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IMMUNE CELLS HAVING CO-EXPRESSED SHRNAS AND LOGIC GATE 
SYSTEMS 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to and the benefit of U.S. Provisional Application No.  

63/255,887, filed October 14, 2021; U.S. Provisional Application No. 63/255,889, filed 

October 14, 2021; U.S. Provisional Application No. 63/255,891, filed October 14, 2021; and 

U.S. Provisional Application No. 63/303,422, filed January 26, 2022; each of which is hereby 

incorporated by reference in its entirety.  

SEQUENCE LISTING 

[0002] The instant application contains a Sequence Listing which has been submitted via 

EFS-Web and is hereby incorporated by reference in its entirety. Said ASCII copy, created on 

Month XX, 20XX, is named XXXXXUS_sequencelisting.xml, and is X,XXX,XXX bytes in 

size.  

BACKGROUND 

[0003] Cancer is a disease characterized by uncontrollable growth of cells. Many approaches 

to treating cancer have been tried, including drugs and radiation therapies. Recent cancer 

treatments have sought to use the body's own immune cells to attack cancer cells. One 

promising approach uses T cells that are taken from a patient and genetically engineered to 

produce chimeric antigen receptors, or CARs, receptor proteins that give the T cells a new 

ability to target a specific protein. The receptors are chimeric because they combine antigen

binding and T-cell activating functions into a single receptor.  

[0004] Immunotherapy using CAR-T cells is promising because the modified T cells have 

the potential to recognize cancer cells in order to more effectively target and destroy them.  

[0005] After the T cells are engineered with the CARs, the resulting CAR-T cells are 

introduced into patients to attack tumor cells. CAR-T cells can be either derived from T cells 

in a patient's own blood (autologous) or derived from the T cells of another healthy donor 

(allogeneic). Once CAR-T cells are infused into a patient, they come in contact with their 

targeted antigen on a cell. The CAR-T cells bind to the antigen and become activated. Upon 

antigen engagement, CAR T cells can proliferate exponentially, initiate antitumor cytokine 

production, and target tumor cell killing.  

[0006] However, there remain some concerns and limitations to CAR T cell-based 

immunotherapy. Some CAR T cells may engage with normal cells expressing low levels of 

target antigens, leading to off target toxicity. However, there remain some limitations to CAR 
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T cell-based immunotherapy. Furthermore, CAR-T cells can lack peripheral survival, can 

have reduced expansion and effector function, are susceptible to suppression and exhaustion, 

and may not result in memory T cell persistence. Thus, additional therapies targeting intrinsic 

pathways and that, e.g., reduce off-target toxicity are needed to address these roadblocks.  

SUMMARY 

[0007] In one aspect, provided herein are one or more recombinant nucleic acids, wherein the 

one or more recombinant nucleic acids encode: a first chimeric polypeptide comprising a 

priming receptor; a second chimeric polypeptide comprising a chimeric antigen receptor 

(CAR); and at least one nucleic acid sequence at least 15 nucleotides in length, wherein the at 

least one nucleic acid sequence comprises one or more of: (1) a first nucleic acid sequence 

complementary to nucleotides 1126 to 1364 of an mRNA encoding human Fas Cell Surface 

Death Receptor (FAS) comprising the sequence set forth in SEQ ID NO: 39, (2) a second 

nucleic acid sequence complementary to nucleotides 518 to 559 of an mRNA encoding 

human Protein Tyrosine Phosphatase Non-Receptor Type 2 (PTPN2) comprising the 

sequence set forth in SEQ ID NO: 40; and (3) a third nucleic acid sequence complementary to 

nucleotides 1294 to 2141 of an mRNA encoding human Thymocyte Selection Associated 

High Mobility Group Box (TOX) comprising the sequence set forth in SEQ ID NO: 41.  

[0008] In some embodiments, the priming receptor comprising a first extracellular antigen

binding domain that specifically binds to Alkaline Phosphatase, Germ Cell (ALPG/P).  

[0009] In some embodiments, the first extracellular antigen-binding domain comprises a 

variable heavy (VH) chain sequence comprising three heavy chain CDR sequences, CDR-H1, 

CDR-H2, and CDR-H3, and a variable light (VL) chain sequence comprising three light 

chain CDR sequences, CDR-L1, CDR-L2, and CDR-L3, wherein: CDR-H1 comprises the 

sequence set forth in SEQ ID NO: 1, CDR-H2 comprises the sequence set forth in SEQ ID 

NO: 2, CDR-H3 comprises the sequence set forth in SEQ ID NO: 3, CDR-L1 comprises the 

sequence set forth in SEQ ID NO: 4, CDR-L2 comprises the sequence set forth in SEQ ID 

NO: 5, and CDR-L3 comprises the sequence set forth in SEQ ID NO: 6 

[0010] In some embodiments, the CAR comprises a second extracellular antigen-binding 

domain that specifically binds to mesothelin (MSLN), and wherein the second extracellular 

antigen-binding domain comprises a variable heavy (VH) chain sequence comprising three 

heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: CDR-H1 comprises 

the sequence set forth in SEQ ID NO: 14, CDR-H2 comprises the sequence set forth in SEQ 

ID NO: 15, and CDR-H3 comprises the sequence set forth in SEQ ID NO: 16.  

2



WO 2023/064928 PCT/US2022/078158 

[0011] In some embodiments, the at least one nucleic acid sequence comprises each of: (1) 

the first nucleic acid sequence complementary to nucleotides 1126 to 1364 of an mRNA 

encoding human FAS comprising the sequence set forth in SEQ ID NO: 39; and (2) the 

second nucleic acid sequence complementary to nucleotides 518 to 559 of an mRNA 

encoding human PTPN2 comprising the sequence set forth in SEQ ID NO: 40.  

[0012] In some embodiments, the CAR comprises a second extracellular antigen-binding 

domain that specifically binds to mesothelin (MSLN).  

[0013] In some embodiments, the second extracellular antigen-binding domain comprises a 

variable heavy (VH) chain sequence comprising three heavy chain CDR sequences, CDR-H1, 

CDR-H2, and CDR-H3, wherein: CDR-H1 comprises the sequence set forth in SEQ ID NO: 

14, CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and CDR-H3 comprises 

the sequence set forth in SEQ ID NO: 16.  

[0014] In some embodiments, the second extracellular antigen-binding domain comprises a 

single domain antibody comprising a variable heavy (VHH) chain sequence comprising three 

heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: CDR-H1 comprises 

the sequence set forth in SEQ ID NO: 10, CDR-H2 comprises the sequence set forth in SEQ 

ID NO: 11, and CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

[0015] In one aspect, provided herein are one or more recombinant nucleic acids, wherein the 

one or more recombinant nucleic acids encode: a first chimeric polypeptide comprising a 

priming receptor comprising a first extracellular antigen-binding domain that specifically 

binds Alkaline Phosphatase, Placental/Germ Cell (ALPG/P), wherein the first extracellular 

antigen-binding domain comprises a variable heavy (VH) chain sequence comprising three 

heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, and a variable light (VL) 

chain sequence comprising three light chain CDR sequences, CDR-L1, CDR-L2, and CDR

L3, wherein: CDR-H1 comprises the sequence set forth in SEQ ID NO: 1, CDR-H2 

comprises the sequence set forth in SEQ ID NO: 2, CDR-H3 comprises the sequence set forth 

in SEQ ID NO: 3, CDR-L1 comprises the sequence set forth in SEQ ID NO: 4, CDR-L2 

comprises the sequence set forth in SEQ ID NO: 5, and CDR-L3 comprises the sequence set 

forth in SEQ ID NO: 6; a second chimeric polypeptide comprising a chimeric antigen 

receptor (CAR); a first nucleic acid sequence complementary to nucleotides 1126 to 1364 of 

an mRNA encoding human FAS comprising the sequence set forth in SEQ ID NO: 39, and a 

second nucleic acid sequence complementary to nucleotides 518 to 559 of an mRNA 

encoding human PTPN2 comprising the sequence set forth in SEQ ID NO: 40; or 
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complementary to nucleotides 1294 to 2141 of an mRNA encoding human TOX comprising 

the sequence set forth in SEQ ID NO: 41.  

[0016] In some embodiments, the first extracellular antigen-binding domain VH chain 

sequence comprises the sequence set forth in SEQ ID NO: 7.  

[0017] In some embodiments, the first extracellular antigen-binding domain VL chain 

sequence comprises the sequence set forth in SEQ ID NO: 8.  

[0018] In some embodiments, the first extracellular antigen-binding domain comprises the 

sequence set forth in SEQ ID NO: 9.  

[0019] In some embodiments, the CAR comprises a second extracellular antigen-binding 

domain that specifically binds to mesothelin (MSLN).  

[0020] In some embodiments, the second extracellular antigen-binding domain comprises a 

variable heavy (VH) chain sequence comprising three heavy chain CDR sequences, CDR-H1, 

CDR-H2, and CDR-H3, wherein: CDR-H1 comprises the sequence set forth in SEQ ID NO: 

14, CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and CDR-H3 comprises 

the sequence set forth in SEQ ID NO: 16.  

[0021] In some embodiments, the second extracellular antigen-binding domain VH 

comprises the sequence as set forth in SEQ ID NO: 17.  

[0022] In some embodiments, the second extracellular antigen-binding domain comprises a 

single domain antibody comprising a variable heavy (VHH) chain sequence comprising three 

heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: CDR-H1 comprises 

the sequence set forth in SEQ ID NO: 10, CDR-H2 comprises the sequence set forth in SEQ 

ID NO: 11, and CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

[0023] In some embodiments, the second extracellular antigen-binding domain VHH chain 

sequence comprises the sequence set forth in SEQ ID NO: 13.  

[0024] In some embodiments, the second nucleic acid sequence is complementary to 

nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising the sequence set 

forth in SEQ ID NO: 40.  

[0025] In some embodiments, the recombinant nucleic acid comprises a sequence selected 

from the group consisting of the sequences set forth in SEQ ID NOs: 168, 167, or 166.  

[0026] In some embodiments, the second nucleic acid sequence is complementary to 

nucleotides 1294 to 2141 of an mRNA encoding human TOX comprising the sequence set 

forth in SEQ ID NO: 41.  

4



WO 2023/064928 PCT/US2022/078158 

[0027] In one aspect, provided herein are recombinant nucleic acids comprising a nucleic 

acid sequence at least 15 nucleotides in length complementary to nucleotides 1126 to 1364 of 

an mRNA encoding human FAS comprising the sequence set forth in SEQ ID NO: 39.  

[0028] In one aspect, provided herein are recombinant nucleic acids comprising a nucleic 

acid sequence at least 15 nucleotides in length complementary to nucleotides 518 to 559 of an 

mRNA encoding human Protein Tyrosine Phosphatase Non-Receptor Type 2 (PTPN2) 

comprising the sequence set forth in SEQ ID NO: 40.  

[0029] In one aspect, provided herein are recombinant nucleic acid comprising a nucleic acid 

sequence at least 15 nucleotides in length complementary to nucleotides 1294 to 2141 of an 

mRNA encoding human thymocyte selection associated high mobility group box (TOX) 

comprising the sequence set forth in SEQ ID NO: 41.  

[0030] In one aspect, provided herein are one or more recombinant nucleic acids comprising 

a first nucleic acid sequence at least 15 nucleotides in length complementary to nucleotides 

1126 to 1364 of an mRNA encoding human FAS comprising the sequence set forth in SEQ 

ID NO: 39 and a second nucleic acid sequence at least 15 nucleotides in length 

complementary to nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising 

the sequence set forth in SEQ ID NO: 40.  

[0031] In one aspect, provided herein are one or more recombinant nucleic acids comprising 

a first nucleic acid at least 15 nucleotides in length complementary to nucleotides 1126 to 

1364 of an mRNA encoding human FAS comprising the sequence set forth in SEQ ID NO: 

39; and a second nucleic acid at least 15 nucleotides in length complementary to nucleotides 

1294 to 2141 of an mRNA encoding human TOX comprising the sequence set forth in SEQ 

ID NO: 41.  

[0032] In some embodiments, the first, second, and third nucleic acid sequences are at least 

16, 17, 18, 19, 20, 21, or 22 nucleotides in length.  

[0033] In some embodiments, the first, second, and third nucleic acid sequences are a short 

hairpin RNA (shRNA), a small interfering RNA (siRNA), a double stranded RNA (dsRNA), 

or an antisense oligonucleotide.  

[0034] In some embodiments, the first, second, and third nucleic acid sequences are shRNA.  

[0035] In some embodiments, the first nucleic acid sequence comprises a sequence selected 

from the group consisting of the sequences set forth in SEQ ID NOs: 42-71.  

[0036] In some embodiments, the first nucleic acid sequence comprises the sequence set 

forth in SEQ ID NO: 49.  
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[0037] In some embodiments, the first nucleic acid reduces expression of FAS in the immune 

cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a 

control cell that does not comprise the nucleic acid.  

[0038] In some embodiments, the second nucleic acid sequence comprises a sequence 

selected from the group consisting of the sequences set forth in SEQ ID NOs: 72-97.  

[0039] In some embodiments, the second nucleic acid sequence comprises the sequence set 

forth in SEQ ID NO: 82.  

[0040] In some embodiments, the first nucleic acid sequence comprises a sequence selected 

from the group consisting of the sequences set forth in SEQ ID NOs: 42 to 71; and the second 

nucleic acid sequence comprises a sequence selected from the group consisting of the 

sequences set forth in SEQ ID NOs: 72 to 97.  

[0041] In some embodiments, the first nucleic acid sequence comprises the sequence set 

forth in SEQ ID NO: 49 and the second nucleic acid sequence comprises the sequence set 

forth in SEQ ID NO: 82.  

[0042] In some embodiments, the second nucleic acid reduces expression of PTPN2 in the 

immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the nucleic acid.  

[0043] In some embodiments, the second nucleic acid sequence comprises a sequence 

selected from the group consisting of the sequences set forth in SEQ ID NOs: 98-125.  

[0044] In some embodiments, the second nucleic acid sequence comprises the sequence set 

forth in SEQ ID NO: 99 or 104.  

[0045] In some embodiments, the first nucleic acid sequence comprises a sequence selected 

from the group consisting of the sequences set forth in SEQ ID NOs: 42 to 71; and the second 

nucleic acid sequence comprises a sequence selected from the group consisting of the 

sequences set forth in SEQ ID NOs: 98 to 125.  

[0046] In some embodiments, the first nucleic acid sequence comprises the sequence set 

forth in SEQ ID NO: 49 and the second nucleic acid sequence comprises the sequence set 

forth in SEQ ID NO: SEQ ID NOs: 99 or 104 

[0047] In some embodiments, the second nucleic acid reduces expression of TOX in the 

immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the nucleic acid.  

[0048] In one aspect, provided herein are one or more recombinant nucleic acids, wherein the 

one or more recombinant nucleic acids encode: a first chimeric polypeptide comprises a 

priming receptor, a second chimeric polypeptide comprises a chimeric antigen receptor 
6
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(CAR) comprising an extracellular antigen-binding domain that specifically binds to 

mesothelin (MSLN), wherein the extracellular antigen-binding domain comprises a single 

domain antibody comprising a variable heavy (VHH) chain sequence comprising three heavy 

chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: CDR-H1 comprises the 

sequence set forth in SEQ ID NO: 10, CDR-H2 comprises the sequence set forth in SEQ ID 

NO: 11, and CDR-H3 comprises the sequence set forth in SEQ ID NO: 12; and a first nucleic 

acid sequence at least 15 nucleotides in length, wherein the first nucleic acid sequence is 

complementary to nucleotides 1126 to 1364 of an mRNA encoding human FAS comprising 

the sequence set forth in SEQ ID NO: 39, and a second nucleic acid sequence, wherein the 

second nucleic acid sequence is complementary to nucleotides 518 to 559 of an mRNA 

encoding human PTPN2 comprising the sequence set forth in SEQ ID NO: 40; or is 

complementary to nucleotides 1294 to 2141 of an mRNA encoding human TOX comprising 

the sequence set forth in SEQ ID NO: 41.  

[0049] In some embodiments, the VHH chain sequence comprises the sequence set forth in 

SEQ ID NO: 13.  

[0050] In one aspect, provided herein are one or more recombinant nucleic acids, wherein the 

one or more recombinant nucleic acids encode: a first chimeric polypeptide comprises a 

priming receptor, a second chimeric polypeptide comprises a chimeric antigen receptor 

(CAR) comprising an extracellular antigen-binding domain that specifically binds to 

mesothelin (MSLN), wherein the second extracellular antigen-binding domain comprises a 

variable heavy (VH) chain sequence comprising three heavy chain CDR sequences, CDR-H1, 

CDR-H2, and CDR-H3, wherein: CDR-H1 comprises the sequence set forth in SEQ ID NO: 

14, CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and CDR-H3 comprises 

the sequence set forth in SEQ ID NO: 16; and a first nucleic acid sequence at least 15 

nucleotides in length, wherein the first nucleic acid sequence is complementary to nucleotides 

1126 to 1364 of an mRNA encoding human FAS comprising the sequence set forth in SEQ 

ID NO: 39, and a second nucleic acid sequence, wherein the second nucleic acid sequence is 

complementary to nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising 

the sequence set forth in SEQ ID NO: 40; or is complementary to nucleotides 1294 to 2141 of 

an mRNA encoding human TOX comprising the sequence set forth in SEQ ID NO: 41.  

[0051] In some embodiments, the VH comprises the sequence as set forth in SEQ ID NO: 17.  

[0052] In one aspect, provided herein are one or more recombinant nucleic acids, wherein the 

one or more recombinant nucleic acids encode: a first chimeric polypeptide comprises a 

priming receptor comprising a first extracellular antigen-binding domain that specifically 
7
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binds to Alkaline Phosphatase, Germ Cell (ALPG/P); and a second chimeric polypeptide 

comprises a CAR comprising a second extracellular antigen-binding domain that specifically 

binds to mesothelin (MSLN); a first nucleic acid sequence at least 15 nucleotides in length, 

wherein the first nucleic acid sequence is complementary to nucleotides 1126 to 1364 of an 

mRNA encoding human FAS comprising the sequence set forth in SEQ ID NO: 39, and a 

second nucleic acid sequence, wherein the second nucleic acid sequence is complementary to 

nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising the sequence set 

forth in SEQ ID NO: 40; or is complementary to nucleotides 1294 to 2141 of an mRNA 

encoding human TOX comprising the sequence set forth in SEQ ID NO: 41.  

[0053] In some embodiments, the second nucleic acid sequence is complementary to 

nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising the sequence set 

forth in SEQ ID NO: 40.  

[0054] In some embodiments, the recombinant nucleic acid comprises a sequence selected 

from the group consisting of the sequences set forth in SEQ ID NOs: 168, 167, or 166.  

[0055] In some embodiments, the second nucleic acid sequence is complementary to 

nucleotides 1294 to 2141 of an mRNA encoding human TOX comprising the sequence set 

forth in SEQ ID NO: 41.  

[0056] In some embodiments, the first and second nucleic acid sequences are at least 16, 17, 

18, 19, 20, 21, or 22 nucleotides in length.  

[0057] In some embodiments, the first and second nucleic acids are a short hairpin RNA 

(shRNA), a small interfering RNA (siRNA), a double stranded RNA (dsRNA), or an 

antisense oligonucleotide.  

[0058] In some embodiments, the first and second nucleic acids are shRNA.  

[0059] In some embodiments, the first nucleic acid sequence comprises a sequence selected 

from the group consisting of the sequences set forth in SEQ ID NOs: 42- 71.  

[0060] In some embodiments, the first nucleic acid sequence comprises the sequence set 

forth in SEQ ID NO: 49.  

[0061] In some embodiments, the first nucleic acid reduces expression of FAS in the immune 

cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a 

control cell that does not comprise the nucleic acid.  

[0062] In some embodiments, the second nucleic acid sequence comprises a sequence 

selected from the group consisting of the sequences set forth in SEQ ID NOs: 72-97.  

[0063] In some embodiments, the second nucleic acid sequence comprises the sequence set 

forth in SEQ ID NO: 82.  
8
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[0064] In some embodiments, the second nucleic acid reduces expression of PTPN2 in the 

immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the nucleic acid.  

[0065] In some embodiments, the second nucleic acid sequence comprises a sequence 

selected from the group consisting of the sequences set forth in SEQ ID NOs: 98-125.  

[0066] In some embodiments, the second nucleic acid sequence comprises the sequence set 

forth in SEQ ID NO: 99 or 104.  

[0067] In some embodiments, the second nucleic acid reduces expression of TOX in the 

immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the nucleic acid.  

[0068] In some embodiments, the priming receptor comprises, from N-terminus to C

terminus, the first extracellular antigen-binding domain; a first transmembrane domain 

comprising one or more ligand-inducible proteolytic cleavage sites; and an intracellular 

domain comprising a human or humanized transcriptional effector, wherein binding of 

ALPG/P by the first extracellular antigen-binding domain results in cleavage at the one or 

more ligand-inducible proteolytic cleavage sites.  

[0069] In some embodiments, the priming receptor further comprises a first hinge domain 

positioned between the first extracellular antigen-binding domain and the first transmembrane 

domain.  

[0070] In some embodiments, the first hinge domain comprises a CD8a or a truncated CD8a 

hinge domain.  

[0071] In some embodiments, the first hinge comprises the sequence as set forth in SEQ ID 

NO: 18.  

[0072] In some embodiments, the first transmembrane domain comprises a Notch1 

transmembrane domain.  

[0073] In some embodiments, the first transmembrane domain comprises the sequence as set 

forth in SEQ ID NO: 19.  

[0074] In some embodiments, the intracellular domain comprises an HNFla/p65 domain or a 

Gal4/VP64 domain.  

[0075] In some embodiments, the intracellular domain comprises the sequence as set forth in 

SEQ ID NO: 23.  

[0076] In some embodiments, the priming receptor further comprises a stop-transfer

sequence between the first transmembrane domain and the intracellular domain.  
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[0077] In some embodiments, the stop-transfer-sequence comprises the sequence as set forth 

in SEQ ID NO: 20.  

[0078] In some embodiments, the priming receptor comprises a sequence as set forth in SEQ 

ID NO: 24.  

[0079] In some embodiments, the CAR comprises, from N-terminus to C-terminus, a second 

extracellular antigen-binding domain; a second transmembrane domain; an intracellular co

stimulatory domain; and an intracellular activation domain.  

[0080] In some embodiments, the second extracellular antigen-binding domain specifically 

binds to mesothelin (MSLN), wherein the second extracellular antigen-binding domain 

comprises a single domain antibody comprising a variable heavy (VHH) chain sequence 

comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, CDR-H2 comprises the 

sequence set forth in SEQ ID NO: 11, and CDR-H3 comprises the sequence set forth in SEQ 

ID NO: 12.  

[0081] In some embodiments, the VHH chain sequence comprises the sequence set forth in 

SEQ ID NO: 13.  

[0082] In some embodiments, the second extracellular antigen-binding domain specifically 

binds to mesothelin (MSLN), wherein the extracellular antigen-binding domain comprises a 

variable heavy (VH) chain sequence comprising three heavy chain CDR sequences, CDR-H1, 

CDR-H2, and CDR-H3, wherein: CDR-H1 comprises the sequence set forth in SEQ ID NO: 

14, CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and CDR-H3 comprises 

the sequence set forth in SEQ ID NO: 16.  

[0083] In some embodiments, the VH chain sequence comprises the sequence set forth in 

SEQ ID NO: 17.  

[0084] In some embodiments, the CAR comprises a second hinge domain.  

[0085] In some embodiments, the second hinge domain comprises a CD8a or a truncated 

CD8a hinge domain.  

[0086] In some embodiments, the second transmembrane domain comprises a CD8a 

transmembrane domain.  

[0087] In some embodiments, the intracellular co-stimulatory domain comprises a 4-1BB 

domain.  

[0088] In some embodiments, the intracellular activation domain comprises a CD3( domain.  

[0089] In some embodiments, the CAR comprises a sequence as set forth in SEQ ID NO: 30 

or 31.  
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[0090] In some embodiments, the priming receptor and the CAR are capable of binding to a 

single target cell if the target cell expresses each of ALPG/P and MSLN.  

[0091] In some embodiments, the target cell is a human cell.  

[0092] In some embodiments, the target cell is a cancer cell.  

[0093] In some embodiments, the cancer cell is a solid cancer cell or a liquid cancer cell.  

[0094] In some embodiments, the cancer cell is ovarian cancer, fallopian cancer, primary 

peritoneal cancer, uterine cancer, mesothelioma, cervical cancer, or pancreatic cancer.  

[0095] In some embodiments, the recombinant nucleic acid comprises two or more nucleic 

acid fragments.  

[0096] In some embodiments, the recombinant nucleic acid further comprises an inducible 

promoter operably linked to the nucleotide sequence encoding the CAR.  

[0097] In some embodiments, the recombinant nucleic acid further comprises a first 

constitutive promoter operably linked to the nucleotide sequence encoding the priming 

receptor.  

[0098] In some embodiments, the recombinant nucleic acid further comprises an inducible 

promoter operably linked to the nucleotide sequence encoding the chimeric antigen receptor 

and a constitutive promoter operably linked to the nucleotide sequence encoding the priming 

receptor.  

[0099] In some embodiments, the recombinant nucleic acid further comprises a second 

constitutive promoter operably linked to the nucleotide sequence encoding the first nucleic 

acid complementary to human FAS.  

[00100] In some embodiments, the recombinant nucleic acid further comprises a second 

constitutive promoter operably linked to the nucleotide sequence encoding the second nucleic 

acid complementary to human PTPN2 or TOX.  

[00101] In some embodiments, the recombinant nucleic acid further comprises a second 

constitutive promoter operably linked to the nucleotide sequence encoding the first nucleic 

acid complementary to human FAS or the second nucleic acid complementary to human 

PTPN2 or TOX.  

[00102] In some embodiments, the recombinant nucleic acid comprises, in a 5' to 3' 

direction, the first constitutive promoter; the nucleotide sequence encoding the priming 

receptor; the second constitutive promoter; the nucleotide sequence encoding the first nucleic 

acid complementary to human FAS, human PTPN2, or human TOX; the inducible promoter; 

and the nucleotide sequence encoding the chimeric antigen receptor.  
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[00103] In some embodiments, the recombinant nucleic acid comprises, in a 5' to 3' 

direction, the first constitutive promoter; the nucleotide sequence encoding the priming 

receptor; the second constitutive promoter; the nucleotide sequence encoding the first nucleic 

acid complementary to human FAS; the nucleotide sequence encoding the second first 

nucleic acid complementary to human PTPN2 or TOX; the inducible promoter; and the 

nucleotide sequence encoding the chimeric antigen receptor.  

[00104] In some embodiments, the recombinant nucleic acid comprises, in a 5' to 3' 

direction, the inducible promoter; the nucleotide sequence encoding the chimeric antigen 

receptor; the second constitutive promoter; the nucleotide sequence encoding the first nucleic 

acid complementary to human FAS; the nucleotide sequence encoding the second first 

nucleic acid complementary to human PTPN2 or TOX; the first constitutive promoter; and 

the nucleotide sequence encoding the priming receptor.  

[00105] In some embodiments, the nucleotide sequence encoding the priming receptor 

comprises the sequence set forth in SEQ ID NO: 36.  

[00106] In some embodiments, the nucleotide sequence encoding the chimeric antigen 

receptor comprises the sequence set forth in SEQ ID NO: 37 or 38.  

[00107] In some embodiments, the recombinant nucleic acid further comprises a 5' 

homology directed repair arm and a 3' homology directed repair arm complementary to an 

insertion site in a host cell chromosome.  

[00108] In some embodiments, the recombinant nucleic acid further comprises a 

nucleotide sequence encoding a self-excising 2A peptide (P2A).  

[00109] In some embodiments, the P2A is at the 3' end of the nucleotide sequence 

encoding chimeric antigen receptor.  

[00110] In some embodiments, the P2A is at the 3' end of the nucleotide sequence 

encoding priming receptor.  

[00111] In some embodiments, the recombinant nucleic acid further comprises a 

woodchuck hepatitis virus post-translational regulatory element (WPRE).  

[00112] In some embodiments, the WPRE is at the 3' end of the nucleotide sequence 

encoding chimeric antigen receptor and at the 5' end of the nucleotide sequence encoding 

priming receptor or wherein the WPRE is at the 3' end of the nucleotide sequence encoding 

priming receptor and at the 5' end of the nucleotide sequence encoding chimeric antigen 

receptor.  

[00113] In some embodiments, the recombinant nucleic acid further comprises an SV40 

polyA element.  
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[00114] In some embodiments, the nucleic acid is incorporated into an expression cassette 

or an expression vector.  

[00115] In some embodiments, the expression vector is a non-viral vector.  

[00116] In one aspect, provided herein are expression vector comprising the recombinant 

nucleic acid disclosed herein.  

[00117] In some embodiments, the 5' and 3' ends of the recombinant nucleic acid 

comprise nucleotide sequences that are homologous to genomic sequences flanking an 

insertion site in a genome of a primary cell.  

[00118] In some embodiments, the insertion site is located at a T Cell Receptor Alpha 

Constant (TRAC) locus or a genomic safe harbor (GSH) locus.  

[00119] In some embodiments, the GHS locus is a GS94 locus.  

[00120] In one aspect, provided herein are immune cell comprising: at least one 

recombinant nucleic acid(s) disclosed herein; and/or the vector disclosed herein.  

[00121] In some embodiments, the immune cell is a primary human immune cell.  

[00122] In some embodiments, the primary human immune cell is an autologous immune 

cell.  

[00123] In some embodiments, the primary immune cell is a natural killer (NK) cell, a T 

cell, a CD8+ T cell, a CD4+ T cell, a primary T cell, or a T cell progenitor.  

[00124] In some embodiments, the primary immune cell is a primary T cell.  

[00125] In some embodiments, the primary immune cell is a primary human T cell.  

[00126] In some embodiments, the primary immune cell is virus-free.  

[00127] In some embodiments, the immune cell is an autologous immune cell.  

[00128] In some embodiments, the immune cell is an allogeneic immune cell.  

[00129] In one aspect, provided herein are primary immune cell comprising at least one 

recombinant nucleic acid comprising a priming receptor comprising a first extracellular 

antigen-binding domain that specifically binds to ALPG/P; a chimeric antigen receptor 

comprising a second extracellular antigen-binding domain that specifically binds to MSLN; a 

first nucleic acid sequence at least 15 nucleotides in length, wherein the first nucleic acid 

sequence is complementary to nucleotides 1126 to 1364 of an mRNA encoding human FAS 

comprising the sequence set forth in SEQ ID NO: 39, and a second nucleic acid sequence at 

least 15 nucleotides in length, wherein the second nucleic acid sequence is complementary to 

nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising the sequence set 

forth in SEQ ID NO: 40; or complementary to nucleotides 1294 to 2141 of an mRNA 

encoding human TOX comprising the sequence set forth in SEQ ID NO: 41; wherein the 
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recombinant nucleic acid is inserted into a target region of the genome of the primary 

immune cell, and wherein the primary immune cell does not comprise a viral vector for 

introducing the recombinant nucleic acid into the primary immune cell.  

[00130] In one aspect, provided herein are primary immune cell comprising at least one 

recombinant nucleic acid(s) comprising a first nucleic acid comprising the sequence set forth 

in SEQ ID NO: 49; and a second nucleic acid comprising the sequence set forth in SEQ ID 

NO: 82, inserted into a target region of the genome of the primary immune cell, and wherein 

the primary immune cell does not comprise a viral vector for introducing the recombinant 

nucleic acid(s) into the primary immune cell.  

[00131] In one aspect, provided herein are primary immune cell comprising at least one 

recombinant nucleic acid(s) comprising a first nucleic acid comprising the sequence set forth 

in SEQ ID NO: 49; and a second nucleic acid comprising the sequence set forth in SEQ ID 

NO: SEQ ID NOs: 99 or 104, inserted into a target region of the genome of the primary 

immune cell, and wherein the primary immune cell does not comprise a viral vector for 

introducing the recombinant nucleic acid into the primary immune cell.  

[00132] In one aspect, provided herein are viable, virus-free, primary cell comprising a 

ribonucleoprotein (RNP)- recombinant nucleic acid complex, wherein the RNP comprises a 

nuclease domain and a guide RNA, and wherein the recombinant nucleic acid encodes: a 

priming receptor comprising a first extracellular antigen-binding domain that specifically 

binds to ALPG/P; a chimeric antigen receptor comprising a second extracellular antigen

binding domain that specifically binds to MSLN; a first nucleic acid sequence at least 15 

nucleotides in length, wherein the first nucleic acid sequence is complementary to nucleotides 

1126 to 1364 of an mRNA encoding human FAS comprising the sequence set forth in SEQ 

ID NO: 39, and a second nucleic acid sequence at least 15 nucleotides in length, wherein the 

second nucleic acid sequence is complementary to nucleotides 518 to 559 of an mRNA 

encoding human PTPN2 comprising the sequence set forth in SEQ ID NO: 40; or 

complementary to nucleotides 1294 to 2141 of an mRNA encoding human TOX comprising 

the sequence set forth in SEQ ID NO: 41; andwherein the 5' and 3' ends of the recombinant 

nucleic acid comprise nucleotide sequences that are homologous to genomic sequences 

flanking an insertion site in the genome of the primary cell.  

[00133] In one aspect, provided herein are viable, virus-free, primary cell comprising a 

ribonucleoprotein complex (RNP)- recombinant nucleic acid(s) complex, wherein the RNP 

comprises a nuclease domain and a guide RNA, wherein recombinant nucleic acid(s) 

comprises a first nucleic acid comprising the sequence set forth in SEQ ID NO: 49; and a 
14
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second nucleic acid comprising the sequence set forth in SEQ ID NO: 82, and wherein the 5' 

and 3' ends of the recombinant nucleic acid(s) comprise nucleotide sequences that are 

homologous to genomic sequences flanking an insertion site in the genome of the primary 

cell.  

[00134] In one aspect, provided herein are viable, virus-free, primary cell comprising a 

ribonucleoprotein complex (RNP)- recombinant nucleic acid(s) complex, wherein the RNP 

comprises a nuclease domain and a guide RNA, wherein recombinant nucleic acid(s) 

comprises a first nucleic acid comprising the sequence set forth in SEQ ID NO: 49; and a 

second nucleic acid comprising the sequence set forth in SEQ ID NO: SEQ ID NOs: 99 or 

104, and wherein the 5' and 3' ends of the recombinant nucleic acid(s) comprise nucleotide 

sequences that are homologous to genomic sequences flanking an insertion site in the genome 

of the primary cell.  

[00135] In some embodiments, the cell comprises a sequence selected from the group 

consisting of the sequences set forth in SEQ ID NOs: 168, 167, or 166.  

[00136] In some embodiments, the first nucleic acid reduces expression of FAS in the 

immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the first nucleic acid.  

[00137] In some embodiments, expression of FAS in the immune cell is reduced by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control 

cell that does not comprise the first nucleic acid.  

[00138] In some embodiments, the second nucleic acid reduces expression of PTPN2 in 

the immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the second nucleic acid.  

[00139] In some embodiments, expression of PTPN2 in the immune cell is reduced by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control 

cell that does not comprise the second nucleic acid 

[00140] In some embodiments, the second nucleic acid reduces expression of TOX in the 

immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the second nucleic acid.  

[00141] In some embodiments, expression of TOX in the immune cell is reduced by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control 

cell that does not comprise the second nucleic acid.  

[00142] In some embodiments, expression of FAS, PTPN2, and/or TOX is determined by 

a nucleic acid assay or a protein assay.  
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[00143] In some embodiments, the nucleic acid assay comprises at least one of polymerase 

chain reaction (PCR), quantitative PCR (qPCR), RT-qPCR, microarray, gene array, or 

RNAseq.  

[00144] In some embodiments, the protein assay comprises at least one of 

immunoblotting, fluorescence activated cell sorting, flow-cytometry, magnetic-activated cell 

sorting, or affinity-based cell separation.  

[00145] In one aspect, provided herein are population of cells comprising a plurality of 

immune cells disclosed herein.  

[00146] In one aspect, provided herein are pharmaceutical composition comprising the 

immune cell disclosed herein or the population of cells disclosed herein, and a 

pharmaceutically acceptable excipient.  

[00147] In one aspect, provided herein are pharmaceutical composition comprising the 

recombinant nucleic acid disclosed herein or the vector disclosed herein, and a 

pharmaceutically acceptable excipient.  

[00148] In one aspect, provided herein are method of editing an immune cell, comprising: 

providing a ribonucleoprotein (RNP)-recombinant nucleic acid complex, wherein the RNP 

comprises a nuclease domain and a guide RNA, wherein the recombinant nucleic acid 

comprises the recombinant nucleic acid disclosed herein, and wherein the 5' and 3' ends of 

the recombinant nucleic acid comprise nucleotide sequences that are homologous to genomic 

sequences flanking an insertion site in the genome of the immune cell; non-virally 

introducing the RNP-recombinant nucleic acid complex into the immune cell, wherein the 

guide RNA specifically hybridizes to a target region of the genome of the primary immune 

cell, and wherein the nuclease domain cleaves the target region to create the insertion site in 

the genome of the immune cell; and editing the immune cell via insertion of the recombinant 

nucleic acid disclosed herein into the insertion site in the genome of the immune cell.  

[00149] In some embodiments, non-virally introducing comprises electroporation.  

[00150] In some embodiments, the nuclease domain comprises a CRISPR-associated 

endonuclease (Cas), optionally a Cas9 nuclease.  

[00151] In some embodiments, the target region of the genome of the cell is a T Cell 

Receptor Alpha Constant (TRAC) locus or a genomic safe harbor (GSH) locus.  

[00152] In some embodiments, the GSH locus is the GS94 locus.  

[00153] In some embodiments, the recombinant nucleic acid is a double-stranded 

recombinant nucleic acid or a single-stranded recombinant nucleic acid.  
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[00154] In some embodiments, the recombinant nucleic acid is a linear recombinant 

nucleic acid or a circular recombinant nucleic acid, optionally wherein the circular 

recombinant nucleic acid is a plasmid.  

[00155] In some embodiments, the immune cell is a primary human immune cell.  

[00156] In some embodiments, the immune cell is an allogeneic immune cell.  

[00157] In some embodiments, the immune cell is an autologous immune cell.  

[00158] In some embodiments, the immune cell is a natural killer (NK) cell, a T cell, a 

CD8+ T cell, a CD4+ T cell, a primary T cell, or a T cell progenitor.  

[00159] In some embodiments, the immune cell is a primary T cell.  

[00160] In some embodiments, the immune cell is a primary human T cell.  

[00161] In some embodiments, the immune cell is virus-free.  

[00162] In some embodiments, the method further comprising obtaining the immune cell 

from a patient and introducing the recombinant nucleic acid in vitro.  

[00163] In one aspect, provided herein are method of treating a disease in a subject 

comprising administering the immune cell disclosed herein or the pharmaceutical 

composition disclosed herein to the subject.  

[00164] In some embodiments, the disease is cancer.  

[00165] In some embodiments, the cancer is a solid cancer or a liquid cancer.  

[00166] In some embodiments, the cancer is ovarian cancer, fallopian cancer, primary 

peritoneal cancer, uterine cancer, mesothelioma, cervical cancer, or pancreatic cancer.  

[00167] In some embodiments, the administration of the immune cell enhances an immune 

response in the subject.  

[00168] In some embodiments, the enhanced immune response is an adaptive immune 

response.  

[00169] In some embodiments, the enhanced immune response is an innate immune 

response.  

[00170] In some embodiments, the enhanced immune response is an increased expression 

of at least one cytokine or chemokine.  

[00171] In some embodiments, the at least one cytokine or chemokine is IL-2 or IFNy.  

[00172] In some embodiments, the method further comprising administering an 

immunotherapy to the subject concurrently with the immune cell or subsequently to the 

immune cell.  
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[00173] In one aspect, provided herein are method of inhibiting a target cell in a subject 

comprising administering the immune cell disclosed herein to the subject, wherein the 

immune cell inhibits the target cell.  

[00174] In some embodiments, the target cell expresses ALPG/P and MSLN.  

[00175] In some embodiments, the target cell is a cancer cell.  

[00176] In one aspect, provided herein are method of inducing expression of a chimeric 

antigen receptor with a priming receptor in an immune cell comprising: obtaining an immune 

cell comprising the recombinant nucleic acid disclosed herein; and/or the vector disclosed 

herein; and contacting the immune cell with a target cell expressing ALPG/P and MSLN, 

wherein binding of the priming receptor to ALPG/P on the target cell induces activation of 

the priming receptor and expression of the chimeric antigen receptor.  

[00177] In one aspect, provided herein are method of modulating the activity of an 

immune cell comprising: obtaining an immune cell comprising the recombinant nucleic acid 

disclosed herein; and/or the vector disclosed herein; and contacting the immune cell with a 

target cell expressing ALPG/P and MSLN, wherein binding of the priming receptor to 

ALPG/P on the target cell induces activation of the priming receptor and expression of the 

chimeric antigen receptor and wherein binding of the chimeric antigen receptor to MSLN on 

the target cell modulates the activity of the immune cell.  

[00178] In some embodiments, the modulation of the immune cell activity comprises 

enhancing an immune response.  

[00179] In some embodiments, the enhanced immune response is an adaptive immune 

response.  

[00180] In some embodiments, the enhanced immune response is an innate immune 

response.  

[00181] In some embodiments, the immune cell activity is an increased expression of at 

least one cytokine or chemokine.  

[00182] In some embodiments, the at least one cytokine or chemokine is IL-2 or IFNy.  

[00183] In some embodiments, expression of FAS in the immune cell is reduced by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control 

cell that does not comprise the first nucleic acid.  

[00184] In some embodiments, expression of PTPN2 in the immune cell is reduced by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control 

cell that does not comprise the second nucleic acid 
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[00185] In some embodiments, expression of TOX in the immune cell is reduced by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control 

cell that does not comprise the second nucleic acid.  

[00186] In some embodiments, expression of FAS, PTPN2, and/or TOX in the immune 

cell is determined by a nucleic acid assay or a protein assay.  

[00187] In some embodiments, the nucleic acid assay comprises at least one of polymerase 

chain reaction (PCR), quantitative PCR (qPCR), RT-qPCR, microarray, gene array, or 

RNAseq.  

[00188] In some embodiments, the protein assay comprises at least one of 

immunoblotting, fluorescence activated cell sorting, flow-cytometry, magnetic-activated cell 

sorting, or affinity-based cell separation.  

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[00189] These and other features, aspects, and advantages of the present invention will 

become better understood with regard to the following description, and accompanying 

drawings, where: 

[00190] FIG. 1 shows a schematic of the logic gate expression with T cell activation 

assay.  

[00191] FIG. 2 provides flow cytometry data showing that T cells expressing both logic 

gates (LG1 and LG3) showed priming receptor expression but minimal CAR expression in 

the absence of priming antigen stimulation and in the presence of T cell activation 

stimulation.  

[00192] FIG. 3A shows no cytotoxicity was observed from negative control RNP-only T 

cells. FIG. 3B shows minimal logic gate expressing-T cell activity against the single antigen 

positive K562-ALPG cells. FIG. 3C shows no logic gate expressing-T cell activity against 

the single antigen positive K562-MSLN. FIG. 3D shows tumor-specific activity in the logic 

gate-expressing T cells.  

[00193] FIG. 4 shows that Logic Gate 1 T cells showed both more rapid and more 

complete K562-ALPG/MSLN target cell killing relative to Logic Gate 3 T cells.  

[00194] FIG. 5A shows cytokine production by the logic gate-expressing T cells (LG] and 

LG3), CAR-expressing-T cells, or negative control cells after incubation with the K562 cell 

line. FIG. 5B shows cytokine production by the logic gate-expressing Tcells (LG and 

LG3), CAR-expressing-T cells, or negative control cells after incubation with the K562SLN 

cell line. FIG. 5C shows cytokine production by the logic gate-expressing T cells (LGi and 
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LG3), CAR-expressing-T cells, or negative control cells after incubation with the K562 ALPG 

cell line. FIG. 5D shows cytokine production by the logic gate-expressing T cells (LGl and 

LG3), CAR-expresing-T cells, or negative control cells after incubation with the K562 

ALPGMSLN cell line.  

[00195] FIG. 6A shows ALPG expression in AsPC-1 cells, K562 cells and 

K562-EFG cells. FIG. 6B shows ALPG lIHC staining in AsPC-1 cells and primary ovarian 

cancer tunors.  

[00196] FIG. 7A shows MSLN expression in AsPC-1 cells, K562 ALPG/MSLN cells and 

K562-EFG cells. FIG. 7B shows ALPG IHC staining in AsPC-1 cells and primary ovarian 

cancer tumors.  

[00197] FIG. 8A shows ALPG expression in K5 6 2 ALPG low and high expressing cells.  

FIG. 8B shows ALPG expression in K 56 2ALPG low and high expressing cells, AsPC-1 cells, 

and K562-EFG cells. FIG. 8C shows priming receptor and CAR expression on engineered T 

cells before and after incubation with K5 6 2ALPG low and high expressing cells.  

[00198] FIG. 9A shows ALPG expression in SKOV3-EFG cells, K562 ALPG/MSLN cells, 

and K562 EFG cells. FIG. 9B shows MSLN expression in SKOV3-WT cells, K562 ALMSLN 

cells, and K562 EFG cells. FIG. 9C shows IL-2 cytokine production after incubation ofT 

cells expressing the indicated LG or CAR with the SKOV3-EFG cells. FIG. 9D shows IFN 

cytokine production after incubation of Tcells expressing the indicated LG or CAR with the 

SKOV3-EFG cells 

[00199] FIG. 10A shows ALPG expression on ovarian cancer samples. FIG. 10B shows 

MSLN expression on ovarian cancer samples. FIG. 10C shows a dose assay for percent 

target cell killing with increasing percentage of ALPG negative cells incubated with T cells 

expressing the indicated logic gate or CAR.  

[00200] FIG. 11A shows IL-2 cytokine production after incubation of logic gate

expressing T cells or CAR-expressing T cells with target cells in the presence of CA125.  

FIG. 11B shows IL-2 cytokine production after incubation of logic gate-expressing T cells or 

CAR-expressing T cells with target cells in the presence of MSLN.  

[00201] FIG. 12A shows tumor volume in the K562 dual-flank model in K5 6 2MSLN tumor, 

modeling the healthy mesothelial lining, after treatment with the constitutive CAR. FIG. 12B 

shows tumor volume in the K5 6 2 ALPG/MSLN tumor, modeling an on-target tumor, after 

treatment with the constitutive CAR. FIG. 12C shows tumor volume in the K5 62 MSLN tumor 

after treatment with the Logic Gate 1 T cells. FIG. 12D shows tumor volume in the 

K5 6 2 ALPG/MSLN tum or after treatment with the Logic Gate 1 T cells. FIG. 12E shows tumor 
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volume in the K5 6 2 MSLN tumor after treatment with the Logic Gate 3 T cells. FIG. 12F 

shows tumor volume in the K5 6 2 ALPG/MSLN tumor after treatment with the Logic Gate 3 T 

cells. In each figure, the lower line shows the tumor volume after treatment with the indicated 

T cells, and the higher line shows the tumor volume after treatment with control T cells.  

[00202] FIG. 13A shows tumor volume in the MSTO model after treatment with a low 

dose of the indicated engineered T cells. FIG. 13B shows tumor volume after treatment with 

a middle "stress" dose of the indicated engineered T cells. FIG. 13A shows tumor volume 

after treatment with a high dose of the indicated engineered T cells. FIG. 13D shows T cell 

expansion in blood samples after treatment with the indicated T cells.  

[00203] FIG. 14A shows flow analysis of T cells found in the peripheral blood after 

treatment with control T cells. FIG. 14B shows flow analysis of T cells found in the 

peripheral blood after treatment with the middle dose of CAR 1-expressing T cells. FIG. 14C 

shows flow analysis of T cells found in the peripheral blood after treatment with the middle 

dose of LG1-expressing T cells. FIG. 14D shows flow analysis of T cells found in the 

peripheral blood after treatment with the high dose of LG-expressing T cells, CAR

expressing-T cells, or negative control cells.  

[00204] FIG. 15A shows the percent of edited cells with the indicated shRNA after a 9

day expansion. FIG. 15B shows the total edited cells with the indicated shRNA after a 9-day 

expansion.  

[00205] FIG. 16 shows the target gene knock down of both indicated genes when used in 

combination.  

[00206] FIG. 17A shows that shRNA module targeting FAS, PTPN2, and TOX provides 

stable knockdown of FAS for at least 7 weeks after editing under resting conditions. FIG.  

17B shows that FAS, PTPN2, and NR4A1 protein levels were also significantly reduced 6 

days post editing.  

[00207] FIG. 18 shows that target gene knockdown in T cells was maintained throughout 

chronic stimulation.  

[00208] FIG. 19A shows there was strong FAS knockdown in cells from the shRNA. FIG.  

19B shows that T cells with FAS knockdown retained greater than 80% viability as 

normalized to T cells with only the control shRNA after treatment with an anti-FAS 

activating antibo.dy for24 hours.  

[00209] FIG. 20 shows that T cells engineered with the combination shRNA modules did 

not exhibit evidence of increased risk of transformation.  
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[00210] FIG. 21 shows that T cells engineered with the combination shRNA modules did 

not exhibit evidence of reduced cytotoxic activity over the 48 hour luciferase assay with 

target antigen expressing K562 cell line.  

[00211] FIG. 22 shows that T cells engineered with the shRNA knockdown modules did 

not exhibit evidence of reduced cytotoxic activity over the 48 hour incucyte assay with target 

antigen expressing MSTO cell line.  

[00212] FIG. 23 shows cumulative T cell expansion during chronic antigen stimulation 

after shRNA knockdown of the indicated target.  

[00213] FIG. 24A shows that T cells engineered with a shRNA module targeting PTPN2 

exhibited cell cycle signatures after chronic antigen stimulation. FIG. 24B shows that T cells 

engineered with a shRNA module targeting PTPN2 exhibited cell cycle signatures after 

chronic antigen stimulation.  

[00214] FIG. 25 shows interferon gamma expression in T cells after shRNA knockdown 

of the indicated target.  

[00215] FIG. 26A shows that T cells engineered with a shRNA module targeting PTPN2 

retained effector signatures after chronic antigen stimulation. FIG. 26B shows that T cells 

engineered with a shRNA module targeting PTPN2 retained effector signatures after chronic 

antigen stimulation.  

[00216] FIG. 27 shows CD4 or CD8 % T cell percentages in the engineered T cell 

populations, and the relative amounts of T effector cells (Te), T effector memory cells (Tem), 

T central memory cells (Tcm), or memory stem T cells (Tscm) after shRNA knockdown of 

the indicated target.  

[00217] FIG. 28A shows tumor growth in mice after treatment with the indicated CAR T 

cell or control T cells. FIG. 28B shows T cell expansion in peripheral blood after treatment 

with the indicated CAR T cell or control T cells.  

[00218] FIG. 29 shows tumor volume after tumor growth in mice after treatment with the 

indicated amounts of CAR T cell or control T cells.  

[00219] FIG. 30A shows quantification of the types of T cells in the edited CD8 T cell 

population after treatment with T cells with shRNA knockdown of the indicated target. FIG.  

30B shows the number of edited T cells in the mice tumor or spleen after treatment with T 

cells with shRNA knockdown of the indicated target.  

[00220] FIG. 31 shows mouse body weight after treatment with T cells with shRNA 

knockdown of the indicated target.  
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[00221] FIG. 32 shows lysis of target cells expressing MSLN or ALPG and MSLN after 

incubation with T cells expressing a logic gate and FAS/PTPN2 shRNA.  

[00222] FIG. 33 shows relative FAS expression in T cells expressing an ALPG/MSLN 

logic gate and FAS/PTPN2 shRNA as compared to control cells expressing the ALPG/MSLN 

logic gate alone.  

[00223] FIG. 34A shows tumor volume in vivo after treatment with T cells from donor 

two expressing an ALPG/MSLN logic gate and FAS/PTPN2 shRNA as compared to control 

T cells expressing the ALPG/MSLN logic gate alone. FIG. 34B shows tumor volume in vivo 

after treatment with T cells from donor three expressing an ALPG/MSLN logic gate and 

FAS/PTPN2 shRNA as compared to control T cells expressing the ALPG/MSLN logic gate 

alone.  

[00224] FIG. 35A shows tumor volume in vivo after treatment with T cells from donor 

two expressing an ALPG/MSLN logic gate and FAS/PTPN2 or FAS/TOX shRNA as 

compared to control T cells (RNP). FIG. 35B shows tumor volume in vivo after treatment 

with T cells from donor three expressing an ALPG/MSLN logic gate and FAS/PTPN2 or 

FAS/TOX shRNA as compared to control T cells (RNP).  

[00225] FIG. 36A shows FAS mRNA levels after shRNA knockdown. FIG. 36B shows 

PTPN2 mRNA levels after shRNA knockdown. FIG. 36C shows TOX mRNA levels after 

shRNA knockdown. FIG. 36D shows ZC3H12A mRNA levels after shRNA knockdown.  

[00226] FIG. 37 shows FAS protein levels after shRNA knockdown.  

[00227] FIG. 38 shows that knocking out FAS improved cell proliferation and effector 

function.  

[00228] FIG. 39A provides a diagram of the knockdown system and a diagram of an 

exemplary shRNA-CAR dual construct. FIG. 39B shows robust dual knockdown (>50%) of 

FAS and additional targets using shRNA.  

[00229] FIG. 40A provides a diagram of an exemplary control and shFAS system. FIG.  

40B shows that FAS knockdown provided >2-fold improved protection from FAS-mediated 

apoptosis.  

[00230] FIG. 41 shows that dual knockdowns with FAS and additional genes enhanced 

the in vivo efficacy of CAR T cells (CD19-41BBZ knocked into TRAC locus) in a systemic 

NALM6 model.  

[00231] FIG. 42A provides a schematic of an exemplary full shRNA and Logic Gate 

construct. FIG. 42B shows that similar transgene knock-in efficiency was observed with each 

of the constructs. FIG. 42C shows that T cells expressing the PrimeR had minimal CAR 
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expression, due to the function of the logic gate to gate CAR expression on exposure to 

ALPG+ target cells. FIG. 42D shows the CD4/CD8 composition of the KI+ population (or 

transduced for the lentiviral populations) for all engineered T cells and the bulk T cell 

population for the RNP and untransduced (UNT) cells.  

[00232] FIG. 43 shows memory phenotyping of the LG1 and FAS/PTPN2 shRNA 

circuits.  

[00233] FIG. 44A shows shRNA knockdown of FAS. FIG. 44B shows shRNA 

knockdown of PTPN2.  

[00234] FIG. 45 shows that AB-1013, AB-1014, and AB-1015 induced ALPG-dependent 

CAR expression 

[00235] FIG. 46 shows that AB-1013, AB-1014, and AB-1015 killed the priming antigen 

heterogenous target cell populations.  

[00236] FIG. 47A shows that the CAR only T cells inhibited the growth of K 52 6MSLN 

tumor cells. FIG. 47B shows that the CAR only T cells inhibited the growth of 

K5 2 6 MSLN/ALPG tumor cells. FIG. 47C shows that the AB-1013, AB-1014, and AB-1015 

shRNA+ logic gate circuit T cells did not inhibit growth of the K 52 6 MSLN tumor cells. FIG.  

47D shows that the AB-1013, A13-1014, and A13-1015 shRNA+ logic gate circuit T cells 

inhibited growth of the K 5 2 6MSLN/ALGP tumor cells.  

[00237] FIG. 48 shows that cells expressing just LG1 (AB-X Logic Gate) showed better 

tumor control than the SS1-CAR and equivalent tumor control as TC-210.  

[00238] FIG. 49 shows that the three shRNA + LG1 circuit T cells (AB-1013, AB-1014, 

and AB-1015) showed improved T cell expansion and tumor control (e.g., less tumor 

expansion) in the continuous stimulation assay as compared to the LG1 T cells.  

[00239] FIG. 50A shows that T cells expressing the constitutive anti-MSLN CARs killed 

both K 56 2 MSLN and K 5 6 2 ALPG/MSLN cells and that cytotoxicity from shRNA + logic gate T 

cells (AB-1013, AB-1014, and AB-1015) was specific for dual-antigen K562ALPG/MSLN cells 

only. FIG. 50B shows that IFNy production from the logic gate/shRNA circuit T cells was 

limited to samples with the dual-antigen K5 6 2 ALPG/MSLN target cells. FIG. 50B shows that 

IFNy production from the logic gate/shRNA circuitTcells was limited to samples with the 

dual-antigen K5 6 2 ALPG/MSLNtargetcell 

[00240] FIG. 51 shows that AB-1015 was associated with a modest increase in ALPG

independent killing activity in K 56 2 MSLN cells and increased IFNy expression as compared to 

AB-1013 and AB-1014.  
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[00241] FIG. 52 shows that all three shRNA+ogic gate circuit T cells induced target 

killing.  

[00242] FIG. 53 shows that no cell transformation was observed in T cells edited with the 

three shRNA+LG1 circuits (AB-1013, AB-1014, or AB-1015).  

[00243] FIG. 54A shows that the MSLN CAR T cells did not recognize SLC2A9+ cells 

(THP-i cells). FIG. 54B shows that the MSLN CAR T cells did not recognize K562 negative 

control cells. FIG. 54C shows that the MSLN CAR T cells did bind to the positive control 

MSLN-expressing cells. FIG. 54D shows that the MSLN CAR T cells did not recognize 

GP2+ cells 

[00244] FIG. 55 shows that no evidence of polyreactivity was observed with the MSLN 

CAR cells against A498 cells or H1975 cells.  

[00245] FIG. 56A shows randomization of mouse groups 5 days post implantation. FIG.  

56B shows that AB-1015 T cells reduced tumor volume in an in vivo ovarian cancer model.  

FIG. 56C shows the mouse weight post tumor implantation after treatment with AB-1015 T 

cells. Treatment with AB-1015 T cells did not result in body weight loss.  

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

[00246] Terms used in the claims and specification are defined as set forth below unless 

otherwise specified.  

[00247] As used herein, the term "gene" refers to the basic unit of heredity, consisting of a 

segment of DNA arranged along a chromosome, which codes for a specific protein or 

segment of protein. A gene typically includes a promoter, a 5' untranslated region, one or 

more coding sequences (exons), optionally introns, and a 3' untranslated region. The gene 

may further comprise a terminator, enhancers and/or silencers.  

[00248] As used herein, the term "locus" refers to a specific, fixed physical location on a 

chromosome where a gene or genetic marker is located.  

[00249] The term "safe harbor locus" refers to a locus at which genes or genetic elements 

can be incorporated without disruption to expression or regulation of adjacent genes. These 

safe harbor loci are also referred to as safe harbor sites (SHS) or genomic safe harbor (GSH) 

sites. As used herein, a safe harbor locus refers to an "integration site" or "knock-in site" at 

which a sequence encoding a transgene, as defined herein, can be inserted. In some 

embodiments the insertion occurs with replacement of a sequence that is located at the 

integration site. In some embodiments, the insertion occurs without replacement of a 
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sequence at the integration site. Examples of integration sites contemplated are provided in 

Table D.  

[00250] As used herein, the term "insert" refers to a nucleotide sequence that is integrated 

(inserted) at a target locus or safe harbor site. The insert can be used to refer to the genes or 

genetic elements that are incorporated at the target locus or safe harbor site using, for 

example, homology-directed repair (HDR) CRISPR/Cas9 genome-editing or other methods 

for inserting nucleotide sequences into a genomic region known to those of ordinary skill in 

the art.  

[00251] The term "inserting" refers to a manipulation of a nucleotide sequence to introduce a 

non-native sequence. This is done, for example, via the use of restriction enzymes and ligases 

whereby the DNA sequence of interest, usually encoding the gene of interest, can be 

incorporated into another nucleic acid molecule by digesting both molecules with appropriate 

restriction enzymes in order to create compatible overlaps and then using a ligase to join the 

molecules together. One skilled in the art is very familiar with such manipulations and 

examples may be found in Sambrook et al. (Sambrook, Fritsch, & Maniatis, "Molecular 

Cloning: A Laboratory Manual", 2nd ed., Cold Spring Harbor Laboratory, 1989), which is 

hereby incorporated by reference in its entirety including any drawings, figures and tables.  

[00252] The "CRISPR/Cas" system refers to a widespread class of bacterial systems for 

defense against foreign nucleic acid. CRISPR/Cas systems are found in a wide range of 

eubacterial and archaeal organisms. CRISPR/Cas systems include type I, II, and III sub

types. Wild-type type II CRISPR/Cas systems utilize an RNA-mediated nuclease,Cas9 in 

complex with guide and activating RNA to recognize and cleave foreign nucleic acid. Guide 

RNAs having the activity of both a guide RNA and an activating RNA are also known in the 

art. In some cases, such dual activity guide RNAs are referred to as a small guide RNA 

(sgRNA).  

[00253] Cas9 homologs are found in a wide variety of eubacteria, including, but not limited 

to bacteria of the following taxonomic groups: Actinobacteria, Aquificae, Bacteroidetes

Chlorobi, Chlamydiae-Verrucomicrobia, Chlroflexi, Cyanobacteria, Firmicutes, 

Proteobacteria, Spirochaetes, and Thermotogae. An exemplary Cas9 protein is the 

Streptococcuspyogenes Cas9 protein. Additional Cas9 proteins and homologs thereof are 

described in, e.g., Chylinksi, et al., RNA Biol. 2013 May 1; 10(5): 726-737 ; Nat. Rev.  

Microbiol. 2011 June; 9(6): 467-477; Hou, et al., Proc Natl Acad Sci U S A. 2013 Sep 

24;110(39):15644-9; Sampson et al., Nature. 2013 May 9;497(7448):254-7; and Jinek, et al., 
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Science. 2012 Aug 17;337(6096):816-21. The Cas9 nuclease domain can be optimized for 

efficient activity or enhanced stability in the host cell.  

[00254] As used herein, the term "Cas9" refers to an RNA-mediated nuclease (e.g., of 

bacterial or archeal orgin, or derived therefrom). Exemplary RNA-mediated nuclases include 

the foregoing Cas9 proteins and homologs thereof, and include but are not limited to, CPF1 

(See, e.g., Zetsche et al., Cell, Volume 163, Issue 3, p759-771, 22 October 2015). Similarly, 

as used herein, the term "Cas9 ribonucleoprotein" complex and the like refers to a complex 

between the Cas9 protein, and a crRNA (e.g., guide RNA or small guide RNA), the Cas9 

protein and a trans-activating crRNA (tracrRNA), the Cas9 protein and a small guide RNA, 

or a combination thereof (e.g., a complex containing the Cas9 protein, a tracrRNA, and a 

crRNA guide RNA).  

[00255] As used herein, the phrase "immune cell" is inclusive of all cell types that can give 

rise to immune cells, including hematopoietic cells such hematopoietic stem cells, pluripotent 

stem cells, and induced pluripotent stem cells (iPSCs). In some embodiments, the immune 

cell is a B cell, macrophage, a natural killer (NK) cell, an induced pluripotent stem cell 

(iPSC), a human pluripotent stem cell (HSPC), a T cell or a T cell progenitor or dendritic cell.  

In some embodiments, the cell is an innate immune cell.  

[00256] As used herein, the term "primary" in the context of a primary cell or primary stem 

cell refers to a cell that has not been transformed or immortalized. Such primary cells can be 

cultured, sub-cultured, or passaged a limited number of times (e.g., cultured 0, 1, 2, 3, 4, 5, 6, 

7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 times). In some cases, the primary cells 

are adapted to in vitro culture conditions. In some cases, the primary cells are isolated from 

an organism, system, organ, or tissue, optionally sorted, and utilized, e.g., directly without 

culturing or sub-culturing. In some cases, the primary cells are stimulated, activated, or 

differentiated. For example, primary T cells can be activated by contact with (e.g., culturing 

in the presence of) CD3, CD28 agonists, IL-2, IFN-T, or a combination thereof.  

[00257] As used herein, the terms "T lymphocyte" and "T cell" are used interchangeably 

and refer to cells that have completed maturation in the thymus, and identify certain foreign 

antigens in the body. The terms also refer to the major leukocyte types that have various roles 

in the immune system, including activation and deactivation of other immune cells. The T 

cell can be any T cell such as a cultured T cell, e.g., a primary T cell, or a T cell derived from 

a cultured T cell line, e.g., a Jurkat, SupTI, etc., or a T cell obtained from a mammal. T cells 

include, but are not limited to, naive T cells, stimulated T cells, primary T cells (e.g., 

uncultured), cultured T cells, immortalized T cells, helper T cells, cytotoxic T cells, memory 
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T cells, regulatory T cells, natural killer T cells, combinations thereof, or sub-populations 

thereof. The T cell can be a CD3 + cell. T cells can be CD4*, CD8', or CD4' and CD8*. The 

T cell can be any type of T cell, 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 Including but not 

limited to blood mononuclear cells (PBMC), peripheral blood leukocytes (PBL), tumor 

infiltrating lymphocytes (TIL), memory T cells, naive T cells, regulatory T cells, T6 T cells, 

etc. It can be any T cell at any stage of development. Additional types of helper T cells 

include Th3 (Treg) cells, Thl7 cells, Th9 cells, 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). A T cell can also refer to a genetically modified T cell, such as a T 

cell that has been modified to express a T cell receptor (TCR) or a chimeric antigen receptor 

(CAR). T cells can also be differentiated from stem cells or progenitor cells.  

[00258] "CD4 + T cells" refers to a subset of T cells that express CD4 on their surface and 

are associated with a cellular immune response. CD4 + T cells are characterized by a post

stimulation secretion profile that can include secretion of cytokines such as IFN-T, TNF-a, 

IL-2, IL-4 and IL-10. "CD4" is a 55 kD glycoprotein originally defined as a differentiation 

antigen on T lymphocytes, but was also found on other cells including monocytes / 

macrophages. The CD4 antigen is a member of the immunoglobulin superfamily and has 

been implicated as an associative recognition element in MC (major histocompatibility 

complex) class II restricted immune responses. On T lymphocytes, the CD4 antigen defines a 

helper / inducer subset.  

[00259] "CD8 + T cells" refers to a subset of T cells that express CD8 on their surface, are 

MC class I restricted, and function as cytotoxic T cells. The "CD8" molecule is a 

differentiation antigen present on thymocytes, as well as on cytotoxic and suppressor T 

lymphocytes. The CD8 antigen is a member of the immunoglobulin superfamily and is an 

associative recognition element in major histocompatibility complex class I restriction 

interactions.  

[00260] As used herein, the phrase "hematopoietic stem cell" refers to a type of stem cell 

that can give rise to a blood cell. Hematopoietic stem cells can give rise to cells of the 

myeloid or lymphoid lineages, or a combination thereof. Hematopoietic stem cells are 

predominantly found in the bone marrow, although they can be isolated from peripheral 

blood, or a fraction thereof Various cell surface markers can be used to identify, sort, or 

purify hematopoietic stem cells. In some cases, hematopoietic stem cells are identified as c

kit' and lin-. In some cases, human hematopoietic stem cells are identified as CD34*, CD59', 
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Thy1/CD90*, CD38/-, C-kit/CD117, lin-. In some cases, human hematopoietic stem cells 

are identified as CD34-, CD59*, Thy1/CD90*, CD38l°/-, C-kit/CD117i, lin-. In some cases, 

human hematopoietic stem cells are identified as CD133*, CD59*, Thy/CD90*, CD38°/-, C

kit/CD117, lin-. In some cases, mouse hematopoietic stem cells are identified as CD34 1°/-, 

SCA-I, Thyl/l, CD38*, C-kit*, lin-. In some cases, the hematopoietic stem cells are 

CD150+CD48-CD244-.  

[00261] As used herein, the phrase "hematopoietic cell" refers to a cell derived from a 

hematopoietic stem cell. The hematopoietic cell may be obtained or provided by isolation 

from an organism, system, organ, or tissue (e.g., blood, or a fraction thereof). Alternatively, 

an hematopoietic stem cell can be isolated and the hematopoietic cell obtained or provided by 

differentiating the stem cell. Hematopoietic cells include cells with limited potential to 

differentiate into further cell types. Such hematopoietic cells include, but are not limited to, 

multipotent progenitor cells, lineage-restricted progenitor cells, common myeloid progenitor 

cells, granulocyte-macrophage progenitor cells, or megakaryocyte-erythroid progenitor cells.  

Hematopoietic cells include cells of the lymphoid and myeloid lineages, such as 

lymphocytes, erythrocytes, granulocytes, monocytes, and thrombocytes.  

[00262] As used herein, the term "construct" refers to a complex of molecules, including 

macromolecules or polynucleotides.  

[00263] As used herein, the term "integration" refers to the process of stably inserting one or 

more nucleotides of a construct into the cell genome, i.e., covalently linking to a nucleic acid 

sequence in the chromosomal DNA of the cell. It may also refer to nucleotide deletions at a 

site of integration. Where there is a deletion at the insertion site, "integration" may further 

include substitution of the endogenous sequence or nucleotide deleted with one or more 

inserted nucleotides.  

[00264] As used herein, the term "exogenous" refers to a molecule or activity that has been 

introduced into a host cell and is not native to that cell. The molecule can be introduced, for 

example, by introduction of the encoding nucleic acid into host genetic material, such as by 

integration into a host chromosome, or as non-chromosomal genetic material, such as a 

plasmid. Thus, the term, when used in connection with expression of an encoding nucleic 

acid, refers to the introduction of the encoding nucleic acid into a cell in an expressible form.  

The term "endogenous" refers to a molecule or activity that is present in a host cell under 

natural, unedited conditions. Similarly, the term, when used in connection with expression of 

the encoding nucleic acid, refers to expression of the encoding nucleic acid that is contained 

within the cell and not introduced exogenously.  
29



WO 2023/064928 PCT/US2022/078158 

[00265] The term "heterologous" refers to a nucleic acid or polypeptide sequence or domain 

which is not native to a flanking sequence, e.g., wherein the heterologous sequence is not 

found in nature coupled to the nucleic acid or polypeptide sequences occurring at one or both 

ends.  

[00266] The term "homologous" refers to a nucleic acid or polypeptide sequence or domain 

which is native to a flanking sequence, e.g., wherein the homologous sequence is found in 

nature coupled to the nucleic acid or polypeptide sequences occurring at one or both ends.  

[00267] As used herein, a "polynucleotide donor construct" refers to a nucleotide sequence 

(e.g. DNA sequence) that is genetically inserted into a polynucleotide and is exogenous to 

that polynucleotide. The polynucleotide donor construct is transcribed into RNA and 

optionally translated into a polypeptide. The polynucleotide donor construct can include 

prokaryotic sequences, cDNA from eukaryotic mRNA, genomic DNA sequences from 

eukaryotic (e.g., mammalian) DNA, and synthetic DNA sequences. For example, the 

polynucleotide donor construct can be a miRNA, shRNA, natural polypeptide (i.e., a 

naturally occurring polypeptide) or fragment thereof or a variant polypeptide (e.g. a natural 

polypeptide having less than 100% sequence identity with the natural polypeptide) or 

fragments thereof 

[00268] As used herein, the term "complementary" or "complementarity" refers to specific 

base pairing between nucleotides or nucleic acids. Complementary nucleotides are, generally, 

A and T (or A and U), and G and C. The guide RNAs described herein can comprise 

sequences, for example, DNA targeting sequence that are perfectly complementary or 

substantially complementary (e.g., having 1-4 mismatches) to a genomic sequence in a cell.  

[00269] The term "encode" refers to protein coding sequences or non-protein coding 

sequences. Non-protein coding sequences include, but are not limited to, short hairpin RNA 

(shRNA), small interfering RNA (siRNA), double stranded RNA (dsRNA), or antisense 

oligonucleotides.  

[00270] As used herein, the term "transgene" refers to a polynucleotide that has been 

transferred naturally, or by any of a number of genetic engineering techniques from one 

organism to another. It is optionally translated into a polypeptide. It is optionally translated 

into a recombinant protein. A "recombinant protein" is a protein encoded by a gene 

recombinant DNA - that has been cloned in a system that supports expression of the gene 

and translation of messenger RNA (see expression system). The recombinant protein can be a 

therapeutic agent, e.g. a protein that treats a disease or disorder disclosed herein. As used, 

transgene can refer to a polynucleotide that encodes a polypeptide.  
30



WO 2023/064928 PCT/US2022/078158 

[00271] The terms "protein," "polypeptide," and "peptide" are used herein interchangeably.  

[00272] As used herein, the term "operably linked" or "operatively linked" refers to the 

binding of a nucleic acid sequence to a single nucleic acid fragment such that one function is 

affected by the other. For example, if a promoter is capable of affecting the expression of a 

coding sequence or functional RNA (i.e., the coding sequence or functional RNA is under 

transcriptional control by the promoter), the promoter is operably linked thereto. Coding 

sequences can be operably linked to control sequences in both sense and antisense 

orientation.  

[00273] As used herein, the term "developmental cell states" refers to, for example, states 

when the cell is inactive, actively expressing, differentiating, senescent, etc. developmental 

cell state may also refer to a cell in a precursor state (e.g., a T cell precursor).  

[00274] As used, the term "encoding" refers to a sequence of nucleic acids which codes for a 

protein or polypeptide of interest. The nucleic acid sequence may be either a molecule of 

DNA or RNA. In preferred embodiments, the molecule is a DNA molecule. In other 

preferred embodiments, the molecule is a RNA molecule. When present as a RNA molecule, 

it will comprise sequences which direct the ribosomes of the host cell to start translation (e.g., 

a start codon, ATG) and direct the ribosomes to end translation (e.g., a stop codon). Between 

the start codon and stop codon is an open reading frame (ORF). Such terms are known to one 

of ordinary skill in the art.  

[00275] As used herein, the term "subject" refers to a mammalian subject. Exemplary 

subjects include humans, monkeys, dogs, cats, mice, rats, cows, horses, camels, goats, 

rabbits, pigs and sheep. In certain embodiments, the subject is a human. In some 

embodiments the subject has a disease or condition that can be treated with an engineered cell 

provided herein or population thereof In some aspects, the disease or condition is a cancer.  

[00276] As used herein, the term "promoter" refers to a nucleotide sequence (e.g. DNA 

sequence) capable of controlling the expression of a coding sequence or functional RNA. The 

promoter sequence consists of proximal and more distal upstream elements, the latter 

elements often referred to as enhancers. A promoter can be derived from natural genes in its 

entirety, can be composed of different elements from different promoters found in nature, 

and/or may comprise synthetic DNA segments. A promoter, as contemplated herein, can be 

endogenous to the cell of interest or exogenous to the cell of interest. It is appreciated by 

those skilled in the art that different promoters can induce gene expression in different tissue 

or cell types, or at different developmental stages, or in response to different environmental 

conditions. As is known in the art, a promoter can be selected according to the strength of the 
31



WO 2023/064928 PCT/US2022/078158 

promoter and/or the conditions under which the promoter is active, e.g., constitutive 

promoter, strong promoter, weak promoter, inducible/repressible promoter, tissue specific Or 

developmentally regulated promoters, cell cycle-dependent promoters, and the like.  

[00277] A promoter can be an inducible promoter (e.g., a heat shock promoter, tetracycline

regulated promoter, steroid-regulated promoter, metal-regulated promoter, estrogen receptor

regulated promoter, etc.). The promoter can be a constitutive promoter (e.g., CMV promoter, 

UBC promoter). In some embodiments, the promoter can be a spatially restricted and/or 

temporally restricted promoter (e.g., a tissue specific promoter, a cell type specific promoter, 

etc.). See for example US Publication 20180127786, the disclosure of which is herein 

incorporated by reference in its entirety.  

[00278] Gene editing, as contemplated herein, may involve a gene (or nucleotide sequence) 

knock-in or knock-out. As used herein, the term "knock-in" refers to an addition of a DNA 

sequence, or fragment thereof into a genome. Such DNA sequences to be knocked-in may 

include an entire gene or genes, may include regulatory sequences associated with a gene or 

any portion or fragment of the foregoing. For example, a polynucleotide donor construct 

encoding a recombinant protein may be inserted into the genome of a cell carrying a mutant 

gene. In some embodiments, a knock-in strategy involves substitution of an existing sequence 

with the provided sequence, e.g., substitution of a mutant allele with a wild-type copy. On the 

other hand, the term "knock-out" refers to the elimination of a gene or the expression of a 

gene. For example, a gene can be knocked out by either a deletion or an addition of a 

nucleotide sequence that leads to a disruption of the reading frame. As another example, a 

gene may be knocked out by replacing a part of the gene with an irrelevant (.e.g., non-coding) 

sequence.  

[00279] As used herein, the term "non-homologous end joining" or NHEJ refers to a cellular 

process in which cut or nicked ends of a DNA strand are directly ligated without the need for 

a homologous template nucleic acid. NHEJ can lead to the addition, the deletion, 

substitution, or a combination thereof, of one or more nucleotides at the repair site.  

[00280] As used herein, the term "homology directed repair" or HDR refers to a cellular 

process in which cut or nicked ends of a DNA strand are repaired by polymerization from a 

homologous template nucleic acid. Thus, the original sequence is replaced with the sequence 

of the template. The homologous template nucleic acid can be provided by homologous 

sequences elsewhere in the genome (sister chromatids, homologous chromosomes, or 

repeated regions on the same or different chromosomes). Alternatively, an exogenous 
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template nucleic acid can be introduced to obtain a specific HDR-induced change of the 

sequence at the target site. In this way, specific mutations can be introduced at the cut site.  

[00281] As used herein, a single-stranded DNA template or a double-stranded DNA template 

refers to a DNA oligonucleotide that can be used by a cell as a template for HDR. Generally, 

the single-stranded DNA template or a double-stranded DNA template has at least one region 

of homology to a target site. In some cases, the single-stranded DNA template or double

stranded DNA template has two homologous regions flanking a region that contains a 

heterologous sequence to be inserted at a target cut site.  

[00282] The terms "vector" and "plasmid" are used interchangeably and as used herein refer 

to polynucleotide vehicles useful to introduce genetic material into a cell. Vectors can be 

linear or circular. Vectors can integrate into a target genome of a host cell or replicate 

independently in a host cell. Vectors can comprise, for example, an origin of replication, a 

multicloning site, and/or a selectable marker. An expression vector typically comprises an 

expression cassette. Vectors and plasmids include, but are not limited to, integrating vectors, 

prokaryotic plasmids, eukaryotic plasmids, plant synthetic chromosomes, episomes, cosmids, 

and artificial chromosomes.  

[00283] As used herein, the phrase "introducing" in the context of introducing a nucleic acid 

or a complex comprising a nucleic acid, for example, an RNP-DNA template complex, refers 

to the translocation of the nucleic acid sequence or the RNP-DNA template complex from 

outside a cell to inside the cell. In some cases, introducing refers to translocation of the 

nucleic acid or the complex from outside the cell to inside the nucleus of the cell. Various 

methods of such translocation are contemplated, including but not limited to, electroporation, 

contact with nanowires or nanotubes, receptor mediated internalization, translocation via cell 

penetrating peptides, liposome mediated translocation, and the like.  

[00284] As used herein the term "expression cassette" is a polynucleotide construct, 

generated recombinantly or synthetically, comprising regulatory sequences operably linked to 

a selected polynucleotide to facilitate expression of the selected polynucleotide in a host cell.  

For example, the regulatory sequences can facilitate transcription of the selected 

polynucleotide in a host cell, or transcription and translation of the selected polynucleotide in 

a host cell. An expression cassette can, for example, be integrated in the genome of a host cell 

or be present in an expression vector.  

[00285] As used herein, the phrase "subject in need thereof' refers to a subject that exhibits 

and/or is diagnosed with one or more symptoms or signs of a disease or disorder as described 

herein.  
33



WO 2023/064928 PCT/US2022/078158 

[00286] A "chemotherapeutic agent" refers to a chemical compound useful in the treatment 

of cancer. Chemotherapeutic agents include "anti-hormonal agents" or "endocrine 

therapeutics" which act to regulate, reduce, block, or inhibit the effects of hormones that can 

promote the growth of cancer.  

[00287] The term "composition" refers to a mixture that contains, e.g., an engineered cell or 

protein contemplated herein. In some embodiments, the composition may contain additional 

components, such as adjuvants, stabilizers, excipients, and the like. The term "composition" 

or "pharmaceutical composition" refers to a preparation which is in such form as to permit 

the biological activity of an active ingredient contained therein to be effective in treating a 

subject, and which contains no additional components which are unacceptably toxic to the 

subject in the amounts provided in the pharmaceutical composition.  

[00288] The term "in situ" refers to processes that occur in a living cell growing separate 

from a living organism, e.g., growing in tissue culture.  

[00289] The term "in vivo" refers to processes that occur in a living organism.  

[00290] As used herein, the term "ex vivo" generally includes experiments or measurements 

made in or on living tissue, preferably in an artificial environment outside the organism, 

preferably with minimal differences from natural conditions.  

[00291] The term "mammal" as used herein includes both humans and non-humans and 

include but is not limited to humans, non-human primates, canines, felines, murines, bovines, 

equines, and porcines.  

[00292] The term percent "identity," in the context of two or more nucleic acid or 

polypeptide sequences, refer to two or more sequences or subsequences that have a specified 

percentage of nucleotides or amino acid residues that are the same, when compared and 

aligned for maximum correspondence, as measured using one of the sequence comparison 

algorithms described below (e.g., BLASTP and BLASTN or other algorithms available to 

persons of skill) or by visual inspection. Depending on the application, the percent "identity" 

can exist over a region of the sequence being compared, e.g., over a functional domain, or, 

alternatively, exist over the full length of the two sequences to be compared.  

[00293] For sequence comparison, typically one sequence acts as a reference sequence to 

which test sequences are compared. When using a sequence comparison algorithm, test and 

reference sequences are input into a computer, subsequence coordinates are designated, if 

necessary, and sequence algorithm program parameters are designated. The sequence 

comparison algorithm then calculates the percent sequence identity for the test sequence(s) 

relative to the reference sequence, based on the designated program parameters.  
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[00294] Optimal alignment of sequences for comparison can be conducted, e.g., by the local 

homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the 

homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the 

search for similarity method of Pearson & Lipman, Proc. Nat'l. Acad. Sci. USA 85:2444 

(1988), by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and 

TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575 

Science Dr., Madison, Wis.), or by visual inspection (see generally Ausubel et al., infra).  

[00295] One example of an algorithm that is suitable for determining percent sequence 

identity and sequence similarity is the BLAST algorithm, which is described in Altschul et 

al., J. Mol. Biol. 215:403-410 (1990). Software for performing BLAST analyses is publicly 

available through the National Center for Biotechnology Information 

(www.ncbi.nlm.nih.gov/).  

[00296] The term "sufficient amount" means an amount sufficient to produce a desired 

effect, e.g., an amount sufficient to modulate protein aggregation in a cell.  

[00297] The term "therapeutically effective amount" is an amount that is effective to 

ameliorate a symptom of a disease.  

[00298] The term "ameliorating" refers to any therapeutically beneficial result in the 

treatment of a disease state, e.g., a cancer disease state, lessening in the severity or 

progression, remission, or cure thereof.  

[00299] As used herein, the term "effective amount" refers to the amount of a compound 

(e.g., a compositions described herein, cells described herein) sufficient to effect beneficial or 

desired results. An effective amount can be administered in one or more administrations, 

applications or dosages and is not intended to be limited to a particular formulation or 

administration route.  

[00300] As used herein, the term "treating" includes any effect, e.g., lessening, reducing, 

modulating, ameliorating or eliminating, that results in the improvement of the condition, 

disease, disorder, and the like, or ameliorating a symptom thereof.  

[00301] The terms "modulate" and "modulation" refer to reducing or inhibiting or, 

alternatively, activating or increasing, a recited variable.  

[00302] The terms "increase" and "activate" refer to an increase of 10%, 20%, 30%, 40%, 

50%,60%,70%,75%, 80%,85%,90%,95%, 100%,2-fold, 3-fold, 4-fold, 5-fold, 10-fold, 

20-fold, 50-fold, 100-fold, or greater in a recited variable.  
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[00303] The terms "reduce" and "inhibit" refer to a decrease of 10%, 20%, 30%, 40%, 50%, 

60%, 70%, 75%, 80%, 85%, 90%, 95%, 2-fold, 3-fold, 4-fold, 5-fold, 10-fold, 20-fold, 50

fold, 100-fold, or greater in a recited variable.  

[00304] It must be noted that, as used in the specification and the appended claims, the 

singular forms "a," "an" and "the" include plural referents unless the context clearly dictates 

otherwise.  

Logic Gate Systems 

[00305] As used herein, a "logic gate," "circuit," "circuit receptor," "system" or "system 

receptor" refers to a two part protein expression system comprising a priming receptor and a 

chimeric antigen receptor. The system can be encoded on at least one nucleic acid inserted 

into a cell, where the priming receptor is expressed in the cell. The intracellular domain of the 

priming receptor is cleaved from the transmembrane domain upon binding of the priming 

receptor to its target antigen. The intracellular domain is then capable of translocating into a 

cell nucleus where it induces expression of the chimeric antigen receptor.  

[00306] In one aspect, provided herein are systems comprising a priming receptor that 

binds to ALPG/P and a chimeric antigen receptor that binds to MSLN, wherein the 

transcription factor of the intracellular domain of the priming receptor is capable of inducing 

expression of the CAR. Such systems are alternatively termed "logic gates" or "circuits." In 

some aspects, the system is encoded by nucleic acid transgenes inserted into an immune cell.  

The system can be encoded on a single nucleic acid insert or fragment that comprises both 

transgenes, or can be encoded on two nucleic acids that encode the system transgenes 

individually. The priming receptor and CAR of the system can be placed in any order on the 

single nucleic acid. For example, the priming receptor can be at the 5' end and the CAR can 

be at the 3' end, or the CAR can be at the 5' end and the priming receptor can be at the 3' 

end.  

[00307] A first constitutive promoter can be operably linked to the nucleotide sequence 

encoding the priming receptor. An inducible promoter can also be operably linked to the 

nucleotide sequence encoding the CAR. A second constitutive promoter can be operably 

linked to the first nucleic acid complementary to an mRNA encoding human FAS comprising 

the sequence set forth in SEQ ID NO: 39. A third constitutive promoter can be operably 

linked to the second nucleic acid complementary to an mRNA encoding human PTPN2 

comprising the sequence set forth in SEQ ID NO: 40 or encoding human TOX comprising 

the sequence set forth in SEQ ID NO: 41.  
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[00308] In some embodiments, when the system is encoded on a single recombinant 

nucleic acid insert or fragment that comprises both transgenes and nucleic acid(s), the 

recombinant nucleic acid insert can comprise, in a 5' to 3' direction, the first constitutive 

promoter; the nucleotide sequence encoding priming receptor; the second constitutive 

promoter; the nucleotide sequence encoding a first nucleic acid complementary to human 

FAS mRNA, human PTPN2 mRNA, or human TOX mRNA; the inducible promoter; and the 

nucleotide sequence encoding chimeric antigen receptor.  

[00309] In some embodiments, when the system is encoded on a single recombinant 

nucleic acid insert or fragment that comprises both transgenes and nucleic acid(s), the 

recombinant nucleic acid insert can comprise, in a 5' to 3' direction, the first constitutive 

promoter; the nucleotide sequence encoding priming receptor; the nucleotide sequence 

encoding a first nucleic acid complementary to human FAS mRNA, human PTPN2 mRNA, 

or human TOX mRNA; the inducible promoter; and the nucleotide sequence encoding 

chimeric antigen receptor.  

[00310] In some embodiments, when the system is encoded on a single recombinant 

nucleic acid insert or fragment that comprises both transgenes and nucleic acid(s), the 

recombinant nucleic acid insert can comprise, in a 5' to 3' direction, the first constitutive 

promoter; the nucleotide sequence encoding priming receptor; the nucleotide sequence 

encoding a first nucleic acid complementary to human FAS mRNA, human PTPN2 mRNA, 

or human TOX mRNA; the nucleotide sequence encoding a second nucleic acid 

complementary to human FAS mRNA, human PTPN2 mRNA, or human TOX mRNA; the 

inducible promoter; and the nucleotide sequence encoding chimeric antigen receptor.  

[00311] In some embodiments, when the system is encoded on a single recombinant 

nucleic acid insert or fragment that comprises both transgenes and nucleic acid(s), the 

recombinant nucleic acid insert can comprise, in a 5' to 3' direction, the inducible promoter; 

and the nucleotide sequence encoding chimeric antigen receptor; the second constitutive 

promoter; the nucleotide sequence encoding a first nucleic acid complementary to human 

FAS mRNA, human PTPN2 mRNA, or human TOX mRNA; and the first constitutive 

promoter; the nucleotide sequence encoding priming receptor.  

[00312] In some embodiments, when the system is encoded on a single recombinant 

nucleic acid insert or fragment that comprises both transgenes and nucleic acid(s), the 

recombinant nucleic acid insert can comprise, in a 5' to 3' direction, the inducible promoter; 

and the nucleotide sequence encoding chimeric antigen receptor; the first constitutive 

promoter; the nucleotide sequence encoding a first nucleic acid complementary to human 
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FAS mRNA, human PTPN2 mRNA, or human TOX mRNA; the nucleotide sequence 

encoding priming receptor.  

[00313] In some embodiments, when the system is encoded on a single recombinant 

nucleic acid insert or fragment that comprises both transgenes and nucleic acid(s), the 

recombinant nucleic acid insert can comprise, in a 5' to 3' direction, the inducible promoter; 

and the nucleotide sequence encoding chimeric antigen receptor; the first constitutive 

promoter; the nucleotide sequence encoding a first nucleic acid complementary to human 

FAS mRNA, human PTPN2 mRNA, or human TOX mRNA; the nucleotide sequence 

encoding a second nucleic acid complementary to human FAS mRNA, human PTPN2 

mRNA, or human TOX mRNA; the nucleotide sequence encoding priming receptor.  

[00314] In some embodiments, when the system is encoded on a single recombinant 

nucleic acid insert or fragment that comprises both transgenes and nucleic acids, the 

recombinant nucleic acid insert can comprise, in a 5' to 3' direction, the first constitutive 

promoter; the nucleotide sequence encoding priming receptor; the second constitutive 

promoter; the nucleotide sequence encoding the first nucleic acid complementary to human 

FAS mRNA; the nucleotide sequence encoding the second nucleic acid complementary to 

human PTPN2 mRNA or TOX mRNA; the inducible promoter; and the nucleotide sequence 

encoding chimeric antigen receptor.  

[00315] In another embodiments, the recombinant nucleic acid insert can comprise, in a 5' 

to 3' direction, the first constitutive promoter; the nucleotide sequence encoding priming 

receptor; the second constitutive promoter; the nucleotide sequence encoding the second first 

nucleic acid complementary to human PTPN2 mRNA or TOX mRNA; the nucleotide 

sequence encoding the first nucleic acid complementary to human FAS mRNA; the inducible 

promoter; and the nucleotide sequence encoding chimeric antigen receptor.  

[00316] In another embodiments, the recombinant nucleic acid insert can comprise, in a 5' 

to 3' direction, the inducible promoter; the nucleotide sequence encoding chimeric antigen 

receptor; the second constitutive promoter; the nucleotide sequence encoding the first nucleic 

acid complementary to human FAS mRNA; the nucleotide sequence encoding the second 

first nucleic acid complementary to human PTPN2 mRNA or TOX mRNA; the second 

constitutive promoter; the nucleotide sequence encoding priming receptor.  

[00317] In another embodiments, the recombinant nucleic acid insert can comprise, in a 5' 

to 3' direction, the inducible promoter; the nucleotide sequence encoding chimeric antigen 

receptor; the second constitutive promoter; the nucleotide sequence encoding the second first 

nucleic acid complementary to human PTPN2 mRNA or TOX mRNA; the nucleotide 
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sequence encoding the first nucleic acid complementary to human FAS mRNA; the second 

constitutive promoter; the nucleotide sequence encoding priming receptor.  

[00318] In some embodiments, the recombinant nucleic acid comprises a sequence 

selected from the group consisting of SEQ ID NOs; 166, 167, 168, 169, 170, or 171. In some 

embodiments, the recombinant nucleic acid comprises the sequence as set forth in SEQ ID 

NO: 166. In some embodiments, the recombinant nucleic acid comprises the sequence as set 

forth in SEQ ID NO: 167. In some embodiments, the recombinant nucleic acid comprises the 

sequence as set forth in SEQ ID NO: 168. In some embodiments, the recombinant nucleic 

acid comprises the sequence as set forth in SEQ ID NO: 169. In some embodiments, the 

recombinant nucleic acid comprises the sequence as set forth in SEQ ID NO: 170. In some 

embodiments, the recombinant nucleic acid comprises the sequence as set forth in SEQ ID 

NO: 171.  

Priming Receptors 

[00319] Provided herein are priming receptors comprising an extracellular antigen-binding 

domain that specifically binds Alkaline Phosphatase, Placental/Germ Cell (ALPG/P); ALPP: 

NCBI Entrez Gene: 250, UniProtKB/Swiss-Prot: P05187; ALPG: NCBI Entrez Gene: 251, 

UniProtKB/Swiss-Prot: P10696). In some embodiments, the priming receptor comprises an 

extracellular antigen-binding domain that specifically binds Alkaline Phosphatase, Placental 

(ALPP). In some embodiments, the priming receptor comprises an extracellular antigen

binding domain that specifically binds Alkaline Phosphatase, Germ Cell (ALPG). As used 

herein, "Alkaline Phosphatase, Placental/Germ Cell (ALPG/P)" refers to both Alkaline 

Phosphatase, Placental (ALPP) and Alkaline Phosphatase, Germ Cell (ALPG). An antigen 

binding domain that specifically binds ALPG/P is capable of specifically binding ALPG 

and/or ALPP.  

[00320] In some embodiments, the priming receptor comprises a sequence as set forth in 

SEQ ID NO: 24. In some embodiments, the priming receptor comprises a sequence as set 

forth in SEQ ID NO: 25.  

[00321] In certain aspects of the present disclosure, the priming receptor is a synthetic 

receptor based on the Notch protein. Binding of a natural Notch receptor to a cognate ligand, 

such as those from the Delta family of proteins, causes intramembrane proteolysis that 

cleaves an intracellular fragment of the Notch protein. This intracellular fragment is a 

transcriptional regulator that only functions when cleaved from Notch. Cleavage may occur 

by sequential proteolysis by ADAM metalloprotease and the gamma-secretase complex. This 
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intracellular fragment enters the nucleus of a cell and activates cell-cell signaling genes. In 

contrast to a natural Notch protein, a synthetic notch priming receptor replaces the natural 

Notch intracellular fragment with one that causes a gene encoding a protein of choice, such as 

a CAR, to be transcribed upon release of the intracellular fragment from the priming receptor.  

[00322] Notch receptors have a modular domain organization. The ectodomains of Notch 

receptors consist of a series of N-terminal epidermal growth factor (EGF)-like repeats that are 

responsible for ligand binding. In synthetic Notch receptors or priming receptors, the Notch 

ligand-binding domain is replaced with a ligand binding domain that binds a selected target 

ligand or antigen. The EGF repeats are followed by three LIN -12/Notch repeat (LNR) 

modules, which are unique to Notch receptors, and are widely reported to participate in 

preventing premature receptor activation. The heterodimerization (HD) domain of Notchl is 

divided by furin cleavage, so that its N-terminal part terminates the extracellular subunit, and 

its C -terminal half constitutes the beginning of the transmembrane subunit. Following the 

extracellular region, the receptor has a transmembrane segment and an intracellular domain 

(ICD), which includes a transcriptional regulator.  

[00323] Multiple forms of priming receptors can be used in the methods, cells, and nucleic 

acids as described herein. One type of priming receptor contemplated for use in the methods 

and cells herein comprise a heterologous extracellular ligand binding domain, a linking 

polypeptide having substantial sequence identity with a Notch receptor including the NRR, a 

TMD, and an ICD. "Fn Notch" receptors comprise a heterologous extracellular ligand 

binding domain, a linking polypeptide having substantial sequence identity with a Robo 

receptor (such as a mammalian Robol, Robo2, Robo3, or Robo4), followed by 1, 2, or 3 

fibronectin repeats ("Fn"), a TMD, and an ICD. "Mini Notch" receptors comprise a 

heterologous extracellular ligand binding domain, a linking polypeptide having substantial 

sequence identity with a Notch receptor (lacking the NRR), a TMD, and an ICD. "Minimal 

Linker Notch" receptors comprise a heterologous extracellular ligand binding domain, a 

linking polypeptide lacking substantial sequence identity with a Notch receptor (e.g., a 

synthetic (GGS)n polypeptide sequence), a TMD, and an ICD. "Hinge Notch" receptors 

comprise a heterologous extracellular ligand binding domain, a hinge sequence comprising an 

oligomerization domain (i.e., a domain that promotes dimerization, trimerization, or higher 

order multimerization with a synthetic receptor and/or an existing host receptor), a TMD, and 

an ICD. All of these receptor classes are synthetic, recombinant, and do not occur in nature.  

In some embodiments, the non-naturally occurring receptors disclosed herein bind a target 

cell-surface displayed ligand, which triggers proteolytic cleavage of the receptors and release 
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of a transcriptional regulator that modulates a custom transcriptional program in the cell. In 

some embodiments, the priming receptor does not include a LIN-12-Notch repeat (LNR) 

and/or a heterodimerization domain (HD) of a Notch receptor.  

Priming Receptor Extracellular Domain 

[00324] The priming receptor disclosed herein comprises an extracellular domain that 

specifically binds Alkaline Phosphatase, Placental/Germ Cell (ALPG/P; ALPP: NCBI Entrez 

Gene: 250, UniProtKB/Swiss-Prot: P05187; ALPG: NCBI Entrez Gene: 251, 

UniProtKB/Swiss-Prot: P10696). In some embodiments, the extracellular domain includes 

the ligand-binding portion of a receptor. In some embodiments, the extracellular domain 

includes an antigen-binding moiety that binds to one or more target antigens. In some 

embodiments, the antigen-binding moiety includes one or more antigen-binding determinants 

of an antibody or a functional antigen-binding fragment thereof In some embodiments, the 

antigen-binding moiety is selected from the group consisting of an antibody, a nanobody, a 

diabody, a triabody, or a minibody, a F(ab')2 fragment, a Fab fragment, a single chain 

variable fragment (scFv), and a single domain antibody (sdAb), or a functional fragment 

thereof. In some embodiments, the antigen-binding moiety comprises an scFv. The antigen

binding moiety can include naturally-occurring amino acid sequences or can be engineered, 

designed, or modified so as to provide desired and/or improved properties, e.g., increased 

binding affinity.  

[00325] With regard to the binding of an antibody to a target molecule, the terms "bind," 

"specific binding," "specifically binds to," "specific for," "selectively binds," and "selective 

for" a particular antigen (e.g., a polypeptide target) or an epitope on a particular antigen mean 

binding that is measurably different from a non-specific or non-selective interaction (e.g., 

with a non-target molecule). For example, an antibody that "selectively binds" or 

"specifically binds" an antigen is an antigen-binding moiety that binds the antigen with high 

affinity and does not significantly bind other unrelated antigens. Specific binding can be 

measured, for example, by measuring binding to a target molecule and comparing it to 

binding to a non-target molecule. Specific binding can also be determined by competition 

with a control molecule that mimics the epitope recognized on the target molecule. In that 

case, specific binding is indicated if the binding of the antibody to the target molecule is 

competitively inhibited by the control molecule. In some embodiments, the extracellular 

antigen-binding domain specifically binds to Alkaline phosphatase, Germ Cell type (ALPG).  
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In some embodiments, the extracellular domain includes an antigen-binding moiety that binds 

to Alkaline phosphatase, Placenta (ALPP).  

[00326] "Affinity" refers to the strength of the sum total of non-covalent interactions 

between a single binding site of a molecule (e.g., an antibody) and its binding partner (e.g., an 

antigen or epitope). Unless indicated otherwise, as used herein, "affinity" refers to intrinsic 

binding affinity, which reflects a 1:1 interaction between members of a binding pair (e.g., 

antibody and antigen or epitope). The affinity of a molecule X for its partner Y can be 

represented by the dissociation equilibrium constant (KD). The kinetic components that 

contribute to the dissociation equilibrium constant are described in more detail below.  

Affinity can be measured by common methods known in the art, including, but not limited to, 

surface plasmon resonance (SPR) technology (e.g., BIACORE©) or biolayer interferometry 

(e.g., FORTEBIO©).  

[00327] The term "hypervariable region" or "HVR", as used herein, refers to each of the 

regions of an antibody variable domain which are hypervariable in sequence and/or form 

structurally defined loops ("hypervariable loops"). Generally, native four-chain antibodies 

comprise six HVRs; three in the VH (HI, H2, H3), and three in the VL (LI, L2, L3). HVRs 

generally comprise amino acid residues from the hypervariable loops and/or from the 

complementarity determining regions (CDRs), the latter being of highest sequence variability 

and/or involved in antigen recognition. With the exception of CDRi in VH, CDRs generally 

comprise the amino acid residues that form the hypervariable loops. Hypervariable regions 

(HVRs) are also referred to as "complementarity determining regions" (CDRs), and these 

terms are used herein interchangeably in reference to portions of the variable region that form 

the antigen-binding regions. This particular region has been described by Kabat et al., U.S.  

Dept. of Health and Human Services, Sequences of Proteins of Immunological Interest 

(1983) and by Chothia et al., J Mol Biol 196:901-917 (1987), where the definitions include 

overlapping or subsets of amino acid residues when compared against each other.  

Nevertheless, application of either definition to refer to a CDR of an antibody or variants 

thereof is intended to be within the scope of the term as defined and used herein. The exact 

residue numbers which encompass a particular CDR will vary depending on the sequence and 

size of the CDR. Those skilled in the art can routinely determine which residues comprise a 

particular CDR given the variable region amino acid sequence of the antibody.  

[00328] The amino acid sequence boundaries of a CDR can be determined by one of skill 

in the art using any of a number of known numbering schemes, including those described by 

Kabat et al., supra ("Kabat" numbering scheme); Al-Lazikani et al., 1997, J. Mol. Biol., 
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273:927-948 ("Chothia" numbering scheme); MacCallum et al., 1996, J. Mol. Biol. 262:732

745 ("Contact" numbering scheme); Lefranc et al., Dev. Comp. Immunol., 2003, 27:55-77 

("IMGT" numbering scheme); and Honegge and Pl0ckthun, J. Mol. Biol., 2001, 309:657-70 

("AHo" numbering scheme); each of which is incorporated by reference in its entirety.  

[00329] Table A provides the positions of CDR-L1, CDR-L2, CDR-L3, CDR-H1, CDR

H2, and CDR-H3 as identified by the Kabat and Chothia schemes. For CDR-H1, residue 

numbering is provided using both the Kabat and Chothia numbering schemes.  

[00330] CDRs may be assigned, for example, using antibody numbering software, such as 

Abnum, available at bioinf.org.uk/abs/abnum/, and described in Abhinandan and Martin, 

Immunology, 2008, 45:3832-3839, incorporated by reference in its entirety.  

Table A. Residues in CDRs according to Kabat and Chothia numbering schemes.  

CDR Kabat Chothia 
Li L24-L34 L24-L34 
L2 L50-L56 L50-L56 
L3 L89-L97 L89-L97 

Hi (Kabat Numbering) H31-H35B H26-H32 or H34* 

Hi (Chothia Numbering) H31-H35 H26-H32 
H2 H50-H65 H52-H56 
H3 H95-H102 H95-H102 

* The C-terminus of CDR-H1, when numbered using the Kabat numbering convention, varies 
between H32 and H34, depending on the length of the CDR.  
[00331] The "EU numbering scheme" is generally used when referring to a residue in an 

antibody heavy chain constant region (e.g., as reported in Kabat et al., supra). Unless stated 

otherwise, the EU numbering scheme is used to refer to residues in antibody heavy chain 

constant regions described herein.  

[00332] Table Al. Example Conservative Substitutions 

Original Example Substitutions Specific Example Substitutions 
Ala (A) Val, Leu, Ile Val 
Arg (R) Lys, Gln, Asn Lys 
Asn (N) Gin, His, Asp, Lys, Arg Gin 
Asp (D) Glu, Asn Glu 

Cys (C) Ser, Ala Ser 
Gln (Q) AsnGiu Asn 
Gu (E) Asp, Gln Asp 
Gly (G) Ala Ala 
His (H) Asn, Gln, Lys, Arg Arg 
Ile (I) Leu, Val, Met, Ala, Phe Leu 
Leu (L) Norleucine, Ile, Val, Met, Ile 

Ala 
Lys (K) Arg, Gln, Asn Arg 
Met (M) Leu, Phe, Ile Leu 
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Original Example Substitutions Specific Example Substitutions 

Phe (F) Leu, Val, Ile, Ala, Tyr Tyr 

Pro (P) Ala Ala 

Ser (S) Thr Thr 

Thr (T) Ser Ser 

Trp (W) Tyr, Phe Tyr 

Tyr (Y) Trp, Phe, Thr, Ser Phe 

Val (V) Ile, Leu, Met, Phe, Ala Leu 

[00333] As used herein, the term "single-chain" refers to a molecule comprising amino 

acid monomers linearly linked by peptide bonds. In a particular such embodiment, the C

terminus of the Fab light chain is connected to the N-terminus of the Fab heavy chain in the 

single-chain Fab molecule. As described in more detail herein, an scFv has a variable 

domain of light chain (VL) connected from its C-terminus to the N-terminal end of a variable 

domain of heavy chain (VH) by a polypeptide chain. Alternately the scFv comprises of 

polypeptide chain where in the C-terminal end of the VH is connected to the N-terminal end 

of VL by a polypeptide chain.  

[00334] The "Fab fragment" (also referred to as fragment antigen-binding) contains the 

constant domain (CL) of the light chain and the first constant domain (CHI) of the heavy 

chain along with the variable domains VL and VH on the light and heavy chains respectively.  

The variable domains comprise the complementarity determining loops (CDR, also referred 

to as hypervariable region) that are involved in antigen-binding. Fab' fragments differ from 

Fab fragments by the addition of a few residues at the carboxy terminus of the heavy chain 

CHI domain including one or more cysteines from the antibody hinge region.  

[00335] "F(ab')2" fragments contain two Fab' fragments joined, near the hinge region, by 

disulfide bonds. F(ab')2 fragments may be generated, for example, by recombinant methods 

or by pepsin digestion of an intact antibody. The F(ab') fragments can be dissociated, for 

example, by treatment with B-mercaptoethanol.  

[00336] "Fv" fragments comprise a non-covalently-linked dimer of one heavy chain 

variable domain and one light chain variable domain.  

[00337] The "Single-chain Fv" or "scFv" includes the VH and VL domains of an antibody, 

wherein these domains are present in a single polypeptide chain. In one embodiment, the Fv 

polypeptide further comprises a polypeptide linker between the VH and VL domains which 

enables the scFv to form the desired structure for antigen-binding. For a review of scFv see 

Pluckthun in The Pharmacology ofMonoclonal Antibodies, vol. 113, Rosenburg and Moore 
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eds., Springer-Verlag, New York, pp. 269-315 (1994). HER2 antibody scFv fragments are 

described in W093/16185; U.S. Pat. No. 5,571,894; and U.S. Pat. No. 5,587,458.  

[00338] The term "single domain antibody" or "sdAb" refers to a molecule in which one 

variable domain of an antibody specifically binds to an antigen without the presence of the 

other variable domain. Single domain antibodies, and fragments thereof, are described in 

Arabi Ghahroudi et al., FEBS Letters, 1998, 414:521-526 and Muyldermans et al., Trends in 

Biochem. Sci., 2001, 26:230-245, each of which is incorporated by reference in its entirety.  

Single domain antibodies are also known as sdAbs or nanobodies. Sdabs are fairly stable and 

easy to express as fusion partner with the Fc chain of an antibody (Harmsen MM, De Haard 

HJ (2007). "Properties, production, and applications of camelid single-domain antibody 

fragments". Appl. Microbiol Biotechnol. 77(1): 13-22).  

Priming Receptor CDRs, VH, VL Domains 

[00339] In some aspects, the priming receptor extracellular antigen-binding domain 

comprises a variable heavy (VH) chain sequence comprising three heavy chain CDR 

sequences, CDR-H1, CDR-H2, and CDR-H3, and a variable light (VL) chain sequence 

comprising three light chain CDR sequences, CDR-L1, CDR-L2, and CDR-L3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 1, CDR-H2 comprises the 

sequence set forth in SEQ ID NO: 2, CDR-H3 comprises the sequence set forth in SEQ ID 

NO: 3, CDR-L1 comprises the sequence set forth in SEQ ID NO: 4, CDR-L2 comprises the 

sequence set forth in SEQ ID NO: 5; and CDR-L3 comprises the sequence set forth in SEQ 

ID NO: 6. In some embodiments, the VH chain sequence comprises the sequence set forth in 

SEQ ID NO: 7. In some embodiments, the VL comprises the sequence set forth in SEQ ID 

NO: 8. In some embodiments, the extracellular domain comprises the sequence set forth in 

SEQ ID NO: 9 

[00340] In some embodiments, the priming receptor extracellular antigen-binding domain 

CDR-H3 has at least about 50%, 75%, 80%, 85%, 90%, or 95% identity with a CDR-H3 of 

SEQ ID NO: 3, the CDR-H2 has at least about 50%, 75%, 80%, 85%, 90%, or 95% identity 

with a CDR-H2 of SEQ ID NO: 2, the CDR-H1 has at least about 50%, 75%, 80%, 85%, 

90%, or 95% identity with a CDR-H1 of SEQ ID NO: 1, the CDR-L3 has at least about 50%, 

75%, 80%, 85%, 90%, or 95% identity with a CDR-L3 of SEQ ID NO: 6, the CDR-L2 has at 

least about 50%, 75%, 80%, 85%, 90%, or 95% identity with a CDR-L2 of SEQ ID NO: 5, 

and the CDR-L1 has at least about 50%, 75%, 80%, 85%, 90%, or 95% identity with a CDR

Li of SEQ ID NO: 4. In some embodiments, the CDR-H3 is a CDR-H3 of SEQ ID NO: 3, 
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with up to 1, 2, 3, 4, 5, 6, 7, or 8 amino acid substitutions; the CDR-H2 is a CDR-H2 of SEQ 

ID NO: 2, with up to 1, 2, 3, 4, 5, 6, 7, or 8 amino acid substitutions; the CDR-HI is a CDR

HI of SEQ ID NO: 1, with up to 1, 2, 3, 4, or 5 amino acid substitutions; the CDR-L3 is a 

CDR-L3 of SEQ ID NO: 6, with up to 1, 2, 3, 4, or 5 amino acid substitutions; the CDR-L2 is 

a CDR-L2 of SEQ ID NO: 5, with up to 1, 2, 3, or 4 amino acid substitutions; and the CDR

Li is a CDR-L Iof SEQ ID NO: 4 with up to 1, 2, 3, 4, 5, or 6 amino acid substitutions.  

[00341] In some embodiments, a priming receptor extracellular antigen-binding domain 

provided herein comprises one to three CDRs of a VH domain as set forth in SEQ ID NO: 7.  

In some embodiments, an antigen-binding domain provided herein comprises two to three 

CDRs of a VH domain as set forth in SEQ ID Ns: 7. In some embodiments, an antigen

binding domain provided herein comprises three CDRs of a VH domain as set forth in SEQ 

ID NO: 7. In some aspects, the CDRs are Kabat CDRs. In some aspects, the CDRs are 

Chothia CDRs. In some aspects, the CDRs are AbM CDRs. In some aspects, the CDRs are 

Contact CDRs. In some aspects, the CDRs are IMGT CDRs.  

[00342] In some embodiments, a priming receptor extracellular antigen-binding domain 

provided herein comprises a VH sequence having at least about 50%, 60%, 70%, 80%, 90%, 

95%, or 99% identity to an VH sequence set forth in SEQ ID NO: 7. In some embodiments, 

an antigen-binding domain provided herein comprises a VH sequence provided in SEQ ID 

NO: 7, with up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 

24, or 25 amino acid substitutions. In some aspects, the amino acid substitutions are 

conservative amino acid substitutions. In some embodiments, the antigen-binding domains 

described in this paragraph are referred to herein as "variants." In some embodiments, such 

variants are derived from a sequence provided herein, for example, by affinity maturation, 

site directed mutagenesis, random mutagenesis, or any other method known in the art or 

described herein. In some embodiments, such variants are not derived from a sequence 

provided herein and may, for example, be isolated de novo according to the methods provided 

herein for obtaining antibodies or antigen-binding domains.  

[00343] In some embodiments, a priming receptor extracellular antigen-binding domain 

provided herein comprises one to three CDRs of a VL domain as set forth in SEQ ID NO: 8.  

In some embodiments, an antigen-binding domain provided herein comprises two to three 

CDRs of a VL domain as set forth in SEQ ID NO: 8. In some embodiments, an antigen

binding domain provided herein comprises three CDRs of a VL domain as set forth in SEQ 

ID NO: 8. In some aspects, the CDRs are Kabat CDRs. In some aspects, the CDRs are 
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Chothia CDRs. In some aspects, the CDRs are AbM CDRs. In some aspects, the CDRs are 

Contact CDRs. In some aspects, the CDRs are IMGT CDRs.  

[00344] In some embodiments, a priming receptor extracellular antigen-binding domain 

provided herein comprises a VL sequence having at least about 50%, 60%, 70%, 80%, 90%, 

95%, or 99% identity to an VL sequence set forth in SEQ ID NO: 8. In some embodiments, a 

antigen-binding domain provided herein comprises a VL sequence provided in SEQ ID NO: 

8, with up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 

or 25 amino acid substitutions. In some aspects, the amino acid substitutions are conservative 

amino acid substitutions. In some embodiments, the antibodies described in this paragraph 

are referred to herein as "variants." In some embodiments, such variants are derived from a 

sequence provided herein, for example, by affinity maturation, site directed mutagenesis, 

random mutagenesis, or any other method known in the art or described herein. In some 

embodiments, such variants are not derived from a sequence provided herein and may, for 

example, be isolated de novo according to the methods provided herein for obtaining 

antibodies or antigen-binding domains.  

[00345] Table B provides the CDR sequences of the VH and VL of an illustrative ALPG/P 

antigen binding domain according to the indicated numbering schemes.  

Table B 

SEQ ID NO Name Numbering scheme Sequence 

1 CDR-H1 Chothia GFSLTSY--
173 AbM GFSLTSYGVS 
174 Kabat ----- SYGVS 
175 Contact ---- TSYGVS 
176 IMGT GFSLTSYG-
2 CDR-H2 Chothia ----- WEDGS--------

177 AbM --- VIWEDGSTN------
178 Kabat --- VIWEDGSTNYHSALIS 

179 Contact WIGVIWEDGSTN------

180 IMGT ---- IWEDGST-------
3 CDR-H3 Chothia -- PHYGSSYVGAMEY 

3 AbM -- PHYGSSYVGAMEY 

3 Kabat -- PHYGSSYVGAMEY 

181 Contact ARPHYGSSYVGAME

182 IMGT ARPHYGSSYVGAMEY 

4 CDR-L1 Chothia RASENIYSYVA-

4 AbM RASENIYSYVA-

4 Kabat RASENIYSYVA-

183 Contact ------ YSYVAWY 
184 IMGT --- ENIYSY---

5 CDR-L2 Chothia ---- NAKSLAS 
5 AbM ---- NAKSLAS 
5 Kabat ---- NAKSLAS 

185 Contact LLIYNAKSLA

186 IMGT ---- NA----
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6 CDR-L3 Chothia QHHYVSPWT 

6 AbM QHHYVSPWT 

6 Kabat QHHYVSPWT 

187 Contact QHHYVSPW

6 IMGT QHHYVSPWT 

Transmembrane Domain 

[00346] As described above, the priming receptor comprises a transmembrane domain 

(TMD) comprising one or more ligand-inducible proteolytic cleavage sites.  

[00347] In some embodiments, the TMD comprises a Notch1 transmemebrane domain. In 

some embodiments, the transmembrane domain comprises the sequence as set forth in SEQ 

ID NO: 19.  

[00348] Generally, the TMD suitable for the chimeric receptors disclosed herein can be any 

transmembrane domain of a Type 1 transmembrane receptor including at least one gamma

secretase cleavage site. Detailed description of the structure and function of the gamma

secretase complex as well as its substrate proteins, including amyloid precursor protein (APP) 

and Notch, can, for example, be found in a recent review by Zhang et al, Frontiers Cell 

Neurosci (2014). Non limiting suitable TMDs from Type 1 transmembrane receptors include 

those from CLSTN1, CLSTN2, APLP1, APLP2, LRP8, APP, BTC, TGBR3, SPN, CD44, 

CSF1R, CXCL16, CX3CL1, DCC, DLL1, DSG2, DAGI, CDH1, EPCAM, EPHA4, EPHIB2, 

EFNB1, EFNB2, ErbB4, GHR, HLA- A, and IFNAR2, wherein the TMD includes at least 

one gamma secretase cleavage site. Additional TMDs suitable for the compositions and 

methods described herein include, but are not limited to, transmembrane domains from Type 

1 transmembrane receptors ILIR1, IL1R2, IL6R, INSR, ERNI, ERN2, JAG2, KCNEl, 

KCNE2, KCNE3, KCNE4, KL, CHLl, PTPRF, SCN1B, SCN3B, NPR3, NGFR, PLXDC2, 

PAM, AGER, ROBOl, SORCS3, SORCS1, SORLI, SDC1, SDC2, SPN, TYR, TYRPI, 

DCT, YASN, FLT1, CDH5, PKHD1, NECTIN1, PCDHGC3, NRG1, LRP1B, CDH2, NRG2, 

PTPRK, SCN2B, Nradd, and PTPRM. In some embodiments, the TMD of the chimeric 

polypeptides or Notch receptors of the disclosure is a TMD derived from the TMD of a 

member of the calsyntenin family, such as, alcadein alpha and alcadein gamma. In some 

embodiments, the TMD of the chimeric polypeptides or Notch receptors of the disclosure is a 

TMD known for Notch receptors. In some embodiments, the TMD of the chimeric 

polypeptides or Notch receptors of the disclosure is a TMD derived from a different Notch 

receptor. For example, in a Mini Notch based on human Notchl, the Notchl TMD can be 

substituted with a Notch2 TMD, Notch3 TMD, Notch4 TMD, or a Notch TMD from a non
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human animal such as Danio rerio, Drosophila melanogaster, Xenopus laevis, or Gallus 

gallus.  

[00349] In some embodiments, the priming receptor comprises a Notch cleavage site, such as 

S2 or S3. Additional proteolytic cleavage sites suitable for the compositions and methods 

disclosed herein include, but are not limited to, ADAMI1O, a metalloproteinase cleavage site 

for a MNP selected from collagenase-1, -2, and -3 (MMP-1, -8, and -13), gelatinase A and B 

(MMP-2 and -9), stromelysin 1, 2, and 3 (MMP-3, -10, and -11), matrilysin (MMP-7), and 

membrane metalloproteinases (MT1-MMP and MT2-MMP). Another example of a suitable 

protease cleavage site is a plasminogen activator cleavage site, e.g., a urokinase plasminogen 

activator (uPA) or a tissue plasminogen activator (tPA) cleavage site. Another example of a 

suitable protease cleavage site is a prolactin cleavage site. Specific examples of cleavage 

sequences of uPA and tPA include sequences comprising Yal-Gly-Arg. Another example of a 

protease cleavage site that can be included in a proteolytically cleavable linker is a tobacco 

etch vims (TEV) protease cleavage site, e.g., Glu-Asn-Leu-Tyr-Thr-Gln-Ser (SEQ ID NO: 

188), where the protease cleaves between the glutamine and the serine. Another example of a 

protease cleavage site that can be included in a proteolytically cleavable linker is an 

enterokinase cleavage site, e.g., Asp-Asp-Asp-Asp- Lys (SEQ ID NO: 189), where cleavage 

occurs after the lysine residue. Another example of a protease cleavage site that can be 

included in a proteolytically cleavable linker is a thrombin cleavage site, e.g., Leu-Val-Pro

Arg (SEQ ID NO: 190). Additional suitable linkers comprising protease cleavage sites 

include sequences cleavable by the following proteases: a PreScissionTM protease (a fusion 

protein comprising human rhinovirus 3C protease and glutathione-S-transferase), a thrombin, 

cathepsin B, Epstein-Barr vims proteas, MMP-3 (stromelysin), MMP-7 (matrilysin), MMP-9; 

thermolysin-like MMP, matrix metalloproteinase 2 (MMP-2), cathepsin L; cathepsin D, 

matrix metalloproteinase 1 (MMP-1), urokinase-type plasminogen activator, membrane type 

1 matrixmetalloprotemase (MT- MP), stromelysin 3 (or MMP-11), thermo lysin, fibroblast 

collagenase and stromelysin- 1, matrix metalloproteinase 13 (collagenase-3), tissue-type 

plasminogen activator(tPA), human prostate-specific antigen, kallikrein (hK3), neutrophil 

elastase, and calpain (calcium activated neutral protease). Proteases that are not native to the 

host cell in which the receptor is expressed (for example, TEV) can be used as a further 

regulatory mechanism, in which activation of the receptor is reduced until the protease is 

expressed or otherwise provided. Additionally, a protease may be tumor-associated or 

disease-associated (expressed to a significantly higher degree than in normal tissue), and 
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serve as an independent regulatory mechanism. For example, some matrix metalloproteases 

are highly expressed in certain cancer types.  

[00350] In some embodiments, the amino acid substitution(s) within the TMD includes one 

or more substitutions within a "GV" motif of the TMD. In some embodiments, at least one of 

such substitution(s) comprises a substitution to alanine. Additional sequences and 

substitutions are described in W02021061872, hereby incorporated by reference in its 

entirety.  

Intracellular Domain 

[00351] In some embodiments, the priming receptor comprises one or more intracellular 

domains from or derived from a transcriptional regulator and/or a DNA-binding domain. In 

some embodiments, the intracellular domain comprises an HNF la/p65 domain or a 

Gal4/VP64 domain. In some embodiments, the intracellular domain comprises the sequence 

as set forth in SEQ ID NO: 23.  

[00352] Transcriptional regulators either activate or repress transcription from cognate 

promoters. Transcriptional activators typically bind nearby to transcriptional promoters and 

recruit RNA polymerase to directly initiate transcription. Transcriptional repressors bind to 

transcriptional promoters and sterically hinder transcriptional initiation by RNA polymerase.  

Other transcriptional regulators serve as either an activator or a repressor depending on where 

it binds and cellular conditions. Accordingly, as used herein, a "transcriptional activation 

domain" refers to the domain of a transcription factor that interacts with transcriptional 

control elements and/or transcriptional regulatory proteins (i.e., transcription factors, RNA 

polymerases, etc.) to increase and/or activate transcription of one or more genes. Non

limiting examples of transcriptional activation domains include: a herpes simplex virus VP16 

activation domain, VP64 (which is a tetrameric derivative of VP16), HIV TAT, a NFkB p65 

activation domain, p53 activation domains 1 and 2, a CREB (cAMP response element 

binding protein) activation domain, an E2A activation domain, NFAT (nuclear factor of 

activated T-cells) activation domain, yeast Gal4, yeast GCN4, yeast HAP1, ILL, RTG3, 

GLN3, OAF1, PIP2, PDR1, PDR3, PHO4, LEU3 glucocorticoid receptor transcription 

activation domain, B-cell POU homeodomain protein Oct2, plant Ap2, or any others known 

to one or ordinary skill in the art. In some embodiments, the transcriptional regulator is 

selected from Gal4-VP16, Gal4-VP64, tetR-VP64, ZFHID1-YP64, Gal4-KRAB, and HAP1

VP16. In some embodiments, the transcriptional regulator is Gal4-VP64. A transcriptional 

activation domain can comprise a wild-type or naturally occurring sequence, or it can be a 
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modified, mutant, or derivative version of the original transcriptional activation domain that 

has the desired ability to increase and/or activate transcription of one or more genes. In some 

embodiments, the transcriptional regulator can further include a nuclear localization signal.  

[00353] In some embodiments, the priming receptor comprises one or more intracellular 

"DNA-binding domains" (or "DB domains"). Such "DNA-binding domains" refer to 

sequence-specific DNA binding domains that bind a particular DNA sequence element.  

Accordingly, as used herein, a "sequence-specific DNA-binding domain" refers to a protein 

domain portion that has the ability to selectively bind DNA having a specific, predetermined 

sequence. A sequence-specific DNA binding domain can comprise a wild-type or naturally 

occurring sequence, or it can be a modified, mutant, or derivative version of the original 

domain that has the desired ability to bind to a desired sequence. In some embodiments, the 

sequence-specific DNA binding domain is engineered to bind a desired sequence. Non

limiting examples of proteins having sequence-specific DNA binding domains that can be 

used in synthetic proteins described herein include HNFla, Gal4, GCN4, reverse tetracycline 

receptor, THY1, SYNI, NSE/RU5', AGRP, CALB2, CAMK2A, CCK, CHAT, DLX6A, 

EMX1, zinc finger proteins or domains thereof, CRISPR/Cas proteins, such as Cas9, Cas3, 

Cas4, Cas5, Cas5e (or CasD), Cash, Cas6e, Cas6f, Cas7, Cas8al, Cas8a2, Cas8b, Cas8c, 

Casi, CaslOd, CasF, CasG, CasH, Csyl, Csy2, Csy3, Csel (or CasA), Cse2 (or CasB), Cse3 

(or CasE), Cse4 (or CasC), Cscl, Csc2, Csa5, Csn2, Csm2, Csm3, Csm4, Csm5, Csm6, 

Cmrl, Cmr3, Cmr4, Cmr5, Cmr6, Csbl, Csb2, Csb3, Csxl7, Csxl4, CsxlO, Csxl6, CsaX, 

Csx3, Cszl, Csxl5, Csfl, Csf2, Csf3, Csf4, and Cu196, and TALES.  

[00354] In those embodiments where a CRISPR/Cas-like protein is used, the CRISPR/Cas

like protein can be a wild type CRISPR/Cas protein, a modified CRISPR/Cas protein, or a 

fragment of a wild type or modified CRISPR/Cas protein. The CRISPR/Cas-like protein can 

be modified to increase nucleic acid binding affinity and/or specificity, alter an enzymatic 

activity, and/or change another property of the protein. For example, nuclease (i.e., DNase, 

RNase) domains of the CRISPR/Cas-like protein can be modified, deleted, or inactivated.  

Alternatively, the CRISPR/Cas-like protein can be truncated to remove domains that are not 

essential for the functions of the systems described herein. For example, a CRISPR enzyme 

that is used as a DNA binding protein or domain thereof can be mutated with respect to a 

corresponding wild-type enzyme such that the mutated CRISPR or domain thereof lacks the 

ability to cleave a nucleic acid sequence containing a DNA binding domain target site. For 

example, a D1OA mutation can be combined with one or more of H840A, N854A, or N863A 

mutations to produce a Cas9 enzyme substantially lacking all DNA cleavage activity.  
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Juxtamembrane Domain 

[00355] The ECD and the TMD, or the TM Dand the ICD, can be linked to each other with a 

linking polypeptide, such as a juxtamembrane domain. "SynNotch" or synthetic notch 

receptors comprise a heterologous extracellular ligand-binding domain, a linking polypeptide 

having substantial sequence identity with a Notch receptor JMD (including the NRR), a 

TMD, and an ICD. "Fn Notch" receptors comprise a heterologous extracellular ligand 

binding domain, a linking polypeptide having substantial sequence identity with a Robo 

receptor (such as a mammalian Robol, Robo2, Robo3, or Robo4), followed by 1, 2, or 3 

fibronectin repeats ("Fn"), a TMD, and an ICD. "Mini Notch" receptors comprise a 

heterologous extracellular ligand binding domain, a linking polypeptide having substantial 

sequence identity with a Notch receptor JMD but lacking the NRR (the LIN-12-Notch repeat 

(LNR) modules, and the heterodimerization domain), a TMD, and an ICD. "Minimal Linker 

Notch" receptors comprise a heterologous extracellular ligand-binding domain, a linking 

polypeptide lacking substantial sequence identity with a Notch receptor (for example, without 

limitation, having a synthetic (GGS)n polypeptide sequence), a TMD, and an ICD. "Hinge 

Notch" receptors comprise a heterologous extracellular ligand-binding domain, a hinge 

sequence comprising an oligomerization domain (i.e., a domain that promotes dimerization, 

trimerization, or higher order multimerization with a synthetic receptor and/or an existing 

host receptor), a TMD, and an ICD.  

[00356] In some embodiments, the priming receptor comprises ajuxtamembrane domain 

(JMD) peptide in between the extracellular domain and the transmembrane domain. In some 

embodiments, the priming receptor comprises a juxtamembrane domain (JMD) peptide in 

between the transmembrane domain and the intracellular domain. In some embodiments, the 

JMD peptide comprises an LWF motif. The use of LWF motifs in receptor constructs is 

described in US Patent N. 10,858,443, hereby incorporated by reference in its entirety. In 

some embodiments, the JMD peptide has substantial sequence identity to the JMD of Notchl, 

Notch2, Notch3, and/or Notch4. In some embodiments, the JMD peptide has substantial 

sequence identity to the Notchl, Notch2, Notch3, and/or Notch4 JMD, but does not include a 

LIN-12-Notch repeat (LNR) and/or a heterodimerization domain (HD) of a Notch receptor.  

In some embodiments, the JMD peptide does not have substantial sequence identity to the 

Notchl, Notch2, Notch3, and/or Notch4 JMD. In some embodiments, the JMD peptide 

includes an oligimerization domain which promotes formation of dimers, trimers, or higher 
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order assemblages of the receptor. Such JMD peptides are described in W02021061872, 

hereby incorporated by reference in its entirety.  

[00357] In the Mini Notch receptor, the linking polypeptide is derived from a 

Notch JMD sequence after deletion of the NRR and HD domain. The Notch JMD sequence 

may be the sequence from Notchl, Notch2, Notch3, or Notch4, and can be derived from a 

non-human homolog, such as those from Drosophila, Gallus, Danio, and the like. Four to 50 

amino acid residues of the remaining Notch sequence can be used as a polypeptide linker. In 

some embodiments, the length and amino acid composition of the linker polypeptide 

sequence are varied to alter the orientation and/or proximity of the ECD and the TMD 

relative to one another to achieve a desired activity of the chimeric polypeptide, such as the 

signal transduction level when ligand induced or in the absence of ligand.  

[00358] In the Minimal Linker Notch receptor, the linking polypeptide does not have 

substantial sequence identity to a Notch JMD sequence, including the Notch JMD sequence 

from Notchl, Notch2, Notch3, or Notch4, or a non-human homolog thereof Four to 50 amino 

acid residues can be used as a polypeptide linker. In some embodiments, the length and 

amino acid composition of the linker polypeptide sequence are varied to alter the orientation 

and/or proximity of the ECD and the TMD relative to one another to achieve a desired 

activity of the chimeric polypeptide of the disclosure. The Minimal Linker sequence can be 

designed to include or omit a protease cleavage site, and can include or omit a glycosylation 

site or sites for other types of post-translational modification. In some embodiments, the 

Minimal Linker does not comprise a protease cleavage site or a glysosylation site.  

[00359] In some embodiments, the priming receptor further comprises a hinge. Hinge linkers 

that can be used in the priming receptor can include an oligomerization domain (e.g., a hinge 

domain) containing one or more polypeptide motifs that promote oligomer formation of the 

chimeric polypeptides via intermolecular disulfide bonding. In these instances, within the 

chimeric receptors disclosed herein, the hinge domain generally includes a flexible 

polypeptide connector region disposed between the ECD and the TMD. Thus, the hinge 

domain provides flexibility between the ECD and TMD and also provides sites for 

intermolecular disulfide bonding between two or more chimeric polypeptide monomers to 

form an oligomeric complex. In some embodiments, the hinge domain includes motifs that 

promote dimer formation of the chimeric polypeptides disclosed herein. In some 

embodiments, the hinge domain includes motifs that promote trimer formation of the 

chimeric polypeptides disclosed herein (e.g., a hinge domain derived from OX40). Hinge 

polypeptide sequences suitable for the compositions and methods of the disclosure can be 
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naturally-occurring hinge polypeptide sequences (e.g., those from naturally-occurring 

immunoglobulins) or can be engineered, designed, or modified so as to provide desired 

and/or improved properties, e.g., modulating transcription. Suitable hinge polypeptide 

sequences include, but are not limited to, those derived from IgA, IgD, and IgG subclasses, 

such as IgGl hinge domain, IgG2 hinge domain, IgG3 hinge domain, and IgG4 hinge domain, 

or a functional variant thereof In some embodiments, the hinge polypeptide sequence 

contains one or more CXXC motifs. In some embodiments, the hinge polypeptide sequence 

contains one or more CPPC motifs (SEQ ID NO: 191).  

[00360] Hinge polypeptide sequences can also be derived from a CD8a hinge domain, a 

CD28 hinge domain, a CD152 hinge domain, a PD-i hinge domain, a CTLA4 hinge domain, 

an OX40 hinge domain, and functional variants thereof. In some embodiments, the hinge 

domain includes a hinge polypeptide sequence derived from a CD8 a hinge domain or a 

functional variant thereof. In some embodiments, the hinge domain includes a hinge 

polypeptide sequence derived from a CD28 hinge domain or a functional variant thereof. In 

some embodiments, the hinge domain includes a hinge polypeptide sequence derived from an 

OX40 hinge domain or a functional variant thereof. In some embodiments, the hinge domain 

includes a hinge polypeptide sequence derived from an IgG4 hinge domain or a functional 

variant thereof.  

[00361] The Fn Notch linking polypeptide is derived from the Robol JMD, which contains a 

fibronectin repeat (Fn) domain, with a short polypeptide sequence between the Fn repeats and 

the TMD. The Fn Notch linking polypeptide does not contain a Notch negative regulatory 

region (NRR), or the Notch HD domain. The Fn linking polypeptide can contain 1, 2, 3, 4, or 

5 Fn repeats. In some embodiments, the chimeric receptor comprises a Fn linking polypeptide 

having about 1 to about 5 Fn repeats, about 1 to about 3 Fn repeats, or about 2 to about 3 Fn 

repeats. The short polypeptide sequence between the Fn repeats and the TMD can be from 

about 2 to about 30 amino acid residues. In some embodiments, the short polypeptide 

sequence can be between about 5 and about 20 amino acids, of any sequence. In some 

embodiments, the short polypeptide sequence can be between about 5 and about 20 naturally

occurring amino acids, of any sequence. In some embodiments, the short polypeptide 

sequence can be between about 5 and about 20 amino acids, of any sequence but having no 

more than one proline. In some embodiments, the short polypeptide sequence can be between 

about 5 and about 20 amino acids, and about 50% or more of the amino acids are glycine. In 

some embodiments, the short polypeptide sequence can be between about 5 and about 20 

amino acids, where the amino acids are selected from glycine, serine, threonine, and alanine.  
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In some embodiments, the length and amino acid composition of the Fn linking polypeptide 

sequence can be varied to alter the orientation and/or proximity of the ECD and the TMID 

relative to one another to achieve a desired activity of the chimeric polypeptide of the 

disclosure.  

Stop-Transfer Sequence 

[00362] In some embodiments, the priming receptor further comprises a stop-transfer 

sequence (STS) in between the transmembrane domain and the intracellular domains. The 

STS comprises a charged, lipophobic sequence. Without being bound by any theory, the STS 

serves as a membrane anchor, and is believed to prevent passage of the intracellular domain 

into the plasma membrane. The use of STS domains in priming receptors is described in 

W02021061872, hereby incorporated by reference in its entirety. Non-limiting exemplary 

STS sequences include APLP1, APLP2, APP, TGBR3, CSF1R, CXCL16, CX3CL1, DAGI, 

DCC, DNER, DSG2, CDH1, GHR, HLA-A, IFNAR2, IGF1R, ILIRI, ERN2, KCNEl, 

KCNE2, CHL1, LRP1, LRP2, LRP18, PTPRF, SCN1B, SCN3B, NPR3, NGFR, PLXDC2, 

PAM, AGER, ROBOl, SORCS3, SORCS1, SORLI, SDC1, SDC2, SPN, TYR, TYRPI, 

DCT, VASN, FLT1, CDH5, PKTFD1, NECTIN1, KL, IL6R, EFNB1, CD44, CLSTN1, 

LRP8, PCDHGC3, NRG1, LRP1B, JAG2, EFNB2, DLL1, CLSTN2, EPCAM, ErbB4, 

KCNE3, CDH2, NRG2, PTPRK, BTC, EPHA4, IL1R2, KCNE4, SCN2B, Nradd, PTPRM, 

Notchl, Notch2, Notch3, and Notch4 STS sequences. In some embodiments, the STS is 

heterologous to the transmembrane domain. In some embodiments, the STS is homologous to 

the transmembrane domain. STS sequences are described in W02021061872, hereby 

incorporated by reference in its entirety.  

[00363] In some embodiments, the stop-transfer-sequence comprises the sequence as set 

forth in SEQ ID NO: 20.  

ALPG/P Antibodies and Antigen Binding Fragments 

[00364] In some aspects, provided herein are Alkaline Phosphatase, Placental/Germ Cell 

(ALPG/P) antibodies or antigen binding fragments. In some embodiments, the ALPG/P 

antigen-binding moiety is selected from the group consisting of an antibody, a nanobody, a 

diabody, a triabody, or a minibody, a F(ab')2 fragment, a Fab fragment, a single chain 

variable fragment (scFv), and a single domain antibody (sdAb), or a functional fragment 

thereof. In some embodiments, the antigen-binding moiety comprises an scFv. The antigen

binding moiety can include naturally-occurring amino acid sequences or can be engineered, 
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designed, or modified so as to provide desired and/or improved properties, e.g., increased 

binding affinity.  

[00365] In one aspect, provided herein are isolated antibodies or antigen binding fragments 

thereof that binds to Alkaline Phosphatase, Placental/Germ Cell (ALPG/P), comprising a 

variable heavy (VH) chain sequence comprising three heavy chain CDR sequences, CDR-H1, 

CDR-H2, and CDR-H3, wherein: CDR-H1 comprises a sequence as set forth in SEQ ID 

NOs: 1, 173, 174, 175, or 176, CDR-H2 comprises a sequence as set forth in SEQ ID NOs: 2, 

177, 178, 179, or 180, and CDR-H3 comprises a sequence as set forth in SEQ ID NOs: 3, 

181, or 182, and a variable light (VL) chain sequence comprising three light chain CDR 

sequences, CDR-L1, CDR-L2, and CDR-L3, wherein: CDR-L1 comprises a sequence as set 

forth in SEQ ID NOs: 4, 183, or 184, CDR-L2 comprises a sequence as set forth in SEQ ID 

NOs: 5, 185, or 186, and CDR-L3 comprises a sequence as set forth in SEQ ID NOs: 6 or 

187.  

[00366] In some embodiments, the ALPG/P antibody or antigen binding fragment 

comprises a variable heavy (VH) chain sequence comprising three heavy chain CDR 

sequences, CDR-H1, CDR-H2, and CDR-H3, and a variable light (VL) chain sequence 

comprising three light chain CDR sequences, CDR-L1, CDR-L2, and CDR-L3. In some 

embodiments, the VH chain sequence comprises the sequence set forth in SEQ ID NO: 7. In 

some embodiments, the VL chain sequence comprises the sequence set forth in SEQ ID NO: 

8.  

[00367] In some embodiments, the ALPG/P antibody or antigen binding fragment CDR

H3 has at least about 50%, 75%, 80%, 85%, 90%, or 95% identity with a CDR-H3 of SEQ ID 

NO: 3, 181, or 182; the CDR-H2 has at least about 50%, 75%, 80%, 85%, 90%, or 95% 

identity with a CDR-H2 of SEQ ID NO: 2, 177, 178, 179, or 180; the CDR-H1 has at least 

about 50%, 75%, 80%, 85%, 90%, or 95% identity with a CDR-H1 of SEQ ID NO: 1, 173, 

174,175, or 176. In some embodiments, the CDR-H3 is a CDR-H3 of SEQ ID NO: 3, 181, or 

182, with up to 1, 2, 3, 4, 5, 6, 7, or 8 amino acid substitutions; the CDR-H2 is a CDR-H2 of 

SEQ ID NO: 2, 177, 178, 179, or 180, with up to 1, 2, 3, 4, 5, 6, 7, or 8 amino acid 

substitutions; and the CDR-H1 is a CDR-H1 of SEQ ID NO: 1, 173, 174, 175, or 176, with 

up to 1, 2, 3, 4, or 5 amino acid substitutions.  

[00368] In some embodiments, the ALPG/P antibody or antigen binding fragment CDR

L3 has at least about 50%, 75%, 80%, 85%, 90%, or 95% identity with a CDR- L3 of SEQ ID 

NO: 6 or 187; the CDR- L2 has at least about 50%, 75%, 80%, 85%, 90%, or 95% identity 

with a CDR- L2 of SEQ ID NO: 5, 185, or 186; the CDR- L has at least about 50%, 75%, 
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80%,85%,90%, or 95% identity with a CDR-Li of SEQID NO: 4,183, or 184. In some 

embodiments, the CDR- L3 is a CDR- L3 of SEQ ID NO: 6 or 187, with up to 1, 2, 3, 4, 5, 6, 

7, or 8 amino acid substitutions; the CDR- L2 is a CDR- L2 of SEQ ID NO: 5, 185, or 186, 

with up to 1, 2, 3, 4, 5, 6, 7, or 8 amino acid substitutions; and the CDR- LI is a CDR- LI of 

SEQ ID NO: 4, 183, or 184, with up to 1, 2, 3, 4, or 5 amino acid substitutions.  

[00369] In some embodiments, an ALPG/P antibody or antigen binding fragment provided 

herein comprises one to three CDRs of a VH domain as set forth in SEQ ID NO: 7. In some 

embodiments, an antigen-binding domain provided herein comprises two to three CDRs of a 

VH domain as set forth in SEQ ID NOs: 7. In some embodiments, an antigen-binding domain 

provided herein comprises three CDRs of a VH domain as set forth in SEQ ID NO: 7. In 

some embodiments, an ALPG/P antibody or antigen binding fragment provided herein 

comprises one to three CDRs of a VL domain as set forth in SEQ ID NO: 8. In some 

embodiments, an antigen-binding domain provided herein comprises two to three CDRs of a 

VL domain as set forth in SEQ ID NO: 8. In some embodiments, an antigen-binding domain 

provided herein comprises three CDRs of a VL domain as set forth in SEQ ID NO: 8. In 

some aspects, the CDRs are Kabat CDRs. In some aspects, the CDRs are Chothia CDRs. In 

some aspects, the CDRs are AbM CDRs. In some aspects, the CDRs are Contact CDRs. In 

some aspects, the CDRs are IMGT CDRs.  

[00370] In some embodiments, an ALPG/P antibody or antigen binding fragment provided 

herein comprises a VH sequence having at least about 50%, 60%, 70%, 80%, 90%, 95%, or 

99% identity to an VH sequence set forth in SEQ ID NO: 7. In some embodiments, an 

antigen-binding domain provided herein comprises a VH sequence provided in SEQ ID NO: 

7, with up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 

or 25 amino acid substitutions. In some embodiments, an ALPG/P antibody or antigen 

binding fragment provided herein comprises a VL sequence having at least about 50%, 60%, 

70%, 80%, 90%, 95%, or 99% identity to an VL sequence set forth in SEQ ID NO: 8. In 

some embodiments, an ALPG/P antigen-binding domain provided herein comprises a VL 

sequence provided in SEQ ID NO: 8, with up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 

16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 amino acid substitutions. In some aspects, the amino 

acid substitutions are conservative amino acid substitutions. In some embodiments, the 

antigen-binding domains described in this paragraph are referred to herein as "variants." In 

some embodiments, such variants are derived from a sequence provided herein, for example, 

by affinity maturation, site directed mutagenesis, random mutagenesis, or any other method 

known in the art or described herein. In some embodiments, such variants are not derived 
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from a sequence provided herein and may, for example, be isolated de novo according to the 

methods provided herein for obtaining antibodies or antigen-binding domains.  

[00371] In some embodiments, the ALPG/P antibody or antigen binding fragment 

comprises a heavy chain variable (VH) region in which the full set of VH CDRs 1, 2, and 3 

(combined) has at least 80% (such as, e.g., 80%, 85%, 90%, 95%, at least 85%, at least 90%, 

at least 95%) sequence identity to the CDRs 1, 2, and 3 of SEQ ID NO: 7. In some 

embodiments, the ALPG/P antibody or antigen binding fragment comprises a heavy chain 

variable (VH) region in which the full set of VH CDRs 1, 2, and 3 (combined) has at least 

85% (such as, e.g., 85%, 90%, 95%, at least 90%, at least 95%) sequence identity to the 

CDRs 1, 2, and 3 of SEQ ID NO: 7. In some embodiments, the ALPG/P antibody or antigen 

binding fragment comprises a heavy chain variable (VH) region in which the full set of VH 

CDRs 1, 2, and 3 (combined) has at least 90% (such as, e.g., 90%, 95%, at least 95 %) 

sequence identity to the CDRs 1, 2, and 3 of SEQ ID NO: 7. In some embodiments, the 

ALPG/P antibody or antigen binding fragment comprises a heavy chain variable (VH) region 

in which the full set of VH CDRs 1, 2, and 3 (combined) has at least 95% sequence identity 

to the CDRs 1, 2, and 3 of SEQ ID NO: 7.  

[00372] In some embodiments, the ALPG/P antibody or antigen binding fragment 

comprises a light chain variable (VL) region in which the full set of VL CDRs 1, 2, and 3 

(combined) has at least 80% (such as, e.g., 80%, 85%, 90%, 95%, at least 85%, at least 90%, 

at least 95%) sequence identity to the CDRs 1, 2, and 3 of SEQ ID NO: 8. In some 

embodiments, the ALPG/P antibody or antigen binding fragment comprises a light chain 

variable (VL) region in which the full set of VL CDRs 1, 2, and 3 (combined) has at least 

85% (such as, e.g., 85%, 90%, 95%, at least 90%, at least 95%) sequence identity to the 

CDRs 1, 2, and 3 of SEQ ID NO: 8. In some embodiments, the ALPG/P antibody or antigen 

binding fragment comprises a light chain variable (VL) region in which the full set of VL 

CDRs 1, 2, and 3 (combined) has at least 90% (such as, e.g., 90%, 95%, at least 95 %) 

sequence identity to the CDRs 1, 2, and 3 of SEQ ID NO: 8. In some embodiments, the 

ALPG/P antibody or antigen binding fragment comprises a light chain variable (VL) region 

in which the full set of VL CDRs 1, 2, and 3 (combined) has at least 95% sequence identity to 

the CDRs 1, 2, and 3 of SEQ ID NO: 8.  

[00373] In some embodiments, the ALPG/P antibody or antigen binding fragment 

comprises a heavy chain variable (VH) region in which the full set of VH CDRs 1, 2, and 3 

(combined) has at least 80% (such as, e.g., 80%, 85%, 90%, 95%, at least 85%, at least 90%, 

at least 95%) sequence identity to the CDRs 1, 2, and 3 of SEQ ID NO: 7. In some 
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embodiments, the ALPG/P antibody or antigen binding fragment comprises a light chain 

variable (VL) region in which the full set of VL CDRs 1, 2, and 3 (combined) has at least 

80% (such as, e.g., 80%, 85%, 90%, 95%, at least 85%, at least 90%, at least 95%) sequence 

identity to the CDRs 1, 2, and 3 of SEQ ID NO: 8.  

[00374] In some embodiments, the ALPG/P antibody or antigen binding fragment 

comprises a heavy chain variable (VH) region comprising: 

(i) a VH complementarity determining region one (CDR1) comprising a sequence 

having at most two (e.g., one, two, zero) amino acid modifications relative to SEQ ID NO: 1, 

173, 174, 175, or 176; 

(ii) a VH CDR2 comprising a sequence having at most two (e.g., one, two, zero) 

amino acid modifications relative to SEQ ID NO: 2, 177, 178, 179, or 180; 

(iii) a VH CDR3 comprising a sequence having at most two (e.g., one, two, zero) 

amino acid modifications relative to SEQ ID NO: 3, 181, or 182; 

(iv) a VL CDR1 comprising a sequence having at most two (e.g., one, two, zero) 

amino acid modifications relative to SEQ ID NO: 4, 183, or 184; 

(v) a VL CDR2 comprising a sequence having at most two (e.g., one, two, zero) 

amino acid modifications relative to SEQ ID NO: 5, 185, or 186; and 

(vi) a VL CDR3 comprising a sequence having at most two (e.g., one, two, zero) 

amino acid modifications relative to SEQ ID NO: 6 or 187.  

[00375] In some embodiments, each amino acid modification, if any, is a conservative 

amino acid substitution. In some embodiments, each amino acid modification, if any, is a 

conservative amino acid substitution listed in Table Al.  

[00376] In some embodiments, the VH CDR1 comprises a sequence having at most one 

amino acid modification relative to SEQ ID NO: 1, 173, 174, 175, or 176. In some 

embodiments, the VH CDR2 comprises a sequence having at most one amino acid 

modification relative to SEQ ID NO: 2, 177, 178, 179, or 180. In some embodiments, the VH 

CDR3 comprises a sequence having at most one amino acid modification relative to SEQ ID 

NO: 3, 181, or 182. In some embodiments, the VL CDR1 comprises a sequence having at 

most one amino acid modification relative to SEQ ID NO: 4, 183, or 184. In some 

embodiments, the VL CDR2 comprises a sequence having at most one amino acid 

modification relative to SEQ ID NO: 5, 185, or 186. In some embodiments, the VL CDR3 

comprises a sequence having at most one amino acid modification relative to SEQ ID NO: 6 

or 187. In some embodiments, the at most one amino acid modification is an amino acid 

substitution. In some embodiments, the at most one amino acid modification is a conservative 
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amino acid substitution. In some embodiments, the at most one amino acid modification is an 

amino acid deletion. In some embodiments, the at most one amino acid modification is an 

amino acid addition.  

[00377] In some embodiments, the VH CDR1 comprises a sequence as set forth in SEQ ID 

NO: 1. In some embodiments, the VH CDR2 comprises a sequence as set forth in SEQ ID 

NO: 2. In some embodiments, the VH CDR3 comprises a sequence as set forth in SEQ ID 

NO: 3.  

[00378] In some embodiments, the VL CDR1 comprises a sequence as set forth in SEQ ID 

NO: 4. In some embodiments, the VL CDR2 comprises a sequence as set forth in SEQ ID 

NO: 5. In some embodiments, the VL CDR3 comprises a sequence as set forth in SEQ ID 

NO: 6.  

[00379] In some embodiments, the ALPG/P antibody or antigen binding fragment 

comprises a heavy chain variable (VH) region comprising: 

(i) a VH complementarity determining region one (CDR1) comprising the 

sequence set forth in SEQ ID NO: 1; 

(ii) a VH CDR2 comprising the sequence set forth in SEQ ID NO: 2; 

(iii) a VH CDR3 comprising the sequence set forth in SEQ ID NO: 3; 

(iv) a VL complementarity determining region one (CDR1) comprising the 

sequence set forth in SEQ ID NO: 4; 

(v) a VL CDR2 comprising the sequence set forth in SEQ ID NO: 5; and 

(ivi) a VL CDR3 comprising the sequence set forth in SEQ ID NO: 6.  

[00380] In some embodiments, the ALPG/P antibody or antigen binding fragment 

comprises a heavy chain variable (VH) region comprising a VH CDR1, a VH CDR2, and a 

VH CDR3 comprising the sequences of SEQ ID NOs: 1, 2, and 3, respectively, and a light 

chain variable (VL) region comprising a VL CDR1, a VL CDR2, and a VL CDR3 

comprising the sequences of SEQ ID NOs: 4, 5, and 6, respectively.  

[00381] In some embodiments, the ALPG/P antibody or antigen binding fragment 

comprises a heavy chain variable (VH) region comprising the CDR1, CDR2, and CDR3 of 

SEQ ID NOs: 7 and a light chain variable (VL) region comprising the CDR1, CDR2, and 

CDR3 of SEQ ID NO: 8.  

[00382] In some embodiments, the VH CDR1, VH CDR2, and VH CDR3 sequences are 

present in a human VH framework.  

[00383] In some embodiments, the ALPG/P antibody or antigen binding fragment 

comprises a heavy chain variable (VH) region having at least 80% (such as, e.g., 80%, 85%, 
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90%, 95%, at least 85%, at least 90%, at least 95%) sequence identity to SEQ ID NO: 7. In 

some embodiments, the ALPG/P antibody or antigen binding fragment comprises a heavy 

chain variable (VH) region having at least 85% (such as, e.g., 85%, 90%, 95%, at least 90%, 

at least 95%) sequence identity to SEQ ID NO: 7. In some embodiments, the ALPG/P 

antibody or antigen binding fragment comprises a heavy chain variable (VH) region having at 

least 90% (such as, e.g., 90%, 95%, at least 95%) sequence identity to SEQ ID NO: 7. In 

some embodiments, the ALPG/P antibody or antigen binding fragment comprises a heavy 

chain variable (VH) region having at least 95% sequence identity to SEQ ID NO: 7.  

[00384] In some embodiments, the ALPG/P antibody or antigen binding fragment 

comprises a light chain variable (VL) region having at least 80% (such as, e.g., 80%, 85%, 

90%, 95%, at least 85%, at least 90%, at least 95%) sequence identity to SEQ ID NO: 8. In 

some embodiments, the ALPG/P antibody or antigen binding fragment comprises a light 

chain variable (VL) region having at least 85% (such as, e.g., 85%, 90%, 95%, at least 90%, 

at least 95%) sequence identity to SEQ ID NO: 8. In some embodiments, the ALPG/P 

antibody or antigen binding fragment comprises a light chain variable (VL) region having at 

least 90% (such as, e.g., 90%, 95%, at least 95%) sequence identity to SEQ ID NO: 8. In 

some embodiments, the ALPG/P antibody or antigen binding fragment comprises a light 

chain variable (VL) region having at least 95% sequence identity to SEQ ID NO: 8.  

[00385] In some embodiments, the ALPG/P antibody or antigen binding fragment 

comprises a heavy chain variable (VH) region having at least 80% (such as, e.g., 80%, 85%, 

90%, 95%, at least 85%, at least 90%, at least 95%) sequence identity to SEQ ID NO: 7. In 

some embodiments, the ALPG/P antibody or antigen binding fragment comprises a light 

chain variable (VL) region having at least 80% (such as, e.g., 80%, 85%, 90%, 95%, at least 

85%, at least 90%, at least 95%) sequence identity to SEQ ID NO: 8 

[00386] In some embodiments, the ALPG/P antibody or antigen binding fragment 

comprises the heavy chain variable (VH) region of SEQ ID NO: 7. In some embodiments, 

ALPG/P antibody or antigen binding fragment comprises the light chain variable (VL) region 

of SEQ ID NO: 8.  

[00387] In some embodiments, the ALPG/P antibody or antigen binding fragment 

specifically binds to human ALPG/P .  

[00388] In some embodiments, the ALPG/P antibody or antigen binding fragment binds to 

human ALPG/P with a KD of from about 10-9 M to about 10-6 M. In some embodiments, the 

ALPG/P antibody or antigen binding fragment binds to human ALPG/P with a KD of < 5 x 

10-7 M. In some embodiments, the ALPG/P antibody or antigen binding fragment binds to 
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human ALPG/P with a KD Of< 1 X 10-7 M. In some embodiments, the ALPG/P antibody or 

antigen binding fragment binds to human ALPG/P with a KD of < 5 x 10-8 M. In some 

embodiments, the ALPG/P antibody or antigen binding fragment binds to human ALPG/P 

with a KD of < 2 x 10-8 M. In some embodiments, the ALPG/P antibody or antigen binding 

fragment binds to human ALPG/P with a KD Of<1 X 10-8 M. In some embodiments, the 

ALPG/P antibody or antigen binding fragment binds to human ALPG/P with a KD Of<1 X 

10-9 M.  

Chimeric Receptors 

[00389] In one aspect, provided herein are chimeric receptors that binds to mesothelin 

(MSLN), comprising a variable heavy (VH) chain sequence comprising three heavy chain 

CDR sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: CDR-H1 comprises the 

sequence set forth in SEQ ID NO: 14, 202, 203, 204, or 205, CDR-H2 comprises the 

sequence set forth in SEQ ID NO: 15, 206, 207, 208, or 209, and CDR-H3 comprises the 

sequence set forth in SEQ ID NO: 16, 210, or 211.  

[00390] In some embodiments, the MSLN chimeric receptor comprises a variable heavy 

(VH) chain sequence comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and 

CDR-H3. In some embodiments, the VH chain sequence comprises the sequence set forth in 

SEQ ID NO: 17. In some embodiments, the VH chain sequence comprises the sequence set 

forth in SEQ ID NO: 17.  

[00391] In some embodiments, the MSLN chimeric receptor CDR-H3 has at least about 

50%, 75%, 80%, 85%, 90%, or 95% identity with a CDR-H3 of SEQ ID NO: 16, 210, or 211; 

the CDR-H2 has at least about 50%, 75%, 80%, 85%, 90%, or 95% identity with a CDR-H2 

of SEQ ID NO: 15, 206, 207, 208 or 209; the CDR-H1 has at least about 50%, 75%, 80%, 

85%, 90%, or 95% identity with a CDR-HI1 of SEQ ID NO: 14, 202, 203, 204, or 205. In 

some embodiments, the CDR-H3 is a CDR-H3 of SEQ ID NO: 16, 210, or 211, with up to 1, 

2, 3, 4, 5, 6, 7, or 8 amino acid substitutions; the CDR-H2 is a CDR-H2 of SEQ ID NO: 15, 

206, 207, 208 or 209, with up to 1, 2, 3, 4, 5, 6, 7, or 8 amino acid substitutions; and the 

CDR-HI1 is a CDR-HI1 of SEQ ID NO: 14, 202, 203, 204, or 205, with up to 1, 2, 3, 4, or 5 

amino acid substitutions.  

[00392] In some embodiments, an MSLN chimeric receptor provided herein comprises 

one to three CDRs of a VH domain as set forth in SEQ ID NO: 17. In some embodiments, an 

MSLN chimeric receptor provided herein comprises two to three CDRs of a VH domain as 

set forth in SEQ ID NO: 17. In some embodiments, an MSLN chimeric receptor provided 
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herein comprises three CDRs of a VH domain as set forth in SEQ ID NO: 17. In some 

aspects, the CDRs are Kabat CDRs. In some aspects, the CDRs are Chothia CDRs. In some 

aspects, the CDRs are AbM CDRs. In some aspects, the CDRs are Contact CDRs. In some 

aspects, the CDRs are IMGT CDRs.  

[00393] In some embodiments, an MSLN chimeric receptor provided herein comprises a 

VH sequence having at least about 50%, 60%, 70%, 80%, 90%, 95%, or 99% identity to an 

VH sequence set forth in SEQ ID NO: 17. In some embodiments, an MSLN chimeric 

receptor provided herein comprises a VH sequence provided in SEQ ID NO: 17, with up to 1, 

2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 amino acid 

substitutions. In some aspects, the amino acid substitutions are conservative amino acid 

substitutions. In some embodiments, the antigen-binding domains described in this paragraph 

are referred to herein as "variants." In some embodiments, such variants are derived from a 

sequence provided herein, for example, by affinity maturation, site directed mutagenesis, 

random mutagenesis, or any other method known in the art or described herein. In some 

embodiments, such variants are not derived from a sequence provided herein and may, for 

example, be isolated de novo according to the methods provided herein for obtaining 

antibodies or antigen-binding domains.  

[00394] In some aspects, provided herein are chimeric receptors that binds to mesothelin 

(MSLN), comprising a variable heavy (VHH) chain sequence comprising three heavy chain 

CDR sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: CDR-H1 comprises the 

sequence set forth in SEQ ID NO: 10, CDR-H2 comprises the sequence set forth in SEQ ID 

NO: 11, and CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

[00395] In some aspects, an MSLN chimeric receptor comprises a variable heavy (VHH) 

chain sequence comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR

H3. In some embodiments, the VHH chain sequence comprises the sequence set forth in SEQ 

ID NO: 13.  

[00396] In some embodiments, an MSLN chimeric receptor CDR-H3 has at least about 

50%, 75%, 80%, 85%, 90%, or 95% identity with a CDR-H3 of SEQ ID NO: 12, 200, or 201; 

the CDR-H2 has at least about 50%, 75%, 80%, 85%, 90%, or 95% identity with a CDR-H2 

of SEQ ID NO: 11, 196, 197, 198, or 199; the CDR-H1 has at least about 50%, 75%, 80%, 

85%, 90%, or 95% identity with a CDR-H1 of SEQ ID NO: 10, 192, 193, 194, or 195. In 

some embodiments, the CDR-H3 is a CDR-H3 of SEQ ID NO: 12, 200, or 201, with up to 1, 

2, 3, 4, 5, 6, 7, or 8 amino acid substitutions; the CDR-H2 is a CDR-H2 of SEQ ID NO: 11, 

196, 197, 198, or 199, with up to 1, 2, 3, 4, 5, 6, 7, or 8 amino acid substitutions; and the 
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CDR-H1 is a CDR-H1 of SEQ ID NO: 10, 192, 193, 194, or 195, with up to 1, 2, 3, 4, or 5 

amino acid substitutions.  

[00397] In some embodiments, an MSLN chimeric receptor provided herein comprises 

one to three CDRs of a VHH domain as set forth in SEQ ID NO: 13. In some embodiments, 

an MSLN chimeric receptor provided herein comprises two to three CDRs of a VHH domain 

as set forth in SEQ ID NO: 13. In some embodiments, an antigen-binding domain provided 

herein comprises three CDRs of a VHH domain as set forth in SEQ ID NO: 13. In some 

aspects, the CDRs are Kabat CDRs. In some aspects, the CDRs are Chothia CDRs. In some 

aspects, the CDRs are AbM CDRs. In some aspects, the CDRs are Contact CDRs. In some 

aspects, the CDRs are IMGT CDRs.  

[00398] In some embodiments, an MSLN chimeric receptor provided herein comprises a 

VHH sequence having at least about 50%, 60%, 70%, 80%, 90%, 95%, or 99% identity to an 

VHH sequence set forth in SEQ ID NO: 13. In some embodiments, an antigen-binding 

domain provided herein comprises a VHH sequence provided in SEQ ID NO: 13, with up to 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 amino 

acid substitutions. In some aspects, the amino acid substitutions are conservative amino acid 

substitutions. In some embodiments, the antigen-binding domains described in this paragraph 

are referred to herein as "variants." In some embodiments, such variants are derived from a 

sequence provided herein, for example, by affinity maturation, site directed mutagenesis, 

random mutagenesis, or any other method known in the art or described herein. In some 

embodiments, such variants are not derived from a sequence provided herein and may, for 

example, be isolated de novo according to the methods provided herein for obtaining 

antibodies or antigen-binding domains.  

[00399] In some embodiments, an MSLN chimeric receptor comprises a heavy chain 

variable (VH) region in which the full set of VH CDRs 1, 2, and 3 (combined) has at least 

80% (such as, e.g., 80%, 85%, 90%, 95%, at least 85%, at least 90%, at least 95%) sequence 

identity to the CDRs 1, 2, and 3 of one of SEQ ID NOs: 13 or 17. In some embodiments, the 

MSLN chimeric receptor comprises a heavy chain variable (VH) region in which the full set 

of VH CDRs 1, 2, and 3 (combined) has at least 85% (such as, e.g., 85%, 90%, 95%, at least 

90%, at least 95%) sequence identity to the CDRs 1, 2, and 3 of one of SEQ ID NOs: 13 or 

17. In some embodiments, the MSLN chimeric receptor comprises a heavy chain variable 

(VH) region in which the full set of VH CDRs 1, 2, and 3 (combined) has at least 90% (such 

as, e.g., 90%, 95%, at least 95%) sequence identity to the CDRs 1, 2, and 3 of one of SEQ ID 

NOs: 13 or 17. In some embodiments, the MSLN chimeric receptor comprises a heavy chain 
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variable (VH) region in which the full set of VH CDRs 1, 2, and 3 (combined) has at least 

95% sequence identity to the CDRs 1, 2, and 3 of one of SEQ ID NOs: 13 or 17.  

[00400] In some embodiments, the MSLN chimeric receptor comprises a heavy chain 

variable (VH) region in which the full set of VH CDRs 1, 2, and 3 (combined) has at least 

80% (such as, e.g., 80%, 85%, 90%, 95%, at least 85%, at least 90%, at least 95%) sequence 

identity to the CDRs 1, 2, and 3 of SEQ ID NO: 13. In some embodiments, the MSLN 

chimeric receptor comprises a heavy chain variable (VH) region in which the full set of VH 

CDRs 1, 2, and 3 (combined) has at least 80% (such as, e.g., 80%, 85%, 90%, 95%, at least 

85%, at least 90%, at least 95%) sequence identity to the CDRs 1, 2, and 3 of SEQ ID 

NO: 17.  

[00401] In some embodiments, the MSLN chimeric receptor comprises a heavy chain 

variable (VH) region comprising: 

(i) a VH complementarity determining region one (CDR1) comprising a sequence 

having at most two (e.g., one, two, zero) amino acid modifications relative to SEQ ID 

NO: 10, 192, 193, 194, or 195; 

(ii) a VH CDR2 comprising a sequence having at most two (e.g., one, two, zero) 

amino acid modifications relative to SEQ ID NO: 11, 196, 197, 198, or 199; and 

(iii) a VH CDR3 comprising a sequence having at most two (e.g., one, two, zero) 

amino acid modifications relative to SEQ ID NO: 12, 200, or 201.  

[00402] In some embodiments, the MSLN chimeric receptor comprises a heavy chain 

variable (VH) region comprising: 

(i) a VH complementarity determining region one (CDR1) comprising a sequence 

having at most two (e.g., one, two, zero) amino acid modifications relative to SEQ ID 

NO: 14, 202, 203, 204, or 205; 

(ii) a VH CDR2 comprising a sequence having at most two (e.g., one, two, zero) 

amino acid modifications relative to SEQ ID NO: 15, 206, 207, 208, or 209; and 

(iii) a VH CDR3 comprising a sequence having at most two (e.g., one, two, zero) 

amino acid modifications relative to SEQ ID NO: 16, 210, or 211.  

[00403] In some embodiments, each amino acid modification, if any, is a conservative 

amino acid substitution. In some embodiments, each amino acid modification, if any, is a 

conservative amino acid substitution listed in Table Al.  

[00404] In some embodiments, the MSLN chimeric receptor VH CDR1 comprises a 

sequence having at most one amino acid modification relative to SEQ ID NO: 10, 192, 193, 

194, or 195. In some embodiments, the MSLN chimeric receptor VH CDR2 comprises a 
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sequence having at most one amino acid modification relative to SEQ ID NO: 11, 196, 197, 

198, or 199. In some embodiments, the MSLN chimeric receptor VH CDR3 comprises a 

sequence having at most one amino acid modification relative to SEQ ID NO: 12, 200, or 

201. In some embodiments, the MSLN chimeric receptor VH CDR1 comprises a sequence 

having at most one amino acid modification relative to SEQ ID NO: 14, 202, 203, 204, or 

205. In some embodiments, the MSLN chimeric receptor VH CDR2 comprises a sequence 

having at most one amino acid modification relative to SEQ ID NO: 15, 206, 207, 208, or 

209. In some embodiments, the MSLN chimeric receptor VH CDR3 comprises a sequence 

having at most one amino acid modification relative to SEQ ID NO: 16, 210, or 211. In some 

embodiments, the at most one amino acid modification is an amino acid substitution. In some 

embodiments, the at most one amino acid modification is a conservative amino acid 

substitution. In some embodiments, the at most one amino acid modification is an amino acid 

deletion. In some embodiments, the at most one amino acid modification is an amino acid 

addition.  

[00405] In some embodiments, the MSLN chimeric receptor VH CDR1 comprises a 

sequence as set forth in SEQ ID NO: 10. In some embodiments, the MSLN chimeric receptor 

VH CDR2 comprises a sequence as set forth in SEQ ID NO: 11. In some embodiments, the 

MSLN chimeric receptor VH CDR3 comprises a sequence as set forth in SEQ ID NO: 12.  

[00406] In some embodiments, the MSLN chimeric receptor VH CDR1 comprises a 

sequence as set forth in SEQ ID NO: 14. In some embodiments, the MSLN chimeric receptor 

VH CDR2 comprises a sequence as set forth in SEQ ID NO: 15. In some embodiments, the 

MSLN chimeric receptor VH CDR3 comprises a sequence as set forth in SEQ ID NO: 16.  

[00407] In some embodiments, the MSLN chimeric receptor comprises a heavy chain 

variable (VH) region comprising: 

(i) a VH complementarity determining region one (CDR1) comprising the 

sequence set forth in SEQ ID NO: 10; 

(ii) a VH CDR2 comprising the sequence set forth in SEQ ID NO: 11; and 

(iii) a VH CDR3 comprising the sequence set forth in SEQ ID NO: 12.  

[00408] In some embodiments, the MSLN chimeric receptor comprises a heavy chain 

variable (VH) region comprising: 

(i) a VH complementarity determining region one (CDR1) comprising the 

sequence set forth in SEQ ID NO: 14; 

(ii) a VH CDR2 comprising the sequence set forth in SEQ ID NO: 15; and 

(iii) a VH CDR3 comprising the sequence set forth in SEQ ID NO: 16.  
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[00409] In some embodiments, the MSLN chimeric receptor comprises a heavy chain 

variable (VH) region comprising a VH CDR1, a VH CDR2, and a VH CDR3 comprising the 

sequences of SEQ ID NOs: 10, 11, and 12, respectively. In some embodiments, the MSLN 

chimeric receptor comprises a heavy chain variable (VH) region comprising a VH CDR1, a 

VH CDR2, and a VH CDR3 comprising the sequences of SEQ ID NOs: 14, 15, and 16, 

respectively.  

[00410] In some embodiments, the MSLN chimeric receptor comprises a heavy chain 

variable (VH) region comprising the CDR1, CDR2, and CDR3 of one of SEQ ID NOs: 13 or 

17. In some embodiments, the MSLN chimeric receptor comprises a heavy chain variable 

(VH) region comprising the CDR1, CDR2, and CDR3 of SEQ ID NO: 13. In some 

embodiments, the MSLN chimeric receptor comprises a heavy chain variable (VH) region 

comprising the CDR1, CDR2, and CDR3 of SEQ ID NO: 17.  

[00411] In some embodiments, the VH CDR1, VH CDR2, and VH CDR3 sequences are 

present in a human VH framework.  

[00412] In some embodiments, the MSLN chimeric receptor comprises a heavy chain 

variable (VH) region having at least 80% (such as, e.g., 80%, 85%, 90%, 95%, at least 85%, 

at least 90%, at least 95%) sequence identity to one of SEQ ID NOs: 13 or 17. In some 

embodiments, the MSLN chimeric receptor comprises a heavy chain variable (VH) region 

having at least 85% (such as, e.g., 85%, 90%, 95%, at least 90%, at least 95%) sequence 

identity to one of SEQ ID NOs: 13 or 17. In some embodiments, the MSLN chimeric receptor 

comprises a heavy chain variable (VH) region having at least 90% (such as, e.g., 90%, 95%, 

at least 95%) sequence identity to one of SEQ ID NOs: 13 or 17. In some embodiments, the 

MSLN chimeric receptor comprises a heavy chain variable (VH) region having at least 95% 

sequence identity to one of SEQ ID NOs: 13 or 17.  

[00413] In some embodiments, the MSLN chimeric receptor comprises a heavy chain 

variable (VH) region having at least 80% (such as, e.g., 80%, 85%, 90%, 95%, at least 85%, 

at least 90%, at least 95%) sequence identity to SEQ ID NO: 13. In some embodiments, the 

MSLN chimeric receptor comprises a heavy chain variable (VH) region having at least 80% 

(such as, e.g., 80%, 85%, 90%, 95%, at least 85%, at least 90%, at least 95%) sequence 

identity to SEQ ID NO: 17 

[00414] In some embodiments, the MSLN chimeric receptor comprises the heavy chain 

variable (VH) region of SEQ ID NO: 13. In some embodiments, MSLN chimeric receptor 

comprises the heavy chain variable (VH) region of SEQ ID NO: 17.  
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[00415] In some embodiments, the MSLN chimeric receptor specifically binds to human 

MSLN.  

[00416] In some embodiments, the MSLN chimeric receptor binds to human MSLN with a 

KD of from about 10-9 M to about 10-6 M. In some embodiments, the MSLN chimeric 

receptor to human MSLN with a KD of < 5 x 10-7 M. In some embodiments, the MSLN 

chimeric receptor binds to human MSLN with a KD Of< I X 10-7 M. In some embodiments, 

the MSLN chimeric receptor binds to human MSLN with a KD of < 5 x 10-8 M. In some 

embodiments, the MSLN chimeric receptor binds to human MSLN with a KD of < 2 x 10-8 M.  

In some embodiments, the MSLN chimeric receptor binds to human MSLN with a KD Of<1 

x 10-8 M. In some embodiments, the MSLN chimeric receptor binds to human MSLN with a 

KD Of< I x 10-9 M.  

[00417] In some embodiments, the MSLN chimeric receptor is a chimeric antigen receptor 

or a priming receptor.  

Chimeric Antigen Receptors 

[00418] In another aspect, provided herein are chimeric antigen receptors comprising an 

extracellular antigen-binding domain that specifically binds to mesothelin (MSLN; NCBI 

Entrez Gene: 10232; UniProtKB/Swiss-Prot: Q13421). The recombinant CAR may be a 

human CAR, comprising fully human sequences, e.g., natural human sequences.  

[00419] In some embodiments, the chimeric antigen receptor includes an extracellular 

portion comprising an antigen binding domain. The antigen recognition domain of a receptor 

such as a CAR can be linked to one or more intracellular signaling components, such as 

signaling components that mimic activation through an antigen receptor complex, such as a 

TCR complex, in the case of a CAR, and/or signal via another cell surface receptor. Thus, in 

some embodiments, the extracellular binding component (e.g., ligand-binding or antigen

binding domain) is linked to one or more transmembrane and intracellular signaling domains.  

In some embodiments, the transmembrane domain is fused to the extracellular domain. In one 

embodiment, a transmembrane domain that naturally is associated with one of the domains in 

the receptor, e.g., CAR, is used. In some instances, the transmembrane domain is selected or 

modified by amino acid substitution to avoid binding of such domains to the transmembrane 

domains of the same or different surface membrane proteins to minimize interactions with 

other members of the receptor complex.  

[00420] In some aspects, the chimeric antigen receptor includes an extracellular portion 

comprising an antigen binding domain described herein and an intracellular signaling domain. In 
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some embodiments, an antibody or fragment includes an scFv, a VH, or a single-domain VH 

antibody and the intracellular domain contains an ITAM. In some aspects, the intracellular 

signaling domain includes a signaling domain of a zeta chain of a CD3-zeta (CD3) chain. In 

some embodiments, the chimeric antigen receptor includes a transmembrane domain linking the 

extracellular domain and the intracellular signaling domain.  

[00421] In some aspects, the transmembrane domain contains a transmembrane portion of CD8a 

or CD28. The extracellular domain and transmembrane can be linked directly or indirectly. In 

some embodiments, the extracellular domain and transmembrane are linked by a spacer, such as 

any described herein. In some embodiments, the chimeric antigen receptor contains an 

intracellular domain of a T cell costimulatory molecule, such as between the transmembrane 

domain and intracellular signaling domain. In some aspects, the T cell costimulatory molecule is 

CD28 or 41BB.  

Chimeric Antigen Receptor CDRs, VH, VL Domains 

[00422] In some aspects, the chimeric antigen receptor extracellular antigen-binding 

domain comprises an MSLN antibody or antigen binding fragment thereof.  

[00423] In some aspects, the chimeric antigen receptor extracellular antigen-binding 

domain comprises a variable heavy (VH) chain sequence comprising three heavy chain CDR 

sequences, CDR-H1, CDR-H2, and CDR-H3. In some embodiments, the VH chain sequence 

comprises the sequence set forth in SEQ ID NO: 17.  

[00424] In some embodiments, the chimeric antigen receptor extracellular antigen-binding 

domain CDR-H3 has at least about 50%, 75%, 80%, 85%, 90%, or 95% identity with a CDR

H3 of SEQ ID NO: 16, the CDR-H2 has at least about 50%, 75%, 80%, 85%, 90%, or 95% 

identity with a CDR-H2 of SEQ ID NO: 15, the CDR-H1 has at least about 50%, 75%, 80%, 

85%, 90%, or 95% identity with a CDR-H1 of SEQ ID NO: 14. In some embodiments, the 

CDR-H3 is a CDR-H3 of SEQ ID NO: 16, with up to 1, 2, 3, 4, 5, 6, 7, or 8 amino acid 

substitutions; the CDR-H2 is a CDR-H2 of SEQ ID NO: 15, with up to 1, 2, 3, 4, 5, 6, 7, or 8 

amino acid substitutions; and the CDR-H1 is a CDR-H1 of SEQ ID NO: 14, with up to 1, 2, 

3, 4, or 5 amino acid substitutions.  

[00425] In some embodiments, a chimeric antigen receptor extracellular antigen-binding 

domain provided herein comprises one to three CDRs of a VH domain as set forth in SEQ ID 

NO: 17. In some embodiments, an antigen-binding domain provided herein comprises two to 

three CDRs of a VH domain as set forth in SEQ ID NO: 17. In some embodiments, an 

antigen-binding domain provided herein comprises three CDRs of a VH domain as set forth 
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in SEQ ID NO: 17. In some aspects, the CDRs are Kabat CDRs. In some aspects, the CDRs 

are Chothia CDRs. In some aspects, the CDRs are AbM CDRs. In some aspects, the CDRs 

are Contact CDRs. In some aspects, the CDRs are IMGT CDRs.  

[00426] In some embodiments, a chimeric antigen receptor extracellular antigen-binding 

domain provided herein comprises a VH sequence having at least about 50%, 60%, 70%, 

80%, 90%, 95%, or 99% identity to an VH sequence set forth in SEQ ID NO: 17. In some 

embodiments, an antigen-binding domain provided herein comprises a VH sequence 

provided in SEQ ID NO: 17, with up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 

18, 19, 20, 21, 22, 23, 24, or 25 amino acid substitutions. In some aspects, the amino acid 

substitutions are conservative amino acid substitutions. In some embodiments, the antigen

binding domains described in this paragraph are referred to herein as "variants." In some 

embodiments, such variants are derived from a sequence provided herein, for example, by 

affinity maturation, site directed mutagenesis, random mutagenesis, or any other method 

known in the art or described herein. In some embodiments, such variants are not derived 

from a sequence provided herein and may, for example, be isolated de novo according to the 

methods provided herein for obtaining antibodies or antigen-binding domains.  

[00427] In some aspects, the chimeric antigen receptor extracellular antigen-binding 

domain comprises a single antibody variable heavy (VHH) chain sequence comprising three 

heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3. In some embodiments, the 

VHH chain sequence comprises the sequence set forth in SEQ ID NO: 13.  

[00428] In some embodiments, the chimeric antigen receptor extracellular antigen-binding 

domain CDR-H3 has at least about 50%, 75%, 80%, 85%, 90%, or 95% identity with a CDR

H3 of SEQ ID NO: 12, the CDR-H2 has at least about 50%, 75%, 80%, 85%, 90%, or 95% 

identity with a CDR-H2 of SEQ ID NO: 11, the CDR-H1 has at least about 50%, 75%, 80%, 

85%, 90%, or 95% identity with a CDR-H1 of SEQ ID NO: 10. In some embodiments, the 

CDR-H3 is a CDR-H3 of SEQ ID NO: 12, with up to 1, 2, 3, 4, 5, 6, 7, or 8 amino acid 

substitutions; the CDR-H2 is a CDR-H2 of SEQ ID NO: 11, with up to 1, 2, 3, 4, 5, 6, 7, or 8 

amino acid substitutions; and the CDR-H1 is a CDR-H1 of SEQ ID NO: 10, with up to 1, 2, 

3, 4, or 5 amino acid substitutions.  

[00429] In some embodiments, a chimeric antigen receptor extracellular antigen-binding 

domain provided herein comprises one to three CDRs of a VHH domain as set forth in SEQ 

ID NO: 13. In some embodiments, an antigen-binding domain provided herein comprises two 

to three CDRs of a VHH domain as set forth in SEQ ID NO: 13. In some embodiments, an 

antigen-binding domain provided herein comprises three CDRs of a VHH domain as set forth 
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in SEQ ID NO: 13. In some aspects, the CDRs are Kabat CDRs. In some aspects, the CDRs 

are Chothia CDRs. In some aspects, the CDRs are AbM CDRs. In some aspects, the CDRs 

are Contact CDRs. In some aspects, the CDRs are IMGT CDRs.  

[00430] In some embodiments, a chimeric antigen receptor extracellular antigen-binding 

domain provided herein comprises a VHH sequence having at least about 50%, 60%, 70%, 

80%, 90%, 95%, or 9 9 % identity to an VHH sequence set forth in SEQ ID NO: 13. In some 

embodiments, an antigen-binding domain provided herein comprises a VHH sequence 

provided in SEQ ID NO: 13, with up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 

18, 19, 20, 21, 22, 23, 24, or 25 amino acid substitutions. In some aspects, the amino acid 

substitutions are conservative amino acid substitutions. In some embodiments, the antigen

binding domains described in this paragraph are referred to herein as "variants." In some 

embodiments, such variants are derived from a sequence provided herein, for example, by 

affinity maturation, site directed mutagenesis, random mutagenesis, or any other method 

known in the art or described herein. In some embodiments, such variants are not derived 

from a sequence provided herein and may, for example, be isolated de novo according to the 

methods provided herein for obtaining antibodies or antigen-binding domains.  

[00431] Table C provides illustrative MSLN antigen binding domain CDR sequences of 

the VHH of SEQ ID NO: 13 and the VHH of SEQ ID NO: 17, according to the indicated 

numbering schemes.  

Table C 
SEQ ID NO Name Numbering scheme Sequence 
10 CDPHI C-hothiaG Y--
192 AbM GI S LY 

193 Kabat -- RMF 
194 Contact ---- LM1R 

195 IMGT DL 
11 CDR-H2 Chothia -- -- -- ------ T G 

196 AbM 
197 Kabat A 
198 Coniaci LV 
199 --T--- -- -- -

12 CDR-H3 Chofia -- TPFY 
12 AbM -- -- TPLSP V NY 

12 Kabat -- ETPSvNY 

200 Contact N1.E T I' S PVN--

201 IMGT NANTPLSPWY 

14 CDR-H1 Chotia GiG I S -- -- -

202 AbM GGISS IW 
203 Kaba ------------- NSYYW 

204 Contact ------- SNS 43Y YW 
204 
205 EIGT GGS1ISNSY-

15 CDH2 Cotia SN 
206 bM - ---- I HS G T --- --- --- -- -- -- -

206 
207 Kabat --- SYH 
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208 Contact WGSYHN --
209 UVIM T --------- -- - H T -- -- -- -- -----------

16 CDR-H3 Chothia Q DGV'A TTE 
16 AbM
16 Kabat -- QDGVGATE 

210 Contact V ATE 

211 [MG-T VTQDGVATTTEEY 

CAR Transmembrane Domain 

[00432] The transmembrane domain in some embodiments is derived either from a natural or 

from a synthetic source. Where the source is natural, the domain in some aspects is derived from 

any membrane-bound or transmembrane protein. Transmembrane regions include those derived 

from (i.e. comprise at least the transmembrane region(s) of) the alpha, beta or zeta chain of the T

cell receptor, CD28, CD3 epsilon, CD45, CD4, CD5, CDS, CD9, CD16, CD22, CD33, CD37, 

CD64, CD80, CD86, CD 134, CD137, and/or CD154. Alternatively the transmembrane domain 

in some embodiments is synthetic. In some aspects, the synthetic transmembrane domain 

comprises predominantly hydrophobic residues such as leucine and valine. In some aspects, a 

triplet of phenylalanine, tryptophan and valine will be found at each end of a synthetic 

transmembrane domain. In some embodiments, the linkage is by linkers, spacers, and/or 

transmembrane domain(s).  

[00433] In some embodiments, the transmembrane domain of the receptor, e.g., the CAR, is a 

transmembrane domain of human CD28 or variant thereof, e.g., a 27-amino acid transmembrane 

domain of a human CD28 (Accession No.: P10747.1).  

[00434] In some embodiments, the CAR comprises a CD8a TMD. In some embodiments, the 

CD8a TM Dcomprises the sequence set forth in SEQ ID NO: 27.  

CAR Hinge 

[00435] In some embodiments, the CAR further includes a spacer, which may be or include at 

least a portion of an immunoglobulin constant region or variant or modified version thereof, such 

as a hinge region, e.g., a CD8a hinge, an IgG4 hinge region, and/or a CH1/CL and/or Fc region.  

In some embodiments, the constant region or portion is of a human IgG, such as IgG4 or IgGI.  

In some aspects, the portion of the constant region serves as a spacer region between the antigen

recognition component, e.g., scFv, and transmembrane domain. The spacer can be of a length 

that provides for increased responsiveness of the cell following antigen binding, as compared to 

in the absence of the spacer. In some examples, the spacer is at or about 12 amino acids in length 

or is no more than 12 amino acids in length. Exemplary spacers include those having at least 

about 10 to 229 amino acids, about 10 to 200 amino acids, about 10 to 175 amino acids, about 10 
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to 150 amino acids, about 10 to 125 amino acids, about 10 to 100 amino acids, about 10 to 75 

amino acids, about 10 to 50 amino acids, about 10 to 40 amino acids, about 10 to 30 amino acids, 

about 10 to 20 amino acids, or about 10 to 15 amino acids, and including any integer between the 

endpoints of any of the listed ranges. In some embodiments, a spacer region has about 12 amino 

acids or less, about 119 amino acids or less, or about 229 amino acids or less. Exemplary spacers 

include CD8a hinge, IgG4 hinge alone, IgG4 hinge linked to CH2 and CH3 domains, or IgG4 

hinge linked to the CH3 domain. Exemplary spacers include, but are not limited to, those 

described in Hudecek et al. (2013) Clin. Cancer Res., 19:3153 or international patent application 

publication number W02014031687. In some embodiments, the CAR hinge comprises a CD8a 

hinge. In some embodiments, the CD8a hinge comprises the sequence set forth in SEQ ID NO: 

26.  

[00436] Among the intracellular signaling domains are those that mimic or approximate a signal 

through a natural antigen receptor, a signal through such a receptor in combination with a 

costimulatory receptor, and/or a signal through a costimulatory receptor alone. In some 

embodiments, a short oligo- or polypeptide linker, for example, a linker of between 2 and 10 

amino acids in length, such as one containing glycines and serines, e.g., glycine-serine doublet, is 

present and forms a linkage between the transmembrane domain and the cytoplasmic signaling 

domain of the receptor.  

CAR Intracellular Domain 

[00437] In some embodiments, upon ligation of the CAR, the cytoplasmic domain or 

intracellular signaling domain of the receptor activates at least one of the normal effector 

functions or responses of the immune cell, e.g., T cell engineered to express the receptor. For 

example, in some contexts, the receptor induces a function of a T cell such as cytolytic activity or 

T-helper activity, such as secretion of cytokines or other factors. In some embodiments, a 

truncated portion of an intracellular signaling domain of an antigen receptor component or 

costimulatory molecule is used in place of an intact immunostimulatory chain, for example, if it 

transduces the effector function signal. In some embodiments, the intracellular signaling domain 

or domains include the cytoplasmic sequences of the T cell receptor (TCR), and in some aspects 

also those of co-receptors that in the natural context act in concert with such receptor to initiate 

signal transduction following antigen receptor engagement, and/or any derivative or variant of 

such molecules, and/or any synthetic sequence that has the same functional capability.  

[00438] In some aspects, the receptor includes a primary cytoplasmic signaling sequence that 

regulates primary activation of the TCR complex. Primary cytoplasmic signaling sequences that 

73



WO 2023/064928 PCT/US2022/078158 

act in a stimulatory manner may contain signaling motifs which are known as immunoreceptor 

tyrosine-based activation motifs or ITAMs. Examples of ITAM containing primary cytoplasmic 

signaling sequences include those derived from TCR or CD3 zeta, FcR gamma, FcR beta, CD3 

gamma, CD3 delta, CD3 epsilon, CDS, CD22, CD79a, CD79b, and CD66d. In some 

embodiments, cytoplasmic signaling molecule(s) in the CAR contain(s) a cytoplasmic signaling 

domain, portion thereof, or sequence derived from CD3 zeta.  

[00439] In some embodiments, the intracellular signaling domain comprises a human CD3 zeta 

stimulatory signaling domain or functional variant thereof, such as a 112 AA cytoplasmic domain 

of isoform 3 of human CD3.zeta. (Accession No.: P20963.2) or a CD3 zeta signaling domain as 

described in U.S. Pat. No. 7,446,190 or U.S. Pat. No. 8,911,993.  

[00440] The receptor, e.g., the CAR, can include at least one intracellular signaling component 

or components. In some embodiments, the receptor includes an intracellular component of a TCR 

complex, such as a TCR CD3 chain that mediates T-cell activation and cytotoxicity, e.g., CD3 

zeta chain. Thus, in some aspects, the extracellular domain is linked to one or more cell signaling 

modules. In some embodiments, cell signaling modules include CD3 transmembrane domain, 

CD3 intracellular signaling domains, and/or other CD transmembrane domains. In some 

embodiments, the receptor, e.g., CAR, further includes a portion of one or more additional 

molecules such as Fc receptor-gamma, CD8, CD4, CD25, or CD16. For example, in some 

aspects, the CAR includes a chimeric molecule between CD3-zeta or Fc receptor-gamma and 

CD8, CD4, CD25 or CD16. In some embodiments, the CAR comprises a CD3-zeta activation 

domain comprising the sequence set forth in SEQ ID NO: 29.  

[00441] In some embodiments, the intracellular domain comprises an intracellular costimulatory 

signaling domain of 41BB or functional variant or portion thereof, such as a 42-amino acid 

cytoplasmic domain of a human 4-1BB (Accession No. Q07011.1) or functional variant or 

portion thereof.  

[00442] In some embodiments, the receptor encompasses one or more, e.g., two or more, 

costimulatory domains and an activation domain, e.g., primary activation domain, in the 

cytoplasmic portion. Exemplary receptors include intracellular components of CD3-zeta, CD28, 

and 4-1BB. In some embodiments, the chimeric antigen receptor contains an intracellular domain 

of a T cell costimulatory molecule. In some aspects, the T cell costimulatory molecule is 4-1BB.  

[00443] In some embodiments, the receptor includes a signaling domain and/or transmembrane 

portion of a costimulatory receptor, such as CD28, 4-1BB, OX40, DAP1O, and ICOS. In some 

aspects, the same receptor includes both the activating and costimulatory components.  
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[00444] In certain embodiments, the intracellular signaling domain comprises a CD8a 

transmembrane and signaling domain linked to a CD3 (e.g., CD3-zeta) intracellular domain. In 

some embodiments, the intracellular signaling domain comprises a 4-1BB (CD137, TNFRSF9) 

co-stimulatory domains, linked to a CD3 zeta intracellular domain. In some embodiments, the 

CAR comprises a 4-1BB co-stimulatory domain. In some embodiments, the 4-1BB co

stimulatory domain comprises the sequence as set forth in SEQ ID NO: 28.  

[00445] In some embodiments, the CAR comprises a sequence as set forth in SEQ ID NO: 30, 

31, 32, or 33. In some embodiments, the CAR comprises a sequence as set forth in SEQ ID NO: 

30.  

[00446] In some embodiments, the CAR or other antigen receptor further includes a marker, 

such as a cell surface marker, which may be used to confirm transduction or engineering of the 

cell to express the receptor, such as a truncated version of a cell surface receptor, such as 

truncated EGFR (tEGFR). In some aspects, the marker includes all or part (e.g., truncated form) 

of CD34, a nerve growth factor receptor (NGFR), or epidermal growth factor receptor (e.g., 

tEGFR). In some embodiments, the nucleic acid encoding the marker is operably linked to a 

polynucleotide encoding for a linker sequence, such as a cleavable linker sequence or a 

ribosomal skip sequence, e.g., T2A. See WO2014031687. In some embodiments, introduction of 

a construct encoding the CAR and EGFRt separated by a T2A ribosome switch can express two 

proteins from the same construct, such that the EGFRt can be used as a marker to detect cells 

expressing such construct. In some embodiments, a marker, and optionally a linker sequence, can 

be any as disclosed in published patent application No. WO2014031687. For example, the 

marker can be a truncated EGFR (tEGFR) that is, optionally, linked to a linker sequence, such as 

a T2A ribosomal skip sequence.  

[00447] In some embodiments, the marker is a molecule, e.g., cell surface protein, not naturally 

found on T cells or not naturally found on the surface of T cells, or a portion thereof.  

[00448] In some embodiments, the molecule is a non-self molecule, e.g., non-self protein, i.e., 

one that is not recognized as "self"by the immune system of the host into which the cells will be 

adoptively transferred.  

[00449] In some embodiments, the marker serves no therapeutic function and/or produces no 

effect other than to be used as a marker for genetic engineering, e.g., for selecting cells 

successfully engineered. In other embodiments, the marker may be a therapeutic molecule or 

molecule otherwise exerting some desired effect, such as a ligand for a cell to be encountered in 

vivo, such as a costimulatory or immune checkpoint molecule to enhance and/or dampen 

responses of the cells upon adoptive transfer and encounter with ligand.  
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[00450] The CAR may comprise one or modified synthetic amino acids in place of one or more 

naturally-occurring amino acids. Exemplary modified amino acids include, but are not limited to, 

aminocyclohexane carboxylic acid, norleucine, a-amino n-decanoic acid, homoserine, S

acetylaminomethylcysteine, trans-3- and trans-4-hydroxyproline, 4-aminophenylalanine, 4

nitrophenylalanine, 4-chlorophenylalanine, 4-carboxyphenylalanine, (3-phenylserine (3

hydroxyphenylalanine, phenylglycine, a-naphthylalanine, cyclohexylalanine, cyclohexylglycine, 

indoline-2-carboxylic acid, 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid, aminomalonic acid, 

aminomalonic acid monoamide, N' -benzyl-N'-methyl-lysine, N',N' -dibenzyl-lysine, 6

hydroxylysine, ornithine, a-aminocyclopentane carboxylic acid, a-aminocyclohexane carboxylic 

acid, a-aminocycloheptane carboxylic acid, a-(2-amino-2-norbomane )-carboxylic acid, a,y 

diaminobutyric acid, a,y -diaminopropionic acid, homophenylalanine, and a-tertbutylglycine.  

[00451] For example, in some embodiments, the CAR includes an antibody or fragment thereof, 

including single chain antibodies (sdAbs, e.g. containing only the VH region), VH domains, and 

scFvs, described herein, a spacer such as a CD8a hinge, a CD8a transmembrane domain, a 4

iBB intracellular signaling domain, and a CD3 zeta signaling domain. In some embodiments, the 

CAR includes an antibody or fragment, including sdAbs and scFvs described herein, a spacer 

such as a CD8a hinge, a CD8a transmembrane domain, a 4-1BB intracellular signaling domain, 

and a CD3 zeta signaling domain.  

MSLN Antibodies and Antigen Binding Fragments 

[00452] In some aspects, provided herein are MSLN antibodies or antigen binding 

fragments thereof. In some embodiments, the MSLN antigen-binding moiety is selected from 

the group consisting of an antibody, a nanobody, a diabody, a triabody, or a minibody, a 

F(ab')2 fragment, a Fab fragment, a single chain variable fragment (scFv), and a single 

domain antibody (sdAb), or a functional fragment thereof. In some embodiments, the 

antigen-binding moiety comprises an scFv. The antigen-binding moiety can include 

naturally-occurring amino acid sequences or can be engineered, designed, or modified so as 

to provide desired and/or improved properties, e.g., increased binding affinity.  

[00453] In some aspects, provided herein are isolated antibodies or antigen binding 

fragments thereof that binds to mesothelin (MSLN), comprising a single domain antibody 

comprising a variable heavy (VHH) chain sequence comprising three heavy chain CDR 

sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: CDR-H1 comprises the sequence set 

forth in SEQ ID NO: 10, CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  
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[00454] In some aspects, an MSLN antibody or antigen binding fragment comprises a 

single domain antibody variable heavy (VHH) chain sequence comprising three heavy chain 

CDR sequences, CDR-H1, CDR-H2, and CDR-H3. In some embodiments, the VHH chain 

sequence comprises the sequence set forth in SEQ ID NO: 13.  

[00455] In some embodiments, the MSLN antibody or antigen binding fragment CDR-H3 

has at least about 50%, 75%, 80%, 85%, 90%, or 95% identity with a CDR-H3 of SEQ ID 

NO: 12, 200, or 201; the CDR-H2 has at least about 50%, 75%, 80%, 85%, 90%, or 95% 

identity with a CDR-H2 of SEQ ID NO: 11, 196, 197, 198, or 199; the CDR-H1 has at least 

about 50%, 75%, 80%, 85%, 90%, or 95% identity with a CDR-H1 of SEQ ID NO: 10, 192, 

193, 194, or 195. In some embodiments, the CDR-H3 is a CDR-H3 of SEQ ID NO: 12, 200, 

or 201, with up to 1, 2, 3, 4, 5, 6, 7, or 8 amino acid substitutions; the CDR-H2 is a CDR-H2 

of SEQ ID NO: 11, 196, 197, 198, or 199, with up to 1, 2, 3, 4, 5, 6, 7, or 8 amino acid 

substitutions; and the CDR-H1 is a CDR-H1 of SEQ ID NO: 10, 192, 193, 194, or 195, with 

up to 1, 2, 3, 4, or 5 amino acid substitutions.  

[00456] In some embodiments, an MSLN antibody or antigen binding fragment provided 

herein comprises one to three CDRs of a VHH domain as set forth in SEQ ID NO: 13. In 

some embodiments, an antigen-binding domain provided herein comprises two to three CDRs 

of a VHH domain as set forth in SEQ ID NO: 13. In some embodiments, an antigen-binding 

domain provided herein comprises three CDRs of a VHH domain as set forth in SEQ ID NO: 

13. In some aspects, the CDRs are Kabat CDRs. In some aspects, the CDRs are Chothia 

CDRs. In some aspects, the CDRs are AbM CDRs. In some aspects, the CDRs are Contact 

CDRs. In some aspects, the CDRs are IMGT CDRs.  

[00457] In some embodiments, an MSLN antibody or antigen binding fragment provided 

herein comprises a VHH sequence having at least about 50%, 60%, 70%, 80%, 90%, 95%, or 

9 9 % identity to an VHH sequence set forth in SEQ ID NO: 13. In some embodiments, an 

antigen-binding domain provided herein comprises a VHH sequence provided in SEQ ID 

NO: 13, with up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 

24, or 25 amino acid substitutions. In some aspects, the amino acid substitutions are 

conservative amino acid substitutions. In some embodiments, the antigen-binding domains 

described in this paragraph are referred to herein as "variants." In some embodiments, such 

variants are derived from a sequence provided herein, for example, by affinity maturation, 

site directed mutagenesis, random mutagenesis, or any other method known in the art or 

described herein. In some embodiments, such variants are not derived from a sequence 
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provided herein and may, for example, be isolated de novo according to the methods provided 

herein for obtaining antibodies or antigen-binding domains.  

[00458] In some embodiments, the MSLN antibody or antigen binding fragment comprises 

a heavy chain variable (VH) region in which the full set of VH CDRs 1, 2, and 3 (combined) 

has at least 80% (such as, e.g., 80%, 85%, 90%, 95%, at least 85%, at least 90%, at least 

95%) sequence identity to the CDRs 1, 2, and 3 of SEQ ID NO: 13. In some embodiments, 

the MSLN antibody or antigen binding fragment comprises a heavy chain variable (VH) 

region in which the full set of VH CDRs 1, 2, and 3 (combined) has at least 85% (such as, 

e.g., 85%, 90%, 95%, at least 90%, at least 95%) sequence identity to the CDRs 1, 2, and 3 of 

SEQ ID NO: 13. In some embodiments, the MSLN antibody or antigen binding fragment 

comprises a heavy chain variable (VH) region in which the full set of VH CDRs 1, 2, and 3 

(combined) has at least 90% (such as, e.g., 90%, 95%, at least 95%) sequence identity to the 

CDRs 1, 2, and 3 of SEQ ID NO: 13. In some embodiments, the MSLN antibody or antigen 

binding fragment comprises a heavy chain variable (VH) region in which the full set of VH 

CDRs 1, 2, and 3 (combined) has at least 95% sequence identity to the CDRs 1, 2, and 3 of 

SEQ ID NO: 13.  

[00459] In some embodiments, the MSLN antibody or antigen binding fragment comprises 

a heavy chain variable (VH) region comprising: 

(i) a VH complementarity determining region one (CDR1) comprising a sequence 

having at most two (e.g., one, two, zero) amino acid modifications relative to SEQ ID 

NO: 10, 192, 193, 194, or 195; 

(ii) a VH CDR2 comprising a sequence having at most two (e.g., one, two, zero) 

amino acid modifications relative to SEQ ID NO: 11, 196, 197, 198, or 199; and 

(iii) a VH CDR3 comprising a sequence having at most two (e.g., one, two, zero) 

amino acid modifications relative to SEQ ID NO: 12, 200, or 201.  

[00460] In some embodiments, each amino acid modification, if any, is a conservative 

amino acid substitution. In some embodiments, each amino acid modification, if any, is a 

conservative amino acid substitution listed in Table Al.  

[00461] In some embodiments, the VH CDR1 comprises a sequence having at most one 

amino acid modification relative to SEQ ID NO: 10, 192, 193, 194, or 195. In some 

embodiments, the VH CDR2 comprises a sequence having at most one amino acid 

modification relative to SEQ ID NO: 11, 196, 197, 198, or 199. In some embodiments, the 

VH CDR3 comprises a sequence having at most one amino acid modification relative to SEQ 

ID NO: 12, 200, or 201. In some embodiments, the at most one amino acid modification is an 
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amino acid substitution. In some embodiments, the at most one amino acid modification is a 

conservative amino acid substitution. In some embodiments, the at most one amino acid 

modification is an amino acid deletion. In some embodiments, the at most one amino acid 

modification is an amino acid addition.  

[00462] In some embodiments, the VH CDR1 comprises a sequence as set forth in SEQ ID 

NO: 10. In some embodiments, the VH CDR2 comprises a sequence as set forth in SEQ ID 

NO: 11. In some embodiments, the VH CDR3 comprises a sequence as set forth in SEQ ID 

NO: 12.  

[00463] In some embodiments, the MSLN antibody or antigen binding fragment comprises 

a heavy chain variable (VH) region comprising: 

(i) a VH complementarity determining region one (CDR1) comprising the 

sequence set forth in SEQ ID NO: 10; 

(ii) a VH CDR2 comprising the sequence set forth in SEQ ID NO: 11; and 

(iii) a VH CDR3 comprising the sequence set forth in SEQ ID NO: 12.  

[00464] In some embodiments, the MSLN antibody or antigen binding fragment comprises 

a heavy chain variable (VH) region comprising a VH CDR1, a VH CDR2, and a VH CDR3 

comprising the sequences of SEQ ID NOs: 10, 11, and 12, respectively.  

[00465] In some embodiments, the MSLN antibody or antigen binding fragment comprises 

a heavy chain variable (VH) region comprising the CDR1, CDR2, and CDR3 of SEQ ID 

NO: 13.  

[00466] In some embodiments, the VH CDR1, VH CDR2, and VH CDR3 sequences are 

present in a human VH framework.  

[00467] In some embodiments, the MSLN antibody or antigen binding fragment comprises 

a heavy chain variable (VH) region having at least 80% (such as, e.g., 80%, 85%, 90%, 95%, 

at least 85%, at least 90%, at least 95%) sequence identity to SEQ ID NO: 13. In some 

embodiments, the MSLN antibody or antigen binding fragment comprises a heavy chain 

variable (VH) region having at least 85% (such as, e.g., 85%, 90%, 95%, at least 90%, at 

least 95%) sequence identity to SEQ ID NO: 13. In some embodiments, the MSLN antibody 

or antigen binding fragment comprises a heavy chain variable (VH) region having at least 

90% (such as, e.g., 90%, 95%, at least 95%) sequence identity to SEQ ID NO: 13. In some 

embodiments, the MSLN antibody or antigen binding fragment comprises a heavy chain 

variable (VH) region having at least 95% sequence identity to SEQ ID NO: 13.  
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[00468] In some embodiments, the MSLN antibody or antigen binding fragment comprises 

a heavy chain variable (VH) region having at least 80% (such as, e.g., 80%, 85%, 90%, 95%, 

at least 8 5 %, at least 90%, at least 95%) sequence identity to SEQ ID NO: 13.  

[00469] In some embodiments, the MSLN antibody or antigen binding fragment 

specifically binds to human MSLN.  

[00470] In some embodiments, the MSLN antibody or antigen binding fragment binds to 

human MSLN with a KD of from about 10-9 M to about 10-6 M. In some embodiments, the 

MSLN antibody or antigen binding fragment binds to human MSLN with a KD of < 5 x 10-7 

M. In some embodiments, the MSLN antibody or antigen binding fragment binds to human 

MSLN with a KD Of< I X 10-7 M. In some embodiments, the MSLN antibody or antigen 

binding fragment binds to human MSLN with a KD of < 5 x 10-' M. In some embodiments, 

the MSLN antibody or antigen binding fragment binds to human MSLN with a KD of < 2 x 

10-8 M. In some embodiments, the MSLN antibody or antigen binding fragment binds to 

human MSLN with a KD Of<1 X 10-8 M. In some embodiments, the MSLN antibody or 

antigen binding fragment binds to human MSLN with a KD Of< I X 10-9 M.  

[00471] In some embodiments, the MSLN antibody or antigen binding fragment is a single 

domain antibody.  

[00472] In some embodiments, the MSLN antibody or antigen binding fragment is a 

human single domain antibody.  

[00473] In some embodiments, the MSLN antibody or antigen binding fragment is an 

isolated single domain antibody. In some embodiments, the MSLN antibody or antigen 

binding fragment is an isolated, human single domain antibody.  

Recombinant Nucleic Acids and Vectors 

[00474] In one aspect, provided herein are recombinant nucleic acids wherein the one or 

more recombinant nucleic acids encode: a first chimeric polypeptide comprising a priming 

receptor comprising a first extracellular antigen-binding domain that specifically binds to 

Alkaline Phosphatase, Germ Cell (ALPG/P); a second chimeric polypeptide comprising a 

CAR comprising a second extracellular antigen-binding domain that specifically binds to 

mesothelin (MSLN); and a nucleic acid sequence at least 15 nucleotides in length, wherein 

the nucleic acid sequence is selected from the group consisting of: a nucleic acid sequence 

complementary to nucleotides 1126 to 1364 of an mRNA encoding human FAS comprising 

the sequence set forth in SEQ ID NO: 39, a nucleic acid sequence complementary to 

nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising the sequence set 
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forth in SEQ ID NO: 40; and a nucleic acid sequence complementary to nucleotides 1294 to 

2141 of an mRNA encoding human TOX comprising the sequence set forth in SEQ ID NO: 

41.  

[00475] In another aspect, provided herein are recombinant nucleic acids wherein the one 

or more recombinant nucleic acids encode: a first chimeric polypeptide comprises a priming 

receptor comprising a first extracellular antigen-binding domain that specifically binds 

Alkaline Phosphatase, Placental/Germ Cell (ALPG/P), wherein the first extracellular antigen

binding domain comprises a variable heavy (VH) chain sequence comprising three heavy 

chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, and a variable light (VL) chain 

sequence comprising three light chain CDR sequences, CDR-L1, CDR-L2, and CDR-L3, 

wherein: CDR-H1 comprises the sequence set forth in SEQ ID NO: 1, CDR-H2 comprises 

the sequence set forth in SEQ ID NO: 2, CDR-H3 comprises the sequence set forth in SEQ 

ID NO: 3, CDR-L1 comprises the sequence set forth in SEQ ID NO: 4, CDR-L2 comprises 

the sequence set forth in SEQ ID NO: 5, and CDR-L3 comprises the sequence set forth in 

SEQ ID NO: 6; a second chimeric polypeptide comprising a chimeric antigen receptor 

(CAR); and a first nucleic acid sequence at least 15 nucleotides in length, wherein the first 

nucleic acid sequence is complementary to nucleotides 1126 to 1364 of an mRNA encoding 

human FAS comprising the sequence set forth in SEQ ID NO: 39, and a second nucleic acid 

sequence at least 15 nucleotides in length, wherein the second nucleic acid sequence is 

complementary to nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising 

the sequence set forth in SEQ ID NO: 40; or complementary to nucleotides 1294 to 2141 of 

an mRNA encoding human TOX comprising the sequence set forth in SEQ ID NO: 41.  

[00476] In another aspect, provided herein are recombinant nucleic acids wherein the one 

or more recombinant nucleic acids encode: a first chimeric polypeptide comprises a priming 

receptor; a second chimeric polypeptide comprising a chimeric antigen receptor (CAR) 

comprising an extracellular antigen-binding domain that specifically binds to mesothelin 

(MSLN), wherein the extracellular antigen-binding domain comprises a variable heavy (VH) 

chain sequence comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR

H3, wherein: CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, CDR-H2 

comprises the sequence set forth in SEQ ID NO: 15, and CDR-H3 comprises the sequence set 

forth in SEQ ID NO: 16; and a first nucleic acid sequence at least 15 nucleotides in length, 

wherein the first nucleic acid sequence is complementary to nucleotides 1126 to 1364 of an 

mRNA encoding human FAS comprising the sequence set forth in SEQ ID NO: 39, and a 

second nucleic acid sequence at least 15 nucleotides in length, wherein the second nucleic 
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acid sequence is complementary to nucleotides 518 to 559 of an mRNA encoding human 

PTPN2 comprising the sequence set forth in SEQ ID NO: 40; or complementary to 

nucleotides 1294 to 2141 of an mRNA encoding human TOX comprising the sequence set 

forth in SEQ ID NO: 41.  

[00477] In another aspect, provided herein are recombinant nucleic acids wherein the one 

or more recombinant nucleic acids encode: a first chimeric polypeptide comprising a priming 

receptor; a second chimeric polypeptide comprising a chimeric antigen receptor (CAR) 

comprising an extracellular antigen-binding domain that specifically binds to mesothelin 

(MSLN), wherein the extracellular antigen-binding domain comprises a single domain 

antibody comprising a variable heavy (VHH) chain sequence comprising three heavy chain 

CDR sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: CDR-H1 comprises the 

sequence set forth in SEQ ID NO: 10, CDR-H2 comprises the sequence set forth in SEQ ID 

NO: 11, and CDR-H3 comprises the sequence set forth in SEQ ID NO: 12; and a first nucleic 

acid sequence at least 15 nucleotides in length, wherein the first nucleic acid sequence is 

complementary to nucleotides 1126 to 1364 of an mRNA encoding human FAS comprising 

the sequence set forth in SEQ ID NO: 39, and a second nucleic acid sequence at least 15 

nucleotides in length, wherein the second nucleic acid sequence is complementary to 

nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising the sequence set 

forth in SEQ ID NO: 40; or complementary to nucleotides 1294 to 2141 of an mRNA 

encoding human TOX comprising the sequence set forth in SEQ ID NO: 41.  

[00478] In some embodiments, the recombinant nucleic acid comprises a sequence 

selected form the group consisting of the sequences shown in SEQ ID NOs: 156-165.  

RNA Interference Molecules 

[00479] Fas Cell Surface Death Receptor (FAS) is an apoptosis-inducing TNF receptor 

superfamily member. Protein Tyrosine Phosphatase Non-Receptor Type 2 (PTPN2) is a 

phosphatase that regulates interferon and many other signaling pathways. Thymocyte 

selection associated high mobility group box (TOX) is a transcription factor that regulates 

differentiation of exhausted T cells.  

[00480] As used herein, "target gene" refers to a nucleic acid sequence in a cell, wherein 

the expression of the sequence may be specifically and effectively modulated using the 

recombinant nucleic acid molecules and methods described herein. In certain embodiments, 

the target gene may be implicated in the growth (proliferation), maintenance (survival), 

and/or immune behavior of an individual's immune cells. In some embodiments, the target 
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gene is FAS. In some embodiments, the target gene is PTPN2. In some embodiments, the 

target gene is TOX. In some embodiments, more than one target gene is modulated using a 

recombinant nucleic acid molecule and methods described herein. In some embodiments, at 

least two target gene are modulated using the recombinant nucleic acid molecules and 

methods described herein. In some embodiments, the recombinant nucleic acid molecule(s) is 

an shRNA. In some embodiments, the target genes are at least FAS and PTPN2. In some 

embodiments, the target genes are at least FAS and TOX.  

[00481] In some embodiments, the recombinant nucleic acid comprises a nucleic acid 

sequence at least 15 nucleotides in length complementary to nucleotides 1126 to 1364 of an 

mRNA encoding human FAS comprising the sequence set forth in SEQ ID NO: 39.  

[00482] In some embodiments, the recombinant nucleic acid comprises a nucleic acid 

sequence at least 15 nucleotides in length complementary to nucleotides 518 to 559 of an 

mRNA encoding human Protein Tyrosine Phosphatase Non-Receptor Type 2 (PTPN2) 

comprising the sequence set forth in SEQ ID NO: 40.  

[00483] In some embodiments, the recombinant nucleic acid comprises a nucleic acid 

sequence at least 15 nucleotides in length complementary to nucleotides 1294 to 2141 of an 

mRNA encoding human thymocyte selection associated high mobility group box (TOX) 

comprising the sequence set forth in SEQ ID NO: 41.  

[00484] In some embodiments, the recombinant nucleic acid comprises a first nucleic acid 

sequence at least 15 nucleotides in length complementary to nucleotides 1126 to 1364 of an 

mRNA encoding human FAS comprising the sequence set forth in SEQ ID NO: 39 and a 

second nucleic acid sequence at least 15 nucleotides in length complementary to nucleotides 

518 to 559 of an mRNA encoding human Protein Tyrosine Phosphatase Non-Receptor Type 

2 (PTPN2) comprising the sequence set forth in SEQ ID NO: 40.  

[00485] In some embodiments, the recombinant nucleic acid comprises a first nucleic acid 

sequence at least 15 nucleotides in length complementary to nucleotides 1126 to 1364 of an 

mRNA encoding human FAS comprising the sequence set forth in SEQ ID NO: 39 and a and 

a second nucleic acid sequence at least 15 nucleotides in length complementary to 

nucleotides 1294 to 2141 of an mRNA encoding human thymocyte selection associated high 

mobility group box (TOX) comprising the sequence set forth in SEQ ID NO: 41.  

[00486] In some embodiments, the recombinant nucleic acid comprises a first nucleic acid 

sequence at least 15 nucleotides in length complementary to nucleotides 518 to 559 of an 

mRNA encoding human Protein Tyrosine Phosphatase Non-Receptor Type 2 (PTPN2) 

comprising the sequence set forth in SEQ ID NO: 40 and a second nucleic acid sequence at 
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least 15 nucleotides in length complementary to nucleotides 1294 to 2141 of an mRNA 

encoding human thymocyte selection associated high mobility group box (TOX) comprising 

the sequence set forth in SEQ ID NO: 41.  

[00487] In some embodiments, the nucleic acid comprises a sequence selected from the 

group consisting of the sequences set forth in SEQ ID NOs: 42-56. In some embodiments, the 

nucleic acid comprises the sequence set forth in SEQ ID NO: 45. In some embodiments, the 

nucleic acid is capable of reducing expression of FAS in the immune cell by at least 50%, 

55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control cell that does 

not comprise the nucleic acid.  

[00488] In some embodiments, the nucleic acid comprises a sequence selected from the 

group consisting of the sequences set forth in SEQ ID NOs: 72-84. In some embodiments, the 

nucleic acid comprises the sequence set forth in SEQ ID NO: 82. In some embodiments, the 

nucleic acid is capable of reducing expression of PTPN2 in the immune cell by at least 50%, 

55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control cell that does 

not comprise the nucleic acid.  

[00489] In some embodiments, the nucleic acid comprises a sequence selected from the 

group consisting of the sequences set forth in SEQ ID NOs: 98-111. In some embodiments, 

the nucleic acid comprises the sequence set forth in SEQ ID NO: 99 or 104. In some 

embodiments, the nucleic acid is capable of reducing expression of TOX in the immune cell 

by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a 

control cell that does not comprise the nucleic acid.  

[00490] In some embodiments, the nucleic acid sequence is at least 16, 17, 18, 19, 20, 21, 

or 22 nucleotides in length.  

[00491] In some embodiments, the nucleic acid is an RNA interference (RNAi) molecule.  

Exemplary RNAi molecules include short hairpin RNA (shRNA), a small interfering RNA 

(siRNA), a double stranded RNA (dsRNA), or an antisense oligonucleotide. In some 

embodiments, the nucleic acid is a short hairpin RNA (shRNA), a small interfering RNA 

(siRNA), a double stranded RNA (dsRNA), or an antisense oligonucleotide. In some 

embodiments, the nucleic acid is an shRNA.  

[00492] Single-stranded hairpin ribonucleic acids (shRNAs) are short duplexes where the 

sense and antisense strands are linked by a hairpin loop. They consist of a stem-loop structure 

that can be transcribed in cells from an RNA polymerase II or RNA polymerase III promoter 

on a plasmid construct. Once expressed, shRNAs are processed into RNAi species.  

Expression of shRNA from a plasmid is known to be relatively stable, thereby providing 
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strong advantages over, for example, the use of synthetic siRNAs. shRNA expression units 

may be incorporated into a variety of plasmids, liposomes, viral vectors, and other vehicles 

for delivery and integration into a target cell. Expression of shRNA from a plasmid can be 

stably integrated for constitutive expression. shRNAs are synthesized in the nucleus of cells, 

further processed and transported to the cytoplasm, and then incorporated into the RNA

induced silencing complex (RISC) for activity. The shRNAs are converted into active siRNA 

molecules (which are capable of binding to, sequestering, and/or preventing the translation of 

mRNA transcripts encoded by target genes).  

[00493] The Argonaute family of proteins is the major component of RISC. Within the 

Argonaute family of proteins, only Ago2 contains endonuclease activity that is capable of 

cleaving and releasing the passenger strand from the stem portion of the shRNA molecule.  

The remaining three members of Argonaute family, Agol, Ago3 and Ago4, which do not 

have identifiable endonuclease activity, are also assembled into RISC and are believed to 

function through a cleavage-independent manner. Thus, RISC can be characterized as having 

cleavage-dependent and cleavage-independent pathways.  

[00494] RNAi (e.g., antisense RNA, siRNA, microRNA, shRNA, etc.) are described in 

International Publication Nos. W02018232356A1, W02019084552A1, W02019226998A1, 

W02020014235A1, W02020123871A1, and W02020186219A1, each of which is herein 

incorporated by reference for all purposes.  

[00495] Antisense oligonucleotide structure and chemical modifications are described in 

International PCT Publication No. W020/132521, which is hereby incorporated by reference.  

[00496] dsRNA and shRNA molecules and methods of use and production are described in 

US Patent No. 8,829,264; US Patent No. 9,556,431; and US Patent No. 8,252,526, each of 

which are hereby incorporated by reference 

[00497] siRNA molecules and methods of use and production are described in US Patent 

No. 7,361,752 and US Patent Application No. US20050048647, both of which are hereby 

incorporated by reference.  

[00498] Additional methods and compositions for RNA interference such as shRNA, 

siRNA, dsRNA, and antisense oligonucleotides are generally known in the art, and are further 

described in US Patent No. 7,361,752; US Patent No. 8,829,264; US Patent No. 9,556,431; 

US Patent No. 8,252,526, International PCT Publication No. WOOO/44895; International 

PCT Publication No. WOO1/36646; International PCT Publication No. W099/32619; 

International PCT Publication No. WOOO/01846; International PCT Publication No.  
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WOO1/29058; and International PCT Publication No. WOOO/44914; International PCT 

Publication No. WO04/030634; each of which are hereby incorporated by reference.  

[00499] The nucleic acid sequences (or constructs) that may be used to encode the RNAi 

molecules, such as an shRNA described herein, may comprise a promoter, which is operably 

linked (or connected), directly or indirectly, to a sequence encoding the RNAi molecules.  

Such promoters may be selected based on the host cell and the effect sought. Non-limiting 

examples of suitable promoters include constitutive and inducible promoters, such as EF la or 

inducible RNA polymerase II (pol II)-based promoters. Non-limiting examples of suitable 

promoters further include the tetracycline inducible or repressible promoter, RNA 

polymerase I or III-based promoters, the pol II dependent viral promoters, such as the CMV

IE promoter, and the pol III U6 and H promoters. The bacteriophage T7 promoter may also 

be used (in which case it will be appreciated that the T7 polymerase must also be present).  

The nucleic acid sequences need not be restricted to the use of any single promoter, 

especially since the nucleic acid sequences may comprise two or more shRNAs (i.e., a 

combination of effectors), including but not limited to incorporated shRNA molecules. Each 

incorporated promoter may control one, or any combination of, the shRNA molecule 

components.  

[00500] In certain embodiments, the promoter may be preferentially active in the targeted 

cells, e.g., it may be desirable to preferentially express at least one recombinant nucleic acid 

in immune cells using an immune cell-specific promoter. Introduction of such constructs into 

host cells may be effected under conditions whereby the two or more recombinant nucleic 

acids that are contained within the recombinant nucleic acid precursor transcript initially 

reside within a single primary transcript, such that the separate RNA molecules (for example, 

shRNA each comprising its own stem-loop structure) are subsequently excised from such 

precursor transcript by an endogenous ribonuclease. The resulting mature recombinant 

nucleic acids (e.g., shRNAs) may then induce degradation, and/or translation repression, of 

target gene mRNA transcripts produced in the cell. Alternatively, each of the precursor stem

loop structures may be produced as part of a separate transcript, in which case 

each recombinant nucleic acid sequence will preferably include its own promoter and 

transcription terminator sequences. Additionally, the multiple recombinant nucleic 

acid precursor transcripts may reside within a single primary transcript.  

[00501] The stem-loop structures of the shRNA recombinant nucleic acids described 

herein may be about 40 to 100 nucleotides long or, preferably, about 50 to 75 nucleotides 

long. The stem region may be about 15-45 nucleotides in length (or more), or about 20-30 
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nucleotides in length. In some embodiments, the stem region is 22 nucleotides in length. In 

some embodiments, the stem region is 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 28 29, 

30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, or 45 nucleotides in length.  

[00502] The stem may comprise a perfectly complementary duplex (but for any 3'tail), 

however, bulges or interior loops may be present on either arm of the stem. The number of 

such bulges and asymmetric interior loops are preferably few in number (e.g., 1, 2 or 3) and 

are about 3 nucleotides or less in size. The terminal loop portion may comprise about 4 or 

more nucleotides, but preferably not more than about 25. The loop portion will preferably be 

6-15 nucleotides in size.  

[00503] As described herein, the stem regions of the shRNAs comprise passenger strands 

and guide strands, whereby the guide strands contain sequences complementary to the target 

mRNA transcript encoded by the target gene(s). Preferably, the G-C content and matching of 

guide strand and passenger strand is carefully designed for thermodynamically-favorable 

strand unwind activity with or without endonuclease cleavage. Furthermore, the specificity of 

the guide strand is preferably confirmed via a BLAST search 

(www.ncbi.nim.nih.qov/BLAST).  

[00504] The invention provides that the expression level of multiple target genes may be 

modulated using the methods and recombinant nucleic acids described herein. For example, 

the invention provides that a first set of recombinant nucleic acids may be designed to include 

a sequence (a guide strand) that is designed to reduce the expression level of a first target 

gene, whereas a second set of recombinant nucleic acids may be designed to include a 

sequence (a guide strand) that is designed to reduce the expression level of a second target 

gene. The different sets of recombinant nucleic acids may be expressed and reside within the 

same, or separate, preliminary transcripts. In certain embodiments, such multiplex approach, 

i.e., the use of the recombinant nucleic acids described herein to modulate the expression 

level of two or more target genes, may have an enhanced therapeutic effect on a patient. For 

example, if a patient is provided with cells expressing the recombinant nucleic acid molecules 

described herein to treat, prevent, or ameliorate the effects of cancer, it may be desirable to 

provide the patient with two or more types of recombinant nucleic acid molecules, which are 

designed to reduce the expression level of multiple genes that are implicated in activation or 

repression of immune cells.  

[00505] The recombinant nucleic acid molecule(s) described herein may be capable of 

reducing target gene expression in a cell by at least more than about 50% as compared to a 

control cell that does not comprise the recombinant nucleic acid molecule(s). For example, 
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the recombinant nucleic acid molecule(s) (e.g., shRNA) can be capable of reducing 

expression of a target gene selected from the group consisting of FAS, PTPN2, and TOX in 

the immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 

99%, or more as compared to a control cell that does not comprise the recombinant nucleic 

acid molecule(s). The recombinant nucleic acid molecule(s) can be capable of reducing 

expression of a target gene selected from the group consisting of FAS, PTPN2, and TOX in 

the immune cell by at least between about 50-100%, 50-99%, 50-95%, 50-90%, 50-85%, 50

80%, 50-75%, 50-70%, 50-65%, 50-60%, 50-55%, or as compared to a control cell that does 

not comprise the recombinant nucleic acid molecule(s). In some embodiments, the 

recombinant nucleic acid molecule(s) is capable of reducing expression of FAS in the 

immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the recombinant nucleic acid molecule(s).  

In some embodiments, the recombinant nucleic acid molecule(s)is capable of reducing 

expression of PTPN2 in the immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 

90%, 95%, or 99% as compared to a control cell that does not comprise the recombinant 

nucleic acid molecule(s). In some embodiments, the recombinant nucleic acid molecule(s)is 

capable of reducing expression of TOX in the immune cell by at least 50%, 55%, 60%, 65%, 

75%, 80%, 85%, 90%, 95%, or 99% as compared to a control cell that does not comprise the 

recombinant nucleic acid molecule(s).  

[00506] The recombinant nucleic acid molecule(s) may be chemically synthesized, or in 

vitro transcribed, and may further include one or more modifications to phosphate-sugar 

backbone or nucleosides residues.  

[00507] Other methods known in the art for introducing nucleic acids to cells may be used, 

such as lipid-mediated carrier transport, chemical mediated transport, such as calcium 

phosphate, and the like. Thus, the recombinant nucleic acid molecule(s) construct may be 

introduced along with components that perform one or more of the following activities: 

enhance RNA uptake by the cell, promote annealing of the duplex strands for shRNA, 

stabilize the annealed shRNA strands, or otherwise increase inhibition of the target gene.  

Additional Elements 

[00508] In some embodiments, the one or more recombinant nucleic acid(s) further 

comprises a 5' homology directed repair arm and/or a 3' homology directed repair arm 

complementary to an insertion site in a host cell chromosome. In some embodiments, the one 

or more recombinant nucleic acid(s) comprises the 5' homology directed repair arm and the 
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3' homology directed repair arm. In some embodiments, the one or more recombinant nucleic 

acid(s) is incorporated into an expression cassette or an expression vector. In some 

embodiments, the expression cassette or the expression vector further comprises a 

constitutive promoter upstream of the one or more recombinant nucleic acid(s).  

[00509] In some embodiments, the priming receptor, CAR, first nucleic acid, and the 

second nucleic acid are incorporated into a single expression cassette or a single expression 

vector. In some embodiments, the priming receptor, CAR, first nucleic acid, and the second 

nucleic acid are incorporated into two or more expression cassettes or expression vectors. In 

some embodiments, the expression vector(s) is a non-viral vector.  

[00510] The one or more interfering nucleic acid sequences (e.g., one or more shRNA) can 

be encoded in the intron regions of the recombinant nucleic acid insert, DNA template, single 

expression cassette, or a single expression vector that also encodes the priming receptor 

and/or the CAR. For example, if the DNA template includes promoters, such as EF la or 

inducible promoters described herein, to drive expression of the CAR or priming receptor, the 

one or more nucleic acid sequences (e.g., shRNA sequences) can be encoded in the promoter 

intronic region. In some embodiments, the one or more nucleic acid sequences is encoded in 

at least one intron region of the recombinant nucleic acid insert or DNA template. In some 

embodiments, the one or more nucleic acid sequences is encoded in at least one EF la intron 

region of the recombinant nucleic acid insert or DNA template.  

[00511] In some embodiments, the present disclosure contemplates recombinant nucleic acid 

DNA template inserts that comprise one or more transgenes encoding the priming receptors 

and/or CARs as described herein. In some embodiments, the DNA template insert encodes a 

priming receptor transgene. In some embodiments, the DNA template insert encodes a 

chimeric antigen receptor transgene. In some embodiments, the DNA template insert encodes 

a first nucleic acid complementary to at least 15 nucleotides of a human FAS mRNA 

sequence, and a second nucleic acid complementary to at least 15 nucleotides of a human 

PTPN2 or TOX mRNA sequence. In some embodiments, the DNA template insert comprises 

a priming receptor transgene and a chimeric antigen receptor transgene. In some 

embodiments, the DNA template insert comprises a priming receptor transgene, a chimeric 

antigen receptor transgene, a first nucleic acid complementary to at least 15 nucleotides of a 

human FAS mRNA sequence, and a second nucleic acid complementary to at least 15 

nucleotides of a human PTPN2 or TOX mRNA sequence. In some embodiments, the DNA 

template insert comprises a priming receptor transgene, a chimeric antigen receptor 

transgene, a first nucleic acid complementary to at least 15 nucleotides of a human FAS 
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mRNA sequence, and a second nucleic acid complementary to at least 15 nucleotides of a 

human PTPN2 mRNA sequence.  

[00512] In some embodiments, the one or more recombinant nucleic acid(s) are encoded 

on a single DNA template insert. In some embodiments, the one or more recombinant nucleic 

acid(s) are encoded on multiple DNA template inserts. For example, the one or more 

recombinant nucleic acid(s) can be encoded on two, three, or four DNA template inserts.  

[00513] The DNA template insert can also comprise a self-cleaving peptide. Examples of 

self-cleaving peptides include, but are not limited to, self-cleaving viral 2A peptides, for 

example, a porcine teschovirus-1 (P2A) peptide, a Thosea asigna virus (T2A) peptide, an 

equine rhinitis A virus (E2A) peptide, or a foot-and-mouth disease virus (F2A) peptide. Self

cleaving 2A peptides allow expression of multiple gene products from a single construct.  

(See, for example, Chang et al. "Cleavage efficient 2A peptides for high level monoclonal 

antibody expression in CHO cells," MAbs 7(2): 403-412 (2015)).  

[00514] The DNA template insert can also comprise a WPRE element. WPRE elements 

are generally described in Higashimoto, T., et al. Gene Ther 14, 1298-1304 (2007); and 

Zufferey, R., et al. J Virol. 1999 Apr;73(4):2886-92., both of which are hereby incorporated 

by reference.  

[00515] The DNA template insert can also comprise an SV40 polyA tail.  

Recombinant Cells 

[00516] Transgenes expressing the priming receptor and CAR system may be introduced into 

cells, such as a T cell, using, for example, a site-specific technique. With site specific 

integration of the transgenes (e.g. priming receptor and CAR), the transgenes may be targeted 

to a safe harbor locus or TRAC. Examples of site-specific techniques for integration into the 

safe harbor loci include, without limitation, homology-dependent engineering using nucleases 

and homology independent targeted insertion using Cas9.  

[00517] The engineered recombinant cells have applications to immune-oncology. The 

priming receptor and CAR, for example, can be selected to target different specific tumor 

antigens. Examples of cancers that can be effectively targeted using such cells are blood 

cancers or solid cancers. In some embodiments, immune cell therapy can be used to treat 

solid tumors.  

[00518] Provide herein is a modified cell, wherein the cell is modified to have reduced 

expression of a FAS gene and/or reduced function of a product of the FAS gene relative to a 

corresponding unmodified cell, optionally wherein the modified cell is a hematopoietic cell.  
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In some aspects, the modified cell is further modified to have reduced expression of at least 

one second gene and/or reduced function of a product of the at least one second gene relative 

to a corresponding unmodified cell.  

[00519] Also provided herein is a modified engineered cell, wherein the engineered cell is 

modified to have reduced expression of a FAS gene and/or reduced function of a product of 

the FAS gene relative to a corresponding unmodified engineered cell, optionally wherein the 

modified engineered cell is engineered to express a heterologous immune receptor. In some 

aspects, the modified engineered cell is further modified to have reduced expression of at 

least one second gene and/or reduced function of a product of the at least one second gene 

relative to a corresponding unmodified engineered cell.  

[00520] Also provided herein is a modified cell, wherein the cell is modified to have: (a) 

reduced expression of a FAS gene and/or reduced function of a product of the FAS gene; and 

(b) reduced expression of at least one second gene and/or reduced function of a product of the 

at least one second gene; wherein the reduced expression of each gene is relative to a 

corresponding unmodified cell, optionally wherein the modified cell is a hematopoietic cell.  

[00521] In some aspects, the modification to reduce expression comprises genetically 

engineering the genome of the cell to disrupt the FAS gene and optionally the at least one 

second gene. In some aspects, the genetic engineering comprises nuclease-mediated editing, 

optionally wherein the nuclease-mediated editing comprises CRISPR/Cas9-mediated editing.  

[00522] In some aspects, the modification to reduce expression comprises RNAi-mediated 

targeting of the FAS gene and optionally the at least one second gene, optionally wherein the 

RNAi-mediated targeting comprises short hairpin RNA (shRNA)-mediated knockdown. In 

some aspects, the RNAi-mediated targeting comprises engineering the cell to express an 

RNA polynucleotide capable of mediating knockdown of the FAS gene and optionally the at 

least one second gene.  

[00523] In some aspects, the modified cell comprises a hematopoietic cell. In some 

aspects, the hematopoietic cell comprises a hematopoietic stem cell. In some aspects, the 

hematopoietic cell comprises an immune cell. In some aspects, the immune cell comprises a 

adaptive immune cell, an innate immune cell, a T cell, an NK cell, a macrophage.  

[00524] In some aspects, the modified cell comprises an engineered cell. In some aspects, 

the engineered cell is engineered to express a heterologous receptor. In some aspects, the 

heterologous receptor comprises an immune receptor. In some aspects, the heterologous 

immune receptor comprises a chimeric antigen receptor (CAR), a T cell receptor, or an NK 

cell receptor. In some aspects, the engineered cell comprises a T cell or a cell capable of 
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differentiation into a T cell, and wherein the heterologous receptor is inserted into an 

endogenous TCR locus, optionally the T cell receptor alpha (TRAC) locus. In some aspects, 

the heterologous receptor comprises one or more antigen binding domains, optionally 

wherein the one or more antigen binding domains are capable of binding to a tumor antigen 

or an antigen associated with cancer.  

[00525] In some aspects, the reduced expression and/or function of the FAS gene or its 

expression product improves at least one property of the modified cell relative to the 

corresponding unmodified cell.  

[00526] In some aspects, when the modified cell is further modified to have reduced 

expression and/or function of the at least one second gene, the reduced expression and/or 

function of the FAS gene or its expression product and the reduced expression and/or 

function of the at least one second gene or its expression product improves at least one 

property of the modified cell relative to a corresponding cell modified to only reduce 

expression and/or function of the FAS gene.  

[00527] In some aspects, when the modified cell is further modified to have reduced 

expression and/or function of the at least one second gene, the reduced expression and/or 

function of the FAS gene or its expression product and the reduced expression and/or 

function of the at least one second gene or its expression product improves at least one 

property of the modified cell relative to a corresponding cell modified to only reduce 

expression and/or function of the at least one second gene.  

[00528] In some aspects, the at least one property comprises improved proliferative 

capacity. In some aspects, the at least one property comprises improved protection from FAS

mediated apoptosis. In some aspects, the modified cell comprises an immune cell and the at 

least one property comprises an improved immune effector cell function. In some aspects, the 

improved immune effector cell function comprises increased relative effector molecule 

expression, production, and/or secretion. In some aspects, the immune cell comprises a T cell 

and the effector molecule comprises one or more molecules selected from the group 

consisting of: IFNy, TNF-alpha, Granzyme B, and FASL.  

[00529] In some aspects, the modified cell is engineered to express a heterologous surface 

antigen, optionally wherein the heterologous surface antigen is capable of mediating targeted 

depletion of the engineered modified cell relative to a corresponding modified cell not 

engineered to express the heterologous surface antigen.  

[00530] Also provided herein is a method of stimulating an immune response in a subject, 

wherein the method comprises administering to the subject any one of the modified cells as 
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disclosed herein. Also provided herein is a method of treating cancer in a subject, wherein the 

method comprises administering to the subject any one of the modified as disclosed herein. In 

some aspects, the modified cell is autologous with reference to the subject. In some aspects, 

the modified cell is allogenic with reference to the subject.  

[00531] Also provided herein are recombinant immune cells comprising one or more 

recombinant nucleic acid(s), wherein the one or more recombinant nucleic acids encode: a 

first chimeric polypeptide comprising a priming receptor; a second chimeric polypeptide 

comprising a CAR; and a nucleic acid sequence at least 15 nucleotides in length, wherein the 

nucleic acid sequence is selected from the group consisting of: a nucleic acid sequence 

complementary to nucleotides 1126 to 1364 of an mRNA encoding human FAS comprising 

the sequence set forth in SEQ ID NO: 39, a nucleic acid sequence complementary to 

nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising the sequence set 

forth in SEQ ID NO: 40; and a nucleic acid sequence complementary to nucleotides 1294 to 

2141 of an mRNA encoding human TOX comprising the sequence set forth in SEQ ID NO: 

41.  

[00532] In some embodiments, the nucleic acid sequence is complementary to nucleotides 

1126 to 1364 of an mRNA encoding human FAS comprising the sequence set forth in SEQ 

ID NO: 39. In some embodiments, the nucleic acid sequence is complementary to nucleotides 

518 to 559 of an mRNA encoding human PTPN2 comprising the sequence set forth in SEQ 

ID NO: 40. In some embodiments, the nucleic acid sequence is complementary to nucleotides 

1294 to 2141 of an mRNA encoding human TOX comprising the sequence set forth in SEQ 

ID NO: 41.  

[00533] Also provided herein are recombinant immune cells comprising one or more 

recombinant nucleic acid(s) non-virally inserted into a target region of the genome of the cell, 

wherein the one or more recombinant nucleic acid(s) encodes the priming receptor, CAR, a 

first nucleic acid sequence at least 15 nucleotides in length complementary to an mRNA 

encoding human FAS comprising the sequence set forth in SEQ ID NO: 39, and a second 

nucleic acid sequence at least 15 nucleotides in length complementary to an mRNA encoding 

human PTPN2 comprising the sequence set forth in SEQ ID NO: 40; or complementary to an 

mRNA encoding human TOX comprising the sequence set forth in SEQ ID NO: 41 as 

described herein. Also provided herein are recombinant immune cells comprising the priming 

receptor that specifically binds Alkaline Phosphatase, Placental/Germ Cell (ALPG/P), the 

chimeric antigen receptor that specifically binds MSLN, a first nucleic acid sequence at least 

15 nucleotides in length complementary to an mRNA encoding human FAS comprising the 
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sequence set forth in SEQ ID NO: 39, and a second nucleic acid sequence at least 15 

nucleotides in length complementary to an mRNA encoding human PTPN2 comprising the 

sequence set forth in SEQ ID NO: 40; or complementary to an mRNA encoding human TOX 

comprising the sequence set forth in SEQ ID NO: 41.  

[00534] A cell comprising a DNA template insert at a target locus or safe harbor site as 

described in the present disclosure can be referred to as an engineered cell. In some 

embodiments, the immune cell is any cell that can give rise to a pluripotent immune cell. In 

some embodiments, the immune cell is a primary immune cell. In some embodiments, the 

immune cell can be an induced pluripotent stem cell (iPSC) or a human pluripotent stem cell 

(HSPC). In some embodiments, the immune cell comprises primary hematopoietic cells or 

primary hematopoietic stem cells. In some embodiments, that engineered cell is a stem cell, a 

human cell, a primary cell, an hematopoietic cell, an adaptive immune cell, an innate immune 

cell, a natural killer (NK) cell, a T cell, a CD8+ cell, a CD4+ cell, or a T cell progenitor. In 

some embodiments, the immune cells are T cells. In some embodiments, the T cells are 

regulatory T cells, effector T cells, or naive T cells. In some embodiments, the T cells are 

CD8' T cells. In some embodiments, the T cells are CD4' T cells. In some embodiments, the 

T cells are CD4*CD8' T cells.  

[00535] In some embodiments, the engineered cell is a stem cell, a human cell, a primary 

cell, an hematopoietic cell, an hematopoietic stem cell, an adaptive immune cell, an innate 

immune cell, a T cell or a T cell progenitor. Non-limiting examples of immune cells that are 

contemplated in the present disclosure include T cell, B cell, natural killer (NK) cell, 

NKT/iNKT cell, macrophage, myeloid cell, and dendritic cells. Non-limiting examples of 

stem cells that are contemplated in the present disclosure include pluripotent stem cells 

(PSCs), embryonic stem cells (ESCs), induced pluripotent stem cells (iPSCs), embryo

derived embryonic stem cells obtained by nuclear transfer (ntES; nuclear transfer ES), male 

germline stem cells (GS cells), embryonic germ cells (EG cells), hematopoietic 

stem/progenitor stem cells (HSPCs), somatic stem cells (adult stem cells), hemangioblasts, 

neural stem cells, mesenchymal stem cells and stem cells of other cells (including osteocyte, 

chondrocyte, myocyte, cardiac myocyte, neuron, tendon cell, adipocyte, pancreocyte, 

hepatocyte, nephrocyte and follicle cells and so on). In some embodiments, the engineered 

cells is a T cell, NK cells, iPSC, and HSPC. In some embodiments, the engineered cells used 

in the present disclosure are human cell lines grown in vitro (e.g. deliberately immortalized 

cell lines, cancer cell lines, etc.).  
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[00536] Also provided herein are populations of cells comprising a plurality of the 

immune cell. In some embodiments, the genome of at least 20%, 30%, 40%, 50%, 60%, 70%, 

80%, 90%, 95%, 99% or greater of the cells comprises the priming receptor, CAR, and first 

and second nucleic acids as described herein.  

Method of Treating Cancer 

[00537] In another aspect, the invention provides methods of treating an immune-related 

condition (e.g., cancer) in an individual comprising administering to the individual an 

effective amount of a composition comprising a system comprising a priming receptor that 

specifically binds to ALPG/P, a chimeric antigen receptor that specifically binds to MSLN, a 

first nucleic acid sequence at least 15 nucleotides in length, wherein the first nucleic acid 

sequence is complementary to nucleotides 1126 to 1364 of an mRNA encoding human FAS 

comprising the sequence set forth in SEQ ID NO: 39, and a second nucleic acid sequence at 

least 15 nucleotides in length, wherein the second nucleic acid sequence is complementary to 

nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising the sequence set 

forth in SEQ ID NO: 40; or complementary to nucleotides 1294 to 2141 of an mRNA 

encoding human TOX comprising the sequence set forth in SEQ ID NO: 41.  

[00538] In another aspect, the invention provides methods of enhancing an immune 

response in an individual comprising administering to the individual an effective amount of a 

composition comprising a system comprising a priming receptor that specifically binds to 

ALPG/P, a chimeric antigen receptor that specifically binds to MSLN, a first nucleic acid 

sequence at least 15 nucleotides in length, wherein the first nucleic acid sequence is 

complementary to nucleotides 1126 to 1364 of an mRNA encoding human FAS comprising 

the sequence set forth in SEQ ID NO: 39, and a second nucleic acid sequence at least 15 

nucleotides in length, wherein the second nucleic acid sequence is complementary to 

nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising the sequence set 

forth in SEQ ID NO: 40; or complementary to nucleotides 1294 to 2141 of an mRNA 

encoding human TOX comprising the sequence set forth in SEQ ID NO: 41.  

[00539] In some embodiments, the recombinant nucleic acid is an shRNA molecule. In 

some embodiments, the shRNA is selected from the group consisting of a FAS shRNA 

molecule, a PTPN2 shRNA molecule, and a TOX shRNA molecule. In some embodiments, 

the cell comprises at least a FAS shRNA molecule. In some embodiments, the cell comprises 

at least a PTPN2 shRNA molecule. In some embodiments, the cell comprises at least a TOX 

shRNA molecule. In some embodiments, the cell comprises at least a FAS shRNA molecule 
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and a PTPN2 shRNA molecule. In some embodiments, the cell comprises at least a FAS 

shRNA molecule and a TOX shRNA molecule. In some embodiments, the cell comprises at 

least a PTPN2 shRNA molecule and a TOX shRNA molecule. In another aspect, the 

invention provides methods of enhancing an immune response in an individual comprising 

administering to the individual an effective amount of a composition comprising a cell 

comprising at least one shRNA molecule, wherein the shRNA molecule is selected from the 

group consisting of a FAS shRNA molecule, a PTPN2 shRNA molecule, and a TOX shRNA 

molecule.  

[00540] In some embodiments, the methods provided herein are useful for the treatment of 

an immune-related condition in an individual. In one embodiment, the individual is a human.  

[00541] In some embodiments, the methods provided herein (such as methods of 

enhancing an immune response) are useful for the treatment of cancer and as such an 

individual receiving the system described herein has cancer. In some embodiments, the 

cancer is a solid cancer. In some embodiments, the cancer is a liquid cancer. In some 

embodiments, the cancer is immunoevasive. In some embodiments, the cancer is 

immunoresponsive. In particular embodiments, the cancer is ovarian cancer, fallopian cancer, 

primary peritoneal cancer, uterine cancer, mesothelioma, cervical cancer, or pancreatic 

cancers. In particular embodiments, the cancer is ovarian cancer.  

[00542] In some embodiments, the treatment results in a decrease in the cancer volume or 

size. In some embodiments, the treatment is effective at reducing a cancer volume as 

compared to the cancer volume prior to administration of the antibody. In some 

embodiments, the treatment results in a decrease in the cancer growth rate. In some 

embodiments, the treatment is effective at reducing a cancer growth rate as compared to the 

cancer growth rate prior to administration of the antibody. In some embodiments, the 

treatment is effective at eliminating the cancer.  

[00543] In some embodiments, MSLN and ALPG or ALPP is expressed at a higher level 

in the cancer as compared to a non-cancer cell. Levels of MSLN, ALPG, and ALPP can be 

assessed by any technique known in the field, including, but not limited to, protein assays or 

nucleic assays such as FACS, Western blot, ELISA, immunoprecipitation, 

immunohistochemistry, immunofluorescence, radioimmunoassay, dot blotting, 

immunodetection methods, HPLC, surface plasmon resonance, optical spectroscopy, mass 

spectrometery, HPLC, qPCR, RT-qPCR, multiplex qPCR or RT-qPCR, RNA-seq, microarray 

analysis, SAGE, MassARRAY technique, and FISH, and combinations thereof 
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Method of Immune Modulation 

[00544] Methods of administration of a cell comprising a system comprising a priming 

receptor that specifically binds to ALPG/P, a chimeric antigen receptor that specifically binds 

to MSLN, a first nucleic acid sequence at least 15 nucleotides in length, wherein the first 

nucleic acid sequence is complementary to nucleotides 1126 to 1364 of an mRNA encoding 

human FAS comprising the sequence set forth in SEQ ID NO: 39, and a second nucleic acid 

sequence at least 15 nucleotides in length, wherein the second nucleic acid sequence is 

complementary to nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising 

the sequence set forth in SEQ ID NO: 40; or complementary to nucleotides 1294 to 2141 of 

an mRNA encoding human TOX comprising the sequence set forth in SEQ ID NO: 41 as 

described herein can result in modulation of an immune response. Modulation can be an 

increase or decrease in an immune response. In some embodiments, modulation is an increase 

in an immune response.  

[00545] In one aspect, administration of a cell comprising a system comprising a priming 

receptor that specifically binds to ALPG/P and a chimeric antigen receptor that specifically 

binds to MSLN as described herein can result in induction of pro-inflammatory molecules, 

such as cytokines or chemokines. Generally, induced pro-inflammatory molecules are present 

at levels greater than that achieved with isotype control. Such pro-inflammatory molecules in 

turn result in activation of anti-tumor immunity, including, but not limited to, T cell 

activation, T cell proliferation, T cell differentiation, M-like macrophage activation, and NK 

cell activation. Thus, the administration of a system comprising a priming receptor that 

specifically binds to ALPG/P and a chimeric antigen receptor that specifically binds to 

MSLN can induce multiple anti-tumor immune mechanisms that lead to tumor destruction.  

[00546] In another aspect, provided herein are methods of increasing an immune response 

in an individual comprising administering to the individual an effective amount of a cell 

comprising a system comprising a priming receptor that specifically binds to ALPG/P and a 

chimeric antigen receptor that specifically binds to MSLN. In some embodiments, the method 

of increasing an immune response in a subject comprises administering to the subject a cell 

comprising a system comprising a priming receptor that specifically binds to ALPG/P and a 

chimeric antigen receptor that specifically binds to MSLN.  

[00547] In some embodiments, the cell is present in a pharmaceutical composition further 

comprising a pharmaceutically acceptable excipient.  

[00548] In any and all aspects of increasing an immune response as described herein, any 

increase or decrease or alteration of an aspect of characteristic(s) or function(s) is as 
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compared to a cell not comprising a composition comprising a system comprising a priming 

receptor that specifically binds to ALPG/P and a chimeric antigen receptor that specifically 

binds to MSLN.  

[00549] Increasing an immune response can be both enhancing an immune response or 

inducing an immune response. For instance, increasing an immune response encompasses 

both the start or initiation of an immune response, or ramping up or amplifying an on-going 

or existing immune response. In some embodiments, the treatment induces an immune 

response. In some embodiments, the induced immune response is an adaptive immune 

response. In some embodiments, the induced immune response is an innate immune response.  

In some embodiments, the treatment enhances an immune response. In some embodiments, 

the enhanced immune response is an adaptive immune response. In some embodiments, the 

enhanced immune response is an innate immune response. In some embodiments, the 

treatment increases an immune response. In some embodiments, the increased immune 

response is an adaptive immune response. In some embodiments, the increased immune 

response is an innate immune response. In some embodiments, the immune response is 

started or initiated by administration of a cell comprising a system comprising a priming 

receptor that specifically binds to ALPG/P and a chimeric antigen receptor that specifically 

binds to MSLN. In some embodiments, the immune response is enhanced by administration 

of cell comprising a system comprising a priming receptor that specifically binds to ALPG/P 

and a chimeric antigen receptor that specifically binds to MSLN.  

[00550] In another aspect, the present application provides methods of genetically editing 

a cell with a system comprising a priming receptor that specifically binds to ALPG/P, a 

chimeric antigen receptor that specifically binds to MSLN, a first nucleic acid sequence at 

least 15 nucleotides in length complementary to an mRNA encoding human FAS comprising 

the sequence set forth in SEQ ID NO: 39, and a second nucleic acid sequence at least 15 

nucleotides in length complementary to an mRNA encoding human PTPN2 comprising the 

sequence set forth in SEQ ID NO: 40; or complementary to an mRNA encoding human TOX 

comprising the sequence set forth in SEQ ID NO: 41, which results in the modulation of the 

immune function of the cell. The modulation can be increasing an immune response. In some 

embodiments, the modulation is an increase in immune function. In some embodiments, the 

modulation of function leads to the expression of an MSLN CAR. In some embodiments, the 

modulation of function leads to the activation of a cell comprising the system.  

[00551] In some embodiments, the cell is a natural killer (NK) cell, a T cell, a CD8+ T 

cell, a CD4+ T cell, a primary T cell, or a T cell progenitor.  
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[00552] In some embodiments, the modulation of function of the cells comprising the 

priming receptor and CAR system as described herein leads to an increase in the cells' 

abilities to stimulate both native and activated T-cells, for example, by increasing cytokine or 

chemokine secretion by the cells expressing the priming receptor and CAR system. In some 

embodiments, the modulation of function enhances or increases the cells' ability to produce 

cytokines, chemokines, CARs, or costimulatory or activating receptors. In some 

embodiments, the modulation increases the T-cell stimulatory function of the cells expressing 

the priming receptor and CAR system, including, for example, the cells' abilities to trigger T

cell receptor (TCR) signaling, T-cell proliferation, or T-cell cytokine production.  

[00553] In some embodiments, the increased immune response is secretion of cytokines 

and chemokines. In some embodiments, the priming receptor and CAR system induces 

increased expression of at least one cytokine or chemokine in a cell as compared to an isotype 

control cell. In some embodiments, the at least one cytokine or chemokine is selected from 

the group consisting of: IL-2 and IFNy. In some embodiments, the cytokine or chemokine is 

IL-2. In some embodiments, the cytokine or chemokine is IFNY. In some embodiments, the 

cytokine or chemokine secretion is increased a between bout 1-100-fold 1, 5, 10, 20, 30, 40, 

50,60,70, 80,90, 100, 1-10, 10-20,20-30,30-40,40-50, 50-60,60-70,70-80, 80-90, or90

100 fold as compared to an untreated cell or a cell treated with an isotype control antibody. In 

some embodiments, the chemokine is TL-2 and the secretion is increased between about 1

100-fold, 1-fold, 5-fold, 10-fold, 20-fold, 30-fold, 40-fold, 50-fold, 60-fold, 70-fold, 80-fold, 

90-fold, 100-fold, 1-10-fold, 10-20-fold, 20-30-fold, 30-40-fold, 40-50-fold, 50-60-fold, 60

70-fold, 70-80-fold, 80-90-fold, or 90-100-fold as compared to an untreated cell or a cell 

treated with an isotype control antibody. In some embodiments, the cytokine is IFNy and the 

secretion is increased between about 1-100-fold, 1-fold, 5-fold, 10-fold, 20-fold, 30-fold, 40

fold, 50-fold, 60-fold, 70-fold, 80-fold, 90-fold, 100-fold, 1-10-fold, 10-20-fold, 20-30-fold, 

30-40-fold, 40-50-fold, 50-60-fold, 60-70-fold, 70-80-fold, 80-90-fold, or 90-100-fold as 

compared to an untreated cell or a cell treated with an isotype control antibody.  

[00554] In some embodiments, the enhanced immune response is anti-tumor immune cell 

recruitment and activation.  

[00555] In some embodiments, the cell expressing the priming receptor and CAR system 

induces a memory immune response as compared to an isotype control cell. In general, a 

memory immune response is a protective immune response upon a subsequent exposure to 

pathogens or antigens that the immune system encountered previously. Exemplary memory 

immune responses include the immune response after infection or vaccination with an 
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antigen. In general, memory immune responses are mediated by lymphocytes such as T cells 

or B cells. In some embodiments, the memory immune response is a protective immune 

response to cancer, including cancer cell growth, proliferation, or metastasis. In some 

embodiments, the memory immune response inhibits, prevents, or reduces cancer cell 

growth, proliferation, or metastasis.  

Methods of Reducing Gene Expression 

[00556] Another aspect of the invention provides a method for attenuating expression of a 

target gene in mammalian cells, comprising introducing into the mammalian cells a 

recombinant nucleic acid complementary to the target gene mRNA, such as a single-stranded 

hairpin ribonucleic acid (shRNA), siRNA, dsRNA, or antisense oligonucleotide. In some 

embodiments, the recombinant nucleic acid complementary to the target gene mRNA is an 

shRNA. In some embodiments, the shRNA comprises self-complementary sequences of 19 to 

100 nucleotides that form a duplex region, which self-complementary sequences hybridize 

under intracellular conditions to a target gene mRNA transcript. In some embodiments, the 

shRNA comprises self-complementary sequences of 22 nt. In some embodiments, the 

shRNA: (i) is a substrate for cleavage by a RNaseIII enzyme to produce a double-stranded 

RNA product, (ii) does not produce a general sequence-independent killing of the 

mammalian cells, and (iii) reduces expression of said target gene in a manner dependent on 

the sequence of said complementary regions. In some embodiments, the target gene is FAS.  

In some embodiments, the target gene is human FAS. In some embodiments, the target gene 

is PTPN2. In some embodiments, the target gene is human PTPN2. In some embodiments, 

the target gene is TOX. In some embodiments, the target gene is human TOX.  

[00557] The immune cell comprising the recombinant nucleic acid can have reduced or 

decreased expression of a target gene selected from the group consisting of FAS, PTPN2, and 

TOX. In some embodiments, the immune cell has reduced FAS, PTPN2, and/or TOX 

expression of between about 50-100%, 50-99%, 50-95%, 50-90%, 50-85%, 50-80%, 50-75%, 

50-70%, 50-65%, 50-60%, 50-55%, as compared to a control cell that does not comprise the 

recombinant nucleic acid molecule(s). In some embodiments, the immune cell has reduced 

FAS expression in the immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 

95%, or 99% as compared to a control cell that does not comprise the recombinant nucleic 

acid molecule(s). In some embodiments, the immune cell has reduced PTPN2 expression in 

the immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the recombinant nucleic acid molecule(s).  
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In some embodiments, the immune cell has reduced TOX expression in the immune cell by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control 

cell that does not comprise the recombinant nucleic acid molecule(s).  

[00558] In some embodiments, expression of FAS in the immune cell is reduced by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control 

cell that does not comprise the first nucleic acid. In some embodiments, the second nucleic 

acid is capable of reducing expression of PTPN2 in the immune cell by at least 50%, 55%, 

60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control cell that does not 

comprise the second nucleic acid. In some embodiments, expression of PTPN2 in the 

immune cell is reduced by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 

99% as compared to a control cell that does not comprise the second nucleic acid.  

[00559] In some embodiments, the second nucleic acid is capable of reducing expression 

of TOX in the immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 

99% as compared to a control cell that does not comprise the second nucleic acid. In some 

embodiments, expression of TOX in the immune cell is reduced by at least 50%, 55%, 60%, 

65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control cell that does not 

comprise the second nucleic acid.  

[00560] In some embodiments, expression of FAS, PTPN2, and/or TOX is determined by 

a nucleic acid assay or a protein assay. In some embodiments, the nucleic acid assay 

comprises at least one of polymerase chain reaction (PCR), quantitative PCR (qPCR), RT

qPCR, microarray, gene array, or RNAseq 

Methods of Editing Cells 

[00561] The terms "genetic engineering," "gene editing," or "genome editing", as used 

herein, refer to a type of genetic manipulation in which DNA is inserted, replaced, or 

removed from the genome using artificially manipulated nucleases or "molecular scissors". It 

is a useful tool for elucidating the function and effect of sequence-specific genes or proteins 

or altering cell behavior (e.g. for therapeutic purposes).  

[00562] Currently available genome editing tools include zinc finger nucleases (ZFN) and 

transcription activator-like effector nucleases (TALENs) to incorporate genes at safe harbor 

loci (.e.g. the adeno-associated virus integration site 1 (AAVS1) safe harbor locus). The 

DICE (dual integrase cassette exchange) system utilizing phiC31 integrase and Bxb 

integrase is a tool for target integration. Additionally, clustered regularly interspaced short 

palindromic repeat/Cas9 (CRISPR/Cas9) techniques can be used for targeted gene insertion.  
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[00563] Site specific gene editing approaches can include homology dependent mechanisms 

or homology independent mechanisms.  

[00564] All methods known in the art for targeted insertion of gene sequences are 

contemplated in the methods described herein to insert constructs at gene targets or safe 

harbor loci.  

[00565] Provided herein are methods of inserting nucleotide sequences greater than about 5 

kilobases in length into the genome of a cell, in the absence of a viral vector. In some 

embodiments, the nucleotide sequence greater than about 5 kilobase in length can be inserted 

into the genome of a primary immune cell, in the absence of a viral vector 

[00566] Integration of large nucleic acids, for example nucleic acids greater than 5 kilobase 

in size, into cells, can be limited by low efficiency of integration, off-target effects and/or loss 

of cell viability. Described herein are methods and compositions for achieving integration of 

a nucleotide sequence, for example, a nucleotide sequence greater than about 5 kilobases in 

size, into the genome of a cell. In some methods the efficiency of integration is increased, 

off-target effects are reduced and/or loss of cell viability is reduced.  

[00567] The plasmid can be introduced into an immune cell with a nuclease, such as a 

CRISPR-associated system (Cas). The nuclease can be introduced in a ribonucleoprotein 

format with a guide RNA (gRNA) that targets a specific site on the genome of the immune 

cell. The nuclease cuts the genomic DNA at this specific site. The specific site may be a 

portion of the genome that encodes an endogenous immune cell receptor. Thus, cutting the 

genome at this site will cause the immune cell to no longer express an endogenous immune 

cell receptor.  

[00568] The plasmid may include 5' and 3' homology-directed repair arms complementary 

to sequences at a specific site on the genome of the immune cell. The complementary 

sequences are on either side of the site cut by the nuclease, which allows the plasmid to be 

incorporated at a specified insertion site on the immune cell's genome. Once the plasmid is 

incorporated, the cell will express the priming receptor. However, as explained, the design of 

the transgene cassette ensures that non-virally delivered circuit system receptors do not 

express CAR until the priming receptor binds to its cognate ligand and releases the cleavable 

transcription factor.  

[00569] Initially, a T cell is activated. The T cell may be obtained from a patient. Thus, the 

present disclosure provides methods in which immune cells, such as T cells, are harvested 

from a patient. Then, the plasmid that encodes the CAR and priming receptor are introduced 

into a T cell. Advantageously, the plasmids of the present disclosure can be introduced using 
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electroporation. When introducing the plasmid via electroporation, the nuclease may also be 

introduced. By using electroporation, methods of the present disclosure avoid the use of viral 

vectors for introducing transgenes, which is a known bottleneck in immune cell engineering.  

The T cells are then expanded and co-cultured to create a sufficient quantity of engineered 

immune cells to be used as a therapeutic treatment.  

[00570] Methods for editing the genome of a cell can include a) providing a Cas9 

ribonucleoprotein complex (RNP)-DNA template complex comprising: (i) the RNP, wherein 

the RNP comprises a Cas9 nuclease domain and a guide RNA, wherein the guide RNA 

specifically hybridizes to a target region of the genome of the cell, and wherein the Cas9 

nuclease domain cleaves the target region to create an insertion site in the genome of the cell; 

and (ii) a double-stranded or single-stranded DNA template, wherein the size of the DNA 

template is greater than about 200 nucleotides, wherein the 5' and 3' ends of the DNA 

template comprise nucleotide sequences that are homologous to genomic sequences flanking 

the insertion site, and wherein the molar ratio of RNP to DNA template in the complex is 

from about 3:1 to about 100:1; and b) introducing the RNP-DNA template complex into the 

cell.  

[00571] In some embodiments, the methods described herein provide an efficiency of 

delivery of the RNP-DNA template complex of at least about 20%, 25%, 30%, 35%, 40%, 

45%, 50%, 55%, 60%, 65%, 7 0 %, 7 5%, 80%, 85%, 9 0 %, 9 5%, 97.5%, 99%, 99.5%, 99%, or 

higher. In some cases, the efficiency is determined with respect to cells that are viable after 

introducing the RNP-DNA template into the cell. In some cases, the efficiency is determined 

with respect to the total number of cells (viable or non-viable) in which the RNP-DNA 

template is introduced into the cell.  

[00572] As another example, the efficiency of delivery can be determined by quantifying the 

number of genome edited cells in a population of cells (as compared to total cells or total 

viable cells obtained after the introducing step). Various methods for quantifying genome 

editing can be utilized. These methods include, but are not limited to, the use of a mismatch

specific nuclease, such as T7 endonuclease I; sequencing of one or more target loci (e.g., by 

sanger sequencing of cloned target locus amplification fragments); and high-throughput deep 

sequencing.  

[00573] In some embodiments, loss of cell viability is reduced as compared to loss of cell 

viability after introduction of naked DNA into a cell or introduction of DNA into a cell using 

a viral vector. The reduction can be a reduction of at least 10%, 20%, 30%, 40%, 50%, 60%, 
7 0% , 8 0% , 9 0% ,100% or any percentage in between these percentages. Insome 
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embodiments, off-target effects of integration are reduced as compared to off-target 

integration after introduction of naked DNA into a cell or introduction of DNA into a cell 

using a viral vector. The reduction can be a reduction of at least 10%, 20%, 30%, 40%, 50%, 

60%, 70%, 80%, 90%, 100% or any percentage in between these percentages.  

[00574] In some cases, the methods described herein provide for high cell viability of cells to 

which the RNP-DNA template has been introduced. In some cases, the viability of the cells 

to which the RNP-DNA template has been introduced is at least about 20%, 25%, 30%, 35%, 

40%,45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,90%, 95%, 97.5%, 99%, 99.5%, 

99%, or higher. In some cases, the viability of the cells to which the RNP-DNA template has 

been introduced is from about 20% to about 99%, from about 30% to about 90%, from about 

35% to about 85% or 90% or higher, from about 40% to about 85% or 90% or higher, from 

about 50% to about 85% or 90% or higher, from about 50% to about 85% or 90% or higher, 

from about 60% to about 85% or 90% or higher, or from about 70% to about 85% or 90% or 

higher.  

[00575] In the methods provided herein, the molar ratio of RNP to DNA template can be 

from about 3:1 to about 100:1. For example, the molar ratio can be from about 5:1 to 10:1, 

from about 5:1 to about 15:1, 5:1 to about 20:1; 5:1 to about 25:1; from about 8:1 to about 

12:1; from about 8:1 to about 15:1, from about 8:1 to about 20:1, or from about 8:1 to about 

25:1.  

[00576] In some embodiments, the DNA template is at a concentration of about 2.5 pM to 

about 25 pM. For example, the concentration of DNA template can be about 2.5, 3, 3.5, 4, 

4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9, 9.5, 10, 10.5, 11, 11.5, 12, 12.5, 13, 13.5, 14, 14.5, 15, 

15.5, 16, 16.5, 17, 17.5, 18, 18.5, 19, 19.5, 20, 20.5, 21, 21.5, 22, 22.5, 23, 23.5, 24, 24.5, 25 

pM or any concentration in between these concentrations.  

[00577] In some embodiments, the size or length of the DNA template is greater than about 

4.5 kb, 5.0 kb, 5.1 kb, 5.2 kb, 5.3 kb, 5.4 kb, 5.5 kb, 5.6 kb, 5.7 kb, 5.8 kb, 5.9 kb, 6.0 kb, 6.1 

kb, 6.2 kb, 6.3 kb, 6.4 kb, 6.5 kb, 6.6 kb, 6.7 kb, 6.8 kb, 6.9 kb, 7.0 kb, 7.1 kb, 7.2 kb, 7.3 kb, 

7.4 kb, 7.5 kb, 7.6 kb, 7.7 kb, 7.8 kb, 7.9 kb, 8.0 kb, 8.1 kb, 8.2 kb, 8.3 kb, 8.4 kb, 8.5 kb, 8.6 

kb, 8.7 kb, 8.8 kb, 8.9 kb, 9.0 kb, 9.1 kb, 9.2 kb, 9.3 kb, 9.4 kb, 9.5 kb, 9.6 kb, 9.7 kb, 9.8 kb, 

9.9 kb, or 10 kb or any size of DNA template in between these sizes. For example, the size of 

the DNA template can be about 4.5 kb to about 10 kb, about 5 kb to about 10 kb, about 5 kb 

to about 9 kb, about 5 kb to about 8 kb, about 5 kb to about 7 kb, about 5 kb to about 6 kb, 

about kb 6 to about 10 kb, about 6 kb to about 9 kb, about 6 kb to about 8 kb, about 6 kb to 
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about 7 kb, about 7 kb to about 10 kb, about 7 kb to about 9 kb, about 7 kb to about 8 kb, 

about 8 kb to about 10 kb, about 8 kb to about 9 kb, or about 9 kb to about 10 kb.  

[00578] In some embodiments, the amount of DNA template is about 1 g to about 10 pg.  

For example, the amount of DNA template can be about 1 g to about 2 pg, about 1 g to 

about 3 pg, about 1 g to about 4 pg, about 1 g to about 5 pg, about 1 g to about 6 pg, 

about 1 g to about 7 pg, about 1 g to about 8 pg, about 1 g to about 9 pg, about 1 g to 

about 10 pg. In some embodiments the amount of DNA template is about 2 pg to about 3 pg, 

about 2 pg to about 4 pg, about 2 pg to about 5 pg, about 2 pg to about 6 pg, about 2 pg to 

about 7 pg, about 2 pg to about 8 pg, about 2 pg to about 9 pg, or 2 pg to about 10 pg. In 

some embodiments the amount of DNA template is about 3 pg to about 4 pg, about 3 pg to 

about 5 pg, about 3 pg to about 6 pg, about 3 pg to about 7 pg, about 3 pg to about 8 pg, 

about 3 pg to about 9 pg, or about 3 pg to about 10 pg. In some embodiments, the amount of 

DNA template is about 4 pg to about 5 pg, about 4 pg to about 6 pg, about 4 pg to about 7 

pg, about 4 pg to about 8 pg, about 4 pg to about 9 pg, or about 4 pg to about 10 pg. In 

some embodiments, the amount of DNA template is about 5 pg to about 6 pg, about 5 pg to 

about 7 pg, about 5 pg to about 8 pg, about 5 pg to about 9 pg, or about 5 pg to about 10 pg.  

In some embodiments, the amount of DNA template is about 6 pg to about 7 pg, about 6 pg 

to about 8 pg, about 6 pg to about 9 pg, or about 6 pg to about 10 pg. In some embodiments, 

the amount of DNA template is about 7 pg to about 8 pg, about 7 pg to about 9 pg, or about 

7 pg to about 10 pg. In some embodiments, the amount of DNA template is about 8 pg to 

about 9 pg, or about 8 pg to about 10 pg. In some embodiments, the amount of DNA 

template is about 9 pg to about 10 pg.  

[00579] In some cases, the size of the DNA template is large enough and in sufficient 

quantity to be lethal as naked DNA. In some embodiments, the DNA template encodes a 

heterologous protein or a fragment thereof. In some embodiments, the DNA template encodes 

at least one gene. In some embodiments, the DNA template encodes at least two genes. In 

some embodiments, the DNA template encodes one, two, three, four, five, six, seven, eight, 

nine, ten, or more genes.  

[00580] In some embodiments, the DNA template includes regulatory sequences, for 

example, a promoter sequence and/or an enhancer sequence to regulate expression of the 

heterologous protein or fragment thereof after insertion into the genome of a cell.  

[00581] In some cases, the DNA template is a linear DNA template. In some cases, the 

DNA template is a single-stranded DNA template. In some cases, the single-stranded DNA 

template is a pure single-stranded DNA template. As used herein, by "pure single-stranded 
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DNA" is meant single-stranded DNA that substantially lacks the other or opposite strand of 

DNA. By "substantially lacks" is meant that the pure single-stranded DNA lacks at least 100

fold more of one strand than another strand of DNA.  

[00582] In some cases, the RNP-DNA template complex is formed by incubating the RNP 

with the DNA template for less than about one minute to about thirty minutes, at a 

temperature of about 20C to about 250 C. For example, the RNP can be incubated with the 

DNA template for about 5 seconds, 10 seconds, 15 seconds, 20 seconds, 25 seconds, 30 

seconds, 35 seconds, 40 seconds, 45 seconds, 50 seconds, 55 seconds, 1 minute, 2 minutes, 3 

minutes, 4 minutes, 5 minutes, 6 minutes, 7 minutes, 8 minutes, 9 minutes, 10 minutes, 11 

minutes, 12 minutes, 13 minutes, 14 minutes, 15 minutes, 16 minutes, 17 minutes, 18 

minutes, 19 minutes, 20 minutes, 21 minutes, 22 minutes, 23 minutes, 24 minutes, 25 

minutes, 26 minutes, 27 minutes, 28 minutes, 29 minutes or 30 minutes or any amount of 

time in between these times, at a temperature of about 200 C, 21° C, 22° C, 23° C, 24° C .or 

250C. In another example, the RNP can be incubated with the DNA template for less than 

about one minute to about one minute, for less than about one minute to about 5 minutes, for 

less than about 1 minute to about 10 minutes, for about 5 minutes to 10 minutes, for about 5 

minutes to 15 minutes, for about 10 to about 15 minutes, for about 10 minutes to about 20 

minutes, or for about 10 minutes to about 30 minutes, at a temperature of about 200 C to 

about 250 C. In some embodiments, the RNP-DNA template complex and the cell are mixed 

prior to introducing the RNP-DNA template complex into the cell.  

[00583] In some embodiments introducing the RNP-DNA template complex comprises 

electroporation. Methods, compositions, and devices for electroporating cells to introduce a 

RNP-DNA template complex can include those described in the examples herein. Additional 

or alternative methods, compositions, and devices for electroporating cells to introduce a 

RNP-DNA template complex can include those described in WO/2006/001614 or Kim, J.A.  

et al. Biosens. Bioelectron. 23, 1353-1360 (2008). Additional or alternative methods, 

compositions, and devices for electroporating cells to introduce a RNP-DNA template 

complex can include those described in U.S. Patent Appl. Pub. Nos. 2006/0094095; 

2005/0064596; or 2006/0087522. Additional or alternative methods, compositions, and 

devices for electroporating cells to introduce a RNP-DNA template complex can include 

those described in Li, L.H. et al. Cancer Res. Treat. 1, 341-350 (2002); U.S. Patent Nos.: 

6,773,669; 7,186,559; 7,771,984; 7,991,559; 6485961; 7029916; and U.S. Patent Appl. Pub.  

Nos: 2014/0017213; and 2012/0088842, all of which are hereby incorporated by reference.  

Additional or alternative methods, compositions, and devices for electroporating cells to 
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introduce a RNP-DNA template complex can include those described in Geng, T. et al.. J.  

Control Release 144, 91-100 (2010); and Wang, J., et al. Lab. Chip 10, 2057-2061 (2010), 

all of which are hereby incorporated by reference.  

[00584] In some embodiments, the Cas9 protein can be in an active endonuclease form, such 

that when bound to target nucleic acid as part of a complex with a guide RNA or part of a 

complex with a DNA template, a double strand break is introduced into the target nucleic 

acid. The double strand break can be repaired by NHEJ to introduce random mutations, or 

HDR to introduce specific mutations. Various Cas9 nucleases can be utilized in the methods 

described herein. For example, a Cas9 nuclease that requires an NGG protospacer adjacent 

motif (PAM) immediately 3' of the region targeted by the guide RNA can be utilized. Such 

Cas9 nucleases can be targeted to any region of a genome that contains an NGG sequence.  

As another example, Cas9 proteins with orthogonal PAM motif requirements can be utilized 

to target sequences that do not have an adjacent NGG PAM sequence. Exemplary Cas9 

proteins with orthogonal PAM sequence specificities include, but are not limited to, CFP1, 

those described in Nature Methods 10, 1116-1121 (2013), and those described in Zetsche et 

al., Cell, Volume 163, Issue 3, p759-771, 22 October 2015, both of which are hereby 

incorporated by reference.  

[00585] In some cases, the Cas9 protein is a nickase, such that when bound to target nucleic 

acid as part of a complex with a guide RNA, a single strand break or nick is introduced into 

the target nucleic acid. A pair of Cas9 nickases, each bound to a structurally different guide 

RNA, can be targeted to two proximal sites of a target genomic region and thus introduce a 

pair of proximal single stranded breaks into the target genomic region. Nickase pairs can 

provide enhanced specificity because off-target effects are likely to result in single nicks, 

which are generally repaired without lesion by base-excision repair mechanisms. Exemplary 

Cas9 nickases include Cas9 nucleases having a D1OA or H840A mutation.  

[00586] In some embodiments, the RNP comprises a Cas9 nuclease. In some embodiments, 

the RNP comprises a Cas9 nickase. In some embodiments, the RNP-DNA template complex 

comprises at least two structurally different RNP complexes. In some embodiments, the at 

least two structurally different RNP complexes contain structurally different Cas9 nuclease 

domains In some embodiments, the at least two structurally different RNP complexes contain 

structurally different guide RNAs. In some embodiments, wherein the at least two 

structurally different RNP complexes contain structurally different guide RNAs, each of the 

structurally different RNP complexes comprises a Cas9 nickase, and the structurally different 

guide RNAs hybridize to opposite strands of the target region.  
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[00587] In some cases, a plurality of RNP-DNA templates comprising structurally different 

ribonucleoprotein complexes is introduced into the cell. For example a Cas9 protein can be 

complexed with a plurality (e.g., 2, 3, 4, 5, or more, e.g., 2-10, 5-100, 20-100) of structurally 

different guide RNAs to target insertion of a DNA template at a plurality of structurally 

different target genomic regions.  

[00588] In the methods and compositions provided herein, cells include, but are not limited 

to, eukaryotic cells, prokaryotic cells, animal cells, plant cells, fungal cells and the like.  

Optionally, the cell is a mammalian cell, for example, a human cell. The cell can be in vitro, 

ex vivo or in vivo. The cell can also be a primary cell, a germ cell, a stem cell or a precursor 

cell. The precursor cell can be, for example, a pluripotent stem cell, or a hematopoietic stem 

cell. In some embodiments, the cell is a primary hematopoietic cell or a primary 

hematopoietic stem cell. In some embodiments, the primary hematopoietic cell is an immune 

cell. In some embodiments, the immune cell is a T cell. In some embodiments, the T cell is a 

regulatory T cell, an effector T cell, or a naive T cell. In some embodiments, the T cell is a 

CD4' T cell. In some embodiments, the T cell is a CD8' T cell. In some embodiments, the T 

cell is a CD4+CD8' T cell. In some embodiments, the T cell is a CD4-CD8- T cell.  

Populations of any of the cells modified by any of the methods described herein are also 

provided. In some embodiments, the methods further comprise expanding the population of 

modified cells.  

[00589] In some cases, the cells are removed from a subject, modified using any of the 

methods described herein and administered to the patient. In other cases, any of the 

constructs described herein is delivered to the patient in vivo. See, for example, U.S. Patent 

No. 9737604 and Zhang et al. "Lipid nanoparticle-mediated efficient delivery of 

CRISPR/Cas9 for tumor therapy," NPG Asia Materials Volume 9, page e441 (2017), both of 

which are hereby incorporated by reference.  

[00590] In some embodiments, the RNP- DNA template complex is introduced into about 1 

x 105 to about 2 x 106 cells. For example, the RNP- DNA template complex can be 

introduced into about 1 x 105 to about 5 x 105 cells, about 1 x 105 to about 1 x 106, 1 x 105 to 

about 1.5 x 106, 1 x 105 to about 2 x 106 , about 1 x 106 to about 1.5 x 106 cells or about 1 x 

106 to about 2 x 106.  

[00591] In some cases, the methods and compositions described herein can be used for 

generation, modification, use, or control of recombinant T cells, such as chimeric antigen 

receptor T cells (CAR T cells). Such CAR T cells can be used to treat or prevent cancer, an 

infectious disease, or autoimmune disease in a subject. For example, in some embodiments, 
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one or more gene products are inserted or knocked-in to a T cell to express a heterologous 

protein (e.g., a chimeric antigen receptor (CAR) or a priming receptor).  

[00592] Genetic engineering (e.g., genome editing, nuclease-mediated editing, 

CRISPR/Cas9-mediated editing, etc.), engineering expression of heterologous receptors (e.g., 

CAR and/or TCRs), and RNAi (e.g., antisense RNA, siRNA, microRNA, shRNA, etc.) are 

described in International Publication Nos. W02018232356A1, W02019084552A1, 

W02019226998A1, W02020014235A1, W02020123871A1, and W02020186219A1, each 

of which is herein incorporated by reference for all purposes.  

Insertion sites 

[00593] Methods for editing the genome of a T cell, specifically, include a method of editing 

the genome of a human T cell comprise inserting a nucleic acid sequence or construct into a 

target region in exon 1 of the TCR-a subunit (TRAC) gene in the human T cell. In some 

embodiments, the target region is in exon 1 of the constant domain of TRAC gene. In other 

embodiments, the target region is in exon 1, exon 2 or exon 3, prior to the start of the 

sequence encoding the TCR-a transmembrane domain.  

[00594] Methods for editing the genome of a T cell also include a method of editing the 

genome of a human T cell comprise inserting a nucleic acid sequence or construct into a 

target region in exon 1 of a TCR-P subunit (TRBC) gene in the human T cell. In some 

embodiments, the target region is in exon 1 of the TRBC1 or TRBC2 gene.  

[00595] Methods for editing the genome of a T cell, specifically, include a method of editing 

the genome of a human T cell comprise inserting a nucleic acid sequence or construct into a 

target region of a genomic safe harbor (GSH) site.  

[00596] Methods for editing the genome of a T cell also include a method of editing the 

genome of a human T cell comprise inserting a nucleic acid sequence or construct into a 

GS94 target region (locus chr11:128340000-128350000).  

[00597] In some embodiments, the target region is the GS94 locus.  

[0001] Gene editing therapies include, for example, vector integration and site specific 

integration. Site-specific integration is a promising alternative to random integration of viral 

vectors, as it mitigates the risks of insertional mutagenesis or insertional oncogenesis (Kolb et 

al. Trends Biotechnol. 2005 23:399-406; Porteus et al. Nat Biotechnol. 2005 23:967-973; 

Paques et al. Curr Gen Ther. 2007 7:49-66). However, site specific integration continues to 

face challenges such as poor knock-in efficiency, risk of insertional oncogenesis, unstable 

and/or anomalous expression of adjacent genes or the transgene, low accessibility (e.g. within 
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20 kB of adjacent genes), etc.. These challenges can be addressed, in part, through the 

identification and use of safe harbor loci or safe harbor sites (SHS), which are sites in which 

genes or genetic elements can be incorporated without disruption to expression or regulation 

of adjacent genes.  

[00598] The most widely used of the putative human safe harbor sites is the AAVS1 site 

on chromosome 19q, which was initially identified as a site for recurrent adenoassociated 

virus insertion. Other potential SHS have been identified on the basis of homology, with 

sites first identified in other species (e.g., the human homolog of the permissive murine 

Rosa26 locus) or among the growing number of human genes that appear non-essential under 

some circumstances. One putative SHS of this type is the CCR5 chemokine receptor gene, 

which, when disrupted, confers resistance to human immunodeficiency virus infection.  

Additional potential genomic SHS have been identified in human and other cell types on the 

basis of viral integration site mapping or gene-trap analyses, as was the original murine 

Rosa26 locus. The three top SHS, AAVS1, CCR5, and Rosa26, are in close proximity to 

many protein coding genes and regulatory elements. (See Sadelain, M., et al. (2012). Safe 

harbours for the integration of new DNA in the human genome. Nature reviews Cancer, 

12(1), 51-58, the relevant disclosures of which are herein incorporated by reference in their 

entirety).  

[00599] The AAVS1 (also known as the PPP1R12C locus) on human chromosome 19 is a 

known SHS for hosting transgenes (e.g. DNA transgenes) with expected function. It is at 

position 19ql3.42. It has an open chromatin structure and is transcription-competent. The 

canonical SHS locus for AAVS1 is chrl9: 55,625,241-55,629,351. See Pellenz et al. "New 

Human Chromosomal Sites with "Safe Harbor" Potential for Targeted Transgene Insertion." 

Human gene therapy vol. 30,7 (2019): 814-828, the relevant disclosures of which are herein 

incorporated by reference. An exemplary AAVS1 target gRNA and target sequence are 

provided below: 

* AAVS1-gRNA sequence: 

ggggccactagggacaggatGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTA 

GTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT (SEQ 

ID NO: 212) 

* AAVS1 target sequence: ggggccactagggacaggat (SEQ ID NO: 213) 

[00600] CCR5, which is located on chromosome 3 at position 3p2i.31, encodes the major 

co-receptor for HIV-1. Disruption at this site in the CCR5 gene has been beneficial in 

HIV/AIDS therapy and prompted the development of zinc-finger nucleases that target its 
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third exon. The canonical SHS locus for CCR5 is chr3: 46,414,443-46,414,942. See Pellenz 

et al. "New Human Chromosomal Sites with "Safe Harbor" Potential for Targeted Transgene 

Insertion." Human gene therapy vol. 30,7 (2019): 814-828, the relevant disclosures of which 

are herein incorporated by reference.  

[00601] The mouse Rosa26 locus is particularly useful for genetic modification as it can 

be targeted with high efficiency and is expressed in most cell types tested. Irion et al. 2007 

("Identification and targeting of the ROSA26 locus in human embryonic stem cells." Nature 

biotechnology 25.12 (2007): 1477-1482, the relevant disclosure of which are herein 

incorporated by reference) identified the human homolog, human ROSA26, in chromosome 3 

(position 3p25.3).The canonical SHS locus for human Rosa26 (hRosa26) is chr3: 9,415,082

9,414,043. See Pellenz et al. "New Human Chromosomal Sites with "Safe Harbor" Potential 

for Targeted Transgene Insertion." Human gene therapy vol. 30,7 (2019): 814-828, the 

relevant disclosures of which are herein incorporated by reference.  

[00602] Additional examples of safe harbor sites are provided in Pellenz et al. "New 

Human Chromosomal Sites with "Safe Harbor" Potential for Targeted Transgene Insertion." 

Human gene therapy vol. 30,7 (2019): 814-828, the relevant disclosures of which are herein 

incorporated by reference. Examples of additional integration sites are provided in Table D.  

[00603] In some embodiments, the safe harbor sites allow for high transgene expression 

(sufficient to allow for transgene functionality or treatment of a disease of interest) and stable 

expression of the transgene over several days, weeks or months. In some embodiments, 

knockout of the gene at the safe harbor locus confers benefit to the function of the cell, or the 

gene at the safe harbor locus has no known function within the cell. In some embodiments the 

safe harbor locus results in stable transgene expression in vitro with or without CD3/CD28 

stimulation, negligible off-target cleavage as detected by iGuide-Seq or CRISPR-Seq, less 

off-target cleavage relative to other loci as detected by iGuide-Seq or CRISPR-Seq, 

negligible transgene-independent cytotoxicity, negligible transgene-independent cytokine 

expression, negligible transgene-independent chimeric antigen receptor expression, negligible 

deregulation or silencing of nearby genes, and positioned outside of a cancer-related gene.  

[00604] As used, a "nearby gene" can refer to a gene that is within about 100kB, about 

125kB, about 150kB, about 175kB, about 200kB, about 225kB, about 250kB, about 275kB, 

about 300kB, about 325kB, about 350kB, about 375kB, about 400kB, about 425kB, about 

450kB, about 475kB, about 500kB, about 525kB, about 550kB away from the safe harbor 

locus (integration site).  
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[00605] In some embodiments, the present disclosure contemplates inserts that comprise 

one or more transgenes. The transgene can encode a therapeutic protein, an antibody, a 

peptide, or any other gene of interest. The transgene integration can result in, for example, 

enhanced therapeutic properties. These enhanced therapeutic properties, as used herein, refer 

to an enhanced therapeutic property of a cell when compared to a typical immune cell of the 

same normal cell type. For example, a T cell having "enhanced therapeutic properties" has an 

enhanced, improved, and/or increased treatment outcome when compared to a typical, 

unmodified and/or naturally occurring T cell. The therapeutic properties of immune cells can 

include, but are not limited to, cell transplantation, transport, homing, viability, self-renewal, 

persistence, immune response control and regulation, survival, and cytotoxicity. The 

therapeutic properties of immune cells are also manifested by: antigen-targeted receptor 

expression; HLA presentation or lack thereof; tolerance to the intratumoral 

microenvironment; induction of bystander immune cells and immune regulation; improved 

target specificity with reduction; resistance to treatments such as chemotherapy.  

[00606] As used herein, the term "insert size" refers to the length of the nucleotide 

sequence being integrated (inserted) at the target locus or safe harbor site. In some 

embodiments, the insert size comprises at least about 4.5 kilobasepairs (kb) to about 10 

kilobasepairs (kb). In some embodiments, the insert size comprises about 5000 nucleotides or 

more basepairs. In some embodiments, the insert size comprises up to 4.5, 4.8, 5, 6, 7, 8, 9, 

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 kbp (kilo basepairs) or the sizes in between. In some 

embodiments, the insert size is greater than 4.5, 4.8, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

17, 18, 19, 20 kbp or the sizes in between. In some embodiments, the insert size is within the 

range of 4.5-15 kbp or is any number in that range. In some embodiments, the insert size is 

within the range of 4.8-8.3 kbp or is any number in that range. In some embodiments, the 

insert size is within the range of 5-8.3 kbp or is any number in that range. In some 

embodiments, the insert size is within the range of 5-15 kbp or is any number in that range. In 

some embodiments, the insert size is within the range of 4.5-20 kbp or is any number in that 

range. In some embodiments, the insert size is 5-10 kbp. In some embodiments, the insert 

size is 4.5-10, 5-10, 6-10, 7-10, 8-10, 9-10 kbp. In some embodiments, the insert size is 4.5

11, 6-11, 7-11, 8-11, 9-11, or 10-11 kbp. In some embodiments, the insert size is 4.5-12, 6

12, 7-12, 8-12, 9-12, 10-12, or 11-12 kbp. In some embodiments, the insert size is 4.5-13, 6

13, 7-13, 8-13, 9-13, 10-13, 11-13, or 12-13 kbp. In some embodiments, the insert size is 4.5

14, 6-14, 7-14, 8-14, 9-14, 10-14, 11-14, 12-14 or 13-14 kbp. In some embodiments, the 

insert size is 4.5-15, 6-15, 7-15, 8-15, 9-15, 10-15, 11-15, 12-15, 13-15, or 14-15 kbp. In 
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some embodiments, the insert size is 4.5-16, 6-16, 7-16, 8-16, 9-16, 10-16, 11-16, 12-16, 13

16, 14-16 or 15-16 kbp. In some embodiments, the insert size is 4.5-17, 6-17, 7-17, 8-17, 9

17, 10-17, 11-17, 12-17, 13-17, or 14-17, 15-17 or 16-17 kbp. In some embodiments, the 

insert size is 4.5-18, 6-18, 7-18, 8-18, 9-18, 10-18, 11-18, 12-18, 13-18, 14-18, 15-18, 16-18 

or 17-18 kbp. In some embodiments, the insert size is 4.5-19, 6-19, 7-19, 8-19, 9-19, 10-19, 

11-19, 12-19, 13-19, 14-19, 15-19, 16-19, 17-19, or 18-19 kbp. In some embodiments, the 

insert size is 4.5-20, 6-20, 7-20, 8-20, 9-20, 10-20, 11-20, 12-20, 13-20, 14-20, 15-20, 16-20, 

17-20, 18-20, or 19-20 kbp.  

[00607] The inserts of the present disclosure refer to nucleic acid molecules or 

polynucleotide inserted at a target locus or safe harbor site. In some embodiments, the 

nucleotide sequence is a DNA molecule, e.g., genomic DNA, or comprises deoxy

ribonucleotides. In some embodiments, the insert comprises a smaller fragment of DNA, such 

as a plastid DNA, mitochondrial DNA, or DNA isolated in the form of a plasmid, a fosmid, a 

cosmid, a bacterial artificial chromosome (BAC), a yeast artificial chromosome (YAC), 

and/or any other sub-genome segment of DNA. In some embodiments, the insert is an RNA 

molecule or comprises ribonucleotides. The nucleotides in the insert are contemplated as 

naturally occuring nucleotides, non-naturally occuring, and modified nucleotides.  

Nucleotides may be modified chemically or biochemically, or may contain non-natural or 

derivatized nucleotide bases, as will be readily appreciated by those of skill in the art. Such 

modifications include, for example, labels, methylation, substitution of one or more of the 

naturally occurring nucleotides with an analog, internucleotide modifications. The 

polynucleotides can be in any topological conformation, including single-stranded, double

stranded, partially duplexed, triplexed, hairpinned, circular conformations, and other three

dimension conformations contemplated in the art.  

[00608] The inserts can have coding and/or non-coding regions. The insert can comprises 

a non-coding sequence (e.g., control elements, e.g., a promoter sequence). In some 

embodiments, the insert encodes transcription factors. In some embodiments, the insert 

encodes an antigen binding receptors such as single receptors, T-cell receptors (TCRs), 

priming receptors, CARs, mAbs, etc. In some embodiments, the the insert is a human 

sequence. In some embodiments, the insert is chimeric. In some embodiments, the insert is a 

multi-gene/multi-module therapeutic cassette. A multi-gene/multi-module therapeutic 

cassette referst to an insert or cassette having one or more than one receptor (e.g., synthetic 

receptors), other exogenous protein coding sequences, non-coding RNAs, transcriptional 

regulatory elements, and/or insulator sequences, etc.  
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[00609] In some embodiments, the nucleic acid sequence is inserted into the genome of the 

T cell via non-viral delivery. In non-viral delivery methods, the nucleic acid can be naked 

DNA, or in a non-viral plasmid or vector. Non-viral delivery techniques can be site-specific 

integration techniques, as described herein or known to those of ordinary skill in the art.  

Examples of site-specific techniques for integration into the safe harbor loci include, without 

limitation, homology-dependent engineering using nucleases and homology independent 

targeted insertion using Cas9 or other CRISPR endonucleases.  

[00610] In some embodiments, the insert is integrated at a safe harbor site by introducing 

into the engineered cell, (a) a targeted nuclease that cleaves a target region in the safe harbor 

site to create the insertion site; and (b) the nucleic acid sequence (insert), wherein the insert is 

incorporated at the insertion site by, e.g., HDR. Examples of non-viral delivery techniques 

that can be used in the methods of the present disclosure are provided in US Application Nos.  

16/568,116 and 16/622,843, the relevant disclosures of which are herein incorporated by 

reference in their entirety.  

[00611] Examples of integration sites contemplated are provided in Table D.  

Table D: s2RNA sequences 

Median (% 

SEQ sgRNA start Modified), 
sgRNA ID sgRNA Sequence color sgRNA Integrati summarized 

ID NO: GRCH38 Target Loci on Site from 2 
donors, 2 

primersets 
sgRNA 214 GCACCTGAATACCACGCC chrl6:888118 APRT APRT 79.28 

1 TG 18 
sgRNA 215 CGCCTGCGATGTAGTCGA chrl6:888115 APRT APRT 78.60 

2 TG 51 
sgRNA 216 CAGGACGGGCGAGATGTC chrl6:888116 APRT APRT 85.25 

3 CC 40 
sgRNA 217 CTGAATCTTTGGAGTACCT chrl5:447154 B2M B2M 78.51 

4 G 25 
sgRNA 218 GGCCACGGAGCGAGACAT chrl5:447115 B2M B2M 94.75 

5 CT 50 
sgRNA 219 AAGTCAACTTCAATGTCG chrl5:447155 B2M B2M 70.97 

6 GA 15 
sgRNA 220 GCTTGGAGGCCTGATCAG chrl9:361411 CAPNS1 CAPNS1 89.34 

7 CG 11 
sgRNA 221 CTTATCTCTTCGCAGCGAG chrl9:361423 CAPNS1 CAPNS1 91.09 

8 G 01 
sgRNA 222 CACACATTACTCCAACATT chrl9:361426 CAPNS1 CAPNS1 71.98 

9 G 76 
sgRNA 223 TTCCGCAAAATAGAGCCC chr3:1057460 CBLB CBLB 91.55 

10 CA 19 
sgRNA 224 TGCACAGAACTATCGTAC chr3:1057516 CBLB CBLB 91.43 

11 CA 22 
sgRNA 225 GCAATAAGACTCTTTAAA chr3:1058534 CBLB CBLB 76.18 

12 GA 70 
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sgRNA 226 CAAAGAGATTACGAATGC chrl:1167546 CD2 CD2 89.80 
13 CT 58 

sgRNA 227 CAAGGCACCCCAGGTTTC chr1:1167546 CD2 CD2 92.70 
14 CA 63 

sgRNA 228 TTACGAATGCCTTGGAAA chrl:1167546 CD2 CD2 92.82 
15 CC 66 

sgRNA 229 CAGAGACGCATCTGACCC chr11:118315 CD3E CD3E 90.96 
16 TC 540 

sgRNA 230 CATGCAGTTCTCACACACT chr11:118313 CD3E CD3E 87.47 
17 G 715 

sgRNA 231 GTGTGAGAACTGCATGGA chr11:118313 CD3E CD3E 86.65 
18 GA 715 

sgRNA 232 TCTCATTTCAGGAAACCAC chr11:118349 CD3G CD3G 87.24 
19 T 748 

sgRNA 233 AGTCATACACCTTAACCA chr11:118349 CD3G CD3G 87.99 
20 AG 754 

sgRNA 234 TTCAAGGAAACCAGTTGA chrll:118352 CD3G CD3G 86.55 
21 GG 458 

sgRNA 235 GAGCCTTGCCTGGAAATC chrl1:611181 CD5 CD5 84.03 
22 TG 77 

sgRNA 236 AAGCGTCAAAAGTCTGCC chrl1:611183 CD5 CD5 89.19 
23 AG 24 

sgRNA 237 CGTTCCAACTCGAAGTGC chrl1:611181 CD5 CD5 83.11 
24 CA 21 

sgRNA 238 GAGCGACTGGGACACGGT chr9:1368662 EDF1 EDF1 88.84 
25 GA 46 

sgRNA 239 GCTGCGCAAGAAGGGCCC chr9:1368662 EDF1 EDF1 91.04 
26 TA 11 

sgRNA 240 TTGTTCTGGCCAGCAGCCC chr9:1368634 EDF1 EDF1 85.98 
27 C 33 

sgRNA 241 CTTCCAGAGCCACATCATC chrl9:489657 FTL FTL 93.10 
28 G 91 

sgRNA 242 GGGACTCACCAGAGAGAG chrl9:489656 FTL FTL 88.86 
29 GT 01 

sgRNA 243 CGGTCGAAATAGAAGCCC chrl9:489657 FTL FTL 93.14 
30 TA 70 

sgRNA 244 AAAAGGATATTGTGCAAC chrl0:879330 PTEN PTEN 92.37 
31 TG 15 

sgRNA 245 TGTGCATATTTATTACATC chrl0:879331 PTEN PTEN 90.64 
32 G 83 

sgRNA 246 TTTGTGAAGATCTTGACCA chrl0:879330 PTEN PTEN 85.36 
33 A 87 

sgRNA 247 TGTCATGCTGAACCGCATT chrl8:128309 PTPN2 PTPN2 87.94 
34 G 72 

sgRNA 248 CCACTCTATGAGGATAGT chrl8:128592 PTPN2 PTPN2 92.45 
35 CA 19 

sgRNA 249 TTGACATAGAAGAGGCAC chrl8:128368 PTPN2 PTPN2 93.96 
36 AA 28 

sgRNA 250 GAGTACTACACTCAGCAG chrl2:695209 PTPN6 PTPN6 89.61 
37 CA 8 

sgRNA 251 TCACGCACAAGAAACGTC chrl2:695487 PTPN6 PTPN6 82.74 
38 CA 2 

sgRNA 252 AGGTCTCGGTGAAACCAC chrl2:695161 PTPN6 PTPN6 91.27 
39 CT 0 

sgRNA 253 AGCATTATCCAAAGAGTC chrl:1986968 PTPRC PTPRC 88.88 
40 CG 73 

sgRNA 254 ATATTAATTCTTACCAGTG chrl:1986923 PTPRC PTPRC 88.95 
41 G 70 

sgRNA 255 AGCTTTAAATCAAGGTTC chrl:1987561 PTPRC PTPRC 96.89 
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42 AT 76 
sgRNA 256 ATCCCGAGCCCTAAGGTG chr11:674363 PTPRCAP PTPRCA 84.08 

43 CA 25 P 
sgRNA 257 GGCAGCGCGGAGGACAGC chr11:674362 PTPRCAP PTPRCA 97.74 

44 GT 85 P 
sgRNA 258 CTCAGGGGGCTACTACCA chrl1:674361 PTPRCAP PTPRCA 91.50 

45 CC 70 P 
sgRNA 259 GTCACCGACGAGACCAGA chr5:8227781 RPS23 RPS23 79.40 

46 AG 0 
sgRNA 260 GTCGTGGACTTCGTACTGC chr5:8227784 RPS23 RPS23 83.07 

47 T 3 
sgRNA 261 TAATTTTTAGGCAAGTGTC chr5:8227786 RPS23 RPS23 61.94 

48 G 0 
sgRNA 262 TTAGCTGTTAGACTTGAAT chrl4:519938 RTRAF RTRAF 85.50 

49 A 10 
sgRNA 263 CGAGAGCCGTCAACTTGC chrl4:519896 RTRAF RTRAF 85.64 

50 GT 52 
sgRNA 264 CGGCTTCAACTGCAAAGG chrl4:519897 RTRAF RTRAF 88.77 

51 TG 00 
sgRNA 265 TATGAAAAAGCAGAGCGA chrl5:437930 SERF2 SERF2 89.61 

52 CT 25 
sgRNA 266 TCTGGCGGGCGAGCTCAC chrl5:437929 SERF2 SERF2 86.73 

53 GC 89 
sgRNA 267 CTCACGCTGGTTACCGCCT chrl5:437929 SERF2 SERF2 80.57 

54 A 77 
sgRNA 268 AAAGATTACGAACTTCCC chrl2:462075 SLC38A1 SLC38A 92.24 

55 TG 59 1 
sgRNA 269 GTTAAAAACAGACATGCC chrl2:462292 SLC38A1 SLC38A 91.51 

56 TA 32 1 
sgRNA 270 ATGCCTAAGGAGGTTGTA chrl2:462292 SLC38A1 SLC38A 79.48 

57 CC 46 1 
sgRNA 271 CTCCAGGTATCCCATCGA chrl8:478694 SMAD2 SMAD2 79.53 

58 AA 18 
sgRNA 272 CACCAAATACGATAGATC chrl8:478705 SMAD2 SMAD2 86.61 

59 AG 32 
sgRNA 273 TGGCGGCGTGAATGGCAA chrl8:478967 SMAD2 SMAD2 82.91 

60 GA 29 
sgRNA 274 TAGGATGGTAGCACACAA chrl6:112554 SOCS1 SOCS1 92.25 

61 CC 78 
sgRNA 275 CAGCAGCAGAGCCCCGAC chrl6:112554 SOCS1 SOCS1 83.79 

62 GG 32 
sgRNA 276 CGGCGTGCGAACGGAATG chrl6:112552 SOCS1 SOCS1 84.24 

63 TG 96 
sgRNA 277 TATAGACGCTGCCCGACG chrl5:400388 SRP14 SRP14 95.12 

64 TC 95 
sgRNA 278 TCCAAAGAAGGGTACTGT chrl5:400383 SRP14 SRP14 92.14 

65 GG 68 
sgRNA 279 ACAGTACCCTTCTTTGGAA chrl5:400383 SRP14 SRP14 65.82 

66 T 58 
sgRNA 280 GCGACGGGCGCATCTACG chrl2:120469 SRSF9 SRSF9 83.68 

67 TG 572 
sgRNA 281 CCCGACCTCCATAAGTCCT chrl2:120465 SRSF9 SRSF9 92.56 

68 G 700 
sgRNA 282 GGGGTCCTCGAAGCGCAC chrl2:120469 SRSF9 SRSF9 89.94 

69 GA 426 
sgRNA 283 TGCTCTGTTTAGAAGATGA chr5:3259164 SUBI SUBI 79.36 

70 C 1 
sgRNA 284 ATATTCTTTTCTAGTTAAA chr5:3259156 SUBI SUBI 70.93 

71 G 6 

116



WO 2023/064928 PCT/US2022/078158 

sgRNA 285 CCTGTAAAGAAACAAAAG chr5:3259161 SUBI SUBI 93.66 
72 AC 4 

sgRNA 286 TGGAGAAAGACGTAACTT chr4:1052343 TET2 TET2 83.53 
73 CG 15 

sgRNA 287 TCTGCCCTGAGGTATGCG chr4:1052347 TET2 TET2 90.97 
74 AT 47 

sgRNA 288 ATTCCGCTTGGTGAAAAC chr4:1052356 TET2 TET2 89.62 
75 GA 56 

sgRNA 289 CAGGCACAATAGAAACAA chr3:1142955 TIGIT TIGIT 92.65 
76 CG 71 

sgRNA 290 CCATTTGTAATGCTGACTT chr3:1142957 TIGIT TIGIT 60.75 
77 G 00 

sgRNA 291 CTGGGTCACTTGTGCCGTG chr3:1142956 TIGIT TIGIT 87.99 
78 G 34 

sgRNA 292 GTCAGGGTTCTGGATATCT chrl4:225475 TRAC TRAC 98.20 
79 G 08 

sgRNA 293 TGGATTTAGAGTCTCTCAG chrl4:225475 TRAC TRAC 88.15 
80 C 41 

sgRNA 294 CTGCGGCTGTGGTCCAGCT chrl4:225506 TRAC TRAC 94.77 
81 G 61 

sgRNA 295 ACAAAACTGTGCTAGACA chrl4:225476 TRAC TRAC 87.86 
82 TG 58 

sgRNA 296 TTCTTCCCCAGCCCAGGTA chrl4:225477 TRAC TRAC 89.85 
83 A 78 

sgRNA 297 CGTCATGAGCAGATTAAA chrl4:225506 TRAC TRAC 95.81 
84 CC 25 

sgRNA 298 GAGAGCGCCTGCGACCCG chrl9:585449 TRIM28 TRIM28 89.44 
85 AG 80 

sgRNA 299 CCAGCGGGTGAAGTACAC chrl9:585448 TRIM28 TRIM28 94.79 
86 CA 69 

sgRNA 300 GGAGCGCTTTTCGCCGCC chrl9:585448 TRIM28 TRIM28 91.81 
87 AG 39 

sgRNA 301 TGAGGCCTGGACCTTATG chrl0:331341 chrl0:331300 desert_1 69.44 
88 CA 93 00-33140000 (GS88) 

sgRNA 302 CCTGGTGGAGTGAACCAT chrl0:331329 chrl0:331300 desert_1 95.25 
89 GA 17 00-33140000 (GS89) 

sgRNA 303 CAAGCACTTAGGTTCCCCT chrl0:331346 chrl0:331300 desert_1 91.13 
90 G 33 00-33140000 (GS90) 

sgRNA 304 GGTCTCCCTACAATTCAGC chrl0:722945 chrl0:722900 desert_2 92.02 
91 G 68 00-72300000 (GS91) 

sgRNA 305 CACAGCGCGTGACTGCAA chrl0:722982 chrl0:722900 desert_2 90.22 
92 TG 68 00-72300000 (GS92) 

sgRNA 306 TCTGGGGCACCAATTCTA chrl0:722927 chrl0:722900 desert_2 86.35 
93 GG 86 00-72300000 (GS93) 

sgRNA 307 GAGCCATGCTTGGCTTAC chr11:128342 chr11:128340 desert_3 91.24 
94 GA 576 000- (GS94) 

128350000 
sgRNA 308 GTACAAGTACTTATCTCAT chr11:128343 chr11:128340 desert_3 89.02 

95 G 592 000- (GS95) 
128350000 

sgRNA 309 GAGATAACAACATAACAA chr11:128347 chr11:128340 desert_3 96.47 
96 CA 170 000- (GS96) 

128350000 
sgRNA 310 CATATTCCATAGTCTTTGG chrl1:654250 chrl1:654250 desert_4 88.54 

97 G 00 00-65427000 (GS97) 
(NEAT1) 

sgRNA 311 CTGCCCCTTAGCAACTTAG chrl1:654255 chrl1:654250 desert_4 92.76 
98 G 07 00-65427000 (GS98) 

(NEATI) 
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sgRNA 312 TGTTTAAAAATATGTTGAC chr11:654262 chr11:654250 desert_4 90.76 
99 A 64 00-65427000 (GS99) 

(NEATI) 
sgRNA 313 CCAGGAATGGAAACTCAC chrl5:928303 chrl5:928300 desert_5 87.84 

100 GC 15 00-92840000 (GS100) 
sgRNA 314 GAGGCCGCTGAATTAACC chrl5:928318 chrl5:928300 desert_5 85.32 

101 CG 50 00-92840000 (GS101) 
sgRNA 315 ATACACGCACACTTGCAG chrl5:928311 chrl5:928300 desert_5 99.92 

102 AA 31 00-92840000 (GS102) 
sgRNA 316 GAGCAGACAGAAACCCAG chrl6:112256 chrl6:112200 desert_6 87.92 

103 GG 70 00-11230000 (GS103) 
sgRNA 317 TGAGTCTCCAAACAGAAC chrl6:112262 chrl6:112200 desert_6 88.53 

104 AG 84 00-11230000 (GS104) 
sgRNA 318 TAATATCACTGACTTCACG chrl6:112250 chrl6:112200 desert_6 87.65 

105 G 29 00-11230000 (GS105) 
sgRNA 319 TACACACAATGTAAGCAG chr2:8746746 chr2:8746000 desert_7 71.79 

106 CA 1 0-87470000 (GS106) 
sgRNA 320 GGGAGCTCAATTCGAAAC chr2:8746880 chr2:8746000 desert_7 65.89 

107 CA 9 0-87470000 (GS107) 
sgRNA 321 TTGGACAGGTGAGACAGT chr2:8746700 chr2:8746000 desert_7 72.64 

108 CG 1 0-87470000 (GS108) 
sgRNA 322 AAGCTCACTCAGATAGTG chr3:1865113 chr3:1865100 desert_8 76.89 

109 TG 16 00- (GS109) 
186520000 

sgRNA 323 CAGGAGAACCACCTTACA chr3:1865152 chr3:1865100 desert_8 86.31 
110 CG 60 00- (GS11O) 

186520000 
sgRNA 324 GGACAGACCCTGATTCAC chr3:1865196 chr3:1865100 desert_8 85.47 

111 AA 55 00- (GS111) 
186520000 

sgRNA 325 ACATGGCAGTCTATGAAC chr3:5945115 chr3:5945000 desert_9 87.77 
112 AG 4 0-59460000 (GS112) 

sgRNA 326 CCTATAGAGAGTACTACTT chr3:5945641 chr3:5945000 desert_9 79.33 
113 G 6 0-59460000 (GS113) 

sgRNA 327 CCAACCGGGTCTTCATTAC chr3:5945702 chr3:5945000 desert_9 92.21 
114 G 9 0-59460000 (GS114) 

sgRNA 328 TCAAGCGTAGAGTTCCGA chr8:1279930 chr8:1279800 desert_1 93.07 
115 GT 06 00- 0 

128000000 (GS115) 
sgRNA 329 TCATGCAATTATGGACCC chr8:1279946 chr8:1279800 desert_1 89.40 

116 AG 63 00- 0 
128000000 (GS116) 

sgRNA 330 CGGGAAAGTGACTGGCCA chr8:1279967 chr8:1279800 desert_1 87.45 
117 TG 66 00- 0 

128000000 (GS117) 
sgRNA 331 TGAGATTGAAATCAAATC chr9:7974159 chr9:7970000 desert_1 84.84 

118 GG -7980000 1 
(GS118) 

sgRNA 332 TATGCAATATTCATCACGC chr9:7977914 chr9:7970000 desert_1 85.44 
119 G -7980000 1 

(GS119) 
sgRNA 333 AATGTGTTAAATCAAATG chr9:7976895 chr9:7970000 desert_1 83.48 

120 CA -7980000 1 
(GS120) 

118



WO 2023/064928 PCT/US2022/078158 

CRISPR-Cas Editing 

[00612] One effective example of gene editing is the CRISPR-Cas approach (e.g. CRISPR

Cas9). This approach incorporates the use of a guide polynucleotide (e.g. guide ribonucleic 

acid or gRNA) and a cas endonuclease (e.g. Cas9 endonuclease).  

[00613] As used herein, a polypeptide referred to as a "Cas endonuclease" or having "Cas 

endonuclease activity" refers to a CRISPR-related (Cas) polypeptide encoded by a Cas gene, 

wherein a Cas polypeptide is a target DNA sequence that can be cleaved when operably 

linked to one or more guide polynucleotides (see, e.g., US Pat. No. 8,697,359). Also included 

in this definition are variants of Cas endonuclease that retain guide polynucleotide-dependent 

endonuclease activity. The Cas endonuclease used in the donor DNA insertion method 

detailed herein is an endonuclease that introduces double-strand breaks into DNA at the 

target site (e.g., within the target locus or at the safe harbor site).  

[00614] As used herein, the term "guide polynucleotide" relates to a polynucleotide 

sequence capable of complexing with a Cas endonuclease and allowing the Cas endonuclease 

to recognize and cleave a DNA target site. The guide polynucleotide can be a single molecule 

or a double molecule. The guide polynucleotide sequence can be an RNA sequence, a DNA 

sequence, or a combination thereof (RNA-DNA combination sequence). A guide 

polynucleotide comprising only ribonucleic acid is also referred to as "guide RNA". In some 

embodiments, a polynucleotide donor construct is inserted at a safe harbor locus using a 

guide RNA (gRNA) in combination with a cas endonuclease (e.g. Cas9 endonuclease).  

[00615] The guide polynucleotide includes a first nucleotide sequence domain (also 

referred to as a variable targeting domain or VT domain) that is complementary to a 

nucleotide sequence in the target DNA, and a second nucleotide that interacts with a Cas 

endonuclease polypeptide. It can be a double molecule (also referred to as a double-stranded 

guide polynucleotide) comprising a sequence domain (referred to as a Cas endonuclease 

recognition domain or CER domain). The CER domain of this double molecule guide 

polynucleotide comprises two separate molecules that hybridize along the complementary 

region. The two separate molecules can be RNA sequences, DNA sequences and/or RNA

DNA combination sequences.  

[00616] Genome editing using CRISPR-Cas approaches relies on the repair of site-specific 

DNA double-strand breaks (DSBs) induced by the RNA-guided Cas endonuclease (e.g. Cas 9 

endonuclease). Homology-directed repair (HDR) of these DSBs enables precise editing of the 

genome by introducing defined genomic changes, including base substitutions, sequence 
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insertions, and deletions. Conventional HDR-based CRISPR/Cas9 genome-editing involves 

transfecting cells with Cas9, gRNA and donor DNA containing homologous arms matching 

the genomic locus of interest.  

[00617] HITI (homology independent targeted insertion) uses a non-homologous end joining 

(NHEJ)-based homology-independent strategy and the method can be more efficient than 

HDR. Guide RNAs (gRNAs) target the insertion site. For HITI, donor plasmids lack 

homology arms and DSB repair does not occur through the HDR pathway. The donor 

polynucleotide construct can be engineered to include Cas9 cleavage site(s) flanking the gene 

or sequence to be inserted. This results in Cas9 cleavage at both the donor plasmid and the 

genomic target sequence. Both target and donor have blunt ends and the linearized donor 

DNA plasmid is used by the NHEJ pathway resulting integration into the genomic DSB site.  

(See, for example, Suzuki, K., et al. (2016). In vivo genome editing via CRISPR/Cas9 

mediated homology-independent targeted integration. Nature, 540(7631), 144-149, the 

relevant disclosures of which are herein incorporated in their entirety).  

[00618] Methods for conducing gene editing using CRISPR-Cas approaches are known to 

those of ordinary skill in the art. (See, for example, US Application Nos. US16/312,676, 

US15/303,722, and US15/628,533, the disclosures of which are herein incorporated by 

reference in their entirety). Additionally, uses of endonucleases for inserting transgenes into 

safe harbor loci are described, for example, in US Application No. 13/036,343, the 

disclosures of which are herein incorporated by reference in their entirety.  

[00619] The guide RNAs and/or mRNA (or DNA) encoding an endonuclease can be 

chemically linked to one or more moieties or conjugates that enhance the activity, cellular 

distribution, or cellular uptake of the oligonucleotide. Non-limiting examples of such 

moieties include lipid moieties such as a cholesterol moiety, cholic acid, a thioether, a 

thiocholesterol, an aliphatic chain (e.g., dodecandiol or undecyl residues), a phospholipid, 

e.g., di-hexadecyl-rac-glycerol or triethylammonium 1,2-di-0-hexadecyl- rac-glycero-3-H

phosphonate, a polyamine or a polyethylene glycol chain, adamantane acetic acid, a palmityl 

moiety and an octadecylamine or hexylamino-carbonyl-t oxycholesterol moiety. See for 

example US Patent Publication No. 20180127786, the disclosure of which is herein 

incorporated by reference in its entirety.  

Therapeutic Applications 

[00620] For therapeutic applications, the engineered cells, populations thereof, or 

compositions thereof are administered to a subject, generally a mammal, generally a human, 
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in an effective amount. The engineered cells may be administered to a subject by infusion 

(e.g., continuous infusion over a period of time) or other modes of administration known to 

those of ordinary skill in the art.  

[00621] The engineered cells provided herein not only find use in gene therapy but also in 

non-pharmaceutical uses such as, e.g., production of animal models and production of 

recombinant cell lines expressing a protein of interest.  

[00622] The engineered cells of the present disclosure can be any cell, generally a 

mammalian cell, generally a human cell that has been modified by integrating a transgene at a 

safe harbor locus described herein. Exemplary cells are provided in the Recombinant Cells 

section.  

[00623] The engineered cells, compositions and methods of the present disclosure are useful 

for therapeutic applications such as CAR T cell therapy and TCR T cell therapy. In some 

embodiments, the insertion of a sequence encoding a transgene within a safe harbor locus 

maintains the TCR expression relative to instances when there is no insertion and enables 

transgene expression while maintaining TCR function.  

[00624] In some embodiments, the present disclosure provides methods of treating a subject 

in need of treatment by administering to the subject a composition comprising any of the 

engineered cells described herein. In some embodiments, administration of the engineered 

cell composition results in a desired pharmacological and/or physiological effect. That effect 

can be partial or complete cure of the disease and/or adverse effects resulting from the 

disease. In some embodiments, treatment encompasses any treatment of a disease in a subject 

(e.g., mammal, e.g., human). Further, treatment may stabilize or reduce undesirable clinical 

symptoms in subjects (e.g., patients). The cells provided herein populations thereof, or 

compositions thereof may be administered during or after the occurrence of the disease.  

[00625] In certain embodiments, the subject has a disease, condition, and/or injury that can 

be treated and/or ameliorated by cell therapy. In some embodiments, the subject in need of 

cell therapy is a subject having an injury, disease, or condition, thereby causing cell therapy 

(e.g., therapy in which cellular material is administered to the subject). However, it is 

contemplated that it is possible to treat, ameliorate and/or reduce the severity of at least one 

symptom associated with the injury, disease or condition.  

Method ofAdministration 

[0100] An effective amount of the immune cell comprising the system may be administered 

for the treatment of cancer. The appropriate dosage of the immune cell comprising the 
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system may be determined based on the type of cancer to be treated, the type of the immune 

cell comprising the system, the severity and course of the cancer, the clinical condition of the 

individual, the individual's clinical history and response to the treatment, and the discretion 

of the attending physician.  

Pharmaceutical compositions 

[00626] The engineered recombinant cells provided herein can be administered as part of a 

pharmaceutical compositions. These compositions can comprise, in addition to one or more 

of the recombinant cells, a pharmaceutically acceptable excipient, carrier, buffer, stabiliser or 

other materials well known to those skilled in the art. Such materials should be non-toxic and 

should not interfere with the efficacy of the active ingredient. The precise nature of the 

carrier or other material can depend on the route of administration, e.g. oral, intravenous, 

cutaneous or subcutaneous, nasal, intramuscular, intraperitoneal routes. The pharmaceutical 

composition may comprise one or more pharmaceutical excipients. Any suitable 

pharmaceutical excipient may be used, and one of ordinary skill in the art is capable of 

selecting suitable pharmaceutical excipients. Accordingly, the pharmaceutical excipients 

provided below are intended to be illustrative, and not limiting. Additional pharmaceutical 

excipients include, for example, those described in the Handbook ofPharmaceutical 

Excipients, Rowe et al. (Eds.) 6th Ed. (2009), incorporated by reference in its entirety.  

[00627] Various modes of administering the additional therapeutic agents are contemplated 

herein. In some embodiments, the additional therapeutic agent is administered by any suitable 

mode of administration.  

[00628] A composition can be administered alone or in combination with other treatments, 

either simultaneously or sequentially dependent upon the condition to be treated.  

Kits and Articles of Manufacture 

[00629] The present application provides kits comprising any one or more of the system or 

cell compositions described herein along with instructions for use. The instructions for use 

can be present in the kits as a package insert, in the labeling of the container of the kit or 

components thereof, or can be in digital form (e.g. on a CD-ROM, via a link on the internet).  

A kit can include one or more of a genome-targeting nucleic acid, a polynucleotide encoding 

a genome-targeting nucleic acid, a site-directed polypeptide, and/or a polynucleotide 

encoding a site-directed polypeptide. Additional components within the kits are also 

contemplated, for example, buffer (such as reconstituting buffer, stabilizing buffer, diluting 

buffer), and/or one or more control vectors.  
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[0101] In some embodiments, the kits further contain a component selected from any of 

secondary antibodies, reagents for immunohistochemistry analysis, pharmaceutically 

acceptable excipient and instruction manual and any combination thereof. In one specific 

embodiment, the kit comprises a pharmaceutical composition comprising any one or more of 

the antibody compositions described herein, with one or more pharmaceutically acceptable 

excipients.  

[0102] The present application also provides articles of manufacture comprising any one of 

the antibody compositions or kits described herein. Examples of an article of manufacture 

include vials (including sealed vials).  

Additional Embodiments 

[00630] Embodiment 1 One or more recombinant nucleic acids, wherein the one or more 

recombinant nucleic acids encode: 

a first chimeric polypeptide comprising a priming receptor; 

a second chimeric polypeptide comprising a chimeric antigen receptor (CAR); and 

at least one nucleic acid sequence at least 15 nucleotides in length, wherein the at 

least one nucleic acid sequence comprises one or more of: (1) a first nucleic acid 

sequence complementary to nucleotides 1126 to 1364 of an mRNA encoding 

human Fas Cell Surface Death Receptor (FAS) comprising the sequence set forth 

in SEQ ID NO: 39, (2) a second nucleic acid sequence complementary to 

nucleotides 518 to 559 of an mRNA encoding human Protein Tyrosine 

Phosphatase Non-Receptor Type 2 (PTPN2) comprising the sequence set forth in 

SEQ ID NO: 40; and (3) a third nucleic acid sequence complementary to 

nucleotides 1294 to 2141 of an mRNA encoding human Thymocyte Selection 

Associated High Mobility Group Box (TOX) comprising the sequence set forth in 

SEQ ID NO: 41.  

Embodiment 2 The recombinant nucleic acid(s) of embodiment 1, wherein the priming 

receptor comprising a first extracellular antigen-binding domain that specifically binds to 

Alkaline Phosphatase, Germ Cell (ALPG/P).  

Embodiment 3 The recombinant nucleic acid(s) of embodiment 2, wherein the first 

extracellular antigen-binding domain comprises a variable heavy (VH) chain sequence 

comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, and a 
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variable light (VL) chain sequence comprising three light chain CDR sequences, CDR

LI, CDR-L2, and CDR-L3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 1, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 2, 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 3, 

CDR-L1 comprises the sequence set forth in SEQ ID NO: 4, 

CDR-L2 comprises the sequence set forth in SEQ ID NO: 5, and 

CDR-L3 comprises the sequence set forth in SEQ ID NO: 6 

Embodiment 4 The recombinant nucleic acid(s) of embodiment 3, wherein the CAR 

comprises a second extracellular antigen-binding domain that specifically binds to 

mesothelin (MSLN), and wherein the second extracellular antigen-binding domain 

comprises a variable heavy (VH) chain sequence comprising three heavy chain CDR 

sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 16.  

Embodiment 5 The recombinant nucleic acid(s) of embodiment 4, wherein the at least 

one nucleic acid sequence comprises each of: (1) the first nucleic acid sequence 

complementary to nucleotides 1126 to 1364 of an mRNA encoding human FAS 

comprising the sequence set forth in SEQ ID NO: 39; and (2) the second nucleic acid 

sequence complementary to nucleotides 518 to 559 of an mRNA encoding human PTPN2 

comprising the sequence set forth in SEQ ID NO: 40.  

Embodiment 6 The recombinant nucleic acid(s) of any one embodiments 1-3, wherein 

the CAR comprises a second extracellular antigen-binding domain that specifically binds 

to mesothelin (MSLN).  

Embodiment 7 The recombinant nucleic acid(s) of embodiment 6, wherein the second 

extracellular antigen-binding domain comprises a variable heavy (VH) chain sequence 

comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, 

wherein: 
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CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 16.  

Embodiment 8 The recombinant nucleic acid(s) of embodiment 6, wherein the second 

extracellular antigen-binding domain comprises a single domain antibody comprising a 

variable heavy (VHH) chain sequence comprising three heavy chain CDR sequences, 

CDR-H1, CDR-H2, and CDR-H3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

Embodiment 9 One or more recombinant nucleic acids, wherein the one or more 

recombinant nucleic acids encode: 

a first chimeric polypeptide comprising a priming receptor comprising a first 

extracellular antigen-binding domain that specifically binds Alkaline Phosphatase, 

Placental/Germ Cell (ALPG/P), wherein the first extracellular antigen-binding 

domain comprises a variable heavy (VH) chain sequence comprising three heavy 

chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, and a variable light 

(VL) chain sequence comprising three light chain CDR sequences, CDR-L1, 

CDR-L2, and CDR-L3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 1, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 2, 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 3, 

CDR-L1 comprises the sequence set forth in SEQ ID NO: 4, 

CDR-L2 comprises the sequence set forth in SEQ ID NO: 5, and 

CDR-L3 comprises the sequence set forth in SEQ ID NO: 6; 

a second chimeric polypeptide comprising a chimeric antigen receptor (CAR); 

a first nucleic acid sequence complementary to nucleotides 1126 to 1364 of an 

mRNA encoding human FAS comprising the sequence set forth in SEQ ID NO: 

39, and 

125



WO 2023/064928 PCT/US2022/078158 

a second nucleic acid sequence complementary to nucleotides 518 to 559 of an 

mRNA encoding human PTPN2 comprising the sequence set forth in SEQ ID NO: 

40; or complementary to nucleotides 1294 to 2141 of an mRNA encoding human 

TOX comprising the sequence set forth in SEQ ID NO: 41.  

Embodiment 10 The recombinant nucleic acid(s) of any one of embodiments 3-9, 

wherein the first extracellular antigen-binding domain VH chain sequence comprises the 

sequence set forth in SEQ ID NO: 7.  

Embodiment 11 The recombinant nucleic acid(s) of any one of embodiments 3-10, 

wherein the first extracellular antigen-binding domain VL chain sequence comprises the 

sequence set forth in SEQ ID NO: 8.  

Embodiment 12 The recombinant nucleic acid(s) of any one of embodiments 3-11, 

wherein the first extracellular antigen-binding domain comprises the sequence set forth in 

SEQ ID NO: 9.  

Embodiment 13 The recombinant nucleic acid(s) of any one of embodiments 9-12, 

wherein the CAR comprises a second extracellular antigen-binding domain that 

specifically binds to mesothelin (MSLN).  

Embodiment 14 The recombinant nucleic acid(s) of embodiment 13, wherein the second 

extracellular antigen-binding domain comprises a variable heavy (VH) chain sequence 

comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, 

wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 16.  

Embodiment 15 The recombinant nucleic acid(s) of any one of embodiments 4-8 and 13

14, wherein the second extracellular antigen-binding domain VH comprises the sequence 

as set forth in SEQ ID NO: 17.  

Embodiment 16 The recombinant nucleic acid(s) of embodiment 13, wherein the second 

extracellular antigen-binding domain comprises a single domain antibody comprising a 

variable heavy (VHH) chain sequence comprising three heavy chain CDR sequences, 

CDR-H1, CDR-H2, and CDR-H3, wherein: 
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CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

Embodiment 17 The recombinant nucleic acid(s) of any one of embodiments 4-8, 13, 

and 16, wherein the second extracellular antigen-binding domain VHH chain sequence 

comprises the sequence set forth in SEQ ID NO: 13.  

Embodiment 18 The recombinant nucleic acid of any one of embodiments I to 17, 

wherein the second nucleic acid sequence is complementary to nucleotides 518 to 559 of 

an mRNA encoding human PTPN2 comprising the sequence set forth in SEQ ID NO: 40.  

Embodiment 19 The recombinant nucleic acid of any one of embodiments I to 17, 

wherein the recombinant nucleic acid comprises a sequence selected from the group 

consisting of the sequences set forth in SEQ ID NOs: 168, 167, or 166.  

Embodiment 20 The recombinant nucleic acid of any one of embodiments I to 17, 

wherein the second nucleic acid sequence is complementary to nucleotides 1294 to 2141 

of an mRNA encoding human TOX comprising the sequence set forth in SEQ ID NO: 41.  

Embodiment 21 A recombinant nucleic acid comprising a nucleic acid sequence at least 

15 nucleotides in length complementary to nucleotides 1126 to 1364 of an mRNA 

encoding human FAS comprising the sequence set forth in SEQ ID NO: 39.  

Embodiment 22 A recombinant nucleic acid comprising a nucleic acid sequence at least 

15 nucleotides in length complementary to nucleotides 518 to 559 of an mRNA encoding 

human Protein Tyrosine Phosphatase Non-Receptor Type 2 (PTPN2) comprising the 

sequence set forth in SEQ ID NO: 40.  

Embodiment 23 A recombinant nucleic acid comprising a nucleic acid sequence at least 

15 nucleotides in length complementary to nucleotides 1294 to 2141 of an mRNA 

encoding human thymocyte selection associated high mobility group box (TOX) 

comprising the sequence set forth in SEQ ID NO: 41.  

Embodiment 24 One or more recombinant nucleic acids comprising a first nucleic acid 

sequence at least 15 nucleotides in length complementary to nucleotides 1126 to 1364 of 

an mRNA encoding human FAS comprising the sequence set forth in SEQ ID NO: 39 

and a second nucleic acid sequence at least 15 nucleotides in length complementary to 
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nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising the sequence set 

forth in SEQ ID NO: 40.  

Embodiment 25 One or more recombinant nucleic acids comprising a first nucleic acid 

at least 15 nucleotides in length complementary to nucleotides 1126 to 1364 of an mRNA 

encoding human FAS comprising the sequence set forth in SEQ ID NO: 39; and a second 

nucleic acid at least 15 nucleotides in length complementary to nucleotides 1294 to 2141 

of an mRNA encoding human TOX comprising the sequence set forth in SEQ ID NO: 41.  

Embodiment 26 The recombinant nucleic acid of any one of embodiments I to 25, 

wherein the first and second nucleic acid sequences are at least 16, 17, 18, 19, 20, 21, or 

22 nucleotides in length.  

Embodiment 27 The recombinant nucleic acid of any one of embodiments 1 to 26, 

wherein the first and second nucleic acids are a short hairpin RNA (shRNA), a small 

interfering RNA (siRNA), a double stranded RNA (dsRNA), or an antisense 

oligonucleotide.  

Embodiment 28 The recombinant nucleic acid of embodiment 27, wherein the first and 

second nucleic acids are shRNA.  

Embodiment 29 The recombinant nucleic acid of any one of embodiments 1-28, wherein 

the first nucleic acid sequence comprises a sequence selected from the group consisting of 

the sequences set forth in SEQ ID NOs: 42-71.  

Embodiment 30 The recombinant nucleic acid of embodiment 29, wherein the first 

nucleic acid sequence comprises the sequence set forth in SEQ ID NO: 49.  

Embodiment 31 The recombinant nucleic acid of any one of embodiments 1-30, wherein 

the first nucleic acid reduces expression of FAS in the immune cell by at least 50%, 55%, 

60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control cell that does 

not comprise the nucleic acid.  

Embodiment 32 The recombinant nucleic acid of any one of embodiments 1-31, wherein 

the second nucleic acid sequence comprises a sequence selected from the group 

consisting of the sequences set forth in SEQ ID NOs: 72-97.  

Embodiment 33 The recombinant nucleic acid of embodiment 32, wherein the second 

nucleic acid sequence comprises the sequence set forth in SEQ ID NO: 82.  
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Embodiment 34 The recombinant nucleic acid of any one of embodiments 1-33, wherein 

the first nucleic acid sequence comprises a sequence selected from the group consisting of 

the sequences set forth in SEQ ID NOs: 42 to 71; and the second nucleic acid sequence 

comprises a sequence selected from the group consisting of the sequences set forth in 

SEQ ID NOs: 72 to 97.  

Embodiment 35 The recombinant nucleic acid of any one of embodiments 1-34, wherein 

the first nucleic acid sequence comprises the sequence set forth in SEQ ID NO: 49 and 

the second nucleic acid sequence comprises the sequence set forth in SEQ ID NO: 82.  

Embodiment 36 The recombinant nucleic acid of any one of embodiments 1-35, wherein 

the second nucleic acid reduces expression of PTPN2 in the immune cell by at least 50%, 

55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control cell that 

does not comprise the nucleic acid.  

Embodiment 37 The recombinant nucleic acid of any one of embodiments 1-31, wherein 

the second nucleic acid sequence comprises a sequence selected from the group 

consisting of the sequences set forth in SEQ ID NOs: 98-125.  

Embodiment 38 The recombinant nucleic acid of embodiment 37, wherein the second 

nucleic acid sequence comprises the sequence set forth in SEQ ID NO: 99 or 104.  

Embodiment 39 The recombinant nucleic acid of any one of embodiments 1-31, or 37

38, wherein the first nucleic acid sequence comprises a sequence selected from the group 

consisting of the sequences set forth in SEQ ID NOs: 42 to 71; and the second nucleic 

acid sequence comprises a sequence selected from the group consisting of the sequences 

set forth in SEQ ID NOs: 98 to 125.  

Embodiment 40 The recombinant nucleic acid of embodiment 39, wherein the first 

nucleic acid sequence comprises the sequence set forth in SEQ ID NO: 49 and the second 

nucleic acid sequence comprises the sequence set forth in SEQ ID NO: SEQ ID NOs: 99 

or 104 

Embodiment 41 The recombinant nucleic acid of any one of embodiments 1-31 or 37-40, 

wherein the second nucleic acid reduces expression of TOX in the immune cell by at least 

50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control cell 

that does not comprise the nucleic acid.  
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Embodiment 42 The recombinant nucleic acid of any one of embodiments 1-41, wherein 

the first, second, and/or third nucleic acid sequence is encoded in at least one intron 

region of the recombinant nucleic acid.  

Embodiment 43 One or more recombinant nucleic acids, wherein the one or more 

recombinant nucleic acids encode: 

a first chimeric polypeptide comprises a priming receptor, 

a second chimeric polypeptide comprises a chimeric antigen receptor (CAR) 

comprising an extracellular antigen-binding domain that specifically binds to 

mesothelin (MSLN), wherein the extracellular antigen-binding domain comprises 

a single domain antibody comprising a variable heavy (VHH) chain sequence 

comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, 

wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 12; and 

a first nucleic acid sequence at least 15 nucleotides in length, wherein the first 

nucleic acid sequence is complementary to nucleotides 1126 to 1364 of an mRNA 

encoding human FAS comprising the sequence set forth in SEQ ID NO: 39, and 

a second nucleic acid sequence, wherein the second nucleic acid sequence is 

complementary to nucleotides 518 to 559 of an mRNA encoding human PTPN2 

comprising the sequence set forth in SEQ ID NO: 40; or is complementary to 

nucleotides 1294 to 2141 of an mRNA encoding human TOX comprising the 

sequence set forth in SEQ ID NO: 41.  

Embodiment 44 The recombinant nucleic acid(s) of embodiment 43, wherein the VHH 

chain sequence comprises the sequence set forth in SEQ ID NO: 13.  

Embodiment 45 One or more recombinant nucleic acids, wherein the one or more 

recombinant nucleic acids encode: 

a first chimeric polypeptide comprises a priming receptor, 

a second chimeric polypeptide comprises a chimeric antigen receptor (CAR) 

comprising an extracellular antigen-binding domain that specifically binds to 
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mesothelin (MSLN), wherein the second extracellular antigen-binding domain 

comprises a variable heavy (VH) chain sequence comprising three heavy chain 

CDR sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 16; and 

a first nucleic acid sequence at least 15 nucleotides in length, wherein the first 

nucleic acid sequence is complementary to nucleotides 1126 to 1364 of an mRNA 

encoding human FAS comprising the sequence set forth in SEQ ID NO: 39, and 

a second nucleic acid sequence, wherein the second nucleic acid sequence is 

complementary to nucleotides 518 to 559 of an mRNA encoding human PTPN2 

comprising the sequence set forth in SEQ ID NO: 40; or is complementary to 

nucleotides 1294 to 2141 of an mRNA encoding human TOX comprising the 

sequence set forth in SEQ ID NO: 41.  

Embodiment 46 The recombinant nucleic acid(s) of embodiment 45, wherein the VH 

comprises the sequence as set forth in SEQ ID NO: 17.  

Embodiment 47 One or more recombinant nucleic acids, wherein the one or more 

recombinant nucleic acids encode: 

a first chimeric polypeptide comprises a priming receptor comprising a first 

extracellular antigen-binding domain that specifically binds to Alkaline 

Phosphatase, Germ Cell (ALPG/P); and 

a second chimeric polypeptide comprises a CAR comprising a second 

extracellular antigen-binding domain that specifically binds to mesothelin 

(MSLN); 

a first nucleic acid sequence at least 15 nucleotides in length, wherein the first 

nucleic acid sequence is complementary to nucleotides 1126 to 1364 of an mRNA 

encoding human FAS comprising the sequence set forth in SEQ ID NO: 39, and 

a second nucleic acid sequence, wherein the second nucleic acid sequence is 

complementary to nucleotides 518 to 559 of an mRNA encoding human PTPN2 

comprising the sequence set forth in SEQ ID NO: 40; or is complementary to 
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nucleotides 1294 to 2141 of an mRNA encoding human TOX comprising the 

sequence set forth in SEQ ID NO: 41.  

Embodiment 48 The recombinant nucleic acid(s) of any one of embodiments 43-47, 

wherein the second nucleic acid sequence is complementary to nucleotides 518 to 559 of 

an mRNA encoding human PTPN2 comprising the sequence set forth in SEQ ID NO: 40.  

Embodiment 49 The recombinant nucleic acid(s) of any one of embodiments 43-48, 

wherein the recombinant nucleic acid comprises a sequence selected from the group 

consisting of the sequences set forth in SEQ ID NOs: 168, 167, or 166.  

Embodiment 50 The recombinant nucleic acid(s) of any one of embodiments 43-47, 

wherein the second nucleic acid sequence is complementary to nucleotides 1294 to 2141 

of an mRNA encoding human TOX comprising the sequence set forth in SEQ ID NO: 41.  

Embodiment 51 The recombinant nucleic acid of any one of embodiments 43 to 50, 

wherein the first and second nucleic acid sequences are at least 16, 17, 18, 19, 20, 21, or 

22 nucleotides in length.  

Embodiment 52 The recombinant nucleic acid of any one of embodiments 43 to 51, 

wherein the first and second nucleic acids are a short hairpin RNA (shRNA), a small 

interfering RNA (siRNA), a double stranded RNA (dsRNA), or an antisense 

oligonucleotide.  

Embodiment 53 The recombinant nucleic acid of embodiment 52, wherein the first and 

second nucleic acids are shRNA.  

Embodiment 54 The recombinant nucleic acid of any one of embodiments 43-53, 

wherein the first nucleic acid sequence comprises a sequence selected from the group 

consisting of the sequences set forth in SEQ ID NOs: 42- 71.  

Embodiment 55 The recombinant nucleic acid of embodiment 54, wherein the first 

nucleic acid sequence comprises the sequence set forth in SEQ ID NO: 49.  

Embodiment 56 The recombinant nucleic acid of any one of embodiments 43-55, 

wherein the first nucleic acid reduces expression of FAS in the immune cell by at least 

50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control cell 

that does not comprise the nucleic acid.  
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Embodiment 57 The recombinant nucleic acid of any one of embodiments 43-56, 

wherein the second nucleic acid sequence comprises a sequence selected from the group 

consisting of the sequences set forth in SEQ ID NOs: 72-97.  

Embodiment 58 The recombinant nucleic acid of embodiment 57, wherein the second 

nucleic acid sequence comprises the sequence set forth in SEQ ID NO: 82.  

Embodiment 59 The recombinant nucleic acid of any one of embodiments 43-58, 

wherein the second nucleic acid reduces expression of PTPN2 in the immune cell by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a 

control cell that does not comprise the nucleic acid.  

Embodiment 60 The recombinant nucleic acid of any one of embodiments 43-56, 

wherein the second nucleic acid sequence comprises a sequence selected from the group 

consisting of the sequences set forth in SEQ ID NOs: 98-125.  

Embodiment 61 The recombinant nucleic acid of embodiment 60, wherein the second 

nucleic acid sequence comprises the sequence set forth in SEQ ID NO: 99 or 104.  

Embodiment 62 The recombinant nucleic acid of any one of embodiments 43-56, 60, or 

61, wherein the second nucleic acid reduces expression of TOX in the immune cell by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control 

cell that does not comprise the nucleic acid.  

Embodiment 63 The recombinant nucleic acid of any one of embodiments 43-62, 

wherein the first, second, and/or third nucleic acid sequence is encoded in at least one 

intron region of the recombinant nucleic acid.  

Embodiment 64 The recombinant nucleic acid(s) of embodiments 1-63, wherein the 

priming receptor comprises, from N-terminus to C-terminus, 

the first extracellular antigen-binding domain; 

a first transmembrane domain comprising one or more ligand-inducible 

proteolytic cleavage sites; and 

an intracellular domain comprising a human or humanized transcriptional effector, 

wherein binding of ALPG/P by the first extracellular antigen-binding domain 

results in cleavage at the one or more ligand-inducible proteolytic cleavage sites.  
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Embodiment 65 The recombinant nucleic acid(s) of embodiment 64, wherein the 

priming receptor further comprises a first hinge domain positioned between the first 

extracellular antigen-binding domain and the first transmembrane domain.  

Embodiment 66 The recombinant nucleic acid(s) of embodiment 65, wherein the first 

hinge domain comprises a CD8a or a truncated CD8a hinge domain.  

Embodiment 67 The recombinant nucleic acid(s) of embodiment 66, wherein the first 

hinge comprises the sequence as set forth in SEQ ID NO: 18.  

Embodiment 68 The recombinant nucleic acid(s) of embodiments 1-67, wherein the first 

transmembrane domain comprises a Notch1 transmembrane domain.  

Embodiment 69 The recombinant nucleic acid(s) of embodiment 68, wherein the first 

transmembrane domain comprises the sequence as set forth in SEQ ID NO: 19.  

Embodiment 70 The recombinant nucleic acid(s) of any one of embodiments 64-69, 

wherein the intracellular domain comprises an HNF la/p65 domain or a Gal4/VP64 

domain.  

Embodiment 71 The recombinant nucleic acid(s) of embodiment 70, wherein the 

intracellular domain comprises the sequence as set forth in SEQ ID NO: 23.  

Embodiment 72 The recombinant nucleic acid(s) of any one of embodiments 1-71, 

wherein the priming receptor further comprises a stop-transfer-sequence between the first 

transmembrane domain and the intracellular domain.  

Embodiment 73 The recombinant nucleic acid(s) of embodiment 72, wherein the stop

transfer-sequence comprises the sequence as set forth in SEQ ID NO: 20.  

Embodiment 74 The recombinant nucleic acid(s) of any one of embodiments 1-73, 

wherein the priming receptor comprises a sequence as set forth in SEQ ID NO: 24.  

Embodiment 75 The recombinant nucleic acid(s) of any one of embodiments 1 to 74, 

wherein the CAR comprises, from N-terminus to C-terminus, 

a second extracellular antigen-binding domain; 

a second transmembrane domain; 

an intracellular co-stimulatory domain; and 

an intracellular activation domain.  
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Embodiment 76 The recombinant nucleic acid(s) of embodiment 75, wherein the second 

extracellular antigen-binding domain specifically binds to mesothelin (MSLN), wherein 

the second extracellular antigen-binding domain comprises a single domain antibody 

comprising a variable heavy (VHH) chain sequence comprising three heavy chain CDR 

sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

Embodiment 77 The recombinant nucleic acid(s) of embodiment 76, wherein the VHH 

chain sequence comprises the sequence set forth in SEQ ID NO: 13.  

Embodiment 78 The recombinant nucleic acid(s) of embodiment 75, wherein the second 

extracellular antigen-binding domain specifically binds to mesothelin (MSLN), wherein 

the extracellular antigen-binding domain comprises a variable heavy (VH) chain sequence 

comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, 

wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 16.  

Embodiment 79 The recombinant nucleic acid(s) of embodiment 78, wherein the VH 

chain sequence comprises the sequence set forth in SEQ ID NO: 17.  

Embodiment 80 The recombinant nucleic acid(s) of any one of embodiments 1-79, 

wherein the CAR comprises a second hinge domain.  

Embodiment 81 The recombinant nucleic acid(s) of embodiment 80, wherein the second 

hinge domain comprises a CD8a or a truncated CD8a hinge domain.  

Embodiment 82 The recombinant nucleic acid(s) of any one of embodiments 75-81, 

wherein the second transmembrane domain comprises a CD8a transmembrane domain.  

Embodiment 83 The recombinant nucleic acid(s) of any one of embodiments 75-82, 

wherein the intracellular co-stimulatory domain comprises a 4-1BB domain.  
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Embodiment 84 The recombinant nucleic acid(s) of any one of embodiments 75-83, 

wherein the intracellular activation domain comprises a CD3( domain.  

Embodiment 85 The recombinant nucleic acid(s) of any one of embodiments 1-84, 

wherein the CAR comprises a sequence as set forth in SEQ ID NO: 30 or 31.  

Embodiment 86 The recombinant nucleic acid(s) of any one of embodiments 1-72, 

wherein the priming receptor and the CAR are capable of binding to a single target cell if 

the target cell expresses each of ALPG/P and MSLN.  

Embodiment 87 The recombinant nucleic acid(s) of embodiment 86, wherein the target 

cell is a human cell.  

Embodiment 88 The recombinant nucleic acid(s) of embodiment 86 or 87, wherein the 

target cell is a cancer cell.  

Embodiment 89 The recombinant nucleic acid(s) of any one of embodiments 88, 

wherein the cancer cell is a solid cancer cell or a liquid cancer cell.  

Embodiment 90 The recombinant nucleic acid(s) of any one of embodiments 88-89, 

wherein the cancer cell is ovarian cancer, fallopian cancer, primary peritoneal cancer, 

uterine cancer, mesothelioma, cervical cancer, or pancreatic cancer.  

Embodiment 01 The recombinant nucleic acid(s) of any one of embodiments 1-90, 

wherein the recombinant nucleic acid comprises two or more nucleic acid fragments.  

Embodiment 92 The recombinant nucleic acid of any one of embodiments 1-91, wherein 

the recombinant nucleic acid further comprises an inducible promoter operably linked to 

the nucleotide sequence encoding the CAR.  

Embodiment 93 The recombinant nucleic acid of any one of embodiments 1-92, wherein 

the recombinant nucleic acid further comprises a first constitutive promoter operably 

linked to the nucleotide sequence encoding the priming receptor.  

Embodiment 94 The recombinant nucleic acid of any one of embodiments 1-93, wherein 

the recombinant nucleic acid further comprises an inducible promoter operably linked to 

the nucleotide sequence encoding the chimeric antigen receptor and a constitutive 

promoter operably linked to the nucleotide sequence encoding the priming receptor.  

Embodiment 95 The recombinant nucleic acid of any one of embodiments 1-94, wherein 

the recombinant nucleic acid further comprises a second constitutive promoter operably 
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linked to the nucleotide sequence encoding the first nucleic acid complementary to human 

FAS.  

Embodiment 96 The recombinant nucleic acid of any one of embodiments 1-94, wherein 

the recombinant nucleic acid further comprises a second constitutive promoter operably 

linked to the nucleotide sequence encoding the second nucleic acid complementary to 

human PTPN2 or TOX.  

Embodiment 97 The recombinant nucleic acid of any one of embodiments 1-96, wherein 

the recombinant nucleic acid further comprises a second constitutive promoter operably 

linked to the nucleotide sequence encoding the first nucleic acid complementary to human 

FAS or the second nucleic acid complementary to human PTPN2 or TOX.  

Embodiment 98 The recombinant nucleic acid of any one of embodiment 1-97, wherein 

the recombinant nucleic acid comprises, in a 5' to 3' direction, 

the first constitutive promoter; 

the nucleotide sequence encoding the priming receptor; 

the second constitutive promoter; 

the nucleotide sequence encoding the first nucleic acid complementary to human 

FAS, human PTPN2, or human TOX; 

the inducible promoter; and 

the nucleotide sequence encoding the chimeric antigen receptor.  

Embodiment 99 The recombinant nucleic acid of any one of embodiment 1-97, wherein 

the recombinant nucleic acid comprises, in a 5' to 3' direction, 

the first constitutive promoter; 

the nucleotide sequence encoding the priming receptor; 

the second constitutive promoter; 

the nucleotide sequence encoding the first nucleic acid complementary to human 

FAS; 

the nucleotide sequence encoding the second first nucleic acid complementary to 

human PTPN2 or TOX; 

the inducible promoter; and 
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the nucleotide sequence encoding the chimeric antigen receptor.  

Embodiment 100 The recombinant nucleic acid of any one of embodiment 1-97, wherein 

the recombinant nucleic acid comprises, in a 5' to 3' direction, 

the inducible promoter; 

the nucleotide sequence encoding the chimeric antigen receptor; 

the second constitutive promoter; 

the nucleotide sequence encoding the first nucleic acid complementary to human 

FAS; 

the nucleotide sequence encoding the second first nucleic acid complementary to 

human PTPN2 or TOX; 

the first constitutive promoter; and 

the nucleotide sequence encoding the priming receptor.  

Embodiment 101 The recombinant nucleic acid of any one of embodiment 1-100, 

wherein the nucleotide sequence encoding the priming receptor comprises the sequence 

set forth in SEQ ID NO: 36.  

Embodiment 102 The recombinant nucleic acid of any one of embodiment 1-101, 

wherein the nucleotide sequence encoding the chimeric antigen receptor comprises the 

sequence set forth in SEQ ID NO: 37 or 38.  

Embodiment 103 The recombinant nucleic acid of embodiment of any one of 

embodiment 1-102, wherein the recombinant nucleic acid further comprises a 5' 

homology directed repair arm and a 3' homology directed repair arm complementary to 

an insertion site in a host cell chromosome.  

Embodiment 104 The recombinant nucleic acid of any one of embodiments 1-103, 

wherein the recombinant nucleic acid further comprises a nucleotide sequence encoding a 

self-excising 2A peptide (P2A).  

Embodiment 105 The recombinant nucleic acid of any one of embodiments 1-104, 

wherein the P2A is at the 3' end of the nucleotide sequence encoding chimeric antigen 

receptor.  
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Embodiment 106 The recombinant nucleic acid of any one of embodiments 1-104, 

wherein the P2A is at the 3' end of the nucleotide sequence encoding priming receptor.  

Embodiment 107 The recombinant nucleic acid of any one of embodiments 1-106, 

wherein the recombinant nucleic acid further comprises a woodchuck hepatitis virus post

translational regulatory element (WPRE).  

Embodiment 108 The recombinant nucleic acid of embodiment 107, wherein the WPRE 

is at the 3' end of the nucleotide sequence encoding chimeric antigen receptor and at the 

5' end of the nucleotide sequence encoding priming receptor or wherein the WPRE is at 

the 3' end of the nucleotide sequence encoding priming receptor and at the 5' end of the 

nucleotide sequence encoding chimeric antigen receptor.  

Embodiment 109 The recombinant nucleic acid of any one of embodiments 1-107, 

wherein the recombinant nucleic acid further comprises an SV40 polyA element.  

Embodiment 110 The recombinant nucleic acid of any one of embodiments I to 109, 

wherein the nucleic acid is incorporated into an expression cassette or an expression 

vector.  

Embodiment 111 The recombinant nucleic acid of embodiment 110, wherein the 

expression vector is a non-viral vector.  

Embodiment 112 An expression vector comprising the recombinant nucleic acid of any 

one of embodiments 1-111.  

Embodiment 113 The vector of embodiment 112, wherein the 5' and 3' ends of the 

recombinant nucleic acid comprise nucleotide sequences that are homologous to genomic 

sequences flanking an insertion site in a genome of a primary cell.  

Embodiment 114 The vector of embodiment 113, wherein the insertion site is located at 

a T Cell Receptor Alpha Constant (TRAC) locus or a genomic safe harbor (GSH) locus.  

Embodiment 115 The vector of embodiment 114, wherein the GHS locus is a GS94 

locus.  

Embodiment 116 An isolated antibody or antigen binding fragment thereof that binds to 

Alkaline Phosphatase, Placental/Germ Cell (ALPG/P) comprising a variable heavy (VH) 

chain sequence comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and 

CDR-H3, and a variable light (VL) chain sequence comprising three light chain CDR 

sequences, CDR-L1, CDR-L2, and CDR-L3, wherein: 
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CDR-H1 comprises the sequence set forth in SEQ ID NO: 1, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 2, 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 3, 

CDR-L1 comprises the sequence set forth in SEQ ID NO: 4, 

CDR-L2 comprises the sequence set forth in SEQ ID NO: 5; and 

CDR-L3 comprises the sequence set forth in SEQ ID NO: 6.  

Embodiment 117 The isolated antibody or antigen binding fragment thereof of 

embodiment 116, wherein the VH chain sequence comprises the sequence set forth in 

SEQ ID NO: 7.  

Embodiment 118 The isolated antibody or antigen binding fragment thereof of 

embodiment 116 or 117, wherein the VL comprises the sequence set forth in SEQ ID NO: 

8.  

Embodiment 119 The isolated antibody or antigen binding fragment thereof of any one 

of embodiments 116-118, wherein the extracellular domain comprises the sequence set 

forth in SEQ ID NO: 9.  

Embodiment 120 A priming receptor comprising an extracellular antigen-binding 

domain that specifically binds Alkaline Phosphatase, Placental/Germ Cell (ALPG/P), a 

transmembrane domain comprising one or more ligand-inducible proteolytic cleavage 

sites; and an intracellular domain comprising a human or humanized transcriptional 

effector, wherein the extracellular antigen-binding domain comprises a variable heavy 

(VH) chain sequence comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, 

and CDR-H3, and a variable light (VL) chain sequence comprising three light chain CDR 

sequences, CDR-L1, CDR-L2, and CDR-L3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 1, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 2, 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 3, 

CDR-L1 comprises the sequence set forth in SEQ ID NO: 4, 

CDR-L2 comprises the sequence set forth in SEQ ID NO: 5; and 

CDR-L3 comprises the sequence set forth in SEQ ID NO: 6.  
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Embodiment 121 The priming receptor of embodiment 120, wherein the VH chain 

sequence comprises the sequence set forth in SEQ ID NO: 7.  

Embodiment 122 The priming receptor of embodiment 120 or 121, wherein the VL 

comprises the sequence set forth in SEQ ID NO: 8.  

Embodiment 123 The priming receptor of any one of embodiments 120-122, wherein the 

extracellular domain comprises the sequence set forth in SEQ ID NO: 9.  

Embodiment 124 A chimeric antigen receptor (CAR) comprising an extracellular 

antigen-binding domain that specifically binds to mesothelin (MSLN), wherein the 

extracellular antigen-binding domain comprises a variable heavy (VH) chain sequence 

comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, 

wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 16.  

Embodiment 125 The chimeric antigen receptor of embodiment 124, wherein the VH 

chain sequence comprises the sequence set forth in SEQ ID NO: 17.  

Embodiment 126 A chimeric antigen receptor (CAR) comprising an extracellular 

antigen-binding domain that specifically binds to mesothelin (MSLN), wherein the 

extracellular antigen-binding domain comprises a single domain antibody comprising a 

variable heavy (VHH) chain sequence comprising three heavy chain CDR sequences, 

CDR-H1, CDR-H2, and CDR-H3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

Embodiment 127 The chimeric antigen receptor of embodiment 126, wherein the VHH 

chain sequence comprises the sequence set forth in SEQ ID NO: 13.  

Embodiment 128 A system comprising a first chimeric polypeptide and a second 

chimeric polypeptide, wherein 
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the first chimeric polypeptide comprises a priming receptor comprising a first 

extracellular antigen-binding domain that specifically binds Alkaline Phosphatase, 

Placental/Germ Cell (ALPG/P), wherein the first extracellular antigen-binding 

domain comprises a variable heavy (VH) chain sequence comprising three heavy 

chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, and a variable light 

(VL) chain sequence comprising three light chain CDR sequences, CDR-L1, 

CDR-L2, and CDR-L3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 1, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 2, 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 3, 

CDR-L1 comprises the sequence set forth in SEQ ID NO: 4, 

CDR-L2 comprises the sequence set forth in SEQ ID NO: 5, and 

CDR-L3 comprises the sequence set forth in SEQ ID NO: 6; and 

the second chimeric polypeptide comprises a chimeric antigen receptor (CAR).  

Embodiment 129 The system of embodiment 128, wherein the VH chain sequence 

comprises the sequence set forth in SEQ ID NO: 7.  

Embodiment 130 The system of embodiment 128 or 129, wherein the VL chain 

sequence comprises the sequence set forth in SEQ ID NO: 8.  

Embodiment 131 The system of embodiment 128, wherein the first extracellular antigen

binding domain comprises the sequence set forth in SEQ ID NO: 9.  

Embodiment 132 The system of embodiment 128, wherein the CAR comprises a second 

extracellular antigen-binding domain that specifically binds to mesothelin (MSLN).  

Embodiment 133 The system of embodiment 132, wherein the second extracellular 

antigen-binding domain comprises a variable heavy (VH) chain sequence comprising 

three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 16.  

142



WO 2023/064928 PCT/US2022/078158 

Embodiment 134 The system of embodiment 133, wherein the VH comprises the 

sequence as set forth in SEQ ID NO: 17.  

Embodiment 135 The system of embodiment 132, wherein the second extracellular 

antigen-binding domain comprises a single domain antibody comprising a variable heavy 

(VHH) chain sequence comprising three heavy chain CDR sequences, CDR-H1, CDR

H2, and CDR-H3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

Embodiment 136 The system of embodiment 135, wherein the VHH chain sequence 

comprises the sequence set forth in SEQ ID NO: 13.  

Embodiment 137 A system comprising a first chimeric polypeptide and a second 

chimeric polypeptide, wherein 

the first chimeric polypeptide comprises a priming receptor, and 

the second chimeric polypeptide comprises a chimeric antigen receptor (CAR) 

comprising an extracellular antigen-binding domain that specifically binds to 

mesothelin (MSLN), wherein the extracellular antigen-binding domain comprises 

a single domain antibody comprising a variable heavy (VHH) chain sequence 

comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, 

wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

Embodiment 138 The system of embodiment 137, wherein the VHH chain sequence 

comprises the sequence set forth in SEQ ID NO: 13.  

Embodiment 139 A system comprising a first chimeric polypeptide and a second 

chimeric polypeptide, wherein 

the first chimeric polypeptide comprises a priming receptor, and 
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the second chimeric polypeptide comprises a chimeric antigen receptor (CAR) 

comprising an extracellular antigen-binding domain that specifically binds to 

mesothelin (MSLN), wherein the second extracellular antigen-binding domain 

comprises a variable heavy (VH) chain sequence comprising three heavy chain 

CDR sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 16.  

Embodiment 140 The system of embodiment 138, wherein the VH comprises the 

sequence as set forth in SEQ ID NO: 17.  

Embodiment 141 A system comprising a first chimeric polypeptide and a second 

chimeric polypeptide, wherein 

the first chimeric polypeptide comprises a priming receptor comprising a first 

extracellular antigen-binding domain that specifically binds to Alkaline 

Phosphatase, Germ Cell (ALPG/P); and 

the second chimeric polypeptide comprises a CAR comprising a second 

extracellular antigen-binding domain that specifically binds to mesothelin 

(MSLN).  

Embodiment 142 The system of anyone of embodiments 128-141, wherein the priming 

receptor comprises, from N-terminus to C-terminus, 

the first extracellular antigen-binding domain; 

a first transmembrane domain comprising one or more ligand-inducible 

proteolytic cleavage sites; and 

an intracellular domain comprising a human or humanized transcriptional effector, 

wherein binding of ALPG/P by the first extracellular antigen-binding domain 

results in cleavage at the one or more ligand-inducible proteolytic cleavage sites.  

Embodiment 143 The system of embodiment 142, wherein the priming receptor further 

comprises a first hinge domain positioned between the first extracellular antigen-binding 

domain and the first transmembrane domain.  
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Embodiment 144 The system of embodiment 142, wherein the first hinge domain 

comprises a CD8a or a truncated CD8a hinge domain.  

Embodiment 145 The system of embodiment 144, wherein the first hinge comprises the 

sequence as set forth in SEQ ID NO: 18.  

Embodiment 146 The system of any one of embodiments 142-145, wherein the first 

transmembrane domain comprises a Notch1 transmembrane domain.  

Embodiment 147 The system of embodiment 146, wherein the first transmembrane 

domain comprises the sequence as set forth in SEQ ID NO: 19.  

Embodiment 148 The system of any one of embodiments 142-147, wherein the 

intracellular domain comprises an HNFla/p65 domain or a Gal4/VP64 domain.  

Embodiment 149 The system of embodiment 148, wherein the intracellular domain 

comprises the sequence as set forth in SEQ ID NO: 23.  

Embodiment 150 The system of any one of embodiments 128-149, wherein the priming 

receptor further comprises a stop-transfer-sequence between the first transmembrane 

domain and the intracellular domain.  

Embodiment 151 The system of embodiment 150, wherein the stop-transfer-sequence 

comprises the sequence as set forth in SEQ ID NO: 20.  

Embodiment 152 The system of any one of embodiments 128-151, wherein the priming 

receptor comprises a sequence as set forth in SEQ ID NO: 24.  

Embodiment 153 The system of any one of embodiments 128-152, wherein the CAR 

comprises, from N-terminus to C-terminus, 

a second extracellular antigen-binding domain; 

a second transmembrane domain; 

an intracellular co-stimulatory domain; and 

an intracellular activation domain.  

Embodiment 154 The system of embodiment 153, wherein the second extracellular 

antigen-binding domain specifically binds to mesothelin (MSLN), wherein the second 

extracellular antigen-binding domain comprises a single domain antibody comprising a 
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variable heavy (VHH) chain sequence comprising three heavy chain CDR sequences, 

CDR-H1, CDR-H2, and CDR-H3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

Embodiment 155 The system of embodiment 154, wherein the VHH chain sequence 

comprises the sequence set forth in SEQ ID NO: 13.  

Embodiment 156 The system of embodiment 153, wherein the second extracellular 

antigen-binding domain specifically binds to mesothelin (MSLN), wherein the 

extracellular antigen-binding domain comprises a variable heavy (VH) chain sequence 

comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, 

wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 16.  

Embodiment 157 The chimeric antigen receptor of embodiment 156, wherein the VH 

chain sequence comprises the sequence set forth in SEQ ID NO: 17.  

Embodiment 158 The system of any one of embodiments 128-157, wherein the CAR 

comprises a second hinge domain.  

Embodiment 159 The system of embodiment 158, wherein the second hinge domain 

comprises a CD8a or a truncated CD8a hinge domain.  

Embodiment 160 The system of any one of embodiments 153-159, wherein the second 

transmembrane domain comprises a CD8a transmembrane domain.  

Embodiment 161 The system of any one of embodiments 153-160, wherein the 

intracellular co-stimulatory domain comprises a 4-1BB domain.  

Embodiment 162 The system of any one of embodiments 153-161, wherein the 

intracellular activation domain comprises a CD3( domain.  

Embodiment 163 The system of any one of embodiments 128-162, wherein the CAR 

comprises a sequence as set forth in SEQ ID NO: 30 or 31.  
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Embodiment 164 The system of any one of embodiments 128-163, wherein the priming 

receptor and the CAR are capable of binding to a same target cell if the target cell 

expresses ALPG/P and MSLN.  

Embodiment 165 The system of embodiment 164, wherein the target cell is a human 

cell.  

Embodiment 166 The system of embodiment 164 or 165, wherein the target cell is a 

cancer cell.  

Embodiment 167 The system of any one of embodiments 166, wherein the cancer cell is 

a solid cancer cell or a liquid cancer cell.  

Embodiment 168 The system of embodiments 166 or 167, wherein the cancer cell is 

ovarian cancer, fallopian cancer, primary peritoneal cancer, uterine cancer, mesothelioma, 

cervical cancer, or pancreatic cancer.  

Embodiment 169 An immune cell comprising: 

at least one recombinant nucleic acid(s) of any one of embodiments 1 to 111; 

and/or 

the antibody or antigen-binding fragment, priming reception, CAR or system of 

any one of embodiments 116-168; and/or 

the vector of any one of embodiments 112-114.  

Embodiment 170 The cell of embodiment 169, wherein the immune cell is a primary 

human immune cell.  

Embodiment 171 The cell of embodiment 170, wherein the primary human immune cell 

is an autologous immune cell.  

Embodiment 172 The cell of any one of embodiments 169-171, wherein the primary 

immune cell is a natural killer (NK) cell, a T cell, a CD8+ T cell, a CD4+ T cell, a 

primary T cell, or a T cell progenitor.  

Embodiment 173 The cell of any one of embodiments 169-172, wherein the primary 

immune cell is a primary T cell.  

Embodiment 174 The cell of any one of embodiments 169-173, wherein the primary 

immune cell is a primary human T cell.  
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Embodiment 175 The cell of any one of embodiments 169-174, wherein the primary 

immune cell is virus-free.  

Embodiment 176 The cell of any one of embodiments 169-174, wherein the immune cell 

is an autologous immune cell.  

Embodiment 177 The cell of any one of embodiments 169-174, wherein the immune cell 

is an allogeneic immune cell.  

Embodiment 178 A primary immune cell comprising at least one recombinant nucleic 

acid comprising 

a priming receptor comprising a first extracellular antigen-binding domain that 

specifically binds to ALPG/P; 

a chimeric antigen receptor comprising a second extracellular antigen-binding 

domain that specifically binds to MSLN; 

a first nucleic acid sequence at least 15 nucleotides in length, wherein the first 

nucleic acid sequence is complementary to nucleotides 1126 to 1364 of an mRNA 

encoding human FAS comprising the sequence set forth in SEQ ID NO: 39, and a 

second nucleic acid sequence at least 15 nucleotides in length, wherein the second 

nucleic acid sequence is: 

complementary to nucleotides 518 to 559 of an mRNA encoding human 

PTPN2 comprising the sequence set forth in SEQ ID NO: 40; or 

complementary to nucleotides 1294 to 2141 of an mRNA encoding 

human TOX comprising the sequence set forth in SEQ ID NO: 41; 

wherein the recombinant nucleic acid is inserted into a target region of the 

genome of the primary immune cell, and wherein the primary immune cell does 

not comprise a viral vector for introducing the recombinant nucleic acid into the 

primary immune cell.  

Embodiment 179 A primary immune cell comprising at least one recombinant nucleic 

acid(s) comprising a first nucleic acid comprising the sequence set forth in SEQ ID NO: 

49; and a second nucleic acid comprising the sequence set forth in SEQ ID NO: 82, 

inserted into a target region of the genome of the primary immune cell, and wherein the 

primary immune cell does not comprise a viral vector for introducing the recombinant 

nucleic acid(s) into the primary immune cell.  
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Embodiment 180 A primary immune cell comprising at least one recombinant nucleic 

acid(s) comprising a first nucleic acid comprising the sequence set forth in SEQ ID NO: 

49; and a second nucleic acid comprising the sequence set forth in SEQ ID NO: SEQ ID 

NOs: 99 or 104, inserted into a target region of the genome of the primary immune cell, 

and wherein the primary immune cell does not comprise a viral vector for introducing the 

recombinant nucleic acid into the primary immune cell.  

Embodiment 181 A viable, virus-free, primary cell comprising a ribonucleoprotein 

(RNP)- recombinant nucleic acid complex, wherein the RNP comprises a nuclease 

domain and a guide RNA, and wherein the recombinant nucleic acid encodes: 

a priming receptor comprising a first extracellular antigen-binding domain that 

specifically binds to ALPG/P; 

a chimeric antigen receptor comprising a second extracellular antigen-binding 

domain that specifically binds to MSLN; 

a first nucleic acid sequence at least 15 nucleotides in length, wherein the first 

nucleic acid sequence is complementary to nucleotides 1126 to 1364 of an mRNA 

encoding human FAS comprising the sequence set forth in SEQ ID NO: 39, and a 

second nucleic acid sequence at least 15 nucleotides in length, wherein the second 

nucleic acid sequence is 

complementary to nucleotides 518 to 559 of an mRNA encoding human 

PTPN2 comprising the sequence set forth in SEQ ID NO: 40; or 

complementary to nucleotides 1294 to 2141 of an mRNA encoding 

human TOX comprising the sequence set forth in SEQ ID NO: 41; and 

wherein the 5' and 3' ends of the recombinant nucleic acid comprise nucleotide 

sequences that are homologous to genomic sequences flanking an insertion site in 

the genome of the primary cell.  

Embodiment 182 A viable, virus-free, primary cell comprising a ribonucleoprotein 

complex (RNP)- recombinant nucleic acid(s) complex, wherein the RNP comprises a 

nuclease domain and a guide RNA, wherein recombinant nucleic acid(s) comprises a first 

nucleic acid comprising the sequence set forth in SEQ ID NO: 49; and a second nucleic 

acid comprising the sequence set forth in SEQ ID NO: 82, and wherein the 5' and 3' ends 
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of the recombinant nucleic acid(s) comprise nucleotide sequences that are homologous to 

genomic sequences flanking an insertion site in the genome of the primary cell.  

Embodiment 183 A viable, virus-free, primary cell comprising a ribonucleoprotein 

complex (RNP)- recombinant nucleic acid(s) complex, wherein the RNP comprises a 

nuclease domain and a guide RNA, wherein recombinant nucleic acid(s) comprises a first 

nucleic acid comprising the sequence set forth in SEQ ID NO: 49; and a second nucleic 

acid comprising the sequence set forth in SEQ ID NO: SEQ ID NOs: 99 or 104, and 

wherein the 5' and 3' ends of the recombinant nucleic acid(s) comprise nucleotide 

sequences that are homologous to genomic sequences flanking an insertion site in the 

genome of the primary cell.  

Embodiment 184 The cell of any one of embodiments 169-183, wherein the cell 

comprises a sequence selected from the group consisting of the sequences set forth in 

SEQ ID NOs: 168, 167, or 166.  

Embodiment 185 The cell of any one of embodiments 169-184, wherein the first nucleic 

acid reduces expression of FAS in the immune cell by at least 50%, 55%, 60%, 65%, 

75%, 80%, 85%, 90%, 95%, or 99% as compared to a control cell that does not comprise 

the first nucleic acid.  

Embodiment 186 The cell of embodiment 184, wherein expression of FAS in the 

immune cell is reduced by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 

99% as compared to a control cell that does not comprise the first nucleic acid.  

Embodiment 187 The cell of any one of embodiments 169-186, wherein the second 

nucleic acid reduces expression of PTPN2 in the immune cell by at least 50%, 55%, 6 0 %, 

65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control cell that does not 

comprise the second nucleic acid.  

Embodiment 188 The cell of embodiment 187, wherein expression of PTPN2 in the 

immune cell is reduced by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 

99% as compared to a control cell that does not comprise the second nucleic acid 

Embodiment 189 The cell of any one of embodiments 169-186, wherein the second 

nucleic acid reduces expression of TOX in the immune cell by at least 50%, 55%, 60%, 

65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control cell that does not 

comprise the second nucleic acid.  
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Embodiment 190 The cell of embodiment 189, wherein expression of TOX in the 

immune cell is reduced by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 

99% as compared to a control cell that does not comprise the second nucleic acid.  

Embodiment 191 The cell of any one of embodiments 184-190, wherein expression of 

FAS, PTPN2, and/or TOX is determined by a nucleic acid assay or a protein assay.  

Embodiment 192 The cell of embodiment 191, wherein the nucleic acid assay comprises 

at least one of polymerase chain reaction (PCR), quantitative PCR (qPCR), RT-qPCR, 

microarray, gene array, or RNAseq.  

Embodiment 193 The cell of embodiment 191, wherein the protein assay comprises at 

least one of immunoblotting, fluorescence activated cell sorting, flow-cytometry, 

magnetic-activated cell sorting, or affinity-based cell separation.  

Embodiment 194 A population of cells comprising a plurality of immune cells of any 

one of embodiments 169-193.  

Embodiment 195 A pharmaceutical composition comprising the immune cell of any one 

of embodiments 169 to 193 or the population of cells of embodiment 194, and a 

pharmaceutically acceptable excipient.  

Embodiment 196 A pharmaceutical composition comprising the recombinant nucleic 

acid of any one of embodiments 1-111 or the vector of any one of embodiments 112-114, 

and a pharmaceutically acceptable excipient.  

Embodiment 197 A method of editing an immune cell, comprising: 

providing a ribonucleoprotein (RNP)-recombinant nucleic acid complex, wherein 

the RNP comprises a nuclease domain and a guide RNA, wherein the recombinant 

nucleic acid comprises the recombinant nucleic acid of any one of embodiments 1 

to 111, and wherein the 5' and 3' ends of the recombinant nucleic acid comprise 

nucleotide sequences that are homologous to genomic sequences flanking an 

insertion site in the genome of the immune cell; 

non-virally introducing the RNP-recombinant nucleic acid complex into the 

immune cell, wherein the guide RNA specifically hybridizes to a target region of 

the genome of the primary immune cell, and wherein the nuclease domain cleaves 

the target region to create the insertion site in the genome of the immune cell; and 
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editing the immune cell via insertion of the recombinant nucleic acid of any one of 

embodiments 1 to 111 into the insertion site in the genome of the immune cell.  

Embodiment 198 The method of embodiment 197, wherein non-virally introducing 

comprises electroporation.  

Embodiment 199 The method of embodiment 197 or 198, wherein the nuclease domain 

comprises a CRISPR-associated endonuclease (Cas), optionally a Cas9 nuclease.  

Embodiment 200 The method of any one of embodiments 197 to 199, wherein the target 

region of the genome of the cell is a T Cell Receptor Alpha Constant (TRAC) locus or a 

genomic safe harbor (GSH) locus.  

Embodiment 201 The method of embodiment 200, wherein the GSH locus is the GS94 

locus.  

Embodiment 202 The method of any one of embodiments 197 to 201, wherein the 

recombinant nucleic acid is a double-stranded recombinant nucleic acid or a single

stranded recombinant nucleic acid.  

Embodiment 203 The method of any one of embodiments 197 to 202, wherein the 

recombinant nucleic acid is a linear recombinant nucleic acid or a circular recombinant 

nucleic acid, optionally wherein the circular recombinant nucleic acid is a plasmid.  

Embodiment 204 The method of any one of embodiments 197 to 203, wherein the 

immune cell is a primary human immune cell.  

Embodiment 205 The method of any one of embodiments 197 to 204, wherein the 

immune cell is an allogeneic immune cell.  

Embodiment 206 The method of any one of embodiments 197 to 204, wherein the 

immune cell is an autologous immune cell.  

Embodiment 207 The method of any one of embodiments 197 to 206, wherein the 

immune cell is a natural killer (NK) cell, a T cell, a CD8+ T cell, a CD4+ T cell, a 

primary T cell, or a T cell progenitor.  

Embodiment 208 The method of any one of embodiments 197 to 207, wherein the 

immune cell is a primary T cell.  

Embodiment 209 The method of any one of embodiments 197 to 208, wherein the 

immune cell is a primary human T cell.  
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Embodiment 210 The method of any one of embodiments 197 to 209, wherein the 

immune cell is virus-free.  

Embodiment 211 The method of any one of embodiments 197 to 210, further comprising 

obtaining the immune cell from a patient and introducing the recombinant nucleic acid in 

vitro.  

Embodiment 212 A method of treating a disease in a subject comprising administering 

the immune cell of any one of embodiments 169-194 or the pharmaceutical composition 

of embodiments 195 or 196 to the subject.  

Embodiment 213 The method of embodiment 212, wherein the disease is cancer.  

Embodiment 214 The method of embodiment 213, wherein the cancer is a solid cancer 

or a liquid cancer.  

Embodiment 215 The method of embodiment 213 or 214, wherein the cancer is ovarian 

cancer, fallopian cancer, primary peritoneal cancer, uterine cancer, mesothelioma, 

cervical cancer, or pancreatic cancer.  

Embodiment 216 The method of any one of embodiments 213-215, wherein the 

administration of the immune cell enhances an immune response in the subject.  

Embodiment 217 The method of embodiment 216, wherein the enhanced immune 

response is an adaptive immune response.  

Embodiment 218 The method of embodiment 216, wherein the enhanced immune 

response is an innate immune response.  

Embodiment 219 The method of any one of embodiments 213-218, wherein the 

enhanced immune response is an increased expression of at least one cytokine or 

chemokine.  

Embodiment 220 The method of embodiment 219, wherein the at least one cytokine or 

chemokine is IL-2 or IFNy.  

Embodiment 221 The method of any one of embodiments 212 - 215, further comprising 

administering an immunotherapy to the subject concurrently with the immune cell or 

subsequently to the immune cell.  
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Embodiment 222 A method of inhibiting a target cell in a subject comprising 

administering the immune cell of any one of embodiments 169-194 to the subject, 

wherein the immune cell inhibits the target cell.  

Embodiment 223 The method of embodiment 222, wherein the target cell expresses 

ALPG/P and MSLN.  

Embodiment 224 The method of embodiment 222 or 223, wherein the target cell is a 

cancer cell.  

Embodiment 225 A method of inducing expression of a chimeric antigen receptor with a 

priming receptor in an immune cell comprising: 

obtaining an immune cell comprising 

the recombinant nucleic acid of any one of embodiments 1-111; and/or 

the antibody or antigen-binding fragment, priming reception, CAR or 

system of any one of embodiments 116-168; and/or 

the vector of any one of embodiments 112-114; and 

contacting the immune cell with a target cell expressing ALPG/P and MSLN, 

wherein binding of the priming receptor to ALPG/P on the target cell induces 

activation of the priming receptor and expression of the chimeric antigen receptor.  

Embodiment 226 A method of modulating the activity of an immune cell comprising: 

obtaining an immune cell comprising 

the recombinant nucleic acid of any one of embodiments 1-111; and/or 

the antibody or antigen-binding fragment, priming reception, CAR or 

system of any one of embodiments 116-168; and/or 

the vector of any one of embodiments 112-114; and 

contacting the immune cell with a target cell expressing ALPG/P and MSLN, 

wherein binding of the priming receptor to ALPG/P on the target cell induces 

activation of the priming receptor and expression of the chimeric antigen receptor 

and wherein binding of the chimeric antigen receptor to MSLN on the target cell 

modulates the activity of the immune cell.  
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Embodiment 227 The method of embodiment 226, wherein the modulation of the 

immune cell activity comprises enhancing an immune response.  

Embodiment 228 The method of embodiment 227, wherein the enhanced immune 

response is an adaptive immune response.  

Embodiment 229 The method of embodiment 227, wherein the enhanced immune 

response is an innate immune response.  

Embodiment 230 The method of any one of embodiments 226-229, wherein the immune 

cell activity is an increased expression of at least one cytokine or chemokine.  

Embodiment 231 The method of embodiment 230, wherein the at least one cytokine or 

chemokine is IL-2 or IFNy.  

Embodiment 232 The method of any one of embodiments 197-231, wherein expression 

of FAS in the immune cell is reduced by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 

90%, 95%, or 99% as compared to a control cell that does not comprise the first nucleic 

acid.  

Embodiment 233 The method of any one of embodiments 197-232, wherein expression 

of PTPN2 in the immune cell is reduced by at least 50%, 55%, 60%, 65%, 75%, 80%, 

85%, 90%, 95%, or 99% as compared to a control cell that does not comprise the second 

nucleic acid 

Embodiment 234 The method of any one of embodiments 197-232, wherein expression 

of TOX in the immune cell is reduced by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 

90%, 95%, or 99% as compared to a control cell that does not comprise the second 

nucleic acid.  

Embodiment 235 The method of any one of embodiments 232-234, wherein expression 

of FAS, PTPN2, and/or TOX in the immune cell is determined by a nucleic acid assay or 

a protein assay.  

Embodiment 236 The method of embodiment 235, wherein the nucleic acid assay 

comprises at least one of polymerase chain reaction (PCR), quantitative PCR (qPCR), 

RT-qPCR, microarray, gene array, or RNAseq.  

Embodiment 237 The method of embodiment 235, wherein the protein assay comprises 

at least one of immunoblotting, fluorescence activated cell sorting, flow-cytometry, 

magnetic-activated cell sorting, or affinity-based cell separation.  
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[00631] In one aspect, provided herein are priming receptors comprising an extracellular 

antigen-binding domain that specifically binds Alkaline Phosphatase, Placental/Germ Cell 

(ALPG/P), a transmembrane domain comprising one or more ligand-inducible proteolytic 

cleavage sites; and an intracellular domain comprising a human or humanized transcriptional 

effector, wherein the extracellular antigen-binding domain comprises a variable heavy (VH) 

chain sequence comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR

H3, and a variable light (VL) chain sequence comprising three light chain CDR sequences, 

CDR-L1, CDR-L2, and CDR-L3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 1, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 2, 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 3, 

CDR-L1 comprises the sequence set forth in SEQ ID NO: 4, 

CDR-L2 comprises the sequence set forth in SEQ ID NO: 5; and 

CDR-L3 comprises the sequence set forth in SEQ ID NO: 6.  

[00632] In some embodiments, the VH chain sequence comprises the sequence set forth in 

SEQ ID NO: 7.  

[00633] In some embodiments, the VL comprises the sequence set forth in SEQ ID NO: 8.  

[00634] In some embodiments, the extracellular domain comprises the sequence set forth 

in SEQ ID NO: 9.  

[00635] In another aspect, provided herein are chimeric antigen receptors (CAR) 

comprising an extracellular antigen-binding domain that specifically binds to mesothelin 

(MSLN), wherein the extracellular antigen-binding domain comprises a variable heavy (VH) 

chain sequence comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR

H3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 16.  

[00636] In some embodiments, the VH chain sequence comprises the sequence set forth in 

SEQ ID NO: 17.  

[00637] In another aspect, provided herein are chimeric antigen receptors (CAR) 

comprising an extracellular antigen-binding domain that specifically binds to mesothelin 

(MSLN), wherein the extracellular antigen-binding domain comprises a single domain 

antibody comprising a variable heavy (VHH) chain sequence comprising three heavy chain 

CDR sequences, CDR-HI1, CDR-H2, and CDR-H3, wherein: 
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CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

[00638] In some embodiments, the VHH chain sequence comprises the sequence set forth 

in SEQ ID NO: 13.  

[00639] In another aspect, provided herein are systems comprising a first chimeric 

polypeptide and a second chimeric polypeptide, wherein the first chimeric polypeptide 

comprises a priming receptor comprising a first extracellular antigen-binding domain that 

specifically binds Alkaline Phosphatase, Placental/Germ Cell (ALPG/P), wherein the first 

extracellular antigen-binding domain comprises a variable heavy (VH) chain sequence 

comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, and a 

variable light (VL) chain sequence comprising three light chain CDR sequences, CDR-L1, 

CDR-L2, and CDR-L3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 1, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 2, 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 3, 

CDR-L1 comprises the sequence set forth in SEQ ID NO: 4, 

CDR-L2 comprises the sequence set forth in SEQ ID NO: 5, and 

CDR-L3 comprises the sequence set forth in SEQ ID NO: 6; and 

[00640] the second chimeric polypeptide comprises a chimeric antigen receptor (CAR).  

[00641] In some embodiments, the VH chain sequence comprises the sequence set forth in 

SEQ ID NO: 7.  

[00642] In some embodiments, the VL chain sequence comprises the sequence set forth in 

SEQ ID NO: 8.  

[00643] In some embodiments, the first extracellular antigen-binding domain comprises 

the sequence set forth in SEQ ID NO: 9.  

[00644] In some embodiments, the CAR comprises a second extracellular antigen-binding 

domain that specifically binds to mesothelin (MSLN).  

[00645] In some embodiments, the second extracellular antigen-binding domain comprises 

a variable heavy (VH) chain sequence comprising three heavy chain CDR sequences, CDR

HI, CDR-H2, and CDR-H3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 16.  
157



WO 2023/064928 PCT/US2022/078158 

[00646] In some embodiments, the VH comprises the sequence as set forth in SEQ ID NO: 

17.  

[00647] In some embodiments, the second extracellular antigen-binding domain comprises 

a single domain antibody comprising a variable heavy (VHH) chain sequence comprising 

three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

[00648] In some embodiments, the VHH chain sequence comprises the sequence set forth 

in SEQ ID NO: 13.  

[00649] In another aspect, provided herein are systems comprising a first chimeric 

polypeptide and a second chimeric polypeptide, wherein: 

the first chimeric polypeptide comprises a priming receptor, and 

the second chimeric polypeptide comprises a chimeric antigen receptor (CAR) 

comprising an extracellular antigen-binding domain that specifically binds to 

mesothelin (MSLN), wherein the extracellular antigen-binding domain comprises a 

single domain antibody comprising a variable heavy (VHH) chain sequence 

comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, 

wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

[00650] In some embodiments, the VHH chain sequence comprises the sequence set forth 

in SEQ ID NO: 13.  

[00651] In another aspect, provided herein are systems comprising a first chimeric 

polypeptide and a second chimeric polypeptide, wherein 

the first chimeric polypeptide comprises a priming receptor, and 

the second chimeric polypeptide comprises a chimeric antigen receptor (CAR) 

comprising an extracellular antigen-binding domain that specifically binds to 

mesothelin (MSLN), wherein the second extracellular antigen-binding domain 

comprises a variable heavy (VH) chain sequence comprising three heavy chain CDR 

sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 
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CDR-H3 comprises the sequence set forth in SEQ ID NO: 16.  

[00652] In some embodiments, the VH comprises the sequence as set forth in SEQ ID NO: 

17.  

[00653] In another aspect, provided herein are systems comprising a first chimeric 

polypeptide and a second chimeric polypeptide, wherein 

the first chimeric polypeptide comprises a priming receptor comprising a first 

extracellular antigen-binding domain that specifically binds to Alkaline Phosphatase, 

Germ Cell (ALPG/P); and 

the second chimeric polypeptide comprises a CAR comprising a second extracellular 

antigen-binding domain that specifically binds to mesothelin (MSLN).  

[00654] In some embodiments, the priming receptor comprises, from N-terminus to C

terminus, 

the first extracellular antigen-binding domain; 

a first transmembrane domain comprising one or more ligand-inducible proteolytic 

cleavage sites; and 

an intracellular domain comprising a human or humanized transcriptional effector, 

wherein binding of ALPG/P by the first extracellular antigen-binding domain results 

in cleavage at the one or more ligand-inducible proteolytic cleavage sites.  

[00655] In some embodiments, the priming receptor further comprises a first hinge domain 

positioned between the first extracellular antigen-binding domain and the first transmembrane 

domain.  

[00656] In some embodiments, the first hinge domain comprises a CD8a or a truncated 

CD8a hinge domain.  

[00657] In some embodiments, the first hinge comprises the sequence as set forth in SEQ 

ID NO: 18.  

[00658] In some embodiments, the first transmembrane domain comprises a Notch1 

transmembrane domain.  

[00659] In some embodiments, the first transmembrane domain comprises the sequence as 

set forth in SEQ ID NO: 19.  

[00660] In some embodiments, the intracellular domain comprises an HNFla/p65 domain 

or a Gal4/VP64 domain.  

[00661] In some embodiments, the intracellular domain comprises the sequence as set 

forth in SEQ ID NO: 23.  
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[00662] In some embodiments, the priming receptor further comprises a stop-transfer

sequence between the first transmembrane domain and the intracellular domain.  

[00663] In some embodiments, the stop-transfer-sequence comprises the sequence as set 

forth in SEQ ID NO: 20.  

[00664] In some embodiments, the priming receptor comprises a sequence as set forth in 

SEQ ID NO: 24.  

[00665] In some embodiments, the CAR comprises, from N-terminus to C-terminus, 

a second extracellular antigen-binding domain; 

a second transmembrane domain; 

an intracellular co-stimulatory domain; and 

an intracellular activation domain.  

[00666] In some embodiments, the second extracellular antigen-binding domain 

specifically binds to mesothelin (MSLN), wherein the second extracellular antigen-binding 

domain comprises a single domain antibody comprising a variable heavy (VHH) chain 

sequence comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, 

wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

[00667] In some embodiments, the VHH chain sequence comprises the sequence set forth 

in SEQ ID NO: 13.  

[00668] In some embodiments, the second extracellular antigen-binding domain 

specifically binds to mesothelin (MSLN), wherein the extracellular antigen-binding domain 

comprises a variable heavy (VH) chain sequence comprising three heavy chain CDR 

sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: 

CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 16.  

[00669] In some embodiments, the VH chain sequence comprises the sequence set forth in 

SEQ ID NO: 17.  

[00670] In some embodiments, the CAR comprises a second hinge domain.  

[00671] In some embodiments, the second hinge domain comprises a CD8a or a truncated 

CD8a hinge domain.  
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[00672] In some embodiments, the second transmembrane domain comprises a CD8a 

transmembrane domain.  

[00673] In some embodiments, the intracellular co-stimulatory domain comprises a 4-1BB 

domain.  

[00674] In some embodiments, the intracellular activation domain comprises a CD3( 

domain.  

[00675] In some embodiments, the CAR comprises a sequence as set forth in SEQ ID NO: 

30 or 31.  

[00676] In some embodiments, the priming receptor and the CAR are capable of binding 

to a same target cell if the target cell expresses ALPG/P and MSLN.  

[00677] In some embodiments, the target cell is a human cell.  

[00678] In some embodiments, the target cell is a cancer cell.  

[00679] In some embodiments, the cancer cell is a solid cancer cell or a liquid cancer cell.  

[00680] In some embodiments, the cancer cell is ovarian cancer, fallopian cancer, primary 

peritoneal cancer, uterine cancer, mesothelioma, cervical cancer, or pancreatic cancer.  

[00681] In another aspect, provided herein are isolated antibodies or antigen binding 

fragments thereof that binds to mesothelin (MSLN), comprising a single domain antibody 

comprising a variable heavy (VHH) chain sequence comprising three heavy chain CDR 

sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: CDR-H1 comprises the sequence set 

forth in SEQ ID NO: 10, CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

[00682] In some embodiments, the VHH chain sequence comprises the sequence set forth 

in SEQ ID NO: 13.  

[00683] In one aspect, provided herein are recombinant nucleic acids comprising a nucleic 

acid sequence at least 15 nucleotides in length complementary to nucleotides 1126 to 1364 of 

an mRNA encoding human FAS comprising the sequence set forth in SEQ ID NO: 39.  

[00684] In one aspect, provided herein are recombinant nucleic acids comprising a nucleic 

acid sequence at least 15 nucleotides in length complementary to nucleotides 518 to 559 of an 

mRNA encoding human Protein Tyrosine Phosphatase Non-Receptor Type 2 (PTPN2) 

comprising the sequence set forth in SEQ ID NO: 40.  

[00685] In one aspect, provided herein are recombinant nucleic acids comprising a nucleic 

acid sequence at least 15 nucleotides in length complementary to nucleotides 1294 to 2141 of 

an mRNA encoding human thymocyte selection associated high mobility group box (TOX) 

comprising the sequence set forth in SEQ ID NO: 41.  
161



WO 2023/064928 PCT/US2022/078158 

[00686] In some embodiments, the nucleic acid sequence is at least 16, 17, 18, 19, 20, 21, 

or 22 nucleotides in length.  

[00687] In some embodiments, the nucleic acid is a short hairpin RNA (shRNA), a small 

interfering RNA (siRNA), a double stranded RNA (dsRNA), or an antisense oligonucleotide.  

[00688] In some embodiments, the nucleic acid is shRNA.  

[00689] In some embodiments, the nucleic acid comprises a sequence selected from the 

group consisting of the sequences set forth in SEQ ID NOs: 42 to 71.  

[00690] In some embodiments, the nucleic acid comprises the sequence set forth in SEQ 

ID NO: 49.  

[00691] In some embodiments, the nucleic acid reduces expression of FAS in the immune 

cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a 

control cell that does not comprise the nucleic acid.  

[00692] In some embodiments, the nucleic acid comprises a sequence selected from the 

group consisting of the sequences set forth in SEQ ID NOs: 72 to 97.  

[00693] In some embodiments, the nucleic acid comprises the sequence set forth in SEQ 

ID NO: 82.  

[00694] In some embodiments, the nucleic acid reduces expression of PTPN2 in the 

immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the nucleic acid.  

[00695] In some embodiments, the nucleic acid comprises a sequence selected from the 

group consisting of the sequences set forth in SEQ ID NOs: 98 to 125.  

[00696] In some embodiments, the nucleic acid comprises the sequence set forth in SEQ 

ID NO: SEQ ID NOs: 99 or 104.  

[00697] In some embodiments, the nucleic acid reduces expression of TOX in the immune 

cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a 

control cell that does not comprise the nucleic acid.  

[00698] In some embodiments, the recombinant nucleic acid further comprises a 

nucleotide sequence encoding a priming receptor comprising a first extracellular antigen

binding domain that specifically binds to a first antigen and a nucleotide sequence encoding a 

chimeric antigen receptor (CAR) comprising a second extracellular antigen-binding domain 

that specifically binds to a second antigen, wherein the first antigen and the second antigen 

are distinct.  

[00699] In some embodiments, the recombinant nucleic acid comprises, in a 5' to 3' 

direction, the CAR; the nucleic as disclosed herein; and the priming receptor.  
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[00700] In some embodiments, the nucleic acid comprises, in a 5' to 3' direction; the 

priming receptor; the nucleic as disclosed herein; and the CAR.  

[00701] In some embodiments, the recombinant nucleic acid further comprises a 5' 

homology directed repair arm and/or a 3' homology directed repair arm complementary to an 

insertion site in a host cell chromosome.  

[00702] In some embodiments, the recombinant nucleic acid comprises the 5' homology 

directed repair arm and the 3' homology directed repair arm.  

[00703] In some embodiments, the recombinant nucleic acid is incorporated into an 

expression cassette or an expression vector.  

[00704] In some embodiments, the expression cassette or the expression vector further 

comprises a constitutive promoter upstream of the recombinant nucleic acid.  

[00705] In one aspect, provided herein are one or more recombinant nucleic acids 

comprising a first nucleic acid sequence at least 15 nucleotides in length complementary to 

nucleotides 1126 to 1364 of an mRNA encoding human FAS comprising the sequence set 

forth in SEQ ID NO: 39 and a second nucleic acid sequence at least 15 nucleotides in length 

complementary to nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising 

the sequence set forth in SEQ ID NO: 40.  

[00706] In one aspect, provided herein are one or more recombinant nucleic acids 

comprising a first nucleic acid at least 15 nucleotides in length complementary to nucleotides 

1126 to 1364 of an mRNA encoding human FAS comprising the sequence set forth in SEQ 

ID NO: 39; and a second nucleic acid at least 15 nucleotides in length complementary to 

nucleotides 1294 to 2141 of an mRNA encoding human TOX comprising the sequence set 

forth in SEQ ID NO: 41.  

[00707] In some embodiments, the first and second nucleic acids are an shRNA, an 

siRNA, a dsRNA, or an antisense oligonucleotide.  

[00708] In some embodiments, the first and second nucleic acids are each shRNA.  

[00709] In some embodiments, the first nucleic acid comprises a sequence selected from 

the group consisting of the sequences set forth in SEQ ID NOs: 42 to 71.  

[00710] In some embodiments, the first nucleic acid comprises the sequence set forth in 

SEQ ID NO: 49.  

[00711] In some embodiments, the first nucleic acid reduces expression of FAS in the 

immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the first nucleic acid.  
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[00712] In some embodiments, the second nucleic acid comprises a sequence selected 

from the group consisting of the sequences set forth in SEQ ID NOs: 72 to 97.  

[00713] In some embodiments, the second nucleic acid comprises the sequence set forth in 

SEQ ID NO: 82.  

[00714] In some embodiments, the second nucleic acid reduces expression of PTPN2 in 

the immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the second nucleic acid.  

[00715] In some embodiments, the first nucleic acid comprises a sequence selected from 

the group consisting of the sequences set forth in SEQ ID NOs: 42 to 71; and the second 

nucleic acid comprises a sequence selected from the group consisting of the sequences set 

forth in SEQ ID NOs: 72 to 97.  

[00716] In some embodiments, the first nucleic acid comprises the sequence set forth in 

SEQ ID NO: 49 and the second nucleic acid comprises the sequence set forth in SEQ ID NO: 

82.  

[00717] In some embodiments, the second nucleic acid comprises a sequence selected 

from the group consisting of the sequences set forth in SEQ ID NOs: 98 to 125.  

[00718] In some embodiments, the second nucleic acid comprises the sequence set forth in 

SEQ ID NO: SEQ ID NOs: 99 or 104.  

[00719] In some embodiments, the second nucleic acid reduces expression of PTPN2 in 

the immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the second nucleic acid.  

[00720] In some embodiments, the first nucleic acid comprises a sequence selected from 

the group consisting of the sequences set forth in SEQ ID NOs: 42 to 71; and the second 

nucleic acid comprises a sequence selected from the group consisting of the sequences set 

forth in SEQ ID NOs: 98 to 125.  

[00721] In some embodiments, the first nucleic acid comprises the sequence set forth in 

SEQ ID NO: 49 and the second nucleic acid comprises the sequence set forth in SEQ ID NO: 

SEQ ID NOs: 99 or 104.  

[00722] In some embodiments, the first nucleic acid further comprises a 5' homology 

directed repair arm and/or a 3' homology directed repair arm complementary to an insertion 

site in a host cell chromosome.  

[00723] In some embodiments, the second nucleic acid comprises the 5' homology 

directed repair arm and/or the 3' homology directed repair arm.  

164



WO 2023/064928 PCT/US2022/078158 

[00724] In some embodiments, the first nucleic acid and the second nucleic acid are 

encoded on a single nucleic acid.  

[00725] In some embodiments, the first nucleic acid comprises the 5' homology directed 

repair arm and the second nucleic acid comprises the 3' homology directed repair arm.  

[00726] In some embodiments, the first nucleic acid and the second nucleic acid are 

encoded on different nucleic acids.  

[00727] In some embodiments, the nucleic acid further comprises a nucleotide sequence 

encoding a priming receptor comprising a first extracellular antigen-binding domain that 

specifically binds to a first antigen and a nucleotide sequence encoding a chimeric antigen 

receptor (CAR) comprising a second extracellular antigen-binding domain that specifically 

binds to a second antigen, wherein the first antigen and the second antigen are distinct.  

[00728] In some embodiments, the nucleic acid comprises, in a 5' to 3' direction: the 

CAR; the first nucleic acid; the second nucleic acid; and the priming receptor.  

[00729] In some embodiments, the first nucleic acid is incorporated into an expression 

cassette or an expression vector.  

[00730] In some embodiments, the second nucleic acid is incorporated into an expression 

cassette or an expression vector.  

[00731] In some embodiments, the first nucleic acid and the second nucleic acid are 

incorporated into a single expression cassette or a single expression vector.  

[00732] In some embodiments, the expression cassette or the expression vector further 

comprises a constitutive promoter upstream of the first nucleic acid and/or upstream of the 

second nucleic acid.  

[00733] In some embodiments, the expression vector is a non-viral vector.  

[00734] In one aspect, provided herein are expression vectors comprising the recombinant 

nucleic acid(s) as disclosed herein.  

[00735] In some embodiments, the expression vector is a non-viral vector.  

[00736] In some embodiments, the 5' and 3' ends of the recombinant nucleic acid(s) 

comprise one or more nucleotide sequences that are homologous to genomic sequences 

flanking an insertion site in a genome of a primary cell.  

[00737] In some embodiments, the insertion site is located at a T Cell Receptor Alpha 

Constant (TRAC) locus or a genomic safe harbor (GSH) locus.  

[00738] In some embodiments, the GSH locus is the GS94 locus.  

[00739] In one aspect, provided herein are immune cells comprising a first nucleic acid 

sequence at least 15 nucleotides in length, wherein the first nucleic acid sequence is 
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complementary to nucleotides 1126 to 1364 of an mRNA encoding human FAS comprising 

the sequence set forth in SEQ ID NO: 39, and a second nucleic acid sequence at least 15 

nucleotides in length, wherein the second nucleic acid sequence is complementary to 

nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising the sequence set 

forth in SEQ ID NO: 40; or complementary to nucleotides 1294 to 2141 of an mRNA 

encoding human TOX comprising the sequence set forth in SEQ ID NO: 41.  

[00740] In some embodiments, the second nucleic acid sequence is complementary to 

nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising the sequence set 

forth in SEQ ID NO: 40.  

[00741] In some embodiments, the second nucleic acid sequence is complementary to 

nucleotides 1294 to 2141 of an mRNA encoding human TOX comprising the sequence set 

forth in SEQ ID NO: 41.  

[00742] In one aspect, provided herein are immune cells comprising a first nucleic acid 

sequence at least 15 nucleotides in length, wherein the first nucleic acid sequence is 

complementary to nucleotides 1126 to 1364 of an mRNA encoding human FAS comprising 

the sequence set forth in SEQ ID NO: 39, and a second nucleic acid sequence at least 15 

nucleotides in length, wherein the second nucleic acid sequence is complementary to 

nucleotides 518 to 559 of an mRNA encoding human PTPN2 comprising the sequence set 

forth in SEQ ID NO: 40.  

[00743] In one aspect, provided herein are immune cells comprising a first nucleic acid 

sequence at least 15 nucleotides in length, wherein the first nucleic acid sequence is 

complementary to nucleotides 1126 to 1364 of an mRNA encoding human FAS comprising 

the sequence set forth in SEQ ID NO: 39, and a second nucleic acid sequence at least 15 

nucleotides in length, wherein the second nucleic acid sequence is complementary to 

nucleotides 1294 to 2141 of an mRNA encoding human TOX comprising the sequence set 

forth in SEQ ID NO: 41.  

[00744] In some embodiments, the first and second nucleic acids are an shRNA, an 

siRNA, a dsRNA, or an antisense oligonucleotide.  

[00745] In some embodiments, the first and second nucleic acids are shRNA.  

[00746] In some embodiments, the first nucleic acid comprises a sequence selected from 

the group consisting of the sequences set forth in SEQ ID NOs: 42 to 71.  

[00747] In some embodiments, the first nucleic acid comprises the sequence set forth in 

SEQ ID NO: 49.  
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[00748] In some embodiments, the second nucleic acid comprises a sequence selected 

from the group consisting of the sequences set forth in SEQ ID NOs: 72 to 97.  

[00749] In some embodiments, the second nucleic acid comprises the sequence set forth in 

SEQ ID NO: 82.  

[00750] In some embodiments, the first nucleic acid comprises a sequence selected from 

the group consisting of the sequences set forth in SEQ ID NOs: 42 to 71; and the second 

nucleic acid sequence comprises a sequence selected from the group consisting of the 

sequences set forth in SEQ ID NOs: 72 to 97.  

[00751] In some embodiments, the first nucleic acid comprises the sequence set forth in 

SEQ ID NO: 49; and the second nucleic acid comprises the sequence set forth in SEQ ID 

NO: 82.  

[00752] In some embodiments, the second nucleic acid comprises a sequence selected 

from the group consisting of the sequences set forth in SEQ ID NOs: 98 to 125.  

[00753] In some embodiments, the second nucleic acid comprises the sequence set forth in 

SEQ ID NO: SEQ ID NOs: 99 or 104.  

[00754] In some embodiments, the first nucleic acid comprises a sequence selected from 

the group consisting of the sequences set forth in SEQ ID NOs: 42 to 71; and the second 

nucleic acid comprises a sequence selected from the group consisting of the sequences set 

forth in SEQ ID NOs: 98 to 125.  

[00755] In some embodiments, the first nucleic acid comprises the sequence set forth in 

SEQ ID NO: 49; and the second nucleic acid comprises the sequence set forth in SEQ ID 

NO: SEQ ID NOs: 99 or 104.  

[00756] In some embodiments, the first nucleic acid reduces expression of FAS in the 

immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the first nucleic acid.  

[00757] In some embodiments, expression of FAS in the immune cell is reduced by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control 

cell that does not comprise the first nucleic acid.  

[00758] In some embodiments, the second nucleic acid reduces expression of PTPN2 in 

the immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the second nucleic acid.  

[00759] In some embodiments, expression of PTPN2 in the immune cell is reduced by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control 

cell that does not comprise the second nucleic acid 
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[00760] In some embodiments, the second nucleic acid reduces expression of TOX in the 

immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control cell that does not comprise the second nucleic acid.  

[00761] In some embodiments, expression of TOX in the immune cell is reduced by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control 

cell that does not comprise the second nucleic acid.  

[00762] In some embodiments, expression of FAS, PTPN2, and/or TOX is determined by 

a nucleic acid assay or a protein assay.  

[00763] In some embodiments, the nucleic acid assay comprises at least one of polymerase 

chain reaction (PCR), quantitative PCR (qPCR), RT-qPCR, microarray, gene array, or 

RNAseq.  

[00764] In some embodiments, the protein assay comprises at least one of 

immunoblotting, fluorescence activated cell sorting, flow-cytometry, magnetic-activated cell 

sorting, or affinity-based cell separation.  

[00765] In some embodiments, the cell further comprises a priming receptor comprising a 

first extracellular antigen-binding domain that specifically binds to a first antigen and a 

chimeric antigen receptor (CAR) comprising a second extracellular antigen-binding domain 

that specifically binds to a second antigen.  

[00766] In some embodiments, the immune cell is a primary human immune cell.  

[00767] In some embodiments, the primary immune cell is a natural killer (NK) cell, a 

natural killer T (NKT) cell, a T cell, a T6 T cell, a CD8+ T cell, a CD4+ T cell, a primary T 

cell, a T cell progenitor, or an induced pluripotent stem cell (iPSC).  

[00768] In some embodiments, the primary immune cell is a primary T cell.  

[00769] In some embodiments, the primary immune cell is a primary human T cell.  

[00770] In some embodiments, the immune cell is virus-free.  

[00771] In some embodiments, the immune cell is an autologous immune cell.  

[00772] In some embodiments, the immune cell is an allogeneic immune cell.  

[00773] In one aspect, provided herein are primary immune cells comprising at least one 

recombinant nucleic acid(s) comprising a first nucleic acid comprising the sequence set forth 

in SEQ ID NO: 49; and a second nucleic acid comprising the sequence set forth in SEQ ID 

NO: 82, inserted into a target region of the genome of the primary immune cell, and wherein 

the primary immune cell does not comprise a viral vector for introducing the recombinant 

nucleic acid(s) into the primary immune cell.  
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[00774] In one aspect, provided herein are primary immune cells comprising at least one 

recombinant nucleic acid(s) comprising a first nucleic acid comprising the sequence set forth 

in SEQ ID NO: 49; and a second nucleic acid comprising the sequence set forth in SEQ ID 

NO: SEQ ID NOs: 99 or 104, inserted into a target region of the genome of the primary 

immune cell, and wherein the primary immune cell does not comprise a viral vector for 

introducing the recombinant nucleic acid into the primary immune cell.  

[00775] In one aspect, provided herein are viable, virus-free, primary cells comprising a 

ribonucleoprotein complex (RNP)- recombinant nucleic acid(s) complex, wherein the RNP 

comprises a nuclease domain and a guide RNA, wherein recombinant nucleic acid(s) 

comprises a first nucleic acid comprising the sequence set forth in SEQ ID NO: 49; and a 

second nucleic acid comprising the sequence set forth in SEQ ID NO: 82, and wherein the 5' 

and 3' ends of the recombinant nucleic acid(s) comprise nucleotide sequences that are 

homologous to genomic sequences flanking an insertion site in the genome of the primary 

cell.  

[00776] In one aspect, provided herein are viable, virus-free, primary cells comprising a 

ribonucleoprotein complex (RNP)- recombinant nucleic acid(s) complex, wherein the RNP 

comprises a nuclease domain and a guide RNA, wherein recombinant nucleic acid(s) 

comprises a first nucleic acid comprising the sequence set forth in SEQ ID NO: 49; and a 

second nucleic acid comprising the sequence set forth in SEQ ID NO: SEQ ID NOs: 99 or 

104, and wherein the 5' and 3' ends of the recombinant nucleic acid(s) comprise nucleotide 

sequences that are homologous to genomic sequences flanking an insertion site in the genome 

of the primary cell.  

[00777] In some embodiments, the cell further comprises a priming receptor comprising a 

first extracellular antigen-binding domain that specifically binds to a first antigen and a 

chimeric antigen receptor (CAR) comprising a second extracellular antigen-binding domain 

that specifically binds to a second antigen, wherein the first antigen and the second antigen 

are distinct.  

[00778] In one aspect, provided herein are population of cells comprising a plurality of 

immune cells as disclosed herein.  

[00779] In one aspect, provided herein are pharmaceutical compositions comprising the 

immune cell as disclosed herein or the population of cells as disclosed herein, and a 

pharmaceutically acceptable excipient.  

[00780] In one aspect, provided herein are pharmaceutical compositions comprising the 

recombinant nucleic acid as disclosed herein, the one or more recombinant nucleic acids as 
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disclosed herein, or the vector as disclosed herein, and a pharmaceutically acceptable 

excipient.  

[00781] In one aspect, provided herein are methods of editing an immune cell, comprising: 

providing a ribonucleoprotein (RNP)-recombinant nucleic acid(s) complex, wherein the RNP 

comprises a nuclease domain and a guide RNA, wherein the recombinant nucleic acid(s) 

comprises the recombinant nucleic acid(s) as disclosed herein, and wherein the 5' and 3' ends 

of the recombinant nucleic acid(s) comprise nucleotide sequences that are homologous to 

genomic sequences flanking an insertion site in the genome of the immune cell; non-virally 

introducing the RNP-recombinant nucleic acid(s) complex into the immune cell, wherein the 

guide RNA specifically hybridizes to a target region of the genome of the primary immune 

cell, and wherein the nuclease domain cleaves the target region to create the insertion site in 

the genome of the immune cell; and editing the immune cell via insertion of the recombinant 

nucleic acid(s) as disclosed herein into the insertion site in the genome of the immune cell.  

[00782] In some embodiments, non-virally introducing comprises electroporation.  

[00783] In some embodiments, the nuclease domain comprises a CRISPR-associated 

endonuclease (Cas), optionally a Cas9 nuclease.  

[00784] In some embodiments, the target region of the genome of the cell is a T Cell 

Receptor Alpha Constant (TRAC) locus or a genomic safe harbor (GSH) locus.  

[00785] In some embodiments, the recombinant nucleic acid(s) is a double-stranded 

recombinant nucleic acid(s) or a single-stranded recombinant nucleic acid(s).  

[00786] In some embodiments, the recombinant nucleic acid(s) is a linear recombinant 

nucleic acid(s) or a circular recombinant nucleic acid(s), optionally wherein the circular 

recombinant nucleic acid(s) is a plasmid.  

[00787] In some embodiments, the immune cell is a primary human immune cell.  

[00788] In some embodiments, the immune cell is an autologous immune cell.  

[00789] In some embodiments, the immune cell is an allogeneic immune cell.  

[00790] In some embodiments, the immune cell is a natural killer (NK) cell, a natural 

killer T (NKT) cell, a T cell, a T6 T cell, a CD8+ T cell, a CD4+ T cell, a primary T cell, a T 

cell progenitor, or an induced pluripotent stem cell (iPSC).  

[00791] In some embodiments, the immune cell is a primary T cell.  

[00792] In some embodiments, the immune cell is a primary human T cell.  

[00793] In some embodiments, the immune cell is virus-free.  
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[00794] In some embodiments, the method further comprises obtaining the immune cell 

from a patient and introducing the recombinant nucleic acid in vitro.  

[00795] In one aspect, provided herein are methods of treating a disease in a subject 

comprising administering the immune cell(s) as disclosed herein or the pharmaceutical 

composition as disclosed herein to the subject.  

[00796] In some embodiments, the disease is cancer.  

[00797] In some embodiments, the cancer is a solid cancer or a liquid cancer.  

[00798] In some embodiments, the cancer is ovarian cancer, fallopian cancer, primary 

peritoneal cancer, uterine cancer, mesothelioma, cervical cancer, or pancreatic cancer.  

[00799] In some embodiments, the administration of the cell(s) enhances an immune 

response.  

[00800] In some embodiments, the enhanced immune response is an adaptive immune 

response.  

[00801] In some embodiments, the enhanced immune response is an innate immune 

response.  

[00802] In one aspect, provided herein are methods of enhancing an immune response in a 

subject comprising administering the immune cell(s) as disclosed herein or the 

pharmaceutical composition as disclosed herein to the subject.  

[00803] In some embodiments, the enhanced immune response is an adaptive immune 

response.  

[00804] In some embodiments, the enhanced immune response is an innate immune 

response.  

[00805] In some embodiments, expression of FAS in the immune cell is reduced by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control 

cell that does not comprise the first nucleic acid.  

[00806] In some embodiments, expression of PTPN2 in the immune cell is reduced by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control 

cell that does not comprise the second nucleic acid 

[00807] In some embodiments, expression of TOX in the immune cell is reduced by at 

least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as compared to a control 

cell that does not comprise the second nucleic acid.  

[00808] In some embodiments, expression of FAS, PTPN2, and/or TOX in the immune 

cell is determined by a nucleic acid assay or a protein assay.  
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[00809] In some embodiments, the nucleic acid assay comprises at least one of polymerase 

chain reaction (PCR), quantitative PCR (qPCR), RT-qPCR, microarray, gene array, or 

RNAseq.  

[00810] In some embodiments, the protein assay comprises at least one of 

immunoblotting, fluorescence activated cell sorting, flow-cytometry, magnetic-activated cell 

sorting, or affinity-based cell separation.  

[00811] In some embodiments, the method further comprises administering an 

immunotherapy to the subject concurrently with the immune cell or subsequently to the 

immune cell.  

[00812] In one aspect, provided herein are modified cells, wherein the cell is modified to 

have reduced expression of a FAS gene and/or reduced function of a product of the FAS gene 

relative to a corresponding unmodified cell, optionally wherein the modified cell is a 

hematopoietic cell.  

[00813] In some embodiments, the modified cell is further modified to have reduced 

expression of at least one second gene and/or reduced function of a product of the at least one 

second gene relative to a corresponding unmodified cell.  

[00814] In one aspect, provided herein are modified engineered cells, wherein the 

engineered cell is modified to have reduced expression of a FAS gene and/or reduced 

function of a product of the FAS gene relative to a corresponding unmodified engineered cell, 

optionally wherein the modified engineered cell is engineered to express a heterologous 

immune receptor.  

[00815] In some embodiments, the modified engineered cell is further modified to have 

reduced expression of at least one second gene and/or reduced function of a product of the at 

least one second gene relative to a corresponding unmodified engineered cell.  

[00816] In one aspect, provided herein are modified cells, wherein the cell is modified to 

have: (a) reduced expression of a FAS gene and/or reduced function of a product of the FAS 

gene; and (b) reduced expression of at least one second gene and/or reduced function of a 

product of the at least one second gene; wherein the reduced expression of each gene is 

relative to a corresponding unmodified cell, optionally wherein the modified cell is a 

hematopoietic cell.  

[00817] In some embodiments, the modification to reduce expression comprises 

genetically engineering the genome of the cell to disrupt the FAS gene and optionally the at 

least one second gene.  
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[00818] In some embodiments, the genetic engineering comprises nuclease-mediated 

editing, optionally wherein the nuclease-mediated editing comprises CRISPR/Cas9-mediated 

editing.  

[00819] In some embodiments, the modification to reduce expression comprises RNAi

mediated targeting of the FAS gene and optionally the at least one second gene, optionally 

wherein the RNAi-mediated targeting comprises short hairpin RNA (shRNA)-mediated 

knockdown.  

[00820] In some embodiments, the RNAi-mediated targeting comprises engineering the 

cell to express an RNA polynucleotide capable of mediating knockdown of the FAS gene and 

optionally the at least one second gene.  

[00821] In some embodiments, the modified cell comprises a hematopoietic cell.  

[00822] In some embodiments, the hematopoietic cell comprises a hematopoietic stem 

cell.  

[00823] In some embodiments, the hematopoietic cell comprises an immune cell.  

[00824] In some embodiments, the immune cell comprises a adaptive immune cell, an 

innate immune cell, a T cell, an NK cell, a macrophage.  

[00825] In some embodiments, the modified cell comprises an engineered cell.  

[00826] In some embodiments, the engineered cell is engineered to express a heterologous 

receptor.  

[00827] In some embodiments, the heterologous receptor comprises an immune receptor.  

[00828] In some embodiments, the heterologous immune receptor comprises a chimeric 

antigen receptor (CAR), a T cell receptor, or an NK cell receptor.  

[00829] In some embodiments, the engineered cell comprises a T cell or a cell capable of 

differentiation into a T cell, and wherein the heterologous receptor is inserted into an 

endogenous TCR locus, optionally the T cell receptor alpha (TRAC) locus.  

[00830] In some embodiments, the heterologous receptor comprises one or more antigen 

binding domains, optionally wherein the one or more antigen binding domains are capable of 

binding to a tumor antigen or an antigen associated with cancer.  

[00831] In some embodiments, the reduced expression and/or function of the FAS gene or 

its expression product improves at least one property of the modified cell relative to the 

corresponding unmodified cell.  

[00832] In some embodiments, when the modified cell is further modified to have reduced 

expression and/or function of the at least one second gene, the reduced expression and/or 

function of the FAS gene or its expression product and the reduced expression and/or 
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function of the at least one second gene or its expression product improves at least one 

property of the modified cell relative to a corresponding cell modified to only reduce 

expression and/or function of the FAS gene.  

[00833] In some embodiments, when the modified cell is further modified to have reduced 

expression and/or function of the at least one second gene, the reduced expression and/or 

function of the FAS gene or its expression product and the reduced expression and/or 

function of the at least one second gene or its expression product improves at least one 

property of the modified cell relative to a corresponding cell modified to only reduce 

expression and/or function of the at least one second gene.  

[00834] In some embodiments, the at least one property comprises improved proliferative 

capacity.  

[00835] In some embodiments, the at least one property comprises improved protection 

from FAS-mediated apoptosis.  

[00836] In some embodiments, the modified cell comprises an immune cell and the at least 

one property comprises an improved immune effector cell function.  

[00837] In some embodiments, the improved immune effector cell function comprises 

increased relative effector molecule expression, production, and/or secretion.  

[00838] In some embodiments, the immune cell comprises a T cell and the effector 

molecule comprises one or more molecules selected from the group consisting of. IFNY, 

TNF-alpha, Granzyme B, and FASL.  

[00839] In some embodiments, the modified cell is engineered to express a heterologous 

surface antigen, optionally wherein the heterologous surface antigen is capable of mediating 

targeted depletion of the engineered modified cell relative to a corresponding modified cell 

not engineered to express the heterologous surface antigen.  

[00840] In one aspect, provided herein are methods of stimulating an immune response in 

a subject, wherein the method comprises administering to the subject any one of the modified 

cells as disclosed herein.  

[00841] In one aspect, provided herein are methods of treating cancer in a subject, wherein 

the method comprises administering to the subject any one of the modified cells as disclosed 

herein.  

[00842] In some embodiments, the modified cell is autologous with reference to the 

subject.  

[00843] In some embodiments, the modified cell is allogenic with reference to the subject.  
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[00844] In one aspect, provided herein are one or more recombinant nucleic acids, wherein 

the one or more recombinant nucleic acids encode: a first chimeric polypeptide comprising a 

priming receptor comprising a first extracellular antigen-binding domain that specifically 

binds to Alkaline Phosphatase, Germ Cell (ALPG/P); and a second chimeric polypeptide 

comprising a chimeric antigen receptor (CAR) comprising a second extracellular antigen

binding domain that specifically binds to mesothelin (MSLN).  

[00845] In some embodiments, the first extracellular antigen-binding domain comprises a 

variable heavy (VH) chain sequence comprising three heavy chain CDR sequences, CDR-H1, 

CDR-H2, and CDR-H3, and a variable light (VL) chain sequence comprising three light 

chain CDR sequences, CDR-L1, CDR-L2, and CDR-L3, wherein: CDR-H1 comprises the 

sequence set forth in SEQ ID NO: 1, CDR-H2 comprises the sequence set forth in SEQ ID 

NO: 2, CDR-H3 comprises the sequence set forth in SEQ ID NO: 3, CDR-L1 comprises the 

sequence set forth in SEQ ID NO: 4, CDR-L2 comprises the sequence set forth in SEQ ID 

NO: 5, and CDR-L3 comprises the sequence set forth in SEQ ID NO: 6.  

[00846] In some embodiments, the second extracellular antigen-binding domain comprises 

a variable heavy (VH) chain sequence comprising three heavy chain CDR sequences, CDR

HI, CDR-H2, and CDR-H3, wherein: CDR-H1 comprises the sequence set forth in SEQ ID 

NO: 14, CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and CDR-H3 

comprises the sequence set forth in SEQ ID NO: 16.  

[00847] In one aspect, provided herein are one or more recombinant nucleic acids, wherein 

the one or more recombinant nucleic acids encode at least one nucleic acid sequence at least 

15 nucleotides in length, wherein the at least one nucleic acid sequence comprises one or 

more of: (1) a first nucleic acid sequence complementary to nucleotides 1126 to 1364 of an 

mRNA encoding human Fas Cell Surface Death Receptor (FAS) comprising the sequence set 

forth in SEQ ID NO: 39, (2) a second nucleic acid sequence complementary to nucleotides 

518 to 559 of an mRNA encoding human Protein Tyrosine Phosphatase Non-Receptor Type 

2 (PTPN2) comprising the sequence set forth in SEQ ID NO: 40; and (3) a third nucleic acid 

sequence complementary to nucleotides 1294 to 2141 of an mRNA encoding human 

Thymocyte Selection Associated High Mobility Group Box (TOX) comprising the sequence 

set forth in SEQ ID NO: 41.  

[00848] In some embodiments, the one or more recombinant nucleic acid sequences are at 

least 16, 17, 18, 19, 20, 21, or 22 nucleotides in length.  
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[00849] In some embodiments, wherein the one or more recombinant nucleic acid 

sequences are a short hairpin RNA (shRNA), a small interfering RNA (siRNA), a double 

stranded RNA (dsRNA), or an antisense oligonucleotide.  

[00850] In some embodiments, the one or more recombinant nucleic acids comprise the 

first nucleic acid sequence complementary to nucleotides 1126 to 1364 of an mRNA 

encoding human FAS comprising the sequence set forth in SEQ ID NO: 39, and the second 

nucleic acid sequence complementary to nucleotides 518 to 559 of an mRNA encoding 

human PTPN2 comprising the sequence set forth in SEQ ID NO: 40.  

[00851] In some embodiments, the first nucleic acid sequence comprises a sequence 

selected from the group consisting of the sequences set forth in SEQ ID NOs: 42-71.  

[00852] In some embodiments, the first nucleic acid sequence comprises the sequence set 

forth in SEQ ID NO: 49.  

[00853] In some embodiments, the first nucleic acid sequence reduces expression of FAS 

in an immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% as 

compared to a control immune cell that does not comprise the first nucleic acid sequence.  

[00854] In some embodiments, the second nucleic acid sequence comprises a sequence 

selected from the group consisting of the sequences set forth in SEQ ID NOs: 72-97.  

[00855] In some embodiments, the second nucleic acid sequence comprises the sequence 

set forth in SEQ ID NO: 82.  

[00856] In some embodiments, the second nucleic acid sequence reduces expression of 

PTPN2 in an immune cell by at least 50%, 55%, 60%, 65%, 75%, 80%, 85%, 90%, 95%, or 

99% as compared to a control immune cell that does not comprise the second nucleic acid 

sequence.  

[00857] In some embodiments, the first nucleic acid sequence comprises a sequence 

selected from the group consisting of the sequences set forth in SEQ ID NOs: 42 to 71; and 

the second nucleic acid sequence comprises a sequence selected from the group consisting of 

the sequences set forth in SEQ ID NOs: 72 to 97.  

[00858] In some embodiments, the first nucleic acid sequence comprises the sequence set 

forth in SEQ ID NO: 49 and the second nucleic acid sequence comprises the sequence set 

forth in SEQ ID NO: 82.  

[00859] In some embodiments, the nucleic acid(s) comprises a sequence selected from the 

group consisting of the sequences set forth in SEQ ID NOs: 168, 167, and 166.  

[00860] In some embodiments, the third nucleic acid sequence comprises a sequence 

selected from the group consisting of the sequences set forth in SEQ ID NOs: 98-125.  
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[00861] In one aspect, provided herein are one or more expression vector(s) comprising 

the recombinant nucleic acid(s) disclosed herein.  

[00862] In one aspect, provided herein are cells comprising the one or more recombinant 

nucleic acid(s) of disclosed herein.  

[00863] In some embodiments, the cell is a primary human immune cell.  

[00864] In one aspect, provided herein are pharmaceutical compositions comprising the 

recombinant nucleic acid(s) disclosed herein, and a pharmaceutically acceptable excipient.  

[00865] In one aspect, provided herein are methods of inhibiting a target cell in a subject 

comprising administering a cell comprising: a first chimeric polypeptide comprising a 

priming receptor comprising a first extracellular antigen-binding domain that specifically 

binds Alkaline Phosphatase, Placental/Germ Cell (ALPG/P); and a second chimeric 

polypeptide comprising a chimeric antigen receptor (CAR) wherein the CAR comprises a 

second extracellular antigen-binding domain that specifically binds to mesothelin (MSLN).  

[00866] In one aspect, provided herein are methods of inhibiting a target cell in a subject 

comprising administering a cell comprising at least one nucleic acid sequence at least 15 

nucleotides in length, wherein the at least one nucleic acid sequence comprises one or more 

of: (1) a first nucleic acid sequence complementary to nucleotides 1126 to 1364 of an mRNA 

encoding human Fas Cell Surface Death Receptor (FAS) comprising the sequence set forth in 

SEQ ID NO: 39, (2) a second nucleic acid sequence complementary to nucleotides 518 to 559 

of an mRNA encoding human Protein Tyrosine Phosphatase Non-Receptor Type 2 (PTPN2) 

comprising the sequence set forth in SEQ ID NO: 40; and (3) a third nucleic acid sequence 

complementary to nucleotides 1294 to 2141 of an mRNA encoding human Thymocyte 

Selection Associated High Mobility Group Box (TOX) comprising the sequence set forth in 

SEQ ID NO: 41.  

[00867] In some embodiments, the target cell is a cancer cell, optionally a solid cancer cell 

or a liquid cancer cell.  

[00868] In one aspect, provided herein are methods of treating a disease in a subject 

comprising administering a cell disclosed herein to the subject.  

EXAMPLES 

[00869] Below are examples of specific embodiments for carrying out the present 

invention. The examples are offered for illustrative purposes only, and are not intended to 

limit the scope of the present invention in any way. Efforts have been made to ensure 
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accuracy with respect to numbers used (e.g., amounts, temperatures, etc.), but some 

experimental error and deviation should, of course, be allowed for.  

[00870] The practice of the present invention will employ, unless otherwise indicated, 

conventional methods of protein chemistry, biochemistry, recombinant DNA techniques and 

pharmacology, within the skill of the art. Such techniques are explained fully in the 

literature. See, e.g., T.E. Creighton, Proteins: Structures andMolecular Properties (W.H.  

Freeman and Company, 1993); A.L. Lehninger, Biochemistry (Worth Publishers, Inc., current 

addition); Sambrook, et al., Molecular Cloning: A Laboratory Manual (2nd Edition, 1989); 

Methods In Enzymology (S. Colowick and N. Kaplan eds., Academic Press, Inc.); 

Remington's Pharmaceutical Sciences, 18th Edition (Easton, Pennsylvania: Mack Publishing 

Company, 1990); Carey and Sundberg Advanced Organic Chemistry 3 rd Ed. (Plenum Press) 

Vols A and B(1992).  

Example 1: Production and in vitro characterization of ALPG/P and MSLN 
logic 2ates 

[00871] Materials and Methods 

[00872] Non-Viral T cell engineering for in vitro studies.  

[00873] T-cells were enriched from peripheral blood mononuclear cells (PBMCs) obtained 

from normal donor Leukopaks (STEMCELL Technologies) using Lymphoprep (STEMCELL 

Technologies) and the EasySep Human T-Cell Isolation Kit (STEMCELL Technologies). T

cells were subsequently activated with CD3/CD28 Dynabeads at 1:1 bead to cell ratio 

(ThermoFisher, 40203D) in TexMACS medium (Miltenyi 130-197-196) supplemented with 

3% human AB serum (Gemini Bio) and 12.5 ng/ml human L-7 and IL-15 (Miltenyi 

premium grade) and cultured at 37°C, 5% C02 for 48 hours before electroporation.  

[00874] CRISPR RNP were prepared by combining 120 pM sgRNA (Synthego) targeting 

DNA sequence GAGCCATGCTTGGCTTACGA (GS94, SEQ ID NO: 307),62.5 pM 

sNLS-SpCas9-sNLS (Aldevron) and P3 buffer (Lonza) at a volume ratio of 5:1:3:6, and 

incubated for 15 minutes at room temperature. An optimized amount of plasmid DNA, 

determined by dose titration experiments (ranging from 0.25-3 micrograms) was mixed with 

3.5 pl of RNP. T-cells were counted, debeaded, centrifuged at 90 X G for 10 minutes and 

resuspended at 10^6 cells/14.5 pl of P3 with supplement added (Lonza). 14.5 pl of T-cell 

suspension was added to the DNA/RNP mixture, transferred to Lonza 384-well nucleocuvette 

plate, and pulsed in a Lonza HT Nucleofector System with code EH-115. Cells were allowed 

to rest for 15 minutes at room temperature before transfer to 96-well plates (Sarstedt) in 
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TexMACS medium supplemented with 12.5 ng/ml human IL-7 and IL-15 (Miltenyi premium 

grade).  

[00875] Transgene expression was detected by staining with anti-Myc antibody (Cell 

Signaling Technology clone 9B11) and anti-Flag antibody (RnD systems, clone 1042E) and 

analyzed on an Attune NxT Flow Cytometer. Other antibodies used were live/dead Fixable 

Near-IR (Thermo Fisher), TCRalpha/beta antibody (BioLegend clone IP26), CD4 antibody 

(BioLegend clone RPA-T4), CD8 antibody (BioLegend clone SK1).  

[00876] FLAG-tag MSLN CAR 1: anti-MSLN human VH-CD8a hinge-CD8a-TMD-4

iBB costimulatory domain-CD3z activation domain.  

[00877] FLAG-tag MSLN CAR 3: anti-MSLN human VHH-CD8a hinge-CD8a-TMD-4

iBB costimulatory domain-CD3z activation domain.  

[00878] Myc-tag ALPG/P priming receptor: anti-ALPG/P scFv- CD8a hinge-Notch1 

TMD-Notchl STS-HNFlaDBD-p65 activation domain.  

[00879] T cell stimulation 

[00880] T cells from two donors were engineered to express a logic gate system of two 

different MSLN binders in CAR format combination with an ALPG/P priming receptor using 

the in vitro method manufacturing process. LG1 is MSLN CAR1 in combination with the 

ALPG/P priming receptor and LG3 is MSLN CAR3 in combination with an ALPG/P priming 

receptor. T cells were frozen and cryobanked at Day 9 after initial activation. Prior to the 

assay, engineered T cells were thawed and rested overnight in media including 12.5 ng/mL 

human IL-7 and IL-15. On the day of the assay, T cells expressing LG1 or LG3 were 

counted and 2e4 total T cells were plated per well of a 96-well round-bottom plate in 200 uL 

media without IL-7 and IL-15. Engineered T cells were plated either alone ("Resting T cells" 

condition) or with anti-CD3/anti-CD28 Dynabeads at a 1:5 bead:cell ratio ("+ TCR 

stimulation" condition) in technical duplicates. Prepared plates with T cells were spun down 

for 2 min at 300g prior to incubation at 37C for 24 hours. Following the 24 hour co-culture, 

the T cells are stained for PrimeR and CAR expression using anti-myc PE and anti-FLAG 

APC, respectively, and analyzed by flow cytometry on an Attune NxT.  

[00881] Dual antigen-dependent killing in vitro assay 

[00882] T cells from two donors were engineered to express LGI or LG3 (or matched 

constitutive CAR controls) using the non-viral manufacturing process and were frozen and 

cryobanked4at Day 9 after initial activation. Prior to the assay, engineeredT cells and RNP 

only control Tcells from the same donors were thawed and rested overnight in media 

including 12.5 ng/mL human IL-7 and IL-15. On the day of the assay, engineered T cells 
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were counted and stained for PrimeR and CAR expression using anti-myc PE and anti-FLAG 

APC, respectively, and analyzed by flow cytometry. For each donor, all engineered T cell 

populations were normalized to the lowest KI% within that donor by adding RNP only cells 

to dilute engineered populations that were above the lowest KI%. After normalization, T cells 

were resuspended in medium without IL-7 and IL-15 and serially diluted prior to being added 

to 96-well flat-bottom, white-walled assay plates. The serial dilution of T cells results in the 

following co-culture KI+ effector:target (E:T) ratios once Ie4 target cells were added/well: 

3:1, 1:1, 1:3, 1:9, 1:27, and 1:81 in technical duplicates. Each T cell population was co

cultured with four different K562s that had the different combinations of priming antigen 

ALPG and cytolytic antigen MSLN expression: K562, K562-ALPG, K562-MSLN, and 

K562-ALPG/MSLN. Prepared plates with T cells and target cells were spun down for2 min 

at 300g prior to incubation at 37C for 72 hours with a breathable membrane on each plate.  

Cytotoxicity at the end of the 72 hour co-culture was measured using an end-point luciferase 

assay.  

[00883] Cytotoxicity Kinetics 

[00884] T cells from three donors were engineered to express LG1 or LG3 (or matched 

constitutive CAR controls) using the non-viral manufacturing process and were frozen and 

cryobanked at Day 9 after initial activation. Prior to the assay, engineered T cells and RNP 

only control T cells from the same donors were thawed and rested overnight in media 

including 12.5 ng/mL human IL-7 and IL-15. On the day of the assay, engineered T cells 

were counted and stained for PrimeR and CAR expression using anti-myc PE and anti-FLAG 

APC, respectively, and analyzed by flow cytometry. For each donor, all engineered T cell 

populations were normalized to the lowest KI% within that donor by adding RNP only cells 

to dilute engineered populations that were above the lowest KI%. After normalization, T cells 

were resuspended in medium without IL-7 and IL-15 and serially diluted prior to being added 

to 96-well flat-bottom, clear assay plates that had been pre-coated with poly-L-lysine (50 

uL/well at room temperature, aspirate and dry for 30 minutes). The serial dilution of T cells 

resulted in the following co-culture KI+ effector:target (E:T) ratios once 6e3 K562

ALPG/MSLN target cells were gently added to each well: 3:1, 1:1, and 1:3 in technical 

duplicates. An AnnexinV dye was included in the assay medium to mark apoptotic cells.  

Prepared plates with T cells and target cells were allowed to settle undisturbed for 30 minutes 

at room temperature prior to being covered with breath easy films. The plates were then 

loaded in Incucyte live cell imager and imaged every 2 hours for 72 hours to track cytotoxic 
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activity over time by measuring GFP signal in the K562s and the AnnexinV apoptotic 

marker.  

[00885] Cytokine production 

[00886] Cytokine production was evaluated in supernatants taken from co-culture wells of 

the cytotoxicity assay with K562 tumor cells engineered to express different combinations of 

ALPG and MSLN (See "dual antigen-dependent killing in vitro"). Supernatants collected at 

72 hours from the 1:1 KI+ E:T wells in the cytotoxicity assay described above were analyzed 

for IL-2 production using a Luminex assay.  

[00887] Model cell lines engineering for patient-relevant levels of ALPG and MSLN 

[00888] K562 target cells used in all co-culture experiments with logic gate T cells were 

engineered via lentivirus to express constructs with target antigens and proteins. Cell 

expression was matched to the level of priming antigen ALPG and cytolytic antigen MSLN 

expression to levels typically found in ovarian cancer primary tumor samples. Parental K562 

cells were sourced from ATCC. Pantropic VSV-G pseudotyped lentivirus was produced via 

transfection of Lenti-X 293T cells with a transgene expression vector and the viral packaging 

plasmids psPAX2 and pMD2.G using Fugene HD (Promega #E2312). Lentivirus was further 

concentrated using Lenti-X Concentrator (Takara Bio #631231). All K562 cells used in 

assays were transduced with lentivirus containing an "EFG" construct expressing both GFP 

and luciferase. The GFP was used as a sort marker to generate a pure population of 

transduced cells via FACS sorting with a FACS ARIA II as well as a marker for target cells 

in flow- or Incucyte-based assays, and the luciferase gene was used for reading out 

cytotoxicity assays.  

[00889] After sorting and banking the K562-EFG line, the cell line was further transduced 

to express combinations of the priming antigen ALPG and the cytolytic antigen MSLN.  

Lentiviral constructs expressing ALPG, MSLN, or ALPG and MSLN together separated by a 

2A sequence for bicistronic expression were utilized to transduce the K562-EFG line.  

[00890] Priming receptor sensitivity assay for CAR expression induction 

[00891] T cells from one donor were engineered to express LGi, which has the same exact 

PrimeR as LG3, using the engineering method as described above. On Day 9 post-activation, 

LGI T cells were counted and2e4 total T cells were plated per well of a 96-well round

bottom plate in 200 uL media without IL-7 and IL-15. Engineered T cells were plated either 

alone ("T cells alone" condition), with K562-ALPG1°., or with K562-ALPGAII cells at 1:1 

KI- E:Tin technical duplicates. Prepared plates with Tcells were spun down for 2 min at 

300g prior to incubation at 37C for 72 hours. Following the 72 hour co-culture, the T cells 
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are stained for PrimeR and CAR expression using anti-mycPE and anti-FLAG APC, 

respectively, and analyzed by flow cytometry on an Attune NxT. To specifically analyze live 

T cells in flow analysis using Flowio, a viability dye and GFP expression in the K562s were 

used to exclude dead cells and target cells in gating.  

[00892] Next, an in vitro stress model using SKOV3-WT cells was used. T cells from two 

donors were engineered to express LG1 or LG3 (or matched constitutive CAR controls) using 

the engineering method as described above. Cells were cryobanked at Day 9 after initial 

activation. Prior to the assay, engineered T cells and RNP only control T cells from the same 

donors were thawed and rested overnight in media including 12.5 ng/mL human L-7 and IL

15. On the day of the assay, engineered T cells were counted and stained for PrimeR and 

CAR expression using anti-myc PE and anti-FLAG APC, respectively, and analyzed by flow 

cytometry. For each donor, all engineered T cell populations were normalized to the lowest 

KI% within that donor by adding RNP only cells to dilute engineered populations that were 

above the lowest KI%. After normalization, T cells were resuspended in medium without IL

7 and IL-15 and added to 96-well flat-bottom, white-walled assay plates at 1.1 KI+ E:T with 

le4 SKOV3 ovarian cancer cells that endogenously express ALPG and MSLN. Prepared 

plates with T cells and target cells were spun down for 2 min at 300g prior to incubation at 

37°C for 72 hours with a breathable membrane on each plate. Supernatants were collected at 

72 hours and analyzed for IFNy and L-2 production using a Luminex assay.  

[00893] Expression in primary and metastatic cancer samples 

[00894] To assess antigen levels in indication specific samples, expression of logic gate 

target antigens ALPG (priming antibody) and MSLN (cytolytic antigen) in primary and 

metastatic ovarian cancer tumor samples was evaluated via IHC analysis. Primary ovarian 

cancer tumor samples (n=22) and metastases (n=11) were analyzed via IHC for ALPG and 

MSLN expression, and each sample was scored for percent of tumor cells positive for each 

antigen in addition to the intensity of antigen expression.  

[00895] Heterogeneity cytotoxicity assay 

[00896] To assess the minimum proportion of prime antigen positive cells necessary to 

induce full tumor clearance by circuit T cells, a cytotoxicity assay was developed in which 

tumor antigen heterogeneity was directly controlled. T cells from two donors were 

engineered to express LG1 or LG3 (or matched constitutive CAR controls) using the 

engineering method as described above. Cells were frozen and cryobanked at Day 9 after 

initial activation. Prior to the assay, engineered T cells and RNP only control T cells from 

the same donors were thawed and rested overnight in media including 12.5 ng/mL human IL
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7 and IL-15. On the day of the assay, engineered T cells were counted and stained for 

PrimeR and CAR expression using anti-myc PE and anti-FLAG APC, respectively, and 

analyzed by flow cytometry. For each donor, all engineered T cell populations were 

normalized to the lowest KI% within that donor by adding RNP only cells to dilute 

engineered populations that were above the lowest KI%. After normalization, T cells were 

resuspended in medium without IL-7 and IL-15 and added to 96-well round-bottom, clear 

assay plates at 1:1 KI+ E:T with le4 K562-MSLN and K562-ALPG/MSLN mixed at various 

ratios to model different levels of priming antigen heterogeneity. Prepared plates with T cells 

and target cells were spun down for 2 min at 300g prior to incubation at 37°C for 72 hours 

with a breathable membrane on each plate. Cytotoxicity at the end of the 72 hour co-culture 

was measured using an end-point luciferase assay.  

[00897] Soluble protein inhibition assay 

[00898] MSLN is shed from cells in a soluble form (sMSLN) that can act as a sink and 

inhibit binding by anti-MSLN CAR T cells to MSLN presented on the surface of cancer cells, 

and therefore inhibit target cell killing. Additionally, the soluble protein CA125 is known to 

interact with MSLN and can block the binding of anti-MSLN binders and CARs if they target 

an epitope that can be occluded by CA125 binding. Candidate anti-MSLN CAR designs can 

be screened for the ability to resist inhibition by sMSLN and CA125 found at 

physiologically-relevant levels using assays that titrate increasing levels of soluble proteins 

into co-culture with CAR T cells and MSLN positive target cancer cells and measure T cell 

activation/target killing. An assay utilizing K562-ALPG/MSLN target cells and IL-2 cytokine 

production as a measure of T cell activation was developed to detect anti-MSLN CAR T cell 

inhibition by soluble protein, with the M912 CAR showing inhibition by CA125. After 

validating the soluble protein CAR inhibition assay using constitutive CAR T cell controls, 

the assay was then used to test logic gates LG1 and LG3.  

[00899] T cells from two donors were engineered to express LG1 or LG3 (or matched 

constitutive CAR controls) using the engineering method as described above. Cells were 

frozen and cryobanked at Day 9 after initial activation. Prior to the assay, engineered T cells 

and RNP only control T cells from the same donors were thawed and rested overnight in 

media including 12.5 ng/mL human L-7 and IL-15. On the day of the assay, engineered T 

cells were counted and stained for PrimeR and CAR expression using anti-myc PE and anti

FLAG APC, respectively, and analyzed by flow cytometry. For each donor, all engineered T 

cell populations were normalized to the lowest KI% within that donor by adding RNP only 

cells to dilute engineered populations that were above the lowest KI%. After normalization, T 
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cells were resuspended in medium without IL-7 and IL-15 and added to 96-well flat-bottom, 

clear assay plates at 1:1 KI+ E:T with 2e4 K562-ALPG/MSLN target cells in the presence of 

variable concentrations of soluble CA125 or sMSLN. Prepared plates with T cells and target 

cells were spun down for 2 min at 300g prior to incubation at 37C for 48 hours. Supernatants 

were collected at 48 hours and analyzed for IL-2 production using a Luminex assay.  

[00900] Results 

[00901] T cell editing and stimulation 

[00902] A diagram of the assay is shown in FIG. 1. The results are shown in FIG. 2. In 

the "Resting T cells" condition, T cells expressing both logic gates (LG1 and LG3) showed 

PrimeR expression but minimal CAR expression in the absence of stimulation (FIG. 2).  

Upon TCR stimulation through the anti-CD3/anti-CD28 Dynabeads, the now activated T 

cells showed increased PrimeR MFI and % PrimeR+ relative to the same T cells in the 

"Resting T cells" condition (FIG. 2). However, TCR stimulation did not increase the percent 

of PrimeR+ cells that also express CAR. These results indicate that expression of a CAR 

from LG1 and LG3 is dependent on binding to the PrimeR antigen, even in the context of 

strong TCR and co-stimulatory signaling.  

[00903] Dual antigen-dependent killing in vitro 

[00904] Both logic gates demonstrate dual antigen- dependent killing in vitro. T cells 

engineered with logic gate 1 or logic gate 3 were programmed to specifically recognize and 

activate a cytotoxic response to cancer cells that express both the priming antigen ALPG and 

the cytolytic antigen MSLN. The dual-antigen specificity of the logic gate T cells is in 

contrast to conventional constitutive CAR T cells that can cause toxicities due to ON-target 

OFF-tumor cross-reaction with healthy tissues that express the cytolytic antigen. While T 

cells expressing the constitutive anti-MSLN CARs killed both K562-MSLN and K562

ALPG/MSLN cells (FIGs. 3C and 3D), cytotoxicity from logic gate-expressing T cells was 

specific for dual-antigen K562-ALPG/MSLN (FIG. 3D), and demonstrated minimal activity 

against the single antigen positive K562-ALPG or K562-MSLN cell lines even at the highest 

E:T ratios (FIG. 3B and 3C). No cytotoxicity was observed from the negative control RNP

only T cells (FIG. 3A). Tumor-specific activity was observed in the logic gate-expressing T 

cells (FIG. 3D). On-target, off-tissue toxicity was observed in the CAR only T cells against 

the K562-MSLN cell line (FIG. 3C). Together, this data demonstrates that cytotoxicity from 

the logic gate T cells against cytolytic antigen positive cells was restricted to co-culture 

conditions where the priming antigen ALPG is also present.  

[00905] Cytotoxicity kinetics 
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[00906] Logic gate 1 demonstrated faster killing kinetics than logic gate 3 in vitro.  

Dynamic imaging of T cell co-cultures with K562-ALPG/MSLN target cells revealed that T 

cells engineered with different logic gates or matched constitutive CAR controls killed their 

targets with different kinetics. T cells engineered with constitutive CAR 1 or CAR 3 showed 

a rapid onset of cytotoxic activity upon plating with the target cells, with CAR 1 having the 

fastest rate of killing. Logic gate T cell cytotoxicity began approximately 24 hours after the 

start of cytotoxicity by constitutive CAR controls. Without wishing to be bound by theory, 

the delayed cytotoxicity by logic gates was likely based on their mechanism of the PrimeR 

first needing to bind its antigen before the T cells can trigger CAR expression sufficient to 

reach surface levels capable of inducing cytotoxicity. Logic Gate 1 T cells showed both more 

rapid and more complete K562-ALPG/MSLN target cell killing relative to Logic Gate 3 T 

cells (FIG. 4). No cytotoxicity was observed from the negative control RNP-only T cells.  

The faster kinetics of killing by Logic Gate 1 T cells relative to Logic Gate 3 T cells 

corresponds well with other measures of T cell activation and target killing that indicate 

Logic Gate 1 to be the more potent candidate.  

[00907] Cytokine production 

[00908] To further demonstrate the specificity and functional activity of the logic gate T 

cells, cytokine production was assessed. In agreement with the cytotoxicity data, cytokine 

production from logic gate T cells was limited to wells where the dual-antigen K562

ALPG/MSLN target cells were present (FIG. 5D). In contrast, T cells bearing the 

constitutive CAR control produced IL-2 when co-cultured with either K562-MSLN (FIG.  

5B) or K562-ALPG/MSLN (FIG. 5D) target cells. Neither logic gate nor constitutive CAR T 

cells produced IL-2 in response to K562 (FIG. 5A) or K562-ALPG (FIG. 5C) target cell 

lines that did not express the cytolytic antigen. Negative control RNP-onlyT cells did not 

produce cytokine when co-cultured with any target cell line (FIG. 5A). Without wishing to 

be bound by theory, these data further support the hypothesis that the functional output of the 

logic gate T cells is limited to conditions where both the priming and cytolytic antigens are 

present.  

[00909] Model cell lines engineering for patient-relevant levels of ALPG and MSLN 

[00910] The K562-ALPG, K562-MSLN, and K562-ALPG/MSLN lines were generated 

via FACS to have matched antigen expression levels to the ASPC-1 cell lines, a pancreatic 

cancer cell line sourced from ATCC with endogenous antigen expression of both ALPG and 

MSLN. Flow cytometry-based assessment of ALPG and MSLN expression on post-sort, 

established K562 lines and the ASPC-1 cell line control shows that FACS successfully 
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generated engineered K562 lines with expression matching the control (FIG. 6A and 7A).  

Importantly, IHC analysis of ALPG and MSLN expression in ASPC-1 cells both Cell Pellet 

and Xenograft Tumor samples (take from NSG mice and formalin fixed) was found to match 

low-medium expression levels of these antigens in primary ovarian cancer tumor samples 

analyzed in the same experiments (FIG. 6B and 7B). Taken together, this data supports that 

the K562 target lines utilized in these assays express physiologically-relevant levels of target 

antigens ALPG and MSLN that match the levels found in typical ovarian cancer patient 

tumor samples.  

[00911] Priming receptor sensitivity assay for CAR expression induction 

[00912] Next, a CAR induction assay was used to assess the sensitivity of this PrimeR to 

low density ALPG. The anti-ALPG binder PrimeR was sensitive to ALPG levels 4-fold lower 

than the AsPC-1 reference line. Both LG1 and LG3 utilize the same PrimeR with the anti

ALPG binder. K562-ALPGhigh and K562-ALPU cell lines were generated to match the 

antigen expression of the AsPC-1 reference tumor cell line. The K562-ALPG/MSLN target 

cells used in the functional assays were sorted to have matched ALPG expression to the 

K562-ALPigh line used inunduction assay. Quantifation of ALPG surface 

molecules on the K562-ALPGhgh line shows that there is a greater number of antigens present 

on these cells as compared to the reference cell line (FIG. 8A, 8B, 8C). In contrast, the 

K562-ALPGlline shows distinctly lower ALPG expression than the "high" line, and 

antigen quantification shows that the K562-ALPGl°wline has 4-fold lower ALPG expression 

than the reference ASPC-1 cell line (FIG. 8A, 8B, 8C). Therefore, the K562-ALPGl°wline 

has ALPG expression that is physiologically-relevant and likely below the levels of that 

found in ovarian cancer tumors in human cancer patients. Importantly, T cells engineered 

with LG1 and the anti-ALPG binder PrimeR show equivalent prime-dependent CAR 

induction levels in response to both K562-ALP° and K562-ALPGhigh cells (FIG. 8C).  

Without wishing to be bound by theory, these results demonstrate that LG1 T cells are 

capable of inducing CAR expression in response to ALPG levels at or below the level of 

expression typically found in ovarian cancer tumor samples from human cancer patients, and 

suggest that tumor ALPG density will not be a limiting factor to LG1 T cells' ability to clear 

ALPG+/MSLN+ cancer cells.  

[00913] Next, an in vitro stress model using SKOV3-WT cells was used to evaluate howT 

cells engineered with the two candidate logic gates respond to SKOV3 ovarian cancer cell 

lines with low and heterogenous ALPG and MSLN expression (FIG. 9A and 9B). Without 

wishing to be bound by theory, given that LGl and LG3 utilize the same PrimeR but each 
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induces expression of a 41BB(-based CAR built with a different MSLN binder, differences in 

response by these logic gate T cells to different dual-antigen positive target cells may be 

driven by different activity of the two MSLN CARs within the distinct circuits. Interestingly, 

in both donors tested LGI T cells produced significantly more cytokine in response to 

SKOV3 target cells than did LG3 T cells, with the effect particularly striking for IL-2 (FIG.  

9C and 9D). Additionally, Tcells expressing LG produced significantly more cytokine than 

did constitutive CAR1 T cells (again, rnore dramatically for IL-2) (FIG. 9C and 91)) 

Without wishing to be bound by theory, this data suggests that LGI T cells are capable of 

inducing strong cytokine production in response to ovarian cancer target cells with low and 

heterogenous ALPG and MSLN expression.  

[00914] Expression in primary and metastatic cancer samples 

[00915] Almost all samples, both primary and metastatic ovarian cancer, were found to 

express MSLN, and the vast majority of primary tumor samples expressed MSLN on 100% 

of cancer cells (FIG. 10B). Expression of the priming antigen ALPG was also found in the 

vast majority of patient samples, although not in all metastases (FIG. 10A). While ALPG 

was present in most ovarian cancer samples, the percent of cancer cells within each sample 

that express ALPG was found to be more heterogenous than MSLN for many patients.  

Samples that were positive for ALPG were all >5% ALPG+, with most containing at least 

10% ALPG+ cancer cells. Thus, ALPG and MSLN are co-expressed in the vast majority of 

ovarian cancer patient samples, with MSLN expression appearing more homogeneously on 

all cells in many samples and ALPG being present but more heterogeneously expressed.  

[00916] Heterogeneity cytotoxicity assay 

[00917] Tumors are heterogeneous mixtures of cancer cells, and this heterogeneity extends 

to antigen expression. By targeting two antigens in an AND-gate fashion, the primeR/CAR 

logic gate circuit has the potential to significantly reduce toxic side effects relative to existing 

cancer therapies by improving the precision of tumor targeting versus healthy tissue.  

However, with this more specific targeting it has been a question whether these circuits are 

capable of clearing heterogeneous tumors that only express the priming antigen on a minority 

of the cells, which will likely be the case in many patient tumors. The results of this assay 

demonstrate that both logic gates demonstrate complete target cell clearance down to only 

5% priming antigen positive cancer cells (ALPG), with LG1 showing the most potent 

response in the presence of the least priming antigen (FIG. 10C). The constitutive CAR 

control T cells killed all MSLN+ target cell conditions equally well regardless of ALPG 

expression. No cytotoxicity was observed from the negative control RNP-only T cells. Taken 
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together with the IHC data analyzing antigen expression in ovarian cancer patient samples, 

the results of the priming antigen heterogeneity cytotoxicity assay demonstrate that logic gate 

T cells are capable of eliminating heterogenous populations of cancer cells that express the 

priming antigen on only a small minority of cells.  

[00918] Soluble protein assay 

[00919] Neither LG1 nor LG3 (or their matched constitutive CAR controls) were inhibited 

by physiologically-relevant levels of soluble CA125 or sMSLN (FIG. 11A and 11B). The 

RNP T cells showed no cytokine release as expected for the negative control. These results 

indicate that both LG1 and LG3 contain CARs that are resistant to inhibition by levels of 

soluble CA125 and sMSLN that could be encountered in ovarian cancer patients.  

Example 2: In vivo characterization of ALPG/P and MSLN logic 2ates 

[00920] Materials and Methods 

[00921] T cells from two donors were engineered to express LG1 or LG3 (or matched 

constitutive CAR controls) using the engineering methods described above in Example 1.  

Cells were frozen and cryobanked at Day 9 after initial activation. For quality control (QC) 

assays, engineered T cells and RNP only control T cells from the same donors were thawed 

and rested overnight in media including 12.5 ng/mL human TL-7 and IL-15. Next, engineered 

T cells were counted and stained for PrimeR and CAR expression using anti-myc PE and 

anti-FLAG APC, respectively, and analyzed by flow cytometry to assess K1%.  

[00922] K526 Dual Flank in vivo study 

[00923] NSG double MHC KO (NSG DKO) strain (Jackson Laboratories, 025216) were 

implanted with le6 each of K562-MSLN cells on the left flank and K562-ALPG/MSLN cells 

on the right flank, both in 50% Matrigel solution. Three days after K562 cell inoculation, 

mice were randomly assigned to treatment groups with matched tumor sizes using 

bioluminescent imaging (BLI) to measure luciferase signal to quantify engineered tumor 

cells, with 7 mice assigned per treatment condition. The same day of staging and 

normalization, engineered T cells and matched RNP controls were thawed and rested 

overnight in media including 12.5 ng/mL human IL-7 and IL-15. On Day 4 after K562 

implantation, for each donor all engineered T cell populations were normalized to the lowest 

K1% within that donor by adding RNP only cells to dilute engineered populations that were 

above the lowest K1%. Mice were injected with 5e6 KI+ T cells i.v. via the tail vein.  

Bilateral tumor volumes were monitored twice weekly via caliper along with body weight.  

[00924] MSTO 
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[00925] NSG double MIC KO (NSG DKO) strain (Jackson Laboratories, 025216) were 

implanted with le6 each of MSTO-211H cells engineered to express ALPG and MSLN at 

levels matching the ASPC-1 reference line in 50% Matrigel solution. Nine days after MSTO 

cell inoculation, mice were randomly assigned to treatment groups with matched tumor sizes 

based on caliper measurements, with 7 mice assigned per treatment condition. The same day 

of staging and normalization, engineered T cells and matched RNP controls were thawed and 

rested overnight in media including 12.5 ng/mL human IL-7 and IL-15. On Day 10 after 

MSTO implantation, for each donor all engineered T cell populations were normalized to the 

lowest KI% within that donor by adding RNP only cells to dilute engineered populations that 

were above the lowest KI%. Mice were injected with 2e6, 7e5, or 2.3e5 KI+ T cells i.v. via 

the tail vein. Tumor volumes were monitored 2-3 times weekly via caliper along with body 

weight.  

[00926] Results 

[00927] The dual flank in vivo experiment models on-target off-tumor toxicity observed 

clinically with constitutive CAR T cells targeting an tumor antigen that is also expressed by 

healthy organs, with the tumor that only expresses the cytolytic representing such a normal 

tissue. In these experiments, the K5 6 2 MSLN tumor modeled a healthy organ (e.g., the 

mesothelial lining) that expresses MSLN and the K5 6 2 ALPG/MSLN tumor on the opposite flank 

modeled an ovarian cancer tumor. T cells expressing either LG1 or LG3 both showed specific 

killing of the dual-antigen K5 6 2 ALPG/MSLN tumor cells with no measurable activity against the 

off-target K5 6 2 MSLN tumor cells (FIG. 12A-F). In each figure, the lower line shows the tumor 

volume after treatment with the indicated T cells, and the higher line shows the tumor volume 

after treatment with control T cells. Tumor volume in the in K5 6 2 MSLN tumor and 

K5 6 2 ALPG/MSLN tum or after treatment with the constitutive CAR is shown in FIG. 12A and 

12B, respectively. Tumor volume in the K5 6 2MSLN tumor and K5 62 ALPG/MSLN tumor after 

treatment with LG1 is shown in FIG. 12C and 12D, respectively. Tumor volume in the 

K5 6 2 MSLN tumor and K5 6 2 ALPG/MSLN tum or after treatment with LG3 is shown in FIG. 12E 

and 12F, respectively. LG1 T cells demonstrated more potent on-target anti-tumor activity 

than LG3 T cells. Thus, both LG1 and LG3 directed engineered T cells to specifically target 

and kill ALPG+/MSLN+ tumors and ignore MSLN+ tumors present just a few centimeters 

away in the same mice. The results of these experiments show how logic gate T cells can be 

used to specifically target dual-antigen tumors in vivo.  

[00928] The dose of 2e6 LG1 or LG3 T cells induced potent tumor killing and complete 

responses in the engineered MSTO-2H11ALPG/MSLN xenograft tumor model. CAR 
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potency against solid tumors was enhanced with the LG1 or LG3 logic gate T cells. Low 

dose, stress dose, and high dose T cell dosing responses are shown in FIG. 13A, 13B, and 

13C, respectively. At the stress-test dose of 7e5 conventional CAR-T cells with constitutive 

LG1 MSLN-CAR expression, tumor growth was only partially inhibited (FIG. 13B). In 

contrast, ALPG PrimeR logic-gated T cells (either LG1 or LG3 T cells) resulted in superior 

tumor growth inhibition at the same dose (FIG. 13B). Additionally, logic gate-expressing T 

cells showed more robust expansion in blood samples compared to constitutively expressing 

CAR-T based on counts of engineered T cells in the blood taken via flow cytometry (FIG.  

13D). Flow analysis of T cells found in the peripheral blood showed minimal CAR 

expression from logic gate T cells, demonstrating the fidelity of the logic gate to restrict CAR 

expression and activity to the on-target tumor (FIG. 14A-14D). Thus, the logic gates not 

only enhanced specificity and safety of CAR T cells by gating their activity on the presence 

of a priming antigen but also increased the potency of T cell therapies relative to constitutive 

CARs.  

Example 3: Characterization of shRNA in vitro 

[00929] Materials 

[00930] mRNA-level knockdown (qPCR) 

[00931] T cells from at least 2 donors were engineered to express FMC63 CAR alone or 

with the indicated FAS, TOX, PTPN2 or ZC3H12A shRNA modules. T cells from donors 

were isolated from leukopacks and activated (Day 0). 48 hours post-activation, T cells were 

engineered (Day 2). To engineer the T cells, sgRNA targeting GS94 was complexed with 

sNLS-SpCas9-sNLS Nuclease at room temperature for 10 minutes forming the 

ribonucleoprotein mix. Plasmids containing the FMC63 CAR alone or the FAS, TOX, 

PTPN2 or ZC3H12A shRNA modules and supplemented Primary P3 Solution were added to 

the ribonucleoprotein and mixed. The mix was added to activated T cells and electroporated.  

After electroporation, the engineered T cells were recovered using fresh media supplemented 

with 12.5 ng/mL of IL-7 and IL-15. The engineered T cells were replenished with fresh 

media supplemented with 12.5 ng/mL of IL-7 and IL-15 on Day 3 and 5.  

[00932] Six days post-editing, magnetic enrichment was performed using Dynabeads 

MyOne Streptavidin Ti and a biotinylated anti-EGFRt antibody. The highly pure populations 

of edited T cells was lysed and mRNA extracted using the Dynabeads mRNA Direct 

Purification Kit. Once extracted, the mRNA was quantified using the Quant-it RiboGreen 

RNA Assay Kit, and used to synthesize cDNA with the SuperScript IV First-Strand Synthesis 
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kit. The cDNA was then used to perform real-time Quantitative Reverse Transcription PCR 

with the TaqMan Fast Advanced Master Mix and the RPL13A, FAS, PTPN2, ZC3H12A and 

TOX TaqMan assays.  

[00933] Protein-level knockdown (flow cytometry) 

[00934] T cells from at least 2 donors were engineered to express FMC63 CAR alone or 

with the indicated FAS shRNA module using the R&D manufacturing process. Six days post

editing, T cells were stained for EGFRt and FAS expression using anti-EGFRt PE and anti

FAS AF647, respectively, and analyzed by flow cytometry on an Attune NxT flow 

cytometer. Relative FAS expression was quantified by taking the ratio of the gMFI of FAS 

for EGFRt+ cells divided by EGFRt- cells. This value was then normalized to the relative 

FAS expression of the control group to calculate knockdown.  

[00935] T cell engineering for dual shRNA knockdown 

[00936] T-cells were enriched from peripheral blood mononuclear cells (PBMCs) obtained 

from normal donor Leukopaks (STEMCELL Technologies) using Lymphoprep (STEMCELL 

Technologies) and the EasySep Human T-Cell Isolation Kit (STEMCELL Technologies). T

cells were subsequently activated with CD3/CD28 Dynabeads at 1:1 bead to cell ratio 

(ThermoFisher, 40203D) in TexMACS medium (Miltenyi 130-197-196) supplemented with 

3% human AB serum (Gemini Bio) and 12.5 ng/ml human IL-7 and IL-15 (Miltenyi 

premium grade) and cultured at 37°C, 5% C02 for 48 hours before electroporation.  

[00937] CRISPR RNP were prepared by combining 120 pM sgRNA (Synthego) targeting 

DNA sequence GAGCCATGCTTGGCTTACGA (GS94, SEQ ID NO: 307),62.5 pM 

sNLS-SpCas9-sNLS (Aldevron) and P3 buffer (Lonza) at a volume ratio of 5:1:3:6, and 

incubated for 15 minutes at room temperature. An optimized amount of plasmid DNA 

encoding the shRNA sequence(s) of interest, determined by dose titration experiments 

(ranging from 0.5-3 micrograms) was mixed with 3.5 pl of RNP. T-cells were counted, 

debeaded, centrifuged at 90 X G for 10 minutes and resuspended at 10A6 cells/14.5 pl of P3 

with supplement added (Lonza). 14.5 pl of T-cell suspension was added to the DNA/RNP 

mixture, transferred to Lonza 384-well nucleocuvette plate, and pulsed in a Lonza HT 

Nucleofector System with code EH-115. Cells were allowed to rest for 15 minutes at room 

temperature before transfer to 96-well plates (Sarstedt) in TexMACS medium supplemented 

with 12.5 ng/ml human IL-7 and IL-15 (Miltenyi premium grade).  

[00938] T cells from three donors were engineered to express an anti-mesothelin (MSLN) 

(AR alone or witheithera dual luciferase control shRNA module, FAS shRNA, FAS-TOX 

shRNA, TOX-PTPN2 shRNA, FAS-PTPN2 shRNA, ZC3H12A-PTPN2. or FAS-NR4A1 
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shRNA using the non-viral electroporation method described above. Cells were frozen and 

cryobanked at Day 9 after initial activation. Prior to cryopreservation, an aliquot of cells from 

each condition was taken and the T cells were stained for EGFRt and CAR expression using 

anti-EGFRt and anti-mye, respectively, and analyzed by flow cytometry on an Attune NxT.  

[00939] Sequences of the shRNA and an exemplary shRNA-mir nodule are provided 

below and in the sequence listing: 

[00940] FAS_11: TTAAGAATCTTTTCAAACACTA (SEQ ID NO: 49) 

[00941] FAS_13: TAATCTTAATCTTTCATCCTCT (SEQ ID NO: 51) 

[00942] PTPN2_14: TCTGACAAGAGCTTCACACTGA (SEQ ID NO: 82) 

[00943] PTPN2_1: TATAATACGACTTCACATCTTC (SEQ ID NO: 72) 

[00944] TOX_9: TAGGTGAGGATTCATTCCCGGT (SEQ ID NO: 104) 

[00945] TOX_4: TATGACTGCTACATCAAGCCAT (SEQ ID NO: 99) 

[00946] ZC3H12A: TTATTAAGAAGCATCTTGCTTA (SEQ ID NO: 126) 

[00947] NR4A1: TTAATCAGAAAAGTCACATACT (SEQ ID NO: 144) 

[00948] FAS_11-PTPN_14 shRNA-miR module: 

GTAAGTCGACTCGTTGGATCCCCACTACCCGGATCAACGCCCTAGGTTTATGTTT 

GGATGAACTGACATACGCGTATCCGTCTTAAGAATCTTTTCAAACACTAGTAGTG 

AAATATATATTAAACTAGTGTTTGAAAAGATTCTTATTACGGTAACGCGGAATTC 

GCAACTATTTTATCAATTTTTTGCGTCGACACTTCAAGGGGCTTGCGGCCGCAAC 

CATCTCCATGGCTGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCA 

CATCTTGGAAACACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTC 

GAGAAGGTATATTGCTGTTGACAGTGAGCGCCAGTGTGAAGCTCTTGTCAGATAG 

TGAAGCCACAGATGTATCTGACAAGAGCTTCACACTGATGCCTACTGCCTCGGAC 

TTCAAGGGGCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGC 

TATCTCTTTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACT 

TTTTCATCTGACCAGTAGTGGACTAGTGTGACGCTGCTGACCCCTTTCTTTCCCTT 

CTACAG (SEQ ID NO: 157) 

[00949] Additional shRNA miR modules are provided in the sequence listing.  

[00950] T cells were also engineered to have a double FAS and PTPN2 knockout.  

[00951] mRNA knockdown in resting conditions 

[00952] T cells from four donors were engineered to express MSLN CAR alone or with 

either a dual luciferase control shRNA, FAS-NR4A1 shRNA, FAS-TOX shRNA, FAS

PTPN2 shRNA, PTPN2-TOX shRNA, or PTPN2-ZC3Il2A shRNA modules using the 

manufacturing process described above. Six days post-editing, magnetic enrichment was 
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performed using Dynabeads MyOne Streptavidin Ti and a biotinylated anti-EGFRt antibody.  

The highly pure populations of edited T cells were lysed and mRNA extracted using the 

Dynabeads mRNA Direct Purification Kit. Once extracted, the mRNA was quantified using 

the Quant-it RiboGreen RNA Assay Kit, and used to synthesize cDNA with the SuperScript 

IV First-Strand Synthesis kit. The cDNA was then used to perform real-time Quantitative 

Reverse Transcription PCR (RT-qPCR) with the TaqMan Fast Advanced Master Mix and 

TaqMan assays for RPL13A, FAS, PTPN2, TOX, and ZC3H12A.  

[00953] Protein knockdown in resting conditions 

[00954] Flow Cytometry: T cells from 2 donors were engineered to express MSLN CAR 

alone or with either a dual luciferase control shRNA, FAS-NR4A shRNA, FAS-TOX 

shRNA, FAS-PTPN2 shRNA, PTPN2-TOX shRNA, or PTPN2-ZC3HL2A shRNA modules 

using the manufacturing process. Six days post-editing and once a week for 6 weeks 

thereafter, Tcells were stained for EGFRt and FAS expression using anti-EGFRt PE and 

anti-FAS FITC, respectively, and analyzed by flow cytornetry on an Attune NxT. Relative 

FAS expression was quantified by taking the ratio of the gMFI of FAS for EGFRt+ cells 

divided by EGFRt- cells. This value was then normalized to the relative FAS expression of 

the control group.  

[00955] Western Blot: T cells from 4 donors were engineered to express MSLN CAR 

alone or with either a dual luciferase control shRNA, the FAS-NR4A1 shRNA, FAS-TOX 

shRNA, FAS-PTPN2 shRNA, PTPN2-TOX shRNA, or PTPN2-ZC3H12A shRNA modules 

using the manufacturing process. Six days post-editing, magnetic enrichment was performed 

using Dynabeads MyOne Streptavidin TI and a biotinylated anti-EGFRt antibody. The highly 

pure populations of edited T cells were then lysed and boiled to reduce and denature proteins.  

Total protein was quantified using the Pierce BCA Protein Assay Kit. Normalized lysates 

were then loaded into an SDS-PAGE gel and run. Protein was then transferred from the gel to 

a PVDF membrane, blocked, and stained for RPL13A (control), FAS, NR4A1, or PTPN2 

primary antibody and HIRP conjugated secondary antibody. The blot was then imaged with 

the Bio-Rad ChemiDoc and relative PTPN2 expression was quantified.  

[00956] mRNA knockdown under chronic stimulation conditions 

[00957] Edited CD3+ T cells were subjected to 14 days of repetitive stimulation with 

MSLN+ K562 and rested 48 hours before RNA-seq.  

[00958] FAS-mediated apoptosis 

[00959] T cells from 6 donors were engineered to express MSLN CAR alone or with either 

a dual luciferase control shRNA, the FAS-NR4A1 shRNA, FAS-TOX shRNA, FAS-PTPN2 
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shRNA, PTPN2-TOX shRNA, or PTPN2-ZC32I-A shRNA modules using the 

manufacturing process. Six days post-editing T cells were cultured with 0, 0.2, 2, or 20ug/mL 

of anti-FAS activating antibody for 24 hours. Cells were stained with EGFRt, live/dead, and 

Apotracker and analyzed by flow cytometry on an Attune NxT. The frequency of viable 

edited cells was calculated as the percent live/dead- Apotracker- among EGFRt+ cells and 

these frequencies were then normalized to the percent viable cells in the control condition 

with Oug/mL anti-FAS activa tinbody.  

[00960] Cytokine-independent growth assay 

[00961] T cells from 2 donors were engineered to express MSLN CAR alone or with either 

a dual luciferase control shRNA, the FAS-NR4A1 shRNA, FAS-TOX shRNA, FAS-PTPN2 

shRNA, PTPN2-TOX shRNA, or PTPN2-ZC3H12A shRNA modules using the 

manufacturing process. Eleven days post-editing T cells were cultured with 12.5 ng/mL of 

IL-7 and IL-15 or in the absence of exogenous cytokines and the frequency of edited cells 

and absolute number of viable cells was quantified on day 0, 2, 4, and 8 post cytokine 

withdrawal. The fold-change in viable edited cells from day 0 was used to normalize each 

condition.  

[00962] Cytotoxicity assays 

[00963] Incucyte: T cells from three donors were engineered to express MSLN CAR alone 

or with either a dual luciferase control shRNA, the FAS-NR4A shRNA, FAS-TOX shRNA, 

FAS-PTPN2 shRNA, PTPN2-TOX shRNA, or PTPN2-ZC3H12A shRNA modules using the 

manufacturing process and were frozen and cryobanked at Day 9 after initial activation. Prior 

to performing the assay, cells were thawed and recovered in media containing 12.5 ng/mL of 

IL-7 and IL-15. Edited cell frequencies were normalized to the lowest editing efficiency by 

adding back RNP only edited T cells. T cells were then co-cultured with K562 cells with and 

without engineering to express the CAR target antigen, MSLN at a one to one ratio. Over the 

course of 48 hours, the cell cultures were imaged using the Incucyte and percent killing was 

calculated by dividing the number of viable K562 cells by the total number of K562 cells, 

subtracting the quotient from 1 and multiplying by 100.  

[00964] Lucifersase: T cells from three donors were engineered to express SS1 CAR alone 

or with either a dual luciferase control shRNA module or the FAS-PTPN2 shRNA module 

using the CiTE manufacturing process and were frozen and cryobanked at Day 9 after initial 

activation. Prior to performing the assay, cells were thawed and recovered in media 

containing 12.5ng/mL of IL-7 and IL-15. Edited cell frequencies were normalized to the 

lowest editing efficiency by adding back RNP only edited T cells. T cells were then co
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cultured with MSTO cells engineered to express the CAR target antigen, MSLN at the 

indicated ratios. After 48 hours, the Luc-Screen assay was performed and percent target cell 

killing was calculated by dividing the luminescence values for each sample by the 

luminescence values of tumor only control wells, subtracting the quotient from 1, and 

multiplying by 100.  

[00965] RSA 

[00966] T cells from three donors were engineered to express MSLN CAR alone or with 

either a dual luciferase control shRNA, the FAS-NR4A1 shRNA, FAS-TOX shRNA, FAS

PTPN2 shRNA, PTPN2-TOX shRNA, or PTPN2-ZC3H12A shRNA modules using the 

manufacturing process and were frozen and cryobanked at Day 9 after initial activation. Prior 

to performing the assay, cells were thawed and recovered in media containing 12.5 ng/mL of 

IL-7 and IL-15. Six days post-editing, magnetic enrichment was performed usingDynabeat 

MyOne Streptavidin TI and a biotinylated anti-EGFRt antibody. Enriched edited cells were 

counted by flow cytometry on a Attune NxT with CountBright Plus Absolute counting beads.  

85,000 edited Tcells were dispensed into wells of a 96 well flat bottom plate and co-cultures 

were initiated by dispensing K562 at a defined effector:target ratio. At days 2,5,7,9, and 12 

after the initial enrichnientT cells were quantified by flow cytometry and co-cultures were 

re-set to the desired ET ratio by dispensing K562 cells using a TTP LabTech Dragonfly 

liquid handler. At day 14 after the initial enrichment RNAseq was performed on edited T 

cells by performing an anti-EGFRt antibody based enrichment as above, using flow 

cytometry to dispense 20,000 T cells into wells of a 384 well plate, and then using an in 

house 3' barcode counting bulk RNAseq prep. Sample barcoding oligo-dT reverse 

transcription primers were dispensed using a Beckman Echo acoustic liquid handler; reverse 

transcription was performed and RT-PCR products were converted to sequencing libraries 

using lilumina Nextera XT tagmentation kit and sequenced on an Illumina NovaSeq DNA 

sequencer. Cytokine production from day 14 supernatants was quantified by EMD Millipore 

Luminex multiplex cytokine kits.  

[00967] Results 

[00968] mRNA-level knockdown (qPCR) 

[00969] mRNA knock down of FAS, PTPN2, TOX, and ZC3H12A are shown in FIGs.  

18A-D. Real-time Quantitative Reverse Transcription PCR results show that the shRNA 

sequences against FAS (FIG. 36A), TOX (FIG. 36B), and PTPN2 (FIG. 36C) provide 

greater than 50% knockdown in edited cells at the end of manufacturing. Maximum 

knockdown of ZC3H12A was approximately 55% (FIG. 36D). shRNA sequences FAS_11, 
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FAS_13, PTPN2_1, PTPN2_14, TOX_9, TOX_4, ZC3Hl2A_12, ZC3Hl2A_1, NR4A1_12, 

and NR4A1_19 (not shown) were selected for additional characterization.  

[00970] Protein-level knockdown (flow cytometry) 

[00971] The shRNA module targeting FAS provided greater than 50% knockdown of FAS 

protein in edited cells at the end of manufacturing (FIG. 37).  

[00972] T cell engineering for dual shRNA knockdown 

[00973] No differences in editing efficiency or edited cell yield were observed at the end 

of manufacturing. The shRNA-miR module did not impact cell expansion during 9-day cell 

production (FIG. 15A and 15B).  

[00974] mRNA knockdown in resting conditions 

[00975] Multiple shRNAs demonstrate robust target gene knock down of both genes when 

used in combination (FIG. 16). The FAS-PTPN2 module provided greater than 50% 

knockdown of both FAS and PTPN2 mRNA in edited cells under resting conditions (FIG.  

16).  

[00976] Protein knockdown in resting conditions 

[00977] The shRNA module targeting FAS, PTPN2, and TOX provides stable knockdown 

of FAS for at least 7 weeks after editing under resting conditions (FIG. 17A). FAS, PTPN2, 

and NR4A1 protein levels were also significantly reduced 6 days post editing (FIG. 17B).  

FAS protein was reduced to less than 25% when the FAS shRNA was combined with PTPN2 

or TOX, NR4A1 protein was reduced to less than 50% when the NR4A1 shRNA was 

combined with FAS, and PTPN2 protein was reduced to about or less than 12% when the 

PTPN2 shRNA was combined with FAS, TOX, or ZC3H12A shRNA. Thus, shRNA gene 

knockdown for FAS, PTPN2, and NR4A1 was robust and durable under homeostatic 

conditions.  

[00978] mRNA knockdown under chronic stimulation conditions 

[00979] Target gene knockdown was maintained throughout chronic stimulation (FIG.  

18). Thus, the shRNA gene knockdown for FAS, PTPN2, and NR4A1 was robust and 

durable under chronic stimulation conditions.  

[00980] FAS-mediated apoptosis 

[00981] The shRNA module targeting FAS leads to sufficient knockdown to provide at 

least 100-fold reduced sensitivity to FAS-mediated apoptosis (FIG. 19A and 19B). FIG. 19A 

shows there was strong FAS knockdown in cells from the shRNA. FIG. 19B shows that T 

cells with FAS knockdown retained greater than 80% viability as normalized to T cells with 
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only the control shRNA after treatment with an anti-FAS activating antibody for24 hours.  

Thus, FAS shRNA-miR protected against FAS-mediated apoptosis of T cells.  

[00982] Cytokine-independent growth assay 

[00983] All engineered T cells died in the absence of cytokine support and no cytokine

independent growth was observed. Thus, T cells engineered with the combination shRNA 

modules did not exhibit evidence of increased risk of transformation (FIG. 20) as indicated 

by the death of the engineered T cells after cytokine withdrawal.  

[00984] Cytotoxicity assays 

[00985] All knockdown combinations demonstrated identical target cell killing in vitro. T 

cells engineered with the combination shRNA modules or the control FAS-PTPN2 knockout 

cells (FAS-PTPN2 dKO) did not exhibit evidence of reduced cytotoxic activity over the 48 

hour incucyte assay with target antigen expressing K562 cell line (FIG. 21).  

[00986] In addition, all shRNA knockdown combinations demonstrated comparable killing 

kinetics in vitro. The T cells engineered with the shRNA knockdown modules did not exhibit 

evidence of reduced cytotoxic activity over the 48 hour luciferase assay with target antigen 

expressing MSTO cell line (FIG. 22).  

[00987] RSA 

[00988] PTPN2 knockdown via shRNA increased T cell expansion during chronic antigen 

stimulation (FIG. 23). All dual shRNA modules increase IFNY production during chronic 

antigen stimulation, Wilcoxon test **** = p<O.0001, *** = p<O.001 , ns = p>O.05 (FIG. 25).  

PTPN2 knockdown T cells also exhibited cell cycle signatures after chronic antigen 

stimulation (FIG. 24A and 24B), and retained effector signature after chronic antigen 

stimulation (FIG. 26A and 26B).  

[00989] Thus, T cells engineered with FAS-PTPN2 shRNA module exhibited -8 fold 

greater expansion (FIG. 23), -2 fold greater interferon gamma expression (FIG. 25) and 

strong signatures of effector T cell function (FIG. 26A and 26B) and cell cycle (FIG. 24A 

and 24B) relative to control engineered T cells expressing an shRNA module targeting 

irrelevant control genes. Wilcoxon test **** = p<0.0001,** = p<0.001 , ns = p>0.05.  

Example 4: Characterization of shRNA in vivo 

[00990] Materials 

[00991] T cells from three donors were engineered to express an MSLN CAR alone or 

with either a dual luciferase control shRNA module or the FAS-PTPN2 shRNA module using 

the manufacturing process described above and were frozen and cryobanked at Day 9 after 
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initial activation. Prior to performing the assay, cells were thawed and recovered in media 

and normalized to the lowest editing efficiency with RNP only edited T cells. To evaluate the 

efficacy of T cells engineered with MSLN CAR alone or with either a dual luciferase control 

shRNA module or the FAS-PTPN2 shRNA module in vivo assay were performed in a 

subcutaneous model of mesothelioma. NSG-MHC /11 dKO mice were injected with MST0211H 

cells overexpressing MSLN. MSTO2II cells were injected in 100 uL 1:1 suspension of 

phosphate-buffered saline (PBS) and Matrigel into the right flank of mice. Animals were 

randomized into treatment groups according to tumor volumes and were injected into the tail vein 

withT cells at 0.25x0 ,0.5x10 6 and 2x106 doses. Tumor volumes were measured before and 

twice per week after treatment was started and calculated as V = (length x width2)/2.  

[00992] The presence, expansion and persistence of SS1 CAR-T cells in peripheral blood 

of treated mice were monitored by multiparametric flow cytometry. Fifty uL of blood was 

collected from each mouse on day 7, 14, 21 and 28 post treatment. Blood was lysed with 

ACK lysis buffer to remove red blood cells and stained with fluorescently-labeled antibodies 

against: murine CD45 and GRI; human CD3, CD4, CD8a, CCR7, CD27, CD45RA, EGFR, 

CD95, and flag. Next, labeled samples were added with counting beads for normalization 

prior to flow cytometry analysis by the Attune flow cytometer. Collected FACS data were 

analyzed using FlowJo software.  

[00993] Spleen and tumors were isolated from subsets (n =3) of mice in each group 

injected with the high CAR-T dose on day 14, and FACs was performed to characterize and 

quantify CAR-T phenotypes.  

[00994] Results 

[00995] In parallel to infusing the animals, a phenotypic analysis of each condition was 

performed to compare the differentiation states of the cells. As shown in FIG. 13, expression 

of the shRNA in T cells did not alter the CD4 or CD8 % T cell percentages in the engineered 

T cell populations, or the relative amounts of T effector cells (Te), T effector memory cells 

(Tem), T central memory cells (Tcm), or memory stem T cells (Tscm), with the exception of 

the DKO FAS/PTPN2 modification (FIG. 27). Thus, the shRNA modules did not alter the 

differentiation state of the pre-infusion T cells.  

[00996] After in vivo treatment, the T cells engineered with the FAS-PTPN2 shRNA-miR 

module exhibit improved tumor control (FIG. 28A) and increased edited T cell accumulation 

in the periphery (FIG. 28B) and within the tumor. Edited T cells expressing the CAR, or the 

FAS, FAS/TOX, or FS/PTPN2 shRNA significantly reduced tumor volume in vivo (FIG.  

28A). The FAS-PTPN2 shRNA T cells also showed 10 times greater expansion and enhanced 
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persistence in the peripheral blood as compared to the CAR T cells alone without shRNA 

(FIG. 28B). Thus, FAS-PTPN2 knock down increased T cell expansion and tumor control.  

[00997] In the dose experiments, the 0.5x106 dose FAS-PTPN2 shRNA knockdown T cells 

and FAS-TOX shRNA knockdown T cells showed better or comparable tumor control to the 

2x106 CAR alone, indicating that comparable control of the tumor was observed at a quarter 

of the dose (FIG. 29). Thus, the knockdown of FAS and PTPN2 or TOX enables lower 

dosing for similar tumor treatment.  

[00998] FAS-PTPN2 drove expansion of all T cell subsets, including effector and 

progenitor cells. The FAS-PTPN2 and FAS-TOX combinations resulted in a higher 

frequency of cells with a memory phenotype in the spleen and similar proportions of subsets 

in the tumor (FIG. 30A and 30B).  

[00999] Furthermore, there was no evidence of gross toxicity associated with increased T 

cell expansion (FIG. 31) as shown by the mouse weight over the course of the trial. None of 

the experimental conditions resulted in weight loss of the mice.  

Example 5: Co-expression of shRNA and ALPG/P and MSLN Logic Gate in 
vitro 

[001000] Materials and methods 

[001001] Dual antigen-dependent cytotoxicity assay 

[001002] T cells from four donors were engineered to express Logic Gate I alone without 

shRNA.r a full optimized lead Integrated Circuit T cell (ICT) combining Logic Gate 1 with 

a FAS/PTPN2 shRNA cassette (AB-1015, SEQ ID NO: 168) using the non-viral 

manufacturing process and were frozen and cryobanked at Day 9 after initial activation. Prior 

to the assay, engineered T cells and RNP only control T cells from the same donors were 

thawed and rested overnight in media including 12.5 ng/mL human IL-7 and I-15On the 

day of the assay, engineered T cells were counted and stained for PrimeR and CAR 

expression using anti-myc PE and anti-FLAG APC, respectively, and analyzed by flow 

cytometry. For each donor, all engineered T cell populations were normalized to the lowest 

Kf% within that donor by adding RNP only cells to dilute engineered populations that were 

above the lowest KI%. After normalization, T cells were resuspended in medium without IL

7 and IL-15 and serially diluted prior to being added to 96-well flat-bottorn, white-walled 

assay plates. The serial dilution ofTcells results in the following co-culture KI+ 

effector:target (E:T) ratios once le4 target cells were added/well: 3:1, 1:1, 1:3, 1:9, and 

1:27in technical duplicates. EachTcell population was co-cultured with K562-MSLN, and 

K562-ALPG/MSLN. Prepared plates with T cells and target cells were spun down for2 min 
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at 300g prior to incubation at 37°( for 72 hours with a breathable membrane on each plate.  

Cytotoxicity at the end of the 72 hour co-culture was measured using an end-point luciferase 

assay. PrimeR and CAR expression were quantified using primary staining with a tagged 

version of each receptor's antigen that was then detected with a fluorescently-conjugated 

secondary antibody, and analyzed by flow cytometry.  

[001003] Protein knockdown in resting conditions 

[001004] Flow Cytometry: T cells from 2 donors were engineered to express LG1 (ALPG/P 

priming receptor and MSLN CAR) alone (LGI1HTLV control) or with the FAS-PTPN2 

shRNA module using the manufacturing process. T cells were stained for ALPG/P and FAS 

expression five days post-editing using ALPG-AF647 and anti-FAS FITC, respectively, and 

analyzed by flow cytometry on an Attune NxT. Relative FAS expression is shown in the flow 

cytometry histograms.  

[001005] Results 

[001006] Co-expression of the ALPG/P and MSLN logic gate and FAS/PTPN2 shRNA 

maintained the logic gate fidelity and potency in vitro. As shown in FIG. 32, incubation of 

the T cells expressing the logic gate and shRNA did not induce lysis of K562-MSLN cells 

expressing only the CAR antigen. However, incubation with K562 cells expressing the 

priming receptor target ALPG resulted in significant dose-dependent lysis of the target cells, 

with 100% of target cells lysed at the highest ratio. Thus, the co-expression of shRNA with 

the logic gate did not affect the function of the priming receptor and CAR.  

[001007] In addition, the shRNA also demonstrated strong FAS knock-down relative to 

LG1 control cells without shRNA (FIG. 33). Thus, Thus, the co-expression of the priming 

receptor and CAR with the shRNA did not affect the function of the shRNA.  

Example 6: Co-expression of shRNA and ALPG/P and MSLN Logic Gate in vivo 

[001008] Materials and Methods 

[001009] T cells from two donors were engineered to express LG1 and FAS/PTPN2 shRNA 

(AB-1015, SEQ ID NO: 168) or LG and FAS/TOX shRNA using the engineering methods 

described above in Example 1. Cells were frozen and cryobanked at Day 9 after initial 

activation. For quality control (QC) assays, RNP only control T cells from the same donors 

were thawed and rested overnight in media including 12.5 ng/mL human IL-7 and IL-15. The 

next, engineered T cells were counted and stained for PrimeR and CAR expression using 

anti-myc PE and anti-FLAG APC, respectively, and analyzed by flow cytometry to assess 

KI%
.  
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[001010] K526 Dual Flank in vivo study 

[001011] NSG double MHC KO (NSGDKO) strain (Jackson Laboratories, 025216) were 

implanted with le6 each of K562-MSLN cells on the left flank and K562-ALPG/MSLN cells 

on the right flank, both in 50% Matrigel solution. Three days after K562 cell inoculation, 

mice were randomly assigned to treatment groups with matched tumor sizes using 

bioluminescent imaging (BLI) to measure luciferase signal to quantify engineered tumor 

cells, with 7 mice assigned per treatment condition. The same day of staging and 

normalization, engineered T cells and matched RNP controls were thawed and rested 

overnight in media including 12.5 ng/mL human IL-7 and IL-15. On Day 4 after K562 

implantation, for each donor all engineered T cell populations were normalized to the lowest 

KI% within that donor by adding RNP only cells to dilute engineered populations that were 

above the lowest KI%. Mice were injected with 5e6 KI+ T cells i.v. via the tail vein.  

Bilateral tumor volumes were monitored twice weekly via caliper along with body weight.  

[001012] Results 

[001013] Incorporation of FAS/PTPN2 shRNA into the LG1 circuit resulted in greater anti

tumor potency with equivalent fidelity relative to the LG1 + dualLuc shRNA control circuit 

in vivo in the dual-tumor NSG model (FIG. 34A (donor two) and 34B (donor three)). No 

tumor reduction was observed against cells expressing only the CAR antigen MSLN.  

Reductions in tumor volume were observed when the tumor cells expressed both ALPG and 

MSLN. A greater tumor volume reduction as observed when the engineered T cells co

expressed the FAS/PTPN2 sRNA as compared to only the ALPG/MSLN logic gate (FIG.  

34A and 34B).  

[001014] The LG1+FAS/TOX shRNA circuit showed similar fidelity and anti-tumor 

potency to the LG1+FAS/PTPN2 circuit in in vivo in the dual-tumor NSG model (FIG. 35A 

(donor two) and 35B (donor three)). No tumor reduction was observed against cells 

expressing only the CAR antigen MSLN. Reductions in tumor volume were observed when 

the tumor cells expressed both ALPG and MSLN. A greater tumor volume reduction as 

observed when the engineered T cells co-expressed the FAS/TOX shRNA or FAS/PTPN2 

sRNA. Similar tumor volume reductions were observed after treatment with T cells co

expressing either FAS/TOX shRNA or FAS/PTPN2 sRNA (FIG. 35A and 35B).  

Example 7: In vivo assay in ovarian tumor model 

[001015] T cells from 3 donors were engineered to express the AB-1015 cassette, which 

includes LG1 (ALPG/P priming receptor and MSLN CAR) with the FAS-PTPN2 shRNA 
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module, using the engineering methods described above in Example 1. Cells were frozen and 

cryobanked at Day 9 after initial activation. For quality control (QC) assays, RNP only 

control T cells from the same donors were thawed and rested overnight in media including 

12.5 ng/mL human IL-7 and IL-15. Engineered T cells were counted and stained for priming 

receptor and CAR expression using ALPG-AF647 and MSLN-Bio prirnary/streptavidin-PE 

secondary, respectively, and analyzed by flow cytometry to assess KI%.  

[001016] NSG double MC KO (NSGDKO) strain (Jackson Laboratories, 025216) were 

implanted intraperitoneally with le7 cells each of the OVCAR3-ALPG ovarian cancer 

indication specific cell line that expresses ALPG and MSLN. As shown in Fig. 56A, five 

days after tumor cell inoculation, mice were randomly assigned to treatment groups with 

matched tumor sizes based on bioluminescence measurements of the luciferase expressed by 

the OVCAR3-ALPG target cells, with 10 mice assigned per treatment condition. The same 

day of staging and normalization, engineered T cells and matched RNP controls were thawed 

and rested overnight in media including 12.5 ng/mL human IL-7 and IL-15. On Day six after 

ovarian cancer cell line implantation, mice were injected with 7.5e6 KI+ T cells (or the 

matched total number of RNP control cells) i.v. via the tail vein. Tumor volumes were 

monitored 2-3 times weekly via luminescence measurement along with body weight.  

[001017] As shown in Fig. 56B, AB-1015 T cells (LG1 + FAS-PTPN2 shRNA module) 

induced tumor killing and inhibition of tumor growth in the ovarian cancer cell line tumor 

model. AB-1015 T cells resulted in increased tumor growth inhibition as compared to RNP 

controlcells. Additionally, Fig. 56C shows that treatment with AB-1015 T cells did not 

result in body weight loss and was well tolerated by the mice. Without wishing to be bound 

by theory, T cells engineered with the full LG1+FAS/PTPN2 circuit drive potent responses 

against an ovarian cancer specific model in in vivo mouse xenograft tumor experiments.  

Example 8: Knockdown and Knockout of FAS and Other Genes Improves 
Profile of Engineered Hematopoietic Cells 

[001018] Methods 

[001019] FAS knockout (KO) in combination with additional gene assay 

[001020] CD8 T cells were stimulated with CD3/CD28 magnetic beads for 48 hours.  

500,000 cells were transfected with complexed Cas9/crRNA/tracrRNA RNPs targeting the 

first coding exon of a single gene or a combination of two genes using the Lonza 384 well 

Nucleofector system according to the manufacturer's instructions. The crRNA library 

targeted a total of 18 individual genes that were run in all pairwise combinations for a total of 

171 independent conditions. Each condition was run in technical duplicate in two 
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independent donors and the experiment was performed twice. Data shown are the cumulative 

results from both experiments. After transfection with RNP the cells were rested for 4 days 

then stimulated with CD3/CD28 magnetic beads at a 5:1 bead to cell ratio. 2, 5, 7, 9 and 12 

days after the first stimulation post-transfection the cells were de-beaded, counted by flow 

cytometry, and re-plated with CD3/CD28 beads at a 5:1 bead to cell ratio. At the end of the 

assay the amount of viable T cells were quantified by flow cytometry and levels of cytokines 

and other effector molecules in the supernatant were quantified by nPlex ELISA.  

[001021] shRNA knockdown assay 

[001022] CAR T cells were enriched using biotinylated anti-EGFRt (clone 528 Thermo) 

and streptavidin conjugated magnetic beads (MyOne TI Dynabeads). Enriched T cells 

(>=70% EGFRt+) were subsequently lysed and total RNA was extracted using Dynabeads 

mRNA DIRECT Kit per the manufacturer's protocol. Purified RNA was quantified using 

Ribogreen Quant-IT and normalized prior to cDNA synthesis using SuperScript IV First

Strand Synthesis System. Synthesized cDNA was then used to perform qRT-PCR using 

TaqMan Fast Advanced Master Mix and TaqMan probes for each respective shRNA target.  

TaqMan probes for RPL13A were used to further normalize cDNA input. Cq values were 

captured and the delta-delta method was employed to quantify expression. Percent 

knockdown was calculated as ((1 - ddCq) * 100).  

[001023] FAS-mediated apoptosis assay 

[001024] ICT cells were thawed and enriched using ALPG-Fc reagent and Protein G 

binding magnetic beads. Enriched T cells (-50% PrimeR+) were subsequently cultured with 

increasing concentrations (0, 0.2, 2, 20 ug/mL) of the FAS cross-linking antibody, clone 

CHI1, for 22 hours. ICT cells were stained with ALPG, Apotracker, and a viability dye, and 

viable cell frequency was quantified by flow cytometry. The relative frequency of viable cells 

was calculated by normalizing the viability at each dose to the sample at Oug/mL activating 

anti-FAS antibody.  

[001025] In vivo dual knockdown assay 

[001026] Bulk T cells were activated for 2 days in CTS expansion beads and electroporated 

with CAS9 protein, crRNAtracrRNA complexes, and CD19 (FMC63-41BBz) HDR template 

to generate TRA C KI CAR T cells with or without combinatorial deletions of FAS and 

another gene of interest. Following electroporation, cells were expanded for 8 days in 

TexMACs containing 3% human serum and recombinant IL-7 and IL-15 cytokines. Residual 

CD3' cells were depleted from all conditions on the 4th day of expansion. On day 10 post

activation, cells were collected, normalized with CD3Neg T cells, and resuspended in 
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TexMACs media to ensure equivalent cell densities and CAR' frequencies across conditions.  

2.5e5 CAR T cells were adoptively transferred, intravenously, into male NSG animals (n = 

7/condition) inoculated with 0.5e6 NALM6 leukemic cells harboring a firefly reporter gene 4 

days earlier. NALM6 inoculated animals were assessed for tumor burden via bioluminescent 

imaging (BLI) 1 day prior to infusion of CAR T cells to appropriately randomize cohorts.  

Animals were monitored daily for signs of well-being and BLIs were measured twice weekly 

using an IVIS Spectrum instrument. Mice were euthanized when found moribund in 

accordance with JACUC guidelines 

[001027] Results 

[001028] As shown in FIG. 38, knocking out FAS improved proliferation and effector 

function. Combination knockouts with FAS and additional genes also improved proliferation 

and effector function either relative to FAS alone (e.g., effector molecule production of FAS 

+ Gene A/B/C/D relative to FAS alone) or relative to the additional gene (e.g., proliferation 

of FAS + Gene A/B/C relative to Gene A/B/C alone).  

[001029] As shown in FIG. 39B robust dual knockdown (>50%) of FAS and additional 

targets using shRNA was demonstrated together with maintained transgene expression. The 

shRNA-miR modules provided greater than 50% knockdown for each target of interest with 

no deleterious effects on the expression of the EGFRt transgene. FIG. 39A provides a 

diagram of the knockdown system and a diagram of an exemplary shRNA-CAR dual 

construct.  

[001030] As shown in FIG. 40B, FAS knockdown provided >2-fold improved protection 

from FAS-mediated apoptosis. The shRNA-miR module provided nearly complete protection 

from FAS-mediated apoptosis in this assay. Mean and SEM shown for three representative 

donors. A diagram of exemplary control and shFAS systems are provided in FIG. 40A.  

[001031] As shown in FIG. 41, dual knockdowns with FAS and additional genes enhanced 

in vivo efficacy of CAR T cells (CD19-41BBZ knocked into TRAC locus) in a systemic 

NALM6 model. Treatment of mice with the dual knockdowns with FAS and additional genes 

resulted in increased mouse survival as compared to control CAR T cells alone.  

Example 9: Characterization of additional shRNA and logic gate constructs 

[001032] Materials and Methods 

[001033] Tcells from three donors (ABXFCICT6, 9, 10) were engineered to express three 

LG1 and FAS/PTPN2 shRNA constructs using the engineering methods described above in 

Examples 1, 3 and 4. Control cells expressing SS1-CAR, and TC-210, control CAR 
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benchmarks, were produced via lentivirus engineering. Untreated cells (UNT) were used as a 

negative control. Cells were frozen and cryobanked at Day 9 after initial activation. For 

quality control (QC) assays, engineeredT cells and control Tcells from the same donors 

were thawed and rested overnight in media including 12.5 ng/mL human IL-7 and IL-15.  

The next day, T cells were counted, washed, stained with Zombie-Aqua viability dye, stained 

for PrimeR and CAR expression using ALPG-AF647 and MSLN-Bio primary/streptavidin

PE secondary, respectively, and analyzed by flow cytometry with an Attune NxT to assess 

KI%. Results of the flow cytometry assay demonstrate that after manufacturing the AB-X 

logic gate/shRNA constructs were expressed in 10-20% of live T cells in the three donors 

tested.  

[001034] Constructs were constructed as described in Table 1 below. FIG. 42A provides a 

diagram of the construct layout.  

Table 1 
Construct Alias Description SEQ ID 
name NO 
AB-1013 LG1_2xSPA_Fas+PTPN2 2xSPA polyA reduces PrimeR MFI relative to 166 

AB-1015 
AB-1014 LG1_TTT_Fas+PTPN2 TTT translation initiation site reduces PrimeR 167 

MFI relative to AB- 10 15 
AB-1015 LG1_Fas+PTPN2 168 

[001035] mRNA knockdown in resting conditions 

[001036] Six days post-editing, magnetic enrichment was performed using Dynabeads 

MyOne Streptavidin Ti and a biotinylated anti-EGFRt antibody. The highly pure populations 

of edited T cells were lysed and mRNA extracted using the Dynabeads mRNA Direct 

Purification Kit. Once extracted, the mRNA was quantified using the Quant-it RiboGreen 

RNA Assay Kit, and used to synthesize cDNA with the SuperScript IV First-Strand Synthesis 

kit. The cDNA was then used to perform real-time Quantitative Reverse Transcription PCR 

(RT-qPCR) with the TaqMan Fast Advanced Master Mix and TaqMan assays for FAS and 

PTPN2.  

[001037] Protein-level knockdown (flow cytometry) 

[001038] Six days post-editing, T cells were stained for EGFRt and FAS expression using 

anti-EGFRt PE and anti-FAS AF647, respectively, and analyzed by flow cytometry on an 

Attune NxT flow cytometer. Relative FAS expression was quantified by taking the ratio of 

the gMFI of FAS for EGFRt+ cells divided by EGFRt- cells. This value was then normalized 

to the relative FAS expression of the control group to calculate knockdown.  

[001039] Protein-level knockdown (Western blot) 
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[001040] Six days post-editing, magnetic enrichment was performed using Dynabeads 

MyOne Streptavidin Ti and a biotinylated anti-EGFRt antibody. The highly pure populations 

of edited T cells were then lysed and boiled to reduce and denature proteins. Total protein 

was quantified using the Pierce BCA Protein Assay Kit. Normalized lysates were then loaded 

into an SDS-PAGE gel and run. Protein was then transferred from the gel to a PVDF 

membrane, blocked, and stained for PTPN2 primary antibody and HRP conjugated secondary 

antibody. The blot was then imaged with the Bio-Rad ChemiDoc and relative PTPN2 

expression was quantified.  

[001041] CD4 and CD8 Ratio and Expansion 

[001042] Cryobanked Tcells made accordingto the method above were thawed and rested 

overnight in media including 12.5 ng/mL human IL-7 and IL-15. The next day, T cells were 

counted, washed, stained with Zombie-Aqua viability dye, stained for CD4 and CD8 with 

FMOs used as controls for gating, and analyzed by flow cytometry with an Attune NxT.  

[001043] Memory phenotyping 

[001044] Donor T cells edited as described above with the shRNA and logic gate circuit 

were phenotypically profiled with cell surface T cell subset markers by flow cytometry.  

Croybanked T cells were thawed, counted, washed, and stained with Zombie-Aqua viability 

dye, or for CD4, CD8, CD45RA, and CCR7 with FMOs used as controls for gating. Cells 

were analyzed by flow cytometry with an Attune NxT. In FlowJo, single, viable lymphocytes 

were selected by SSC and FSC and subset profiling by a combination of CCR7 and CD45RA 

were used to identify stem cell memory- (SCM: CD45RA+CCR7+), central memory- ( 

CD45RA-CCR7+), effector memory- (CD45RA-CCR7-), or terminal effector- (TEMRA: 

CD45RA+CCR7-) T cells on CD4+ and CD8+ subpopulations.  

[001045] CAR conversion 

[001046] T cells from two donors (ABXFCICT 9, 10) were engineered to express the three 

LG1 and FAS/PTPN2 shRNA constructs using the manufacturing process described above.  

Cells were frozen and cryobanked at Day 9 after initial activation. Prior to the assay, 

engineered T cells were thawed and rested overnight in media including 12.5 ng/mL human 

IL-7 and IL15.The PrimeR-+-Tcells were then enriched to >95% purity via a two day 

MACS-based process. T cells were then counted and 5e4 T cells were plated per well of a 

96-well flat-bottom plate in 200 uL media with 500 pg/mL IL-7 and IL-15 prior to the 

addition of K562!2,Gells at a 1:1 E:T ratio in technical duplicates. Samples of the T cells 

alone prior to PrinieR antigen stimulation via the K562PG cells as well as samples collected 

after 24, 96, and 144 hours of co-culture in the conditions above (with H media changes 
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every 2-3 days) were washed, stained with Zombie-Aqua viability dye, stained for PrimeR 

and CAR expression using ALPG-AF647 and MSLN-Bio primary/streptavidin-PE 

secondary, respectively, and analyzed by flow cytometry with an Attune NxT. %CAR 

Conversion = (%CAR+ at tx/ %PrimeR+ at to)*100 

[001047] Heterogeneity cytotoxicity assay 

[001048] T cells from three donors (ABXFC_ICT9, 10) were engineered to express the 

three LG1 and FAS/PTPN2 shRNA constructs using the manufacturing process described 

above. Cells were frozen and cryobanked at Day 9 after initial activation. Prior to the assay, 

engineered T cells and RNP alone control T cells from the same donors were thawed and 

rested overnight in media including 12.5 ng/mL human IL-7 and IL-15. On the day of the 

assay, engineered T cells were counted and stained for PrimeR and CAR expression using 

ALPG-AF647 and MSLN-Bio prirnary/streptavidin-PE secondary, respectively, and analyzed 

by flow cytometry with an Attune NxT. For each donor, all engineered T cell populations 

were normalized to the lowest KI% within that donor by adding RNP only cells to dilute 

engineered populations that were above the lowest KI%. After normalization, T cells were 

resuspended in medium without IL-7 and IL-15 and added to 96-well flat-bottom, white

walled assay plates at 1:1 KI+ E:T withX 14 K5 6 2MSLN and K562ALPG/MSLN mixed at various 

ratios to model different levels of priming antigen heterogeneity. Prepared plates with T cells 

and target cells were spun down for2 minat 300g prior to incubation at 37C for 72 hours 

with a breathable membrane on each plate. Cytotoxicity at the end of the 72 hour co-culture 

was measured using an end-point luciferase assay.  

[001049] Results 

[001050] Similar transgene knock-in efficiency was observed with each of the constructs 

(FIG. 42B). T cells expressing the PrimeR had minimal CAR expression, due to the function 

of the logic gate to gate CAR expression on exposure to ALPG+ target cells (FIG. 42C).  

These results indicate thatTcells expressing the AB-X logic gate/shRNA circuit constructs 

were robustly generated using the described manufacturing process.  

[001051] The CD4/CD8 composition of the KJ+ population (or transduced for the lentiviral 

populations) for all engineered T cells and the bulk T cell population for the RNP and 

untransduced (UNT) controls are shown in FIG. 42D. The CD4:CD8 ratio was similar for all 

logic gate/shRNA circuits and the logic gate alone. These results indicate that integration of 

the logic gate and shRNA modules did not alter the CD4/CD8 composition or expansion 

kinetics ofT cells expressing the logic gate/shRNA full circuit candidates compared to the 

logic gate alone (FIG. 42D).  
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[001052] Memory phenotyping showed consistent phenotypes for the LG1 and FAS/PTPN2 

shRNA circuits with less differentiation than lentiviral benchmarks (UNT, TC-210, and SSI

CAR samples) (FIG. 43). In all three donors, the editing did not contribute to an expansion of 

terminally differentiated T cells, as the major subset of T cells in both subpopulations 

retained positive expression of CD45RA and CCR7 (FIG. 43). This indicates that the edited 

T cells have the capacity to expand, survive and persist in vivo. The results also indicate that 

integration of the logic gate and shRNA modules did not alter the mernory phenotype 

composition ofT cells expressing the logic gate/shRNA full circuit candidates compared to 

the logic gate alone. Thus, the edited T cells have the capacity to expand, survive and persist 

in vivo.  

[001053] All constructs displayed equivalent knockdown of both FAS (FIG. 44A) and 

PTPN2 (FIG. 44B).  

[001054] The three logic gate/shRNA circuits (AB-1013, AB-1014, and AB-1015) induced 

ALPG-dependent CAR. expression (FIG. 45). ALPG-dependent CAR conversion by the AB

X logic gate/shRNAcircuit reached a peak after around 100 hours of stimulation with the 

PrimeR antigen, with a similar activation kinetic but different magnitude of CAR induction 

observed for the different candidates. AB-1015 demonstrated the greatest relative conversion 

of PrimeR signal to CAR expression after ALPG engagement (FIG. 45).  

[001055] in the heterogeneitv assay,. the three logic gate/shRNA circuits killed the priming 

antigen heterogenous target cell populations with varied potency (FIG. 46). For example, 

AB-1015 showed the most potent response in the presence of the least priming antigen (FIG.  

46). The constitutive CAR controlTcells killed all MSLN+ target cell conditions equally 

well regardless of ALPG expression. No cytotoxicity was observed from the negative control 

RNP-only T cells. Taken together with the IHC data analyzing antigen expression in ovarian 

cancer patient samples and the results of the priming antigen heterogeneity cytotoxicity assay 

demonstrate that the logic gate/shRNA Tcells were capable of eliminating heterogenous 

populations of cancer cells that express the priming antigen on only a small minority of cells.  

Example 10: In vivo characterization of additional shRNA and LG circuits 

[001056] Materials and Methods 

[001057] T cells from two donors were engineered to express the three LG1 and 

FAS/PTPN2 shRNA circuits as described in Example 9 using the engineering methods 

described above in Example 1. Cells were frozen and cryobanked at Day 9 after initial 

activation. For quality control (QC) assays, RNP only control T cells from the same donors 
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were thawed and rested overnight in media including 12.5 ng/mL human IL-7 and IL-15. The 

next, engineered T cells were counted and stained for PrimeR and CAR expression using 

anti-myc PE and anti-FLAG APC, respectively, and analyzed by flow cytometry to assess 

KI%
.  

[001058] K526 Dual Flank in vivo study 

[001059] NSG double MHC KO (NSGDKO) strain (Jackson Laboratories, 025216) were 

implanted with le6 each of K562-MSLN cells on the left flank and K562-ALPG/MSLN cells 

on the right flank, both in 50% Matrigel solution. Three days after K562 cell inoculation, 

mice were randomly assigned to treatment groups with matched tumor sizes using 

bioluminescent imaging (BLI) to measure luciferase signal to quantify engineered tumor 

cells, with 7 mice assigned per treatment condition. The same day of staging and 

normalization, engineered shRNA + LG1 circuit T cells and matched CAR only T cells, logic 

gate only T cells, or RNP controls were thawed and rested overnight in media including 12.5 

ng/mL human IL-7 and IL-15. On Day 4 after K562 implantation, for each donor all 

engineered T cell populations were normalized to the lowest KI% within that donor by 

adding RNP only cells to dilute engineered populations that were above the lowest KI%.  

Mice were injected with 7.5x106 shRNA + LG1 circuit T cells, CAR only T cells or logic 

gate only T cells i.v. via the tail vein on Day 4. Bilateral tumor volumes were monitored 

twice weekly via caliper along with body weight. The study was terminated at day 24.  

[001060] Results 

[001061] As shown in FIG. 47A and 47B, the CAR only T cells inhibited the growth of 

MSLN/ALPG (FIG. 47B) and MSLN only tumors (FIG. 47A). Thus, the MSLN CAR 

targeted cells express MSLN.  

[001062] In addition, each of the full shRNA + LG1 circuit T cells were specific in vivo and 

inhibited tumor growth of K5 62 MSLN/ALPG tumors (FIG. 47D). The full circuit T cells did not 

inhibit growth of the MSLN only tumor cells (FIG. 47C), and thus showed selectivity to the 

dual MSLN and ALPG expressing cells.  

Example 11: Additional In vitro characterization 

[001063] Materials and Methods 

[001064] Continuous stimulation assay 

[001065] Edited T cells expressing the LG1 circuit, the full shRNA+Logic Gate circuit, or 

the controls SS1-CAR or TC-210 were enriched using ALPG-Fc reagent and Protein G 

Dynabeads to >70% purity. Edited T cells were normalized to a concentration of 8.5x104 T 
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cells / well and plated in 96 well plates in 250 uL of TexMacs media (Miltenyi) supplemented 

to 3% human serum and 50 U/mL of human TL-2 and were co-cultured with ALPG and 

MSLN overexpressing K562 at an effector:target ratio of 2:1. At days 2,5,7,9, and 12 after 

the initiation of culture, T cells and targets were counted by flow cytometry and wells were 

diluted to reset the T cell number to 8.5 x10 4 and fresh target cells were added as needed to 

reset the 2:1 E:T ratio. T cell expansion and target control were quantified as the cumulative 

fold expansion of T cells and K562 cells in the co-culture, respectively. Values are median 

sem. Wilcoxon test **** < 0.0001, ns > 0.05 

[001066] Comparison assay with CAR T cells 

[001067] T cells from three donors (ABXFCICT 6, 9, 10) were engineered to express the 

three LG1 and FAS/PTPN2 shRNA circuits as described in Example 9 using the engineering 

methods described above in Example 1. Cells were frozen and cryobanked at Day 9 after 

initial activation. Prior to the assay, engineered T cells and control T cells from the same 

donors were thawed and rested overnight in media including 12.5 ng/mL human L-7 and IL

15. On the day of the assay, engineered T cells were counted and stained for PrimeR and 

CAR expression using ALPG-AF647 and MSLN-Bio primary/streptavidin-PE secondary, 

respectively, and analyzed by flow cytometry with an Attune NxT. After normalization, T 

cells were resuspended in medium without TL-7 and IL-15 and serially diluted prior to being 

added to 96-well flat-bottom, white-walled assay plates. The serial dilution of T cells results 

in the following co-culture KI+ effector:target (E:T) ratios once le4 target cells were 

added/well: 3:1, 1:1, 1:3, 1:9, 1:27, and 1:81 in technical duplicates. Each T cell population 

is co-cultured separately with K5 6 2MSLN and K5 6 2 ALPG/MSLN target cells. Prepared plates with 

T cells and target cells were spun down for 2 min at 300g prior to incubation at 37°C for 72 

hours with a breathable membrane on each plate. Cytotoxicity at the end of the 72 hour co

culture was measured using an end-point luciferase assay.  

[001068] To further demonstrate the specificity and functional activity of the logic 

gate/shRNA circuit T cells, cytokine production was evaluated in supernatants taken from co

culture wells of the cytotoxicity assay with K562 tumor cells engineered to express different 

combinations of ALPG and MSLN (described above). Supernatants collected at 72 hours 

from the 1:1 KI+ E:T wells in the cytotoxicity assay mentioned above are analyzed for IFNY 

production using a Luminex assay. In agreement with the cytotoxicity data, IFNY production 

from AB-X logic gate/shRNA candidate T cells was limited to wells where the dual-antigen 

K5 6 2 ALPG/MSLN target cells were present. In contrast, T cells bearing the constitutive CAR 

control produced IFN when co-cultured with either K562MSLN or K5 62 ALPG/MSLN target cells.  
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These data further support the notion that the functional output of the AB-X logic 

gate/shRNA candidate T cells is limited to conditions where both the priming and cytolytic 

antigens are present.  

[001069] Cytokine assay 

[001070] Cytokine production was evaluated in supernatants taken from co-culture wells of 

the cytotoxicity assay with K562 tumor cells engineered to express different combinations of 

ALPG and MSLN (described above). Supernatants were collected at 72 hours frorn the 1:1 

KI+ E:T wells in the cytotoxicity assay mentioned above and wereanalyzed for IFN7 

production using a Luminex assay.  

[001071] Multiple cell line cytotoxicity assay 

[001072] Each T cell population was co-cultured separately with K562-ALPG/MSLN, 

MSTO-ALPG/MSLN, and SKOV3-ALPG/MSLN target cells, in order to assess the potency 

of'T cell response against these three different on-target cell lines. T cells were serially 

diluted resulted in the following co-culture KI+ effector:target (E:T) ratios once 1e4 target 

cells were added/well: 3:1, 1:1, 1:3, 1:9, 1:27, and 1:81 in technical duplicates. Prepared 

plates with T cells and target cells were spun down for 2 min at300g prior to incubation at 

37C for 72 hours with a breathable membrane on each plate. Cytotoxicity at the end of the 

72 hour co-culture was measured using an end-point luciferase assay.  

[001073] Cell Transformation assay 

[001074] 1x106 T cells expressing the AB-1014, AB-1013, or AB-1015 shRNA+ LG1 

circuits were seeded in one well of a 24 well-GRex plate at a density of 0.56/ml. Cells were 

cultured for 5 days in the TexMACS complete medium (+3%HS) with or without cytokines.  

Cell number and viability were recorded at days 0, 3, 5 and 7. As a positive control, 1x106 

Jurkat cells were cultured in the medium without cytokines in parallel.  

[001075] Results 

[001076] Cells expressing just LG1 (AB-X Logic Gate) showed better tumor control than 

the SS1-CAR and equivalent tumor control as TC-210 (FIG. 48). However, the three shRNA 

+ LG1 circuit T cells (AB-1013, AB-1014, and AB-1015) showed improved T cell expansion 

and tumor control (e.g., less tumor expansion) in the continuous stimulation assay as 

compared to the LG1 T cells (FIG. 49). Each donor was normalized to the median value of 

the AB-X Logic Gate.  

[001077] FIG. 50A shows that while T cells expressing the constitutive anti-MSLN CARs 

killed both K5 6 2MSLN and K5 6 2 ALPG/MSLN cells, cytotoxicity from shRNA + logic gate T cells 

(AB-1013, AB-1014, and AB-1015) was specific for dual-antigen K562ALPG/MSLN cells only.  
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In FIG. 50A cytotoxicity against K 56 2MSLN cells is shown with dashed lines, cytotoxicity 

against K5 6 2 ALPG/MSLN cells is shown with solid lines. No cytotoxicity was observed from the 

negative control RNP-only T cells. Thus, cytotoxicity from the logic gate T cells against 

cytolytic antigen positive cells was restricted to conditions where the priming antigen was 

also present. In addition, incorporation of the shRNA module with the logic gate in a full 

circuit did not lead to a loss of specificity from the logic gate to bind its target antigens.  

[001078] In agreement with the cytotoxicity data, IFNy production from the logic 

gate/shRNA circuitT cells was limited to samples with the dual-antigen K562ALPG/MSLNtarget 

cells (FIG. 50B). In contrast, T cells bearing the constitutive CAR control produced WNy 

when co-cultured with either K 56 2 MSLN or K 56 2 ALPG/MSLN target cells. No IFNy expression 

was observed after incubation of the three shRNA + LG1 circuits, the CAR T cells, the LG1 

T cells, or the control T cells after incubation with control K562 or K6 5 2 ALPG cells (data not 

shown). Thus, the logic gate/shRNA circuitTcells demonstrate an improved safety profile 

relative to CAR T cells in both cytotoxicity and cytokine assays. Without wishing to be 

bound by theory, the functional output of the logic gate/shRNA circuitTcells is indicated by 

this data to be limited to conditions where both the priming and cytolytic antigens are present.  

[001079] The increased potency from AB-1015 was associated with a modest increase in 

ALPG-independent killing activity in K5 6 2MSLN cells and increased IFNy expression as 

compared to AB-1013 and AB-1014 (FIG. 51). Comparison of the cytotoxicity assay data for 

the different T cell populations against K562-MSLN target cells shows the significant 

reduction in killing of these prime antigen negative target cells by the LGI T cells relative to 

the constitutive CARTcells. A consistent increase in killing of the K562-MSLN targets by 

AB-1015 relative to the other AB-X logic gate/shRNA candidates at the highest E:T of 3:1 

was observed. Similarly, both AB-1015 and AB-1014 showed small but significant increases 

in Ny secretion at an E:T of 1:1 with K562-MSLN targets; however, the levels reached 

were~1-00-fold lower than those produced by the constitutive CAR control ,Together, these 

results demonstrate the significant improvement in the therapeutic window (the difference in 

activity against K562-ALPG/MSLN target cells versus K562-MSLN target cells) shown by 

the logic gate/shRNA circuit relative to the constitutive CAR controls.  

[001080] Activity of the three shRNA+LG1 circuit T cells was also assessed in additional 

cell lines (MSTOALPG/MSLN and SKOV3 ALPG/MSLN cells). The results of this cytotoxicity assay 

demonstrate a clear rank-order of on-target potency (as calculated by EC50 of T cell dose) of 

the three logic gate/shRNA circuits. As shown in FIG. 52, all three shRNA+logic gate circuit 

T cells induced target killing. However, the most potent in vitro cytotoxicity was observed 
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with the AB-1015 construct against multiple target cell lines. Across the different on-target 

cell lines, AB-1015 T cells were consistently ~ 2-3-fold more potent than AB-1013 T cells, 

with AB-1014 showing relative intermediate potency. Together, these results demonstrate 

that the logic gate/shRNA circuits could be engineered to have tuneable on-target potency.  

[001081] In addition, no cell transformation was observed in T cells edited with the three 

shRNA+LG1 circuits (AB-1013, AB-1014, or AB-1015) (FIG. 53). While the positive 

control Jurkat cells maintained good viability and expansion without cytokine throughout the 

assay, the shRNA+LG1 circuit T cells did not proliferate or survive beyond day 3, 

demonstrating that shRNA+LG1 circuit T cells were not transformed.  

Example 12: MSLN CAR T cell binding specificity 

[001082] Methods 

[001083] Cytotoxicity assays 

[001084] T cells from four donors were engineered to constitutively express the MSLN 

CAR (LG1 CAR) using the manufacturing process described in Example 1 and were frozen 

and cryobanked at Day 9 after initial activation. Prior to the assay, engineered T cells or RNP 

only control were thawed and rested overnight in media including 12.5 ng/mL human IL-7 

andIL-15. On the day of the assay, MSLN CAR and RNP only control T cells were counted 

and resuspended in medium without IL-7 and IL-15 and serially diluted and added to 96-well 

flat-bottom, white-walled assay plates. The serial dilution of T cells results in the following 

co-culture effector:target (E:T) ratios once le4 THP-1 or K562 (negative control), K562

MSLN (positive control) and K562-GP2 target cells were added/well: 3:1, 1:1, 1:3 in 

technical duplicates. Prepared plates with T cells and target cells were incubated at 37°C for 

24 hours with a breathable membrane on each plate. Cytotoxicity at the end of the 24 hour 

co-culture was measured using an end-point luciferase assay.  

[001085] Polyreactivity assay 

[001086] T cells from four donors were engineered to express the MSLN CAR as described 

above. CAR T cells were co-cultured with three different cell lines: A498 and H1975 at final 

effector:target (E:T) ratios of 3:1, 1:1, 1:3 in technical duplicates. Prepared plates with T cells 

and target cells were incubated at 37°C for 24 hours with a breathable membrane on each 

plate. Cytotoxicity at the end of the 24 hour co-culture was measured using an end-point 

luciferase assay.  

[001087] Results 
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[001088] As shown in FIG. 54A, the MSLN CAR T cells did not recognize SLC2A9+ cells 

(TiP-i cells). In addition, as shown in FIG. 54D, the MSLN CAR T cells did not recognize 

GP2+ cells or the K562 negative control cells (FIG. 54B), but did bind to the positive control 

MSLN-expressing cells (FIG. 54C). Furthermore, no evidence of polyreactivity was 

observed with the MSLN CAR cells against A498 cells or H1975 cells (FIG. 55).  

[001089] While the invention has been particularly shown and described with reference to a 

preferred embodiment and various alternate embodiments, it will be understood by persons 

skilled in the relevant art that various changes in form and details can be made therein 

without departing from the spirit and scope of the invention.  

[001090] All references, issued patents and patent applications cited within the body of the 

instant specification are hereby incorporated by reference in their entirety, for all purposes.  
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INFORMAL SEQUENCE LISTING 

SEQ Name Sequence 
ID 
NO 
1 ALPG/P CDR H1 GFSLTSY 

2 ALPG/P CDR H2 WEDGS 

3 ALPG/P CDR H3 PHYGSSYVGAMEY 

4 ALPG/P CDR L1 RASENIYSYVA 

5 ALPG/P CDR L2 NAKSLAS 
6 ALPG/P CDR L3 QHHYVSPWT 

7 ALPG/PVVH QVQLQESGPGLVKPSETLSLTCTVSGFSLTSYGVSWIRQPAGKGLEWIGVIWED 

GSTNYHSALISRVTMSVDTSKNQFSLKLSSVTAADTAVYYCARPHYGSSYVGAM 

EYWGAGTTVTVSS 

8 ALPG/PVL DIQMTQSPSSLSASVGDRVTITCRASENIYSYVAWYQQKPGKAPKLLIYNAKSL 

ASGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQHHYVSPWTFGGGTKLEIK 

9 primeR ALPG/P full DIQMTQSPSSLSASVGDRVTITCRASENIYSYVAWYQQKPGKAPKLLIYNAKSL 

binder ECD scFv ASGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQHHYVSPWTFGGGTKLEIKG 
GGGSGGGGSGGGGSQVQLQESGPGLVKPSETLSLTCTVSGFSLTSYGVSWIRQP 

AGKGLEWIGVIWEDGSTNYHSALISRVTMSVDTSKNQFSLKLSSVTAADTAVYY 

CARPHYGSSYVGAMEYWGAGTTVTVSS 

10 MSLN LG3 CDR H1 GIDLSLY 

11 MSLN LG3 CDR H2 TDDGT 
12 MSLN LG3 CDR H3 ETPLSPVNY 

13 MSLN LG3 VHH EVQLVESGGGLVQPGGSLRLSCAASGIDLSLYRMRWYRQAPGKGLELVALITDD 
GTSYYADSVKGRFTISRDNAKNSVYLQMNSL RAEDTAVYYCNAETPLSPVNYWG 

QGTTVTVSS 

14 MSLN LG1 CDR H1 GGSISNSY 

15 MSLN LG1 CDR H2 YHSGN 
16 MSLN LG1 CDR H3 QDGVGATTTEEY 
17 MSLN LG1 VH QLQLQESGPGLVKPSETLSLTCTVSGGSISNSYYWGWIRQPPGKGLEWIGSIYH 

SGNTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCVTQDGVGATTTE 
EYWGQGTLVTVSS 

18 primeR CD8Hinge2 TTTPAPRPPTPAPTIASQPLSLRPEAC 

19 primeR TMD FMYVAAAAFVLLFFVGCGVLLS 

20 primeR STS RKRRRQHGQLWFPEGFKVSEASKKKRREPLGEDSVGLKPLKNA 

21 primeRHNFlaDBD MVSKLSQLQTELLAALLESGLSKEALLQALGEPGPYLLAGEGPLDKGESCGGGR 
GELAELPNGLGETRGSEDETDDDGEDFTPPILKELENLSPEEAAHQKAVVETLL 

QEDPWRVAKMVKSYLQQHNIPQREVVDTTGLNQSHLSQHLNKGTPMKTQKRAAL 

YTWYVRKQREVAQQFTHAGQGGLIEEPTGDELPTKKGRRNRFKWGPASQQILFQ 

AYERQKNPSKEERETLVEECNRAECIQRGVSPSQAQGLGSNLVTEVRVYNWFAN 

RRKEEAFRHKLAM 

22 primeR p65 TAD DEFPTMVFPSGQISQASALAPAPPQVLPQAPAPAPAPAMVSALAQAPAPVPVLA 

PGPPQAVAPPAPKPTQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVFTDLAS 

VDNSEFQQLLNQGIPVAPHTTEPMLMEYPEAITRLVTGAQRPPDPAPAPLGAPG 

LPNGLLSGDEDFSSIADMDFSALLSQISS 

23 primeR HNFla- p65 MVSKLSQLQTELLAALLESGLSKEALLQALGEPGPYLLAGEGPLDKGESCGGGR 

TAD GELAELPNGLGETRGSEDETDDDGEDFTPPILKELENLSPEEAAHQKAVVETLL 

QEDPWRVAKMVKSYLQQHNIPQREVVDTTGLNQSHLSQHLNKGTPMKTQKRAAL 

YTWYVRKQREVAQQFTHAGQGGLIEEPTGDELPTKKGRRNRFKWGPASQQILFQ 

AYERQKNPSKEERETLVEECNRAECIQRGVSPSQAQGLGSNLVTEVRVYNWFAN 

RRKEEAFRHKLAMTCRDEFPTMVFPSGQISQASALAPAPPQVLPQAPAPAPAPA 

MVSALAQAPAPVPVLAPGPPQAVAPPAPKPTQAGEGTLSEALLQLQFDDEDLGA 

LLGNSTDPAVFTDLASVDNSEFQQLLNQGIPVAPHTTEPMLMEYPEAITRLVTG 

AQRPPDPAPAPLGAPGLPNGLLSGDEDFSSIADMDFSALLSQISS 

24 ALPG primeR protein DIQMTQSPSSLSASVGDRVTITCRASENIYSYVAWYQQKPGKAPKLLIYNAKSL 

full sequence ASGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQHHYVSPWTFGGGTKLEIKG 

GGGSGGGGSGGGGSQVQLQESGPGLVKPSETLSLTCTVSGFSLTSYGVSWIRQP 

AGKGLEWIGVIWEDGSTNYHSALISRVTMSVDTSKNQFSLKLSSVTAADTAVYY 
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CARPHYGSSYVGAMEYWGAGTTVTVSSATTTPAPRPPTPAPTIASQPLSLRPEA 

CFMYVAAAAFVLLFFVGCGVLLSRKRRRQHGQLWFPEGFKVSEASKKKRREPLG 

EDSVGLKPLKNAMVSKLSQLQTELLAALLESGLSKEALLQALGEPGPYLLAGEG 

PLDKGESCGGGRGELAELPNGLGETRGSEDETDDDGEDFTPPILKELENLSPEE 

AAHQKAVVETLLQEDPWRVAKMVKSYLQQHNIPQREVVDTTGLNQSHLSQHLNK 

GTPMKTQKRAALYTWYVRKQREVAQQFTHAGQGGLIEEPTGDELPTKKGRRNRF 

KWGPASQQILFQAYERQKNPSKEERETLVEECNRAECIQRGVSPSQAQGLGSNL 

VTEVRVYNWFANRRKEEAFRHKLAMTCRDEFPTMVFPSGQISQASALAPAPPQV 

LPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQAVAPPAPKPTQAGEGTLSEAL 

LQLQFDDEDLGALLGNSTDPAVFTDLASVDNSEFQQLLNQGIPVAPHTTEPMLM 

EYPEAITRLVTGAQRPPDPAPAPLGAPGLPNGLLSGDEDFSSIADMDFSALLSQ 

ISS 

25 ALPG primeR protein MALPVTALLLPLALLLHAARPDIQMTQSPSSLSASVGDRVTITCRASENIYSYV 

full sequence with AWYQQKPGKAPKLLIYNAKSLASGVPSRFSGSGSGTDFTLTISSLQPEDFATYY 

CD8 signal sequence CQHHYVSPWTFGGGTKLEIKGGGGSGGGGSGGGGSQVQLQESGPGLVKPSETLS 
LTCTVSGFSLTSYGVSWIRQPAGKGLEWIGVIWEDGSTNYHSALISRVTMSVDT 

SKNQFSLKLSSVTAADTAVYYCARPHYGSSYVGAMEYWGAGTTVTVSSATTTPA 

PRPPTPAPTIASQPLSLRPEACFMYVAAAAFVLLFFVGCGVLLSRKRRRQHGQL 

WFPEGFKVSEASKKKRREPLGEDSVGLKPLKNAMVSKLSQLQTELLAALLESGL 

SKEALLQALGEPGPYLLAGEGPLDKGESCGGGRGELAELPNGLGETRGSEDETD 

DDGEDFTPPILKELENLSPEEAAHQKAVVETLLQEDPWRVAKMVKSYLQQHNIP 

QREVVDTTGLNQSHLSQHLNKGTPMKTQKRAALYTWYVRKQREVAQQFTHAGQG 

GLIEEPTGDELPTKKGRRNRFKWGPASQQILFQAYERQKNPSKEERETLVEECN 

RAECIQRGVSPSQAQGLGSNLVTEVRVYNWFANRRKEEAFRHKLAMTCRDEFPT 

MVFPSGQISQASALAPAPPQVLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQ 

AVAPPAPKPTQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVFTDLASVDNSE 

FQQLLNQGIPVAPHTTEPMLMEYPEAITRLVTGAQRPPDPAPAPLGAPGLPNGL 

LSGDEDFSSIADMDFSALLSQISS 

26 MSLN Hinge CD8a TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD 

27 MSLN TMD CD8a IYIWAPLAGTCGVLLLSLVITLYC 

28 MSLN Co-stim 4-1BB KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL 

29 MSLN Activation RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP 

CD3z QEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQA 
LPPR 

30 MSLN LG1 CAR QLQLQESGPGLVKPSETLSLTCTVSGGSISNSYYWGWIRQPPGKGLEWIGSIYH 

protein full sequence SGNTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCVTQDGVGATTTE 

EYWGQGTLVTVSSAAATTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR 

GLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQ 

EEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVL 

DKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGL 

YQGLSTATKDTYDALHMQALPPR 

31 MSLN LG3 CAR EVQLVESGGGLVQPGGSLRLSCAASGIDLSLYRMRWYRQAPGKGLELVALITDD 

protein full sequence GTSYYADSVKGRFTISRDNAKNSVYLQMNSLRAEDTAVYYCNAETPLSPVNYWG 
QGTTVTVSSAAATTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDF 

ACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDG 

CSCRFPEEEEGGCELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRR 

GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGL 

STATKDTYDALHMQALPPR 

32 MSLN LG1 CAR MALPVTALLLPLALLLHAARPQLQLQESGPGLVKPSETLSLTCTVSGGSISNSY 

protein full sequence YWGWIRQPPGKGLEWIGSIYHSGNTYYNPSLKSRVTISVDTSKNQFSLKLSSVT 

with signal sequence AADTAVYYCVTQDGVGATTTEEYWGQGTLVTVSSAAATTTPAPRPPTPAPTIAS 
QPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKR 

GRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQ 

QGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMA 

EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR 

33 MSLN LG3 CAR MALPVTALLLPLALLLHAARPEVQLVESGGGLVQPGGSLRLSCAASGIDLSLYR 

protein full sequence MRWYRQAPGKGLELVALITDDGTSYYADSVKGRFTISRDNAKNSVYLQMNSLRA 

with signal sequence EDTAVYYCNAETPLSPVNYWGQGTTVTVSSAAATTTPAPRPPTPAPTIASQPLS 
LRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKK 

LLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGQN 

QLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYS 
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EIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR 

34 CD8 signal sequence MALPVTALLLPLALLLHAARP 

35 Myc Tag EQKLISEEDL 

36 ALPGpnmeRnucleic gacatacagatgacacagagccctagcagtctgagcgccagtgtgggcgataga 
acidfullsequence gttactatcacttgtagagcatccgagaacatatacagttacgtggcctggtat 

cagcaaaaacctggcaaagctcccaagttattgatttacaatgctaagagcttg 
gcctctggggtgccatcgaggttcagcggtagcgggagcgggaccgacttcact 
ctgaccatctcgagtctccagccggaggactttgcgacatactattgtcaacac 
cattacgtatcaccctggaccttcggcggcgggactaagttagagatcaagggt 
ggaggaggatcaggcggcggtggatcaggaggaggagggtcacaagtgcagtta 
caggaatcagggcccggcctggtgaagccaagtgaaaccctgagtctgacgtgc 
acggtttcaggatttagcctcacttcctacggtgtctcttggattcggcagcca 
gccggcaaagggctcgagtggattggggtgatctgggaagatggctcaacaaac 
tatcattctgcactaattctcgcgtgacaatgtcggtggacacgtccaagaat 
caattttcccttaaactgtcctccgtgaccgcagccgatacagcggtatattat 
tgcgcgcgacctcactacggatctagctatgtcggcgcgatggagtattggggc 
gctggcacaaccgtcaccgtttcttccgcaaccacgacgccagcgccgcgacca 
ccaacaccggcgcccaccatcgcgtcgcagcccctgtccctgcgccctgaggcg 
tgcttcatgtacgtggcggcggccgcctttgtgcttctgttcttcgtgggctgc 
ggggtgctgctgtcccgtaaacgcagacgtcaacacggtcaactgtggtttcca 
gaaggttttaaggtctccgaagcaagtaagaagaaaagacgtgaaccactggga 
gaagatagcgtcggtctgaaaccactcaagaatgccatggtttctaaactgagc 
cagctgcagacggagctcctggcggccctgctggagtcagggctgagcaaagag 
gcactgctccaggcactgggcgagccggggccctacctcctggctggagaaggc 
cccctggacaagggggagtcctgcggcggcggtcgaggggagctggctgagctg 
cccaatgggctgggggagactcggggctccgaggacgagaccgacgacgatggg 
gaagacttcacgccacccatcctcaaagagctggagaacctcagccctgaggag 
gcggcccaccagaaagccgtggtggagacccttctgcaggaggacccgtggcgt 
gtggcgaagatggtcaagtcctacctgcagcagcacaacatcccacagcgggag 
gtggtcgataccactggcctcaaccagtcccacctgtcccaacacctcaacaag 
ggcactcccatgaagacgcagaagcgggccgccctgtacacctggtatgtccgc 
aagcagcgagaggtggcgcagcagttcacccatgcagggcagggagggctgatt 
gaagagcccacaggagatgagctaccaaccaagaaggggcggaggaaccgtttc 
aagtggggcccagcatcccagcagatcctgttccaggcctatgagaggcagaag 
aaccctagcaaggaggagcgagaaacgctagtggaggagtgcaatagggcggaa 
tgcatccagagaggtgtgtcaccatcacaagcacaaggtctgggctccaacctc 
gtcacggaggtgcgtgtctacaactggtttgccaaccggcgcaaagaagaagcc 
ttccggcacaagctggccatgacctgcagggatgagtttcccaccatggtgttt 
ccttctgggcagatcagccaggcctcggccttggccccggcccctccccaagtc 
ctgccccaggctccagcccctgcccctgctccagccatggtatcagctctggcc 
caggccccagcccctgtcccagtcctagccccaggccctcctcaagctgtggcc 
ccacctgcccccaagcccacccaagctggggaaggaacgctgtcagaggccctg 
ctgcagctgcagtttgatgatgaagacctgggggccttgcttggcaacagcaca 
gacccagctgtgttcacagacctggcatccgtcgacaactccgagtttcagcag 
ctgctgaaccagggcatacctgtggccccccacacaactgagcccatgctgatg 
gagtaccctgaggctataactcgcctagtgacaggggcccagaggccccccgac 
ccagctcctgctccactgggggccccggggctccccaatggcctcctttcagga 
gatgaagacttctcctccattgcggacatggacttctcagccctgctgagtcag 
atcagctcc 

37 MSLN LG1 CAR CAGTTGCAGTTACAGGAGAGCGGACCCGGTCTGGTTAAACCGTCTGAAACACTG 

nucleic acid full AGTTTGACATGTACAGTGTCCGGCGGCTCGATTTCAAACTCTTACTATTGGGGC 

sequence TGGATTAGGCAGCCTCCCGGGAAAGGGCTCGAGTGGATCGGGTCCATATATCAC 

TCAGGAAATACCTACTACAACCCAAGTCTTAAGTCTAGAGTGACAATCAGTGTG 

GATACGTCCAAGAATCAATTCTCCCTGAAGCTCTCAAGCGTGACCGCCGCCGAC 

ACCGCAGTGTATTATTGCGTAACTCAAGACGGTGTGGGCGCTACCACTACCGAA 

GAGTATTGGGGACAAGGCACTCTTGTCACAGTCTCCAGCGCGGCAGCAaccacg 

acgccagcgccgcgaccaccaacaccggcgcccaccatcgcgtcgcagccactg 

tcactgcgcccagaagcgtgccggccagcggcggggggcgcagtgcacacgagg 

gggctggacttcgcctgtgatatctacatctgggcgcccttggccgggacttgt 

ggggtccttctcctgtcactggttatcaccctttactgcaaacggggcagaaag 

aaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaa 
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gaagaggacggctgtagctgccgatttccagaagaagaagaaggaggatgtgaa 
ctgagagtgaagttcagcaggagcgcagacgcccccgcgtaccagcagggccag 
aaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttg 
gacaagaggcgtggccgggaccctgagatggggggaaagccgagaaggaagaac 
cctcaggaaggcctgtacaatgaactgcagaaagataagatggcggaggcctac 
agtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctt 
taccagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcag 
gccctgccccctagg 

38 MSLN LG3 CAR GAAGTTCAGCTCGTGGAGAGTGGAGGCGGGTTAGTGCAACCCGGCGGGTCTTTG 

nucleic acid full AGATTGAGTTGTGCTGCGTCTGGAATTGACCTGTCCCTGTACCGAATGAGGTGG 

sequence TATCGACAAGCACCGGGCAAAGGGCTGGAACTCGTGGCTCTAATCACCGATGAC 
GGTACAAGCTACTACGCAGACTCCGTCAAGGGCCGTTTCACAATATCACGCGAT 

AACGCCAAAAATAGCGTGTATCTACAGATGAACAGTCTGCGAGCCGAGGATACC 

GCCGTGTATTACTGCAATGCCGAGACACCTCTGTCGCCAGTTAACTATTGGGGT 

CAGGGAACTACGGTAACTGTCTCAAGCGCGGCAGCAaccacgacgccagcgccg 
cgaccaccaacaccggcgcccaccatcgcgtcgcagCCActgTCActgcgccca 
GAAgcgtgccggccagcggcggggggcgcagtgcacacgagggggctggacttc 
gcctgtgatatctacatctgggcgcccttggccgggacttgtggggtccttctc 
ctgtcactggttatcaccctttactgcaaacggggcagaaagaaactcctgtat 
atattcaaacaaccatttatgagaccagtacaaactactcaagaagaggacggc 
tgtagctgccgatttccagaagaagaagaaggaggatgtgaactgAGAGTGAAG 
TTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTAT 
AACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGGcgt 
GGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGC 
CTGTACAATGAACTGCAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATTGGG 
ATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTTTACCAGGGTCTC 
AGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGCCCTGCCCCCT 
AGG 

39 FAS mRNA NCBI CTCTTCTCCCGCGGGTTGGTGGACCCGCTCAGTACGGAGTTGGGGAAGCTCTTT 
NM_000043.6 CACTTCGGAGGATTGCTCAACAACCATGCTGGGCATCTGGACCCTCCTACCTCT 

GGTTCTTACGTCTGTTGCTAGATTATCGTCCAAAAGTGTTAATGCCCAAGTGAC 
TGACATCAACTCCAAGGGATTGGAATTGAGGAAGACTGTTACTACAGTTGAGAC 
TCAGAACTTGGAAGGCCTGCATCATGATGGCCAATTCTGCCATAAGCCCTGTCC 
TCCAGGTGAAAGGAAAGCTAGGGACTGCACAGTCAATGGGGATGAACCAGACTG 
CGTGCCCTGCCAAGAAGGGAAGGAGTACACAGACAAAGCCCATTTTTCTTCCAA 
ATGCAGAAGATGTAGATTGTGTGATGAAGGACATGGCTTAGAAGTGGAAATAAA 
CTGCACCCGGACCCAGAATACCAAGTGCAGATGTAAACCAAACTTTTTTTGTAA 
CTCTACTGTATGTGAACACTGTGACCCTTGCACCAAATGTGAACATGGAATCAT 
CAAGGAATGCACACTCACCAGCAACACCAAGTGCAAAGAGGAAGGATCCAGATC 
TAACTTGGGGTGGCTTTGTCTTCTTCTTTTGCCAATTCCACTAATTGTTTGGGT 
GAAGAGAAAGGAAGTACAGAAAACATGCAGAAAGCACAGAAAGGAAAACCAAGG 
TTCTCATGAATCTCCAACTTTAAATCCTGAAACAGTGGCAATAAATTTATCTGA 
TGTTGACTTGAGTAAATATATCACCACTATTGCTGGAGTCATGACACTAAGTCA 
AGTTAAAGGCTTTGTTCGAAAGAATGGTGTCAATGAAGCCAAAATAGATGAGAT 
CAAGAATGACAATGTCCAAGACACAGCAGAACAGAAAGTTCAACTGCTTCGTAA 
TTGGCATCAACTTCATGGAAAGAAAGAAGCGTATGACACATTGATTAAAGATCT 
CAAAAAAGCCAATCTTTGTACTCTTGCAGAGAAAATTCAGACTATCATCCTCAA 
GGACATTACTAGTGACTCAGAAAATTCAAACTTCAGAAATGAAATCCAAAGCTT 
GGTCTAGAGTGAAAAACAACAAATTCAGTTCTGAGTATATGCAATTAGTGTTTG 
AAAAGATTCTTAATAGCTGGCTGTAAATACTGCTTGGTTTTTTACTGGGTACAT 
TTTATCATTTATTAGCGCTGAAGAGCCAACATATTTGTAGATTTTTAATATCTC 
ATGATTCTGCCTCCAAGGATGTTTAAAATCTAGTTGGGAAAACAAACTTCATCA 
AGAGTAAATGCAGTGGCATGCTAAGTACCCAAATAGGAGTGTATGCAGAGGATG 
AAAGATTAAGATTATGCTCTGGCATCTAACATATGATTCTGTAGTATGAATGTA 
ATCAGTGTATGTTAGTACAAATGTCTATCCACAGGCTAACCCCACTCTATGAAT 
CAATAGAAGAAGCTATGACCTTTTGCTGAAATATCAGTTACTGAACAGGCAGGC 
CACTTTGCCTCTAAATTACCTCTGATAATTCTAGAGATTTTACCATATTTCTAA 
ACTTTGTTTATAACTCTGAGAAGATCATATTTATGTAAAGTATATGTATTTGAG 
TGCAGAATTTAAATAAGGCTCTACCTCAAAGACCTTTGCACAGTTTATTGGTGT 
CATATTATACAATATTTCAATTGTGAATTCACATAGAAAACATTAAATTATAAT 
GTTTGACTATTATATATGTGTATGCATTTTACTGGCTCAAAACTACCTACTTCT 
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TTCTCAGGCATCAAAAGCATTTTGAGCAGGAGAGTATTACTAGAGCTTTGCCAC 

CTCTCCATTTTTGCCTTGGTGCTCATCTTAATGGCCTAATGCACCCCCAAACAT 

GGAAATATCACCAAAAAATACTTAATAGTCCACCAAAAGGCAAGACTGCCCTTA 

GAAATTCTAGCCTGGTTTGGAGATACTAACTGCTCTCAGAGAAAGTAGCTTTGT 

GACATGTCATGAACCCATGTTTGCAATCAAAGATGATAAAATAGATTCTTATTT 

TTCCCCCACCCCCGAAAATGTTCAATAATGTCCCATGTAAAACCTGCTACAAAT 

GGCAGCTTATACATAGCAATGGTAAAATCATCATCTGGATTTAGGAATTGCTCT 

TGTCATACCCCCAAGTTTCTAAGATTTAAGATTCTCCTTACTACTATCCTACGT 

TTAAATATCTTTGAAAGTTTGTATTAAATGTGAATTTTAAGAAATAATATTTAT 

ATTTCTGTAAATGTAAACTGTGAAGATAGTTATAAACTGAAGCAGATACCTGGA 

ACCACCTAAAGAACTTCCATTTATGGAGGATTTTTTTGCCCCTTGTGTTTGGAA 

TTATAAAATATAGGTAAAAGTACGTAATTAAATAATGTTTTTGGTATTTCTGGT 

TTTCTCTTTTTTGGTAGGGGCTTGCTTTTTGGTTTTGTCTTCCTTTTCTCTAAC 

TGATGCTAAATATAACTTGTCTTTAATGCTTCTTGGATCCCTTAGAAGGTACTT 

CCTTTTTAACCTTAACCCTTTTAGTAGTTAAATAATTATTTCCATAGGTTGCTA 

TTGCCAAGAAGACCTCTTCCAAACAGCACATGATTATTCGTCAAACAGTTTCGT 

ATTCCAGATACTGGAATGTGGATAAGAAAGTATACATTTCAAGGGGTAGGTTTT 

ATTATTAAGAAAGCCAAATGAGGATTTTGAAATATTCTTTCCTGCATATTATCC 

ATTCTAGCTACATGCTGGCCAGTGGGCCACCTTTCTTTTCTGCAATTTAATGCT 

AGTAATATATTCTATTTAACCCATGAGTCCCAAAGTATTAGCATTTCAACATGT 

AAGCATGTCGGTAAGATAGTTGTGCTTTGCTTAGGGTTCCCTCCTGTGTTATGG 

TCTGGAAAGTGTCTTTAGGCAGAAAGTCTGAGTGATCACAGGGTTCACTCATTA 

ATTTCTCTTTTCTGAGCCATCATAGTCTGTGCTGTCTGCTCTCCAGTTTTCTAT 

TTCTAGACAGAAGTAGGGCAAGTTAGGTACTAGTTATTCTTCATGGCCAGAAGT 

GCAAGTTCTACTTTGCAAGACAAGATTAAGTTAGAGAACACCCTATTCCACTTT 

GGTGAACTCAGAGCAAGAACTTTGAGTTCCTTTGGGAGGAAGACAGTGGAGAAG 

TCTTTGTACTTGGTGATGTGGTTTTTTTCCTCATGGCTTCACCTAGTGGCCCCA 

AGCATGACTTCTCCCATGTCAATGAGCACAGCCACATTCCCGAGTTGAGGTGAC 

CCCACGGTCCAGAATCATCCTCATTCTGGTGAACCTGGTTCTCTTTGTGGTGGG 

CATACTGGGTAGGAGAATCACCCAAAGGTCACCCATGAGCTGCAGAAAAAAAGG 

CTATTTGCAGAAGGAGCTCACAGATCACATTGAAAGCATTGCATATTCAAACAT 

CTTGGTCTTCTTTATTGGCATGCCCACAGGGTCTTCTGACCTCTGATTAGATCA 

GACACTTTTTAGATATTGAATCATCAGTTTCTGTACAACTATCTGAATAAGGTA 

TATAATCAATGAAATTTAGAATTTTTTTCTATGCTTACTCCTGATTGGTAATTT 

GTTTGGGTTTAGAATTCTATACAAGGCCATTTGTAATTTTCCTCAGCACTTTAA 

AAATATTAAACCATGTTTTCTTAA 

40 PTPN2 mRNA NCBI GCATGCGCCGCAGCGCCAGCGCTCTCCCCGGATCGTGCGGGGCCTGAGCCTCTC 

NM_002828.4 CGCCGGCGCAGGCTCTGCTCGCGCCAGCTCGCTCCCGCAGCCATGCCCACCACC 

ATCGAGCGGGAGTTCGAAGAGTTGGATACTCAGCGTCGCTGGCAGCCGCTGTAC 

TTGGAAATTCGAAATGAGTCCCATGACTATCCTCATAGAGTGGCCAAGTTTCCA 

GAAAACAGAAATCGAAACAGATACAGAGATGTAAGCCCATATGATCACAGTCGT 

GTTAAACTGCAAAATGCTGAGAATGATTATATTAATGCCAGTTTAGTTGACATA 

GAAGAGGCACAAAGGAGTTACATCTTAACACAGGGTCCACTTCCTAACACATGC 

TGCCATTTCTGGCTTATGGTTTGGCAGCAGAAGACCAAAGCAGTTGTCATGCTG 

AACCGCATTGTGGAGAAAGAATCGGTTAAATGTGCACAGTACTGGCCAACAGAT 

GACCAAGAGATGCTGTTTAAAGAAACAGGATTCAGTGTGAAGCTCTTGTCAGAA 

GATGTGAAGTCGTATTATACAGTACATCTACTACAATTAGAAAATATCAATAGT 

GGTGAAACCAGAACAATATCTCACTTTCATTATACTACCTGGCCAGATTTTGGA 

GTCCCTGAATCACCAGCTTCATTTCTCAATTTCTTGTTTAAAGTGAGAGAATCT 

GGCTCCTTGAACCCTGACCATGGGCCTGCGGTGATCCACTGTAGTGCAGGCATT 

GGGCGCTCTGGCACCTTCTCTCTGGTAGACACTTGTCTTGTTTTGATGGAAAAA 

GGAGATGATATTAACATAAAACAAGTGTTACTGAACATGAGAAAATACCGAATG 

GGTCTTATTCAGACCCCAGATCAACTGAGATTCTCATACATGGCTATAATAGAA 

GGAGCAAAATGTATAAAGGGAGATTCTAGTATACAGAAACGATGGAAAGAACTT 

TCTAAGGAAGACTTATCTCCTGCCTTTGATCATTCACCAAACAAAATAATGACT 

GAAAAATACAATGGGAACAGAATAGGTCTAGAAGAAGAAAAACTGACAGGTGAC 
CGATGTACAGGACTTTCCTCTAAAATGCAAGATACAATGGAGGAGAACAGTGAG 
AGTGCTCTACGGAAACGTATTCGAGAGGACAGAAAGGCCACCACAGCTCAGAAG 
GTGCAGCAGATGAAACAGAGGCTAAATGAGAATGAACGAAAAAGAAAAAGGTGG 
TTATATTGGCAACCTATTCTCACTAAGATGGGGTTTATGTCAGTCATTTTGGTT 
GGCGCTTTTGTTGGCTGGACACTGTTTTTTCAGCAAAATGCCCTATAAACAATT 
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AATTTTGCCCAGCAAGCTTCTGCACTAGTAACTGACAGTGCTACATTAATCATA 

GGGGTTTGTCTGCAGCAAACGCCTCATATCCCAAAAACGGTGCAGTAGAATAGA 

CATCAACCAGATAAGTGATATTTACAGTCACAAGCCCAACATCTCAGGACTCTT 

GACTGCAGGTTCCTCTGAACCCCAAACTGTAAATGGCTGTCTAAAATAAAGACA 

TTCATGTTTGTTAAAAACTGGTAAATTTTGCAACTGTATTCATACATGTCAAAC 

ACAGTATTTCACCTGACCAACATTGAGATATCCTTTATCACAGGATTTGTTTTT 

GGAGGCTATCTGGATTTTAACCTGCACTTGATATAAGCAATAAATATTGTGGTT 

TTATCTACGTTATTGGAAAGAAAATGACATTTAAATAATGTGTGTAATGTATAA 

TGTACTATTGACATGGGCATCAACACTTTTATTCTTAAGCATTTCAGGGTAAAT 

ATATTTTATAAGTATCTATTTAATCTTTTGTAGTTAACTGTACTTTTTAAGAGC 

TCAATTTGAAAAATCTGTTACTAAAAAAATAAATTGTATGTCGATTGAATTGTA 

CTGGATACATTTTCCATTTTTCTAAAGAGAAGTTTGATATGAGCAGTTAGAAGT 

TGGAATAAGCAATTTCTACTATATATTGCATTTCTTTTATGTTTTACAGTTTTC 

CCCATTTTAAAAAGAAAAGCAAACAAAGAAACAAAAGTTTTTCCTAAAAATATC 

TTTGAAGGAAAATTCTCCTTACTGGGATAGTCAGGTAAACAGTTGGTCAAGACT 

TTGTAAAGAAATTGGTTTCTGTAAATCCCATTATTGATATGTTTATTTTTCATG 

AAAATTTCAATGTAGTTGGGGTAGATTATGATTTAGGAAGCAAAAGTAAGAAGC 

AGCATTTTATGATTCATAATTTCAGTTTACTAGACTGAAGTTTTGAAGTAAACA 

CTTTTCAGTTTCTTTCTACTTCAATAAATAGTATGATTATATGCAAACCTTACA 

TTGTCATTTTAACTTAATGAATATTTTTTAAAGCAAACTGTTTAATGAATTTAA 

CTGCTCATTTGAATGCTAGCTTTCCTCAGATTTCAACATTCCATTCAGTGTTTA 

ATTTGTCTTACTTAAACTTGAAATTGTTGTTACAAATTTAATTGCTAGGAGGCA 

TGGATAGCATACATTATTATGGATAGCATACCTTATTTCAGTGGTTTTCAAACT 

ATGCTCATTGGATGTCCAGGTGGGTCAAGAGGTTACTTTCAACCACAGCATCTC 

TGCCTTGTCTCTTTATATGCCACATAAGATTTCTGCATAAGGCTTAAGTATTTT 

AAAGGGGGCAGTTATCATTTAAAAACAGTTTGGTCGGGCGCGGTGGCTCATGCC 

TGTAATCCCAGCACTTTGGGAGGCTGAAGTGGGCAGATCACCTGAGGTCAGGAG 

TTCAAGACCAGCCTGGCCAACGTGGTGAAACACCATCTCTACTAAAAATGCAAA 

AATTAGCTGGGCATGGTGGAGGGCACCTGTAATCTCAGCTACTCAGGAGGCTGA 

GGTAGGAGAATTGCTTGAACCCAGGAGATGGAGGTTGCAGTGAGCTGAGATCAC 

GTCACTGCACTCCAGCCAGGGCGACAGAGCGAGACTCCATCTCAAAAGAAACAA 

ACAAAAAAAACAGTTTGGGCCGGGTGTGGTGGCTCACGCTTGTAATCCCAGCAC 

TTCGGAAGGCCAAGGCGGGCGGATCACGAGGTCAAGAGATGGAGACTGTCCTGG 

CCAACATGGTGAAATCCCTTCTTTACTAAAAATACAAAAATTATCTGGGCGTGG 

TGGTGCATGCCTGTAGTCCCAGCTCCTTGGGAGGCTAAGGCAGGAGAATCACTT 

GAACCCGGGAGGCAGAGGTTGCAGTGAGCCGAGATTGCACCACTGCACTCCAGC 

CTGGCAACAGAGCAAGACTTCGTCTCAAAAAAAAAAAAAAAAAAAGTTTGAAAA 

CCATTGGTATAGATAGATATTTTGAATTGATTTGCATAGTCTCCTTGAATGTGT 

TAAATTATGTTGAAAGTATGAAAGCAGGATGTAGGTGGTACTACATATTAAATA 

AGATTTATATAACA 

41 TOX mRNANCBI CTCTTCTTCTTAAACAAACCACAAACGGATGTGAGGGAAGGAAGGTGTTTCTTT 

NM014729.3 TACTCCTGAGCCCAGACACCTCACTCTGTTCCGTCTAAGCTTGTTTTGCTGAAC 
ACTTTTTTTTAAAAAAGGAAAAAGAAAAGGAGTTGCTTGATGTGAGAGTGAAAT 

GGACGTAAGATTTTATCCACCTCCAGCCCAGCCCGCCGCTGCGCCCGACGCTCC 

CTGTCTGGGACCTTCTCCCTGCCTGGACCCCTACTATTGCAACAAGTTTGACGG 

TGAGAACATGTATATGAGCATGACAGAGCCGAGCCAGGACTATGTGCCAGCCAG 

CCAGTCCTACCCTGGTCCAAGCCTGGAAAGTGAAGACTTCAACATTCCACCAAT 

TACTCCTCCTTCCCTCCCAGACCACTCGCTGGTGCACCTGAATGAAGTTGAGTC 

TGGTTACCATTCTCTGTGTCACCCCATGAACCATAATGGCCTGCTACCATTTCA 

TCCACAAAACATGGACCTCCCTGAAATCACAGTCTCCAATATGCTGGGCCAGGA 

TGGAACACTGCTTTCTAATTCCATTTCTGTGATGCCAGATATACGAAACCCAGA 

AGGAACTCAGTACAGTTCCCATCCTCAGATGGCAGCCATGAGACCAAGGGGCCA 

GCCTGCAGACATCAGGCAGCAGCCAGGAATGATGCCACATGGCCAGCTGACTAC 

CATTAACCAGTCACAGCTAAGTGCTCAACTTGGTTTGAATATGGGAGGAAGCAA 

TGTTCCCCACAACTCACCATCTCCACCTGGAAGCAAGTCTGCAACTCCTTCACC 

ATCCAGTTCAGTGCATGAAGATGAAGGCGATGATACCTCTAAGATCAATGGTGG 

AGAGAAGCGGCCTGCCTCTGATATGGGGAAAAAACCAAAAACTCCCAAAAAGAA 

GAAGAAGAAGGATCCCAATGAGCCCCAGAAGCCTGTGTCTGCCTATGCGTTATT 

CTTTCGTGATACTCAGGCCGCCATCAAGGGCCAAAATCCAAACGCTACCTTTGG 

CGAAGTCTCTAAAATTGTGGCTTCAATGTGGGACGGTTTAGGAGAAGAGCAAAA 

ACAGGTCTATAAAAAGAAAACCGAGGCTGCGAAGAAGGAGTACCTGAAGCAACT 
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CGCAGCATACAGAGCCAGCCTTGTATCCAAGAGCTACAGTGAACCTGTTGACGT 

GAAGACATCTCAACCTCCTCAGCTGATCAATTCGAAGCCGTCGGTGTTCCATGG 

GCCCAGCCAGGCCCACTCGGCCCTGTACCTAAGTTCCCACTATCACCAACAACC 

GGGAATGAATCCTCACCTAACTGCCATGCATCCTAGTCTCCCCAGGAACATAGC 

CCCCAAGCCGAATAACCAAATGCCAGTGACTGTCTCTATAGCAAACATGGCTGT 

GTCCCCTCCTCCTCCCCTCCAGATCAGCCCGCCTCTTCACCAGCATCTCAACAT 

GCAGCAGCACCAGCCGCTCACCATGCAGCAGCCCCTTGGGAACCAGCTCCCCAT 

GCAGGTCCAGTCTGCCTTACACTCACCCACCATGCAGCAAGGATTTACTCTTCA 

ACCCGACTATCAGACTATTATCAATCCTACATCTACAGCTGCACAAGTTGTCAC 

CCAGGCAATGGAGTATGTGCGTTCGGGGTGCAGAAATCCTCCCCCACAACCGGT 

GGACTGGAATAACGACTACTGCAGTAGTGGGGGCATGCAGAGGGACAAAGCACT 

GTACCTTACTTGAGAATCTGAACACCTCTTCTTTCCACTGAGGAATTCAGGGAA 

GTGTTTTCACCATGGATTGCTTTGTACAGTCAAGGCAGTTCTCCATTTTATTAG 

AAAATACAAGTTGCTAAGCACTTAGGACCATTTGAGCTTGTGGGTCACCCACTC 

TGGAAGAAATAGTCATGCTTCTTTATTATTTTTTTAATCCTTTATGGACATTGT 

TTTTCTTCTTCCCTGAAGGAAATTTGGACCATTCAGATTTTATGTTGGTTTTTT 

GCTGTGAAGTGCTGCGCTCTAGTAACTGCCTTAGCAACTGTAGATGTCTCGGAT 

AAAAGTCCTGGATTTTCCATTGGTTTTCATAATGGGTGTTTATATGAAACTACT 

AAAGACTTTTTAAATGGCTTGATGTAGCAGTCATAGCAAGTTTGTAAATAGCAT 

CTATGTTACACTCTCCTAGAGTATAAAATGTGAATGTTTTTGTAGCTAAATTGT 

AATTGAAACTGGCTCATTCCAGTTTATTGATTTCACAATAGGGGTTAAATTGGC 

AAACATTCATATTTTTACTTCATTTTTAAAACAACTGACTGATAGTTCTATATT 

TTCAAAATATTTGAAAATAAAAAGTATTCCCAAGTGATTTTAATTTAAAAACAA 

ATTGGCTTTGTCTCATTGATCAGACAAAAAGAAACTAGTATTAAGGGAAGCGCA 

AACACATTTATTTTGTACTGCAGAAAAATTGCTTTTTTGTATCACTTTTTGTGT 

AATGGTTAGTAAATGTCATTTAAGTCCTTTTATGTATAAAACTGCCAAATGCTT 

ACCTGGTATTTTATTAGATGCAGAAACAGATTGGAAACAGCTAAATTACAACTT 

TTACATATGGCTCTGTCTTATTGTTTCTTCATACTGTGTCTGTATTTAATCTTT 

TTTTATGGAACCTGTTGCGCCTATTTATGAAATAATAAATATAGGTGTTTGTAA 

GTAAATTTGTTAGTATTTGAAAGAGGTTTCTTTGATGTTTTAACTTTTGCTGGC 

AAAAAAAAATTCACGCTTGGTGTGAATACTTTATTATTTAGTTTTTACAGTAAC 

ATGAATAAAGCCAAACCTGCTTTTCATTTAGCAGCAAATTAAAGTAACCAGTCC 

TTATTTCTGCATTTCTTTGGTTGATGCAAACAAAAAACTATTATATTTAAGAAC 

TTTATTTCTTCATACGACATAACAGAATTGCCCTCCAAGTCACACAAGCTCCAA 

GACTAAACAAACAGACAGGTCCTCTGTCTTAAAAAGGTTACTTCTTGGTTCTCA 

GCTGGTTCTAGTCAATTCTGAACCACCACCCCCCGCCCCCCGCAAAAAAGTAAA 

AGTCAAACCAAACTTCCTCAAGCTGCATGCTTTTCACAAAATCCAGAAAGCATT 

TAAGAATTGAACTAGGGGCTGGAAGAAGTGAAAGGGAAGCATCTAAAAATGAAA 

GGTGAGTAACCAGATAGCAAAAGAAAAGGGAAAGCCATCCAAATTTGAAAGCTG 

TTGATAGAAATTGAGATTCTTGCTGTCTTTTGTGCCTCTACAAGCTACTACTCA 

TTCCAGAATTCCTGGGTCTTCCAAGAGGATTCTTAAGGTACCAGAGATTTGCTA 

GGGAACCAAAAGTGCTTGAGAATCTGCCTGAGGGCTTGCATAGCTTTCACATTA 

AAAAAAGAAAAAGCTAGCAGATTTACTCCTTTTTAGGGGATCATATCAAGAAAG 

TTAGTCTGGTTGGAAACCAAGAGAATGGCTGATGTCTCTTTCTTGGAATATGTG 

AAATAAATTTAGCAGTTTAACTAAATACAAATATATGCATTGTGTAATCCACTC 

AGAATTAAACAGACAAAAGGTATGCTTGCTTTGGAATGATTTTAGGCATTGTAC 

AACCTTGAATCACTTGAGCATGTAATAACTAATAAATAATGCAGATCCATGTGA 

TTATTAAAATGACTGTAGCTGAGAGCTCTAATTTTCCTGTCTTGAAACTGTATA 

AGAACTCATGTGATTAAGTTCACAGTTTATTGTTTGTCTGTTTAGTATTTTAGA 

AATATACCAGCACTACTAATTAACTAATGTCTTTTATTTATTATATTATGATAA 

AGTAAAAATTTCACTTGCATTAAGTCTAAACTGAGAAGGTAATTACTGGGAGGA 

GAATGAGCAGCTTTGACTTTGACAGGCGGTTTGTGCAGGAAAGCACAGTGCCGT 

GTTGTTTACAGCTTTTCTAGAGCAGCTGTGCGACCAGGGTAGAGAGTGTTGAAA 

TTCAATACCAAATACAGTAAAAACAAATGTAAATAAAAGAAAACACATCATCAA 
TAAAACTGTTATTATGCGTGACCGTA 

42 FAS 1 guide TAGATTTTAAACATCCTTGGAG 
43 FAS 1 guide TAGATTTTAAACATCCTTGGAG 

44 FAS 6 guide TTACTCTTGATGAAGTTTGTTT 

45 FAS 7guide TTGAACTTTCTGTTCTGCTGTG 

46 FAS 8 guide TTGTCTGTGTACTCCTTCCCTT 

47 FAS 9 guide TCTTTGATTGCAAACATGGGTT 
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48 FAS 10 guide TTGATCTCATCTATTTTGGCTT 

49 FAS 11 guide TTAAGAATCTTTTCAAACACTA 

50 FAS 12guide TTCTATTGATTCATAGAGTGGG 

51 FAS 13 guide TAATCTTAATCTTTCATCCTCT 

52 FAS 14 guide TTAACTTGACTTAGTGTCATGA 

53 FAS 15 guide TTACATAAATATGATCTTCTCA 

54 FAS 16 guide TACATAAATATGATCTTCTCAG 

55 FAS 18 guide TAAAAATCTACAAATATGTTGG 

56 FAS 19 guide TTTGGTTTACATCTGCACTTGG 

57 FAS_1 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGATCCAAGGATGTTTAAAATCTATAGTGAAGCCAC 

AGATGTATAGATTTTAAACATCCTTGGAGTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

58 FAS_1full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGATCCAAGGATGTTTAAAATCTATAGTGAAGCCAC 

AGATGTATAGATTTTAAACATCCTTGGAGTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

59 FAS_6 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCAACAAACTTCATCAAGAGTAATAGTGAAGCCAC 

AGATGTATTACTCTTGATGAAGTTTGTTTTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

60 FAS_7 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGAACAGCAGAACAGAAAGTTCAATAGTGAAGCCAC 

AGATGTATTGAACTTTCTGTTCTGCTGTGTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

61 FAS_8full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCAGGGAAGGAGTACACAGACAATAGTGAAGCCAC 

AGATGTATTGTCTGTGTACTCCTTCCCTTTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

62 FAS_9 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCACCCATGTTTGCAATCAAAGATAGTGAAGCCAC 

AGATGTATCTTTGATTGCAAACATGGGTTTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

63 FAS_10 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCAGCCAAAATAGATGAGATCAATAGTGAAGCCAC 

AGATGTATTGATCTCATCTATTTTGGCTTTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

64 FAS_11 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCAGTGTTTGAAAAGATTCTTAATAGTGAAGCCAC 

AGATGTATTAAGAATCTTTTCAAACACTATGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

65 FAS_12 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGACCACTCTATGAATCAATAGAATAGTGAAGCCAC 
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AGATGTATTCTATTGATTCATAGAGTGGGTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

66 FAS_13 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCGAGGATGAAAGATTAAGATTATAGTGAAGCCAC 

AGATGTATAATCTTAATCTTTCATCCTCTTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

67 FAS_14 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCCATGACACTAAGTCAAGTTAATAGTGAAGCCAC 

AGATGTATTAACTTGACTTAGTGTCATGATGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

68 FAS_15 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCGAGAAGATCATATTTATGTAATAGTGAAGCCAC 

AGATGTATTACATAAATATGATCTTCTCATGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

69 FAS_16 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGATGAGAAGATCATATTTATGTATAGTGAAGCCAC 

AGATGTATACATAAATATGATCTTCTCAGTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

70 FAS_18 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGACAACATATTTGTAGATTTTTATAGTGAAGCCAC 

AGATGTATAAAAATCTACAAATATGTTGGTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

71 FAS_19 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGACAAGTGCAGATGTAAACCAAATAGTGAAGCCAC 

AGATGTATTTGGTTTACATCTGCACTTGGTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

72 PTPN2 1 guide TATAATACGACTTCACATCTTC 

73 PTPN2 2 guide TAGAAAGTTCTTTCCATCGTTT 

74 PTPN2 4 guide TTCTATGTCAACTAAACTGGCA 

75 PTPN2 5 guide TTAAACAGCATCTCTTGGTCAT 

76 PTPN2 7 guide TCGAATTTCCAAGTACAGCGGC 

77 PTPN2_8 guide TTAGAAAGTTCTTTCCATCGTT 

78 PTPN2_9 guide TAGATGTACTGTATAATACGAC 

79 PTPN2_10 guide TCTGTATACTAGAATCTCCCTT 

80 PTPN2 11 guide TTTTATGTTAATATCATCTCCT 

81 PTPN2_13 guide TGAGAATCTCAGTTGATCTGGG 

82 PTPN2_14 guide TCTGACAAGAGCTTCACACTGA 

83 PTPN2_15 guide TTCTATTATAGCCATGTATGAG 

84 PTPN2_16 guide TGATATTTTCTAATTGTAGTAG 

85 PTPN2_1 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGAAAGATGTGAAGTCGTATTATATAGTGAAGCCAC 

AGATGTATATAATACGACTTCACATCTTCTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

86 PTPN2_2 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 
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ATTGCTGTTGACAGTGAGCGCAACGATGGAAAGAACTTTCTATAGTGAAGCCAC 

AGATGTATAGAAAGTTCTTTCCATCGTTTTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

87 PTPN2_4 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCGCCAGTTTAGTTGACATAGAATAGTGAAGCCAC 

AGATGTATTCTATGTCAACTAAACTGGCATGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

88 PTPN2_5 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCTGACCAAGAGATGCTGTTTAATAGTGAAGCCAC 

AGATGTATTAAACAGCATCTCTTGGTCATTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

89 PTPN2_7 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGACCGCTGTACTTGGAAATTCGATAGTGAAGCCAC 

AGATGTATCGAATTTCCAAGTACAGCGGCTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

90 PTPN2_8 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCACGATGGAAAGAACTTTCTAATAGTGAAGCCAC 

AGATGTATTAGAAAGTTCTTTCCATCGTTTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

91 PTPN2_9 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGATCGTATTATACAGTACATCTATAGTGAAGCCAC 

AGATGTATAGATGTACTGTATAATACGACTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

92 PTPN2_10 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCAGGGAGATTCTAGTATACAGATAGTGAAGCCAC 

AGATGTATCTGTATACTAGAATCTCCCTTTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

93 PTPN2_11 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCGGAGATGATATTAACATAAAATAGTGAAGCCAC 

AGATGTATTTTATGTTAATATCATCTCCTTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

94 PTPN2_13 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGACCAGATCAACTGAGATTCTCATAGTGAAGCCAC 

AGATGTATGAGAATCTCAGTTGATCTGGGTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

95 PTPN2_14 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCCAGTGTGAAGCTCTTGTCAGATAGTGAAGCCAC 

AGATGTATCTGACAAGAGCTTCACACTGATGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

96 PTPN2_15 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGATCATACATGGCTATAATAGAATAGTGAAGCCAC 
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AGATGTATTCTATTATAGCCATGTATGAGTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

97 PTPN2_16 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGATACTACAATTAGAAAATATCATAGTGAAGCCAC 

AGATGTATGATATTTTCTAATTGTAGTAGTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

98 TOX 2guide TAAAGTATTCACACCAAGCGTG 
99 TOX 4 guide TATGACTGCTACATCAAGCCAT 
100 TOX 5 guide TTAAATGACATTTACTAACCAT 
101 TOX 6 guide TTAAATTAAAATCACTTGGGAA 
102 TOX 7 guide TTTGCTCTTCTCCTAAACCGTC 
103 TOX 8 guide TTAGTTAATTAGTAGTGCTGGT 
104 TOX 9 guide TAGGTGAGGATTCATTCCCGGT 
105 TOX 10 guide TTAGTCTTGGAGCTTGTGTGAC 
106 TOX 11 guide TTTAAATTAAAATCACTTGGGA 
107 TOX 12guide TTTTAAATTAAAATCACTTGGG 
108 TOX 13 guide TTCAATTACAATTTAGCTACAA 
109 TOX 15 guide TTTATTATTTCATAAATAGGCG 
110 TOX 16 guide TTACAAACTTGCTATGACTGCT 
111 TOX 17 guide TATTATTTCATAAATAGGCGCA 
112 TOX_2full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 
ATTGCTGTTGACAGTGAGCGAACGCTTGGTGTGAATACTTTATAGTGAAGCCAC 
AGATGTATAAAGTATTCACACCAAGCGTGTGCCTACTGCCTCGGACTTCAAGGG 
GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 
TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

113 TOX_4full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 
CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 
ATTGCTGTTGACAGTGAGCGCTGGCTTGATGTAGCAGTCATATAGTGAAGCCAC 
AGATGTATATGACTGCTACATCAAGCCATTGCCTACTGCCTCGGACTTCAAGGG 
GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 
TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

114 TOX_5full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 
CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 
ATTGCTGTTGACAGTGAGCGCTGGTTAGTAAATGTCATTTAATAGTGAAGCCAC 
AGATGTATTAAATGACATTTACTAACCATTGCCTACTGCCTCGGACTTCAAGGG 
GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 
TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

115 TOX_6full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 
CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 
ATTGCTGTTGACAGTGAGCGCTCCCAAGTGATTTTAATTTAATAGTGAAGCCAC 
AGATGTATTAAATTAAAATCACTTGGGAATGCCTACTGCCTCGGACTTCAAGGG 
GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 
TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

116 TOX_7full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 
CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 
ATTGCTGTTGACAGTGAGCGAACGGTTTAGGAGAAGAGCAAATAGTGAAGCCAC 
AGATGTATTTGCTCTTCTCCTAAACCGTCTGCCTACTGCCTCGGACTTCAAGGG 
GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 
TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

117 TOX_8full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 
CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 
ATTGCTGTTGACAGTGAGCGCCCAGCACTACTAATTAACTAATAGTGAAGCCAC 
AGATGTATTAGTTAATTAGTAGTGCTGGTTGCCTACTGCCTCGGACTTCAAGGG 
GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 
TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

118 TOX 9full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 
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CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCCCGGGAATGAATCCTCACCTATAGTGAAGCCAC 

AGATGTATAGGTGAGGATTCATTCCCGGTTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

119 TOX_10full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGATCACACAAGCTCCAAGACTAATAGTGAAGCCAC 

AGATGTATTAGTCTTGGAGCTTGTGTGACTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

120 TOX_11full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCCCCAAGTGATTTTAATTTAAATAGTGAAGCCAC 

AGATGTATTTAAATTAAAATCACTTGGGATGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

121 TOX_12full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGACCAAGTGATTTTAATTTAAAATAGTGAAGCCAC 

AGATGTATTTTAAATTAAAATCACTTGGGTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

122 TOX_13full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCTGTAGCTAAATTGTAATTGAATAGTGAAGCCAC 

AGATGTATTCAATTACAATTTAGCTACAATGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

123 TOX_15full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGAGCCTATTTATGAAATAATAAATAGTGAAGCCAC 

AGATGTATTTATTATTTCATAAATAGGCGTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

124 TOX_16full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCGCAGTCATAGCAAGTTTGTAATAGTGAAGCCAC 

AGATGTATTACAAACTTGCTATGACTGCTTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

125 TOX_17full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCGCGCCTATTTATGAAATAATATAGTGAAGCCAC 

AGATGTATATTATTTCATAAATAGGCGCATGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

126 ZC3H12A 1 guide TTATTAAGAAGCATCTTGCTTA 

127 ZC3H12A 2 guide TTGCTTACTGACATGAAGCCAC 

128 ZC3H12A 3 guide TTGTAGGAGAGGATCTCGGCAG 

129 ZC3H12A 5 guide TGTATCAACAGGGTGATCGCTT 

130 ZC3H12A_1 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCAAGCAAGATGCTTCTTAATAATAGTGAAGCCAC 

AGATGTATTATTAAGAAGCATCTTGCTTATGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

131 ZC3H12A_2 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGATGGCTTCATGTCAGTAAGCAATAGTGAAGCCAC 
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AGATGTATTGCTTACTGACATGAAGCCACTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

132 ZC3H12A_3 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGATGCCGAGATCCTCTCCTACAATAGTGAAGCCAC 

AGATGTATTGTAGGAGAGGATCTCGGCAGTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

133 ZC3H12A_5 full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCAGCGATCACCCTGTTGATACATAGTGAAGCCAC 

AGATGTATGTATCAACAGGGTGATCGCTTTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

134 NR4A1 4 guide TCTGTCATTTGTCTTCTTCCTA 

135 NR4A1 7 guide TTGAGGTAGAAGATGCGCTGCA 

136 NR4A1 9 guide TCCTCGAACTTGAAGGAGGCAG 

137 NR4A1 10 guide TTTTCAGTTCCAACTACATGTC 

138 NR4A1 11 guide TTACAAAAAACATAAAGGCCGG 

139 NR4A1 12guide TATAAATGTCAGAATCTGTCAT 

140 NR4A1 13 guide TATATTAATCAGAAAAGTCACA 
141 NR4A1 14 guide ATATTAATCAGAAAAGTCACAT 

142 NR4A1 15 guide TAATCAGAAAAGTCACATACTA 

143 NR4A1 17 guide TATTAATCAGAAAAGTCACATA 

144 NR4A1 19 guide TTAATCAGAAAAGTCACATACT 

145 NR4A1_4full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCAGGAAGAAGACAAATGACAGATAGTGAAGCCAC 

AGATGTATCTGTCATTTGTCTTCTTCCTATGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

146 NR4A1_7full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCGCAGCGCATCTTCTACCTCAATAGTGAAGCCAC 

AGATGTATTGAGGTAGAAGATGCGCTGCATGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

147 NR4A1_9full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGATGCCTCCTTCAAGTTCGAGGATAGTGAAGCCAC 

AGATGTATCCTCGAACTTGAAGGAGGCAGTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

148 NR4A1_10full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGAACATGTAGTTGGAACTGAAAATAGTGAAGCCAC 

AGATGTATTTTCAGTTCCAACTACATGTCTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

149 NR4A1_11full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGACGGCCTTTATGTTTTTTGTAATAGTGAAGCCAC 

AGATGTATTACAAAAAACATAAAGGCCGGTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

150 NR4A1_12full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCTGACAGATTCTGACATTTATATAGTGAAGCCAC 

AGATGTATATAAATGTCAGAATCTGTCATTGCCTACTGCCTCGGACTTCAAGGG 
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GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

151 NR4A1_13full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCGTGACTTTTCTGATTAATATATAGTGAAGCCAC 

AGATGTATATATTAATCAGAAAAGTCACATGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

152 NR4A1_14full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCTGTGACTTTTCTGATTAATATTAGTGAAGCCAC 

AGATGTAATATTAATCAGAAAAGTCACATTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

153 NR4A1_15full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCAGTATGTGACTTTTCTGATTATAGTGAAGCCAC 

AGATGTATAATCAGAAAAGTCACATACTATGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

154 NR4A1_17full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCATGTGACTTTTCTGATTAATATAGTGAAGCCAC 

AGATGTATATTAATCAGAAAAGTCACATATGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

155 NR4A1_19full TGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAA 

CACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTAT 

ATTGCTGTTGACAGTGAGCGCGTATGTGACTTTTCTGATTAATAGTGAAGCCAC 

AGATGTATTAATCAGAAAAGTCACATACTTGCCTACTGCCTCGGACTTCAAGGG 

GCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCT 

TTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTT 

156 FAS_11 miR3G - GTAAGTCGACTCGTTGGATCCCCACTACCCGGATCAACGCCCTAGGTTTATGTT 

NR4A1_19miRE TGGATGAACTGACATACGCGTATCCGTCTTAAGAATCTTTTCAAACACTAGTAG 

Module TGAAATATATATTAAACTAGTGTTTGAAAAGATTCTTATTACGGTAACGCGGAA 
TTCGCAACTATTTTATCAATTTTTTGCGTCGACACTTCAAGGGGCTTGCGGCCG 

CAACCATCTCCATGGCTGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGC 

CTGCACATCTTGGAAACACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGA 

AGGCTCGAGAAGGTATATTGCTGTTGACAGTGAGCGCGTATGTGACTTTTCTGA 

TTAATAGTGAAGCCACAGATGTATTAATCAGAAAAGTCACATACTTGCCTACTG 

CCTCGGACTTCAAGGGGCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGA 

ATACCTTGCTATCTCTTTGATACATTTTTACAAAGCTGAATTAAAATGGTATAA 

ATTAAATCACTTTTTCATCTGACCAGTAGTGGACTAGTGTGACGCTGCTGACCC 

CTTTCTTTCCCTTCTACAG 

157 FAS_11 miR3G - GTAAGTCGACTCGTTGGATCCCCACTACCCGGATCAACGCCCTAGGTTTATGTT 

PTPN2_14 miRE TGGATGAACTGACATACGCGTATCCGTCTTAAGAATCTTTTCAAACACTAGTAG 

Module TGAAATATATATTAAACTAGTGTTTGAAAAGATTCTTATTACGGTAACGCGGAA 
TTCGCAACTATTTTATCAATTTTTTGCGTCGACACTTCAAGGGGCTTGCGGCCG 

CAACCATCTCCATGGCTGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGC 

CTGCACATCTTGGAAACACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGA 

AGGCTCGAGAAGGTATATTGCTGTTGACAGTGAGCGCCAGTGTGAAGCTCTTGT 

CAGATAGTGAAGCCACAGATGTATCTGACAAGAGCTTCACACTGATGCCTACTG 

CCTCGGACTTCAAGGGGCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGA 

ATACCTTGCTATCTCTTTGATACATTTTTACAAAGCTGAATTAAAATGGTATAA 

ATTAAATCACTTTTTCATCTGACCAGTAGTGGACTAGTGTGACGCTGCTGACCC 

CTTTCTTTCCCTTCTACAG 

158 FAS_11 miR3G - GTAAGTCGACTCGTTGGATCCCCACTACCCGGATCAACGCCCTAGGTTTATGTT 

TOX_4miRE Module TGGATGAACTGACATACGCGTATCCGTCTTAAGAATCTTTTCAAACACTAGTAG 

TGAAATATATATTAAACTAGTGTTTGAAAAGATTCTTATTACGGTAACGCGGAA 

TTCGCAACTATTTTATCAATTTTTTGCGTCGACACTTCAAGGGGCTTGCGGCCG 

CAACCATCTCCATGGCTGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGC 
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CTGCACATCTTGGAAACACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGA 

AGGCTCGAGAAGGTATATTGCTGTTGACAGTGAGCGCTGGCTTGATGTAGCAGT 

CATATAGTGAAGCCACAGATGTATATGACTGCTACATCAAGCCATTGCCTACTG 

CCTCGGACTTCAAGGGGCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGA 

ATACCTTGCTATCTCTTTGATACATTTTTACAAAGCTGAATTAAAATGGTATAA 

ATTAAATCACTTTTTCATCTGACCAGTAGTGGACTAGTGTGACGCTGCTGACCC 

CTTTCTTTCCCTTCTACAG 

159 PTPN2_14 miR3G - GTAAGTCGACTCGTTGGATCCCCACTACCCGGATCAACGCCCTAGGTTTATGTT 

TOX_4miRE Module TGGATGAACTGACATACGCGTATCCGTCTCTGACAAGAGCTTCACACTGAGTAG 

TGAAATATATATTAAACTCAGTGTGAAGCTCTTGTCAGTTACGGTAACGCGGAA 

TTCGCAACTATTTTATCAATTTTTTGCGTCGACACTTCAAGGGGCTTGCGGCCG 

CAACCATCTCCATGGCTGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGC 

CTGCACATCTTGGAAACACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGA 

AGGCTCGAGAAGGTATATTGCTGTTGACAGTGAGCGCTGGCTTGATGTAGCAGT 

CATATAGTGAAGCCACAGATGTATATGACTGCTACATCAAGCCATTGCCTACTG 

CCTCGGACTTCAAGGGGCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGA 

ATACCTTGCTATCTCTTTGATACATTTTTACAAAGCTGAATTAAAATGGTATAA 

ATTAAATCACTTTTTCATCTGACCAGTAGTGGACTAGTGTGACGCTGCTGACCC 

CTTTCTTTCCCTTCTACAG 

160 ZC3H12A_12 miR3G GTAAGTCGACTCGTTGGATCCCCACTACCCGGATCAACGCCCTAGGTTTATGTT 

- PTPN2_14 miRE TGGATGAACTGACATACGCGTATCCGTCTTAAGAAGCATCTTGCTTACTGGTAG 

Module TGAAATATATATTAAACCAGTAAGCAAGATGCTTCTTATTACGGTAACGCGGAA 
TTCGCAACTATTTTATCAATTTTTTGCGTCGACACTTCAAGGGGCTTGCGGCCG 

CAACCATCTCCATGGCTGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGC 

CTGCACATCTTGGAAACACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGA 

AGGCTCGAGAAGGTATATTGCTGTTGACAGTGAGCGCCAGTGTGAAGCTCTTGT 

CAGATAGTGAAGCCACAGATGTATCTGACAAGAGCTTCACACTGATGCCTACTG 

CCTCGGACTTCAAGGGGCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGA 

ATACCTTGCTATCTCTTTGATACATTTTTACAAAGCTGAATTAAAATGGTATAA 

ATTAAATCACTTTTTCATCTGACCAGTAGTGGACTAGTGTGACGCTGCTGACCC 

CTTTCTTTCCCTTCTACAG 

161 FAS_11 miR3G - GTAAGTCGACTCGTTGGATCCCCACTACCCGGATCAACGCCCTAGGTTTATGTT 

NR4A1_12miRE TGGATGAACTGACATACGCGTATCCGTCTTAAGAATCTTTTCAAACACTAGTAG 

Module TGAAATATATATTAAACTAGTGTTTGAAAAGATTCTTATTACGGTAACGCGGAA 
TTCGCAACTATTTTATCAATTTTTTGCGTCGACACTTCAAGGGGCTTGCGGCCG 

CAACCATCTCCATGGCTGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGC 

CTGCACATCTTGGAAACACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGA 

AGGCTCGAGAAGGTATATTGCTGTTGACAGTGAGCGCTGACAGATTCTGACATT 

TATATAGTGAAGCCACAGATGTATATAAATGTCAGAATCTGTCATTGCCTACTG 

CCTCGGACTTCAAGGGGCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGA 

ATACCTTGCTATCTCTTTGATACATTTTTACAAAGCTGAATTAAAATGGTATAA 

ATTAAATCACTTTTTCATCTGACCAGTAGTGGACTAGTGTGACGCTGCTGACCC 

CTTTCTTTCCCTTCTACAG 

162 FAS_13 miR3G - GTAAGTCGACTCGTTGGATCCCCACTACCCGGATCAACGCCCTAGGTTTATGTT 

PTPN2_14 miRE TGGATGAACTGACATACGCGTATCCGTCTAATCTTAATCTTTCATCCTCTGTAG 

Module TGAAATATATATTAAACAGAGGATGAAAGATTAAGATTTTACGGTAACGCGGAA 
TTCGCAACTATTTTATCAATTTTTTGCGTCGACACTTCAAGGGGCTTGCGGCCG 

CAACCATCTCCATGGCTGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGC 

CTGCACATCTTGGAAACACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGA 

AGGCTCGAGAAGGTATATTGCTGTTGACAGTGAGCGCCAGTGTGAAGCTCTTGT 

CAGATAGTGAAGCCACAGATGTATCTGACAAGAGCTTCACACTGATGCCTACTG 

CCTCGGACTTCAAGGGGCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGA 

ATACCTTGCTATCTCTTTGATACATTTTTACAAAGCTGAATTAAAATGGTATAA 

ATTAAATCACTTTTTCATCTGACCAGTAGTGGACTAGTGTGACGCTGCTGACCC 

CTTTCTTTCCCTTCTACAG 

163 FAS_11 miR3G - GTAAGTCGACTCGTTGGATCCCCACTACCCGGATCAACGCCCTAGGTTTATGTT 

TOX_9miRE Module TGGATGAACTGACATACGCGTATCCGTCTTAAGAATCTTTTCAAACACTAGTAG 
TGAAATATATATTAAACTAGTGTTTGAAAAGATTCTTATTACGGTAACGCGGAA 

TTCGCAACTATTTTATCAATTTTTTGCGTCGACACTTCAAGGGGCTTGCGGCCG 

CAACCATCTCCATGGCTGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGC 

CTGCACATCTTGGAAACACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGA 
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AGGCTCGAGAAGGTATATTGCTGTTGACAGTGAGCGCCCGGGAATGAATCCTCA 

CCTATAGTGAAGCCACAGATGTATAGGTGAGGATTCATTCCCGGTTGCCTACTG 

CCTCGGACTTCAAGGGGCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGA 

ATACCTTGCTATCTCTTTGATACATTTTTACAAAGCTGAATTAAAATGGTATAA 

ATTAAATCACTTTTTCATCTGACCAGTAGTGGACTAGTGTGACGCTGCTGACCC 

CTTTCTTTCCCTTCTACAG 

164 PTPN2_14 miR3G - GTAAGTCGACTCGTTGGATCCCCACTACCCGGATCAACGCCCTAGGTTTATGTT 

TOX_9miRE Module TGGATGAACTGACATACGCGTATCCGTCTCTGACAAGAGCTTCACACTGAGTAG 

TGAAATATATATTAAACTCAGTGTGAAGCTCTTGTCAGTTACGGTAACGCGGAA 

TTCGCAACTATTTTATCAATTTTTTGCGTCGACACTTCAAGGGGCTTGCGGCCG 

CAACCATCTCCATGGCTGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGC 

CTGCACATCTTGGAAACACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGA 

AGGCTCGAGAAGGTATATTGCTGTTGACAGTGAGCGCCCGGGAATGAATCCTCA 

CCTATAGTGAAGCCACAGATGTATAGGTGAGGATTCATTCCCGGTTGCCTACTG 

CCTCGGACTTCAAGGGGCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGA 

ATACCTTGCTATCTCTTTGATACATTTTTACAAAGCTGAATTAAAATGGTATAA 

ATTAAATCACTTTTTCATCTGACCAGTAGTGGACTAGTGTGACGCTGCTGACCC 

CTTTCTTTCCCTTCTACAG 

165 PTPN2_1 miR3G - GTAAGTCGACTCGTTGGATCCCCACTACCCGGATCAACGCCCTAGGTTTATGTT 

ZC3H12A_1 miRE TGGATGAACTGACATACGCGTATCCGTCTATAATACGACTTCACATCTTCGTAG 

Module TGAAATATATATTAAACGAAGATGTGAAGTCGTATTATTTACGGTAACGCGGAA 
TTCGCAACTATTTTATCAATTTTTTGCGTCGACACTTCAAGGGGCTTGCGGCCG 

CAACCATCTCCATGGCTGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGC 

CTGCACATCTTGGAAACACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGA 

AGGCTCGAGAAGGTATATTGCTGTTGACAGTGAGCGCAAGCAAGATGCTTCTTA 

ATAATAGTGAAGCCACAGATGTATTATTAAGAAGCATCTTGCTTATGCCTACTG 

CCTCGGACTTCAAGGGGCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGA 

ATACCTTGCTATCTCTTTGATACATTTTTACAAAGCTGAATTAAAATGGTATAA 

ATTAAATCACTTTTTCATCTGACCAGTAGTGGACTAGTGTGACGCTGCTGACCC 

CTTTCTTTCCCTTCTACAG 

166 AB-1013: TAaGGTAcgactgtgccttctagttgccagccatctgttgtttgcccctccccc 
LG1_2xSPAFas+PT gtgccttccttgaccctggaaggtgccactcccactgtcctttcctaataaaat 
PN2 gaggaaattgcatcgcattgtctgagtaggtgtcattctattctggggggtggg 

gtggggcaggacagcaagggggaggattgggaagacaatagcaggcatgctggg 
gatgcggtgggctctatgggataagcttgatatcgaattcatcgatgttaataa 
ttaacatatatgttaatcattaacatatagttaattattaaccgctatgttaat 
gattaacaacggttaataattaacatatatgttaatcattaacatataactagt 
ctagagggtatataatgggggccactagtctactaccagagTtcatcgctagcg 
ctaccggatccgccaccATGGCCCTGCCAGTAACGGCTCTGCTGCTGCCACTTG 
CTCTGCTCCTCCATGCAGCCAGGCCTCAGTTGCAGTTACAGGAGAGCGGACCCG 
GTCTGGTTAAACCGTCTGAAACACTGAGTTTGACATGTACAGTGTCCGGCGGCT 
CGATTTCAAACTCTTACTATTGGGGCTGGATTAGGCAGCCTCCCGGGAAAGGGC 
TCGAGTGGATCGGGTCCATATATCACTCAGGAAATACCTACTACAACCCAAGTC 
TTAAGTCTAGAGTGACAATCAGTGTGGATACGTCCAAGAATCAATTCTCCCTGA 
AGCTCTCAAGCGTGACCGCCGCCGACACCGCAGTGTATTATTGCGTAACTCAAG 
ACGGTGTGGGCGCTACCACTACCGAAGAGTATTGGGGACAAGGCACTCTTGTCA 
CAGTCTCCAGCGCGGCAGCAaccacgacgccagcgccgcgaccaccaacaccgg 
cgcccaccatcgcgtcgcagccactgtcactgcgcccagaagcgtgccggccag 
cggcggggggcgcagtgcacacgagggggctggacttcgcctgtgatatctaca 
tctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatca 
ccctttactgcaaacggggcagaaagaaactcctgtatatattcaaacaaccat 
ttatgagaccagtacaaactactcaagaagaggacggctgtagctgccgatttc 
cagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcag 
acgcccccgcgtaccagcagggccagaaccagctctataacgagctcaatctag 
gacgaagagaggagtacgatgttttggacaagaggcgtggccgggaccctgaga 
tggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgc 
agaaagataagatggcggaggcctacagtgagattgggatgaaaggcgagcgcc 
ggaggggcaaggggcacgatggcctttaccagggtctcagtacagccaccaagg 
acacctacgacgcccttcacatgcaggccctgccccctaggtaaaatcaacctc 
tggattacaaaatttgtgaaagattgactggtattcttaactatgttgctcctt 
ttacgctatgtggatacgctgctttaatgcctttgtatcatgctattgcttccc 
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gtatggctttcattttctcctccttgtataaatcctggttgctgtctctttatg 
aggagttgtggcccgttgtcaggcaacgtggcgtggtgtgcactgtgtttgctg 
acgcaacccccactggttggggcattgccaccacctgtcagctcctttccggga 
ctttcgctttccccctccctattgccacggcggaactcatcgccgcctgccttg 
cccgctgctggacaggggctcggctgttgggcactgacaattccgtggtgttgt 
cggggaaatcatcgtcctttccttggctgctcgcctgtgttgccacctggattc 
tgcgcgggacgtccttctgctacgtcccttcggccctcaatccagcggaccttc 
cttcccgcggcctgctgccggctctgcggcctcttccgcgtcttcgccttcgcc 
ctcagacgagtcggatctccctttgggccgcctccccgcctggatccttgactt 
gcggccaacttgtttattgcagcttataatggttacaaataaagcaatagcatc 
acaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtcc 
aaactcatcaatgtatcttatcatgtctgggatccttgacttgcggccgcaact 
cccacctgcaacatgcgtgactgactgaggccgcgactctagagtcgaccggat 
ctgcgatcgctccggtgcccgtcagtgggcagagcgcacatcgcccacagtccc 
cgagaagttggggggaggggtcggcaattgaacgggtgcctagagaaggtggcg 
cggggtaaactgggaaagtgatgtcgtgtactggctccgcctttttcccgaggg 
tgggggagaaccgtatataagtgcagtagtcgccgtgaacgttctttttcgcaa 
cgggtttgccgccagaacacagctgaagcttcgaggggctcgcatctctccttc 
acgcgcccgccgccctacctgaggccgccatccacgccggttgagtcgcgttct 
gccgcctcccgcctgtggtgcctcctgaactgcgtccgccgtctaggtaaGTcg 
actcgttggatccCCACTACCCGGATCAACGCCCTAGGTTTATGTTTGGATGAA 
CTGACATACGCGTATCCGTCTTAAGAATCTTTTCAAACACTAGTAGTGAAATAT 
ATATTAAACTAGTGTTTGAAAAGATTCTTATTACGGTAACGCGGAATTCGCAAC 
TATTTTATCAATTTTTTGCGTCGACACTTCAAGGGGCTTGCGGCCGCAACCATC 
TCCATGGCTGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACAT 
CTTGGAAACACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGA 
GAAGGTATATTGCTGTTGACAGTGAGCGCCAGTGTGAAGCTCTTGTCAGATAGT 
GAAGCCACAGATGTATCTGACAAGAGCTTCACACTGATGCCTACTGCCTCGGAC 
TTCAAGGGGCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTG 
CTATCTCTTTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATC 
ACTTTTTCATCTGACCAGTAGTGGactagtgtgacgctgctgacccctttcttt 
cccttctACAGatccaagctgtgaccggcgcctacacctgcagcccaagcttac 
catggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgc 
cgccaggcctgacatacagatgacacagagccctagcagtctgagcgccagtgt 
gggcgatagagttactatcacttgtagagcatccgagaacatatacagttacgt 
ggcctggtatcagcaaaaacctggcaaagctcccaagttattgatttacaatgc 
taagagcttggcctctggggtgccatcgaggttcagcggtagcgggagcgggac 
cgacttcactctgaccatctcgagtctccagccggaggactttgcgacatacta 
ttgtcaacaccattacgtatcaccctggaccttcggcggcgggactaagttaga 
gatcaagggtggaggaggatcaggcggcggtggatcaggaggaggagggtcaca 
agtgcagttacaggaatcagggcccggcctggtgaagccaagtgaaaccctgag 
tctgacgtgcacggtttcaggatttagcctcacttcctacggtgtctcttggat 
tcggcagccagccggcaaagggctcgagtggattggggtgatctgggaagatgg 
ctcaacaaactatcattctgcactaatctctcgcgtgacaatgtcggtggacac 
gtccaagaatcaattttcccttaaactgtcctccgtgaccgcagccgatacagc 
ggtatattattgcgcgcgacctcactacggatctagctatgtcggcgcgatgga 
gtattggggcgctggcacaaccgtcaccgtttcttccgcaaccacgacgccagc 
gccgcgaccaccaacaccggcgcccaccatcgcgtcgcagcccctgtccctgcg 
ccctgaggcgtgcttcatgtacgtggcggcggccgcctttgtgcttctgttctt 
cgtgggctgcggggtgctgctgtcccgtaaacgcagacgtcaacacggtcaact 
gtggtttccagaaggttttaaggtctccgaagcaagtaagaagaaaagacgtga 
accactgggagaagatagcgtcggtctgaaaccactcaagaatgccatggtttc 
taaactgagccagctgcagacggagctcctggcggccctgctggagtcagggct 
gagcaaagaggcactgctccaggcactgggcgagccggggccctacctcctggc 
tggagaaggccccctggacaagggggagtcctgcggcggcggtcgaggggagct 
ggctgagctgcccaatgggctgggggagactcggggctccgaggacgagaccga 
cgacgatggggaagacttcacgccacccatcctcaaagagctggagaacctcag 
ccctgaggaggcggcccaccagaaagccgtggtggagacccttctgcaggagga 
cccgtggcgtgtggcgaagatggtcaagtcctacctgcagcagcacaacatccc 
acagcgggaggtggtcgataccactggcctcaaccagtcccacctgtcccaaca 
cctcaacaagggcactcccatgaagacgcagaagcgggccgccctgtacacctg 
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gtatgtccgcaagcagcgagaggtggcgcagcagttcacccatgcagggcaggg 
agggctgattgaagagcccacaggagatgagctaccaaccaagaaggggcggag 
gaaccgtttcaagtggggcccagcatcccagcagatcctgttccaggcctatga 
gaggcagaagaaccctagcaaggaggagcgagaaacgctagtggaggagtgcaa 
tagggcggaatgcatccagagaggtgtgtcaccatcacaagcacaaggtctggg 
ctccaacctcgtcacggaggtgcgtgtctacaactggtttgccaaccggcgcaa 
agaagaagccttccggcacaagctggccatgacctgcagggatgagtttcccac 
catggtgtttccttctgggcagatcagccaggcctcggccttggccccggcccc 
tccccaagtcctgccccaggctccagcccctgcccctgctccagccatggtatc 
agctctggcccaggccccagcccctgtcccagtcctagccccaggccctcctca 
agctgtggccccacctgcccccaagcccacccaagctggggaaggaacgctgtc 
agaggccctgctgcagctgcagtttgatgatgaagacctgggggccttgcttgg 
caacagcacagacccagctgtgttcacagacctggcatccgtcgacaactccga 
gtttcagcagctgctgaaccagggcatacctgtggccccccacacaactgagcc 
catgctgatggagtaccctgaggctataactcgcctagtgacaggggcccagag 
gccccccgacccagctcctgctccactgggggccccggggctccccaatggcct 
cctttcaggagatgaagacttctcctccattgcggacatggacttctcagccct 
gctgagtcagatcagctcctaaAGGAaataaaagatctttaatgaaaatAGATC 
TGTGTGTTGGTTTTTTGTGTGaataaaagatccagagctctagAGATCTGTGTG 
TTGGTTTTTTGTGTG 

167 AB-1014: TAaGGTAcgactgtgccttctagttgccagccatctgttgtttgcccctccccc 
LGlTTTFas+PTPN gtgccttccttgaccctggaaggtgccactcccactgtcctttcctaataaaat 
2 gaggaaattgcatcgcattgtctgagtaggtgtcattctatttggggggtggg 

gtggggcaggacagcaagggggaggattgggaagacaatagcaggcatgctggg 
gatgcggtgggctctatgggataagcttgatatcgaattcatcgatgttaataa 
ttaacatatatgttaatcattaacatatagttaattattaaccgctatgttaat 
gattaacaacggttaataattaacatatatgttaatcattaacatataactagt 
ctagagggtatataatgggggccactagtctactaccagagTtcatcgctagcg 
ctaccggatccgccaccATGGCCCTGCCAGTAACGGCTCTGCTGCTGCCACTTG 
CTCTGCTCCTCCATGCAGCCAGGCCTCAGTTGCAGTTACAGGAGAGCGGACCCG 
GTCTGGTTAAACCGTCTGAAACACTGAGTTTGACATGTACAGTGTCCGGCGGCT 
CGATTTCAAACTCTTACTATTGGGGCTGGATTAGGCAGCCTCCCGGGAAAGGGC 
TCGAGTGGATCGGGTCCATATATCACTCAGGAAATACCTACTACAACCCAAGTC 
TTAAGTCTAGAGTGACAATCAGTGTGGATACGTCCAAGAATCAATTCTCCCTGA 
AGCTCTCAAGCGTGACCGCCGCCGACACCGCAGTGTATTATTGCGTAACTCAAG 
ACGGTGTGGGCGCTACCACTACCGAAGAGTATTGGGGACAAGGCACTCTTGTCA 
CAGTCTCCAGCGCGGCAGCAaccacgacgccagcgccgcgaccaccaacaccgg 
cgcccaccatcgcgtcgcagccactgtcactgcgcccagaagcgtgccggccag 
cggcggggggcgcagtgcacacgagggggctggacttcgcctgtgatatctaca 
tctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatca 
ccctttactgcaaacggggcagaaagaaactcctgtatatattcaaacaaccat 
ttatgagaccagtacaaactactcaagaagaggacggctgtagctgccgatttc 
cagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcag 
acgcccccgcgtaccagcagggccagaaccagctctataacgagctcaatctag 
gacgaagagaggagtacgatgttttggacaagaggcgtggccgggaccctgaga 
tggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgc 
agaaagataagatggcggaggcctacagtgagattgggatgaaaggcgagcgcc 
ggaggggcaaggggcacgatggcctttaccagggtctcagtacagccaccaagg 
acacctacgacgcccttcacatgcaggccctgccccctaggtaaaatcaacctc 
tggattacaaaatttgtgaaagattgactggtattcttaactatgttgctcctt 
ttacgctatgtggatacgctgtttaatgcctttgtatcatgctattgcttccc 
gtatggctttcattttctcctccttgtataaatcctggttgctgtctctttatg 
aggagttgtggcccgttgtcaggcaacgtggcgtggtgtgcactgtgtttgctg 
acgcaacccccactggttggggcattgccaccacctgtcagctcctttccggga 
ctttcgctttccccctccctattgccacggcggaactcatcgccgcctgccttg 
cccgctgctggacaggggctcggctgttgggcactgacaattccgtggtgttgt 
cggggaaatcatcgtcctttccttggctgctcgcctgtgttgccacctggattc 
tgcgcgggacgtccttctgctacgtcccttcggccctcaatccagcggaccttc 
cttcccgcggcctgctgccggctctgcggcctcttccgcgtcttcgccttcgcc 
ctcagacgagtcggatctccctttgggccgcctccccgcctggatccttgactt 
gcggccaacttgtttattgcagcttataatggttacaaataaagcaatagcatc 
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acaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtcc 
aaactcatcaatgtatcttatcatgtctgggatccttgacttgcggccgcaact 
cccacctgcaacatgcgtgactgactgaggccgcgactctagagtcgaccggat 
ctgcgatcgctccggtgcccgtcagtgggcagagcgcacatcgcccacagtccc 
cgagaagttggggggaggggtcggcaattgaacgggtgcctagagaaggtggcg 
cggggtaaactgggaaagtgatgtcgtgtactggctccgcctttttcccgaggg 
tgggggagaaccgtatataagtgcagtagtcgccgtgaacgttctttttcgcaa 
cgggtttgccgccagaacacagctgaagcttcgaggggctcgcatctctccttc 
acgcgcccgccgccctacctgaggccgccatccacgccggttgagtcgcgttct 
gccgcctcccgcctgtggtgcctcctgaactgcgtccgccgtctaggtaaGTcg 
actcgttggatccCCACTACCCGGATCAACGCCCTAGGTTTATGTTTGGATGAA 
CTGACATACGCGTATCCGTCTTAAGAATCTTTTCAAACACTAGTAGTGAAATAT 
ATATTAAACTAGTGTTTGAAAAGATTCTTATTACGGTAACGCGGAATTCGCAAC 
TATTTTATCAATTTTTTGCGTCGACACTTCAAGGGGCTTGCGGCCGCAACCATC 
TCCATGGCTGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACAT 
CTTGGAAACACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGA 
GAAGGTATATTGCTGTTGACAGTGAGCGCCAGTGTGAAGCTCTTGTCAGATAGT 
GAAGCCACAGATGTATCTGACAAGAGCTTCACACTGATGCCTACTGCCTCGGAC 
TTCAAGGGGCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTG 
CTATCTCTTTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATC 
ACTTTTTCATCTGACCAGTAGTGGactagtgtgacgctgctgacccctttcttt 
cccttctACAGatccaagctgtgaccggcgcctacacctgcagcccaagcttTT 
Tatggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgc 
cgccaggcctgacatacagatgacacagagccctagcagtctgagcgccagtgt 
gggcgatagagttactatcacttgtagagcatccgagaacatatacagttacgt 
ggcctggtatcagcaaaaacctggcaaagctcccaagttattgatttacaatgc 
taagagcttggcctctggggtgccatcgaggttcagcggtagcgggagcgggac 
cgacttcactctgaccatctcgagtctccagccggaggactttgcgacatacta 
ttgtcaacaccattacgtatcaccctggaccttcggcggcgggactaagttaga 
gatcaagggtggaggaggatcaggcggcggtggatcaggaggaggagggtcaca 
agtgcagttacaggaatcagggcccggcctggtgaagccaagtgaaaccctgag 
tctgacgtgcacggtttcaggatttagcctcacttcctacggtgtctcttggat 
tcggcagccagccggcaaagggctcgagtggattggggtgatctgggaagatgg 
ctcaacaaactatcattctgcactaatctctcgcgtgacaatgtcggtggacac 
gtccaagaatcaattttcccttaaactgtcctccgtgaccgcagccgatacagc 
ggtatattattgcgcgcgacctcactacggatctagctatgtcggcgcgatgga 
gtattggggcgctggcacaaccgtcaccgtttcttccgcaaccacgacgccagc 
gccgcgaccaccaacaccggcgcccaccatcgcgtcgcagcccctgtccctgcg 
ccctgaggcgtgcttcatgtacgtggcggcggccgcctttgtgcttctgttctt 
cgtgggctgcggggtgctgctgtcccgtaaacgcagacgtcaacacggtcaact 
gtggtttccagaaggttttaaggtctccgaagcaagtaagaagaaaagacgtga 
accactgggagaagatagcgtcggtctgaaaccactcaagaatgccatggtttc 
taaactgagccagctgcagacggagctcctggcggccctgctggagtcagggct 
gagcaaagaggcactgctccaggcactgggcgagccggggccctacctcctggc 
tggagaaggccccctggacaagggggagtcctgcggcggcggtcgaggggagct 
ggctgagctgcccaatgggctgggggagactcggggctccgaggacgagaccga 
cgacgatggggaagacttcacgccacccatcctcaaagagctggagaacctcag 
ccctgaggaggcggcccaccagaaagccgtggtggagacccttctgcaggagga 
cccgtggcgtgtggcgaagatggtcaagtcctacctgcagcagcacaacatccc 
acagcgggaggtggtcgataccactggcctcaaccagtcccacctgtcccaaca 
cctcaacaagggcactcccatgaagacgcagaagcgggccgccctgtacacctg 
gtatgtccgcaagcagcgagaggtggcgcagcagttcacccatgcagggcaggg 
agggctgattgaagagcccacaggagatgagctaccaaccaagaaggggcggag 
gaaccgtttcaagtggggcccagcatcccagcagatcctgttccaggcctatga 
gaggcagaagaaccctagcaaggaggagcgagaaacgctagtggaggagtgcaa 
tagggcggaatgcatccagagaggtgtgtcaccatcacaagcacaaggtctggg 
ctccaacctcgtcacggaggtgcgtgtctacaactggtttgccaaccggcgcaa 
agaagaagccttccggcacaagctggccatgacctgcagggatgagtttcccac 
catggtgtttccttctgggcagatcagccaggcctcggccttggccccggcccc 
tccccaagtcctgccccaggctccagcccctgcccctgctccagccatggtatc 
agctctggcccaggccccagcccctgtcccagtcctagccccaggccctcctca 
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agctgtggccccacctgcccccaagcccacccaagctggggaaggaacgctgtc 
agaggccctgctgcagctgcagtttgatgatgaagacctgggggccttgcttgg 
caacagcacagacccagctgtgttcacagacctggcatccgtcgacaactccga 
gtttcagcagctgctgaaccagggcatacctgtggccccccacacaactgagcc 
catgctgatggagtaccctgaggctataactcgcctagtgacaggggcccagag 
gccccccgacccagctcctgctccactgggggccccggggctccccaatggcct 
cctttcaggagatgaagacttctcctccattgcggacatggacttctcagccct 
gctgagtcagatcagctcctaaAGGACGGGTGGCATCCCTGTGACCCCTCCCCA 

GTGCCTCTCCTGGCCCTGGAAGTTGCCACTCCAGTGCCCACCAGCCTTGTCCTA 

ATAAAATTAAGTTGCATCATTTTGTCTGACTAGGTGTCCTTCTATAATATTATG 

GGGTGGAGGGGGGTGGTATGGAGCAAGGGGCAAGTTGGGAAGACAACCTGTAGG 

GCCTGCGGGGTCTATTGGGAACCAAGCTGGAGTGCAGTGGCACAATCTTGGCTC 

ACTGCAATCTCCGCCTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGAG 

TTGTTGGGATTCCAGGCATGCATGACCAGGCTCAGCTAATTTTTGTTTTTTTGG 

TAGAaACGGGGTTTCACCATATTGGCCAGGCTGGTCTCCAACTCCTAATCTCAG 

GTGATCTACCCACCTTGGCCTCCCAAATTGCTGGGATTACAGGCGTGAACCACT 

GCTCCCttccctgtccttc 

168 AB-1015: TAaGGTAcgactgtgccttctagttgccagccatctgttgtttgcccctccccc 

LG1_Fas+PTPN2 gtgccttccttgaccctggaaggtgccactcccactgtcctttcctaataaaat 
gaggaaattgcatcgcattgtctgagtaggtgtcattctattctggggggtggg 
gtggggcaggacagcaagggggaggattgggaagacaatagcaggcatgctggg 
gatgcggtgggctctatgggataagcttgatatcgaattcatcgatgttaataa 
ttaacatatatgttaatcattaacatatagttaattattaaccgctatgttaat 
gattaacaacggttaataattaacatatatgttaatcattaacatataactagt 
ctagagggtatataatgggggccactagtctactaccagagTtcatcgctagcg 
ctaccggatccgccaccATGGCCCTGCCAGTAACGGCTCTGCTGCTGCCACTTG 
CTCTGCTCCTCCATGCAGCCAGGCCTCAGTTGCAGTTACAGGAGAGCGGACCCG 
GTCTGGTTAAACCGTCTGAAACACTGAGTTTGACATGTACAGTGTCCGGCGGCT 
CGATTTCAAACTCTTACTATTGGGGCTGGATTAGGCAGCCTCCCGGGAAAGGGC 
TCGAGTGGATCGGGTCCATATATCACTCAGGAAATACCTACTACAACCCAAGTC 
TTAAGTCTAGAGTGACAATCAGTGTGGATACGTCCAAGAATCAATTCTCCCTGA 
AGCTCTCAAGCGTGACCGCCGCCGACACCGCAGTGTATTATTGCGTAACTCAAG 
ACGGTGTGGGCGCTACCACTACCGAAGAGTATTGGGGACAAGGCACTCTTGTCA 
CAGTCTCCAGCGCGGCAGCAaccacgacgccagcgccgcgaccaccaacaccgg 
cgcccaccatcgcgtcgcagccactgtcactgcgcccagaagcgtgccggccag 
cggcggggggcgcagtgcacacgagggggctggacttcgcctgtgatatctaca 
tctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatca 
ccctttactgcaaacggggcagaaagaaactcctgtatatattcaaacaaccat 
ttatgagaccagtacaaactactcaagaagaggacggctgtagctgccgatttc 
cagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcag 
acgcccccgcgtaccagcagggccagaaccagctctataacgagctcaatctag 
gacgaagagaggagtacgatgttttggacaagaggcgtggccgggaccctgaga 
tggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgc 
agaaagataagatggcggaggcctacagtgagattgggatgaaaggcgagcgcc 
ggaggggcaaggggcacgatggcctttaccagggtctcagtacagccaccaagg 
acacctacgacgcccttcacatgcaggccctgccccctaggtaaaatcaacctc 
tggattacaaaatttgtgaaagattgactggtattcttaactatgttgctcctt 
ttacgctatgtggatacgctgtttaatgcctttgtatcatgctattgcttccc 
gtatggctttcattttctcctccttgtataaatcctggttgctgtctctttatg 
aggagttgtggcccgttgtcaggcaacgtggcgtggtgtgcactgtgtttgctg 
acgcaacccccactggttggggcattgccaccacctgtcagctcctttccggga 
ctttcgctttccccctccctattgccacggcggaactcatcgccgcctgccttg 
cccgctgctggacaggggctcggctgttgggcactgacaattccgtggtgttgt 
cggggaaatcatcgtcctttccttggctgctcgcctgtgttgccacctggattc 
tgcgcgggacgtccttctgctacgtcccttcggccctcaatccagcggaccttc 
cttcccgcggcctgctgccggctctgcggcctcttccgcgtcttcgccttcgcc 
ctcagacgagtcggatctccctttgggccgcctccccgcctggatccttgactt 
gcggccaacttgtttattgcagcttataatggttacaaataaagcaatagcatc 
acaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtcc 
aaactcatcaatgtatcttatcatgtctgggatccttgacttgcggccgcaact 
cccacctgcaacatgcgtgactgactgaggccgcgactctagagtcgaccggat 
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ctgcgatcgctccggtgcccgtcagtgggcagagcgcacatcgcccacagtccc 
cgagaagttggggggaggggtcggcaattgaacgggtgcctagagaaggtggcg 
cggggtaaactgggaaagtgatgtcgtgtactggctccgcctttttcccgaggg 
tgggggagaaccgtatataagtgcagtagtcgccgtgaacgttctttttcgcaa 
cgggtttgccgccagaacacagctgaagcttcgaggggctcgcatctctccttc 
acgcgcccgccgccctacctgaggccgccatccacgccggttgagtcgcgttct 
gccgcctcccgcctgtggtgcctcctgaactgcgtccgccgtctaggtaaGTcg 
actcgttggatccCCACTACCCGGATCAACGCCCTAGGTTTATGTTTGGATGAA 
CTGACATACGCGTATCCGTCTTAAGAATCTTTTCAAACACTAGTAGTGAAATAT 
ATATTAAACTAGTGTTTGAAAAGATTCTTATTACGGTAACGCGGAATTCGCAAC 
TATTTTATCAATTTTTTGCGTCGACACTTCAAGGGGCTTGCGGCCGCAACCATC 
TCCATGGCTGTTTGAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACAT 
CTTGGAAACACTTGCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGA 
GAAGGTATATTGCTGTTGACAGTGAGCGCCAGTGTGAAGCTCTTGTCAGATAGT 
GAAGCCACAGATGTATCTGACAAGAGCTTCACACTGATGCCTACTGCCTCGGAC 
TTCAAGGGGCTAGAATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTG 
CTATCTCTTTGATACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATC 
ACTTTTTCATCTGACCAGTAGTGGactagtgtgacgctgctgacccctttcttt 
cccttctACAGatccaagctgtgaccggcgcctacacctgcagcccaagcttac 
catggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgc 
cgccaggcctgacatacagatgacacagagccctagcagtctgagcgccagtgt 
gggcgatagagttactatcacttgtagagcatccgagaacatatacagttacgt 
ggcctggtatcagcaaaaacctggcaaagctcccaagttattgatttacaatgc 
taagagcttggcctctggggtgccatcgaggttcagcggtagcgggagcgggac 
cgacttcactctgaccatctcgagtctccagccggaggactttgcgacatacta 
ttgtcaacaccattacgtatcaccctggaccttcggcggcgggactaagttaga 
gatcaagggtggaggaggatcaggcggcggtggatcaggaggaggagggtcaca 
agtgcagttacaggaatcagggcccggcctggtgaagccaagtgaaaccctgag 
tctgacgtgcacggtttcaggatttagcctcacttcctacggtgtctcttggat 
tcggcagccagccggcaaagggctcgagtggattggggtgatctgggaagatgg 
ctcaacaaactatcattctgcactaatctctcgcgtgacaatgtcggtggacac 
gtccaagaatcaattttcccttaaactgtcctccgtgaccgcagccgatacagc 
ggtatattattgcgcgcgacctcactacggatctagctatgtcggcgcgatgga 
gtattggggcgctggcacaaccgtcaccgtttcttccgcaaccacgacgccagc 
gccgcgaccaccaacaccggcgcccaccatcgcgtcgcagcccctgtccctgcg 
ccctgaggcgtgcttcatgtacgtggcggcggccgcctttgtgcttctgttctt 
cgtgggctgcggggtgctgctgtcccgtaaacgcagacgtcaacacggtcaact 
gtggtttccagaaggttttaaggtctccgaagcaagtaagaagaaaagacgtga 
accactgggagaagatagcgtcggtctgaaaccactcaagaatgccatggtttc 
taaactgagccagctgcagacggagctcctggcggccctgctggagtcagggct 
gagcaaagaggcactgctccaggcactgggcgagccggggccctacctcctggc 
tggagaaggccccctggacaagggggagtcctgcggcggcggtcgaggggagct 
ggctgagctgcccaatgggctgggggagactcggggctccgaggacgagaccga 
cgacgatggggaagacttcacgccacccatcctcaaagagctggagaacctcag 
ccctgaggaggcggcccaccagaaagccgtggtggagacccttctgcaggagga 
cccgtggcgtgtggcgaagatggtcaagtcctacctgcagcagcacaacatccc 
acagcgggaggtggtcgataccactggcctcaaccagtcccacctgtcccaaca 
cctcaacaagggcactcccatgaagacgcagaagcgggccgccctgtacacctg 
gtatgtccgcaagcagcgagaggtggcgcagcagttcacccatgcagggcaggg 
agggctgattgaagagcccacaggagatgagctaccaaccaagaaggggcggag 
gaaccgtttcaagtggggcccagcatcccagcagatcctgttccaggcctatga 
gaggcagaagaaccctagcaaggaggagcgagaaacgctagtggaggagtgcaa 
tagggcggaatgcatccagagaggtgtgtcaccatcacaagcacaaggtctggg 
ctccaacctcgtcacggaggtgcgtgtctacaactggtttgccaaccggcgcaa 
agaagaagccttccggcacaagctggccatgacctgcagggatgagtttcccac 
catggtgtttccttctgggcagatcagccaggcctcggccttggccccggcccc 
tccccaagtcctgccccaggctccagcccctgcccctgctccagccatggtatc 
agctctggcccaggccccagcccctgtcccagtcctagccccaggccctcctca 
agctgtggccccacctgcccccaagcccacccaagctggggaaggaacgctgtc 
agaggccctgctgcagctgcagtttgatgatgaagacctgggggccttgcttgg 
caacagcacagacccagctgtgttcacagacctggcatccgtcgacaactccga 
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gtttcagcagctgctgaaccagggcatacctgtggccccccacacaactgagcc 
catgctgatggagtaccctgaggctataactcgcctagtgacaggggcccagag 
gccccccgacccagctcctgctccactgggggccccggggctccccaatggcct 
cctttcaggagatgaagacttctcctccattgcggacatggacttctcagccct 
gctgagtcagatcagctcctaaAGGAcgggtggcatccctgtgacccctcccca 

gtgcctctcctggccctggaagttgccactccagtgcccaccagccttgtccta 

ataaaattaagttgcatcattttgtctgactaggtgtccttctataatattatg 

gggtggaggggggtggtatggagcaaggggcaagttgggaagacaacctgtagg 
gcctgcggggtctattgggaaccaagctggagtgcagtggcacaatcttggctc 

actgcaatctccgcctcctgggttcaagcgattctcctgcctcagcctcccgag 

ttgttgggattccaggcatgcatgaccaggctcagctaatttttgtttttttgg 

tagaaacggggtttcaccatattggccaggctggtctccaactcctaatctcag 

gtgatctacccaccttggcctcccaaattgctgggattacaggcgtgaaccact 

gctcccttccctgtccttc 

169 AB-1013: GAGCCATGCTTGGCTTACGAGGGCGACCAACCCATCAAACTCCCCGCCCCCAGC 

LG1_2xSPAFas+PT ACTTTTATTTCTCCTCTTTAGGAAGTACACTTCAGTATCTTTGGCACAGTGCAT 

PN2 with flanking GAGCACGACTAAAGTAAAACATCGCAGAAAACATAGCTTTAGTCTACCCTTCGT 

CDL and homology GTCCTAAAAGGAAAACCAGTAGCTTCCCAGGCCACCGGAAGGGCAACACATGTC 

arms CTCTGCAGTTTCTGCACACGGGAAGGTAAAGACAGAGAGAGGACCTACTCCTCA 
ACACAGAAACATTTCAAAATCTTTCCTCGCCTGCAACCCAAGCTGAAGTCATTC 

TCCCCAGAAATAACAAAAGTTGGAAGAGAAGCCGGAGACAGGATAGGTGCAGGA 

AGCCCACACTTTGAGGGCAGCACTCAGACACCCTCTCCTGTGTGCAGGACGTGC 

CGAATGTTCAGGTGCAATGAGAATGAGCCATGCTTGGCTTATAaGGTAcgactg 
tgccttctagttgccagccatctgttgtttgcccctcccccgtgccttccttga 
ccctggaaggtgccactcccactgtcctttcctaataaaatgaggaaattgcat 
cgcattgtctgagtaggtgtcattctattctggggggtggggtggggcaggaca 
gcaagggggaggattgggaagacaatagcaggcatgctggggatgcggtgggct 
ctatgggataagcttgatatcgaattcatcgatgttaataattaacatatatgt 
taatcattaacatatagttaattattaaccgctatgttaatgattaacaacggt 
taataattaacatatatgttaatcattaacatataactagtctagagggtatat 
aatgggggccactagtctactaccagagTtcatcgctagcgctaccggatccgc 
caccATGGCCCTGCCAGTAACGGCTCTGCTGCTGCCACTTGCTCTGCTCCTCCA 
TGCAGCCAGGCCTCAGTTGCAGTTACAGGAGAGCGGACCCGGTCTGGTTAAACC 
GTCTGAAACACTGAGTTTGACATGTACAGTGTCCGGCGGCTCGATTTCAAACTC 
TTACTATTGGGGCTGGATTAGGCAGCCTCCCGGGAAAGGGCTCGAGTGGATCGG 
GTCCATATATCACTCAGGAAATACCTACTACAACCCAAGTCTTAAGTCTAGAGT 
GACAATCAGTGTGGATACGTCCAAGAATCAATTCTCCCTGAAGCTCTCAAGCGT 
GACCGCCGCCGACACCGCAGTGTATTATTGCGTAACTCAAGACGGTGTGGGCGC 
TACCACTACCGAAGAGTATTGGGGACAAGGCACTCTTGTCACAGTCTCCAGCGC 
GGCAGCAaccacgacgccagcgccgcgaccaccaacaccggcgcccaccatcgc 
gtcgcagccactgtcactgcgcccagaagcgtgccggccagcggcggggggcgc 
agtgcacacgagggggctggacttcgcctgtgatatctacatctgggcgccctt 
ggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaa 
acggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagt 
acaaactactcaagaagaggacggctgtagctgccgatttccagaagaagaaga 
aggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcgta 
ccagcagggccagaaccagctctataacgagctcaatctaggacgaagagagga 
gtacgatgttttggacaagaggcgtggccgggaccctgagatggggggaaagcc 
gagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaagataagat 
ggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggg 
gcacgatggcctttaccagggtctcagtacagccaccaaggacacctacgacgc 
ccttcacatgcaggccctgccccctaggtaaaatcaacctctggattacaaaat 
ttgtgaaagattgactggtattcttaactatgttgctccttttacgctatgtgg 
atacgctgctttaatgcctttgtatcatgctattgcttcccgtatggctttcat 
tttctcctccttgtataaatctggttgctgtctctttatgaggagttgtggcc 
cgttgtcaggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacccccac 
tggttggggcattgccaccacctgtcagctcctttccgggactttcgctttccc 
cctccctattgccacggcggaactcatcgccgcctgccttgcccgctgctggac 
aggggctcggctgttgggcactgacaattccgtggtgttgtcggggaaatcatc 
gtcctttccttggctgctcgcctgtgttgccacctggattctgcgcgggacgtc 
cttctgctacgtcccttcggccctcaatccagcggaccttccttcccgcggcct 
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gctgccggctctgcggcctcttccgcgtcttcgccttcgccctcagacgagtcg 
gatctccctttgggccgcctccccgcctggatccttgacttgcggccaacttgt 
ttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaa 
ataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatg 
tatcttatcatgttgggatcttgacttgggccgcaactcccacctgcaaca 
tgcgtgactgactgaggccgcgactctagagtcgaccggatctgcgatcgctcc 
ggtgcccgtcagtgggcagagcgcacatcgcccacagtccccgagaagttgggg 
ggaggggtcggcaattgaacgggtgcctagagaaggtggcgcggggtaaactgg 
gaaagtgatgtcgtgtactggctccgcctttttcccgagggtgggggagaaccg 
tatataagtgcagtagtcgccgtgaacgttctttttgcaacgggtttgccgcc 
agaacacagctgaagcttcgaggggctcgcatctctccttcacgcgcccgccgc 
cctacctgaggccgccatccacgccggttgagtcgcgttctgccgcctcccgcc 
tgtggtgcctcctgaactgcgtccgccgtctaggtaaGTcgactcgttggatcc 
CCACTACCCGGATCAACGCCCTAGGTTTATGTTTGGATGAACTGACATACGCGT 
ATCCGTCTTAAGAATCTTTTCAAACACTAGTAGTGAAATATATATTAAACTAGT 
GTTTGAAAAGATTCTTATTACGGTAACGCGGAATTCGCAACTATTTTATCAATT 
TTTTGCGTCGACACTTCAAGGGGCTTGCGGCCGCAACCATCTCCATGGCTGTTT 
GAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAACACTT 
GCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTATATTGC 
TGTTGACAGTGAGCGCCAGTGTGAAGCTCTTGTCAGATAGTGAAGCCACAGATG 
TATCTGACAAGAGCTTCACACTGATGCCTACTGCCTCGGACTTCAAGGGGCTAG 
AATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCTTTGAT 
ACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTTTTCATCTG 
ACCAGTAGTGGactagtgtgacgctgctgacccctttctttcccttctACAGat 
ccaagctgtgaccggcgcctacacctgcagcccaagcttaccatggccttacca 
gtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggcctgac 
atacagatgacacagagccctagcagtctgagcgccagtgtgggcgatagagtt 
actatcacttgtagagcatccgagaacatatacagttacgtggcctggtatcag 
caaaaacctggcaaagctcccaagttattgatttacaatgctaagagcttggcc 
tctggggtgccatcgaggttcagcggtagcgggagcgggaccgacttcactctg 
accatctcgagtctccagccggaggactttgcgacatactattgtcaacaccat 
tacgtatcaccctggaccttcggcggcgggactaagttagagatcaagggtgga 
ggaggatcaggcggcggtggatcaggaggaggagggtcacaagtgcagttacag 
gaatcagggcccggcctggtgaagccaagtgaaaccctgagtctgacgtgcacg 
gtttcaggatttagcctcacttcctacggtgtctcttggattcggcagccagcc 
ggcaaagggctcgagtggattggggtgatctgggaagatggctcaacaaactat 
cattctgcactaatctctcgcgtgacaatgtcggtggacacgtccaagaatcaa 
ttttcccttaaactgtcctccgtgaccgcagccgatacagcggtatattattgc 
gcgcgacctcactacggatctagctatgtcggcgcgatggagtattggggcgct 
ggcacaaccgtcaccgtttcttccgcaaccacgacgccagcgccgcgaccacca 
acaccggcgcccaccatcgcgtcgcagcccctgtccctgcgccctgaggcgtgc 
ttcatgtacgtggcggcggccgcctttgtgcttctgttcttcgtgggctgcggg 
gtgctgctgtcccgtaaacgcagacgtcaacacggtcaactgtggtttccagaa 
ggttttaaggtctccgaagcaagtaagaagaaaagacgtgaaccactgggagaa 
gatagcgtcggtctgaaaccactcaagaatgccatggtttctaaactgagccag 
ctgcagacggagctcctggcggccctgctggagtcagggctgagcaaagaggca 
ctgctccaggcactgggcgagccggggccctacctcctggctggagaaggcccc 
ctggacaagggggagtcctgcggcggcggtcgaggggagctggctgagctgccc 
aatgggctgggggagactcggggctccgaggacgagaccgacgacgatggggaa 
gacttcacgccacccatcctcaaagagctggagaacctcagccctgaggaggcg 
gcccaccagaaagccgtggtggagacccttctgcaggaggacccgtggcgtgtg 
gcgaagatggtcaagtcctacctgcagcagcacaacatcccacagcgggaggtg 
gtcgataccactggcctcaaccagtcccacctgtcccaacacctcaacaagggc 
actcccatgaagacgcagaagcgggccgccctgtacacctggtatgtccgcaag 
cagcgagaggtggcgcagcagttcacccatgcagggcagggagggctgattgaa 
gagcccacaggagatgagctaccaaccaagaaggggcggaggaaccgtttcaag 
tggggcccagcatcccagcagatcctgttccaggcctatgagaggcagaagaac 
cctagcaaggaggagcgagaaacgctagtggaggagtgcaatagggcggaatgc 
atccagagaggtgtgtcaccatcacaagcacaaggtctgggctccaacctcgtc 
acggaggtgcgtgtctacaactggtttgccaaccggcgcaaagaagaagccttc 
cggcacaagctggccatgacctgcagggatgagtttcccaccatggtgtttcct 

237



WO 2023/064928 PCT/US2022/078158 

tctgggcagatcagccaggcctcggccttggccccggcccctccccaagtcctg 
ccccaggctccagcccctgcccctgctccagccatggtatcagctctggcccag 
gccccagcccctgtcccagtcctagccccaggccctcctcaagctgtggcccca 
cctgcccccaagcccacccaagctggggaaggaacgctgtcagaggccctgctg 
cagctgcagtttgatgatgaagacctgggggccttgcttggcaacagcacagac 
ccagctgtgttcacagacctggcatccgtcgacaactccgagtttcagcagctg 
ctgaaccagggcatacctgtggccccccacacaactgagcccatgctgatggag 
taccctgaggctataactcgcctagtgacaggggcccagaggccccccgaccca 
gctcctgctccactgggggccccggggctccccaatggcctcctttcaggagat 
gaagacttctcctccattgcggacatggacttctcagccctgctgagtcagatc 
agctcctaaAGGAaataaaagatctttaatgaaaatAGATCTGTGTGTTGGTTT 

TTTGTGTGaataaaagatccagagctctagAGATCTGTGTGTTGGTTTTTTGTG 

TGCGAGGGCAATCTGGCCCATCAAGTGGCCTTCGCCTCTGGGAGTAACAAAAAT 

GCACTTCAAAATAGCTTCTGTAATCAAGCTGCATGGGTGGAGTACTCCCCAGCT 

GACTCCAGGAAGTTCTCTATCCAAAGCTATTCATTAGGCCAGAGCTGTGCAAAT 

AATTAGTCACCCACTTGCTCCATAACCCTCCATGACAGCCCAGGCATTGAGTCC 

AGGTGGGACCATCAAGCCATGCTCTGGTGGCTCATGCATTATCATAGAAATGGG 

AGGCTTTATTTATTTTACTAAAAAGAACAAAAACAACAGACTGCTGTCCTTTAG 

ACAATAGGATCACGTCATCTGAGCCCTCTGTGCCCCAGGTGACAAGCCCAGCCC 

CAAGTTCTCTTTCCTCAGCCTCCCCACACATGTTCTGGAGGAGATGGGCCCAGC 

AGGCTGCTCTGAGGCCTGGCCCCTCGTAAGCCAAGCATGGCTC 

170 AB-1014: GAGCCATGCTTGGCTTACGAGGGCGACCAACCCATCAAACTCCCCGCCCCCAGC 

LGlTTTFas+PTPN ACTTTTATTTCTCCTCTTTAGGAAGTACACTTCAGTATCTTTGGCACAGTGCAT 

2 with flanking CDL GAGCACGACTAAAGTAAAACATCGCAGAAAACATAGCTTTAGTCTACCCTTCGT 

and homology arms GTCCTAAAAGGAAAACCAGTAGCTTCCCAGGCCACCGGAAGGGCAACACATGTC 
CTCTGCAGTTTCTGCACACGGGAAGGTAAAGACAGAGAGAGGACCTACTCCTCA 

ACACAGAAACATTTCAAAATCTTTCCTCGCCTGCAACCCAAGCTGAAGTCATTC 

TCCCCAGAAATAACAAAAGTTGGAAGAGAAGCCGGAGACAGGATAGGTGCAGGA 

AGCCCACACTTTGAGGGCAGCACTCAGACACCCTCTCCTGTGTGCAGGACGTGC 

CGAATGTTCAGGTGCAATGAGAATGAGCCATGCTTGGCTTATAaGGTAcgactg 
tgccttctagttgccagccatctgttgtttgcccctcccccgtgccttccttga 
ccctggaaggtgccactcccactgtcctttcctaataaaatgaggaaattgcat 
cgcattgtctgagtaggtgtcattctattctggggggtggggtggggcaggaca 
gcaagggggaggattgggaagacaatagcaggcatgctggggatgcggtgggct 
ctatgggataagcttgatatcgaattcatcgatgttaataattaacatatatgt 
taatcattaacatatagttaattattaaccgctatgttaatgattaacaacggt 
taataattaacatatatgttaatcattaacatataactagtctagagggtatat 
aatgggggccactagtctactaccagagTtcatcgctagcgctaccggatccgc 
caccATGGCCCTGCCAGTAACGGCTCTGCTGCTGCCACTTGCTCTGCTCCTCCA 
TGCAGCCAGGCCTCAGTTGCAGTTACAGGAGAGCGGACCCGGTCTGGTTAAACC 
GTCTGAAACACTGAGTTTGACATGTACAGTGTCCGGCGGCTCGATTTCAAACTC 
TTACTATTGGGGCTGGATTAGGCAGCCTCCCGGGAAAGGGCTCGAGTGGATCGG 
GTCCATATATCACTCAGGAAATACCTACTACAACCCAAGTCTTAAGTCTAGAGT 
GACAATCAGTGTGGATACGTCCAAGAATCAATTCTCCCTGAAGCTCTCAAGCGT 
GACCGCCGCCGACACCGCAGTGTATTATTGCGTAACTCAAGACGGTGTGGGCGC 
TACCACTACCGAAGAGTATTGGGGACAAGGCACTCTTGTCACAGTCTCCAGCGC 
GGCAGCAaccacgacgccagcgccgcgaccaccaacaccggcgcccaccatcgc 
gtcgcagccactgtcactgcgcccagaagcgtgccggccagcggcggggggcgc 
agtgcacacgagggggctggacttcgcctgtgatatctacatctgggcgccctt 
ggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaa 
acggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagt 
acaaactactcaagaagaggacggctgtagctgccgatttccagaagaagaaga 
aggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcgta 
ccagcagggccagaaccagctctataacgagctcaatctaggacgaagagagga 
gtacgatgttttggacaagaggcgtggccgggaccctgagatggggggaaagcc 
gagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaagataagat 
ggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggg 
gcacgatggcctttaccagggtctcagtacagccaccaaggacacctacgacgc 
ccttcacatgcaggccctgccccctaggtaaaatcaacctctggattacaaaat 
ttgtgaaagattgactggtattcttaactatgttgctccttttacgctatgtgg 
atacgctgctttaatgcctttgtatcatgctattgcttcccgtatggctttcat 
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tttctcctccttgtataaatctggttgctgtctctttatgaggagttgtggcc 
cgttgtcaggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacccccac 
tggttggggcattgccaccacctgtcagctcctttccgggactttcgctttccc 
cctccctattgccacggcggaactcatcgccgcctgccttgcccgctgctggac 
aggggctcggctgttgggcactgacaattccgtggtgttgtcggggaaatcatc 
gtcctttccttggctgctcgcctgtgttgccacctggattctgcgcgggacgtc 
cttctgctacgtcccttcggccctcaatccagcggaccttccttcccgcggcct 
gctgccggctctgcggcctcttccgcgtcttcgccttcgccctcagacgagtcg 
gatctccctttgggccgcctccccgcctggatccttgacttgcggccaacttgt 
ttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaa 
ataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatg 
tatcttatcatgttgggatcttgacttgggccgcaactcccacctgcaaca 
tgcgtgactgactgaggccgcgactctagagtcgaccggatctgcgatcgctcc 
ggtgcccgtcagtgggcagagcgcacatcgcccacagtccccgagaagttgggg 
ggaggggtcggcaattgaacgggtgcctagagaaggtggcgcggggtaaactgg 
gaaagtgatgtcgtgtactggctccgcctttttcccgagggtgggggagaaccg 
tatataagtgcagtagtcgccgtgaacgttctttttgcaacgggtttgccgcc 
agaacacagctgaagcttcgaggggctcgcatctctccttcacgcgcccgccgc 
cctacctgaggccgccatccacgccggttgagtcgcgttctgccgcctcccgcc 
tgtggtgcctcctgaactgcgtccgccgtctaggtaaGTcgactcgttggatcc 
CCACTACCCGGATCAACGCCCTAGGTTTATGTTTGGATGAACTGACATACGCGT 
ATCCGTCTTAAGAATCTTTTCAAACACTAGTAGTGAAATATATATTAAACTAGT 
GTTTGAAAAGATTCTTATTACGGTAACGCGGAATTCGCAACTATTTTATCAATT 
TTTTGCGTCGACACTTCAAGGGGCTTGCGGCCGCAACCATCTCCATGGCTGTTT 
GAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAACACTT 
GCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTATATTGC 
TGTTGACAGTGAGCGCCAGTGTGAAGCTCTTGTCAGATAGTGAAGCCACAGATG 
TATCTGACAAGAGCTTCACACTGATGCCTACTGCCTCGGACTTCAAGGGGCTAG 
AATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCTTTGAT 
ACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTTTTCATCTG 
ACCAGTAGTGGactagtgtgacgctgctgacccctttctttcccttctACAGat 
ccaagctgtgaccggcgcctacacctgcagcccaagcttTTTatggccttacca 
gtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggcctgac 
atacagatgacacagagccctagcagtctgagcgccagtgtgggcgatagagtt 
actatcacttgtagagcatccgagaacatatacagttacgtggcctggtatcag 
caaaaacctggcaaagctcccaagttattgatttacaatgctaagagcttggcc 
tctggggtgccatcgaggttcagcggtagcgggagcgggaccgacttcactctg 
accatctcgagtctccagccggaggactttgcgacatactattgtcaacaccat 
tacgtatcaccctggaccttcggcggcgggactaagttagagatcaagggtgga 
ggaggatcaggcggcggtggatcaggaggaggagggtcacaagtgcagttacag 
gaatcagggcccggcctggtgaagccaagtgaaaccctgagtctgacgtgcacg 
gtttcaggatttagcctcacttcctacggtgtctcttggattcggcagccagcc 
ggcaaagggctcgagtggattggggtgatctgggaagatggctcaacaaactat 
cattctgcactaatctctcgcgtgacaatgtcggtggacacgtccaagaatcaa 
ttttcccttaaactgtcctccgtgaccgcagccgatacagcggtatattattgc 
gcgcgacctcactacggatctagctatgtcggcgcgatggagtattggggcgct 
ggcacaaccgtcaccgtttcttccgcaaccacgacgccagcgccgcgaccacca 
acaccggcgcccaccatcgcgtcgcagcccctgtccctgcgccctgaggcgtgc 
ttcatgtacgtggcggcggccgcctttgtgcttctgttcttcgtgggctgcggg 
gtgctgctgtcccgtaaacgcagacgtcaacacggtcaactgtggtttccagaa 
ggttttaaggtctccgaagcaagtaagaagaaaagacgtgaaccactgggagaa 
gatagcgtcggtctgaaaccactcaagaatgccatggtttctaaactgagccag 
ctgcagacggagctcctggcggccctgctggagtcagggctgagcaaagaggca 
ctgctccaggcactgggcgagccggggccctacctcctggctggagaaggcccc 
ctggacaagggggagtcctgcggcggcggtcgaggggagctggctgagctgccc 
aatgggctgggggagactcggggctccgaggacgagaccgacgacgatggggaa 
gacttcacgccacccatcctcaaagagctggagaacctcagccctgaggaggcg 
gcccaccagaaagccgtggtggagacccttctgcaggaggacccgtggcgtgtg 
gcgaagatggtcaagtcctacctgcagcagcacaacatcccacagcgggaggtg 
gtcgataccactggcctcaaccagtcccacctgtcccaacacctcaacaagggc 
actcccatgaagacgcagaagcgggccgccctgtacacctggtatgtccgcaag 
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cagcgagaggtggcgcagcagttcacccatgcagggcagggagggctgattgaa 
gagcccacaggagatgagctaccaaccaagaaggggcggaggaaccgtttcaag 
tggggcccagcatcccagcagatcctgttccaggcctatgagaggcagaagaac 
cctagcaaggaggagcgagaaacgctagtggaggagtgcaatagggcggaatgc 
atccagagaggtgtgtcaccatcacaagcacaaggtctgggctccaacctcgtc 
acggaggtgcgtgtctacaactggtttgccaaccggcgcaaagaagaagccttc 
cggcacaagctggccatgacctgcagggatgagtttcccaccatggtgtttcct 
tctgggcagatcagccaggcctcggccttggccccggcccctccccaagtcctg 
ccccaggctccagcccctgcccctgctccagccatggtatcagctctggcccag 
gccccagcccctgtcccagtcctagccccaggccctcctcaagctgtggcccca 
cctgcccccaagcccacccaagctggggaaggaacgctgtcagaggccctgctg 
cagctgcagtttgatgatgaagacctgggggccttgcttggcaacagcacagac 
ccagctgtgttcacagacctggcatccgtcgacaactccgagtttcagcagctg 
ctgaaccagggcatacctgtggccccccacacaactgagcccatgctgatggag 
taccctgaggctataactcgcctagtgacaggggcccagaggccccccgaccca 
gctcctgctccactgggggccccggggctccccaatggcctcctttcaggagat 
gaagacttctcctccattgcggacatggacttctcagccctgctgagtcagatc 
agctcctaaAGGACGGGTGGCATCCCTGTGACCCCTCCCCAGTGCCTCTCCTGG 

CCCTGGAAGTTGCCACTCCAGTGCCCACCAGCCTTGTCCTAATAAAATTAAGTT 

GCATCATTTTGTCTGACTAGGTGTCCTTCTATAATATTATGGGGTGGAGGGGGG 

TGGTATGGAGCAAGGGGCAAGTTGGGAAGACAACCTGTAGGGCCTGCGGGGTCT 

ATTGGGAACCAAGCTGGAGTGCAGTGGCACAATCTTGGCTCACTGCAATCTCCG 

CCTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGAGTTGTTGGGATTCC 

AGGCATGCATGACCAGGCTCAGCTAATTTTTGTTTTTTTGGTAGAaACGGGGTT 

TCACCATATTGGCCAGGCTGGTCTCCAACTCCTAATCTCAGGTGATCTACCCAC 

CTTGGCCTCCCAAATTGCTGGGATTACAGGCGTGAACCACTGCTCCCttccctg 

tccttcCGAGGGCAATCTGGCCCATCAAGTGGCCTTCGCCTCTGGGAGTAACAA 

AAATGCACTTCAAAATAGCTTCTGTAATCAAGCTGCATGGGTGGAGTACTCCCC 

AGCTGACTCCAGGAAGTTCTCTATCCAAAGCTATTCATTAGGCCAGAGCTGTGC 

AAATAATTAGTCACCCACTTGCTCCATAACCCTCCATGACAGCCCAGGCATTGA 

GTCCAGGTGGGACCATCAAGCCATGCTCTGGTGGCTCATGCATTATCATAGAAA 

TGGGAGGCTTTATTTATTTTACTAAAAAGAACAAAAACAACAGACTGCTGTCCT 

TTAGACAATAGGATCACGTCATCTGAGCCCTCTGTGCCCCAGGTGACAAGCCCA 

GCCCCAAGTTCTCTTTCCTCAGCCTCCCCACACATGTTCTGGAGGAGATGGGCC 

CAGCAGGCTGCTCTGAGGCCTGGCCCCTCGTAAGCCAAGCATGGCTCatcccaa 

tggcgcgccgagcttggcgtaatcatggtcatagctgtt 

171 AB-1015: GAGCCATGCTTGGCTTACGAGGGCGACCAACCCATCAAACTCCCCGCCCCCAGC 

LG1_Fas+PTPN2 with ACTTTTATTTCTCCTCTTTAGGAAGTACACTTCAGTATCTTTGGCACAGTGCAT 

flanking CDL and GAGCACGACTAAAGTAAAACATCGCAGAAAACATAGCTTTAGTCTACCCTTCGT 

homology arms GTCCTAAAAGGAAAACCAGTAGCTTCCCAGGCCACCGGAAGGGCAACACATGTC 
CTCTGCAGTTTCTGCACACGGGAAGGTAAAGACAGAGAGAGGACCTACTCCTCA 

ACACAGAAACATTTCAAAATCTTTCCTCGCCTGCAACCCAAGCTGAAGTCATTC 

TCCCCAGAAATAACAAAAGTTGGAAGAGAAGCCGGAGACAGGATAGGTGCAGGA 

AGCCCACACTTTGAGGGCAGCACTCAGACACCCTCTCCTGTGTGCAGGACGTGC 

CGAATGTTCAGGTGCAATGAGAATGAGCCATGCTTGGCTTATAaGGTAcgactg 
tgccttctagttgccagccatctgttgtttgcccctcccccgtgccttccttga 
ccctggaaggtgccactcccactgtcctttcctaataaaatgaggaaattgcat 
cgcattgtctgagtaggtgtcattctattctggggggtggggtggggcaggaca 
gcaagggggaggattgggaagacaatagcaggcatgctggggatgcggtgggct 
ctatgggataagcttgatatcgaattcatcgatgttaataattaacatatatgt 
taatcattaacatatagttaattattaaccgctatgttaatgattaacaacggt 
taataattaacatatatgttaatcattaacatataactagtctagagggtatat 
aatgggggccactagtctactaccagagTtcatcgctagcgctaccggatccgc 
caccATGGCCCTGCCAGTAACGGCTCTGCTGCTGCCACTTGCTCTGCTCCTCCA 
TGCAGCCAGGCCTCAGTTGCAGTTACAGGAGAGCGGACCCGGTCTGGTTAAACC 
GTCTGAAACACTGAGTTTGACATGTACAGTGTCCGGCGGCTCGATTTCAAACTC 
TTACTATTGGGGCTGGATTAGGCAGCCTCCCGGGAAAGGGCTCGAGTGGATCGG 
GTCCATATATCACTCAGGAAATACCTACTACAACCCAAGTCTTAAGTCTAGAGT 
GACAATCAGTGTGGATACGTCCAAGAATCAATTCTCCCTGAAGCTCTCAAGCGT 
GACCGCCGCCGACACCGCAGTGTATTATTGCGTAACTCAAGACGGTGTGGGCGC 
TACCACTACCGAAGAGTATTGGGGACAAGGCACTCTTGTCACAGTCTCCAGCGC 
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GGCAGCAaccacgacgccagcgccgcgaccaccaacaccggcgcccaccatcgc 
gtcgcagccactgtcactgcgcccagaagcgtgccggccagcggcggggggcgc 
agtgcacacgagggggctggacttcgcctgtgatatctacatctgggcgccctt 
ggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaa 
acggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagt 
acaaactactcaagaagaggacggctgtagctgccgatttccagaagaagaaga 
aggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcgta 
ccagcagggccagaaccagctctataacgagctcaatctaggacgaagagagga 
gtacgatgttttggacaagaggcgtggccgggaccctgagatggggggaaagcc 
gagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaagataagat 
ggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggg 
gcacgatggcctttaccagggtctcagtacagccaccaaggacacctacgacgc 
ccttcacatgcaggccctgccccctaggtaaaatcaacctctggattacaaaat 
ttgtgaaagattgactggtattcttaactatgttgctccttttacgctatgtgg 
atacgctgctttaatgcctttgtatcatgctattgcttcccgtatggctttcat 
tttctcctccttgtataaatcctggttgctgtctctttatgaggagttgtggcc 
cgttgtcaggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacccccac 
tggttggggcattgccaccacctgtcagctcctttccgggactttcgctttccc 
cctccctattgccacggcggaactcatcgccgcctgccttgcccgctgctggac 
aggggctcggctgttgggcactgacaattccgtggtgttgtcggggaaatcatc 
gtcctttccttggctgctcgcctgtgttgccacctggattctgcgcgggacgtc 
cttctgctacgtcccttcggccctcaatccagcggaccttccttcccgcggcct 
gctgccggctctgcggcctcttccgcgtcttcgccttcgccctcagacgagtcg 
gatctccctttgggccgcctccccgcctggatccttgacttgcggccaacttgt 
ttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaa 
ataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatg 
tatcttatcatgtctgggatccttgacttgcggccgcaactcccacctgcaaca 
tgcgtgactgactgaggccgcgactctagagtcgaccggatctgcgatcgctcc 
ggtgcccgtcagtgggcagagcgcacatcgcccacagtccccgagaagttgggg 
ggaggggtcggcaattgaacgggtgcctagagaaggtggcgcggggtaaactgg 
gaaagtgatgtcgtgtactggctccgcctttttcccgagggtgggggagaaccg 
tatataagtgcagtagtcgccgtgaacgttctttttcgcaacgggtttgccgcc 
agaacacagctgaagcttcgaggggctcgcatctctccttcacgcgcccgccgc 
cctacctgaggccgccatccacgccggttgagtcgcgttctgccgcctcccgcc 
tgtggtgcctcctgaactgcgtccgccgtctaggtaaGTcgactcgttggatcc 
CCACTACCCGGATCAACGCCCTAGGTTTATGTTTGGATGAACTGACATACGCGT 
ATCCGTCTTAAGAATCTTTTCAAACACTAGTAGTGAAATATATATTAAACTAGT 
GTTTGAAAAGATTCTTATTACGGTAACGCGGAATTCGCAACTATTTTATCAATT 
TTTTGCGTCGACACTTCAAGGGGCTTGCGGCCGCAACCATCTCCATGGCTGTTT 
GAATGAGGCTTCAGTACTTTACAGAATCGTTGCCTGCACATCTTGGAAACACTT 
GCTGGGATTACTTCGACTTCTTAACCCAACAGAAGGCTCGAGAAGGTATATTGC 
TGTTGACAGTGAGCGCCAGTGTGAAGCTCTTGTCAGATAGTGAAGCCACAGATG 
TATCTGACAAGAGCTTCACACTGATGCCTACTGCCTCGGACTTCAAGGGGCTAG 
AATTCGAGCAATTATCTTGTTTACTAAAACTGAATACCTTGCTATCTCTTTGAT 
ACATTTTTACAAAGCTGAATTAAAATGGTATAAATTAAATCACTTTTTCATCTG 
ACCAGTAGTGGactagtgtgacgctgctgacccctttctttcccttctACAGat 
ccaagctgtgaccggcgcctacacctgcagcccaagcttaccatggccttacca 
gtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggcctgac 
atacagatgacacagagccctagcagtctgagcgccagtgtgggcgatagagtt 
actatcacttgtagagcatccgagaacatatacagttacgtggcctggtatcag 
caaaaacctggcaaagctcccaagttattgatttacaatgctaagagcttggcc 
tctggggtgccatcgaggttcagcggtagcgggagcgggaccgacttcactctg 
accatctcgagtctccagccggaggactttgcgacatactattgtcaacaccat 
tacgtatcaccctggaccttcggcggcgggactaagttagagatcaagggtgga 
ggaggatcaggcggcggtggatcaggaggaggagggtcacaagtgcagttacag 
gaatcagggcccggcctggtgaagccaagtgaaaccctgagtctgacgtgcacg 
gtttcaggatttagcctcacttcctacggtgtctcttggattcggcagccagcc 
ggcaaagggctcgagtggattggggtgatctgggaagatggctcaacaaactat 
cattctgcactaatctctcgcgtgacaatgtcggtggacacgtccaagaatcaa 
ttttcccttaaactgtcctccgtgaccgcagccgatacagcggtatattattgc 
gcgcgacctcactacggatctagctatgtcggcgcgatggagtattggggcgct 
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ggcacaaccgtcaccgtttcttccgcaaccacgacgccagcgccgcgaccacca 
acaccggcgcccaccatcgcgtcgcagcccctgtccctgcgccctgaggcgtgc 
ttcatgtacgtggcggcggccgcctttgtgcttctgttcttcgtgggtgggg 
gtgctgctgtcccgtaaacgcagacgtcaacacggtcaactgtggtttccagaa 
ggttttaaggtctccgaagcaagtaagaagaaaagacgtgaaccactgggagaa 
gatagcgtcggtctgaaaccactcaagaatgccatggtttctaaactgagccag 
ctgcagacggagctcctggcggccctgctggagtcagggctgagcaaagaggca 
ctgctccaggcactgggcgagccggggccctacctcctggctggagaaggcccc 
ctggacaagggggagtcctgcggcggcggtcgaggggagctggctgagctgccc 
aatgggctgggggagactcggggctccgaggacgagaccgacgacgatggggaa 
gacttcacgccacccatcctcaaagagctggagaacctcagccctgaggaggcg 
gcccaccagaaagccgtggtggagacccttctgcaggaggacccgtggcgtgtg 
gcgaagatggtcaagtcctacctgcagcagcacaacatcccacagcgggaggtg 
gtcgataccactggcctcaaccagtcccacctgtcccaacacctcaacaagggc 
actcccatgaagacgcagaagcgggccgccctgtacacctggtatgtccgcaag 
cagcgagaggtggcgcagcagttcacccatgcagggcagggagggctgattgaa 
gagcccacaggagatgagctaccaaccaagaaggggcggaggaaccgtttcaag 
tggggcccagcatcccagcagatcctgttccaggcctatgagaggcagaagaac 
cctagcaaggaggagcgagaaacgctagtggaggagtgcaatagggcggaatgc 
atccagagaggtgtgtcaccatcacaagcacaaggtctgggctccaacctcgtc 
acggaggtgcgtgtctacaactggtttgccaaccggcgcaaagaagaagccttc 
cggcacaagctggccatgacctgcagggatgagtttcccaccatggtgtttcct 
tctgggcagatcagccaggcctcggccttggccccggcccctccccaagtcctg 
ccccaggctccagcccctgcccctgctccagccatggtatcagctctggcccag 
gccccagcccctgtcccagtcctagccccaggccctcctcaagctgtggcccca 
cctgcccccaagcccacccaagctggggaaggaacgctgtcagaggccctgctg 
cagctgcagtttgatgatgaagacctgggggccttgcttggcaacagcacagac 
ccagctgtgttcacagacctggcatccgtcgacaactccgagtttcagcagctg 
ctgaaccagggcatacctgtggccccccacacaactgagcccatgctgatggag 
taccctgaggctataactcgcctagtgacaggggcccagaggccccccgaccca 
gctcctgctccactgggggccccggggctccccaatggcctcctttcaggagat 
gaagacttctcctccattgcggacatggacttctcagccctgctgagtcagatc 
agctcctaaAGGAcgggtggcatccctgtgacccctccccagtgcctctcctgg 

ccctggaagttgccactccagtgcccaccagccttgtcctaataaaattaagtt 

gcatcattttgtctgactaggtgtccttctataatattatggggtggagggggg 

tggtatggagcaaggggcaagttgggaagacaacctgtagggcctgcggggtct 

attgggaaccaagctggagtgcagtggcacaatcttggctcactgcaatctccg 

cctcctgggttcaagcgattctcctgcctcagcctcccgagttgttgggattcc 

aggcatgcatgaccaggctcagctaatttttgtttttttggtagaaacggggtt 

tcaccatattggccaggctggtctccaactcctaatctcaggtgatctacccac 

cttggcctcccaaattgctgggattacaggcgtgaaccactgctcccttccctg 

tccttcCGAGGGCAATCTGGCCCATCAAGTGGCCTTCGCCTCTGGGAGTAACAA 

AAATGCACTTCAAAATAGCTTCTGTAATCAAGCTGCATGGGTGGAGTACTCCCC 

AGCTGACTCCAGGAAGTTCTCTATCCAAAGCTATTCATTAGGCCAGAGCTGTGC 

AAATAATTAGTCACCCACTTGCTCCATAACCCTCCATGACAGCCCAGGCATTGA 

GTCCAGGTGGGACCATCAAGCCATGCTCTGGTGGCTCATGCATTATCATAGAAA 

TGGGAGGCTTTATTTATTTTACTAAAAAGAACAAAAACAACAGACTGCTGTCCT 

TTAGACAATAGGATCACGTCATCTGAGCCCTCTGTGCCCCAGGTGACAAGCCCA 

GCCCCAAGTTCTCTTTCCTCAGCCTCCCCACACATGTTCTGGAGGAGATGGGCC 

CAGCAGGCTGCTCTGAGGCCTGGCCCCTCGTAAGCCAAGCATGGCTC 
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CLAIMS 

1. One or more recombinant nucleic acids, wherein the one or more recombinant nucleic 

acids encode: 

a. a first chimeric polypeptide comprising a priming receptor comprising a first 

extracellular antigen-binding domain that specifically binds Alkaline 

Phosphatase, Placental/Germ Cell (ALPG/P), wherein the first extracellular 

antigen-binding domain comprises a variable heavy (VH) chain sequence 

comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR

H3, and a variable light (VL) chain sequence comprising three light chain 

CDR sequences, CDR-L1, CDR-L2, and CDR-L3, wherein: 

i. CDR-H1 comprises the sequence set forth in SEQ ID NO: 1, 

ii. CDR-H2 comprises the sequence set forth in SEQ ID NO: 2, 

iii. CDR-H3 comprises the sequence set forth in SEQ ID NO: 3, 

iv. CDR-L1 comprises the sequence set forth in SEQ ID NO: 4, 

v. CDR-L2 comprises the sequence set forth in SEQ ID NO: 5, and 

vi. CDR-L3 comprises the sequence set forth in SEQ ID NO: 6; 

b. a second chimeric polypeptide comprising a chimeric antigen receptor (CAR) 

comprising a second extracellular antigen-binding domain that specifically 

binds to mesothelin (MSLN), and wherein the second extracellular antigen

binding domain comprises a variable heavy (VH) chain sequence comprising 

three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, 

wherein: 

i. CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

ii. CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 

iii. CDR-H3 comprises the sequence set forth in SEQ ID NO: 16; or 

iv. CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, 

v. CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

vi. CDR-H3 comprises the sequence set forth in SEQ ID NO: 12; 
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c. a first nucleic acid sequence complementary to nucleotides 1126 to 1364 of an 

mRNA encoding human FAS comprising the sequence set forth in SEQ ID 

NO: 39, and 

d. a second nucleic acid sequence complementary to nucleotides 518 to 559 of 

an mRNA encoding human PTPN2 comprising the sequence set forth in SEQ 

ID NO: 40; or complementary to nucleotides 1294 to 2141 of an mRNA 

encoding human TOX comprising the sequence set forth in SEQ ID NO: 41.  

2. The recombinant nucleic acid(s) of claim 1, wherein the first extracellular antigen

binding domain VH chain sequence comprises the sequence set forth in SEQ ID NO: 7.  

3. The recombinant nucleic acid(s) of claims 1 or 2, wherein the first extracellular 

antigen-binding domain VL chain sequence comprises the sequence set forth in SEQ ID NO: 

8.  

4. The recombinant nucleic acid(s) of any one of claims 1-3, wherein the first 

extracellular antigen-binding domain comprises the sequence set forth in SEQ ID NO: 9.  

5. The recombinant nucleic acid(s) of any one of claims 1-4, wherein the second 

extracellular antigen-binding domain VH comprises the sequence as set forth in SEQ ID NO: 

17.  

6. The recombinant nucleic acid(s) of any one of claims 1-4, wherein the second 

extracellular antigen-binding domain VHH chain sequence comprises the sequence set forth 

in SEQ ID NO: 13.  

7. The recombinant nucleic acid of any one of claims 1-6, wherein the recombinant 

nucleic acid comprises a sequence selected from the group consisting of the sequences set 

forth in SEQ ID NOs: 168, 167, or 166.  

8. A recombinant nucleic acid comprising a nucleic acid sequence at least 15 nucleotides 

in length complementary to nucleotides 1126 to 1364 of an mRNA encoding human FAS 

comprising the sequence set forth in SEQ ID NO: 39.  

9. A recombinant nucleic acid comprising a nucleic acid sequence at least 15 nucleotides 

in length complementary to nucleotides 518 to 559 of an mRNA encoding human Protein 

Tyrosine Phosphatase Non-Receptor Type 2 (PTPN2) comprising the sequence set forth in 

SEQ ID NO: 40.  
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10. A recombinant nucleic acid comprising a nucleic acid sequence at least 15 nucleotides 

in length complementary to nucleotides 1294 to 2141 of an mRNA encoding human 

thymocyte selection associated high mobility group box (TOX) comprising the sequence set 

forth in SEQ ID NO: 41.  

11. One or more recombinant nucleic acids comprising a first nucleic acid sequence at 

least 15 nucleotides in length complementary to nucleotides 1126 to 1364 of an mRNA 

encoding human FAS comprising the sequence set forth in SEQ ID NO: 39 and a second 

nucleic acid sequence at least 15 nucleotides in length complementary to nucleotides 518 to 

559 of an mRNA encoding human PTPN2 comprising the sequence set forth in SEQ ID NO: 

40.  

12. One or more recombinant nucleic acids comprising a first nucleic acid at least 15 

nucleotides in length complementary to nucleotides 1126 to 1364 of an mRNA encoding 

human FAS comprising the sequence set forth in SEQ ID NO: 39; and a second nucleic acid 

at least 15 nucleotides in length complementary to nucleotides 1294 to 2141 of an mRNA 

encoding human TOX comprising the sequence set forth in SEQ ID NO: 41.  

13. An isolated antibody or antigen binding fragment thereof that binds to Alkaline 

Phosphatase, Placental/Germ Cell (ALPG/P) comprising a variable heavy (VH) chain 

sequence comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, 

and a variable light (VL) chain sequence comprising three light chain CDR sequences, CDR

LI, CDR-L2, and CDR-L3, wherein: 

a. CDR-H1 comprises the sequence set forth in SEQ ID NO: 1, 

b. CDR-H2 comprises the sequence set forth in SEQ ID NO: 2, 

c. CDR-H3 comprises the sequence set forth in SEQ ID NO: 3, 

d. CDR-L1 comprises the sequence set forth in SEQ ID NO: 4, 

e. CDR-L2 comprises the sequence set forth in SEQ ID NO: 5; and 

f. CDR-L3 comprises the sequence set forth in SEQ ID NO: 6.  

14. A priming receptor comprising an extracellular antigen-binding domain that 

specifically binds Alkaline Phosphatase, Placental/Germ Cell (ALPG/P), a transmembrane 

domain comprising one or more ligand-inducible proteolytic cleavage sites; and an 

intracellular domain comprising a human or humanized transcriptional effector, wherein the 

extracellular antigen-binding domain comprises a variable heavy (VH) chain sequence 
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comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, and a 

variable light (VL) chain sequence comprising three light chain CDR sequences, CDR-L1, 

CDR-L2, and CDR-L3, wherein: 

g. CDR-H1 comprises the sequence set forth in SEQ ID NO: 1, 

h. CDR-H2 comprises the sequence set forth in SEQ ID NO: 2, 

i. CDR-H3 comprises the sequence set forth in SEQ ID NO: 3, 

j. CDR-L1 comprises the sequence set forth in SEQ ID NO: 4, 

k. CDR-L2 comprises the sequence set forth in SEQ ID NO: 5; and 

1. CDR-L3 comprises the sequence set forth in SEQ ID NO: 6.  

15. A chimeric antigen receptor (CAR) comprising an extracellular antigen-binding 

domain that specifically binds to mesothelin (MSLN), wherein the extracellular antigen

binding domain comprises a variable heavy (VH) chain sequence comprising three heavy 

chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: 

a. CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

b. CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 

c. CDR-H3 comprises the sequence set forth in SEQ ID NO: 16.  

16. A chimeric antigen receptor (CAR) comprising an extracellular antigen-binding 

domain that specifically binds to mesothelin (MSLN), wherein the extracellular antigen

binding domain comprises a single domain antibody comprising a variable heavy (VHH) 

chain sequence comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR

H3, wherein: 

a. CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, 

b. CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

c. CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

17. A system comprising a first chimeric polypeptide and a second chimeric polypeptide, 

wherein 

a. the first chimeric polypeptide comprises a priming receptor comprising a first 

extracellular antigen-binding domain that specifically binds Alkaline 

Phosphatase, Placental/Germ Cell (ALPG/P), wherein the first extracellular 
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antigen-binding domain comprises a variable heavy (VH) chain sequence 

comprising three heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR

H3, and a variable light (VL) chain sequence comprising three light chain 

CDR sequences, CDR-L1, CDR-L2, and CDR-L3, wherein: 

i. CDR-H1 comprises the sequence set forth in SEQ ID NO: 1, 

ii. CDR-H2 comprises the sequence set forth in SEQ ID NO: 2, 

iii. CDR-H3 comprises the sequence set forth in SEQ ID NO: 3, 

iv. CDR-L1 comprises the sequence set forth in SEQ ID NO: 4, 

v. CDR-L2 comprises the sequence set forth in SEQ ID NO: 5, and 

vi. CDR-L3 comprises the sequence set forth in SEQ ID NO: 6; and 

b. the second chimeric polypeptide comprises a chimeric antigen receptor (CAR) 

comprising a second extracellular antigen-binding domain that specifically 

binds mesothelin (MSLN), wherein the second extracellular antigen-binding 

domain comprises a variable heavy (VH) chain sequence comprising three 

heavy chain CDR sequences, CDR-H1, CDR-H2, and CDR-H3, wherein: 

i. CDR-H1 comprises the sequence set forth in SEQ ID NO: 14, 

ii. CDR-H2 comprises the sequence set forth in SEQ ID NO: 15, and 

iii. CDR-H3 comprises the sequence set forth in SEQ ID NO: 16; or 

iv. CDR-H1 comprises the sequence set forth in SEQ ID NO: 10, 

v. CDR-H2 comprises the sequence set forth in SEQ ID NO: 11, and 

vi. CDR-H3 comprises the sequence set forth in SEQ ID NO: 12.  

18. An expression vector comprising the recombinant nucleic acid of any one of 

embodiments 1 to 12.  

19. An immune cell comprising: 

a. at least one recombinant nucleic acid(s) of any one of claims I to 12; and/or 

b. the antibody or antigen fragment, priming reception, CAR or system of any 

one of claims 13-17; and/or 

c. the vector of claim 18.  
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20. A primary immune cell comprising at least one recombinant nucleic acid comprising 

a. a priming receptor comprising a first extracellular antigen-binding domain that 

specifically binds to ALPG/P; 

b. a chimeric antigen receptor comprising a second extracellular antigen-binding 

domain that specifically binds to MSLN; 

c. a first nucleic acid sequence at least 15 nucleotides in length, wherein the first 

nucleic acid sequence is complementary to nucleotides 1126 to 1364 of an 

mRNA encoding human FAS comprising the sequence set forth in SEQ ID 

NO: 39, and a second nucleic acid sequence at least 15 nucleotides in length, 

wherein the second nucleic acid sequence is: 

i. complementary to nucleotides 518 to 559 of an mRNA encoding 

human PTPN2 comprising the sequence set forth in SEQ ID NO: 40; 

or 

ii. complementary to nucleotides 1294 to 2141 of an mRNA encoding 

human TOX comprising the sequence set forth in SEQ ID NO: 41; 

wherein the recombinant nucleic acid is inserted into a target region of the 

genome of the primary immune cell, and wherein the primary immune cell does 

not comprise a viral vector for introducing the recombinant nucleic acid into the 

primary immune cell.  

21. A primary immune cell comprising at least one recombinant nucleic acid(s) 

comprising a first nucleic acid comprising the sequence set forth in SEQ ID NO: 49; and a 

second nucleic acid comprising the sequence set forth in SEQ ID NO: 82, inserted into a 

target region of the genome of the primary immune cell, and wherein the primary immune 

cell does not comprise a viral vector for introducing the recombinant nucleic acid(s) into the 

primary immune cell.  

22. A primary immune cell comprising at least one recombinant nucleic acid(s) 

comprising a first nucleic acid comprising the sequence set forth in SEQ ID NO: 49; and a 

second nucleic acid comprising the sequence set forth in SEQ ID NO: SEQ ID NOs: 99 or 

104, inserted into a target region of the genome of the primary immune cell, and wherein the 

primary immune cell does not comprise a viral vector for introducing the recombinant nucleic 

acid into the primary immune cell.  
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23. A viable, virus-free, primary cell comprising a ribonucleoprotein (RNP)- recombinant 

nucleic acid complex, wherein the RNP comprises a nuclease domain and a guide RNA, and 

wherein the recombinant nucleic acid encodes: 

a. a priming receptor comprising a first extracellular antigen-binding domain that 

specifically binds to ALPG/P; 

b. a chimeric antigen receptor comprising a second extracellular antigen-binding 

domain that specifically binds to MSLN; 

c. a first nucleic acid sequence at least 15 nucleotides in length, wherein the first 

nucleic acid sequence is complementary to nucleotides 1126 to 1364 of an 

mRNA encoding human FAS comprising the sequence set forth in SEQ ID 

NO: 39, and a second nucleic acid sequence at least 15 nucleotides in length, 

wherein the second nucleic acid sequence is 

i. complementary to nucleotides 518 to 559 of an mRNA encoding 

human PTPN2 comprising the sequence set forth in SEQ ID NO: 40; 

or 

ii. complementary to nucleotides 1294 to 2141 of an mRNA encoding 

human TOX comprising the sequence set forth in SEQ ID NO: 41; 

and 

d. wherein the 5' and 3' ends of the recombinant nucleic acid comprise 

nucleotide sequences that are homologous to genomic sequences flanking an 

insertion site in the genome of the primary cell.  

24. A viable, virus-free, primary cell comprising a ribonucleoprotein complex (RNP)

recombinant nucleic acid(s) complex, wherein the RNP comprises a nuclease domain and a 

guide RNA, wherein recombinant nucleic acid(s) comprises a first nucleic acid comprising 

the sequence set forth in SEQ ID NO: 49; and a second nucleic acid comprising the sequence 

set forth in SEQ ID NO: 82, and wherein the 5' and 3' ends of the recombinant nucleic 

acid(s) comprise nucleotide sequences that are homologous to genomic sequences flanking an 

insertion site in the genome of the primary cell.  

25. A viable, virus-free, primary cell comprising a ribonucleoprotein complex (RNP)

recombinant nucleic acid(s) complex, wherein the RNP comprises a nuclease domain and a 

guide RNA, wherein recombinant nucleic acid(s) comprises a first nucleic acid comprising 
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the sequence set forth in SEQ ID NO: 49; and a second nucleic acid comprising the sequence 

set forth in SEQ ID NO: SEQ ID NOs: 99 or 104, and wherein the 5' and 3' ends of the 

recombinant nucleic acid(s) comprise nucleotide sequences that are homologous to genomic 

sequences flanking an insertion site in the genome of the primary cell.  

26. A population of cells comprising a plurality of immune cells of any one of claims 19 

to 25.  

27. A pharmaceutical composition comprising the immune cell of any one of claims 19 to 

25 or the population of cells of claim 26, and a pharmaceutically acceptable excipient.  

28. A pharmaceutical composition comprising the recombinant nucleic acid of any one of 

claims 1 to 12 or the vector of claim 18, and a pharmaceutically acceptable excipient.  

29. A method of editing an immune cell, comprising: 

a. providing a ribonucleoprotein (RNP)-recombinant nucleic acid complex, 

wherein the RNP comprises a nuclease domain and a guide RNA, wherein the 

recombinant nucleic acid comprises the recombinant nucleic acid of any one 

of claims I to 12, and wherein the 5' and 3' ends of the recombinant nucleic 

acid comprise nucleotide sequences that are homologous to genomic 

sequences flanking an insertion site in the genome of the immune cell; 

b. non-virally introducing the RNP-recombinant nucleic acid complex into the 

immune cell, wherein the guide RNA specifically hybridizes to a target region 

of the genome of the primary immune cell, and wherein the nuclease domain 

cleaves the target region to create the insertion site in the genome of the 

immune cell; and 

c. editing the immune cell via insertion of the recombinant nucleic acid of any 

one of claims I to 12 into the insertion site in the genome of the immune cell.  

30. A method of treating a disease in a subject comprising administering the immune cell 

of any one of claims 18-26 or the pharmaceutical composition of claims 27 or 28 to the 

subject.  

31. A method of inducing expression of a chimeric antigen receptor with a priming 

receptor in an immune cell comprising: 

a. obtaining an immune cell comprising 
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i. the recombinant nucleic acid of any one of 1 to 12; and/or 

ii. the vector of claim 18; and 

b. contacting the immune cell with a target cell expressing ALPG/P and MSLN, 

wherein binding of the priming receptor to ALPG/P on the target cell induces 

activation of the priming receptor and expression of the chimeric antigen 

receptor.  

32. A method of modulating the activity of an immune cell comprising: 

a. obtaining an immune cell comprising 

i. the recombinant nucleic acid of any one of claims I to 12; and/or 

ii. the vector of claim 18; and 

b. contacting the immune cell with a target cell expressing ALPG/P and MSLN, 

wherein binding of the priming receptor to ALPG/P on the target cell induces 

activation of the priming receptor and expression of the chimeric antigen 

receptor and wherein binding of the chimeric antigen receptor to MSLN on the 

target cell modulates the activity of the immune cell.  

251



WO 2023/064928 PCT/US2022/078158

1/59

Day 0 Day 1 Day 2

Thaw Set up culture with T Measure
cryobanked cells alone or CAR
7 cells and aCD3/CD28 induction via

rest O/N in Dynabead flow

media with stimulation cytometry
IL7/IL 15

FIG. 1

after TCR stimulation

Resting T cells (aCD3/CD28 Dynabeads)

106 106
0.067 2.14 0 2.60

105 105

104 104

10 superscript(3) 10 superscript(3)

0 0
-103

83.6 14.2
-103

76.4 21.0

0 104 105 1066 0 104 105 106

106 106
0 1.79 0.31 3.58

105 105

104 104

103 103

0 0

-10³
86.2 " 12.0

-10³
74.5 21.7

0 104 105 106 0 10 4 105 106

PrimeR
(myc PE)

FIG. 2

SUBSTITUTE SHEET (RULE 26)



K562

Antigenneg

K562ALPG

ALPGPOS

100

(normal tissues)

100

(e.g. Lung)

80

80

60

60

40

40

20

20

0

0

3:1

1:1

1:3

1:9

1:27

1:81

3:1

1:1

1:3

1:9

1:27

1:81

-20

-20

Logic gate 1 (pS3046)

Kl+ E:T ratio

Kl+ E:T ratio

CAR 1 (pS2824)

FIG. 3A

FIG. 3B

RNP only

Logic gate 3 (pS3475)

CAR 3 (pS3529)

K562

MSLN

K562

ALPG/MSLN

100

100

80

80

60

60

40

40

20

Logic gate

20

0

0

3:1

1:1

1:3

1:9

1:27

1:81

3:1

1:1

1:3

1:9

1:27

1:81

-20

-20

Kl+ E:T ratio

Kl+ E:T ratio

FIG. 3C

FIG. 3D



WO 2023/064928 PCT/US2022/078158

3/59

ZL
02

89

99

99
29

09

89

99
DS

29

09

8t

9t

ZV

00
8E

9DE
ZE

08Z
9%
72

22

0Z
81

91

DL

21

01

8

9

D

N

0

11°2 %
SUBSTITUTE SHEET (RULE 26)



8000

K562

8000

K562MSLN

6000

6000

4000

4000

2000

2000

0

0

FIG. 5A

FIG. 5B

8000

K562ALPG

8000

K562ALPG/MSLNN

6000

6000

4000

4000

2000

2000

0

0

FIG. 5C

FIG. 5D



ALPG Expression

ASPC-1

Cell Pellet

Xenograft

Tumor

AsPC-1

ALPG

staining

Primary OvCa Tumors

K562

ALPG/MSLN
K562-EFG

High

Med

Low

Neg

0

104 105 106

FIG. 6A

FIG. 6B



MSLN Expression

ASPC-1

Cell Pellet

Xenograft

Tumor

AsPC-1

MSLN

staining

Primary OvCa Tumors

K562 ALPG/MSLN
K562-EFG

High

Med

Low

Neg

0 103

104

105

106

FIG. 7A

FIG. 7B



ALPG Quantification

300000

100

200000

154257

80

100000

80566

K562ALP

low

60

30000

20265

20000

K562ALPG

high

40

10000

0

20
0

-1030

103

104

105

ALPG

FIG. 8A

FIG. 8B

T cells alone

K562 ALPGlow

K562 ALPGhigh

106

106

106

0.12

1.11

5.88

0.25

5.29

0.043

105

105

105

104

104

104

103

103

103

0

0

0

86.8

12.0

93.4

3

0.44

94.6

-10

-103

0.043

-103

PrimeR

0

104 105 106

0

104 105 106

0

10 o 4 105 106

(myc PE)

FIG. 8C



ALPG expression

MSLN expression

SKOV-3 EFG

SKOV-3 EFG

K562 ALPG/MSLN

K562 ALPG/MSLN

K562-EFG

K562-EFG

0

104 105 106

0 103 104 105 106

FIG. 9A

FIG. 9B

IL-2

IFGg

600

20000 15000

400

10000

200

5000

0

0

Donar 1

Donar 2

Donar 1

Donar 2

FIG. 9C

FIG. 9D



WO 2023/064928 PCT/US2022/078158

9/59
ALPG expression is heterogenous

(serous OvCa)
100

ALPG 1+

ALPG 2+

ALPG 3+
50

0

Primary (n=22) Mets (n=11)

FIG. 10A
MSLN is broadly expressed

MSLN 1+
(serous OvCa)

100 MSLN 2+

MSLN 3+

50

0

Primary (n=22) Mets (n=11)

FIG. 10B
100

80 LG 1

CAR 1
60

LG 3

40 CAR 3

RNP
20

0

0 75 85 95 97.5 100
-20

Percent ALPGneg

MSLN+ K562 target cels
FIG. 10C

SUBSTITUTE SHEET (RULE 26)



20000 15000

LG 1

10000

CAR 1

5000

LG 3

CAR 3

0

RNP

10-3

10-2

10-1

100

101

102

103

104

CA125 (ng/ml)

FIG. 11A

20000 15000

LG 1

10000 5000

LG 3

CAR 3

0

CAR 1

100

101

102

103

104

MSLN (ng/ml)

RNP

FIG. 11B



Mesothelial Lining

Tumor

2000

(K562MSLN)

2000

(K562ALPG/MSLN)

1500

1500

1000

Constitutive

1000

CAR

500

CAR

500

0
0

5

0

CAR

10

15

20

Day

0

5

10

15

20

FIG. 12A

Day

FIG. 12B

Mesothelial Lining

Tumor

2000

(K562MSLN)

2000

(K562ALPG/MSLN)

1500

LG1

Logic Gate 1

1500

1000

1000

Specific

Potent

500

500

0

0

LG1

0

5

10

15

20

0

5

10

15

Day

20

FIG. 12C

FIG. 12D

2500

(K562MSLN)

Tumor

2000

(K562ALPG/MSLN)

2000 1500

LG3

1500

1000

1000

Logic Gate 3

500

500

LG3 Specific

0
0

5

0

Intermediate

10

15

20

0

Day

5

10

15

FIG. 12E

20

Potency

Day

FIG. 12F



Low Dose (230K)

Middle "stress" Dose (700K)

800

800

T cells Alone (h)

T cells Alone (h)

600

LG 1 (I)

600

CAR 1 (m)

LG 3 (I)

400

CAR LG 1 3 (m)

400

(m)

200

LG 3 (m)

200

LLOQ

LLOQ

0

0

10

20

30

40

10

20

30

40
Days post tumor injection

Days post tumor injection

FIG. 13A

FIG. 13B

T cell expansion

High Dose (2M)

4

800

T cells Alone (h)

T cells Alone (2M)

600

LG 1 (h)

LG 1 (700K)

LG 3 (h)

CAR 1 (700K)

400

2

Baseline

200

LLOQ

0

10

20

30

40
Days post tumor injection

0

FIG. 13C

D17

D24

D31

FIG. 13D



6SIEL



(92 133HS

Percent Edited Cells

203040

Control No shRNA

Control Dual shRNAsu

FAS-PTPN2 dKOsu

FAS-PTPN2su

FIG.

115A

PTPN2-TOXsu

FAS-TOXsu

ZC3H12A-PTPN2su

FAS-NR4A1su

FASsu

Total Edited Cells

008-00256798604-00
7.66418

Control No shRNA

Control Dual shRNAsu

FAS-PTPN2 dKOns

FAS-PTPN2su

#16.131

PTPN2-TOX

15B

su

FAS-TOXsu

ZC3H12A-PTPN2ns

FAS-NR4A1su

FASsu

OM



FAS-NR4A1

FAS-TOX

FAS-PTPN2

PTPN2-TOX

PTPN2-ZC3H12A

FAS

FAS

FAS

PTPN2

PTPN2

100% 75% 50% 25% 0% 25% 50% 75% 100%

NR4A1

TOX

PTPN2

TOX

ZC3H12A

SHARMA

STATES

FIG. 16





100 75.0 50.0

ZC3H12A

25.0

FAS

FAS

FAS

TOX

0

TOX

PTPN2

NQ

PTPN2

PTPN2

25.0 50.0 75.0 100

FIG. 18



69/81



1.25 1.00

Target

Dual shRNA Control

0.75

No shRNA Control

FAS-NR4A1
FAS-PTPN2

FAS-TOX

0.50

PTPN2-TOX

PTPN2-ZC3H12A

0.25 0.00

0

2

4

6

8

Days post cytokine withdrawl

FIG. 20



MSTO-ALPGH-MSLNH

120 100 80 60 40 20
0

-20

1:27

1:9

1:3

1:1

CAR-T : Target

Condition

PBS RNP

Dual shRNA Control

No shRNA Control

FAS

FAS-PTPN2 dKO

FAS-PTPN2
FAS-NR4A1

FAS-TOX

PTPN2-TOX

PTPN2-ZC3H12A

FIG. 21



K562-ALPG-MSLN

K562-Ctrl

1:1

1:1

SIGNATURE

80%

shRNA

No shRNA Control

60%

Dual shRNA Control

FAS

FAS-PTPN2

40%

FAS-TOX

%

FAS-NR4A1

PTPN2-TOX

20%

PTPN2-ZC3H12A

FAS-PTPN2 dKO

0%

0

10

20

30

40

0

10

20

30

40

Time (Hours)

AFFIRMATIVELY

FIG. 22



(92

Expansion
shRNA) (Relative

su

CTRL
shRNA

FAS
shRNA

FAS+
NR4A1
shRNA

TOX FAS

FAS+
PTPN2
shRNA

+
PTPN2 FAS
sgRNA

TOX PTPN2
shRNA

PTPN2+ZC3H12A

876t90/EZOZ



HALLMARK_G2M_CHECKPOINT

20.0

Cell Cycle - G2M Checkpoint

0.6

17.5

0.4

15.0

NES: 2.529

0.2

MKI67

Pval: 0.000

12.5

FDR 0.000

0.0

10.0 7.5

50.0

5.0

0.0

Zero score al 5515

-50.0

2.5

-100.0

0.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

0

2000 4000 6000 8000 10000 12000

PTPN2 shRNA Effect

Rank in Ordered Dataset

FIG. 24A

FIG. 24B



(92 133HS

Log2 FC vs No shRNA CTRL2

38

No shRNA Control

Dual shRNA Control

FAS

D
.

S
FAS-NR4A1

#16.25

FAS-TOX

FAS-PTPN2

-

FAS-PTPN2dKO

07/17/20

PTPN2-TOX

PTPN2-ZC3H12A

OM



GOLDRATH_EFF_VS_MEMORY_CD8_TCELL_UP

Effector VS. Memory Genes

20.0

0.6

GZMA

17.5

0.4

GZMK

15.0

NES: 2.529

0.2

Pval: 0.000

12.5

FDR: 0.000

0.0

10.0

FNG

7.5

50.0

GZMB

0.0

5.0

Zero score at 551 5

-50.0

2.5

-100.0

0.0

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

0

2000 4000 6000 8000 10000 12000

PTPN2 shRNA Effect

Rank in Ordered Dataset

FIG. 26A

FIG. 26B



TE

-

CD8

TEM

CD4

TCM

WIII

TSCM

100

SS1
Dual shRNA Ctrl

shRNA FAS

80

shRNA FAS/NR4A1

shRNA FAS/PTPN2
shRNA FAS/TOX

60

shRNA PTPN2/TOX shRNA PTPN2/ZC3H12A
DKO FAS/PTPN2

40

0

25

50

75

100

% of Total CD8

20

TE

TEM

WIIIII

TCM

TSCM

SS1

0

Dual shRNA Ctrl
shRNA FAS shRNA FAS/NR4A1

shRNA FAS/PTPN2

shRNA

FAS/TOX
shRNA PTPN2/TOX

shRNA PTPN2/ZC3H12A DKO_FAS/PTPN2 0

25

50

75

100

% of Total CD4

FIG. 27



Condition

RNP

1000

No shRNA Control

D7

D14

D21

D28

FAS

FAS-PTPN2

Unedited

T cells

FAS-TOX

750

256

500

64

250

CAR

16

alone FAS

*

FAS/TOX

LLOQ

Fas/PTPN2

0

10

15

20

25

0

10

20

30 Days post CAR-T injection

Day

FIG. 28A

FIG. 28B



WO 2023/064928 PCT/US2022/078158

28/59

500 Unedited T cells

(2M)

400

300

CAR 2M
Fas/TOX (0.5M)

200

100 Fas/PTPN2 (0.5M)

0

0 10 20 30

Days post CAR-T injection

FIG. 29

SUBSTITUTE SHEET (RULE 26)



(92 and

Fraction in Population

(Edited CD8 T cell)

No shRNA Control

FAS

FAS-PTPN2

it FAS-TOX

No shRNA Control

FAS

FAS-PTPN2

FAS-TOX

Count Edited ShRNA CD8 T Control) cells
(Relative

toNo

No shRNA Control

FAS

FAS-PTPN2

FAS-TOX

No shRNA Control

FAS

FAS-PTPN2

# 11

FAS-TOX

wel wal WOST

69/67

OM



20 10

Condition

0

RNP

No shRNA Control

FAS

FAS-PTPN2

-10

FAS-TOX

-20

0

10

20

30

Days post CAR-T injection

FIG. 31



K562-MSLN

K562-ALPG/MSLN

100

donor

75

CP2106
CP2151

50

#

CP2204 CP2217

25

construct

logic gate pre-shRNA

0

optimized lead

3:1

1:1

1:3

1:9

1:27

3:1

1:1

1:3

1:9

1:27

ICT effector:target ratio

FIG. 32



Construct

SIGNATURE

LG1 Fas/PTPN2 2xSPA polyA

LG1 Fas/PTPN2 TTT non-Kozak TIS

LG1 Fas/PTPN2 (Control)

LG1 HTLV Control

0

104

105

Fas (CD95)

FIG. 33



K562MSLN

K562ALPG/MSLN

(Donor 2

K562MSLN

(Donor 2)

K562ALPG/MSLN

2000

2000

(Donor 3)

2000

(Donor 3)

2000

1500

1500

1500

1500

1000

1000

1000

1000

CAR-T

CAR-T

500

Treatment

500

Treatment

CAR-T

CAR-T

500

Treatment

500

Treatment

0

0

0

0 5 10 15 20 25

0

0 5 10 15 20 25

Days post tumor injection

0 5 10 15 20 25

Days post tumor injection

0 5 10 15 20 25

Days post tumor injection

Days post tumor injection

RNP (GS94)

LG1 + FAS/PTPN2

LG1 + dual Luc

FIG. 34A

FIG. 34B



K562MSLN

K562ALPG/MSLN

(Donor 2

K562MSLN

(Donor 2)

K562 ALPG/MSLN

2000

2000

(Donor 3)

2000

(Donor 3)

2000

I

1500

1500

1500

1500

1000

1000

1000

1000

CAR-T

CAR-T

500

Treatment

500

Treatment

CAR-T

CAR-T

500

Treatment

500

Treatment

0

0

0

0 5 10 15 20 25

0

0 5 10 15 20 25

Days post tumor injection

0 5 10 15 20 25

Days post tumor injection

0 5 10 15 20 25

Days post tumor injection

Days post tumor injection

RNP (GS94)

LG1 + FAS/PTPN2

LG1 + FAS/TOX

FIG. 35A

FIG. 35B



WO 2023/064928 PCT/US2022/078158

35/59
FAS

1.25

1.00

Donor

0.75
CP372

CP373

CP414
0.50 CP415

CP519
+

CP520

0.25

0.00

FIG. 36A
PTPN2

1.25

1.00

Donor

0.75 CP372

CP373

CP414

0.50 CP415

CP519

CP520

0.25

0.00

FIG. 36B

SUBSTITUTE SHEET (RULE 26)



1.25

1.00

36/59

0.25

0.00

1.5

*

*

0.0



(92 anna) 133HS

Relative Expression of Target

0.500.75

FAS 11

FAS_13

FAS_5

FAS 1

FAS_15-

FAS

FAS
FAS_16

FAS_3

FAS_12

FAS 19-

FAS 18

FAS 14

Kymriah-EGFRt

CPATI

6SILE

OM



Counts Relative to Non-Targeting Control

PTPN2 + ZC3H12A

TRAC

0.4

CBLB + FAS

NTC

PTPN2 + TOX

Big6

0.2

Single

Novel gene KO combinations are

assessed in vitro and in vivo

FAS + NR4A1

No Nodal Control

0.0

Genetic Perturbation #2

FAS + TOX

G

1 G2 G3 G4 G5 G6 G7 G, n

-0.2

G1

Gene Target Combinations or Single Target Controls

0
G2
e
G3 G4

Effector Molecule Production (IFNy, TNF,Granzyme B, FASL)

G5

CBLB + FAS

TRAC

G6

0.4

FAS + PTPN2

NTC

G7
0

FAS + TOX

Big6

0.0

FAS + NR4A1

Single

No nodal Control

-0.4 -0.8

Gene Target Combinations or Single Target Controls

FIG. 38



EGFRt

CAR

Target 1 5'G

3'

Target 1 5G

AXAXA

3' AGO2

SUBSTITUTE

shRNA 1

shRNA 2

gMFI EGFRt

CAR

2A

EGFRt 2A

(Percent of Control)

FIG. 39A

50%

Target

Fas_Gene-1

FAS

Gene-1

Fas_Gene-2

Gene-2 Gene-3

Fas_Gene-3

Gene-4

Fas_Gene-4

Knockdown

50%

100%75% 50% 25% 0% 25% 50% 75%100%

70%

Percent Knockdown

FIG. 39B





WO 2023/064928 PCT/US2022/078158

41/59

Schematic

D-4: 0.5e6

NALM6

CD19.41BBZ CAR T

D0: 0.25e6/mouse

(n=7 mice/Cohort)

Cohorts

1. Tumor ONLY

2. TRACKO
3. TRACKI, CD19.4188Z

4. FG1. LAFAS:GENE-1

5. FG2, AFAS:GENE-2

6. FG3, AFAS:GENE-3

7. FG4, AFAS:GENE-4

11

10

9

8

7

0 10 20 30

Days Post CAR-T Infusion

1.00

0.75

0.50

0.25

0.00

19 21 23 25 27 29, 31 33 35. 37 39
20 22 24 26 28 30 32 34 36 38 40

Time (Days) FIG. 41

SUBSTITUTE SHEET (RULE 26)



PrimeR

Poly A

inducible

Poly A

EF1a

Poly A

MSLN CAR

ALPG PrimeR

(ABD963 binder)

shRNA-miR

ABD 1001)

FIG. 42A

100 80

ABXFC_ICT 6 ABXFC_ICT 9

60

ABXFC_ICT 10

20

Mean

10

X

0

FIG. 42B



AB-X LG1

AB-1013

AB-1014

AB-1015

106

106

106

106

0.11

0.29

0.092

0.28

0.072

0.34

0.046

0.96

105

105

105

105

1044

104

104

104

10 superscript(3)

103

103

103

0

0

0

0

-10³

84.9

14.7

-103

81.5

18.2

-103

81.7

17.9

-103

80.6

18.4

0

104 105 106

0

104 105 106

0

104 105 106

0

104 105 106

PrimeR

PrimeR

PrimeR

PrimeR

AB-X CAR

RNP alone

SS1 CAR

TC-210

106

106

106

106

16.4

0.089

0.26

0.049

59.2

0.59

77.2

0.62

105

105

105

105

104

104

104

104

103

103

0

0

0

0

-103

83.4

0.085

-103

99.5

0.16

40.2

0.079

22.1

0.045

0

104 105 106

0

104 105 106

0

104 105 106

0

104 105 106

PrimeR

PrimeR

PrimeR

PrimeR

FIG. 42C



AB-X LG1

AB-X CAR

AB-1015

AB-1013

AB-1014

RNP

SS1-CAR

TC-210

UNT

651vv



Avg Transgene+ CD4+ T cell subsets

Avg Transgene+CD8+ T cell subsets

UNT

HH

UNT

SCM

H

TC-210

TC-210

Central Memory

SS1-CAR

SS1-CAR

HI

RNP

RNP

Effector Memory

AB-1014

AB-1014

Terminal Effectors

AB-1013

AB-1013

(TEMRA)

AB-1015

AB-1015

AB-X CAR

AB-X CAR

AB-XLG1

AB-X LG1

0

20 40 60 80 100

0

20 40 60 80 100

Ag-X+ (%)

Ag-X+ (%)

SCM: CD45RA+CCR7+

Central Memory: CD45RA-CCR7+

Effector Memory: CD45RA-CCR7-

TEMRA: CD45RA+CCR7-

FIG. 43



(92 133HS

Relative FAS Expression

G

Relative PTPN2 Expression

(G1

AB-107'

69/99

OM



80 60 40

AB-1015AB-1013

20

AB-1014

0
0

20

40

60

80 Hours

100 120 140

FIG. 45



100 80 60

AB-1015

40

AB-1013 AB-1014

20

AB-X CAR RNP alone

0

100

15

5

2.5

0

-20

Percent ALPG*

MSLN+ K562 target cels

FIG. 46



1000

K562MSLN

1500

K562MSLN/ALPG

RNP (negative Ctrl)

AB-X CAR

1000

500

500

0

0

5

10

15

20

5

10

15

20

Days post implantation

Days post implantation

FIG. 47A

FIG. 47B

1500

K562MSLN

1500

K562'

MSLN/ALPG

1000

1000

RNP (negative Ctrl)

AB-X logic gate

500

AB-1013

500

AB-1014 AB-1015

0

0

5 10 15 20

5

10

15

20

Days post implantation

Days post implantation

FIG. 47C

FIG. 47D



(92 anny 133HS

(Fold-Change T cell from AB-X Logic Gate)

expansion

AB-X Logic gate

8
SS1-CAR

TC-210

(Log-10 Fold-change Tumor from expansion 2 AB-X Logic Gate)

-2

AB-X Logic gate

SS1-CAR

TC-210

+X

69/09

OM



(92 and 133HS

(Fold-Change T cell from expansion AB-X Logic Gate)

2

AB-1013

X

AB-1014

AB-1015

XX

AB-X Logic gate

cell expansionGate)

(Log-10 Fold-change Tumor from AB-X Logic

2

X

AB-1013

NGS
AB-1014

AB-1015

AB-X Logic gate

+X

OM



Dashed line: K562

MSLN

Solid line: K562

ALPG/MSLN

AB-1013

X

ABXFC_ICT 6

AB-1014

+ ABXFC_ICT 9

AB-1015

ABXFC_ICT 10

AB-X CAR

- Mean

RNP alone

AB-1013

AB-1014

AB-1015

100

100

100

AB-X CAR

AB-X CAR

AB-X CAR

80

80

80

60

60

60

40

AB-1013
%

40

40

AB-1014

AB-1015

20

20

20

0

0

0

X

-20

3:1

1:1

1:3

1:9

1:27

1:81

-20

3:1

1:1

1:3

1:9

1:27

1:81

-20

3:1

1:1

1:3

1:9

1:27

1:81

Kl+ E:T ratio

Kl+ E:T ratio

Kl+ E:T ratio

FIG. 50A



AB-1013

AB-X CAR

50000

AB-1013

50000

AB-1014

50000

AB-1015

40000

X

40000

X

40000

the

%

%

30000

%

X

%

30000

%

by

%

30000

20000

20000

20000

10000

10000

10000

0

0

0

FIG. 50B



WO 2023/064928 PCT/US2022/078158

54/59

K562 MSLN100

80
CAR alone

60

AB-1015

40

20

0

x X X3:1 1:1 1:3 1:9 1:27 1:81
-20

Kl+ E:T ratio

K562-MSLNhigh

800

* *600

400

200

0

* p-value V 0.05 for ICT versus RNP alone

FIG. 51

SUBSTITUTE SHEET (RULE 26)



WO 2023/064928 PCT/US2022/078158

55/59

XX-0

+

X DD

XX-OO

1199 1199

SUBSTITUTE SHEET (RULE 26)



WO 2023/064928 PCT/US2022/078158

56/59

4x106

AB-1013

AB-1014

AB-1015

2x106 Jurkat

0 a
Day0 Day3 Day5

8

7
AB-1013

6
AB-1014

5
AB-1015

Jurkat
4

3

0.2

0.1

0.0

AB-1013 AB-1014 AB-1015 Jurkat

1.5

AB-1013

AB-1014

1.0
AB-1015

Jurkat

0.5

OTO
0.0

AB-1013 AB-1014 AB-1015 Jurkat

FIG. 53

SUBSTITUTE SHEET (RULE 26)



THP-1

100

K562

100

80

- MSLN CAR

80

www MSLN CAR

60

where RNP

60

# work RNP

40

40

20

20

0

0

-20

-20

3:1

1:1

1:3

E:T

3:1

1:1

1:3

E:T

FIG. 54A

FIG. 54B

K562-MSLN

100

K562-GP2

200 MSLN CAR

100

80

RNP

80

FROM MSLN CAR

60

ARE 88 - RNP

60

40

40

20

20

0

0

-20

-20

3:1

1:1

1:3

E:T

3:1

1:1

1:3

E:T

FIG. 54C

FIG. 54D



100

A498

80 60

MSLN CAR

40

RNP

100

H1975

80

20

60

0

MSLN CAR

-20

40

RNP

20

3:1

1:1

0

E:T

1:3

-20

3:1

1:1 E:T

1:3

FIG. 55



12

Randomization

Tumor Only

RNP Prod#5

11

AB-1015 Prod#5 7.5M

RNP Prod#4A 7.5M

10

AB-1015 Prod# 4A 7.5M

RNP Prod#4B 7.5M

9

AB-1015 Prod#4B 7.5M

5

Days post implantation

FIG. 56A

Efficacy of AB-1015 in the

Change in Body weight in mice treated with

OVACR3-ALPG IP model

AB-1015 in the OVACR3-ALPG IP model

12

20

11

15

10

10

9

5 0

8

-5

10

20

30

40

50

7

-10

Days post implantation

6

LLOD

-15

5

-20

10

20

30

40

50

Days post implantation

FIG. 56C

FIG. 56B


	Abstract
	Description
	Claims
	Drawings

