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coding sequence, e.g., downstream of the first 500bp from the start codon). In an embodiment, the gRNAs 

molecules are configured such that both sets of breaks are positioned upstream or downstream of the T 

cell target knockout position.  In an embodiment, the gRNA molecules are configured such that one set of 

break(s) are positioned upstream and a second set of break(s) are positioned downstream of the T cell 

target knockout position.  In an embodiment, the breaks are positioned to avoid unwanted target 5 

chromosome elements, such as repeat elements, e.g., an Alu repeat.  

In an embodiment, two sets of breaks (e.g., one double strand breaks and a pair of single strand 

breaks) are introduced (e.g., positioned by three gRNA molecules) at or in close proximity to a T cell 

target knockout position in one or more T cell-expressed genes, e.g., the FAS, BID, CTLA4, PDCD1, 

CBLB, PTPN6, TRAC and/or TRBC gene.  In an embodiment, three gRNA molecules (e.g., with a Cas9 10 

nuclease and one or two Cas9 nickases) are used to create two sets of breaks to flank a T cell target 

knockout position, e.g., the coding region (e.g., the early coding region, e.g., within 500bp from the start 

codon or the remaining coding sequence, e.g., downstream of the first 500bp from the start codon). In an 

embodiment, the gRNAs molecules are configured such that both sets of breaks are positioned upstream 

or downstream of the T cell target knockout position.  In an embodiment, the gRNA molecules are 15 

configured such that one set of break(s) are positioned upstream and a second set of break(s) are 

positioned downstream of the T cell target knockout position.  In an embodiment, the breaks are 

positioned to avoid unwanted target chromosome elements, such as repeat elements, e.g., an Alu repeat.  

In an embodiment, two sets of breaks (e.g., two pairs of single strand breaks) are introduced (e.g., 

positioned by four gRNA molecules) at or in close proximity to a T cell target knockout position in one or 20 

more T cell-expressed genes, e.g., the FAS, BID, CTLA4, PDCD1, CBLB, PTPN6, TRAC and/or TRBC 

gene.  In an embodiment, four gRNA molecules (e.g., with one or more Cas9 nickases) are used to create 

two sets of breaks to flank a T cell target knockout position, e.g., the coding region (e.g., the early coding 

region, e.g., within 500bp from the start codon or the remaining coding sequence, e.g., downstream of the 

first 500bp from the start codon). In an embodiment, the gRNAs molecules are configured such that both 25 

sets of breaks are positioned upstream or downstream of the T cell target knockout position.  In an 

embodiment, the gRNA molecules are configured such that one set of break(s) are positioned upstream 

and a second set of break(s) are positioned downstream of the T cell target knockout position.  In an 

embodiment, the breaks are positioned to avoid unwanted target chromosome elements, such as repeat 

elements, e.g., an Alu repeat.  30 

In an embodiment, two or more (e.g., three or four) gRNA molecules are used with one Cas9 

molecule.  In another embodiment, when two ore more (e.g., three or four) gRNAs are used with two or 

more Cas9 molecules, at least one Cas9 molecule is from a different species than the other Cas9  
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molecule(s).  For example, when two gRNA molecules are used with two Cas9 molecules, one Cas9 

molecule can be from one species and the other Cas9 molecule can be from a different species.  Both 

Cas9 species are used to generate a single or double-strand break, as desired. 

When more than one gene is targeted for alteration in a cell, the targeted nucleic acids may be 

altered, e.g., cleaved, by one or more Cas9 proteins.  For example, if two genes are targeted for alteration, 5 

e.g., both genes are targeted for knockout, the same or a different Cas9 protein may be used to target each 

gene.  In one embodiment, both genes (or each gene targeted in a cell), are cleaved by a Cas9 nuclease to 

generate a double stranded break.  In another embodiment, both genes (or each gene targeted in a cell), 

are cleaved by a Cas9 nuclease to generate a double stranded break.  In another embodiment, one or more 

genes in a cell may be altered by cleavage with a Cas9 nuclease and one or more genes in the same cell 10 

may be altered by cleavage with a Cas9 nickase.  When two or more Cas9 proteins are used to cut a target 

nucleic acid, e.g., different genes in a cell, the Cas9 proteins may be from different bacterial species.  For 

example, one or more genes in a cell may be altered by cleavage with a Cas9 protein from one bacterial 

species, and one or more genes in the same cell may be altered by cleavage with a Cas9 protein from a 

different bacterial species.  It is contemplated that when two or more Cas9 proteins from different species 15 

are used that they may be delivered at the same time or delivered sequentially to control specificity of 

cleavage in the desired gene at the desired position in the target nucleic acid. 

In some embodiments, the targeting domain of the first gRNA molecule and the targeting domain 

of the second gRNA molecules are complementary to opposite strands of the target nucleic acid molecule.  

In some embodiments, the gRNA molecule and the second gRNA molecule are configured such that the 20 

PAMs are oriented outward.   

 

Knocking out one or more T cell-expressed genes, e.g., the FAS, BID, CTLA4, PDCD1, CBLB, PTPN6, 

TRAC and/or TRBC gene by deleting (e.g., NHEJ-mediated deletion) a genomic sequence including at 

least a portion of one or more T cell-expressed genes, e.g., the FAS, BID, CTLA4, PDCD1, CBLB, 25 

PTPN6, TRAC and/or TRBC gene genes 

In an embodiment, the method comprises introducing a deletion of a genomic sequence 

comprising at least a portion of one or more T cell-expressed genes, e.g., the FAS, BID, CTLA4, PDCD1, 

CBLB, PTPN6, TRAC and/or TRBC gene genes.  As described herein, in an embodiment, the method 

comprises the introduction of two double stand breaks - one 5’ and the other 3’ to (i.e., flanking) T cell 30 

target knockout position.  In an embodiment, two gRNAs, e.g., unimolecular (or chimeric) or modular 

gRNA molecules, are configured to position the two sets of breaks (e.g., two double strand breaks, one 

double strand break and a pair of single strand breaks or two pairs of single strand breaks) on opposite 
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sides of the T cell target knockout position in one or more T cell-expressed genes, e.g., the FAS, BID, 

CTLA4, PDCD1, CBLB, PTPN6, TRAC and/or TRBC gene. 

In an embodiment, the method comprises deleting (e.g., NHEJ-mediated deletion) a genomic 

sequence including at least a portion of one or more T cell-expressed genes, e.g., the FAS, BID, CTLA4, 

PDCD1, CBLB, PTPN6, TRAC and/or TRBC gene genes.  As described herein, in one embodiment, the 5 

method comprises the introduction two sets of breaks (e.g., a pair of double strand breaks, one double 

strand break or a pair of single strand breaks, or two pairs of single strand breaks) to flank a region in one 

or more T cell-expressed genes, e.g., the FAS, BID, CTLA4, PDCD1, CBLB, PTPN6, TRAC and/or 

TRBC gene genes (e.g., a coding region, e.g., an early coding region, or a non-coding region, e.g., a non-

coding sequence of one or more T cell-expressed genes, e.g., the FAS, BID, CTLA4, PDCD1, CBLB, 10 

PTPN6, TRAC and/or TRBC gene genes, e.g., a promoter, an enhancer, an intron, a 3’UTR, and/or a 

polyadenylation signal). While not wishing to be bound by theory, it is believed that NHEJ-mediated 

repair of the break(s) allows for alteration of one or more T cell-expressed genes, e.g., the FAS, BID, 

CTLA4, PDCD1, CBLB, PTPN6, TRAC and/or TRBC gene genes as described herein, which reduces or 

eliminates expression of the gene, e.g., to knock out one or both alleles of one or more T cell-expressed 15 

genes, e.g., the FAS, BID, CTLA4, PDCD1, CBLB, PTPN6, TRAC and/or TRBC gene genes. 

In an embodiment, two sets of breaks (e.g., two double strand breaks) are introduced (e.g., 

positioned by two gRNA molecules) at or in close proximity to a T cell target knockout position in one or 

more T cell-expressed genes, e.g., the FAS, BID, CTLA4, PDCD1, CBLB, PTPN6, TRAC and/or TRBC 

gene.  In an embodiment, two gRNA molecules (e.g., with one or two Cas9 nucleases that are not Cas9 20 

nickases) are used to create two sets of breaks  to flank a T cell target knockout position, e.g., the gRNA 

molecules are configured such that one set of break(s) are positioned upstream and a second set of 

break(s) are positioned downstream of the T cell target knockout position.  In an embodiment, the breaks 

are positioned to avoid unwanted target chromosome elements, such as repeat elements, e.g., an Alu 

repeat.  25 

In an embodiment, two sets of breaks (e.g., one double strand breaks and a pair of single strand 

breaks) are introduced (e.g., positioned by three gRNA molecules) at or in close proximity to a T cell 

target knockout position in one or more T cell-expressed genes, e.g., the FAS, BID, CTLA4, PDCD1, 

CBLB, PTPN6, TRAC and/or TRBC gene.  In an embodiment, three gRNA molecules (e.g., with a Cas9 

nuclease and one or two Cas9 nickases) are used to create two sets of breaks to flank a T cell target 30 

knockout position, e.g., the gRNA molecules are configured such that one set of break(s) are positioned 

upstream and a second set of break(s) are positioned downstream of the T cell target knockout position.  

In an embodiment, the breaks are positioned to avoid unwanted target chromosome elements, such as 

repeat elements, e.g., an Alu repeat.  
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In an embodiment, two sets of breaks (e.g., two pairs of single strand breaks) are introduced (e.g., 

positioned by four gRNA molecules) at or in close proximity to a T cell target knockout position in one or 

more T cell-expressed genes, e.g., the FAS, BID, CTLA4, PDCD1, CBLB, PTPN6, TRAC and/or TRBC 

gene.  In an embodiment, four gRNA molecules (e.g., with a Cas9 nuclease and one or two Cas9 

nickases) are used to create two sets of breaks to flank a T cell target knockout position, e.g., the gRNA 5 

molecules are configured such that one set of break(s) are positioned upstream and a second set of 

break(s) are positioned downstream of the T cell target knockout position.  In an embodiment, the breaks 

are positioned to avoid unwanted target chromosome elements, such as repeat elements, e.g., an Alu 

repeat.  

In an embodiment, two or more (e.g., three or four) gRNA molecules are used with one Cas9 10 

molecule.  In another embodiment, when two ore more (e.g., three or four) gRNAs are used with two or 

more Cas9 molecules, at least one Cas9 molecule is from a different species than the other Cas9 

molecule(s).  For example, when two gRNA molecules are used with two Cas9 molecules, one Cas9 

molecule can be from one species and the other Cas9 molecule can be from a different species.  Both 

Cas9 species are used to generate a single or double-strand break, as desired. 15 

When more than one gene is targeted for alteration in a cell, the targeted nucleic acids may be 

altered, e.g., cleaved, by one or more Cas9 proteins.  For example, if two genes are targeted for alteration, 

e.g., both genes are targeted for knockout, the same or a different Cas9 protein may be used to target each 

gene.  In one embodiment, both genes (or each gene targeted in a cell), are cleaved by a Cas9 nuclease to 

generate a double stranded break.  In another embodiment, both genes (or each gene targeted in a cell), 20 

are cleaved by a Cas9 nuclease to generate a double stranded break.  In another embodiment, one or more 

genes in a cell may be altered by cleavage with a Cas9 nuclease and one or more genes in the same cell 

may be altered by cleavage with a Cas9 nickase.  When two or more Cas9 proteins are used to cut a target 

nucleic acid, e.g., different genes in a cell, the Cas9 proteins may be from different bacterial species.  For 

example, one or more genes in a cell may be altered by cleavage with a Cas9 protein from one bacterial 25 

species, and one or more genes in the same cell may be altered by cleavage with a Cas9 protein from a 

different bacterial species.  It is contemplated that when two or more Cas9 proteins from different species 

are used that they may be delivered at the same time or delivered sequentially to control specificity of 

cleavage in the desired gene at the desired position in the target nucleic acid. 

In some embodiments, the targeting domain of the first gRNA molecule and the targeting domain 30 

of the second gRNA molecules are complementary to opposite strands of the target nucleic acid molecule.  

In some embodiments, the gRNA molecule and the second gRNA molecule are configured such that the 

PAMs are oriented outward.   

   




















































































































































































































































































































































































































































































































































































































































































