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ENHANCED IMMUNE CELLS USING DUAL SHRNA AND COMPOSITION

INCLUDING THE SAMЕ

RELATED APPLICATION

[0001] This application claims priority to Korean Patent Application No. 10-2018-

0004238, filed on January 12, 2018, the disclosure of which is hereby incorporated by

reference in its entirety.

REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY

[0002] This application incorporates by reference a Sequence Listing submitted with this

application as a text file entitled 14570-001-228_SEQ_LISTING.txt, created on January 5,

2019, and is 88,751 bytes in size.

FIELD OF THE INVENTION

[0003] The present disclosure is broadly concerned with the field of cancer

immunotherapy. For example, the present invention generally relates to an immune cell

comprising a genetically engineered antigen receptor that specifically binds to a target

antigen and a genetic disruption agent that reduces or is capable of reducing the expression in

the immune cell of a gene that weakens the function of the immune cell.

BACKGROUND

[0004] Anti-cancer therapies using immune cells by isolating T cells or NK cells (natural

killer cells) from the body of a patient or a donor, culturing these cells in vitro, and then

introducing them back into the body of a patient are currently receiving much attention as a

new method of cancer therapy. In particular, immune cells having been subjected to a process

of injecting new genetic information using viruses, etc. followed by culturing in an in vitro

culturing process are reported to have greater anti-cancer effect over cells which have not.

Here, the genetic information injected into the T cells is usually a Chimeric Antigen Receptor

(hereinafter CAR) or a monoclonal T cell receptor (hereinafter mTCR) modified to have high

affinity to the target antigen. These modified immune cells recognize and attack cancer cells

which express the target antigen and induce cell death without being limited by their inherent

antigen specificities. A method for genetically modifying T cells using CAR was first

proposed by Eshhar et al. in 1989, and was called by the name of "T-body."

[0005] Provided herein are immune cell compositions and methods which address the

problems with conventional concurrent immune cell therapies pointed out above, wherein
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said problems place a great economic burden on patients due to their high cost, act on T cells

other than CAR-T, and pose a risk of autoimmune symptoms and cytokine release syndrome.

Briefly, for example, disclosed herein are methods of preparation with high yield rates and

low production costs. Moreover, by inhibiting molecules that suppress the function of

immune cells with higher probability and effectiveness, the disclosure herein meets the need

for technology to provide effective cell therapy. The technical problem the present disclosure

aims to solve is not limited to the technical problem stated above, and other technical

problems not mentioned shall be evident from the following to persons having ordinary skill

in the art.

SUMMARY

[0006] Provided herein are vectors, immune cells, pharmaceutical compositions

comprising the immune cells, and compositions comprising the immune cells. Also provided

herein are methods of producing the immune cells, and methods of treatment and use of the

immune cells.

[0007] In one aspect, provided herein are vectors. In some embodiments, provide is a

vector comprising a base sequence encoding two types of short hairpin RNA (shRNA) which

inhibit the expression of genes that weaken the function of immune cells, and a base sequence

encoding a chimeric antigen receptor (CAR) or a T cell receptor (TCR), e.g., a monoclonal Т

cell receptor (mTCR). In some embodiments, the target of the CAR or TCR, e.g., mTCR, is a

human tumor antigen selected from among increased antigens exhibiting increased expressed

in cancer or from mutated forms of antigen found in cancer, for example, cancer cells, cancer

tissue and/or tumor microenvironment.

[0008] In some embodiments, the expression of the two types of shRNA is characterized

in that they are respectively regulated by two different promoters.

[0009] In some embodiments, the two promoters are RNA polymerase III promoters. In

some embodiments, the two promoters are U6 promoters, for example, U6 promoters derived

from different species. In some embodiments, the two promoters are oriented in the same

direction relative to each other on the vector. In some embodiments, the two promoters are

oriented in different directions from each other on the vector. For example, in a certain

embodiment, the promoters are oriented in a head to head orientation. In another

embodiment, the promoters are oriented in a tail to tail orientation.

[0010] In some embodiments, the gene weakening the function of immune cells is an

immune checkpoint receptor or ligand.
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In some embodiments, the immune checkpoint receptor or ligand is selected from

a group consisting of PD1, PD-L1, CTLA4, TIM3, CEACAM (CEACAM-1, CEACAM-3 or

CEACAM-5), LAG 3, VISTA, BTLA, TIGIT, LAIR1, CD160, CD96, MerTK and 2B4.

[0012] In some embodiments, the gene weakening the function of immune cells is

selected from a group consisting of FAS, CD45, PP2A, SHIP1, SHIP2, DGK alpha, DGK

zeta, Cbl-b, CD147, LRR1, TGFBR1, IL10R alpha, KLGR1, DNMT3A and A2aR.

[0013] In some embodiments, two types of shRNA are utilized that target a gene or genes

which weaken the function of immune cells. In some embodiments, the two types of shRNA

either target a single gene which weakens the function of immune cells, or they target

different genes which weaken the function of immune cells. In some embodiments, the two

types of shRNA target PD-1. In some embodiments comprising two types of shRNA, one

shRNA targets PD-1 and the second shRNA targets TIM-3. In some embodiments

comprising two types of shRNA, one shRNA targets PD-1 and the second shRNA targets

TIGIT

[0014] shRNA forms a hairpin structure that comprises a sense shRNA sequence and an

anti-sense shRNA sequence. In some embodiments, a base sequence encoding an shRNA

described herein comprises a sequence selected from a group consisting of SEQ ID NOs: 2-

219. In certain embodiments, a base sequence encoding an shRNA described herein

comprises a sequence selected from a group consisting of SEQ ID NOs: 2-219, wherein said

sequence encodes a sense shRNA sequence. In certain embodiments, a base sequence

encoding an shRNA described herein comprises a sequence selected from a group consisting

of SEQ ID NOs: 2-219, wherein said sequence encodes an anti-sense shRNA sequence.

[0015] In some embodiments, the vector comprises any one of the base sequences SEQ

ID NO: 220 or 221. In some embodiments, the vector is a plasmid vector or a viral vector, for

example a lentivirus vector, e.g., a retroviral vector, an adenovirus vector or an adeno-

associated viral vector.

[0016] In another aspect, provided herein are immune cells comprising the vector

expressing CAR or TCR, for example mTCR, and wherein expression of the target genes of

the two types of shRNA is reduced to 40% or less than that of a control group which does not

express shRNA for the target gene. In some embodiments, the immune cell is selected from

between human-derived T cells and NK cells.

[0017] In another aspect, provided herein are pharmaceutical compositions for immune

therapy of human patients comprising the immune cells described above. In some

embodiments, the immune cell is originally derived from the patient. In some embodiments,
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the patient has a tumor or cancer in which an increase or variation in levels of cancer antigen

targeted by the CAR or TCR, for example,e mTCR expressed in the cell is detected.

[0018] In another aspect, provided herein are immune cells comprising a genetically

engineered antigen receptor that specifically binds to a target antigen and a genetic disruption

agent reducing or capable of reducing the expression in the immune cell of a gene that

weakens the function of the immune cells.

[0019] In another aspect, provided herein is an immune cell comprising a genetically

engineered antigen receptor that specifically binds to a target antigen and a genetic disruption

agent reducing or capable of reducing the expression in the immune cell of a gene that

weakens the function of the immune cell.

[0020] In some embodiments, the genetically engineered antigen receptor is a chimeric

antigen receptor (CAR) or a T cell receptor (TCR).

[0021] In some embodiments, the genetically engineered antigen receptor is a CAR. In

some embodiments, the CAR comprises an extracellular antigen recognition domain, a

transmembrane domain, and an intracellular signal transduction domain. In some

embodiments, the extracellular antigen recognition domain of the CAR specifically binds to

the target antigen.

[0022] In some embodiments, the intracellular signal transduction domain of the CAR

comprises an intracellular domain of a CD3 zeta (CD3) chain. In some embodiments, the

intracellular signal transduction domain of the CAR further comprises a costimulatory

molecule. In some embodiments, the costimulatory molecule is selected from the group

consisting of ICOS, 0X40, CD137 (4-1BB), CD27, and CD28. In some embodiments, the

costimulatory molecule is CD137 (4-1BB). In some embodiments, the costimulatory

molecule is CD28.

[0023] In some embodiments, the genetically engineered antigen receptor is a TCR. In

some embodiments, the TCR is a monoclonal TCR (mTCR).

[0024] In some embodiments, the target antigen is expressed in or on the surface of a

cancer cell, a cancer tissue, and/or a tumor microenvironment.

[0025] In some embodiments, the target antigen is selected from the group consisting of:

5T4 (Trophoblast glycoprotein), 707-AP, 9D7, AFP (a-fetoprotein), AlbZIP (androgen-

induced bZIP), HPG1 (human prostate specific gene-1), a5ẞ1-Integrin, a5ẞ6-Integrin, a -

methylacyl-coenzyme A racemase, ART-4 (ADPribosyltransferase-4), B7H4 (v-set domain-

containing T-cell activation inhibitor 1), BAGE-1 (B melanoma antigen-1), BCL-2 (B-cell

CLL/Iymphoma-2), BING-4 (WD repeat domain 46), CA 15-3/CA 27-29 (mucin 1), СA 19-9
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(cancer antigen 19-9), СA 72-4 (cancer antigen 72-4), CA125 (cancer antigen 125),

calreticulin, CAMEL (CTL-recognized antigen on melanoma), CASP-8 (caspase 8),

cathepsin B, cathepsin L, CD19 (cluster of differentiation 19), CD20, CD22, CD25, CD30,

CD33, CD4, CD52, CD55, CD56, CD80, CEA (carcinoembryonic antigen SG8), CLCA2

(chloride channel accessory 2), CML28 (chronic myelogenous leukemia tumor antigen 28),

Coactosin-like protein, Collagen XХIII, СОХ-2 (cyclooxygenase-2), CT-9/BRD6

(cancer/testis antigen 9), Cten (c-terminal tensin-like protein), cyclin B1, cyclin D1, cур-В,

CYPB1 (cytochrome p450 family 1 subfamily b member 1), DAM-10/MAGE-B1

(melanoma-associated antigen B1), DAM-6/MAGE-B2, EGFR/Her1 (epidermal growth

factor receptor), EMMPRIN (basigin), EpCam, EphA2 (EPH receptor A2), EphA3, ErbB3

(Erb-B2 receptor tyrosine kinase 3), EZH2 (enhancer of zeste 2 polycomb repressive

complex 2 subunit), FGF-5 (fibroblast growth factor 5), FN (fibronectin), Fra-1 (Fosrelated

antigen-1), G250/CAIX (carbonic anhydrase 9), GAGE-1 (G antigen-1), GAGE-2, GAGE-3,

GAGE-4, GAGE-5, GAGE-6, GAGE-7b, GAGE-8, GDEP (gene differentially expressed in

prostate), GnT-V (gluconate kinase), gp100 (melanocytes lineage-specific antigen GP100),

GPC3 (glypican3), HAGE (helical antigen), HAST-2 (sulfotransferase family 1A member 1),

hepsin, Her2/neu/ErbB2 (Erb-B2 receptor tyrosine kinase 2), HERV-K-MEL, HNE

(medullasin), homeobox NKX 3.1, HOM-TES-14/SCP-1, HOM-TES-85, HPV-E6, HPVE7,

HST-2 (sirtuin-2), hTERT, iCE (caspase 1), IGF-1R (insulin like growth factor-1 receptor),

IL-13Ra2 (interleukin-13 receptor subunit a 2), IL-2R (interleukin-2 receptor), IL-5

(interleukin-5), immature laminin receptor, kallikrein 2, kallikrein 4, Ki67, KIAA0205

(lysophosphatidylglycerol acyltransferase 1), KK-LC-1 (kita-kyushu lung cancer antigen-1),

KM-HN-1, LAGE-1 (L antigen family member-1), Livin, MAGE-A1, MAGE-A10, MAGE-

A12, MAGEA2, MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A9, MAGE-B1, MAGE-B10,

MAGE-B16, MAGEB17, MAGE-B2, MAGE-B3, MAGE-B4, MAGE-B5, MAGE-B6,

MAGE-C1, MAGE-C2, MAGE-C3, MAGE-D1, MAGE-D2, MAGE-D4, MAGE-E1,

MAGE-E2, MAGE-F1, MAGE-H1, MAGEL2 (melanoma antigen family L2), mammaglobin

A, MART-1/Melan-A (melanoma antigen recognized by T-cells-1), MART-2, matrix protein

22, MC1R (melanocortin 1 receptor), M-CSF (macrophage colony-stimulating factor),

Mesothelin, MG50/PXDN (peroxidasin), MMP 11 (matrix metalloprotease 11), MN/CA IX-

antigen (carbonic anhydrase 9), MRP-3 (multidrug resistance-associated protein-3), MUC1

(mucin 1), MUC2, NA88-A (VENT-like homeobox 2 pseudogene 1), N-acetylglucos-

aminyltransferase-V, Neo-PAP (Neo-poly (A) polymerase), NGEP (new gene expressed in

prostate), NMP22 (nuclear matrix protein 22), NPM/ALK (nucleophosmin), NSE (neuron-
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specific enolase), NY-ESO-1, NY-ESO-B, OA1 (osteoarthritis QTL 1), OFA-ILRP

(oncofetal antigen immature laminin receptor protein), OGT (O-GlcNAc transferase), OS-9

(endoplasmic reticulum lectin), osteocalcin, osteopontin, p15 (CDK inhibitor 2B), р53,

PAGE-4 (P antigen family member-4), PAI-1 (plasminogen activator inhibitor-1), PAI-2,

PAP (prostatic acid phosphatase), PART-1 (prostate androgen-regulated transcript 1), PATE

(prostate and testis expressed 1), PDEF (prostate-derived Ets factor), Pim-1-Kinase (proviral

integration site 1), Pin1 (Peptidyl-prolyl cis-trans isomerase NIMA-interacting 1), РOTE

(expressed in prostate, ovary, testis, and placenta), PRAME (preferentially expressed antigen

in melanoma), prostein, proteinase-3, PSA(prostate-specific antigen), PSCA (prostate stem

cell antigen), PSGR (prostate-specific G-protein coupled receptor), PSM, PSMA (prostate

specific membrane antigen), RAGE-1 (renal tumor carcinoma antigen), RHAMM/CD168,

RU1 (renal ubiquitous protein 1), RU2, SAGE(sarcoma antigen), SART-1 (squamous cell

carcinoma antigen recognized by T-cells-1), SART-2, SART-3, Sp17 (sperm protein 17),

SSX-1 (SSX family member 1), SSX-2/HOM-MEL-40, SSX-4, STAMP-1 (STEAP2

metalloreductase), STEAP, survivin, survivin-213, TA-90 (tumor associated antigen-90),

TAG-72 (tumor associated glycoprotein-72), TARP(TCRy alternate reading frame protein),

TGFb (transforming growth factor ẞ), TGFbR11 (transforming growth factor ẞ receptor 11),

TGM-4 (transglutaminase 4), TRAG-3(taxol resistance associated gene 3), TRG (T-cell

receptor y locus), TRP-1 (transient receptor potential-1), TRP-2/6b, TRP-2/INT2, Trp-p8,

Tyrosinase, UPA (U-plasminogen activator), VEGF (vascular endothelial growth factor A),

VEGFR-2/FLK-1, and WT1 (wilms tumor 1). In some embodiments, the target antigen is

CD19 or CD22. In some embodiments, the target antigen is CD19.

[0026] In some embodiments, the target antigen is a cancer antigen whose expression is

increased in or on the surface of a cancer cell, a cancer tissue, and/or a tumor

microenvironment.

[0027] In some embodiments, the target antigen is selected from the group consisting of:

a-actinin-4/m, ARTC1/m, bcr/abl, beta-Catenin/m, BRCA1/m, BRCA2/m, CASP-5/m,

CASP-8/m, CDC27/m, CDK4/m, CDKN2A/m, CML66, COA-1/m, DEK-CAN, EFTUD2/m,

ELF2/m, ETV6-AML1, FN1/m, GPNMB/m, HLA-A*0201-R1701, HLA-A11/m, HLA-

A2/m, HSP70-2M, KIAA0205/m, K-Ras/m, LDLR-FUT, MART2/m, ME1/m, MUM-1/m,

MUM-2/m, MUM-3/m, Myosin class 1/m, neo-PAP/m, NFYC/m, N-Ras/m, OGT/m, OS-

9/m, p53/m, Pml/RARa, PRDX5/m, PTPRX/m, RBAF600/m, SIRT2/m, SYTSSX-1, SYТ-

SSX-2, TEL-AML1, TGFbRII, and TPI/m; and wherein the target antigen is a mutated form
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of a cancer antigen expressed in or on the surface of a cancer cell, a cancer tissue, and/or a

tumor microenvironment.

[0028] In some embodiments, expression of the gene that weakens the function of the

immune cell causes one or more of the following:

i) inhibition of proliferation of the immune cell;

ii) induction of cell death of the immune cell;

iii) inhibition of the ability of the immune cell to recognize the target antigen and/or to

get activated;

iv)

v)

induction of differentiation of the immune cell into a cell that does not induce immune

response to the target antigen;

decreased reactions of the immune cell to a molecule which promotes immune

response of the immune cell; or

vi) increased reactions of the immune cell to a molecule which suppresses immune

response of the immune cell.

[0029] In some embodiments, the gene that weakens the function of the immune cell is

selected from the group consisting of: PD1, PD-L1, CTLA4, TIM3, CEACAM (CEACAM-1,

CEACAM-3 or CEACAM-5), LAG 3, VISTA, BTLA, TIGIT, LAIR1, CD160, CD96,

MerTK, 2B4, FAS, CD45, PP2A, SHP1, SHP2, DGK alpha, DGK zeta, Cbl-b, Cbl-c,

CD148, LRR1, TGFBR1, IL10RA, KLGR1, DNMT3A, and A2aR.

[0030] In some embodiments, the gene that weakens the function of the immune cell

increases reactions of the immune cell to a molecule which suppresses immune response of

the immune cell

[0031] In some embodiments, the gene that increases reactions of the immune cell to a

molecule which suppresses immune response of the immune cell encodes an immune

checkpoint receptor or ligand.

[0032] In some embodiments, the immune checkpoint receptor or ligand is selected from

the group consisting of: PD1, PD-L1, CTLA4, TIM3, CEACAM (CEACAM-1, CEACAM-3

or CEACAM-5), LAG 3, VISTA, BTLA, TIGIT, LAIR1, CD160, CD96, MerTK, and 2B4.

[0033] In some embodiments, the genetic disruption agent reduces the expression of a

gene in the immune cell that weakens the function of the immune cell by at least 30, 40, 50,

60, 70, 80, 90, or 95 % as compared to the immune cell in the absence of the genetic

disruption agent.
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[0034] In some embodiments, the genetic disruption agent reduces the expression of a

gene that increases reactions of the immune cell to a molecule which suppresses immune

response of the immune cell.

[0035] In some embodiments, the genetic disruption agent reduces the expression of a

gene that encodes an immune checkpoint receptor or ligand.

[0036] In some embodiments, the genetic disruption agent reduces the expression of a

gene selected from the group consisting of: PD1, PD-L1, CTLA4, TIM3, CEACAM

(CEACAM-1, CEACAM-3 or CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160,

CD96, MerTK, and 2B4.

[0037] In some embodiments, the genetic disruption agent reduces the expression of the

gene that weakens the function of the immune cell by RNA interference (RNAi). In some

embodiments, more than one genetic disruption agents reduce the expression of the gene that

weakens the function of the immune cell in the immune cell by RNAi.

[0038] In some embodiments, the genetic disruption agents target a single gene which

weakens the function of the immune cell, or target different genes which weaken the function

of the immune cell wherein a first genetic disruption agent targets a first gene and a second

genetic disruption agent targets a second gene, or in any combination thereof.

[0039] In some embodiments, the RNAi is mediated by a short hairpin RNA (shRNA).

In some embodiments, the RNAi is mediated by more than one shRNAs. In some

embodiments, the RNAi is mediated by two shRNAs.

[0040] In some embodiments, two shRNAs target PD-1. In some embodiments, a first

shRNA targets PD-1 and a second shRNA targets TIM-3. In some embodiments, a first

shRNA targets PD-1 and a second shRNA targets CTLA-4. In some embodiments, a first

shRNA targets PD-1 and a second shRNA targets LAG-3. In some embodiments, a first

shRNA targets PD-1 and a second shRNA targets TIGIT.

[0041] In some embodiments, the immune cell comprises nucleotide sequences that

encode a shRNA. In some embodiments, the immune cell comprises nucleotide sequences

that encode more than one shRNAs. In some embodiments, the immune cell comprises

nucleotide sequences that encode two shRNAs. Unless otherwise noted, as used herein the

terms "base sequence" an nucleotide sequence" are interchangeable.

[0042] In some embodiments, the nucleotide sequences encoding the shRNA comprise

sequences selected from the group consisting of SEQ ID NOs: 2-219 and 238-267.

[0043] In some embodiments, the nucleotide sequences encoding the shRNA is on a

vector.
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[0044] In some embodiments, the expression of different shRNA is respectively regulated

by different promoters. In some embodiments, the expression of two different shRNA is

respectively regulated by two different promoters. In some embodiments, the two different

promoters are RNA polymerase III promoters. In some embodiments, the two promoters are

U6 promoters. In some embodiments, the U6 promoters derive from different species. In

some embodiments, the two promoters are oriented in different directions from each other.

For example, in a certain embodiment, the promoters are oriented in a head to head

orientation. In another embodiment, the promoters are oriented in a tail to tail orientation.

[0045] In some embodiments, the genetically engineered antigen receptor and the genetic

disruption agent are each expressed from a vector. In some embodiments, the genetically

engineered antigen receptor and the genetic disruption agent are expressed from the same

vector.

[0046] In some embodiments, the vector is a plasmid vector or a viral vector. In some

embodiments, the viral vector is a lentivirus vector or a adenovirus vector. In some

embodiments, the lentivirus vector is a retrovirus vector.

[0047] In some embodiments, the immune cell is selected from the group consisting of a

T cell and a natural killer (NK) cell. In some embodiments, the immune cell is a T cell. In

some embodiments, the T cell is a CD4+ T cell or a CD8+ T cell.

[0048] In some embodiments, the immune cell comprises nucleotide sequences that

encode two shRNAs and a CAR on the same vector. In some embodiments, the two shRNA

are each regulated by two different RNA polymerase III promoters oriented in different

directions from each other. For example, in a certain embodiment, the promoters are oriented

in a head to head orientation. In another embodiment, the promoters are oriented in a tail to

tail orientation. In some embodiments, the CAR targets CD19, the first shRNA targets PD-1,

and the second shRNA targets TIGIT.

[0049] In another aspect, provided herein is a method of producing an immune cell

comprising introducing into an immune cell, simultaneously or sequentially in any order:

(1) a gene encoding a genetically engineered antigen receptor that specifically binds to a

target antigen; and

(2) a genetic disruption agent reducing or capable of reducing expression in the immune cell

of a gene that weakens the function of the immune cell,

thereby producing an immune cell in which a genetically engineered antigen receptor is

expressed and expression of the gene that weakens the function of the immune cell is

reduced.
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[0050] In some embodiments, the genetically engineered antigen receptor is a chimeric

antigen receptor (CAR) or a T cell receptor (TCR).

[0051] In some embodiments, the genetically engineered antigen receptor is a CAR. In

some embodiments, the CAR comprises an extracellular antigen recognition domain, a

transmembrane domain, and an intracellular signal transduction domain. In some

embodiments, the extracellular antigen recognition domain of the CAR specifically binds to

the target antigen.

[0052] In some embodiments, the intracellular signal transduction domain of the CAR

comprises an intracellular domain of a CD3 zeta (CD3) chain. In some embodiments, the

intracellular signal transduction domain of the CAR further comprises a costimulatory

molecule. In some embodiments, the costimulatory molecule is selected from the group

consisting of ICOS, 0X40, CD137 (4-1BB), CD27, and CD28. In some embodiments, the

costimulatory molecule is CD137 (4-1BB). In some embodiments, the costimulatory

molecule is CD28.

[0053] In some embodiments, the genetically engineered antigen receptor is a TCR. In

some embodiments, the TCR is a monoclonal TCR (mTCR).

[0054] In some embodiments, the target antigen is expressed in or on the surface of a

cancer cell, a cancer tissue, and/or a tumor microenvironment.

[0055] In some embodiments, the target antigen is selected from the group consisting of:

5T4 (Trophoblast glycoprotein), 707-AP, 9D7, AFP (a-fetoprotein), AlbZIP (androgen-

induced bZIP), HPG1 (human prostate specific gene-1), a5ẞ1-Integrin, a5ẞ6-Integrin, a -

methylacyl-coenzyme A racemase, ART-4 (ADPribosyltransferase-4), B7H4 (v-set domain-

containing T-cell activation inhibitor 1), BAGE-1 (B melanoma antigen-1), BCL-2 (B-cell

CLL/lymphoma-2), BING-4 (WD repeat domain 46), CA 15-3/СА 27-29 (mucin 1), CA 19-9

(cancer antigen 19-9), CA 72-4 (cancer antigen 72-4), CA125 (cancer antigen 125),

calreticulin, CAMEL (CTL-recognized antigen on melanoma), CASP-8 (caspase 8),

cathepsin B, cathepsin L, CD19 (cluster of differentiation 19), CD20, CD22, CD25, CD30,

CD33, CD4, CD52, CD55, CD56, CD80, CEA (carcinoembryonic antigen SG8), CLCA2

(chloride channel accessory 2), CML28 (chronic myelogenous leukemia tumor antigen 28),

Coactosin-like protein, Collagen XXIII, СОХ-2 (cyclooxygenase-2), CT-9/BRD6

(cancer/testis antigen 9), Cten (c-terminal tensin-like protein), cyclin B1, cyclin D1, сур-В,

CYPB1 (cytochrome p450 family 1 subfamily b member 1), DAM-10/MAGE-B1

(melanoma-associated antigen B1), DAM-6/MAGE-B2, EGFR/Her1 (epidermal growth

factor receptor), EMMPRIN (basigin), EpCam, EphA2 (EPH receptor A2), EphA3, ErbB3
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(Erb-B2 receptor tyrosine kinase 3), EZH2 (enhancer of zeste 2 polycomb repressive

complex 2 subunit), FGF-5 (fibroblast growth factor 5), FN (fibronectin), Fra-1 (Fosrelated

antigen-1), G250/CAIX (carbonic anhydrase 9), GAGE-1 (G antigen-1), GAGE-2, GAGE-3,

GAGE-4, GAGE-5, GAGE-6, GAGE-7b, GAGE-8, GDEP (gene differentially expressed in

prostate), GnT-V (gluconate kinase), gp100 (melanocytes lineage-specific antigen GP100),

GPC3 (glypican3), HAGE (helical antigen), HAST-2 (sulfotransferase family 1A member 1),

hepsin, Her2/neu/ErbB2 (Erb-B2 receptor tyrosine kinase 2), HERV-K-MEL, HNE

(medullasin), homeobox NKX 3.1, HOM-TES-14/SCP-1, HOM-TES-85, HPV-E6, HPVE7,

HST-2 (sirtuin-2), hTERT, iCE (caspase 1), IGF-1R (insulin like growth factor-1 receptor),

IL-13Ra2 (interleukin-13 receptor subunit a 2), IL-2R (interleukin-2 receptor), IL-5

(interleukin-5), immature laminin receptor, kallikrein 2, kallikrein 4, Ki67, KIAA0205

(lysophosphatidylglycerol acyltransferase 1), KK-LC-1 (kita-kyushu lung cancer antigen-1),

KM-HN-1, LAGE-1 (L antigen family member-1), Livin, MAGE-A1, MAGE-A10, MAGE-

A12, MAGEA2, MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A9, MAGE-B1, MAGE-B10,

MAGE-B16, MAGEB17, MAGE-B2, MAGE-B3, MAGE-B4, MAGE-B5, MAGE-B6,

MAGE-C1, MAGE-C2, MAGE-C3, MAGE-D1, MAGE-D2, MAGE-D4, MAGE-E1,

MAGE-E2, MAGE-F1, MAGE-H1, MAGEL2 (melanoma antigen family L2), mammaglobin

A, MART-1/Melan-A (melanoma antigen recognized by T-cells-1), MART-2, matrix protein

22, MC1R (melanocortin 1 receptor), M-CSF (macrophage colony-stimulating factor),

Mesothelin, MG50/PXDN (peroxidasin), MMP 11 (matrix metalloprotease 11), MN/CA IX-

antigen (carbonic anhydrase 9), MRP-3 (multidrug resistance-associated protein-3), MUC1

(mucin 1), MUC2, NA88-A (VENT-like homeobox 2 pseudogene 1), N-acetylglucos-

aminyltransferase-V, Neo-PAP (Neo-poly (A) polymerase), NGEP (new gene expressed in

prostate), NMP22 (nuclear matrix protein 22), NPM/ALK (nucleophosmin), NSE (neuron-

specific enolase), NY-ESO-1, NY-ESO-B, OA1 (osteoarthritis QTL 1), OFA-ILRP

(oncofetal antigen immature laminin receptor protein), OGT (O-GlcNAc transferase), OS-9

(endoplasmic reticulum lectin), osteocalcin, osteopontin, p15 (CDK inhibitor 2B), p53,

PAGE-4 (P antigen family member-4), PAI-1 (plasminogen activator inhibitor-1), PAI-2,

PAP (prostatic acid phosphatase), PART-1 (prostate androgen-regulated transcript 1), PATE

(prostate and testis expressed 1), PDEF (prostate-derived Ets factor), Pim-1-Kinase (proviral

integration site 1), Pin1 (Peptidyl-prolyl cis-trans isomerase NIMA-interacting 1), POTE

(expressed in prostate, ovary, testis, and placenta), PRAME (preferentially expressed antigen

in melanoma), prostein, proteinase-3, PSA(prostate-specific antigen), PSCA (prostate stem

cell antigen), PSGR(prostate-specific G-protein coupled receptor), PSM, PSMA (prostate
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specific membrane antigen), RAGE-1 (renal tumor carcinoma antigen), RHAMM/CD168,

RU1 (renal ubiquitous protein 1), RU2, SAGE(sarcoma antigen), SART-1 (squamous cell

carcinoma antigen recognized by T-cells-1), SART-2, SART-3, Sp17(sperm protein 17),

SSX-1 (SSX family member 1), SSX-2/HOM-MEL-40, SSX-4, STAMP-1 (STEAP2

metalloreductase), STEAP, survivin, survivin-213, TA-90 (tumor associated antigen-90),

TAG-72 (tumor associated glycoprotein-72), TARP (TCRy alternate reading frame protein),

TGFb (transforming growth factor ẞ), TGFbR11 (transforming growth factor ẞ receptor 11),

TGM-4 (transglutaminase 4), TRAG-3 (taxol resistance associated gene 3), TRG (T-cell

receptor y locus), TRP-1 (transient receptor potential-1), TRP-2/6b, TRP-2/INT2, Trp-p8,

Tyrosinase, UPA (U-plasminogen activator), VEGF (vascular endothelial growth factor A),

VEGFR-2/FLK-1, and WT1 (wilms tumor 1). In some embodiments, the target antigen is

CD19 or CD22. In some embodiments, the target antigen is CD19.

[0056] In some embodiments, the target antigen is a cancer antigen whose expression is

increased in or on the surface of a cancer cell, a cancer tissue, and/or a tumor

microenvironment.

[0057] In some embodiments, the target antigen is selected from the group consisting of:

a-actinin-4/m, ARTC1/m, bcr/abl, beta-Catenin/m, BRCA1/m, BRCA2/m, CASP-5/m,

CASP-8/m, CDC27/m, CDK4/m, CDKN2A/m, CML66, COA-1/m, DEK-CAN, EFTUD2/m,

ELF2/m, ETV6-AML1, FN1/m, GPNMB/m, HLA-A*0201-R1701, HLA-A11/m, HLA-

A2/m, HSP70-2M, KIAA0205/m, K-Ras/m, LDLR-FUT, MART2/m, ME1/m, MUM-1/m,

MUM-2/m, MUM-3/m, Myosin class 1/m, neo-PAP/m, NFYC/m, N-Ras/m, OGT/m, OS-

9/m, p53/m, Pml/RARa, PRDX5/m, PTPRX/m, RBAF600/m, SIRT2/m, SYTSSX-1, SYT-

SSX-2, TEL-AML1, TGFbRII, and TPI/m; and wherein the target antigen is a mutated form

of a cancer antigen expressed in or on the surface of a cancer cell, a cancer tissue, and/or a

tumor microenvironment.

[0058] In some embodiments, expression of the gene that weakens the function of the

immune cell causes one or more of the following:

i) inhibition of proliferation of the immune cell;

ii) induction of cell death of the immune cell;

iii) inhibition of the ability of the immune cell to recognize the target antigen and/or to

get activated;

iv) induction of differentiation of the immune cell into a cell that does not induce immune

response to the target antigen;
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v) decreased reactions of the immune cell to a molecule which promotes immune

response of the immune cell; or

vi) increased reactions of the immune cell to a molecule which suppresses immune

response of the immune cell.

[0059] In some embodiments, the gene that weakens the function of the immune cell is

selected from the group consisting of: PD1, PD-L1, CTLA4, TIM3, CEACAM (CEACAM-1,

CEACAM-3 or CEACAM-5), LAG 3, VISTA, BTLA, TIGIT, LAIR1, CD160, CD96,

MerTK, 2B4, FAS, CD45, PP2A, SHP1, SHP2, DGK alpha, DGK zeta, Cbl-b, Cbl-c,

CD148, LRR1, TGFBR1, IL10RA, KLGR1, DNMT3A, and A2aR.

[0060] In some embodiments, the gene that weakens the function of the immune cell

increases reactions of the immune cell to a molecule which suppresses immune response of

the immune cell.

[0061] In some embodiments, the gene that increases reactions of the immune cell to a

molecule which suppresses immune response of the immune cell encodes an immune

checkpoint receptor or ligand.

[0062] In some embodiments, the immune checkpoint receptor or ligand is selected from the

group consisting of: PD1, PD-L1, CTLA4, TIM3, CEACAM (CEACAM-1, CEACAM-3 or

CEACAM-5), LAG 3, VISTA, BTLA, TIGIT, LAIR1, CD160, CD96, MerTK, and 2B4.

[0063] In some embodiments, the genetic disruption agent reduces the expression of a gene

in the immune cell that weakens the function of the immune cell by at least 30, 40, 50, 60, 70,

80, 90, or 95% as compared to the immune cell in the absence of the genetic disruption

agent.

[0064] In some embodiments, the genetic disruption agent reduces the expression of a

gene that increases reactions of the immune cell to a molecule which suppresses immune

response of the immune cell.

[0065] In some embodiments, the genetic disruption agent reduces the expression of a

gene that encodes an immune checkpoint receptor or ligand.

[0066] In some embodiments, the genetic disruption agent reduces the expression of a

gene selected from the group consisting of: PD1, PD-L1, CTLA4, TIM3, CEACAM

(CEACAM-1, CEACAM-3 or CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160,

CD96, MerTK, and 2B4.

[0067] In some embodiments, the genetic disruption agent reduces the expression of the

gene that weakens the function of the immune cell by RNA interference (RNAi). In some
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embodiments, more than one genetic disruption agents reduce the expression of the gene that

weakens the function of the immune cell in the immune cell by RNAi.

[0068] In some embodiments, the genetic disruption agents target a single gene which

weakens the function of the immune cell, or target different genes which weaken the function

of the immune cell wherein a first genetic disruption agent targets a first gene and a second

genetic disruption agent targets a second gene, or in any combination thereof.

[0069] In some embodiments, the RNAi is mediated by a short hairpin RNA (shRNA).

In some embodiments, the RNAi is mediated by more than one shRNAs. In some

embodiments, the RNAi is mediated by two shRNAs.

[0070] In some embodiments, two shRNAs target PD-1. In some embodiments, a first

shRNA targets PD-1 and a second shRNA targets TIM-3. In some embodiments, a first

shRNA targets PD-1 and a second shRNA targets CTLA-4. In some embodiments, a first

shRNA targets PD-1 and a second shRNA targets LAG-3. In some embodiments, a first

shRNA targets PD-1 and a second shRNA targets TIGIT.

[0071] In some embodiments, the immune cell comprises nucleotide sequences that

encode a shRNA. In some embodiments, the immune cell comprises nucleotide sequences

that encode more than one shRNAs. In some embodiments, the immune cell comprises

nucleotide sequences that encode two shRNAs.

[0072] In some embodiments, the nucleotide sequences encoding the shRNA comprise

sequences selected from the group consisting of SEQ ID NOs: 2-219 and 238-267.

[0073] In some embodiments, the nucleotide sequences encoding the shRNA is on a

vector.

[0074] In some embodiments, the expression of different shRNA is respectively regulated

by different promoters. In some embodiments, the expression of two different shRNA is

respectively regulated by two different promoters. In some embodiments, the two different

promoters are RNA polymerase III promoters. In some embodiments, the two promoters are

U6 promoters. In some embodiments, the U6 promoters derive from different species. In

some embodiments, the two promoters are oriented in different directions from each other.

For example, in a certain embodiment, the promoters are oriented in a head to head

orientation. In another embodiment, the promoters are oriented in a tail to tail orientation.

[0075] In some embodiments, the genetically engineered antigen receptor and the genetic

disruption agent are each expressed from a vector. In some embodiments, the genetically

engineered antigen receptor and the genetic disruption agent are expressed from the same

vector.
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[0076] In some embodiments, the vector is a plasmid vector or a viral vector. In some

embodiments, the viral vector is a lentivirus vector or a adenovirus vector. In some

embodiments, the lentivirus vector is a retrovirus vector.

[0077] In some embodiments, the immune cell is selected from the group consisting of a

T cell and a natural killer (NK) cell. In some embodiments, the immune cell is a T cell. In

some embodiments, the T cell is a CD4+ T cell or a CD8+ T cell.

[0078] In some embodiments, the immune cell comprises nucleotide sequences that

encode two shRNAs and a CAR on the same vector. In some embodiments, the two shRNA

are each regulated by two different RNA polymerase III promoters oriented in different

directions from each other. For example, in a certain embodiment, the promoters are oriented

in a head to head orientation. In another embodiment, the promoters are oriented in a tail to

tail orientation. In some embodiments, the CAR targets CD19, the first shRNA targets PD-1,

and the second shRNA targets TIGIT.

[0079] In another aspect, provided herein is a composition comprising the engineered

immune cell. In another aspect, provided herein is a pharmaceutical composition comprising

the immune cell and a pharmaceutically acceptable carrier.

[0080] In another aspect, provided herein is a method of treatment comprising

administering to a subject having a disease or a condition the immune cell or the composition.

In some embodiments, the genetically engineered antigen receptor specifically binds to an

antigen associated with the disease or the condition. In some embodiments, the disease or the

condition is a cancer or a tumor.

[0081] In another aspect, provided herein is immune cell or composition for use in

treating a disease or a condition. In another aspect, provided herein is use of an immune cell

or the composition in the manufacture of a medicament for treating a disease or a condition.

In some embodiments, the genetically engineered antigen receptor specifically binds to an

antigen associated with the disease or the condition. In some embodiments, the disease or the

condition is a cancer or a tumor.

Further non-limiting embodiments are presented below.

1. A vector, comprising:

a base sequence encoding two types of short hairpin RNA (shRNA) which inhibit the

expression of at least one gene that weakens the function of immune cells, and

a base sequence encoding a chimeric antigen receptor (CAR) or a monoclonal T cell receptor

(mTCR).
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2. The vector according to Embodiment 1, wherein the expression of the two types of shRNA is

characterized in that they are respectively regulated by two different promoters.

3. The vector according to Embodiment 2, wherein the two promoters are RNA polymerase III

promoters.

4.

5.

The vector according to Embodiment 2, wherein the two promoters are U6 promoters derived

from different species.

The vector according to Embodiment 2, wherein the two promoters are oriented in different

directions from each other on the vector.

6. The vector according to Embodiment 1, wherein the gene weakening the function of immune

cells is an immune checkpoint receptor or ligand.

7. The vector according to Embodiment 6, wherein the immune checkpoint receptor or ligand is

selected from a group consisting of PD1, PD-L1, CTLA4, TIM3, CEAСAM (СEAСAM-1,

CEACAM-3 or CEACAM-5), LAG 3, VISTA, BTLA, TIGIT, LAIR1, CD160, CD96,

MerTK and 2B4.

8. The vector according to Embodiment 1, wherein the gene weakening the function of immune

cells is selected from a group consisting of FAS, CD45, PP2A, SHIP1, SHIP2, DGK alpha,

DGK zeta, Cbl-b, CD147, LRR1, TGFBR1, IL10R alpha, KLGR1, DNMT3A and A2aR.

9. The vector according to Embodiment 1, wherein the two types of shRNA target a single gene

which weakens the function of immune cells, or wherein the two types of shRNA target

different genes which weaken the function of immune cells.

10. The vector according to Embodiment 1, wherein the two types of shRNA target PD-1.

11. The vector according to Embodiment 1, wherein, of the two types of shRNA, i) one shRNA

targets PD-1 and the second shRNA targets TIM-3, or ii) one shRNA targets PD-1 and the

second shRNA targets TIGIT.



WO 2019/138354

17

PCT/IB2019/050194

12.

13.

The vector according to Embodiment 1, wherein, of the two types of shRNA, the base

sequence encoding one shRNA comprises a sequence selected from a group consisting of

SEQ ID NOs: 2-219, and the base sequence encoding the second shRNA comprises a

different sequence selected from the group consisting of SEQ ID Nos: 2-219.

The vector according to Embodiment 1, wherein the target of the CAR or mTCR is a human

tumor antigen that exhibits increased expresssion in a cancer cell, cancer tissue, and/or tumor

microenvironment, or is a mutated form of antigen found in a cancer cell, cancer tissue and/or

tumor microenvironment.

14 The vector according to Embodiment 1, whether the vector comprises the base sequence of

SEQ ID NO: 220 or 221.

15. The vector according to Embodiment 1, wherein the vector is a plasmid vector, a lentivirus

vector, an adenovirus vector, an adeno-associated vector or a retrovirus vector.

16. An immune cell comprising the vector according to Embodiment 1, wherein expression of the

one or more genes is reduced to 40% or less than that of expression in the absence of the

shRNAs.

17. The immune cell according to Embodiment 16, wherein the immune cell is a human-derived

T cell or natural killer (NK) cell.

18. A pharmaceutical composition comprising the immune cell according to any one of

Embodiment 1-17.

19. The pharmaceutical composition according to Embodiment 18, for treatment of a patient in

need of immune threapy, wherein the immune cell is originally obtained from the patient.

20. The pharmaceutical composition according to Embodiment 19, wherein the patient has a

tumor or cancer in which the target, and/or an increase or variation in levels of the target, of

the CAR or mTCR expressed in the immune cell is detected.
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21. An immune cell comprising a genetically engineered antigen receptor that specifically binds

to a target antigen and a genetic disruption agent reducing or capable of reducing the

expression in the immune cell of a gene that weakens the function of the immune cell.

22. The immune cell of embodiment 21, wherein the genetically engineered antigen receptor is a

chimeric antigen receptor (CAR) or a T cell receptor (TCR).

23. The immune cell of embodiment 22, wherein the genetically engineered antigen receptor is a

CAR.

24. The immune cell of embodiment 23, wherein the CAR comprises an extracellular antigen

recognition domain, a transmembrane domain, and an intracellular signal transduction

domain.

25. The immune cell of embodiment 24, wherein the extracellular antigen recognition domain of

the CAR specifically binds to the target antigen.

26. The immune cell of embodiment 24, wherein the intracellular signal transduction domain of

the CAR comprises an intracellular domain of a CD3 zeta (CD3) chain.

27. The immune cell of embodiment 26, wherein the intracellular signal transduction domain of

the CAR further comprises a costimulatory molecule.

28. The immune cell of embodiment 27, wherein the costimulatory molecule is selected from the

group consisting of ICOS, 0X40, CD137 (4-1BB), CD27, and CD28.

29. The immune cell of embodiment 28, wherein the costimulatory molecule is CD137 (4-1BB).

30. The immune cell of embodiment 28, wherein the costimulatory molecule is CD28.

31. The immune cell of embodiment 22, wherein the genetically engineered antigen receptor is a

TCR.

32. The immune cell of embodiment 31, wherein the TCR is a monoclonal TCR (mTCR).
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33. The immune cell of embodiment 31 or 32, wherein the target antigen is expressed in or on the

surface of a cancer cell, a cancer tissue, and/or a tumor microenvironment.

34. The immune cell of embodiment 33, wherein the target antigen is selected from the group

consisting of:

5T4 (Trophoblast glycoprotein), 707-AP, 9D7, AFP (a-fetoprotein), AlbZIP (androgen-

induced bZIP), HPG1 (human prostate specific gene-1), a5ẞ1-Integrin, a5ẞ6-Integrin, a -

methylacyl-coenzyme A racemase, ART-4 (ADPribosyltransferase-4), B7H4 (v-set domain-

containing T-cell activation inhibitor 1), BAGE-1 (B melanoma antigen-1), BCL-2 (B-cell

CLL/lymphoma-2), BING-4 (WD repeat domain 46), CA 15-3/CA 27-29 (mucin 1), CA 19-9

(cancer antigen 19-9), CA 72-4 (cancer antigen 72-4), CA125 (cancer antigen 125),

calreticulin, CAMEL (CTL-recognized antigen on melanoma), CASP-8 (caspase 8),

cathepsin B, cathepsin L, CD19 (cluster of differentiation 19), CD20, CD22, CD25, CD30,

CD33, CD4, CD52, CD55, CD56, CD80, CEA (carcinoembryonic antigen SG8), CLCA2

(chloride channel accessory 2), CML28 (chronic myelogenous leukemia tumor antigen 28),

Coactosin-like protein, Collagen XXIII, СОХ-2 (cyclooxygenase-2), CT-9/BRD6

(cancer/testis antigen 9), Cten (c-terminal tensin-like protein), cyclin B1, cyclin D1, cyp-B,

CYPB1 (cytochrome p450 family 1 subfamily b member 1), DAM-10/MAGE-B1

(melanoma-associated antigen B1), DAM-6/MAGE-B2, EGFR/Her1 (epidermal growth

factor receptor), EMMPRIN (basigin), EpCam, EphA2 (EPH receptor A2), EphA3, ErbB3

(Erb-B2 receptor tyrosine kinase 3), EZH2 (enhancer of zeste 2 polycomb repressive

complex 2 subunit), FGF-5 (fibroblast growth factor 5), FN (fibronectin), Fra-1 (Fosrelated

antigen-1), G250/CAIX (carbonic anhydrase 9), GAGE-1 (G antigen-1), GAGE-2, GAGE-3,

GAGE-4, GAGE-5, GAGE-6, GAGE-7b, GAGE-8, GDEP (gene differentially expressed in

prostate), GnT-V (gluconate kinase), gp100 (melanocytes lineage-specific antigen GP100),

GPC3 (glypican3), HAGE (helical antigen), HAST-2 (sulfotransferase family 1A member 1),

hepsin, Her2/neu/ErbB2 (Erb-B2 receptor tyrosine kinase 2), HERV-K-MEL, HNE

(medullasin), homeobox NKX 3.1, HOM-TES-14/SCP-1, HOM-TES-85, HPV-E6, HPVE7,

HST-2 (sirtuin-2), hTERT, iCE (caspase 1), IGF-1R (insulin like growth factor-1 receptor),

IL-13Ra2 (interleukin-13 receptor subunit a 2), IL-2R (interleukin-2 receptor), IL-5

(interleukin-5), immature laminin receptor, kallikrein 2, kallikrein 4, Ki67, KIAA0205

(lysophosphatidylglycerol acyltransferase 1), KK-LC-1 (kita-kyushu lung cancer antigen-1),

KM-HN-1, LAGE-1 (L antigen family member-1), Livin, MAGE-A1, MAGE-A10, MAGE-
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A12, MAGEA2, MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A9, MAGE-B1, MAGE-B10,

MAGE-B16, MAGEB17, MAGE-B2, MAGE-B3, MAGE-B4, MAGE-B5, MAGE-B6,

MAGE-C1, MAGE-C2, MAGE-C3, MAGE-D1, MAGE-D2, MAGE-D4, MAGE-E1,

MAGE-E2, MAGE-F1, MAGE-H1, MAGEL2 (melanoma antigen family L2), mammaglobin

A, MART-1/Melan-A (melanoma antigen recognized by T-cells-1), MART-2, matrix protein

22, MC1R (melanocortin 1 receptor), M-CSF (macrophage colony-stimulating factor),

Mesothelin, MG50/PXDN (peroxidasin), MMP 11 (matrix metalloprotease 11), MN/CA IX-

antigen (carbonic anhydrase 9), MRP-3 (multidrug resistance-associated protein-3), MUC1

(mucin 1), MUC2, NA88-A (VENT-like homeobox 2 pseudogene 1), N-acetylglucos-

aminyltransferase-V, Neo-PAP (Neo-poly (A) polymerase), NGEP (new gene expressed in

prostate), NMP22 (nuclear matrix protein 22), NPM/ALK (nucleophosmin), NSE (neuron-

specific enolase), NY-ESO-1, NY-ESO-B, OA1 (osteoarthritis QTL 1), OFA-iLRP

(oncofetal antigen immature laminin receptor protein), OGT (O-GleNAc transferase), OS-9

(endoplasmic reticulum lectin), osteocalcin, osteopontin, p15 (CDK inhibitor 2B), р53,

PAGE-4 (P antigen family member-4), PAI-1 (plasminogen activator inhibitor-1), PAI-2,

PAP (prostatic acid phosphatase), PART-1 (prostate androgen-regulated transcript 1), PATE

(prostate and testis expressed 1), PDEF (prostate-derived Ets factor), Pim-1-Kinase (proviral

integration site 1), Pin1 (Peptidyl-prolyl cis-trans isomerase NIMA-interacting 1), РOTE

(expressed in prostate, ovary, testis, and placenta), PRAME (preferentially expressed antigen

in melanoma), prostein, proteinase-3, PSA (prostate-specific antigen), PSCA (prostate stem

cell antigen), PSGR (prostate-specific G-protein coupled receptor), PSM, PSMA (prostate

specific membrane antigen), RAGE-1 (renal tumor carcinoma antigen), RHAMM/CD168,

RU1 (renal ubiquitous protein 1), RU2, SAGE (sarcoma antigen), SART-1 (squamous cell

carcinoma antigen recognized by T-cells-1), SART-2, SART-3, Sp17 (sperm protein 17),

SSX-1 (SSX family member 1), SSX-2/HOM-MEL-40, SSX-4, STAMP-1 (STEAP2

metalloreductase), STEAP, survivin, survivin-213, TA-90 (tumor associated antigen-90),

TAG-72(tumor associated glycoprotein-72), TARP (TCRy alternate reading frame protein),

TGFb (transforming growth factor B), TGFbR11 (transforming growth factor ẞ receptor 11),

TGM-4 (transglutaminase 4), TRAG-3 (taxol resistance associated gene 3), TRG (T-cell

receptor y locus), TRP-1 (transient receptor potential-1), TRP-2/6b, TRP-2/INT2, Trp-p8,

Tyrosinase, UPA(U-plasminogen activator), VEGF (vascular endothelial growth factor A),

VEGFR-2/FLK-1, and WT1 (wilms tumor 1).

35. The immune cell of embodiment 35, wherein the target antigen is CD19 or CD22.
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36. The immune cell of embodiment 36, wherein the target antigen is CD19.

37. The immune cell of any of embodiments 34-36, wherein the target antigen is a cancer antigen

whose expression is increased in oror on the surface of a cancer cell, a cancer tissue, and/or a

tumor microenvironment.

38. The immune cell of embodiment 33, wherein the target antigen is selected from the group

consisting of:

a-actinin-4/m, ARTC1/m, bcr/abl, beta-Catenin/m, BRCA1/m, BRCA2/m, CASP-5/m,

CASP-8/m, CDC27/m, CDK4/m, CDKN2A/m, CML66, COA-1/m, DEK-CAN, EFTUD2/m,

ELF2/m, ETV6-AML1, FN1/m, GPNMB/m, HLA-A*0201-R1701, HLA-A11/m, HLA-

A2/m, HSP70-2M, KIAA0205/m, K-Ras/m, LDLR-FUT, MART2/m, ME1/m, MUM-1/m,

MUM-2/m, MUM-3/m, Myosin class 1/m, neo-PAP/m, NFYC/m, N-Ras/m, OGT/m, OS-

9/m, p53/m, Pml/RARa, PRDX5/m, PTPRX/m, RBAF600/m, SIRT2/m, SYTSSX-1, SYТ-

SSX-2, TEL-AML1, TGFbRII, and TPI/m; and

wherein the target antigen is a cancer antigen that is a mutated form of antigen expressed in

or on the surface of a cancer cell, a cancer tissue, and/or a tumor microenvironment.

39. The immune cell of any of embodiments 21-38, wherein expression of the gene that weakens

the function of the immune cell causes one or more of the following:

i) inhibition of proliferation of the immune cell;

ii) induction of cell death of the immune cell;

iii) inhibition of the ability of the immune cell to recognize the target antigen and/or

undergo activation;

iv) induction of differentiation of the immune cell into a cell that does not induce immune

response to the target antigen;

v) decreased reactios of the immune cell to a molecule which promotes immune

response of the immune cell; or

vi) increased reaction of the immune cell to a molecule which suppresses immune

response of the immune cell.

40. The immune cell of embodiment 39, wherein the gene that weakens the function of the

immune cell is selected from the group consisting of: PD1, PD-L1, CTLA4, TIM3,
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CEACAM (CEACAM-1, CEACAM-3 or CEACAM-5), LAG 3, VISTA, BTLA, TIGIT,

LAIR1, CD160, CD96, MerTK, 2B4, FAS, CD45, PP2A, SHP1, SHP2, DGK alpha, DGK

zeta, Cbl-b, Cbl-c, CD148, LRR1, TGFBR1, IL10RA, KLGR1, DNMT3A, and A2aR.

41. The immune cell of embodiment 39, wherein the gene that weakens the function of the

immune cell increases reaction of the immune cell to a molecule which suppresses immune

response of the immune cell.

42. The immune cell of embodiment 41, wherein the gene that increases reaction of the immune

cell to a molecule which suppresses immune response of the immune cell encodes an immune

checkpoint receptor or ligand.

43. The immune cell of embodiment 42, wherein the immune checkpoint receptor or ligand is

selected from the group consisting of: PD1, PD-L1, CTLA4, TIM3, CEACAM (CEACAМ-1,

CEACAM-3 or CEACAM-5), LAG 3, VISTA, BTLA, TIGIT, LAIR1, CD160, CD96,

MerTK, and 2B4.

44. The immune cell of any of embodiments 21-43, wherein the genetic disruption agent reduces

the expression of a gene in the immune cell that weakens the function of the immune cell by

at least 30, 40, 50, 60, 70, 80, 90, or 95% as compared to the immune cell in the absence of

the genetic disruption agent.

45. The immune cell of embodiment 44, wherein the genetic disruption agent reduces the

expression of a gene that increases reaction of the immune cell to a molecule which

suppresses immune response of the immune cell.

46. The immune cell of embodiment 45, wherein the genetic disruption agent reduces the

expression of a gene that encodes an immune checkpoint receptor or ligand.

47. The immune cell of embodiment 46, wherein the genetic disruption agent reduces the

expression of a gene selected from the group consisting of: PD1, PD-L1, CTLA4, TIM3,

CEACAM (CEACAM-1, СЕAСAM-3 or CEACAM-5), LAG3, VISTA, BTLA, TIGIT,

LAIR1, CD160, CD96, MerTK, and 2B4.
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48. The immune cell of any of embodiments 45-47, wherein the genetic disruption agent reduces

the expression of the gene that weakens the function of the immune cell by RNA interference

(RNAi).

49. The immune cell of embodiment 48, wherein more than one genetic disruption agents reduce

the expression of the gene that weakens the function of the immune cell in the immune cell

by RNAi.

50. The immune cell of embodiment 49, wherein the genetic disruption agents target a single

gene which weakens the function of the immune cell, or wherein different genetic disruption

agents target different genes which weaken the function of the immune cell, for example,

wherein a first genetic disruption agent targets a first gene and a second genetic disruption

agent targets a second gene.

51. The immune cell of any of embodiments 48-50, wherein the RNAi is mediated by a short

hairpin RNA (shRNA).

52. The immune cell of embodiment 51, wherein the RNAi is mediated by more than one

shRNA

53. The immune cell of embodiment 52, wherein the RNAi is mediated by two shRNAs.

54. The immune cell of any of embodiments 52-53, wherein two shRNAs target PD-1.

55. The immune cell of any of embodiments 52-53, wherein a first shRNA targets PD-1 and a

second shRNA targets TIM-3.

56. The immune cell of any of embodiments 52-53, wherein a first shRNA targets PD-1 and a

second shRNA targets CTLA-4.

57. The immune cell of any of embodiments 52-53, wherein a first shRNA targets PD-1 and a

second shRNA targets LAG-3.
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58. The immune cell of any of embodiments 52-53, wherein a first shRNA targets PD-1 and a

second shRNA targets TIGIT.

59. The immune cell of any of embodiments 51-58, wherein the immune cell comprises

nucleotide sequences that encode a shRNA.

60. The immune cell of embodiment 59, wherein the immune cell comprises nucleotide

sequences that encode more than one shRNA.

61. The immune cell of embodiment 59, wherein the immune cell comprises nucleotide

sequences that encode two shRNAS.

62. The immune cell of any of embodiments 59-61, wherein the nucleotide sequence encoding

the shRNA(s) comprises a nucleotide sequence selected from the group consisting of SEQ ID

NOs: 2-219 and 238-267.

63. The immune cell of any of embodiments 59-62, wherein the nucleotide sequence encoding

the shRNA(s) is present on a vector.

64. The immune cell of any of embodiment 63, wherein the expression of different shRNAs is

regulated by different promoters.

65. The immune cell of embodiment 64, wherein the expression of two different shRNA is

regulated by two different promoters.

66.

67.

The immune cell of embodiment 65, wherein the two different promoters are RNA

polymerase III promoters.

The immune cell of embodiment 66, wherein the two promoters are U6 promoters.

68. The immune cell of embodiment 67, wherein the U6 promoters derived from different

species.
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69. The immune cell of any of embodiments 65-68, wherein the two promoters are oriented in

different directions from each other.

70. The immune cell of any of embodiments 21-69, wherein the genetically engineered antigen

receptor and the genetic disruption agent(s) are each expressed from a vector.

71. The immune cell of embodiment 70, wherein the genetically engineered antigen receptor and

the genetic disruption agent(s) are expressed from the same vector.

72. The immune cell of any of embodiments 70-71, wherein the vector is a plasmid vector or a

viral vector.

73. The immune cell of embodiment 72, wherein the viral vector is a lentivirus vector,

adenovirus vector or adeno-associated viral vector.

74. The immune cell of embodiment 73, wherein the lentivirus vector is a retrovirus vector.

75. The immune cell of any of embodiments 21-74, wherein the immune cell is selected from the

group consisting of a T cell and a natural killer (NK) cell.

76. The immune cell of embodiment 75, wherein the immune cell is a T cell.

77. The immune cell of embodiment 76, wherein the T cell is a CD4+ T cell or a CD8+ T cell.

78. The immune cell of any of embodiment 76 or 77, wherein the immune cell comprises

nucleotide sequences that encode two shRNAs and a CAR or mTCR on the same vector.

79. The immune cell of embodiment 78, wherein the two shRNA are each regulated by two

different RNA polymerase III promoters oriented in different directions from each other.

80. The immune cell of embodiment 79, wherein the CAR targets CD19, the first shRNA targets

PD-1, and the second shRNA targets TIGIT.
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81. A method of producing an immune cell comprising introducing into an immune cell,

simultaneously or sequentially in any order:

82

(1) a gene encoding a genetically engineered antigen receptor that specifically binds to a

target antigen; and

(2) a genetic disruption agent, wherein the genetic disruption agent, or expression theref,

reduces or is capable of reducing expression in the immune cell of a gene that weakens the

function of the immune cell,

thereby producing an immune cell in which a genetically engineered antigen receptor is

expressed and expression of a gene that weakens the function of the immune cell is reduced.

The method of embodiment 81, wherein the genetically engineered antigen receptor is a

chimeric antigen receptor (CAR) or a T cell receptor (TCR).

83. The method of embodiment 82, wherein the genetically engineered antigen receptor is a

CAR.

84. The method of embodiment 83, wherein the CAR comprises an extracellular antigen

recognition domain, a transmembrane domain, and an intracellular signal transduction

domain.

85. The method of embodiment 84, wherein the extracellular antigen recognition domain of the

CAR specifically binds to the target antigen.

86. The method of embodiment 84, wherein the intracellular signal transduction domain of the

CAR comprises an intracellular domain of a CD3 zeta (CD3) chain.

87. The method of embodiment 86, wherein the intracellular signal transduction domain of the

CAR further comprises a costimulatory molecule.

88. The method of embodiment 87, wherein the costimulatory molecule is selected from the

group consisting of ICOS, 0X40, CD137 (4-1BB), CD27, and CD28.

89. The method of embodiment 88, wherein the costimulatory molecule is CD137 (4-1BВ).
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90. The method of embodiment 88, wherein the costimulatory molecule is CD28.

91. The method of embodiment 82, wherein the genetically engineered antigen receptor is a

TCR

92. The method of embodiment 91, wherein the TCR is a monoclonal TCR (mTCR).

93. The method of any of embodiments 81-92, wherein the target antigen is expressed in or on

the surface of a cancer cell, a cancer tissue, and/or a tumor microenvironment.

94 The method of embodiment 93, wherein the target antigen is selected from the group

consisting of:

5T4 (Trophoblast glycoprotein), 707-AP, 9D7, AFP (a-fetoprotein), AlbZIP (androgen-

induced bZIP), HPG1 (human prostate specific gene-1), a5ẞ1-Integrin, a5ẞ6-Integrin, a -

methylacyl-coenzyme A racemase, ART-4 (ADPribosyltransferase-4), B7H4 (v-set domain-

containing T-cell activation inhibitor 1), BAGE-1 (B melanoma antigen-1), BCL-2 (B-cell

CLL/ymphoma-2), BING-4 (WD repeat domain 46), CA 15-3/CA 27-29 (mucin 1), CA 19-9

(cancer antigen 19-9), CA 72-4 (cancer antigen 72-4), CA125 (cancer antigen 125),

calreticulin, CAMEL (CTL-recognized antigen on melanoma), CASP-8 (caspase 8),

cathepsin B, cathepsin L, CD19 (cluster of differentiation 19), CD20, CD22, CD25, CD30,

CD33, CD4, CD52, CD55, CD56, CD80, CEA (carcinoembryonic antigen SG8), CLCA2

(chloride channel accessory 2), CML28 (chronic myelogenous leukemia tumor antigen 28),

Coactosin-like protein, Collagen ХХІII, СОХ-2 (cyclooxygenase-2), CT-9/BRD6

(cancer/testis antigen 9), Cten (c-terminal tensin-like protein), cyclin B1, cyclin D1, cyp-B,

CYPB1 (cytochrome p450 family 1 subfamily b member 1), DAM-10/MAGE-B1

(melanoma-associated antigen B1), DAM-6/MAGE-B2, EGFR/Her1 (epidermal growth

factor receptor), EMMPRIN (basigin), EpCam, EphA2 (EPH receptor A2), EphA3, ErbB3

(Erb-B2 receptor tyrosine kinase 3), EZH2 (enhancer of zeste 2 polycomb repressive

complex 2 subunit), FGF-5 (fibroblast growth factor 5), FN (fibronectin), Fra-1 (Fosrelated

antigen-1), G250/CAIX (carbonic anhydrase 9), GAGE-1 (G antigen-1), GAGE-2, GAGE-3,

GAGE-4, GAGE-5, GAGE-6, GAGE-7b, GAGE-8, GDEP (gene differentially expressed in

prostate), GnT-V (gluconate kinase), gp100 (melanocytes lineage-specific antigen GP100),

GPC3 (glypican3), HAGE (helical antigen), HAST-2 (sulfotransferase family 1A member 1),

hepsin, Her2/neu/ErbB2 (Erb-B2 receptor tyrosine kinase 2), HERV-K-MEL, HNE
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(medullasin), homeobox NKX 3.1, HOM-TES-14/SCР-1, НОМ-TES-85, HPV-E6, HPVE7,

HST-2 (sirtuin-2), hTERT, iCE (caspase 1), IGF-1R (insulin like growth factor-1 receptor),

IL-13Ra2 (interleukin-13 receptor subunit a 2), IL-2R (interleukin-2 receptor), IL-5

(interleukin-5), immature laminin receptor, kallikrein 2, kallikrein 4, Ki67, KIAA0205

(lysophosphatidylglycerol acyltransferase 1), KK-LC-1 (kita-kyushu lung cancer antigen-1),

KM-HN-1, LAGE-1 (L antigen family member-1), Livin, MAGE-A1, MAGE-A10, MAGE-

A12, MAGEA2, MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A9, MAGE-B1, MAGE-B10,

MAGE-B16, MAGEB17, MAGE-B2, MAGE-B3, MAGE-B4, MAGE-B5, MAGE-B6,

MAGE-C1, MAGE-C2, MAGE-C3, MAGE-D1, MAGE-D2, MAGE-D4, MAGE-E1,

MAGE-E2, MAGE-F1, MAGE-H1, MAGEL2 (melanoma antigen family L2), mammaglobin

A, MART-1/Melan-A (melanoma antigen recognized by T-cells-1), MART-2, matrix protein

22, MC1R (melanocortin 1 receptor), M-CSF (macrophage colony-stimulating factor),

Mesothelin, MG50/PXDN (peroxidasin), MMP 11 (matrix metalloprotease 11), MN/CA IX-

antigen (carbonic anhydrase 9), MRP-3 (multidrug resistance-associated protein-3), MUC1

(mucin 1), MUC2, NA88-A (VENT-like homeobox 2 pseudogene 1), N-acetylglucos-

aminyltransferase-V, Neo-PAP (Neo-poly (A) polymerase), NGEP (new gene expressed in

prostate), NMP22 (nuclear matrix protein 22), NPM/ALK (nucleophosmin), NSE (neuron-

specific enolase), NY-ESO-1, NY-ESO-B, OA1 (osteoarthritis QTL 1), OFA-iLRP

(oncofetal antigen immature laminin receptor protein), OGT (O-GlcNAc transferase), OS-9

(endoplasmic reticulum lectin), osteocalcin, osteopontin, p15 (CDK inhibitor 2B), p53,

PAGE-4 (P antigen family member-4), PAI-1 (plasminogen activator inhibitor-1), PAI-2,

PAP (prostatic acid phosphatase), PART-1 (prostate androgen-regulated transcript 1), PATE

(prostate and testis expressed 1), PDEF (prostate-derived Ets factor), Pim-1-Kinase (proviral

integration site 1), Pin1 (Peptidyl-prolyl cis-trans isomerase NIMA-interacting 1), POTE

(expressed in prostate, ovary, testis, and placenta), PRAME (preferentially expressed antigen

in melanoma), prostein, proteinase-3, PSA (prostate-specific antigen), PSCA (prostate stem

cell antigen), PSGR (prostate-specific G-protein coupled receptor), PSM, PSMA (prostate

specific membrane antigen), RAGE-1 (renal tumor carcinoma antigen), RHAMM/CD168,

RU1 (renal ubiquitous protein 1), RU2, SAGE (sarcoma antigen), SART-1(squamous cell

carcinoma antigen recognized by T-cells-1), SART-2, SART-3, Sp17 (sperm protein 17),

SSX-1 (SSX family member 1), SSX-2/HOM-MEL-40, SSX-4, STAMP-1 (STEAP2

metalloreductase), STEAP, survivin, survivin-213, TA-90 (tumor associated antigen-90),

TAG-72 (tumor associated glycoprotein-72), TARP (TCRү alternate reading frame protein),

TGFb (transforming growth factor ẞ), TGFbR11 (transforming growth factor ẞ receptor 11),
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TGM-4 (transglutaminase 4), TRAG-3 (taxol resistance associated gene 3), TRG (T-cell

receptor y locus), TRP-1 (transient receptor potential-1), TRP-2/6b, TRP-2/INT2, Trp-p8,

Tyrosinase, UPA (U-plasminogen activator), VEGF (vascular endothelial growth factor A),

VEGFR-2/FLK-1, and WT1 (wilms tumor 1).

95. The method of embodiment 95, wherein the target antigen is CD19 or CD22.

96. The method of embodiment 96, wherein the target antigen is CD19.

97. The method of any of embodiments 94-96, wherein the target antigen is a cancer antigen,

wherein the cancer antigen is an antigen whose expression is increased in or on the surface of

a cancer cell, a cancer tissue, and/or a tumor microenvironment.

98. The method of embodiment 93, wherein the target antigen is selected from the group

consisting of:

a-actinin-4/m, ARTC1/m, bcr/abl, beta-Catenin/m, BRCA1/m, BRCA2/m, CASP-5/m,

CASP-8/m, CDC27/m, CDK4/m, CDKN2A/m, CML66, COA-1/m, DEK-CAN, EFTUD2/m,

ELF2/m, ETV6-AML1, FN1/m, GPNMB/m, HLA-A*0201-R1701, HLA-A11/m, HLA-

A2/m, HSP70-2M, KIAA0205/m, K-Ras/m, LDLR-FUT, MART2/m, ME1/m, MUM-1/m,

MUM-2/m, MUM-3/m, Myosin class 1/m, neo-PAP/m, NFYC/m, N-Ras/m, OGT/m, OS-

9/m, p53/m, Pml/RARa, PRDX5/m, PTPRX/m, RBAF600/m, SIRT2/m, SYTSSX-1, SYT-

SSX-2, TEL-AML1, TGFbRII, and TPI/m; and

wherein the target antigen is a cancer antigen, wherein the cancer antigen is a mutated form

of antigen expressed in or on the surface of a cancer cell, a cancer tissue, and/or a tumor

microenvironment.

99. The method of any of embodiments 81-98, wherein expression of the gene that weakens the

function of the immune cell causes one or more of the following:

i) inhibition of proliferation of the immune cell;

ii) induction of cell death of the immune cell;

iii) inhibition of the ability of the immune cell to recognize the target antigen and/or to

get activated;

iv) induction of differentiation of the immune cell into a cell that does not induce immune

response to the target antigen;
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decreased reaction of the immune cell to a molecule which promotes immune

response of the immune cell; or

vi) increased reaction of the immune cell to a molecule which suppresses immune

response of the immune cell.

100. The method of embodiment 99, wherein the gene that weakens the function of the immune

cell is selected from the group consisting of: PD1, PD-L1, CTLA4, TIM3, CEACAM

(CEACAM-1, CEACAM-3 or CEACAM-5), LAG 3, VISTA, BTLA, TIGIT, LAIR1,

CD160, CD96, MerTK, 2B4, FAS, CD45, PP2A, SHP1, SHP2, DGK alpha, DGK zeta, Cbl-

b, Cbl-c, CD148, LRR1, TGFBR1, IL10RA, KLGR1, DNMT3A, and A2aR.

101. The method of embodiment 99, wherein the gene that weakens the function of the immune

cell increases reaction of the immune cell to a molecule which suppresses immune response

of the immune cell.

102. The method of embodiment 101, wherein the gene that increases reaction of the immune cell

to a molecule which suppresses immune response of the immune cell encodes an immune

checkpoint receptor or ligand.

103. The method of embodiment 102, wherein the immune checkpoint receptor or ligand is

selected from the group consisting of: PD1, PD-L1, CTLA4, TIM3, CEACAM (CEACAM-1,

CEACAM-3 or CEACAM-5), LAG 3, VISTA, BTLA, TIGIT, LAIR1, CD160, CD96,

MerTK, and 2B4.

104. The method of any of embodiments 81-103, wherein the genetic disruption agent reduces the

expression of a gene in the immune cell that weakens the function of the immune cell by at

least 30, 40, 50, 60, 70, 80, 90, or 95 % as compared to the immune cell in the absence of the

genetic disruption agent(s).

105. The method of embodiment 104, wherein the genetic disruption agent reduces the expression

of a gene that increases reaction of the immune cell to a molecule which suppresses immune

response of the immune cell.
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106. The method of embodiment 105, wherein the genetic disruption agent reduces the expression

of a gene that encodes an immune checkpoint receptor or ligand.

107. The method of embodiment 106, wherein the genetic disruption agent reduces the expression

of a gene selected from the group consisting of: PD1, PD-L1, CTLA4, TIM3, CEACAM

(CEACAM-1, CEACAM-3 or CEACAM-5), LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160,

CD96, MerTK, and 2B4.

108.The method of any of embodiments 105-107, wherein the genetic disruption agent reduces

the expression of the gene that weakens the function of the immune cell by RNA interference

(RNAi).

109. The method of embodiment 108, wherein more than one genetic disruption agents reduce the

expression of the gene that weakens the function of the immune cell in the immune cell by

RNAi.

110. The method of embodiment 109, wherein the genetic disruption agents target a single gene

which weakens the function of the immune cell, or target different genes which weaken the

function of the immune cell wherein a first genetic disruption agent targets a first gene and a

second genetic disruption agent targets a second gene, or in any combination thereof.

111. The method of any of embodiments 108-110, wherein the RNAi is mediated by a short

hairpin RNA (shRNA).

112. The method of embodiment 111, wherein the RNAi is mediated by more than one shRNA.

113. The method of embodiment 112, wherein the RNAi is mediated by two shRNAs.

114. The method of embodiment 112 or 113, wherein two shRNAs target PD-1.

115. The method of embodiment 112 or 113, wherein a first shRNA targets PD-1 and a second

shRNA targets TIM-3.
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116. The method of embodiment 112 or 113, wherein a first shRNA targets PD-1 and a second

shRNA targets CTLA-4.

117. The method of embodiment 112 or 113, wherein a first shRNA targets PD-1 and a second

shRNA targets LAG-3.

118. The method of embodiment 112 or 113, wherein a first shRNA targets PD-1 and a second

shRNA targets TIGIТ.

119. The method of any of embodiments 111-118, wherein the immune cell comprises nucleotide

sequences that encode a shRNA.

120. The method of embodiment 119, wherein the immune cell comprises nucleotide sequences

that encode more than one shRNA.

121. The method of embodiment 119, wherein the immune cell comprises nucleotide sequences

that encode two shRNAs.

122. The method of any of embodiments 119-121, wherein the nucleotide sequences encoding the

shRNA(s) comprise sequences selected from the group consisting of SEQ ID NOs: 2-219 and

238-267.

123. The method of any of embodiments 119-122, wherein the nucleotide sequences encoding the

shRNA is present on a vector.

124. The method of any of embodiment 123, wherein the expression of different shRNAs is

respectively regulated by different promoters.

125. The method of embodiment 124, wherein the expression of two different shRNAs is

respectively regulated by two different promoters.

126. The method of embodiment 125, wherein the two different promoters are RNA polymerase

III promoters.
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127. The method of embodiment 126, wherein the two promoters are U6 promoters.

128. The method of embodiment 127, wherein the U6 promoters derive from different species.

129. The method of any of embodiments 125-128, wherein the two promoters are oriented in

different directions from each other.

130. The method of any of embodiments 81-129, wherein the genetically engineered antigen

receptor and the genetic disruption agent(s) are each expressed from a vector.

131. The method of embodiment 130, wherein the genetically engineered antigen receptor and the

genetic disruption agent(s) are expressed from the same vector.

132. The method of any of embodiments 130-131, wherein the vector is a plasmid vector or a viral

vector.

133. The method of embodiment 132, wherein the viral vector is a lentivirus vector, adenovirus

vector ot adeno-associated viral vector.

134. The method of embodiment 133, wherein the lentivirus vector is a retrovirus vector.

135. The method of any of embodiments 81-134, wherein the immune cell is selected from the

group consisting of a T cell and a natural killer (NK) cell.

136. The method of embodiment 135, wherein the immune cell is a T cell.

137. The method of embodiment 136, wherein the T cell is a CD4+ T cell or a CD8+ T cell.

138. The method of embodiment 136 or 137, wherein the immune cell comprises nucleotide

sequences that encode two shRNAs and a CAR on the same vector.

139. The method of embodiment 138, wherein the two shRNAs are each regulated by two

different RNA polymerase III promoters oriented in different directions from each other.
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140. The method of embodiment 139, wherein the CAR targets CD19, the first shRNA targets PD-

1, and the second shRNA targets TIGIT.

141. A composition comprising the immune cell of any of embodiments 21-80.

142. A pharmaceutical composition comprising the immune cell of any of embodiments 21-80 and

a pharmaceutically acceptable carrier.

143. A method of treatment comprising administering to a subject having a disease or condition in

need of immune therapy the immune cell of any of embodiments 21-80 or the composition of

embodiment 141 or 142.

144. The method of embodiment 143, wherein the genetically engineered antigen receptor

specifically binds to an antigen associated with the disease or the condition.

145. The method of embodiment 143 or 144, wherein the disease or the condition is a cancer, e.g.,

a tumor.

146. The immune cell of any of embodiments 21-80 or the composition of embodiments 141-142

for use in treating a disease or a condition.

147. Use of the immune cell of any of embodiments 21-80 or the composition of embodiments

121-122 in the manufacture of a medicament for treating a disease or a condition.

148. The immune cells or the composition of embodiment 146 or the use of embodiment 147,

wherein the genetically engineered antigen receptor specifically binds to an antigen

associated with the disease or the condition.

149. The use, composition, or immune cell of embodiment 147 or embodiment 148, wherein the

disease or the condition is a cancer, e.g. a tumor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0082] FIGs. 1A-1E. Generation of cell intrinsic PD-1 blockade CAR-T cells. (FIG. 1A)

Schematic representation of two-in-one CAR vectors. (FIGs. 1B-C) LNGFR and CAR
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expression were analyzed at 4 day after transduction. (FIG. 1D) CAR-T cells were sorted by

using LNGFR magnetic beads and seeded at 2 × 105/ml. Cumulative CAR T cell counts were

assessed by trypan blue staining. (FIG. 1E) LNGFR+ CAR T cells were mixed with y-

irradiated NALM-6 without exogenous cytokines.

[0083] FIG. 2. Effect of Pol III promoter types on cell intrinsic PD-1 blockade.

[0084] FIGs. 3A-3B. In vitro cytotoxicity and proliferation under CD19 and PD-L1

stimulation with PD-1 blockade. (FIG. 3A) LNGFR+ CAR T cells are mixed with live

NALM-6 or NALM-6-PDL1 at a E: T ratio of 1:1, 0.3:1, 0.1:1. (FIG. 3B) LNGFR+CAR T

cells were mixed with y-irradiated NALM-6-PDL1, NALM-6-PDL1-CD80 or K562-CD19-

PDL1 at an E: T ratio of 1:1 without exogenous cytokines.

[0085] FIG. 4. Anti-tumor function of CAR-T cells in vivo with cell-intrinsic PD-1

blockade.

[0086] FIG 5A. Reduced in vivo cytokine production in cell-intrinsic PD-1 disruption of

CAR-T cells. FIG. 5B shows delayed in vivo expansion of CAR-T cells with cell-intrinsic

PD-1 disruption.

[0087] FIGs. 6A-6B. Function of CD28/CD3 or 4-1BB/CD3 CAR-T cells in cell-

intrinsic PD-1 disruption. (FIG. 6A) Schematic representation of G28z, GBBz, P28z and

PBBz vectors. (FIG. 6B) Flow cytometric analysis showing LNGFR expression of transduced

T cells at 4 day after transduction.

[0088] FIGs 7A-7B. PD-1 expression level when costimulation with CD28 or 4-1BB.

(FIG. 7A) LNGFR+ CAR T cells were incubated with y-irradiated NALM-6 or K562-CD19

without exogenous сytokines. PD-1 expression of LNGFR+ CAR T cells were analyzed at 3

day after incubation. (FIG. 7B) Quantitative Real-Time PCR results performed with PD-1

primers.

[0089] FIGs. 8A-8B. Establishment of NFAT or NF-кВ rеporter system. (FIG. 8A)

Schematic representation of NFAT-RE 3x-eGFP and NF-кB-RE 5x-eGFR reporter vectors.

(FIG. 8B) Fold change of reporter activity calculated using eGFP gMFI of LNGFR+ CAR T

cells.

[0090] FIGs. 9A-9B. Activated NFAT signaling in CD28 costimulation but not in 4-1BB

costimulation. (FIG. 9A) Reporter transduced T cells were re-stimulated and transduced

using G28z or GBBz. (FIG. 9B) mRNA level of NFAT target genes in CAR T cells was

assessed by qPCR.

[0091] FIG. 10. Activated NF-кB signaling in both CD28 and 4-1BB costimulation.
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[0092] FIGs. 11A-11C. TGF-ẞ signaling intensity of G28z CART is slightly higher BBz

CART. (FIG. 11A) Phosphorylated SMAD2/3 in the CAR-T cells was analyzed by

intracellular flow cytometry following incubation with NALM-6 at an E: T cell at a ratio of

1:1 for 4 hr or 24 hr. (FIG. 11B) Flow cytometric analysis showing PD-1 expression in G28z

and GBBz CAR T cells with 10 ng/ml recombinant human TGF-ẞ1. (FIG. 11C) mRNA level

of TGF-B1, TGFBR1 and TGFBR2 in CAR T cells was evaluated by qPCR.

[0093] FIGs. 12A-12B. Retained cytotoxicity and proliferative capacity in vitro of PBBz

CAR T cells under repeat CD19 and PD-L1 stimulation. (FIG. 12A) Cytotoxicity. Top, After

LNGFR magnatic soting, 12 day primary LNGFR+ CAR T cells were mixed with NALM-6-

PDL1 at a E: T ratio of 1:1, 0.3:1, 0.1:1. Bottom, LNGFR+CAR T cells were stimulated with

y-irradiated K562-CD19-PDL1 at an E: T ratio of 1:1. (FIG. 12B) LNGFR+CAR T cells

were repeatedly stimulated mixed with y-irradiated NALM-6-PDL1-CD80 or K562-CD19-

PDL1 at an E : T ratio of 1:1 without exogenous cytokines.

[0094] FIGs.13A-13C. Less sensitive to TGF-beta mediated dysfunction and lowly

generated in vitro CAR-derived regulatory T cells in PBBz CAR T cells. (FIG. 13A) TGF-

beta mediated suppression of CAR-T proliferation. (FIG. 13B) TGF-beta sensitivity for Treg

induction. (FIG. 13C) Effect of PDL1/PD-1 for Treg induction.

[0095] FIG. 14. Continuous inhibition of leukemia progression by PBBz CAR T cells.

[0096] FIG. 15. Diagram of the composition of two types of vectors encoding two types

of shRNA one of which inhibits the expression of PD-1 and the second of which inhibits the

expression of TIM-3, and a CD19 CAR expression cassette.

[0097] FIG. 16. Diagram of the CAR-T cell preparation process, wherein ALNGFR-

CART19/mU6-shTIM-3→shPD-1-hU6 cells and ALNGFR-CART19/shTIM-3-

mU6→hU6-shPD-1 cells were prepared and isolated as described herein.

[0098] FIG. 17. Flow cytometry data from CAR-T cells comprising the vectors illustrated

in FIG. 15 (ALNGFR-CART19/mU6-shTIM-3→-shPD-1-hU6 cells and ALNGFR-

CART19/shTIM-3-mU6—→hU6-shPD-1 cells).

[0099] FIG. 18A-18B. FIG. 18A. Flow cytometry data for ALNGFR-CART19/mU6-

shTIM-3→-shPD-1-hU6 cells and ALNGFR-CART19/shTIM-3-mU6—→hU6-shPD-1

cells produced using methods in Example 8. FIG. 18B. Expression of PD-1 and TIM-3 in the

CAR-T cells.

[00100] FIG. 19. Flow cytometry data wherein CAR-T cells were repeatedly stimulated

using the target cells, after which the degree of cell differentiation was confirmed using

CD45RA and CCR7 antibodies.
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[00101] FIG. 20A-20C. Evaluation of CAR-T cells produced using the methods in

Example 8. FIG. 20A: Transduction efficiency. FIG. 20B: Proliferation ability. FIG. 20C:

Viability.

[00102] FIGs. 21A-21C. Selection of CTLA-4, LAG-3, TIGIT, and TIM-3 targeting

shRNAs. FIG. 21A: 2 day CD3/CD28 stimulated T cells are electroporated with CTLA-4,

LAG-3, TIGIT and TIM-3 targeting 21-mer siRNAs. siRNA-mediated knock-down

efficiencies was confirmed at 2 day after transfection. Shading: Based on sequence of

selected siRNAs, Two-in-One vectors expressing CAR and shRNA were constructed.

Shading indicates initially selected siRNAs. FIG. 21B: T cells were transduced with Two-in-

One vectors containing CTLA-4, LAG-3, TIGIT or TIM-3 shRNAs and sorted with LNGFR

magnetic beads. LNGFR+CAR T cell counts was measured every 3 days after seeded at 2 ×

105/ml. FIG. 21C: Tim3 expression (%).

[00103] FIGs. 22A-22E. Generation of dual immune checkpoint-disrupted CAR T cells.

(FIG. 22A) Schematic representation of Dual Two-in-One vectors. FIG. 22B: LNGFR+ T

cells % were analyzed at 4 day after Dual Two-in-One transduction. (FIG. 22C) Dual KD

(knock down) CAR-T cells were sorted and seeded at 2 × 105/ml. Cumulative CAR T cell

counts were measured by trypan blue staining. (FIGs. 22D-22E) LAG-4, PD-1, TIGIT or

TIM-3 expression of LNGFR+ CAR T cells were analyzed at 3 day after y-irradiated NALM-

6 or K562-CD19 co-culture. CTLA-4 expression was analyzed by intracellular flow

cytometry.

[00104] FIG. 23. Treatment of CD19+ blood cancer in vivo using dual KD CAR-T cells

targeting two immune checkpoints.

[00105] FIG. 24. Treatment of cancer in a solid tumor model using dual KD CAR-T cells

targeting PD-1 and TIGIT.

DETAILED DESCRIPTION

[00106] The features of the present disclosure are set forth specifically in the appended

claims. A better understanding of the features and benefits of the present disclosure will be

obtained by reference to the following detailed description that sets forth illustrative

embodiments, in which the principles of the disclosure are utilized. To facilitate a full

understanding of the disclosure set forth herein, a number of terms are defined below.

[00107] Briefly, in one aspect, disclosed herein are vectors comprising: a base sequence

encoding two types of short hairpin RNA (shRNA) which inhibit the expression of one or

more genes that weaken the function of immune cells, including immune checkpoint
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receptors and ligands, and a base sequence encoding an antigen receptor such as a chimeric

antigen receptor (CAR) or a T cell receptor (TCR), for example, a monoclonal T cell receptor

(mTCR); an immune cell comprising a genetically engineered antigen receptor that

specifically binds to a target antigen and one or more genetic disruption agents that reduce or

are capable of reducing the expression in the immune cell of a gene or genes that weakens the

function of the immune cell; methods of producing the immune cell; a composition or

pharmaceutical composition comprising the immune cell, e.g., for immune therapy of human

patients; and a method of treatment comprising administering the immune cell to a subject

having a disease or a condition. As the immune cell, composition, or pharmaceutical

composition comprises one or more genetic disruption agents, e.g., encodes two shRNAs that

reduce the expression of two immune checkpoint molecule genes which may be activated by

cancer cells to weaken the function of immune cells, it is possible to eliminate severe and

systemic adverse reactions such as cytokine release syndrome or autoimmune symptoms

which can result from use of a separate inhibitor for these genes, as well as reducing the

burden due to the increased cost of treatment resulting from expensive concurrent therapies,

while providing cell therapy more effective than cases where only one shRNA is expressed.

1. General Techniques

[00108] Techniques and procedures described or referenced herein include those that are

generally well understood and/or commonly employed using conventional methodology by

those skilled in the art, such as, for example, the widely utilized methodologies described in

Sambrook et al., Molecular Cloning: A Laboratory Manual (4th ed. 2012); Current Protocols

in Molecular Biology (Ausubel et al. eds., 2003); Therapeutic Monoclonal Antibodies: From

Bench to Clinic (An ed. 2009); Monoclonal Antibodies: Methods and Protocols (Albitar ed.

2010); and Antibody Engineering Vols 1 and 2 (Kontermann and Dübel eds., 2nd ed. 2010).

Molecular Biology of the Cell (6th Ed., 2014).

2. Definitions

[00109] Unless described otherwise, all technical and scientific terms used herein have the

same meaning as is commonly understood by one of ordinary skill in the art. For purposes of

interpreting this specification, the following description of terms will apply and whenever

appropriate, terms used in the singular will also include the plural and vice versa. All patents,

applications, published applications, and other publications are incorporated by reference in

their entirety. In the event that any description of terms set forth conflicts with any document

incorporated herein by reference, the description of term set forth below shall control.
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[00110] The terms used in the present disclosure are used only to explain specific

embodiments, and are not intended to limit the scope of the present invention. Singular

expressions, unless clearly indicated otherwise by context, include plural expressions. 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.

[00111] 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.

[00112] The use of the alternative (e.g., "or") should be understood to mean either one,

both, or any combination thereof of the alternatives.

[00113] The term "and/or" should be understood to mean either one, or both of the

alternatives.

[00114] 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% about a reference

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

length.

[00115] 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 or the like 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.

[00116] A "construct" refers to a macromolecule or complex of molecules comprising a

polynucleotide to be delivered to a target cell, either in vitro or in vivo. A "vector," as used

herein refers to any nucleic acid construct capable of directing the delivery or transfer of a
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foreign genetic material to target cells, where it can be replicated and/or expressed. The term

"vector" as used herein comprises the construct to be delivered. A vector can be a linear or a

circular molecule. A vector can be integrating or non-integrating. The major types of vectors

include, but are not limited to, plasmids, episomal vector, viral vectors, cosmids, and artificial

chromosomes. Viral vectors include, but are not limited to, adenovirus vector, adeno-

associated virus vector, retrovirus vector, lentivirus vector, Sendai virus vector, and the like.

[00117] A "two-in-one vector," as described herein is a vector that comprises a base

sequence encoding one or more short hairpin RNAs (shRNAs) which inhibit the expression

of a gene or genes that weaken the function of immune cells, and a base sequence encoding a

chimeric antigen receptor (CAR) or a T cell receptor, e.g., a monoclonal T cell receptor

(mTCR). A "dual two-in-one vector" as described herein is a vector that comprises a base

sequence encoding two types of short hairpin RNA (shRNA) which inhibit the expression of

genes that weaken the function of immune cells, and a base sequence encoding any one of a

chimeric antigen receptor (CAR) and T cell receptor, e.g., monoclonal T cell receptor

(mTCR). Dual two-in-one vectors described herein are a form of two-in-one vector.

[00118] "RNAi" (also known as post-transcriptional gene silencing (PTGS), quelling, or

co-suppression) is a post-transcriptional gene silencing process in which RNA molecules, in a

sequence specific manner, inhibit gene expression, typically by causing the destruction of

specific mRNA molecules. The active components of RNAi are short/small double stranded

RNAs (dsRNAs), called small interfering RNAs (siRNAs), that typically contain 15-30

nucleotides (e.g., 19 to 25, 19 to 24 or 19-21 nucleotides) and 2 nucleotide 3' overhangs and

that match the nucleic acid sequence of the target gene. These short RNA species may be

naturally produced in vivo by Dicer-mediated cleavage of larger dsRNAs and they are

functional in mammalian cells. DNA expression plasmids can be used to stably express the

siRNA duplexes or dsRNA of the present disclosure in cells and achieve long-term inhibition

of the target gene expression. In one aspect, the sense and antisense strands of a siRNA

duplex are typically linked by a short spacer sequence leading to the expression of a stem-

loop structure termed short hairpin RNA (shRNA). The hairpin is recognized and cleaved by

Dicer, thus generating mature siRNA molecules.

[00119] The term "shRNA" refers an RNA molecule wherein some self-complementary

sequences create a tight hairpin structure with its stem. The RNA molecule can have a length

of approximately 80bp. When shRNA is expressed in a cell, it is processed through a series of

steps to become small interfering RNA (siRNA) which acts as a guide for gene silencing.

Simply put, when shRNA is expressed, it is processed by Drosha complexes in the cell to
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become pre-shRNA, which is then transported outside the nucleus where it undergoes further

processing by a Dicer to become siRNA, and then is single stranded and loaded by an RISC

(RNA-induced silencing complex) complex. Here, the antisense strand of siRNA acts as a

guide for the RISC complex to attach to the mRNA of the target gene, and gene silencing

occurs when the RISC complex, which has attached in this manner, cuts the mRNA. As

shRNA in a target gene allows for gene silencing which is lasting and specific to a certain

gene, it is included in the vector for the purpose of inhibiting the target gene.

[00120] The term "promoter" refers to the upstream region of a gene involved in the

beginning of transcription of a gene. The two types of shRNA described above also cause the

promoter to regulate expression. Here, the expression of the two types of shRNA may be

characterized in that they are regulated by two different promoters, respectively. If cloning

occurs with identical base sequences using repeated inserts, it is judged highly likely that

proper cloning will not occur due to binding between these identical base sequences, resulting

in recombination or deletion. The promoters may be RNA polymerase I promoter, RNA

polymerase II promoter or RNA polymerase III promoter depending on which RNA

polymerase attaches to the promoter and begins transcription. The two promoters above may

be characterized in that they are RNA polymerase III promoters (hereinafter pol III

promoter). Pol III promoters may be made to transcribe accurately from the 5' terminal to the

3' terminal without attaching the cap at the 5' terminal or the poly (A) tail at the 3' terminal

of the RNA which is transcribed with regulation by the promoter. Types of pol III promoter

include, but are not limited to, U6 promoter, H1 promoter and 7SK promoter, etc.

[00121] The term "G28z" used herein refers a construct that includes an shGFP expression

cassette, a CD28 costimulation domain and a CD3 domain (FIG. 6A). More specifically, in

the term "G28z", the "G" represents shGFP; the "28" represents CD28; the "z" represents

CD3. Following the same pattern, the term "P28z" used herein refers to a construct that

includes an shPD-1 expression cassette, a CD28 costimulation domain, and a CD3 domain

(FIG. 6A), wherein "P" represents shPD-1, "28" represents "CD28", and "z" represents

CD3. The term "GBBz" used herein refers to a construct that includes an shGFP expression

cassette, a 4-1BB costimulation domain, and a CD3 domain (FIG. 6A), wherein the "G"

represents shGFP; the "BB" represents 4-1BB; the "z" represents CD3. The term "PBBz"

used herein refers to a construct that includes an shPD-1 expression cassette, 4-1BB

costimulation domain, and a CD3 domain (FIG. 6A), wherein the "P" represents shPD-1; the

"BB" represents 4-1BB; the "z" represents CD3.
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[00122] "CAR" is generally a set of polypeptides which, when existing on an immune

cell, causes the immune cell to have specificity to a target cell (normally a cancer cell) while

causing signal transduction in the cell. CAR at minimum comprises an extracellular antigen

recognition domain which recognizes the target antigen to be described below, a

transmembrane domain, and an intracellular signal transduction domain, wherein the

intracellular signal transduction domain is derived from the promoting molecules or

costimulatory molecules to be described below. The set comprising polypeptides may be

attached, or may be in a form where they attach through a switch which is dimerized through

stimulation. The promoting molecule may be the zeta chain of the TCR described in the

above. "CD19 CAR" is a CAR which targets the CD19 cancer antigen.

[00123] The term "T-cell receptor (TCR)" as used herein refers to a protein receptor on T

cells that is composed of a heterodimer of an alpha (α) and beta (ẞ) chain, although in some

cells the TCR consists of gamma and delta (y/8) chains. In certain embodiments, the TCR

may be modified on any cell comprising a TCR, including a helper T cell, a cytotoxic T cell,

a memory T cell, regulatory T cell, natural killer T cell, and gamma delta T cell, for example.

[00124] The term "monoclonal T cell receptor (mTCR)" used herein refers to a T-cell

receptor (TCR) that is genetically modified to specifically target a particular antigen. It is can

also be referred to as an antigen-specific TCR. T cells having mTCR are reported to be used

in immunotherapy, such as adoptive T-cell therapy, for viral infection and cancer. In some

aspect, retroviral transfer of chimeric single chain antibody constructs (scFv) has been used

as a strategy to produce T cells with defined antigen-specificity. For the most part, chimeric

scFv constructs were linked to the intracellular signaling domains of FcR-gamma or CD3

zeta to trigger T-cell effector function. The CD3 zeta domain has been combined with the

signaling domains of co-stimulatory molecules such as CD28, 4-1BB or OX40. Monoclonal

T cell receptors (mTCRs) and their applications in cancer therapy are described in Stauss et

al., 2007, Molecular Therapy, 15(10):1744-50, Zhang and Morgan, 2012, Advanced Drug

Delivery Reviews, 64(8): 756–762, and Liddy et al., 2012, Nature Medicine, 18(6):980-7, the

content of each of which is herein incorporated by reference in its entirety.

[00125] The term "ALNGFR" used herein refers to a LNGFR (low-affinity nerve growth

factor receptor) without a cytoplasmic domain used for purification of cells wherein the

insertion described above has taken place.

[00126] An "immune cell" may be characterized herein as selected from, but not limited

to, lymphocytes, such as killer T cells, helper T cells, gamma delta T cells and B cells, natural
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killer cells, mast cells, eosinophils, basophils; and the phagocytic cells include macrophages,

neutrophils, and dendritic cells. The T cells include CD4+ T cells and CD8+ T cells.

[00127] As used herein, the terms "T lymphocyte" and "T cell" are used interchangeably

and refer to a principal type of white blood cell that completes maturation in the thymus and

that has various roles in the immune system, including the identification of specific foreign

antigens in the body and the activation and deactivation of other immune cells. A T cell can

be any T cell, such as a cultured T cell, e.g., a primary T cell, or a T cell from a cultured T

cell line, e.g., Jurkat, SupT1, etc., or a T cell obtained from a mammal. The T cell can be

CD3+ cells. The T cell can be any type of T cell and can be of any developmental stage,

including but not limited to, CD4+/CD8+ double positive T cells, CD4+ helper T cells (e.g.,

Th1 and Th2 cells), CD8+ T cells (e.g., cytotoxic T cells), peripheral blood mononuclear

cells (PBMCs), peripheral blood leukocytes (PBLs), tumor infiltrating lymphocytes (TILs),

memory T cells, naïve T cells, regulator T cells, gamma delta T cells (yd T cells), and the

like. Additional types of helper T cells include cells such as Th3 (Treg), Th17, Th9, or Tfh

cells. Additional types of memory T cells include cells such as central memory T cells (Tcm

cells), effector memory T cells (Tem cells and TEMRA cells). The T cell can also refer to a

genetically engineered T cell, such as a T cell modified to express a T cell receptor (TCR) or

a chimeric antigen receptor (CAR). The T cell can also be differentiated from a stem cell or

progenitor cell.

[00128] "CD4+ T cells" refers to a subset of T cells that express CD4 on their surface and

are associated with cell-mediated immune response. They are characterized by the secretion

profiles following stimulation, which may include secretion of cytokines such as IFN-

gamma, TNF-alpha, IL2, IL4 and IL10. "CD4" are 55-kD glycoproteins originally defined as

differentiation antigens on T-lymphocytes, but also found on other cells including

monocytes/macrophages. CD4 antigens are members of the immunoglobulin supergene

family and are implicated as associative recognition elements in MHC (major

histocompatibility complex) class II-restricted immune responses. On T-lymphocytes they

define the helper/inducer subset.

[00129] "CD8+ T cells" refers to a subset of T cells which express CD8 on their surface,

are MHC class I-restricted, and function as cytotoxic T cells. "CD8" molecules are

differentiation antigens found on thymocytes and on cytotoxic and suppressor T-

lymphocytes. CD8 antigens are members of the immunoglobulin supergene family and are

associative recognition elements in major histocompatibility complex class I-restricted

interactions.
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[00130] As used herein, the term "NK cell" or "Natural Killer cell" refer to a subset of

peripheral blood lymphocytes defined by the expression of CD56 or CD16 and the absence of

the T cell receptor (CD3). As used herein, the terms "adaptive NK cell" and "memory NK

cell" are interchangeable and refer to a subset of NK cells that are phenotypically CD3- and

CD56+, expressing at least one of NKG2C and CD57, and optionally, CD16, but lack

expression of one or more of the following: PLZF, SYK, FceRy, and EAT-2. In some

embodiments, isolated subpopulations of CD56+ NK cells comprise expression of CD16,

NKG2C, CD57, NKG2D, NCR ligands, NKp30, NKp40, NKp46, activating and inhibitory

KIRs, NKG2A and/or DNAM-1. CD56+ can be dim or bright expression.

[00131] As used herein, the term "immune checkpoints" refer to molecules that exist in the

immune system, and are able to turn immune response on or off. Originally, they are safety

devices to regulate excessive activation of immune cells, which causes cell death or

autoimmune response. These immune checkpoint molecules can be broadly categorized into

stimulatory immune checkpoint molecules which increase immune response, and inhibitory

immune checkpoint molecules which inhibit immune response. For example, the immune

checkpoint receptor and ligands may be selected from a group consisting of PD1

(Programmed cell death protein 1), PD-L1 (Programmed death-ligand 1), CTLA4 (Cytotoxic

T-lymphocyte associated protein 4), TIM-3 (T-cell immunoglobulin and mucin-domain

containing-3), CEACAM (Carcinoembryonic antigen-related cell adhesion molecule,

including the three subtypes CEACAM-1, CEACAM-3 or CEACAM-5), LAG3

(Lymphocyte-activation gene 3), VISTA (V-domain Ig suppressor of T cell activation),

BTLA (B- and T-lymphocyte attenuator), TIGIT (T cell immunoreceptor with Ig and ITIM

domains), LAIR1 (Leukocyte-associated immunoglobulin-like receptor 1), CD160 (Cluster of

differentiation 160), CD96 (Cluster of differentiation 96), MerTK (Proto-oncogene tyrosine-

protein kinase MER) and 2B4 (NK cell activation-inducing ligand), and may, for example, be

selected between PD1 and TIM3.

[00132] The term "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. The term "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.
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[00133] A "pharmaceutical composition" for immune therapy in human patients described

herein comprises the immune cells. As it is self-evident that, in addition to the cells, other

pharmaceutically acceptable salts, carriers, excipients, vehicles and other additives, etc.

which may further improve immune response may be added to the pharmaceutical

composition, a detailed explanation thereof shall be omitted.

[00134] The term "subject" refers to any animal (e.g., a mammal), including, but not

limited to, humans, non-human primates, canines, felines, rodents, and the like, which is to be

the recipient of a particular treatment. Typically, the terms "subject" and "patient" are used

interchangeably herein in reference to a human subject.

[00135] The terms "treating" or "to treat" refer to suppressing, eliminating, reducing,

and/or ameliorating a symptom, the severity of the symptom, and/or the frequency of the

symptom of the disease being treated. As used herein, the terms "treat," "treatment" and

"treating" also refer to the reduction or amelioration of the progression, severity, and/or

duration of a disease or condition resulting from the administration of one or more therapies.

[00136] "Effective amount" or "therapeutically effective amount" are used

interchangeably herein, and refer to an amount of a compound, formulation, material, or

composition, such as T cells, as described herein effective to achieve a particular biological

result. Such results may include, but are not limited to, the inhibition of cancer as determined

by any means suitable in the art.

[00137] "Administer" or "administration" refers to the act of injecting or otherwise

physically delivering a substance as it exists outside the body into a patient, such as by

mucosal, intradermal, intravenous, intramuscular delivery, and/or any other method of

physical delivery described herein or known in the art.

3. Two-in-One vectors targeting one or more immune checkpoints

[00138] Tumor cells express various immune checkpoints, e.g.i, checkpoint ligands.

Therefore, even if one immune checkpoint is inhibited, it might be difficult to expect

sustained effect of CAR-T through activation of other immune checkpoints. Combination of

monoclonal antibodies has been mainly used to inhibit multiple immune checkpoints and its

antitumor effect is been reported continuously (J Clin Invest., 2015, Chauvin JM; PNAS,

2010, Curran MA; Blood, 2018, Wierz M; Cancer cell. 2014, Johnston RJ). However, it was

known that therapeutic antibodies could induce systemically excessive immune response. In

addition, CAR-T cell therapy is also associated with life-threatening cytokine-release

syndrome (CRS) and neurotoxicity (Nat Rev Clin Oncol, 2017, Neelapu SS), suggesting that
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the combination of CAR-T and antibody therapy could maximize the potential of side effects.

Furthermore, the conventional concurrent immune cell therapies place an even greater

economic burden on patients due to their high cost and that they also act on T cells other than

CAR-T and pose a risk of autoimmune symptoms and cytokine release syndrome. The

present invention has been devised to address the above problems.

[00139] In one embodiment, provided herein is a Two-in-One vector, the vector

comprising: a base sequence encoding one or more types of short hairpin RNA (shRNA)

which inhibit the expression of genes that weaken the function of immune cells, and a base

sequence encoding a chimeric antigen receptor (CAR) a T cell receptor, such as a

monoclonal T cell receptor (mTCR).

[00140] The vector may be selected from among DNA, RNA, plasmid, lentivirus vector,

adenovirus vector and retrovirus vector. For example, lentivirus vector and retrovirus

vectorscan insert genes into the genomic DNA of cells allowing for stable expression of the

genes. In some embodiments, for example, a Two-in-One lentivirus vector, for example, a

dual Two-in-one vector, can be used to genes on the vector into the genome of cells.

[00141] In some embodiments, provide is a vector comprising a base sequence encoding

two types of short hairpin RNA (shRNA) which inhibit the expression of genes that weaken

the function of immune cells, and a base sequence encoding any one of a chimeric antigen

receptor (CAR) and a T cell receptor, for example a monoclonal T cell receptor (mTCR).

[00142] In some embodiments, the expression of the two types of shRNA is characterized

in that they are respectively regulated by two different promoters. In some embodiments, the

two promoters are RNA polymerase III promoters. In some embodiments, the two promoters

are U6 promoters derived from different species. In some embodiments, the two promoters

are oriented in different directions from each other on the vector. For example, in a certain

embodiment, the promoters are oriented in a head to head orientation. In another

embodiment, the promoters are oriented in a tail to tail orientation.In some embodiments, the

gene weakening the function of immune cells is an immune checkpoint receptor or ligand.

[00143] In some embodiments, the immune checkpoint receptor or ligand is selected from

a group consisting of PD1, PD-L1, CTLA4, TIM3, CEACAM (CEACAM-1, CEACAM-3 or

CEACAM-5), LAG 3, VISTA, BTLA, TIGIT, LAIR1, CD160, CD96, MerTK and 2B4. In

some embodiments, the gene weakening the function of immune cells is selected from a

group consisting of FAS, CD45, PP2A, SHIP1, SHIP2, DGK alpha, DGK zeta, Cbl-b,

CD147, LRR1, TGFBR1, IL10R alpha, KLGR1, DNMT3A and A2aR.
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[00144] In some embodiments, the two types of shRNA either target different parts of a

single gene which weakens the function of immune cells, or they target different genes which

weaken the function of immune cells. In some embodiments, the two types of shRNA target

different parts of PD-1. In some embodiments, the two types of shRNA target PD-1 and TIM-

3, respectively. In some embodiments, the base sequences encoding the two types of shRNA

comprise different sequences selected from a group consisting of SEQ ID NOs: 2-219.

[00145] In some embodiments, the target of the CAR orTCR, for example, mTCR, is a

human tumor antigen selected from among increased cancer antigens in cancer or from

mutated forms of cancer antigen found in cancer.

[00146] In some embodiments, the vector comprises any one of the base sequences SEQ

ID NO: 220 or 221. In some embodiments, the vector is selected from among DNA, RNA,

plasmid, lentivirus vector, adenovirus vector and retrovirus vector.

3.1 RNA interference and Short hairpin RNA

[00147] RNAi (also known as post-transcriptional gene silencing (PTGS), quelling, or co-

suppression) is a post-transcriptional gene silencing process in which RNA molecules, in a

sequence specific manner, inhibit gene expression, typically by causing the destruction of

specific mRNA molecules. The active components of RNAi are short/small double stranded

RNAs (dsRNAs), called small interfering RNAs (siRNAs), that typically contain 15-30

nucleotides (e.g., 19 to 25, 19 to 24 or 19-21 nucleotides) and 2 nucleotide 3' overhangs and

that match the nucleic acid sequence of the target gene. These short RNA species may be

naturally produced in vivo by Dicer-mediated cleavage of larger dsRNAs and they are

functional in mammalian cells. DNA expression plasmids can be used to stably express the

siRNA duplexes or dsRNA describd herein in cells and achieve long-term inhibition of the

target gene expression. In one aspect, the sense and antisense strands of a siRNA duplex are

typically linked by a short spacer sequence leading to the expression of a stem-loop structure

termed short hairpin RNA (shRNA). The hairpin is recognized and cleaved by Dicer, thus

generating mature siRNA molecules.

[00148] Short hairpin RNA (shRNA) as used herein is an RNA molecule wherein some

self-complementary sequences create a tight hairpin structure with its stem. The shRNA

molecules described herein may be about 40 to 120 nucleotides long, e.g.i, about 70 to 90

nucleotides long. In an exemplary embodiment, the shRNA can be 80 nucleotides long. The

shRNA is modeled on micro interfering RNA (miRNA), an endogenous trigger of the RNAi

pathway (Lu et al., 2005, Advances in Genetics 54: 117-142, Fewell et al., 2006, Drug
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Discovery Today 11: 975-982). When shRNA is expressed in a cell, it is processed through a

series of steps to become small interfering RNA (siRNA) which acts as a guide for gene

silencing. Simply put, when shRNA is expressed, it is processed by Drosha complexes in the

cell to become pre-shRNA, which is then transported outside the nucleus where it undergoes

further processing by a Dicer to become siRNA, and then is single stranded and loaded by an

RISC (RNA-induced silencing complex). Here, the antisense strand of siRNA acts as a guide

for the RISC complex to attach to the mRNA of the target gene, and gene silencing occurs

when the RISC complex, which has attached in this manner, cuts the mRNA. As shRNA in a

target gene allows for gene silencing which is lasting and specific to a certain gene, it is

included in the vector for the purpose of inhibiting the target gene.

[00149] Naturally expressed small RNA molecules, named microRNAs (miRNAs), elicit

gene silencing by regulating the expression of mRNAs. The miRNAs containing RISC

targets mRNAs presenting a perfect sequence complementarity with nucleotides 2-7 in the 5°

region of the miRNA which is called the seed region, and other base pairs with its 3' region.

miRNA mediated down regulation of gene expression may be caused by cleavage of the

target mRNAs, translational inhibition of the target mRNAs, or mRNA decay. miRNA

targeting sequences are usually located in the 3'-UTR of the target mRNAs. A single miRNA

may target more than 100 transcripts from various genes, and one mRNA may be targeted by

different miRNAs.

[00150] siRNA duplexes or dsRNA targeting a specific mRNA may be designed and

synthesized in vitro and introduced into cells for activating RNAi processes. Elbashir et al.

demonstrated that 21-nucleotide siRNA duplexes (termed small interfering RNAs) were

capable of effecting potent and specific gene knockdown without inducing immune response

in mammalian cells (Elbashir SM et al., Nature, 2001, 411, 494-498). Since this initial report,

post-transcriptional gene silencing by siRNAs quickly emerged as a powerful tool for genetic

analysis in mammalian cells and has the potential to produce novel therapeutics.

[00151] RNAi molecules which were designed to target against a nucleic acid sequence

that encodes poly-glutamine repeat proteins which cause poly-glutamine expansion diseases

such as Huntington's Disease, are described in US Patent No. 9,169,483 and 9,181,544 and

International Patent Publication No. WO2015179525, the content of each of which is herein

incorporated by reference in their entirety. US Patent Nos. 9,169,483 and 9,181,544 and

International Patent Publication No. WO2015179525 each provide isolated RNA duplexes

comprising a first strand of RNA (e.g., 15 contiguous nucleotides) and second strand of RNA

(e.g., complementary to at least 12 contiguous nucleotides of the first strand) where the RNA
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duplex is about 15 to 30 base pairs in length. The first strand of RNA and second strand of

RNA may be operably linked by an RNA loop (~4 to 50 nucleotides) to form a hairpin

structure which may be inserted into an expression cassette. Non-limiting examples of loop

portions include SEQ ID NOs: 9-14 of US Patent No. 9,169,483, the content of which is

herein incorporated by reference in its entirety. Non-limiting examples of strands of RNA

which may be used, either full sequence or part of the sequence, to form RNA duplexes

include SEQ ID NOs: 1-8 of US Patent No. 9,169,483 and SEQ ID NOs: 1-11, 33-59, 208-

210, 213-215 and 218-221 of US Patent No. 9,181,544, the contents of each of which is

herein incorporated by reference in its entirety. Non-limiting examples of RNAi molecules

include SEQ ID NOs: 1-8 of US Patent No. 9,169,483, SEQ ID NOs: 1-11, 33-59, 208-210,

213-215 and 218-221 of US Patent No. 9,181,544 and SEQ ID NOs: 1, 6, 7, and 35-38 of

International Patent Publication No. WO2015179525, the contents of each of which is herein

incorporated by reference in their entirety.

[00152] In vitro synthetized siRNA molecules may be introduced into cells in order to

activate RNAi. An exogenous siRNA duplex, when it is introduced into cells, similar to the

endogenous dsRNAs, can be assembled to form the RNA induced silencing complex (RISC),

a multiunit complex that interacts with RNA sequences that are complementary to one of the

two strands of the siRNA duplex (i.e., the antisense strand). During the process, the sense

strand (or passenger strand) of the siRNA is lost from the complex, while the antisense strand

(or guide strand) of the siRNA is matched with its complementary RNA. In particular, the

targets of siRNA containing RISC complexes are mRNAs presenting a perfect sequence

complementarity. Then, siRNA mediated gene silencing occurs by cleaving, releasing and

degrading the target.

[00153] The siRNA duplex comprised of a sense strand homologous to the target mRNA

and an antisense strand that is complementary to the target mRNA offers much more

advantage in terms of efficiency for target RNA destruction compared to the use of the single

strand (ss)-siRNAs (e.g. antisense strand RNA or antisense oligonucleotides). In many cases,

it requires higher concentration of the ss-siRNA to achieve the effective gene silencing

potency of the corresponding duplex.

[00154] Guidelines for designing siRNAs exist in the art. These guidelines generally

recommend generating a 19-nucleotide duplexed region, symmetric 2-3 nucleotide

3'overhangs, 5'-phosphate and 3'-hydroxyl groups targeting a region in the gene to be

silenced. Other rules that may govern siRNA sequence preference include, but are not limited

to, (i) A/U at the 5' end of the antisense strand; (ii) G/C at the 5' end of the sense strand; (iii)
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at least five A/U residues in the 5' terminal one-third of the antisense strand; and (iv) the

absence of any GC stretch of more than 9 nucleotides in length. In accordance with such

consideration, together with the specific sequence of a target gene, highly effective siRNA

molecules essential for suppressing mammalian target gene expression may be readily

designed.

[00155] As provided herein, a Two-in-One vector includes a base sequence encoding one

or more types of short hairpin RNA (shRNA) which inhibit the expression of one or more

genes that weaken the function of immune cells, and a base sequence encoding any one of a

chimeric antigen receptor (CAR) or a T cell receptor, for example, a monoclonal T cell

receptor (mTCR).

[00156] In some embodiments, the base sequence encodes one type of shRNA, which

inhibits the expression of a gene that weaken the function of immune cells. In some

embodiments, the base sequence encodes two types of shRNA, which inhibits the expression

of two genes that weaken the function of immune cells, wherein the vector can be referred to

as a "dual Two-in-One vector." In other embodiments, the base sequence encodes more than

two types of shRNA, which inhibit the expression of more than two genes that weaken the

function of immune cells.

[00157] In some embodiments, the two or more types of shRNA may be characterized in

that they target a single gene, for example different parts of a single gene, which weakens the

function of immune cells. For example, the two or more types of shRNA can target PD-1, for

example, different parts of PD-1. In other embodiments, the two or more types of shRNA

may be characterized in that they target different genes which weaken the function of

immune cells, for example targeting PD-1 and TIM-3.

[00158] In exemplary embodiments, the base sequences encoding the two or more types of

shRNA may be characterized in that they comprise different sequences selected from a group

consisting of SEQ ID NOs 2 through 219 and 238 through 267, for example, they may

comprise different sequences selected from a group consisting of SEQ ID NOs 2 through 117

and 238 through 267, e.g., they may comprise different sequences selected from a group

consisting of SEQ ID NOs 2 through 12, 70 through 75, and 266 through 267.

[00159] In some embodiments, the expression of the two types of shRNA may be

characterized in that they are regulated by two different promoters, respectively, to minimize

recombination or deletion artifacts during cloning.

[00160] In some embodiments, the promoters may be RNA polymerase I promoter, RNA

polymerase II promoter or RNA polymerase III promoter depending on which RNA
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polymerase attaches to the promoter and begins transcription. The two promoters above may

be characterized in that they are RNA polymerase III promoters (hereinafter pol III

promoters). Pol III promoters may be made to transcribe accurately from the 5' terminal to

the 3' terminal without attaching the cap at the 5' terminal or the poly (A) tail at the 3'

terminal of the RNA which is transcribed with regulation by the promoter. Types of pol III

promoter include, but are not limited to, U6 promoter, H1 promoter and 7SK promoter, etc.

The two promoters included in the vector may be different, selected from among pol III

promoters including the three types stated above, and if the same type of promoters are

selected, they may be derived from different species. For example, the two promoters may be

U6 promoters, e.g., U6 promoters derived from different species, such as U6 promoters

derived from humans and mice. As the transcript created by a U6 promoter remains within

the nucleus, it is judged that this will be able to cause the Drosha complex that exists in the

nucleus to promote the process wherein shRNA is processed into pre-shRNA.

[00161] In some embodiments, the two or more promoters may be characterized in that

they are oriented in different directions from others on the vector.. For example, in a certain

embodiment, the promoters are oriented in a head to head (→) orientation. In another

embodiment, the promoters are oriented in a tail to tail (→) orientation. In a dual Two-in-

One vector, to be oriented in different directions on a vector means that when the respective

shRNAs whose expression is regulated by the two promoters are transcribed, the directions in

which the RNA polymerases move are oriented in different directions on a single nucleic acid

molecule. In an exemplary embodiment, the two promoters can be in→ directions (FIG.

15A). In another examplary embodiment, the two promoters can be in→ directions (FIG.

15B). For example, the two promoters may assume the directions on the vector.

[00162] In some embodiments the expression of the target genes of the one of more types

of shRNA is reduced to about 90% or less of that of a control group, for example the

expression of the target genes is reduced to about 80% or less, about 70% or less, about 60%

or less, about 50% or less, about 40% or less, about 30% or less, about 20% or less, and about

10% or less of that of a control group.

[00163] Ordinarily, shRNA is designed to have a sequence having high homology with

part of the mRNA sequence of its target gene (hereinafter the sense shRNA base sequence), a

sequence able to produce a sharp hairpin, and a sequence complementary to the sequence

having high homology (hereinafter the antisense shRNA base sequence). Non-covalent bonds

between the self-complementary portions form a stem structure, and when the shRNAis

expressed and processed in the cell, the anti-sense shRNA base sequence acts as a guide for
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the mRNA of the target gene in the gene silencing process. For example, the base sequences

of a cassette used in herein for the expression of shRNA can comprise a

NNNNNNNNNNNNNNNNNNNNN (21 base)-loop sequence-

NNNNNNNNNNNNNNNNNNNN (19 base) structure. In one embodiment, the 21 base

stretch encodes the sense shRNA base sequences and the 19 base stretch is complementary or

substantially complementary to the 21 base stretch and encodes the anti-sense shRNA base

sequences. In another embodiment, the 19 base stretch encodes the sense shRNA base

sequences and the 21 base stretch is complementary or substantially complementary to the 19

base stretch and encodes the anti-sense shRNA base sequences. When expressed, therefore,

the resulting RNA forms a stem and loop structure. In certain embodiments, such sense or

anti-sense shRNA base sequences for a target gene (human derived) which may be included

in the cassette are selected from a group consisting of SEQ ID NOs: 1-219. In specific

embodiments, the base sequences of the cassette used in herein for the expression of shRNA

can be selected from a group consisting of SEQ ID NOs: 220-224.

[00164] In some embodiments, the entire shRNA base sequence can be positioned at the 3'

terminal of a mouse or human U6 promoter, and the TTTTT necessary for terminating

transcription by the U6 promoter can be positioned at the 3' terminals of all of the shRNA

base sequences.

[00165] In some embodiments, the nucleic acid sequences of the respective shRNAs may,

in addition to the sequences described herein, comprise nucleic acid sequences exhibiting at

least 50%, specifically at least 70%, more specifically at least 80%, even more specifically at

least 90%, and most specifically at least 95% sequence homology with these sequences. This

is because, in the case of siRNA (small interfering RNA) and shRNA which is processed

intracellularly to become siRNA in particular, it has been reported that some degree of

mutation, especially mutation at the 5' terminal is tolerable, causing normal knockdown of

the target gene, and that mutations of siRNA and shRNA made to have a structure similar to

that of miRNA that plays a role in gene silencing more effectively induce knockdown of the

target gene. Further, in the use of vectors, self-evident to those skilled in the art are variations

within the vector, that is, the addition, modification or deletion of base sequences which may

occur in the cloning process for introducing a certain sequence into the vector, or changes to

or introduction of components to improve the ease of use of the vector of the degree to which

the intended gene is expressed.

[00166] Various modes of action exist for genes which weaken the function of immune

cells. Examples include inhibiting proliferation of immune cells or causing cell death,
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reducing reactions with molecules with which immune cells need to react with in order to

become activated, inhibiting the expression of genes necessary for immune cells to recognize

reaction targets, and causing differentiation into different types of immune cell to play a

different function instead of causing immune response to a particular target. Representative

examples include, but are not limited to, molecules associated with the immune checkpoints

to be explained below.

[00167] In some embodiments, the gene weakening the function of immune cells may be

characterized in that it is an immune checkpoint receptor or ligand. Immune checkpoints are

molecules that exist in the immune system, and are able to turn immune response on or off.

They can be considered as safety devices to regulate excessive activation of immune cells,

which causes cell death or autoimmune response. These immune checkpoint molecules can

be broadly categorized into stimulatory immune checkpoint molecules which increase

immune response, and inhibitory immune checkpoint molecules which inhibit immune

response. It is reported that many cancer cells escape the immune system by activating

inhibitory immune checkpoint signals, especially inhibitory immune checkpoint receptors and

ligands on immune cells. Accordingly, immune cell therapy targeting a particular cancer may

be made effective by rendering this evasive action of cancers ineffective, and this may be

achieved by inhibiting the activation of inhibitory immune checkpoint receptors and their

ligands, or by reducing their expression. For example, the immune checkpoint receptor and

ligands may be selected from a group consisting of PD1 (Programmed cell death protein 1),

PD-L1 (Programmed death-ligand 1), CTLA4 (Cytotoxic T-lymphocyte associated protein

4), TIM-3 (T-cell immunoglobulin and mucin-domain containing-3), CEAСAМ

(Carcinoembryonic antigen-related cell adhesion molecule, including the three subtypes

CEACAM-1, CEACAM-3 or CEACAM-5), LAG3 (Lymphocyte-activation gene 3), VISTA

(V-domain Ig suppressor of T cell activation), BTLA (B- and T-lymphocyte attenuator),

TIGIT (T cell immunoreceptor with Ig and ITIM domains), LAIR1 (Leukocyte-associated

immunoglobulin-like receptor 1), CD160 (Cluster of differentiation 160), CD96 (Cluster of

differentiation 96), MerTK (Proto-oncogene tyrosine-protein kinase MER) and 2B4 (NK cell

activation-inducing ligand), and may, for example, be selected among PD1, TIM3 and

TIGIT.

[00168] In other embodiments, the gene weakening the function of immune cells may be

characterized in that it encodes a receptor which can promote AICD (activation-induced cell

death), acting as a negative regulator for T lymphocytes which have been activated by

repeated stimulation by TCR, for example FAS (also referred to as CD95, APO-1 or



WO 2019/138354

54

PCT/IB2019/050194

apoptosis antigen-1).. In some embodiments, the gene weakening the function of immune

cells may be characterized in that it encodes factors that suppress signal activation of TCR,

for example the factors can be selected from CD45, PP2A, SHP1, SHP2, DGK alpha, DGK

zeta, Cbl-b, Cbl-c and CD148. In some embodiments, the gene weakening the function of

immune cells may be characterized in that it encodes a protein that suppress the efficacy of

CAR and/or TCR, for example, mTCR through signal suppression of 4-1BB, wherein 4-1BB

is a costimulatory molecule described herein of TCR, for example a LRR1 (Leucine rich

repeat protein 1). In some embodiments, the gene weakening the function of immune cells

may be characterized in that it encodes a receptor, whose ligand is a cytokine, that suppress T

cells, for example TGFBR1 (Transforming growth factor beta receptor 1) and IL10R alpha

(IL-10R subunit alpha). In some embodiments, the gene weakening the function of immune

cells may be characterized in that it encodes a receptor that inhibit the proliferation ability

and cytotoxicity of T cells and NK cells, for example KLGR1 (Killer cell lectin like receptor

G1). In some embodiments, the gene weakening the function of immune cells may be

characterized in that it encodes a regulator associated with methylation of new DNA which is

reported to suppress exhaustion of T cell exhaustion when knocked out (KO), for example

TNMT3a (DNA methyltransferase 3 alpha). In some embodiments, the gene weakening the

function of immune cells may be characterized in that it encodes a receptor of adenosine

which is present in excess in tumor microenvironments, which when activated can inhibit the

cell toxicity and cytokine production ability of T cells, for example A2aR (Adenosine

receptor subtype A2a).

[00169] In some embodiments, the gene weakening the function of immune cells may be

characterized in that it are selected from a group consisting of FAS, CD45, PP2A, SHP1,

SHP2, DGK alpha, DGK zeta, Cbl-b, Cbl-c, CD148, LRR1, TGFBR1, IL10RA, KLGR1,

DNMT3A and A2aR.

3.2 Chimeric antigen receptor (CAR) andT cell receptor, for example,

monoclonal T cell receptor (mTCR).

[00170] As provided herein, a Two-in-One vector includes a base sequence encoding one

or more types of short hairpin RNA (shRNA) which inhibit the expression of one or more

genes that weaken the function of immune cells, and a base sequence encoding any one of a

chimeric antigen receptor (CAR) or a T cell receptor, for example, a monoclonal T cell

receptor (mTCR).

[00171] CAR is generally a set of polypeptides which, when existing on an immune cell,

causes the immune cell to have specificity to a target cell (normally a cancer cell) while
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causing signal transduction in the cell. CAR at minimum comprises an extracellular antigen

recognition domain which recognizes the target antigen to be described below, a

transmembrane domain, and an intracellular signal transduction domain, wherein the

intracellular signal transduction domain is derived from the promoting molecules or

costimulatory molecules.

[00172] The structure of CARs commonly used today for clinical applications comprises a

single chain variable fragment domain (hereinafter scFv) which gives specificity to an

antigen, a spacer domain to regulate the distance between the scFv and the cell membrane, a

transmembrane domain, and an intracellular signaling domain (hereinafter ISD). The ISD in

turn comprises a costimulatory domain (CD28, CD137 or OX40) which contributes to in vivo

proliferation and long life of one or multiple T cells, and a TCR signaling domain (CD3 zeta,

CD3) which contributes to T cell activation. T-cells modified to express CAR that have been

prepared in this manner can be activated by recognizing cancer cells which express the target

antigen with high specificity, effectively induce the death of such cancer cells,

simultaneously proliferate exponentially in the body, and remain alive for a long time. For

example, when CAR-T cells (CART-19) prepared to target CD19, a B cell-specific antigen,

were administered to a B-cell leukemia patient, it was reported that the cells proliferated to

1,000 to 10,000 times and remained alive in the body for several years. As a result, CART-19

exhibited 90% complete response in a clinical trial carried out on terminal acute

lymphoblastic leukemia (B-ALL) patients on whom conventional chemotherapy, etc., had not

been effective, leading to a rare case of licensing to a global pharmaceuticals company in the

early investigator-initiated clinical trial phase. It became the first CAR-T cell therapy agent to

receive U.S. FDA approval in 2017, and thereafter, a second CAR-T was also approved.

[00173] On the surface of immune cells, for example T cells, exist immune checkpoint

receptors such as CTLA-4 (cytotoxic T-lymphocyte associated protein-4) or PD-1

(programmed cell death protein-1). These receptors are originally safety devices to regulate

excessive activation and cell death of T cells, or the triggering of autoimmune responses.

However, cancer cells, especially solid cancers, are reported to use this to avoid

immunosurveillance by T cells. For example, if a cancer cell expresses PD-L1 (programmed

death-ligand 1) on the surface, a T cell which expresses PD-1, the receptor therefor,

recognizes the cancer cell and is activated, but will soon become exhausted by an activation

inhibition signal from the PD-1. To prevent inhibition of T cell activity by signals from these

immune checkpoint receptors, monoclonal antibodies to CTLA4 or PD-1, etc. that inhibit

signal transmittance by target immune checkpoint receptors were developed. Therapies which
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improve the overall immune function of T cells through the blocking of immune checkpoints

by using these immune checkpoint receptor inhibitors are exhibiting efficacy against various

solid cancers as well.

[00174] As CAR-T cells are also ultimately a therapy that relies on the cytotoxicity of

activated T cells, the existence of an immunosuppressive environment around CAR-T cells

acts as a major hindrance to their therapeutic effect. In fact, unlike their therapeutic effects

exhibited in B-cell leukemia, CAR-Ts prepared to target solid tumors have rarely exhibited

hopeful therapeutic effects. This is thought to be because solid tumors, unlike blood cancers,

create immune-suppressive tumor microenvironments to suppress the activity and

proliferation of CAR-T cells. Further, even among B cell blood cancers, it has been reported

that unlike acute lymphoblastic leukemia (ALL) patients of whom almost 90% were

responsive to therapy using CART-19, the therapeutic effects were relatively less in

lymphoma patients (20 to 50% response) or chronic lymphoblastic leukemia patients (CLL,

around 20% response).

[00175] Further, it was reported that PD-L1 and other immunosuppressive ligands are

expressed in the tumor microenvironments formed by lymphoma, according to which the

function of T cells within cancerous tissue is exhausted. Further, it has been reported that the

T cells obtained from CLL patients had already been substantially exhausted, with high

degrees of expression of immune checkpoint receptors such as PD-1, CD160 and CD244.

[00176] Pre-clinical trial results showing that simultaneous use of anti-CTLA or anti-PD-1

inhibitory antibodies with CAR-T cells to recover this lowered activity of CAR-T cells

improves the anti-cancer effect were reported, and clinical trials using these combinations are

currently underway. However, a problem with such concurrent therapies of antibody and

CAR-T cells is that the antibodies spread out throughout the body impact not just the CAR-Т

cells but all other T cells that exist in the body, potentially resulting in severe and systemic

adverse reactions such as cytokine release syndrome, as well as autoimmune symptoms.

Another problem which has been pointed out is the increased cost of treatment resulting from

concurrent use of expensive antibody therapies with cell therapy.

[00177] Accordingly, there have recently been attempts to regulate gene expression within

cells to allow for suppression of the immune checkpoints of CAR-T cells. International patent

application publication WO2016/069282 discloses compositions and methods for generating

a modified T cell with a nucleic acid capable of downregulating endogenous gene expression

selected from the group consisting of TCR a chain, TCR ẞ chain, ẞ-2 microglobulin and FAS

further comprising a nucleic acid encoding a modified T cell receptor (TCR) comprising
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affinity for a surface antigen on a target cell or an electroporated nucleic acid encoding a

chimeric antigen receptor (CAR). The publication states that gene scissors such as

CRISPR/Cas9 can be used to knock-out the expression of endogenous genes, but the method

of preparation of the CAR-T cells disclosed in the patent publication is rather complicated,

and has the problems of low production yield and high production cost.

[00178] Meanwhile, international patent publication WO2015/090230 discloses that one

single type of short hairpin RNA (shRNA) inhibiting a molecule that additionally suppresses

the function of T cells, may be used on cells expressing CAR. As the cost burden of cell

therapy is high, a patient faces various burdens in the event of failure. A single type of

shRNA, however, may not be able to effectively inhibit the activity of such target molecules.

In some embodiments, the set comprising polypeptides may be attached. In some

embodiments, the set comprising polypeptide may be in a form where they attach through a

switch which is dimerized through stimulation. In some embodiments, the CAR may be a

fusion protein which comprises the extracellular antigen recognition domain, the

transmembrane domain and the intracellular signal transduction domain. In further

embodiments, the CAR fusion protein may additionally comprise a leader sequence at the N

terminal, and the leader sequence may be cut away in the process of the CAR being

expressed and becoming anchored in the cell membrane.

[00179] The TCR, for example, mTCR, described herein may comprise a chain selected

from among a, ẞ, y and & chains. In some embodiments, the chains are able to recognize the

target antigen to be described below, CD3, and a zeta chain, and additionally a costimulatory

molecule, where the costimulatory molecule may be selected from among ICOS, OX40,

CD137 (4-1BB), CD27 or CD28.

[00180] In some embodiments, retroviral transfer of chimeric single chain antibody

constructs (scFv) can be used to produce TCR, for example mTCR with defined antigen-

specificity. In further embodiments, chimeric scFv constructs can be linked to the

intracellular signaling domains of FcR-gamma or CD3 to trigger T-cell effector function. In

the CD3 domain can be combined with the signaling domains of costimulatory molecules,

wherein antibody engagement can trigger effector T-cell function and also deliver co-

stimulatory signals. In further embodiments, the the costimulatory molecules can be selected

from CD28, 4-1BB and OX40.

[00181] In some embodiments, the Two-in-One vectors can comprise a CD3 domain,

wherein the chains of theTCR, for example, mTCR can form a complex through noncovalent

bonds with CD3 and a zeta () chain. When an antigen is recognized through the antigen
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recognition sites of the chains, the CD3 and zeta chains send signals into the cytoplasm of

immune cells on which such TCR complex is expressed, inducing functional activation.

[00182] In some embodiments, the intracellular signal transduction domain may

additionally comprise one or more functional signal transduction domains derived from the

costimulatory molecules. In some embodiments, the promoting molecule may be the zeta

chain of the TCR described in the above.

[00183] CAR and TCR, for example, mTCR are cell surface receptors. In some

embodiments, the target of the CAR or TCR, for example, mTCR may be characterized in

that it is a cancer antigen whose expression is specifically increased in cancer. In some

embodiments, the target of the CAR or TCR, for example, mTCR may be characterized in

that it is a cancer antigen that exists in mutated forms in cancer.

[00184] In some embodiments, the target of the CAR or TCR, for example, mTCR may be

a human tumor antigen whose expression is increased in a cancer which is to be treated. For

example, the target can be selected from 5T4 (trophoblast glycoprotein), 707-AP, 9D7, AFP

(a-fetoprotein), AlbZIP (androgen-induced bZIP), HPG1 (human prostate specific gene-1),

a5ẞ1-Integrin, a5ẞ6-Integrin, a -methylacyl-coenzyme A racemase, ART-4

(ADPribosyltransferase-4), B7H4 (v-set domain-containing T-cell activation inhibitor 1),

BAGE-1 (B melanoma antigen-1), BCL-2 (B-cell CLL/lymphoma-2), BING-4 (WD repeat

domain 46), СА 15-3/CA 27-29 (mucin 1), CA 19-9 (cancer antigen 19-9), CA 72-4 (cancer

antigen 72-4), CA125 (cancer antigen 125), calreticulin, CAMEL (CTL-recognized antigen

on melanoma), CASP-8 (caspase 8), cathepsin B, cathepsin L, CD19 (cluster of

differentiation 19), CD20, CD22, CD25, CD30, CD33, CD4, CD52, CD55, CD56, CD80,

CEA (carcinoembryonic antigen SG8), CLCA2 (chloride channel accessory 2), CML28

(chronic myelogenous leukemia tumor antigen 28), Coactosin-like protein, Collagen XXIII,

СОХ-2 (суclooxygenase-2), CT-9/BRD6 (cancer/testis antigen 9), Cten (c-terminal tensin-

like protein), cyclin B1, cyclin D1, сур-В, СҮPB1 (cytochrome p450 family 1 subfamily b

member 1), DAM-10/MAGE-B1 (melanoma-associated antigen B1), DAM-6/MAGE-B2,

EGFR/Her1 (epidermal growth factor receptor), EMMPRIN (basigin), EpCam, EphA2 (EPH

receptor A2), EphA3, ErbB3 (Erb-B2 receptor tyrosine kinase 3), EZH2 (enhancer of zeste 2

polycomb repressive complex 2 subunit), FGF-5 (fibroblast growth factor 5), FN

(fibronectin), Fra-1 (Fosrelated antigen-1), G250/CAIX (carbonic anhydrase 9), GAGE-1 (G

antigen-1), GAGE-2, GAGE-3, GAGE-4, GAGE-5, GAGE-6, GAGE-7b, GAGE-8, GDEP

(gene differentially expressed in prostate), GnT-V (gluconate kinase), gp100 (melanocytes

lineage-specific antigen GP100), GPC3 (glypican3), HAGE (helical antigen), HAST-2
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CLAIMS  

 

1.  A vector comprising: a nucleotide sequence encoding a first shRNA that inhibits 

expression of Programmed Cell Death 1 (PD-1), a nucleotide sequence encoding a second 

shRNA that inhibits expression of T cell immunoreceptor with Ig and ITIM domains (TIGIT), 

and a nucleotide sequence encoding a chimeric antigen receptor (CAR). 

2. The vector of claim 1, wherein the expression of the first shRNA is regulated by a first 

promoter and the second shRNA is regulated by a second promoter. 

3. The vector of claim 2, wherein the first and the second promoters are RNA polymerase 

III promoters. 

4. The vector of claim 3, wherein the RNA polymerase III promoters are U6 promoters. 

5. The vector of any one of claims 2-4, wherein the two promoters are oriented in different 

directions from each other on the vector. 

6. The vector of claim 5, wherein the two promoters are oriented in a direction towards 

each other. 

7. The vector of claim 5, wherein the two promoters are oriented in a direction opposing 

each other. 

8. An immune cell comprising the vector of any one of claims 1-7. 

9. The immune cell of claim 8, wherein the immune cell comprises a chimeric antigen 

receptor (CAR) that specifically binds to a target antigen, wherein the target antigen is a cancer 

antigen whose expression is increased in or on the surface of a cancer cell, a cancer tissue, 

and/or a tumor microenvironment.  

10. The immune cell of  claim 9, wherein the target antigen is CD19 or CD22. 
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11. The immune cell of claim 10, wherein the target antigen is CD19. 

12. The immune cell of any one of claims 8-11, wherein the immune cell is a human-

derived T cell, a dendritic cell or natural killer (NK) cell. 

13. The immune cell of any one of claims 8-12, wherein the immune cell is a human-

derived T cell. 

14. The immune cell of any one of claims 9-13, wherein the CAR comprises a signal 

transduction domain, wherein the signal transduction domain further comprises a costimulatory 

molecule selected from the group consisting of ICOS, OX40, CD137 (4-1BB), CD27, and 

CD28. 

15. A pharmaceutical composition comprising the immune cell of any one of claims 8-14 

and a pharmaceutically acceptable carrier. 

16.  An immune cell of any one of claims 8-14 for use in therapy.  

17.  Use of an immune cell of any one of claims 8-14 in the manufacture of a medicament 

for treating CD19+PD-L1+ cancer in a human subject, wherein the immune cell comprises a T 

cell expressing a CAR targeting CD19.  

18. The use of claim 17, wherein the CD19+PD-L1+ cancer is a blood cancer. 

19. The use of claim 18, wherein the blood cancer is leukemia.   

20. The use of claim 17, wherein the CD19+PD-L1+ cancer is a solid cancer. 


