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NATURAL KILLER CELLS AND METHODS OF USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit of U.S. Provisional Patent Application No.
63/252,487 filed October 5, 2021 which is incorporated herein by reference in its entirety.

INCORPORATION-BY-REFERENCE OF SEQUENCE LISTING
[0002] The Sequence Listing XML associated with this application is provided electronically
in XML file format and is hereby incorporated by reference into the specification. The name
of the XML file containing the Sequence Listing XML is “CYTT-
003_001WO_SeqList ST26”. The XML file is 91,265 bytes, created on October 5, 2022, and
is being submitted electronically via USPTO Patent Center.

FIELD
[0003] The invention relates generally to populations of Natural Killer (NK) cells and

methods of use thereof.

BACKGROUND
[0004] Cancer immunotherapy is utilized for generating and augmenting an anti-tumor
immune response, e.g., by treatment with antibodies specific to antigens on tumor cells, with
fusions of antigen presenting cells with tumor cells, or by specific activation of anti-tumor NK
cells or T cells. The ability of recruiting immune cells against tumor cells in a patient provides
a therapeutic modality of fighting cancer types and metastasis that so far were considered
incurable.
{6865} Lymphocytes such as natural killer (NK) cells are potent anti-tumor effectors that play
an important role in innate and adaptive immunity. There are several activating receptors
found on NK cells, including NKp30, NKp44, and NKp46, which are collectively known as
Natural Cytotoxicity Receptors (NCRs), as well as NKG2D, CD16 and TRAIL. NKp46 is an
established marker for the identification of NK cells. NKp46 is an NK cell specific triggering
molecule found on both resting and activated NK cells. It is an important mediator in NK cell
activation against numerous targets, including tumors and virally infected cells. NK ¢elis are
a subpopulation of lymphocytes that have spontaneous cviotoxicity against a variety of tumor
cells, virus-infected cells, and some normal cells in the bone marrow and thyvnus. NK cells

are critical effectors of the early innate immune response toward transformed and virus-
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infected cells. NK cells constitute about 10% of the lymphocytes in human peripheral blood.
NK cells are effector cells known as large granular lvmphocytes because of their larger size
and the presence of charactenistic azurophilic granules in their cytoplasm. NK cells
differentiate and mature in the bone marrow, lymph nodes, spleen, tonstls, and thymus. NK
cells can be detected by specific surface markers, such as CD36 and CD45 in humans. NK
cells do not express T cell antigen receptors, the pan T marker CD3, or surface
immunoglobulin B cell receptors.

[6606] Stimudation of NK cells may be achieved through a cross-talk of signals derived from
cell surface activating and inhibitory receptors. The activation status of NK cells is regulated
by a balance of intracellular signals recetved from an array of germ-hine-encoded activating
and inhibitory receptors (MacFarlane and Campbell, Curr Top Microbiol Immunol. 2006;
298: 23-57). When NK cells encounter an abnormal cell {e.g., tumor or virus -infected celi)
and activating signals predominate, the NK cells can rapidly mduce apoptosis of the target
cell through directed secretion of cyvtolytic granules containing perforin and granzymes or
engagement of death domain-containing receptors. Activated NK cells can also secrete type 1
cytokines, such as imterferon-~y, tumor necrosis factor-a and granulocyie-macrophage colony-
stimulating factor (GM-CSF), which activate both innate and adaptive inunune cells as well
as other cytokines and chemokines (Wu and Lanier, Adv Cancer Res. 2003; 90: 127-36).
Production of these soluble factors by NK cells in early innate immune responses
significantly influences the recrumtment and function of other hematopoietic cells. Also,
through physical contacts and production of cytokines, NK cells are central playversin a
regulatory crosstalk network with dendritic cells and neutrophils to promote or restrain
fmmune responses.

[0007] NK. cells have several characternistics which make them advantageous to use m
therapeutic settings. For example, thev do not require antigen priming and they are HLA
agnostic, which decreases the nisk of developing of Graft vs. Host Disease in allogeneic use.
Nonetheless, the use of immune cells for adoptive cell therapies remains challenging and there
are unmet needs for improvement. There are significant opportunities that remain to harness

the full potential of NK cells, or other lymphocytes in adoptive immunotherapy.

SUMMARY
[0008] In one aspect, provided herein is a cell population comprising differentiated cells
derived from induced pluripotent stem cells, said differentiated cells having a Natural Killer

cell phenotype (iNK cells), wherein the iNK cells comprise an inactivating mutation in the
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TGFbR?2 gene, and wherein the iNK cells express interleukin-15 (IL-15) or a functional
fragment thereof. In some embodiments, the iNK cells comprise a homozygous inactivating
mutation in the 7GFbR2 gene. In some embodiments, the i cells comprise a heterozygous
inactivating mutation in the 7GFbR2 gene. In some embodiments, the iPSC-NK cells express
a cell membrane-bound form of IL-15 (mbIL-15) or functional fragment thereof. In some
embodiments, the iNK cells express a cell membrane-bound form of IL-15 (mbIL-15) or
functional fragment thereof fused to the IL-15 Receptor alpha (IL-15Ra). The cell population
of any one of claims 1-3, wherein the iNK cells express IL-15 trapped in the endoplasmic
reticulum (ER). In some embodiments, the iPSC-NK cells express a soluble form of IL-15 or
functional fragment thereof.

[0009] In some embodiments, the iPSC-NK cells comprise a knock-in of a polynucleotide
encoding the IL-15 or functional fragment thereof into the B2M gene of the iPSC-NK cells.
In some embodiments, the iPSC-NK cells comprise a knock-in of a polynucleotide encoding
the IL-15 or functional fragment thereof into the 7TGFbHR2 gene of the iPSC-NK cells.. In
some embodiments, the polynucleotide encoding the IL-15 or functional fragment thereof is
operably linked to a promoter. In some embodiments, the promoter is an exogenous
promoter. In some embodiments, the promoter is a constitute promoter. In some
embodiments, the promoter is an EF1a promoter (short version) or an EF 1a promoter (long
version). In some embodiments, the promoter is an endogenous promoter.

[0010] In some embodiments, the expression level of TGFbR2 in the iNK cells is about 10%,
about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about
90%, or about 95% lower than the expression level of TGFbR2 in a population of unedited
NK cells.

[0011] In some embodiments, at least 50%, at least 55%, at least 60%, at least 65%, or at last
70%, of cells express one or more NK cell marker selected from the group consisting of
CD56 and CD45. In another aspect, provided herein is a method of producing a cell
population comprising differentiated cells derived from induced pluripotent stem cells, said
differentiated cells having a Natural Killer cell phenotype (iPSC-NK cells), wherein the
iPSC-NK cells comprise a homozygous inactivating mutation in the 7GFbR2 gene, and
wherein the iPSC-NK cells express IL-15 or a functional fragment thereof, the method
comprising (i) genetically editing a population of induced pluripotent stem cells (iPSCs); (ii)
generating a monoclonal population of edited iPSCs; and (iii) differentiating said population
of iPSCs into a population of Natural Killer (NK) cells. In some embodiments, step (i)

comprises introducing a polynucleotide encoding a soluble form of interleukin-15 (IL-15) or
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a functional fragment thereof. In some embodiments, step (i) comprises introducing a
polynucleotide encoding a cell membrane-bound form of IL-15 (mbIL-15) or functional
fragment thereof. In some embodiments, step (1) comprises introducing a polynucleotide
encoding mbIL-15 or functional fragment thereof fused to IL-15Ra.

[0012] In some embodiments, the IL-15 is introduced using a TALEN construct. In some
embodiments, the IL-15 is introduced using a Cas9 or Cas12 enzyme. In some embodiments,
the IL-15 or functional fragment thereof is introduced using a dualase platform.

[0013] In some embodiments, the methods results in a cell population wherein the
expression level of TGFbR2 in the iNK cells is about 10%, about 20%, about 30%, about
40%, about 50%, about 60%, about 70%, about 80%, about 90%, or about 95% lower than
the expression level of TGFbR2 in a population of unedited NK cells.

[0014] In some embodiments, at least 50%, at least 55%, at least 60%, at least 65%, at last
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98% or more
than 98% of cells express one or more NK cell marker selected from the group consisting of
CD56 and CD45.

[0015] In another aspect, provided herein is a cell population produced by a method
described herein. In another aspect, provided herein is a pharmaceutical composition
comprising a cell population described herein.

[0016] In another aspect, provided herein is a method of treating cancer in a subject in need
thereof, comprising administering an effective amount of a pharmaceutical composition
described herein. In some embodiments, the cancer is a solid tumor. In some embodiments,
the cancer is a hematological malignancy

[0017] In another aspect, provided herein is a method of inhibiting proliferation of tumor
cells in a subject in need thereof, comprising administering an effective amount of a
pharmaceutical composition provided herein. In some embodiments, the subject is further
administered an immune checkpoint inhibitor. In some embodiments, the immune checkpoint
inhibitor is an anti-PD-1 antibody, an anti-PDL-1 antibody, or an anti-CTLA-4 antibody. In
some embodiments, the subject is further administered an NK cell engager. In some
embodiments, the NK cell engager is an NKp46 NK cell engager. In some embodiments, the

subject is further administered an antibody.

BRIEF DESCRIPTION OF DRAWINGS
[0018] FIG. 1 shows an exemplary protocol for manufacturing iPSC-NK cells such as

described herein.
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[0019] FIGs. 2A and 2B show gene editing strategies. FIG. 2A shows a gene structure of
human B2M (beta-2-macroglobulin) and non-destructive knock-in (KI) strategy. FIG. 2B
shows a gene structure of human TGFBR2 and EF1a-IL15-bGHpA disruptive KI strategy.
[0020] FIG. 3 shows donor template designs for the non-destructive KI of IL-15 into the B2M
locus (top) and for the disruptive KI of EFla-IL-15-polyA into the TGFbhR2 locus.

[0021] FIGs. 4A and 4B show illustrative TALEN target sequences. FIG. 4A shows an
illustrative TALEN target sequence for the non-destructive KI of IL-15 into the B2M locus.
The B2M TALEN left target sequence is: 5> TTAGCTGTGCTCGCGCT 3°. The B2M
TALEN right target sequence is: 5> TGGATAGCCTCCAGGCC 3’. FIG. 4B shows an
illustrative TALEN target sequence for the disruptive KI of EFla-IL-15-polyA into the
TGFbR2 locus. The TGFbR2 TALEN left target sequence is: 5" TGATGTGAGATTTTCCA
3°. The TGFbR2 TALEN right target sequence is: 5 TTGCTCATGCAGGATTT 3.

(6822} FIG. 5 shows sequencing results of the IL-15-P2A-B2M joint area of the biallelic L~
15 knock-in iPSC single colonies.

16623} FIG. 6 shows sequencing results of the 7GFAR2 locus in TGFER2 knockowt (KO}
iPSC cells.

16024} FIGs. 7A and 7B show amplicon sequencing results for the iPSC clone #269 which is
atrue TGFbR2 KO clone. Figure 7A is a graph to show the reading% on 7GFbR2 locus.
Figure 7B is a detailed analysis of those readings.

[6025] FIGs. 8A and 8B show amplicon sequencing results for the iPSC clone #331 which is
atrue TGEFHR2 KO clone together with IL-15 non-destructively KI on B2M locus. Figure 8A
is a graph to show the reading% on 7GFbR2 locus. Figure 8B is a detailed analysis of those
readings.

16626} FIG. 9 shows sequencing results of clone #337, with an 1L-15 Kin the 82M locus
and a TGFbR2Z deletion.

(80271 FIG. 10 shows sequencing results of clone #338, with an 1L-15 Ki in the B2M locus
and a TGFBR2 deletion.

(6623} FIG. 11 shows Sanger sequencing results for clones #336, and 341

6029} FIG. 12 shows IL-15 levels in culture medium from iPSC clones #231, #238, #239,

16030] FIG. 13 shows TGFbR2 protein in clones #2355, #260, and #269 as detected by
Western Blot.

[0031] FIG. 14 shows TGFbR2 protein in iPSC clones #331, #336, #337, #338, #341, and
#318 as detected by Western Blot.
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[0032] FIG. 15 shows TGFbR2 expression in iNK cell differentiated from iPSC clone #269.
[0033] FIG. 16 shows IL-15 expression in the medium of iNK cells differentiated from iPSC
clones # 242, #318, #336, and #341 as determined by ELISA.

[0034] FIG. 17 shows the impact of TGFb1 on cell surface expression of NKG2D, DNAM-1,
NKp30 and CD2.

[0035] FIG. 18 shows the impact of IL-15 on in vitro cell persistence.

[0036] FIG. 19 shows the impact of TGFb1 on cytotoxic activity of iNK cells differentiated
from iPSC clones #269, #318, and #341.

[0037] FIG. 20A and 20B show cell killing activities of iNK cells differentiated from iPSC
clones #231, #242, #269, #318, #336, and #341 after two and three rounds, respectively, of

challenge with target cells.

DETAILED DESCRIPTION
[0038] The present disclosure provides modified Natural Killer (NK) cells for use in the
treatment of cancer. In some embodiments, the NK cells may have one or more genetic
modifications, for example, knock-out of TGF beta receptor 2 (TGFbR2) and/or knock-in of
interleukin 15 (IL-15).
[0039] Unless otherwise defined, scientific and technical terms used in connection with the
present invention shall have the meanings that are commonly understood by those of ordinary
skill in the art. Further, unless otherwise required by context, singular terms shall include
pluralities and plural terms shall include the singular. Generally, nomenclatures utilized in
connection with, and techniques of, cell and tissue culture, molecular biology, and protein and
oligo- or polynucleotide chemistry and hybridization described herein are those well-known
and commonly used in the art. Standard techniques are used for recombinant DNA,
oligonucleotide synthesis, and tissue culture and transformation (e.g., electroporation,
lipofection). Enzymatic reactions and purification techniques are performed according to
manufacturer's specifications or as commonly accomplished in the art or as described herein.
The foregoing techniques and procedures are generally performed according to conventional
methods well known in the art and as described in various general and more specific references
that are cited and discussed throughout the present specification. See e.g., Sambrook ef al.
Molecular Cloning: A Laboratory Manual (2d ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. (1989)). The nomenclatures utilized in connection with, and the laboratory
procedures and techniques of, analytical chemistry, synthetic organic chemistry, and medicinal

and pharmaceutical chemistry described herein are those well-known and commonly used in
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the art. Standard techniques are used for chemical syntheses, chemical analyses,
pharmaceutical preparation, formulation, and delivery, and treatment of patients.

[0040] As utilized in accordance with the present disclosure, the following terms, unless
otherwise indicated, shall be understood to have the following meanings:

[0041] As used in the specification and claims, the singular form “a”, “an” and “the” include
plural references unless the context clearly dictates otherwise. For example, the term “a cell”

includes a plurality of cells, including mixtures thereof.

NK Cells

6842} In one aspect, provided herein is a cell population comprising differentiated cells
derived from induced pluripotent stem cells, said differentiated cells having a Natural Killer
cell phenotype. These NK cells may be derived from iPSCs are also referred to

interchangeably as “iPSC-NK cells™ or “INK celis.”

Methods of Making iPSC-NK Cells

6043} Any suttable source of iPSC may be used 1o generate the iIPSC-NK cells provided
herein. Thus, in one embodiment, provided herein is a method of producing a cell population
comprising iIPSC-NK cells, wherein the iPSC-NK cells comprise a homozygous thactivating
mutation in the 7GFPR2 gene, and wherein the iPSC-NK cells express [L-15 or a functional
fragment thereof, the method comprising (i) genetically editing a population of induced
pluripotent stem cells (IPSCs); {it) differentiating said population of 1PSCs into a population
of Natural Killer (NK) cells; and (111) expanding the population of NK celis.

(0044} An exemplary method is illustrated in FIG. 1. For example, iPSC may be produced by
reprogramming somatic cells to induce pluripotency. The reprogramming involves the
activation of pluripotency genes and repression of somatic genes. In its simplest form, this
process includes the expression of certain transcription factors in the somatic cells, in
particular Octamer 3/4 {Oct3/4), SRY-box containing gene 2 {Sox2), Krappel-tike factor 4
(K1), and the protooncogene cvtoplasmic Mye protein (c-Myc) {see Takahashi and
Yamanaka, Cell 126:663-676). The delivery of these transcription factors into the somatic
celis can be accomplished by any suitable method known in the art, for example, using viral
vectors, mRINA transfection, or delivery of recombinant proteins (see, e.g Chang ef al., 2019,
J Korean Newrosurg Soc. 62(5): 493-501). Alternatively or additionally, small molecules
targeting cell signaling pathways, metabolic pathways, and epigenetic modifications may be

used to induce pluripotency and reprogram somatic cells in to 1IPSCs. In particular, repression
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of DN A methylation, activation of Wai signaling, activation of MAPK/ERK signaling, and
mduction of glveolytic metabolism have been described as mechanisms to aid in
reprograrmoing. Such small molecules include, for example, Gsk3 inhibitors, transfornung
growth factor B (TGFB) inhibitors, TGFR inhibitors, MEK inhibitors, AMPK inhibitors,
mTOR inhibitors, VEGF inhibitors, Wnt activators, cAMP activators, retinoic actd receptor
(RAR) o agonists, RAR v agowusts, pyruvate dehydrogenase kinase, isozyme 1 (PDK-1)
activators, HMT inhibitors, DNMT inhibitors, KIDM inhibitors, HDAC inhibitors, and others.
See, e.g., Liner al, 2019, Cell Chem Biol; 23:893-916, which is incorporated herein in its
entirety for examples of small molecules that may be used in the methods of generating iPSC,
[6045] Conunercial 1PSC lines are also available and may be used to generate the iPSC-NK.
cells described herein.

{3046} In preferred embodiments, the iIPSCs used to generate the 1PSC-NK cells provided
herein are generated, maintained and differentiated under Good Manufacturing Protocol
{GMP) conditions.

16047} 1PSCs may be differentiated into NK cells using any suitable method known in the art
or described herein. A description of such methods is described in, for exaraple, Zhu, H.,
Kaufman, 2.8 {2019}, An Improved Method to Produce Chinical-Scale Natural Killer Cells
from Human Pluripotent Stem Cells. I Kaneko, 3. {eds) In Vitro Differentiation of T-Cells.
Methods i Molecular Biology, vel 2048, Homana, New York, NY ;

bttps:/Vdot org/ 10 1007/978-1-4930-0728-2 12, which is incorporated herein by reference in
its entirety. For example, the INK cells may be activated for three days at high concentrations
of IL-2 (100 unit/ml to 500 unit/ml), and with additional cytokines IL-15 and IL-21A.

{6048} The iPSC-NK cells provided herein may be cultured under any suitable conditions
described herein or known in the art. In some embodiments, the NK cells are cultured on a
feeder layer, i.e., in co-culture with another cell line. Such co-cultures can be effective in
inducing proliferation in cell types that otherwise proliferate very slowly or not at all. In some
embodiments, provided herein is a feeder layer that is capable of inducing proliferation of
iPSC-NK cells. In some embodiments, provided herein is a feeder layer that is capable of
activating iPSC-NK cells.

[0049] Examples of feeder layers that may be used for the culture of NK cells provided herein
include, without limitation, K562 cells and 221 cells. In some embodiments, the feeder layer
cells may be genetically modified, e.g., the feeder layer cells may be transduced with mbIL-

15, mIL21 and/or 4-1-BB. Prior to being used in the co-culture, the feeder layer cells may be
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irradiated with doses sufficient to induce cell cycle arrest, such that the feeder layer cells do
not proliferate in the co-culture.

[0050] In some embodiments, about 40% to about 45%, about 45% to about 50%, about 50%
to about 55%, about 55% to about 60%, about 60% to about 65%, about 65% to about 70%,
about 70% to about 75%, about 75% to about 80%, about 80% to about 85%, about 85% to
about 90%, about 90 to about 95%, or about 95% to 100% of cells in a population of iPSC-NK
cells provided herein express one or more NK cell marker such as CD56 and/or CD345.

[0051] In some embodiments, at least 50%, at least 55%, at least 60%, at least 65%, at last
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98% or more
than 98% of cells in a population of iPSC-NK cells provided herein express one or more NK
cell marker such as CD56 and/or CD45. NK cell surface markers such as CD56 and CD45 may
be detected using any suilable method known in the art, inchuding, for example, flow

cytometry.

Modification of NK Cells

[0052] In some embodiments, the iPSC-NK cells provided herein cells are genetically
modified by introducing (“integrating” or “knocking in”) or deleting (“knocking out™) one or
more genes. Without wishing to be bound by theory, knocking out or integrating genes of
interest involved in NK cell exhaustion, activation, tolerance, and/or memory are thought to
improve the clinical utility of the iPSC-NKs provided herein.

[0053] The genetic modification of the iPSC-NK cells provided herein may be achieved by
any suitable method known in the art or described herein. For example, the genome of the
iPSC-NK cells provided herein may be modified by introducing DNA double strand breaks,
which are then repaired by the cell’s endogenous repair mechanisms, such as homologous
recombination. DNA double strand breaks may be introduced using targeted endonucleases,
such as Zinc-finger nucleases, transcription activation-like effector-nucleases (TALENS),
meganucleases, or the CRISPR/Cas system, which relies on the Cas9 endonuclease for
inducing the DNA breaks and a guide RNA (gRNA) for site-specificity.

[0054] Alternatively, a Dualase™ platform may be used to edit the iPSC cells described
herein. The Dualase™ is a gene editing technology which cuts DNA twice and leaves non-
compatible DNA ends, which is hypothesized to lead to higher fidelity repair than non-
compatible ends.

[6055] TALENSs employ a bacterial DNA cleavage domain and specifically bind DNA via
highly conserved 33-35 amino acid TALE repeats which resemble the DNA-binding
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domains of transcription factors. The TALE repeats each bind a single base pair of DNA.
The specificity of TALEN DNA binding is dictated by two hypervariable residues. The
repeats for a two-helix structure connected by a loop which presents the hypervariable

residue into the major groove of the DNA. Multiple modular TALE repeats can be linked
together into a longer array with custom DNA-binding specificities. See e.g., Maeder and
Gersbach, 2016, Mol Ther. 24(3) 430-446; Carrol, 2017, Yale J Biol Med 90:653-659.

(8056} Methods for designing TALEN sequences targeting a desired locus are well known in
the art and described in, e.g., Cermak e al., Nucleic Acids Res. 2011 Jul; 39(12):e82, which is
fncorporated herein in its entirety.

[0057] Cas-based DNA editing systems are well known in the art. Any suitable Cas enzyme
can be used to edit the iPSC-NK cells described herein, including, without limitation, Cas9 and
Casl2.

[0058] In the cases of knock-in, the polynucleotide encoding the knocked-in gene is introduced
in such a way that the polynucleotide is operatively linked to a promoter. The term “operably
linked” as used herein refers to positions of components so described are in a relationship
permitting them to function in their intended manner. A control sequence “operably linked” to
a coding sequence is ligated in such a way that expression of the coding sequence is achieved
under conditions compatible with the control sequences.

[0059] The term “control sequence™ as used herein refers to polynucleotide sequences which
are necessary to affect the expression and processing of coding sequences to which they are
ligated. The nature of such control sequences differs depending upon the host organism in
prokaryotes, such control sequences generally include promoter, ribosomal binding site, and
transcription termination sequence in eukaryotes, generally, such control sequences include
promoters and transcription termination sequence. The term “control sequences” is intended to
include, at a minimum, all components whose presence is essential for expression and
processing, and can also include additional components whose presence is advantageous, for
example, leader sequences and fusion partner sequences. The term “polynucleotide”™ as referred
to herein means a polymeric boron of nucleotides of at least 10 bases in length, either
ribonucleotides or deoxynucleotides or a modified form of either type of nucleotide. The term
includes single and double stranded forms of DNA.

16666} In some embodiments, the iPSC-NK cells are modified by knocking in a gene
encoding interleukin 15 (IL-15) or a functional fragment thereof. By “functional fragment” is
meant a fragment of a protein (e.g., IL-15) which retains one or more desired activities of the

parental protein. In some embodiments, the iPSC-NK cells provided herein are modified by
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introducing an /.15 gene. Thus, provided herein are iPSC-NK cells which express IL-15 or a
functional fragment thereof.

16061} Several isoforms of IL-15 are known in the art and may be used in the iPSC-NK cells
provided herein. Exemplary sequences of IL-15 isoforms are provided in Table 1. In some
embodiments, an iPSC-NK cells provided herein expresses a polypeptide comprising the
sequence of SEQ ID NO: 1. In some embodiments, an iPSC-NK cells provided herein
expresses a polypeptide comprising a sequence that is at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, or at least 98% identical to the sequence of
SEQ ID NO: 1. In some embodiments, an iPSC-NK cells provided herein expresses a
polypeptide comprising the sequence of SEQ ID NO: 2. In some embodiments, an iPSC-NK
cells provided herein expresses a polypeptide comprising a sequence that is at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identical to
the sequence of the sequence of SEQ ID NO: 2.

[6062} In some embodiments, an iPSC-NK cells provided herein comprises a polynucleotide
encoding the amino acid sequences of SEQ ID NO: 1. In some embodiments, an iPSC-NK
cells provided herein comprises a polynucleotide encoding a sequence that is at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 98% identical to
the amino acid sequences of SEQ ID NO: 1. In some embodiments, an iPSC-NK cells
provided herein comprises a polynucleotide encoding the amino acid sequences of SEQ ID
NO: 2. In some embodiments, an iPSC-NK cells provided herein comprises a polynucleotide
encoding a sequence that is at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, or at least 98% identical to the amino acid sequences of SEQ ID NO: 2.
Table 1: Exemplary IL-15 Sequences

Name Seguence

Human IL-15 isoform | MRISKPHLRSISIQCYLCLLLNSHFLTEAGIHVFILGCFSA
S48AA GLPKTEANWVNVISDLKKIEDLIQSMHIDATLYTESDVH
(UniProt Accession PSCKVTAMKCFLLELQVISLESGDASIHDTVENLIILANNS
No. P40933-1) LSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINT

S (SEQ IDNO: 1)
Human IL-15 isoform | MVLGTIDLCSCFSAGLPKTEANWVNVISDLKKIEDLIQS

S21AA MHIDATLYTESDVHPSCKVTAMKCFLLELQVISLESGDA
(UniProt Accession SIHDTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKE
No. P40933-1) FLQSFVHIVQMFINTS (SEQ ID NO: 2)

16063} The IL-15 expressed by the iPSC-NK cells provided herein may be a soluble form of
IL15. An illustrative nucleic acid sequence encoding a soluble form of IL-15 is set forth in

SEQ ID NO: 41.
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{8064} The IL-15 or functional fragment thereof may be a membrane-bound form of IL-15
(mbIL-15) or a functional fragment thereof. Expression of a membrane-bound form of IL-15
may be achieved by expressing a nucleic acid encoding a soluble form of IL-15 (e.g., SEQ ID
NO: 41) as a fusion protein with the hinge and transmembrane domains of CD8. An
illustrative nucleic acid sequence encoding the hinge and transmembrane domains of CD8 is
set forth in SEQ ID NO: 46.

{8865} The IL-15 or functional fragment thereof may be a form of IL-15 that is trapped in the
endoplasmic reticulum (ER). This may be achieved by, for example, expressing a
polynucleotide encoding IL-15 or a functional fragment thereof (e.g., SEQ ID NO: 41) as a
fusion protein with an ER retention signal. An illustrative ER retention signal sequence is
GSEKDEL (SEQ ID NO: 54) and an illustrative nucleic acid sequence encoding an ER
retention signal is set forth in SEQ ID NO: 50.

{6866} The IL-15 or functional fragment thereof may be a form of IL-15 (e.g., a membrane-
bound form of IL-15, a soluble form of IL-15, or an ER-trapped form of IL-15) or functional
fragment thereof fused to the IL-15 receptor alpha (IL-15Ra). This may be accomplished by
expressing the IL-15 or functional fragment thereof as a fusion protein with IL-15Ra. An
illustrative nucleic acid sequence encoding IL-15Ra. is set forth in SEQ ID NO: 43.

13067} In another aspect, provided herein are polypeptides and vectors comprising the
gRNAs and/or the donor DNA sequences provided herein. The gRNAs provided herein may
be used in combination with any suitable DNA editing enzyme known in the art or described
herein, including, for example, Cas9 and Cas12.

{8068} The IL-15 gene may be knocked into the iPSC-NK cell genome at any suitable
position. In certain embodiments the integration locus is the B2M locus. In certain
embodiments, the integration locus is the CD38 locus. In certain embodiments, the
integration locus is the TGEFbR2 locus (Gene ID: 7048). An illustrative gene editing strategy
for a non-disruptive knock-in of IL-15 into the B2M locus is shown in FIG. 2A. An
illustrative gene editing strategy for a disruptive knock-in of IL-15 into the 7GFbR2 locus is
shown in FIG. 2B.

[666%9} Exemplary gRNAs that may be used for the knock-in of IL-15 at the B2M locus are
shown in Table 2. Nucleotides 1-20 of each of SEQ ID NOs: 3 and 4 are the gRNA sequence
and nucleotides 20-23 of each of SEQ ID NOs: 3 and 4 are the protospacer adjacent motif
(PAM).

{3878} In some embodiments, provided herein is a nucleic acid donor construct that may be

used to deliver a nucleic acid sequence encoding IL-15 or a functional fragment thereof to a
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target site in the genome. llusirative donor sequences that may be used to insert IL-15 or a
functional fragment thereof into a cell are set forth in SEQ ID NOs: 27-38.

16071} Generally, a construct that may be used to deliver a polynucleotide encoding IL-15 or
a functional fragment thereof to a target site (e.g., a B2M target site or a TGFbR?2 target site)
comprises a nucleic acid sequence encoding IL-15 or a functional fragment thereof, flanked
by a left homology arm (LHA) and a right homology arm (RHA). The LHA and RHA of a
given donor construct comprise nucleic acid sequences with homology to the target site (e.g.,
the B2M locus or the TGFbR2 locus).

{6072} The sequence and length of the RHA and LHA sequences may vary based on the
targeted site. In some embodiments, the LHA sequence comprises a nucleic acid sequence
that is homologous to the 5° upstream sequence of the B2M gene. In some embodiments, the
RHA sequence comprises a nucleic acid sequence that is homologous to exon 1 and intron 1
of B2M. An illustrative LHA-RHA sequence pair that may be used for targeted insertion into
the B2M locus is the pair of sequences set forth in SEQ ID NO: 39 (LHA) and SEQ ID NO:
45 (RHA).

{6073} In some embodiments, the LHA sequence comprises a nucleic acid sequence that is
homologous to intron 2 and exon 3 of 7GFbR2. In some embodiments, the RHA sequence
comprises a nucleic acid sequence that is homologous to exon3 and intron 3 of 7TGFbR2. An
illustrative LHA-RHA sequence pair that may be used for targeted insertion into the 7GFbR2
locus is the pair of sequences set forth in SEQ ID NO: 52 (LHA) and SEQ ID NO: 47 (RHA).
[8074} In some embodiments, the donor construct further comprises one or more spacer
domains, one or more insulator domains, a CD8-hinge-transmembrane domain, a promoter,
an endoplasmic reticulum (ER) retention signal sequence, a poly A sequence (e.g., a bGHpA
sequence), and/or an IRES element (e.g., an IRES2 element).

16675] The elements of a nucleic acid construct may be separated by spacer elements,
insulators, and/or 2A sequences (e.g., a P2A sequence)..

Table 2: Exemplary gRNA Sequences for IL-15 Knock-in at the B2M Locus.

Name Sequence
B2M gRNA #1 GGCCGAGATGTCTCGCTCCGTGG (SEQIDNO : 3)
B2M gRNA #2 GGCCACGGAGCGAGACATCTCGG (SEQIDNO : 4)

[6876} An exemplary donor DNA sequence that may be used for the knock-in of IL-15 at the
B2M locus using CRISPR is set forth in SEQ ID NO: 5. Nucleotides 5-811 of SEQ ID NO: 5
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are the left homology arm (LHA), nucleotides 955-1296 of SEQ ID NO: 5 are encode IL-15,
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and nucleotides 1363-2205 of SEQ ID NO: 5 are the right homology arm (RHA).

1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951
1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851
1901
1951
2001
2051
2101
2151
2201

AAACTAAGAG
GCAGTTACTG
CCGACAAATC
GAGGAACTTC
CAAGAAGCAA
CAGGATGCTT
CAGGGAATTC
TAGCATTCAA
ATGCAGGTCC
GCATCTCTGG
CAGCCTGAAG
CCCCAGATCG
TGCATGCCTT
GGGAAAGTCC
GTGACGGTCC
TAAGTGGAGG
GCCGAGATGC
TTACCTGTGC
ACGTTTTTAT
AATTGGGTCA
GAGCATGCAC
GTTGTAAAGT
AGCCTCGAGT
AATCCTTGCG
GGTGCAAAGA
CAGAGTTTTG
AGCAACAAAC
CCGGCCCCAT
CTTTCTGGCC
TGGTCCTTCC
TCGCTCCGTG
GCTAGTCCAG
GGAAGGGGGT
AGCAGGGGAG
AGGGCGTCGA
CGCTCTTTCG
GGGTAGGCTC
GGGCGCTTGG
GGCTCTGCTT
CTAAGTTCGC
GGGAGGAAAC
CGGTTTCGAA
AATTATAAGA
ATGTGCTTTG
A

(SEQ ID NO: 5)

{6077} An illustrative donor sequence for inserting a membrane-bound form of IL-15 fused to

AATGATGTAC
CTTTTACTAT
AACAGAACAA
TTGGCACAGA
GAAAGGTACT
TTGGGACTAT
CCAAGCTGTA
AGATCTTAAT
GAGCAGTTAA
GGCCAGTCTG
TCCTAGAATG
GAGGGCGCCG
CTTAAACATC
CTCTCTCTAA
CTGCGGGCCT
CGTCGCGCTG
GCATAAGTAA
CTTCTCCTCA
TCTCGGTTGC
ACGTTATAAG
ATTGATGCTA
AACGGCGATG
CTGGTGACGC
AATAACTCCT
ATGCGAAGAG
TACACATAGT
TTCTCACTAC
GTCTCGCTCC
TGGAGGCTAT
TCTCCCGCTC
ACTTCCCTTC
GGCTGGATCT
GCGCACCCGG
ACCTTTGGCC
TAAGCGTCAG
CGGGGCCTCT
GTCCCAAAGG
GGTCTGGGGG
CCCTTAGACT
ATGTCCTAGC
AGCACGCGAC
TAATTAACTT
ACTACCCGTT
CGTCATTTAA

CTAGAGGGCG
TAGTGGTCGT
AGAAAATTAC
ACTTTCCAAA
CTTTCACTAG
TTTTCTTACC
GTTATAAACA
CTTCTGGGTT
CTGGCGGGGG
CAAAGCGAGG
AGCGCCCGGT
ATGTACAGAC
ACGAGACTCT
CCTGGCACTG
TGTCCTGATT
GCGGGCATTC
GCCTCACTTG
ATTCTCACTT
TTCAGTGCCG
CGATCTCAAA
CTTTGTATAC
AAATGTTTCC
CTCAATACAT
TGTCTTCAAA
TTGGAGGAGA
GCAAATGTTC
TCAAACAAGC
GTGGCCTTAG
CCAGCGTGAG
TGCACCCTCT
TCCAAGTTCT
CGGGGAAGCG
GACGCGCGCT
TACGGCGACG
AGCGCCGAGG
GGCTCCCCCA
CGCGGCGCTG
AGGCGTCGCC
GGAGAGCTGT
ACCTCTGGGT
GTTTGTAGAA
ATTTGTTCCC
ATTGACATCT
TTTTGAAAAC

CTGGAAGCTC
TTTTTTCTCC
CTAAACAGCA
CACTTTTTCC
GACCTTCTCT
CAGAGAATGG
GAAGTTCTCC
TCCGTTTTCT
CACCATTAGC
GGGCAGCCTT
GTCCCAAGCT
AGCAAACTCA
AAGAAAAGGA
CGTCGCTGGC
GGCTGGGCAC
CTGAAGCTGA
AGATCTATTA
CCTGACAGAA
GACTGCCTAA
AAAATCGAAG
AGAAAGTGAC
TGCTCGAGCT
GACACCGTTG
TGGCAACGTT
AAAACATTAA
ATTAATACAA
AGGTGACGTG
CTGTGCTCGC
TCTCTCCTAC
GTGGCCCTCG
CCTTGGTGGC
GCGGGGTGGC
ACTTGCCCCT
GGAGGGTCGG
TTGGGGGAGG
GCGCAGCTGG
AGGTTTGTGA
CGGGTAAGCC
GGACTTCGTC
CTATGTGGGG
TGCTTGGCTG
ATCACATGTC
TTCTGTGTGC
AGTTATCTTC

IL-15Ra into the B2M locus of a cell is shown in SEQ ID NO: 27:

LHA(B2M)-mbIL15-IL15Ra-P2A-RHA(B2M)

1. LHA(B2M S’upstream): SEQ ID NO: 39
2. CD8a(SP): SEQ ID NO: 40

IL15 (mature peptide): SEQ ID NO: 41

3.

TAAAGCCCTA
cceeeeceecee
AGGACATAGG
TGAAGGGATA
GAGCTGTCCT
AGAAACCCTG
TTCTGCTAGG
CGAATGAAAA
AAGTCACTTA
AATGTGCCTC
GGGGCGCGCA
CCCAGTCTAG
AACTGAAAAC
TTGGAGACAG
GCGTTTAATA
CAGCATTCGG
GCATACAGTG
GCCGGAATCC
GACGGAAGCT
ATTTGATACA
GTACACCCAA
GCAGGTAATC
AGAATTTGAT
ACGGAAAGCG
GGAATTCCTT
GCGGATCTGG
GAGGAGAATC
GCTACTCTCT
CCTCCCGCTC
CTGTGCTCTC
CCGCCGTGGG
CTGGGAGTGG
TTCGGCGGGG
GACAAAGTTT
GTTTCTCTTC
AGTGGGGGAC
ACGCGTGGAG
TGTCTGCTGC
TAGGCGCCCG
CCACACCGTG
TGATACAAAG
ACTTTTAAAA
CAAGGACTTT
CGCCATAGAT
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ILlSRA (mature Deptlde). SEQ ID NO: 43

P2A: SEQ ID NO: 44
RHA (B2M exonl-intronl):SEQ ID NO: 45

GGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCC
AGGCCGaactgggtgaatgtaataagigattigaaaaaaatigaagatcttaticaatctatgeatattgatgetactttatatacggaa
ggtgatOttg caccccagttgcaaagtaacagcaatgaagtgctttctcttggaOTtB, acaaOTts, a‘rttcacttgagtccggagatgcaagtat
tcatgatacagtagaaaatctgatcatcctagcaaacaacagttigtetictaat aatgtaacagaatcteggatgcaaagaatgtea,

gaactggaggaaaaaaatatiaaagaatititgcagagttttgtacatatigtccaaatgttcatcaacacttct AGCGGCGGAG
GATCAGGTGGCGGTGGAAGCGGAGGTGGAGGCTCCGGTGGAGGAGGTAGTGGC

gaatgtcgcccactggacaacccccag‘gctcaaatgcattagagaccctgccctggttcaccaaaggccagcgccaccctccacagt
aacgacggcaggggatoaccccacagecagagagecteteccctictggaaaagageccgeagcttcatetecccagetcaaacaaca

cagcggccacaacagcagetattgtecccgggctecccagetgatgccticaaaatcaccticcacaggaaccacagagataageagic
atgagtcctcccacggeaccecctctcagacaacagecaagaactggeaactcacageatccgecteccaccagecgecaggtate
tatccacagggccacagcgacaccactgtggctatctccacgiccactgtcctgctot, ctgagcgctgtetctetectggcat,

ctacctcaagtcaaggcaaactcccccgetggccagegttgaaatggaagccatggagoctctgccggteacttgggeoaccagea
gcagagatgaagactiggaaaactgcictcaccacctaGGATCTGGAGCAACAAACTTCTCACTACTCA
AACAAGCTGGAGACGTGGAGGAGAATCCCGGCCCCATGTCTCGCTCCGTGGCCC

TTGCTGTCCTCGCCTTACTCTCTCTTITCTGGCCTGGAGGCTATCCAGC gtgagtctctecta

3078} An illustrative donor sequence for inserting a membrane-bound form of IL-15 into the

B2M locus of a cell is shown in SEQ ID NO: 28:

LHA(B2M)-mbIL15-P2A-RHA(B2M)
LHA(B2M 5°upstream): SEQ ID NO: 39

CD8a(SP): SEQ ID NO: 40

IL15 (mature peptide): SEQ ID NO: 41
CD8a-hinge-TM: SEQ ID NO: 46

P2A: SEQ ID NO: 44

RHA (B2M exonl-intronl): SEQ ID NO: 45

DNk v =
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GGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCC

AGGCCGaactgggtgaalgtaataagtgatitgaaaaaaattgaagatctiattcaatctatgeatatigatgctactitatatacggaa
agtgalgiicaccccagiigcaaaglaacageaatgaagtgctiicictiggagitacaagiiatiicactigagiccggagatgcaagtat
tcatgatacagtagaaaatctgatcatcctagcaaacaacagitigtetictaatgggaatgtaacagaatcetggatgcaaagaatgtgag
gaactggaggaaaaaaatatia ga; tacatattgtccaaatgttcatcaacactict ACCACGACGCC
AGCGCCGCGACCACCAACACCGGCGCCCACCATCGCAETCGCAGCCCCTGTCCCT
GCGCCCAGAGGCGTGCCGEGCCAGCGGECEGEGGGGECGCAGTGCACACGAGGGGEGC
TGGACTTCGCCTGTGATATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGT
CCTTCTCCTGTCACTGGTTATCACCCTTTACTGCGGATCTGGAGCAACAAACTTCT
CACTACTCAAACAAGCTGGAGACGTGGAGGAGAATCCCGGCCCCATGTCTCGCT

T TTGCTGTCCT! TTACTCTCTCTTTCT TGGA TATCCA

cccoctaactic (SEQ ID NO- 28)

16679} An illustrative donor sequence for inserting a form of IL-15 fused to IL-15Ra into the
TGFbR2 locus of a cell is shown in SEQ ID NO: 29:

RHA(TGFbR2)-insul-EF1a-IL15-IL15Ra-bGHpA-insul-LHA(TGFbR2)
RHA(TGFbR2 exon3-intron3): SEQ ID NO: 47
mﬁ;{'("fﬁu lenath): SEQ ID NO: 49

CD8a (SP): 40
IL15 (mature Dentide)' SEQ ID NO: 41

IL15RA (mature Deptlde)‘ SEQ ID NO: 43
bGHpA: 51

1.
2.
3.
4.
5.
6.
7.
3.
9.

TC CTGTGGCTTCTCACAGATGGAGGTGATGCTGCAGTTGCTCATGCAGGATTTCT
GGTCAGCCTAAAGCTTTITTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAG
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CCTGGGGOGCTTTGGGGGGGGGCTGTCCCCGTGAGCTCATCGATACTAGTGTACAG

tgggcgctggggccgccgcgtgcgaatctggtggcaccttcgcgcctgtctcgctgctttcgataagtctctagccatttaaaa‘rttttga
tgacctgctgegacgctttttttctggcaagatagtctigtaaatgcggoccaagatctgcacactggtatticggtttitoggoccgcg o
cggegacgggoccegtgcgtcccagegeacatgticgocgagocggogcctgcgagegcggccaccgagaatcggacggooot
agtctcaagcetggecggcectgetetggtgectggectegegeegecgtgtatcgeecccgeectgggeggcaaggetggcecggicg

gcaccagttgcgtgagcggaaagatgoccgcttceccggecctgctgcagggagctcaaaatggaggacgcggcgctecgggagag

a,qcctcagacagtggttcaaagtttttttcttccat‘rtcaggtgtcgtgaggaattaGGATCCATCGCCACCATGGCCT
TACCAGTGA TTGCTCCT T TTGCTGCTCCA Al

M@aMMMWMWWQAGCGGCGGAGGATCAG
GTGGCGGTGGAAGCGGAGGTGGAGGCTCCGGTGGAGGAGGTAGTGGCGGAGGT

TCTCTTC A Aatcacgteccctecceccatgtecgtegaacacgeagacatctggatcaagagetacagettatactccaggga

cactggacaacccccagictcaaatgcattagagaccct CCCt caccaaaggccagce ccaccctccaca taac acggca

ggggtoaccccacagecagagagectetceccttctggaaaagageccgceageticatctcccagetcaaacaacacageggecac
aacagcagctattgtcccgggcetecccagetgatgccticaaaatcaccttccacaggaaccacagagataagcagtcatgagtectee

cacggcaccecctctcagacaacagcecaagaactgggaactcacageatcegecteecaccagecgeca tatccaca
ccacagegacaccactglggctatctecacgtecactgteetgetgt ctgagegcetetetetctcetggcatgctaccteaa;
aaggcaaactcceccgetggecagegitgaaatggaagecatggaggctctgecggtgactiggggoaccageageaga ataa
gacttggaaaactgctctcaccacctaTGAatecctaggCGACTGTGCCTTCTAGTTGCCAGCCATCTG
TTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTC
TTTCCTAATAAAATGAGGAAATTGCAT ATTGTCTGAGTAGGTGTCATTCTA
TTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAAT
AGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGATAAACGCGGGGTTCGGTCC
CAGGGCTGGCACTCTGTCGATACCCCACCGAGACCCCATTGGGGCCAATACGCC
CGCGTTTCTTCCTTTTCCCCACCCCACCCCCCAAGTTCGGGTGAAGGCCCAGGGC
TCGCAGCCAACGTCGGGGCGGCAGGCCCTGCCATAGCAGGTACCTCAGCCTAAA
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{8088} An illustrative donor sequence for inserting a membrane-bound form of IL-15 into the
TGFbR2 locus of a cell is shown in SEQ ID NO: 30:

RHA(TGFbR2)-insul-EF1a-mbIL15-bGHpA-insul-LHA(TGFbR2)
RHA(TGFbR2 exon3-intron3): SEQ ID NO: 47

mﬁ;('fﬁll length): SEQ ID NO: 49

CD8a (SP): 40

IL15 (mature peptide): SEQ ID NO: 41
CD8a-hinge-TM: SEQ ID NO: 46
bGHpA: 51

1.
2.
3.
4.
5.
6.
7.
8.
9.

TC CTGTGGCTTCTCACAGATGGAGGTGATGCTGCAGTTGCTCATGCAGGATTTCT
GGTCAGCCTAAAGCTTTITCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAG

ggtggggﬁanaaccgtatataaotgcagtagtcgccgtgaacgttcttt‘rtcgcaacgggtttgccgccagaacacaggtaagtgccg
tetetgoticccgeggocctggcctctitacggettatgeccctigegtocctigaattacticcacctggetgcagtacgtgatictigate
ccgagcttcgogottogaagtoootoooagagoticegaggoccttgcacttaaggagccccttcgcctcgtacttigagttogagoccteggecce
tggocgctoggooccaccgcgtgcgaatctggtegcaccttcgcgcctgtctegetectticgataagtctctagecatttaaaatttttea

tgacctgctgcgacgcttrttttctggcaaoatagtcttgtaaatgcgggccaagatctgcacactggtatttcggtrtrtggggccgcggg

ggcctcagacag‘gggﬁcaaaglttttttcttccatttcaggtg’gcgtg o gaattaGGATC CATCGCCAC CAT£ iGCCT
TACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCCAGGCC

(tattcaatctatgcatattgatgctactitatatacggaaagtgatgtt
W&M@%MMM@MM@ ttga.gwgggag@vtg%aﬂcwtac
agtagaaaatctgatcatcctagcaaacaacagtitgtetictaatgggaatgtaacagaa
ggama%@@@ag%gqag@g@g@@@ﬁg@caaawmatcaacacttctACCACGACGCCAGCGC
CGCGACCACCAACACCGGCGCCCACCATCGCGTCGCAGCCCCTGTCCCTGCGCCC
AGAGGCGTGCCGGCCAGCGGCGGGGGGCGCAGTGCACACGAGGGGGCTGGACT
TCGCCTGTGATATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCTTCT
CCTGTCACTGGTTATCACCCTTTACTGCTGAatccctaggCGACTGTGCCTTCTAGTTG
CCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCA
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CTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAG
GTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTG
GGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGATAAACGCGG
GGTTCGGTCCCAGGGCTGGCACTCTGTCGATACCCCACCGAGACCCCATTGGGGC
CAATACGCCCGCGTTTCTTCCTTTTCCCCACCCCACCCCCCAAGTTCGGGTGAAG
GCCCAGGGCTCGCAGCCAACGTCGGGGCGGCAGGCCCTGCCATAGCAGGTACCT
CAGCCTAAAGCTTITICCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAGCAG

cacag alglgo o4
SE ID NO 30

16681} An illustrative donor sequence for inserting an ER-trapped form of IL-15 fused to IL-
15Ra into the B2M locus of a cell is shown in SEQ ID NO: 31:

LHA(B2M)-er[IL15-IL15Ra]-P2A-RHA(B2M)
1. LHA (B2M S’upstream)' SEQ ID NO: 39

IL15 (mature peptide): SEQ ID NO: 41
Spacer: SEQ ID NO: 42
IL15SRA (mature peptide): SEQ ID NO: 43

P2A: SEQ ID NO. 44
RHA (B2M exonl-intronl): SEQ ID NO: 45
gcaagaaaggtactctttcactaggaccttctctgagetetectcaggatgctittgggactatttttcttacccagagaatggagaaacce

lgcagggaattcccaagetgtagttataaacagaagtictecttctgctaggtageaticaaagatcttaatettct. cegttttctc
aatgaaaaatgcaggtccgagcagttaactggctgggocaccattageaagtcacttageatetetggggoccagtctgcaaagegag

XN N RN

gcgtttaatataaﬁggaggcgtcgcgctggcgggcATTCCTGAAGCTGACAGCATTCGGGCCGAGAT
GGCCTTAC CAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCC

ML@@&@%@%@L&W@ aacagttigictictaatgggaatgtaaca aatct ggémmg
gaaclggaggaaaaaaatatiaaagaaltitigcagagittigtacatatigiccaaatgticatcaacactict AGCGGCGGAG
GATCAGGTGGCGGTGGAAGCGGAGGTGGAGGCTCCGGTGGAGGAGGTAGTGGC

GGAGGTTCTCTTCA Aatcacgtgccctecccecatgtecgtggaacacgcagacatctgggtcaagagctacagettet

actccagggagcggtacatttgtaactctggotttcaagecgtaaagecggcacgtccagectgacggagtocetottgaacaaggccac

gaatgtcgcccactggacaaccccecagictcaaatgcattagagaccctgecctggticaccaaaggecagegecaccctccacagt

aacgacggcaggoetoaccccacagcecagagagcctctececcttctggaaaagageccgeagcettcatctcccagetcaaacaaca
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cagcggccacaacagcagcetattgtcccggectcccagetgatgccttcaaaatcaccttccacaggaaccacagagataageagtc

atgagtccteccacggeaccecctetcagacaacagecaagaactgggaactcacageatccgecteccaccagecgecaggtote
tatccacagggccacagcegacaccactgtggctatctccacgtcecactg gtotctetectggeatg

GCAACAAACTTCTCACTACTCAAACAAGCTGGAGACGTGGAGGAGAATCCCGGC
CCCATGTCTCGCTCCGTGGCCCTTGCTGTCCTCGCCTTACTCTCTCTTTCTGGCCT

3082} An illustrative donor sequence for inserting an ER-trapped form of IL-15 into the
B2M locus of a cell is shown in SEQ ID NO: 32:

LHA(B2M)-erIL15-P2A-RHA(B2M)
LHA(B2M S’upstream): SEQ ID NO: 39
IL15 (full peptide): SEQ ID NO: 41

1
2.
3. GSEKDEL (SP): SEQ ID NO: 50
4
5

P2A: SEQ ID NO: 44
RHA (B2M exonl-intronl): SEQ ID NO: 45

caagaaaggtactctitcactaggacctictctgagetgtectcaggatgctittgggactatttttcttacccagagaatggagaaacce
tgcagggaattcccaagetgtagttataaacagaagttctecttetgctaggtagceattcaaagatcttaatcttetgggtticcgttttcte

aatgaaaaatgcaggiccgagcagttaactggetggggcaccattagecaagtcacttageatctetggggccagtctgcaaagegag

2cg ccgatg Lacag acag caaactcacccagtctag Lg catgccttcttaaacatcacg agactctaag aaaag gaaactg aaaacg g
gaaagtccctctctctaacctggcactgcgtcgctgecttggagacagetgacggtccetgcggocctigtcctgatigectgggocac
gegtitaatataagtggaggcgtcgcgctggcggecATTCCTGAAGCTGACAGCATTCGGGCCGAGatg
agaatttcgaaaccacatitgagaagtatttccatccagtgetactigtgtttactictaaacagteattttctaactgaagetggeatteatgt
citcattttgggctgtitcagtgcagggeticctaaaacagaagecaactgggtgaatgtaataagtgatitgaaaaaaatigaagatctta
Itcaatctatgcatattgatgctactttatatacggaaagtgatgiicaccecagtigcaaagtaacageaatgaagtgctitetictiggagtt
acaagttatticacttgagiccggagatgcaagtaticatgatacagtagaaaatctgatcatectagcaaacaacagtitgtctictaatgg
gaatgtaacagaatctggatgcaaagaatgtgaggaactggageaaaaaaatattaaagaatttttgcagagttitgtacatattgtccaa

16083] An illustrative donor sequence for inserting a membrane-bound form of IL-15 into the

B2M locus of a cell is shown in SEQ ID NO: 33:
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LHA(B2M)-mbIL15-IRES-RHA(B2M)
LHA(B2M 5’upstream)‘ SEQ ID NO: 39

IL15 (m MW~ SEQ ID NO: 41
CD8a-hinge-TM: SEQ ID NO: 46
IRES2:— SEQ ID NO: 53

RHA (B2M exonl-intronl): SEQ ID NO: 45

S e

caagaaaggtactctitcactaggacctictctgagetgtectcaggatgctittgggactatttttcttacccagagaatggagaaacce
tgcagggaattcccaagetgtagttataaacagaagttctecttctgctaggotagcaticaaagatcttaatettctgggtticcgtiticteg

ggggca,qccttaatgtgcctccagcctgaagtcctagaatgagcgcccggtgtcccaagctggggcgcgcaccccagatcggagg
gegecgatgtacagacagcaaactcacccagictagtgcatgccticttaaacatcacgagactctaagaaaaggaaactgaaaacgg
gaaagtccctetctctaacctggcactgegtcgctggcttgoagacaggotgacggtccctgcggacctigtcctgattggctgggcac

gegtitaatataagtggaggcgticgcgctggcgggcCATTCCTGAAGCTGACAGCATTCGGGCCGAGAT
GGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCC

aact a, aaaaaaatattaaa aatrttt caga, trtt tacatatt ccaaat QttcatcaacacttctACCACGACGCC

AGCGCCGCGACCACCAACACCGGCGCCCACCATCGCGTCGCAGCCCCTGTCCCT
GCGCCCAGAGGCGTGCCGGCCAGCGGCGGGGGGCGCAGTGCACACGAGGGGGC
TGGACTTCGCCTGTGATATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGT
CCTTCTCCTGTCACTGGTTATCACCCTTTACTGCTGAAATTCCGCCCCTCTCCCCC
CCCCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAA
GGCCGOTOTGCGTITTIGTCTATATGTTATITICCACCATATTGCCGTCTTITIGGCAA
TGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTT
TCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTC
CTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCG
GAACCCCCCACCTGGCGACAGATGCCTCTGCGOGCCAAAAGCCACGTGTATAAGA
TACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGT
GGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGC
CCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTT
ACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGAC

GTGGTTTTCCTTTGAAAAACACGATAACCGCCACCATGTCTCGCTCCGTGGCCCT
TGCTGTCCTCGCCTTACTCTCTCTTTCTGGCCTGGAGGCTATCCAGCgtgagtctetectac

(SEQ ID NO: 331

{8884} An illustrative donor sequence for inserting IL-15 fused to IL-15Ra into the B2M
locus of a cell is shown in SEQ ID NO: 34:

LHA(B2M)-IL15-IL15Ra-IRES-RHA(B2M)
1. LHA(B2M S5’upstream): SEQ ID NO: 39

2. CD8a(SP): SEQ ID NO: 40
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3. IL15 (mature peptide): SEQ ID NO: 41
4. Spacer: SEQ ID NO: 42
5. IL15RA (mature peptide): SEQ ID NO: 43
6. IRES2: SEQ ID NO: 53
7. RHA (B2M exonl-intronl): SEQ ID NO: 45

caagaaaggtactctitcactaggacctictctgagetgtectcaggatgctittgogactatttitcttacccagagaatggagaaacce
tgcagggaattcccaagetgtagttataaacagaagtictecttctgctaggtageaticaaagatcttaatettctggotticcgttttcte

GGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCC

AGGCCGaactgggteaatgtaataagteattteaaaaaaatteaagatcttattcaatctatgcatattgatgctactitatatacggaa
agtgatgttcaccecagttgcaaagtaacagcaatgaagtectitetettggagttacaagttatttcacttgagtccggagatgcaagtat

actccagggagcggtacatttgtaactctggtttcaagegtaaagecggcacgtccagectgacggagtecgotgotigaacaaggccac

aatgtcgcccactggacaacccccagtctcaaatgeattagagaccctgecctggttcaccaaaggccagegecaccetecacagt
aacgacggcaggggotoaccccacagecagagagecteteccctictggaaaagageccgeagcttcatctcccagetcaaacaaca
cagcggccacaacageagetattgtecccgggcteccagetgatgecttcaaaatcaccticcacaggaaccacagagataageagic
atgagtcctcccacggeacccecctetcagacaacagecaagaactgggaactcacageatccgecteccaccagecgecaggtete
latccacagggccacagcgacaccactgtggctatctccacgiccactgtectgctat ctgagcegcetgtatctetectggcat

gcagagatgaagacttggaaaactgctctcaccactaAAT CG TCCCCCCCCCQQQQIC:E
CCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCOGCTTGGAATAAGGCCOGAGTAGTG

CATTTGTCTATATGTTATTITICCACCATATTGCCGTCTTTTGGCAATGTGAGGGCC
COGAAACCTGGCCCTGTCTTICTTGACGAGCATTCCTAGOGGGTCTTTCCCCTCTCGC
CAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGC
TTCTTGAAGACAAACAACGTCTGTAGCGACCCTTITGCAGGCAGCGGAACCCCCC
ACCTGGCGACAGAGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGC
AAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGT
CAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGT
ACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTT
TAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTC
CTITTGAAAAACACGATAACCGCCACCATGTICTCGCTCCGTGGCCCTTGCTGTCCT

TTACTCTCTCTTTCT TGGA! TATCCA

{6885} An illustrative donor sequence for inserting an ER-trapped form of IL-15 fused to IL-
15Ra into the TGFbR2 locus of a cell is shown in SEQ ID NO: 35:
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RHA(TGFbR2)-insul-EF1a-er[IL15-IL15Ra]-bGHpA-insul-LHA(TGFbR2)
RHA(TGFbR2 exon3- intron3): SEQ ID NO: 47

EFla (full length): SEQ ID NO:49
CD8a (SP): 40
IL15 (mature peptide): SEQ ID NO: 41
IL15RA (mature Deptlde)‘ SEQ ID NO: 43
EKDEL (SP): SEQ ID NO: 50
. bGHpA: 51

o X NNk WD~

11. LHA gTGFbRZ 1ntr0n2 exon3): SEQ ID NO: 52

tatatgaataatataaccagaatttctgactaaaaaaacaggttgttttteteotictccaagtagaticcecattittggctogtagttttetett
ccaacagccaacctttcatcacctcticttccagacctgagattgectcaagagaacaaagetcctggteteactatggegtoctgagga
gototcogttaaatgactactaageggcaaateccteticttgatacaagaaagagtttccagatttattatattaaagatcattttatoatctt
tacatttatcatgatcattttataatcatgatacgtttatatacccacataaacgtacacatacatgcagagaacacccctagaaactacattt
aataatcgaaagagagatggtctaaaggaaagggaaatggaacaggtotitacatitaggagacagagatacactgactgtototacta
tgagaatacattatgtaaaaagggogaaaagaaagaataacttcttaaaagecttocttacCATACAGCCACACAGACT
TCCTGTGGCTTCTCACAGATGGAGGTGATGCTGCAGTTGCTCATGCAGGATTTCT

GGTCAGCCTAAAGCTTTITCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAG

gtCggcaattgaaccggtgcctaaauaamrtggcgcggggtaaactggaaaaotgatotcgtgtactggctccgcctttttcccgag
glgggooagaaccgtatataagtgcagtagtcgccgtgaacgtictttticgcaacgggtitgccgccagaacacaggtaagtoccg
tgtgtegttcccgcggacctggcctetttacgggttatogecctigegtocctigaattacttccacctggctgcagtacgtoattcttgate

asztctcaagctgfzccQgcctgctctgmgcctggcctcgcQccgccgtgtatcszccccQccctgggcQgcaaggctggcccgﬁtcg
geaccagttgcgtgageggaaagatggecgettcecggecctgetgcagggagctcaaaatggaggacgeggcgctcgogagag
cacccacacaaaggaaaaggocctiticcgtectcagee

agcctcagacagtggﬁcaaagtttttrtcttccatrtcaggtgtcgtgaggaattaGGATCCATCGCCACCATGGCCT
TACCAGTGA! TTGCTCCT T TTGCTGCTCCA Al
Gaactgggteaatgtaataagteatttoaaaaaaattgaagatcttaticaatctatgcatattgatgctactitatatacggaaagtgatgtt
caccccagtigcaaagtaacageaatgaaglgetticicitggagtitacaagiiatiticactigagtccggagatgcaagtaltcatgatac
agtagaaaatctgatcatcctagcaaacaacagtttgtctictaatgggaat, gj@;@gaatggg tgcaaaga tgtgaggaactgga

cactggacaaccceeca, ctcaaat cattaga accct ccct caccaaaggccage ccaccctccaca taac acggca
ggggtoaccccacagecagagagectetecectictggaaaagageccgeagettcatctcccagetcaaacaacacageggecac

aacagcagctattgtcccgggctecccagetgatgccticaaaatcaccticcacaggaaccacagagataagcagtcatgagtectee
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cacggcaccccctctcagacaacagecaagaactgggaactcacageatccgectcccaccagecgecaggtototatccacaggg
ccacagegacaccactgtggctatctccacgtccactgtectgetgtotog Qctszafzc,2ctgt,gtctctcctggcatgctacctcaa,gtc

gacttggaaaactgctctcaccacctag 1GCT( ;g ) g:;Ag iAAg gg iAg C iAg iCTC iTGAatccctaggC GAC TGTG
CCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCT

GGAAGGTGCCACTCCCACTGTCCTTITCCTAATAAAATGAGGAAATTGCATCGCAT
TGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAG
GGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATG
GATAAACGCGGGGTTCGGTCCCAGGGCTGGCACTCTGTCGATACCCCACCGAGA
CCCCATTGGGGCCAATACGCCCGCGTTTCTTCCTTTTCCCCACCCCACCCCCCAAG
TTCGGGTGAAGGCCCAGGGCTCGCAGCCAACGTCGGGGCGGCAGGCCCTGCCAT
AGCAGGTACCTCAGCCTAAAGCTTITICCCCGTATCCCCCCAGGTGTCTGCAGGC

g:[catgaagtgcca gSEgg ID NO 351 -

6086} An illustrative donor sequence for inserting an ER-trapped form of IL-15 into the
TGFbR2 locus of a cell is shown in SEQ ID NO: 36:

RHA(TGFbR2)-insul-EF1a-erIL15-bGHpA-insul-LHA(TGFbR2)
RHA(TGFbRZ exon3- intron3): SEQ ID NO: 47

EFla gfull length): SEQ ID NO: 49
IL15 (full peptide): SEQ ID NO: 41

GSEKDEL (SP): SEQ ID NO: 50
bGHpA: 51

LHA gTGFbRZ 1r1tron2 exon3): SEQ ID NO: 52

latatgaataatataaccagaatttctgactaaaaaaacaggttgtttttgtootictccaagtagaticeccattittggctogtagitttctctt
ccaacagccaacctttcatcacctcticttccagacctgagattgectcaagagaacaaagetectggtcteactatggggtoctgagga
cggttaaatgactactaagcggcaaatcccteticttgatacaagaaagagtttccagatttattatattaaagatcattttatgatctt

tacatttatcatgatcattttataatcatgatacgtttatatacccacataaacgtacacatacatgcagagaacacccctagaaactacattt

XN N RN~

tﬁaoaatacattatgtaaaaaoggsvaaaao aaaﬁaataacttcttaaaao9cttgcttacCATACAGCCACACAGACT

TCCTGTGGCTTCTCACAGATGGAGGTGATGCTGCAGTTGCTCATGCAGGATTTCT
GGTCAGCCTAAAGCTTITITCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAAAGAG
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GTTAATGATGTTggctccggtocccgtcagtgggcagagcgcacatcgeccacagtecccgagaagitoggeooagoe

lgggcgctgggogccgccgegtecgaatctggtoocaccticge cctOtctcoctcctrtc ataagtctcta; ccatttaaaattrtt
tgacctgctgcgacgcttrtrttctggcaagatagtcttgtaaatgcgggccaagatctgcacactggtatttcggmttggggccgcggg

WWMM&%%MGGATCCATCGCCACC@@Wg
mmmtamccatccaﬁwmmm@mm&mgmm

ggctgtitcagigeagggctt
WWWMWMWM
ticacttgagiccggagatgcaagtaticatgatacagtagaaaatctgatcatcctagcaaacaacagttigtctictaatgggaatgtaa
cagaatctggatgcaaagaalglgaggaacliggaggaaaaaaalatiaaagaattitigcagagititgtacatatigiccaaatgticatc
aacacttctGGCTCCGAGAAGGACGAGCTGTGAatccctaggCGACTGTGCCTTCTAGTTGC
CAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCAC
TCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGG
TGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGG
GAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGATAAACGCGGG
GTTCGGTCCCAGGGCTGGCACTCTGTCGATACCCCACCGAGACCCCATTGGGGCC
AATACGCCCGCGTTTCTTCCTTTTCCCCACCCCACCCCCCAAGTTCGGGTGAAGG

CCCAGGGCTCGCAGCCAACGTCGGGGCGGCAGGCCCTGCCATAGCAGGTACCTC

gSEQIDNO 36!

16687] An illustrative donor sequence for inserting an ER-trapped form of IL-15 fused to IL-
15Ra into the B2M locus of a cell is shown in SEQ ID NO: 37:

LHA(B2M)-er[IL15-IL15Ra]-IRES-RHA(B2M)
1. LHA (B2M S’upstream): SEQ ID NO:_39
CD8a(SP): SEQ ID NO: 40
W@M@&@g@d@)‘ SEQID NO: 41

IL15RA (mature peptlde)A SEQ ID NO: 43

AP SN
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6. GSEKDEL (SP); SEQ ID NO: 50

7. IRES2: SEQ ID NO: 53
8. RHA (B2M exonl-intronl): SEQ ID NO: 45

gcaagaaaggtactctttcactaggacctictctgagcetgtcctcaggatgctittgggactatttitcttacccagagaatggagaaacce
tgca; aattcccaagcetgtagttataaacagaagttctecttctgctaggtagcaticaaagatcttaatcttct: tttccgttttcte
aatgaaaaatgcaggtccgagcagttaactggctgegocaccattagcaagtcacttageatctctggeoccagtctgcaaagegag
ggocagcecttaatgtgcctccagectgaagtcctagaatgagegcce tcccaaget cgcgeaccecagatcggag:
gcgccgatgtacagacagcaaactcacccagtctagtgcatgecttcttaaacatcacgagactctaagaaaaggaaactgaaaacgg

GGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCC

AGGCCGaactgggteaatgetaataagteatiteaaaaaaatteaagatcttattcaatctatgcatattgatgctactitatatacggaa
agtgatgttcaccecagttgcaaagtaacagcaatgaagtectitctettggagttacaagttatttcacttgagtccggagatgcaagtat
tcatgatacagtagaaaatcigatcatcctagcaaacaacagttigtctictaatgggaatgtaacagaatctggatgcaaagaatetgag

gaactggaggaaaaaaataltaaagaatiittgcagagtittetacatatigtccaaatgticatcaacactict AGCGGCGGAG
GATCAGGTGGCGGTGGAAGCGGAGGTGGAGGCTCCGGTGGAGGAGGTAGTGGC

actccagggagcggtacatttgtaactctggtitcaagecgtaaagecggcacgtccagectgacggagtocetottgaacaaggccac

gaatgtcgcccactggacaaccccecagictcaaatgcattagagaccctgecctggticaccaaaggecagegecaccctccacagt

aacgacggcagggetoaccccacagecagagagectctececcttctggaaaagageccgeagcettcatctcccagetcaaacaaca

cagcggccacaacagceagcetattgtece clcccagetgatgcecticaaaatcaccticcacaggaaccacagagataageagtc

atgagtcctcccacggeacccecctetcagacaacagecaagaactgggaactcacageatccgecteccaccagecgecaggtaty
latccacagggccacagcgacaccactgtgoctatctccacgiccactgtectgctat ctgagcgctgtatctetectggcat

gcagagatgaagactiggaaaactgctctcaccacctaGGCTCCGAGAAGGACGAGCTGTGAAATTCCG
CCCCTCTCCCCCCCCCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCC
GCTTGGAATAAGGCCGGTGTGCGTTTGTICTATATGTTATTITTCCACCATATTGCCG
TCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTC
CTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAA
GGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTT
TGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCA
CGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGT
TGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGG
CTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGT
GCACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAA
CCACGGGGACGTGGTTITTICCTTTGAAAAACACGATAACCGCCACCATGTCTCGCT

TG TTGCTGTCCTC TTACTCTCTCTTTCTGGCCTGGAGGCTATCCAG

[6088] An illustrative donor sequence for inserting an ER-trapped form of IL-15 into the
B2M locus of a cell is shown in SEQ ID NO: 38:
LHA(B2M)-erIL15-IRES-RHA(B2M)
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. LHA (B2M S’upstream):SEQ ID NO: 39
. IL15 (full Deptide)' SEQ ID NO: 41

. IRES2: SEQ ID NO‘ 53
. RHA (B2M exonl-intronl): SEQ ID NO: 45

DN kW=
()
W
E
m
—
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w2
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w2
o
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w!
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o
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o

caagaaaggtactctitcactaggacctictctgagetgtectcaggatgctittgogactatttitcttacccagagaatggagaaacce
tgcagggaattcccaagetgtagttataaacagaagtictecttctgctaggtageaticaaagatcttaatettctggotticcgttttcte

gcgrttaatataactggaggcgtcgcgctggcgggcATTCCTGAAGCTGACAGCATTCGGGCCGAG@g
agaatitcgaaaccacatttgagaagtatitccatccagtgctactigtgtitactictaaacagtcatttictaactgaagetggeaticatgt
cltcattiteggectetitcagtgcagggcticctanaacagaagcecaactgggtgaatetaataagteatitoaaaaaaatigaagatcetia
Mmﬁw@mwm ..ngwmgwgmvggwwa caatgaagtgctitcictiggagit

CCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGG

CCGGTGTGCGTTTGTCTATATGTTATTITCCACCATATTGCCGTCTTTTGGCAATG
TGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTC
CCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCT
CTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGG
AACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGAT
ACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTG
GAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCC
CAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTA
CATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACG
TGGTTTTCCTTTGAAAAACACGATAACCGCCACCATGTCTCGCTCCGTGGCCCTT

GCTGTCCTCGCCTTACTCTCTCTTTCTGGCCTGGA GGCTATCCAGCgtgagtctetectacce

ID NO: 38
{6889} Any suitable promoter may be used for the knock-in of IL-15. In certain embodiments

where the polynucleotide encoding IL-15 or a functional fragment thereof is integrated into
the B2M locus, the promoter is the endogenous promoter of B2M. Thus, in some
embodiments, the iPSC-NK cells comprise a knock-in of a polynucleotide encoding IL-15 or
a functional fragment thereof into the B2M gene of the iPSC-NK cells, wherein the
polynucleotide is operably linked to the native promoter of the B2M gene. In some

embodiments, the polynucleotide encoding IL-15 or a functional fragment thereof is operably
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linked to the endogenous B2M promoter. Illustrative donor sequences for insertion of IL-15
into the B2M locus are shown in SEQ ID NOs: 25, 27, 28, 31-34, 37 and 38.

16090} In some embodiments, the iPSC-NK cells comprise a knock-in of a polynucleotide
encoding IL-15 or a functional fragment thereof into the 7GFbR2 gene of the iPSC-NK cells,
wherein the polynucleotide is operably linked to a constitutive promoter. In certain
embodiments wherein the polynucleotide encoding IL-15 or a functional fragment thereof is
integrated into the 7GFbR2 locus, the promoter is the EF1a promoter (long version). In some
embodiments, the iPSC-NK cells comprise a knock-in of polynucleotide encoding IL-15 or a
functional fragment thereof into the 7GFbR2 gene of the iPSC-NK cells, wherein the
polynucleotide is operably linked to a EF1a promoter (long version). In some embodiments,
the polynucleotide encoding IL-15 or a functional fragment thereof is operably linked to the
endogenous 7GFbR2 promoter. In some embodiments, the polynucleotide encoding IL-15 or
a functional fragment thereof is operably linked to an EF 1o promoter (e.g., EF 1o, promoter,
long version). An illustrative sequence of the EFla promoter (long version) is set forth in
SEQ ID NO: 49. In some embodiments, the polynucleotide encoding IL-15 or a functional
fragment thereof is operably linked to an EFla promoter (e.g., EFla promoter, short version).
See Bae ef al., J Biol Chem. 1995, 270(49): 29460-29468 for a characterization of the
TGEFbR?2 promoter region, and Zhen and Baum, Int. J. Med. Sci. 2014; 11(5):404-408 for a
characterization of the EF1o promoters, each of which is incorporated by reference herein in
its entirety for the sequences and types of promoters that may be used.

[6891} In some embodiments, the NK cells are genetically modified by deleting or
inactivating (or “knocking out™) a gene encoding TGF[ receptor 2 (TGFbR2). Optionally,
such iNK cells comprising a deletion in 7GFbR2 further comprise a knock-in of IL-15 or a
functional fragment thereof. Illustrative donor sequences for insertion of IL-15 into the
TGFBR2 locus are shown in SEQ ID NO: 26, 29, 30, 35, and 36.

[3092] A gene may be inactivated, for example, by introducing a homozygous or
heterozygous inactivating mutation into said gene. A homozygous inactivating mutation
results in complete loss of protein function and, in some cases, loss of protein expression. In
some embodiments, the NK cells provided herein are genetically modified by inactivating the
TGFbR?2 gene, e.g., by targeting an exon of 7GFbR2. In certain embodiments, the TGFhR2
gene may be inactivated by introducing a polynucleotide encoding IL-15 or a functional
fragment thereof into the 7TGFbR2 locus. In certain embodiments, the TGFDR2 gene may be

inactivated by introducing a dominant negative form of 7GFbR2 into the cell.
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{6693} Exemplary sequences of gRNAs that may be used to knockout 7GFHR?2 in the iPSC-
NK cells described herein are provided in Table 3. Nucleotides 1-20 of each of SEQ ID NOs:
6-12 are the gRNA sequence and nucleotides 20-23 of each of SEQ ID NOs: 6-12 are the
protospacer adjacent motif (PAM).

Table 3: Exemplary gRNA Sequences for TGFBR?2 knockout

Name Target | Sequence

TGFBR2 sgRNA#1 Exonl | TGCTGGCGATACGCGTCCACAGG
(SEQ ID NO: 6)

TGFBR2 sgRNA#2 Exonl | AACGTGCGGTGGGATCGTGCTGG

(SEQ IDNO: 7)

TGFBR2(_C1) sgRNA#3 | Exon3 | ATGATAGTCACTGACAACAACGG
(SEQ IDNO: 8)

TGFBR2(_C2) sgRNA#4 | Exon3 | AGTTGCTCATGCAGGATTTCTGG
(SEQ ID NO: 9)

TGFBR2(_C3) sgRNA#5 | Exon3 | GAAGCCACAGGAAGTCTGTGTGG
(SEQ ID NO: 10)

TGFBR2 sgRNA#6 Exonl |CCGACTTCTGAACGTGCGGTGGG
(SEQ IDNO: 11)

TGFBR2(_CN) sgRNA#7 | Exon3 | TATCATGTCGTTATTAACTGAGG
(SEQ IDNO: 12)

[0094] In some embodiments, the iPSC-NK cells provided herein are modified such that they
are deficient in TGFbR2 signaling, e.g., by deleting the intracellular signaling domain of
TGFbR2. This may be accomplished by, e.g., introducing a stop codon into a suitable
position in the TGFbR2 amino acid sequence (for example, introducing a stop codon after the
transmembrane domain). Exemplary gRNA sequences and their corresponding donor DNA
sequences that may be used to knockout the TGFbR2 signaling domain by introducing a stop
codon after the TGFbR2 transmembrane domain are provided in Table 4. Nucleotides 1-20 of
each of SEQ ID NOs: 13 and 14 are the gRNA sequence and nucleotides 20-23 of each of
SEQ ID NOs: 13 and 14 are the protospacer adjacent motif (PAM). Nucleotides 1-32 of each
of SEQ ID NO : 15 and 16 are complementary to the sequence encoding the TGFbR2
transmembrane domain. Nucleotides 36-44 of each of SEQ ID NO: 15 and 16 encode three

stop codons.
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Table 4: gRNA and Donor DNA Sequences for knockout of TGFBR2 signaling domain

Mame Target | Sequence of gRNA | Sequence of Donor DRA

TGFBR2 | Exon 5 | TCTACTGCTACC | GAGTTGCCATATCTGTCATCATCATCTTC
sgRNA#7 GCGTTAACCGG | TACTGCTGATGATGATACCGCGTTAACC
(SEQIDNO: 13) | GGCAGCAGAAGCTGAGTTCAACCTGGG
AAAC (SEQ ID NO: 15)

TGFBR2 | Exon 5 | GCTTCTGCTGCC | GAGTTGCCATATCTGTCATCATCATCTTC
sgRNA#S GGTTAACGCGG | TACTGCTGATGATGATACCGGGTTAACC
(SEQIDNO: 14) | GGCAGCAGAAGCTGAGTTCAACCTGGG
AAA (SEQ ID NO: 16)

{8095} In certain preferred embodiments, the iPSC-NK cells comprise a homozygous
inactivating mutation in the 7GFBR2 gene and express detectable levels of IL-15 or a
functional fragment thereof. In some embodiments, the IL-15 is mbIL-15.

16096} In some embodiments, the method described herein (e.g., in this section) result in a
population of iPSC-NK cells wherein about 40% to about 45%, about 45% to about 50%,
about 50% to about 55%, about 55% to about 60%, about 60% to about 65%, about 65% to
about 70%, about 70% to about 75%, about 75% to about 80%, about 80% to about 85%,
about 85% to about 90%, about 90 to about 95%, or about 95% to 100% of cells comprise an
inactivating mutation in 7GFBR2 and/or express detectable levels of IL-15 or a functional
fragment thereof. In some embodiments, the method described herein (e.g., in this section)
result in a population of iPSC-NK cells wherein at least 50%, at least 55%, at least 60%, at
least 65%, at last 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at
least 98% or more than 98% of cells comprise an inactivating mutation in 7GFBR?2 and/or
express detectable levels of IL-15 or a functional fragment thereof. The expression level of
IL-15 or a functional fragment thereof may be determined using any suitable method known
in the art or described herein, including, for example, flow cytometry, Western Blotting,
Enzyme Linked Immunosorbent Assays (ELISA), quantitative real-time PCR (qPCR) and
RNA sequencing. In some embodiments, the iNK cells comprise an inactivating (e.g., a
frameshift) mutation in 7GFbhR2 and express a truncated form of TGFbR2 protein. The
inacticating mutation in 7GIFhR2 may be biallelic or monoallelic.

[#697] In some embodiments, the iNK cells are resistant to the suppressive effect of TGFb

signaling. For example, the expression level of NKG2D, DNAM and/or NKp30 on the
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surface of an iNK cell may remain comparable after treatment with TGFb1 to the levels
before treatment.

16098} In some embodiments, the iNK cells are able to survive without the stimulation of
exogenous cytokines. Cell survival may be determined by measuring cell counts or cell
viability.

{6099} In some embodiments, the iNK cells show higher cell killing ability than unmodified
NK cells. Cell killing ability may be determined by incubating the iNK (and unmodified
control NK) cells with target cells and measuring the disappearance of the target cells using,
e.g., a fluorescent marker. In some embodiments, the iNK cells comprising an IL-15 knock-in
and a TGFbR2 knockout described herein kill target cells with an efficiency that is about
10% to about 20%, about 20% to about 30%, about 30% to about 40%, about 40% to about
50%, about 50% to about 60%, about 60% to about 70%, about 70% to about 80%, about
80% to about 90%, about 90% to about 100%, about 2-3 times, about 3-4 times, about 4-5
times, about 5-6 times, about 6-7 times, about 7-8 times, about 8-9 times or about 9-10 times
higher than that of NK cells not comprising an IL-15 knock-in or a TGFbR2 knockout. In
some embodiments, the iNK cells comprising an IL-15 knock-in and a TGFbR2 knockout
described herein kill target cells with an efficiency that is about 10% to about 20%, about
20% to about 30%, about 30% to about 40%, about 40% to about 50%, about 50% to about
60%, about 60% to about 70%, about 70% to about 80%, about 80% to about 90%, about
90% to about 100%, about 2-3 times, about 3-4 times, about 4-5 times, about 5-6 times, about
6-7 times, about 7-8 times, about 8-9 times or about 9-10 times higher than that of NK cells
not comprising an IL-15 knock-in and a TGFbR2 knockout.

66106} In some embodiments, the iINK cells comprising an IL-15 knock-in and a TGFbR2
knockout described herein kill target cells with an efficiency that is about 10%, about 20%,
about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, about
100%, , about 3 times, about 4 times, about 5 times, about 6 times, about 7 times, about 8
times, about 9 times or about 10 times higher than that of NK cells not comprising an IL-15
knock-in or a TGFbR2 knockout. In some embodiments, the iNK cells comprising an IL-15
knock-in and a TGFbR2 knockout described herein kill target cells with an efficiency that is
about 10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about
80%, about 90%, about 100%, , about 3 times, about 4 times, about 5 times, about 6 times,
about 7 times, about 8 times, about 9 times or about 10 times higher than that of NK cells not

comprising an IL-15 knock-in and a TGFbR2 knockout.
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{66161} In some embodiments, the iINK cells described herein persist longer in the circulation
after intravenous administration to a patient. In some embodiments, the iNK cells comprising
an IL-15 knock-in and a TGFbR2 knockout described herein persist in the circulation of a
subject about 10% to about 20%, about 20% to about 30%, about 30% to about 40%, about
40% to about 50%, about 50% to about 60%, about 60% to about 70%, about 70% to about
80%, about 80% to about 90%, about 90% to about 100%, about 2-3 times, about 3-4 times,
about 4-5 times, about 5-6 times, about 6-7 times, about 7-8 times, about 8-9 times or about
9-10 times longer than NK cells not comprising an IL-15 knock-in or a TGFbR2 knockout. In
some embodiments, the iNK cells described herein persist longer in the circulation after
intravenous administration to a patient. In some embodiments, the iNK cells comprising an
IL-15 knock-in and a TGFbR2 knockout described herein persist in the circulation of a
subject about 10% to about 20%, about 20% to about 30%, about 30% to about 40%, about
40% to about 50%, about 50% to about 60%, about 60% to about 70%, about 70% to about
80%, about 80% to about 90%, about 90% to about 100%, about 2-3 times, about 3-4 times,
about 4-5 times, about 5-6 times, about 6-7 times, about 7-8 times, about 8-9 times or about
9-10 times longer than NK cells not comprising an IL-15 knock-in and a TGFbR2 knockout.
60102} In some embodiments, the INK cells comprising an IL-15 knock-in and a TGFbR2
knockout described herein persist in the circulation of a subject about 10%, about 20%, about
30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, about 3 times,
about 4 times, about 5 times, about 6 times, about 7 times, about 8 times, about 9 times or
about 10 times longer than NK cells not comprising an IL-15 knock-in or a TGFbR2
knockout. In some embodiments, the iNK cells comprising an IL-15 knock-in and a TGFbR2
knockout described herein persist in the circulation of a subject about 10%, about 20%, about
30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, about 3 times,
about 4 times, about 5 times, about 6 times, about 7 times, about 8 times, about 9 times or
about 10 times longer than NK cells not comprising an IL-15 knock-in and a TGFbR2
knockout.

{88103} The tumor microenvironment has a suppressive effect on NK cell function and
inhibits NK cell function e.g., via soluble factors (e.g., cytokines), hypoxic conditions and/or
low nutrient levels. See, e.g., Melaiu et al., Front. Immunol. 10:3038. In some embodiments,
the iNK cells described herein are resistant to the suppressive effects of the tumor
microenvironment.

{38184} Expression levels of IL-15 and/or TGFbR2 in the iNK cells and unedited control NK

cells may be determined using any suitable method known in the art. For example, ELISA or
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Western Blot may be used to detect expression levels of IL-15 and/or TGFbR2 protein, and
gPCR may be used to detect expression levels of IL-15 and/or TGFbR2 mRNA.

160105} In some embodiments, the average expression level of TGFbR2 in a population of
INK cells i about 10% to about 20%, about 20% to about 30%, about 30% to about 40%,
about 40% {0 about 50%, about 50% {0 about 60%, about 60% to about 70%, about 70% to
about 80%, about 80% to about 90%. about 90% to about 93% or more than 23% lower than
the average expression level of TGFbRZ in a population of unedited NK cells. In some
embodiments, the expression level of TGFbR2 in the iNK cells is about 10%, about 20%,
about 309, about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, or about
95% lower than the expression level of TGFBRZ2 1in unedited NK cells.

60106} In the case of NK cells differentiated from iPSC, the genetic modifications described
herein may be introduced before the differentiation of the iPSCs into iPSC-NK cells (“iNK
cells™). Modified iPSC cells may be cryopreserved before differentiation into iNK cells.

Pharmaceutical Compositions

60107} Also provided herein are pharmaceutical compositions and formulations comprising
immune cells {e.g., NK cells) and a pharmaceutically acceptable carrier. In some
embodiments, the pharmaceutical composition comprises iINK cells descrnibed herein.

100108} In some embodiments, a pharmaceutical composition comprises a dose ranging from
about 1 x 10° to about 5 x 107 iNK celis, about 5 x 107 to about I x 10% iNK cells, about I x
10° to about S x 10° iNK cells, about S x 10° iNK cells to about 1 x 107 iNK cells, about | x
107 to about 5 x 107 {NK cells,
10% INK celis, about 5 x 10% to about 1 x 10°iNK cells, about 1 x 10° to about 5 x 10° iNK.
cells, about 5 x 10° to 1 x 10Y INK cells, about 1 x 1017 1o about 5 x 10 INK cells, about 5 x

about 3 x 107 to 1 x 10% iNK cells, about 1 x 10% to about 5 x

100 1o about | x 10" INK cell, about | x 10" to about 5 x 10 iNK cells. about 5 x 10 10 1
x 102 INK cells, about 1 x 10Y to about 5 x 10/% INK cells, about 5 x 10%? to about 1 x 10V
iNK cells.

[00109] In certain embodiments, the pharmaceutical composition comprises an iNK cell
population that is substantially pure.” As used herein, “substantially pure” means an object
species is the predominant species present (i.e., on a molar basis it is more abundant than any
other individual species in the composition), and preferably a substantially purified fraction is
a composition wherein the object species comprises at least about 50 percent (on a molar basis)

of all macromolecular species present.
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[00110] Generally, a substantially pure composition will comprise more than about 80 percent
of all macromolecular species present in the composition, more preferably more than about
85%, 90%, 95%, and 99%. Most preferably, the object species is purified to essential
homogeneity (contaminant species cannot be detected in the composition by conventional
detection methods) wherein the composition consists essentially of a single macromolecular
species. In some embodiments, a pharmaceutical composition comprises a population of INK
cells wherein about 40% to about 45%, about 45% to about 50%, about 50% to about 55%,
about 55% to about 60%, about 60% to about 65%, about 65% to about 70%, about 70% to
about 75%, about 75% to about 80%, about 80% to about 85%, about 85% to about 90%, about
90 to about 95%, or about 95% to 100% of cells comprise an inactivating mutation in TGFbR2
and/or express detectable levels of IL-15 or a functional fragment thereof. In some
embodiments, a pharmaceutical composition comprises a population of iPSC-NK cells wherein
at least 50%, at least 55%, at least 60%, at least 65%, at last 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 98% or more than 98% of cells comprise an
inactivating mutation in 7GFBR2 and express detectable levels of IL-15 or a functional
fragment thereof.

[00111] In some embodiments, a pharmaceutical composition comprises a population of iINK
cells wherein about 40% to about 45%, about 45% to about 50%, about 50% to about 55%,
about 55% to about 60%, about 60% to about 65%, about 65% to about 70%, about 70% to
about 75%, about 75% to about 80%, about 80% to about 85%, about 85% to about 90%, about
90 to about 95%, or about 95% to 100% of cells express one or more NK cell marker such as
CD56 or CD45.

[00112] In some embodiments, a pharmaceutical composition comprises a population of iNK
cells wherein at least 50%, at least 55%, at least 60%, at least 65%, at last 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98% or more than 98% of cells
express one or more NK cell marker selected from the group consisting of such as CD56 or
CD45.

[66113] In some embodiments, a pharmaceutical composition is cryopreserved. A
composition comprising iINK cells provided herein may be cryopreserved for about 1-3
months, about 3-6 months, about 6-9 months, or about 9-12 months. A composition
comprising iIPSC-NK cells provided herein may be cryopreserved for more than 3 months,
more than 6 months, more than 9 months, more than 12 months, more than 18 months, more
than 2 vears, or more than 3 vears before thawing and use in a method described herein. A

formulation comprising the iPSC-NK cells described herein may further comprise a
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cryoprotectant. In such embodiments wherein the iPSC-NK cells are cryopreserved and
thawed before use in a method described herein, the viability of the iPSC-NK cells 15 at least
30%, at least 30%, or at least 70% as determuned by a suitable assay known in the art or
described herein. Viability may be determined, e.g., using trypan blue exclusion.

68114} Pharmaceutical compositions and formulations as described herein can be prepared
by mixing the active ingredients (such as iPSC-NK cells) having the desired degree of purity
with one or more optional pharmaceutically acceptable carriers (Remington's Pharmaceutical
Sciences 22° edition, 2012).

[00115] The NK cells described herein can be incorporated into any pharmaceutical
composition suitable for administration. Such compositions typically comprise the NK cells
and a pharmaceutically acceptable carrier. As used herein, the term “pharmaceutically
acceptable carrier” is intended to include any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like,
compatible with pharmaceutical administration. Suitable carriers are described in the most
recent edition of Remington’s Pharmaceutical Sciences, a standard reference text in the field,
which is incorporated herein by reference. Preferred examples of such carriers or diluents
include, but are not limited to, water, saline, Ringer’s solutions, dextrose solution, and 5%
human serum albumin. Liposomes and non-aqueous vehicles such as fixed oils may also be
used. The use of such media and agents for pharmaceutically active substances is well known
in the art. Except insofar as any conventional media or agent is incompatible with the active
compound, use thereof in the compositions is contemplated. Supplementary active compounds
can also be incorporated into the compositions.

[00116] A pharmaceutical composition of the invention is formulated to be compatible with its
intended route of administration, e.g., intravenous, administration. Solutions or suspensions
used for intravenous administration can include the following components: a sterile diluent
such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerin, propylene
glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl
parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as
ethylenediaminetetraacetic acid (EDTA); buffers such as acetates, citrates or phosphates, and
agents for the adjustment of tonicity such as sodium chloride or dextrose. The pH can be
adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The preparation
can be enclosed in ampoules, disposable syringes or multiple dose vials made of glass or

plastic.
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[00117] Pharmaceutical compositions suitable for injectable use include sterile aqueous
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. For intravenous administration, suitable
carriers include physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany,
N.J.) or phosphate buffered saline (PBS). In all cases, the composition must be sterile and
should be fluid to the extent that easy syringeability exists. It must be stable under the
conditions of manufacture and storage and must be preserved against the contaminating action
of microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for example, glycerol, propylene
glycol, and liquid polyethylene glycol, and the like), and suitable mixtures thereof. The proper
fluidity can be maintained, for example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dispersion and by the use of surfactants.
Prevention of the action of microorganisms can be achieved by various antibacterial and
antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and
the like. In many cases, it will be preferable to include isotonic agents, for example, sugars,
polyalcohols such as manitol, sorbitol, sodium chloride in the composition. Prolonged
absorption of the injectable compositions can be brought about by including in the composition
an agent which delays absorption, for example, aluminum monostearate and gelatin.

[00118] Sterile injectable solutions can be prepared by incorporating the active compound in
the required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions are
prepared by incorporating the active compound into a sterile vehicle that contains a basic
dispersion medium and the required other ingredients from those enumerated above.

[00119] It is especially advantageous to formulate compositions in dosage unit form for ease
of administration and uniformity of dosage. Dosage unit form as used herein refers to
physically discrete units suited as unitary dosages for the subject to be treated; each unit
containing a predetermined quantity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The specification for
the dosage unit forms of the invention are dictated by and directly dependent on the unique
characteristics of the active compound and the particular therapeutic effect to be achieved, and
the limitations inherent in the art of compounding such an active compound for the treatment

of individuals.
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[00120] The pharmaceutical compositions can be included in a container, pack, or dispenser
together with instructions for administration. In some embodiments, the iPSC-NK cells
described herein are diluted in normal saline before administration.

[00121] The formulation can also contain more than one active compound as necessary for the
particular indication being treated, preferably those with complementary activities that do not
adversely affect each other. Alternatively, or in addition, the composition can comprise an
agent that enhances its function, such as, for example, a cytotoxic agent, cytokine,
chemotherapeutic agent, or growth-inhibitory agent. Such molecules are suitably present in
combination in amounts that are effective for the purpose intended.

[00122] The formulations to be used for in vivo administration must be sterile. This is readily

accomplished by filtration through sterile filtration membranes.

Methods of Treatment

[00123] Further provided herein are methods of treating a medical disease or disorder in a
subject by administering to the subject a therapeutically effective amount of NK cells provided
herein. Therapeutic formulations of the invention, which comprise the iPSC-NK cells of the
invention, are used to treat or alleviate a symptom associated with a cancer, including solid
cancers and hematological cancers. Examples of cancers that may be treated with a method
described herein include, without limitation, leukemias, lymphomas, breast cancer, colon
cancer, ovarian cancer, bladder cancer, prostate cancer, glioma, lung & bronchial cancer,
colorectal cancer, pancreatic cancer, esophageal cancer, liver cancer, urinary bladder cancer,
kidney and renal pelvis cancer, oral cavity & pharynx cancer, uterine corpus cancer, and/or
melanoma.

[00124] The present invention also provides methods of inhibiting the proliferation of tumor
cells in a subject, comprising administering to the subject a population of iPSC-NK cells
provided herein. A therapeutic regimen is carried out by identifying a subject, e.g., a human
patient suffering from (or at risk of developing) a cancer, using standard methods.

[00125] Efficaciousness of treatment is determined in association with any known method for
diagnosing or treating the particular immune-related disorder. Alleviation of one or more
symptoms of the disease or disorder indicates that the treatment confers a clinical benefit. In
some embodiments, a method provided herein results in decreased tumor proliferation in the
subject.

[00126] As used herein, the “administration™ of an agent, (e.g., a population of iPSC-NK

cells), to a subject or subject includes any route of introducing or delivering to a subject a
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compound to perform its intended function. In a preferred embodiment, the population of
iPSC-NK cells is administered intravenously. In some embodiments, the population of iPSC-
NK cells provided herein is administered by intravenous infusion, e.g., an intravenous
infusion over about 15min, about 30min, about 45min, about 60min, about 90min, about 2
hours, about 3 hours, about 4 hours, or about 5 hours, or an intravenous infusion over about
15min to about 30min, about 30min to about 45min, about 45 min to about 60min, about 60
min to about 90min, about 90min to about 2 hours, about 2 hours to about 3 hours, about 3
hours to about 4 hours, or about 4 hours to about 5 hours. The rate of infusion may vary with
the number of cells being infused to the subject.
1663127 A therapeutically effective amount of the iPSC-NK cells of the invention relates
generally to the amount needed to achieve a therapeutic objective. It is also to be appreciated
that the various modes of treatment or prevention of medical conditions as described are
intended to mean “substantial”, which includes total but also less than total treatment or
prevention, and wherein some biologically or medically relevant result is achieved. In some
embodiments, about 1 x 10° to about 5 x 10° iNK cells, about 5 x 10° to about 1 x 105 iNK.
cells, about 1 x 10° o about 5 x 10° INK cells, about 5 x 10° iINK cells to about I x 107 iNK
elis, about 1 x 107 to abowt 5 x 107 INK cells, about 5x 107 to 1 x 107 iNK cells, about 1 x
108 to about 5 x 10% INK cells, about 5 x 10° to about 1 x 10°'NK eells, about 1 x 10° to
about 5 x 10° iNK cells, about § x 10” to 1 x 10! iNK cells, about 1 x 10'% 0 about $ x 10
iNK. cells, about 5 x 10" to about 1 x 10 iNK cell, about 1 x 10! to abowt 5 x 1011 iNK
cells. about 5 x 10" 10 1 x 10" INK cells, about 1 x 10'? to about 5 x 10'? INK cells, about 5
% 10'? to about 1 x 107 iNK cells are administered to the subject.
60128} In some embodiuments, one or more doses of the iPSC-NK cells are adnunistered. If
two or more doses of the iIPSC-NK cells are administered, the duration between the
administrations should be sufficient to allow time for propagation of the cells in the
individual. In specific embodiments the duration between dosesis 1,2, 3,4, 5,6, 7. §, 9, 10,
11, or 12 or more weeks.
[00129] As used herein, “treating” or “treatment” of a disease in a subject refers to (1)
inhibiting the disease or arresting its development; or (2) ameliorating or causing regression of
the disease or the symptoms of the disease. As understood in the art, “treatment” is an approach
for obtaining beneficial or desired results, including clinical results. For the purposes of this
disclosure, beneficial or desired results can include one or more, but are not limited to,
alleviation or amelioration of one or more symptoms, diminishment of extent of a condition

(including a disease), stabilized (i.e., not worsening) state of a condition (including disease),
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delay or slowing of condition (including disease), progression, amelioration or palliation of the
condition (including disease), states and remission (whether partial or total), whether detectable
or undetectable.

60138} In some embodiments, a medical disease or disorder is treated by transfer of an
immune cell population that eliciis an inunune response. In certain embodiments of the
present disclosure, cancer or infection is treated by transfer of an immune cell population that
elicits an immune response. Provided herein are methods for treating or delaving progression
of cancer in an individual comprising administering o the individual an effective amount of
IPSC-NK cells described herein. The present methods may be applied for the treatment of
immune disorders, solid cancers, hematologic cancers, and viral infections.

[00131] The terms “cancer,” “neoplasm,” and “tumor,” used interchangeably and in either the
singular or plural form, refer to cells that have undergone a malignant transformation that
makes them pathological to the host organism. Non-limiting examples of cancers that may be
treated according to the methods of the present disclosure include hematological malignancies
and solid tumors. Non-limiting examples of solid tumors include hepatocellular carcinoma.
60132} Tumors for which the present ireatment methods are useful inchude any malignant
cell type, such as those found in a solid tumor or a hematological tumor. Exemplary solid
tumors can inchude, but are not limited to, a tumor of an organ selected from the group
consisting of pancreas, colon, cecum, stomach, brain, head, neck, ovary, kidoey, laryns,
sarcomma, lung, bladder, melanoma, prostate, and breast. Exemplary heroatological tumors
include tumors of the bone marrow, T or B cell malignancies, leukemias, lymphomas,
blastomas, myelomas, and the like. Further examples of cancers that may be treated using the
methods provided herein include, but are not limited to, lung cancer (including smali-cell
lung cancer, non-small cell lung cancer, adenocarcinoma of the lung, and squamous
carcinoma of the lung). cancer of the peritoneum, gastric or stomach cancer (including
gastrointestinal cancer and gastrointestinal stromal cancer), pancreatic cancer, cervical
cancer, ovarian cancer, liver cancer, bladder cancer, breast cancer, colon cancer, colorectal
cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney or renal cancer,
prostate cancer, vulval cancer, thyroid cancer, various {ypes of head and neck cancer, and
melanoma.

160133} The cancer may specifically be of the following histological type, though it is not
linmated to these: neoplasm, malignant; carcinoma; carcinoma, undifferentiated; giant and
spindle cell carcinoma; small cell carcinoma; papillary carcinoma; squamous cell carcinoma;

Iymphoepithelial carcinoma; basal cell carcinoma; pilomatrix carcinoma; transitional cell
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carcinoma; papiflary transitional cell carcinoma; adenccarcinoma; gastrinoma, malignant;
cholangiocarcinoma; hepatocellular carcinoma; combined hepatocellular carcinoma and
cholangiocarcinoma; frabecular adenocarcinoma; adenoid cystic carcinoma; adenocarcinoma
in adenomatous polvp: adenocarcinoma, familial polyposis coli; solid carcinoma; carcinoid
tumor, malignant; branchiolo-alveolar adenocarcinoma; papillary adenocarcinoma;
chromophobe carcinoma; acidophil carcinoma; oxvphilic adenocarcinoma; basophil
carcinoma; clear cell adenocarcinoma; granular cell carcinoma; follicular adenocarcinoma;
papilfary and follicular adenocarcinoma; nonencapsulating sclerosing carcinoma; adrenal
cortical carcinoma; endometroid carcinoma; skin appendage carcinoma; apocring
adenccarcinoma, sebaceous adenocarcinoma; ceruminous adenocarcinoma; mucoepidermoid
carcinoma; cystadenocarcinoma; papillary cystadenocarcinoma; papillary serous
cystadenocarcinoma; mucinous cystadenocarcinoma; mucinous adenocarcinoma; signet ring
cell carcinoma; infiltrating duct carcinoma; medullarv carcinoma; lobular carcinoma;
inflammatory carcinoma; paget's disease, mammary: acinar cell carcinoma; adenosquamous
carcinoma; adenocarcinoma w/squamous metaplasia; thymoma, malighant; ovarian stromal
tumor, malignant; thecoma, malignant; granulosa cell tumor, malignant; androblastoma,
malignant; Sertoli cell carcinoma; leydig cell tumor, malignant; lipid cell tumor, malignant;
paraganghioma, malignant; extra-mammary paraganglioma, malignant; pheochromocytoma;
glomangiosarcoma; malignant melanoma; amelanotic melanoma; superficial spreading
melanorna; lentigo walignant roelanoma; acral lentiginous melanomas; nodular melanormas;
malignant melanoma in giant pigmented nevus; epithelioid cell melanoma; blue nevus,
malignant; sarcoma; fibrosarcoma; fibrous histiocytoma, malignant, myxosarcoma;
liposarcoma; fetomyosarcoma; rhabdomyosarcoma; embryonal rhabdomyosarcoma; alveolar
rhabdomyosarcoma; stromal sarcoma; muxed tumor, malignant; mulienan nuxed tumor;
nephroblastoma; hepatoblastoma; carcinosarcoma; mesenchymoma, malignant; brenner
tumor, malignant; phyllodes tumor, malignant; synovial sarcoma; mesothelioma, malignant;
dysgernunoma; embrvonal carcinoma; teratoma, malignant; struma ovarii, malignant;
choriocarcinoma; mesonephroma, malignant; hemangiosarcoma; hemangioendothelioma,
malignant; kaposi's sarcoma; hemangiopericytoma, malignant; lymphangiosarcoma;
osteosarcoma; juxtacortical osteosarcoma; chondrosarcoma; chondroblastoma, malignant;
mesenchvmal chondrosarcoma; giant cell tumor of bone; ewing's sarcoma; odontogenic
tumor, malignant; ameloblastic odontosarcoma; ameloblastoma, malignant; ameloblastic
fibrosarcoma; pinealoma, malignant; chordoma; glioma, malignant; ependymoma;,

astrocytoma; protoplasmic astrocytoma; fibnillary astrocytoma; astroblastoma; ghioblastoma;
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oligodendroglioma; oligodendroblastoma; primitive neuroectodermal; cerebellar sarcoma;
ganglioneuroblastoma; neuroblasioma; retinoblastoma; olfactory neurogenic tumor;
meningioma, malignant; neurofibrosarcoma; neurileromoma, malignant; granular cell tumor,
malignant; malignant lymphoma; hodgkin's disease; hodgkin's; paragrannloma; malignant
tymphoma, small lvmphocytic; malignant lymphoma, large cell, diffuse; malignant
Iymphoma, follicular; mycosis fungoides; other specified non-hodgkin's lymphomas; B-cell
lvmiphoma; low grade/follicular non-Hodgkin's lymphoma (NHL); small lymphocytic (SL)
NHL; intermediate grade/follicular NHL; intermediate grade diffuse NHL; high grade
immunoblastic NHL; high grade lvmphoblastic NHL; high grade small non-cleaved cell
NHL; bulky disease NHL; manile cell lvmphoma; AIDS-related lymphoma; Waldenstrom's
macroglobulinemia; malignant histioeytosis; multiple myeloma; mast cell sarcoma;
immunoproliferative small intestinal disease; levkemia; lvmphoid leukemia; plasma cell
leukenua; erythroleukemia; lymphosarcoma cell leukemia: myeloid leukerma; basophilic
leukemia; eosinophilic leukenua; monocyiic leukenua: mast cell leukenua; megakaryoblastic
leukemia, myeloid sarcoma; hairy cell leukemia; chronic lymphocytic levkemta (CLL); acute
lvmphoblastic leukemia (ALL); acute myveloid leukemia (AML}; myelodysplastic syndrome
(MDS); chronic myeloblasts leukenua; diffuse large B-cell lymphoma (DLBCL); peripheral
T-cell lymphoma (PTCL); or anaplastic large cell lymphoma (ALCL). In some embodiments,
the cancer is hepatocelhular carcinoma.

00134} In certain embodiments of the present disclosure, iIPSC-NK cells are delivered to an
individual in need thereof, and the individual has been diagnosed with a cancer. Without
wishing to be bound by theory, the cells then enhance the individual's immune system to

attack or directly attack the respective cancer or pathogenic cells.

Combination Therapies

[30135] The iPSC-NK cells described herein may be admunistered in combination with one
or more other therapeutic agents.

[088136] In some embodiments, the additional therapy may be radiation therapy, surgery (e.g.,
lumpectomy and a mastectomy), chemotherapy, gene therapy, DNA therapy, viral therapy,
RMA therapy, immunotherapy, bone marrow transplantation, nanotherapy, monoclonal
antibody therapy, or a combination of the foregoing. The additional therapy may be in the
form of adjuvant or neocadjuvant therapy.

[38137] In some embodiments, the subject can be administered nonmyeloablative

lvmphodepleting chemotherapy prior to the iromune cell therapy. The nonmyeloablative
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lvmphodepleting chemotherapy can be any suitable such therapy, which can be adminisiered
by any suttable route. The nonmyeloablative lymphodepleting chemotherapy can comprise,
for example, the administration of cyclophosphamide and fludarabine. An exernplary route of
administering cyclophosphamide and fludarabine is intravenously. Likewise, any suitable
dose of cyclophosphamide and fludarabine can be admunistered. In particular aspects, around
60 mg/kg of cvclophosphanude is adnunistered for two dayvs after which around 23

mg/m? fludarabine is administered for five days.

{60138} In some embodiments, the subject can be administered nonmyeloablative
lvmphodepleting immunotherapy prior to the tmoune cell therapy. The nonmyeloablative
lvmphodepleting immunotherapy can be any suitable such therapy, which can be
administered by any suitable route. The nonmyeloablative lvmphodepleting immunotherapy
can comprise, for example, the admanistration of an anti-CD52 agent or anti-CD20 agent. In
some embodiments, the lvmphodepleting imomunotherapy is an anti-CD32 antibody. In some
embodiments, the anti-CD32 antibody is alemtuzumab. In some embodiments, the
lvmphodepleting immunotherapy is an anti-CD20 antibody. Exemplary anti-CD20 antibodies
include, bul are not imited to rituximab, ofatumumab, ocrelizumab, obinutuzumab,
ibriturnomab or 1odine 1131 tositumornab. An exeroplary route of adounistering anti-CDS52
agent or anti-CD20 agent 1s intravenously. Likewise, any suitable dose of anti-CD¥52 agent or
anti-agent can be administered.

(00139} In certain embodiments, a growth factor that promotes the growth and activation of
the immune cells is adnunistered to the subject either conconutantly with the immune cells or
subsequently to the immune cells. The immune cell growth factor can be any suitable growth
factor that promotes the growth and activation of the sromune cells. Examples of suitable
irmmuune cell growth factors include interleukin (1L)-2, 11.-7, 1L-13, and 1L.-12, which can be
used alone or in various combinations, such as 1L-2 and 1L-7. IL-2 and 1L-15, IL-7 and 1L-135,
FL-2, IL-7 and TL~15, IL-12 and TL-7, TL-12 and IL-15, or TL-12 and T1.2. In some
embodiments, the 1IPSC-NK cells are not adnunistered in combination with an interleukin.
[68140] In some embodiments, the additional therapy 1s the administration of small molecule
enzymatic inhibitor or anti-metastatic agent. In some embodiments, the additional therapy is
the adminisiration of side- effect himiting agents (e.g., agents intended {0 lessen the
occurrence and/or severity of side effects of treatment, such as anfi-nausea agents, etc.). In
some embodiments, the additional therapy is radiation therapy. In some embodiments, the
additional therapy s surgerv. In some embodiments, the additional therapy is a combination

of radiation therapy and surgery. In some embodirnents, the additional therapy is ganyma
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irradiation. In some embodiments, the additional therapy is therapy targeting
PBK/AKT/mTOR pathway, HSPOO inhibitor, tubulin inhibitor, apoptosis inhibitor, and/or
chemopreventative agent. The additional therapy may be one or more of the
chemotherapeutic agents known in the art.

[068141} Combination therapies can include, but are not limited to, one or more anti-microbial
agents {for example, antibiotics, anti-viral agents and anti-fungal agents), anfi-tumor agents
{for example, fluorouracil, methotrexate, paclitaxel, fludarabine, etoposide, doxorubicin, or
vincristine), immune-depleting agents (for example, fludarabine, etoposide, doxorubicin, or
vincristine), immunosuppressive agents (for example, azathioprine, or glucocorticoids, such
as dexamethasone or prednisone), anti-inflamomatory agents {for example, glucocorticoids
such as hydrocortisone, dexamethasone or prednisone, or non-steroidal anti-inflammatory
agents such as acetyls alicylic acid, ibuprofen or naproxen sodium), cytokine antagonists (for
exarople, anti-TNF and anti-IL-6), cytokines (for example, interfeukin-10 or transforming
growth factor-beta), hormones (for example, estrogen), or a vaccine. In addition,
iminunosuppressive or tolerogenic agents including but not limited to calcineurin inhibitors
{e.g., cyclosporin and tacrolimus), mTOR inhibitors {e.g., Rapamycin), mycophenolate
mofetil, antibodies (e.g., recognizing CD3, CD4, CD40, CD154, CD45, IVIG, or B cells);
chemotherapeutic agents {e.g., Methotrexate, Treosulfan, Busulfan): irradiation; or
chemokines, interleukins or their inhibitors (e.g, BAFF, IL-2, anti-IL-2R, IL-4, JAK kinase
inhibitors) can be adrministered. Such additional pharmaceutical agents can be administered
before, during, or after administration of the immune cells, depending on the desired effect.
This administration of the cells and the agent can be by the same route or by different routes,
and etther at the same site or at a different stte.

160142} The 1PSC-NK cells may be administered before, during, or after, an additional
therapeutic agent, such as an immune checkpoint inhibitor. The administrations may be in
intervals ranging from concurrently to minutes to days to weeks. In embodiments where the
iPSC-NK cell therapy is provided to a patient separately from an additional therapeutic agent,
one would generally ensure that a significant period of time did not expire between the time
of each delivery, such that the two compounds would still be able to exert an advantageously
combined effect on the patient. In such instances, it is contemplated that one may provide a
patient with the iPSC-NK cell therapy and the anti-cancer therapy{e.g., an immune
checkpoint inhibitor) within about 12 to 24 or 72 h of each other and, more particularly,

within about 6~12 h of each other. In some situations it may be desirable to extend the time
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period for treatment significantly where several days (2, 3, 4, 5, 6, or 7) to several weeks (1,
2.3, 4,5,6,7, or 8) lapse between respective admimstrations.

160143} Admimstration of any compound or therapy of the present embodiments to a patient
will folfow general protocols for the administration of such compounds, taking into account
the toxicity, if any, of the agents. Therefore, in some embodiments there is a step of

maonitoring toxicity that is attributable to combination therapy.

Chemotherapy

00144} A wide variety of chemotherapeutic agents may be used in accordance with the
iPSC-NK cells provided herein. The term "chemotherapy” refers to the use of drugs to treat
cancer. A "chemotherapeutic agent” is used to connote a compound or composition that is
admirnistered in the treatment of cancer. These agents or drugs are categorized by their mode
of activity within a cell, for example, whether and at what stage they affect the cell cycle.
Alternatively, an agent may be characterized based on its ability to directly cross-link DNA,
to intercalate nto DNA, or to induce chroroosomal and roitotic aberrations by affecting
nucleic acid synthesis.

80145} Examples of chemotherapeutic agents include alkylating agents, such as thiotepa and
cyvclosphosphamide; alkvl sulfonates, such as busulfan, improsulfan, and piposulfan;
aziridines, such as benzodopa, carboquone, meturedopa, and uredopa: ethylenimines and
methylamelamines, including altretamine, triethylenemelamine, irietvienephosphoramide,
triethiylenethiophosphoramide, and trimethylolomelamine; acetogenins {(especially buliatacin
and bullatacinone); a camptothecin (including the synthetic analogue topotecan); bryostating
callystatin; CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic analogues);
cryptophycins (particulaily cryptophycin 1 and cryptophycin 8); dolastating, duocarmycin
(including the synthetic analogues, KW-2189 and CB1-TM1}); eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards, such as chlorambucil, chlomaphazine,
cholophosphamide, estramustine, ifosfamide, mechiorethamine, mechlorethamine oxide
hydrochloride, melphalan, novembichin, phenesterine, prednimustine, trofosfamide, and
uracil mustard; nitrosureas, such as carmustine, chlorozotocin, fotemustine, lomustine,
nimustine, and ranimnustine; antibiotics, such as the enedivne antibiotics {e.g.. calicheamicin,
especially calicheamicin gammall and calicheamicin omegall); dynemicin, inchuding
dynemicin A; bisphosphonates, such as clodronate; an esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein enedivne antiobiotic chromophores,

aclacinomysins, actinomycin, authrarnycin, azaserine, bleomycins, cactinomycin, carabicin,
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carminomycin, carzinophilin, chromomycinis, dactinomy cin, daunorubicin, detorubicin, 6-
diazo-S-oxo-L-norleucine, doxorubicin (including morpholino-doxorubicin,
cyanomorpholino-doxorubicin, 2-pvrrolino-doxorubicin and deoxy doxorubicin), epirubicin,
esorubicin, idarubicin, marceliomycin, mitomycins, such as mitomyein €, mycophenolic
actd, nogalamycin, olivomycins, peplomycin, potfiromycin, puromycin, quelamycin,
rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, and zorubicin; anti-
metabolites, such as methotrexate and S-fluorouraci! {5-FU); folic acid analogues, such as
denopterin, pteropterin, and trimetrexate; purine analogs, such as fludarabine, 6-
mercapiopurine, thiamiprine, and thioguanine, pyrimidine analogs, such as ancilabine,
azacitidine, 6-azauridine, carmofur, cvtarabine, decitabine, dideoxyuridine, doxifluridine,
enocitabine, and floxuridine; androgens, such as calusterone, dromostanolone propionate,
epitiostanol, mepitiostane, and testolactone; anti-adrenals, such as mitotane and trilostane;
folic acid replenisher, such as frolinic acid; aceglatone; aldophosphamide glveoside;
aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine;
demecolcine; diaziquone; elformithine; elliptinium acetate; an epothilone; etoglucid; gathium
nitrate; hydroxyurea; lentinan; lonidainine; mavtansinoids, such as maytansine and
ansamitocios; mitoguazone; mitoxantrone; roopidanmaol; nitraerine; pendostatin; phenamet;
pirarubicin; losoxantrone; podophyllinic acid; 2-ethylhyvdrazide; procarbazine;
PSKpolysaccharide complex; razoxane; rhizoxin; sizofiran; spirogermaniom, tenuazonic
acid; triaziquone; 2.2 2"-trichlorotriethylamine; trichothecenes (especially T-2 toxin,
verracurin A, roridin A and anguidine); urethan; vindesine; dacarbazine; mannomustine;
mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C"); cyclophosphamide;
taxoids, e.g., paclitasel and docetaxel gemcitabine; 6-thioguanine; mercaptopurineg; platinum
coordination coraplexes, such as cisplatin, oxaliplatin, and carboplatin; vinblastine; platinum;
etoposide (VP- 16); ifosfamide; mitoxantrone; vincristine; vinorelbine; novantrone;
tenipostide; edatrexate; daunomycin, aminopterin; xeloda; ibandronate; irinotecan {e.g., CPT-
11}; topoisomerase inhibitor RFS 2000; diflucrometthylomithine (DMFO); retinoids, such as
retinoic acid; capecitabine; carboplatin, procarbazine, plicomycin, gemcitabien, navelbine,
farnesyl-protein tansferase inhibitors, transplatinum, and pharmaceutically acceptable salis,
acids, or derivatives of any of the above. In some embodiments, azacitidine is administered

at 75 mgs/m’® subcutaneously.
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Radiotherapy

[66146] Other factors that cause DNA damage and have been used extensively include what
are conuvonly known as y-rays, X-rays, and/or the directed delivery of radioisotopes to tumor
cells. Other forms of DNA damaging factors are also contemplated, such as microwaves,
proton beam wrradiation (U.S. Patents 5,760,395 and 4,870,287), and UV -irradiation. It is
maost likely that all of these factors affect a broad range of damage on DNA, on the precursors
of DNA, on the replication and repair of DNA, and on the assembly and maintenance of
chromosomes. Dosage ranges for X-rays range from daily doses of 50 to 200 roentgens for
prolonged periods of time (3 to 4 wk), 1o single doses of 2000 to 6000 roentgens. Dosage
ranges for radioisotopes vary widely, and depend on the half-life of the isotope, the strength

and type of radiation emitted, and the uptake by the neoplastic cells.

Immunotherapy

[68147} The skilled artisan will understand that immunotherapies may be used in
combination or in conjunction with methods of the embodiments. In the context of cancer
treatment, inumunotherapeutics, generally, rely on the use of immune effector cells and
moleciudes to target and destroy cancer cells. Rituximab (RITUXAN®) is such an example.
The immune effector may be, for example, an antibody specific for some marker on the
surface of a tumor cell. The antibody alone may serve as an effector of therapy or it may
recruit other cells to actually affect cell killing. The antibody also may be conjugaied to a
drug or toxin {chemotherapeutic, radionuclide, ricin A chain, cholera toxin, pertussis toxin,
etc.) and serve as a targeting agent. Alternatively, the effector may be a lymphocvie carrying
a surface molecule that interacts, either directly or indirectly, with a tumor cell target.
Various effector cells include cytotoxic T cells and NK cells.

[60148] Antibody-drug conjugaies have emerged as a breakthrough approach to the
development of cancer therapeutics. Cancer 1s one of the leading causes of deaths in the
world. Antibody-drug conjugates { ADCs} comprise monoclonal antibodies {MAbs} that are
covalently linked to cell-killing drugs. This approach combines the high specificity of MAbs
against their antigen targets with highly potent cytotoxic drugs, resulting in "arroed” MAbs
that deliver the payload (drug) to tumor celis with enriched levels of the antigen. Targeted
delivery of the drug also minimizes its exposure in normal tissues, resulting in decreased
toxicity and improved therapeutic index. The approval of two ADC drugs, ADCETRIS®
{brentuximab vedotin) in 2011 and KADCYLA® (trastuzumab emtansine or T-DM1) in

2013 by FDA validated the approach. There are currently more than 30 ADC drug candidates
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in various stages of clinical trials for cancer treatment (Leal et al., 2014}, As antibody
engineering and linker-payload optimization are becoming more and more mature, the
discovery and developroent of new ADCs are increasingly dependent on the identification
and validation of new targets that are suitable to this approach and the generation of targeting
MAbs. Two criteria for ADC targets are upregulated/high levels of expression m tumor cells
and robust internalization.

{66149} In one aspect of immunotherapy, the tumor cell must bear some marker that is
amenable to targeting, i.e., is not present on the majority of other cells. Many tumor markers
exist and any of these may be suitable for targeting in the context of the present
embodiments. Common tumor markers include CD20, carcincembryonic antigen, tvrosinase
©97), gp68, TAG-72, HMFQG, Sialyl Lewis Antigen, MucA, MucB, PLAP, laminin receptor,
erb B, and plSS. An alternative aspect of immmunotherapy is to combine anticancer effects
with immune stimulatory effects. Immune stimulating molecules also exist including:
cvtokines, such as IL-2, IL-4, IL-12, GM-CSF, gamma-1FN, chemokines, such as MiP-1,
MCP-1, IL-8, and growth factors, such as FLT3 ligand.

(66150} Examples of immunotherapies currently under investigation or in use are immune
adjuvants, e.g., Myvcobacterium bovis, Plasmodium falciparum, dinitrochiorobenzene, and
aromatic compounds {U.8. Patents 5,801,005 and 5,739,169, Hui and Hashimoto, 1998;
Christodoulides et al, 1998); cytokine therapy, e.g., mterferons o, B, and v, IL-1, GM-CSF,
and TNF (Bukowski ef al, 1998; Davidson et al, 1998; Hellstrand et al, 1998); gene therapy,
e.g., TNF IL-1, IL-2, and p53 (Qin et al, 1998, Austin-Ward and Villaseca, 1998, U.S.

Patents 5,830,880 and 5,846,945}, and monoclonal antibodies, e.g.

5

anti-CD20, anti-
ganglioside GM2, and anti-pl83 (Hollander, 2012; Hambuchs et al, 1998; U.S. Patent
5,824,311 It is contemplated that one or more anti~cancer therapies mav be eroployed with
the antibody therapies described herein.

[63151] In some embodiments, the immunotherapy may be an tmmune checkpoint inhibitor,
Immune checkpoints either turn up a signal {(e.g., co-stimulatory molecules) or turn down a
signal. Inhibitory immune checkpoints that may be targeted by immune checkpoint blockade
include adenosine A2A receptor (AZAR}, B7-H3 {also known as CD276}, Band T
lvmphocyte attenuator (BTLA), cytotoxic T-lymphocyte-associated protein 4 {CTLA-4, also
known as CD152), mdoleanune 2,3-dioxygenase (ID0), killer-cell immunoglobulin (KIR),
lymphocyte activation gene-3 (LAG3), programmed death 1 (FD-1), T-cell immunoglobulin

domain and mucin domain 3 (TIM-3) and V-domain Ig suppressor of T cell activation
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{(VISTA). In particular, the immune checkpoint inhibitors target the PD-1 axis and/or CTLA-
4.

160152 The immune checkpoint inhibitors may be drugs such as small molecules,
recombinant forms of ligand or receptors, or, in particular, are antibodies, such as human
antibodies {e.g., International Patent Publication W(O2015016718,; Pardoll, Nat Rev Cancer,
12(4): 252-64, 2012; both mcorporated herein by reference). Known inhibitors of the immune
checkpoint proteins or analogs thereof may be used, in particular chimerized, humanized or
human forms of antibodies may be used. As the skilled person will know, alternative and/or
equivalent names may be in use for certain antibodies mentioned in the present disclosure.
Such alternative and/or equivalent names are interchangeable in the context of the present
disclosure. For example it is known that lambrolizumab 1s also known under the altemative
and equivalent names MK-3475 and pembrolizumab.

68153} In some embodiments, the PD-1 binding antagonist is a molecule that inhibits the
binding of PD-1 to its ligand binding partners. In a specific aspect, the PD-1 ligand binding
partners are PDLI and/or PDL2. In another embodiment, a PDLI binding antagonistis a
molecude that inhibits the binding of PBLI to its binding partners. In a specific aspect, PDLI
binding partoers are PI3-1 and/or B7-1. In another embodiment, the PDL2 binding antagonist
is a molecule that inhibits the binding of PDL2 to its binding partners. In a specific aspect, a
PDL2 binding partner 1s PD-1. The antagonist may be an antibody, an antigen binding
fragment thereof, an immunoadhesin, a fusion protein, or oligopeptide. Exemplary antibodies
are described in U.S. Patent Nos. US8735553, US8354509, and US8008449, all incorporated
herein by reference. Other PD-1 axis antagonists for use in the methods provided herein are
known in the art such as described in U.S. Patent Application No. US20140294898,
US2014022021, and US20110008369, all incorporated herein by reference.

160154} In some embodiments, the PD-1 binding antagonist is an anti-PD-1 antibody (e.g. , a
human antibody, a humanized antibody, or a chimeric antibody). In some embodiments, the
anti-PD-1 antibody is selected from the group consisting of nivolumab, pembrolizumab, and
CT-011. In some embodiments, the PD-1 binding antagonist is an immunoadhesin (.., an
immunoadhesin comprising an extracellular or PE-1 binding portion of PDL1 or PDL2 fused
1o a constant region {e.g. , an Fc region of an immumoglobulin sequence). In some
embodiments, the PD-1 binding antagonist is AMP~ 224. Nivolumab, also known as MDX-
1106-04, MDX-1106, ONO-4538, BMS-936558, and OPDIVO?, is an anti-PD-1 antibody
described in WO2006/121168. Pembrolizumab, alse known as MK-3475, Merck 3475,
lambrolizumab, KEYTRUDAY, and SCH-900475, is an anti-PD3-1 antibody described in
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WO2009/114335. CT-011, also known as hBAT or hBAT-1, is an anti-PD-1 antibody
described in WO2009/101611. AMP-224, also known as B7-DClg, is a PDL2-F¢ fusion
soluble receptor described in WO2010/027827 and WO2011/066342.

[60155] Another immune checkpoint that can be targeted in the methods provided herein is
the cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), also known as CD 152, The
complete cDNA sequence of human CTLA-4 has the Genbank accession number L13006.
CTLA-4 is found on the surface of T cells and acts as an "off switch when bound to CD80 or
CD86 on the surface of antigen-presenting cells. CTLA4 is a member of the immunoglobulin
superfamily that is expressed on the surface of Helper T cells and transmits an inhibitory
signal to T cells. CTLA4 is similar to the T-cell co-stimulatory protein, CD28, and both
molecules bind to CDR0 and CD86, also called B7-1 and B7-2 respectively, on antigen-
presenting cells. CTLA4 transmits an imhibitory signal to T cells, whereas CD28 transmits a
stumulatory sigonal. Intracellular CTLA4 1s also found in regulatory T cells and may be
important to their function. T cell activation through the T cell receptor and CD28 leads to
increased expression of CTLA-4, an inhibitory recepior for B7 molecules.

60156} In some embodiments, the immune checkpoint inhibitor is an anti-CTLA~4 antibody
{(e.g.. a human antibody, a humanized antibody. or a chimeric antibody ). an antigen binding
fragment thereof, an immunoadhesin, a fusion protein, or oligopeptide.

68157} Anti-human-CTLA~4 antibodies (or VH and/or VL. domains derived therefrom)
suitable for use in the present methods can be generated using methods well known in the art.
Alternatively, art recognized anti-CTLA-4 antibodies can be used. For example, the anti-
CTLA-4 antibodies disclosed in: US 8,119,129, W0 01/14424, WQ 98/42752; W 00/37504
(CPG75,206, also known as tremelirnumab; formerly ticilimumab), U.S. Patent No.
6,207,156; Hurwitz et al. (1998} Proc Natl Acad Sci USA 95(17): 10067-10071 ; Camacho et
al. (2004} / Clin Oncology 22(145): Abstract No. 2505 (artibody CP-675206); and Mokyr et
al. (1998) Cancer Res 58:5301-5304 can be used in the methods disclosed herein. The
teachings of each of the aforementioned publications are hereby incorporated by reference.
Antibodies that compete with any of these ari-recognized antibodies for binding to CTLA-4
also can be used. For example, a humanized CTLA-4 antibody is described in International
Patent Application No. W(32001014424, W(2000037504, and U.S. Patent No. 8,017,114; all
incorporated herein by reference.

[60158] An exemplary anti-CTLA-4 antibody is ipilimumab (also known as 10D1, MDX-
010, MDX- 101, and Yervoy®) or antigen binding {ragments and variants thereof (see, e.g.,

WO 01/14424). In other embodiments, the antibody comprises the heavy and light cham
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CDRs or VRs of ipilimumab. Accordingly, in one embodiment, the antibody comprises the
CDR1, CDR2Z, and CDR3 domains of the VH region of ipilimumab, and the CDRI, CDR2
and CDR3 domains of the VL region of ipitlimumab. In another embodiment, the antibody
competes for binding with and/or binds to the same epitope on CTLA-4 as the above-
mentioned antibodies. In another embodiment, the antibody has at least about 90% variable

region amino acid sequence identity with the above-mentioned antibodies (e.g. . at least about
90%. 95%, or 99% variable region wdentity with iptlimumab).

860159} Other molecules for modulating CTLA-4 inchude CTLA-4 ligands and receptors
such as described in U.S. Patent Nos. US5844905, 1JS5885796 and International Patent
Application Nos. W(Q1993001994 and WO 1998042752; all incorporated herein by reference,
and immunoadhesing such as descnibed in U.S. Patent No. US8329867, incorporated herein
by reference.

(88160} Examples of immmunotherapies for use in treatment of kidney cancer or renal cell
cancer include, but are not himited to Afinitor (Everolimus), Afinitor Disperz (Everolimus),
Aldesieukin, Avastin (Bevacizumab}, Avelumab, Axitinib, Bavencio {Avelumab),
Bevacizamab, Cabometyx (Cabozantinib-S-Malate), Cabozantinib-S-Malate, Everolimus, [L-
2 (Aldesleukin), Inlyta (Axitinib), Interleulan-2 (Aldesleukin), Iptlimumab, Keyiruda
(Pembrolizumab), Lenvatinib Mesvlate, Lenvima (Lenvatinib Mesylate), Mvasi
(Bevacizumab), Nexavar (Sorafenib Tosyiate), Nivolumab, Opdivo (Nivolamab}, Pazopanib,
Hvdrochloride, Pemabrolizumab, Proleukin (Aldeslenkin), Soraferub Tosvlate, Sunitinib
Malate, Sutent (Sunitinib Malate), Temsirolimus, Torisel (Temsirolimus), Votrient
{Pazopanib Hydrochloride), Yervoy (Iptlimumab).

60161} Examples of immuonotherapies for use in treatroent of Acute Myeloid Leukerma
{AML) include, but are not limited to Azacitidine, Arsenic Trioxide, Cerubidine
(Daunorubicin Hydrochloride), Cyclophosphamide, Cvtarabine, Daunorubicin
Hydrochlornide, Daunorubicin Hydrochloride and Cytarabine Liposome, Daunsmo (Glasdegib
Maleate), Dexamethasone, Doxorubicin Hydrochloride, Enasidenib Mesylate, Gemtuzumab
Ozogamicin, Gilteritinib Fumarate, Glasdegib Maleate, Idamycin PFS (Idarubicin
Hydrochloride), Idarubicin Hydrochloride, Idhifa (Enasidenib Mesylate}, Ivosidenib,
Midostaurin, Mitoxantrone Hydrochloride, Mylotarg (Gemtuzumab Ozogamicin),
Rubidomycin (Daunorubicin Hydrochloride), Rydapt (Midostaurin), Tabloid (Thioguanine),
Thioguanine, Tibsovo (Ivosidenib), Trisenox {Arsenic Trioxide}, Venclexta {(Venetoclax),
Venetoclax, Vincnistine Sulfate, Vvxeos (Daunorubicin Hydrochloride and Cytarabine

Liposome), Xospata (Gilteritinib Fumarate).
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80162} In some embodiments, a patient treated in accordance with a method described

herein may be administered an NK cell engager, for example, an NKpd6 engager.

Surgery

160163} Approximately 60% of persons with cancer will undergo surgerv of some type,
which includes preventative, diagnostic or staging, curative, and palliative surgery. Curative
surgery includes resection in which all or part of cancerous tissue is physically removed,
excised, and/or destroyed and roay be used in conjunction with other therapies, such as the
treatment of the present embodiments, chemotherapy, radiotherapy. hormonal therapy, gene
therapy, immunotherapy, and/or alternative therapies. Tumor resection refers to physical
removal of at feast part of a tumor. In addition (o tumor resection, treatment by surgery
includes laser surgery, cryosurgery, electrosurgery, and microscopically-conirolled surgery
(Mohs' surgery).

68164} Upon excision of part or all of cancerous cells, tissue, or tumor, a cavity may be
formed in the body. Treatrnent may be accomplished by perfusion, direct injection, or local
application of the area with an additional anti-cancer therapy. Such ireatment may be
repeated, for example, every 1,2, 3,4, 5, 6, or 7 days, or every 1, 2, 3, 4, and 5 weeks or
every 1,2, 3,4,5,6,7, 8,9, 10, 11, or 12 months. These treatments may be of varying

dosages as well.

Other Agents

163165} 1t is contemplated that other agents may be usad in combination with certain aspects
of the present embodiments to improve the therapeutic efficacy of ireatment. These additional
agents include agents that affect the upregulation of cell surface receptors and GAP junctions,
cvtostatic and differentiation agents, inhibitors of cell adhesion, agents that increase the
sensitivity of the hyperproliferative cells to apoptotic inducers, or other biological agents.
Increases in intercellular signaling by elevating the number of GAP junctions would increase
the anti-hyperproliferative effects on the neighboring hyperproliferative cell population. In
other embodiments, cytostatic or differentiation agents can be used in combination with
certain aspects of the present embodiments to improve the anti-hyperproliferative efficacy of
the treatments. Inhibitors of cell adhesion are contemplated to improve the efficacy of the
present embodiments. Examples of cell adhesion inhibitors are focal adhesion kinase (F AKs)
inhibitors and Lovastatin. It 1s further contemplated that other agents that increase the

sensitivity of a hyperproliferative cell to apoptosis, such as the antibody ¢225, could be used
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in combination with certain aspects of the present embodiments to improve the treatment

efficacy.

Articles of Manufacture or Kits

160166] An article of manufacture or a kit is provided comprising the iIPSC-NK cells is also
provided herein. The article of manufacture or kit can further comprise a package insert
comprising instructions for using the itPSC-NK to treat or delay progression of cancer in an
individual or to enhance immune function of an individual having cancer. Suitable containers
include, for example, bottles, vials, bags and syringes. The container may be formed from a
variety of materials such as glass, plastic (such as polyvinyi chloride or poly olefin), or metal
allov {such as stainless steel or hastelloy). In some embodiments, the container holds the
formulation and the label on, or associated with, the container may indicate directions for use.
The article of manufacture or kit may further include other materials desirable froma
commercial and user standpoint, including other buffers, diluents, filters, needles, syringes,
and package mserts with instructions for use. In some ersbodirvents, the article of
manufacture further includes one or more of another agent (e.g., a chemotherapeutic agent,
and anti-neoplastic agent}. Suitable containers for the one or more agent include, for example,

bottles, vials, bags and syringes.

EXAMPLES

Example 1: Generation of IL-15 Knock-In and TGFbR2 Knockout iPSC

TALEN gene-editing procedures

160167} Gene editing strategies are outlined in FIGs. 2A and 2B. FIG. 2A shows the non-
destructive 1L-15 knock-in (KI) strategy and FIG. 2B shows the EFlo-1L-15-bGHpA
disruptive KI strategy, which results in knock in of 1L-15 and knock out of TGFbR2. Gene
edits were generated with TALEN by electroporation using LONZA 4D nucleofector X, The
electroporated iPSC cells were cultured in the E8 medium for 3-5 days before dissociation by
Tryp-LE and resuspension in PBS. Using a cell sorting yoachine, single iPSC cells were
sorted into single wells of a 96-well plate. After culiuring in the 96-well plate for 8-10 days,
the single clone was transferred to duplicate wells of 24-well plate. Then genonuc DNA of
single clone was extracted and purified. Each clone was identified by PCR with specific
primers to distinguish wildty pe, monoallelic knock-in or biallelic knock-in. The amplified

band from the positive clone was sent for Sanger sequencing or Amplicon sequencing.
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80168} To knock in [L-15 at the non-disruptive B2ZM locus, non-edited iPSC cells were
electroporated with mRNAs encoding a B2M-targeted TALEN patr and then with an IL-15
donor DNA template ("LHA-IL-15-P2A-RHA donor oligo”, SEQ 1D NO: 25). Clones #231
and #242 were identified as having a true 1L-15 knock in at non-disrupted B2M focus {see
“Sequence Verification” below) and selected for further experiments.

(68169} To generate TGFbR2 knockout cells, non-edited iPSC cells were electroporated with
mRNAs encoding a TGFbR2-targeted TALEN pair.

1806178} To generate the double edits ((PSCs comprising both an [L-15 knock inand a
TGFbRZ knockout), two approaches were used: The first approach was electroporating non-
edited 1PSCs with both the mRNAs encoding a TGFbR2-targeted TALEN pair and an TL~15
donor plasmid ("RHA-EF1a-IL15-bGHpA-LHA”, SEQ ID NO: 26). From this approach,
clone #3138 was identified as a true double edited clone with both alleles of TGFbR2 knocked
out and a biallelic 1L-15 K1 at the disruptive TGFbR2 locus.

60171} The second approach was to electroporate the iPSC cells from clone #231 or #242
{the true IL~15 knock in clones described above) with mRNAs encoding a TGFbR2-targeted
TALEN pair. From this approach, clones #331, #337, #338, and #341 were identified as the
true doubie edited clones with both TGFbR2 alleles knocked out and a biallelic 1L-15 KT at
the non-disruptive B2M locus. Besides these clones, a number of clones with monoallelic KI

and/or KO were also obtained.

Sequencing verification of the KI and/or KO iPSC clones

60172} The IL-15 KI and TGFbRZ KO in the iPSC clones were verified using sequencing,
[86173] FIG. 5 shows sequencing results of the IL-15-P2A-B2M joint area of the biallelic 1L~
15 knock-in tPSC single clones. Clones #231, #238, #239, and #242 showed the expected
sequencing results and were identified as true nov-~disruptive 1L-15 Ki clones. A 93 base pair
deletion was identifiad in clone #229, and a heterozygous mutation in intron 1 1f B2M was
identified in the #231 colony, and therefore clones #229 and #231 were not considered true
non-disruptive IL-15 KI clones.

[B0174] FIG. 6 shows sequencing resulis of the TGFbR2 locus in TGFbR2 KO 1PSC cells
{clones #255, #256, and #269}. All three clones showed some deletion in the TGFbR2 locus.
However, clone #256 had a 6 bp deletion which did not induce a frame-shift, and was not
selected for further experimuents. Clone #264 had a 16 bp deletion which did induce a frame-

shift and was considered a true TGFbR2 KO clone, but showed slow growth in further
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experiments. Clone #269 was a true TGFbR2Z KO clone with a heterozygous TGFbR2 KGO
{10bp deletion and 13 bp deletion).

160175} Clone #269 was further studied using amplicon sequencing to determine the genetic
variation in the clones. Results shown in FIGs. 7A and 7B indicate that clone #2691is a
TGFBbR2 10 nt and 13 nt biallelic heterozy gous clone. There was a 10 bp deletion on one
allele, and a 13 bp deletion on the other allele. Both deletions induced frame-shifting. Figure
7A is a graph to show the reading% on TGFbR2 locus. Figure 7B is a detailed analysis of
those readings. The reading% data suggested that clone #269 comes from a single cell
because each deletion accounts ~50% of reads. This true TGFbR2 KO was also verified by
western blot (see below).

{66176} Clones #331, #337, and #338 {the true double edited clones with both TGFbR2
alleles knocked out and a biallelic IL-15 KI at the non-disruptive B2M locus identified
abhove) were further analvzed using amplicon sequencing. Results shown in FIGs. 8A and 8B
indicate that clone #331 1s a TGFbR2 10 nt and 8 nt biallelic heterozvgous clone. There was a
10 bp deletion on one allele, and an 8 bp deletion on the other allele. Both deletions induced
frame-shifting. Figure 84 is a graph to show the reading% on TGFbR2 locus. Figure 8Bis a
detailed analysis of those readings. The reading% data, suggested that clone #331 comes
from a single cell because the deletion on each allele accounts for ~50% of reads. This true
TGFbR2 KO was also verified by westem blot (see below). . Results shown in FIG. 9
indicate that clone #337 is a TGFbRZ 20 nt and 10 nt biallelic heterozvgous clone. Resulis
shown in FIG. 10 indicate that clone #338 is a TGFbR2 10 nt and 7 nt deletion biallelic,
heterozygous clone.

{66177} Clones #336 and #341, generated by sequential IL-15 KI (yielding clones #231 and
#242) followed by TGFbR2 KO as described above, were verified by Sanger sequencing.
Similarly, clone (#318), generated by one-time gene editing of IL-15 KI into the TGFbR2
locus was verified by Sanger sequencing. Results shown in FIG. 11 indicate that clone #336
has a 10 nt homozyvgous deletion in TGFbR2 and that clone #341 has a 14 nt homozygous
deletion in TGFbR2. The accurate gene edits for clone #318 were also confirmed by

sequencing,

Target protein expression level analysis of the edited iPSC clones

166178} Expression levels of 1L-15 protein were analyzed by ELISA. The iPSC cells were
cultured in E8 medium The medium {supernatant) was collected after three days, when the

iPSC cells” confluency was over 80%. A standard curve was prepared using 50 gL diluted
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human IL.-15 protein. To avoid missing weak signals, the sample volume in the reaction was
tripled. Expression levels of TGFbR2 protein in whole-cell extracts were analvzed by western
blot using a recombinant anti-TGFbR2 antibody (Abcam catalogue number abl 84948). The
expected band size was 65 kDa and the observed band size was 80 kDa.

68179} The secreted IL15 was detected by ELISA in the medium of the biaillic TL-15 KI
PSC colontes (clones #231, #238, #239, and #242), but not in controls (non-edited 1PSCs)
(FIG. 12). The TGFbR2 protein was detected in unedited iPSCs, and in clones #255 and
#260, but not clone #269, indicating that out of these three colonies only clone #269 is a true
TGFbR2 KO clone (FIG. 12). Sequencing analysis showed that clone #260 had a 10bp
deletion on one allele, and 6 bp deletion (no frame-shifting) on another allele. Therefore, the
truncated TGFbR2 protein could be detected in the sample of #260.

(68188} The TGFBR2 protein could not be detected by western blot in clones #331, #336,
#337, #338, #341, and #318, even with Bafilomycin Al treatment, while it could be detected
in non-edited 1PSCs with or without Bafilomycin Al treatment (FIG. 14). Bafilomycin Al
mcreases TGFbR2 expression and was used here to enhance the signal. Thus, several of the
true TOFbR2 KO and IL-15 KI clones were analvzed by western blot with or without
Bafilomycin Al for detection of TGFbR2 protein expression. These results are consistent

with sequencing results.

Example 2: Generation of iNK Cells

60181} The clones from Example 1 were used to generated iNK cells. Thus, (PSCs from
these clones were first differentiated into hematopoietic progenitor cells (CID34+ celis) using
spin EB methods with ROCKi. Then the EBs were transferred into INK cell differentiation
conditions for 3-5 weeks followed by expansion with feeder cells for about 3 weeks to obtain
pure and functional NK cells. Details of this method are described in Zhu, H., Kaufman, D.S.
(2019). An Improved Method to Produce Chinical-Scale Natural Killer Cells from Human
Pluripotent Stem Cells. In: Kaneko, §. {eds) In Vitro Differentiation of T-Cells. Methods in
Molecular Biology, vol 2048. Humana, New York, NY. htips://doi.org/10.1007/978-1-4939-
9728-2 12,

[00182] The purity of the iNKs from each clone was determined by flow cytometry using

CD356 expression as a marker of INK cells. Resuilts are shown in Table 5.
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Table 5: Purity of iNKs

% of CD56+ cells

iNKs from clone #242 98.28
iNKsfromclone #269 . . 96.94
iNKs from clone #318 96.72.
iNKs from clone #341 96.855

Target Protein Expression Level in Edited iNK cells

160183} Expression levels of TGFBR2 protein were analvzed by Western blot using a
recombinant anti-TGFbR2 antibody (Abcam catalogue number abl 8494R). The expected
band size was 65 kDa and the observed band size was 80 kDa. TGFbR2 expression was
detected in unedited (wiltype, WT) iNK cells but not in edited iNK cells differentiated from
clone #269 (FIG. 15).

[68184] Levels of secreted 1L-15 were determined by ELISA. 1L-15 could not be detected in
the medium of unedited 1INKs, but was detected in the medium of INKs differentiated from

clones #242 #318, # 336, or #341 (FIG. 16).

Functional characterization of Edited iNK Cells

[00185] The iNK cells generated above were further studied in functional assays.

[00186] To determine the effect of TGFb signaling on iNK cells, iNK cells were treated with
10 ng/ml TGFb1 for 3 days and then harvested. The cells were stained with antibodies against
NKG2D, NKp30, DNAM-1, and CD2, and analyzed by flow cytometry. Results shown in
FIG. 17 indicate that the edited iNK cells were resistant to the suppressive TGFb signaling on
NK cells.

[00187] To determine the need of cytokines for iNK cell survival, iNK cells were cultured
with or without IL-2 (500 units/ml) for 6 days. Cells were then harvested and stained with
viability dye before flow cytometry analysis. Data shown in FIG. 18 indicates that the edited
iNK cells could survive without endogenous cytokines.

[00188] The cell-killing ability of iNK cells was determined using flow cytometry. iNK cells
were treated with 10 ng/ml TGFb1 for 3 days. Cells were then harvested and seeded with Hep3B-
GFP target cells at an effector-to-target (ET) ratio of 5:1 for 4 hours. NK Cytotoxicity was performed by
viability dye staining and flow cytometry detection.

[00189] The serial cell killing ability of iNK cells was determined using an IncuCyte S3
instrument with real-time and automated analysis. Thus, 1x10* control NK cells or 1x10*
edited iNK cells were co-cultured with 1x10* K562 cells in the 96 well plate at an ET ratio
of 1:1. K562 alone and non-edited control NK cells were used as controls. The edited iNKs
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show enhanced cytotoxicity effects (FIG. 20A). Serial cytotoxic activity of iNK cells against
K562 tumor cells was similarly analyzed using an IncuCyte S3 instrument with real-time,
automated analysis. The ET ratio was 5:1 or 10:1 (1x10° edited iNK cells or 5x10* edited
iNK cells were co-cultured with 1x10* K562 cells). After 24 hours and 48 hours, another
1x10* K562 cells were added to the same well. K562 alone were used as a control. The edited

iNKs could show serial cytotoxicity effects against tumor cells (FIG. 20B).

INCORPORATION BY REFERENCE
[00190] All publications, patents, and Accession numbers mentioned herein are hereby
incorporated by reference in their entirety as if each individual publication or patent was

specifically and individually indicated to be incorporated by reference.

OTHER EMBODIMENTS
[00191] While the invention has been described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate and not limit the scope of the
invention, which is defined by the scope of the appended claims. Other aspects, advantages,

and modifications are within the scope of the following claims.
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CLAIMS
What is claimed is:
1. A cell population, comprising differentiated cells derived from induced pluripotent

stem cells, said differentiated cells having a Natural Killer cell phenotype (iNK cells),
wherein the iNK cells comprise an inactivating mutation in the 7GFbR2 gene, and wherein

the iNK cells express interleukin-15 (IL-15) or a functional fragment thereof.

2. The cell population of claim 1, wherein the iNK cells comprise a homozygous

inactivating mutation in the 7GFbR2 gene.

3. The cell population of claim 1, wherein the iNK cells comprise a heterozygous

inactivating mutation in the 7GFbR2 gene.

4, The cell population of any one of claims 1-3, wherein the iNK cells express a cell

membrane-bound form of IL-15 (mbIL-15) or functional fragment thereof.

5. The cell population of any one of claims 1-3, wherein the iNK cells express a cell
membrane-bound form of IL-15 (mbIL-15) or functional fragment thereof fused to the IL-15
Receptor alpha (IL-15Ra).

6. The cell population of any one of claims 1-3, wherein the iNK cells express IL-15

trapped in the endoplasmic reticulum (ER).

7. The cell population of any one of claims 1-3, wherein the iNK cells express a soluble

form of IL-15 or functional fragment thereof.

8. The cell population of any one of claims 1-7, wherein the iNK cells comprise a
knock-in of a polynucleotide encoding the IL-15 or functional fragment thereof into the B2M
gene of the iPSC-NK cells.

9. The cell population of any one of claims 1-7, wherein the iNK cells comprise a
knock-in of a polynucleotide encoding the IL-15 or functional fragment thereof into the
TGFbR?2 gene of the iPSC-NK cells.

10.  The cell population of claim 8§ or 9, wherein the polynucleotide encoding the IL-15 or

functional fragment thereof is operably linked to a promoter.
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11. The cell population of claim 10, wherein the promoter is an exogenous promoter.
12. The cell population of claim 10, wherein the promoter is a constitutive promoter.

13. The cell population of claim 10, wherein the promoter is an EF 1o promoter (short

version) or an EF1a promoter (long version).
14. The cell population of claim 10, wherein the promoter is an endogenous promoter.

15.  The cell population of any one of claims 1-14, wherein the expression level of
TGFDbR2 in the iNK cells is about 10%, about 20%, about 30%, about 40%, about 50%, about
60%, about 70%, about 80%, about 90%, or about 95% lower than the expression level of
TGFbR2 in a population of unedited NK cells.

16.  The cell population of any one of claims 1-15, wherein at least 50%, at least 55%, at
least 60%, at least 65%, or at last 70%, of cells express one or more NK cell marker selected

from the group consisting of CD56 and CD45.

17. A method of producing a cell population comprising differentiated cells derived from
induced pluripotent stem cells, said differentiated cells having a Natural Killer cell phenotype
(iNK cells), wherein the iNK cells comprise an inactivating mutation in the 7GFbR2 gene,
and wherein the iNK cells express interleukin-15 (IL-15) or a functional fragment thereof, the
method comprising (i) genetically editing a population of induced pluripotent stem cells
(iPSCs); (i) generating a monoclonal population of edited iPSCs; and (iii) differentiating said
population of iPSCs into a population of Natural Killer (NK) cells.

18. The method of claim 17, wherein step (i) comprises introducing a polynucleotide

encoding a soluble form of interleukin-15 (IL-15) or a functional fragment thereof.

19. The method of claim 17, wherein step (i) comprises introducing a polynucleotide

encoding a cell membrane-bound form of IL-15 (mbIL-15) or functional fragment thereof.

20. The method of claim 17, wherein step (i) comprises introducing a polynucleotide

encoding mbIL-15 or functional fragment thereof fused to IL-15Ra..

21. The method of claim 17, wherein step (i) comprises introducing a polynucleotide

encoding a form of IL-15 trapped in the endoplasmic reticulum (ER).
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22, The method of any one of claims 17-21, wherein the IL-15 or functional fragment

thereof is introduced using a TALEN construct.

23.  The method of any one of claims 17-21, wherein the IL-15 is introduced using a Cas9

or Cas12 enzyme.

24.  The method of any one of claims 17-21, wherein the IL-15 is introduced using a

Dualase platform.

25. The method of any one of claims 17-24, wherein step (i) further comprises

introducing a deletion in the TGFbhR?2 gene of the genome of the iPSCs.

26. The method of any one of claims 17-25, wherein the method results in a cell
population wherein the expression level of TGFBR2 in the iNK cells is about 10%, about
20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, or
about 95% lower than the expression level of TGFBR2 in a population of unedited NK cells.

27. The method of any one of claims 17-26, wherein at least 50%, at least 55%, at least
60%, at least 65%, at last 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 98% or more than 98% of cells express one or more NK cell marker selected

from the group consisting of CD56 and CD45.
28. A cell population produced by the method of any one of claims 17-27.

29. A pharmaceutical composition comprising the cell population of any one of claims 1-
16 and 28.

30. A method of treating cancer in a subject in need thereof, comprising administering an

effective amount of the pharmaceutical composition of claim 29.
31. The method of claim 30, wherein the cancer is a solid tumor.
32. The method of claim 30, wherein the cancer is a hematological malignancy.

33. A method of inhibiting proliferation of tumor cells in a subject in need thereof,

comprising administering an effective amount of the pharmaceutical composition of claim 29.

34. The method of any one of claims 30-33, wherein the subject is further administered

with an immune checkpoint inhibitor.
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35. The method of claim 34, wherein the immune checkpoint inhibitor is an anti-PD-1
antibody, an anti-PDL-1 antibody, or an anti-CTLA-4 antibody.

36.  The method of any one of claims 30-33, wherein the subject is further administered

with an NK cell engager.
37. The method of claim 36, wherein the NK cell engager is an NKp46 NK cell engager.

38.  The method of any one of claims 30-33, wherein the subject is further administered

with an antibody.



