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GENETICALLY ENGINEERED CELLS AND METHODS OF MAKING THE SAME

Cross-Reference to Related Applications

[0001] This application claims priority from U.S. provisional application No. 62/333,144
filed May 6, 2016, entitled “Genetically Engineered Cells And Methods Of Making The Same,”
and U.S. provisional application No. 62/332,657 filed May 6, 2016, entitled “CRISPR-CAS-
Related Methods, Compositions And Components For Cancer Immunotherapy,” the contents of

each of which 1s incorporated by reference 1n its entirety.

Incorporation by Reference of Sequence Listing

[0002] The present application 1s being filed along with a Sequence Listing in electronic
format. The Sequence Listing 1s provided as a file entitled 735042006440SEQLIST.TXT,
created May 4, 2017, which 1s 12,031,926 bytes in size. The information in the electronic

format of the Sequence Listing 1s incorporated by reference 1n 1ts entirety.

Field

[0003] The present disclosure relates to CRISPR/CAS-related methods, compositions and
components for editing a target nucleic acid sequence, or modulating expression of a target
nucleic acid sequence, and applications thereof in connection with cancer immunotherapy

comprising adoptive transfer of engineered T cells or T cell precursors.

Background

[0004] Various strategies are available for producing and administering engineered cells for
adoptive therapy. For example, strategies are available for engineering immune cells expressing
genetically engineered antigen receptors, such as CARs, and for suppression or repression of
gene expression 1n the cells. Improved strategies are needed to improve efficacy of the cells, for
example, by avoiding suppression of effector functions and improving the activity and/or
survival of the cells upon administration to subjects. Provided are methods, cells, compositions,

kits, and systems that meet such needs.
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Summary

[0005] Provided are compositions that include an engineered immune cell containing a
recombinant receptor and an agent capable of inducing a genetic disruption of a PDCD1 gene or
a genetic disruption of a PDCD1 gene encoding the PD-1 polypeptide, such as for use in
adoptive cell therapy, for example, to treat diseases and/or conditions 1n the subjects. Also
provided are methods for producing or generating such compositions or cells, cells, cell
populations, compositions, and methods of using such compositions or cells. The compositions
and cells generally include agents capable of inducing a genetic disruption or prevention or
reduction of expression of a PDCD1 gene, or a genetic disruption of a PDCD1 gene. Also
provided are methods for administering to subjects the provided compositions, cell populations
or cells expressing genetically engineered (recombinant) cell surface receptors and contain a
genetic disruption of a PDCD1 gene, such as produced by the methods, for example, for
adoptive cell therapy to treat diseases and/or conditions in the subjects.

[0006] In some embodiments, provided are compositions containing (a) an engineered
immune cell containing a recombinant receptor that specifically binds to an antigen; and (b) an
agent capable of inducing a genetic disruption of a PDCD1 gene encoding a PD-1 polypeptide,
wherein said agent 1s capable of inducing said genetic disruption in, and/or preventing or
reducing PD-1 expression in, at least 70 %, at least 75 %, at least 80 %, or at least or greater than
90 % of the cells 1n the composition and/or at least 70 %, at least 75 %, at least 80 %, or at least
or greater than 90 % of the cells 1n the composition that express the recombinant receptor.

[0007] In some embodiments, provided are compositions containing (a) an engineered
immune cell containing a nucleic acid encoding a recombinant receptor that specifically binds to
an antigen; and (b) an agent capable of inducing a genetic disruption of a PDCD1 gene encoding
a PD-1 polypeptide, wherein said agent 1s capable of inducing said genetic disruption 1n, and/or
preventing or reducing PD-1 expression 1n, at least 70 %, at least 75 %, at least 80 %, or at least
or greater than 90 % of the cells 1n the composition and/or at least 70 %, at least 75 %, at least
80 % , or at least or greater than 90 %, of the cells 1n the composition that express the
recombinant receptor.

[0008] In some embodiments provided herein, the composition includes engineered immune

cells that express the recombinant receptor on 1ts surface.
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[0009] In some embodiments, provided are compositions containing a cell population that
contains an engineered immune cell that contains (a) a recombinant receptor that specifically
binds to an antigen; and (b) a genetic disruption of a PDCD/ gene encoding a PD-1 polypeptide,
said genetic disruption preventing or reducing the expression of said PD-1 polypeptide, wherein
at least about 70 %, at least about 75 %, or at least about 80 % or at least or greater than about
90 % of the cells 1n the composition contain the genetic disruption; do not express the
endogenous PD-1 polypeptide; do not contain a contiguous PDCD1 gene, do not contain a
PDCDI1 gene, and/or do not contain a functional PDCD1 gene; and/or do not express a PD-1
polypeptide; and/or at least about 70 %, at least about 75 %, or at least about 80 % or at least or
greater than about 90 % of the cells 1n the composition that express the recombinant receptor
contain the genetic disruption, do not express the endogenous PD-1 polypeptide, and/or do not
express a PD-1 polypeptide.

[0010] In some embodiments, provided are composition s containing a cell population that
contains an engineered immune cell that contains (a) a recombinant receptor that specifically
binds to an antigen, wherein the engineered immune cell 1s capable of inducing cytotoxicity,
proliferating and/or secreting a cytokine upon binding of the recombinant receptor to said
antigen; and (b) a genetic disruption of a PDCD1 gene encoding a PD-1 polypeptide, said
genetic disruption capable of preventing or reducing the expression of said PD-1 polypeptide,
optionally wherein said prevention or reduction 1s 1n at least at or about or greater than at or
about 70 %, 75 %, 80 %, 85 %, or 90 % of the cells 1in the composition and/or of the cells 1n the
composition that express the recombinant receptor.

[0011] In some embodiments, provided are compositions containing a cell population that
contains a population of engineered immune cells, each containing (a) a recombinant receptor
that specifically binds to an antigen; and (b) a genetic disruption of a PDCD1 gene encoding a
PD-1 polypeptide, wherein said genetic disruption 1s capable of preventing or reducing the
expression of said PD-1 polypeptide, wherein: the engineered immune cells, on average, exhibat
expression and/or surface expression of the receptor at a level that 1s the same, about the same or
substantially the same, as compared to the average expression and/or surface expression level,
respectively, of said recombinant receptor 1n other cells 1in the composition that contain the
recombinant receptor and do not contain the genetic disruption, or the engineered immune cells
do not express the PD-1 polypeptide and on average, exhibit expression and/or surface

expression of the receptor at a level 1s the same, about the same, or substantially the same as
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compared to the average expression and/or surface level, respectively, 1n cells of the
composition that contain the recombinant receptor and that express the PD-1 polypeptide.
[0012] In some embodiments, the recombinant receptor 1s capable, upon incubation with the
antigen, a cell expressing the antigen, and/or an antigen-receptor activating substance, of
specifically binding to the antigen, of activating or stimulating the engineered T cell, of inducing
cytotoxicity, or of inducing proliferation, survival, and/or cytokine secretion by the immune cell,
optionally as measured 1n an in vitro assay, optionally 1n an in vitro assay, which optionally
contains 1ncubation for 12, 24, 36, 48, or 60 hours, optionally 1n the presence of one or more
cytokines. In some embodiments, the engineered immune cell 1s capable, upon incubation with
the antigen, a cell expressing the antigen, and/or an antigen-receptor activating substance, of
specifically binding to the antigen, of inducing cytotoxicity, proliferating, surviving, and/or
secreting a cytokine, optionally as measured 1n an in vitro assay, which optionally contains
incubation for 12, 24, 36, 48, or 60 hours, optionally in the presence of one or more cytokines
and optionally does or does not contain exposing the immune cell to a PD-L1-expressing cell.
[0013] In some embodiments, the level or degree or extent or duration of the binding,
cytotoxicity, proliferation, survival, or cytokine secretion 1s the same, about the same or
substantially the same as compared to that detected or observed for an immune cell containing
the recombinant receptor but not containing the genetic disruption of a PDCD1 gene, when
assessed under the same conditions. In some embodiments, the binding, cytotoxicity,
proliferation, survival, and/or cytokine secretion 1s as measured, optionally 1n an in vitro assay,
following withdrawal and re-exposure to the antigen, antigen-expressing cell, and/or substance.
[0014] In some embodiments, the immune cell 1s a primary cell from a subject. In some
embodiments, the immune cell 1s a human cell. In some embodiments, the immune cell 1s a
white blood cell, such as an NK cell or a T cell. In some embodiments, the immune cell
contains a plurality of T cells containing unfractionated T cells, contains 1solated CD8+ cells or
1s enriched for CD8+ T cells, or contains 1solated CD4+ T cells or 1s enriched for CD4+ cells,
and/or 1s enriched for a subset thereof selected from the group consisting of naive cells, effector
memory cells, central memory cells, stem central memory cells, effector memory cells, and
long-lived effector memory cells. In some embodiments, the percentage, of T cells, or T cells
expressing the receptor, and containing the genetic disruption in the composition, that exhibit a

non-activated, long-lived memory, or central memory phenotype, 1s the same or substantially the
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same as a population of cells the same or substantially the same as the composition but not
containing the genetic disruption or but expressing the PD-1 polypeptide.

[0015] In some embodiments, the percentage of T cells 1n the composition exhibiting a non-
activated, long-lived memory, or central memory phenotype 1s the same, about the same or
substantially the same as compared to the percentage of T cells exhibiting the phenotype 1n a
composition containing T cells, containing the recombinant receptor but not containing the
genetic disruption of a PDCD1 gene encoding a PD-1 polypeptide when assessed under the
same conditions, which optionally 1s compared 1n the absence or presence of contacting or
exposing the immune cell to PD-L1. In some embodiments, the phenotype 1s as assessed
following incubation of the composition at or about 37 °C £ 2 °C for at least 12 hours, 24 hours,
48 hours, 96 hours, 6 days, 12 days, 24 days, 36 days, 48 days or 60 days. In some
embodiments, the incubation 1s in vitro. In some embodiments, at least a portion of the
incubation 1s performed in the presence of a stimulating agent, which at least a portion 1s
optionally for up to 1 hour, 6 hours, 24 hours, or 48 hours of the incubation. In some
embodiments, the stimulating agent 1s an agent capable of inducing proliferation of T cells,
CD4+ T cells and/or CD8+ T cells. In some embodiments, the stimulating agent 1s or contains
an antibody specific for CD3 an antibody specific for CD28 and/or a cytokine. In some

embodiments, the T cell containing the recombinant receptor contains one or more phenotypic

markers selected from CCR7+, 4-1BB+ (CD137+), TIM3+, CD27+, CD62L+, CD127+,
CD45RA+, CD45RO-, t-betl”, IL-7Ra+, CD95+, IL-2RB+, CXCR3+ or LFA-1+.

[0016] In some embodiments, the recombinant receptor 1s a functional non-TCR antigen
receptor or a transgenic TCR. In some embodiments, the recombinant receptor 1s a chimeric
antigen receptor (CAR), such as a CAR containing an antigen-binding domain that 1s an
antibody or an antibody fragment. In some embodiments, the antibody fragment contained in the
recombinant receptor 1s a single chain fragment. In some embodiments, the antibody fragment
contains antibody variable regions joined by a flexible immunoglobulin linker. In some
embodiments, the fragment contains an scFv.

[0017] In some embodiments, the antigen 1s associated with a disease or disorder, such as an
infectious disease or condition, an autoimmune disease, an inflammatory disease or a tumor or a
cancer. In some embodiments, the recombinant receptor specitically binds to a tumor antigen. In

some embodiments, the antigen that the recombinant receptor binds to 1s selected from RORI,

Her2, LI-CAM, CD19, CD20, CD22, mesothelin, CEA, hepatitis B surface antigen, anti-folate
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receptor, CD23, CD24, CD30, CD33, CD38, CD44, EGFR, EGP-2, EGP-4, EPHa2, ErbB2,
ErbB3, ErbB4, FBP, fetal acethycholine receptor, GD2, GD3, HMW-MAA, IL-22R-alpha, IL-
13R-alpha2, kdr, kappa light chain, Lewis Y, L1-cell adhesion molecule (CD171), MAGE-AL,
mesothelin, MUC1, MUC16, PSCA, NKG2D Ligands, NY-ESO-1, MART-1, gpl100, oncofetal
antigen, TAG72, VEGF-R2, carcinoembryonic antigen (CEA), prostate specific antigen, PSMA,
estrogen receptor, progesterone receptor, ephrinB2, CD123, CS-1, ¢c-Met, GD-2, MAGE A3,
CE7, Wilms Tumor 1 (WT-1), cyclin A1 (CCNA1) or interleukin 12.

[0018] In some embodiments, the recombinant receptor contains an intracellular
signaling domain containing an ITAM. In some embodiments, the intracellular signaling domain
contains an intracellular domain of a CD3-zeta (CD3() chain. In some embodiments, the
recombinant receptor further contains a costimulatory signaling region, such as a costimulatory
signaling region containing a signaling domain of CD28 or 4-1BB.

[0019] In some embodiments, wherein the agent capable of inducing a genetic disruption of
a PDCD1 gene contains at least one of (a) a least one guide RNA (gRNA) having a targeting
domain that 1s complementary with a target domain of a PDCD1 gene or (b) at least one nucleic
acid encoding the at least one gRNA. In some embodiments, the agent contains at least one
complex of a Cas9 molecule and a gRNA having a targeting domain that 1s complementary with
a target domain of a PDCDI1 gene. In some embodiments, the guide RNA further contains a first
complementarity domain, a second complementarity domain that 1s complementary to the first
complementarity domain, a proximal domain and optionally a tail domain. In some
embodiments, the first complementarity domain and second complementarity domain are joined
by a linking domain. In some embodiments, the guide RNA contains a 3” poly-A tail and a 5°
Anti-Reverse Cap Analog (ARCA) cap. In some embodiments, the Cas9 molecule 1s an
enzymatically active Cas9.

[0020] In some embodiments, the at least one gRNA 1ncludes a targeting domain containing
a sequence selected from the group consisting of GUCUGGGCGGUGCUACAACU (SEQ ID
NO:508), GCCCUGGCCAGUCGUCU (SEQ ID NO: 514), CGUCUGGGCGGUGCUACAAC
(SEQ ID NO:1533), UGUAGCACCGCCCAGACGAC (SEQ ID NO:579),
CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and CACCUACCUAAGAACCAUCC
(SEQ ID NO:723). In some embodiments, the at least one gRNA 1ncludes a targeting domain
containing the sequence CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582).
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[0021] In some embodiments, the Cas9 molecule 1s an S. aureus Cas9 molecule. In some
embodiments, the Cas9 molecules 1s an S. pyogenes Cas9. In some compositions, the Cas9
molecule lacks an active RuvC domain or an active HNH domain. In some embodiments, the
Cas9 molecule 1s an §. pyogenes Cas9 molecule containing a D10A mutation. In some
embodiments, the Cas9 molecule 1s an S. pyogenes Cas9 molecule containing an NS63A
mutation.

[0022] In some of the embodiments provided herein, the genetic disruption contains creation
of a double strand break which 1s repaired by non-homologous end joining (NHEJ) to effect
insertions and deletions (indels) 1in the PDCD1 gene.

[0023] In some embodiments, at least about 70 %, at least about 75 %, or at least about 80 %
of the cells 1n the composition contain the genetic disruption; do not express the endogenous
PD-1 polypeptide; do not contain a contiguous PDCD1 gene, a PDCD1 gene, and/or a
functional PDCD1 gene; and/or do not express a PD-1 polypeptide; and/or at least about 70 %,
at least about 75 %, or at least about 80 % of the cells in the composition that express the
recombinant receptor contain the genetic disruption, do not express the endogenous PD-1
polypeptide, or do not express a PD-1 polypeptide. In some embodiments, greater than 80%,
81%, 82%, 83%, 84%, 85%, 86%, 871%, 88%, 89%, Y0%, 91%, 92%, 93%, 94%, or 95% ot the
cells 1n the composition contain the genetic disruption; do not express the endogenous PD-1
polypeptide; do not contain a contiguous PDCD1 gene, a PDCDI gene, and/or a functional
PDCD1 gene; and/or do not express a PD-1 polypeptide; and/or greater than 80%, 81%, 82%,
83%, 849, 85%, 86%, 81%, 88%, 8%, 90%, 91 %, 92%, 93%, 94%, or 95% of the cells in the
composition that express the recombinant receptor contain the genetic disruption, do not express
the endogenous PD-1 polypeptide, or do not express a PD-1 polypeptide.

[0024] In some embodiments, both alleles of the gene 1n the genome are disrupted.

[0025] In some embodiments, cells 1n the composition and/or the cells 1n the composition
that express the recombinant receptor are not enriched or selected for cells that contain the
genetic disruption; do not express the endogenous PD-1 polypeptide; do not contain a
contiguous PDCD1 gene, a PDCD1 gene, and/or a functional PDCD1 gene; and/or do not
express a PD-1 polypeptide.

[0026] In some embodiments, no more than 2, no more than 5 or no more than 10 other
genes 1n each cell 1in the composition, or each cell 1n the composition that expresses the

recombinant receptor, on average, are disrupted or are disrupted by the agent, such as no other
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genes 1n each cell 1in the composition or each cell 1n the composition that expresses the
recombinant receptor are disrupted 1n the cell or are disrupted by the agent.

[0027] In some embodiments, any of the compositions provided herein further contains a
pharmaceutically acceptable buffer.

[0028] Also provided herein are methods of producing a genetically engineered immune
cell, including: (a) introducing into an immune cell a nucleic acid molecule encoding a
recombinant receptor that specifically binds to an antigen; and (b) introducing into the immune
cell an agent capable of inducing a genetic disruption of a PDCD1 gene encoding a PD-1
polypeptide including one of (1) at least one gRNA having a targeting domain that 1s
complementary with a target domain of the PDCD1 gene or (11) at least one nucleic acid
encoding the at least one gRNA.

[0029] Also provided herein are methods of producing a genetically engineered immune
cell, including introducing into an immune cell expressing a recombinant receptor that
specifically binds to an antigen an agent capable of inducing a genetic disruption of a PDCD 1
gene encoding a PD-1 polypeptide including one of (1) at least one gRNA having a targeting
domain that 1s complementary with a target domain of the PDCD1 gene or (11) at least one
nucleic acid encoding the at least one gRNA.

[0030] In some embodiments, the agent includes at least one complex of a Cas9 molecule
and a gRNA having a targeting domain that 1s complementary with a target domain of a PDCD1
gene.

[0031] In some embodiments, the guide RNA further includes a first complementarity
domain, a second complementarity domain that 1s complementary to the first complementarity
domain, a proximal domain and optionally a tail domain. In some embodiments, the first
complementarity domain and second complementarity domain are joined by a linking domain.
In some embodiments, the guide RNA includes a 3° poly-A tail and a 5° Anti-Reverse Cap
Analog (ARCA) cap.

[0032] In some embodiments, introduction includes contacting the cells with the agent or a
portion thereof, in vitro. In some embodiments, introduction of the agent includes
electroporation. In some embodiments, the introduction further includes incubating the cells, in
vitro prior to, during or subsequent to the contacting of the cells with the agent or prior to,
during or subsequent to the electroporation. In some embodiments, the introduction in (a)

includes transduction and the introduction further includes incubating the cells, in vitro, prior to,
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during or subsequent to the transduction. In some embodiments, at least a portion of the
incubation 1s 1n the presence of (1) a cytokine selected from the group consisting of 1L-2, IL-7,
and IL-15, and/or (1) a stimulating or activating agent or agents, optionally including anti-CD3
and/or ant1-CD28 antibodies. In some embodiments, the introduction 1n (a) includes: prior to
transduction, incubating the cells with IL-2 at a concentration of 20 U/mL to 200 U/mL,
optionally about 100 U/mL; IL-7 at a concentration of 1 ng/mL to 50 ng/mL, optionally about 10
ng/mL and/or IL-135 at a concentration of 0.5 ng/mL to 20 ng/mL, optionally about 5 ng/mL; and
subsequent to transduction, incubating the cells with IL-2 at a concentration of 10 U/mL to 200
U/mL, optionally about 50 U/mL; IL-7 at a concentration of 0.5 ng/mL to 20 ng/mL, optionally
about 5 ng/mL and/or IL-15 at a concentration of 0.1 ng/mL to 10 ng/mL, optionally about 0.5
ng/mL.

[0033] In some embodiments, the incubation independently 1s carried out for up to or
approximately 24, 36, 48 hours, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21
days, such as for 24-48 hours or 36-48 hours.

[0034] In some embodiments, the cells are contacted with the agent at a ratio of
approximately 1 microgram per 100,000, 200,000, 300,000, 400,000, or 500,000 cells.

[0035] In some embodiments, the incubation 1s at a temperature of 30° C £2° Cto 39°C +
2° C; or the incubation 1s at a temperature that 1s at least or about at least 30° C £ 2° C, 32° C £ 2°
C,34°C £2°Cor37°Cx2°C. In some embodiments, at least a portion of the incubation 1s at
30° C £ 2° C and at least a portion of the incubation 1s at 37° C £ 2° C. In some embodiments, the
method further includes resting the cells between the introducing 1n (a) and the introducing in
(b).

[0036] In some of any such embodiments provided herein, the Cas9 molecule 1s an
enzymatically active Cas9. In some embodiments, the at least one gRNA includes a targeting

domain including a sequence selected from the group consisting of

GUCUGGGCGGUGCUACAACU (SEQ ID NO:508), GCCCUGGCCAGUCGUCU (SEQ ID
NO: 514), CGUCUGGGCGGUGCUACAAC (SEQ ID NO:1533),
UGUAGCACCGCCCAGACGAC (SEQ ID NO:579), CGACUGGCCAGGGCGCCUGU (SEQ
ID NO:582) and CACCUACCUAAGAACCAUCC (SEQ ID NO:723). In some embodiments,

59-78, the at least one gRNA 1includes a targeting domain including the sequence

CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582).
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[0037] In some embodiments, the Cas9 molecule 1s an S. aureus Cas9 molecule. In some
embodiments, the Cas9 molecules 1s an S. pyogenes Cas9. In some embodiments, the Cas9
molecule lacks an active RuvC domain or an active HNH domain. In some embodiments, the
Cas9 molecule 1s an §. pyogenes Cas9 molecule including a D10A mutation. In some
embodiments, the Cas9 molecule 1s an S. pyogenes Cas9 molecule including an N863A
mutation.

[0038] In some embodiments, the genetic disruption includes creation of a double strand
break which 1s repaired by non-homologous end joining (NHEJ) to effect insertions and
deletions (indels) in the PDCD1 gene.

[0039] In some embodiments, the recombinant receptor is a functional non-TCR antigen
receptor or a transgenic TCR. In some embodiments, the recombinant receptor 1s a chimeric
antigen receptor (CAR). In some embodiments, the CAR includes an antigen-binding domain
that 1s an antibody or an antibody fragment. In some embodiments, the antibody fragment 1s a
single chain fragment. In some embodiments, the antibody fragment includes antibody variable
regions joined by a flexible immunoglobulin linker. In some embodiments, the fragment
includes an scFv. In some embodiments, the antigen 1s associated with a disease or disorder,
such as an infectious disease or condition, an autoimmune disease, an inflammatory disease or a
tumor or a cancer. In some embodiments, the recombinant receptor specifically binds to a tumor
antigen.

[0040] In some embodiments, the recombinant receptor binds 1s selected from RORI,
Her2, LI-CAM, CD19, CD20, CD22, mesothelin, CEA, hepatitis B surface antigen, anti-folate
receptor, CD23, CD24, CD30, CD33, CD38, CD44, EGFR, EGP-2, EGP-4, EPHa2, ErbB2,
ErbB3, ErbB4, FBP, fetal acethycholine e receptor, GD2, GD3, HMW-MAA, IL-22R-alpha, IL-
13R-alpha2, kdr, kappa light chain, Lewis Y, L1-cell adhesion molecule (CD171), MAGE-AL,
mesothelin, MUC1, MUC16, PSCA, NKG2D Ligands, NY-ESO-1, MART-1, gpl100, oncofetal
antigen, TAG72, VEGF-R2, carcinoembryonic antigen (CEA), prostate specific antigen, PSMA,
estrogen receptor, progesterone receptor, ephrinB2, CD123, CS-1, c-Met, GD-2, MAGE A3,
CE7, Wilms Tumor 1 (WT-1), cyclin A1 (CCNA1) or interleukin 12.

[0041] In some embodiments, the recombinant receptor includes an intracellular
signaling domain including an ITAM. In some embodiments, the intracellular signaling domain

includes an intracellular domain of a CD3-zeta (CD3() chain. In some embodiments, the
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recombinant receptor further includes a costimulatory signaling region, such as the
costimulatory signaling region including a signaling domain of CD28 or 4-1BB.

[0042] In some embodiments, the nucleic acid encoding the recombinant receptor 1s a viral
vector, such as a retroviral vector. In some embodiments, the viral vector 1s a lentiviral vector or
a gammaretroviral vector. In some embodiments, introduction of the nucleic acid encoding the
recombinant vector 1s by transduction, which optionally 1s retroviral transduction.

[0043] In some embodiments, the immune cell 1s a primary cell from a subject. In some
embodiments, the immune cell 1s a human cell. In some embodiments, the immune cell 1s a
white blood cell, such as an NK cell or T cell. In some embodiments, the immune cell 1s a T cell
that 1s an unfractionated T cell, 1solated CD8+ T cell, or 1solated CD4+ T cell. In some
embodiments, any of the method provided herein 1s performed on a plurality of immune cells.

[0044] In some embodiments, subsequent to introducing the agent and introducing the
recombinant receptor, cells are not enriched or selected for (a) cells including the genetic
disruption or not expressing the endogenous PD-1 polypeptide, (b) cells expressing the
recombinant receptor or both (a) and (b). In some embodiments, any of the methods further
include enriching or selecting for (a) cells including the genetic disruption or not expressing the
endogenous PD-1 polypeptide, (b) cells expressing the recombinant receptor or for both (a) and
(b). In some embodiments, any of the methods further include incubating the cells at or at about
37 °C + 2 °C. In some embodiments, the incubation 1s carried out for a time between at or about
1 hour and at or about 96 hours, between at or about 4 hours and at or about 72 hours, between
at or about 8 hours and at or about 48 hours, between at or about 12 hours and at or about 36
hours, between at or about 6 hours and at or about 24 hours, between at or about 36 hours and at
or about 96 hours, inclusive. In some embodiments, the incubation or a portion of the
incubation 1s performed 1n the presence of a stimulating agent. In some embodiments,
stimulating agent 1s an agent capable of inducing proliferation of T cells, CD4+ T cells and/or
CD8+ T cells. In some embodiments, the stimulating agent 1s or includes an antibody specific
for CD3 an antibody specific for CD28 and/or a cytokine.

[0045] In some embodiments, any of the methods provided herein further includes
formulating cells produced by the method 1n a pharmaceutically acceptable buffer.

[0046] In some embodiments, any of the methods provided herein produce a population of
cells 1n which: at least about 70 %, at least about 75 %, or at least about 80 % of the cells both 1)

include the genetic disruption; do not express the endogenous PD-1 polypeptide; do not include
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a contiguous PDCD1 gene, a PDCDI gene, and/or a functional PDCD1 gene; and/or do not
express a PD-1 polypeptide; and 2) express the recombinant receptor; or at least about 70 %, at
least about 75 %, or at least about 80 % of the cells that express the recombinant receptor
include the genetic disruption, do not express the endogenous PD-1 polypeptide, or do not
express a PD-1 polypeptide.

[0047] In some embodiments, any of the methods provided herein produce a population of
cells 1n which: greater than 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%., 90%,
91%, 92%, 93%, 94%, or 95% of the cells both 1) include the genetic disruption; do not express
the endogenous PD-1 polypeptide; do not include a contiguous PDCD1 gene, a PDCD1 gene,
and/or a functional PDCD1 gene; and/or do not express a PD-1 polypeptide and 2) express the

recombinant receptor; and/or greater than 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%., 90%, 91%, 92%, 93%, 94%, or 95% of the cells that express the recombinant receptor

include the genetic disruption, do not express the endogenous PD-1 polypeptide, or do not
express a PD-1 polypeptide.

[0048] In some embodiments of any of the methods provided herein, both alleles of the gene
in the genome are disrupted.

[0049] In some embodiments, also provided are a genetically engineered immune cell
produced by any of the methods provided herein.

[0050] In some embodiments, also provided are a plurality of genetically engineered
immune cells produced by any of the methods provided herein.

[0031] In some embodiments, provided are such genetically engineered immune cells
wherein: at least about 70 %, at least about 75 %, or at least about 80 % of the cells both 1)
include the genetic disruption; do not express the endogenous PD-1 polypeptide; do not include
a contiguous PDCDI gene, a PDCD1 gene, and/or a functional PDCD1 gene; and/or do not
express a PD-1 polypeptide; and 2) express the recombinant receptor; or at least about 70 %, at
least about 75 %, or at least about 80 % of the cells that express the recombinant receptor
include the genetic disruption, do not express the endogenous PD-1 polypeptide, or do not
express a PD-1 polypeptide.

[0052] In some embodiments, provided are the plurality of genetically engineered immune
cells wherein: greater than 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%., 89%, 90%, 91%,
92%, 93%, 94%, or 95% of the cells both 1) include the genetic disruption; do not express the
endogenous PD-1 polypeptide; do not include a contiguous PDCD1 gene, a PDCD1 gene,
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and/or a functional PDCD1 gene; and/or do not express a PD-1 polypeptide and 2) express the

recombinant receptor; and/or greater than 80%, 81%, 82%, 83%, 849, 85%, 86%, 87%, 88%,
89%., 90%, 91%, 92%, 93%, 94%, or 95% of the cells that express the recombinant receptor
include the genetic disruption, do not express the endogenous PD-1 polypeptide, or do not
express a PD-1 polypeptide.

[0033] In some embodiments, also provided are compositions including any of the
genetically engineered immune cells provided herein or any of the plurality of genetically
engineered immune cells provided herein, and optionally a pharmaceutically acceptable butfer.

[0054] In some embodiments, also provided are methods of treatment, including
administering any of the compositions provided herein to a subject having a disease or
condition.

[0035] In some embodiments, the recombinant receptor specifically binds to an antigen
associated with the disease or condition, such as a cancer, a tumor, an autoimmune disease or
disorder, or an infectious disease.

[0056] In some embodiments, also provided are any of the pharmaceutical compositions
provided herein for use 1n treating a disease or condition in a subject.

[0057] In some embodiments, 1n any of the pharmaceutical composition for use, the
recombinant receptor specifically binds to an antigen associated with the disease or condition,
such as a cancer, a tumor, an autormmune disease or disorder, or an infectious disease.

[0058] Provided herein 1s a method of altering a T cell including contacting the T cell with
one or more Cas9 molecule/gRNA molecule complexes, wherein the gRNA molecule(s) 1n the
one or more Cas9 molecule/gRNA molecule complexes contain a targeting domain which 1s
complementary with a target domain from the PDCD1 gene. In some embodiments, the T cell 1s
from a subject suffering from cancer. In some examples, the cancer 1s selected from the group
consisting of: lymphoma, chronic lymphocytic leukemia (CLL), B cell acute lymphocytic
leukemia (B-ALL), acute lymphoblastic leukemia, acute myeloid leukemia, non-Hodgkin’s
lymphoma (NHL), diffuse large cell lymphoma (DLCL), multiple myeloma, renal cell
carcinoma (RCC), neuroblastoma, colorectal cancer, breast cancer, ovarian cancer, melanoma,
sarcoma, prostate cancer, lung cancer, esophageal cancer, hepatocellular carcinoma, pancreatic

cancer, astrocytoma, mesothelioma, head and neck cancer, and medulloblastoma.
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[0059] In some of any such embodiments, the T cell 1s from a subject having cancer or
which could otherwise benefit from a mutation at a T cell target position of the PDCD1 gene. In
some of any such embodiments, the contacting 1s performed ex vivo. In some of any such
embodiments, the altered T cell 1s returned to the subject’s body after the step of contacting. In
some of any such embodiments, the T cell 1s from a subject suffering from cancer, the
contacting 1s performed ex vivo and the altered T cell 1s returned to the subject’s body after the
step of contacting.

[0060] In some of any such embodiments, the one or more Cas9 molecule/gRNA molecule
complexes are formed prior to the contacting. In some of any such embodiments, the gRNA
molecule(s) contain a targeting domain that 1s the same as, or differs by no more than 3
nucleotides from, a targeting domain from any of SEQ ID NOS: 481-555, 563-1516, 1517-3748,
14657-16670, and 16671-21037. In some embodiments, the gRNA molecule(s) contain a
targeting domain that 1s selected from SEQ ID NOS: 563-1516. In some cases, the gRNA
molecule(s) contain a targeting domain that 1s selected from SEQ ID NOS: 1517-3748. In some
instances, the gRNA molecule(s) contain a targeting domain that 1s selected from SEQ ID NOS:
14657-16670. In some aspects, the gRNA molecule(s) contain a targeting domain that 1s
selected from SEQ ID NOS: 16671-21037.

[0061] In some embodiments, the gRNA molecule(s) contain a targeting domain that 1s
selected from SEQ ID NOS: 481-500 and 508-5477. In some cases, the gRNA molecule(s)
contain a targeting domain that 1s selected from SEQ ID NOS: 501-507 and 548-555. In some
embodiments, the gRNA molecule(s) contain a targeting domain that 1s selected from SEQ ID
NOS: 508, 514, 576, 5379, 582, and 723. In some cases, the gRNA molecule(s) contain a
targeting domain that 1s selected from SEQ ID NOS: 508, 510, 511, 512, 514, 576, 579, 581,
582, 766, and 723.

[0062] In some of any such embodiments, the gRNA molecule(s) are modified at their 5°
end or contain a 3 polyA tail. In some of any such embodiments, the gRNA molecule(s) are
modified at their 5° end and contain a 3” polyA tail. In some 1nstances, the gRNA molecule(s)
lack a 5’ triphosphate group.

[0063] In some aspects, the gRNA molecule(s) include a 5° cap. In some cases, the 5° cap
contains a modified guanine nucleotide that 1s linked to the remainder of the gRNA molecule via
a 5’-5 triphosphate linkage. In some instances, the 5° cap contains two optionally moditied

guanine nucleotides that are linked via an optionally modified 5°-5" triphosphate linkage.
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[0064] In some of any such embodiments, the 3" polyA tail includes about 10 to about 30
adenine nucleotides. In some of any such embodiments, the 3” polyA tail includes about 20
adenine nucleotides. In some embodiments, the gRNA molecule(s) including the 3 polyA tail
were prepared by 1n vitro transcription from a DNA template.

[0065] In some embodiments, the 5* nucleotide of the targeting domain 1s a guanine
nucleotide, the DNA template includes a 'T'7 promoter sequence located immediately upstream
of the sequence that corresponds to the targeting domain, and the 3° nucleotide of the T7
promoter sequence 1s not a guanine nucleotide. In some cases, the 5™ nucleotide of the targeting
domain 1s not a guanine nucleotide, the DNA template includes a T7 promoter sequence located
immediately upstream of the sequence that corresponds to the targeting domain, and the 3°
nucleotide of the T7 promoter sequence 1s a guanine nucleotide which 1s downstream of a
nucleotide other than a guanine nucleotide. In some of any such embodiments, the one or more
Cas9 molecule/gRNA molecule complexes are delivered into the T cell via electroporation.

[0066] In some of any such embodiments, the gRNA molecule(s) contain a targeting domain
which 1s complementary with a target domain from the PDCD1 gene and wherein the gRNA
molecule(s) guide the Cas9 molecule to cleave the target domain with an efficiency of cleavage
of at least 40%. In some instances, the efficiency of cleavage 1s determined using a labeled anti-
PDCDI1 antibody and a flow cytometry assay.

[0067] In some embodiments, the Cas9 molecule 1s guided by a single gRNA molecule and
cleaves the target domain with a single double stranded break. In some examples, the Cas9
molecule 1s a S. pyogenes Cas9 molecule.

[0068] In some embodiments, the single gRNA molecule includes a targeting domain
selected from the following targeting domains: GUCUGGGCGGUGCUACAACU (SEQ ID
NO:508); GCCCUGGCCAGUCGUCU (SEQ ID NO:514); CGUCUGGGCGGUGCUACAAC
(SEQ ID NO:576); UGUAGCACCGCCCAGACGAC (SEQ ID NO:579);
CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582); or CACCUACCUAAGAACCAUCC
(SEQ ID NO:723).

[0069] In some embodiments, the Cas9 molecule 1s a nickase and two Cas9 molecule/gRNA
molecule complexes are guided by two ditfferent gRNA molecules to cleave the target domain
with two single stranded breaks on opposing strands of the target domain. In some cases, the
Cas9 molecule 1s a S. pyogenes Cas9 molecule. In some instances, the S. pyogenes Cas9

molecule has a D10A mutation.
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[0070] In some embodiments, the two gRNA molecules include targeting domains that are

selected from the following pairs of targeting domains: CGACUGGCCAGGGCGCCUGU
(SEQ ID NO:582) and GUCUGGGCGGUGCUACAACU (SEQ ID NO:508);
CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and GGGCGGUGCUACAACUGGGC
(SEQ ID NO:510); CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and
GGCCAGGAUGGUUCUUAGGU (SEQ ID NO:511); CGACUGGCCAGGGCGCCUGU
(SEQ ID NO:582) and GGAUGGUUCUUAGGUAGGUG (SEQ ID NO:512);
CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and CGUCUGGGCGGUGCUACAAC
(SEQ ID NO:576); CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and
CUACAACUGGGCUGGCGGCC (SEQ ID NO:766); UGUAGCACCGCCCAGACGAC (SEQ
ID NO:579) and GGCCAGGAUGGUUCUUAGGU (SEQ ID NO:511);
UGUAGCACCGCCCAGACGAC (SEQ ID NO:579) and GGAUGGUUCUUAGGUAGGUG
(SEQ ID NO:512); or ACCGCCCAGACGACUGGCCA (SEQ ID NO:581) and
GGCCAGGAUGGUUCUUAGGU (SEQ ID NO:511). In some cases, the S. pyogenes Cas9
molecule has a N863A mutation.

[0071] In some embodiments, the two gRNA molecules include targeting domains that are
selected from the following pairs of targeting domains: CGACUGGCCAGGGCGCCUGU
(SEQ ID NO:582) and GUCUGGGCGGUGCUACAACU (SEQ ID NO:508);
CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and GGGCGGUGCUACAACUGGGC
(SEQ I GGCCAGGAUGGUUCUUAGGU (SEQ ID NO:511).D NO:510); or
CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and

[0072] In some of any such embodiments, the gRNA molecule(s) are modular gRNA
molecule(s). In some of any such embodiments, the gRNA molecule(s) are chimeric gRNA
molecule(s).

[0073] In some embodiments, the gRNA molecule(s) includes from 5’ to 3°: a targeting
domain; a first complementarity domain; a linking domain; a second complementarity domain; a
proximal domain; and a tail domain. In some cases, the gRNA molecule(s) contain a linking
domain of no more than 25 nucleotides 1n length and a proximal and tail domain, that taken
together, are at least 20 nucleotides 1n length.

[0074] In some of any such embodiments, the gRNA molecule(s) guide the Cas9 molecule
to cleave the target domain with an efficiency of cleavage of at least 60%. In some of any such

embodiments, the gRNA molecule(s) guide the Cas9 molecule to cleave the target domain with
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an efficiency of cleavage of at least 80%. In some of any such embodiments, the gRNA
molecule(s) guide the Cas9 molecule to cleave the target domain with an efficiency of cleavage
of at least 90%.

[0075] In some of any such embodiments, the one or more Cas9 molecule/gRNA molecule
complexes produce fewer than 5 off-targets. In some of any such embodiments, the one or more
Cas9 molecule/gRNA molecule complexes produce fewer than 2 exonic off-targets. In some
aspects, off-targets are identitied by GUIDE-seq. In some 1nstances, off-targets are identified by
Amp-seq.

[0076] Provided herein 1s a Cas9 molecule/gRNA molecule complex, wherein the gRNA
molecule contains a targeting domain which 1s complementary with a target domain from the
PDCD1 gene, and the gRNA molecule 1s modified at its 5° end and/or contains a 3° polyA tail.
In some embodiments, the gRNA molecule contains a targeting domain that 1s the same as, or
differs by no more than 3 nucleotides from, a targeting domain from SEQ ID NOS: 481-555,
563-1516, 1517-3748, 14657-16670, and 16671-210377. In some aspects, the gRNA molecule
contains a targeting domain that 1s selected from SEQ ID NOS: 563-1516. In some instances,
the gRNA molecule contains a targeting domain that 1s selected from SEQ ID NOS: 1517-3748.
In some cases, the gRNA molecule contains a targeting domain that 1s selected from SEQ ID
NOS: 14657-16670. In some cases, the gRNA molecule contains a targeting domain that 1s
selected from SEQ ID NOS: 16671-21037.

[0077] In some embodiments, the gRNA molecule contains a targeting domain that 1s
selected from SEQ ID NOS: 481-500 and 508-547. In some instances, the gRNA molecule
contains a targeting domain that 1s selected from SEQ ID NOS: 501-507 and 548-555. In some
aspects, the gRNA molecule contains a targeting domain that 1s selected from SEQ ID NOS:
508, 514, 576, 579, 582, and 723. In some cases, the gRNA molecule contains a targeting
domain that 1s selected from SEQ ID NOS: 508, 510, 511, 512, 514, 576, 579, 581, 582, 766,
and 723.

[0078] In some of any such embodiments, the gRNA molecule 1s modified at its 5° end. In
some cases, the gRNA molecule lacks a 5° triphosphate group. In some instances, the gRNA
molecule includes a 5” cap. In some embodiments, the 5° cap contains a modified guanine
nucleotide that 1s linked to the remainder of the gRNA molecule via a 5°-5” triphosphate linkage.
In some cases, the 5 cap contains two optionally modified guanine nucleotides that are linked

via an optionally modified 5°-5° triphosphate linkage.
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[0079] In some of any such embodiments, the 3" polyA tail 1s includes about 10 to about 30
adenine nucleotides. In some of any such embodiments, the 3” polyA tail includes about 20
adenine nucleotides. In some aspects, the gRNA molecule including the 3 polyA tail was
prepared by 1n vitro transcription from a DNA template. In some embodiments, the 5°
nucleotide of the targeting domain 1s a guanine nucleotide, the DNA template contains a T/
promoter sequence located immediately upstream of the sequence that corresponds to the
targeting domain, and the 3’ nucleotide of the T7 promoter sequence 1s not a guanine nucleotide.
In some 1nstances, the 5° nucleotide of the targeting domain 1s not a guanine nucleotide, the
DNA template includes a T7 promoter sequence located immediately upstream of the sequence
that corresponds to the targeting domain, and the 3° nucleotide of the T7 promoter sequence 1s a
guanine nucleotide which 1s downstream of a nucleotide other than a guanine nucleotide.

[0080] In some of any such embodiments, the Cas9 molecule cleaves a target domain with a
double stranded break. In some examples, the Cas9 molecule 1s a S. pyogenes Cas9 molecule.

In some cases, the targeting domain 1s selected from the following group of targeting domains:

GUCUGGGCGGUGCUACAACU (SEQ ID NO:508); GCCCUGGCCAGUCGUCU (SEQ ID
NO:514); CGUCUGGGCGGUGCUACAAC (SEQ ID NO:576);
UGUAGCACCGCCCAGACGAC (SEQ ID NO:579); CGACUGGCCAGGGCGCCUGU (SEQ
ID NO:382); or CACCUACCUAAGAACCAUCC (SEQ ID NO:723).

[0081] In some of any such embodiments, the Cas9 molecule cleaves a target domain with a
single stranded break. In some cases, the Cas9 molecule 1s a S. pyogenes Cas9 molecule. In
some examples, the S. pyogenes Cas9 molecule has a D10A mutation. In some cases, the

targeting domain 1s selected from the following group of targeting domains:

CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and GUCUGGGCGGUGCUACAACU
(SEQ ID NO:508); CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and
GGGCGGUGCUACAACUGGGC (SEQ ID NO:510); CGACUGGCCAGGGCGCCUGU (SEQ
ID NO:582) and GGCCAGGAUGGUUCUUAGGU (SEQ ID NO:511);
CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and GGAUGGUUCUUAGGUAGGUG
(SEQ ID NO:512); CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and
CGUCUGGGCGGUGCUACAAC (SEQ ID NO:576); CGACUGGCCAGGGCGCCUGU (SEQ
ID NO:582) and CUACAACUGGGCUGGCGGCC (SEQ ID NO:766):
UGUAGCACCGCCCAGACGAC (SEQ ID NO:579) and GGCCAGGAUGGUUCUUAGGU
(SEQ ID NO:511); UGUAGCACCGCCCAGACGAC (SEQ ID NO:579) and
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GGAUGGUUCUUAGGUAGGUG (SEQ ID NO:512); or ACCGCCCAGACGACUGGCCA
(SEQ ID NO:581) and GGCCAGGAUGGUUCUUAGGU (SEQ ID NO:511). In some
instances, the S. pyogenes Cas9 molecule has a N§63A mutation.

[0082] In some embodiments, the targeting domain 1s selected from the following group of

targeting domains: CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and
GUCUGGGCGGUGCUACAACU (SEQ ID NO:508); CGACUGGCCAGGGCGCCUGU (SEQ
ID NO:382) and GGGCGGUGCUACAACUGGGC (SEQ ID NO:510); or
CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and GGCCAGGAUGGUUCUUAGGU
(SEQ ID NO:511).

[0083] In some of any such embodiments, the gRNA molecule 1s a modular gRNA
molecule. In some of any such embodiments, the gRNA molecule 1s a chimeric gRNA molecule.

[0084] In some embodiments, the gRNA molecule includes from 5° to 37: a targeting
domain; a first complementarity domain; a linking domain; a second complementarity domain; a
proximal domain; and a tail domain. In some aspects, the gRNA molecule contains a linking
domain of no more than 25 nucleotides 1n length and a proximal and tail domain, that taken
together, are at least 20 nucleotides 1n length.

[0085] Provided herein 1s a gRNA molecule that contains a targeting domain which 1s
complementary with a target domain from the PDCD1 gene, wherein the gRNA molecule 1s
modified at its 5° end and/or contains a 3” polyA tail. In some embodiments, the gRNA
molecule contains a targeting domain that 1s the same as, or differs by no more than 3
nucleotides from, a targeting domain from any of SEQ ID NOS: 481-555, 563-1516, 1517-3748,
14657-16670, and 16671-21037. In some cases, the gRNA molecule contains a targeting
domain that 1s selected from SEQ ID NOS: 563-1516. In some cases, the gRNA molecule
contains a targeting domain that 1s selected from SEQ ID NOS: 1517-3748. In some examples,
the gRNA molecule contains a targeting domain that 1s selected from SEQ ID NOS: 14657-
16670. In some aspects, the gRNA molecule contains a targeting domain that 1s selected from
SEQ ID NOS: 16671-21037.

[0086] In some embodiments, the gRNA molecule contains a targeting domain that 1s
selected from SEQ ID NOS: 481-500 and 508-547. In some cases, the gRNA molecule contains
a targeting domain that 1s selected from SEQ ID NOS: 501-507 and 548-555. In some instances,
the gRNA molecule contains a targeting domain that 1s selected from SEQ ID NOS: 508, 514,
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576, 579, 582, and 723. In some embodiments, the gRNA molecule contains a targeting domain
that 1s selected from SEQ ID NOS: 508, 510, 511, 512, 514, 576, 579, 581, 582, 766, and 723.

[0087] In some of any such embodiments, the gRNA molecule 1s modified at its 5° end. In
some cases, the gRNA molecule lacks a 5° triphosphate group. In some aspects, the gRNA
molecule includes a 57 cap. In some examples, the 5° cap contains a modified guanine
nucleotide that 1s linked to the remainder of the gRNA molecule via a 5°-5” triphosphate linkage.
In some embodiments, the 5° cap contains two optionally modified guanine nucleotides that are
linked via an optionally modified 5°-5° triphosphate linkage.

[0088] In some of any such embodiments, the gRNA molecule includes a 3’ polyA tail
containing about 10 to about 30 adenine nucleotides. In some of any such embodiments, the
gRNA molecule contains a 3° polyA tail which contains about 20 adenine nucleotides.

[0089] In some embodiments, the gRNA molecule including the 3° polyA tail was prepared
by 1n vitro transcription from a DNA template. In some instances, the 5’ nucleotide of the
targeting domain 1s a guanine nucleotide, the DNA template contains a T7 promoter sequence
located immediately upstream of the sequence that corresponds to the targeting domain, and the
3" nucleotide of the T7 promoter sequence 1s not a guanine nucleotide. In some cases, the 5°
nucleotide of the targeting domain 1s not a guanine nucleotide, the DNA template includes a T7
promoter sequence located immediately upstream of the sequence that corresponds to the
targeting domain, and the 3’ nucleotide of the T7 promoter sequence 1s a guanine nucleotide
which 1s downstream of a nucleotide other than a guanine nucleotide.

[0090] In some of any such embodiments, the gRNA molecule 1s a S. pyogenes gRNA
molecule. In some embodiments, the targeting domain 1s selected from the following group of
targeting domains: GUCUGGGCGGUGCUACAACU (SEQ ID NO:508);
GCCCUGGCCAGUCGUCU (SEQ ID NO:514); CGUCUGGGCGGUGCUACAAC (SEQ
ID NO:576); UGUAGCACCGCCCAGACGAC (SEQ ID NO:579);
CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582); or CACCUACCUAAGAACCAUCC
(SEQ ID NO:723). In some cases, the targeting domain 1s selected from the following group of
targeting domains: GCCCUGGCCAGUCGUCU (SEQ ID NO:514); or
CACCUACCUAAGAACCAUCC (SEQ ID NO:723). In some 1nstances, the targeting domain
1s selected from the following group of targeting domains: GGGCGGUGCUACAACUGGGC
(SEQ ID NO:510); GGCCAGGAUGGUUCUUAGGU (SEQ ID NO:511);
GGAUGGUUCUUAGGUAGGUG (SEQ ID NO:512); ACCGCCCAGACGACUGGCCA
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(SEQ ID NO:581) and CUACAACUGGGCUGGCGGCC (SEQ ID NO:766). In some
instances, the targeting domain 1s selected from the following group of targeting domains:
GGCCAGGAUGGUUCUUAGGU (SEQ ID NO:511); GGAUGGUUCUUAGGUAGGUG
(SEQ ID NO:512); CUACAACUGGGCUGGCGGCC (SEQ ID NO:766).

[0091] In some of any such embodiments, the gRNA molecule 1s a modular gRNA
molecule. In some of any such embodiments, the gRNA molecule 1s a chimeric gRNA molecule.
In some embodiments, the gRNA molecule contains from 5° to 37: a targeting domain; a first
complementarity domain; a linking domain; a second complementarity domain; a proximal
domain; and a tail domain. In some embodiments, the gRNA molecule contains a linking
domain of no more than 25 nucleotides 1n length and a proximal and tail domain, that taken
together, are at least 20 nucleotides 1n length.

[0092] Provided herein 1s a method of making a cell for implantation, including contacting
the cell with one or more Cas9 molecule/gRNA molecule complexes, wherein the gRNA
molecule(s) 1n the one or more Cas9 molecule/gRNA molecule complexes contain a targeting
domain which 1s complementary with a target domain from the PDCD1 gene. In some cases,
the gRNA molecule(s) contain a targeting domain which 1s complementary with a target domain
from the PDCD1 gene and wherein the gRNA molecule(s) guide the Cas9 molecule to cleave
the target domain with an efficiency of cleavage of at least 40%. In some aspects, the efficiency
of cleavage 1s determined using a labeled anti-PDCD1 antibody and a flow cytometry assay.

[0093] In some of any such embodiments, the gRNA molecule(s) are modified at their 5°
end or include a 3” polyA tail. In some of any such embodiments, the gRNA molecule(s) are
modified at their 5° end and include a 3” polyA tail. In some embodiments, the gRNA
molecule(s) lack a 5° triphosphate group. In some examples, the gRNA molecule(s) include a 5°
cap. In some cases, the 5’ cap contains a modified guanine nucleotide that 1s linked to the
remainder of the gRNA molecule via a 5°-5" triphosphate linkage. In some embodiments, the 5°
cap contains two optionally modified guanine nucleotides that are linked via an optionally
modified 5°-5" triphosphate linkage.

[0094] In some of any such embodiments, the 3" polyA tail contains about 10 to about 30
adenine nucleotides. In some of any such embodiments, the 3° polyA tail contains about 20
adenine nucleotides. In some cases, the gRNA molecule(s) including the 3° polyA tail were
prepared by in vitro transcription from a DNA template. In some embodiments, the 5°

nucleotide of the targeting domain 1s a guanine nucleotide, the DNA template includes a T/
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promoter sequence located immediately upstream of the sequence that corresponds to the
targeting domain, and the 3’ nucleotide of the T7 promoter sequence 1s not a guanine nucleotide.
In some cases, the 5™ nucleotide of the targeting domain 1s not a guanine nucleotide, the DNA
template includes a T7 promoter sequence located immediately upstream of the sequence that
corresponds to the targeting domain, and the 3° nucleotide of the T7 promoter sequence 1s a
guanine nucleotide which 1s downstream of a nucleotide other than a guanine nucleotide.

[0095] In some of any such embodiments, the one or more Cas9 molecule/gRNA molecule
complexes are delivered into the cell via electroporation. In some of any such embodiments, the
Cas9 molecule 1s guided by a single gRNA molecule and cleaves the target domain with a single
double stranded break. In some embodiments, the Cas9 molecule 1s a S. pyogenes Cas9
molecule.

[0096] In some embodiments, the single gRNA molecule contains a targeting domain
selected from the following targeting domains: GUCUGGGCGGUGCUACAACU (SEQ ID
NO:508); GCCCUGGCCAGUCGUCU (SEQ ID NO:514); CGUCUGGGCGGUGCUACAAC
(SEQ ID NO:576); UGUAGCACCGCCCAGACGAC (SEQ ID NO:579);
CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582); or CACCUACCUAAGAACCAUCC
(SEQ ID NO:723).

[0097] In some of any such embodiments, the Cas9 molecule is a nickase and two Cas9
molecule/gRNA molecule complexes are guided by two different gRNA molecules to cleave the
target domain with two single stranded breaks on opposing strands of the target domain.

[0098] In some embodiments, the Cas9 molecule 1s a S. pyogenes Cas9 molecule having a
D10A mutation. In some examples, the two gRNA molecules include targeting domains that are
selected from the following pairs of targeting domains: CGACUGGCCAGGGCGCCUGU (SEQ
ID NO:582) and GUCUGGGCGGUGCUACAACU (SEQ ID NO:508);
CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and GGGCGGUGCUACAACUGGGC
(SEQ ID NO:510); CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and
GGCCAGGAUGGUUCUUAGGU (SEQ ID NO:511); CGACUGGCCAGGGCGCCUGU
(SEQ ID NO:582) and GGAUGGUUCUUAGGUAGGUG (SEQ ID NO:512);
CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and CGUCUGGGCGGUGCUACAAC
(SEQ ID NO:576); CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and
CUACAACUGGGCUGGCGGCC (SEQ ID NO:766); UGUAGCACCGCCCAGACGAC (SEQ
ID NO:579) and GGCCAGGAUGGUUCUUAGGU (SEQ ID NO:511);
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UGUAGCACCGCCCAGACGAC (SEQ ID NO:579) and GGAUGGUUCUUAGGUAGGUG
(SEQ ID NO:512); or ACCGCCCAGACGACUGGCCA (SEQ ID NO:581) and
GGCCAGGAUGGUUCUUAGGU (SEQ ID NO:511).

[0099] In some instances, the S. pyogenes Cas9 molecule has a N863A mutation. In some

embodiments, the two gRNA molecules include targeting domains that are selected from the

following pairs of targeting domains: CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and
GUCUGGGCGGUGCUACAACU (SEQ ID NO:508); CGACUGGCCAGGGCGCCUGU (SEQ
ID NO:582) and GGGCGGUGCUACAACUGGGC (SEQ ID NO:510); or
CGACUGGCCAGGGCGCCUGU (SEQ ID NO:582) and GGCCAGGAUGGUUCUUAGGU
(SEQ ID NO:511).

[0100] In some of any such embodiments, the gRNA molecule(s) are modular gRNA
molecule(s). In some of any such embodiments, the gRNA molecule(s) are chimeric gRNA
molecule(s). In some examples, the gRNA molecule(s) contains from 5° to 37: a targeting
domain; a first complementarity domain; a linking domain; a second complementarity domain; a
proximal domain; and a tail domain. In some instances, the gRNA molecule(s) contain a linking
domain of no more than 25 nucleotides 1n length and a proximal and tail domain, that taken
together, are at least 20 nucleotides 1n length.

[0101] In some of any such embodiments, the gRNA molecule(s) guide the Cas9 molecule
to cleave the target domain with an efficiency of cleavage of at least 60%. In some of any such
embodiments, the gRNA molecule(s) guide the Cas9 molecule to cleave the target domain with
an efficiency of cleavage of at least 80%. In some of any such embodiments, the gRNA
molecule(s) guide the Cas9 molecule to cleave the target domain with an etficiency of cleavage
of at least 90%.

[0102] In some of any such embodiments, the one or more Cas9 molecule/gRNA molecule
complexes produce ftewer than 5 off-targets. In some of any such embodiments, the one or more
Cas9 molecule/gRNA molecule complexes produce fewer than 2 exonic off-targets. In some
aspects, off-targets are identified by GUIDE-seq. In some examples, off-targets are identified by
Amp-seq.

Brief Description of the Drawings

[0103] The drawings are first briefly described.
[0104] FIG. 1A-1G are representations of several exemplary gRNAs.
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[0105] FIG. 1A depicts a modular gRNA molecule derived in part (or modeled on a
sequence 1n part) from Streptococcus pyogenes (S. pyogenes) as a duplexed structure (SEQ 1D
NO:42 and 43, respectively, in order of appearance);

[0106] FIG. 1B depicts a unimolecular (or chimeric) gRNA molecule derived in part from S.
pyogenes as a duplexed structure (SEQ ID NO:44);

[0107] FIG. 1C depicts a unimolecular gRNA molecule derived in part from S. pyogenes as
a duplexed structure (SEQ ID NO:45);

[0108] FIG. 1D depicts a unimolecular gRNA molecule derived in part from S. pyogenes as
a duplexed structure (SEQ ID NO:46);

[0109] FIG. 1E depicts a unimolecular gRNA molecule derived in part from S. pyogenes as
a duplexed structure (SEQ ID NO:47);

[0110] FIG. 1F depicts a modular gRNA molecule derived in part from Streptococcus
thermophilus (S. thermophilus) as a duplexed structure (SEQ ID NO:48 and 49, respectively, in
order of appearance);

[0111] FIG. 1G depicts an alignment of modular gRNA molecules of S. pyogenes and S.
thermophilus (SEQ ID NO:50-53, respectively, 1n order of appearance).

[0112] FIG. 2A-2G depict an alignment of Cas9 sequences from Chylinski ef al. (RNA
Biol. 2013; 10(5): 726-737). The N-terminal RuvC-like domain 1s boxed and indicated with a
“y”. The other two Ruv(C-like domains are boxed and indicated with a “b”. The HNH-Ilike
domain 1s boxed and indicated by a “g”. Sm: S. mutans (SEQ ID NO:1); Sp: S. pyogenes (SEQ
ID NO:2); St: S. thermophilus (SEQ ID NO:3); Li: L. innocua (SEQ ID NO:4). Motif: thisis a
motif based on the four sequences: residues conserved 1n all four sequences are indicated by
single letter amino acid abbreviation; “*” indicates any amino acid found in the corresponding
position of any of the four sequences; and ““-” indicates any amino acid, e.g., any of the 20

naturally occurring amino acids.

[0113] FIG. 3A-3B show an alignment of the N-terminal RuvC-like domain from the Cas9
molecules disclosed 1n Chylinski ef al (SEQ ID NO:54-103, respectively, 1in order of
appearance). The last line of Fig. 3B 1dentifies 4 highly conserved residues.

[0114] FIG. 4A-4B show an alignment of the N-terminal RuvC-like domain from the Cas9
molecules disclosed in Chylinski ef al. with sequence outliers removed (SEQ ID NO:104-177,
respectively, 1n order of appearance). The last line of FIG. 4B identifies 3 highly conserved

residues.
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[0115] FIG. SA-5C show an alignment of the HNH-like domain from the Cas9 molecules
disclosed 1n Chylinski er al (SEQ ID NO:178-252, respectively, in order of appearance). The
last line of FIG. SC i1dentifies conserved residues.

[0116] FIG. 6A-6B show an alignment of the HNH-like domain from the Cas9 molecules
disclosed in Chylinski er al. with sequence outliers removed (SEQ ID NO:253-302, respectively,
in order of appearance). The last line of FIG. 6B i1dentifies 3 highly conserved residues.

[0117] FIG. 7A-7B depict an alignment of Cas9 sequences from S. pyogenes and Neisseria
meningitidis (N. meningitidis). The N-terminal RuvC-like domain 1s boxed and indicated with a
“Y”. The other two Ruv(C-like domains are boxed and indicated with a “B”. The HNH-like
domain 1s boxed and indicated with a “G”. Sp: S. pyogenes; Nm: N. meningitidis. Motif: this 1s
a motif based on the two sequences: residues conserved 1n both sequences are indicated by a
single amino acid designation; “**” indicates any amino acid found 1n the corresponding position

66 9% °

of any of the two sequences; - indicates any amino acid, e.g., any of the 20 naturally occurring
amino acids, and - indicates any amino acid, e.g., any of the 20 naturally occurring amino
acids, or absent.

[0118] FIG. 8 shows a nucleic acid sequence encoding Cas9 of N. meningitidis (SEQ ID
NO:303). Sequence indicated by an “R” 1s an SV40 NLS; sequence indicated as “G” 1s an HA
tag; and sequence indicated by an “O” 1s a synthetic NLS sequence; the remaining (unmarked)
sequence 18 the open reading frame (ORF).

[0119] FIG. 9A shows schematic representations of the domain organization of S. pyogenes
Cas9 and the organization of the Cas9 domains, including amino acid positions, in reference to
the two lobes of Cas9 (recognition (REC) and nuclease (NUC) lobes).

[0120] FIG. 9B shows schematic representations of the domain organization of S. pyogenes
Cas9 and the percent homology of each domain across 83 Cas9 orthologs.

[0121] FIG. 10A shows an exemplary structure of a unimolecular gRNA molecule derived
in part from S. pyogenes as a duplexed structure (SEQ ID NO:40).

[0122] FIG. 10B shows an exemplary structure of a unimolecular gRNA molecule derived
in part from S. aureus as a duplexed structure (SEQ ID NO:41).

[0123] FIG. 11 shows results from an experiment assessing the activity of gRNAs directed

against TRBC gene 1n 293 cells using S. aureus Cas9. 293s were transtected with two plasmids

—one encoding S. aureus Cas9 and the other encoding the listed gRNA. The graph summarizes
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the average %NHEJ observed at the TRBC2 locus for each gRNA, which was calculated from a
T7E1 assay performed on genomic DNA 1solated from duplicate samples.

[0124] FIG. 12 shows results from an experiment assessing the activity of gRNAs directed
against TRBC gene 1n 293 cells using S. pyrogenes Cas9. 293 cells were transfected with two
plasmids — one encoding §. pyogenes Cas9 and the other encoding the listed gRNA. The graph
shows the average %NHEJ observed at both the TRBC1 and TRBC?2 loci for each gRNA, which
was calculated from a T7E1 assay performed on genomic DNA 1solated from duplicate samples.

[0125] FIG. 13 shows results from an experiment assessing the activity of gRNAs directed
against TRAC gene 1n 293 cells using S. aureus Cas9. 293 cells were transfected with two
plasmids — one encoding S. aureus Cas9 and the other encoding the listed gRNA. The graph
shows the average %9NHEJ observed at the TRAC locus for each gRNA, which was calculated
from a T7E1 assay performed on genomic DNA 1solated from duplicate samples.

[0126] FIG. 14 shows results from an experiment assessing the activity of gRNAs directed
against TRAC gene 1n 293 cells using S. pyogenes Cas9. 293 cells were transfected with two
plasmids — one encoding S. pyogenes Cas9 and the other encoding the listed gRNA. The graph
shows the average %9NHEJ observed at the TRAC locus for each gRNA, which was calculated
from a T7E1 assay performed on genomic DNA 1solated from duplicate samples.

[0127] FIG. 15 shows results from an experiment assesssing the activity of gRNAs directed
against PDCD1 gene 1n 293 cells using S. aureus Cas9. 293 cells were transfected with two
plasmids — one encoding S. aureus Cas9 and the other encoding the listed gRNA. The graph
shows the average %9NHEJ observed at the PDCD1 locus for each gRNA, which was calculated
from a T7E1 assay performed on genomic DNA 1solated from duplicate samples.

[0128] FIG. 16 shows results from an experiment assesssing the activity of gRNAs directed
against PDCD1 gene 1n 293 cells using S. pyogenes Cas9. 293 cells were transfected with two
plasmids — one encoding S. pyogenes Cas9 and the other encoding the listed gRNA. The graph
shows the average %NHEJ] observed at the PDCD1 locus for each gRNA, which was calculated
from a T7E1 assay performed on genomic DNA 1solated from duplicate samples.

[0129] FIG. 17A-C depict results showing a loss of CD3 expression in CD4+ T cells due to
delivery of S. pyogenes Cas9 mRNA and TRBC and TRAC gene specific gRNAS

[0130] FIG. 17A shows CD4+ T cells electroporated with S. pyogenes Cas9 mRNA and the
gRNA 1ndicated (TRBC-210 (GCGCUGACGAUCUGGGUGACQC) (SEQ ID NO:413), TRAC-4
(GCUGGUACACGGCAGGGUCA) (SEQ ID NO:453) or AAVS1
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(GUCCCCUCCACCCCACAGUG) (SEQ ID NO:51201)) and stained with an APC-CD?3
antibody and analyzed by FACS. The cells were analyzed on day 2 and day 3 after the
electroporation.

[0131] FIG. 17B shows quantification of the CD3 negative population from the plots in (A).

[0132] FIG. 17C shows %NHE] results from the T7E1 assay performed on TRBC2 and
T'RAC loci.

[0133] FIG. 18A-C depict results showing a loss of CD3 expression in Jurkat T cells due to
delivery of S. aureus Cas9/gRNA RNP targeting TRAC gene

[0134] FIG. 18A shows Jurkat T cells electroporated with S. aureus Cas9/gRNA TRAC-233
(GUGAAUAGGCAGACAGACUUGUCA) (SEQ ID NO:474) RNPs targeting TRAC gene and
stained with an APC-CD3 antibody and analyzed by FACS. The cells were analyzed on day 1,
day 2 and day 3 after the electroporation.

[0135] FIG. 18B shows quantification of the CD3 negative population from the plots in (A).

[0136] FIG. 18C shows % NHEJ results {from the T7E]1 assay performed on the TRAC
locus.

[0137] FIG. 19 shows the structure of the 5 ARCA cap.

[0138] FIG. 20 depicts results from the quantification of live Jurkat T cells post
electroporation with Cas9 mRNA and AAVS1 gRNAs. Jurkat T cells were electroporated with
S. pyogenes Cas9 mRNA and the respective modified gRNA. 24 hours after electroporation, 1 x
10° cells were stained with FIT C-conjugated Annexin-V specific antibody for 15 minutes at
room temperature followed by staining with propidium 1odide immediately before analysis by
flow cytometry. The percentage ot cells that did not stain for either Annexin-V or Pl 1s presented
in the bar graph.

[0139] FIG. 21A-C depict loss of CD3 expression in Naive CD3+ T cells due to delivery of
S. aureus Cas9/gRNA RNP targeting TRAC.

[0140] FIG. 21A depicts naive CD3+ T cells electroporated with S. aureus Cas9/gRNA
(with targeting domain GUGAAUAGGCAGACAGACUUGUCA (SEQ ID NO:474) RNPs
targeting TRAC were stained with an APC-CD3 antibody and analyzed by FACS. The cells
were analyzed on day 4 after the electroporation. The negative control are cells with the gRNA
with the targeting domain GUGAAUAGGCAGACAGACUUGUCA (SEQ ID NO:474) without

a functional Cas9.
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[0141] FIG. 21B depicts quantification of the CD3 negative population from the plots in
Fig. 21A.

[0142] FIG. 21C depicts % NHEJ results from the T7E1 assay performed on the TRAC
locus.

[0143] FIG. 22 depicts genomic editing at the PDCD1 locus in Jurkat T cells after delivery
of S. pyogenes CasY mRNA and PDCDI gRNA (with a targeting domain
GUCUGGGCGGUGCUACAACU (SEQ ID NO:308)) or S. pyogenes Cas9/gRNA (with a
targeting domain GUCUGGGCGGUGCUACAACU (SEQ ID NO:508)) RNP targeting PDCDI1.
Quantification of %9NHEJ results from the T7E1 assay performed on the PDCDI1 locus at 24, 48,
and 72 hours. Higher levels of %NHEJ were detected with RNP vs mRNA delivery using the
exemplary target gRNA (SEQ ID NO:508) claimed).

[0144] FI1G. 23 depicts percentage of cells negative for PD-1 surface expression following
electroporation of primary T cells with Cas9/gRNA RNP comprising different labeled gRNAs
targeting the PDCD1 locus.

[0145] FIG. 24A depicts genomic editing at the PDCDI locus 1n activated primary T cells
after delivery of an S. pyogenes Cas9/gRNA RNP targeting PDCD1. Primary CD4 T cells
1solated from multiple healthy donors were treated with the same RNP and PDCD1 expression
was assessed by flow cytometry after reactivation. The average of the percentage of PDCDI
negative cells from multiple experiments 1s plotted and the standard deviation 1s depicted by the
error bars.

[0146] FIG. 24B depicts surface expression of CD4 and PD-1 in primary CD4+ T cells
following electroporation with Cas9/gRNA RNP comprising different labeled gRNAs targeting
the PDCD1 locus or control AAVS]1 locus.

[0147] FIG. 23 depicts surface expression of CD45RA and CD62L 1n primary CD8+ T cells
following electroporation with Cas9/gRNA RNP comprising different labeled gRNAs targeting
the PDCD1 locus or control AAVS]1 locus.

[0148] Fig. 126 depicts surface expression of PD-1 and a surrogate marker (EGFR(t) for anti-
CD19 chimeric antigen receptor (CAR) expression on CD8+ or CD4+ T cells transduced with
anti-CD19 CAR or mock transduction control (mock), following electroporation with
Cas9/gRNA RNP targeting PDCD1 locus (PD-1KQO), Cas9/gRNA RNP targeting AAVS1
control (AAVS1-KO) or untreated control.
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[0149] FIG. 27A and 27B show mean fluorescence intensity (MFI) of T cell surface marker
expression of CD8+ (FIG. 27A) or CD4+ (FI1G. 27B) T cells transduced with anti-CD19 CAR
(CAR) or mock transduction control (mock) following electroporation with Cas9/gRNA RNP
targeting PDCD1 locus (PD-1KO) or Cas9/gRNA RNP targeting AAVSI1 control (AAVSI1-
KO). The MFI of surface markers CD45RA, CD69, 41BB, CCR7, CD27, CD25, CD62L, TIM3
are and CD45RO are depicted.

[0150] FIG. 28A depicts the percentage of cells containing an indel at the PDCD1 locus 1n
T cells transduced with anti-CD19 CAR (CAR+) or mock transduction control (mock) following
electroporation with Cas9/gRNA RNP targeting PDCDI1 locus (PD-1KO) or Cas9/gRNA RNP
targeting AAVS1 control (AAVS1-KO). FIG. 28B depicts the relative number of reads from
MiSeq sequencing analysis that contained a deletion or an insertion at each position relative to
the PDCD1 gRNA used. The position of the guide RNA 1s depicted as a thick vertical line
around position 60 on the x-axis.

[0151] FIG. 29 shows T cell proliferation of primary CD8+ and CD4+ T cells that were
transduced with anti-CD19 CAR (CAR+) or mock transduction control (mock) and
electroporated with Cas9/gRNA RNP targeting PDCD1 locus or Cas9/gRNA RNP targeting
AAVSI1 control. T cell proliferation was assessed after co-culture with CD19-expressing cells
or ROR-1-expressing control cells as measured using CellTrace™ Violet.

[0152] FIG. 30A-C depicts cytokine secretion 1n cell supernatants of primary T-cells
transduced with anti-CD19 CAR (CAR+) or mock transduction control (mock) and
electroporated with Cas9/gRNA RNP targeting PDCD1 locus or Cas9/gRNA RNP targeting
AAVSI1 control following co-culture with CD19-expressing cells or ROR-1-expressing control
cells. FIG. 30A depicts IFN-vy 1in cell supernatants. FIG. 30B depicts interleukin-2 (IL-2)
secretion 1n cell supernatants. FIG. 30C depicts tumor necrosis factor alpha (TNF-a) secretion
in cell supernatants.

[0153] FIG. 31 depicts activated CD4 T cells treated with pairs of either S. pyogenes D10A
or N863A nickase RNPs. After restimulation with PMA/IO, the expression of PDCD1 was
assessed by flow cytometry using a PE-conjugated anti-PDCD1 antibody. The percentage of
PDCDI negative cells 1s graphed with the error bars referring to the standard deviation of
duplicate samples. Samples 25 and 26 are D10A and N863A with a single gRNA which served
as negative controls while sample 27 1s wild type Cas9 with a single gRNA which served as a

positive control.
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Detailed Description

L. TARGETING PD-1 KNOCKOUT IN CELLS EXPRESSING A RECOMBINANT
RECEPTOR

[0154] Provided are cells and cell compositions, including immune cells such as T cells and
NK cells, that express a recombinant receptor, such as a transgenic or engineered T cell receptor
(TCR) and/or a chimeric antigen receptor (CAR). The cells generally are engineered by
introducing one or more nucleic acid molecules encoding such recombinant receptors or product
thereof. Among such recombinant receptors are genetically engineered antigen receptors,
including engineered TCRs and functional non-TCR antigen receptors, such as chimeric antigen
receptors (CARSs), including activating, stimulatory, and costimulatory CARs, and combinations
thereof. The provided cells also have a genetic disruption of a PDCD1 gene encoding a
programmed death-1(PD-1) polypeptide. Also provided are methods of producing such
genetically engineered cells. In some embodiments, the cells and compositions can be used 1n
adoptive cell therapy, e.g. adoptive immunotherapy.

[0155] In some embodiments, the provided cells, compositions and methods alter or reduce
the effects of T cell inhibitory pathways or signals involving the inhibitory interactions between
programmed death-1 (PD-1) and 1its ligand PD-L1. In some embodiments, the upregulation
and/or expression of either one or both of a costimulatory inhibitory receptor or its ligand can
negatively control T cell activation and T cell function. PD-1 (an exemplary amino acid and
encoding nucleic acid sequence set forth in SEQ ID NO:51207 and 51208, respectively) 1s an
immune 1nhibitory receptor that belongs to the B7:CD28 costimulatory molecular family and
reacts with its ligands PD-L1 and PD-L2 to inhibit T cell function. PD-L1 (an exemplary amino
acid and encoding nucleic acid sequence set forth in SEQ ID NO: 51209 and 51210,
respectively; see also GenBank Acc. No. AF233516) 1s primarily reported to be expressed on
antigen presenting cells or cancer cells where it interacts with T-cell expressed PD-1 to inhibit
the activation of the T cell. In some cases, PD-L1 also has been reported to be expressed on T
cells. In some cases, interaction of PD-1 and PD-L1 suppresses activity of cytotoxic T cells and,
in some aspects, can inhibit tumor immunity to provide an immune escape for tumor cells. In
some embodiments, expression of PD-1 and PD-L1 on T cells and/or in the tumor

microenvironment can reduce the potency and efficacy of adoptive T cell therapy.
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[0156] Thus, in some embodiments, such inhibitory pathways may otherwise impair certain
desirable effector functions in the context of adoptive cell therapy. Tumor cells and/or cells 1n
the tumor microenvironment often upregulate ligands for PD-1 (such as PD-L1 and PD-L2),
which in turn leads to ligation of PD-1 on tumor-specific T cells expressing PD-1, delivering an
inhibitory signal. PD-1 also often 1s upregulated on T cells 1n the tumor microenvironment, €.g.,
on tumor-infiltrating T cells, which can occur following signaling through the antigen receptor
or certain other activating signals.

[0157] In some cases, such events may contribute to genetically engineered (e.g., CAR+) T
cells acquiring an exhausted phenotype, such as when present in proximity with other cells that
express PD-L1, which 1n turn can lead to reduced functionality. Exhaustion of T cells may lead
to a progressive loss of T cell functions and/or 1n depletion of the cells (Y1 er al. (2010)
Immunology, 129:474-481). T cell exhaustion and/or the lack of T cell persistence 1s a barrier to
the efficacy and therapeutic outcomes of adoptive cell therapy; clinical trials have revealed a
correlation between greater and/or longer degree of exposure to the antigen receptor (e.g. CAR)-
expressing cells and treatment outcomes.

[0158] Certain methods have been aimed at blocking PD-1 signaling or disrupting PD-1
expression 1n T cells, including 1n the context of cancer therapy. Such blockade or disruption
may be through the administration of blocking anti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>