCCTTTAGAGGGCTTAGA
TATCAAGAGATGGACTTGCTTTTAGTTCTTTTTCCC
ATCCTGTTCCCTCCCTACCAAAATAAAATTGACCAG
CTAATCCGACTTAATAACACTAAAGAATTACTTAGG
AACCTGCTATCTTAACATTTCACTTTTTGCATATCC
TCCAAATACCAGGTAGCAGTCTTACTACTGTTTGCA
CCCCTAGAACCTGGAATAGTGCTGCCCGCAGAGGAG
GAAGCAATAATTACTTGTTAGAGAAGGTATTGCTGT
GCATTTCTGGGGAATTTCACATTTTGTAATTTGCTT
TAAAAAAAGTGGACAGGCATATTTACGGGGGTTTCT
CGGACTTCTCCATGTTAATATTCGTGTGTATAAATC
GCTCCCGTGCTGCTCTCTGGGGGCCCCTCTTTCACA
AACACCTGGCCACCCTCACGCCACAATGGCCAGGCA
GGAACCTCGACCTCCCCTCGGAGAGGGGGCTCAGGG
TCAACCCCGGGGTCTCAGTCTCTACATGTGACGTTT
TCCTGTCCCCTCATTTAAAATAACAAGAGGCTGGGC
GCAGTGGCTTACGCCTGTAATCCCAGCACTTTGGGA
GGCCGAGGCGGGCGATCACGAGGTCAGGAGATGGAG
ACCATCCTGGCCAACACGGTGAAACCCCGCCTCTAC
TAAACTACAAAAAATTAGCCGGGTGTGGTGGCGGGT
GCCTGTAGTCCCAGCTACTCGGGAGGCTGAGGCAGG
AGAATTGCTTGAACCCGGAGGCGAAGGTTGCAGTGA
GCTGAGATCTCGCCACTGCACTCCAGCCTGGTGACA
GAGCCTGACTCCGTCTCAAAAAATAAGAAAAAALARA
TAAAATAAAAATAATAGAGGCCGAAGCGGGAGGTTC
ACTTGAGCTCAGAAGTTCGAGATCAGCCTGGGCAAC
ACAGTGAGACCTCGTTTCTATTTAAAAAATAAAATA
AAACTAAATTTAAAAAAATGCACGCTCATAGTACAA
ACTTTAGAAATGGAACGAAAAACTAAAATTGAAGGT
ATTCCCCTCCAACCCAGAGATAACACCTATCGTTTA
TTAAGCCCTCACTATTGTTAAACTTAGTTTTAAAGG

GCACGATCTCATTTCTTAAAGACTTCTATTCCGCAG

AATTTCTTTCCAGGCTTTTTTCTTTTTCTTTTTTTG

AGACGGAGTCTCGCTCTGTCGCCCAGGCCGGGGTGC

AGTGGCGCGATCTCGGCTCACTGAAACCTCTGTCCA

GTCTTTTCGAACCCAAGGCCCAACTGCGCTCTATCT
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CGACTTTCGGCTCCACTCGGATCCCGAAGTGGCGCA
CGAGATAAAATGTTGTCAGGCTGAGGTAATTCTCTG
TTAGTCCCGGTAAAAATTCGTCAGTCTGGAAAGCTC
TCGGTTTGGAATTAAATTCTGTCACTCCGGATGGAA
ATAAGTCCGCTTAAGGGGGGAAAATCCGTTTGTGGA
GGACACGCTCCCGCACGTAACCCCCCGCGGAAAATG
ACCCCAAGTACCTTTGGCCAGGGATTGCCGCTGCCA
CGCCGGACTCCATAGCCACGGTCCTGAAACGCCCCG
CCGGGCAGGCCGGACCAATGGACGCCGAGCTCGGCC
GTGCGTCACGCGACGCTGGCCAATCGCGGAGGGCCA
CGACCGTAGAAAGGCCGGGCGCGGCGAGGCTGGGCG
CTGGGCGGCTGCGGCGCGCGGTGCGCGGTGCGTAGT
CTGGAGCTATGGTGGTGGTGGCAGCCGCGCCGAACC
CGGCCGACGGGACCCCTAAAGTTCTGCTTCTGTCGG
GGCAGCCCGCCTCCGCCGCCGGAGCCCCGGCCGGLC
AGGCCCTGCCGCTCATGGTGCCAGCCCAGAGAGGGG
CCAGCCCGGAGGCAGCGAGCGGGGGGCTGCCCCAGG
CGCGCAAGCGACAGCGCCTCACGCACCTGAGCCCCG
AGGAGAAGGCGCTGAGGAGGTGGGCGAGGGGCCGGG
GTCTGGGGCCAGATCTGAAGCCGGGACTAGGGACAG
GGGCAGGGGCAGGGGCTGGGAGCGGGGACCCAGCAC
TGGCCGCCCCGCAGGGCTCCGTCGCCTTTGGCCTGG
CGGGTCGGTGCCAGCGTGGCGCGGGGCGGGGCAGGA
AGCCCGGACTGACCGGATCCGCCACGCTGGGAACCT
AGGGCGGCCCAGGGCTCTTTTCTGTACTTTTTAACT
CTCTCGTTAGAGATGACCAGAGCTGGGGATGCGGGC
ACCTGTCTTCCAGGCCCTCTTGCTGTGTGGCCGCAG
ACTGGTGGTTCAGCCTCTTAACTCGGACATGAGGTC
GAATAATCTGTTTTGGTTTACTGCTATTTCTGGAGA
GGCGCGGAGCTGAAATAACAGAGCTGTTGAAAGGGC
TGGGAATTCTGCGAGGCTCACTGGTCTAGCTCAGTA
TCTGCGTTCTTAAAATGGAACCTACTTCATGAGGTC
TTTGGGGAGATTGAGACTTGGATATAATGTGCCTAG
CACTTAGTCCTCCGTAAATGTTCACTCTTTTGTGAT
CATTGTGCCTTCTGTGATTTATGAAGTGTCTCTTCT
GAGTTAATTCTTTTAAAAAAAAAAGTGTCTCCTCCA
ACAGACACGGACCCATCAGCAGGTCACTGCCTAGGA
TCTCAACACTAGAGATCAGGGAGTGGCATCAGCCTC

TCCCTTTTCTAAATTGGACTGGGGGACGGAGGGTTG



US 2023/0104151 Al

-continued

ATGTCATAGCAAGATTGCAGCCTTCACTAGATTAAT
GAGGCCAGGTTGGATCCTGTTTAAGAGAACTGGAGA
CAGGAAGCAGCGGGGGAATAGATGGGGAAAGAGGAA
AGTTCCTTATGATGCAAGATGAATAGTGTGTGTGTC
CAGCCCCAGTGCTGTGACGGGGATGAGTCTGAGGTG
GACGGATGATGCAATATAGGAGAGAATAAAGCAGGT
CTTCGAGCTAGATTGACAGAAGACTGTATTTTTTAT
TTTGTTTTATTGAGGGGAGGAGCCTGAAGTGTATTT
TATCATTAGTCTGTCTTATACTGTAAATAAAAATGA
AAGCACCAGCTGGTAAAGTTTTCAAATAAAGACATA
AATAAGGTTTGATATGACTCAGTGTGGTATGTTCCT
TCTCTTCCTAGGAAACTGAAAAACAGAGTAGCAGCT
CAGACTGCCAGAGATCGAAAGAAGGCTCGAATGAGT
GAGCTGGAACAGCAAGTGGTAGATTTAGAAGAAGAG
GTAAAACTACTTAAGGTCAAACTCTTTTATCCATTG
TATACCCTTCCTTGGTGAATGTTCTGATATTTGCTT
CCCATCCCAAGTTGTTTCAGCCCCTATTAGAATACA
ATTGAATATATGATTAAAAGTTAAACTAGGCTGGGC
ATGGTGGCTCATGCCTGTAATCCCAGCACTTTGGGA
GCCTGAGTTGGGCAGATCACTTGAAGCCAGCAGTTT
GAGACCAGCCTAGCCAACATGGTAAAATCCCGTCTC
TACCCAAAAATATACCAAAAAAAAAAAAADADAADAL
GGCCAAGCGTGAGTGCCTGTAGTCCCAGCTACTCGG
GAGGTTGAGGTGGGAGGATTGTTTGAACCTGGGAGA
GGGAGGTTGCAGTGAGCTGAGATCGCACCACTGCAC
TCCAGCCTGGGCAACAGAGTGAGACTCTGTCTCAAG
AAAAAAAAAAAAAGTTTGCTGGGCACCGGGGCTCAC
ACCTGTAATCCCAGCACTTTGGGAGGCCAAGGTGGG
TAGATAACTTGAGATCAGGAGTTCGAGACCAGCCTG
ACCAACGTGGTGAAACCCCATCTCTATTAAAAATAC
AAAAATTAGCCGGGTGTCGTGGCAGGCACCTGTAAT
CCCAGCTGCTCCGGAGGCTGACGCAGGAGAATCACT
TGAACCCAGGAGGCGGAGGTTGCAGTGAGCTGAGAT
CACGAGATCATGCCACTGCACTCCAGTCTGGGCGAC
AGAGCAAAAACCCTGTCTCAAAAAAAAAAAARAAAGT
TAATCTAAGTTAGGACAGAGAGTTGGTGAAGTGGTG
AAGCTTGTTGAGGGCAGAAGTGATTGACTTTGTGGC
ATTTGGTGCTAGATGTATCTCAAAGTAGATGGATTT

AACAATGTTTATTGAGTTTGTAGTAAGAAATTAGCA
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AGGGCTAATAGGAAATAATTGCTTAAACTTTACATT
CTTCCTGGCATGGCCAGAAATTCACTAAAGGTTCCT
TTCCCCCTCTAGGGTCCACCTGTTAATCAATCTTAA
ATTGTTGCCAATTACACATCTTGAATACATAGAGAT
TATTTATATTGTTTTTTTAACCCCTTGGTCAATTTG
CATATATTGAGCTTTTTAAAGTTTTAATCATTAGTT
GGTTCTTCTAAGAATCATGAGTCAGGAGCAGGGATT
TTTTTTAACTTATTTTGGATTTATAGTCACCACTAC
CACTTTTATTATTACCTGCCAGTTCAAGATAGTTAT
TTATTTTTATTTTATATTATTATTATTATTATTATC
ATCATCATTATTTTGAGATGGAGTCTCACTCTGTTG
CCCAGGCTGGAGTGCAGTGGTGCAATCTCGGCTCAC
TGCAACCTCTGCCTCCCAGGTTCAAGCAATTCTCCC
TGCTTCAGCCTCCAGATTAGCTGGGATTACAGGCAC
CCCTCACCACATCCAGCTAATTTTTGGATTTTTTAG
TAGAGATGGGGGTTTGCCATGTTGGCCAGGCTGGTT
TTGAACTCTTGACCTCAGGTGATCCACCTGCCTTGG
CCTCCCAAAGTGTTAGGATTACAAGTGTGAGCCACC
GAGCCTGGCCAAGATAGTTTAAAAAAAAAATTATAT
CTACATTAAAGCCACAAGTCACCCTTTGCTGAAGTC
AGTATTAGTAGTTGGAAGCAGTGTGTTATTCTTGAC
CCCATGAAGTGGCACTTATTAAGTAGCTTGCTTTTC
CATAATTATGGCCTAGCTTTTTAAAACCTACTATGA
ACACCACAAGCATAGAGTTTTCCAAAAGTTCAAGAA
GGAAAGGAAACCAATTATACTGAATCAGGTAGATTC
TTAACTGAAATAATTAGATGTTTTAATAGCCTCTTA
TGAACTTTCTTCCAGAACCAAAAACTTTTGCTAGAA
AATCAGCTTTTACGAGAGAAAACTCATGGCCTTGTA
GTTGAGAACCAGGAGTTAAGACAGCGCTTGGGGATG
GATGCCCTGGTTGCTGAAGAGGAGGCGGAAGCCAAG
GTAAATCATCTCCTTTATTTGGTGCCTCATGTGAGT
ACTGGTTCCAAGTGACATGACCCAGCGATTATGTTT
ACAGTCTGGACTTCTGATCAAGAGCGTTCTTGAAAT
TTTCCTTCAGTTTTAAGACATTTTCATGCAGGCAGA
GTGTTCTTCCCCTAAAGGCACTTGACACTCATTTTT
TAAGTGTGTAGTGAACAGTACTAAGATCTAATAATG
AAAACAAGTTACATGGCTCCCTAAGAACAAGTACTA
ACAAATGCAGTAGCCAACAAGATTACCATGCAATCA

TTAAGGAGAACCAAAGTAAGAGAGCCACTCAAACCA
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GATTTTGAACGCTACTAAAATTAAAGTAGTTCTTTG
ATGAATATGAATGAGTAGGGAAAGGATTCTTTGTAA
TAGTGATACCTCTGTGGTAAGAGAAGGGTGGTATGT
GAGTTTTAGTCTACAGATTATGGCAAATTCAGTGAC
AACAATCAAATGGTCTAAGATTGACAGTAGCACAGT
TTTACTCTGTGAAGGTAATGTTCAGGACAAATTTCA
AGAAAACTAGAAAACCATTCTTTACAGCTGAAATCT
TTCCCTAACCATTGTTATTTCCACTTTTAAGTCCTC
AAGAGATGAGAAAAGGGAGGTAAGGCTTCCTTATAC
ATTTCCTGCACAATGAAACATTTTTCCTCCTCCAGG
CAAAGATTCAAGCAGAACTGGCAAATATCTTATCTT
GCTCTTCTCAATAATAATAATGTTGTTAGATAATAA
AGTTCTATAGCAATTTAACCCTAGAATCTTTTTGAA
AAGTAATTCTTTAAAGTTGAGAATCACAGCTGTCTA
GCAAGCATTTCCTTGGGCACTTGAAGCTGTTTATTC
ACTTTGGTCTTTCCTCCCAGGGGAATGAAGTGAGGC
CAGTGGCCGGGTCTGCTGAGTCCGCAGCACTCAGAC
TACGTGCACCTCTGCAGCAGGTGCAGGCCCAGTTGT
CACCCCTCCAGAACATCTCCCCATGGATTCTGGCGG
TATTGACTCTTCAGATTCAGAGGTAGGGATCATTCT
GACTTATTAAAGAGCTATATAACCAGTTAATTCCAT
CTGTTTGATGCTTGACATCCCTAACTAGACAGATGA
GGGTTGAAGTTAGTTTTTGGTGGGGTTGGAGGTGAA
CATCAACTACCTTCCTAGTTCCAGGTAATATAGAAC
ATGGAGTGAAGTGTAGATAAATGGGTCTGGTGGGTC
CCGAGGTCATCTTATCACATAATGACTAATTTACAT
TATGGAACCCAGTACAAAGTGTTCCAGTTAGATTTT
CCATTGTATTCTGACAGTTGTACTTCATTTAATTTT
TGCCTCTTACAGTCTGATATCCTGTTGGGCATTCTG
GACAACTTGGACCCAGTCATGTTCTTCAAATGCCCT
TCCCCAGAGCCTGCCAGCCTGGAGGAGCTCCCAGAG
GTCTACCCAGAAGGACCCAGTTCCTTACCAGCCTCC
CTTTCTCTGTCAGTGGGGACGTCATCAGCCAAGCTG
GAAGCCATTAATGAACTAATTCGTTTTGACCACATA
TATACCAAGCCCCTAGTCTTAGAGATACCCTCTGAG
ACAGAGAGCCAAGCTAATGTGGTAGTGAAAATCGAG
GAAGCACCTCTCAGCCCCTCAGAGAATGATCACCCT
GAATTCATTGTCTCAGTGAAGGAAGAACCTGTAGAA

GATGACCTCGTTCCGGAGCTGGGTATCTCAAATCTG
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CTTTCATCCAGCCACTGCCCAAAGCCATCTTCCTGC
CTACTGGATGCTTACAGTGACTGTGGATACGGGGGT
TCCCTTTCCCCATTCAGTGACATGTCCTCTCTGCTT
GGTGTAAACCATTCTTGGGAGGACACTTTTGCCAAT
GAACTCTTTCCCCAGCTGATTAGTGTCTAAGGAATG
ATCCAATACTGTTGCCCTTTTCCTTGACTATTACAC
TGCCTGGAGGATAGCAGAGAAGCCTGTCTGTACTTC
ATTCAAAAAGCCAAAATAGAGAGTATACAGTCCTAG
AGAATTCCTCTATTTGTTCAGATCTCATAGATGACC
CCCAGGTATTGTCTTTTGACATCCAGCAGTCCAAGG
TATTGAGACATATTACTGGAAGTAAGAAATATTACT
ATAATTGAGAACTACAGCTTTTAAGATTGTACTTTT
ATCTTAAAAGGGTGGTAGTTTTCCCTAAAATACTTA
TTATGTAAGGGTCATTAGACAAATGTCTTGAAGTAG
ACATGGAATTTATGAATGGTTCTTTATCATTTCTCT
TCCCCCTTTTTGGCATCCTGGCTTGCCTCCAGTTTT
AGGTCCTTTAGTTTGCTTCTGTAAGCAACGGGAACA
CCTGCTGAGGGGGCTCTTTCCCTCATGTATACTTCA
AGTAAGATCAAGAATCTTTTGTGAAATTATAGAAAT
TTACTATGTAAATGCTTGATGGAATTTTTTCCTGCT
AGTGTAGCTTCTGAAAGGTGCTTTCTCCATTTATTT
AAAACTACCCATGCAATTAAAAGGTACAATGCAGCA
TCCTTGTTTGATTTCTTCTAGGGCCGTAAGTCTTGT
TTTCTCTCCAGATGTTTATCTGTGTGCTGTGGTAGG
AATTAATCCAACTGAAGTGAGCCTAACGCTTTTTAA
AGTGACTGAAGGCTTTTCCACCTTAATTACTGCCTG
CTTTAATTCTGGACTGCCATAAGTGATATAAGCTAT
AATTTGAGCAGTTACTGTCTTTCTGAGACAGATTCT
TGAGCCTAACTGACCAATATCACAGCTAGTAAGTGG
AAGAGCTAGAACCCTAACCACTATTTGCTACACCAT
CTTATAAATGTTAAACAAGGACACACCATCACATAT
CGAGATTCTCTTGCCCTTATTATGGGAATTAAGAGC
ATTTTCTAGACTGAAACTCCCTATTTTCAACTCTGC
CACTGGTAAGCTGGGTAACCCAGGGGTTATATATAA
TCACTTATTTCCTCATCTGTAAAGTTGGATAATGGT
ATCTCTAAAGGTTAAGATTCAAAGAGACGATGCATT
ATAAGCATTTAGTATATGCTAGGCACCATCCTAAAC
ACTGGAAAGTTAGTTAGTTATTATCTCCTAATCCAC

TTTGGAAGGGTTTTAATCTCTTCCAGAATTATATTT
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ACTCAAGAATTTGTTTCATCAAAGAATAAACCTCGG
CCAGGCGCGGTGGCTCATGCCTGTAATCCCAGCACT
TTGGGAGGCTGAGGCGGGTGGATCACGAGGTCAGGA
GATCGAGACCATCCTGCCTAACATGGGGAAACCCTG
TCTCTACTAAAATTACAAAAAATTAGCCAGGCGTGG
TGGTGGGCGCCTGTAATCCCAGCTACTTGGGAGGCT
GAGGCAGGAGAATGGCGTGAACCCGGGAGGCGGAGC
TTGCGGTGAGGGGAGATCGCGCCACTGCACTCCAGC
CTGGGCAACAGAGCGAGACTCTGTCTCAAAAAATAA
ATAAATAAATAAATAAATAAATAAATAAACCTCTTC
AAGAAAAAATCCTAGTGATATTAATACAACTCCCAA
AGACTTGATAACCTCCTCATCCTTCATAGCATCTTT
TCCTTGGAAATCTTACAAGGTTTTACAGGACTTTAC
TTATTTATAAAAATTTCACCTATGCCAGTAGATGAA
ATCATTCTATGCCAATTTAGCATTTAAATGCTATGT
TCCCAACTTACAAAGACTAACTCTGGGGAGGTCAAA
GTGAATGAGTAGAAAAAAGGCAGGATTCAGAGAATC
CCAAGCAGCAAGGCAAAGTGGATTATAGAATACCTT
TGGTGTAGGCCAGGTGTAGTGGCTCACGCTTGTAAT
CCCAACACTTTGGGAGGCTGAGGTGGGCGGATCACC
TGAGGTCAGGAGTTCATGGCCAGCCTGACCAACATA
GTGAAACCCCATCTCTAGTAAAAATACAAAATTAGC
TGGGTGTGGTGGCGCATATGCCTGTAATCCCAGCTA
CTCAGGAGGCTGAGGCGGCAGAATCACTTGAACCCG
GGAGGCAGAGGATGCAGCGAGCCGAGATCGTGCCAT
TGCACTCCAGCCTGGGCAACAAGAGCGAAACTCCAT
TTAAAAAAGAAAAAAAAAAATAGAATGCCTTTCATG
TAGTGACTGGAGGCAAGTCAGCTAGCTGCCTTCAAG
ATCCGGTCGTTGAAGCCAGGGCCCAATCCTGGTGCT
CAGCAATACAAACTTGCTTAGGCTCTTAAGTTTCTT
CAGAAACAGGCCAGGCATGGTGGCTCACACCTATAA
TCCCAGCACTTTGGGAGGCCGAGGCCAGCAGATTGC
TTGGTTCAAGACTAGCCTGGACAACATGGCAAACCC
GTCTCTCCATGAAAAGTAAAAAAARAATAGCCAGGCA
TGGTGGTGTGCACTGGTGGTCACAGCCACTCAGGAA
GCTGAGGTGGGAGGATCGCTTGAGGCCAGGGGGCAG
AGGTTGCAGTCAGCCAAGATCGCAGCACTGCACTCC
AGACTGGGTGAAAAAGCAAGACTGCCTAAAAAARAL

AAGGTTCTGTATATAAG.
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[0067] As used herein, FOXO1 refers to a forkhead box 1
polypeptide. When preparing a T cell or treating a mammal
with a T cell, FOXOI1 refers to human FOXO1. An example
of a human FOXO1 polypeptide includes, without limita-
tion, NCBI reference sequence: NP_002006.2.

[0068] As used herein, ID2 refers to an inhibitor or DNA
binding 2 polypeptide. When preparing a T cell or treating
a mammal with a T cell, ID2 refers to human ID2. An
example of a human ID2 polypeptide includes, without
limitation, NCBI reference sequence: NP_002157.2.
[0069] As used herein, ID3 refers to an inhibitor or DNA
binding 3 polypeptide. When preparing a T cell or treating
a mammal with a T cell, ID3 refers to human 1ID3. An
example of a human ID3 polypeptide includes, without
limitation, NCBI reference sequence: NP_002158.3.
[0070] As used herein, IRF4 refers to a interferon regula-
tory factor 4 polypeptide. When preparing a T cell or treating
a mammal with a T cell, IRF4 refers to human IRF4. An
example of a human IRF4 polypeptide includes, without
limitation, NCBI reference sequence: NP_001182215.1.

[0071] As used herein, LEF1 refers to a lymphoid
enhancer binding factor 1 polypeptide. When preparing a T
cell or treating a mammal with a T cell, LEF1 refers to
human LEF1. An example of a human LEF1 polypeptide
includes, without limitation, NCBI reference sequence:
NP_001124185.1.

[0072] As used herein, SATBI refers to a SATB1 homeo-
box 1 polypeptide. When preparing a T cell or treating a
mammal with a T cell, SATBI1 refers to human SATB1. An
example of a human SATB1 polypeptide includes, without
limitation, NCBI reference sequence: NP_001124482.1.

[0073] As used herein, RUNXI refers to a RUNX family
transcription factor 1 polypeptide. When preparing a T cell
or treating a mammal with a T cell, RUNX1 refers to human
RUNXI1. An example of a human RUNXI1 polypeptide
includes, without limitation, NCBI reference sequence:
NP_001001890.1.

[0074] As used herein, BCL11b refers to a BAF chromatin
remodeling complex subunit BCL11b polypeptide. When
preparing a T cell or treating a mammal with a T cell,
BCL11b refers to human BCL11b. An example of a human
BCL11b polypeptide includes, without limitation, NCBI
reference sequence: NP_001269166.1.

[0075] As used herein, FOXP1 refers to a forkhead box P1
polypeptide. When preparing a T cell or treating a mammal
with a T cell, FOXP1 refers to human v. An example of a
human FOXP1 polypeptide includes, without limitation,
NCBI reference sequence: NP_001012523.1.

[0076] As used herein, FOXP4 refers to a forkhead box P4
polypeptide. When preparing a T cell or treating a mammal
with a T cell, FOXP4 refers to human v. An example of a
human FOXP4 polypeptide includes, without limitation,
NCBI reference sequence: NP_001012426.1.

[0077] As used herein, BACH2 refers to a BTB domain
and CNC homolog 2 polypeptide. When preparing a T cell
or treating a mammal with a T cell, BACH2 refers to human
BACH2. An example of a human BACH2 polypeptide
includes, without limitation, NCBI reference sequence:
NP_001164265.1.

[0078] As used herein, STAT3 refers to a signal transducer
and activator of transcription 3 polypeptide. When preparing
a T cell or treating a mammal with a T cell, STAT3 refers to
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human STAT3. An example of a human STAT3 polypeptide
includes, without limitation, NCBI reference sequence:
NP_001356441.1.

[0079] As used herein XBP1 refers to an X-box binding
protein 1 polypeptide. When preparing a T cell or treating a
mammal with a T cell, XBP1 refers to human XBP1. An
example of a human XBP1 polypeptide includes, without
limitation, NCBI reference sequence: NP_005071.2.

Antigen-Binding Domains

[0080] As used herein, the term “antibody,” “antigen-
binding domain,” or “antigen-binding fragment” refers to an
intact immunoglobulin or to an antigen-binding portion
thereof. In some embodiments, a binding agent refers to an
intact immunoglobulin or to an antigen-binding portion
thereof. Antigen-binding portions may be produced by
recombinant DNA techniques or by enzymatic or chemical
cleavage of intact antibodies. Examples of antigen-binding
portions include Fab, Fab', F(ab'),, Fv, domain antibodies
(dAbs), and complementarity determining region (CDR)
fragments, single-chain antibodies (scFv), chimeric antibod-
ies, diabodies, triabodies, tetrabodies, and polypeptides that
contain at least a portion of an immunoglobulin that is
sufficient to confer specific antigen-binding to the polypep-
tide. As used herein, the term “scFv” antibody fragments
comprise the VH and VL domains of an antibody, wherein
these domains are present in a single polypeptide chain.
Included in the definition are single domain antibody,
including camelids. In some cases, the antibody is human or
humanized.

[0081] In some embodiments, any of the “antigen-binding
domains,” “antibodies,” “ligand binding domains,” or “bind-
ing agents” described herein can bind specifically to a target
selected from the group of: CD16a, CD28, CD3 (e.g., one or
more of CD3a, CD3f, CD39, CD3e, and CD3y), CD33,
CD20, CD19, CD22, CD123, IL-1R, IL-1, VEGF, IL-6R,
1L-4, IL-10, LAG3, PDL-1, TIGIT, PD-1, TIM3, CTLA4,
MICA, MICB, IL-6, IL-8, TNFa, CD26a, CD36, ULBP2,
CD30, CD200, IGF-1R, MUC4AC, MUCSAC, Trop-2,
CMET, EGFR, HER1, HER2, HER3, PSMA, CEA, B7H3,
EPCAM, BCMA, P-cadherin, CEACAMS, a UL16-binding
protein (e.g., ULBP1, ULBP2, ULBP3, ULBP4, ULBPS3,
and ULBP6), HLA-DR, DLL4, TYRO3, AXL, MER,
CD122, CD155, PDGFDD, a ligand of TGF-f receptor 11
(TGF-PRII), a ligand of TGF-PRIII, a ligand of DNAMI, a
ligand of NKp46, a ligand of NKp44, a ligand of NKG2D,
a ligand of NK30, a ligand for a scMHCI, a ligand for a
scMHCIL, a ligand for a scTCR, a receptor for IL-1, a
receptor for IL.-2, a receptor for 1L.-3, a receptor for IL.-7, a
receptor for IL-8, a receptor for IL.-10, a receptor for 1L-12,
a receptor for IL-15, a receptor for 1L.-17, a receptor for
1L-18, a receptor for IL-21, a receptor for PDGF-D, a
receptor for stem cell factor (SCF), a receptor for stem
cell-like tyrosine kinase 3 ligand (FLT3L), a receptor for
MICA, a receptor for MICB, a receptor for a ULP16-binding
protein, a receptor for CD155, a receptor for CD122, and a
receptor for CD28.

[0082] In some embodiments, any of the “antigen-binding
domains,” “antibodies,” “ligand binding domains,” or “bind-
ing agents” further include a secretion signal peptide. For
example, a nucleic acid sequence encoding a binding agent
further includes a nucleic acid sequence encoding a secre-
tion signal peptide.
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[0083] As used herein, ICAM-1 refers to intercellular
adhesion molecule 1 polypeptide. When preparing the T cell
or treating a mammal with the T cell, ICAM-1 refers to
human ICAM-1. An example of a human ICAM-1 polypep-
tide includes, without limitation, NCBI reference sequence:
NP_000192.2 or a fragment thereof.

[0084] As used herein, VCAM-1 refers to vascular cell
adhesion molecule 1 polypeptide. When preparing the T cell
or treating a mammal with the T cell, VCAM-1 refers to
human VCAM-1. An example of a human VCAM-1 poly-
peptide includes, without limitation, NCBI reference
sequence: NP_001069.1 or a fragment thereof.

[0085] As used herein, LFA-1 also known as ITGB2 refers
to lymphocyte function associated antigen-1 (LFA-1) poly-
peptide or integrin subunit beta 2 (ITGB2) polypeptide.
When preparing the T cell or treating a mammal with the T
cell, LFA-1 or ITGB2 refers to human LFA-1 or ITGB2. An
example of a human LFA-1 or ITGB2 polypeptide includes,
without limitation, NCBI reference sequence: NP_000620.2
or a fragment thereof

[0086] As used herein, TGFBR2 refers to transforming
growth factor beta receptor 2. When preparing the T cell or
treating a mammal with the T cell, TGFBR2 refers to human
TGFBR2. An example of a human TGFBR2 polypeptide
includes, without limitation, NCBI reference sequence:
NP_001020018.1 or a fragment thereof.

[0087] As used herein, IFNARI refers to interferon (alpha
and beta) receptor 1. When preparing the T cell or treating
a mammal with the T cell, IFNARI1 refers to human
IFNARI1. An example of a human IFNAR1 polypeptide
includes, without limitation, NCBI reference sequence:
NP_000620.2 or a fragment thereof.

Methods of Producing T Cells

[0088] As described herein, any appropriate method of
producing cells (e.g., T cells) comprising a FOXP3 poly-
peptide and one or more transcription factors can be used to
generate the T cells as described herein. In some embodi-
ments, a cell (e.g., a T cell) that is transduced with the
nucleic acid sequences described herein is isolated from a
mammal (e.g., a human) using any appropriate method (e.g.,
magnetic activated sorting or flow cytometry-mediated sort-
ing). In some cases, nucleic acid sequences encoding a
FOXP3 polypeptide and one or more transcription factors
can be transformed into a cell (e.g., a T cell) along with
nucleic acid sequences encoding a therapeutic gene product
and/or a binding agent. For example, a T cell can be made
by transducing nucleic acid sequences encoding a FOXP3
polypeptide and one or more transcription factors into a cell
(e.g., aT cell) using a lentivirus. In another example, a T cell
can be made by transducing nucleic acid sequences encod-
ing a FOXP3 polypeptide, one or more transcription factors,
and a therapeutic gene product into a cell (e.g., a T cell)
using a lentivirus. In yet another example, a T cell can be
made by co-transducing nucleic acid sequences encoding a
FOXP3 polypeptide, one or more transcription factors, a
therapeutic gene product, and a binding agent into an
immune cell (e.g., a T cell) using a lentivirus. In all cases
described herein, the nucleic acid sequences are operably
linked to a promoter or are operably linked to other nucleic
acid sequences using a self-cleaving 2A polypeptide or IRES
sequence.

[0089] Methods of introducing nucleic acids and expres-
sion vectors into a cell (e.g., a eukaryotic cell) are known in
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the art. Non-limiting examples of methods that can be used
to introduce a nucleic acid into a cell include lipofection,
transfection, electroporation, microinjection, calcium phos-
phate transfection, dendrimer-based transfection, cationic
polymer transfection, cell squeezing, sonoporation, optical
transfection, impalefection, hydrodynamic delivery, magne-
tofection, viral transduction (e.g., adenoviral and lentiviral
transduction), and nanoparticle transfection. As used herein,
“transformed” and “transduced” are used interchangeably.
[0090] In some embodiments, the transformed cell can be
an immune cell, an epithelial cell, an endothelial cell, or a
stem cell. In some embodiments, the transformed cell is an
immune cell selected from the group consisting of a T cell,
a B cell, a natural killer (NK) cell, a dendritic cell, a
macrophage, a regulatory T cell, a helper T cell and a
cytotoxic T cell. In some examples, the immune cell is a NK
cell, and the detection of a memory NK cell can include, for
example, the detection of the level of one or more of IL-12,
1L-18, IL-33, STAT4, Zbtb32, DNAM-1, BIM, Noxa,
SOCS1, BNIP3, BNIP3L, interferon-y, CXCL16, CXCRS6,
NKG2D, TRAIL, CD49, Ly49D, CD49b, and Ly79H. A
description of NK memory cells and methods of detecting
the same is described in O’Sullivan et al., Immunity 43:634-
645, 2015. In some examples, the immune cell is a T cell,
and the detection of memory T cells can include, e.g., the
detection of the level of expression of one or more of
CDA45R0O, CCR7, L-selectin (CD62L), CD44, CD45RA,
integrin aef7, CD43, CD4, CD8, CD27, CD28, IL-7Rq,
CD95, IL-2Rp, CXCR3, and LFA-1. Additional examples of
T-cells that can be transduced are described herein.

Nucleic Acids/Vectors

[0091] Also provided herein are nucleic acids sequences
that encode any of the polypeptides described herein. For
example, nucleic acid sequences are included that encode for
a FOXP3 polypeptide, one or more transcription factors, a
therapeutic agent comprising a polypeptide, and a binding
agent comprising a polypeptide. Also provided herein are
vectors that include any of the nucleic acid sequences
encoding any of the polypeptides described herein. For
example, the polypeptides include, without limitation, a
FOXP3 polypeptide, one or more transcription factors, a
therapeutic agent comprising a polypeptide, and a binding
agent comprising a polypeptide.

[0092] Any of the vectors described herein can be an
expression vector. For example, an expression vector can
include a promoter sequence operably linked to the sequence
encoding any of the polypeptides as described herein. Non-
limiting examples of vectors include plasmids, transposons,
cosmids, and viral vectors (e.g., any adenoviral vectors (e.g.,
pSV or pCMYV vectors), adeno-associated virus (AAV) vec-
tors, lentivirus vectors, and retroviral vectors), and any
Gateway® vectors. In some cases, a vector can include
sufficient cis-acting elements that supplement expression
where the remaining elements needed for expression can be
supplied by the host mammalian cell or in an in vitro
expression system. Skilled practitioners will be capable of
selecting suitable vectors and mammalian cells for making
any of the T cells as described herein. Any appropriate
promoter (e.g., EF1 alpha) can be operably linked to any of
the nucleic acid sequences described herein. Non-limiting
examples of promoters to be used in any of the vectors or
constructs described herein include EFla, SFFV, PGK,
CMYV, CAG, UbC, MSCV, MND, EF1a hybrid, and/or CAG
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hybrid. As used herein, the term “operably linked” is well
known in the art and refers to genetic components that are
combined such that they carry out their normal functions.
For example, a nucleic acid sequence is operably linked to
a promoter when its transcription is under the control of the
promoter. In another example, a nucleic acid sequence can
be operably linked to other nucleic acid sequence by a
self-cleaving 2A polypeptide or an internal ribosome entry
site (IRES). In such cases, the self-cleaving 2A polypeptide
allows the second nucleic acid sequence to be under the
control of the promoter operably linked to the first nucleic
acid sequence. The nucleic acid sequences described herein
can be operably linked to a promoter. In some cases, the
nucleic acid sequences described herein can be operably
linked to any other nucleic acid sequence described herein
using a self-cleaving 2A polypeptide or IRES. In some
cases, the nucleic acid sequences are all included on one
vector and operably linked either to a promoter upstream of
the nucleic acid sequences or operably linked to the other
nucleic acid sequences through a self-cleaving 2A polypep-
tide or an IRES.

Compositions

[0093] Also provided herein are compositions (e.g., phar-
maceutical compositions) that include at least one of any of
the polypeptides (e.g., FOXP3 polypeptides, one or more
transcription factors, therapeutic polypeptides, and binding
agent polypeptides), any of the cells, or any of the nucleic
acids or vectors described herein. In some embodiments, the
compositions include at least one of the any of polypeptides
(e.g., FOXP3 polypeptides, one or more transcription fac-
tors, therapeutic polypeptides, and binding agent polypep-
tides) described herein. In some embodiments, the compo-
sitions include any of the cells (e.g., any of the cells
described herein including any of the cells produced using
any of the methods described herein). In some embodiments,
the pharmaceutical compositions are formulated for differ-
ent routes of administration (e.g., intravenous, subcutane-
ous). In some embodiments, the pharmaceutical composi-
tions can include a pharmaceutically acceptable carrier (e.g.,
phosphate buffered saline).

Cells

[0094] Also provided herein are cells (e.g., any of the
exemplary cells described herein or known in the art)
comprising any of the nucleic acid sequences described
herein that encode any of the polypeptides (e.g., FOXP3
polypeptides, one or more transcription factors, therapeutic
polypeptides, and/or binding agent polypeptides) described
herein. Also provided herein are cells (e.g., any of the
exemplary cells described herein or known in the art) that
include any of the vectors described herein. In some embodi-
ments, the cells are any of the exemplary types of T cells
described herein or known in the art.

[0095] In some embodiments of any of the methods
described herein, the cell can be a eukaryotic cell. As used
herein, the term “eukaryotic cell” refers to a cell having a
distinct, membrane-bound nucleus. Such cells may include,
for example, mammalian (e.g., rodent, non-human primate,
or human) cells. Non-limiting examples of mammalian cells
include Chinese hamster ovary cells and human embryonic
kidney cells (e.g., HEK293 cells).
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Methods of Treatment

[0096] Also provided herein are methods of treating a
mammal (e.g., a human) having an autoimmune disease that
includes administering to the mammal (e.g., human) a
therapeutically effective amount of a cell (e.g., any of the
exemplary T cells described herein) or any of the compo-
sitions (e.g., pharmaceutical compositions) described herein.
[0097] In some embodiments, these methods can result in
a reduction in the number, severity, or frequency of one or
more symptoms of the autoimmune diseases in the mammal
(e.g., as compared to the number, severity, or frequency of
the one or more symptoms of the autoimmune disease in the
mammal prior to treatment). For example, a mammal having
an autoimmune disease having been administered a T cell as
described here can experience a reduction in inflammation
or autoantibody production.

[0098] Any appropriate method of administration can be
used to administer the T cells to a mammal (e.g. a human)
having an autoimmune disease. Examples of methods of
administration include, without limitation, parenteral admin-
istration and intravenous injection.

[0099] A pharmaceutical composition containing the T
cells and a pharmaceutically acceptable carrier or buffer can
be administered to a mammal (e.g., a human) having an
autoimmune disease. For example, a pharmaceutical com-
position (e.g., a T cell along with a pharmaceutically accept-
able carrier) to be administered to a mammal having an
autoimmune disease can be formulated in an injectable form
(e.g., emulsion, solution and/or suspension). In some
embodiments, a pharmaceutical composition containing the
T cells can include phosphate buffered saline.

[0100] Pharmaceutically acceptable carriers, fillers, and
vehicles that can be used in a pharmaceutical composition
described herein can include, without limitation, ion
exchangers, alumina, aluminum stearate, lecithin, serum
proteins, such as human serum albumin, buffer substances
such as phosphates, glycine, sorbic acid, potassium sorbate,
partial glyceride mixtures of saturated vegetable fatty acids,
water, salts or electrolytes, such as protamine sulfate, diso-
dium hydrogen phosphate, potassium hydrogen phosphate,
sodium chloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, cellulose-based sub-
stances, polyethylene glycol, sodium carboxymethylcellu-
lose, polyacrylates, waxes, polyethylene-polyoxypropylene-
block polymers, polyethylene glycol and wool fat.

[0101] Effective dosage can vary depending on the sever-
ity of the autoimmune disease, the route of administration,
the age and general health condition of the subject, excipient
usage, the possibility of co-usage with other therapeutic
treatments, and the judgment of the treating physician. An
effective amount of a T cell can be any amount that reduces
inflammation and autoantibody production within a mam-
mal having an autoimmune disease without producing sig-
nificant toxicity to the mammal. For example, an effective
amount of T cells administered to a mammal having an
autoimmune disease can be from about 1x10° cells to about
1x10™° (e.g., from about 1x10° to about 1x10°, from about
1x10° to about 1x10%, from about 1x10° to about 1x107,
from about 1x10” to about 1x10'°, from about 1x107 to
about 1x10°, from about 1x107 to about 1x108, from about
1x10® to about 1x10'°, from about 1x10® to about 1x10°, or
form about 1x10° to about 1x10'°) cells. In some cases, the
T cells can be a purified population of immune cells gen-
erated as described herein. In some cases, the purity of the
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population of T cells can be assessed using any appropriate
method, including, without limitation, flow cytometry. In
some cases, the population of T cells to be administered can
include a range of purities from about 70% to about 100%,
from about 70% to about 90%, from about 70% to about
80%, from about 80% to about 90%, from about 90% to
about 100%, from about 80% to about 100%, from about
80% to about 90%, or from about 90% to 100%. In some
cases, the dosage (e.g., number of T cells to be administered)
can adjusted based on the level of purity of the T cells.

[0102] The frequency of administration of a T cell can be
any frequency that reduces inflammation or autoantibody
production within a mammal having an autoimmune disease
without producing toxicity to the mammal. In some cases,
the actual frequency of administration can vary depending
on various factors including, without limitation, the effective
amount, duration of treatment, use of multiple treatment
agents, route of administration, and severity of the condition
may require an increase or decrease in frequency of admin-
istration.

[0103] An effective duration for administering a compo-
sition containing a T cell can be any duration that reduces
inflammation or autoantibody production within a mammal
having an autoimmune disease without producing toxicity to
the mammal. In some cases, the effective duration can vary
from several days to several months. In general, the effective
treatment duration for administering a composition contain-
ing a T cell to treat an autoimmune disease can range in
duration from about one month to about five years (e.g.,
from about two months to about five years, from about three
months to about five years, from about six months to about
five years, from about eight months to about five years, from
about one year to about five years, from about one month to
about four years, from about one month to about three years,
from about one month to about two years, from about six
months to about four years, from about six months to about
three years, or from about six months to about two years). In
some cases, the effective treatment duration for administer-
ing a composition containing a T cell can be for the
remainder of the life of the mammal.

[0104] In some cases, a course of treatment and/or the
severity of one or more symptoms related to autoimmune
disease can be monitored. Any appropriate method can be
used to determine whether the autoimmune disease is being
treated. For example, immunological techniques (e.g.,
ELISA) can be performed to determine if the level of
autoantibodies present within a mammal being treated as
described herein is reduced following the administration of
the T cells. Remission and relapse of the disease can be
monitored by testing for one or more markers of autoim-
mune disease.

[0105] Any appropriate autoimmune disease can be
treated with a T cell as described herein. In some cases, an
autoimmune disease caused by the accumulation of autoan-
tibodies can be treated with a T cell as described herein.
Examples of autoimmune diseases include, without limita-
tion, lupus, rheumatoid arthritis, multiple sclerosis, insulin
dependent diabetes mellitis, myasthenia gravis, Grave’s
disease, autoimmune hemolytic anemia, autoimmune throm-
bocytopenia purpura, Goodpasture’s syndrome, pemphigus
vulgaris, acute rheumatic fever, post-streptococcal glomeru-
lonephritis, Crohn’s disease, Celiac disease, and polyarteri-
tis nodosa.
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[0106] The invention will be further described in the
following examples, which do not limit the scope of the
invention described in the claims.

EXAMPLES

Example 1. T Cell Transduced with Nucleic Acid
Sequences Encoding FOXP3 and BLIMP1

[0107] A set of experiments is performed to assess the
effect of co-expression of a BLIMP1 polypeptide and a
FOXP3 polypeptide. In these experiments, CD4™ T cells are
transduced with a lentivirus where the lentiviral vector
includes a first nucleic acid sequence encoding a FOXP3
polypeptide harboring mutations in NES1 and NES2 that
result in nuclear localization of FOXP3 and a second nucleic
acid sequence encoding BLIMP1 polypeptide. The vector
includes an EFla promoter. Lentivirus is produced in
HEK293 cells according to standard protocols.

[0108] CD4* T cells are counted and checked for viability.
Next cells are re-suspended in fresh serum free ImmunoCult
T cell expansion media at a concentration of 10° cells/mL.

Then 500 pl. (~500,000 cells) of the cell suspension is
aliquoted to each well. The cells are then cultured in the
presence of CD3/CD28 for 1-2 days prior to addition of
virus. Different concentrations of lentiviral particles are
added to each well for the desired target MOI. The plates are
then sealed with parafilm, and the cells are spun in a table
top centrifuge at 300xg for 5 minutes. After spinoculation,
the cells are incubated at 37° C. The cells are then assessed
for FOXP3 expression and cellular localization, BLIMP1
expression, and expression of a T reg phenotype.

Example 2

[0109] Table 1 (below) shows the percentage of Mean
Fluorescence Intensity (MFI) as compared to donor-matched
expanded Tregs.

[0110] FEach column represents values for synReg trans-
duced with FOXP3 alone or co-transduced with FOXP3 and
the indicated modifier. Each row displays data for the
specified marker. Values are displayed as mean of 3
donors+SD, * p<0.05, ** p<0.01 by paired t-test of co-
transduced modifier versus FOXP3 alone.

TABLE 1

Percentage of Mean Fluorescence Intensity (MFI) as compared to donor-matched expanded Tregs.

FOXP3 FOXP3 FOXP3 FOXP and FOXP3 and FOXP3 FOXP3 and
only and ID2 and ID3 GATA1 GATA3 and XBP1 SATB1
CTLA4 119.6 £ 24.5 248.3 = 100.8 226.1 + 383, * 207.5 = 48.0 1675 £ 19.5, %  121.5 £ 22.4 129.2 = 31.7
CD25 206.9 = 130.8 322.0 = 202.6 274.7 £ 166.8 293.8 + 142.8 230.2 + 1151 281.3 = 1479, * 257.1 = 168.0
ICOS 239.9 = 123.0 564.1 + 355.1 467.8 = 284.5 205.3 £ 115.2 242.7 = 119.8  249.7 = 138.2 239.3 = 134.4
LAG3 168.28 = 78.8 318.6 = 146.7 256.0 £ 102.5, % 254.7 = 38.5 207.9 = 62.5 200.0 = 84.8, * 191.4 £ 77.7, **
Other Embodiments
[0111] Tt is to be understood that while the invention has

been described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate
and not limit the scope of the invention, which is defined by
the scope of the appended claims. Other aspects, advantages,
and modifications are within the scope of the following
claims.

SEQUENCE LISTING

Sequence total quantity: 14
SEQ ID NO: 1 moltype = DNA length = 2159
FEATURE Location/Qualifiers
source 1..2159

mol type = genomic DNA

organism = Homo sapiens
SEQUENCE: 1
agtttcccac aagccaggcet gatcctttte tgtcagtcca cttcaccaag cctgeccttg 60
gacaaggacc cgatgcccaa ccccaggect ggcaagceect cggeccctte cttggecctt 120
ggcecatcee caggagecte geccagetgg agggctgcac ccaaagectce agacctgetg 180
ggggeccggy gcoccaggggg aaccttecag ggecgagatce ttegaggegyg ggeccatgee 240
tcectettett cettgaacce catgccacca tcgecagetge agctctcaac ggtggatgee 300
cacgceegga cccctgtget gecaggtgcac ccectggaga gceccagcecat gatcagectce 360
acaccaccca ccaccgecac tggggtcette tcectcaagyg cceeggectgg cctceccacct 420
gggatcaacyg tggccagcect ggaatgggtg tecagggage cggcactget ctgcacctte 480
ccaaatccca gtgcacccag gaaggacagce acccetttegyg ctgtgeccca gagctectac 540
ccactgetgg caaatggtgt ctgcaagtgg cceggatgtyg agaaggtctt cgaagagcca 600
gaggacttce tcaagcactg ccaggcggac catcttetgg atgagaaggyg cagggcacaa 660
tgtctectee agagagagat ggtacagtcet ctggagcage agcetggtgcet ggagaaggag 720
aagctgagtg ccatgcaggce ccacctgget gggaaaatgg cactgaccaa ggcttcatct 780
gtggcatcat ccgacaaggg ctcctgetge atcgtagetg ctggcageca aggecctgte 840
gtcecagect ggtetggece ccgggaggec cctgacagece tgtttgetgt ccggaggcac 900
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ctgtggggta gccatggaaa cagcacatte ccagagttec tccacaacat ggactactte
aagttccaca acatgecgacce cectttecace tacgecacge tcatcegetyg ggecatcectg
gaggctccag agaagcageg gacactcaat gagatctacce actggttcac acgeatgttt
gecttetteca gaaaccatce tgccacctgg aagaacgcca tccgecacaa cctgagtetg
cacaagtgct ttgtgegggt ggagagegag aagggggetg tgtggacegt ggatgagetg
gagttcegeca agaaacggag ccagaggcce agcaggtgtt ccaaccctac acctggeccc
tgacctcaag atcaaggaaa ggaggatgga cgaacagggg ccaaactggt gggaggcaga
ggtggtgggy gcagggatga taggcectgyg atgtgcccac agggaccaag aagtgaggtt
tccactgtet tgectgecag ggeccctgtt ccecegetgg cagecaccece cteccccate
atatcctttyg ccccaagget getcagaggg gecceggtece tggecccage ccccacctece
gecccagaca caccccccag tcegagecctyg cagccaaaca gagecttcac aaccagecac
acagagcctyg cctcagetge tegeacagat tacttcaggg ctggaaaagt cacacagaca
cacaaaatgt cacaatcctg tcectcacte aacacaaacc ccaaaacaca gagagcectge
ctcagtacac tcaaacaacc tcaaagctge atcatcacac aatcacacac aagcacagcce
ctgacaacce acacacccca aggcacgeac ccacagecag cctcagggece cacaggggcea
ctgtcaacac aggggtgtge ccagaggect acacagaagce agcegtcagta ccctcaggat
ctgaggtcce aacacgtget cgctcacaca cacggectgt tagaattcac ctgtgtatct
cacgcatatyg cacacgcaca gecccccagt gggtetettg agtecegtge agacacacac
agccacacac actgecttge caaaaatacce cegtgtetece cetgecacte acctcactece
cattccctga geectgatee atgectcage ttagactgea gaggaactac tcatttattt
gggatccaag gcccccaace cacagtaccg tccccaataa actgecagecg agcetcecca

SEQ ID NO: 2 moltype = DNA length = 232
FEATURE Location/Qualifiers
source 1..232

mol type = genomic DNA

organism = Homo sapiens
SEQUENCE: 2
cctgeccttyg gacaaggacce cgatgeccaa ccecaggect ggcaageect cggeccctte
cttggecctt ggeccatcee caggagecte geccagetgg agggcetgcac ccaaagecte
agacctgetyg ggggeceggg geccaggggg aaccttecag ggecgagate ttegaggegg
ggcccatgee tectettett cettgaacce catgccacca tegcagetge ag

SEQ ID NO: 3 moltype = DNA length = 81
FEATURE Location/Qualifiers
source 1..81

mol type = genomic DNA

organism = Homo sapiens
SEQUENCE: 3
ctggtgetgyg agaaggagaa gctgagtgece atgcaggecce acctggetgg gaaaatggca
ctgaccaagyg cttcatctgt g

SEQ ID NO: 4 moltype = AA length = 9
FEATURE Location/Qualifiers
source 1..9

mol type = protein
organism = Homo sapiens
SEQUENCE: 4

QLQLPTLPL
SEQ ID NO: 5 moltype = AA length = 10
FEATURE Location/Qualifiers
source 1..10

mol type = protein
organism = Homo sapiens
SEQUENCE: 5

VQSLEQQLVL
SEQ ID NO: 6 moltype = AA length = 105
FEATURE Location/Qualifiers

source 1..105

mol type = protein

organism = Homo sapiens
SEQUENCE: 6
IEVMYPPPYL DNEKSNGTII HVKGKHLCPS PLFPGPSKPF WVLVVVGGVL ACYSLLVTVA
FIIFWVRSKR SRLLHSDYMN MTPRRPGPTR KHYQPYAPPR DFAAY

SEQ ID NO: 7 moltype = DNA length = 5148
FEATURE Location/Qualifiers
source 1..5148

mol type = genomic DNA

organism = Homo sapiens
SEQUENCE: 7
aacacagaca aagtgctgece gtgacacteg geectccagt gttgeggaga ggcaagagca
gegaccegegg cacctgteeg cecggagetyg ggacgeggge geccegggegyg ccggacgaag
cgaggaggga ccgccgaggt gcgegtetgt geggcetcage ctggeggggg acgcggggag

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2159

60

120
180
232

60
81

10

60
105

60
120
180
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aatgtggact gggtagagat gaacgagact tttctcagat gttggatatt tgcttggaaa 240
aacgtgtggg tacgaccttg gectgccecca agtgtaacte cagcactgtyg aggtttcagg 300
gattggcaga ggggaccaag gggaccatga aaatggacat ggaggatgcg gatatgactc 360
tgtggacaga ggctgagttt gaagagaagt gtacatacat tgtgaacgac cacccctggg 420
attctggtge tgatggeggt acttceggtte aggcggagge atccttacca aggaatctge 480
ttttcaagta tgccaccaac agtgaagagg ttattggagt gatgagtaaa gaatacatac 540
caaagggcac acgttttgga cccctaatag gtgaaatcta caccaatgac acagttccta 600
agaacgccaa caggaaatat ttttggagga tctattccag aggggagcett caccacttca 660
ttgacggctt taatgaagag aaaagcaact ggatgcgcta tgtgaatcca gcacactcte 720
ccegggagea aaacctggcet gegtgtcaga acgggatgaa catctactte tacaccatta 780
agcccatccee tgccaaccag gaacttettg tgtggtattyg tegggacttt gcagaaagge 840
ttcactacce ttatcccgga gagctgacaa tgatgaatct cacacaaaca cagagcagtce 900
taaagcaacc gagcactgag aaaaatgaac tctgcccaaa gaatgtccca aagagagagt 960
acagcgtgaa agaaatccta aaattggact ccaaccccte caaaggaaag gacctctace 1020
gttctaacat ttcaccccte acatcagaaa aggacctcga tgactttaga agacgtggga 1080
gcceccgaaat geccttcectac cctegggteg tttaccccat ccgggcecect ctgceccagaag 1140
actttttgaa agcttccectg gectacggga tcgagagace cacgtacatc actcgcectceccece 1200
ccatteccate ctccaccact ccaagcccect ctgcaagaag cagcecccgac caaagectca 1260
agagctccag ccctcacage agccctggga atacggtgte cecctgtggge ceccggcetcecte 1320
aagagcaccg ggactcctac gecttacttga acgcgtecta cggcacggaa ggtttggget 1380
cctacccetgg ctacgcaccce ctgccccace tccecgccage tttcatccecce tegtacaacg 1440
ctcactaccce caagttccte ttgcccecccect acggcatgaa ttgtaatgge ctgagegetg 1500
tgagcagcat gaatggcatc aacaactttg gcctcttecce gaggctgtge cctgtctaca 1560
gcaatctecet cggtgggggce agectgceccce accccatget caaccccact tctetcecceccecga 1620
gectegetgee ctcagatgga gceccggaggt tgctccagece ggagcatccce agggaggtge 1680
ttgtcecegge gecccacagt gecttetect ttaccgggge cgccgccage atgaaggaca 1740
aggcctgtag ccccacaagce gggtctecca cggegggaac agcecgccacyg gcagaacatg 1800
tggtgcagee caaagctacce tcagcagega tggcagcccee cagcagcgac gaagcecatga 1860
atctcattaa aaacaaaaga aacatgaccg gctacaagac ccttcecctac ccgctgaaga 1920
agcagaacgg caagatcaag tacgaatgca acgtttgcgce caagactttc ggccagctcet 1980
ccaatctgaa ggtccacctg agagtgcaca gtggagaacg gcctttcaaa tgtcagactt 2040
gcaacaaggyg ctttactcag ctcgeccacce tgcagaaaca ctacctggta cacacgggag 2100
aaaagccaca tgaatgccag gtctgccaca agagatttag cagcaccagce aatctcaaga 2160
cccacctgeg actccattet ggagagaaac cataccaatg caaggtgtgce cctgccaagt 2220
tcacccagtt tgtgcacctg aaactgcaca agegtctgea cacccgggayg cggecccaca 2280
agtgctceccca gtgccacaag aactacatcc atctctgtag cctcaaggtt cacctgaaag 2340
ggaactgcge tgcggccccg gcgectggge tgcccttgga agatctgacce cgaatcaatg 2400
aagaaatcga gaagtttgac atcagtgaca atgctgaccg gctcgaggac gtggaggatg 2460
acatcagtgt gatctctgta gtggagaagg aaattctggce cgtggtcaga aaagagaaag 2520
aagaaactgg cctgaaagtg tctttgcaaa gaaacatggg gaatggactc ctctectcag 2580
ggtgcagect ttatgagtca tcagatctac ccctcatgaa gttgcctceccce agcaacccac 2640
tacctetggt acctgtaaag gtcaaacaag aaacagttga accaatggat ccttaagatt 2700
ttcagaaaac acttattttg tttcttaagt tatgacttgg tgagtcaggg tgcctgtagg 2760
aagtggcttg tacataatcc cagctctgca aagctctcecte gacagcaaat ggtttecccecet 2820
cacctctgga attaaagaag gaactccaaa gttactgaaa tctcagggca tgaacaaggce 2880
aaaggccata tatatatata tatatatatc tgtatacata ttatatatac ttatttacac 2940
ctgtgtctat atatttgccc ctgtgtattt tgaatatttg tgtggacatg tttgcatagce 3000
cttcccatta ctaagactat tacctagtca taattatttt ttcaatgata atccttcata 3060
atttattata caatttatca ttcagaaagc aataattaaa aaagtttaca atgactggaa 3120
agattccttg taatttgagt ataaatgtat ttttgtcttg tggccattct ttgtagataa 3180
tttctgcaca tctgtataag tacctaagat ttagttaaac aaatatatga cttcagtcaa 3240
cctetetete taataatggt ttgaaaatga ggtttgggta attgccaatg ttggacagtt 3300
gatgtgttca ttcctgggat cctatcattt gaacagcatt gtacataact tgggggtatg 3360
tgtgcaggat tacccaagaa taacttaagt agaagaaaca agaaagggaa tcttgtatat 3420
ttttgttgat agttcatgtt tttcccccag ccacaatttt accggaaggg tgacaggaag 3480
gctttaccaa cctgtcectcte cctecaaaag agcagaatcce tcccaccgcece ctgecctece 3540
caccgagtcce tgtggccatt cagagcggcc acatgacttt tgcatccatt gtattatcag 3600
aaaatgtgaa gaagaaaaaa atgccatgtt ttaaaaccac tgcgaaaatt tccccaaagce 3660
ataggtggct ttgtgtgtgt gcgatttggg ggcttgagte tgggtggtgt tttgttgttg 3720
gtttttgttg cttttttttt tttttttttt ttaatgtcaa aattgcacaa acatggtgct 3780
ctaccaggaa ggattcgagg tagataggcet caggccacac tttaaaaaca aacacacaaa 3840
caacaaaaaa cgggtattct agtcatcttg gggtaaaagc gggtaatgaa cattcctatce 3900
cccaacacat caattgtatt ttttctgtaa aactcagatt ttcctcagta tttgtgtttt 3960
tacattttat ggttaattta atggaagatg aaagggcatt gcaaagttgt tcaacaacag 4020
ttacctcatt gagtgtgtcc agtagtgcag gaaatgatgt cttatctaat gatttgcttce 4080
tctagaggag aaaccgagta aatgtgctcc agcaagatag actttgtgtt attctatctt 4140
ttattctgct aagcccaaag attacatgtt ggtgttcaaa gtgtagcaaa aaatgatgta 4200
tatttataaa tctatttata ccactatatc atatgtatat atatttataa ccacttaaat 4260
tgtgagccaa gccatgtaaa agatctactt tttctaaggg caaaaaaaaa aaaaaaaaaa 4320
aaagaacact cctttctgag actttgctta atacttggtg acctcacaat cacgtcggta 4380
tgattgggca cccttgccta ctgtaagaga ccctaaaacce ttggtgcagt ggtggggacce 4440
acaaaacaac cagggaggaa gagatacatc attttttagt attaaggacc atctaagaca 4500
gctectatttt ttttttgcca ctttatgatt atgtggtcac acccaagtca cagaaataaa 4560
aaactgactt taccgctgca atttttcectgt tttectectt actaaatact gatacattac 4620
tccaatctat tttataatta tatttgacat tttgttcaca tcaactaatg ttcacctgta 4680
gaagagaaca aatttcgaat aatccaggga aacccaagag ccttactggt cttcectgtaac 4740



US 2023/0104151 Al Apr. 6,2023
32

-continued

ttccaagact gacagctttt tatgtatcag tgtttgataa acacagtcct taactgaagg 4800
taaaccaaag catcacgttg acattagacc aaatactttt gattcccaac tactcgtttg 4860
ttetttttet cecttttgtge tttecccatag tgagaatttt tataaagact tcecttgettet 4920
ctcaccatcc atccttcectet tttectgecte ttacatgtga atgttgagcc cacaatcaac 4980
agtggtttta ttttttccte tactcaaagt taaaactgac caaagttact ggctttttac 5040
tttgctagaa caacaaacta tcttatgttt acatactggt ttacaatgtt atttatgtge 5100

aaattgtcaa aatgtaaatt aaatataaat gttcatgctt taccaaaa 5148
SEQ ID NO: 8 moltype = DNA length = 5382

FEATURE Location/Qualifiers

source 1..5382

mol type = genomic DNA
organism = Homo sapiens

SEQUENCE: 8

cecttetcag gtgaagetge tgatggagat ggagecgecyg ccaccgecge ctctgagege 60
cegggtectyg getecggece ggcgactgee gecgecteag tgaccccact ccceccgcac 120
tgggcegece gggccagagt gggggacccece cgecccecteg cctecctete ccccaacact 180
gtecectete ceccaaccect cacagectge gegegegegg agacacctca gtctacatgg 240
ggaggacaga gaagcgcaaa gaacaagaga aaagatgcat ccatctgaga tctaaaagga 300
gacaatgaga atctctttaa aatggacata gaagactgca atggccgctce ctatgtgtet 360
gtaggaccaa tgaaggaatt attggcatgc actaaaggag atagcaagat gggtcagaca 420
cacatatgag agtcattggc aacacccggg taatgtaagg aatccacget tcctggaagg 480
tgagtggcetyg ggctcaccce tgcctgecac tgagacgcag acatgcatac accacccgca 540
cteectegee gtttecaagg cggcggecge gttegcaccee cagggtctca ccggcaaggg 600
aaggataatc tggagaggga tccctcagga gggtgtgtte cggatttett gectcaggee 660
caagactcca accattttat aatggaatct ttattttgtg aaagtagegyg ggactcatct 720
ctggagaagg agttcctegg ggccccagtg gggecctegyg tgagcacccee caacagecag 780
cactcttete ctagecgete actcagtgec aactccatca aggtggagat gtacagcgat 840
gaggagtcaa gcagactgct ggggccagat gagcggetce tggaaaagga cgacagcegtg 900
attgtggaag attcattgtc tgagccectg ggctactgtyg atgggagtgyg gccagagcect 960
cactcecectg ggggcatceg getgceccaat ggcaagctca agtgtgacgt ctgcggcatg 1020
gtctgtattyg gacccaacgt gctcatggtg cacaagcgca gtcacactgg tgaaaggccce 1080
ttccattgca accagtgtgg tgcctectte acccagaagg ggaacctgct gegccacate 1140
aagctgcact ctggggagaa gccctttaaa tgtcccttcet gcaactatge ctgcecgecgg 1200
cgtgatgcac tcactggtca cctccgcaca cactcagtct cctcetecccac agtgggcaag 1260
ccctacaagt gtaactactg tggccggage tacaaacage agagtaccct ggaggagcac 1320
aaggagcggt gccataacta cctacagagt ctcagcactg aagcccaage tttggetgge 1380
caaccaggtg acgaaatacg tgacctggag atggtgccag actccatgct gcactcatce 1440
tctgagegge caactttcat cgatcgtcectg gccaatagcee tcaccaaacg caagegttcee 1500
acaccccaga agtttgtagg cgaaaagcag atgcgcttca gectcectcaga cctcecectat 1560
gatgtgaact cgggtggcta tgaaaaggat gtggagttgg tggcacacca cagcctagag 1620
cctggetttg gaagttcect ggectttgtg ggtgcagage atctgegtece ccteegectt 1680
ccacccacca attgcatctc agaactcacg cctgtcatca gctcectgtcta cacccagatg 1740
cagceectee ctggtegact ggagcetteca ggatcccgag aagcaggtga gggacctgag 1800
gacctggetyg atggaggtce cctectctac cggcceccgag gcecccctgac tgaccctggg 1860
gcatcccceca gcaatggetyg ccaggactcece acagacacag aaagcaacca cgaagatcgg 1920
gttgcggggyg tggtatccct ccctcagggt cccccaccec agccacctcece caccattgtg 1980
gtgggcegge acagtcectge ctacgccaaa gaggacccca agccacagga ggggttattg 2040
cggggcacce caggeccecte caaggaagtg cttegggtgyg tgggcgagag tggtgagect 2100
gtgaaggcct tcaagtgtga gcactgccgt atcctecttec tggaccacgt catgttcact 2160
atccacatgg gctgccatgg cttcagagac ccttttgagt gcaacatctg tggttatcac 2220
agccaggacce ggtacgaatt ctctteccac attgtcecggg gggagcataa ggtgggctag 2280
caacctctcece ctctectecte agtccaccac tccactgece tgactacagg cattgatccece 2340
tgtccecace atttecccaag gagttttget ttgtagcect cactactgge cacctgacct 2400
cacacctgac cctgaccecct cctcacctat tctecttecte tatcctgacce gatgtaagca 2460
ttgtgatgaa acagatcttt tgcttatgtt ttteccttttt atcttctcte atcccagcat 2520
actgagttat ttattaatta gttgatttat ttttgccttt ttaaatttta acttatatca 2580
gtcacttgecc actcccccac cctectgtec acaactcectt tcecactttag gccaattttt 2640
ctctcttaga tetteccagca gecccagggg taggaagctce ctcettagtac taagagactt 2700
caagcttett getttaagtc ctcacccttt acattatcta attcttcagt tttgatgectg 2760
atacctgeccece cecggecctac cttagetcectg tggcattata tctectctet gggactctte 2820
aacctggtac tccatacctc ttgtgcccte tcactttagg cagcttgcac tattcttgaa 2880
tgaatgaaga attatttcct catttggaag taggagggac tgaagaaatt ctccccagge 2940
actgtgggac tgagagtcct attcccectag taataggtca tattccccta gtaatatgag 3000
ttctcaaage ctacattcag gatctcecccte taggatgtga tagatctggt ccctetectt 3060
gaactaccece tccacacgct ctagtccectt caacctacceg gtctattaag tggtggettt 3120
tctetecttyg gagtgccecca attttatatt ctcaggggce aaggctaggt ctgcaacccet 3180
ctgtctcectga cagattggga gccacaggtg cctaattggg aaccagggca tgggaaagga 3240
gtgggtcaaa attcttctct ttectectecca cctctcaaac ttecttcacta tagtgacctt 3300
cctaggcetcet caggggctec ttcagtcecccece atcctatgag aaactagtgg gttgetgect 3360
gatgacaagg ggttgtttca gccecctcagt catgctgcecet tcetgctgectce ccteccagca 3420
ggattcacce tcectcattcce gggctectgg gecctgttet taggatcagt ggcagggaga 3480
aacgggtatc tcttttctet cttctaattt tcagtataac caaaaattat cccagcatga 3540
gcacgggcac gtgcccttca ccccattecca cecttgttec agcaagactg ggatgggtac 3600
aactgaactg gggtcttecct ttactaccce cttctacact cagctcccag acacagggta 3660
ggagggggga ctgctggcta ctgcagagac ccttggctat ttgagtaacc taggattagt 3720
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gagaaggggc agaaggagat acaactccac tgcaagtgga ggtttctttc tacaagagtt 3780
ttectgeccaa ggccacagec atcccactcet ctgecttectt gagattcaaa ccaaaggctg 3840
tttttctatg tttaaagaaa aaaaaaagta aaaaccaaac acaacacctc acaagttgta 3900
actcttggtce cttcectctete tecttttete ttececttect teccecttceca tetttettte 3960
cacatgtcct ttccttattg getcttttac ctectacttt tcectcactcece tatcagggat 4020
attttggggg gggatggtaa agggtgggct aaggaacaga ccctgggatt agggccttaa 4080
gggctctgag aggagtctac cttgccttet tatgggaagg gagaccctaa aaaactttcect 4140
cctetttgte ctecttttte tecceccacte tgaggtttcece ccaagagaac cagattggca 4200
gggagaagca ttgtggggca attgttcctc cttgacaatg tagcaataaa tagatgctge 4260
caagggcaga aaatggggag gttagctcag agcagagtag tctctagaga aaggaagaat 4320
cctcaacgge accctggggt gctagcetcect ttttagaatg tcagcagagce tgagattaat 4380
atctgggett ttcctgaact attctggtta ttgagccctt cctgttagac ctaccgecte 4440
ccacctette tgtgtctget gtgtatttgg tgacacttca taaggactag tcccttcectgg 4500
ggtatcagag ccttagggtg cccccatcecce cttceecccagt caactgtggce acctgtaacce 4560
tceccggaaca tgaaggacta tgctctgagg ctatactcectg tgcccatgag agcagagact 4620
ggaagggcaa gaccaggtgce taaggagggg agagggggca tcectgtcetet ctecagacca 4680
tcactgcact ttaaccaggg tcttaggtac aaaatcctac ttttcagage cttccagecte 4740
tggaacctca aacatcctca tgctctcectcee cagectcecttt tgcataaaaa aaaaagtaaa 4800
gaaaaagaaa aaaaaataca cacacactga aacccacatg gagaaaagag gtgtttcctt 4860
ttatattgct attcaaaatc aataccacca acaaaatatt tctaagtaga cacttttcca 4920
gacctttgtt tttttgtgtc agtgtccaag ctgcagatag gattttgtaa tacttctgge 4980
agcttettte cttgtgtaca taatatatat atatacatat atatatatat ttttaatcag 5040
aagttatgaa gaacaaaaag aaaaaataaa cacagaagca agtgcaatac cacctctctt 5100
ctcectetet cctagggttt cctttgtage ctatgtttgg tgtcetetttt gacctttace 5160
ccttcaccte ctectctett cttectgatte cectececcecce cttttttaaa gagtttttet 5220
cctttetcaa ggggagttaa actagcetttt gagacttatt gcaaagcatt ttgtatatgt 5280
aatatattgt aagtaaatat ttgtgtaacg gagatatact actgtaagtt ttgtactgta 5340
ctggctgaaa gtctgttata aataaacatg agtaatttaa ca 5382
SEQ ID NO: 9 moltype = DNA length = 1464
FEATURE Location/Qualifiers
source 1..1464

mol type = genomic DNA

organism = Homo sapiens
SEQUENCE :
acactgagct tgccacatcc ccaaggegge cgaaccctece gcaaccacca gcccaggtta 60
atcceccagag gctcecatgga gttcecctgge ctggggtece tggggaccte agagecccte 120
ccecagtttyg tggatectge tetggtgtece tecacaccag aatcaggggt tttettcecce 180
tetgggectyg agggettgga tgcagcaget tectcecactyg ceccgagcac agcecaccgcet 240
gcagetgegyg cactggecta ctacagggac gctgaggect acagacactc cccagtcettt 300
caggtgtacce cattgctcaa ctgtatggag gggatcccag ggggctcacce atatgccgge 360
tgggcctacyg gcaagacggg gctctacccet gectcaactyg tgtgtcccac ccgegaggac 420
tctectecee aggecgtgga agatctggat ggaaaaggca gcaccagcett cctggagact 480
ttgaagacag agcggctgag cccagaccte ctgaccctgg gacctgcact gcecttcatca 540
cteectgtee ccaatagtge ttatggggge cctgactttt ccagtacctt cttttectcecce 600
accgggagece ccctcaattce agcagectat tectctcececa agettegtgyg aactctccce 660
ctgccteccet gtgaggcecag ggagtgtgtg aactgcggag caacagccac tccactgtgg 720
cggagggaca ggacaggcca ctacctatge aacgectgeg gectctatca caagatgaat 780
gggcagaaca ggccectcat ccggeccaag aagcgectga ttgtcagtaa acgggcaggt 840
actcagtgca ccaactgcca gacgaccacce acgacactgt ggcggagaaa tgccagtggg 900
gatccegtgt gcaatgcctg cggectctac tacaagetac accaggtgaa ccggccactg 960
accatgcgga aggatggtat tcagactcga aaccgcaagyg catctggaaa agggaaaaag 1020
aaacggggcet ccagtctggg aggcacagga gcagccgaag gaccagcetgyg tggetttatg 1080
gtggtggcetyg ggggcagcgg tagcgggaat tgtggggagyg tggcttcagg cctgacactg 1140
ggcececccag gtactgecca tctectaccaa ggcecctgggece ctgtggtget gtcagggect 1200
gttagccacc tcatgeccttt ccectggaccce ctactggget cacccacggg ctecttceccecce 1260
acaggcccca tgccccccac caccagecact actgtggtgg cteegetcag ctcatgaggg 1320
cacagagcat ggcctccaga ggaggggtgg tgtccttcecte ctettgtage cagaattctg 1380
gacaacccaa gtctctggge cccaggcacce ccctggcttg aaccttcaaa gcecttttgtaa 1440
aataaaacca ccaaagtcct gaaa 1464
SEQ ID NO: 10 moltype = DNA length = 9484
FEATURE Location/Qualifiers
source 1..9484

mol type = genomic DNA

organism = Homo sapiens
SEQUENCE: 10
gctaacccetyg ctectegetyg aagatggagg aagtaaaaac aggattaccce ttagctacag 60
atccactgee ttagtttcca ccaccaactg cagtgcacaa acacacgtta ggcacaggaa 120
agaaagaaag acagaggaca cattaacagt aaacacaaac aaaagggtga tgggattatt 180
ttactgcatg cactgctgag cccgacattg tcacctecte tttgaggggt tagaagaage 240
tgagatctee cgacagagct ggaaatggtg atgaatcttt tttaatcaaa ggacaatttce 300
ttttecattge actttgacta tggaaacaga ggctattgat ggctatataa cgtgtgacaa 360
tgagctttca cccgaaaggg agcactccaa tatggcaatt gacctcacct caagcacacce 420
caatggacag catgcctcac caagtcacat gacaagcaca aattcagtaa agctagaaat 480
gcagagtgat gaagagtgtg acaggaaacc cctgagccgt gaagatgaga tcaggggcca 540
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tgatgagggt agcagcctag aagaacccct aattgagage agcgaggtgyg ctgacaacag 600
gaaagtccayg gagcttcaag gcgagggagg aatccggett cegaatggtg aacgcccctt 660
ccactgtaac cagtgtggag cttcttttac tcagaaggge aaccttctga gacacataaa 720
gttacactct ggagagaagc cgttcaaatg tcctttetgt agectacgect gtagaagaag 780
ggacgccecte acaggacacce tcaggaccca ttetgtgggt aaacctcaca agtgcaacta 840
ctgtggacga agctacaagc agcgcagttce actggaggag cacaaggaac gctgccacaa 900
ctatctccag aatgtcagca tggaggetge tgggcaggte atgagtcacce atgtacctce 960
tatggaagat tgtaaggaac aagagcctat tatggacaac aatatttctc tggtgeccttt 1020
tgagagacct gctgtcatag agaagctcac ggggaatatg ggaaaacgta aaagctccac 1080
tccacaaaag tttgtggggg aaaagctcat gcgattcage tacccagata ttcactttga 1140
tatgaactta acatatgaga aggaggctga gctgatgcag tctcatatga tggaccaagce 1200
catcaacaat gcaatcacct accttggagc tgaggccctt caccctctga tgcagcacce 1260
gccaagcaca atcgctgaag tggccccagt tataagctca gcttattctce aggtctatca 1320
tccaaatagg atagaaagac ccattagcag ggaaactgct gatagtcatg aaaacaacat 1380
ggatggccee atctcectctca tcagaccaaa gagtcgacce caggaaagag aggcectctece 1440
cagcaatagc tgcctggatt ccactgactc agaaagcagce catgatgacc accagtccta 1500
ccaaggacac cctgecttaa atcccaagag gaaacaaage ccagcttaca tgaaggagga 1560
tgtcaaagct ttggatacta ccaaggctcc taagggctct ctgaaggaca tctacaaggt 1620
cttcaatgga gaaggagaac agattagggc cttcaagtgt gagcactgcc gagtcctttt 1680
cctagaccat gtcatgtaca ccattcacat gggttgccat ggctaccggg acccactgga 1740
atgcaacatc tgtggctaca gaagccagga ccgttatgag ttttcatcac acattgttcecg 1800
aggggagcac acattccact aggcctttte attccaaagg ggacccctat gaagtaaaga 1860
actgcacatg aagaaatact gcacttacaa tcccaccttt cctcaaatgt tgacatacct 1920
tttatttttt ttaatattat tactgttgat aattcttatt ttgtggaggc agtgtcattt 1980
gctetgecta attacgataa ggaagaaaca gaagagagaa ggggcgggaa tattgtttet 2040
ttatcacctg gecttgtttat tttgtgggaa tttaagagca gtccatttcect accaaggcat 2100
atcatgcttt gaaaaatcac ttgattcata aagattcacc taagagattc tgatttgcca 2160
ctgatattca gaattatgat ggaagacagg aaagttcaga gttttctggg taggactttg 2220
gtggtttaaa aatggtataa gtaactttat tcttgaaaga agaatgtgtt tcaaactgta 2280
aaccaatttt ttgttcttca gagatcatgg aacacaaaca cattgttatt ttcagtgata 2340
actcctaaga ggagctgagt tgttgtgggt tctatgttta cttceccctat ggaatttata 2400
attcagtatg ttttacactg taccatatag caaaactttt aaactacagg tagttaaggg 2460
ccacctacaa tacatctgag gtcctgtgat cttattttte taaacgtaag cactgttttt 2520
ccatagtttt gatgactggc attttataga caccctggca gccttacttt taacaccttt 2580
aaggaatagt atttttatgt agttttcaga ataacatatg gtctaagagt ggataaaagg 2640
cagtcaataa tttctgggag ggacttctac tttcataaat ttgtttgaga ggttttcttt 2700
taaagttgta atgtgatggc agcatagtat atgtatttgt ttctaaaagt atgcttacga 2760
ttgtcacttt atcagcattt aatcagtgtt aaccagtcag cagaaaaata taattatgct 2820
aacagtaggg ggagaaaacc cacttagaaa tcccttttcet ggtatttcte ttttcactag 2880
tttttttcaa gatgtgacct cccggtgtte tgtccatagt tcattcatcc tttactctte 2940
gagtagaagg tcttaaaagt cttecctgteg getgtttctt tcaaaatctce ctcagagcaa 3000
ttgctaattt ggcctgaatc tggtaacttg aaccctgtaa ggttacagaa ctagggctat 3060
ttattttagc atttcttcag tagtatttac tactcttgtt gcaaagaaaa gggaatggga 3120
cttctttgta acctgtacct tggacaacag ataaaagaaa caaaaaaata agaaagttta 3180
cttttaccct tecttggagtc tagaatgtga cagaacccce aaaggaaagt cctgcacatt 3240
tttctgttte caaaacattt aattgtgtaa gtccttgtca gaaatgaatc tcaatccctt 3300
agtatagaat tccccttaca tggtataggt tgccatattt catgtgcaga ttttaattte 3360
atttatgtgg gcgctctgtt ttttetttge agtccagecca cattagaggg gaggaaccga 3420
gtgatattga ttcaagtcat tttaggggga catacttgga aggcagaact tgctgcttct 3480
gtttggggag gacagacctg actgtgactg gattatctga taaccatttg tgaatactga 3540
aattctgtta ggcagtaact gataactgct ctaaaggatc attaaatagg atgctgaaat 3600
tatgtatctt aatacagtgt ggtatgagaa ttaccaagtc aagagaattg tggacataag 3660
caagtttggce cccaatactg ctcttaactc attttccage ttactatttg ctatttaaat 3720
ggtaggcacc agctaagcac ttctaagcac taacacagct agaactaggc aaaaatggtt 3780
agaactcagc tctcttctac tagtcectgt cataattatt tttgggaaaa tgtccaaact 3840
gccececttta aatctaaggg aatgcaccaa aacagagata tatagaatgt caaccatttc 3900
attttttttt ttctgcatgc cttggtacat agtgaacata caacctattt aaagataaag 3960
catgtttttg agactcgctc accccceccccee acccaaccac tcccaaataa taattgggat 4020
gccatttttt ttecttttgg atgaggtaaa taattttaag gttcacaatt ttgtctttta 4080
ctgcaattta aggaaacatt tggatgtcag tcaatatgtt cataattttg gctgtgtgceg 4140
aatttctgct ggcattatct atgaattttc ttcctactta ttttttttte agtatatgaa 4200
caatcatgta tctacctgcc ccaggatgaa actaaattta ggtggaccct aaaccttatg 4260
aagacagtgc tgaggcactt tccttttcectg atttcatctt tttgggaatc tgttttattg 4320
aaggtagtta gtagttgaga gtgcatttgc tacaagcata tacttgtatc ttcctagett 4380
catgaggaac agaaagaggt ggatatggcet cagggtgtgg cagggacaat tgaggacaaa 4440
gtcaattcaa atttgtgggt cagaaagaat ttttgtggac gtagtgtttt tggagaaact 4500
ctggatggtt atatgtgcat gccttttctt caaaaggaaa tacgcaaggt tgtagcatct 4560
aaaaataaac ataagagtca gacaccaaat aaatcaagtt ttacataaca gttgtatgcc 4620
cagtttgttt aggtgagatt tcacattaca gaaagtattt gaggagcatg aaaatgggtt 4680
atcttctgta ttttccagtt tggcaaaagt tcagaatttc atcacattge tttgccctaa 4740
ttttgcccag aattttatct tagcectctcet ctgacagtga tgaatcatge tcaaaagcca 4800
ttctaattgg acctttttaa gacagggaaa gggatcagta ggcggattgg aagaaatttc 4860
aagtcattga aatattccat tgagatttcc taaagggaca aaattgggaa aataagaaac 4920
tacgacttag atttggctac gtagtagaaa gtatctccce tacatacata caggcaattg 4980
tatgtatgaa tcatagggta tatgtgtgtg tatactacac acacattctt ttaaagagaa 5040
ttcatggaaa aaaaagcadgt tggagtgatc agatgtattg caaaaacata cagagaattt 5100
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aaatgacagt taataccaag aaattagttg ggtttacttt atcaggtcgt aataggaatc 5160
actaaagaag ttactagtgt gtctttagga ccagtggcaa ctcttaaact aaaactttgg 5220
gtccttatta tctacttaca gaacaaagtg aaacaaacaa tgattaagct gattggatat 5280
acattcaaag atatttaatg taaagttttt tggaatacga agaaaattca gaaaataaat 5340
attatcaaca gttacttatt ggcaaataga gaaagacaag aatagtttag tgagcccggt 5400
attttgtttt tatagttttt atctcagttg tacaactcac aaaaccatga agtctttggt 5460
attttataaa tgtttaacaa aatttacatc agattaaggc atttagatga aaattattat 5520
gttctcacta tcttccaaat tttatttcat cctatctcca aaatgatttc ttagggtaca 5580
aaaagagcag acggggctgt aaaaatacaa gcaaaaaact gtgtgcccct agtttcagge 5640
agaacttaaa ctgtcagagg tactagctac atgatttgtt ttttaacttt ggattgttca 5700
cgtccaaaaa tggataaatt acatttgtgt ttatcatcag ttgcatttta tgtattattt 5760
taataaatac tatctgaatg aagactattc taaaccagaa aattccccaa atccaaaaga 5820
aaaaaaaagt gggaagaggt gaaattgaag tttgtgtata tgaaagttat cttagacata 5880
tttttaattc tccagtttct gcaaaataat taaaatatac agtaactggt ctcctaaatc 5940
ctgaatttaa tgtattaaat acttatgttc tttatattgg tgccttttta aaatgcattg 6000
agagtgttgg ttagctgttg cagctgtaca acacttttaa tatgcatttt taaaaatcac 6060
ttaaaattga gtactatata attcatctct gcatttttag tgcaaatctt tagagcaatt 6120
tctaatagag aaattttcag ctcagctgtt aaaaggaaaa ggaaactttg aaactagact 6180
ttactacctt tttagtttca tagtatttct gaatatgatt acaagattat gcaggtaaaa 6240
tatagagtga aactttacct gtgaattgaa ttataatttg tgtttttgtt ttgtttttaa 6300
ggaagaataa gttctgtatc aaacaagaat ttattagata attttttggt caataaaata 6360
cagtattcat ttggattttc atctccagac tagtattgtt ctagtcttgg aatctgtatt 6420
ttctaatctg ttagaaaata gagattgaaa attgatggaa taatgtgaaa aagcaggtaa 6480
ttaattctce ttgaacaaag caaaactgaa cagtcatatc acattgctat tctccaaage 6540
ataatctcaa atggtttcat atcatggttg tgtattactt gcaatgggtg tgttaggata 6600
tgacagcttt ttaaaaaaat gagctgctgg ttatacaaag caaatggcat atgaccaaga 6660
agctgtgata tgctagtgtt tetttttatc atagtgtatt actaggccaa ataatgacac 6720
cttgaatatt tttacattta ttgcagaaac cttaaacttt ggaatttcca taaggttttt 6780
atgtaatatt ctatttctag ctttttagtt ttatcttgct gtactgtaag tttgaggata 6840
tttttcacct gcactcttag gaataagttc ataattctgt ttatggggct ttccteccat 6900
aacactgcat ttgtatattt tctgtataaa atatgtgttg tgtattaacc tttatcccat 6960
acagagagtg gtacatgaat gactagtttt ctaagatgtc ctttttattg tgaataaaat 7020
ataaaagtta aaggccctcect gctaagtcac ataaagtaca gcatataagt tcatataggt 7080
acaaataaat gagtttgcag tgaattgggc cttcaaatta cctcaagtga cagatagtaa 7140
gaaaagcttc ttgagcaggt ggaggtcact gaatccccta ctatgcactt accaagattt 7200
tacttacttt aatttactgg aaattgattt tttaaaaaat gactacactg taacaaggga 7260
agggatctgg gtttttttgt tgttttattc ttgttttttt taagtagttc aaattctgaa 7320
actgtgattt aaaaattttt tacagtcaag cattctgatt ttgaacataa ctcccttccece 7380
tttctgtgta acaaaggtct ctctgttatc tcttaaattt tgttacatct ccctcagect 7440
ctttectttgt cecgtectcect tetgtcattg tctatggatg tttacctcete tgttectecta 7500
aaagtttgaa gattaggtca actcttattt ctagttcatt ggtaatttaa tcttaatttt 7560
tttttegtga tttttgttgg ttgtataatc tgctgacgta tttttatact caagtgtagt 7620
tttctattaa aaagaaaagt ggttggatta aaaatagtaa gctatgtaac cctcatgtta 7680
ctttcacttt caaatattgg gtacctaaaa cattacttca gagattatgt aatcctatta 7740
tagtatgttt gectttccttt attgttggat tttacattct gatttggctt tecctceccaaaa 7800
aatgtatatc atgaaagact agacagttat ttgcaagtgt ttagaaaggt gttaaaaatg 7860
taaagcaaag agtcttaact ttctcctaat tgggagaaaa atgctttaac attactataa 7920
taatattcca ggtttggagg gggtctccag gccccatatt tgctgttaat agttggacct 7980
tttagaccat gtgttatttg caatcccaga atgattgctt ctgctattag ttaaaaagat 8040
actattecttt tctttctgta caagtgcaat actccccttg aagtcttaaa aactatggtg 8100
attttttttt cttttctgac ctattcttce tttagctaat gacaaaaaga aactcataaa 8160
agtcatagta tgttaaagga cacaacaagc aaagagaaaa acactccaca atcaaaagat 8220
tacagaatgt ggaaaccact agtctgatct catggtatct ttatttaagc taaatttcca 8280
tggaaattag taatcttttg cttgaaaaat gtgtcctaaa gttgaacttt ttacagattg 8340
aatcttectta gaccctcecgece caatgctcta aattaagaac ctaatactta atatttttat 8400
tttacttcte cccttttaga aataaacttt taaataaaag caaagcactt agctgagttt 8460
taaacactta catatcacct attggagaaa ttttttttaa aaatatttgg agcagtcctg 8520
ttttcataca aatttaagta agaggtattt ttcttataca tatttatatg tagtgtgcta 8580
attttetttt tttatacctg tgtccctgta gtaaaactge tgtaatataa atacatgttt 8640
tgttaaaaga taacatttct ttggcatttc ttttaaaggc agttactgca tttctgcatt 8700
tgtacagtat gtgtcttggc cattttagat attctttcectt taacaatacc aaaggtaatt 8760
agactatttt aaagactaat tgcttgacag tttctagggt attttgtgtt ttagaagcaa 8820
aaaaagaaaa aaaaataggt caaaccagta aacctcattt tttttcaaac taataatttg 8880
gggaaataaa aactattgtt taaaaaagaa atatatatat atatatataa atatatatgt 8940
aaagttaaaa ttccatacct tgtatgtcag gtttgctaag tgtaatgtag tttttttaag 9000
gctcaaatac catacctcag aaaatgaggt ttactatgga aatactgaaa cagtctttge 9060
agctgtgtga caagtcactc tactacatac tgatttggag acctccgcta aatagtttta 9120
tcactgcaga ctaaaatgtg ggacttgtat cttctttgtt tttaatgcac acacatacat 9180
gttctgtgca tgtatgtggt tactgtgtat atgtgtatga gtgttgtata tgcatgtgtg 9240
agtgtgtgtc tgtatgtgtg tacaactaaa gaagctgcag aaactttgta atactttgtg 9300
aaaaggatta tattataaag gtttgtactg tctgagtgca cagctactgg aataaattta 9360
gggaatctca ggaacaagca tataatttgt ccaagattta tttcttctca gaagtgtaag 9420
tgcagttttt aattctgtat attatttaat attttaccaa taaaataaac ttctgacata 9480
aaaa 9484

SEQ ID NO: 11 moltype = DNA length = 3083
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FEATURE Location/Qualifiers
source 1..3083

mol type = genomic DNA

organism = Homo sapiens
SEQUENCE: 11
gaacactgag ctgcctggeg ccgtettgat actttcagaa agaatgcatt ccctgtaaaa 60
aaaaaaaaaa aatactgaga gagggagaga gagagagaag aagagagaga gacggaggga 120
gagcgagaca gagcgagcaa cgcaatctga ccgagcaggt cgtacgecge cgectcectee 180
teetetetge tettegetac ccaggtgace cgaggaggga ctecgectece gageggetga 240
ggaccceggt gcagaggage ctggetcgca gaattgcaga gtegtegecce ctttttacaa 300
cctggteceg ttttattetg cegtacccag tttttggatt tttgtcecttee ccettettete 360
tttgctaaac gacccctcca agataatttt taaaaaacct tctectttge tcacctttge 420
ttecccagect tcccatccce ccaccgaaag caaatcatte aacgaccccce gaccctccga 480
cggcaggage cccccgacct cccaggegga cegecctece tececgegeyg cgggttecgg 540
geeeggegayg agggcgcgag cacagcecgag gecatggagg tgacggegga ccagecgege 600
tgggtgagee accaccacce cgccgtgete aacgggcage acccggacac gcaccacccg 660
ggectcagee actcectacat ggacgeggeg cagtacccge tgccggagga ggtggatgtg 720
ctttttaaca tcgacggtca aggcaaccac gtcccgeect actacggaaa ctcggtcagg 780
gecacggtyge agaggtacce tccgacccac cacgggagece aggtgtgecg cecegectcetg 840
cttcatggat ccctaccctg getggacgge ggcaaagecce tgggcagceca ccacaccgee 900
tceccectgga atctcagece cttcetecaag acgtcecatee accacggcete ccceggggece 960
ctecteegtet acccecccecgge ctegtectcee tecttgtegg ggggccacge cagcccgcac 1020
ctecttcacct teccgceccac ceccgecgaag gacgtctece cggacccatce getgtecace 1080
ccaggetegg ccggetegge ccggcaggac gagaaagagt gcectcaagta ccaggtgcce 1140
ctgcccgaca gcatgaaget ggagtegtcece cactccegtg gcagcatgac cgccectgggt 1200
ggagcctect cgtcgaccca ccaccccatce accacctacce cgecctacgt geccgagtac 1260
agctceggac tetteccecee cagcagectg ctgggcggct cccccaccgg cttcecggatge 1320
aagtccagge ccaaggcccg gtccagcaca gaaggcaggg agtgtgtgaa ctgtggggca 1380
acctegacce cactgtggceg gcgagatgge acgggacact acctgtgcaa cgcectgeggg 1440
ctctatcaca aaatgaacgg acagaaccgg cccctcatta agcccaagceg aaggcetgtet 1500
gcagccagga gagcagggac gtcctgtgeg aactgtcaga ccaccacaac cacactctgg 1560
aggaggaatg ccaatgggga ccctgtctge aatgcctgtg ggctctacta caagcttcac 1620
aatattaaca gacccctgac tatgaagaag gaaggcatcce agaccagaaa ccgaaaaatg 1680
tctagcaaat ccaaaaagtg caaaaaagtg catgactcac tggaggactt ccccaagaac 1740
agctcgttta acccggcege cctctecaga cacatgtect cecctgagceca catctegece 1800
ttcagccact ccagccacat gcectgaccacg cecacgcecga tgcacccgece atccagectg 1860
tcetttggac cacaccaccce ctccagcatg gtcaccgcecca tgggttagag ccctgctcga 1920
tgctcacagg gcccccageg agagtcecctg cagtccecttt cgacttgcat ttttgcagga 1980
gcagtatcat gaagcctaaa cgcgatggat atatgttttt gaaggcagaa agcaaaatta 2040
tgtttgccac tttgcaaagg agctcactgt ggtgtctgtg ttccaaccac tgaatctgga 2100
cceccatetgt gaataagcca ttcectgactca tatcccctat ttaacagggt ctctagtget 2160
gtgaaaaaaa aaatgctgaa cattgcatat aacttatatt gtaagaaata ctgtacaatg 2220
actttattgc atctgggtag ctgtaaggca tgaaggatgc caagaagttt aaggaatatg 2280
ggagaaatag tgtggaaatt aagaagaaac taggtctgat attcaaatgg acaaactgcc 2340
agttttgttt cctttcactg gccacagttg tttgatgcat taaaagaaaa taaaaaaaag 2400
aaaaaagaga aaagaaaaaa aaagaaaaaa gttgtaggcg aatcatttgt tcaaagctgt 2460
tggcctetge aaaggaaata ccagttctgg gcaatcagtg ttaccgttca ccagttgeecg 2520
ttgagggttt cagagagcct ttttctaggc ctacatgcectt tgtgaacaag tccctgtaat 2580
tgttgtttgt atgtataatt caaagcacca aaataagaaa agatgtagat ttatttcatc 2640
atattataca gaccgaactg ttgtataaat ttatttactg ctagtcttaa gaactgcttt 2700
ctttcgtttg tttgtttcaa tattttcctt ctctctcaat ttttggttga ataaactaga 2760
ttacattcag ttggcctaag gtggttgtge tcggagggtt tcecttgtttet tttcecatttt 2820
gtttttggat gatatttatt aaatagcttc taagagtccg gcggcatctg tcecttgtceccect 2880
attcctgcag cctgtgctga gggtagcagt gtatgagcta ccagcgtgca tgtcagcgac 2940
cctggeccga caggccacdgt cctgcaatcg gcceggetge ctettegece tgtcegtgtte 3000
tgtgttagtg atcactgcct ttaatacagt ctgttggaat aatattataa gcataataat 3060

aaagtgaaaa tattttaaaa cta 3083
SEQ ID NO: 12 moltype = DNA length = 7449

FEATURE Location/Qualifiers

source 1..7449

mol type = genomic DNA

organism = Homo sapiens
SEQUENCE: 12
gegttgecte tggagtaage cggatcegegyg agcecgegecog actccgecga geecgggagece 60
gggaggcgeg cagctcccegg gtcegeteega ggetectegg ccagggeage ceccgegggea 120
cgeggtagag aagacggegt ccectegget getggtcegat acaaacagat ccccctttec 180
aaacacgcge caagtccceg tgeccctecag atgcagagag aggctgegtt cagactgggg 240
cactgccate cccteegeat catggggtet gtggaccaag aagagccgaa tgcacataag 300
gtegecagee caccctecegg accegcatac cccgatgatg tectggacta tggectcaag 360
ccatacagce cecttgetag tetetetgge gageccceeg gecgattegg agagecggat 420
agggtaggge cgcagaagtt tctgagegeg gecaagecag caggggecte gggectgage 480
ccteggateg agatcactee gteccacgaa ctgatccagg cagtggggece cctcegecatg 540
agagacgcgg gectectggt ggagecageeg ceectggecg gggtggecge cageccgagg 600
ttcaccctge cegtgecegg cttegaggge taccgegage cgetttgett gagccceget 660
agcagcgget cctetgecag ctteatttet gacaccttet ccccctacac ctegecctge 720
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gtectegecca ataacggegg gcccgacgac ctgtgtecge agtttcaaaa catccctget 780
cattattcce ccagaacctc gccaataatg tcacctcgaa ccagectege cgaggacage 840
tgcctgggee gccactegee cgtgcceegt ceggectece gcetectcate gectggtgee 900
aagcggagge attegtgege cgaggecttg gttgccctge cgeccggage ctcaccccag 960
cgcteccgga gecectegee gecagceectcea tetcacgtgg caccccagga ccacggetcee 1020
ccggetgggt accceccctgt ggctggctcet gceccgtgatca tggatgccect gaacagecte 1080
gecacggact cgecttgtgg gatccccccee aagatgtgga agaccagecc tgaccccteg 1140
ceggtgtetyg ccegecccate caaggecgge ctgectegee acatctacce ggeegtggag 1200
ttectgggge cctgcgagca gggcgagagg agaaactcgg ctccagaatc catcctgetg 1260
gttcegececa cttggecccaa gcegetggtg cctgccatte ccatctgcag catcccagtg 1320
actgcatcce tcecctceccact tgagtggcecg ctgtccagte agtcaggcte ttacgagetg 1380
cggatcgagg tgcagcccaa gecacatcac cgggeccact atgagacaga aggcagccga 1440
ggggctgtca aagctccaac tggaggccac cctgtggtte agctccatgg ctacatggaa 1500
aacaagcctce tgggacttca gatcttcatt gggacagctg atgagcggat ccttaagecceg 1560
cacgecttet accaggtgca ccgaatcacg gggaaaactyg tcaccaccac cagctatgag 1620
aagatagtgg gcaacaccaa agtcctggag atacccttgg agcccaaaaa caacatgagg 1680
gcaaccatcg actgtgceggg gatcttgaag cttagaaacg ccgacattga gctgcggaaa 1740
ggcgagacgg acattggaag aaagaacacg cgggtgagac tggttttccg agttcacatc 1800
ccagagtcca gtggcagaat cgtctcecttta cagactgcat ctaaccccat cgagtgctcece 1860
cagcgatctg ctcacgagcect gcccatggtt gaaagacaag acacagacag ctgcctggte 1920
tatggcggcce agcaaatgat cctcacgggg cagaacttta catccgagtc caaagttgtg 1980
tttactgaga agaccacaga tggacagcaa atttgggaga tggaagccac ggtggataag 2040
gacaagagcc agcccaacat gctttttgtt gagatccctg aatatcggaa caagcatatce 2100
cgcacacctg taaaagtgaa cttctacgtc atcaatggga agagaaaacg aagtcagcct 2160
cagcacttta cctaccaccce agtcccagece atcaagacgg agcccacgga tgaatatgac 2220
cccactcetga tetgecagece cacccatgga ggectgggga gcecagectta ctacccccag 2280
cacccgatgg tggccgagte cccctectge ctegtggeca ccatggctece ctgccagcag 2340
ttecegeacgg ggctetcate ccctgacgece cgetaccage aacagaaccce agcggecgta 2400
ctctaccage ggagcaagag cctgageccce agectgetgg gcetatcagea gcecggeccte 2460
atggccgecce cgctgtceect tgcggacgct caccgctetg tgctggtgca cgccggectee 2520
cagggccaga gctcagecct getccaccece tetcecgacca accagcagge ctcegectgtg 2580
atccactact cacccaccaa ccagcagcetg cgetgcggaa gcecaccagga gttccagcac 2640
atcatgtact gcgagaattt cgcaccaggc accaccagac ctggcccgcc cccggtcagt 2700
caaggtcaga ggctgagccce gggttectac ceccacagtca ttcagcagca gaatgccacg 2760
agccaaagag ccgccaaaaa cggacccecceg gtcagtgacce aaaaggaagt attacctgeg 2820
ggggtgacca ttaaacagga gcagaacttg gaccagacct acttggatga tgagctgata 2880
gacacacacc ttagctggat acaaaacata ttatgaaaca gaatgactgt gatctttgat 2940
ccgagaaatc aaagttaaag ttaatgaaat tatcaggaag gagttttcag gacctcctge 3000
cagaaatcag acgtaaaaga agccattata gcaagacacc ttctgtatct gaccecctcgg 3060
agccctecac agccectcac cttetgtete ctttcatgtt catctecccag cccggagtece 3120
acacgcggat caatgtatgg gcactaagcg gactctcact taaggagctc gccacctccece 3180
tctaaacacc agagagaact cttcttttceg gtttatgttt taaatcccag agagcatcct 3240
ggttgatctt aatggtgttc cgtccaaata gtaagcacct gctgaccaaa agcacattct 3300
acatgagaca ggacactgga actctcecctga gaacagagtg actggagctt ggggggatgg 3360
acgggggaca gaagatgtgg gcactgtgat taaaccccag cccttgegtt cgtttttecca 3420
ggtcacagat acagctcctg taccttttga aggcaaggag ttctcagagc aaccaaagga 3480
acgtgaccca agagcccage ttacaggetg aagaaaccca aaaccctcega tagagacaga 3540
aactgaactg tcagtcctta gagctcecgceccce agtccatgce acaactgggce cacagctaaa 3600
gctttatttt tgaattctca ttccaaaacc aaactgtctt gcccagacaa gatcacctgt 3660
taagacttct tggcgttaag ttatgacatg tatacgcgtt tgttattatt attttttctg 3720
ctttaaaagg ctgaccaggg cacctagccc tggagctgte ttggcgagct gttctttaac 3780
ccetgcagca cgcagtcectg ctaacacaat ttceccatagac ttggggggct gacccagget 3840
gcagagagca agcacctgtce tgctgcaget gtacaacctg gatgctttgce aaggttceccecgg 3900
cttgctttet tectagcage cagagtgctt ttccgtaaag cggtggagaa tctcaagcat 3960
gtgcatttaa ttgaggaata gcagaagggc taaagcaacc aagaaaagaa gtgtgggtat 4020
ttttgttaag taaaacagcc caagtgcttc tggaggtggg tttctaccaa gatagaggaa 4080
aagggctgaa ttccctctaa gtgggacagce cgagctcagg atgtgettcece cagcttcact 4140
ggttaatttyg acctgaacct atttaaagat cccttcectgec cctgaagacc tatccgcact 4200
caaattctaa catgaagaaa tctactcgaa tgcatccttt actttgaatg agctctatte 4260
ggttgcatgt tatatgtgat tteccttectce ccaactgttt ccactgagcg cacccagtct 4320
ccectagtet tectetgtgg gtgtgatttt tgtgattttt acaaacaaaa cccttgaagt 4380
tcttggcaga tgtgtttgtt tetgtttgca tgtactgcag ataccccagg acaagcgggg 4440
gattcatttt tcagccattc agttgtttcc tcaataatcc gcagcaaagt gaaaatattc 4500
ttagcactca gactgtactt agagtgtttt ctcagtccag tctgtacagt ctgtaggcag 4560
aaggcctcag aagaaagtca tggccactca gtgcccactg tgggectttgt aagtcectgge 4620
tctececegtca aggttaccca gaggtaaaag cttectggga gtggggccag gtgtgtttgg 4680
cactccagat agaaggcaaa atgctcagat tcgggcctgt gcacttgtat gcaacctgte 4740
ggtcgatacc tagcatttat ttttccctga caatgaacga cctttceccte acccacccta 4800
agctcaaaga gtttagcaaa attctcectttt aaataaacag aatgccagta agaggttgac 4860
ccectaccatg gaacttctgg gatgctaaat acttcctcat gaacaaaata agttccttat 4920
tataagttcc ttatactagc agcttcacct aaagaatttt ctctccagca atattgactt 4980
cactggggaa aagccaagag tgtgtggtga gtgatttgtt ctcactcgac ctggctagga 5040
ctggctagga gectgtttttt gtacatgagg gaatttggge tttcectcagt tatctgaatg 5100
ttttacccaa gtgccttect gcectattgtag caaagtagct cagcecttcectt gtccacaggg 5160
tgaaaaagga ctaatgcatt ttccatcagt tttctaacta tgttagcaaa aacggcctcce 5220
tggtagctca acctecctgta cgcgtgtgtg tgtgtaatac acacacaaat aaacccctcet 5280
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gtttttctaa gacatcttag ctggatatta taggaagcac tttcataaac aactgtaaca 5340
aatcgcaaag gaaagagaaa caaaagcatt agatttgaga cataaacagyg caagagaaag 5400
tgtattagga actgacagct atcaaggaag ttttgtcagt tacaaatgct aggaggaaat 5460
tttgccaaga aggatggctc atgaaatatt tccagtacgg gaagaggcaa taagatccte 5520
taagagaatg agaaagtagg ggtgtctaaa tggtaaagat gggtgtgttg cacgtgtgtt 5580
agaaggatct cagttgagtg aaggtttgca ctgctacatc taagttaatg taaatatgta 5640
gcactctgac aggtctaccg tgttgctgaa tgtagtatat ttccaaagtt tgcaagtcett 5700
cctgtattgt acaaagatgc tgctgcttga taatatgtat agcaatccag attagtatgt 5760
tattaaattt tattttctta cctgtatttt tatgcttttt acctgtcctc aaaatattac 5820
acccctgttg gaattagatt tatatttata aatggtcaga aatcttttta agtgtctctt 5880
tttacacata ggttgatttt tttttcttaa gagaaatgat gtattcttga aacatttgtt 5940
actcattcca ggaaacaaaa acccatataa taaaacccce actcagagcc tgttagtcac 6000
ctctctagaa gatggcatct caggagaagg aatggctttg tggaagaagg aatcaccttt 6060
ttecttgctca agaattatgce tgacttcage cctgagcctg gatctggtca ctgagaatca 6120
tcaagtgtct agatcctcececc cccaaaataa ctaatttagt aggtgatttt gattttaaaa 6180
aattgacacc aaaaccctgc ctgcattgta atggaattcg aaaagaattc atgttcacag 6240
aactcaacgt tcaggctaat atttacagaa gggaccaaat ctaaatcctg gtagataact 6300
cctgtatget ttatccaaag gacacccaca gttttccage atagatataa ccaaggatga 6360
attgattcct tcaaagaact gggaggcacg gatattgcat tttttgttta catccagtag 6420
ccaagacgcce tcagtgagcec agtcttgggce agaggctgte acatttaggce agattggaag 6480
ttggtatgtt ctaattctca ctctggacta cagtgaggct gaatttatca tgtcaaaaaa 6540
aaaaaaaaaa aaagaccttt ccaagtgctt tctattgctce agaattgaaa gaatgtttte 6600
atttcaagtt tacaagaggc atggatggag ttgtgacgtt cttgacaagc tgggctaacc 6660
tttcececgaac ttgtttcececeg gaggcaaggt gctecggtgac ccagcgcatce ttaaccttgg 6720
gtctectagg ctcgaggcta gggcattacg tttcecgtggaa ccaaagcagc caattgcata 6780
gcaagtattt tcctgcattc caattaaatg cttaagaaaa agcagcatcc tataaaattg 6840
tgatcataaa catccatttc cctcagettt tgtgagtgce ttgacttaca gccaacatca 6900
ctgtttaact cagtctgttt aaaaacaaac ttttctggtg gttgataaca gagagttgct 6960
ccetgageca tcagggtect gggagcetgga agtgaaaggg ttattaacat tctaccttta 7020
tgcagcetgtt ggctgaccag aataaactcc ctgctgagtt caagectttga atggaatgga 7080
tgcaaatgat gttgtttcca ttagagcagg tgctcacagce attctgattg gecctgagcag 7140
accgaggcta tggctgttgg gacaagctta gcatcctgga catcttgtca aagaacctca 7200
ctcacceccte tggectctac agccctcaga ggagagaaaa ccaattctcec aacaaacagg 7260
tctectecaac atggtggtge tggcaggcett aggtttagaa aatcctgact gttaaaggeg 7320
tttgaataca tcacattcct atgcaaatgt ttttaatctc cagtttaatg tagtttattt 7380
ttcctatatg taaagtattt ttatacggct tgtatcatga tagtttagca ataaaacagt 7440

tggaagcaa 7449
SEQ ID NO: 13 moltype = AA length = 164

FEATURE Location/Qualifiers

source 1..164

mol type = protein

organism = Homo sapiens
SEQUENCE: 13
MKWKALFTAA ILQAQLPITE AQSFGLLDPK LCYLLDGILF IYGVILTALF LRVKFSRSAD 60
APAYQQGQONQ LYNELNLGRR EEYDVLDKRR GRDPEMGGKP QRRKNPQEGL YNELQKDKMA 120

EAYSEIGMKG ERRRGKGHDG LYQGLSTATK DTYDALHMQA LPPR 164
SEQ ID NO: 14 moltype = DNA length = 13013

FEATURE Location/Qualifiers

source 1..13013

mol type = genomic DNA
orggnism = Homo sapiens

SEQUENCE: 14

gagcatgcte ccgetgcagt taactagccce aacctatttce tttaattcag cccatccctt 60
cgtttecectt aagggatact tttagttaat ttaatatcta tagaaacaat gctaatgact 120
ggtttgctgt taataaatat gtgggtaaat ctctgttcag ggttctcagc tctgaaggtt 180
gtaagatccce tgatttccca cttcacacct ctatatttec tttttttttt tttttttttt 240
tgagacagag tctcactctc gecccaggetg gagtgcagtyg gcacgatcte tgctcactge 300
aagctccgee tccegggtte acgccattet ceegectcag ccettecgagt agetgggact 360
acaggcgcce gccactacge ccggctaatt ttttgtattt ttagtagaga cggggtttca 420
cegtgttage caggatggtce ttgatctect gacttegtga tecgectgece tceggectceg 480
aaagtgctgg gattacaagc gtgagccacc gegeccggece tcacacctet atatttetgt 540
gtgtgtgtet ttaattccte tagcactgcet gggttagggt ctecctgacce gagectggtet 600
cggcagataa ggtttcacca tgttggecag getggtctea aactectgac ttcaggggat 660
ccecgeccca gecteccaaa gagctgggat tacgggcatyg agtcaccegtyg cccagecaat 720
tttcttttgt tttttctttt gagacaggat ctcactctgt cacccaggct tgaatgcagt 780
ggtaccatct cggctcactg cagectcaat cttcetggget caaatgatcc tcccacctta 840
gectecegayg cagetgggge tacaagtgca cactaccaag cccagctaat tttttttttt 900
tttttttttt tttgagacag agtcttgctg tgtccctcecac ccaggttgga gagcagtggt 960
tcgatecttgg ctcactacaa cctcectgecte ccecgtgttcaa gcaattcteg tgcctcagee 1020
tcetcagtag ctgggattac aggcacgtgce caccatgcce agttaatttt tgtattttta 1080
atagagacgg ggtttcgcca tgttgaccag gctggtcttg aacccctgac ctcagectee 1140
caaagtgctg agattacagg tgtgagccga catgctagge ctatacattt caaaattatg 1200
ttgctatgtt cataaagatg tatatatggt aacttgtacc ttcaatcaac atgaaatacc 1260
cttctttgte cttttaatge ctttatgata aattctgtct catattaata ttgctacata 1320



US 2023/0104151 Al Apr. 6,2023
39

-continued

tgctttettt ccataaacat ttccataaac ataaaaatgg ctggtaagtc attttecttt 1380
tttttaaaaa aatttttgtt ttttagaggc aggagctcat tctgtctcce aggttggagt 1440
acaatggttc aatcatagct catagtttac tgcagcctcg aactcctggg ttcaagggat 1500
cttaccacct ccgtectteeg agcagetggg actacaggtg caagtcacca cgcctggtta 1560
atttttttaa attttttgta gagacaaggt cacaatatgt ttcccagcct ggtcttgaac 1620
tcetggecte aagcaatcct ccectgecttga gaaatatagt aaacaaaaaa tgtgaaataa 1680
catggcagaa ataagtccaa ataaataaat aatcaaaaat aaatacaaat gatttatatt 1740
ctcttettaa aagagagctc tgagaaaccc caaagccagce tatatgttgt ttataaagag 1800
acatacataa aacaaaacag catgattaag aagataatat aacccattca catttatgtt 1860
ttattattta tatatttgga cttattcctg ccatgttatt ttctgttttc tgcttaccag 1920
tgtacagtat ttttctgttt tcecccttttet ggaatgccta tttatttcetg ttecctgtttt 1980
gtccaccett tectgactga ttetttectga ataatgactt tttttttttt tttttttttt 2040
tttgagaaag tctcactctg ttgaccaggc tggagtgcaa tggcacaatc ttggctaatt 2100
gcaacctetg cctecccaggt tcaagacatt atcctgcecte agectceccca gtagectgaga 2160
ttacaggcgce cccccaccat gtccggctaa tttttgtatt tttagtagag actgggttte 2220
accatgttgg ccaggctggt ctcgaactcce tgatctcagg tgatctgcce accteggect 2280
cccaaagtgce tgggattaca ggggtgagcce accgcgtttg gcctcaaaga ccgagaactt 2340
tgtaatttat atattttata gctcttatca caggtgtcta gtaaatattt ttaaacactt 2400
atggcacctg atgcaagaat taccaggttc attttataga gaggatatga aactgtccaa 2460
gggtttggac tcacatgttc aagactgcat ggacagcaat ctgtagtggg tcaaattatt 2520
gtttttagta tgatttaaag tgtttgtcaa aaatataaaa gttttgaaaa caagctgggg 2580
aagtgaattt caatatcgca ttaactaaga tcaaagtgca attcatcaac cttttttcce 2640
catccegecac cctgtgcettt ctctactcag ttactcacta caccctgctg gactaaaagg 2700
gtcecteccage attttecttte ttacacagtg aaagacattc tcttggcatt aataaatgtt 2760
cacttaataa ataaaaaggg ccgggctctg tggttcctge ctgcaatcce agcagtttgg 2820
gaggccaagyg caagaggatc gcttgagect aggagttcca gectaggcaa cgtggcgaaa 2880
cccagtctca aaaaaaaaaa aaaggaaaaa aaaggcatca aaaaataaaa cgtaacaggt 2940
ggcatgacat gacatgactt ttctaacagc ctcttacage tttccaaggt cttttaatat 3000
gaagctatag gtctcggcta gaagacacct ccagacttcet cccaaaacat ttcagaggcce 3060
cggagtaagt ctccccacat ctgaaggcac atcagaacce aggtggccca agctgatgag 3120
agttaaacag gaagttggtt tcttggtccg gcagagactce caatcacccce cacctetttt 3180
ccaacccaca ggacagcacg tgctcaggag getctggagt tgggacagece cagttaaaaa 3240
aaaaaaaatc attgatttcc ctcccaacga agagggagaa aacacgttag gagactcgtg 3300
gcccagtect ggcaaaaacc aaaactatgt ccctttagag ggcttagata tcaagagatg 3360
gacttgcttt tagttctttt tcceccatcctg ttceccctcecceet accaaaataa aattgaccag 3420
ctaatccgac ttaataacac taaagaatta cttaggaacc tgctatctta acatttcact 3480
ttttgcatat cctccaaata ccaggtagca gtcttactac tgtttgcacc cctagaacct 3540
ggaatagtgc tgcccgcaga ggaggaagca ataattactt gttagagaag gtattgectgt 3600
gcatttctgg ggaatttcac attttgtaat ttgctttaaa aaaagtggac aggcatattt 3660
acgggggttt ctcggacttc tccatgttaa tattcgtgtg tataaatcge tccecgtgetg 3720
ctectetgggg geccectettt cacaaacacce tggccaccct cacgccacaa tggccaggca 3780
ggaacctcga cctececteg gagagggggce tcagggtcaa cccecggggtce tcagtctcecta 3840
catgtgacgt tttcctgtecc cctcatttaa aataacaaga ggctgggcgce agtggcttac 3900
gectgtaate ccagcacttt gggaggccga ggcgggegat cacgaggtca ggagatggag 3960
accatccectgg ccaacacggt gaaaccccgce ctctactaaa ctacaaaaaa ttagccgggt 4020
gtggtggegyg gcgectgtag tcccagctac tcgggaggcet gaggcaggag aattgcecttga 4080
acccggaggce gaaggttgca gtgagcetgag atctcgccac tgcactccag cctggtgaca 4140
gagcctgact cegtctcaaa aaataagaaa aaaaaataaa ataaaaataa tagaggccga 4200
agcgggaggt tcacttgagce tcagaagttc gagatcagcce tgggcaacac agtgagacct 4260
cgtttctatt taaaaaataa aataaaacta aatttaaaaa aatgcacgct catagtacaa 4320
actttagaaa tggaacgaaa aactaaaatt gaaggtattc ccctccaacc cagagataac 4380
acctatcgtt tattaagccc tcactattgt taaacttagt tttaaagggc acgatctcat 4440
ttcttaaaga cttctattcc gcagaatttc tttccaggcet tttttetttt tetttttttg 4500
agacggagtc tcgctctgtce geccaggceccg gggtgcagtyg gcgcegatcte ggctcactga 4560
aacctctgte cagtctttte gaacccaagg cccaactgcg ctctatcteg actttegget 4620
ccactcggat cccgaagtgg cgcacgagat aaaatgttgt caggctgagg taattctctg 4680
ttagtcccgg taaaaattcg tcagtctgga aagctctegg tttggaatta aattctgtca 4740
ctccggatgg aaataagtcecc gcecttaagggg ggaaaatccg tttgtggagg acacgctccece 4800
gcacgtaacce ccccgcggaa aatgacccca agtacctttg gecagggatt gecgetgeca 4860
cgecggacte catagecacg gtcctgaaac gecccgeegyg gcaggccgga ccaatggacyg 4920
ccgagetegg cegtgegtca cgcgacgetyg gecaatcgeg gagggccacyg accgtagaaa 4980
ggcegggege ggegaggetg ggegetggge ggetgeggeg cgeggtgege ggtgegtagt 5040
ctggagcetat ggtggtggtg gcagccgege cgaacccegge cgacgggacce cctaaagtte 5100
tgcttetgte ggggcagece gectceegeeg ceggageccee ggcecggecayg gcecectgecge 5160
tcatggtgee agcccagaga ggggccagece cggaggcage gagegggggyg ctgcecccagg 5220
cgegeaageg acagegecte acgcacctga gecccgagga gaaggcegcetyg aggaggtggg 5280
cgaggggeceg gggtetgggg ccagatctga agecgggact agggacaggyg gcaggggcag 5340
gggetgggayg cggggaccca gcactggecg ccccgeaggg ctecegtegee tttggectgg 5400
cgggteggtyg ccagegtgge geggggeggyg geaggaagece cggactgacce ggatccgcca 5460
cgctgggaac ctagggcggce ccagggctcet tttectgtact ttttaactcect ctcecgttagag 5520
atgaccagag ctggggatgc gggcacctgt cttccaggce ctettgcetgt gtggeccgcag 5580
actggtggtt cagcctctta actcggacat gaggtcgaat aatctgtttt ggtttactge 5640
tatttctgga gaggcgcgga gctgaaataa cagagctgtt gaaagggctg ggaattctge 5700
gaggctcact ggtctagcte agtatctgeg ttcttaaaat ggaacctact tcatgaggte 5760
tttggggaga ttgagacttg gatataatgt gcctagcact tagtcctccg taaatgttca 5820
ctecttttgtg atcattgtge cttctgtgat ttatgaagtg tctcettctga gttaattctt 5880
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ttaaaaaaaa aagtgtctcc tccaacagac acggacccat cagcaggtca ctgcctagga 5940
tctcaacact agagatcagg gagtggcatc agcctctcecce ttttctaaat tggactgggg 6000
gacggagggt tgatgtcata gcaagattgc agccttcact agattaatga ggccaggttg 6060
gatcctgttt aagagaactg gagacaggaa gcagcggggg aatagatggg gaaagaggaa 6120
agttccttat gatgcaagat gaatagtgtg tgtgtccage cccagtgctg tgacggggat 6180
gagtctgagg tggacggatg atgcaatata ggagagaata aagcaggtct tcgagctaga 6240
ttgacagaag actgtatttt ttattttgtt ttattgaggg gaggagcctg aagtgtattt 6300
tatcattagt ctgtcttata ctgtaaataa aaatgaaagc accagctggt aaagttttca 6360
aataaagaca taaataaggt ttgatatgac tcagtgtggt atgttccttc tcecttectagg 6420
aaactgaaaa acagagtagc agctcagact geccagagatc gaaagaaggce tcgaatgagt 6480
gagctggaac agcaagtggt agatttagaa gaagaggtaa aactacttaa ggtcaaactc 6540
ttttatccat tgtataccct teccttggtga atgttctgat atttgecttcece catcccaagt 6600
tgtttcagcce cctattagaa tacaattgaa tatatgatta aaagttaaac taggctgggce 6660
atggtggctc atgcctgtaa tcecccagcact ttgggagect gagttgggca gatcacttga 6720
agccagcagt ttgagaccag cctagccaac atggtaaaat cccgtctcta cccaaaaata 6780
taccaaaaaa aaaaaaaaaa aaaaggccaa gegtgagtge ctgtagtccce agctactcgg 6840
gaggttgagg tgggaggatt gtttgaacct gggagaggga ggttgcagtg agctgagatc 6900
gcaccactge actccagcect gggcaacaga gtgagactct gtctcaagaa aaaaaaaaaa 6960
agtttgctgg gcaccggggce tcacacctgt aatcccagca ctttgggagg ccaaggtggg 7020
tagataactt gagatcagga gttcgagacc agcctgacca acgtggtgaa accccatcte 7080
tattaaaaat acaaaaatta gccgggtgtc gtggcaggca cctgtaatcc cagctgctcece 7140
ggaggctgac gcaggagaat cacttgaacc caggaggcgg aggttgcagt gagctgagat 7200
cacgagatca tgccactgca ctccagtctg ggcgacagag caaaaaccct gtctcaaaaa 7260
aaaaaaaaaa dJgttaatctaa gttaggacag agagttggtg aagtggtgaa gcttgttgag 7320
ggcagaagtyg attgactttg tggcatttgg tgctagatgt atctcaaagt agatggattt 7380
aacaatgttt attgagtttg tagtaagaaa ttagcaaggg ctaataggaa ataattgctt 7440
aaactttaca ttcttcctgg catggccaga aattcactaa aggttceccttt cccecctcectag 7500
ggtccacctyg ttaatcaatc ttaaattgtt gccaattaca catcttgaat acatagagat 7560
tatttatatt gtttttttaa ccccttggtc aatttgcata tattgagctt tttaaagttt 7620
taatcattag ttggttcttc taagaatcat gagtcaggag cagggatttt ttttaactta 7680
ttttggattt atagtcacca ctaccacttt tattattacc tgccagttca agatagttat 7740
ttatttttat tttatattat tattattatt attatcatca tcattatttt gagatggagt 7800
ctcactectgt tgcccaggct ggagtgcagt ggtgcaatct cggctcactg caacctctge 7860
ctcccaggtt caagcaattc tceccctgette agectccaga ttagetggga ttacaggcac 7920
ccetcaccac atccagctaa tttttggatt ttttagtaga gatgggggtt tgccatgttg 7980
gccaggctgg ttttgaacte ttgacctcag gtgatccacce tgccttggece tcccaaagtg 8040
ttaggattac aagtgtgagc caccgagcct ggccaagata gtttaaaaaa aaaattatat 8100
ctacattaaa gccacaagtc accctttgct gaagtcagta ttagtagttg gaagcagtgt 8160
gttattcttyg accccatgaa gtggcactta ttaagtaget tgcttttcca taattatgge 8220
ctagcttttt aaaacctact atgaacacca caagcataga gttttccaaa agttcaagaa 8280
ggaaaggaaa ccaattatac tgaatcaggt agattcttaa ctgaaataat tagatgtttt 8340
aatagcctct tatgaacttt cttccagaac caaaaacttt tgctagaaaa tcagctttta 8400
cgagagaaaa ctcatggcct tgtagttgag aaccaggagt taagacagcg cttggggatg 8460
gatgccctgg ttgctgaaga ggaggcggaa gccaaggtaa atcatctect ttatttggtg 8520
cctcatgtga gtactggttc caagtgacat gacccagcga ttatgtttac agtctggact 8580
tctgatcaag agcgttcttg aaattttcct tcagttttaa gacattttca tgcaggcaga 8640
gtgttcttec cctaaaggca cttgacactc attttttaag tgtgtagtga acagtactaa 8700
gatctaataa tgaaaacaag ttacatggct ccctaagaac aagtactaac aaatgcagta 8760
gccaacaaga ttaccatgca atcattaagg agaaccaaag taagagagcc actcaaacca 8820
gattttgaac gctactaaaa ttaaagtagt tctttgatga atatgaatga gtagggaaag 8880
gattctttgt aatagtgata cctcectgtggt aagagaaggg tggtatgtga gttttagtct 8940
acagattatg gcaaattcag tgacaacaat caaatggtct aagattgaca gtagcacagt 9000
tttactctgt gaaggtaatg ttcaggacaa atttcaagaa aactagaaaa ccattcttta 9060
cagctgaaat ctttccctaa ccattgttat ttccactttt aagtcctcaa gagatgagaa 9120
aagggaggta aggcttcctt atacatttcc tgcacaatga aacatttttc ctccteccagg 9180
caaagattca agcagaactg gcaaatatct tatcttgctce ttctcaataa taataatgtt 9240
gttagataat aaagttctat agcaatttaa ccctagaatc tttttgaaaa gtaattcttt 9300
aaagttgaga atcacagctg tctagcaagc atttccttgg gcacttgaag ctgtttatte 9360
actttggtct ttcctcecccag gggaatgaag tgaggccagt ggcecgggtcet gectgagtceg 9420
cagcactcag actacgtgca cctctgcage aggtgcagge ccagttgtca ccccteccaga 9480
acatctccece atggattctg geggtattga ctcecttcagat tcagaggtag ggatcattcet 9540
gacttattaa agagctatat aaccagttaa ttccatctgt ttgatgcttg acatccctaa 9600
ctagacagat gagggttgaa gttagttttt ggtggggttg gaggtgaaca tcaactacct 9660
tcectagttee aggtaatata gaacatggag tgaagtgtag ataaatgggt ctggtgggte 9720
ccgaggtcat cttatcacat aatgactaat ttacattatg gaacccagta caaagtgttce 9780
cagttagatt ttccattgta ttctgacagt tgtacttcat ttaatttttg cctcttacag 9840
tctgatatce tgttgggcat tcectggacaac ttggacccag tcatgttcett caaatgccect 9900
tceccagage ctgccagect ggaggagetce ccagaggtet acccagaagyg acccagttcee 9960
ttaccagcct cectttcetet gtcagtgggg acgtcatcag ccaagctgga agccattaat 10020
gaactaattc gttttgacca catatatacc aagcccctag tcttagagat accctctgag 10080
acagagagcc aagctaatgt ggtagtgaaa atcgaggaag cacctctcag cccctcagag 10140
aatgatcacc ctgaattcat tgtctcagtg aaggaagaac ctgtagaaga tgacctcgtt 10200
ccggagetgg gtatctcaaa tetgetttca tccagccact gcccaaagece atcttectge 10260
ctactggatg cttacagtga ctgtggatac gggggttcce tttceccccatt cagtgacatg 10320
tcetetetge ttggtgtaaa ccattettgg gaggacactt ttgccaatga actctttcecce 10380
cagctgatta gtgtctaagg aatgatccaa tactgttgce ctttteccttg actattacac 10440
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-continued
tgcctggagg atagcagaga agcctgtcetg tacttcattce aaaaagccaa aatagagagt 10500
atacagtcct agagaattcc tcectatttgtt cagatctcat agatgacccc caggtattgt 10560
cttttgacat ccagcagtcc aaggtattga gacatattac tggaagtaag aaatattact 10620
ataattgaga actacagctt ttaagattgt acttttatct taaaagggtg gtagttttcc 10680
ctaaaatact tattatgtaa gggtcattag acaaatgtct tgaagtagac atggaattta 10740
tgaatggttc tttatcattt ctctteccce tttttggcat cctggettge ctceccagtttt 10800
aggtccttta gtttgcttet gtaagcaacg ggaacacctg ctgagggggce tcecttteccte 10860
atgtatactt caagtaagat caagaatctt ttgtgaaatt atagaaattt actatgtaaa 10920
tgcttgatgg aattttttecc tgctagtgta gcttctgaaa ggtgctttet ccatttattt 10980
aaaactaccc atgcaattaa aaggtacaat gcagcatcct tgtttgattt cttctaggge 11040
cgtaagtctt gttttctecte cagatgttta tctgtgtget gtggtaggaa ttaatccaac 11100
tgaagtgagc ctaacgcttt ttaaagtgac tgaaggcttt tccaccttaa ttactgectg 11160
ctttaattct ggactgccat aagtgatata agctataatt tgagcagtta ctgtetttet 11220
gagacagatt cttgagccta actgaccaat atcacagcta gtaagtggaa gagctagaac 11280
cctaaccact atttgctaca ccatcttata aatgttaaac aaggacacac catcacatat 11340
cgagattctce ttgcccttat tatgggaatt aagagcattt tctagactga aactccctat 11400
tttcaactct geccactggta agctgggtaa cccaggggtt atatataatc acttatttcece 11460
tcatctgtaa agttggataa tggtatctct aaaggttaag attcaaagag acgatgcatt 11520
ataagcattt agtatatgct aggcaccatc ctaaacactg gaaagttagt tagttattat 11580
ctcctaatce actttggaag ggttttaatc tcttccagaa ttatatttac tcaagaattt 11640
gtttcatcaa agaataaacc tcggccaggce gcggtggcte atgecctgtaa tcccagcact 11700
ttgggaggct gaggcgggtyg gatcacgagg tcaggagatc gagaccatcc tgcctaacat 11760
ggggaaaccc tgtctctact aaaattacaa aaaattagcec aggcgtggtg gtgggcgect 11820
gtaatcccag ctacttggga ggctgaggca ggagaatggce gtgaacccgg gaggcggage 11880
ttgcggtgag gggagatcgce gccactgcac tccagcctgg gcaacagagce gagactctgt 11940
ctcaaaaaat aaataaataa ataaataaat aaataaataa acctcttcaa gaaaaaatcc 12000
tagtgatatt aatacaactc ccaaagactt gataacctcc tcatccttca tagcatcttt 12060
tcettggaaa tcecttacaagg ttttacagga ctttacttat ttataaaaat ttcacctatg 12120
ccagtagatg aaatcattct atgccaattt agcatttaaa tgctatgttc ccaacttaca 12180
aagactaact ctggggaggt caaagtgaat gagtagaaaa aaggcaggat tcagagaatc 12240
ccaagcagca aggcaaagtg gattatagaa tacctttggt gtaggccagg tgtagtgget 12300
cacgcttgta atcccaacac tttgggaggc tgaggtgggce ggatcacctg aggtcaggag 12360
ttcatggcca gecctgaccaa catagtgaaa ccccatctcect agtaaaaata caaaattage 12420
tgggtgtggt ggcgcatatg cctgtaatcce cagctactca ggaggctgag gcggcagaat 12480
cacttgaacc cgggaggcag aggatgcagc gagccgagat cgtgccattg cactccagece 12540
tgggcaacaa gagcgaaact ccatttaaaa aagaaaaaaa aaaatagaat gcctttcatg 12600
tagtgactgg aggcaagtca gctagctgcce ttcaagatce ggtcegttgaa gccagggcce 12660
aatcctggtg ctcagcaata caaacttgct taggctctta agtttcttca gaaacaggcece 12720
aggcatggtg gctcacacct ataatcccag cactttggga ggccgaggcce agcagattge 12780
ttggttcaag actagcctgg acaacatggc aaacccgtct ctccatgaaa agtaaaaaaa 12840
aatagccagg catggtggtg tgcactggtg gtcacagcca ctcaggaagce tgaggtggga 12900
ggatcgcttyg aggccagggg gcagaggttg cagtcagcca agatcgcagce actgcactcce 12960
agactgggtg aaaaagcaag actgcctaaa aaaaaaaagg ttctgtatat aag 13013

What is claimed is:

1. A vector comprising:

(1) a first nucleic acid sequence
polypeptide; and

(ii) a second nucleic acid sequence encoding one or more

transcription factor(s) selected from the group consist-
ing of: ID2, ID3, GATA1, GATA3, XBP1, and SATBI.

2. The vector of claim 1, wherein the one or more

encoding a FOXP3

transcription factor(s), when present in a human cell, elicit
(s) a T reg phenotype in the human cell as compared to when
the one or more transcription factor(s) is/are not present in
the human cell.

3. The vector of claim 1, wherein the
transcription factor(s) is ID2.

one or more

4. The vector of claim 1, wherein the

transcription factor(s) is ID3.

one or more

5. The vector of claim 1, wherein the
transcription factor(s) is GATAL.

6. The vector of claim 1, wherein
transcription factor(s) is GATA3.

7. The vector of claim 1, wherein
transcription factor(s) is XBP1.

one or more

the one or more

the one or more

8. The vector of claim 1, wherein the

transcription factor(s) is SATBI1.

one or more

9. The vector of claim 1, wherein the vector further
comprises a promoter operably linked to the first nucleic
acid sequence.

10. The vector of claim 1, wherein the first nucleic acid
sequence is positioned 5' relative to the second nucleic acid
sequence in the vector.

11. The vector of claim 10, wherein the vector further
comprises an additional nucleic acid sequence between the
first nucleic acid sequence and the second nucleic acid
sequence, wherein the additional nucleic acid sequence
operably links the second nucleic acid sequence to the first
nucleic acid sequence, and the additional nucleic acid
sequence (i) encodes an internal ribosome entry site (IRES)
sequence or a self-cleaving amino acid, or (ii) comprises a
promoter or an enhancer.

12. The vector of claim 1, wherein the second nucleic acid
sequence is positioned 5' relative to the first nucleic acid
sequence in the vector, and the second nucleic acid sequence
is operably linked to a promoter.

13. The vector of claim 12, wherein the vector further
comprises an additional nucleic acid sequence between the
second nucleic acid sequence and the first nucleic acid
sequence, wherein the additional nucleic acid sequence
operably links the first nucleic acid sequence to the second
nucleic acid sequence, and the additional nucleic acid
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sequence (i) encodes an internal ribosome entry site (IRES)
sequence or a self-cleaving amino acid, or (ii) comprises a
promoter or an enhancer.

14. The vector of claim 1, wherein the vector further
comprises a third nucleic acid sequence encoding a thera-
peutic gene product.

15. The vector of claim 14, wherein the therapeutic gene
product is an antibody or antigen-binding fragment that is
capable of specifically binding to an IL.-6, an IL.-16R, an IFN
alpha receptor, or a TGF beta receptor polypeptide.

16. The vector of claim 14, wherein the third nucleic acid
sequence is operably linked to a promoter.

17. The vector of claim 14, wherein the vector further
comprises a fourth nucleic acid sequence encoding a binding
agent, wherein the binding agent is an antibody, an antigen-
binding fragment, or a chimeric antigen receptor.

18. The vector of claim 17, wherein the fourth nucleic
acid sequence is operably linked to a promoter.

19. The vector of claim 17, wherein the chimeric antigen
receptor comprises an extracellular domain, a transmem-
brane domain, and an intracellular domain, wherein the
extracellular domain comprises an antibody or antigen-
binding fragment that is capable of specifically binding to an
antigen on an autoimmune cell, and the intracellular domain
comprises a cytoplasmic signaling domain and one or more
co-stimulatory domain(s).

20. The vector of claim 19, wherein the extracellular
domain specifically binds to a cell adhesion molecule
selected from the group consisting of: ICAM-1, VCAM-1,
and MAdCAM-1.

21. The vector of claim 19, wherein the cytoplasmic
signaling domain is a CD3 zeta domain and the one or more
co-stimulatory domain(s) comprise(s) at least one of a CD48
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domain, a 4-1BB domain, an ICOS domain, an OX-40
domain, and a CD27 domain.

22. The vector of claim 1, wherein the vector comprises

a viral vector selected from the group consisting of: a
lentiviral vector, a retroviral vector, an adenoviral vector,
and an adeno-associated viral (AAV) vector.

23. A composition comprising:

(1) a first vector comprising a first nucleic acid sequence
encoding a FOXP3 polypeptide and a promoter oper-
ably linked to the first nucleic acid sequence; and

(i) a second vector comprising a second nucleic acid
sequence encoding one or more transcription factor(s)
selected from the group consisting of: ID2, ID3,
GATA1, GATA3, XBP1, and SATBI1, and a promoter
operably linked to the second nucleic acid sequence.

24. The composition of claim 23, wherein the one or more

transcription factor(s), when present in a human cell, elicit
(s) a T reg phenotype in the human cell as compared to when
the one or more transcription factor(s) is/are not present in
the human cell.

25. The composition of claim 1, wherein the one or more

transcription factor(s) is ID2.

26. The composition of claim 1, wherein the one or more

transcription factor(s) is ID3.

27. The composition of claim 1, wherein the one or more

transcription factor(s) is GATAL.

28. The composition of claim 1, wherein the one or more

transcription factor(s) is GATA3.

29. The composition of claim 1, wherein the one or more

transcription factor(s) is XBP1.

30. The composition of claim 1, wherein the one or more

transcription factor(s) is SATBI1.
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