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WO 2018/081476 PCT/US2017/058615
VIRAL METHODS OF T CELL THERAPY

CROSS-REFERENCE

[0001] This application claims the benefit of U.S. Provisional Application No. 62/413,814, filed October 27,
2016 and U.S. Provisional Application No. 62/452,081, filed January 30, 2017, each of which is entirely

incorporated herein by reference for all purposes.

BACKGROUND

[0002] Despite remarkable advances in cancer therapeutics over the last 50 years, there remain many tumor
types that are recalcitrant to chemotherapy, radiotherapy or biotherapy, particularly in advanced stages that
cannot be addressed through surgical techniques. Recently there have been significant advances in the genetic
engineering of lymphocytes to recognize molecular targets on tumors in vivo, resulting in remarkable cases of
remission of the targeted tumor. However, these successes have been limited largely to hematologic tumors, and
more broad application to solid tumors is limited by the lack of an identifiable molecule that is expressed by
cells in a particular tumor, and lack of a molecule that can be used to specifically bind to the tumor target in
order to mediate tumor destruction. Some recent advances have focused on identifying tumor-specific
mutations that in some cases trigger an antitumor T cell response. For example, these endogenous mutations
can be identified using a whole-exomic-sequencing approach. Tran E, ef al., “Cancer immunotherapy based on
mutation-specific CD4+ T cells in a patient with epithelial cancer,” Science 344: 641-644 (2014).
INCORPORATION BY REFERENCE
[0003] All publications, patents, and patent applications herein are incorporated by reference to the same
extent as if each individual publication, patent, or patent application was specifically and individually indicated
to be incorporated by reference. In the event of a conflict between a term herein and a term in an incorporated

reference, the term herein controls.

SUMMARY

[0004] Disclosed herein is a method of producing a population of genetically modified cells comprising:
providing a population of cells from a human subject; modifying, ex vivo, at least one cell in said population of
cells by introducing a break in a Cytokine Inducible SH2 Containing Protein (CISH) gene using a clustered
regularly interspaced short palindromic repeats (CRISPR) system; and introducing an adeno-associated virus
(AAV) vector comprising at least one exogenous transgene encoding a T cell receptor (TCR) to at least one cell
in said population of cells to integrate said exogenous transgene into the genome of said at least one cell at said
break; wherein using said AAV vector for integrating said at least one exogenous transgene reduces cellular
toxicity compared to using a minicircle vector for integrating said at least one exogenous transgene in a
comparable cell.

[0005] Disclosed herein is method of producing a population of genetically modified cells comprising:
providing a population of cells from a human subject; modifying, ex vivo, at least one cell in said population of
cells by introducing a break in a Cytokine Inducible SH2 Containing Protein (CISH) gene using a clustered
regularly interspaced short palindromic repeats (CRISPR) system; and introducing an adeno-associated virus

(AAV) vector comprising at least one exogenous transgene encoding a T cell receptor (TCR) to at least one cell
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break; wherein said population of cells comprises at least about 90% viable cells as measured by fluorescence-
activated cell sorting (FACS) at about 4 days after introducing said AAV vector.

[0006] Disclosed herein is method of producing a population of genetically modified cells comprising:
providing a population of cells from a human subject; introducing a clustered regularly interspaced short
palindromic repeats (CRISPR) system comprising a guide polynucleic acid to said population of cells, wherein
said guide polynucleic acid specifically binds to a Cytokine Inducible SH2 Containing Protein (CISH) gene in a
plurality of cells within said population of cells and said CRISPR system introduces a break in said CISH gene,
thereby suppressing CISH protein function in said plurality of cells; and introducing an adeno-associated virus
(AAV) vector to said plurality of cells, wherein said AAV vector integrates at least one exogenous transgene
encoding a T cell receptor (TCR) into the genome of said plurality of cells at said break, thereby producing a
population of genetically modified cells; wherein at least about 10% of the cells in said population of
genetically modified cells expresses said at least one exogenous transgene.

[0007] Disclosed herein is a method of treating cancer in a human subject comprising: administering a
therapeutically effective amount of a population of ex vivo genetically modified cells, wherein at least one of
said ex vivo genetically modified cells comprises a genomic alteration in a Cytokine Inducible SH2 Containing
Protein (CISH) gene that results in suppression of CISH protein function in said at least one ex vivo genetically
modified cell, wherein said genomic alteration is introduced by a clustered regularly interspaced short
palindromic repeats (CRISPR) system; and wherein said at least one ex vivo genetically modified cell further
comprises an exogenous transgene encoding a T cell receptor (TCR), wherein said exogenous transgene is
introduced into the genome of said at least one genetically modified cell in said CISH gene by an adeno-
associated virus (AAV) vector; and wherein said administering treats cancer or ameliorates at least one
symptom of cancer in said human subject.

[0008] Disclosed herein is a method of treating gastrointestinal cancer in a human subject comprising:
administering a therapeutically effective amount of a population of ex vivo genetically modified cells, wherein
at least one of said ex vivo genetically modified cells comprises a genomic alteration in a Cytokine Inducible
SH2 Containing Protein (CISH) gene that results in suppression of CISH protein function in said at least one ex
vivo genetically modified cell, wherein said genomic alteration is introduced by a clustered regularly
interspaced short palindromic repeats (CRISPR) system; and wherein said at least one ex vivo genetically
modified cell further comprises an exogenous transgene encoding a T cell receptor (TCR), wherein said
exogenous transgene is introduced into the genome of said at least one genetically modified cell in said CISH
gene by an adeno-associated virus (AAV) vector; and wherein said administering treats cancer or ameliorates at
least one symptom of cancer in said human subject.

[0009] Disclosed herein is a method of treating cancer in a human subject comprising: administering a
therapeutically effective amount of a population of ex vivo genetically modified cells, wherein at least one of
said ex vivo genetically modified cells comprises a genomic alteration in a T cell receptor (TCR) gene that
results in suppression of TCR protein function in said at least one ex vivo genetically modified cell and a
genomic alteration in a Cytokine Inducible SH2 Containing Protein (CISH) gene that results in suppression of
CISH protein function in said at least one ex vivo genetically modified cell, wherein said genomic alterations

are introduced by a clustered regularly interspaced short palindromic repeats (CRISPR) system; and wherein
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receptor (TCR), wherein said exogenous transgene is introduced into the genome of said at least one genetically
modified cell in said CISH gene by an adeno-associated virus (AAV) vector; and wherein said administering
treats cancer or ameliorates at least one symptom of cancer in said human subject.

[0010] Disclosed herein is an ex vivo population of genetically modified cells comprising: an exogenous
genomic alteration in a Cytokine Inducible SH2 Containing Protein (CISH) gene that suppresses CISH protein
function in at least one genetically modified cell, and an adeno-associated virus (AAV) vector comprising at
least one exogenous transgene encoding a T cell receptor (TCR) for insertion into the genome of said at least
one genetically modified cell in said CISH gene.

[0011] Disclosed herein is an ex vivo population of genetically modified cells comprising: an exogenous
genomic alteration in a Cytokine Inducible SH2 Containing Protein (CISH) gene that suppresses CISH protein
function in at least one genctically modified cell of said ex vivo population of genetically modified cells, and an
adeno-associated virus (AAV) vector comprising at least one exogenous transgene encoding a T cell receptor
(TCR) for insertion into the genome of at least one genetically modified cell of said ex vivo population of
genetically modified cells in said CISH gene.

[0012] Disclosed herein is an ex vivo population of genetically modified cells comprising: an exogenous
genomic alteration in a Cytokine Inducible SH2 Containing Protein (CISH) gene that suppresses CISH protein
function and an exogenous genomic alteration in a T cell receptor (TCR) gene that suppresses TCR protein
function in at least one genetically modified cell, and an adeno-associated virus (AAV) vector comprising at
least one exogenous transgene encoding a T cell receptor (TCR) for insertion into the genome of said at least
one genetically modified cell in said CISH gene.

[0013] Disclosed herein is a system for introducing at least one exogenous transgene to a cell, said system
comprising a nuclease or a polynucleotide encoding said nuclease, and an adeno-associated virus (AAV) vector,
wherein said nuclease or polynucleotide encoding said nuclease introduces a double strand break in a Cytokine
Inducible SH2 Containing Protein (CISH) gene of at least one cell, and wherein said AAV vector introduces at
least one exogenous transgene encoding a T cell receptor (TCR) into the genome of said cell at said break;
wherein said system has higher efficiency of introduction of said transgene into said genome and results in
lower cellular toxicity compared to a similar system comprising a minicircle and said nuclease or
polynucleotide encoding said nuclease, wherein said minicircle introduces said at least one exogenous transgene
into said genome.

[0014] Disclosed herein is a system for introducing at least one exogenous transgene to a cell, said system
comprising a nuclease or a polynucleotide encoding said nuclease, and an adeno-associated virus (AAV) vector,
wherein said nuclease or polynucleotide encoding said nuclease introduces a double strand break in a Cytokine
Inducible SH2 Containing Protein (CISH) gene and in a T cell receptor (TCR) gene of at least one cell, and
wherein said AAV vector introduces at least one exogenous transgene encoding a T cell receptor (TCR) into the
genome of said cell at said break; wherein said system has higher efficiency of introduction of said transgene
into said genome and results in lower cellular toxicity compared to a similar system comprising a minicircle and
said nuclease or polynucleotide encoding said nuclease, wherein said minicircle introduces said at least one

exogenous transgene into said genome.
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SH2 Containing Protein (CISH) gene in a population of cells from a human subject using a clustered regularly
interspaced short palindromic repeats (CRISPR) system, wherein said CRISPR system introduces a double
strand break in said CISH gene to generate a population of engineered cells; introducing a cancer-responsive
receptor into said population of engineered cells using an adeno-associated viral gene delivery system to
integrate at least one exogenous transgene at said double strand break, thereby generating a population of
cancer-responsive cells, wherein said adeno-associated viral gene delivery system comprises an adeno-
associated virus (AAV) vector; and administering a therapeutically effective amount of said population of
cancer-responsive cells to said subject.

[0016] Disclosed herein is a method of treating a gastrointestinal cancer, comprising: modifying, ex vivo, a
Cytokine Inducible SH2 Containing Protein (CISH) gene in a population of cells from a human subject using a
clustered regularly interspaced short palindromic repeats (CRISPR) system, wherein said CRISPR system
introduces a double strand break in said CISH gene to generate a population of engineered cells; introducing a
cancer-responsive receptor into said population of engineered cells using an adeno-associated viral gene
delivery system to integrate at least one exogenous transgene at said double strand break, thereby generating a
population of cancer-responsive cells, wherein said adeno-associated viral gene delivery system comprises an
adeno-associated virus (AAV) vector; and administering a therapeutically effective amount of said population
of cancer-responsive cells to said subject.

[0017] Disclosed herein is a method of making a genetically modified cell, comprising: providing a population
of host cells; introducing a recombinant adeno-associated virus (AAV) vector and a clustered regularly
interspaced short palindromic repeats (CRISPR) system comprising a nuclease or a polynucleotide encoding
said nuclease; wherein said nuclease introduces a break in a Cytokine Inducible SH2 Containing Protein (CISH)
gene, and said AAV vector introduces an exogenous nucleic acid at said break; wherein using said AAV vector
for integrating said at least one exogenous transgene reduces cellular toxicity compared to using a minicircle
vector for integrating said at least one exogenous transgene in a comparable cell; wherein said exogenous
nucleic acid is introduced at a higher efficiency compared to a comparable population of host cells to which
said CRISPR system and a corresponding wild-type AAV vector have been introduced.

[0018] Disclosed herein is a method of producing a population of genetically modified tumor infiltrating
lymphocytes (TILs) comprising: providing a population of TILs from a human subject; electroporating, ex vivo,
said population of TILs with a clustered regularly interspaced short palindromic repeats (CRISPR) system,
wherein said CRISPR system comprises a nuclease or a polynucleotide encoding said nuclease comprising a
guide ribonucleic acid (gRNA); wherein said gRNA comprises a sequence complementary to a Cytokine
Inducible SH2 Containing Protein (CISH) gene and said nuclease or polynucleotide encoding said nuclease
introduces a double strand break in said CISH gene of at least one TIL in said population of TILs; wherein said
nuclease is Cas9 or said polynucleotide encodes Cas9; and introducing an adeno-associated virus (AAV) vector
to said at least one TIL in said population of TILs about 1 hour to about 4 days after the electroporation of said
CRISPR system to integrate at least one exogenous transgene encoding a T cell receptor (TCR) into said double
strand break.

[0019] Disclosed herein is a method of producing a population of genetically modified tumor infiltrating

lymphocytes (TILs) comprising: providing a population of TILs from a human subject; electroporating, ex vivo,
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wherein said CRISPR system comprises a nuclease or a polynucleotide encoding said nuclease comprising a
guide ribonucleic acid (gRNA); wherein said gRNA comprises a sequence complementary to a Cytokine
Inducible SH2 Containing Protein (CISH) gene and said nuclease or polynucleotide encoding said nuclease
introduces a double strand break in said CISH gene of at least one TIL in said population of TILs; wherein said
nuclease is Cas9 or said polynucleotide encodes Cas9; and introducing an adeno-associated virus (AAV) vector
to said at least one TIL in said population of TILs about 1 hour to about 3 days after the electroporation of said
CRISPR system to integrate at least one exogenous transgene encoding a T cell receptor (TCR) into said double
strand break.

[0020] Disclosed herein is a method of producing a population of genetically modified tumor infiltrating
lymphocytes (TILs) comprising: providing a population of TILs from a human subject; electroporating, ex vivo,
said population of TILs with a clustered regularly interspaced short palindromic repeats (CRISPR) system,
wherein said CRISPR system comprises a nuclease or a polynucleotide encoding said nuclease and at least one
guide ribonucleic acid (gRNA); wherein said at least one gRNA comprises a gRNA comprising a sequence
complementary to a Cytokine Inducible SH2 Containing Protein (CISH) gene and a gRNA comprising a
sequence complementary to a T cell receptor (TCR) gene; wherein, said nuclease or polynucleotide encoding
said nuclease introduces a first double strand break in said CISH gene and a second double strand break in said
TCR gene of at least one TIL in said population of TILs; and, wherein said nuclease is Cas9 or said
polynucleotide encodes Cas9; and introducing an adeno-associated virus (AAV) vector to said at least one TIL
in said population of TILs about 1 hour to about 4 days after the electroporation of said CRISPR system to
integrate at least one exogenous transgene encoding a T cell receptor (TCR) into at least one of said first double
strand break or said second double strand break.

[0021] Disclosed herein is a method of producing a population of genetically modified cells comprising:
providing a population of cells from a human subject; modifying, ex vivo, at least one cell in said population of
cells by introducing a break in a Cytokine Inducible SH2 Containing Protein (CISH) gene using a nuclease or a
polypeptide encoding said nuclease and a guide polynucleic acid; and introducing an adeno-associated virus
(AAV) vector comprising at least one exogenous transgene encoding a T cell receptor (TCR) to at least one cell
in said population of cells to integrate said exogenous transgene into the genome of said at least one cell at said
break; wherein using said AAV vector for integrating said at least one exogenous transgene reduces cellular
toxicity compared to using a minicircle vector for integrating said at least one exogenous transgene in a
comparable cell.

[0022] Disclosed herein is a method of producing a population of genetically modified cells comprising:
providing a population of cells from a human subject; introducing a clustered regularly interspaced short
palindromic repeats (CRISPR) system comprising at least one guide polynucleic acid to said population of cells,
wherein said at least one guide polynucleic acid comprises a guide polynucleic acid that specifically binds to a
T cell receptor (TCR) gene and a guide polynucleic acid that specifically binds to a Cytokine Inducible SH2
Containing Protein (CISH) gene in a plurality of cells within said population of cells and said CRISPR system
introduces a break in said TCR gene and said CISH gene, thereby suppressing TCR protein function and CISH
protein function in said plurality of cells; and introducing an adeno-associated virus (AAV) vector to said

plurality of cells, wherein said AAV vector integrates at least one exogenous transgene encoding a T cell
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genetically modified cells; wherein at least about 10% of the cells in said population of genetically modified
cells expresses said at least one exogenous transgene.
[0023] In some cases, the methods of the present disclosure can further comprise introducing a break into an
endogenous TCR gene using a CRISPR system. In some cases, introducing an AAV vector to at least one cell
comprises introducing an AAV vector to a cell comprising a break (e.g., a break in a CISH and/or TCR gene).
[0024] In some cases, the methods or the systems of the present disclosure can comprise electroporation and/or
nucleofection. In some cases, the methods or the systems of the present disclosure can further comprise a
nuclease or a polypeptide encoding said nuclease. In some cases, said nuclease or polynucleotide encoding said
nuclease can introduce a break into a CISH gene and/or a TCR gene. In some cases, said nuclease or
polynucleotide encoding said nuclease can comprise an inactivation or reduced expression of a CISH gene
and/or a TCR gene. In some cases, said nuclease or polynucleotide encoding said nuclease is selected from a
group consisting of a clustered regularly interspaced short palindromic repeats (CRISPR) system, Zinc Finger,
transcription activator-like effectors (TALEN), and meganuclease to TAL repeats (MEGATAL). In some cases,
said nuclease or polynucleotide encoding said nuclease is from a CRISPR system. In some cases, said nuclease
or polynucleotide encoding said nuclease is from an S. pyogenes CRISPR system. In some cases, a CRISPR
system comprises a nuclease or a polynucleotide encoding said nuclease. In some cases, said nuclease or
polynucleotide encoding said nuclease is selected from a group consisting of Cas9 and Cas9HiFi. In some cases,
said nuclease or polynucleotide encoding said nuclease is Cas9 or a polynucleotide encoding Cas9. In some
cases, said nuclease or polynucleotide encoding said nuclease is catalytically dead. In some cases, said nuclease
or polynucleotide encoding said nuclease is a catalytically dead Cas9 (dCas9) or a polynucleotide encoding
dCas9.
[0025] In some cases, the methods of the present disclosure can comprise (or can further comprise) modifying,
ex vivo, at least one cell in a population of cells by introducing a break in a Cytokine Inducible SH2 Containing
Protein (CISH) gene and/or in a TCR gene. In some cases, modifying comprises modifying using a guide
polynucleic acid. In some cases, modifying comprises introducing a nuclease or a polynucleotide encoding said
nuclease. In some cases, a CRISPR system comprises a guide polynucleic acid. In some cases, the methods or
the systems or the populations of the present disclosure can further comprise a guide polynucleic acid. In some
cases, said guide polynucleic acid comprises a complementary sequence to said CISH gene. In some cases, said
guide polynucleic acid comprises a complementary sequence to said TCR gene. In some cases, said guide
polynucleic acid is a guide ribonucleic acid (gRNA). In some cases, said guide polynucleic acid is a guide
deoxyribonucleic acid (gDNA).
[0026] In some cases, cell viability is measured. In some cases, cell viability is measured by fluorescence-
activated cell sorting (FACS). In some cases, a population of genetically modified cells or a population of
tumor infiltrating lymphocytes comprises at least about 90%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
99.5%, or 100% cell viability post introduction of an AAV vector as measured by fluorescence-activated cell
sorting (FACS). In some cases, cell viability is measured at about 4 hours, 6 hours, 10 hours, 12 hours, 18
hours, 24 hours, 36 hours, 48 hours, 60 hours, 72 hours, 84 hours, 96 hours, 108 hours, 120 hours, 132 hours,
144 hours, 156 hours, 168 hours, 180 hours, 192 hours, 204 hours, 216 hours, 228 hours, 240 hours, or longer
than 240 hours post introduction of an AAV vector. In some cases, cell viability is measured at about 1 day, 2
-6-



days, 3 (}3&]}(2,2-9 L%)ilﬁ‘ Zl6ays, 6 days, 7 days, 8 days, 9 days, 10 days, 11 days, 12 day?,qg/ y§y2£17—40§§,6°1,515

days, 16 days, 17 days, 18 days, 19 days, 20 days, 21 days, 22 days, 23 days, 24 days, 25 days, 26 days, 27
days, 28 days, 29 days, 30 days, 31 days, 45 days, 50 days, 60 days, 70 days, 90 days, or longer than 90 days
post introduction of an AAV vector. In some cases, a population of genetically modified cells or a population of
tumor infiltrating lymphocytes can comprise at least about 92% cell viability at about 4 days post introduction
of an AAYV vector as measured by fluorescence-activated cell sorting (FACS). In some cases, a population of
genetically modified cells can comprise at least about 92% cell viability at about 4 days post introduction of a
recombinant AAV vector as measured by fluorescence-activated cell sorting (FACS).
[0027] In some cases, an AAV vector decreases cell toxicity compared to a corresponding unmodified or wild-
type AAV vector. In some cases, cellular toxicity is measured. In some cases, toxicity is measured by flow
cytometry. In some cases, integrating at least one exogenous transgene using an AAV vector reduces cellular
toxicity compared to integrating said at least one exogenous transgene in a comparable population of cells using
a minicircle or a corresponding unmodified or wild-type AAV vector. In some cases, toxicity is reduced by
about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100%. In some cases, toxicity is measured at about
4 hours, 6 hours, 8 hours, 12 hours, 24 hours, 36 hours, 48 hours, 60 hours, 72 hours, 84 hours, 96 hours, 108
hours, 120 hours, 132 hours, 144 hours, 156 hours, 168 hours, 180 hours, 192 hours, 204 hours, 216 hours, 228
hours, 240 hours, or longer than 240 hours post introduction of said AAV vector or said corresponding
unmodified or wild-type AAV vector or said minicircle vector. In some cases, toxicity is measured at about 1
day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days,
15 days, 16 days, 17 days, 18 days, 19 days, 20 days, 21 days, 22 days, 23 days, 24 days, 25 days, 26 days, 27
days, 28 days, 29 days, 30 days, 31 days, 45 days, 50 days, 60 days, 70 days, 90 days, or longer than 90 days
post introduction of said AAV vector or said corresponding unmodified or wild-type AAV vector or said
minicircle.
[0028] In some cases, at least about 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, or up to 100% of a population of genetically modified cells comprises integration of at
least one exogenous transgene at a break in a CISH gene of the genome of a cell. In some cases, at least about
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or up to
100% of a population of genetically modified cells comprises integration of at least one exogenous transgene at
a break in a TCR gene of the genome of a cell.
[0029] In some cases, a population of genetically modified cells and/or a population of genetically modified
tumor infiltrating lymphocytes can be prepared according to the methods of the present disclosure. In some
cases, a cell or a population of cells or a population of genetically modified cells can be a tumor infiltrating
lymphocyte or a population of tumor infiltrating lymphocytes (TILs). In some cases, a population of cells or a
population of genctically modified cells, respectively, is a primary cell or a population of primary cells. In some
cases, a primary cell or a population of primary cells is a primary lymphocyte or a population of primary
lymphocytes. In some cases, a primary cell or a population of primary cells is a TIL or a population of TILs. In
some cases, TILs are autologous. In some cases, TILs are natural killer (NK) cells. In some cases, TILs are B
cells. In some cases, TILs are T cells.
[0030] In some cases, the AAV vector is introduced at a multiplicity of infection (MOI) from about 1x10°, 2
x10°, 3x10°, 4x10°, 5 x10°, 6x10°, 7x10°, 8x10°, 9x10°, 1x10°%, 2x10°, 3x10° 4x10°, 5x10°, 6x10°, 7x10°, 8 x10°,
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type AAV vector is introduced at a multiplicity of infection (MOI) from about 1x10°, 2 x10°, 3x10°, 4x10°, 5
x10°, 6x10°, 7x10°, 8x10°, 9x10°, 1x10°, 2x10°, 3x10° 4x10°, 5x10°, 6x10°, 7x10°, 8 x10°, 9x10°, 1x107, 2x10’,
3x107, or up to about 9x10° genome copies/virus particles per cell. In some cases, AAV vector is introduced to
said cell from 1-3 hrs., 3-6 hrs., 6-9 hrs., 9-12 hrs., 12-15 hrs., 15-18 hrs., 18-21 hrs., 21-23 hrs., 23-26 hrs., 26-
29 hrs., 29-31 hrs., 31-33 hrs., 33-35 hrs., 35-37 hrs., 37-39 hrs., 39-41 hrs., 2 days, 3 days, 4 days, 5 days, 6
days, 7 days, 8 days, 9 days, 10 days, 14 days, 16 days, 20 days, or longer than 20 days after introducing said
CRISPR or after said nuclease or polynucleic acid encoding said nuclease. In some cases, the AAV vector is
introduced to a cell from 15 to 18 hours after introducing a CRISPR system or a nuclease or polynucleotide
encoding said nuclease. In some cases, the AAV vector is introduced to a cell 16 hours after introducing a
CRISPR system or a nuclease or polynucleotide encoding said nuclease.

[0031] In some cases, at least one exogenous transgene (e.g., exogenous transgene encoding a TCR) is
randomly inserted into the genome. In some cases, at least one exogenous transgene is inserted into a CISH
gene and/or a TCR gene of the genome. In some cases, at least one exogenous transgene is inserted in a CISH
gene of the genome. In some cases, at least one exogenous transgene is not inserted in a CISH gene of the
genome. In some cases, at least one exogenous transgene is inserted in a break in a CISH gene of the genome.
In some cases, the transgene (e.g., at least one transgene encoding a TCR) is inserted in a TCR gene. In some
cases, at least one exogenous transgene is inserted into a CISH gene in a random and/or site specific manner. In
some cases, at least one exogenous transgene is flanked by engineered sites complementary to a break in a
CISH gene and/or a TCR gene. In some cases, at least about 15%, or at least about 20%, or at least about 25%,
or at least about 30%, or at least about 35%, or at least about 40%, or at least about 45%, or at least about 50%,
or at least about 55%, or at least about 60%, or at least about 65%, or at least about 70%, or at least about 75%,
or at least about 80%, or at least about 85%, or at least about 90%, or at least about 95%, or at least about 97%,
or at least about 98%, or at least about 99% of the cells in a population of cells or a population of genetically
modified cells or a population of genetically modified TILs, comprise at least one exogenous transgene.

[0032] In some cases, the method of treating cancer can comprise administering a therapeutically effective
amount of a population of cells of the present disclosure. In some cases, a therapeutically effective amount of a
population of cells can comprise a lower number of cells compared to the number of cells required to provide
the same therapeutic effect produced from a corresponding unmodified or wild-type AAV vector or from a

minicircle, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The novel features of the invention are set forth with particularity in the appended claims. A better
understanding of the features and advantages of the present invention will be obtained by reference to the
following detailed description that sets forth illustrative cases, in which the principles of the invention are
utilized, and the accompanying drawings of which:

[0034] FIG. 1 depicts an example of a method which can identify a cancer-related target sequence, for
example, a Neoantigen, from a sample obtained from a cancer patient using an iz vitro assay (e.g. whole-
exomic sequencing). The method can further identify a TCR transgene from a first T cell that recognizes the
target sequence. The cancer-related target sequence and a TCR transgene can be obtained from samples of the
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same pa‘twgt 2018/081476 patients. The method can effectively and efficiently delive CTIUS20 1.14915§§11115prising

a TCR transgene across membrane of a second T cell. In some instances, the first and second T cells can be
obtained from the same patient. In other instances, the first and second T cells can be obtained from different
patients. In other instances, the first and second T cells can be obtained from different patients. The method
can safely and efficiently integrate a TCR transgene into the genome of a T cell using a non-viral integration
system (e.g., CRISPR, TALEN, transposon-based, ZEN, meganuclease, or Mega-TAL) to generate an
engineered T cell and thus, a TCR transgene can be reliably expressed in the engineered T cell. The engineered
T cell can be grown and expanded in a condition that maintains its immunologic and anti-tumor potency and
can further be administered into a patient for cancer treatment.

[0035] FIG. 2 shows some exemplary transposon constructs for TCR transgene integration and TCR
expression.

[0036] FIG. 3 demonstrates the in vitro transcription of mRNA and its use as a template to generate
homologous recombination (HR) substrate in any type of cell (e.g., primary cells, cell lines, etc.). Upstream of
the 5° LTR region of the viral genome a T7, T3, or other transcriptional start sequence can be placed for in vitro
transcription of the viral cassette. mRNAs encoding both the sense and anti-sense strand of the viral vector can
be used to improve yield.

[0037] FIG. 4 demonstrates the structures of four plasmids, including Cas9 nuclease plasmid, HPRT gRNA
plasmid, Amaxa EGFPmax plasmid and HPRT target vector.

[0038] FIG. 5 shows an exemplary HPRT target vector with targeting arms of 0.5 kb.

[0039] FIG. 6 demonstrates three potential TCR transgene knock-in designs targeting an exemplary gene (e.g.,
HPRT gene). (1) Exogenous promoter: TCR transgene (“TCR”) transcribed by exogenous promoter
(“Promoter”); (2) SA in-frame transcription: TCR transgene transcribed by endogenous promoter (indicated by
the arrow) via splicing; and (3) Fusion in frame translation: TCR transgene transcribed by endogenous promoter
via in frame translation. All three exemplary designs can knock-out the gene function. For example, when a
HPRT gene or a PD-1 gene is knocked out by insertion of a TCR transgene, a 6-thiogaunine selection can be
used as the selection assay.

[0040] FIG. 7 demonstrates that Cas9+gRNA+Target plasmids co-transfection had good transfection
efficiency in bulk population.

[0041] FIG. 8 demonstrates the results of the EGFP FACS analysis of CD3+ T cells.

[0042] FIG. 9 shows two types of T cell receptors.

[0043] FIG. 10 shows successful T cell transfection efficiency using two platforms.

[0044] FIG. 11 shows efficient transfection as T cell number is scaled up, e.g., as T cell number increases.
[0045] FIG. 12 shows % gene modification occurring by CRISPR gRNAs at potential target sites.

[0046] FIG. 13 demonstrates CRISPR-induced DSBs in stimulated T cells.

[0047] FIG. 14 shows optimization of RNA delivery.

[0048] FIG. 15 demonstrates double strand breaks at target sites. The gene targeting was successful in
inducing double strand breaks in T cells activated with anti-CD3 and anti-CD28 prior to introduction of the
targeted CRISPR-Cas system. By way of example, immune checkpoint genes PD-1, CCRS, and CTLA4 were

used to validate the system.



[0049] WO 2018/08147¢ representation of TCR integration at CCRS. Exemplary deggf @S‘?B}ﬂﬁﬁﬁg‘ﬁ geting

vector with 1kb recombination arms to CCRS. The 3kb TCR expression transgene can be inserted into a similar
vector with recombination arms to a different gene in order to target other genes of interest using homologous
recombination. Analysis by PCR using primers outside of the recombination arms can demonstrate successful
TCR integration at a gene.

[0050] FIG. 17 depicts TCR integration at the CCRS gene in stimulated T cells. Positive PCR results
demonstrate successful homologous recombination at CCRS gene at 72 hours post transfection.

[0051] FIG. 18 shows T death in response to plasmid DNA transfection.

[0052] FIG.19 is schematic of the innate immune sensing pathway of cytosolic DNA present in different types
of cells, including but not limited to T cells. T cells express both pathways for detecting foreign DNA. The
cellular toxicity can result from activation of these pathways during genome engineering.

[0053] FIG. 20 demonstrates that the inhibitors of FIG. 19 block apoptosis and pyropoptosis.

[0054] FIG. 21 shows a schematic of representative plasmid modifications. A standard plasmid contains
bacterial methylation that can trigger an innate immune sensing system. Removing bacterial methylation can
reduce toxicity caused by a standard plasmid. Bacterial methylation can also be removed and mammalian
methylation added so that the vector looks like “self-DNA.” A modification can also include the use of a
synthetic single stranded DNA.

[0055] FIG. 22 shows a representative functional engineered TCR antigen receptor. This engineered TCR is
highly reactive against MART-1 expressing melanoma tumor cell lines. The TCR a and 3 chains are linked
with a furin cleavage site, followed by a 2A ribosomal skip peptide.

[0056] FIG. 23 A and FIG. 23 B show PD-1, CTLA-4, PD-1 and CTLA-2, or CCR3, PD-1, and CTLA-4
expression on day 6 post transfection with guide RNAs. Representative guides: PD-1 (P2, P6, P2/6), CTLA-4
(C2,C3,C2/3), or CCRS5 (CC2). A. shows percent inhibitory receptor expression. B. shows normalized
inhibitory receptor expression to a control guide RNA.

[0057] FIG. 24 A and FIG. 24 B shows CTLA-4 expression in primary human T cells after electroporation
with CRISPR and CTLA-4 specific guideRNAs, guides #2 and #3, as compared to unstained and a no guide
control. B. shows PD-1 expression in primary human T cells after electroporation with CRISPR and PD-1
specific guideRNAs, guides #2 and #6, as compared to unstained and a no guide control.

[0058] FIG. 25 shows FACs results of CTLA-4 and PD-1 expression in primary human T cells after
electroporation with CRISPR and multiplexed CTLA-4 and PD-1 guide RNAs.

[0059] FIG. 26 A and FIG. 26 B show percent double knock out in primary human T cells post treatment with
CRISPR. A. shows percent CTLA-4 knock out in T cells treated with CTLA-4 guides #2, #3, #2 and #3, PD-1
guide #2 and CTLA-4 guide #2, PD-1 guide #6 and CTLA-4 guide #3, as compared to Zap only, Cas9 only, and
an all guideRNA control. B. shows percent PD-1 knock out in T cells treated with PD-1 guide#2, PD-1 guide
#6, PD-1 guides #2 and #6, PD-1 guide #2 and CTLA-4 guide #2, PD-1 guide #6 and CTLA-4 guide #3, as
compared to Zap only, Cas9 only, and an all guideRNA control.

[0060] FIG. 27 shows T cell viability post electroporation with CRISPR and guide RNAs specific to CTLA-4,

PD-1, or combinations.
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[0061] WO 2018/081476 ¢4 CEL-I assay showing cutting by PD-1 guide RNAs #2, RCTUS2017/038615
conditions where only PD-1 guide RNA is introduced, PD-1 and CTLA-4 guide RNAs are introduced or CCRS,
PD-1, and CLTA-4 guide RNAs, Zap only, or gRNA only controls.

[0062] FIG. 29 results of a CEL-I assay showing cutting by CTLA-4 guide RNAs #2, #3, #2 and #3, under
conditions where only CLTA-4 guide RNA is introduced, PD-1 and CTLA-4 guide RNAs are introduced or
CCRS3, PD-1, and CLTA-4 guide RNAs, Zap only, or gRNA only controls.

[0063] FIG. 30 results of a CEL-I assay showing cutting by CCR5 guide RNA #2 in conditions where CCR5
guide RNA is introduced, CCR5 guide RNA, PD-1 guide RNA, or CTLA-4 guide RNA, as compared to Zap
only, Cas 9 only, or guide RNA only controls.

[0064] FIG. 31 shows knockout of TCR alpha, as measured by CD3 FACs expression, in primary human T
cells utilizing optimized CRISPR guideRNAs with 2' O-Methyl RNA modification at 5 micrograms and 10
micrograms.

[0065] FIG. 32 depicts a method of measuring T cell viability and phenotype post treatment with CRISPR and
guide RNAs to CTLA-4. Phenotype was measured by quantifying the frequency of treated cells exhibiting a
normal FSC/SSC profile normalized to frequency of electroporation alone control. Viability was also measured
by exclusion of viability dye by cells within the FSC/SSC gated population. T cell phenotype is measured by
CD3 and CD62L.

[0066] FIG. 33 shows method of measuring T cell viability and phenotype post treatment with CRISPR and
guide RNAs to PD-1, and PD-1 and CTLA-4. Phenotype was measured by quantifying the frequency of treated
cells exhibiting a normal FSC/SSC profile normalized to frequency of electroporation alone control. Viability
was also measured by exclusion of viability dye by cells within the FSC/SSC gated population. T cell
phenotype is measured by CD3 and CD62L.

[0067] FIG. 34 shows results of a T7E1 assay to detect CRISPR gene editing on day 4 post transfection with
PD-1 or CTKA-4 guide RNA of primary human T cells and Jurkat control. NN is a no T7E1 nuclease control.
[0068] FIG. 35 shows results of a tracking of indels by decomposition (TIDE) analysis. Percent gene editing
efficiency as shows to PD-1 and CTLA-4 guide RNAs.

[0069] FIG. 36 shows results of a tracking of indels by decomposition (TIDE) analysis for single guide
transfections. Percent of sequences with either deletions or insertions are shown for primary human T cells
transfected with PD-1 or CTLA-1 guide RNAs and CRISPR.

[0070] FIG. 37 shows PD-1 sequence deletion with dual targeting.

[0071] FIG. 38 shows sequencing results of PCR products of PD-1 sequence deletion with dual targeting.
Samples 6 and 14 are shown with a fusion of the two gRNA sequences with the intervening 135bp excised.
[0072] FIG. 39 shows dual targeting sequence deletion of CTLA-4. Deletion between the two guide RNA
sequences is also present in the sequencing of dual guide targeted CTLA-4 (samples 9 and 14). A T7E1 Assay
confirms the deletion by PCR.

[0073] FIG. 40 A and FIG. 40 B show A. viability of human T cells on day 6 post CRISPR transfection. B.
FACs analysis of transfection efficiency of human T cells (% pos GFP).

[0074] FIG. 41 shows FACs analysis of CTLA-4 expression in stained human T cells transfected with anti-
CTLA-4 CRISPR guide RNAs. PE is anti-human CD152 (CTLA-4).
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[0075] WO 2018/0814761G. 42 B show CTLA-4 FACs analysis of CTLA-4 positivel:GIAGS2017/058615
transfection with anti-CTLA-4 guide RNAs and CRISPR. B. shows CTLA-4 knock out efficiency relative to a
pulsed control in human T cells post transfection with anti-CTLA-4 guide RNAs and CRISPR.

[0076] FIG. 43 shows minicircle DNA containing an engineered TCR.

[0077] FIG. 44 depicts modified sgRNA for CISH, PD-1, CTLA4 and AAVSI.

[0078] FIG. 45. Depicts FACs results of PD-1 KO on day 14 post transfection with CRISPR and anti-PD-1
guide RNAs. PerCP-Cy5.5 is mouse anti-human CD279 (PD-1).

[0079] FIG. 46 A and FIG. 46 B A. shows percent PD-1 expression post transfection with an anti-PD-1
CRISPR system. B. shows percent PD-1 knock out efficiency as compared to Cas9 only control.

[0080] FIG. 47 shows FACs analysis of the FSC/SSC subset of human T cells transfected with CRISPR
system with anti-PD-1 guide #2, anti-PD-1 guide #6, anti-PD1 guides #2 and #6, or anti-PD-1 guides #2 and #6
and anti-CTLA-4 guides #2 and #3.

[0081] FIG. 48 shows FACs analysis of human T cells on day 6 post transfection with CRISPR and anti-
CTLA-4 guide RNAs. PE is mouse anti-human CD152 (CTLA-4).

[0082] FIG. 49 shows FACs analysis of human T cells and control Jurkat cells on day 1 post transfection with
CRISPR and anti-PD-1 and anti-CTLA-4 guide RNAs. Viability and transfection efficiency of human T cells is
shown as compared to transfected Jurkat cells.

[0083] FIG. 50 depicts quantification data from a FACs analysis of CTLA-4 stained human T cells transfected
with CRISPR and anti-CTLA-4 guide RNAs. Day 6 post transfection data is shown of percent CTLA-4
expression and percent knock out.

[0084] FIG. 51 shows FACs analysis of PD-1 stained human T cells transfected with CRISPR and anti-PD-1
guide RNAs. Day 14 post transfection data is shown of PD-1 expression (anti-human CD279 PerCP-Cy5.5)
[0085] FIG. 52 shows percent PD-1 expression and percent knock out of PD-1 compared to Cas9 only control
of human T cells transfected with CRISPR and anti-PD-1 guide RNAs.

[0086] FIG. 53 shows day 14 cell count and viability of transfected human T cells with CRISPR, anti-CTLA-
4, and anti-PD-1 guide RNAs.

[0087] FIG. 54 shows FACs data for human T cells on day 14 post electroporation with CRISPR, and anti-PD-
1 guide #2 alone, anti-PD-1 guide #2 and #6, or anti-CTLA-4 guide #3 alone. The engineered T cells were re-
stimulated for 48 hours to assess expression of CTLA-4 and PD-1 and compared to control cells electroporated
with no guide RNA.

[0088] FIG. 55 shows FACs data for human T cells on day 14 post electroporation with CRISPR, and anti-
CTLA-4 guide #2 and #3, anti-PD-1 guide #2 and anti-CTLA-4 guide #3, or anti-PD-1 guide #2 and #6, anti-
CTLA-4 guide #3 and #2. The engineered T cells were re-stimulated for 48 hours to assess expression of
CTLA-4 and PD-1 and compared to control cells electroporated with no guide RNA.

[0089] FIG. 56 depicts results of a surveyor assay for CRISPR mediated gene-modification of the CISH locus
in primary human T cells.

[0090] FIG. 57 A, FIG. 57 B, and FIG. 57 C A. depict a schematic of a T cell receptor (TCR). B. shows a
schematic of a chimeric antigen receptor. C. shows a schematic of a B cell receptor (BCR).

[0091] FIG. 58. Shows that somatic mutational burden varies among tumor type. Tumor-specific neo-antigen

generation and presentation is theoretically directly proportional to mutational burden.
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[0092] Wo .29189/9?}5‘9716,seudouridine-S’-Tn'phosphate and 5-Methylcytidine-S-Tﬁpggyllc@UZ9&2&?&6‘3150ns that
can be made to nucleic acid.

[0093] FIG. 60 shows TIDE and densitometry data comparison for 293T cells transfected with CRISPR and
CISH gRNAs 1,3.4,5 or 6.

[0094] FIG. 61 depicts duplicate experiments of densitometry analysis for 293T cells transfected with CRISPR
and CISH gRNAs 1,3,4,5 or 6.

[0095] FIG. 62 A and FIG. 62 B show duplicate TIDE analysis A. and B. of CISH gRNA 1.

[0096] FIG. 63 A and FIG. 63 B show duplicate TIDE analysis A. and B. of CISH gRNA 3.

[0097] FIG. 64 A and FIG. 64 B show duplicate TIDE analysis A. and B. of CISH gRNA 4.

[0098] FIG. 65 A and FIG. 65 B show duplicate TIDE analysis A. and B. of CISH gRNA 5.

[0099] FIG. 66 A and FIG. 66 B show duplicate TIDE analysis A. and B. of CISH gRNA 6.

[00100] FIG. 67 shows a western blot showing loss of CISH protein after CRISPR knock out in primary T cells.
[00101] FIG. 68 A, FIG. 68 B, and FIG. 68 C depict DNA viability by cell count A. 1 day, B. 2 days, C. 3
days post transfection with single or double-stranded DNA. M13 ss/dsDNA is 7.25 kb. pUC57 is 2.7 kb. GFP
plasmid is 6.04 kb.

[00102] FIG. 69 shows a mechanistic pathway that can be modulated during preparation or post preparation of
engineered cells.

[00103] FIG. 70 A and FIG. 70 B depict cell count post transfection with the CRISPR system (15ug Cas9,
10ug gRNA) on A. Day 3 and B. Day 7. Samplel-non treated. Sample 2-pulse only. Sample 3-GFP mRNA.
Sample 4-Cas9 pulsed only. Sample 5-5 microgram minicircle donor pulsed only. Sample 6- 20 micrograms
minicircle donor pulsed only. Sample 7- plasmid donor (5 micrograms). Sample 8-plasmid donor (20
micrograms). Sample 9- +guide PD1-2/+Cas9/-donor. Sample 10- +guide PD1-6/+Cas9/-donor. Sample 11-
+guide CTLA4-2/+Cas9/-donor. Sample 12- +guide CTLA4-3/+Cas9/-donor. Sample 13- PD1-2 / Sug donor.
Sample 14- PD1 dual / Sug donor. Sample 15- CTLA4-3 / Sug donor. Sample 16- CTLA4 dual / 5ug donor.
Sample 17- PD1-2 / 20ug donor. Sample 18- PD1 dual / 20ug donor. Sample 19- CTLA4-3 / 20ug donor.
Sample 20- CTLA4 dual / 20ug donor.

[00104] FIG. 71 A and FIG. 71 B shows Day 4 TIDE analysis of PD-1 A. gRNA 2 and B. gRNA6 with no
donor nucleic acid.

[00105] FIG. 72 A and FIG. 72 B show Day 4 TIDE analysis of CTLA4 A. gRNA 2 and B. gRNA3 with no
donor nucleic acid.

[00106] FIG. 73 shows FACs analysis of day 7 TCR beta detection in control cells, cells electroporated with 5
micrograms of donor DNA (minicircle), or cells electroporated with 20 micrograms of donor DNA (minicircle).
[00107] FIG. 74 shows a summary of day 7 T cells electroporated with the CRISPR system and either no
polynucleic acid donor (control), 5 micrograms of polynucleic acid donor (minicircle), or 20 micrograms of
polynucleic acid donor (minicircle). A summary of FACs analysis of TCR positive cells is shown.

[00108] FIG. 75 shows integration of the TCR minicircle in the forward direction into the PD1 gRNA#2 cut
site.

[00109] FIG. 76 A and FIG. 76 B shows percentage of live cells at day 4 using a GUIDE-Seq dose test of
human T cells transfected with CRISPR and PD-1 or CISH gRNAs with 5° or 3° modifications (or both) at
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increasil}ggugﬁljﬂgglﬂﬁ of a double stranded polynucleic acid donor. B. shows efﬁB‘&TJ}]%%%Zé%??.ﬁL% at the

PD-1 or CISH locus of human T cells transfected with CRISPR and PD-1 or CISH specific gRNAs.

[00110] FIG. 77 shows GoTaq and PhusionFlex analysis of dsDNA integration at the PD-1 or CISH gene sites.
[00111] FIG. 78 shows day 15 FACs analysis of human T cells transfected with CRISPR and 5 micrograms or
20 micrograms of minicircle DNA encoding for an exogenous TCR.

[00112] FIG. 79 shows a summary of day 15 T cells electroporated with the CRISPR system and either no
polynucleic acid donor (control), 5 micrograms of polynucleic acid donor (minicircle), or 20 micrograms of
polynucleic acid donor (minicircle). A summary of FACs analysis of TCR positive cells 1s shown.

[00113] FIG. 80 depicts digital PCR copy number data copy number relative to RNaseP on Day 4 post
transfection of CRISPR, and a minicircle encoding an mTCRb chain. A plasmid donor encoding the mTCRb
chain was used as a control.

[00114] FIG. 81 A. and FIG. 81 B. show A. Day 3 T cell viability with increasing dose of minicircle encoding
an exogenous TCR. B. Day 7 T cell viability with increasing dose of minicircle encoding an exogenous TCR.
[00115] FIG. 82 A. and FIG. 82 B. show A. optimization conditions for Lonza nucleofection of T cell double
strand DNA transfection. Cell number vs concentration of a plasmid encoding GFP. B. optimization conditions
for Lonza nucleofection of T cells with double strand DNA encoding a GFP protein. Percent transduction is
shown vs concentration of GFP plasmid used for transfection.

[00116] FIG. 83 A. and FIG. 83 B. A. depict a pDG6-AAYV helper-free packaging plasmid for AAV TCR
delivery. B. shows a schematic of a protocol for AAV transient transfection of 293 cells for virus production.
Virus will be purified and stored for transduction into primary human T cells.

[00117] FIG. 84 shows a rAAV donor encoding an exogenous TCR flanked by 900bp homology arms to an
endogenous immune checkpoint (CTLA4 and PD1 are shown as exemplary examples).

[00118] FIG. 85 shows a genomic integration schematic of a rAAV homologous recombination donor encoding
an exogenous TCR flanked by homology arms to the AAVSI gene.

[00119] FIG. 86 A, FIG. 86 B, FIG. 86 C, and FIG. 86 D show possible recombination events that may occur
using the AAVSI system. A. shows homology directed repair of double stand breaks at AAVS1 with
mtegration of the transgene. B. shows homology directed repair of one stand of the AAVSI1 gene and non-
homologous end joining indel of the complementary stand of AAVSI1. C. shows non-homologous end joining
insertion of the transgene into the AAVS1 gene site and non-homologous end joining indel at AAVS1. D.
shows nonhomologous idels at both AAVS1 locations with random integration of the transgene into a genomic
site.

[00120] FIG. 87 shows a combined CRISPR and rAAYV targeting approach of introducing a transgene encoding
an exogenous TCR into an immune checkpoint gene.

[00121] FIG. 88 A and FIG 88. B show day 3 data A. CRISPR c¢lectroporation experiment in which caspase
and TBK inhibitors were used during the electroporation of a 7.5 microgram minicircle donor encoding an
exogenous TCR. Viability is plotted in comparison to concentration of inhibitor used. B. shows efficiency of
clectroporation. Percent positive TCR is shown vs. concentration of inhibitor used.

[00122] FIG. 89 shows FACs data of human T cells electroporated with CRISPR and minicircle DNA (7.5

microgram) encoding an exogenous TCR. Caspase and TBK inhibitors were added during the electroporation.

-14-



[00123] WO 2018/0814761 . 90B show FACs data of human T cells electroporated VEGI/US2017/058615
minicircle DNA encoding an exogenous TCR (20 micrograms). A. Electroporation efficiency showing TCR
positive cells vs. immune checkpoint specific guide(s) used. B. FACs data of the electroporation efficiency
showing TCR positive cells vs. immune checkpoint specific guide(s) used.

[00124] FIG. 91 shows TCR expression on day 13 post electroporation with CRISPR and a minicircle encoding
an exogenous TCR at varying concentrations of minicircle.

[00125] FIG. 92A and FIG.92B shows a cell death inhibitor study in which human T cells were pre-treated
with Brefeldin A and ATM-inhibitors prior to transfection with CRISPR and minicircle DNA encoding for an
exogenous TCR. A. shows viability of T cells on day 3 post electroporation. B. shows viability of T cells on day
7 post electroporation.

[00126] FIG. 93A and FIG. 93B shows a cell death inhibitor study in which human T cells were pre-treated
with Brefeldin A and ATM-inhibitors prior to transfection with CRISPR and minicircle DNA encoding for an
exogenous TCR. A. shows TCR expression on T cells on day 3 post electroporation. B. shows TCR expression
on T cells on day 7 post electroporation.

[00127] FIG. 94 shows a splice-acceptor GFP reporter assay to rapidly detect integration of an exogenous
transgene (e.g., TCR).

[00128] FIG. 95 shows a locus-specific digital PCR assay to rapidly detect integration of an exogenous
transgene (e.g., TCR).

[00129] FIG. 96 shows recombinant (rAAV) donor constructs encoding for an exogenous TCR using either a
PGK promoter or a splice acceptor. Each construct is flanked by 850 base pair homology arms (HA) to the
AAVSI1 checkpoint gene.

[00130] FIG. 97 shows the rAAV AAVS1-TCR gene targeting vector. The schematic depiction of the rAAV
targeting vector used to insert the transgenic TCR expression cassette into the AAVS1 “safe-harbour” locus
within the intronic region of the PPP1R12C gene. Major features are shown along with their sizes in numbers
of nucleotides (bp). ITR: internal tandem repeat; PGK: phosphoglycerate kinase; mTCR: murine T-cell receptor
beta; SV40 PolyA: Simian virus 40 polyadenylation signal.

[00131] FIG. 98 shows T cells electroporated with a GFP+ transgene 48 hours post stimulation with modified
gRNAs. gRNAs were modified with pseudouridine, 5’ moC, 5’ meC, 5’moU, 5’hmC+5 " moU, m6A, or
5’moC+5"meC.

[00132] FIG. 99 A and FIG 99 B depeict A. viability and B. MFI of GFP expressing cells for T cells
electroporated with a GFP+ transgene 48 hours post stimulation with modified gRNAs. gRNAs were modified
with pseudouridine, 5’moC, 5’'meC, 5’moU, 5’hmC+5"moU, m6A, or 5’moC+5’meC.

[00133] FIG. 100 A and FIG 100 B show TIDE results of a comparison of a A. modified clean cap Cas9
protein or an B. unmodified Cas9 protein. Genomic integration was measured at the CCRS locus of T cells
clectroporated with unmodified Cas9 or clean cap Cas9 at 15 micrograms of Cas9 and 10 micrograms of a
chemically modified gRNA.

[00134] FIG. 101 A and FIG. 101 B show A. viability and B. reverse transcriptase activity for Jurkat cells
expressing reverse transcriptase (RT) reporter RNA that were transfected using the Neon Transfection System
with RT encoding plasmids and primers (see table for concentrations) and assayed for cell viability and GFP

expression on Days 3 post transfection. GFP positive cells represent cells with RT activity.
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[00135] WO 2018/081476 1. 102 B shows absolute cell count pre and post stimulatE GT/US2017/0586154

shows a first donor’s cell count pre- and post- stimulation cultured in either RPMI media or ex vivo media. B.
shows a second donor’s cell count pre- and post- stimulation cultured in RPMI media.

[00136] FIG. 103 A and FIG 103 B shows cellular expansion of human tumor infiltrating lymphocytes (TILs)
clectroporated with a CRISPR system targeting PD-1 locus or controls cells A. with the addition of autologous
feeders or B. without the addition of autologous feeders.

[00137] FIG. 104A and FIG. 104 B show human T cells electroporated with the CRISPR system alone
(control); GFP plasmid (donor) alone (control); donor and CRISPR system; donor, CRISPR, and cFLP protein;
donor, CRISPR, and hAd5 E1A (E1A) protein; or donor, CRISPR, and HPV 18 E7 protein. FACs analysis of
GFP was measured at A. 48 hours or B. 8 days post electroporation.

[00138] FIG. 105 shows flow cytometry analysis of T cells transfected with a recombinant AAV (rAAV) vector
containing a transgene encoding for a splice acceptor GFP using the CRISPR system on day 4 post transfection
with serum. Conditions shown are Cas9 and gRNA, GFP mRNA, Virapur low titre virus, Virapur low titre virus
and CRISPR, SA-GFP pAAYV plasmid, SA-GFP pAAYV plasmid and CRISPR, AAVananced virus, or
AAVanced virus and CRISPR.

[00139] FIG. 106 shows shows flow cytometry analysis of T cells transfected with a recombinant AAV (rAAV)
vector containing a transgene encoding for a splice acceptor GFP using the CRISPR system on day 4 post
transfection, without serum. Conditions shown are Cas9 and gRNA, GFP mRNA, Virapur low titre virus,
Virapur low titre virus and CRISPR, SA-GFP pAAYV plasmid, SA-GFP pAAYV plasmid and CRISPR,
AAVananced virus, or AAVanced virus and CRISPR.

[00140] FIG. 107 A and FIG. 107 B show A. flow cytometry analysis of T cells transfected with a recombinant
AAV (rAAV) vector containing a transgene encoding for a splice acceptor GFP using the CRISPR system on
day 7 post transfection with serum. Conditions shown are SA-GFP pAAV plasmid and SA-GFP pAAV plasmid
and CRISPR. B. flow cytometry analysis of T cells transfected with a recombinant AAV (rAAV) vector
containing a transgene encoding for a splice acceptor GFP using the CRISPR system on day 7 post transfection
with serum or without serum. Conditions shown are AAVanced virus only or AAVanced virus and CRISPR.
[00141] FIG. 108 demonstrates cell viability post transfection of SA-GFP pAAV plasmid or SA-GFP pAAV
plasmid and CRISPR at time of transfection (+), at 4 hours post serum removal and transfection, or at 16 hrs
post serum removal and transfection.

[00142] FIG. 109 shows read out of knock in of a splice acceptor-GFP (SA-GFP) pAAYV plasmid at 3-4 days
under conditions of serum, serum removal at 4 hours, or serum removal at 16 hours. Control (non-transfected)
cells are compared to cells transfected with SA-GFP pAAYV plasmid only or SA-GFP pAAYV plasmid and
CRISPR.

[00143] FIG. 110 shows FACS analysis of human T cells transfected with rAAV or rAAV and CRISPR
encoding an SA-GFP transgene on day 3 post transfection at concentrations of 1x10° MOI, 3x10> MOI, or
1x10° MOL.

[00144] FIG. 111 shows FACS analysis of human T cells transfected with rAAV or rAAV and CRISPR
encoding an SA-GFP transgene on day 7 post transfection at concentrations of 1x10° MOI, 3x10> MOI, or
1x10° MOL.
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[00145] WO 2018/081476 A CS analysis of human T cells transfected with rAAV or PCT/US2017/058615
encoding a TCR transgene on day 3 post transfection at concentrations of 1x10° MOIL, 3x10° MOI, or 1x10°
MOL
[00146] FIG. 113 shows FACS analysis of human T cells transfected with rAAV or rAAV and CRISPR
encoding a TCR transgene on day 7 post transfection at concentrations of 1x10° MOI, 3x10°> MOI, or 1x10°
MOL
[00147] FIG. 114A and FIG. 114B demonstrates FACs analysis of human T cells transfectedwith A. Cas9 and
gRNA only or B. rAAV, CRISPR, and a SA-GFP transgene at time points of 4 hours, 6 hours, 8 hours, 12
hours, 18 hours, and 24 hours.
[00148] FIG. 115A and FIG. 115B show A. rAAYV transduction (%GFP+) as a function of time on day 4 post
stimulation. B. shows viable cell count of transfected or untransfected cells with rAAV on day 4 post
stimulation at time points of 4 hours, 6 hours, 8 hours, 12 hours, 18 hours, and 24 hours.
[00149] FIG. 116 shows FACS analysis of human T cells transfected with rAAV or rAAV and CRISPR
encoding an SA-GFP transgene on day 4 post transfection at concentrations of 1x10° MOI, 3x10° MOI, 1x10°
MOL 3x10° MOL, or 5x10° MOL.
[00150] FIG. 117A and FIG. 117 B show A. GFP positive (GFP+ve) expression of human T cells transfected
with an AAV vector encoding a SA-GFP transgene on day 4 post stimulation at different mulitiplicitiy of
infection (MOI) levels, 1 to 5 x10°. B. viable cell number on day 4 post stimulation of human T cells transfected
or non-transfected with an AAV encoding a SA-GFP transgene at MOI levels from 0 to 5x10°,
[00151] FIG. 118 shows FACs analysis of human T cells transfected with rAAV or rAAV and CRISPR on day
4 post stimulation. Cells were transfected at MOI levels of 1x10° MOIL, 3x10° MOI, 1x10° MOI, 3x10°® MOI, or
5x10° MOL
[00152] FIG. 119 shows TCR positive (TCR+ve) expression of human T cells transfected with an AAV vector
encoding a TCR transgene on day 4 post stimulation at different mulitiplicitiy of infection (MOI) levels, 1 to 5
x10°.
[00153] FIG. 120A and FIG. 120B shows A. percent expression efficiency of human T cells virally transfectd
with AAV encoding a SA-GFP transgene, AAV encoding a TCR transgene, CRISPR targeting CISH and a
TCR transgene, or CRISPR targeting CTLA-4 and a TCR transgene. B. are FACs plots showing TCR
expression on day 4 post stimulation of cells transfected with rAAV or rAAV and CRISP gRNAs targeting
CISH or CTLA-4 genes.
[00154] FIG. 121A and FIG. 121 B depict FACs plots of TCR expression on human T cells on day 4 post
stimulation. A. shows control non-transfected cells and B. shows cells transfected with AASIpAAV plasmid
only, CRISPR targeting CISH and pAAV, CRISPR targeting CTLA-4 and pAAV, NHEJ minicircle vector,
AAVS1pAAYV and CRISPR, CRISIR targeting CISH and pAAV-CISH plasmid, CTLA-4pAAYV plasmid and
CRISPR, or NHEJ minicircle and CRISPR.
[00155] FIG. 122 A and FIG. 122 B show A. percent GFP positive (GFP +) expression of human T cells
transfected with a rAAV encoding SA-GFP on day 3 post transfection at MOI from 1x10° MOIL, 3x10° MOI,
1x10° MOI or pre-transfection (control). B. shows TCR positive expression on human T cells transfected with
rAAV encoding a TCR transgene on day 3 post transfection or pre-transfection (control) at MOI from 1x10°
MOI, 3x10° MOL, to 1x10°.
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[00156] WO 2018/081476:1G. 123B show A. expression of an exogenous TCR on huPGI/US2017/058613, 19

days post transfection with a rAAYV virus encoding for the TCR. B.expression of an SA-GFP on human T cells
from 2 to19 days post transfection with an rAAYV virus encoding for SA-GFP.

[00157] FIG. 124 depicts FACs plots of human T cells transfected with rAAV or rAAV + CRISPR each rAAV
encoding for a SA-GFP transgene at MOI from 1x10° MOI, 3x10° MOI, or 1x10%n day 14 post transfection.
[00158] FIG. 125 depicts FACs plots of human T cells transfected with rAAV or rAAV + CRISPR each rAAV
encoding for a TCR transgene at MOI from 1x10° MOI, 3x10°> MOI, or 1x10%n day 14 post transfection.
[00159] FIG. 126 shows FACs plots of human T cells transfected with rAAV or rAAV + CRISPR each rAAV
encoding for a SA-GFP transgene at MOI from 1x10° MOIL 3x10° MOI, or 1x10%n day 19 post transfection.
[00160] FIG. 127 shows FACs plots of human T cells transfected with rAAV or rAAV + CRISPR e¢ach rAAV
encoding for a TCR transgene at MOI from 1x10° MOIL 3x10°> MOL or 1x10%n day 19 post transfection.
[00161] FIG. 128 shows FACs plots of human T cells transfected with AAV encoding for a SA-GFP or TCR on
days 3 or 4, 7, 14 or 19 post transfection. X axis shows transgene expression.

[00162] FIG. 129A and FIG. 129B show A. TCR expression on human T cells tranfected with rAAYV encoding
a TCR at MOIs from 1x10° MOI, 3x10° MOIL 1x10°,3x10® MOI, or 5x10° on days 3 to 14 post stimulation.
B.shows viable cell number on day 14 post stimulation of cells transfected with rAAYV encoding a TCR at MOls
from 1x10° MOL, 3x10°> MOL 1x10°,3x10° MOL, or 5x10° with and without CRISPR.

[00163] FIG. 130 shows TCR expression on day 14 post stimulation of cells transfectd with rAAV only or
rAAV and CRISPR at MOI of 1x10° MOI, 3x10° MOI, 1x10°,3x10° MOI, or 5x10°.

[00164] FIG. 131 shows TCR expression of cells transfected with rAAYV only or rAAV and CRISPR targeting
the CISH gene and encoding a TCR from day 4 to day 14.

[00165] FIG. 132 shows TCR expression of cells transfected with rAAYV only or rAAV and CRISPR targeting
the CTLA-4 gene and encoding a TCR from day 4 to day 14.

[00166] FIG. 133A and FIG. 133 B show GFP FACS day 3 post stimulation data of human T cells transfected
with a transfene enoding SA-GFP A. non-transfected controls or GFP mRNA transfected control cells. B.
rAAYV pulsed or rAAV and CRISPR transfected cells with no viral proteins, E4orf6 only, E1b55k H373A, or
Edorf6 + E1b55K H373A.

[00167] FIG. 134 shows FACS analysis of human T cells tranfected with rAAV encoding a TCR on day 3 post
stimulation with rAAV pulsed or rAAV and CRISPR utilizing no viral proteins or E4orf6 and E1b55k
H373A.The AAVSI1 gene was utilized for TCR integration.

[00168] FIG. 135A and FIG. 135 B show FACS analysis of human T cells tranfected with rAAV encoding a
TCR on day 3 post stimulation with rAAV pulsed or rAAV and CRISPR utilizing no viral proteins or E4orf6
and E1b55k H373A.The CTLA4 gene was utilized for TCR integration.B shows FACs data of non-transfected
controls and a mini-circle only control.

[00169] FIG. 136 A and FIG. 136 B show expression data of human T cells transfected with rAAV encoding a
TCR on day 3 post stimulation. A. Summary of flow cytometric data of TCR expression on T cells with
genomic modifications of CTLA4, PD-1, AAVSI, or CISH as compared to control cells (NT). B. Flow data of
TCR expression of T cells with genomic modifications of CTLA4, PD-1, AAVSI, or CISH as compared to
control cells (NT).
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[00170] WO 2018/081476 F1G. 137 B show expression data of human T cells transfecﬁgll/vglslzl()rlﬂQS{Eﬁléding a
TCR on day 3 and day 7 post stimulation. A. Summary of flow cytometric data of TCR expression on T cells
with genomic modifications of CTLA4, PD-1, AAVSI, or CISH as compared to control cells (NT) on days 3
and 7. B. Flow data of TCR expression of T cells with genomic modifications of CTLA4, PD-1, AAVSI, or
CISH as compared to control cells (NT) on day 7 post stimulation.

[00171] FIG. 138 schematics of rAAV donor designs.

[00172] FIG. 139 shows TCR expression on day 14 post transduction with rAAV. Cells are also modified with
CRISPR to knock down PD-1 or CTLA-4. Data shows engineered cells as compared to non-transduced (NT)
cells.

[00173] FIG. 140 shows PD-1 and CTLA-4 expression after TCR knock-in with rAAV. FACs data on day 17
post transfection is shown.

[00174] FIG. 141A shows percent TCR expression for CRISPR and rAAYV engineered cells for multiple PBMC
donors. FIG. 141 B shows single nucleotide polymorphism (SNP) data for donors 91, 92, and 93.

[00175] FIG. 142 shows SNP frequency at PD-1, AAVSI, CISH, and CTLA-4 for multiple donors.

[00176] FIG. 143 shows data from an mTOR assay for cells engineered to express a TCR and have a CISH
knock out. Data summary is for day 3, 7, and 14 post electroporation.

[00177] FIG. 144 shows copy number of CISH as compared to reference control for T cells engineered to
express an exogenous TCR and have a CISH knock out using CRISPR and rAAYV.

[00178] FIG. 145 A shows ddPCR data for mTOR1 vs GAPDH control on days 3, 7, 14 post CISH KO. FIG.
145 B shows TCR expression on days 3, 7, 14 post CISH KO and TCR knock in via rAAV.

[00179] FIG. 146 A shows a summary of off-target (OT) analysis for the presence of Indels at PD-1. FIG. 146
B shows a summary of off-target analysis for the presence of Indels at CISH.

[00180] FIG. 147 A shows digital PCR primer and probe placement relative to the incorporated TCR. FIG.
147B shows digital PCR data showing the integrated TCR relative to a reference gene for untreated cells and
CRISPR CISH KO +rAAV modified cells.

[00181] FIG. 148A shows percent TCR integration by ddPCR in CISH KO cells. FIG. 148 B shows TCR
integration and protein expression on days 3, 7, and 14 post electroporation with CRISPR and transduction
with rAAV.

[00182] FIG. 149 shows digital PCR data showing the integrated TCR relative to a reference gene for untreated
cells and CRISPR CTLA-4 KO +rAAV modified cells.

[00183] FIG. 150 A shows percent TCR integration by ddPCR in CTLA-4 KO cells on days 3,7, and 14. FIG.
150 B shows shows TCR integration and protein expression on days 3, 7, and 14 post electroporation with
CRISPR CTLA-4 KO and transduction with rAAYV encoding an exogenous TCR.

[00184] FIG. 151 shows flow cytometry data for perfect TCR expression on days 3, 7, and 14 post transfection
with rAAV (small scale transfection with 2 x 10° cells and large scale transfection with 1 x 10° cells) and
electroporation with CRISPR.

[00185] FIG. 152 shows TCR expression by FACs analysis on day 14 post transduction with rAAV on CRISPR
treated cells (2 x 10° cells). Cells were also electroporated with CRISPR and guide RNAs against CTLA-4 or
PD-1.
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[00186] WO 2018/081476 percent TCR expression on day 14 post transduction with rRCT/US2017/058615.0 at

AAVSI, PD-1, CISH, or CTLA-4 for multiple PBMC donors.

[00187] FIG. 154 shows GUIDE-seq data at the CISH utilizing 8pmol double strand (ds) or 16 pmol ds donor
(ODN).

[00188] FIG. 155 A shows a vector map for a rAAYV vector encoding for an exogenous TCR with homology
arms to PD-1. FIG. 155 B shows shows a vector map for a rAAYV vector encoding for an exogenous TCR with
homology arms to PD-1 and an MND promoter.

[00189] FIG. 156 shows a comparison of a single cell PCR without the use of lysis buffer or with lysis buffer.
Cells were treated with CRISPR and have a knockout at the CISH gene.

[00190] FIG. 157 A shows a schematic showing a TCR knock in. FIG. 157 B shows a western blot of cells
with a rAAV TCR knock in.

[00191] FIG. 158 shows single cell PCR at the CISH locus on day 28 post transfection with CRISPR and anti-
CISH guide RNA. Cells were also transduced with rAAV encoding an exogenous TCR.

[00192] FIG. 159 A shows TCR expression on day 7 post transduction with rAAV encoding an exogernous
TCR. FIG. 159 B shows a western blot on day 7 post transduction with rAAV encoding an exogernous TCR.
[00193] FIG. 160 shows a schematic of HIF-1 and its involvement in metabolism.

DETAILED DESCRIPTION OF THE DISCLOSURE

[00194] The following description and examples illustrate embodiments of the present disclosure in detail. It is
to be understood that the present disclosure is not limited to the particular embodiments described herein and as
such can vary. Those of skill in the art will recognize that there are numerous variations and modifications of

the present disclosure, which are encompassed within its scope.

DEFINITIONS
[00195] The terms “AAV” or “recombinant AAV” or “rAAV” refer to adeno-associated virus of any of the
known serotypes, including AAV-1, AAV-2, AAV-3, AAV-4, AAV-5, AAV-6, AAV-7, AAV-8, AAV-9, AAV-
10, AAV-11, or AAV-12, self-complementary AAV (scAAV), rth10, or hybrid AAV, or any combination,
derivative, or variant thereof. AAV is a small non-eveloped single-stranded DNA virus. They are non-
pathogenic parvoviruses and may require helper viruses, such as adenovirus, herpes simplex virus, vaccinia virus,
and CMYV, for replication. Wild-type AAV is common in the general population, and is not associated with any
known pathologies. A hybrid AAV is an AAV comprising genetic material from an AAV and from a different
virus. A chimeric AAV is an AAV comprising genetic material from two or more AAV serotypes. An AAV
variant is an AAV comprising one or more amino acid mutations in its capsid protein as compared to its parental
AAV. AAV, as used herein, includes avian AAV, bovine AAV, canine AAV, equine AAV, primate AAV, non-
primate AAV, and ovine AAV, wherein primate AAV refers to AAV that infect non-primates, and wherein non-
primate AAV refers to AAV that infect non-primate animals, such as avian AAV that infects avian animals. In
some cases, the wild-type AAV contains rep and cap genes, wherein the rep gene is required for viral replication
and the cap gene is required for the synthesis of capsid proteins.
[00196] The terms “recombinant AAV vector” or “rAAV vector” or “AAYV vector” refer to a vector derived
from any of the AAV serotypes mentioned above. In some cases, an AAV vector may comprise one or more of
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the AA\WQ@Q%Q%&Z@ deleted in whole or part, such as the rep and/or cap genes, PCT/US2017/038615,a1
clements that are required for packaging and use of AAV virus for gene therapy. For example, functional
inverted terminal repeats or I'TR sequences that flank an open reading frame or exogenous sequences cloned in
are known to be important for replication and packaging of an AAYV virion, but the ITR sequences may be
modified from the wild-type nucleotide sequences, including insertions, deletions, or substitutions of
nucleotides, so that the AAV is suitable for use for the embodiments described herein, such as a gene therapy or
gene delivery system. In some aspects, a self-complementary vector (s¢) may be used, such as a self-
complementary AAV vector, which may bypass the requirement for viral second-strand DNA synthesis and
may lead to higher rate of expression of a transgene protein, as described in Wu, Hum Gene Ther. 2007,
18(2):171-82, incorporated by reference herein. In some aspects, AAV vectors may be generated to allow
selection of an optimal serotype, promoter, and transgene. In some cases, the vector may be targeted vector or a
modified vector that selectively binds or infects immune cells.

[00197] The terms “AAYV virion” or “rAAYV virion” refer to a virus particle comprising a capsid comprising at
least one AAV capsid protein that encapsidates an AAV vector as described herein, wherein the vector may
further comprise a heterologous polynucletide sequence or a transgene in some embodiments.

[00198] The term “about” and its grammatical equivalents in relation to a reference numerical value and its
grammatical equivalents as used herein can include a range of values plus or minus 10% from that value. For
example, the amount “about 10” includes amounts from 9 to 11. The term “about” in relation to a reference
numerical value can also include a range of values plus or minus 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or
1% from that value.

[00199] The term “activation™ and its grammatical equivalents as used herein can refer to a process whereby a
cell transitions from a resting state to an active state. This process can comprise a response to an antigen,
migration, and/or a phenotypic or genetic change to a functionally active state. For example, the term
“activation” can refer to the stepwise process of T cell activation. For example, a T cell can require at least two
signals to become fully activated. The first signal can occur after engagement of a TCR by the antigen-MHC
complex, and the second signal can occur by engagement of co-stimulatory molecules. Anti-CD3 can mimic
the first signal and anti-CD28 can mimic the second signal in vitro.

[00200] The term “adjacent” and its grammatical equivalents as used herein can refer to right next to the object
of reference. For example, the term adjacent in the context of a nucleotide sequence can mean without any
nucleotides in between. For instance, polynucleotide A adjacent to polynucleotide B can mean AB without any
nucleotides in between A and B.

[00201] The term “antigen” and its grammatical equivalents as used herein can refer to a molecule that contains
ong or more epitopes capable of being bound by one or more receptors. For example, an antigen can stimulate a
host's immune system to make a cellular antigen-specific immune response when the antigen is presented, or a
humoral antibody response. An antigen can also have the ability to elicit a cellular and/or humoral response by
itself or when present in combination with another molecule. For example, a tumor cell antigen can be
recognized by a TCR.

[00202] The term “epitope™ and its grammatical equivalents as used herein can refer to a part of an antigen that

can be recognized by antibodies, B cells, T cells or engineered cells. For example, an epitope can be a cancer
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epitope ﬁ&?%%%@g&fﬁ by a TCR. Multiple epitopes within an antigen can also b® EILQIS}LQU/ 0§§§1§pitope

can also be mutated.

[00203] The term “autologous™ and its grammatical equivalents as used herein can refer to as originating from
the same being. For example, a sample (e.g., cells) can be removed, processed, and given back to the same
subject (e.g., patient) at a later time. An autologous process is distinguished from an allogenic process where
the donor and the recipient are different subjects.

[00204] The term “barcoded to™ refers to a relationship between molecules where a first molecule contains a
barcode that can be used to 1dentify a second molecule.

[00205] The term “cancer” and its grammatical equivalents as used herein can refer to a hyperproliferation of
cells whose unique trait—loss of normal controls—results in unregulated growth, lack of differentiation, local
tissue invasion, and metastasis. With respect to the inventive methods, the cancer can be any cancer, including
any of acute lymphocytic cancer, acute myeloid leukemia, alveolar rhabdomyosarcoma, bladder cancer, bone
cancer, brain cancer, breast cancer, cancer of the anus, anal canal, rectum, cancer of the eye, cancer of the
intrahepatic bile duct, cancer of the joints, cancer of the neck, gallbladder, or pleura, cancer of the nose, nasal
cavity, or middle ear, cancer of the oral cavity, cancer of the vulva, chronic lymphocytic leukemia, chronic
myeloid cancer, colon cancer, esophageal cancer, cervical cancer, fibrosarcoma, gastrointestinal carcinoid
tumor, Hodgkin lymphoma, hypopharynx cancer, kidney cancer, larynx cancer, leukemia, liquid tumors, liver
cancer, lung cancer, lymphoma, malignant mesothelioma, mastocytoma, melanoma, multiple myeloma,
nasopharynx cancer, non-Hodgkin lymphoma, ovarian cancer, pancreatic cancer, peritoneum, omentum, and
mesentery cancer, pharynx cancer, prostate cancer, rectal cancer, renal cancer, skin cancer, small intestine
cancer, soft tissue cancer, solid tumors, stomach cancer, testicular cancer, thyroid cancer, ureter cancer, and/or
urinary bladder cancer. As used herein, the term “tumor” refers to an abnormal growth of cells or tissues, e.g.,
of malignant type or benign type.

[00206] The term “cancer neo-antigen™ or “neo-antigen” or “neo-epitope” and its grammatical equivalents as
used herein can refer to antigens that are not encoded in a normal, non-mutated host genome. A “neo-antigen”
can in some instances represent either oncogenic viral proteins or abnormal proteins that arise as a consequence
of somatic mutations. For example, a neo-antigen can arise by the disruption of cellular mechanisms through
the activity of viral proteins. Another example can be an exposure of a carcinogenic compound, which in some
cases can lead to a somatic mutation. This somatic mutation can ultimately lead to the formation of a
tumor/cancer.

[00207] The term “cytotoxicity” as used in this specification, refers to an unintended or undesirable alteration in
the normal state of a cell. The normal state of a cell may refer to a state that is manifested or exists prior to the
cell's exposure to a cytotoxic composition, agent and/or condition. Generally, a cell that is in a normal state is
ong that is in homeostasis. An unintended or undesirable alteration in the normal state of a cell can be
manifested in the form of, for example, cell death (e.g., programmed cell death), a decrease in replicative
potential, a decrease in cellular integrity such as membrane integrity, a decrease in metabolic activity, a
decrease in developmental capability, or any of the cytotoxic effects disclosed in the present application.
[00208] The phrase “reducing cytotoxicity” or “reduce cytotoxicity” refers to a reduction in degree or frequency
of unintended or undesirable alterations in the normal state of a cell upon exposure to a cytotoxic composition,

agent and/or condition. The phrase can refer to reducing the degree of cytotoxicity in an individual cell that is
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exposedw,qt %91&9%3 zq,mposition, agent and/or condition, or to reducing the numb& &Y/ \I,]usuzookl,z/‘??ﬁﬁylgation

that exhibit cytotoxicity when the population of cells is exposed to a cytotoxic composition, agent and/or
condition.

[00209] The term “engineered” and its grammatical equivalents as used herein can refer to one or more
alterations of a nucleic acid, e.g., the nucleic acid within an organism’s genome. The term “engineered” can
refer to alterations, additions, and/or deletion of genes. An engineered cell can also refer to a cell with an
added, deleted and/or altered gene.

[00210] The term “cell” or “engineered cell” or “genctically modified cell” and their grammatical equivalents as
used herein can refer to a cell of human or non-human animal origin. The terms “engineered cell” and
“genetically modified cell” are used interchangeably herein.

[00211] The term “checkpoint gene™ and its grammatical equivalents as used herein can refer to any gene that is
involved in an inhibitory process (e.g., feedback loop) that acts to regulate the amplitude of an immune
response, for example, an immune inhibitory feedback loop that mitigates uncontrolled propagation of harmful
responses (¢.g., CTLA-4, and PD-1). These responses can include contributing to a molecular shield that
protects against collateral tissue damage that might occur during immune responses to infections and/or
maintenance of peripheral self-tolerance. Non-limiting examples of checkpoint genes can include members of
the extended CD28 family of receptors and their ligands as well as genes involved in co-inhibitory pathways
(e.g., CTLA-4, and PD-1). The term “checkpoint gene” can also refer to an immune checkpoint gene.

[00212] A “CRISPR,” “CRISPR system,” or “CRISPR nuclease system” and their grammatical equivalents can
include a non-coding RNA molecule (e.g., guide RNA) that binds to DNA and Cas proteins (e.g., Cas9) with
nuclease functionality (e.g., two nuclease domains). See, e.g., Sander, J.D., ef al., “CRISPR-Cas systems for
editing, regulating and targeting genomes,” Nature Biotechnology, 32:347-355 (2014); see also e.g., Hsu, P.D.,
et al., “Development and applications of CRISPR-Cas9 for genome engineering,” Cell 157(6):1262-1278
(2014).

[00213] The term “disrupting” and its grammatical equivalents as used herein can refer to a process of altering a
gene, e.g., by cleavage, deletion, insertion, mutation, rearrangement, or any combination thereof. A disruption
can result in the knockout or knockdown of protein expression. A knockout can be a complete or partial
knockout. For example, a gene can be disrupted by knockout or knockdown. Disrupting a gene can partially
reduce or completely suppress expression of a protein encoded by the gene. Disrupting a gene can also cause
activation of a different gene, for example, a downstream gene. In some cases, the term “disrupting” can be
used interchangeably with terms such as suppressing, interrupting, or engineering.

[00214] The term “function” and its grammatical equivalents as used herein can refer to the capability of
operating, having, or serving an intended purpose. Functional can comprise any percent from baseline to 100%
of normal function. For example, functional can comprise or comprise about 5, 10, 15, 20, 25, 30, 35, 40, 45,
50,55, 60, 65, 70, 75, 80, 85, 90, 95, and/or 100% of normal function. In some cases, the term functional can
mean over or over about 100% of normal function, for example, 125, 150, 175, 200, 250, 300% and/or above
normal function.

[00215] The term “gene editing” and its grammatical equivalents as used herein can refer to genetic engineering
in which one or more nucleotides are inserted, replaced, or removed from a genome. Gene editing can be

performed using a nuclease (e.g., a natural-existing nuclease or an artificially engineered nuclease).
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[00216] WO 2018/081476 o0 and its grammatical equivalents as used herein can 1nclggj{y§393ﬂﬂ§§ﬂ§,

deletion, and insertion of one or more nucleotides in a polynucleotide. For example, upto 1, 2,3,4,5,6,7, 8,
9,10, 11, 12, 13, 14, 15, 20, 25, 30, 40, 50, or more nucleotides/amino acids in a polynucleotide (¢cDNA, gene)
or a polypeptide sequence can be substituted, deleted, and/or inserted. A mutation can affect the coding
sequence of a gene or its regulatory sequence. A mutation can also affect the structure of the genomic sequence
or the structure/stability of the encoded mRNA.

[00217] The term “non-human animal™ and its grammatical equivalents as used herein can include all animal
species other than humans, including non-human mammals, which can be a native animal or a genetically
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modified non-human animal. The terms “nucleic acid,” “polynucleotide,” “polynucleic acid,” and
“oligonucleotide™ and their grammatical equivalents can be used interchangeably and can referto a
deoxyribonucleotide or ribonucleotide polymer, in linear or circular conformation, and in either single- or
double-stranded form. For the purposes of the present disclosure, these terms should not to be construed as
limiting with respect to length. The terms can also encompass analogues of natural nucleotides, as well as
nucleotides that are modified in the base, sugar and/or phosphate moieties (e.g., phosphorothioate backbones).
Modifications of the terms can also encompass demethylation, addition of CpG methylation, removal of
bacterial methylation, and/or addition of mammalian methylation. In general, an analogue of a particular
nucleotide can have the same base-pairing specificity, i.e., an analogue of A can base-pair with T.

[00218] The term “peripheral blood lymphocytes” (PBL) and its grammatical equivalents as used herein can
refer to lymphocytes that circulate in the blood (e.g., peripheral blood). Peripheral blood lymphocytes can refer
to lymphocytes that are not localized to organs. Peripheral blood lymphocytes can comprise T cells, NK cells,
B cell, or any combinations thereof.

[00219] The term “phenotype” and its grammatical equivalents as used herein can refer to a composite of an
organism's observable characteristics or traits, such as its morphology, development, biochemical or
physiological properties, phenology, behavior, and products of behavior. Depending on the context, the term
“phenotype” can sometimes refer to a composite of a population’s observable characteristics or traits.

[00220] The term “protospacer” and its grammatical equivalents as used herein can refer to a PAM-adjacent
nucleic acid sequence capable to hybridizing to a portion of a guide RNA, such as the spacer sequence or
engineered targeting portion of the guide RNA.. A protospacer can be a nucleotide sequence within gene,
genome, or chromosome that is targeted by a guide RNA. In the native state, a protospacer is adjacent to a PAM
(protospacer adjacent motif). The site of cleavage by an RNA-guided nuclease is within a protospacer sequence.
For example, when a guide RNA targets a specific protospacer, the Cas protein will generate a double strand
break within the protospacer sequence, thereby cleaving the protospacer. Following cleavage, disruption of the
protospacer can result though non-homologous end joining (NHEJ) or homology-directed repair (HDR).
Disruption of the protospacer can result in the deletion of the protospacer. Additionally or alternatively,
disruption of the protospacer can result in an exogenous nucleic acid sequence being inserted into or replacing
the protospacer.

[00221] The term “recipient” and their grammatical equivalents as used herein can refer to a human or non-
human animal. The recipient can also be in need thereof.

[00222] The term “recombination” and its grammatical equivalents as used herein can refer to a process of

exchange of genetic information between two polynucleic acids. For the purposes of this disclosure,
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place, for example, during repair of double-strand breaks. This process can require nucleotide sequence
homology, for example, using a donor molecule to template repair of a target molecule (e.g., a molecule that
experienced the double-strand break), and is sometimes known as non-crossover gene conversion or short tract
gene conversion. Such transfer can also involve mismatch correction of heteroduplex DNA that forms between
the broken target and the donor, and/or synthesis-dependent strand annealing, in which the donor can be used to
resynthesize genetic information that can become part of the target, and/or related processes. Such specialized
HR can often result in an alteration of the sequence of the target molecule such that part or all of the sequence
of the donor polynucleotide can be incorporated into the target polynucleotide. In some cases, the terms
“recombination arms” and “homology arms™ can be used interchangeably.

[00223] The terms “target vector” and “targeting vector” are used interchangeably herein.

[00224] The term “transgene” and its grammatical equivalents as used herein can refer to a gene or genetic
material that is transferred into an organism. For example, a transgene can be a stretch or segment of DNA
containing a gene that is introduced into an organism. When a transgene is transferred into an organism, the
organism is then referred to as a transgenic organism. A transgene can retain its ability to produce RNA or
polypeptides (e.g., proteins) in a transgenic organism. A transgene can be composed of different nucleic acids,
for example RNA or DNA. A transgene may encode for an engineered T cell receptor, for example a TCR
transgene. A transgene may comprise a TCR sequence. A transgene can comprise recombination arms. A
transgene can comprise engineered sites.

[00225] The term “T cell” and its grammatical equivalents as used herein can refer to a T cell from any origin.
For example, a T cell can be a primary T cell, e.g., an autologous T cell, a cell line, etc. The T cell can also be
human or non-human.

[00226] The term “TIL” or tumor infiltrating lymphocyte and its grammatical equivalents as used herein can
refer to a cell isolated from a tumor. For example, a TIL can be a cell that has migrated to a tumor. A TIL can
also be a cell that has infiltrated a tumor. A TIL can be any cell found within a tumor. For example, a TIL can
be a T cell, B cell, monocyte, natural killer cell, or any combination thereof. A TIL can be a mixed population
of cells. A population of TILs can comprise cells of different phenotypes, cells of different degrees of
differentiation, cells of different lineages, or any combination thereof.

[00227] A “therapeutic effect” may occur if there is a change in the condition being treated. The change may be
positive or negative. For example, a ‘positive effect” may correspond to an increase in the number of activated
T-cells in a subject. In another example, a ‘negative effect” may correspond to a decrease in the amount or size
of a tumor in a subject. There is a “change” in the condition being treated if there is at least 10% improvement,
preferably at least 25%, more preferably at least 50%, even more preferably at least 75%, and most preferably
100%. The change can be based on improvements in the severity of the treated condition in an individual, or on
a difference in the frequency of improved conditions in populations of individuals with and without treatment
with the therapeutic compositions with which the compositions of the present invention are administered in
combination. Similarly, a method of the present disclosure may comprise administering to a subject an amount
of cells that is “therapeutically effective”. The term “therapeutically effective” should be understood to have a

definition corresponding to ‘having a therapeutic effect’.
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can refer to a location within a genome that can be used for integrating exogenous nucleic acids wherein the
integration does not cause any significant effect on the growth of the host cell by the addition of the nucleic acid
alone. Non-limiting examples of safe harbors can include HPRT, AAVS SITE (E.G. AAVSI1, AAVS2, ETC),
CCR35, or Rosa26. For example, the human parvovirus, AAV, is known to integrate preferentially into human
chromosome 19 q13.3-qter, or the AAVSI locus. Integration of a gene of interest at the AAVS] locus can
support stable expression of a transgene in various cell types. In some cases, a nuclease may be engineered to
target generation of a double strand break at the AAVSI locus to allow for integration of a transgene at the
AAVSI1 locus or to facilitate homologous recombination at the AAVS1 locus for integrating an exogenous
nucleic acid sequence at the AAVSI site, such as a transgene, a cell receptor, or any gene of interest as
disclosed herein. In some cases, an AAV viral vector is used to deliver a transgene for integration at the
AAVSI1 site with or without an exogenous nuclease.
[00229] The term “sequence” and its grammatical equivalents as used herein can refer to a nucleotide sequence,
which can be DNA or RNA; can be linear, circular or branched; and can be either single-stranded or double
stranded. A sequence can be mutated. A sequence can be of any length, for example, between 2 and 1,000,000
or more nucleotides in length (or any integer value there between or there above), e.g., between about 100 and
about 10,000 nucleotides or between about 200 and about 500 nucleotides.
[00230] The term “viral vector” refers to a gene transfer vector or a gene delivery system drived from a virus.
Such vector may be constructed using recombinant techniques known in the art. In some aspects, the virus for
deriving such vector is selected from adeno-associated virus (AAV), helper-dependent adenovirus, hybrid
adenovirus, Epstein-Bar virus, retrovirus, lentivirus, herpes simplex virus, hemmaglutinating virus of Japan
(HV]J), Moloney murine leukemia virus, poxvirus, and HIV-based virus.

OVERVIEW
[00231] Disclosed herein are methods of producing a population of genetically modified cells. In some cases, at
least one method comprises providing a population of cells from a human subject. In some cases, at least one
method comprises modifying (e.g., ex vivo) at least one cell in said population of cells by introducing at least a
break in at least one gene (¢.g., Cytokine Inducible SH2 Containing Protein (CISH) gene and/or a T cell
receptor (TCR) gene). In some cases, a break may suppress said at least one gene protein function (e.g.,
suppress CISH and/or TCR protein function). In some cases, a gene suppression can be partial or complete. In
some cases, a break is introduced using a clustered regularly interspaced short palindromic repeats (CRISPR)
system and/or a guide polynucleic acid. In some cases, a break is introduced using a CRISPR system
comprising a nuclease and/or a guide polynucleic acid. In some cases, a break is introduced using a nuclease or
a polypeptide comprising a nuclease and/or a guide polynucleic acid. In some cases, a guide polynucleic acid
specifically binds to at least one gene (e.g., CISH and/or TCR) in at least one cell or in a plurality of cells. In
some cases, an adeno-associated virus (AAV) vector is introduced to at least one cell in said population of cells.
In some cases, said AAV comprises at least one exogenous transgene encoding a T cell receptor (TCR). In
some cases, said AAYV integrates said exogenous transgene into the genome of said at least one cell. In some
cases, said AAV is introduced after, at the same time, or before a CRISPR system and/or a guide polynucleic
acid and/or a nuclease or polypeptide encoding a nuclease. In some cases, at least one exogenous transgene can

be integrated into the genome of at least one cell using a minicircle vector. In some cases, said at least one
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integrated randomly and/or site specific in said genome. In some cases, said at least one exogenous transgene is
integrated at least once in said genome. In some cases, integrating said at least one exogenous transgene using
an AAYV vector reduces cellular toxicity compared to using a minicircle vector in a comparable cell. In some
cases, said population of cells comprises at least about 90% viable cells at about 4 days after introducing said
AAYV vector. In some cases, cell viability is measured by fluorescence-activated cell sorting (FACS). In some
cases, at least about 10% of the cells in said population of genetically modified cells expresses said at least one
exogenous transgene. In some cases, said AAV vector comprises a modified AAV.

[00232] Disclosed herein are methods of treating cancer in a human subject. In one case, a method comprises
administering a therapeutically effective amount of a population of ex vivo genetically modified cells to a
human subject. In some cases, at least one of said ex vivo genetically modified cells comprises a genomic
alteration in at least one gene (¢.g., Cytokine Inducible SH2 Containing Protein (CISH) gene and/or TCR). In
some cases, said genomic alteration results in suppression (e.g., partial or complete) of said at least one gene
(e.g., CISH and/or TCR) protein function in said at least one ex vivo genetically modified cell. In some cases,
said genomic alteration is introduced by a clustered regularly interspaced short palindromic repeats (CRISPR)
system. In some cases, said at least one ex vivo genetically modified cell further comprises an exogenous
transgene encoding a T cell receptor (TCR). In some cases, said exogenous transgene is introduced into the
genome of said at least one genetically modified cell by an adeno-associated virus (AAV) vector. In some cases,
administering a therapeutically effective amount of said population of genetically modified cells treats cancer or
ameliorates at least one symptom of cancer in a human subject. In some cases, said AAV vector comprises a
modified AAV.

[00233] Disclosed herein are ex vivo populations of genetically modified cells. In one case, an ex vivo
population of genetically modified cells comprises an exogenous genomic alteration in at least one gene (e.g.,
Cytokine Inducible SH2 Containing Protein (CISH) gene and/or TCR gene). In some cases, said genomic
alteration suppresses said at least one gene (¢.g., CISH and/or TCR) protein function in at least one genetically
modified cell. In some cases, said population further comprises an adeno-associated virus (AAV) vector. In
some cases, said population comprises a minicircle vector rather than an AAV vector. In some cases, said AAV
vector (or minicircle vector) comprises at least one exogenous transgene. In some cases, said exogenous
transgene encodes a T cell receptor (TCR) for insertion into the genome of said at least one genetically
modified cell. In some cases, said AAV vector comprises a modified AAV. In some cases, said AAV vector
comprises an unmodified or wild type AAV. In some cases, a therapeutically effective amount of said
population is administered to a subject to treat or ameliorate cancer. In some cases, said therapeutically
effective amount of said population comprises a lower number of cells compared to the number of cells required
to provide the same therapeutic effect produced from a corresponding unmodified or wild-type AAV vector or
from a minicircle, respectively.

[00234] Disclosed herein are systems for introducing at least one exogenous transgene to a cell. In some cases, a
system comprises a nuclease or a polynucleotide encoding said nuclease. In some cases, said system further
comprises an adeno-associated virus (AAV) vector. In some cases, said nuclease or polynucleotide encoding
said nuclease introduces a double strand break in at least one gene (e.g., a Cytokine Inducible SH2 Containing

Protein (CISH) gene and/or TCR gene) of at least one cell. In some cases, said AAV vector introduces at least
27-



one eon’&Q,&Q Iﬁ{ﬁ%ﬂg into the genome of said cell. In some cases, said at least onE‘EATégé%Q&Z/ Qgﬁg}jne

encodes a T cell receptor (TCR). In some cases, the system comprises a minicircle vector rather than an AAV
vector. In some cases, said minicircle vector introduces at least one exogenous transgene into the genome of a
cell. In some cases, said system has higher efficiency of introduction of said transgene into said genome and
results in lower cellular toxicity compared to a similar system comprising a minicircle and said nuclease or
polynucleotide encoding said nuclease, wherein said minicircle introduces said at least one exogenous transgene
into said genome. In some cases, said AAV vector comprises a modified AAV. In some cases, said AAV vector
comprises an unmodified or wild type AAV.

[00235] Disclosed herein are methods of treating cancer in a human subject. In one case, a method of treating
cancer comprises modifying, ex vivo, at least one gene (e.g., Cytokine Inducible SH2 Containing Protein
(CISH) gene and/or a TCR gene) in a population of cells from a human subject. In some cases, said modifying
comprises using a clustered regularly interspaced short palindromic repeats (CRISPR) system. In some cases,
said modifying comprises using a guide polynucleic acid and/or a nuclease or a polypeptide comprising a
nuclease. In some cases, said CRISPR system (or said guide polynucleic acid and/or a nuclease or a polypeptide
comprising a nuclease) introduces a double strand break in said at least one gene (e.g., CISH gene and/or TCR
gene ) to generate a population of engineered cells. In some cases, said method further comprises introducing a
cancer-responsive receptor into said population of engineered cells. In some cases, said introducing comprises
using an adeno-associated viral gene delivery system to integrate at least one exogenous transgene at said
double strand break, thereby generating a population of cancer-responsive cells. In some cases, said introducing
comprises using a minicircle non-viral gene delivery system to integrate at least one exogenous transgene at
said double strand break, thereby generating a population of cancer-responsive cells. In some cases, said adeno-
associated viral gene delivery system comprises an adeno-associated virus (AAV) vector. In some cases, said
method further comprises administering a therapeutically effective amount of said population of cancer-
responsive cells to said subject. In some cases, said AAV vector comprises a modified AAV. In some cases,
said AAV vector comprises an unmodified or wild type AAV. In some cases, a therapeutically effective amount
of said population of cancer-responsive cells is administered to a subject to treat or ameliorate cancer. In some
cases, said therapeutically effective amount of said population of cancer-responsive cells comprises a lower
number of cells compared to the number of cells required to provide the same therapeutic effect produced from
a corresponding unmodified or wild-type AAV vector or from a minicircle, respectively.

[00236] Disclosed herein are methods of making a genetically modified cell. In one case, a method comprises
providing a population of host cells. In some cases, the method comprises introducing a modified adeno-
associated virus (AAV) vector and a clustered regularly interspaced short palindromic repeats (CRISPR)
system. In some cases, the method comprises introducing a minicircle vector and a clustered regularly
interspaced short palindromic repeats (CRISPR) system. In some cases, the CRISPR system comprises a
nuclease or a polynucleotide encoding said nuclease. In some cases, said nuclease introduces a break in at least
one gene (Cytokine Inducible SH2 Containing Protein (CISH) gene and/or TCR gene). In some cases, said
AAYV vector introduces an exogenous nucleic acid. In some cases, said minicircle vector introduces an
exogenous nucleic acid. In some cases, said exogenous nucleic acid is introduced at said break. In some
embodiments using said AAV vector for integrating said at least one exogenous transgene reduces cellular

toxicity compared to using a minicircle vector for integrating said at least one exogenous transgene in a
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comparable population of host cells to which said CRISPR system and a corresponding unmodified or wild-
type AAV vector have been introduced.

[00237] Disclosed herein are methods of producing a population of genetically modified tumor infiltrating
lymphocytes (TILs). In one case, a method comprises providing a population of TILs from a human subject. In
some cases, the method comprises electroporating, ex vivo, said population of TILs with a clustered regularly
interspaced short palindromic repeats (CRISPR) system. In some cases, said CRISPR system comprises a
nuclease or a polynucleotide encoding said nuclease and at least one guide polynucleic acid (e.g., guide
ribonucleic acid (gRNA)). In some cases, said CRISPR system comprises a nuclease or a polynucleotide
encoding said nuclease comprising a guide ribonucleic acid (gRNA). In some cases, said gRNA comprises a
sequence complementary to at least one gene (Cytokine Inducible SH2 Containing Protein (CISH) gene and/or
TCR). In some cases, said at least one gRNA comprises a gRNA comprising a sequence complementary to a
first gene (¢.g., Cytokine Inducible SH2 Containing Protein (CISH) gene) and a gRNA comprising a sequence
complementary to a second gene (¢.g., T cell receptor (TCR) gene). In some cases, said nuclease or
polynucleotide encoding said nuclease introduces a double strand break in said at least one gene (¢.g., CISH
gene and/or TCR) of at least one TIL in said population of TILs. In some cases, said nuclease or polynucleotide
encoding said nuclease introduces a double strand break in said first gene (e.g., CISH gene) and/or of said
second gene (e.g., TCR gene) of at least one TIL in said population of TILs. In some cases, said nuclease is
Cas9 or said polynucleotide encodes Cas9. In some cases, the method further comprises introducing an adeno-
associated virus (AAV) vector to said at least one TIL in said population of TILs. In some cases, said
introducing comprises about 1 hour to about 4 days after the electroporation of said CRISPR system. In some
cases, said AAV vector is introduced at some time later than about 1 hour after the electroporation with said
CRISPR system (e.g., 10 hours after, 1 day after, 2 days after, 5 days after, 10 days after, 30 days after, one
month after, two months after said electroporation with said CRISPR system, and so on). In some cases, said
AAYV vector is introduced before the electroporation with said CRISPR system (e.g., 30 minutes, 1 hr, 2 hr, 5
hr, 10 hr, 18 hr, 1 day, 2 days, 3 days, 5 days, 8 days, 10 days, 30 days, one month, two months before said
clectroporation with said CRISPR system, and so on). In some cases, said introducing integrates at least one
exogenous transgene into said double strand break or into at least one of said double strand break. In some
cases, said at least one exogenous transgene encodes a T cell receptor (TCR). In some cases, said AAV vector
comprises a modified AAV. In some cases, said AAV vector comprises an unmodified or wild type AAV.
[00238] In some cases, any of the methods and/or any of the systems disclosed herein can further comprise a
nuclease or a polypeptide encoding a nuclease. In some cases, any of the methods and/or any of the systems
disclosed herein can further comprise a guide polynucleic acid. In some cases, any of the methods and/or any of
the systems disclosed herein can comprise electroporation and/or nucleofection.

Cells

[00239] Compositions and methods disclosed herein can utilize cells. Cells can be primary cells. Primary cells
can be primary lymphocytes. A population of primary cells can be a population of primary lymphocytes. Cells
can be recombinant cells. Cells can be obtained from a number of non-limiting sources, including peripheral
blood mononuclear cells, bone marrow, lymph node tissue, cord blood, thymus tissue, tissue from a site of

infection, ascites, pleural effusion, spleen tissue, and tumors. For example, any T cell lines can be used.
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patient diagnosed with an infection. In another case, the cell can be part of a mixed population of cells which
present different phenotypic characteristics. A cell can also be obtained from a cell therapy bank. Disrupted
cells resistant to an immunosuppressive treatment can be obtained. A desirable cell population can also be
selected prior to modification. A selection can include at least one of: magnetic separation, flow cytometric
selection, antibiotic selection. The one or more cells can be any blood cells, such as peripheral blood
mononuclear cell (PBMC), lymphocytes, monocytes or macrophages. The one or more cells can be any
immune cells such as lymphocytes, B cells, or T cells. Cells can also be obtained from whole food, apheresis, or
a tumor sample of a subject. A cell can be a tumor infiltrating lymphocytes (TIL). In some cases an apheresis
can be a leukapheresis. Leukapheresis can be a procedure in which blood cells are isolated from blood. During a
leukapheresis, blood can be removed from a needle in an arm of a subject, circulated through a machine that
divides whole blood into red cells, plasma and lymphocytes, and then the plasma and red cells are returned to
the subject through a needle in the other arm. In some cases, cells are isolated after an administration of a
treatment regime and cellular therapy. For example, an apheresis can be performed in sequence or concurrent
with a cellular administration. In some cases, an apheresis is performed prior to and up to about 6 weeks
following administration of a cellular product. In some cases, an apheresis is performed -3 weeks, -2 weeks, -1
week, 0, 1 week, 2 weeks, 3 weeks, 4 weeks, 1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 7
months, 8 months, 9 months, 10 months, 11 months, 1 year, 2 years, 3 years, 4 years, 5 years, 6 years, 7 years, 8
years, 9 years, or up to about 10 years after an administration of a cellular product. In some cases, cells acquired
by an apheresis can undergo testing for specific lysis, cytokine release, metabolomics studies, bioenergetics
studies, intracellular FACs of cytokine production, ELISA-spot assays, and lymphocyte subset analysis. In
some cases, samples of cellular products or apheresis products can be cryopreserved for retrospective analysis
of infused cell phenotype and function.

[00240] Disclosed herein are compositions and methods useful for performing an intracellular genomic
transplant. Exemplary methods for genomic transplantation are described in PCT/US2016/044858, which is
hereby incorporated by reference in its entirety . An intracellular genomic transplant may comprise genetically
modifying cells and nucleic acids for therapeutic applications. The compositions and methods described
throughout can use a nucleic acid-mediated genetic engineering process for delivering a tumor-specific TCR in
a way that improves physiologic and immunologic anti-tumor potency of an engineered cell. Effective adoptive
cell transfer-based immunotherapies (ACT) can be useful to treat cancer (e.g., metastatic cancer) patients. For
example, autologous peripheral blood lymphocytes (PBL) can be modified using viral or non-viral methods to
express a transgene such as a T Cell Receptors (TCR) that recognize unique mutations, neo-antigens, on cancer
cells and can be used in the disclosed compositions and methods of an intracellular genomic transplant. A
Neoantigen can be associated with tumors of high mutational burden, FIG. 58.

[00241] Cells can be genetically modified or engineered. Cells (e.g., genetically modified or engineered cells)
can be grown and expanded in conditions that can improve its performance once administered to a patient. The
engineered cell can be selected. For example, prior to expansion and engineering of the cells, a source of cells
can be obtained from a subject through a variety of non-limiting methods. Cells can be obtained from a number
of non-limiting sources, including peripheral blood mononuclear cells, bone marrow, lymph node tissue, cord

blood, thymus tissue, tissue from a site of infection, ascites, pleural effusion, spleen tissue, and tumors. For
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patient diagnosed with cancer, or from a patient diagnosed with an infection. In another case, the cell can be
part of a mixed population of cells which present different phenotypic characteristics. A cell line can also be
obtained from a transformed T- cell according to the method previously described. A cell can also be obtained
from a cell therapy bank. Modified cells resistant to an immunosuppressive treatment can be obtained. A
desirable cell population can also be selected prior to modification. An engineered cell population can also be
selected after modification.

[00242] In some cases, the engineered cell can be used in autologous transplantation. Alternatively, the
engineered cell can be used in allogeneic transplantation. In some cases, the engineered cell can be
administered to the same patient whose sample was used to identify the cancer-related target sequence and/or a
transgene (¢.g., a TCR transgene). In some cases, the engineered cell can be administered to a patient different
from the patient whose sample was used to identify the cancer-related target sequence and/or a transgene (¢.g., a
TCR transgene). One or more homologous recombination enhancers can be introduced with cells of the present
disclosure. Enhancers can facilitate homology directed repair of a double strand break. Enhancers can facilitate
integration of a transgene (¢.g., a TCR transgene) into a cell of the present disclosure. An enhancer can block
non-homologous end joining (NHEJ) so that homology directed repair of a double strand break occurs
preferentially.

[00243] One or more cytokines can be introduced with cells of the present disclosure. Cytokines can be utilized
to boost cytotoxic T lymphocytes (including adoptively transferred tumor-specific cytotoxic T lymphocytes) to
expand within a tumor microenvironment. In some cases, IL-2 can be used to facilitate expansion of the cells
described herein. Cytokines such as IL-15 can also be employed. Other relevant cytokines in the field of
immunotherapy can also be utilized, such as IL-2, IL-7, IL-12, IL-15, IL-21, or any combination thereof. In
some cases, IL-2, IL-7, and IL-15 are used to culture cells of the invention.

[00244] In some cases, cells can be treated with agents to improve in vivo cellular performance, for example, S-
2-hydroxyglutarate (S-2HG). Treatment with S-2HG can improve cellular proliferation and persistence in vivo
when compared to untreated cells. S-2HG also can improve anti-tumor efficacy in treated cells compared to
cells not treated with S-2HG. In some cases, treatment with S-2HG can result in increased expression of
CD62L. In some cases, cells treated with S-2HG can express higher levels of CD127, CD44, 4-1BB, Eomes
compared to untreated cells. In some cases, cells treated with S-2HG can have reduced expression of PD-1
when compared to untreated cells. Increased levels of CD127, CD44, 4-1BB, and Eomes can be from about 5%
to about 700% when compared to untreated cells, for example, from about 5%, 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, 100%, 150%, 200%, 250%, 300%, 350%, 400%, 450%, 500%, or up to a 700% increase
in expression of CD127, CD44, 4-1BB, and Eomes in cells treated with S-2HG. In some cases, cells treated
with S-2HG can have from about 5% to about 700% increased cellular expansion and/or proliferation when
compared to untreated cells as measured by flow cytometry analysis, ¢.g., from about 5%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 200%, 250%, 300%, 350%, 400%, 450%, 500%, or up to
700% increased cellular expansion and/or proliferation when compared to untreated cells as measured by flow

cytometry analysis.
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concentration can be from about 10 uM, 20 uM, 30 uM, 40 uM, 50 uM, 60 uM, 70 uM, 80 uM, 90 uM, 100
UM, 150 M, 200 pM, 250 pM, 300 uM, 350 pM, 400 uM, 450 pM, or up to 500 pM.

[00246] Cytotoxicity may generally refer to the quality of a composition, agent, and/or condition (e.g.,
exogenous DNA) being toxic to a cell. In some aspects, the methods of the present disclosure
generally relate to reduce the cytotoxic effects of exogenous DNA introduced into one or more cells
during genetic modification. In some cases, cytotoxicity, or the effects of a substance being cytotoxic
to a cell, can comprise DNA cleavage, cell death, autophagy, apoptosis, nuclear condensation, cell
lysis, necrosis, altered cell motility, altered cell stiffness, altered cytoplasmic protein expression,
altered membrane protein expression, undesired cell differentiation, swelling, loss of membrane
integrity, cessation of metabolic activity, hypoactive metabolism, hyperactive metabolism, increased
reactive oxygen species, cytoplasmic shrinkage, production of pro-inflammatory cytokines (e.g., as a
product of a DNA sensing pathway) or any combination thereof. Non-limiting examples of pro-
inflammatory cytokines include interleukin 6 (IL-6), interferon alpha (IFNa), interferon beta (IFNp),
C-C motif ligand 4 (CCL4), C-C motif ligand 5 (CCLS), C-X-C motif ligand 10 (CXCL10),
interleukin 1 beta (IL-1P), IL-18 and IL-33. In some cases, cytotoxicity may be affected by
introduction of a polynucleic acid, such as a transgene or TCR. A change in cytotoxicity can be measured
in any of a number of ways known in the art. In some cases, a change in cytotoxicity can be assessed based on a
degree and/or frequency of occurrence of cytotoxicity-associated effects, such as cell death or undesired cell
differentiation. In some cases, reduction in cytotoxicity is assessed by measuring amount of cellular toxicity
using assays known in the art, which include standard laboratory techniques such as dye exclusion, detection of
morphologic characteristics associated with cell viability, injury and/or death, and measurement of enzyme
and/or metabolic activities associated with the cell type of interest.

[00247] In some cases, cells to undergo genomic transplant can be activated or expanded by co-culturing with
tissue or cells. A cell can be an antigen presenting cell. An artificial antigen presenting cells (aAPCs) can
express ligands for T cell receptor and costimulatory molecules and can activate and expand T cells for transfer,
while improving their potency and function in some cases. An aAPC can be engineered to express any gene for
T cell activation. An aAPC can be engineered to express any gene for T cell expansion. An aAPC can be a
bead, a cell, a protein, an antibody, a cytokine, or any combination. An aAPC can deliver signals to a cell
population that may undergo genomic transplant. For example, an aAPC can deliver a signal 1, signal, 2, signal
3 or any combination. A signal 1 can be an antigen recognition signal. For example, signal 1 can be ligation of a
TCR by a peptide-MHC complex or binding of agonistic antibodies directed towards CD3 that can lead to
activation of the CD3 signal-transduction complex. Signal 2 can be a co-stimulatory signal. For example, a co-
stimulatory signal can be anti-CD28, inducible co-stimulator (ICOS), CD27, and 4-1BB (CD137), which bind
to ICOS-L, CD70, and 4-1BBL, respectively. Signal 3 can be a cytokine signal. A cytokine can be any
cytokine. A cytokine can be 1L-2, IL-7, IL-12, IL-15, IL-21, or any combination thereof.

[00248] In some cases an artifical antigen presenting cell (aAPC) may be used to activate and/or expand a cell

population. In some cases, an artifical may not induce allospecificity. An aAPC may not express HLA in some
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stimulation. In some cases, a K562 cell may be used for activation. A K562 cell may also be used for
expansion. A K562 cell can be a human erythroleukemic cell line. A K562 cell may be engineered to express
genes of interest. K562 cells may not endogenously express HLA class I, II, or CD1d molecules but may
express ICAM-1 (CD54) and LFA-3 (CD58). K562 may be engineered to deliver a signal 1 to T cells. For
example, K562 cells may be engineered to express HLA class I. In some cases, K562 cells may be engineered
to express additional molecules such as B7, CD80, CDS83, CD86, CD32, CD64, 4-1BBL, anti-CD3, anti-CD3
mAb, anti-CD28, anti-CD28mAb, CD1d, anti-CD2, membrane-bound IL-15, membrane-bound IL-17,
membrane-bound IL-21, membrane-bound IL-2, truncated CD19, or any combination. In some cases, an
engineered K562 cell can expresses a membranous form of anti-CD3 mAb, clone OKT3, in addition to CD80
and CD83. In some cases, an engineered K562 cell can expresses a membranous form of anti-CD3 mAb, clone
OKT3, membranous form of anti-CD28 mAb in addition to CD80 and CD83.

[00249] An aAPC can be a bead. A spherical polystyrene bead can be coated with antibodies against CD3 and
CD28 and be used for T cell activation. A bead can be of any size. In some cases, a bead can be or can be about
3 and 6 micrometers. A bead can be or can be about 4.5 micrometers in size. A bead can be utilized at any cell
to bead ratio. For example, a 3 to 1 bead to cell ratio at 1 million cells per milliliter can be used. An aAPC can
also be a rigid spherical particle, a polystyrene latex microbeads, a magnetic nano- or micro-particles, a
nanosized quantum dot, a 4, poly(lactic-co-glycolic acid) (PLGA) microsphere, a nonspherical particle, a 5,
carbon nanotube bundle, a 6, ellipsoid PLGA microparticle, a 7, nanoworms, a fluidic lipid bilayer-containing
system, an 8, 2D-supported lipid bilayer (2D-SLBs), a 9, liposome, a 10, RAFTsomes/microdomain liposome,
an 11, SLB particle, or any combination thereof.

[00250] In some cases, an aAPC can expand CD4 T cells. For example, an aAPC can be engineered to mimic an
antigen processing and presentation pathway of HLA class Il-restricted CD4 T cells. A K562 can be
engineered to express HLA-D, DP a, DP B chains, [i, DM o, DM 3, CD80, CD383, or any combination thereof.
For example, engineered K562 cells can be pulsed with an HLA-restricted peptide in order to expand HLA-
restricted antigen-specific CD4 T cells.

[00251] In some cases, the use of aAPCs can be combined with exogenously introduced cytokines for cell (¢.g.,
T cell) activation, expansion, or any combination. Cells can also be expanded i7 vivo, for example in the
subject's blood after administration of genomically transplanted cells into a subject.

[00252] These compositions and methods for intracellular genomic transplant can provide a cancer therapy with
many advantages. For example, they can provide high efficiency gene transfer, expression, increased cell
survival rates, an efficient introduction of recombinogenic double strand breaks, and a process that favors the
Homology Directed Repair (HDR) over Non-Homologous End Joining (NHEJ) mechanism, and efficient

recovery and expansion of homologous recombinants.

INTRACELLULAR GENOMIC TRANSPLANT
[00253] Intracellular genomic transplant can be method of genetically modifying cells and nucleic acids for
therapeutic applications. The compositions and methods described throughout can use a nucleic acid-mediated
genetic engineering process for tumor-specific TCR expression in a way that leaves the physiologic and

immunologic anti-tumor potency of the T cells unperturbed. Effective adoptive cell transfer-based
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autologous peripheral blood lymphocytes (PBL) can be modified using non-viral methods to express T Cell
Receptors (TCR) that recognize unique mutations, neo-antigens, on cancer cells and can be used in the
disclosed compositions and methods of an intracellular genomic transplant.

[00254] One exemplary method of identifying a sequence of cancer-specific TCR that recognizes unique
immunogenic mutations on the patient’s cancer are described in PCT/US14/58796. For example, a transgene
(e.g., cancer-specific TCR, or an exogenous transgene) can be inserted into the genome of a cell (e.g., T cell)
using random or specific insertions. In some cases, an insertion can be a viral insertion. In some cases, an
insertion can be via a non-viral insertion (¢.g., with a minicircle vector). In some cases, a viral insertion of a
transgene can be targeted to a particular genomic site or in other cases a viral insertion of a transgene can be a
random insertion into a genomic site. In some cases, a transgene (e.g., at least one exogenous transgene, a T cell
receptor (TCR)) or a nucleic acid (e.g., at least one exogenous nucleic acid) is inserted once into the genome of
a cell. In some cases, a transgene (¢.g., at least one exogenous transgene, a T cell receptor (TCR)) or a nucleic
acid (e.g., at least one exogenous nucleic acid) is randomly inserted into a genomic locus. In some cases, a
transgene (¢.g., at least one exogenous transgene, a T cell receptor (TCR)) or a nucleic acid (¢.g., at least one
exogenous nucleic acid) is randomly inserted into more than one genomic locus. In some cases, a transgene
(c.g., at least one exogenous transgene, a T cell receptor (TCR)) or a nucleic acid (e.g., at least one exogenous
nucleic acid) is inserted in at least one gene (e.g., CISH and/or TCR). In some cases, a transgene (¢.g., at least
one exogenous transgene, a TCR) or a nucleic acid (e.g., at least one exogenous nucleic acid) is inserted at a
break in a gene (e.g., CISH and/or TCR). In some cases, more than one transgene (€.g., exogenous transgene, a
TCR) is inserted into the genome of a cell. In some cases, more than one transgene is inserted into one or more
genomic locus. In some cases, a transgene (€.g., at least one exogenous transgene) or a nucleic acid (e.g., at
least one exogenous nucleic acid) is inserted in at least one gene. In some cases, a transgene (¢.g., at least one
exogenous transgene) or a nucleic acid (e.g., at least one exogenous nucleic acid) is inserted in two or more
genes (e.g., CISH and/or TCR). In some cases, a transgene (e.g., at least one exogenous transgene) or a nucleic
acid (¢.g., at least one exogenous nucleic acid) is inserted into the genome of a cell in a random and/or specific
manner. In some cases, a transgene 1s an exogenous transgene. In some cases, a transgene (e.g., at least one
exogenous transgene) is flanked by engineered sites complementary to at least a portion of a gene (e.g., CISH
and/or TCR). In some cases, a transgene (¢.g., at least one exogenous transgene) is flanked by engineered sites
complementary to a break in a gene (¢.g., CISH and/or TCR). In some cases, a transgene (¢.g., at least one
exogenous transgene) is not inserted in a gene (e.g., not inserted in CISH and/or TCR). In some cases, a
transgene is not inserted at a break in a gene (e.g., break in CISH and/or TCR).

[00255] In some cases, at least about 5%, or at least about 10%, or at least about 15%, or at least about 20%, or
at least about 25%, or at least about 30%, or at least about 35%, or at least about 40%, or at least about 45%, or
at least about 50%, or at least about 55%, or at least about 60%, or at least about 65%, or at least about 70%, or
at least about 75%, or at least about 80%, or at least about 85%, or at least about 90%, or at least about 95%, or
at least about 97%, or at least about 98%, or at least about 99% of the cells in a population of genetically
modified cells, or in a population of genetically modified TILs comprise at least one exogenous transgene (€.g.,
exogenous TCR). In some cases, any of the methods of the present disclosure can result in at least about or

about 5%, or at least about or about 10%, or at least about or about 15%, or at least about or about 20%, or at
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about 40%, or at least about or about 45%, or at least about or about 50%, or at least about or about 55%, or at
least about or about 60%, or at least about or about 65%, or at least about or about 70%, or at least about or
about 75%, or at least about or about 80%, or at least about or about 85%, or at least about or about 90%, or at
least about or about 95%, or at least about or about 97%, or at least about or about 98%, or at least about or
about 99% of the cells in a population of genetically modified cells or genetically modified TILS to comprise at
least one exogenous transgene (¢.g., a TCR). In some cases, at least about or about 3% 5%, 8%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%., 70%, 75%, 80%, 85%, 90%, 93%, 95%, 97%, 98%,
99%, 99.5%, or 100% of the cells in a population of genetically modified cells comprises at least one
exogenous transgene (¢.g., a TCR) integrated at a break in at least one gene (¢.g., CISH and/or TCR). In some
cases, at least one exogenous transgene is integrated at a break in one or more genes (e.g., CISH and/or TCR).
In some cases, at least about or about 3% 5%, 8%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 93%, 95%, 97%, 98%., 99%, 99.5%, or 100% of the cells in a
population of genctically modified cells comprises at least one exogenous transgene integrated in the genome of
a cell. In some cases, at least about or about 3% 5%, 8%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%., 90%, 93%, 95%, 97%, 98%, 99%, 99.5%, or 100% of the cellsin a
population of genetically modified cells comprises at least one exogenous transgene integrated in a genomic
locus (e.g., CISH and/or TCR). In some cases, the integration comprises a viral (¢.g., AAV or modified AAV)
or a non-viral (¢.g., minicircle) system.
[00256] In some cases, the present disclosure provides a population of genetically modified cells and/or a
population of tumor infiltrating lymphocytes (¢.g., genetically modified TILs) and methods of producing a
population of genctically modified cells (e.g., genetically modified TILs). In some cases, said population of
genetically modified cells comprises at least about 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 97%, 98%, 99%, 99.5%, or 100% cell viability (e.g., cell viability is measured at some
time after an AAV vector (or a non-viral vector (¢.g., a minicircle vector)) is introduced to a population of cells
and/or cell viability is measured at some time after at least one exogenous transgene is integrated into a
genomic locus (e.g., CISH and/or TCR) of at least one cell). In some cases, cell viability is measured by FACS.
In some cases, cell viability is measured at about, at least about, or at most about 4 hours, 6 hours, 8 hours, 10
hours, 12 hours, 18 hours, 20 hours, 24 hours, 30 hours, 36 hours, 40 hours, 48 hours, 54 hours, 60 hours, 72
hours, 84 hours, 96 hours, 108 hours, 120 hours, 132 hours, 144 hours, 156 hours, 168 hours, 180 hours, 192
hours, 204 hours, 216 hours, 228 hours, 240 hours, or longer than 240 hours after a viral (e.g., AAV) or a non-
viral (e.g., minicircle) vector is introduced to a cell and/or to a population of cells. In some cases, cell viability
is measured at about, at least about, or at most about 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8
days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 15 days, 16 days, 17 days, 18 days, 19 days, 20 days,
21 days, 22 days, 23 days, 24 days, 25 days, 26 days, 27 days, 28 days, 29 days, 30 days, 31 days, 45 days, 50
days, 60 days, 70 days, 90 days, or longer than 90 days after a viral (e.g., AAV) or a non-viral (¢.g., minicircle)
vector is introduced to a cell and/or to a population of cells. In some cases, cell viability is measured after at
least one exogenous transgene (e.g., a TCR) is integrated into a genomic locus (e.g., CISH and/or TCR) of at
least one cell. In some cases, cell viability is measured at about, at least about, or at most about 4 hours, 6 hours,
8 hours, 10 hours, 12 hours, 18 hours, 20 hours, 24 hours, 30 hours, 36 hours, 40 hours, 48 hours, 54 hours, 60
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hours, 192 hours, 204 hours, 216 hours, 228 hours, 240 hours, longer than 240 hours, 11 days, 12 days, 13 days,
14 days, 15 days, 16 days, 17 days, 18 days, 19 days, 20 days, 21 days, 22 days, 23 days, 24 days, 25 days, 26
days, 27 days, 28 days, 29 days, 30 days, 31 days, 45 days, 50 days, 60 days, 70 days, 90 days, or longer than
90 days after at least one exogenous transgene (¢.g., a TCR) is integrated into a genomic locus of at least one
cell.In some cases, cell toxicity is measured after a viral or a non-viral system is introduced to a cell or to a
population of cells. In some cases, cell toxicity is measured after at least one exogenous transgene (¢.g., a TCR)
1s integrated into a genomic locus (e.g., CISH and/or TCR) of at least one cell. In some cases, cell toxicity is
lower when a modified AAV vector is used than when a wild-type or unmodified AAV or when a non-viral
system (¢.g., minicircle vector) is introduced to a comparable cell or to a comparable population of cells. In
some cases, cell toxicity is lower when an AAV vector is used than when a non-viral vector (¢.g., minicircle
vector) is introduced to a comparable cell or to a comparable population of cells. In some cases, cell toxicity is
measured by flow cytometry. In some cases, cell toxicity is reduced by about, at least about, or at most about
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 12%, 15%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 82%, 85%, 88%, 90%, 92%, 95%, 97%, 98%, 99% or 100% when a
modified or recombinant AAV vector is used to integrate at least one exogenous transgene (¢.g., a TCR)
compared to when a wild-type or unmodified AAV vector or a minicircle vector is used to integrate at least one
exogenous transgene (¢.g., a TCR). In some cases, cell toxicity is reduced by about, at least about, or at most
about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 12%, 15%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 82%, 85%, 88%, 90%, 92%, 95%, 97%, 98%, 99% or 100%
when an AAV vector is used compared to when a minicircle vector or another non-viral system is used to
integrate at least one exogenous transgene. In some cases, an AAV is selected from the group consisting of
recombinant AAV (rAAV), modified AAV, hybrid AAV, self-complementary AAV (scAAV), and any
combination thereof.

[00257] In some cases, the methods disclosed herein comprise introducing into a cell one or more nucleic acids
(e.g., a first nucleic acid and/or a second nucleic acid). A person of skill in the art will appreciate that a nucleic
acid may generally refer to a substance whose molecules consist of many nucleotides linked in a long chain.
Non-limiting examples of the nucleic acid include an artificial nucleic acid analog (e.g., a peptide nucleic acid,
a morpholino oligomer, a locked nucleic acid, a glycol nucleic acid, or a threose nucleic acid), a circular nucleic
acid, a DNA, a single stranded DNA, a double stranded DNA, a genomic DNA, a mini-cirlce DNA, a plasmid,
a plasmid DNA, a viral DNA, a viral vector, a gamma-retroviral vector, a lentiviral vector, an adeno-associated
viral vector, an RNA, short hairpin RNA, psiRNA and/or a hybrid or combination thereof. In some cases, a
method may comprise a nucleic acid, and the nucleic acid is synthetic. In some cases, a sample may comprise a
nucleic acid, and the nucleic acid may be fragmented. In some cases, a nucleic acid is a minicircle.

[00258] In some cases, a nucleic acid may comprise promoter regions, barcodes, restriction sites, cleavage sites,
endonuclease recognition sites, primer binding sites, selectable markers, unique identification sequences,
resistance genes, linker sequences, or any combination thercof. A nucleic acid may be generated without the use
of bacteria. For example, a nucleic acid can have reduced traces of bacterial elements or completely devoid of
bacterial elements. A nucleic acid when compared to a plasmid vector can have from 20% -40%, 40%-60%,

60%-80%, or 80% -100% less bacterial traces than a plasmid vector as measured by PCR. A nucleic acid when
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less bacterial traces than a plasmid vector as measured by PCR. In some aspects, these sites may be useful for
enzymatic digestion, amplification, sequencing, targeted binding, purification, providing resistance properties
(e.g., antibiotic resistance), or any combination thereof. In some cases, the nucleic acid may comprise one or
more restriction sites. A restriction site may generally refer to a specific peptide or nucleotide sequences at
which site-specific molecules (e.g., proteases, endonucleases, or enzymes) may cut the nucleic acid. In one
example, a nucleic acid may comprise one or more restriction sites, wherein cleaving the nucleic acid at the
restriction site fragments the nucleic acid. In some cases, the nucleic acid may comprise at least one
endonuclease recognition site.

[00259] In some cases, a nucleic acid may readily bind to another nucleic acid (e.g., the nucleic acid comprises
a sticky end or nucleotide overhang). For example, the nucleic acid may comprise an overhang at a first end of
the nucleic acid. Generally, a sticky end or overhang may refer to a series of unpaired nucleotides at the end of a
nucleic acid. In some cases, the nucleic acid may comprise a single stranded overhang at one or more ends of
the nucleic acid. In some cases, the overhang can occur on the 3’ end of the nucleic acid. In some cases, the
overhang can occur on the 5° end of the nucleic acid. The overhang can comprise any number of nucleotides.
For example, the overhang can comprise 1 nucleotide, 2 nucleotides, 3 nucleotides, 4 nucleotides, or 5 or more
nucleotides. In some cases, the nucleic acid may require modification prior to binding to another nucleic acid
(e.g., the nucleic acid may need to be digested with an endonuclease). In some cases, modification of the
nucleic acid may generate a nucleotide overhang, and the overhang can comprise any number of nucleotides.
For example, the overhang can comprise 1 nucleotide, 2 nucleotides, 3 nucleotides, 4 nucleotides, or 5 or more
nucleotides. In one example, the nucleic acid may comprise a restriction site, wherein digesting the nucleic acid
at the restriction site with a restriction enzyme (e.g., Notl) produces a 4 nucleotide overhang. In some cases, the
modifying comprises generating a blunt end at one or more ends of the nucleic acid. Generally, a blunt end may
refer to a double stranded nucleic acid wherein both strands terminate in a base pair. In one example, the nucleic
acid may comprise a restriction site, wherein digesting the nucleic acid at the restriction site with a restriction
enzyme (e.g., Bsal) produces a blunt end.

[00260] Promoters are sequences of nucleic acid that control the binding of RNA polymerase and transcription
factors, and can have a major effect on the efficiency of gene transcription, where a gene may be expressed in
the cell, and/or what cell types a gene may be expressed in. Non limiting examples of promoters include a
cytomegalocirus (CMV) promoter, an elongation factor 1 alpha (EF1a) promoter, a simian vacuolating

virus (SV40) promoter, a phosphoglycerate kinase (PGK1) promoter, a ubiquitin C (Ubc) promoter, a human
beta actin promoter, a CAG promoter, a Tetracycline response element (TRE) promoter, a UAS promoter, an
Actin 5¢ (Ac5) promoter, a polyhedron promoter, Ca2+/calmodulin-dependent protein kinase Il (CaMKlla)
promoter, a GAL1 promoter, a GAL 10 promoter, a TEF1 promoter, a glyceraldehyde 3-phosphage
dehydrogenase (GDS) promoter, an ADHI1 promoter, a CaMV35S promoter, a Ubi promoter, a human
polymerase III RNA (H1) promoter, a U6 promoter, or a combination thereof.

[00261] A promoter can be CMV, U6, MND, or EFla, FIG. 155A. In some cases, a promoter can be adjacent to
an exogenous TCR sequence. In some cases, an rAAV vector can further comprises a splicing acceptor. In some

cases, the splicing acceptor can be adjacent to the exogenous TCR sequence. A promoter sequence can be a
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region of a modified MoMuLV LTR with a myeloproliferative sarcoma virus enhancer.

Viral Vectors

[00262] In some cases, a viral vector may be utilized to introduce a transgene into a cell. A viral vector can be,
without limitation, a lentivirus, a retrovirus, or an adeno-associated virus. A viral vector may be an adeno-
associated viral vector, FI1G.139 and FIG. 140. In some cases, an adeno-associated virus (AAV) vector can be a
recombinant AAV (rAAV) vector, a hybrid AAV vector, a self-complementary AAV (scAAV) vector, a mutant
AAV vector, and any combination thereof. In some cases, an adeno-associated virus can be used to introduce an
exogenous transgene (€.g., at least one exogenous transgene). A viral vector can be isogenic in some cases. A
viral vector may beintegrated into a portion of a genome with known SNPs in some cases. In other cases, a viral
vector may not be integrated into a portion of a genome with known SNPs. For example, a rAAV can be
designed to be isogenic or homologous to a subjects own genomic DNA. In some cases, an isogenic vector can
improve efficiency of homologous recombination. In some cases, a gRNA may be designed so that it does not
target a region with known SNPs to improve the expression of an integrated vector transgene. The frequency of
SNPs at checkpoint genes, such as PD-1, CISH, AAVS1, and CTLA-4, can be determined, FIG. 141A, FIG.
141B, and FIG. 142.

[00263] An adeno-associated virus (AAV) can be a non-pathogenic single-stranded DNA parvovirus. An AAV
can have a capsid diameter of about 26nm. A capsid diameter can also be from about 20nm to about 50nm in
some cases. Each end of the AAV single-stranded DNA genome can contain an inverted terminal repeat (ITR),
which can be the only cis-acting element required for genome replication and packaging. The genome carries
two viral genes: rep and cap. The virus utilizes two promoters and alternative splicing to generate four proteins
necessary for replication (Rep78, Rep 68, Rep 52 and Rep 40), while a third promoter generates the transcript
for three structural viral capsid proteins, 1, 2 and 3 (VP1, VP2 and VP3), through a combination of alternate
splicing and alternate translation start condons. The three capsid proteins share the same C-terminal 533 amino
acids, while VP2 and VP1 contain additional N-terminal sequences of 65 and 202 amino acids, respectively.
The AAYV virion can contain a total of 60 copies of VP1, VP2, and VP3 at a 1:1:20 ratio, arranged in a T=1
icosahedral symmetry.

[00264] At the cellular level, AAV can undergo 5 major steps prior to achieving gene expression: 1) binding or
attachment to cellular surface receptors, 2) endocytosis, 3) trafficking to the nucleus, 4) uncoating of the virus
to release the genome and 5) conversion of the genome from single-stranded to double-stranded DNA as a
template for transcription in the nucleus. The cumulative efficiency with which rAAV can successfully execute
cach individual step can determine the overall transduction efficiency. Rate limiting steps in rTAAV transduction
can include the absence or low abundance of required cellular surface receptors for viral attachment and
internalization, inefficient endosomal escape leading to lysosomal degradation, and slow conversion of single-
stranded to double-stranded DNA template. Therefore, vectors with modifications to the genome and/or the
capsids can be designed to facilitate more efficient or more specific transduction or cells or tissues for gene
therapy.

[00265] In some cases, a viral capsid may be modified. A modification can include modifying a combination of
capsid components. For example, a mosaic capsid AAV is a virion that can be composed of a mixture of viral

capsid proteins from different serotypes. The capsid proteins can be provided by complementation with separate
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mixed in each virion, at subunit ratios stoichiometrically reflecting the ratios of the complementing plasmids. A
mosaic capsid can confer increased binding efficacy to certain cell types or improived performace as compared
to an unmodified capsid.
[00266] In some cases, a chimeric capsid AAV can be generated. A chimeric capsid can have an insertion of a
foreign protein sequence, either from another wild-type (wt) AAV sequence or an unrelated protein, into the
open reading frame of the capsid gene. Chimeric modifications can include the use of naturally existing
serotypes as templates, which can involve AAV capsid sequences lacking a certain function being co-
transfected with DNA sequences from another capsid. Homologous recombination occurs at crossover points
leading to capsids with new features and unique properties. In other cases, the use of epitope coding sequences
fused to either the N or C termini of the capsid coding sequences to attempt to expose new peptides on the
surface of the viral capsid without affecting gene function. In some cases, the use of epitope sequences inserted
into specific positions in the capsid coding sequence, but using a different approach of tagging the epitope into
the coding sequences itself can be performed. A chimeric capsid can also include the use of an epitope
identified from a peptide library inserted into a specific position in the capsid coding sequence. The use of gene
library to screen can be performed. A screen can catch insertions that do not function as intended can can
subsequenctly be deleted and a screen. Chimeric capsids in TAAV vectors can expand the range of cell types
that can be transfected and can increase the efficiency of transduction. Increased transduction can be from about
a 10% increase to about a 300% increase as compared to a transduction using an unmodified capsid. A
chimeric capsid can contain a degenerate, recombined, shuffled or otherwise modified Cap protein. For example
targeted insertion of receptor-specific ligands or single-chain antibodies at the N-terminus of VP proteins can be
performed. An insertion of a lymphocyte antibody or target into an AAV can be performed to improve binding
and infection of a T cell.
[00267] In some cases, a chimeric AAV can have a modification in at least one AAV capsid protein (e.g., a
modification in the VP1, VP2, and/or VP3 capsid protein). In some cases, an AAV vector comprises a
modification in at least one of the VP1, VP2, and VP3 capsid gene sequences. In some cases, at least one capsid
gene may be deleted from an AAV. In some cases, an AAV vector may comprise a deletion of one or more
capsid gene sequences. In some cases, an AAV vector can have at least one amino acid substitution, deletion,
and/or insertion in at least one of the VP1, VP2, and VP3 capsid gene sequences.
[00268] In some cases, virions having chimeric capsids (e.g., capsids containing a degenerate or otherwise
modified Cap protein) can be made. To further alter the capsids of such virions, e.g., to enhance or modify the
binding affinity for a specific cell type, such as a lymphocyte, additional mutations can be introduced into the
capsid of the virion. For example, suitable chimeric capsids may have ligand insertion mutations for facilitating
viral targeting to specific cell types. The construction and characterization of AAV capsid mutants including
insertion mutants, alanine screening mutants, and epitope tag mutants is described in Wu et al., J. Virol.
74:8635-45, 2000. Methods of making AAV capsid mutants are known, and include site-directed mutagenesis
(Wuetal,, J. Virol. 72:5919-5926); molecular breeding, nucleic acid, exon, and DNA family shuffling (Soong
et al., Nat. Genet. 25:436-439, 2000; Coco et al., Nature Biotech. 2001; 19:354; and U.S. Pat. Nos. 5,837,458;
5,811,238; and 6,180,406; Kolkman and Stemmer, Nat. Biotech. 19:423-428, 2001; Fisch et al., Proceedings of
the National Academy of Sciences 93:7761-7766, 1996; Christians et al., Nat. Biotech. 17:259-264, 1999);
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ligand i Q.2018/081476,; a1 Nat. Med. 9:1052-1056, 1999); cassette mutagenesis (IEGHUS2017/058615,
263:89-99, 1999; Boyer etal., J. Virol. 66:1031-1039, 1992); and the insertion of short random oligonucleotide
sequences.

[00269] In some cases, a transcapsidation can be performed. Transcapsidation can be a process that involves the
packaging of the I'TR of one serotype of AAV into the capsid of a different serotype. In another case, adsorption
of receptor ligands to an AAV capsid surface can be performed and can be the addition of foreign peptides to
the surface of an AAV capsid. In some cases, this can confer the ability to specifically target cells that no AAV
serotype currently has a tropism towards, and this can greatly expand the uses of AAV as a gene therapy tool.
[00270] In some cases, an TAAV vector can be modified. For example, an rAAV vector can comprise a
modification such as an insertion, deletion, chemical alteration, or synthetic modification. In some cases, a
single nucleotide is inserted into an rAAV vector. In other cases, multiple nucleotides are inserted into a vector.
Nucleotides that can be inserted can range from about 1 nucleotide to about 5 kb. Nucleotides that can be
inserted can encode for a functional protein. A nucleotide that can be inserted can be endogenous or exogenous
to a subject receiving a vector. For example, a human cell can receive an rAAV vector that can contain at least a
portion of a murine genome, such as a portion of a TCR. In some cases, a modification such as an insertion or
deletion of an rAAYV vector can comprise a protein coding region or a non-coding region of a vector. In some
cases, a modification may improve activity of a vector when introduced into a cell. For example, a modification
can improve expression of protein coding regions of a vector when introduced into a human cell.

[00271] In some cases, the present disclosure provides construction of helper vectors that provide AAV Rep and
Cap proteins for producing stocks of virions composed of an rAAV vector (e.g., a vector encoding an
exogenous receptor sequence) and a chimeric capsid (e.g., a capsid containing a degenerate, recombined,
shuffled or otherwise modified Cap protein). In some cases, a modification can involve the production of AAV
cap nucleic acids that are modified, e.g., cap nucleic acids that contain portions of sequences derived from more
than one AAV serotype (e.g., AAV serotypes 1-8). Such chimeric nucleic acids can be produced by a number of
mutagenesis techniques. A method for generating chimeric cap genes can involve the use of degenerate
oligonucleotides in an in vifro DNA amplification reaction. A protocol for incorporating degenerate mutations
(e.g., polymorphisms from different AAV serotypes) into a nucleic acid sequence is described in Coco et al.
(Nature Biotechnology 20:1246-1250, 2002. In this method, known as degenerate homoduplex recombination,
“top-strand” oligonucleotides are constructed that contain polymorphisms (degeneracies) from genes within a
gene family. Complementary degeneracies are engineered into multiple bridging “scaffold” oligonucleotides. A
single sequence of annealing, gap-filling, and ligation steps results in the production of a library of nucleic acids
capturing every possible permutation of the parental polymorphisms. Any portion of a capsid gene may be
mutated using methods such as degenerate homoduplex recombination. Particular capsid gene sequences,
however, are preferred. For example, critical residues responsible for binding of an AAV?2 capsid to its cell
surface receptor heparan sulfate proteoglycan (HSPG) have been mapped. Arginine residues at positions 585
and 588 appear to be critical for binding, as non-conservative mutations within these residues eliminate binding
to heparin-agarose. Computer modeling of the AAV2 and AAV4 atomic structures identified seven
hypervariable regions that overlap arginine residues 585 and 588, and that are exposed to the surface of the
capsid. These hypervariable regions are thought to be exposed as surface loops on the capsid that mediate

receptor binding. Therefore, these loops can be used as targets for mutagenesis in methods of producing
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chimeﬁcwglgﬁlsv/v%}4u7§pisms different from wt virions. In some cases, a modificatiECTUS2017/058615,

serotype 6 capsid.

[00272] Another mutagenesis technique that can be used in methods of the present disclosure is DNA shuffling.
DNA or gene shuffling involves the creation of random fragments of members of a gene family and their
recombination to yield many new combinations. To shuffle AAV capsid genes, several parameters can be
considered, including: involvement of the three capsid proteins VP1, VP2, and VP3 and different degrees of
homologies between 8 serotypes. To increase the likelihood of obtaining a viable rcAAV vector with a cell- or
tissue-specific tropism, for example, a shuffling protocol yielding a high diversity and large number of
permutations is preferred. An example of a DNA shuffling protocol for the generation of chimeric rcAAV is
random chimeragenesis on transient templates (RACHITT), Coco et al., Nat. Biotech. 19:354-358, 2001. The
RACHITT method can be used to recombine two PCR fragments derived from AAV genomes of two different
serotypes (e.g., AAV 5d AAV6). For example, conservative regions of the cap gene, segments that are 85%
identical, spanning approximately 1 kbp and including initiating codons for all three genes (VP1, VP2, and
VP3) can be shuffled using a RATCHITT or other DNA shuffling protocol, including in vivo shuffling
protocols (U.S. Pat. No. 5,093,257; Volkov et al., NAR 27:¢18, 1999; and Wang P. L., Dis. Markers 16:3-13,
2000). A resulting combinatorial chimeric library can be cloned into a suitable AAV TR-containing vector to
replace the respective fragment of the WT AAV genome. Random clones can be sequenced and aligned with
parent genomes using AlignX application of Vector NTI 7 Suite Software. From the sequencing and alignment,
the number of recombination crossovers per 1 Kbp gene can be determined. Alternatively, the variable domain
of AAV genomes can be shuffled using methods of the present disclosure. For example, mutations can be
generated within two amino acid clusters (amino acids 509-522 and 561-591) of AAV that likely form a particle
surface loop in VP3. To shuffle this low homology domain, recombination protocols can be utilized that are
independent of parent's homology (Ostermeier et al., Nat. Biotechnol. 17:1205-1209, 1999; Lutz et al.,
Proceedings of the National Academy of Sciences 98:11248-11253, 2001; and Lutz et al., NAR 29:E16, 2001)
or a RACHITT protocol modified to anneal and recombine DNA fragments of low homology.

[00273] In some cases, a targeted mutation of S/T/K residues on an AAV capsid can be performed. Following
cellular internalization of AAV by receptor-mediated endocytosis, it can travel through the cytosol, undergoing
acidification in the endosomes before getting released. Post endosomal escape, AAV undergoes nuclear
trafficking, where uncoating of the viral capsid takes place resulting in release of its genome and induction of
gene expression. S/T/K residues are potential sites for phosphorylation and subsequent poly-ubiquitination
which serves as a cue for proteasomal degradation of capsid proteins. This can prevent trafficking of the vectors
into the nucleus to express its transgene, an exogenous TCR, leading to low gene expression. Also, the
proteasomally degraded capsid fragments can be presented by the MHC-Class I molecules on the cell surface
for CD8 T-cell recognition. This leads to immune response thus destroying the transduced cells and further
reducing persistent transgene expression. Point mutations, S/T to A and K to R, can prevent/reduce
phosphorylation sites on the capsid. This can lead to reduced ubiquitination and proteosomal degradation
allowing more number of intact vectors to enter nucleus and express the transgene. Preventing/lowering the
overall capsid degradation also reduces antigen presentation to T cells resulting in lower host immune response

against the vectors.
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[00274] XYQ&HJ%@EJ&Z?an AAYV vector comprising a nucleotide sequence of intereslfgyl§§30}y7/px5r§6vl§l“ Rs

can be constructed by directly inserting heterologous sequences into an AAV vector. These constructs can be
designed using techniques well known in the art. See, e.g., Carter B., Adeno-associated virus vectors, Curr.
Opin. Biotechnol., 3:533-539 (1992); and Kotin RM, Prospects for the use of adeno-associated virus as a vector
for human gene therapy, Hum Gene Ther 5:793-801 (1994).

[00275] In some cases, an AAV expression vector comprises a heterologous nucleic acid sequence of interest,
such as a transgene with a therapeutic effect. A rAAV virion can be constructed using methods that are known
in the art. See, e.g., Koerber et al. (2009) Mol. Ther. 17:2088; Koerber et al. (2008) Mol Ther.16:1703-1709;
U.S. Patent Nos. 7,439,065 and 6,491 ,907. For example, exogenous or heterologous sequence(s) can be
inserted into an AAV genome wherein its major AAV open reading frames have been excised therefrom. Other
portions of the AAV genome can also be deleted, which certain portions of the ITRs remain intact to support
replication and packaging functions. Such constructs can be designed using techniques well known in the art.
See, e.g., U.S. Pat. Nos. 5,173,414 and 5,139,941, Lebkowski et al. (1988) Molec. Cell. Biol. 8:3988-3996.
[00276] The present application provides methods and materials for producing recombinant AAVs that can
express one or more proteins of interest in a cell. As described herein, the methods and materials disclosed
herein allow for high production or production of the proteins of interest at levels that would achieve a
therapeutic effect in vivo. An example of a protein of interest is an exogenous receptor. An exogenous receptor
can be a TCR.

[00277]In general, rAAYV virions or viral particles, or an AAV expression vector is introduced into a suitable
host cell using known techniques, such as by transfection. Transfection techniques are known in the art. See,
¢.g., Graham et al. (1973) Virology, 52:456, Sambrook et al. (1989) Molecular Cloning, A Laboratory Manual,
Cold Spring Harbor Laboratories, New York, Davis et al. (1986) Basic Methods in Molecular Biology,
Elsevier, and Chu et al. (1981 ) Gene 13:197. Suitable transfection methods include calcium phosphate co-
precipitation, direct micro-injection, electroporation, liposome mediated gene transfer, and nucleic acid delivery
using high-velocity microprojectiles, which are known in the art.

[00278] In some cases, methods for producing a recombinant AAYV include providing a packaging cell line with
a viral construct comprising a 5' inverted terminal repeat (ITR) of AAV and a 3’ AAV ITR, such as described
herein, helper functions for generating a productive AAV infection, and AAV cap genes; and recovering a
recombinant AAV from the supernatant of the packaging cell line. Various types of cells can be used as the
packaging cell line. For example, packaging cell lines that can be used include, but are not limited to, HEK 293
cells, HeLa cells, and Vero cells to name a few. In some cases, supernatant of the packaging cell line is treated
by PEG precipitation for concentrating the virus. In other cases, a centrifugation step can be used to concentrate
a virus. For example a column can be used to concentration a virus during a centrifugation. In some cases, a
precipitation occurs at no more than about 4° C. (for example about 3° C., about 2° C., about 1° C., or about 1°
C.) for at least about 2 hours, at least about 3 hours, at least about 4 hours, at least about 6 hours, at least about 9
hours, at least about 12 hours, or at least about 24 hours. In some cases, the recombinant AAYV is isolated from
the PEG-precipitated supernatant by low-speed centrifugation followed by CsCl gradient. The low-speed
centrifugation can be to can be about 4000 rpm, about 4500 rpm, about 5000 rpm, or about 6000 rpm for about

20 minutes, about 30 minutes, about 40 minutes, about 50 minutes or about 60 minutes. In some cases,
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recombi.Q 2018/081476,1cd from the PEG-precipitated supernatant by centn'ﬁJgatiolfpur[/cg,%%ﬂl]\/,qgsﬁ}ﬁ for

about 30 minutes followed by CsCl gradient

[00279] In some cases, helper functions are provided by one or more helper plasmids or helper viruses
comprising adenoviral helper genes. Non-limiting examples of the adenoviral helper genes include E1A, E1B,
E2A, E4 and VA, which can provide helper functions to AAV packaging. In some cases, an AAV cap gene can
be present in a plasmid. A plasmid can further comprise an AAV rep gene.

[00280] Serology can be defined as the inability of an antibody that is reactive to the viral capsid proteins of one
serotype in neutralizing those of another serotype. In some cases, a cap gene and/or rep gene from any AAV
serotype (including, but not limited to, AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, AAVT7, AAVS, AAVO,
AAVI10, AAV11, AAVI12, and any variant or derivative thereof) can be used herein to produce the recombinant
AAYV disclosed herein to express one or more proteins of interest. An adeno-associated virus can be AAVS or
AAV6 or a variant thereof. In some cases, an AAV cap gene can encode a capsid from serotype 1, serotype 2,
serotype 3, serotype 4, serotype 3, serotype 6, serotype 7, serotype 8, serotype 9, serotype 10, serotype 11,
serotype 12, or a variant thereof. In some cases, a packaging cell line can be transfected with the helper plasmid
or helper virus, the viral construct and the plasmid encoding the AAV cap genes; and the recombinant AAV
virus can be collected at various time points after co-transfection. For example, the recombinant AAV virus can
be collected at about 12 hours, about 24 hours, about 36 hours, about 48 hours, about 72 hours, about 96 hours,
about 120 hours, or a time between any of these two time points after the co-transfection.

[00281] Helper viruses of AAV are known in the art and include, for example, viruses from the family
Adenoviridae and the family Herpesviridae. Examples of helper viruses of AAV include, but are not limited to,
SAdV-13 helper virus and SAdV-13-like helper virus described in US Publication No. 20110201088, helper
vectors pHELP (Applied Viromics). A skilled artisan will appreciate that any helper virus or helper plasmid of
AAY that can provide adequate helper function to AAV can be used herein. The recombinant AAV viruses
disclosed herein can also be produced using any convention methods known in the art suitable for producing
infectious recombinant AAV. In some instances, a recombinant AAV can be produced by using a cell line that
stably expresses some of the necessary components for AAV particle production. For example, a plasmid (or
multiple plasmids) comprising AAV rep and cap genes, and a selectable marker, such as a neomycin resistance
gene, can be integrated into the genome of a cell (the packaging cells). The packaging cell line can then be co-
infected with a helper virus (e.g., adenovirus providing the helper functions) and the viral vector comprising the
5"and 3" AAV ITR and the nucleotide sequence encoding the protein(s) of interest. In another non-limiting
example, adenovirus or baculovirus rather than plasmids can be used to introduce rep and cap genes into
packaging cells. As yet another non-limiting example, both the viral vector containing the 5" and 3' AAV I'TRs
and the rep-cap genes can be stably integrated into the DNA of producer cells, and the helper functions can be
provided by a wild-type adenovirus to produce the recombinant AAV.

[00282] Suitable host cells that can be used to produce rAAYV virions or viral particles include yeast cells, insect
cells, microorganisms, and mammalian cells. Various stable human cell lines can be used, including, but not
limited to, 293 cells. Host cells can be engineered to provide helper functions in order to replicate and
encapsidate nucleotide sequences flanked by AAV ITRs to produce viral particles or AAV virions. AAV helper
functions can be provided by AAV-derived coding sequences that are expressed in host cells to provide AAV

gene products in trans for AAV replication and packaging. AAV virus can be made replication competent or
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replicatiuWuQmZH\l,?u/ﬁ?.lﬂ%eneral, a replication-deficient AAV virus lacks one or mor® Qﬂgsﬁi’éﬁégﬁg 155unes.

Cells may be contacted with viral vectors, viral particles, or virus as described herein in vitro, ex vivo, or in
vivo. In some cases, cells that are contacted in vitro can be derived from established cell lines or primary cells
derived from a subject, either modified ex vivo for return to the subject, or allowed to grow in culture in vitro.
In some aspects, a virus is used to deliver a viral vector into primary cells ex vivo to modify the cells, such as
introducing an exogenous nucleic acid sequence, a transgene, or an engineered cell receptor in an immune cell,
or aT cell in particular, followed by expansion, selection, or limited number of passages in culture before such
modified cells are returned back to the subject. In some aspects, such modified cells are used in cell-based
therapy to treat a disease or condition, including cancer. In some cases, a primary cell can be a primary
lymphocyte. In some cases, a population of primary cells can be a population of primary lymphocytes. In some
cases, a primary cell is a tumor infiltrating lymphocytes (TIL). In some cases, a population of primary cells is a
population of TILs.

[00283] In some cases, the recombinant AAV is not a self-complementary AAV (scAAV). Any conventional
methods suitable for purifying AAV can be used in the embodiments described herein to purify the recombinant
AAYV. For example, the recombinant can be isolated and purified from packaging cells and/or the supernatant of
the packaging cells. In some cases, the AAV can be purified by separation method using a CsCl gradient. Also,
US Patent Publication No. 20020136710 describes another non-limiting example of method for purifying AAV,
in which AAV was isolated and purified from a sample using a solid support that includes a matrix to which an
artificial receptor or receptor-like molecule that mediates AAV attachment is immobilized.

[00284] In some cases, a population of cells can be transduced with a viral vector, an AAV, modified AAV, or
rAAYV for example. A transduction with a virus can occur before a genomic disruption with a CRISPR system,
after a genomic disruption with a CRISPR system, or at the same time as a genomic disruption with a CRISPR
system. For example, a genomic disruption with a CRISPR system may facilitate integration of an exogenous
polynucleic acid into a portion of a genome. In some cases, a CRISPR system may be used to introduce a
double strand break in a portion of a genome comprising a gene, such as an immune checkpoint gene or a safe
harbor loci. In some cases, a CRISPR system can be used to introduce a break in at least one gene (e.g., CISH
and/or TCR). A double strand break can be repaired by introducing an exogenous receptor sequence delivered
to a cell by a viral vector, an AAV or modified AAV or rAAV in some cases. In some cases, a double strand
break can be repaired by integrating an exogenous transgene (€.g., a TCR) in said break. An AAV or modified
AAV or rAAV can comprise a polynucleic acid with recombination arms to a portion of a gene disrupted by a
CRISPR system. In some cases, a CRISPR system comprises a guide polynucleic acid. In some cases, a guide
polynucleic acid is a guide ribonucleic acid (gRNA) and/or a guide deoxyribonucleic acid (gDNA). For
example, a CRISPR system may introduce a double strand break at a CISH and/or TCR gene. A CISHand/or
TCR gene can then be repaired by introduction of a transgene (e.g., transgene encoding an exogenous TCR),
wherein a transgene can be flanked by recombination arms with regions complementary to a portion of a
genome previously disrupted by a CRISPR system. A population of cells comprising a genomic disruption and
a viral introduction can be transduced. A transduced population of cells can be from about 5% to about 100%.
For example, a population of cells can be transduced from about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, or up to about 100%.
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[00285] EYQU%%SJ%J:!@ virus (e.g., AAV or modified AAV) and/or a viral vector (eEQTF(QS?Q{l/&Sﬁﬁ}S
modified AAV vector), and/or a non-viral vector (¢.g., minicircle vector) is introduced to a cell orto a
population of cells at about, from about, at least about, or at most about 1-3 hrs., 3-6 hrs., 6-9 hrs., 9-12 hrs., 12-
15 hrs., 15-18 hrs., 18-21 hrs., 21-23 hrs., 23-26 hrs., 26-29 hrs., 29-31 hrs., 31-33 hrs., 33-35 hrs., 35-37 hrs.,
37-39 hrs., 39-41 hrs., 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 14 days, 16 days,
20 days, or longer than 20 days after a CRISPR system or after a nuclease or a polynucleotide encoding a
nuclease or after a guide polynucleic acid is introduced to said cell or to said population of cells. In some cases,
a viral vector comprises at least one exogenous transgene (¢.g., an AAV vector comprises at least one
exogenous transgene). In some cases, a non-viral vector comprises at least one exogenous transgene (e.g., a
minicircle vector comprises at least one exogenous transgene). In some cases, an AAV vector (¢.g., a modified
AAYV vector) comprises at least one exogenous nucleic acid. In some cases, an AAV vector (e.g., a modified
AAYV vector) is introduced to at least one cell in a population of cells to integrate at least one exogenous nucleic
acid into a genomic locus of at least one cell.

[00286] In some cases, the nucleic acid may comprise a barcode or a barcode sequence. A barcode or barcode
sequence relates to a natural or synthetic nucleic acid sequence comprised by a polynucleotide allowing for
unambiguous identification of the polynucleotide and other sequences comprised by the polynucleotide having
said barcode sequence. For example, a nucleic acid comprising a barcode can allow for identification of the
encoded transgene. A barcode sequence can comprise a sequence of at least 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 25, 30, 40, 45, or 50 or more consecutive nucleotides. A nucleic acid can comprise two or
more barcode sequences or compliments thereof. A barcode sequence can comprise a randomly assembled
sequence of nucleotides. A barcode sequence can be a degenerate sequence. A barcode sequence can be a
known sequence. A barcode sequence can be a predefined sequence.

[00287] In some cases, the methods disclosed herein may comprise a nucleic acid (¢.g., a first nucleic acid
and/or a second nucleic acid). In some cases, the nucleic acid may encode a transgene. Generally, a transgene
may refer to a linear polymer comprising multiple nucleotide subunits. A transgene may comprise any number
of nucleotides. In some cases, a transgene may comprise less than about 100 nucleotides. In some cases, a
transgene may comprise at least about 100 nucleotides. In some cases, a transgene may comprise at least about
200 nucleotides. In some cases, a transgene may comprise at least about 300 nucleotides. In some cases, a
transgene may comprise at least about 400 nucleotides. In some cases, a transgene may comprise at least about
500 nucleotides. In some cases, a transgene may comprise at least about 1000 nucleotides. In some cases, a
transgene may comprise at least about 5000 nucleotides. In some cases, a transgene may comprise at least about
10,000 nucleotides. In some cases, a transgene may comprise at least about 20,000 nucleotides. In some cases, a
transgene may comprise at least about 30,000 nucleotides. In some cases, a transgene may comprise at least
about 40,000 nucleotides. In some cases, a transgene may comprise at least about 50,000 nucleotides. In some
cases, a transgene may comprise between about 500 and about 5000 nucleotides. In some cases, a transgene
may comprise between about 5000 and about 10,000 nucleotides. In any of the cases disclosed herein, the
transgene may comprise DNA, RNA, or a hybrid of DNA and RNA. In some cases, the transgene may be single
stranded. In some cases, the transgene may be double stranded.

a. Random insertion
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[00288] NAY %91§&%1ﬂ1161sgenes of the methods described herein can be inserted ran&gI{H%QIﬂpssgﬁﬁne ofa

cell. These transgenes can be functional if inserted anywhere in a genome. For instance, a transgene can
encode its own promoter or can be inserted into a position where it is under the control of an endogenous
promoter. Alternatively, a transgene can be inserted into a gene, such as an intron of a gene, an exon of a gene,
a promoter, or a non-coding region.

[00289] A nucleic acid, e.g., RNA, encoding a transgene sequences can be randomly inserted into a
chromosome of a cell. A random integration can result from any method of introducing a nucleic acid, e.g.,
RNA, into a cell. For example, the method can be, but is not limited to, electroporation, sonoporation, use of a
gene gun, lipotransfection, calcium phosphate transfection, use of dendrimers, microinjection, and use of viral
vectors including adenoviral, AAV, and retroviral vectors, and/or group II ribozymes.

[00290] A RNA encoding a transgene can also be designed to include a reporter gene so that the presence of a
transgene or its expression product can be detected via activation of the reporter gene. Any reporter gene can
be used, such as those disclosed above. By selecting in cell culture those cells in which a reporter gene has
been activated, cells can be selected that contain a transgene.

[00291] A transgene to be inserted can be flanked by engineered sites analogous to a targeted double strand
break site in the genome to excise the transgene from a polynucleic acid so it can be inserted at the double
strand break region. A transgene can be virally introduced in some cases. For example, an AAV virus can be
utilized to infect a cell with a transgene. Flow cytometry can be utilized to measure expression of an integrated
transgene by an AAV virus, FIG. 107A, FIG. 107B, and FIG. 128. Integration of a transgene by an AAV virus
may not induce cellular toxicity, FIG. 108. In some cases, cellular viability as measured by flow cytometry of a
cellular population engineered utilizing an AAV virus can be from about 30% to 100% viable. Cellular viability
as measured by flow cytometry of an engineered cellular population can be from about 30%, 40%, 50%, 60%,
70%, 80%, 90%, to about 100%. In some cases, a rAAYV virus can introduce a transgene into the genome of a
cell, FIG. 109, FIG. 130, FIG. 131, and FIG. 132. An integrated transgene can be expressed by an engineered
cell from immediately after genomic introduction to the duration of the life of an engineered cell. For example,
an integrated transgene can be measured from about 0.1 min after introduction into a genome of a cell up, 1
hour to 5 hours, 5 hours to 10 hours, 10 hours to 20 hours, 20 hours to 1 day, 1 day to 3 days, 3 days to 5 days,
5 days to 15 days, 15 days to 30 days, 30 days to 50 days, 50 days to 100 days, or up to 1000 days after the
initial introduction of a transgene into a cell. Expression of a transgene can be detected from 3 days, FIG. 110,
and FIG. 112. Expression of a transgene can be detected from 7 days, FIG. 111, FIG, 113. Expression of a
transgene can be detected from about 4 hours, 6 hours, 8 hours, 12 hours, 18 hours, to about 24 hours after
introduction of a transgene into a genome of a cell, FIG. 114A, FIG. 114B, FIG. 115A, and FIG. 115B. In
some cases, viral titer can influence the percent of transgene expression, FIG. 116, FIG. 117A, FIG. 117B,
FIG. 118, FIG. 119A, FIG. 120A, FIG. 120B, FIG. 121A, FIG. 121B, FIG. 122A, FIG. 122B, FIG. 123A,
FIG. 123B, FIG. 124, FIG. 125, FIG. 126, FIG. 127, FIG. 129A, FIG. 129B, FIG. 130A, FIG. 130B,
[00292] In some cases, a viral vector, such as an AAV viral vector, containing a gene of interest or a transgene
as described herein may be inserted randomly into a genome of a cell following transfection of the cell by a
viral particle containing the viral vector. Such random sites for insertion include genomic sites with a double
strand break. Some viruses, such as retrovirus, comprise factors, such as integrase, that can result in random

insertions of the viral vector.
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[00293] }ﬁlgu%(?ywﬁliz?modiﬁed or engineered AAYV virus can be used to introducepgifc/tgosgﬂ}z /LQ,S§6U1§1L FIG.

83 A. and FIG. 83 B. A modified or wildtype AAV can comprise homology arms to at least one genomic
location, FIG. 84 to FIG. 86 D.

[00294] A RNA encoding a transgene can be introduced into a cell via electroporation. RNA can also be
introduced into a cell via lipofection, infection, or transformation. Electroporation and/or lipofection can be
used to transfect primary cells. Electroporation and/or lipofection can be used to transfect primary
hematopoietic cells. In some cases, RNA can be reverse transcribed within a cell into DNA. A DNA substrate
can then be used in a homologous recombination reaction. A DNA can also be introduced into a cell genome
without the use of homologous recombination. In some cases, a DNA can be flanked by engineered sites that
are complementary to the targeted double strand break region in a genome. In some cases, a DNA can be
excised from a polynucleic acid so it can be inserted at a double strand break region without homologous
recombination.

[00295] Expression of a transgene can be verified by an expression assay, for example, gPCR or by measuring
levels of RNA. Expression level can be indicative also of copy number, FIG. 143 and FIG. 144. For example,
if expression levels are extremely high, this can indicate that more than one copy of a transgene was integrated
in a genome. Alternatively, high expression can indicate that a transgene was integrated in a highly transcribed
arca, for example, near a highly expressed promoter. Expression can also be verified by measuring protein
levels, such as through Western blotting. In some cases, a splice acceptor assay can be used with a reporter
system to measure transgene integration, FIG. 94. In some cases, a splice acceptor assay can be used with a
reporter system to measure transgene integration when a transgene is introduced to a genome using an AAV
system, FIG. 106.

b. Site specific insertion

[00296] Inserting one or more transgenes in any of the methods disclosed herein can be site-specific. For
example, one or more transgenes can be inserted adjacent to or near a promoter. In another example, one or
more transgenes can be inserted adjacent to, near, or within an exon of a gene (e.g., CISH gene and/or TCR
gene). Such insertions can be used to knock-in a transgene (e.g., cancer-specific TCR transgene) while
simultancously disrupting another gene (e.g., CISH gene and/or TCR). In another example, one or more
transgenes can be inserted adjacent to, near, or within an intron of a gene. A transgene can be introduced by an
AAYV viral vector and integrate into a targeted genomic location, FIG. 87. In some cases, a rAAV vector can be
utilized to direct insertion of a transgene into a certain location. For example in some cases, a transgene can be
integrated into at least a portion of a TCR, CTLA4, PD-1, AAVSI1, TCR, or CISH gene by a rAAV or an AAV
vector, FIG. 136A, FIG. 136B, FIG. 137A, and FIG. 137B.

[00297] Modification of a targeted locus of a cell can be produced by introducing DNA into cells, where the
DNA has homology to the target locus. DNA can include a marker gene, allowing for selection of cells
comprising the integrated construct. Complementary DNA in a target vector can recombine with a
chromosomal DNA at a target locus. A marker gene can be flanked by complementary DNA sequences, a 3'
recombination arm, and a 5' recombination arm. Multiple loci within a cell can be targeted. For example,
transgenes with recombination arms specific to 1 or more target loci can be introduced at once such that

multiple genomic modifications occur in a single step.
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0.2 kb to about 5 kb in length. Recombination arms can be from about 0.2 kb, 0.4 kb 0.6 kb, 0.8 kb, 1.0 kb, 1.2
kb, 1.4 kb, 1.6 kb, 1.8 kb, 2.0kb, 2.2 kb, 2.4 kb, 2.6 kb, 2.8 kb, 3.0 kb, 3.2 kb, 3.4 kb, 3.6 kb, 3.8 kb, 4.0kb, 4.2
kb, 4.4 kb, 4.6kb, 4.8 kb, to about 5.0kb in length.
[00299] A variety of enzymes can catalyze insertion of foreign DNA into a host genome. For example, site-
specific recombinases can be clustered into two protein families with distinct biochemical properties, namely
tyrosine recombinases (in which DNA is covalently attached to a tyrosine residue) and serine recombinases
(where covalent attachment occurs at a serine residue). In some cases, recombinases can comprise Cre, fC31
integrase (a serine recombinase derived from Streptomyces phage fC31), or bacteriophage derived site-specific
recombinases (including Flp, lambda integrase, bacteriophage HK022 recombinase, bacteriophage R4 integrase
and phage TP901-1 integrase).
[00300] Expression control sequences can also be used in constructs. For example, an expression control
sequence can comprise a constitutive promoter, which is expressed in a wide variety of cell types. Tissue-
specific promoters can also be used and can be used to direct expression to specific cell lincages.
[00301] Site specific gene editing can be achieved using non-viral gene editing such as CRISPR, TALEN (see
U.S. Pat. Nos. 14/193,037), transposon-based, ZEN, meganuclease, or Mega-TAL, or Transposon-based
system. For example, PiggyBac (see Moriarty, B.S., ef al., “Modular assembly of transposon integratable
multigene vectors using RecWay assembly,” Nucleic Acids Research (8):¢92 (2013) or sleeping beauty (see
Aronovich, E.L, ef al., “The Sleeping Beauty transposon system: a non-viral vector for gene therapy,” Hum.
Mol. Genet., 20(R1): R14-R20. (2011) transposon systems can be used.
[00302] Site specific gene editing can also be achieved without homologous recombination. An exogenous
polynucleic acid can be introduced into a cell genome without the use of homologous recombination. In some
cases, a transgene can be flanked by engineered sites that are complementary to a targeted double strand break
region in a genome. A transgene can be excised from a polynucleic acid so it can be inserted at a double strand
break region without homologous recombination.
[00303] In some cases, where genomic integration of a transgene is desired, an exogenous or an engineered
nuclease can be introduced to a cell in addition to a plasmid, a linear or circular polynucleotide, a viral or a non-
viral vector comprising a transgene to facilitate integration of the transgene at a site where the nuclease cleaves
the genomic DNA. Integration of the transgene into the cell’s genome allows stable expression of the transgene
over time. In some aspects, a viral vector can be used to introduce a promoter that is operably linked to the
transgene. In other cases, a viral vector may not comprise a promoter, which requires insertion of the transgene
at a target locus that comprises an endogenous promoter for expressing the inserted transgene.
[00304] In some cases, a viral vector, FIG. 138, comprises homology arms that direct integration of a transgene
into a target genomic locus, such as CISH and/or TCR and/or a safe harbor site. In some cases, a first nuclease
is engineered to cleave at a specific genomic site to suppress (€.g., partial or complete suppression of a gene
(e.g., CISH and/or TCR)) or disable a deleterious gene, such as an oncogene, a checkpoint inhibitor gene, or a
gene that is implicated in a disease or condition, such as cancer. After a double strand break is generated at
such genomic locus by the nuclease, a non-viral or a viral vector (e.g., an AAV viral vector) may be introduced
to allow integration of a transgene or any exogenous nucleic acid sequence with a therapeutic effect at the site
of DNA cleavagg or site of the double strand break generated by the nuclease. Alternatively, the transgene may
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homologous recombination, using homology arms comprising sequences complementary to the desired site of
insertion, such as the CISH and/or TCR or a safe harbor locus. In some cases, a second nuclease may be
provided to facilitate site specific insertion of a transgene at a different locus than the site of DNA cleavage by
the first nuclease. In some cases, an AAV virus or an AAV viral vector can be used as a delivery system for
introducing the transgene, such as a T cell receptor. Homology arms on a rAAYV donor can be from 500 base
pairs to 2000 base pairs. For example, homology arms on a rAAV donor can be from 500 bp, 600 bp, 700 bp,
800 bp, 900 bp, 1000 bp, 1100 bp, 1200 bp, 1300 bp, 1400 bp, 1500 bp, 1600 bp, 1700bp, 1800 bp, 1900 bp, or
up to 2000 bp long. Homology arm length can be 850 bp. In other cases, homology arm length can be 1040 bp.
In some cases, homology arms are extended to allow for accurate integration of a donor. In other cases,
homology arms are extended to improve integration of a donor. In some cases, in order to increase the length of
homology arms without compromising the size of the donor polynucleic acid, an alternate part of the donor
polynucleic acid can be eliminated. In some cases, a poly A tail may be reduced to allow for increased
homology arm length.

c. Transgenes or a nucleic acid sequence of interest

[00305] Transgenes can be useful for expressing, e.g., overexpressing, endogenous genes at higher levels than
without a transgenes. Additionally, transgenes can be used to express exogenous genes at a level greater than
background, i.e., a cell that has not been transfected with a transgenes. Transgenes can also encompass other
types of genes, for example, a dominant negative gene.

[00306] Transgenes can be placed into an organism, cell, tissue, or organ, in a manner which produces a product
of a transgene. A polynucleic acid can comprise a transgene. A polynucleic acid can encode an exogenous
receptor, FIG. 57 A, FIG. 57 B, and FIG. 57 C. For example, disclosed herein is a polynucleic acid
comprising at least one exogenous T cell receptor (TCR) sequence flanked by at least two recombination arms
having a sequence complementary to polynucleotides within a genomic sequence that is adenosine A2a
receptor, CD276, V-set domain containing T cell activation inhibitor 1, B and T lymphocyte associated,
cytotoxic T-lymphocyte-associated protein 4, indoleamine 2,3-dioxygenase 1, killer cell immunoglobulin-like
receptor, three domains, long cytoplasmic tail, 1, lymphocyte-activation gene 3, programmed cell death 1,
hepatitis A virus cellular receptor 2, V-domain immunoglobulin suppressor of T-cell activation, or natural killer
cell receptor 2B4. One or more transgenes can be in combination with one or more disruptions.

[00307] In some cases, a transgene (e.g., at least one exogenous transgene) or a nucleic acid (¢.g., at least one
exogenous nucleic acid) can be integrated into a genomic locus and/or at a break in a gene (¢.g., CISH and/or
TCR) using non-viral integration or viral integration methods. In some cases, viral integration comprises AAV
(e.g.. AAV vector or modified AAV vector or recombinant AAV vector). In some cases, an AAV vector
comprises at least one exogenous transgene. In some cases, cell viability is measured after an AAV vector
comprising at least one exogenous transgene (€.g., at least one exogenous transgene) is introduced to a cell or to
a population of cells. In some cases, cell viability is measured after a transgene is integrated into a genomic
locus of at least one cell in a population of cells (e.g., by viral or non-viral methods). In some cases, cell
viability is measured by fluorescence-activated cell sorting (FACS). In some cases cell viability is measured
after a viral or a non-viral vector comprising at least one exogenous transgene is introduced to a cell orto a

population of cells. In some cases, at least about, or at most about, or about 5%, 10%, 15%, 20%, 25%, 30%,
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98%, 99%, 99.5%, 99.8%, or 100% of the cells in a population of cells are viable after a viral vector (e.g., AAV
vector comprising at least one exogenous transgene) or a non-viral vector (¢.g., minicircle vector comprising at
least one exogenous transgene) is introduced to a cell or to a population of cells. In some cases, cell viability is
measured at about, at least about, or at most about 4 hours, 6 hours, 8 hours, 10 hours, 12 hours, 18 hours, 20
hours, 24 hours, 30 hours, 36 hours, 40 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours, 96 hours, 108
hours, 120 hours, 132 hours, 144 hours, 156 hours, 168 hours, 180 hours, 192 hours, 204 hours, 216 hours, 228
hours, 240 hours, or longer than 240 hours after a viral (¢.g., AAV) or anon-viral (¢.g., minicircle) vector is
introduced to a cell and/or to a population of cells. In some cases, cell viability is measured at about, at least
about, or at most about 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 11 days,
12 days, 13 days, 14 days, 15 days, 16 days, 17 days, 18 days, 19 days, 20 days, 21 days, 22 days, 23 days, 24
days, 25 days, 26 days, 27 days, 28 days, 29 days, 30 days, 31 days, 45 days, 50 days, 60 days, 70 days, 90
days, or longer than 90 days after a viral (¢.g., AAV) or a non-viral (¢.g., minicircle) vector is introduced to a
cell and/or to a population of cells. In some cases, cell viability is measured after at least one exogenous
transgene is introduced to at least once cell in a population of cells. In some cases, a viral vector or a non-viral
vector comprises at least one exogenous transgene. In some cases, cell viability and/or cell toxicity is improved
when at least one exogenous transgene is integrated to a cell and/or to a population of cells using viral methods
(e.g., AAV vector) compared to when non-viral methods are used (e.g., minicircle vector). In some cases, cell
toxicity is measured by flow cytometry. In some cases, cell toxicity is measured after a viral or a non-viral
vector comprising at least one exogenous transgene is introduced to a cell or to a population of cells. In some
cases, cell toxicity is reduced by at least about, or at most about, or about 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, 99.5%, 99.8%, or 100% when a viral vector (¢.g., AAV vector comprising at least one exogenous
transgene) is introduced to a cell or to a population of cells compared to when a non-viral vector is introduced
(e.g., a minicircle comprising at least one exogenous transgene). In some cases, cellular toxicity is measured at
about, at least about, or at most about 4 hours, 6 hours, 8 hours, 12 hours, 18 hours, 24 hours, 30 hours, 36
hours, 42 hours, 48 hours, 54 hours, 60 hours, 66 hours, 72 hours, 78 hours, 84 hours, 90 hours, 96 hours, 102
hours, 108 hours, 114 hours, 120 hours, 126 hours, 132 hours, 138 hours, 144 hours, 150 hours, 156 hours, 168
hours, 180 hours, 192 hours, 204 hours, 216 hours, 228 hours, 240 hours, or longer than 240 hours after a viral
vector or a non-viral vector is introduced to a cell or to a population of cells (¢.g., post introduction of an AAV
vector comprising at least one exogenous transgene or post introduction of a minicircle vector comprising at
least one exogenous transgene to a cell or to a population of cells). In some cases, cellular toxicity is measured
at about, at least about, or at most about 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10
days, 11 days, 12 days, 13 days, 14 days, 15 days, 16 days, 17 days, 18 days, 19 days, 20 days, 21 days, 22
days, 23 days, 24 days, 25 days, 26 days, 27 days, 28 days, 29 days, 30 days, 31 days, 45 days, 50 days, 60
days, 70 days, 90 days, or longer than 90 days after a viral vector or a non-viral vector is introduced to a cell or
to a population of cells (¢.g., post introduction of an AAV vector comprising at least one exogenous transgene
or post introduction of a minicircle vector comprising at least one exogenous transgene to a cell orto a
population of cells). In some cases, cellular toxicity is measured after at least one exogenous transgene is

integrated in at least one cell in a population of cells.
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specific insertions. In some cases, an insertion can be via a viral insertion. In some cases, a viral insertion of a
transgene can be targeted to a particular genomic site or in other cases a viral insertion of a transgene can be a
random insertion into a genomic site. In some cases, a transgene is inserted once into the genome of a cell. In
some cases, a transgene is randomly inserted into a locus in the genome. In some cases, a transgene is randomly
inserted into more than one locus in the genome. In some cases, a transgene is inserted in a gene (¢.g., CISH
and/or TCR). In some cases, a transgene is inserted at a break in a gene (¢.g., CISH and/or TCR). In some
cases, more than one transgene is inserted into the genome of a cell. In some cases, more than one transgene is
inserted into one or more locus in the genome. In some cases, a transgene is inserted in at least one gene. In
some cases, a transgene is inserted in two or more genes (¢.g., CISH and/or TCR). In some cases, a transgene or
at least one transgene is inserted into a genome of a cell in a random and/or specific manner. In some cases, a
transgene is an exogenous transgene. In some cases, a transgene is flanked by engineered sites complementary
to at least a portion of a gene (¢.g., CISH and/or TCR). In some cases, a transgene is flanked by engineered sites
complementary to a break in a gene (¢.g., CISH and/or TCR). In some cases, a transgene is not inserted in a
gene (e.g., not inserted in a CISH and/or TCR gene). In some cases, a transgene is not inserted at a break in a
gene (e.g., break in CISH and/or TCR). In some cases, a transgene is flanked by engineered sites
complementary to a break in a genomic locus.

[00309]

T Cell Receptor (TCR)

[00310] A T cell can comprise one or more transgenes. One or more transgenes can express a TCR alpha, beta,
gamma, and/or delta chain protein recognizing and binding to at least one epitope (e.g., cancer epitope) on an
antigen or bind to a mutated epitope on an antigen. A TCR can bind to a cancer neo-antigen. A TCR can be a
functional TCR as shown in FIG. 22 and FIG. 26. A TCR can comprise only one of the alpha chain or beta
chain sequences as defined herein (e.g., in combination with a further alpha chain or beta chain, respectively) or
may comprise both chains. A TCR can comprise only one of the gamma chain or delta chain sequences as
defined herein (e.g., in combination with a further gamma chain or delta chain, respectively) or may comprise
both chains. A functional TCR maintains at least substantial biological activity in the fusion protein. In the
case of the alpha and/or beta chain of a TCR, this can mean that both chains remain able to form a T cell
receptor (either with a non-modified alpha and/or beta chain or with another fusion protein alpha and/or beta
chain) which exerts its biological function, in particular binding to the specific peptide-MHC complex of a
TCR, and/or functional signal transduction upon peptide activation. In the case of the gamma and/or delta chain
of a TCR, this can mean that both chains remain able to form a T cell receptor (either with a non-modified
gamma and/or delta chain or with another fusion protein gamma and/or delta chain) which exerts its biological
function, in particular binding to the specific peptide-MHC complex of a TCR, and/or functional signal
transduction upon peptide activation. A T cell can also comprise one or more TCRs. A T cell can also
comprise a single TCRs specific to more than one target.

[00311] A TCR can be identified using a variety of methods. In some cases a TCR can be identified using
whole-exomic sequencing. For example, a TCR can target an ErbB2 interacting protein (ERBB2IP) antigen
containing an E805G mutation identified by whole-exomic sequencing. Alternatively, a TCR can be identified

from autologous, allogenic, or xenogeneic repertoires. Autologous and allogeneic identification can entail a
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CD14-selected monocytes and, after maturation, pulsed or transfected with a specific peptide. Peptide-pulsed
DCs can be used to stimulate autologous or allogeneic T cells. Single-cell peptide-specific T cell clones can be
isolated from these peptide-pulsed T cell lines by limiting dilution. TCRs of interest can be identified and
isolated. o and P chains of a TCR of interest can be cloned, codon optimized, and encoded into a vector or
transgene. Portions of a TCR can be replaced. For example, constant regions of a human TCR can be replaced
with the corresponding murine regions. Replacement of human constant regions with corresponding murine
regions can be performed to increase TCR stability. A TCR can also be identified with high or
supraphysiologic avidity ex vivo.
[00312] To generate a successful tumor-specific TCR, an appropriate target sequence should be identified. The
sequence may be found by isolation of a rare tumor-reactive T cell or, where this is not possible, alternative
technologies can be employed to generate highly active anti-tumor T-cell antigens. One approach can entail
immunizing transgenic mice that express the human leukocyte antigen (HLA) system with human tumor
proteins to generate T cells expressing TCRs against human antigens (see e.g., Stanislawski ef a/ .,
Circumventing tolerance to a human MDM2-derived tumor antigen by TCR gene transfer, Nature Immunology
2,962 - 970 (2001)). An alternative approach can be allogeneic TCR gene transfer, in which tumor-specific T
cells are isolated from a patient experiencing tumor remission and reactive TCR sequences can be transferred to
T cells from another patient who shares the disease but may be non-responsive (de Witte, M. A, efal.,
Targeting self-antigens through allogeneic TCR gene transfer, Blood 108, 870-877(2006)). Finally, in vitro
technologies can be employed to alter a sequence of a TCR, enhancing their tumor-killing activity by increasing
the strength of the interaction (avidity) of a weakly reactive tumor-specific TCR with target antigen (Schmid, D.
A, et al., Evidence for a TCR affinity threshold delimiting maximal CDS8 T cell function. J. Immunol. 184,
4936-4946 (2010)). Alternatively, a TCR can be identified using whole-exomic sequencing.
[00313] The present functional TCR fusion protein can be directed against an MHC-presented epitope. The
MHC can be a class I molecule, for example HLA-A. The MHC can be a class Il molecule. The present
functional TCR fusion protein can also have a peptide-based or peptide-guided function in order to target an
antigen. The present functional TCR can be linked, for example, the present functional TCR can be linked with
a 2A sequence. The present functional TCR can also be linked with furin-V5-SGSGF2A as shown in FIG. 26.
The present functional TCR can also contain mammalian components. For example, the present functional
TCR can contain mouse constant regions. The present functional TCR can also in some cases contain human
constant regions. The peptide-guided function can in principle be achieved by introducing peptide sequences
into a TCR and by targeting tumors with these peptide sequences. These peptides may be derived from phage
display or synthetic peptide library (see e.g., Arap, W., ef al., “Cancer Treatment by Targeted Drug Delivery to
Tumor Vasculature in a Mouse Model,” Science, 279, 377-380 (1998); Scott, C.P., er a/., “Structural
requirements for the biosynthesis of backbone cyclic peptide libraries,” 8: 801-815 (2001)). Among others,
peptides specific for breast, prostate and colon carcinomas as well as those specific for neo-vasculatures were
already successfully isolated and may be used in the present disclosure (Samoylova, T .1, ef a/., “Peptide Phage
Display: Opportunities for Development of Personalized Anti-Cancer Strategies,” Anti-Cancer Agents in
Medicinal Chemistry, 6(1): 9-17(9) (2006)). The present functional TCR fusion protein can be directed against
a mutated cancer epitope or mutated cancer antigen.
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certain identity and/or homology to genes disclosed herein, for example, a TCR gene. Therefore, it is
contemplated that if a gene exhibits at least or at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%, or 100%
homology (at the nucleic acid or protein level), it can be used as a transgene. It is also contemplated that a gene
that exhibits at least or at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%. 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity (at the nucleic acid
or protein level) can be used as a transgene. In some cases, the transgene can be functional.
[00315] Transgene can be incorporated into a cell. For example, a transgene can be incorporated into an
organism’s germ line. When inserted into a cell, a transgene can be either a complementary DNA (cDNA)
segment, which is a copy of messenger RNA (mRNA), or a gene itself residing in its original region of genomic
DNA (with or without introns). A transgene of protein X can refer to a transgene comprising a nucleotide
sequence encoding protein X. As used herein, in some cases, a transgene encoding protein X can be a transgene
encoding 100% or about 100% of the amino acid sequence of protein X. In other cases, a transgene encoding
protein X can be a transgene encoding at least or at least about 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%,
91%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 40%, 30%, 20%, 10%, 5%, or 1% of the amino acid
sequence of protein X. Expression of a transgene can ultimately result in a functional protein, e.g., a partially,
fully, or overly functional protein. As discussed above, if a partial sequence is expressed, the ultimate result
can be a nonfunctional protein or a dominant negative protein. A nonfunctional protein or dominant negative
protein can also compete with a functional (endogenous or exogenous) protein. A transgene can also encode
RNA (e.g., mRNA, shRNA, siRNA, or microRNA). In some cases, where a transgene encodes for an mRNA,
this can in turn be translated into a polypeptide (e.g., a protein). Therefore, it is contemplated that a transgene
can encode for protein. A transgene can, in some instances, encode a protein or a portion of a protein.
Additionally, a protein can have one or more mutations (e.g., deletion, insertion, amino acid replacement, or
rearrangement) compared to a wild-type polypeptide. A protein can be a natural polypeptide or an artificial
polypeptide (e.g., a recombinant polypeptide). A transgene can encode a fusion protein formed by two or more
polypeptides. A T cell can comprise or can comprise about 1, 2,3, 4,5,6,7,.8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, or more transgenes. For example, a T cell can comprise one or more transgene comprising a TCR
gene.
[00316] A transgene (e.g., TCR gene) can be inserted in a safe harbor locus. A safe harbor can comprise a
genomic location where a transgene can integrate and function without perturbing endogenous activity. For
example, one or more transgenes can be inserted into any one of HPRT, AAVS SITE (E.G. AAVS1, AAVS2,
ETC.), CCR5, hROSA26, and/or any combination thereof. A transgene (e.g., TCR gene) can also be inserted in
an endogenous immune checkpoint gene. An endogenous immune checkpoint gene can be stimulatory
checkpoint gene or an inhibitory checkpoint gene. A transgene (e.g., TCR gene) can also be inserted in a
stimulatory checkpoint gene such as CD27, CD40, CD122, 0X40, GITR, CD137, CD28, or ICOS. Immune
checkpoint gene locations are provided using the Genome Reference Consortium Human Build 38 patch release
2 (GRCh38.p2) assembly. A transgene (e.g., TCR gene) can also be inserted in an endogenous inhibitory
checkpoint gene such as A2AR, B7-H3, B7-H4, BTLA, CTLA-4, IDO, KIR, LAG3, PD-1, TIM-3, VISTA,
TCR, or CISH. For example, one or more transgene can be inserted into any one of CD27, CD40, CD122,
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VISTA, HPRT, AAVS SITE (E.G. AAVS1, AAVS2, ETC.), PHDI1, PHD2, PHD3, CCR5, TCR, CISH,
PPP1R12C, and/or any combination thereof. A transgene can be inserted in an endogenous TCR gene. A
transgene can be inserted within a coding genomic region. A transgene can also be inserted within a noncoding
genomic region. A transgene can be inserted into a genome without homologous recombination. Insertion of a
transgene can comprise a step of an intracellular genomic transplant. A transgene can be inserted at a PD-1
gene, FIG. 46 A and FIG. 46 B. In some cases, more than one guide can target an immune checkpoint, FIG.
47. In other cases, a transgene can be integrated at a CTLA-4 gene, FIG. 48 and FIG. 50. In other cases, a
transgene can be integrated at a CTLA-4 gene and a PD-1 gene, FIG. 49. A transgene can also be integrated
into a safe harbor such as AAVSI, FIG. 96 and FIG. 97. A transgene can be inserted at a CISH gene. A
transgene can be inserted at a TCR gene. A transgene can be inserted into an AAV integration site. An AAV
integration site can be a safe harbor in some cases. Alternative AAV integration sites may exist, such as
AAVS2 on chromosome 5 or AAVS3 on chromosome 3. Additional AAV integration sites such as AAVS 2,
AAVS3, AAVS4, AAVSS, AAVS6, AAVS7, AAVSS, and the like are also considered to be possible
integration sites for an exogenous receptor, such as a TCR. As used herein, AAVS can refer to AAVSI as well
as related adeno-associated virus (AAVS) integration sites.

[00317] A chimeric antigen receptor can be comprised of an extracellular antigen recognition domain, a trans-
membrane domain, and a signaling region that controls T cell activation. The extracellular antigen recognition
domain can be derived from a murine, a humanized or fully human monoclonal antibody. Specifically, the
extracellular antigen recognition domain is comprised of the variable regions of the heavy and light chains of a
monoclonal antibody that is cloned in the form of single-chain variable fragments (scFv) and joined through a
hinge and a transmembrane domain to an intracellular signaling molecule of the T-cell receptor (TCR) complex
and at least one co-stimulatory molecule. In some cases a co-stimulatory domain is not used.

[00318] A CAR of the present disclosure can be present in the plasma membrane of a eukaryotic cell, e.g., a
mammalian cell, where suitable mammalian cells include, but are not limited to, a cytotoxic cell, a T
lymphocyte, a stem cell, a progeny of a stem cell, a progenitor cell, a progeny of a progenitor cell, and an NK
cell. When present in the plasma membrane of a eukaryotic cell, a CAR can be active in the presence of its
binding target. A target can be expressed on a membrane. A target can also be soluble (e.g., not bound to a cell).
A target can be present on the surface of a cell such as a target cell. A target can be presented on a solid surface
such as a lipid bilayer; and the like. A target can be soluble, such as a soluble antigen. A target can be an
antigen. An antigen can be present on the surface of a cell such as a target cell. An antigen can be presented on
a solid surface such as a lipid bilayer; and the like. In some cases, a target can be an epitope of an antigen. In
some cases a target can be a cancer neo-antigen.

Some recent advances have focused on identifying tumor-specific mutations that in some cases trigger an
antitumor T cell response. For example, these endogenous mutations can be identified using a whole-exomic-
sequencing approach. Tran E, er al., “Cancer immunotherapy based on mutation-specific CD4+ T cells in a
patient with epithelial cancer,” Science 344: 641-644 (2014). Therefore, a CAR can be comprised of a scFv
targeting a tumor-specific neo-antigen.

[00319] A method can identify a cancer-related target sequence from a sample obtained from a cancer patient

using an in vitro assay (e.g. whole-exomic sequencing). A method can further identify a TCR transgene from a
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obtained from samples of the same patient or different patients. A cancer-related target sequence can be
encoded on a CAR transgene to render a CAR specific to a target sequence. A method can effectively deliver a
nucleic acid comprising a CAR transgene across a membrane of a T cell. In some instances, the first and
second T cells can be obtained from the same patient. In other instances, the first and second T cells can be
obtained from different patients. In other instances, the first and second T cells can be obtained from different
patients. The method can safely and efficiently integrate a CAR transgene into the genome of a T cell using a
non-viral integration or a viral integration system to generate an engineered T cell and thus, a CAR transgene
can be reliably expressed in the engineered T cell

[00320] A T cell can comprise one or more disrupted genes and one or more transgenes. For example, one or
more genes whose expression is disrupted can comprise any one of CD27, CD40, CD122, 0X40, GITR,
CD137, CD28, ICOS, A2AR, B7-H3, B7-H4, BTLA, CTLA-4, IDO, KIR, LAG3, PD-1, TIM-3, PHD1, PHD2,
PHD3, VISTA, TCR, CISH, PPP1R12C, TCR and/or any combination thereof. For example, solely to illustrate
various combinations, one or more genes whose expression is disrupted can comprise PD-1 and one or more
transgenes comprise TCR. For example, solely to illustrate various combinations, one or more genes whose
expression is disrupted can comprise CISH and one or more transgenes comprise TCR. For example, solely to
illustrate various combinations, one or more genes whose expression is disrupted can comprise TCR and one or
more transgenes comprise TCR. In another example, one or more genes whose expression is disrupted can also
comprise CTLA-4, and one or more transgenes comprise TCR. A disruption can result in a reduction of copy
number of genomic transcript of a disrupted gene or portion thereof. For example, a gene that can be disrupted
may have reduced transcript quantities compared to the same gene in an undisrupted cell. A disruption can
result in disruption results in less than 145 copies/pL, 140 copies/uL, 135 copies/pL, 130 copies/pL, 125
copies/ul, 120 copies/ul, 115 copies/ul, 110 copies/uL, 105 copies/ul, 100 copies/ul, 95 copies/uL., 190
copies/ul., 185 copies/ul, 80 copies/uL, 75 copies/uL, 70 copies/uL, 65 copies/uL, 60 copies/ul, 55
copies/ul, 50 copies/uL, 45 copies/uL, 40 copies/uL, 35 copies/ul., 30 copies/uL, 25 copies/ul., 20 copies/uL,
15 copies/uL, 10 copies/uL., 5 copies/ul, 1 copies/pL, or 0.05 copies/uL.. A disruption can result in less than
100 copies/uL in some cases.

[00321] A T cell can comprise one or more suppressed genes and one or more transgenes. For example, one or
more genes whose expression is suppressed can comprise any one of CD27, CD40, CD122, 0X40, GITR,
CD137, CD28, ICOS, A2AR, B7-H3, B7-H4, BTLA, CTLA-4, IDO, KIR, LAG3, PD-1, TIM-3, PHD1, PHD2,
PHD3, VISTA, CISH, PPP1R12C, TCR and/or any combination thercof. For example, solely to illustrate
various combinations, one or more genes whose expression is suppressed can comprise PD-1 and one or more
transgenes comprise TCR. For example, solely to illustrate various combinations, one or more genes whose
expression is suppressed can comprise CISH and one or more transgenes comprise TCR. For example, solely to
illustrate various combinations, one or more genes whose expression is suppressed can comprise TCR and one
or more transgenes comprise TCR. In another example, one or more genes whose expression is suppressed can
also comprise CTLA-4, and one or more transgenes comprise TCR.

[00322] A T cell can also comprise or can comprise about 1, 2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, or more dominant negative transgenes. Expression of a dominant negative transgenes can suppress

expression and/or function of a wild type counterpart of the dominant negative transgene. Thus, for example, a
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comprising an X gene whose expression is suppressed. One or more dominant negative transgenes can be
dominant negative CD27, dominant negative CD40, dominant negative CD122, dominant negative 0X40,
dominant negative GITR, dominant negative CD137, dominant negative CD28, dominant negative ICOS,
dominant negative A2AR, dominant negative B7-H3, dominant negative B7-H4, dominant negative BTLA,
dominant negative CTLA-4, dominant negative IDO, dominant negative KIR, dominant negative LAG3,
dominant negative PD-1, dominant negative TIM-3, dominant negative VISTA, dominant negative PHD1,
dominant negative PHD2, dominant negative PHD3, dominant negative CISH, dominant negative TCR,
dominant negative CCRS, dominant negative HPRT, dominant negative AAVS SITE (e.g. AAVS1, AAVS2,
ETC.), dominant negative PPP1R12C, or any combination thercof.

[00323] Also provided is a T cell comprising one or more transgenes that encodes one or more nucleic acids that
can suppress genetic expression, e.g., can knockdown a gene. RNAs that suppress genetic expression can
comprise, but are not limited to, shRNA, siRNA, RNAi, and microRNA. For example, siRNA, RNAi, and/or
microRNA can be delivered to a T cell to suppress genetic expression. Further, a T cell can comprise one or
more transgene encoding shRNAs. shRNA can be specific to a particular gene. For example, a shRNA can be
specific to any gene described in the application, including but not limited to, CD27, CD40, CD122, 0X40,
GITR, CD137, CD28, ICOS, A2AR, B7-H3, B7-H4, BTLA, CTLA-4, IDO, KIR, LAG3, PD-1, TIM-3,
VISTA, HPRT, AAVS SITE (E.G. AAVS1, AAVS2, ETC.), PHDI1, PHD2, PHD3, CCR5, TCR, CISH,
PPP1R12C, and/or any combination thereof.

[00324] One or more transgenes can be from different species. For example, one or more transgenes can
comprise a human gene, a mouse gene, a rat gene, a pig gene, a bovine gene, a dog gene, a cat gene, a monkey
gene, a chimpanzee gene, or any combination thereof. For example, a transgene can be from a human, having a
human genetic sequence. One or more transgenes can comprise human genes. In some cases, one or more
transgenes are not adenoviral genes.

[00325] A transgene can be inserted into a genome of a T cell in a random or site-specific manner, as described
above. For example, a transgene can be inserted to a random locus in a genome of a T cell. These transgenes
can be functional, e.g., fully functional if inserted anywhere in a genome. For instance, a transgene can encode
its own promoter or can be inserted into a position where it is under the control of an endogenous promoter.
Alternatively, a transgene can be inserted into a gene, such as an intron of a gene or an exon of a gene, a
promoter, or a non-coding region. A transgene can be inserted such that the insertion disrupts a gene, e.g., an
endogenous checkpoint. A transgene insertion can comprise an endogenous checkpoint region. A transgene
insertion can be guided by recombination arms that can flank a transgene.

[00326] Sometimes, more than one copy of a transgene can be inserted into more than a random locus in a
genome. For example, multiple copies can be inserted into a random locus in a genome. This can lead to
increased overall expression than if a transgene was randomly inserted once. Alternatively, a copy of a
transgene can be inserted into a gene, and another copy of a transgene can be inserted into a different gene. A
transgene can be targeted so that it could be inserted to a specific locus in a genome of a T cell.

[00327] Expression of a transgene can be controlled by one or more promoters. A promoter can be a
ubiquitous, constitutive (unregulated promoter that allows for continual transcription of an associated gene),

tissue-specific promoter or an inducible promoter. Expression of a transgene that is inserted adjacent to or near
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Some ubiquitous promoters can be a CAGGS promoter, an hCMV promoter, a PGK promoter, an SV40
promoter, or a ROSA26 promoter.
[00328] A promoter can be endogenous or exogenous. For example, one or more transgenes can be inserted
adjacent or near to an endogenous or exogenous ROSA26 promoter. Further, a promoter can be specifictoa T
cell. For example, one or more transgenes can be inserted adjacent or near to a porcine ROSA26 promoter.
[00329] Tissue specific promoter or cell-specific promoters can be used to control the location of expression.
For example, one or more transgenes can be inserted adjacent or near to a tissue-specific promoter. Tissue-
specific promoters can be a FABP promoter, an Lck promoter, a CamKII promoter, a CD19 promoter, a Keratin
promoter, an Albumin promoter, an aP2 promoter, an insulin promoter, an MCK promoter, a MyHC promoter,
a WAP promoter, or a Col2A promoter.
[00330] Tissue specific promoter or cell-specific promoters can be used to control the location of expression.
For example, one or more transgenes can be inserted adjacent or near to a tissue-specific promoter. Tissue-
specific promoters can be a FABP promoter, an Lck promoter, a CamKII promoter, a CD19 promoter, a Keratin
promoter, an Albumin promoter, an aP2 promoter, an insulin promoter, an MCK promoter, a MyHC promoter,
a WAP promoter, or a Col2A promoter.
[00331] Inducible promoters can be used as well. These inducible promoters can be turned on and off when
desired, by adding or removing an inducing agent. It is contemplated that an inducible promoter can be, but is
not limited to, a Lac, tac, trc, trp, araBAD, phoA, recA, proU, cst-1, tetA, cadA, nar, PL, cspA, T7, VHB, Mx,
and/or Trex.
[00332] A cell can be engineered to knock out endogenous genes. Endogenous genes that can be knocked out
can comprise immune checkpoint genes. An immune checkpoint gene can be stimulatory checkpoint gene or an
inhibitory checkpoint gene. Immune checkpoint gene locations can be provided using the Genome Reference
Consortium Human Build 38 patch release 2 (GRCh38.p2) assembly.
[00333] A gene to be knocked out can be selected using a database. In some cases, certain endogenous genes are
more amendable to genomic engineering. A database can comprise epigenetically permissive target sites. A
database can be ENCODE (encyclopedia of DNA Elements) (http://www.genome.gov/10005107) in some
cases. A databased can identify regions with open chromatin that can be more permissive to genomic
engineering.
[00334] A T cell can comprise one or more disrupted genes. For example, one or more genes whose expression
is disrupted can comprise any one of adenosine A2a receptor (ADORA), CD276, V-set domain containing T
cell activation inhibitor 1 (VITCN1), B and T lymphocyte associated (BTLA), cytotoxic T-lymphocyte-
associated protein 4 (CTLA4), indoleamine 2,3-dioxygenase 1 (IDO1), killer cell immunoglobulin-like
receptor, three domains, long cytoplasmic tail, 1 (KIR3DL1), lymphocyte-activation gene 3 (LAG3),
programmed cell death 1 (PD-1), hepatitis A virus cellular receptor 2 (HAVCR2), V-domain immunoglobulin
suppressor of T-cell activation (VISTA), natural killer cell receptor 2B4 (CD244), cytokine inducible SH2-
containing protein (CISH), hypoxanthine phosphoribosyltransferase 1 (HPRT), adeno-associated virus
integration site (AAVS SITE (E.G. AAVS1, AAVS2, ETC))), or chemokine (C-C motif) receptor 5
(gene/pseudogene) (CCRS), CD160 molecule (CD160), T-cell immunoreceptor with Ig and ITIM domains
(TIGIT), CD96 molecule (CD96), cytotoxic and regulatory T-cell molecule (CRTAM), leukocyte associated
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like lectin 9 (SIGLECY), tumor necrosis factor receptor superfamily member 10b (TNFRSF10B), tumor
necrosis factor receptor superfamily member 10a (TNFRSF10A), caspase 8 (CASPS), caspase 10 (CASP10),
caspase 3 (CASP3), caspase 6 (CASP6), caspase 7 (CASP7), Fas associated via death domain (FADD), Fas cell
surface death receptor (FAS), transforming growth factor beta receptor I (TGFBRII), transforming growth
factor beta receptor I (TGFBR1), SMAD family member 2 (SMAD2), SMAD family member 3 (SMAD?3),
SMAD family member 4 (SMAD4), SKI proto-oncogene (SKI), SKI-like proto-oncogene (SKIL), TGFB
induced factor homeobox 1(TGIF1), interleukin 10 receptor subunit alpha (IL10RA), interleukin 10 receptor
subunit beta (IL10RB), heme oxygenase 2 (HMOX2), interleukin 6 receptor (IL6R), interleukin 6 signal
transducer (IL6ST), c-src tyrosine kinase (CSK), phosphoprotein membrane anchor with glycosphingolipid
microdomains 1(PAG1), signaling threshold regulating transmembrane adaptor 1(SIT1), forkhead box
P3(FOXP3), PR domain 1(PRDM1), basic leucine zipper transcription factor, ATF-like (BATF), guanylate
cyclase 1, soluble, alpha 2(GUCY 1A2), guanylate cyclase 1, soluble, alpha 3(GUCY 1A3), guanylate cyclase 1,
soluble, beta 2(GUCY 1B2), guanylate cyclase 1, soluble, beta 3(GUCY 1B3), cytokine inducible SH2-
containing protein (CISH), prolyl hydroxylase domain (PHD1, PHD2, PHD3) family of proteins, TCR, or any
combination thereof. In some cases an endogenous TCR can also be knocked out. For example, solely to
illustrate various combinations, one or more genes whose expression is disrupted can comprise PD-1, CLTA-4,
TCR, and CISH.
[00335] A T cell can comprise one or more suppressed genes. For example, one or more genes whose
expression is suppressed can comprise any one of adenosine A2a receptor (ADORA), CD276, V-set domain
containing T cell activation inhibitor 1 (VTCN1), B and T lymphocyte associated (BTLA), cytotoxic T-
lymphocyte-associated protein 4 (CTLA4), indoleamine 2,3-dioxygenase 1 (IDO1), TCR, killer cell
immunoglobulin-like receptor, three domains, long cytoplasmic tail, 1 (KIR3DL1), lymphocyte-activation gene
3 (LAGS3), programmed cell death 1 (PD-1), hepatitis A virus cellular receptor 2 (HAVCR2), V-domain
immunoglobulin suppressor of T-cell activation (VISTA), natural killer cell receptor 2B4 (CD244), cytokine
inducible SH2-containing protein (CISH), hypoxanthine phosphoribosyltransferase 1 (HPRT), adeno-associated
virus integration site (AAVS1), or chemokine (C-C motif) receptor 5 (gene/pseudogene) (CCR5), CD160
molecule (CD160), T-cell immunoreceptor with Ig and ITIM domains (TIGIT), CD96 molecule (CD96),
cytotoxic and regulatory T-cell molecule (CRTAM), leukocyte associated immunoglobulin like receptor
I(LAIR1), sialic acid binding Ig like lectin 7 (SIGLEC?7), sialic acid binding Ig like lectin 9 (SIGLECY), tumor
necrosis factor receptor superfamily member 10b (TNFRSF10B), tumor necrosis factor receptor superfamily
member 10a (TNFRSF10A), caspase 8 (CASP8), caspase 10 (CASP10), caspase 3 (CASP3), caspase 6
(CASP6), caspase 7 (CASP7), Fas associated via death domain (FADD), Fas cell surface death receptor (FAS),
transforming growth factor beta receptor II (TGFBRII), transforming growth factor beta receptor I (TGFBR1),
SMAD family member 2 (SMAD2), SMAD family member 3 (SMAD3), SMAD family member 4 (SMAD4),
SKI proto-oncogene (SKI), SKl-like proto-oncogene (SKIL), TGFB induced factor homeobox 1(TGIF1),
interleukin 10 receptor subunit alpha (IL10RA), interleukin 10 receptor subunit beta (IL10RB), heme
oxygenase 2 (HMOX?2), interleukin 6 receptor (IL6R), interleukin 6 signal transducer (IL6ST), c-src tyrosine
kinase (CSK), phosphoprotein membrane anchor with glycosphingolipid microdomains 1(PAG1), signaling
threshold regulating transmembrane adaptor 1(SIT1), forkhead box P3(FOXP3), PR domain 1(PRDM1), basic
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guanylate cyclase 1, soluble, alpha 3(GUCY 1A3), guanylate cyclase 1, soluble, beta 2(GUCY 1B2), guanylate
cyclase 1, soluble, beta 3(GUCY 1B3), prolyl hydroxylase domain (PHD1, PHD2, PHD3) family of proteins,
cytokine inducible SH2-containing protein (CISH), or any combination thereof. For example, solely to illustrate
various combinations, one or more genes whose expression is suppressed can comprise PD-1, CLTA-4, TCR,
and/or CISH.

d. Cancer target

[00336] An engineered cell can target an antigen. An engineered cell can also target an epitope. An antigen can
be a tumor cell antigen. An epitope can be a tumor cell epitope. Such a tumor cell epitope may be derived from
a wide variety of tumor antigens such as antigens from tumors resulting from mutations (neo antigens or neo
epitopes), shared tumor specific antigens, differentiation antigens, and antigens overexpressed in tumors. Those
antigens, for example, may be derived from alpha-actinin-4, ARTC1, BCR-ABL fusion protein (b3a2), B-RAF,
CASP-5, CASP-8, beta-catenin, Cdc27, CDK4, CDKN2A, COA-1, dek-can fusion protein, EFTUD?2,
Elongation factor 2, ETV6-AML1 fusion protein, FLT3-ITD, FN1, GPNMB, LDLR-fucosyltransferase fusion
protein, HLA-A2d, HLA-Al1d, hsp70-2, KIAAO205, MART2, ME1, MUM-1f, MUM-2, MUM-3, nco-PAP,
Myosin class I, NFYC, OGT, OS-9, p53, pml-RARalpha fusion protein, PRDXS, PTPRK, K-ras, N-ras,
RBAF600, SIRT2, SNRPDI1, SYT-SSX1- or -SSX2 fusion protein, TGF-betaRlIl, triosephosphate isomerase,
BAGE-1, GAGE-1, 2, 8, Gage 3, 4, 5, 6,7, GnTVf, HERV-K-MEL, KK-LC-1, KM-HN-1, LAGE-1, MAGE-
Al, MAGE-A2, MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A9, MAGE-A10, MAGE-A12, MAGE-C2,
mucink, NA-88, NY-ESO-1/LAGE-2, SAGE, Sp17, SSX-2, SSX-4, TAG-1, TAG-2, TRAG-3, TRP2-INT2g,
XAGE-1b, CEA, gp100/Pmell7, Kallikrein 4, mammaglobin-A, Melan-A/MART-1, NY-BR-1, OA1, PSA,
RAB38/NY-MEL-1, TRP-1/gp75, TRP-2, tyrosinase, adipophilin, AIM-2, ALDH1A1, BCLX (L), BCMA,
BING-4, CPSF, cyclin D1, DKK1, ENAH (hMena), EP-CAM, EphA3, EZH2, FGF5, G250/MN/CAIX, HER-
2/neu, IL13Ralpha2, intestinal carboxyl esterase, alpha fetoprotein, M-CSFT, MCSP, mdm-2, MMP-2, MUCI,
p53, PBF, PRAME, PSMA, RAGE-1, RGS5, RNF43, RU2AS, secernin 1, SOX10, STEAPI, survivin,
Telomerase, VEGF, and/or WT1, just to name a few. Tumor-associated antigens may be antigens not normally
expressed by the host; they can be mutated, truncated, misfolded, or otherwise abnormal manifestations of
molecules normally expressed by the host; they can be identical to molecules normally expressed but expressed
at abnormally high levels; or they can be expressed in a context or environment that is abnormal. Tumor-
associated antigens may be, for example, proteins or protein fragments, complex carbohydrates, gangliosides,
haptens, nucleic acids, other biological molecules or any combinations thereof.

[00337] In some cases, a target is a neo antigen or neo epitope. For example, a neo antigen can be an E§05G
mutation in ERBB2IP. Neo antigen and neo epitopes can be identified by whole-exome sequencing in some
cases. A neo antigen and neo epitope target can be expressed by a gastrointestinal cancer cell in some cases. A
neo antigen and neo epitope can be expressed on an epithelial carcinoma.

¢. Other targets

[00338] An epitope can be a stromal epitope. Such an epitope can be on the stroma of the tumor
microenvironment. The antigen can be a stromal antigen. Such an antigen can be on the stroma of the tumor
microenvironment. Those antigens and those epitopes, for example, can be present on tumor endothelial cells,

tumor vasculature, tumor fibroblasts, tumor pericytes, tumor stroma, and/or tumor mesenchymal cells, just to
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MMP4, and/or Tenascin.

f.  Disruption of Genes

[00339] The insertion of transgene can be done with or without the disruption of a gene. A transgene can be
inserted adjacent to, near, or within a gene such as CD27, CD40, CD122, 0X40, GITR, CD137, CD28, ICOS,
A2AR, B7-H3, B7-H4, BTLA, CTLA-4, IDO, KIR, LAG3, PD-1, TIM-3, VISTA, HPRT, AAVS SITE (E.G.
AAVSI1, AAVS2, ETC)), CCR5, PPPIRI12C, TCR, or CISH to reduce or eliminate the activity or expression of
the gene. For example, a cancer-specific TCR transgene can be inserted adjacent to, near, or within a gene
(e.g., CISH and/or TCR) to reduce or eliminate the activity or expression of the gene. The insertion of a
transgene can be done at an endogenous TCR gene.

[00340] The disruption of genes can be of any particular gene. It is contemplated that genetic homologues (e.g.,
any mammalian version of the gene) of the genes within this applications are covered. For example, genes that
are disrupted can exhibit a certain identity and/or homology to genes disclosed herein, e.g., CD27, CD40,
CDI122, 0X40, GITR, CD137, CD28, ICOS, A2AR, B7-H3, B7-H4, BTLA, CTLA-4, IDO, KIR, LAG3, PD-1,
TIM-3, VISTA, HPRT, CCR5, AAVS SITE (E.G. AAVSI1, AAVS2, ETC)), PPPIR12C, TCR, and/or CISH.
Therefore, it is contemplated that a gene that exhibits or exhibits about 50%, 55%, 60%, 65%, 70%, 75%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%. 99%,
or 100% homology (at the nucleic acid or protein level) can be disrupted. It is also contemplated that a gene
that exhibits or exhibits about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity (at the nucleic acid or
protein level) can be disrupted. Some genetic homologues are known in the art, however, in some cases,
homologues are unknown. However, homologous genes between mammals can be found by comparing nucleic
acid (DNA or RNA) sequences or protein sequences using publically available databases such as NCBI
BLAST.

[00341] A gene that can be disrupted can be a member of a family of genes. For example, a gene that can be
disrupted can improve therapeutic potential of cancer immunotherapy. In some instances, a gene can be CISH.
A CISH gene can be a member of a cytokine-induced STAT inhibitor (CIS), also known as suppressor of
cytokine signaling (SOCS) or STAT-induced STAT inhibitor (SSI), protein family (see e.g., Palmer ef al., Cish
actively silences TCR signaling in CD8+ T cells to maintain tumor tolerance, The Journal of Experimental
Medicine 202(12), 2095-2113 (2015)). A gene can be part of a SOCS family of proteins that can form part of a
classical negative feedback system that can regulate cytokine signal transduction. A gene to be disrupted can be
CISH. CISH can be involved in negative regulation of cytokines that signal through the JAK-STATS pathway
such as erythropoietin, prolactin or interleukin 3 (IL-3) receptor. A gene can inhibit STATS trans-activation by
suppressing its tyrosine phosphorylation. CISH family members are known to be cytokine-inducible negative
regulators of cytokine signaling. Expression of a gene can be induced by IL2, IL3, GM-CSF or EPO in
hematopoietic cells. Proteasome-mediated degradation of a gene protein can be involved in the inactivation of
an erythropoietin receptor. In some cases, a gene to be targeted can be expressed in tumor-specific T cells. A
gene to be targeted can increase infiltration of an engineered cell into antigen-relevant tumors when disrupted.

In some cases, a gene to be targeted can be CISH.

-60-



[00342] w gu12191§1/2§3(1161)e disrupted can be involved in attenuating TCR signaling, 11393491@310‘1.7{9?36,1\,1

immunity to cancer. In some cases, a gene to be disrupted is upregulated when a TCR is stimulated. A gene
can be involved in inhibiting cellular expansion, functional avidity, or cytokine polyfunctionality. A gene can
be involved in negatively regulating cellular cytokine production. For example, a gene can be involved in
inhibiting production of effector cytokines, IFN-gamma and/or TNF for example. A gene can also be involved
in inhibiting expression of supportive cytokines such as IL-2 after TCR stimulation. Such a gene can be CISH.
[00343] Gene suppression can also be done in a number of ways. For example, gene expression can be
suppressed by knock out, altering a promoter of a gene, and/or by administering interfering RNAs. This can be
done at an organism level or at a tissue, organ, and/or cellular level. If one or more genes are knocked down in
a cell, tissue, and/or organ, the one or more genes can be suppressed by administrating RNA interfering
reagents, e.g., SIRNA, shRNA, or microRNA. For example, a nucleic acid which can express shRNA can be
stably transfected into a cell to knockdown expression. Furthermore, a nucleic acid which can express shRNA
can be inserted into the genome of a T cell, thus knocking down a gene within the T cell.

[00344] Disruption methods can also comprise overexpressing a dominant negative protein. This method can
result in overall decreased function of a functional wild-type gene. Additionally, expressing a dominant
negative gene can result in a phenotype that is similar to that of a knockout and/or knockdown.

[00345] Sometimes a stop codon can be inserted or created (e.g., by nucleotide replacement), in one or more
genes, which can result in a nonfunctional transcript or protein (sometimes referred to as knockout). For
example, if a stop codon is created within the middle of one or more genes, the resulting transcription and/or
protein can be truncated, and can be nonfunctional. However, in some cases, truncation can lead to an active (a
partially or overly active) protein. If a protein is overly active, this can result in a dominant negative protein.
[00346] This dominant negative protein can be expressed in a nucleic acid within the control of any promoter.
For example, a promoter can be a ubiquitous promoter. A promoter can also be an inducible promoter, tissue
specific promoter, cell specific promoter, and/or developmental specific promoter.

[00347] The nucleic acid that codes for a dominant negative protein can then be inserted into a cell. Any
method can be used. For example, stable transfection can be used. Additionally, a nucleic acid that codes for a
dominant negative protein can be inserted into a genome of a T cell.

[00348] One or more genes in a T cell can be knocked out or disrupted using any method. For example,
knocking out one or more genes can comprise deleting one or more genes from a genome of a T cell. Knocking
out can also comprise removing all or a part of a gene sequence from a T cell. It is also contemplated that
knocking out can comprise replacing all or a part of a gene in a genome of a T cell with one or more
nucleotides. Knocking out one or more genes can also comprise inserting a sequence in one or more genes
thereby disrupting expression of the one or more genes. For example, inserting a sequence can generate a stop
codon in the middle of one or more genes. Inserting a sequence can also shift the open reading frame of one or
more genes.

[00349] Knockout can be done in any cell, organ, and/or tissue, e.g., in a T cell, hematopoietic stem cell, in the
bone marrow, and/or the thymus. For example, knockout can be whole body knockout, e.g., expression of one
or more genes is suppressed in all cells of a human. Knockout can also be specific to one or more cells, tissues,
and/or organs of a human. This can be achieved by conditional knockout, where expression of one or more

genes is selectively suppressed in one or more organs, tissues or types of cells. Conditional knockout can be
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specific promoter. For example, one or more genes can be knocked out (or expression can be suppressed) in
ong or more tissues, or organs, where the one or more tissues or organs can include brain, lung, liver, heart,
spleen, pancreas, small intestine, large intestine, skeletal muscle, smooth muscle, skin, bones, adipose tissues,
hairs, thyroid, trachea, gall bladder, kidney, ureter, bladder, aorta, vein, esophagus, diaphragm, stomach,
rectum, adrenal glands, bronchi, ears, eyes, retina, genitals, hypothalamus, larynx, nose, tongue, spinal cord, or
ureters, uterus, ovary, testis, and/or any combination thereof. One or more genes can also be knocked out (or
expression can be suppressed) in one types of cells, where one or more types of cells include trichocytes,
keratinocytes, gonadotropes, corticotropes, thyrotropes, somatotropes, lactotrophs, chromaffin cells,
parafollicular cells, glomus cells melanocytes, nevus cells, merkel cells, odontoblasts, cementoblasts corneal
keratocytes, retina muller cells, retinal pigment epithelium cells, neurons, glias (e.g., oligodendrocyte
astrocytes), ependymocytes, pinealocytes, pneumocytes (e.g., type [ pneumocytes, and type 1l pneumocytes),
clara cells, goblet cells, G cells, D cells, Enterochromaffin-like cells, gastric chief cells, parietal cells, foveolar
cells, K cells, D cells, I cells, goblet cells, paneth cells, enterocytes, microfold cells, hepatocytes, hepatic stellate
cells (e.g., Kupffer cells from mesoderm), cholecystocytes, centroacinar cells, pancreatic stellate cells,
pancreatic o cells, pancreatic B cells, pancreatic o cells, pancreatic F cells, pancreatic € cells, thyroid (e.g.,
follicular cells), parathyroid (e.g., parathyroid chief cells), oxyphil cells, urothelial cells, osteoblasts, osteocytes,
chondroblasts, chondrocytes, fibroblasts, fibrocytes, myoblasts, myocytes, myosatellite cells, tendon cells,
cardiac muscle cells, lipoblasts, adipocytes, interstitial cells of cajal, angioblasts, endothelial cells, mesangial
cells (e.g., intraglomerular mesangial cells and extraglomerular mesangial cells), juxtaglomerular cells, macula
densa cells, stromal cells, interstitial cells, telocytes simple epithelial cells, podocytes, kidney proximal tubule
brush border cells, sertoli cells, leydig cells, granulosa cells, peg cells, germ cells, spermatozoon ovums,
lymphocytes, myeloid cells, endothelial progenitor cells, endothelial stem cells, angioblasts, mesoangioblasts,
pericyte mural cells, and/or any combination thereof.

[00350] In some cases, the methods of the present disclosure may comprise obtaining one or more cells from a
subject. A cell may generally refer to any biological structure comprising cytoplasm, proteins, nucleic acids,
and/or organelles enclosed within a membrane. In some cases, a cell may be a mammalian cell. In some cases, a
cell may refer to an immune cell. Non-limiting examples of a cell can include a B cell, a basophil, a dendritic
cell, an eosinophil, a gamma delta T cell, a granulocyte, a helper T cell, a Langerhans cell, a lymphoid cell, an
innate lymphoid cell (ILC), a macrophage, a mast cell, a megakaryocyte, a memory T cell, a monocyte, a
myeloid cell, a natural killer T cell, a neutrophil, a precursor cell, a plasma cell, a progenitor cell, a regulatory
T-cell, a T cell, a thymocyte, any differentiated or de-differentiated cell thereof, or any mixture or combination
of cells thereof.

[00351] In some cases, the cell may be an ILC, and the ILC is a group 1 ILC, a group 2 ILC, or a group 3 ILC.
Group 1 ILCs may generally be described as cells controlled by the T-bet transcription factor, secreting type-1
cytokines such as IFN-gamma and TNF-alpha in response to intracellular pathogens. Group 2 ILCs may
generally be described as cells relying on the GATA-3 and ROR-alpha transcription factors, producing type-2
cytokines in response to extracellular parasite infections. Group 3 ILCs may generally be described as cells

controlled by the ROR-gamma t transcription factor, and produce IL-17 and/or IL-22.
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may be a CD3+ cell, CD3- cell, a CD5+ cell, CD3- cell, a CD7+ cell, CD7- cell, a CD14+ cell, CD14- cell,
CD8+ cell, a CD8- cell, a CD103+ cell, CD103- cell, CD11b+ cell, CD11b- cell, a BDCA1+ cell, a BDCA1-
cell, an L-selectint cell, an L-selectin- cell, a CD25+, a CD25- cell, a CD27+, a CD27- cell, a CD28+ cell,
CD28- cell, a CD44+ cell, a CD44- cell, a CD56+ cell, a CD56- cell, a CD57+ cell, a CD57- cell, a CD62L+
cell, a CD62L- cell, a CD69+ cell, a CD69- cell, a CD45RO+ cell, a CD45RO- cell, a CD127+ cell, a CD127-
cell, a CD132+ cell, a CD132- cell, an IL-7+ cell, an IL-7- cell, an IL-15+ cell, an IL-15- cell, a lectin-like
receptor Glpositive cell, a lectin-like receptor G1 negative cell, or an differentiated or de-differentiated cell
thereof. The examples of factors expressed by cells is not intended to be limiting, and a person having skill in
the art will appreciate that a cell may be positive or negative for any factor known in the art. In some cases, a
cell may be positive for two or more factors. For example, a cell may be CD4+ and CD8+. In some cases, a cell
may be negative for two or more factors. For example, a cell may be CD25-, CD44-, and CD69-. In some cases,
a cell may be positive for one or more factors, and negative for one or more factors. For example, a cell may be
CD4+ and CD8-. The selected cells can then be infused into a subject. In some cases, the cells may be selected
for having or not having one or more given factors (e.g., cells may be separated based on the presence or
absence of one or more factors). Separation efficiency can affect the viability of cells, and the efficiency with
which a transgene may be integrated into the genome of a cell and/or expressed. In some cases, the selected
cells can also be expanded in vitro. The selected cells can be expanded in vitro prior to infusion. It should be
understood that cells used in any of the methods disclosed herein may be a mixture (e.g., two or more different
cells) of any of the cells disclosed herein. For example, a method of the present disclosure may comprise cells,
and the cells are a mixture of CD4+ cells and CD8+ cells. In another example, a method of the present
disclosure may comprise cells, and the cells are a mixture of CD4+ cells and naive cells.
[00353] Naive cells retain several properties that may be particularly useful for the methods disclosed herein.
For example, naive cells are readily capable of in vitro expansion and T-cell receptor transgene expression, they
exhibit fewer markers of terminal differentiation (a quality which may be associated with greater efficacy after
cell infusion), and retain longer telomeres, suggestive of greater proliferative potential (Hinrichs, C.S., er al.,
“Human effector CD8+ T cells derived from naive rather than memory subsets possess superior traits for
adoptive immunotherapy,” Blood, 117(3):808-14 (2011)). The methods disclosed herein may comprise
selection or negative selection of markers specific for naive cells. In some cases, the cell may be a naive cell. A
naive cell may generally refer to any cell that has not been exposed to an antigen. Any cell in the present
disclosure may be a naive cell. In one example, a cell may be a naive T cell. A naive T cell may generally be
described a cell that has differentiated in bone marrow, and successfully undergone the positive and negative
processes of central selection in the thymus, and/or may be characterized by the expression or absence of
specific markers (¢.g., surface expression of L-selectin, the absence of the activation
markers CD25, CD44 or CD69, and the absence of memory CD45RO isoform).
[00354] In some cases, cells may comprise cell lines (e.g., immortalized cell lines). Non-limiting examples of
cell lines include human BC-1 cells, human BJAB cells, human IM-9 cells, human Jiyoye cells, human K-562
cells, human LCL cells, mouse MPC-11 cells, human Raji cells, human Ramos cells, mouse Ramos cells,
human RPMI8226 cells, human RS4-11 cells, human SKW6 .4 cells, human Dendritic cells, mouse P815 cells,
mouse RBL-2H3 cells, human HL-60 cells, human NAMALWA cells, human Macrophage cells, mouse RAW
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264.7 cempﬁlqllﬂ?%lizq cells, mouse M1 cells, human PBMC cells, mouse BW5 141,)(\2119\@—22}2/95&6}95, human
CCRF-CEM cells, mouse EL4 cells, human Jurkat cells, human SCID .adh cells, human U-937 cells or any
combination of cells thereof.
[00355] Stem cells can give rise to a variety of somatic cells and thus have in principle the potential to serve as
an endless supply of therapeutic cells of virtually any type. The re-programmability of stem cells also allows for
additional engineering to enhance the therapeutic value of the reprogrammed cell. In any of the methods of the
present disclosure, one or more cells may be derived from a stem cell. Non-limiting examples of stem cells
include embryonic stem cells, adult stem cells, tissue-specific stem cells, neural stem cells, allogenic stem cells,
totipotent stem cells, multipotent stem cells, pluripotent stem cells, induced pluripotent stem cells,
hematopoietic stem cells, epidermal stem cells, umbilical cord stem cells, epithelial stem cells, or adipose-
derived stem cells. In one example, a cell may be hematopoietic stem cell-derived lymphoid progenitor cells. In
another example, a cell may be embryonic stem cell-derived T cell. In yet another example, a cell may be an
induced pluripotent stem cell (iIPSC)-derived T cell.
[00356] Conditional knockouts can be inducible, for example, by using tetracycline inducible promoters,
development specific promoters. This can allow for eliminating or suppressing expression of a gene/protein at
any time or at a specific time. For example, with the case of a tetracycline inducible promoter, tetracycline can
be given to a T cell any time after birth. A cre/lox system can also be under the control of a developmental
specific promoter. For example, some promoters are turned on after birth, or even after the onset of puberty.
These promoters can be used to control cre expression, and therefore can be used in developmental specific
knockouts.
[00357]1t is also contemplated that any combinations of knockout technology can be combined. For example,
tissue specific knockout or cell specific knockout can be combined with inducible technology, creating a tissue
specific or cell specific, inducible knockout. Furthermore, other systems such developmental specific promoter,
can be used in combination with tissues specific promoters, and/or inducible knockouts.
[00358] Knocking out technology can also comprise gene editing. For example, gene editing can be performed
using a nuclease, including CRISPR associated proteins (Cas proteins, e.g., Cas9), Zinc finger nuclease (ZFN),
Transcription Activator-Like Effector Nuclease (TALEN), and meganucleases. Nucleases can be naturally
existing nucleases, genetically modified, and/or recombinant. Gene editing can also be performed using a
transposon-based system (e.g. PiggyBac, Sleeping beauty). For example, gene editing can be performed using a
transposase.
[00359] In some cases, a nuclease or a polypeptide encoding a nuclease introduces a break into at least one gene
(e.g., CISH and/or TCR). In some cases, a nuclease or a polypeptide encoding a nuclease comprises and/or
results in an inactivation or reduced expression of at least one gene (¢.g., CISH and/or TCR). In some cases, a
gene is selected from the group consisting of CISH, TCR, adenosine A2a receptor (ADORA), CD276, V-set
domain containing T cell activation inhibitor 1 (VTCNI1), B and T lymphocyte associated (BTLA), indoleamine
2,3-dioxygenase 1 (IDO1), killer cell immunoglobulin-like receptor, three domains, long cytoplasmic tail, 1
(KIR3DL1), lymphocyte-activation gene 3 (LAG?3), hepatitis A virus cellular receptor 2 (HAVCR2), V-domain
immunoglobulin suppressor of T-cell activation (VISTA), natural killer cell receptor 2B4 (CD244),
hypoxanthine phosphoribosyltransferase 1 (HPRT), adeno-associated virus integration site 1[(AAVS1), or
chemokine (C-C motif) receptor 5 (gene/pseudogene) (CCRS), CD160 molecule (CD160), T-cell
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immuno¥VQ 3&;118(91%1141?56and ITIM domains (TIGIT), CD96 molecule (CD96), cytot(?A(;\:rﬁg&lezl/gsﬁ?}Sf-cell
molecule (CRTAM), leukocyte associated immunoglobulin like receptor 1(LAIR1), sialic acid binding Ig like
lectin 7 (SIGLEC?7), sialic acid binding Ig like lectin 9 (SIGLEC9), tumor necrosis factor receptor superfamily
member 10b (TNFRSF10B), tumor necrosis factor receptor superfamily member 10a (TNFRSF10A), caspase 8
(CASPS), caspase 10 (CASP10), caspase 3 (CASP3), caspase 6 (CASP6), caspase 7 (CASP7), Fas associated
via death domain (FADD), Fas cell surface death receptor (FAS), transforming growth factor beta receptor I1
(TGFBRII), transforming growth factor beta receptor I (TGFBR1), SMAD family member 2 (SMAD2), SMAD
family member 3 (SMAD3), SMAD family member 4 (SMAD4), SKI proto-oncogene (SKI), SKI-like proto-
oncogene (SKIL), TGFB induced factor homeobox 1(TGIF1), programmed cell death 1 (PD-1), cytotoxic T-
lymphocyte-associated protein 4 (CTLA4), interleukin 10 receptor subunit alpha (IL10RA), interleukin 10
receptor subunit beta (IL10RB), heme oxygenase 2 (HMOX?2), interleukin 6 receptor (IL6R), interleukin 6
signal transducer (IL6ST), c-src tyrosine kinase (CSK), phosphoprotein membrane anchor with
glycosphingolipid microdomains 1(PAG1), signaling threshold regulating transmembrane adaptor 1(SIT1),
forkhead box P3(FOXP3), PR domain 1(PRDM1), basic leucine zipper transcription factor, ATF-like (BATF),
guanylate cyclase 1, soluble, alpha 2(GUCY 1A2), guanylate cyclase 1, soluble, alpha 3(GUCY 1A3), guanylate
cyclase 1, soluble, beta 2(GUCY 1B2), prolyl hydroxylase domain (PHD1, PHD2, PHD3) family of proteins, or
guanylate cyclase 1, soluble, beta 3(GUCY 1B3), T-cell receptor alpha locus (TRA), T cell receptor beta locus
(TRB), egl-9 family hypoxia-inducible factor 1 ( EGLN1), egl-9 family hypoxia-inducible factor 2 (EGLN2),
egl-9 family hypoxia-inducible factor 3 (EGLN3), protein phosphatase 1 regulatory subunit 12C (PPP1R12C),

and any combinations or derivatives thereof.

CRISPR SYSTEM
[00360] Methods described herein can take advantage of a CRISPR system. There are at least five types of
CRISPR systems which all incorporate RNAs and Cas proteins. Types L, IIL, and IV assemble a multi-Cas
protein complex that is capable of cleaving nucleic acids that are complementary to the crRNA. Types [ and 111
both require pre-crRNA processing prior to assembling the processed crRNA into the multi-Cas protein
complex. Types Il and V CRISPR systems comprise a single Cas protein complexed with at least one guiding
RNA.
[00361] The general mechanism and recent advances of CRISPR system is discussed in Cong, L. er al.,
“Multiplex genome engineering using CRISPR systems,” Science, 339(6121): 819-823 (2013); Fu, Y. et al.,
“High-frequency off-target mutagenesis induced by CRISPR-Cas nucleases in human cells,” Nature
Biotechnology, 31, 822-826 (2013); Chu, VT ef al. “Increasing the efficiency of homology-directed repair for
CRISPR-Cas9-induced precise gene editing in mammalian cells,” Nature Biotechnology 33, 543-548 (2015);
Shmakov, S. ef al., “Discovery and functional characterization of diverse Class 2 CRISPR-Cas systems,”
Molecular Cell, 60, 1-13 (2015); Makarova, KS ef a/., “An updated evolutionary classification of CRISPR-Cas
systems,”, Nature Reviews Microbiology, 13, 1-15 (2015). Site-specific cleavage of a target DNA occurs at
locations determined by both 1) base-pairing complementarity between the guide RNA and the target DNA
(also called a protospacer) and 2) a short motif in the target DNA referred to as the protospacer adjacent motif
(PAM). For example, an engineered cell can be generated using a CRISPR system, e.g., a type 11 CRISPR

system. A Cas enzyme used in the methods disclosed herein can be Cas9, which catalyzes DNA cleavage.
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double stranded breaks at target site sequences which hybridize to 20 nucleotides of a guide sequence and that
have a protospacer-adjacent motif (PAM) following the 20 nucleotides of the target sequence.

[00362] A CRISPR system can be introduced to a cell or to a population of cells using any means. In some
cases, a CRISPR system may be introduced by electroporation or nucleofection. Electroporation can be
performed for example, using the Neon® Transfection System (ThermoFisher Scientific) or the AMAXA®
Nucleofector (AMAXA® Biosystems) can also be used for delivery of nucleic acids into a cell. Electroporation
parameters may be adjusted to optimize transfection efficiency and/or cell viability. Electroporation devices can
have multiple electrical wave form pulse settings such as exponential decay, time constant and square wave.
Every cell type has a unique optimal Field Strength (E) that is dependent on the pulse parameters applied (¢.g.,
voltage, capacitance and resistance). Application of optimal field strength causes electropermeabilization
through induction of transmembrane voltage, which allows nucleic acids to pass through the cell membrane. In
some cases, the electroporation pulse voltage, the electroporation pulse width, number of pulses, cell density,

and tip type may be adjusted to optimize transfection efficiency and/or cell viability.

a. Cas protein

[00363] A vector can be operably linked to an enzyme-coding sequence encoding a CRISPR enzyme, such as a
Cas protein (CRISPR-associated protein). In some cases, a nuclease or a polypeptide encoding a nuclease is
from a CRISPR system (¢.g., CRISPR enzyme). Non-limiting examples of Cas proteins can include Casl,
Cas1B, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8, Cas9 (also known as Csnl or Csx12), Casl0, Csyl , Csy2,
Csy3, Csel, Cse2, Cscl, Csc2, Csas, Csn2, Csm2, Csm3, Csm4, Csm5, Csm6, Cmrl, Cmr3, Cmr4, Cmr5,
Cmr6, Csbl, Csb2, Csb3, Csx17, Csx14, Csx10, Csx16, CsaX, Csx3, Csx1, Csx1S, Csfl, Csf2, CsO, Csf4,
Cpfl, c2¢l, c2¢3, Cas9HiFi, homologues thereof, or modified versions thereof. In some cases, a catalytically
dead Cas protein can be used (e.g., catalytically dead Cas9 (dCas9)). An unmodified CRISPR enzyme can have
DNA cleavage activity, such as Cas9. In some cases, a nuclease is Cas9. In some cases, a polypeptide encodes
Cas9. In some cases, a nuclease or a polypeptide encoding a nuclease is catalytically dead. In some cases, a
nuclease is a catalytically dead Cas9 (dCas9). In some cases, a polypeptide encodes a catalytically dead Cas9
(dCas9). A CRISPR enzyme can direct cleavage of one or both strands at a target sequence, such as within a
target sequence and/or within a complement of a target sequence. For example, a CRISPR enzyme can direct
cleavage of one or both strands within or within about 1, 2, 3,4, 5,6, 7, 8, 9, 10, 15, 20, 25, 50, 100, 200, 500,
or more base pairs from the first or last nucleotide of a target sequence. A vector that encodes a CRISPR
enzyme that is mutated with respect to a corresponding wild-type enzyme such that the mutated CRISPR
enzyme lacks the ability to cleave one or both strands of a target polynucleotide containing a target sequence
can be used. A Cas protein can be a high fidelity Cas protein such as CasSHiFi.

[00364] A vector that encodes a CRISPR enzyme comprising one or more nuclear localization sequences
(NLSs), such as more than or more than about 1, 2,3, 4,5,6,7, 8,9, 10, NLSs can be used. For example, a
CRISPR enzyme can comprise more than or more than about 1, 2, 3,4, 5,6, 7, 8,9, 10, NLSs at or near the
ammo-terminus, more than or more than about 1,2, 3,4, 5,6, 7, 8,9, 10, NLSs at or near the carboxyl-
terminus, or any combination of these (e.g., one or more NLS at the ammo-terminus and one or more NLS at

the carboxyl terminus). When more than one NLS is present, each can be selected independently of others,
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NLSs present in one or more copies.
[00365] Cas9 can refer to a polypeptide with at least or at least about 50%, 60%, 70%, 80%, 90%, 100%
sequence identity and/or sequence similarity to a wild type exemplary Cas9 polypeptide (e.g., Cas9 from S.
pyvogenes). Cas9 can refer to a polypeptide with at most or at most about 50%, 60%, 70%, 80%, 90%, 100%
sequence identity and/or sequence similarity to a wild type exemplary Cas9 polypeptide (e.g., from 5.
pyvogenes). Cas9 can refer to the wild type or a modified form of the Cas9 protein that can comprise an amino
acid change such as a deletion, insertion, substitution, variant, mutation, fusion, chimera, or any combination
thereof.
[00366] A polynucleotide encoding a nuclease or an endonuclease (e.g., a Cas protein such as Cas9) can be
codon optimized for expression in particular cells, such as eukaryotic cells. This type of optimization can entail
the mutation of foreign-derived (e.g., recombinant) DNA to mimic the codon preferences of the intended host
organism or cell while encoding the same protein.
[00367] CRISPR enzymes used in the methods can comprise NLSs. The NLS can be located anywhere within
the polypeptide chain, e.g., near the N- or C-terminus. For example, the NLS can be within or within about 1,
2,3,4,5,10, 15, 20, 25, 30, 40, 50 amino acids along a polypeptide chain from the N- or C-terminus.
Sometimes the NLS can be within or within about 50 amino acids or more, e.g., 100, 200, 300, 400, 500, 600,
700, 800, 900, or 1000 amino acids from the N- or C-terminus.
[00368] A nuclease or an endonuclease can comprise an amino acid sequence having at least or at least about
50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%, amino acid sequence identity to the nuclease
domain of a wild type exemplary site-directed polypeptide (e.g., Cas9 from S. pyogenes).
[00369] While S. pyogenes Cas9 (SpCas9), Table 11, is commonly used as a CRISPR endonuclease for genome
engineering, it may not be the best endonuclease for every target excision site. For example, the PAM sequence
for SpCas9 (5" NGG 3') is abundant throughout the human genome, but a NGG sequence may not be positioned
correctly to target a desired gene for modification. In some cases, a different endonuclease may be used to
target certain genomic targets. In some cases, synthetic SpCas9-derived variants with non-NGG PAM
sequences may be used. Additionally, other Cas9 orthologues from various species have been identified and
these “non-SpCas9s™ bind a variety of PAM sequences that could also be useful for the present disclosure. For
example, the relatively large size of SpCas9 (approximately 4kb coding sequence) means that plasmids carrying
the SpCas9 cDNA may not be efficiently expressed in a cell. Conversely, the coding sequence for
Staphylococcus aureus Cas9 (SaCas9) is approximately1 kilo base shorter than SpCas9, possibly allowing it to
be efficiently expressed in a cell. Similar to SpCas9, the SaCas9 endonuclease is capable of modifying target
genes in mammalian cells 7n vitro and in mice in vivo.
[00370] Alternatives to S. pyogenes Cas9 may include RNA-guided endonucleases from the Cpfl family that
display cleavage activity in mammalian cells. Unlike Cas9 nucleases, the result of Cpfl-mediated DNA
cleavage is a double-strand break with a short 3' overhang. Cpfl’s staggered cleavage pattern may open up the
possibility of directional gene transfer, analogous to traditional restriction enzyme cloning, which may increase
the efficiency of gene editing. Like the Cas9 variants and orthologues described above, Cpfl may also expand
the number of sites that can be targeted by CRISPR to AT-rich regions or AT-rich genomes that lack the NGG
PAM sites favored by SpCas9.
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Cas mRNA can be introduced to a cell. In other cases, a Cas mRNA can be introduced from 0.5 micrograms to
100 micrograms. A Cas mRNA can be introduced from 0.5, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, or 100 micrograms.

[00372] In some cases, a dual nickase approach may be used to introduce a double stranded break or a genomic
break. Cas proteins can be mutated at known amino acids within either nuclease domains, thereby deleting
activity of one nuclease domain and generating a nickase Cas protein capable of generating a single strand
break. A nickase along with two distinct guide RNAs targeting opposite strands may be utilized to generate a
double strand break (DSB) within a target site (often referred to as a “double nick™ or “dual nickase” CRISPR
system). This approach can increase target specificity because it is unlikely that two off-target nicks will be

generated within close enough proximity to cause a DSB.

b. Guiding polynucleic acid (e.g., gRNA or gDNA)

[00373] A guiding polynucleic acid (or a guide polynucleic acid) can be DNA or RNA. A guiding polynucleic
acid can be single stranded or double stranded. In some cases, a guiding polynucleic acid can contain regions of
single stranded areas and double stranded areas. A guiding polynucleic acid can also form secondary structures.
In some cases, a guiding polynucleic acid can contain internucleotide linkages that can be phosphorothioates.
Any number of phosphorothioates can exist. For example from 1 to about 100 phosphorothioates can exist in a
guiding polynucleic acid sequence. In some cases, from 1 to 10 phosphorothioates are present. In some cases, 0,
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 phosphorothioates exist in a guiding
polynucleic acid sequence.

[00374] As used herein, the term “guide RNA (gRNA)”, and its grammatical equivalents can refer to

an RNA which can be specific for a target DNA and can form a complex with a nuclease such as a Cas protein.
A guide RNA can comprise a guide sequence, or spacer sequence, that specifies a target site and guides an
RNA/Cas complex to a specified target DNA for cleavage. For example, FIG. 15 demonstrates that guide RNA
can target a CRISPR complex to three genes and perform a targeted double strand break. Site-specific cleavage
of a target DNA occurs at locations determined by both 1) base-pairing complementarity between a guide RNA
and a target DNA (also called a protospacer) and 2) a short motif in a target DNA referred to as a protospacer
adjacent motif (PAM). Similarly, a guide RNA (*gDNA”) can be specific for a target DNA and can form a
complex with a nuclease to direct its nucleic acid-cleaving activity.

[00375] A method disclosed herein can also comprise introducing into a cell or embryo or to a population of
cells at least one guide polynucleic acid (e.g., guide DNA, or guide RNA) or nucleic acid (¢.g., DNA encoding
at least one guide RNA)). A guide RNA can interact with a RNA-guided endonuclease or nuclease to direct the
endonuclease or nuclease to a specific target site, at which site the 5' end of the guide RNA base pairs with a
specific protospacer sequence in a chromosomal sequence. In some cases, a guide polynucleic acid can be
gRNA and/or gDNA. In some cases, a guide polynucleic acid can have a complementary sequence to at least
one gene (¢.g., CISH and/or TCR). In some cases, a CRISPR system comprises a guide polynucleic acid. In
some cases, a CRISPR system comprises a guide polynucleic acid and/or a nuclease or a polypeptide encoding
anuclease. In some cases, the methods or the systems of the present disclosure further comprises a guide

polynucleic acid and/or a nuclease or a polypeptide encoding a nuclease. In some cases, a guide polynucleic
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introduced to a cell or to a population of cells. In some cases, a guide polynucleic acid is introduced at the same
time, before, or after a viral (e.g., AAV) vector or a non-viral (¢.g., minicircle) vector is introduced to a cell or
to a population of cells (¢.g., a guide polynucleic acid is introduced at the same time, before, or after an AAV
vector comprising at least one exogenous transgene is introduced to a cell or to a population of cells).

[00376] A guide RNA can comprise two RNAs, e.g., CRISPR RNA (crRNA) and transactivating crRNA
(tracrRNA). A guide RNA can sometimes comprise a single-guide RNA (sgRNA) formed by fusion of a
portion (e.g., a functional portion) of crRNA and tracrRNA. A guide RNA can also be a dual RNA comprising
a crRNA and a tracrRNA. A guide RNA can comprise a crRNA and lack a tracrRNA. Furthermore, a crRNA
can hybridize with a target DNA or protospacer sequence.

[00377] As discussed above, a guide RNA can be an expression product. For example, a DNA that encodes

a guide RNA can be a vector comprising a sequence coding for the guide RNA. A guide RNA can be
transferred into a cell or organism by transfecting the cell or organism with an isolated guide RNA or plasmid
DNA comprising a sequence coding for the guide RNA and a promoter. A guide RNA can also be transferred
into a cell or organism in other way, such as using virus-mediated gene delivery.

[00378] A guide RNA can be isolated. For example, a guide RNA can be transfected in the form of an

isolated RNA into a cell or organism. A guide RNA can be prepared by in vifro transcription using any in

vitro transcription system. A guide RNA can be transferred to a cell in the form of isolated RNA rather than in
the form of plasmid comprising encoding sequence for a guide RNA.

[00379] A guide RNA can comprise a DNA-targeting segment and a protein binding segment. A DNA-
targeting segment (or DNA-targeting sequence, or spacer sequence) comprises a nucleotide sequence that can
be complementary to a specific sequence within a target DNA (e.g., a protospacer). A protein-binding segment
(or protein-binding sequence) can interact with a site-directed modifying polypeptide, e.g. an RNA-guided
endonuclease such as a Cas protein. By "segment" it is meant a segment/section/region of a molecule, e.g., a
contiguous stretch of nucleotides in RNA. A segment can also mean a region/section of a complex such that a
segment may comprise regions of more than one molecule. For example, in some cases a protein-binding
segment of a DNA-targeting RNA 1s one RNA molecule and the protein-binding segment therefore comprises a
region of that RNA molecule. In other cases, the protein-binding segment of a DNA-targeting RNA comprises
two separate molecules that are hybridized along a region of complementarity.

[00380] A guide RNA can comprise two separate RNA molecules or a single RNA molecule. An exemplary
single molecule guide RNA comprises both a DNA-targeting segment and a protein-binding segment.

[00381] An exemplary two-molecule DNA-targeting RNA can comprise a crRNA-like ("CRISPR RNA" or
"targeter-RNA" or "crRNA" or "crRNA repeat") molecule and a corresponding tracrRNA-like ("trans-acting
CRISPR RNA" or "activator-RNA" or "tracrRNA") molecule. A first RNA molecule can be a crRNA-like
molecule (targeter-RNA), that can comprise a DNA-targeting segment (e.g., spacer) and a stretch of nucleotides
that can form one half of a double-stranded RNA (dsRNA) duplex comprising the protein-binding segment of a
guide RNA. A second RNA molecule can be a corresponding tracrRNA-like molecule (activator-RNA) that can
comprise a stretch of nucleotides that can form the other half of a dSRNA duplex of a protein-binding segment
of a guide RNA. In other words, a stretch of nucleotides of a crRNA-like molecule can be complementary to

and can hybridize with a stretch of nucleotides of a tracrRNA-like molecule to form a dsRNA duplex of a
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corresponding tracrRNA-like molecule. A crRNA-like molecule additionally can provide a single stranded
DNA-targeting segment, or spacer sequence. Thus, a crRNA-like and a tracrRNA-like molecule (as a
corresponding pair) can hybridize to form a guide RNA. A subject two-molecule guide RNA can comprise any
corresponding crRNA and tracrRNA pair.

[00382] A DNA-targeting segment or spacer sequence of a guide RNA can be complementary to sequence at a
target site in a chromosomal sequence, e.g., protospacer sequence) such that the DNA-targeting segment of the
guide RNA can base pair with the target site or protospacer. In some cases, a DNA-targeting segment of a
guide RNA can comprise from or from about 10 nucleotides to from or from about 25 nucleotides or more. For
example, a region of base pairing between a first region of a guide RNA and a target site in a chromosomal
sequence can be or can be about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 22, 23, 24, 25, or more than 25
nucleotides in length. Sometimes, a first region of a guide RNA can be or can be about 19, 20, or 21
nucleotides in length.

[00383] A guide RNA can target a nucleic acid sequence of or of about 20 nucleotides. A target nucleic acid
can be less than or less than about 20 nucleotides. A target nucleic acid can be at least or at least about 5, 10,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30 or more nucleotides. A target nucleic acid can be at most or at
most about 5, 10, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30 or more nucleotides. A target nucleic acid
sequence can be or can be about 20 bases immediately 5° of the first nucleotide of the PAM. A guide RNA can
target the nucleic acid sequence. In some cases, a guiding polynucleic acid, such as a guide RNA, can bind a
genomic region from about 1 basepair to about 20 basepairs away from a PAM. A guide can bind a genomic
region from about 1,2, 3,4,56,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or up to about 20 base pairs away
from a PAM.

[00384] A guide nucleic acid, for example, a guide RNA, can refer to a nucleic acid that can hybridize to
another nucleic acid, for example, the target nucleic acid or protospacer in a genome of a cell. A guide nucleic
acid can be RNA. A guide nucleic acid can be DNA. The guide nucleic acid can be programmed or designed
to bind to a sequence of nucleic acid site-specifically. A guide nucleic acid can comprise a polynucleotide chain
and can be called a single guide nucleic acid. A guide nucleic acid can comprise two polynucleotide chains
and can be called a double guide nucleic acid.

[00385] A guide nucleic acid can comprise one or more modifications to provide a nucleic acid with a new or
enhanced feature. A guide nucleic acid can comprise a nucleic acid affinity tag. A guide nucleic acid can
comprise synthetic nucleotide, synthetic nucleotide analog, nucleotide derivatives, and/or modified nucleotides.
[00386] A guide nucleic acid can comprise a nucleotide sequence (e.g., a spacer), for example, at or near the 5°
end or 3” end, that can hybridize to a sequence in a target nucleic acid (e.g., a protospacer). A spacer of a guide
nucleic acid can interact with a target nucleic acid in a sequence-specific manner via hybridization (7.e., base
pairing). A spacer sequence can hybridize to a target nucleic acid that is located 5° or 3” of a protospacer
adjacent motif (PAM). The length of a spacer sequence can be at least or at least about 5, 10, 15, 16, 17, 18, 19,
20,21, 22, 23, 24, 25, 30 or more nucleotides. The length of a spacer sequence can be at most or at most about
5,10, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30 or more nucleotides.

[00387] A guide RNA can also comprise a dsSRNA duplex region that forms a secondary structure. For

example, a secondary structure formed by a guide RNA can comprise a stem (or hairpin) and a loop. A length
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and a stem can range from about 6 to about 20 base pairs in length. A stem can comprise one or more bulges of
1 to about 10 nucleotides. The overall length of a second region can range from about 16 to about 60
nucleotides in length. For example, a loop can be or can be about 4 nucleotides in length and a stem can be or
can be about 12 base pairs. A dsRNA duplex region can comprise a protein-binding segment that can form a
complex with an RNA-binding protein, such as a RNA-guided endonuclease, e.g. Cas protein.

[00388] A guide RNA can also comprise a tail region at the 5° or 3' end that can be essentially single-stranded.
For example, a tail region is sometimes not complementarity to any chromosomal sequence in a cell of interest
and is sometimes not complementarity to the rest of a guide RNA. Further, the length of a tail region can vary.
A tail region can be more than or more than about 4 nucleotides in length. For example, the length of a tail
region can range from or from about 5 to from or from about 60 nucleotides in length.

[00389] A guide RNA can be introduced into a cell or embryo as an RNA molecule. For example, a RNA
molecule can be transcribed in vitro and/or can be chemically synthesized. A guide RNA can then be
introduced into a cell or embryo as an RNA molecule. A guide RNA can also be introduced into a cell or
embryo in the form of a non-RNA nucleic acid molecule, e.g., DNA molecule. For example, a DNA encoding a
guide RNA can be operably linked to promoter control sequence for expression of the guide RNA in a cell or
embryo of interest. A RNA coding sequence can be operably linked to a promoter sequence that is recognized
by RNA polymerase 111 (Pol I1I).

[00390] A DNA molecule encoding a guide RNA can also be lincar. A DNA molecule encoding a guide RNA
can also be circular.

[00391] A DNA sequence encoding a guide RNA can also be part of a vector. Some examples of vectors can
include plasmid vectors, phagemids, cosmids, artificial/mini-chromosomes, transposons, and viral vectors. For
example, a DNA encoding a RNA-guided endonuclease is present in a plasmid vector. Other non-limiting
examples of suitable plasmid vectors include pUC, pBR322, pET, pBluescript, and variants thereof. Further, a
vector can comprise additional expression control sequences (e.g., enhancer sequences, Kozak sequences,
polyadenylation sequences, transcriptional termination sequences, etc.), selectable marker sequences (e.g.,
antibiotic resistance genes), origins of replication, and the like.

[00392] When both a RNA-guided endonuclease and a guide RNA are introduced into a cell as DNA molecules,
cach can be part of a separate molecule (e.g., one vector containing fusion protein coding sequence and a
second vector containing guide RNA coding sequence) or both can be part of a same molecule (e.g., one vector
containing coding (and regulatory) sequence for both a fusion protein and a guide RNA).

[00393] A Cas protein, such as a Cas9 protein or any derivative thereof, can be pre-complexed with a guide
RNA to form a ribonucleoprotein (RNP) complex. The RNP complex can be introduced into primary immune
cells. Introduction of the RNP complex can be timed. The cell can be synchronized with other cells at G1, S,
and/or M phases of the cell cycle. The RNP complex can be delivered at a cell phase such that HDR is
enhanced. The RNP complex can facilitate homology directed repair.

[00394] A guide RNA can also be modified. The modifications can comprise chemical alterations, synthetic
modifications, nucleotide additions, and/or nucleotide subtractions. The modifications can also enhance
CRISPR genome engineering. A modification can alter chirality of a gRNA. In some cases, chirality may be

uniform or stereopure after a modification. A guide RNA can be synthesized. The synthesized guide RNA can
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undesired off-target mutagenesis. The truncation can comprise any number of nucleotide deletions. For
example, the truncation can comprise 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 40, 50 or more nucleotides. A guide RNA
can comprise a region of target complementarity of any length. For example, a region of target
complementarity can be less than 20 nucleotides in length. A region of target complementarity can be more than
20 nucleotides in length. A region of target complementarity can target from about 5 bp to about 20 bp directly
adjacent to a PAM sequence. A region of target complementarity can target about 13 bp directly adjacent to a
PAM sequence.

[00395] In some cases, a GUIDE-Seq analysis can be performed to determine the specificity of engineered
guide RNAs. The general mechanism and protocol of GUIDE-Seq profiling of off-target cleavage by CRISPR
system nucleases is discussed in Tsai, S. ef al., “GUIDE-Seq enables genome-wide profiling of off-target
cleavage by CRISPR system nucleases,” Nature, 33: 187-197 (2015).

[00396] A gRNA can be introduced at any functional concentration. For example, a gRNA can be introduced to
a cell at 10micrograms. In other cases, a gRNA can be introduced from 0.5 micrograms to 100 micrograms. A
gRNA can be introduced from 0.5, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100
micrograms.

[00397] In some cases, a method can comprise a nuclease or an endonuclease selected from the group consisting
of Casl, CaslB, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8, Cas9, Casl0, Csyl , Csy2, Csy3, Csel, Cse2, Cscl,
Csc2, Csad, Csn2, Csm2, Csm3, Csm4, Csm5, Csm6, Cmrl, Cmr3, Cmr4, Cmr5, Cmr6, Csbl, Csb2, Csb3,
Csx17, Csx14, Csx10, Csx16, CsaX, Csx3, Csx1, Csx1S, Csfl, Csf2, CsO, Csf4, Cpfl, c2¢l, ¢2¢3, CasOHiFi,
homologues thereof or modified versions thereof. A Cas protein can be Cas9. In some cases, a method can
further comprise at least one guide RNA (gRNA). A gRNA can comprise at least one modification. An
exogenous TCR can bind a cancer neo-antigen.

[00398] Disclosed herein is a method of making an engineered cell comprising: introducing at least one
polynucleic acid encoding at least one exogenous T cell receptor (TCR) receptor sequence; introducing at least
one guide RNA (gRNA) comprising at least one modification; and introducing at 