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COMBINING iPSC-DERIVED EFFECTOR CELL TYPES FOR IMMUNOTHERAPY

USE

RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Application Serial No.

63/041,672, filed June 19, 2020, the disclosure of which is hereby incorporated by reference in

its entirety.

REFERENCE TO SEOUENCE LISTING SUBMITTED ELECTRONICALLY

[0002] This application incorporates by reference a Comupter Readable Form (CRF) of a

Sequence Listing in ASCII text format submitted with this application, entitled 056932-

527001WO_SEQ LISTING.txt, which was created on June 18, 2021, and is 36,268 bytes in

size.

FIELD OF THE INVENTION

[0003] The present disclosure is broadly concerned with the field of off-the-shelf

immunocellular products. More particularly, the present disclosure is concerned with the

strategies for developing multifunctional effector cells capable of delivering therapeutically

relevant properties in vivo. The cell products developed under the present disclosure address

critical limitations of patient-sourced cell therapies.

BACKGROUND OF THE INVENTION

[0004] The field of adoptive cell therapy is currently focused on using patient- and donor-

sourced cells, which makes it particularly difficult to achieve consistent manufacturing of cancer

immunotherapies and to deliver therapies to all patients who may benefit. There is also the need

to improve the efficacy and persistence of adoptively transferred lymphocytes to promote

favorable patient outcome. Lymphocytes, such as T cells and natural killer (NK) cells, are

potent anti-tumor effectors that play an important role in innate and adaptive immunity.

However, the use of these immune cells for adoptive cell therapies remains challenging and has

unmet needs for improvement. Therefore, there remain significant opportunities to harness the

full potential of T and NK cells, or other lymphocytes in adoptive immunotherapy.
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SUMMARY OF THE INVENTION

[0005] There is a need for functionally improved effector cells that address issues ranging

from response rate, cell exhaustion, loss of transfused cells (survival and/or persistence), tumor

escape through target loss or lineage switch, tumor targeting precision, off-target toxicity, off-

tumor effect, to efficacy against solid tumors, i.e., tumor microenvironment and related immune

suppression, recruiting, trafficking and infiltration.

[0006] It is an object of the present invention to provide methods and compositions to

generate derivative non-pluripotent cells differentiated from a single cell derived iPSC (induced

pluripotent stem cell) clonal line, which iPSC line comprises one or several genetic

modifications in its genome. Said one or several genetic modifications include DNA insertion,

deletion, and substitution, and which modifications are retained and remain functional in

subsequently derived cells after differentiation, expansion, passaging and/or transplantation.

[0007] The iPSC-derived non-pluripotent cells of the present application include, but not

limited to, CD34 cells, hemogenic endothelium cells, HSCs (hematopoietic stem and progenitor

cells), hematopoietic multipotent progenitor cells, T cell progenitors, NK cell progenitors, T

cells, NKT cells, NK cells, and B cells. The iPSC-derived non-pluripotent cells of the present

application comprise one or several genetic modifications in their genome through

differentiation from an iPSC comprising the same genetic modifications. The engineered clonal

iPSC differentiation strategy for obtaining genetically engineered derivative cells requires that

the developmental potential of the iPSC in a directed differentiation is not adversely impacted by

the engineered modality in the iPSC, and also that the engineered modality functions as intended

in the derivative cell. Further, this strategy overcomes the present barrier in engineering primary

lymphocytes, such as T cells or NK cells obtained from peripheral blood, as such cells are

difficult to engineer, with engineering of such cells often lacking reproducibility and uniformity,

resulting in cells exhibiting poor cell persistence with high cell death and low cell expansion.

Moreover, this strategy avoids production of a heterogenous effector cell population otherwise

obtained using primary cell sources which are heterogenous to start with.

[0008] Some aspects of the present invention provide genome-engineered iPSCs obtained

using a method comprising (I), (II) or (III), reflecting a strategy of genomic engineering

subsequently to, simultaneously with, and prior to the reprogramming process, respectively:

[0009] (1): genetically engineering iPSCs by one or both of (i) and (ii), in any order: (i)

introducing into iPSCs one or more construct(s) to allow targeted integration at selected site(s);

(ii) (a) introducing into iPSCs one or more double-stranded break(s) at selected site(s) using one
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or more endonucleases capable of selected site recognition; and (b) culturing the iPSCs of step

(1)(ii)(a) to allow endogenous DNA repair to generate targeted in/dels at the selected site(s);

thereby obtaining genome-engineered iPSCs capable of differentiation into partially or fully

differentiated cells.

[00010] (II): genetically engineering and reprogramming non-pluripotent cells to obtain the

genome-engineered iPSCs by: (i) contacting non-pluripotent cells with one or more

reprogramming factors, and optionally a small molecule composition comprising a TGFB

receptor/ALK inhibitor, a MEK inhibitor, a GSK3 inhibitor and/or a ROCK inhibitor to initiate

reprogramming of the non-pluripotent cells; and (ii) introducing into the reprogramming non-

pluripotent cells during the reprogramming of step (II)(i) one or both of (a) and (b), in any order:

(a) one or more construct(s) to allow targeted integration at selected site(s); (b) one or more

double-stranded break(s) at selected site(s) using at least one endonuclease capable of selected

site recognition, then the cells of step (II)(ii)  (b) are cultured to allow endogenous DNA repair to

generate targeted in/dels at the selected site(s); as such the obtained genome-engineered iPSCs

comprise at least one functional targeted genomic edit, and said genome-engineered iPSCs are

capable of differentiation into partially or fully differentiated cells.

[00011] (III): genetically engineering non-pluripotent cells for reprogramming to obtain

genome-engineered iPSCs by (i) and (ii): (i) introducing into non-pluripotent cells one or both of

(a) and (b), in any order: (a) one or more constructs to allow targeted integration at selected

site(s); (b) one or more double-stranded breaks at selected site(s) using at least one endonuclease

capable of selected site recognition, wherein the cells of step (III)(i)(b) are cultured to allow

endogenous DNA repair to generate targeted in/dels at the selected site(s); and (ii) contacting the

cells of step (III)(i) with one or more reprogramming factors, and optionally a small molecule

composition comprising a TGFẞ receptor/ALK inhibitor, a MEK inhibitor, a GSK3 inhibitor

and/or a ROCK inhibitor, to obtain genome-engineered iPSCs comprising targeted editing at the

selected site(s); thereby obtaining genome-engineered iPSCs comprising at least one functional

targeted genomic edit, and said genome-engineered iPSCs are capable of being differentiated

into partially differentiated cells or fully-differentiated cells.

[00012] In one embodiment of the above method, the at least one targeted genomic edit(s)

at one or more selected site(s) comprises insertion of one or more exogenous polynucleotides

encoding safety switch proteins, targeting modalities, receptors, signaling molecules,

transcription factors, pharmaceutically active proteins and peptides, drug target candidates, or

proteins promoting engraftment, trafficking, homing, viability, self-renewal, persistence, and/or
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survival of the genome-engineered iPSCs or derivative cells therefrom. In some embodiments,

the exogenous polynucleotides for insertion are operatively linked to (1) one or more exogenous

promoters comprising CMV, EF 1α, PGK, CAG, UBC, or other constitutive, inducible,

temporal-, tissue-, or cell type- specific promoters; or (2) one or more endogenous promoters

comprised in the selected site(s) comprising AAVS1, CCR5, ROSA26, collagen, HTRP, H11,

beta-2 microglobulin, GAPDH, TCR or RUNX1, or other locus meeting the criteria of a genome

safe harbor. In some embodiments, the genome-engineered iPSCs generated using the above

method comprise one or more different exogenous polynucleotides encoding proteins

comprising caspase, thymidine kinase, cytosine deaminase, modified EGFR, or B-cell CD20,

wherein when the genome-engineered iPSCs comprise two or more suicide genes, the suicide

genes are integrated in different safe harbor loci comprising AAVS1, CCR5, ROSA26, collagen,

HTRP, H11, H11, beta-2 microglobulin, GAPDH, TCR or RUNX1. In some embodiments, the

exogenous polynucleotide encodes a partial or full peptide of IL2, IL4, IL6, IL7, IL9, IL10,

IL11, IL12, IL15, IL18, IL21, and/or respective receptors thereof. In some embodiments, the

partial or full peptide of IL2, IL4, IL6, IL7, IL9, IL10, IL11, IL12, IL15, IL18, IL21, and/or

respective receptors thereof encoded by the exogenous polynucleotide is in the form of a fusion

protein.

[00013] In some other embodiments, the genome-engineered iPSCs generated using the

method provided herein comprise an in/del at one or more endogenous genes associated with

targeting modalities, receptors, signaling molecules, transcription factors, drug target candidates,

immune response regulation and modulation, or proteins suppressing engraftment, trafficking,

homing, viability, self-renewal, persistence, and/or survival of the iPSCs or derivative cells

therefrom. In some embodiments, the endogenous gene for disruption comprises at least one of

B2M, TAP1, TAP2, Tapasin, NLRC5, PD1, LAG3, TIM3, RFXANK, CIITA, RFX5, RFXAР,

and any gene in the chromosome 6p21 region.

[00014] In yet some other embodiments, the genome-engineered iPSCs generated using the

method provided herein comprise an exogenous polynucleotide encoding a caspase at the

AAVS1 locus, and a thymidine kinase encoding exogenous polynucleotide at the H11 locus.

[00015] In still some other embodiments, approach (I), (II) and/or (III) further comprises:

contacting the genome-engineered iPSCs with a small molecule composition comprising a MEK

inhibitor, a GSK3 inhibitor and a ROCK inhibitor, to maintain the pluripotency of the obtained

genome-engineered iPSCs. In one embodiment, the obtained genome-engineered iPSCs

comprising at least one targeted genomic edit are functional, are differentiation potent, and are
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capable of differentiating into non-pluripotent cells comprising the same functional genomic

edit

[00016] Accordingly, in one aspect, the present invention also provides a composition

comprising two or more synthetic cell populations, wherein the composition comprises: (i) a

first synthetic cell population comprising iPSC-derived NK cells, wherein the iPSC-derived NK

cells comprise: (a) an exogenous CD16 or a variant thereof, and (b) one or both of a first

chimeric antigen receptor (CAR), and a partial or full-length peptide of a cell surface expressed

exogenous cytokine and/or a receptor thereof, and (ii) a second synthetic cell population

comprising iPSC-derived T cells, wherein the iPSC-derived T cells comprise: at least a second

chimeric antigen receptor (CAR), and wherein the second CAR is expressed under the control of

an endogenous promoter of a TCR locus. In various embodiments, the exogenous CD16 or

variant thereof is a high affinity non-cleavable CD16 (hnCD16); or the exogenous CD16 or a

variant thereof comprises at least one of: (a) F176V and S197P in ectodomain domain of CD16;

(b) a full or partial ectodomain originated from CD64; (c) a non-native (or non-CD16)

transmembrane domain; (d) a non-native (or non-CD16) intracellular domain; (e) a non-native

(or non-CD16) signaling domain; (f) a non-native stimulatory domain; or (g) transmembrane,

signaling, and stimulatory domains that are not originated from CD16, and are originated from a

same or different polypeptide. In certain embodiments of the composition, (a) the non-native

transmembrane domain is derived from CD3D, CD3E, CD3G, CD3, CD4, CD8, CD8a, CD8b,

CD27, CD28, CD40, CD84, CD166, 4-1BB, OX40, ICOS, ICAM-1, CTLA-4, PD-1, LAG-3,

2B4, BTLA, CD16, IL7, IL12, IL15, KIR2DL4, KIR2DS1, NKp30, NKp44, NKp46, NKG2C,

NKG2D, or T cell receptor (TCR) polypeptide; (b) the non-native stimulatory domain is derived

from CD27, CD28, 4-1BB, OX40, ICOS, PD-1, LAG-3, 2B4, BTLA, DAP10, DAP12, CTLA-

4, or NKG2D polypeptide; (c) the non-native signaling domain is derived from CD35, 2B4,

DAP10, DAP12, DNAM1, CD137 (4-1BB), IL21, IL7, IL12, IL15, NKp30, NKp44, NKр46,

NKG2C, or NKG2D polypeptide, or d) the non-native transmembrane domain is derived from

NKG2D, the non-native stimulatory domain is derived from 2B4, and the non-native signaling

domain is derived from CD3C.

[00017] In various embodiments of the composition, the the first CAR and the second CAR

are the same or are different in targeting specificity, and the first CAR or the second CAR is: (i)

T cell specific or NK cell specific; (ii) a bi-specific antigen binding CAR; (iii) a switchable

CAR; (iv) a dimerized CAR; (v) a split CAR; (vi) a multi-chain CAR; (vii) an inducible CAR;

(viii) co-expressed with another CAR; (ix) co-expressed with a partial or full length peptide of a
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cell surface expressed exogenous cytokine and/or a receptor thereof, optionally in separate

constructs or in a bi-cistronic construct; (x) co-expressed with a checkpoint inhibitor, optionally

in separate constructs or in a bi-cistronic construct; (xi) specific to CD19 or BCMA; and/or (xii)

specific to any one of ADGRE2, carbonic anhydrase IX (CAIX), CCRI, CCR4,

carcinoembryonic antigen (CEA), CD3, CD5, CD7, CD8, CD10, CD20, CD22, CD30, CD33,

CD34, CD38, CD41, CD44, CD44V6, CD49f, CD56, CD70, CD74, CD99, CD123, CD133,

CD138, CDS, CLEC12A, an antigen of a cytomegalovirus (CMV) infected cell, epithelial

glycoprotein2 (EGP 2), epithelial glycoprotein-40 (EGP-40), epithelial cell adhesion molecule

(EpCAM), EGFRvIII, receptor tyrosine-protein kinases erb- B2,3,4, EGFIR, EGFR-VIII, ERBВ

folate-binding protein (FBP), fetal acetylcholine receptor (AChR), folate receptor-a, Ganglioside

G2 (GD2), Ganglioside G3 (GD3), human Epidermal Growth Factor Receptor 2 (HER-2),

human telomerase reverse transcriptase (hTERT), ICAM-1, Integrin B7, Interleukin-13 receptor

subunit alpha-2 (IL-13Ra2), к-light chain, kinase insert domain receptor (KDR), Lewis A

(CA19.9), Lewis Y (LeY), L1 cell adhesion molecule (L1-CAM), LILRB2, melanoma antigen

family A 1 (MAGE-A1), MICA/B, Mucin 1 (Muc-1), Mucin 16 (Muc-16), Mesothelin (MSLN),

NKCSI, NKG2D ligands, c-Met, cancer-testis antigen NY-ESO-1, oncofetal antigen (h5T4),

PRAME, prostate stem cell antigen (PSCA), PRAME prostate-specific membrane antigen

(PSMA), tumor- associated glycoprotein 72 (TAG-72), TIM-3, TRBC1, TRBC2, vascular

endothelial growth factor R2 (VEGF- R2), Wilms tumor protein (WT-1), and a pathogen

antigen. In some embodiments, the partial or full-length peptide of a cell surface expressed

exogenous cytokine and/or a receptor thereof: (a) comprises at least one of IL2, IL4, IL6, IL7,

IL9, IL 10, IL11, IL12, IL15, IL18, IL21, and respective receptor thereof, or (b) comprises at

least one of: (i) co-expression of IL15 and IL15Ra by using a self-cleaving peptide; (ii) a fusion

protein of IL15 and IL15Ra; (iii) an IL15/IL15Ra fusion protein with intracellular domain of

IL15Ra truncated; (iv) a fusion protein of IL15 and membrane bound Sushi domain of IL15Ra;

(v) a fusion protein of IL 15 and IL15Rẞ; (vi) a fusion protein of IL15 and common receptor yC,

wherein the common receptor yC is native or modified; and (vii) a homodimer of IL15Rẞ;

wherein any one of (i)-(vii) can be co-expressed with a CAR in separate constructs or in a bi-

cistronic construct, and optionally, (c) is transiently expressed.

[00018] In some embodiments of the composition, the iPSC-derived NK cells or the iPSC-

derived T cells further comprise one or more of: (i) HLA-I deficiency; (ii) HLA-II deficiency;

(iii) introduced expression of HLA-G or non-cleavable HLA-G; (iv) at least one of lig-, inR+,

cs-CD3+, En+, and Ab+; wherein (1) lig- is negative in an expressed alloantigen; (2) inR+ is
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positive in an expressed inactivation-CAR corresponding to the negative alloantigen; (3) cs-

CD3+ is positive in cell surface expressed CD3; (4) En+ is positive in at least one expressed

engager, wherein the engager comprises a bi-specific T cell engager (BiTE), or a tri-specific

killer cell engager (TriKE); and (5) Ab+ is positive in at least one expressed antibody or

checkpoint inhibitor; (v) deletion or reduced expression in at least one of TAP1, TAP2, Tapasin,

NLRC5, PD1, LAG3, TIM3, RFXANK, RFX5, RAG1, RFXAP, and any gene in the

chromosome 6p21 region; and (vi) introduced or increased expression in at least one of HLA-E,

HLA-G, 41BBL, CD4, CD8, CD16, CD47, CD113, CD131, CD137, CD80, PDL1, A2AR, TCR,

Fc receptor, and surface triggering receptor for coupling with bi- or multi- specific or universal

engagers. In certain embodiments, (i) the alloantigen comprises CD40L, OX40, or 4-1BB; (ii)

the inactivation-CAR comprises CD40L-CAR, OX40-CAR, or 4-1BB-CAR; (iii) the BiTE or

the TriKE recognizes (a) an immune cell surface molecule comprising CD3, CD28, CD5, CD16,

NKG2D, CD64, CD32, CD89, NKG2C, or a chimeric Fc receptor thereof, and (b) a tumor

surface molecule comprising B7H3, BCМА, CD10, CD19, CD20, CD22, CD24, CD30, CD33,

CD34, CD38, CD44, CD79a, CD79b, CD123, CD138, CD179b, CEA, CLEC12A, CS-1, DLL3,

EGFR, EGFRvIII, ЕРCAM, FLT-3, FOLR1, FOLR3, GD2, gpA33, HER2, HM1.24, LGR5,

MSLN, MCSP, MICA/B, PSMA, РAMА, Р-cadherin, or ROR1; (iv) the BiTE comprises CD3-

CD19, CD16-CD30, CD64-CD30, CD16-BCMA, CD64-BCMA, or CD3-CD33; (v) the TriKE

comprises CD16-IL15-ЕРСАМ, CD64-IL15-ЕРСАМ, CD16-IL15-CD33, CD64-IL15-CD33, or

NKG2C-IL15-CD33; (vi) the antibody comprises an anti-CD20, anti-HER2, anti-CD52, anti-

EGFR, anti-CD123, anti-GD2, anti-PDL1, or anti-CD38 antibody; or (vii) the checkpoint

inhibitor comprises (a) an antagonist to a checkpoint molecule comprising PD-1, PDL-1, TIM-3,

TIGIT, LAG-3, CTLA-4, 2B4, 4-1BB, 4-1BBL, A2AR, BATE, BTLA, CD39, CD47, CD73,

CD94, CD96, CD160, CD200, CD200R, CD274, CEACAM1, CSF-1R, Foxpl, GARP, HVEM,

IDO, EDO, TDO, LAIR-1, MICA/B, NR4A2, MAFB, OCT-2, Rara (retinoic acid receptor

alpha), TLR3, VISTA, NKG2A/HLA-E, or inhibitory KIR; (b) one of atezolizumab, avelumab,

durvalumab, ipilimumab, IPH4102, IPH43, IPH33, lirimumab, monalizumab, nivolumab,

pembrolizumab, and their derivatives or functional equivalents; or (c) one of atezolizumab,

nivolumab, and pembrolizumab.

[00019] In various embodiments of the composition, the iPSC-derived NK cells or the

iPSC-derived T cells comprise: (i) one or more exogenous polynucleotides integrated in one

desired integration site; or (ii) more than two exogenous polynucleotides integrated in different

desired integration sites. In certain embodiments, the desired integration site comprises at least
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one of AAVS1, CCR5, ROSA26, collagen, HTRP, H11, GAPDH, RUNX1, B2M, TAP1, ТАР2,

tapasin, NLRC5, CIITA, RFXANK, RFX5, RFXAP, TCR a or ẞ constant region, NKG2A,

NKG2D, CD25, CD38, CD40L, CD44, CD54, CD56, CD58, CD69, CD71, OX40, 4-1BB, CIS,

CBL-B, SOCS2, PD1, CTLA4, LAG3, TIM3, and TIGIT. In other embodiments, the desired

integration site comprises TCR a or ẞ constant region, CD25, CD38, CD40L, CD44, CD54,

CD58, CD69, CD71, OX40 or 4-1BB; and optionally, wherein the TCRa or TCRẞ, CD25,

CD38, CD40L, CD44, CD54, CD58, CD69, CD71, OX40 or 4-1BB is knocked out as a result of

integrating said one or more exogenous polynucleotides at the respective integration site.

[00020] In various embodiments of the composition, the iPSC-derived NK cells or the

iPSC-derived T cells have at least one of the following characteristics comprising: (i) improved

persistency and/or survival, (ii) increased resistance to native immune cells, (iii) increased

cytotoxicity, (iv) improved tumor penetration, (v) enhanced or acquired ADCC, (vi) enhanced

ability in migrating, and/or activating or recruiting bystander immune cells to tumor sites, (vii)

enhanced ability to reduce tumor immunosuppression, and (viii) improved ability in rescuing

tumor antigen escape, in comparison to its native counterpart cell obtained from peripheral

blood, umbilical cord blood, or any other donor tissues. In various embodiments of the

composition, the iPSC-derived NK cells or the iPSC-derived T cells comprise longer telomeres

in comparison to their respective native counterpart cell obtained from peripheral blood,

umbilical cord blood, or any other donor tissues. In various embodiments of the composition,

the first synthetic cell population or the second synthetic cell population is modulated ex vivo.

In certain embodiments, the modulated first synthetic cell population comprising iPSC-derived

NK cells comprises an increased number or ratio of type I NKT cells, and/or adaptive NK cells,

as compared to the first synthetic cell population without being modulated; or wherein the

second modulated synthetic cell population comprising iPSC-derived T cells comprises an

increased number or ratio of naïve T cells, stem cell memory T cells, and/or central memory T

cells, as compared to the second synthetic cell population without being modulated.

[00021] In various embodiments of the composition, (i) the iPSC-derived NK cells and the

iPSC-derived T cells are in a ratio ranging from 100:1 to 1:100; (ii) the composition further

comprises one or more additional cell populations; or (iii) the composition further comprises one

or more therapeutic agents. In certain embodiments, the additional cell population comprises

regulatory cells. In some embodiments where the additional cell population comprises

regulatory cells, the regulatory cells are iPSC-derived immune regulatory cells or myeloid

derived suppressor cells (MDSCs). In some embodiments where the composition further
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comprises one or more therapeutic agents, the one or more therapeutic agents comprise a

peptide, a cytokine, a checkpoint inhibitor, a mitogen, a growth factor, a small RNA, a dsRNA

(double stranded RNA), mononuclear blood cells, feeder cells, feeder cell components or

replacement factors thereof, a vector comprising one or more polynucleic acids of interest, an

antibody, a chemotherapeutic agent or a radioactive moiety, or an immunomodulatory drug

(IMiD). In some embodiments where the one or more therapeutic agents comprise a checkpoint

inhibitor, the checkpoint inhibitor comprises: (a) one or more antagonist checkpoint molecules

comprising PD-1, PDL-1, TIM-3, TIGIT, LAG-3, CTLA-4, 2B4, 4-1BB, 4-1BBL, A2AR, BATE,

BTLA, CD39, CD47, CD73, CD94, CD96, CD160, CD200, CD200R, CD274, CEACAM1,

CSF-1R, Foxpl, GARP, HVEM, IDO, EDO, TDO, LAIR-1, MICA/B, NR4A2, MAFB, ОСТ-2,

Rara (retinoic acid receptor alpha), TLR3, VISTA, NKG2A/HLA-E, or inhibitory KIR; (b) one

or more of atezolizumab, avelumab, durvalumab, ipilimumab, IPH4102, IPH43, IPH33,

lirimumab, monalizumab, nivolumab, pembrolizumab, and their derivatives or functional

equivalents; or (c) at least one of atezolizumab, nivolumab, and pembrolizumab. In some

embodiments where the one or more therapeutic agents comprise an antibody, the antibody

comprises: (a) anti-CD20, anti-HER2, anti-CD52, anti-EGFR, anti-CD123, anti-GD2, anti-

PDL1, and/or anti-CD38 antibody; (b) one or more of retuximab, veltuzumab, ofatumumab,

ublituximab, ocaratuzumab, obinutuzumab, trastuzumab, pertuzumab, alemtuzumab,

certuximab, dinutuximab, avelumab, daratumumab, isatuximab, MOR202, 7G3, CSL362,

elotuzumab, and their humanized or Fc modified variants or fragments and their functional

equivalents and biosimilars; or (c) daratumumab.

[00022] In various embodiments of the composition, the first synthetic cell population and

the second synthetic cell population are separate populations or are combined into a mixed

population.

[00023] In another aspect, the present invention provides for therapeutic use of the

compositions herein by introducing the composition to a subject suitable for adoptive cell

therapy, wherein the subject has an autoimmune disorder; a hematological malignancy; a solid

tumor; cancer, or a virus infection.

[00024] In yet another aspect, the present invention provides a method of improving tumor

killing and/or clearance by a population of CAR-T cells comprising: providing a synthetic cell

population comprising iPSC-derived NK cells to the population of CAR-T cells to obtain a

combined cell population, wherein the iPSC-derived NK cells comprise: (a) an exogenous CD16

or a variant thereof, and (b) one or both of a first chimeric antigen receptor (CAR), and a partial
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or full length peptide of a cell surface expressed exogenous cytokine and/or a receptor thereof;

and wherein the first CAR of the iPSC-derived NK cells comprise a CAR targeting specificity

that is same or different from that of the CAR-T cell. In various embodiments the CAR-T cells

refer to CAR bearing T cells from any source. For example, the T cells may be primary cells or

may be cells from a line cell, may be autologous or allogeneic cells, and may be differentiated

from iPSC.

[00025] In some embodiments of the method of improving tumor killing and/or clearance,

the combined cell population comprises cells having: (i) improved persistency and/or survival,

(ii) increased resistance to native immune cells, (iii) increased cytotoxicity, (iv) improved tumor

penetration, (v) enhanced or acquired ADCC, (vi) enhanced ability in migrating, and/or

activating or recruiting bystander immune cells to tumor sites, (vii) enhanced ability to reduce

tumor immunosuppression, and (viii) improved ability in rescuing tumor antigen escape, in

comparison to tumor killing and/or clearance by the population of CAR-T cells only without the

combination of the iPSC-derived NK cell. In some embodiments of the method, the exogenous

CD16 or variant thereof is a high affinity non-cleavable exogenous CD16 (hnCD16); or wherein

the exogenous CD16 or variant thereof comprises at least one of: (a) F176V and S197P in

ectodomain domain of CD16; (b) a full or partial ectodomain originated from CD64; (c) a non-

native (or non-CD16) transmembrane domain; (d) a non-native (or non-CD16) intracellular

domain; (e) a non-native (or non-CD16) signaling domain; (f) a non-native stimulatory domain;

and (g) transmembrane, signaling, and stimulatory domains that are not originated from CD16,

and are originated from a same or different polypeptide.

[00026] In some embodiments of the method, (a) the non-native transmembrane domain is

derived from CD3D, CD3E, CD3G, CD3 CD4, CD8, CD8a, CD8b, CD27, CD28, CD40,

CD84, CD166, 4-1BB, OX40, ICOS, ICАМ-1, СTLA-4, PD-1, LAG-3, 2B4, BTLA, CD16,

IL7, IL12, IL15, KIR2DL4, KIR2DS1, NKp30, NKp44, NKp46, NKG2C, NKG2D, or T cell

receptor (TCR) polypeptide; (b) the non-native stimulatory domain is derived from CD27,

CD28, 4-1BB, OX40, ICOS, PD-1, LAG-3, 2B4, BTLA, DAP10, DAP12, CTLA-4, or NKG2D

polypeptide; (c) the non-native signaling domain is derived from CD3C, 2B4, DAP10, DAP12,

DNAM1, CD137 (4-1BB), IL21, IL7, IL12, IL15, NKp30, NKp44, NKp46, NKG2C, or

NKG2D polypeptide; or (d) the non-native transmembrane domain is derived from NKG2D, the

non-native stimulatory domain is derived from 2B4, and the non-native signaling domain is

derived from CD3C. In other embodiments of the method, the partial or full length peptide of a

cell surface expressed exogenous cytokine and/or a receptor thereof: (a) comprises at least one
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of IL2, IL4, IL6, IL7, IL9, IL10, IL11, IL12, IL15, IL18, IL21, and/or respective receptors

thereof; or (b) comprises at least one of: (i) co-expression of IL15 and IL15Ra by using a self-

cleaving peptide; (ii) a fusion protein of IL15 and IL15Ra; (iii) an IL15/IL15Ra fusion protein

with intracellular domain of IL15Ra truncated; (iv) a fusion protein of IL15 and membrane

bound Sushi domain of IL15Ra; (v) a fusion protein of IL15 and IL15Rẞ; (vi) a fusion protein

of IL15 and common receptor yC, wherein the common receptor yC is native or modified; and

(vii) a homodimer of IL15Rẞ; wherein any one of (i)-(vii) can be co-expressed with a CAR in

separate constructs or in a bi-cistronic construct; and optionally, (c) is transiently expressed. In

some embodiments of the method, the CAR-T cells are differentiated from an engineered iPSC,

and/or wherein the CAR-T cells comprise a CAR having targeting specificity to any one of

ADGRE2, carbonic anhydrase IX (CAIX), CCR1, CCR4, carcinoembryonic antigen (CEA),

CD3, CD5, CD7, CD8, CD10, CD20, CD22, CD30, CD33, CD34, CD38, CD41, CD44,

CD44V6, CD49f, CD56, CD70, CD74, CD99, CD123, CD133, CD138, CDS, CLEC12A, an

antigen of a cytomegalovirus (CMV) infected cell, epithelial glycoprotein2 (EGP-2), epithelial

glycoprotein-40 (EGP-40), epithelial cell adhesion molecule (EpCAM), EGFRvIII, receptor

tyrosine-protein kinases erb-B2,3,4, EGFIR, EGFR-VIII, ERBB folate-binding protein (FBP),

fetal acetylcholine receptor (AChR), folate receptor-a, Ganglioside G2 (GD2), Ganglioside G3

(GD3), human Epidermal Growth Factor Receptor 2 (HER-2), human telomerase reverse

transcriptase (hTERT), ICAM-1, Integrin B7, Interleukin-13 receptor subunit alpha-2 (IL-

13Ra2), к-light chain, kinase insert domain receptor (KDR), Lewis A (CA19.9), Lewis Y (LeY),

L1 cell adhesion molecule (L1-CAM), LILRB2, melanoma antigen family A 1 (MAGE-A1),

MICA/B, Mucin 1 (Muc-1), Mucin 16 (Muc-16), Mesothelin (MSLN), NKCSI, NKG2D

ligands, c-Met, cancer-testis antigen NY-ESO-1, oncofetal antigen (h5T4), PRAME, prostate

stem cell antigen (PSCA), PRAME prostate-specific membrane antigen (PSMA), tumor-

associated glycoprotein 72 (TAG-72), TIM-3, TRBC1, TRBC2, vascular endothelial growth

factor R2 (VEGF- R2), Wilms tumor protein (WT-1), and a pathogen antigen.

[00027] In some embodiments of the method of improving tumor killing and/or clearance,

the iPSC-derived NK cells and/or the CAR-T cells further comprise one or more of: (i) HLA-I

deficiency; (ii) HLA-II deficiency; (iii) introduced expression of HLA-G or non-cleavable HLA-

G; (iv) at least one of lig-, inR+, cs-CD3+, En+, and Ab+; wherein (1) lig- is negative in an

expressed alloantigen; (2) inR+ is positive in an expressed inactivation-CAR corresponding to

the negative alloantigen; (3) cs-CD3+ is positive in cell surface expressed CD3; (4) En+ is

positive in at least one expressed engager, wherein the engager comprises a bi-specific T cell
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engager (BiTE), or a tri-specific killer cell engager (TriKE); and (5) Ab+ is positive in at least

one expressed antibody or checkpoint inhibitor; (v) deletion or reduced expression in at least one

of B2M, CІІТА, ТАР1, TAP2, Tapasin, NLRC5, PD1, LAG3, TIM3, RFXANK, RFX5, RAG1,

RFXAP, and any gene in the chromosome 6p21 region; and (vi) introduced or increased

expression in at least one of HLA-E, HLA-G, 4-1BBL, CD4, CD8, CD16, CD47, CD113,

CD131, CD137, CD80, PDL1, A2AR, TCR, Fc receptor, and surface triggering receptor for

coupling with bi- or multi- specific or universal engagers. In certain embodiments, (i) the

alloantigen comprises CD40L, OX40, or 4-1BB; (ii) the inactivation-CAR comprises CD40L-

CAR, OX40-CAR, or 4-1BB-CAR; (iii) the BiTE or the TriKE recognizes (a) an immune cell

surface molecule comprising CD3, CD28, CD5, CD16, NKG2D, CD64, CD32, CD89, NKG2C,

or a chimeric Fc receptor thereof, and (b) a tumor surface molecule comprising B7H3, BСМА,

CD10, CD19, CD20, CD22, CD24, CD30, CD33, CD34, CD38, CD44, CD79a, CD79b, CD123,

CD138, CD179b, CEA, CLEC12A, CS-1, DLL3, EGFR, EGFRvIII, EPCAM, FLT-3, FOLR1,

FOLR3, GD2, gpA33, HER2, HM1.24, LGR5, MSLN, MCSP, MICA/B, PSMA, РAMA, Р-

cadherin, or ROR1; (iv) the BiTE comprises CD3-CD19, CD16-CD30, CD64-CD30, CD16-

BCMA, CD64-BCMA, or CD3-CD33; (v) the TriKE comprises CD16-IL15-EPCAM, CD64-

IL15-EPCAM, CD16-IL15-CD33, CD64-IL15-CD33, or NKG2C-IL15-CD33; (vi) the antibody

comprises an anti-CD20, anti-HER2, anti-CD52, anti-EGFR, anti-CD123, anti-GD2, anti-PDL1,

or anti-CD38 antibody; or (vii) the checkpoint inhibitor comprises (a) an antagonist to a

checkpoint molecule comprising PD-1, PDL-1, TIM-3, TIGIT, LAG-3, CTLA-4, 2B4, 4-1BB, 4-

1BBL, A2AR, BATE, BTLA, CD39, CD47, CD73, CD94, CD96, CD160, CD200, CD200R,

CD274, CEACAM1, CSF-1R, Foxpl, GARP, HVEM, IDO, EDO, TDO, LAIR-1, MICA/B,

NR4A2, MAFB, OCT-2, Rara (retinoic acid receptor alpha), TLR3, VISTA, NKG2A/HLA-E, or

inhibitory KIR; (b) one of atezolizumab, avelumab, durvalumab, ipilimumab, IPH4102, IPH43,

IPH33, lirimumab, monalizumab, nivolumab, pembrolizumab, and their derivatives or

functional equivalents; or (c) one of atezolizumab, nivolumab, and pembrolizumab.

[00028] In some embodiments of the method of improving tumor killing and/or clearance,

the method further comprises providing one or more therapeutic agent, wherein the one or more

therapeutic agents comprise a peptide, a cytokine, a checkpoint inhibitor, an antibody, a mitogen,

a growth factor, a small RNA, a dsRNA (double stranded RNA), mononuclear blood cells,

feeder cells, feeder cell components or replacement factors thereof, a vector comprising one or

more polynucleic acids of interest, a chemotherapeutic agent or a radioactive moiety, or an

immunomodulatory drug (IMiD). In some embodiments of the method of improving tumor
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killing and/or clearance where the one or more therapeutic agents comprise a checkpoint

inhibitor, the the checkpoint inhibitor comprises: (a) one or more antagonist checkpoint

molecules comprising PD-1, PDL-1, TIM-3, TIGIT, LAG-3, CTLA-4, 2B4, 4-1BB, 4-1BBL,

A2AR, BATE, BTLA, CD39, CD47, CD73, CD94, CD96, CD160, CD200, CD200R, CD274,

CEACAM1, CSF-1R, Foxpl, GARP, HVEM, IDO, EDO, TDO, LAIR-1, MICA/B, NR4A2,

MAFB, OCT-2, Rara (retinoic acid receptor alpha), TLR3, VISTA, NKG2A/HLA-E, or

inhibitory KIR; (b) one or more of atezolizumab, avelumab, durvalumab, ipilimumab, IPH4102,

IPH43, IPH33, lirimumab, monalizumab, nivolumab, pembrolizumab, and their derivatives or

functional equivalents; or (c) at least one of atezolizumab, nivolumab, and pembrolizumab. In

some embodiments of the method of improving tumor killing and/or clearance where the one or

more therapeutic agents comprise an antibody, the antibody comprises: (a) anti-CD20, anti-

HER2, anti-CD52, anti-EGFR, anti-CD123, anti-GD2, anti-PDL1, and/or anti-CD38 antibody;

(b) one or more of retuximab, veltuzumab, ofatumumab, ublituximab, ocaratuzumab,

obinutuzumab, trastuzumab, pertuzumab, alemtuzumab, certuximab, dinutuximab, avelumab,

daratumumab, isatuximab, MOR202, 7G3, CSL362, elotuzumab, and their humanized or Fc

modified variants or fragments and their functional equivalents and biosimilars; or (c)

daratumumab.

[00029] In another aspect, the present invention provides a method of treating a subject

using the compositions described herein, wherein the method comprises: (i) administering the

first synthetic cell population that comprises iPSC-derived NK cells to the subject, wherein the

iPSC-derived NK cells comprise: (a) an exogenous CD16 or a variant thereof, and (b) one or

both of a first chimeric antigen receptor (CAR), and a partial or full length peptide of a cell

surface expressed exogenous cytokine or a receptor thereof, and (ii) administering the second

synthetic cell population that comprises iPSC-derived T cells to the subject, wherein the iPSC-

derived T cells comprise: at least a second chimeric antigen receptor (CAR), wherein the second

CAR is expressed under the control of an endogenous promoter of a TCR locus, and wherein the

first CAR and the second CAR are same or different in targeting specificity. In certain

embodiments, the subject has a condition comprising an autoimmune disorder, a hematological

malignancy; a solid tumor; cancer, or a virus infection; and/or wherein the method provides

enhanced improvement of the condition in comparison using the first or the second synthetic cell

population alone. In some embodiments, the first synthetic cell population and the second

synthetic cell population are administrated concurrently, or sequentially in any order. In various

embodiments of the method of treating a subject using the compositions described herein, the
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the first synthetic cell population and the second synthetic cell population are separate

populations or are combined into a mixed population prior to administration to the subject. In

some embodiments of the method of treating a subject using the compositions described herein,

the method further comprises administering one or more therapeutic agents; and/or

administering an additional population of cells, wherein the one or more therapeutic agents

and/or the additional population of cells are administered concurrently or sequentially with

either the first synthetic cell population or the second synthetic cell population. In some

embodiments, where the method includes administering an additional population of cells, the

additional cell population comprises regulatory cells. In some embodiments, the regulatory cells

are iPSC-derived immune regulatory cells or myeloid derived suppressor cells (MDSCs). In

some embodiments, where the method includes administering on or more therapeutic agents, the

one or more therapeutic agents comprise a peptide, a cytokine, a checkpoint inhibitor, a mitogen,

a growth factor, a small RNA, a dsRNA (double stranded RNA), mononuclear blood cells,

feeder cells, feeder cell components or replacement factors thereof, a vector comprising one or

more polynucleic acids of interest, an antibody, a chemotherapeutic agent or a radioactive

moiety, or an immunomodulatory drug (IMiD).

[00030] In various embodiments of method of treating a subject using the compositions

described herein, the method further comprises administering to the subject: (i) a BiTE or a

TriKE specific to (a) an immune cell surface molecule comprising CD3, CD28, CD5, CD16,

NKG2D, CD64, CD32, CD89, NKG2C, or a chimeric Fc receptor thereof; and (b) a tumor

surface molecule comprising B7H3, BCMA, CD10, CD19, CD20, CD22, CD24, CD30, CD33,

CD34, CD38, CD44, CD79a, CD79b, CD123, CD138, CD179b, CEA, CLEC12A, CS-1, DLL3,

EGFR, EGFRvIII, ЕРCAM, FLT-3, FOLR1, FOLR3, GD2, gpA33, HER2, HM1.24, LGR5,

MSLN, MCSP, MICA/B, PSMA, PAMА, P-cadherin, or ROR1; (ii) a BiTE comprising CD3-

CD19, CD16-CD30, CD64-CD30, CD16-BCMA, CD64-BCMA, or CD3-CD33; (iii) a TriKE

comprising CD16-IL15-EPCAM, CD64-IL15-EPCAM, CD16-IL15-CD33, CD64-IL15-CD33,

or NKG2C-IL15-CD33; (iv) an antibody comprising an anti-CD20, anti-HER2, anti-CD52, anti-

EGFR, anti-CD123, anti-GD2, anti-PDL1, or anti-CD38 antibody; or (v) a checkpoint inhibitor

comprising (a) an antagonist to a checkpoint molecule comprising PD-1, PDL-1, TIM-3, TIGIT,

LAG-3, CTLA-4, 2B4, 4-1BB, 4-1BBL, A2AR, BATE, BTLA, CD39, CD47, CD73, CD94,

CD96, CD160, CD200, CD200R, CD274, CEACAM1, CSF-1R, Foxpl, GARP, HVEM, IDO,

EDO, TDO, LAIR-1, MICA/B, NR4A2, MAFB, OCT-2, Rara (retinoic acid receptor alpha),

TLR3, VISTA, NKG2A/HLA-E, or inhibitory KIR; (b) one of atezolizumab, avelumab,
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durvalumab, ipilimumab, IPH4102, IPH43, IPH33, lirimumab, monalizumab, nivolumab,

pembrolizumab, and their derivatives or functional equivalents; or (c) one of atezolizumab,

nivolumab, and pembrolizumab.

[00031] In another aspect, the present invention provides a method of manufacturing the

compositions described herein, the method comprising: (i) differentiating a first genetically

engineered iPSC to obtain a first synthetic cell population comprising iPSC-derived NK cells,

wherein the first iPSC comprises a polynucleotide encoding (a) an exogenous CD16 or a variant

thereof; and (b) one or both of a first chimeric antigen receptor (CAR), and a partial or full

length peptide of a cell surface expressed exogenous cytokine and/or a receptor thereof, wherein

the iPSC-derived NK cells comprise (a) and (b); and (ii) differentiating a second genetically

engineered iPSC to obtain a second synthetic cell population comprising iPSC-derived T cells,

wherein the second iPSC comprises a polynucleotide encoding at least a second chimeric

antigen receptor (CAR), wherein the second CAR is expressed under the control of an

endogenous promoter of a TCR locus, and wherein the iPSC-derived T cells comprise the

second CAR, thereby manufacturing the compositions described herein. In some embodiments

of the method of manufacturing, the exogenous CD16 or variant thereof is a high affinity non-

cleavable exogenous CD16 (hnCD16); or wherein the exogenous CD16 or variant thereof

comprises at least one of: (a) F176V and S197P in ectodomain domain of CD16; (b) a full or

partial ectodomain originated from CD64; (c) a non-native (or non-CD16) transmembrane

domain; (d) a non-native (or non-CD16) intracellular domain; (e) a non-native (or non-CD16)

signaling domain; (f) a non-native stimulatory domain; and (g) transmembrane, signaling, and

stimulatory domains that are not originated from CD16, and are originated from a same or

different polypeptide. In some embodiments of the method of manufacturing, (a) the non-native

transmembrane domain is derived from CD3D, CD3E, CD3G, CD3, CD4, CD8, CD8a, CD8b,

CD27, CD28, CD40, CD84, CD166, 4-1BB, OX40, ICOS, ICAM-1, CTLA-4, PD-1, LAG-3,

2B4, BTLA, CD16, IL7, IL12, IL15, KIR2DL4, KIR2DS1, NKp30, NKp44, NKp46, NKG2C,

NKG2D, or T cell receptor (TCR) polypeptide; (b) the non-native stimulatory domain is derived

from CD27, CD28, 4-1BB, OX40, ICOS, PD-1, LAG-3, 2B4, BTLA, DAP10, DAP12, CTLA-

4, or NKG2D polypeptide; (c) the non-native signaling domain is derived from CD3, 2B4,

DAP10, DAP12, DNAM1, CD137 (4-1BB), IL21, IL7, IL12, IL15, NKp30, NKp44, NKp46,

NKG2C, or NKG2D polypeptide; or (d) the non-native transmembrane domain is derived from

NKG2D, the non-native stimulatory domain is derived from 2B4, and the non-native signaling

domain is derived from CD3C.
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[00032] In some embodiments of the method of manufacturing, the first CAR and the

second CAR are the same or are different in targeting specificity, and the first CAR or the

second CAR is: (i) T cell specific or NK cell specific; (ii) a bi-specific antigen binding CAR;

(iii) a switchable CAR; (iv) a dimerized CAR; (v) a split CAR; (vi) a multi-chain CAR; (vii) an

inducible CAR; (viii) co-expressed with another CAR; (ix) co-expressed with a partial or full

length peptide of a cell surface expressed exogenous cytokine and/or a receptor thereof,

optionally in separate constructs or in a bi-cistronic construct; (x) co-expressed with a

checkpoint inhibitor, optionally in separate constructs or in a bi-cistronic construct; (xi)

specific to CD19 or BCMA; and/or (xii) specific to any one of ADGRE2, carbonic

anhydrase IX (CAIX), CCR1, CCR4, carcinoembryonic antigen (CEA), CD3, CD5, CD7, CD8,

CD10, CD20, CD22, CD30, CD33, CD34, CD38, CD41, CD44, CD44V6, CD49f, CD56,

CD70, CD74, CD99, CD123, CD133, CD138, CDS, CLEC12A, an antigen of a

cytomegalovirus (CMV) infected cell, epithelial glycoprotein2 (EGP-2), epithelial glycoprotein-

40 (EGP-40), epithelial cell adhesion molecule (EpCAM), EGFRvIII, receptor tyrosine-protein

kinases erb-B2,3,4, EGFIR, EGFR-VIII, ERBB folate-binding protein (FBP), fetal acetylcholine

receptor (AChR), folate receptor-a, Ganglioside G2 (GD2), Ganglioside G3 (GD3), human

Epidermal Growth Factor Receptor 2 (HER-2), human telomerase reverse transcriptase

(hTERT), ICAM-1, Integrin B7, Interleukin-13 receptor subunit alpha-2 (IL-13Ra2), к-light

chain, kinase insert domain receptor (KDR), Lewis A (CA19.9), Lewis Y (LeY), L1 cell

adhesion molecule (L1-CAM), LILRB2, melanoma antigen family A 1 (MAGE-A1), MICA/B,

Mucin 1 (Muc-1), Mucin 16 (Muc-16), Mesothelin (MSLN), NKCSI, NKG2D ligands, c-Met,

cancer-testis antigen NY-ESO-1, oncofetal antigen (h5T4), PRAME, prostate stem cell antigen

(PSCA), PRAME prostate-specific membrane antigen (PSMA), tumor- associated glycoprotein

72 (TAG-72), TIM-3, TRBC1, TRBC2, vascular endothelial growth factor R2 (VEGF-R2),

Wilms tumor protein (WT-1), and a pathogen antigen. In other embodiments of the method of

manufacturing, the partial or full length peptide of a cell surface expressed exogenous cytokine

and/or a receptor thereof: (a) comprises at least one of IL2, IL4, IL6, IL7, IL9, IL10, IL11, IL12,

IL15, IL18, IL21, and/or respective receptors thereof; or (b) comprises at least one of: (i) cо-

expression of IL15 and IL15Ra by using a self-cleaving peptide; (ii) a fusion protein of IL15

and IL15Ra; (iii) an IL15/IL15Ra fusion protein with intracellular domain of IL15Ra truncated;

(iv) a fusion protein of IL15 and membrane bound Sushi domain of IL15Ra; (v) a fusion protein

of IL15 and IL15RB; (vi) a fusion protein of IL15 and common receptor yC, wherein the

common receptor yC is native or modified; and (vii) a homodimer of IL15RB; wherein any one
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of (i)-(vii) can be co-expressed with a CAR in separate constructs or in a bi-cistronic construct;

and optionally, (c) is transiently expressed.

[00033] In some embodiments of the method of manufacturing, the first genetically

engineered iPSC or the second genetically engineered iPSC further comprises one or more of: (i)

HLA-I deficiency; (ii) HLA-II deficiency; (iii) introduced expression of HLA-G or non-

cleavable HLA-G; (iv) at least one of lig-, inR+, cs-CD3+, En+, and Ab+; wherein (1) lig- is

negative in an expressed alloantigen; (2) inR+ is positive in an expressed inactivation-CAR

corresponding to the negative alloantigen; (3) cs-CD3+ is positive in cell surface expressed

CD3; (4) En+ is positive in at least one expressed engager, wherein the engager comprises a bi-

specific T cell engager (BiTE), or a tri-specific killer cell engager (TriKE); and (5) Ab+ is

positive in at least one expressed antibody or checkpoint inhibitor; (v) deletion or reduced

expression in at least one of B2M, СIТА, ТAP1, TAP2, Tapasin, NLRC5, PD1, LAG3, TIM3,

RFXANK, RFX5, RAG1, RFXAP, and any gene in the chromosome 6p21 region; and (vi)

introduced or increased expression in at least one of HLA-E, HLA-G, 41BBL, CD4, CD8,

CD16, CD47, CD113, CD131, CD137, CD80, PDL1, A2AR, TCR, Fc receptor, and surface

triggering receptor for coupling with bi- or multi- specific or universal engagers. In certain

embodiments, (i) the alloantigen comprises CD40L, OX40, or 4-1BB; (ii) the inactivation-CAR

comprises CD40L-CAR, OX40-CAR, or 4-1BB-CAR; (iii) the BiTE or the TriKE is specific to

(a) an immune cell surface molecule comprising CD3, CD28, CD5, CD16, NKG2D, CD64,

CD32, CD89, NKG2C, or a chimeric Fc receptor thereof; and (b) a tumor surface molecule

comprising B7H3, BCMA, CD10, CD19, CD20, CD22, CD24, CD30, CD33, CD34, CD38,

CD44, CD79a, CD79b, CD123, CD138, CD179b, CEA, CLEC12A, CS-1, DLL3, EGFR,

EGFRvIII, EPCAM, FLT-3, FOLR1, FOLR3, GD2, gpA33, HER2, HM1.24, LGR5, MSLN,

MCSP, MICA/B, PSMА, PAMA, P-cadherin, or ROR1; (iv) the BiTE comprises CD3-CD19,

CD16-CD30, CD64-CD30, CD16-ВСМА, CD64-BCMA, or CD3-CD33; (v) the TriKE

comprises CD16-IL15-ЕРСАМ, CD64-IL15-ЕРСАМ, CD16-IL15-CD33, CD64-IL15-CD33, or

NKG2C-IL15-CD33; (vi) the antibody comprises an anti-CD20, anti-HER2, anti-CD52, anti-

EGFR, anti-CD123, anti-GD2, anti-PDL1, or anti-CD38 antibody; or (vii) the checkpoint

inhibitor comprises (a) an antagonist to a checkpoint molecule comprising PD-1, PDL-1, TIM-3,

TIGIT, LAG-3, CTLA-4, 2B4, 4-1BB, 4-1BBL, A2AR, BATE, BTLA, CD39, CD47, CD73,

CD94, CD96, CD160, CD200, CD200R, CD274, CEACAM1, CSF-1R, Foxpl, GARP, HVEM,

IDO, EDO, TDO, LAIR-1, MICA/B, NR4A2, MAFB, OCT-2, Rara (retinoic acid receptor

alpha), TLR3, VISTA, NKG2A/HLA-E, or inhibitory KIR; (b) one of atezolizumab, avelumab,
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durvalumab, ipilimumab, IPH4102, IPH43, IPH33, lirimumab, monalizumab, nivolumab,

pembrolizumab, and their derivatives or functional equivalents; or (c) one of atezolizumab,

nivolumab, and pembrolizumab.

[00034] In some embodiments of the method of manufacturing, the first genetically

engineered iPSC or the second genetically engineered iPSC comprise: (i) one or more

exogenous polynucleotides integrated in one desired integration site; or (ii) more than twо

exogenous polynucleotides integrated in different desired integration sites. In certain

embodiments, the desired integration site comprises at least one of AAVS1, CCR5, ROSA26,

collagen, HTRP, H11, GAPDH, RUNX1, В2M, ТАP1, TAP2, tapasin, NLRC5, CIITA,

RFXANK, RFX5, RFXAP, TCR a or ẞ constant region, NKG2A, NKG2D, CD25, CD38,

CD40L, CD44, CD54, CD56, CD58, CD69, CD71, ОХ40, 4-1BB, CIS, CBL-B, SOCS2, PD1,

CTLA4, LAG3, TIM3, and TIGIT. In other embodiments, the desired integration site comprises

TCR a or ẞ constant region, CD25, CD38, CD40L, CD44, CD54, CD58, CD69, CD71, OX40 or

4-1BB; and optionally, wherein the TCRa or TCRẞ, CD25, CD38, CD40L, CD44, CD54, CD58,

CD69, CD71, OX40 or 4-1BB is knocked out as a result of integrating said one or more

exogenous polynucleotides at the respective integration site.

[00035] In some embodiments of the method of manufacturing, the iPSC-derived NK cells

or the iPSC-derived T cells have at least one of the following characteristics comprising: (i)

improved persistency and/or survival, (ii) increased resistance to native immune cells, (iii)

increased cytotoxicity, (iv) improved tumor penetration, (v) enhanced or acquired ADCC, (vi)

enhanced ability in migrating, and/or activating or recruiting bystander immune cells to tumor

sites, (vii) enhanced ability to reduce tumor immunosuppression, and (viii) improved ability in

rescuing tumor antigen escape, in comparison to its native counterpart cell obtained from

peripheral blood, umbilical cord blood, or any other donor tissues. In various embodiments of

the method of manufacturing, the first synthetic cell population or the second synthetic cell

population is modulated ex vivo. In certain embodiments, the modulated first synthetic cell

population comprising iPSC-derived NK cells comprises an increased number or ratio of type I

NKT cells, and/or adaptive NK cells, as compared to the first synthetic cell population without

being modulated; or wherein the second modulated synthetic cell population comprising iPSC-

derived T cells comprises an increased number or ratio of naïve T cells, stem cell memory T

cells, and/or central memory T cells, as compared to the second synthetic cell population without

being modulated.
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[00036] In some embodiments of the method of manufacturing, (i) the iPSC-derived NK

cells and the iPSC-derived T cells are in a ratio ranging from 100:1 to 1:100; (ii) the method

further comprises adding one or more additional cell populations to the produced first and

second synthetic cell populations; or (iii) the method further comprises adding one or more

therapeutic agents to the produced first and second synthetic cell populations. In certain

embodiments, the one or more additional cell populations comprise regulatory cells. In some

embodiments where the one or more additional cell populations comprise regulatory cells, the

regulatory cells are iPSC-derived immune regulatory cells or myeloid derived suppressor cells

(MDSCs). In some embodiments where the method further comprises adding one or more

therapeutic agents to the produced first and second synthetic cell populations, the one or more

therapeutic agents comprise a peptide, a cytokine, a checkpoint inhibitor, a mitogen, a growth

factor, a small RNA, a dsRNA (double stranded RNA), mononuclear blood cells, feeder cells,

feeder cell components or replacement factors thereof, a vector comprising one or more

polynucleic acids of interest, an antibody, a chemotherapeutic agent or a radioactive moiety, or

an immunomodulatory drug (IMiD). In some embodiments wherein the one or more

thereapuetic agents comprise checkpoint inhibitors, the checkpoint inhibitor comprises (a) one

or more antagonist checkpoint molecules comprising PD-1, PDL-1, TIM-3, TIGIT, LAG-3,

CTLA-4, 2B4, 4-1BB, 4-1BBL, A2AR, BATE, BTLA, CD39, CD47, CD73, CD94, CD96,

CD160, CD200, CD200R, CD274, CEACAM1, CSF-1R, Foxpl, GARP, HVEM, IDO, EDO,

TDO, LAIR-1, MICA/B, NR4A2, MAFB, OCT-2, Rara (retinoic acid receptor alpha), TLR3,

VISTA, NKG2A/HLA-E, or inhibitory KIR; (b) one or more of atezolizumab, avelumab,

durvalumab, ipilimumab, IPH4102, IPH43, IPH33, lirimumab, monalizumab, nivolumab,

pembrolizumab, and their derivatives or functional equivalents; or (c) at least one of

atezolizumab, nivolumab, and pembrolizumab. In some embodiments wherein the one or more

thereapuetic agents comprise antibodies, the antibody comprises: (a) anti-CD20, anti-HER2,

anti-CD52, anti-EGFR, anti-CD123, anti-GD2, anti-PDL1, and/or anti-CD38 antibody; (b) one

or more of retuximab, veltuzumab, ofatumumab, ublituximab, ocaratuzumab, obinutuzumab,

trastuzumab, pertuzumab, alemtuzumab, certuximab, dinutuximab, avelumab, daratumumab,

isatuximab, MOR202, 7G3, CSL362, elotuzumab, and their humanized or Fc modified variants

or fragments and their functional equivalents and biosimilars; or (c) daratumumab. In various

embodiments of the method of manufacturing, the method further comprises combining the first

synthetic cell population and the second synthetic cell population into a mixed population.
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[00037] Various objects and advantages of the compositions and methods as provided

herein will become apparent from the following description taken in conjunction with the

accompanying drawings wherein are set forth, by way of illustration and example, certain

embodiments of this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[00038] FIG. 1 is a graphic representation of several construct designs for cell surface

expressed cytokines or receptors thereof in iPSC-derived cells. IL15 is used as an illustrative

example, which can be replaced with other desirable cytokines.

[00039] FIG. 2 is a graphic representation of telomere length determined by flow

cytometry, and showing that the mature derivative NK cells from iPSC maintain longer

telomeres compared to adult peripheral blood NK cells.

[00040] FIG. 3 is a graphic representation showing that sequential addition of CAR-iNK

cells improves cytotoxicity of CAR-iT cells, and that the killing of the target tumor cells is

further augmented by ADCC.

[00041] FIGS. 4A and 4B are graphic representations showing the assessment of direct

cytotoxicity and ADCC additive effect of CAR-iT and CAR-iNK cells in combination in

increased E:T ratio by addition of RTX Raji-parental targets (CD19+; A) and Raji-CD19KO

(CD19; B), with FIG. 4A demonstrating the duo targeting effect, and FIG. 4B further addressing

the effector cell combo cytotoxicity to the target cell in a tumor antigen escape setting.

[00042] FIG. 5A is a graphic representation showing the titration of effector to target ratios

against target cell line ARH-77 (CD19+CD20+), demonstrating additive increases in anti-tumor

activity with CAR-iT alone, CAR-iT and CAR-iNK, and CAR-iT and CAR-iNK in combination

with rituximab; FIG. 5B shows relative activity of CAR-iT alone, CAR-iT and CAR-iNK, and

CAR-iT and CAR-iNK in combination with rituximab versus a panel of B tumor lines,

calculated as area under the curve (AUC) and illustrated in a heatmap.

[00043] FIGS. 6A-6C are graphic representations showing the results from NSG mice

inoculated with RAJI tumor cells and treated with (FIG. 6A) Rituximab alone, (FIG. 6B)

primary CAR-T cells, and (FIG. 6C) a combination of CAR-iT, CAR-iNK and rituximab.

[00044] FIG. 6D shows IVIS images of each mouse over a period of 41 days post injection

demonstrating effective clearing of Raji tumor cells in an in vivo lymphoma model using a

combination of CAR-iT, CAR-iNK and ADCC function.
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DETAILED DESCRIPTION OF THE INVENTION

[00045] Genomic modification of iPSCs (induced pluripotent stem cells) includes

polynucleotide insertion, deletion and substitution. Exogenous gene expression in genome-

engineered iPSCs often encounters problems such as as gene silencing or reduced gene expression

after prolonged clonal expansion of the original genome-engineered iPSCs, after cell

differentiation, and in dedifferentiated cell types from the cells derived from the genome-

engineered iPSCs. On the other hand, direct engineering of primary immune cells such as T or

NK cells is challenging, and presents a hurdle to the preparation and delivery of engineered

immune cells for adoptive cell therapy. In various embodiments, the present invention provides

an efficient, reliable, and targeted approach for stably integrating one or more exogenous genes,

including suicide genes and other functional modalities, which provide improved therapeutic

properties relating to engraftment, trafficking, homing, migration, cytotoxicity, viability,

maintenance, expansion, longevity, self-renewal, persistence, and/or survival into iPSC

derivative cells obtained through directed iPSC differentiation, which derivative cells include

but are not limited to HSCs (hematopoietic stem and progenitor cells), hematopoietic

multipotent progenitor cells, T cell progenitor cells, NK cell progenitor cells, T cells, NKT cells,

NK cells and B cells.

[00046] Definitions

[00047] Unless otherwise defined herein, scientific and technical terms used in connection

with the present application 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.

[00048] It should be understood that this invention is not limited to the particular

methodology, protocols, and reagents, etc., described herein and as such may vary. The

terminology used herein is for the purpose of describing particular embodiments only, and is not

intended to limit the scope of the present invention, which is defined solely by the claims.

[00049] As used herein, the articles "a," "an," and "the" are used herein to refer to one or to

more than one (i.e., to at least one) of the grammatical object of the article. By way of example,

"an element" means one element or more than one element.

[00050] The use of the alternative (e.g., "or") should be understood to mean either one,

both, or any combination thereof of the alternatives.

[00051] The term "and/or" should be understood to mean either one, both or all of the

alternatives.
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[00052] As used herein, the term "about" or "approximately" refers to a quantity, level,

value, number, frequency, percentage, dimension, size, amount, weight or length that varies by

as much as 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or 1% compared to a reference

quantity, level, value, number, frequency, percentage, dimension, size, amount, weight or length.

In one embodiment, the term “about" or "approximately" refers a range of quantity, level, value,

number, frequency, percentage, dimension, size, amount, weight or length ± 15%, ± 10%, ± 9%,

± 8%, ± 7%, ± 6%, ± 5%, ± 4%, ± 3%, ± 2%, or ± 1% of a reference quantity, level, value,

number, frequency, percentage, dimension, size, amount, weight or length.

[00053] As used herein, the term "substantially" or "essentially" refers to a quantity, level,

value, number, frequency, percentage, dimension, size, amount, weight or length that is about

90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% or higher compared to a reference

quantity, level, value, number, frequency, percentage, dimension, size, amount, weight or length.

In one embodiment, the terms "essentially the same" or "substantially the same" refer a range of

quantity, level, value, number, frequency, percentage, dimension, size, amount, weight or length

that is about the same as a reference quantity, level, value, number, frequency, percentage,

dimension, size, amount, weight or length.

[00054] As used herein, the terms "substantially free of" and “essentially free of' are used

interchangeably, and when used to describe a composition, such as a cell population or culture

media, refer to a composition that is free of a specified substance or its source thereof, such as,

95% free, 96% free, 97% free, 98% free, 99% free of the specified substance or its source

thereof, or is undetectable as measured by conventional means. The term "free of" or

"essentially free of" a certain ingredient or substance in a composition also means that no such

ingredient or substance is (1) included in the composition at any concentration, or (2) included

in the composition at a functionally inert, low concentration. Similar meaning can be applied to

the term "absence of," where referring to the absence of a particular substance or its source

thereof of a composition.

[00055] Throughout this specification, unless the context requires otherwise, the words

"comprise," "comprises" and "comprising" will be understood to imply the inclusion of a stated

step or element or group of steps or elements but not the exclusion of any other step or element

or group of steps or elements. In particular embodiments, the terms "include," "has," "contains,"

and "comprise" are used synonymously.
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[00056] By "consisting of' is meant including, and limited to, whatever follows the phrase

"consisting of." Thus, the phrase "consisting of" indicates that the listed elements are required

or mandatory, and that no other elements may be present.

[00057] By "consisting essentially of' is meant including any elements listed after the

phrase, and limited to other elements that do not interfere with or contribute to the activity or

action specified in the disclosure for the listed elements. Thus, the phrase "consisting essentially

of" indicates that the listed elements are required or mandatory, but that no other elements are

optional and may or may not be present depending upon whether or not they affect the activity

or action of the listed elements.

[00058] Reference throughout this specification to “one embodiment," "an embodiment,"

"a particular embodiment," "a related embodiment," "a certain embodiment," "an additional

embodiment," or "a further embodiment" or combinations thereof means that a particular

feature, structure or characteristic described in connection with the embodiment is included in at

least one embodiment of the present invention. Thus, the appearances of the foregoing phrases in

various places throughout this specification are not necessarily all referring to the same

embodiment. Furthermore, the particular features, structures, or characteristics may be combined

in any suitable manner in one or more embodiments.

[00059] The term "ex vivo" refers generally to activities that take place outside an

organism, such as experimentation or measurements done in or on living tissue in an artificial

environment outside the organism, preferably with minimum alteration of the natural conditions.

In particular embodiments, "ex vivo" procedures involve living cells or tissues taken from an

organism and cultured in a laboratory apparatus, usually under sterile conditions, and typically

for a few hours or up to about 24 hours, but including up to 48 or 72 hours or longer, depending

on the circumstances. In certain embodiments, such tissues or cells can be collected and frozen,

and later thawed for ex vivo treatment. Tissue culture experiments or procedures lasting longer

than a few days using living cells or tissue are typically considered to be “in vitro," though in

certain embodiments, this term can be used interchangeably with ex vivo.

[00060] The term "in vivo" refers generally to activities that take place inside an organism.

[00061] As used herein, the terms "reprogramming" or "dedifferentiation" or "increasing

cell potency" or "increasing developmental potency" refer to a method of increasing the potency

of a cell or dedifferentiating the cell to a less differentiated state. For example, a cell that has an

increased cell potency has more developmental plasticity (i.e., can differentiate into more cell

types) compared to the same cell in the non-reprogrammed state. In other words, a
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reprogrammed cell is one that is in a less differentiated state than the same cell in a non-

reprogrammed state.

[00062] As used herein, the term "differentiation" is the process by which an unspecialized

("uncommitted") or less specialized cell acquires the features of a specialized cell such as, for

example, a blood cell or a muscle cell. A differentiated or differentiation- induced cell is one that

has taken on a more specialized ("committed") position within the lineage of a cell. The term

"committed", when applied to the process of differentiation, refers to a cell that has proceeded in

the differentiation pathway to a point where, under normal circumstances, it will continue to

differentiate into a specific cell type or subset of cell types, and cannot, under normal

circumstances, differentiate into a different cell type or revert to a less differentiated cell type.

As used herein, the term "pluripotent" refers to the ability of a cell to form all lineages of the

body or soma (i.e., the embryo proper). For example, embryonic stem cells are a type of

pluripotent stem cells that are able to form cells from each of the three germs layers: the

ectoderm, the mesoderm, and the endoderm. Pluripotency is a continuum of developmental

potencies ranging from the incompletely or partially pluripotent cell (e.g., an epiblast stem cell

or EpiSC),  which is unable to give rise to a complete organism, to the more primitive, more

pluripotent cell, which is able to give rise to a complete organism (e.g., an embryonic stem cell).

[00063] As used herein, the term "induced pluripotent stem cells" or "iPSCs", refers to

stem cells that are produced from differentiated adult, neonatal or fetal cells that have been

induced or changed, i.e., reprogrammed into cells capable of differentiating into tissues of all

three germ or dermal layers: mesoderm, endoderm, and ectoderm. The iPSCs produced do not

refer to cells as they are found in nature.

[00064] As used herein, the term "embryonic stem cell" refers to naturally occurring

pluripotent stem cells of the inner cell mass of the embryonic blastocyst. Embryonic stem cells

are pluripotent and give rise during development to all derivatives of the three primary germ

layers: ectoderm, endoderm and mesoderm. They do not contribute to the extra-embryonic

membranes or the placenta (i.e., are not totipotent).

[00065] As used herein, the term "multipotent stem cell" refers to a cell that has the

developmental potential to differentiate into cells of one or more germ layers (i.e., ectoderm,

mesoderm and endoderm), but not all three. Thus, a multipotent cell can also be termed a

"partially differentiated cell." Multipotent cells are well known in the art, and examples of

multipotent cells include adult stem cells, such as for example, hematopoietic stem cells and

neural stem cells. "Multipotent" indicates that a cell may form many types of cells in a given
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lineage, but not cells of other lineages. For example, a multipotent hematopoietic cell can form

the many different types of blood cells (red, white, platelets, etc.), but it cannot form neurons.

Accordingly, the term "multipotency" refers to the state of a cell with a degree of developmental

potential that is less than totipotent and pluripotent.

[00066] Pluripotency can be determined, in part, by assessing pluripotency characteristics

of the cells. Pluripotency characteristics include, but are not limited to: (i) pluripotent stem cell

morphology; (ii) the potential for unlimited self-renewal; (iii) expression of pluripotent stem cell

markers including, but not limited to SSEA1 (mouse only), SSEA3/4, SSEA5, TRA1-60/81,

TRA1-85, TRA2-54, GCTM-2, TG343, TG30, CD9, CD29, CD133/prominin, CD140a, CD56,

CD73, CD90, CD105, OCT4, NANOG, SOX2, CD30 and/or CD50; (iv) the ability to

differentiate to all three somatic lineages (ectoderm, mesoderm and endoderm); (v) teratoma

formation consisting of the three somatic lineages; and (vi) formation of embryoid bodies

consisting of cells from the three somatic lineages.

[00067] Two types of pluripotency have previously been described: the "primed" or

"metastable" state of pluripotency akin to the epiblast stem cells (EpiSC) of the late blastocyst,

and the "naïve" or "ground" state of pluripotency akin to the inner cell mass of the

early/preimplantation blastocyst. While both pluripotent states exhibit the characteristics as

described above, the naïve or ground state further exhibits: (i) pre-inactivation or reactivation of

the X-chromosome in female cells; (ii) improved clonality and survival during single-cell

culturing; (iii) global reduction in DNA methylation; (iv) reduction of H3K27me3 repressive

chromatin mark deposition on developmental regulatory gene promoters; and (v) reduced

expression of differentiation markers relative to primed state pluripotent cells. Standard

methodologies of cellular reprogramming in which exogenous pluripotency genes are introduced

to a somatic cell, expressed, and then either silenced or removed from the resulting pluripotent

cells are generally seen to have characteristics of the primed state of pluripotency. Under

standard pluripotent cell culture conditions such cells remain in the primed state unless the

exogenous transgene expression is maintained, wherein characteristics of the ground state are

observed.

[00068] As used herein, the term "pluripotent stem cell morphology" refers to the classical

morphological features of an embryonic stem cell. Normal embryonic stem cell morphology is

characterized by being round and small in shape, with a high nucleus-to-cytoplasm ratio, the

notable presence of nucleoli, and typical inter-cell spacing.
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[00069] As used herein, the term "subject" refers to any animal, preferably a human

patient, livestock, or other domesticated animal.

[00070] A "pluripotency factor," or "reprogramming factor," refers to an agent capable of

increasing the developmental potency of a cell, either alone or in combination with other agents.

Pluripotency factors include, without limitation, polynucleotides, polypeptides, and small

molecules capable of increasing the developmental potency of a cell. Exemplary pluripotency

factors include, for example, transcription factors and small molecule reprogramming agents.

[00071] "Culture" or "cell culture" refers to the maintenance, growth and/or differentiation

of cells in an in vitro environment. "Cell culture media," "culture media" (singular "medium" in

each case), "supplement" and "media supplement" refer to nutritive compositions that cultivate

cell cultures.

[00072] "Cultivate," or "maintain," refers to the sustaining, propagating (growing) and/or

differentiating of cells outside of tissue or the body, for example in a sterile plastic (or coated

plastic) cell culture dish or flask. "Cultivation," or "maintaining," may utilize a culture medium

as a source of nutrients, hormones and/or other factors helpful to propagate and/or sustain the

cells.

[00073] As used herein, the term "mesoderm" refers to one of the three germinal layers that

appears during early embryogenesis and which gives rise to various specialized cell types

including blood cells of the circulatory system, muscles, the heart, the dermis, skeleton, and

other supportive and connective tissues.

[00074] As used herein, the term "definitive hemogenic endothelium" (HE) or "pluripotent

stem cell-derived definitive hemogenic endothelium" (iHE) refers to a subset of endothelial cells

that give rise to hematopoietic stem and progenitor cells in a process called endothelial-to-

hematopoietic transition. The development of hematopoietic cells in the embryo proceeds

sequentially from lateral plate mesoderm through the hemangioblast to the definitive hemogenic

endothelium and hematopoietic progenitors.

[00075] The term "hematopoietic stem and progenitor cells," "hematopoietic stem cells,"

"hematopoietic progenitor cells," or "hematopoietic precursor cells" refers to cells which are

committed to a hematopoietic lineage but are capable of further hematopoietic differentiation

and include, multipotent hematopoietic stem cells (hematoblasts), myeloid progenitors,

megakaryocyte progenitors, erythrocyte progenitors, and lymphoid progenitors. Hematopoietic

stem and progenitor cells (HSCs) are multipotent stem cells that give rise to all the blood cell

types including myeloid (monocytes and macrophages, neutrophils, basophils, eosinophils,
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CLAIMS 

 

1. A composition comprising two or more cell populations, wherein the composition 

comprises: 

(i) a first cell population comprising induced pluripotent stem cell (iPSC)-derived NK 

cells, wherein the iPSC-derived NK cells comprise:    

(a)  an exogenous high affinity non-cleavable CD16 (hnCD16); and  

(b)  a first chimeric antigen receptor (CAR); and 

 (ii) a second cell population comprising iPSC-derived T cells, wherein the iPSC-derived 

T cells comprise: at least a second chimeric antigen receptor (CAR), and wherein the second 

CAR is expressed under control of an endogenous promoter of a TCR locus.   

 

2.  The composition of claim 1, wherein the hnCD16 comprises F176V and S197P in an 

ectodomain thereof.   

 

3.  The composition of claim 1, wherein the hnCD16 comprises an ectodomain of CD64.    

(a) the non-native transmembrane domain is derived from CD3D, CD3E, CD3G, CD3ζ, 

CD4, CD8, CD8a, CD8b, CD27, CD28, CD40, CD84, CD166, 4-1BB, OX40, ICOS, ICAM-1, 

CTLA-4, PD-1, LAG-3, 2B4, BTLA, CD16, IL7, IL12, IL15, KIR2DL4, KIR2DS1, NKp30, 

NKp44, NKp46, NKG2C, NKG2D, or T cell receptor (TCR) polypeptide;  

(b) the non-native stimulatory domain is derived from CD27, CD28, 4-1BB, OX40, 

ICOS, PD-1, LAG-3, 2B4, BTLA, DAP10, DAP12, CTLA-4, or NKG2D polypeptide;  

(c) the non-native signaling domain is derived from CD3ζ, 2B4, DAP10, DAP12, 

DNAM1, CD137 (4-1BB), IL21, IL7, IL12, IL15, NKp30, NKp44, NKp46, NKG2C, or NKG2D 

polypeptide; or 

(d) the non-native transmembrane domain is derived from NKG2D, the non-native 

stimulatory domain is derived from 2B4, and the non-native signaling domain is derived from 

CD3ζ.  

 

4.  The composition of claim 1, wherein the first CAR and the second CAR are the same or 

are different in targeting specificity, and wherein the first CAR or the second CAR is:  

(i)  T cell specific or NK cell specific; 
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(ii)  a bi-specific antigen binding CAR; 

(iii)  a switchable CAR; 

(iv)  a dimerized CAR; 

(v)  a split CAR; 

(vi)  a multi-chain CAR;  

(vii)  an inducible CAR;  

(viii)  co-expressed with another CAR; 

(ix)  co-expressed with a cell surface expressed exogenous cytokine and/or a receptor 

thereof, optionally in separate constructs or in a bi-cistronic construct;  

(x)  co-expressed with a checkpoint inhibitor, optionally in separate constructs or in a 

bi-cistronic construct; 

(xi)  specific to CD19 or BCMA; and/or  

(xii)  specific to any one of ADGRE2, carbonic anhydrase IX (CAIX), CCR1, CCR4, 

carcinoembryonic antigen (CEA), CD3, CD5, CD7, CD8, CD10, CD20, CD22, CD30, CD33, 

CD34, CD38, CD41, CD44, CD44V6, CD49f, CD56, CD70, CD74, CD99, CD123, CD133, 

CD138, CDS, CLEC12A, an antigen of a cytomegalovirus (CMV) infected cell, epithelial 

glycoprotein2 (EGP-2), epithelial glycoprotein-40 (EGP-40), epithelial cell adhesion molecule 

(EpCAM), EGFRvIII, receptor tyrosine-protein kinases erb-B2,3,4, EGFIR, EGFR-VIII, ERBB 

folate-binding protein (FBP), fetal acetylcholine receptor (AChR), folate receptor-a, Ganglioside 

G2 (GD2), Ganglioside G3 (GD3), human Epidermal Growth Factor Receptor 2 (HER-2), 

human telomerase reverse transcriptase (hTERT), ICAM-1, Integrin B7, Interleukin-13 receptor 

subunit alpha-2 (IL-13Rα2), κ-light chain, kinase insert domain receptor (KDR), Lewis A 

(CA19.9), Lewis Y (LeY), L1 cell adhesion molecule (L1-CAM), LILRB2, melanoma antigen 

family A 1 (MAGE-A1), MICA/B, Mucin 1 (Muc-1), Mucin 16 (Muc-16), Mesothelin (MSLN), 

NKCSI, NKG2D ligands, c-Met, cancer-testis antigen NY-ESO-1, oncofetal antigen (h5T4), 

PRAME, prostate stem cell antigen (PSCA), PRAME prostate-specific membrane antigen 

(PSMA), tumor- associated glycoprotein 72 (TAG-72), TIM-3, TRBC1, TRBC2, vascular 

endothelial growth factor R2 (VEGF- R2), Wilms tumor protein (WT-1), and a pathogen antigen. 
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5.  The composition of claim 1, wherein the iPSC-derived NK cells comprise a cell surface 

expressed exogenous cytokine and/or a receptor thereof, and further wherein the cell surface 

expressed exogenous cytokine and/or a receptor thereof: 

(a) comprises at least one of IL2, IL4, IL6, IL7, IL9, IL10, IL11, IL12, IL15, IL18, IL21, 

and/or respective receptors thereof; or  

(b) comprises at least one of:  

(i) co-expression of IL15 and IL15Rα by using a self-cleaving peptide; 

(ii) a fusion protein of IL15 and IL15Rα; 

(iii) an IL15/IL15Rα fusion protein with intracellular domain of IL15Rα 

truncated;  

(iv) a fusion protein of IL15 and membrane bound Sushi domain of IL15Rα;  

(v) a fusion protein of IL15 and IL15Rβ;  

(vi) a fusion protein of IL15 and common receptor γC; and 

(vii) a homodimer of IL15Rβ; wherein any one of (i)-(vii) can be co-expressed 

with a CAR in separate constructs or in a bi-cistronic construct;  

and optionally,  

(c) is transiently expressed. 

 

6.  The composition of claim 1, wherein the iPSC-derived NK cells and/or the iPSC-derived 

T cells further comprise one or more of:  

(i) HLA-I deficiency; 

(ii) HLA-II deficiency; 

(iii) introduced expression of HLA-G or non-cleavable HLA-G;  

 (iv) at least one of lig-, inR+, cs-CD3+, En+, and Ab+; wherein  

(1) lig- is negative in an expressed alloantigen;  

(2) inR+ is positive in an expressed CAR  specific to the negative alloantigen;  

(3) cs-CD3+ is positive in cell surface expressed CD3;  

(4) En+ is positive in at least one expressed engager, wherein the engager 

comprises a bi-specific T cell engager (BiTE), or a tri-specific killer cell engager 

(TriKE); and 

(5) Ab+ is positive in at least one expressed antibody or checkpoint inhibitor; 
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(v) a deletion in or disruption of at least one of B2M, CIITA, TAP1, TAP2, Tapasin, 

NLRC5, PD1, LAG3, TIM3, RFXANK, RFX5, RAG1, RFXAP, and any gene in the 

chromosome 6p21 region; and  

(vi) an introduced HLA-E, HLA-G, 41BBL, CD4, CD8, CD16, CD47, CD113, CD131, 

CD137, CD80, PDL1, A2AR, TCR, Fc receptor, or combination thereof.     

 

7.  The composition of claim 6, wherein:  

 (i) the alloantigen comprises CD40L, OX40, or 4-1BB; 

 (ii) the CAR specific to the negative alloantigen comprises CD40L-CAR, OX40-CAR, or 

4-1BB-CAR; 

 (iii) the BiTE or the TriKE recognizes (a) an immune cell surface molecule comprising 

CD3, CD28, CD5, CD16, NKG2D, CD64, CD32, CD89, NKG2C, or a chimeric Fc receptor 

thereof; and (b) a tumor surface molecule comprising B7H3, BCMA, CD10, CD19, CD20, 

CD22, CD24, CD30, CD33, CD34, CD38, CD44, CD79a, CD79b, CD123, CD138, CD179b, 

CEA, CLEC12A, CS-1, DLL3, EGFR, EGFRvIII, EPCAM, FLT-3, FOLR1, FOLR3, GD2, 

gpA33, HER2, HM1.24, LGR5, MSLN, MCSP, MICA/B, PSMA, PAMA, P-cadherin, or ROR1; 

 (iv) the BiTE comprises CD3-CD19, CD16-CD30, CD64-CD30, CD16-BCMA, CD64-

BCMA, or CD3-CD33; 

 (v) the TriKE comprises CD16-IL15-EPCAM, CD64-IL15-EPCAM, CD16-IL15-CD33, 

CD64-IL15-CD33, or NKG2C-IL15-CD33; 

(vi) the antibody comprises an anti-CD20, anti-HER2, anti-CD52, anti-EGFR, anti-

CD123, anti-GD2, anti-PDL1, or anti-CD38 antibody; or 

(vii) the checkpoint inhibitor comprises (a) an antagonist to a checkpoint molecule 

comprising PD-1, PDL-1, TIM-3, TIGIT, LAG-3, CTLA-4, 2B4, 4-1BB, 4-1BBL, A2AR, BATE, 

BTLA, CD39, CD47, CD73, CD94, CD96, CD160, CD200, CD200R, CD274, CEACAM1, 

CSF-1R, Foxpl, GARP, HVEM, IDO, EDO, TDO, LAIR-1, MICA/B, NR4A2, MAFB, OCT-2, 

Rara (retinoic acid receptor alpha), TLR3, VISTA, NKG2A/HLA-E, or inhibitory KIR; (b) one 

of atezolizumab, avelumab, durvalumab, ipilimumab, IPH4102, IPH43, IPH33, lirimumab, 

monalizumab, nivolumab, and pembrolizumab; or (c) one of atezolizumab, nivolumab, and 

pembrolizumab.  
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8.  The composition of claim 1, wherein the iPSC-derived NK cells or the iPSC-derived T 

cells comprise: 

(i) one or more exogenous polynucleotides integrated in one desired integration site; or  

(ii) more than two exogenous polynucleotides integrated in different desired integration 

sites.  

 

9.  The composition of claim 8, wherein the desired integration site comprises at least one of 

AAVS1, CCR5, ROSA26, collagen, HTRP, H11, GAPDH, RUNX1, B2M, TAP1, TAP2, 

tapasin, NLRC5, CIITA, RFXANK, RFX5, RFXAP, TCR α or β constant region, NKG2A, 

NKG2D, CD25, CD38, CD40L, CD44, CD54, CD56, CD58, CD69, CD71, OX40, 4-1BB, CIS, 

CBL-B, SOCS2, PD1, CTLA4, LAG3, TIM3, and TIGIT.  

 

10.  The composition of claim 8, wherein the desired integration site comprises TCR α or β 

constant region, CD25, CD38, CD40L, CD44, CD54, CD58, CD69, CD71, OX40 or 4-1BB; and 

optionally, wherein the TCRα or TCRβ, CD25, CD38, CD40L, CD44, CD54, CD58, CD69, 

CD71, OX40 or 4-1BB is knocked out as a result of integrating said one or more exogenous 

polynucleotides at the respective integration site.  

 

11.  The composition of claim 1, wherein the iPSC-derived NK cells or the iPSC-derived T 

cells comprise longer telomeres in comparison to their respective native counterpart cell obtained 

from peripheral blood, umbilical cord blood, or any other donor tissues. 

 

12.  The composition of claim 1, wherein the iPSC-derived NK cells comprise type I 

NKT cells, and/or adaptive NK cells; or wherein the iPSC-derived T cells comprise naïve T 

cells, stem cell memory T cells, and/or central memory T cells. 

 

13.  The composition of claim 1, wherein  

(i) the iPSC-derived NK cells and the iPSC-derived T cells are in a ratio ranging from 

100:1 to 1:100; 

 (ii) the composition further comprises one or more additional cell populations; or 

(iii) the composition further comprises one or more therapeutic agents.  
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14.  The composition of claim 13, wherein the additional cell population comprises regulatory 

cells.  

 

15.  The composition of claim 14, wherein the regulatory cells are iPSC-derived immune 

regulatory cells or myeloid derived suppressor cells (MDSCs).   

 

16.  The composition of claim 13, wherein the one or more therapeutic agents comprise a 

peptide, a cytokine, a checkpoint inhibitor, a mitogen, a growth factor, a small RNA, a dsRNA 

(double stranded RNA), mononuclear blood cells, feeder cells, a vector comprising one or more 

polynucleic acids of interest, an antibody, a chemotherapeutic agent or a radioactive moiety, or 

an immunomodulatory drug (IMiD). 

 

17.  The composition of claim 16, wherein the checkpoint inhibitor comprises:   

(a) one or more antagonist to checkpoint molecules comprising PD-1, PDL-1, TIM-3, 

TIGIT, LAG-3, CTLA-4, 2B4, 4-1BB, 4-1BBL, A2AR, BATE, BTLA, CD39, CD47, CD73, 

CD94, CD96, CD160, CD200, CD200R, CD274, CEACAM1, CSF-1R, Foxpl, GARP, HVEM, 

IDO, EDO, TDO, LAIR-1, MICA/B, NR4A2, MAFB, OCT-2, Rara (retinoic acid receptor 

alpha), TLR3, VISTA, NKG2A/HLA-E, or inhibitory KIR;  

(b) one or more of atezolizumab, avelumab, durvalumab, ipilimumab, IPH4102, IPH43, 

IPH33, lirimumab, monalizumab, nivolumab, and pembrolizumab; or 

(c) at least one of atezolizumab, nivolumab, and pembrolizumab. 

 

18.  The composition of claim 16, wherein the antibody comprises:  

(a) anti-CD20, anti-HER2, anti-CD52, anti-EGFR, anti-CD123, anti-GD2, anti-PDL1, 

and/or anti-CD38 antibody;  

(b) one or more of retuximab, veltuzumab, ofatumumab, ublituximab, ocaratuzumab, 

obinutuzumab, trastuzumab, pertuzumab, alemtuzumab, certuximab, dinutuximab, avelumab, 

daratumumab, isatuximab, MOR202, 7G3, CSL362, and elotuzumab; or 

(c) daratumumab.  

 



WO 2021/258016                                                                                         PCT/US2021/038134 

 

123 

 

19. The composition of any one of the claims 1-18 for use in treating a subject, wherein the 

subject has an autoimmune disorder; a hematological malignancy; a solid tumor; cancer, or a 

virus infection. 

 

20.  A method of improving tumor killing and/or clearance activity of a population of CAR-T 

cells, the method comprising:  

 contacting a cell population comprising iPSC-derived NK cells to the population of 

CAR-T cells in vitro to obtain a combined cell population,  

wherein the iPSC-derived NK cells comprise:    

(a)  an exogenous high-affinity non-cleavable CD16 (hnCD16); and  

(b)  a first chimeric antigen receptor (CAR); and wherein the first CAR of the iPSC-

derived NK cells comprise a CAR targeting specificity that is same or different from that of the 

CAR-T cell.  

 

21. The method of claim 20, wherein the hnCD16 comprises F176V and S197P in an 

ectodomain thereof.   

22.  The method of claim 20, wherein the hnCD16 comprises an ectodomain of CD64. 

 

23.  The method of claim 20, wherein the iPSC-derived NK cells comprise a cell surface 

expressed exogenous cytokine and/or a receptor thereof, and further wherein the cell surface 

expressed exogenous cytokine and/or a receptor thereof: 

(a) comprises at least one of IL2, IL4, IL6, IL7, IL9, IL10, IL11, IL12, IL15, IL18, IL21, 

and/or respective receptors thereof; or  

(b) comprises at least one of:  

(i) co-expression of IL15 and IL15Rα by using a self-cleaving peptide; 

(ii) a fusion protein of IL15 and IL15Rα; 

(iii) an IL15/IL15Rα fusion protein with intracellular domain of IL15Rα 

truncated;  

(iv) a fusion protein of IL15 and membrane bound Sushi domain of IL15Rα;  

(v) a fusion protein of IL15 and IL15Rβ;  

(vi) a fusion protein of IL15 and common receptor γC; and 
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(vii) a homodimer of IL15Rβ; wherein any one of (i)-(vii) can be co-expressed 

with a CAR in separate constructs or in a bi-cistronic construct;  

and optionally,  

(c) is transiently expressed. 

 

24.  The method of claim 20, wherein the CAR-T cells are differentiated from an engineered 

iPSC, and/or wherein the CAR-T cells comprise a CAR having targeting specificity to any one of 

ADGRE2, carbonic anhydrase IX (CAIX), CCR1, CCR4, carcinoembryonic antigen (CEA), 

CD3, CD5, CD7, CD8, CD10, CD20, CD22, CD30, CD33, CD34, CD38, CD41, CD44, 

CD44V6, CD49f, CD56, CD70, CD74, CD99, CD123, CD133, CD138, CDS, CLEC12A, an 

antigen of a cytomegalovirus (CMV) infected cell, epithelial glycoprotein2 (EGP-2), epithelial 

glycoprotein-40 (EGP-40), epithelial cell adhesion molecule (EpCAM), EGFRvIII, receptor 

tyrosine-protein kinases erb-B2,3,4, EGFIR, EGFR-VIII, ERBB folate-binding protein (FBP), 

fetal acetylcholine receptor (AChR), folate receptor-a, Ganglioside G2 (GD2), Ganglioside G3 

(GD3), human Epidermal Growth Factor Receptor 2 (HER-2), human telomerase reverse 

transcriptase (hTERT), ICAM-1, Integrin B7, Interleukin-13 receptor subunit alpha-2 (IL-

13Rα2), κ-light chain, kinase insert domain receptor (KDR), Lewis A (CA19.9), Lewis Y (LeY), 

L1 cell adhesion molecule (L1-CAM), LILRB2, melanoma antigen family A 1 (MAGE-A1), 

MICA/B, Mucin 1 (Muc-1), Mucin 16 (Muc-16), Mesothelin (MSLN), NKCSI, NKG2D ligands, 

c-Met, cancer-testis antigen NY-ESO-1, oncofetal antigen (h5T4), PRAME, prostate stem cell 

antigen (PSCA), PRAME prostate-specific membrane antigen (PSMA), tumor- associated 

glycoprotein 72 (TAG-72), TIM-3, TRBC1, TRBC2, vascular endothelial growth factor R2 

(VEGF- R2), Wilms tumor protein (WT-1), and a pathogen antigen. 

 

25.  The method of claim 20, wherein the iPSC-derived NK cells and/or the CAR-T cells 

further comprise one or more of:  

(i) HLA-I deficiency; 

(ii) HLA-II deficiency; 

(iii) introduced expression of HLA-G or non-cleavable HLA-G;  

 (iv) at least one of lig-, inR+, cs-CD3+, En+, and Ab+; wherein  

(1) lig- is negative in an expressed alloantigen;  
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(2) inR+ is positive in an expressed CAR specific to the negative alloantigen;  

(3) cs-CD3+ is positive in cell surface expressed CD3;  

(4) En+ is positive in at least one expressed engager, wherein the engager 

comprises a bi-specific T cell engager (BiTE), or a tri-specific killer cell engager 

(TriKE); and 

(5) Ab+ is positive in at least one expressed antibody or checkpoint inhibitor; 

(v) a deletion in or disruption of at least one of B2M, CIITA, TAP1, TAP2, Tapasin, 

NLRC5, PD1, LAG3, TIM3, RFXANK, RFX5, RAG1, RFXAP, and any gene in the 

chromosome 6p21 region; and  

(vi) an introduced HLA-E, HLA-G, 4-1BBL, CD4, CD8, CD16, CD47, CD113, CD131, 

CD137, CD80, PDL1, A2AR, TCR, Fc receptor, or a combination thereof.     

 

26.  The method of claim 25, wherein  

 (i) the alloantigen comprises CD40L, OX40, or 4-1BB; 

 (ii) the CAR specific to the negative alloantigen comprises CD40L-CAR, OX40-CAR, or 

4-1BB-CAR; 

 (iii) the BiTE or the TriKE recognizes (a) an immune cell surface molecule comprising 

CD3, CD28, CD5, CD16, NKG2D, CD64, CD32, CD89, NKG2C, or a chimeric Fc receptor 

thereof; and (b) a tumor surface molecule comprising B7H3, BCMA, CD10, CD19, CD20, 

CD22, CD24, CD30, CD33, CD34, CD38, CD44, CD79a, CD79b, CD123, CD138, CD179b, 

CEA, CLEC12A, CS-1, DLL3, EGFR, EGFRvIII, EPCAM, FLT-3, FOLR1, FOLR3, GD2, 

gpA33, HER2, HM1.24, LGR5, MSLN, MCSP, MICA/B, PSMA, PAMA, P-cadherin, or ROR1; 

 (iv) the BiTE comprises CD3-CD19, CD16-CD30, CD64-CD30, CD16-BCMA, CD64-

BCMA, or CD3-CD33; 

 (v) the TriKE comprises CD16-IL15-EPCAM, CD64-IL15-EPCAM, CD16-IL15-CD33, 

CD64-IL15-CD33, or NKG2C-IL15-CD33; 

(vi) the antibody comprises an anti-CD20, anti-HER2, anti-CD52, anti-EGFR, anti-

CD123, anti-GD2, anti-PDL1, or anti-CD38 antibody; or 

(vii) the checkpoint inhibitor comprises (a) an antagonist to a checkpoint molecule comprising 

PD-1, PDL-1, TIM-3, TIGIT, LAG-3, CTLA-4, 2B4, 4-1BB, 4-1BBL, A2AR, BATE, BTLA, 

CD39, CD47, CD73, CD94, CD96, CD160, CD200, CD200R, CD274, CEACAM1, CSF-1R, 
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Foxpl, GARP, HVEM, IDO, EDO, TDO, LAIR-1, MICA/B, NR4A2, MAFB, OCT-2, Rara 

(retinoic acid receptor alpha), TLR3, VISTA, NKG2A/HLA-E, or inhibitory KIR; (b) one of 

atezolizumab, avelumab, durvalumab, ipilimumab, IPH4102, IPH43, IPH33, lirimumab, 

monalizumab, nivolumab, and pembrolizumab; or (c) one of atezolizumab, nivolumab, and 

pembrolizumab. 

 

27.  The method of claim 26, further comprising combining the population of CAR-T cells in 

vitro with one or more therapeutic agents, wherein the one or more therapeutic agents comprise a 

peptide, a cytokine, a checkpoint inhibitor, an antibody, a mitogen, a growth factor, a small 

RNA, a dsRNA (double stranded RNA), mononuclear blood cells, feeder cells, a vector 

comprising one or more polynucleic acids of interest, a chemotherapeutic agent or a radioactive 

moiety, or an immunomodulatory drug (IMiD). 

28.  The method of claim 27, wherein the checkpoint inhibitor comprises:   

(a) one or more antagonist to checkpoint molecules comprising PD-1, PDL-1, TIM-3, 

TIGIT, LAG-3, CTLA-4, 2B4, 4-1BB, 4-1BBL, A2AR, BATE, BTLA, CD39, CD47, CD73, 

CD94, CD96, CD160, CD200, CD200R, CD274, CEACAM1, CSF-1R, Foxpl, GARP, HVEM, 

IDO, EDO, TDO, LAIR-1, MICA/B, NR4A2, MAFB, OCT-2, Rara (retinoic acid receptor 

alpha), TLR3, VISTA, NKG2A/HLA-E, or inhibitory KIR;  

(b) one or more of atezolizumab, avelumab, durvalumab, ipilimumab, IPH4102, IPH43, 

IPH33, lirimumab, monalizumab, nivolumab, and pembrolizumab; or 

(c) at least one of atezolizumab, nivolumab, and pembrolizumab. 

 

29.  The method of claim 27, wherein the antibody comprises:  

(a) anti-CD20, anti-HER2, anti-CD52, anti-EGFR, anti-CD123, anti-GD2, anti-PDL1, 

and/or anti-CD38 antibody;  

(b) one or more of retuximab, veltuzumab, ofatumumab, ublituximab, ocaratuzumab, 

obinutuzumab, trastuzumab, pertuzumab, alemtuzumab, certuximab, dinutuximab, avelumab, 

daratumumab, isatuximab, MOR202, 7G3, CSL362, and elotuzumab; or 

(c) daratumumab.  

 

30. A method of manufacturing the composition of claim 1, comprising: 
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(I)  differentiating a first genetically engineered iPSC to obtain a first cell population 

comprising iPSC-derived NK cells, wherein the first iPSC comprises a polynucleotide encoding 

(a) an exogenous high-affinity non-cleavable CD16 (hnCD16); and (b) a first chimeric antigen 

receptor (CAR), wherein the iPSC-derived NK cells comprise (a) and (b);  

(II) differentiating a second genetically engineered iPSC to obtain a second cell 

population comprising iPSC-derived T cells, wherein the second iPSC comprises a 

polynucleotide encoding at least a second chimeric antigen receptor (CAR), wherein the second 

CAR is expressed under the control of an endogenous promoter of a TCR locus, and wherein the 

iPSC-derived T cells comprise the second CAR; and 

(III) combining the first cell population and the second cell population into a mixed 

population, 

thereby manufacturing the composition of claim 1. 

 

31. The method of claim 30, wherein the hnCD16 comprises F176V and S197P in an 

ectodomain thereof.   

 

32.  The method of claim 31, wherein the hnCD16 comprises an ectodomain of CD64.    

 

33.  The method of claim 30, wherein the first CAR and the second CAR are the same in 

targeting specificity, and the first CAR or the second CAR is:  

(i)  T cell specific or NK cell specific; 

(ii)  a bi-specific antigen binding CAR; 

(iii)  a switchable CAR; 

(iv)  a dimerized CAR; 

(v)  a split CAR; 

(vi)  a multi-chain CAR;  

(vii)  an inducible CAR;  

(viii)  co-expressed with another CAR; 

(ix)  co-expressed with a cell surface expressed exogenous cytokine and/or a receptor 

thereof, optionally in separate constructs or in a bi-cistronic construct;  
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(x)  co-expressed with a checkpoint inhibitor, optionally in separate constructs or in a 

bi-cistronic construct; 

(xi)  specific to CD19 or BCMA; and/or  

(xii)  specific to any one of ADGRE2, carbonic anhydrase IX (CAIX), CCR1, CCR4, 

carcinoembryonic antigen (CEA), CD3, CD5, CD7, CD8, CD10, CD20, CD22, CD30, CD33, 

CD34, CD38, CD41, CD44, CD44V6, CD49f, CD56, CD70, CD74, CD99, CD123, CD133, 

CD138, CDS, CLEC12A, an antigen of a cytomegalovirus (CMV) infected cell, epithelial 

glycoprotein2 (EGP-2), epithelial glycoprotein-40 (EGP-40), epithelial cell adhesion molecule 

(EpCAM), EGFRvIII, receptor tyrosine-protein kinases erb-B2,3,4, EGFIR, EGFR-VIII, ERBB 

folate-binding protein (FBP), fetal acetylcholine receptor (AChR), folate receptor-a, Ganglioside 

G2 (GD2), Ganglioside G3 (GD3), human Epidermal Growth Factor Receptor 2 (HER-2), 

human telomerase reverse transcriptase (hTERT), ICAM-1, Integrin B7, Interleukin-13 receptor 

subunit alpha-2 (IL-13Rα2), κ-light chain, kinase insert domain receptor (KDR), Lewis A 

(CA19.9), Lewis Y (LeY), L1 cell adhesion molecule (L1-CAM), LILRB2, melanoma antigen 

family A 1 (MAGE-A1), MICA/B, Mucin 1 (Muc-1), Mucin 16 (Muc-16), Mesothelin (MSLN), 

NKCSI, NKG2D ligands, c-Met, cancer-testis antigen NY-ESO-1, oncofetal antigen (h5T4), 

PRAME, prostate stem cell antigen (PSCA), PRAME prostate-specific membrane antigen 

(PSMA), tumor- associated glycoprotein 72 (TAG-72), TIM-3, TRBC1, TRBC2, vascular 

endothelial growth factor R2 (VEGF- R2), Wilms tumor protein (WT-1), and a pathogen antigen. 

 

34.  The method of claim 30, wherein the iPSC-derived NK cells comprise a cell surface 

expressed exogenous cytokine and/or a receptor thereof, and further wherein the cell surface 

expressed exogenous cytokine and/or a receptor thereof: 

(a) comprises at least one of IL2, IL4, IL6, IL7, IL9, IL10, IL11, IL12, IL15, IL18, IL21, 

and/or respective receptors thereof; or  

(b) comprises at least one of:  

(i) co-expression of IL15 and IL15Rα by using a self-cleaving peptide; 

(ii) a fusion protein of IL15 and IL15Rα; 

(iii) an IL15/IL15Rα fusion protein with intracellular domain of IL15Rα 

truncated;  

(iv) a fusion protein of IL15 and membrane bound Sushi domain of IL15Rα;  
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(v) a fusion protein of IL15 and IL15Rβ;  

(vi) a fusion protein of IL15 and common receptor γC; and 

(vii) a homodimer of IL15Rβ; wherein any one of (i)-(vii) can be co-expressed 

with a CAR in separate constructs or in a bi-cistronic construct;  

and optionally,  

(c) is transiently expressed. 

 

35.  The method of claim 30, wherein the first genetically engineered iPSC or the second 

genetically engineered iPSC further comprises one or more of:  

(i) HLA-I deficiency; 

(ii) HLA-II deficiency; 

(iii) introduced expression of HLA-G or non-cleavable HLA-G;  

 (iv) at least one of lig-, inR+, cs-CD3+, En+, and Ab+; wherein  

(1) lig- is negative in an expressed alloantigen;  

(2) inR+ is positive in an expressed CAR specific to the negative alloantigen;  

(3) cs-CD3+ is positive in cell surface expressed CD3;  

(4) En+ is positive in at least one expressed engager, wherein the engager 

comprises a bi-specific T cell engager (BiTE), or a tri-specific killer cell engager 

(TriKE); and 

(5) Ab+ is positive in at least one expressed antibody or checkpoint inhibitor; 

(v) a deletion in or disruption of at least one of B2M, CIITA, TAP1, TAP2, Tapasin, 

NLRC5, PD1, LAG3, TIM3, RFXANK, RFX5, RAG1, RFXAP, and any gene in the 

chromosome 6p21 region; and  

(vi) an introduced HLA-E, HLA-G, 41BBL, CD4, CD8, CD16, CD47, CD113, CD131, 

CD137, CD80, PDL1, A2AR, TCR, Fc receptor, or combination thereof.     

 

36.  The method of claim 35, wherein  

 (i) the alloantigen comprises CD40L, OX40, or 4-1BB; 

 (ii) the CAR specific to the negative alloantigen comprises CD40L-CAR, OX40-CAR, or 

4-1BB-CAR; 
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 (iii) the BiTE or the TriKE is specific to (a) an immune cell surface molecule comprising 

CD3, CD28, CD5, CD16, NKG2D, CD64, CD32, CD89, NKG2C, or a chimeric Fc receptor 

thereof; and (b) a tumor surface molecule comprising B7H3, BCMA, CD10, CD19, CD20, 

CD22, CD24, CD30, CD33, CD34, CD38, CD44, CD79a, CD79b, CD123, CD138, CD179b, 

CEA, CLEC12A, CS-1, DLL3, EGFR, EGFRvIII, EPCAM, FLT-3, FOLR1, FOLR3, GD2, 

gpA33, HER2, HM1.24, LGR5, MSLN, MCSP, MICA/B, PSMA, PAMA, P-cadherin, or ROR1; 

 (iv) the BiTE comprises CD3-CD19, CD16-CD30, CD64-CD30, CD16-BCMA, CD64-

BCMA, or CD3-CD33; 

 (v) the TriKE comprises CD16-IL15-EPCAM, CD64-IL15-EPCAM, CD16-IL15-CD33, 

CD64-IL15-CD33, or NKG2C-IL15-CD33; 

(vi) the antibody comprises an anti-CD20, anti-HER2, anti-CD52, anti-EGFR, anti-

CD123, anti-GD2, anti-PDL1, or anti-CD38 antibody; or 

(vii) the checkpoint inhibitor comprises (a) an antagonist to a checkpoint molecule 

comprising PD-1, PDL-1, TIM-3, TIGIT, LAG-3, CTLA-4, 2B4, 4-1BB, 4-1BBL, A2AR, BATE, 

BTLA, CD39, CD47, CD73, CD94, CD96, CD160, CD200, CD200R, CD274, CEACAM1, 

CSF-1R, Foxpl, GARP, HVEM, IDO, EDO, TDO, LAIR-1, MICA/B, NR4A2, MAFB, OCT-2, 

Rara (retinoic acid receptor alpha), TLR3, VISTA, NKG2A/HLA-E, or inhibitory KIR; (b) one 

of atezolizumab, avelumab, durvalumab, ipilimumab, IPH4102, IPH43, IPH33, lirimumab, 

monalizumab, nivolumab, and pembrolizumab; or (c) one of atezolizumab, nivolumab, and 

pembrolizumab.  

 

37.  The method of claim 30, wherein the first genetically engineered iPSC or the second 

genetically engineered iPSC comprise: 

(i) one or more exogenous polynucleotides integrated in one desired integration site; or  

(ii) more than two exogenous polynucleotides integrated in different desired integration 

sites.  

 

38.  The method of claim 37, wherein the desired integration site comprises at least one of 

AAVS1, CCR5, ROSA26, collagen, HTRP, H11, GAPDH, RUNX1, B2M, TAP1, TAP2, 

tapasin, NLRC5, CIITA, RFXANK, RFX5, RFXAP, TCR α or β constant region, NKG2A, 
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NKG2D, CD25, CD38, CD40L, CD44, CD54, CD56, CD58, CD69, CD71, OX40, 4-1BB, CIS, 

CBL-B, SOCS2, PD1, CTLA4, LAG3, TIM3, and TIGIT.  

 

39.  The method of claim 37, wherein the desired integration site comprises TCR α or β 

constant region, CD25, CD38, CD40L, CD44, CD54, CD58, CD69, CD71, OX40 or 4-1BB; and 

optionally, wherein the TCRα or TCRβ, CD25, CD38, CD40L, CD44, CD54, CD58, CD69, 

CD71, OX40 or 4-1BB is knocked out as a result of integrating said one or more exogenous 

polynucleotides at the respective integration site.  

 

40.  The method of claim 30, wherein the iPSC-derived NK cells comprise type I NKT 

cells, and/or adaptive NK cells; or wherein the iPSC-derived T cells comprise naïve T cells, 

stem cell memory T cells, and/or central memory T cells. 

 

41.  The method of claim 30, wherein:  

(i) the iPSC-derived NK cells and the iPSC-derived T cells are in a ratio ranging from 

100:1 to 1:100; 

 (ii) the method further comprises adding one or more additional cell populations to the 

produced first and second cell populations; or 

(iii) the method further comprises adding one or more therapeutic agents to the produced 

first and second cell populations.  

 

42.  The method of claim 41, wherein the one or more additional cell populations comprise 

regulatory cells.  

 

43.  The method of claim 42, wherein the regulatory cells are iPSC-derived immune 

regulatory cells or myeloid derived suppressor cells (MDSCs).   

 

44.  The method of claim 41, wherein the one or more therapeutic agents comprise a peptide, 

a cytokine, a checkpoint inhibitor, a mitogen, a growth factor, a small RNA, a dsRNA (double 

stranded RNA), mononuclear blood cells, feeder cells,  a vector comprising one or more 
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polynucleic acids of interest, an antibody, a chemotherapeutic agent or a radioactive moiety, or 

an immunomodulatory drug (IMiD). 

 

45.  The method of claim 44, wherein the checkpoint inhibitor comprises:   

(a) one or more antagonist to checkpoint molecules comprising PD-1, PDL-1, TIM-3, 

TIGIT, LAG-3, CTLA-4, 2B4, 4-1BB, 4-1BBL, A2AR, BATE, BTLA, CD39, CD47, CD73, 

CD94, CD96, CD160, CD200, CD200R, CD274, CEACAM1, CSF-1R, Foxpl, GARP, HVEM, 

IDO, EDO, TDO, LAIR-1, MICA/B, NR4A2, MAFB, OCT-2, Rara (retinoic acid receptor 

alpha), TLR3, VISTA, NKG2A/HLA-E, or inhibitory KIR;  

(b) one or more of atezolizumab, avelumab, durvalumab, ipilimumab, IPH4102, IPH43, 

IPH33, lirimumab, monalizumab, nivolumab, and pembrolizumab; or 

(c) at least one of atezolizumab, nivolumab, and pembrolizumab. 

 

46.  The method of claim 44, wherein the antibody comprises:  

(a) anti-CD20, anti-HER2, anti-CD52, anti-EGFR, anti-CD123, anti-GD2, anti-PDL1, 

and/or anti-CD38 antibody;  

(b) one or more of retuximab, veltuzumab, ofatumumab, ublituximab, ocaratuzumab, 

obinutuzumab, trastuzumab, pertuzumab, alemtuzumab, certuximab, dinutuximab, avelumab, 

daratumumab, isatuximab, MOR202, 7G3, CSL362, and elotuzumab; or 

(c) daratumumab.  

 


